guni

HAMBURG

:| !f;ﬂ—-:l 51

Equipment

1" III'IIJ a
i llE.p—-

Thermal
engineering




gumni

HAMBURG

Welcome to GUNT

In this catalogue, we present a comprehensive -
overview of our innovative demonstration and
experimental units.

GUNT units are used for:

B education in technical professions

B training and education of technical personnel
in trade and industry — e =

- -
B studies in engineering disciplines ' ‘r

Imprint
Y 2018 G.U.N.T. Geratebau GmbH. Any reuse, storage, duplication and
: reproduction of content — even in extracts — is prohibited without the written
r approval of G.U.N.T. Geratebau GmbH.
x GUNT is a registered trademark. This means GUNT products are protected,

and subject to copyright.

; | No liability can be accepted for any misprints.
"l'ﬁ. Subject to change without notice.

Image credits: G.U.N.T. Geratebau GmbH, manufacturers’ photos,
Shutterstock, 123RF.

e -. Design & typesetting: Profisatz.Graphics, Bianca Buhmann, Hamburg.
Printed on non-chlorinated, environmentally friendly paper.

Table of contents

Fundamentals of thermodynamics

— T

Heat exchangers

Thermal fluid energy machines

Fundamentals of refrigeration

Thermodynamic applications in supply engineering HVAC

Index

Product overview

004

008

064

110

320

324




Thermal engineering

Thermodynamics at GUNT

Thermal engineering comprises the discipline of
thermodynamics and the specialisation of energy
technology.

Thermodynamics as a general study of energy is a fundamental
science of technology. It is a fundamental subject in almost all
technical courses of study and training.

Thermodynamics is particularly important for energy engineer-
ing, e.g. in the planning, construction and operation of power
plants. It also plays a key role in the design of fluid machinery
such as turbines, compressors, internal combustion engines or
drive mechanisms.
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Thermal
engineering

Courses of study,

all engineering sciences, e.g.
mechanical engineering
environmental engineering
applied natural sciences
industrial engineering

civil engineering and architecture
energy engineering

process engineering

In order to cover the extensive topic of thermodynamics com-
prehensively, GUNT has distinguished the subject areas from
each other and compiled them in two catalogues:

The main catalogue is catalogue 3 Thermal engineering. One
important field of thermodynamics is refrigeration and air con-
ditioning technology. GUNT has dedicated catalogue 3a to this
topic.
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Equipment
for engineering

education

Refrigeration
and air conditioning
technology

Training in the field of

m refrigeration technology

® mechatronics

m air conditioning technology

Courses of study

mechanical engineering
supply engineering

civil engineering
environmental engineering
refrigeration technology
building services engineering
facility management

climate engineering

Why “Thermal engineering”?

HAMBURG

Thermal engineering involves more than pure thermodynamics. In thermal engineering, it is necessary to take account of
connections and interrelationships with other disciplines/teaching fields. The example of an internal combustion engine below
shows which knowledge from other disciplines is necessary for understanding and design.

Thermodynamics: 1st and 2nd principle, phase change, heat transfer, energetic balancing

Electrical engineering
Ignition: by electrical
energy

Chemistry

Conversion of matter: in
the combustion cham-
ber, the chemically bound
energy of the fuel is
released by conversion
of matter, fuel becomes
exhaust gas

Fluid mechanics

Flow of compressible
fluids: fuel and air are
added, exhaust gases are
discharged

Process engineering
Mixture of substances:
liquid fuel is mixed with
air in the carburettor and
becomes gaseous

Engineering mechanics

m friction: between piston
and cylinder wall

m dynamics: due to motion
of the piston rod

m strength of piston rod
and crankshaft

——= Machine dynamics

3 m reduce vibrations due to
free inertia forces

m design of bearings

Engineering design
Functional and energy-efficient design
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Computing and information technologies
For cyclic processes for internal combustion
engines, e.g. the Seiliger process
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Thermal engineering

HAMBURG

Thermodynamics at GUNT

Structure of the catalogue

Catalogue 3 is divided into five chapters. Firstly, the basics of When compiling the Thermodynamics product range, GUNT
thermodynamics are discussed as an introduction to the topic.  took guidance from the standard curricula and textbooks in use
The next section deals with application and practice. at German universities.

Fundamentals and introduction
Chapter 1 | Fundamentals of thermodynamics

Thermodynamic state variables

Application and practice
i | Chapter 2 | Heat exch “ | Chapter 3 | Thermal fluid hi
lm“ apter eat exchangers @ apter ermal fluid energy machines

m heat transfer m steam power plants

®m recuperators m gas turbines

m direct-contact heat exchangers m piston compressors

m fluidised bed heat exchanger m internal combustion engines

.. . . /& Chapter 5 | Thermodynamic applications
Chapter 4 | Principles of refrigeration in supply engineering HVAC

m hot water generation
m air conditioning technology and ventilation
m GUNT-RHLine Renewable Heat

Principles of heat transfer Phase transition

m principles of cold production
m compression refrigeration system
m refrigeration applications

Equipment series in the thermodynamics product range
Chapter 1 | Fundamentals of thermodynamics Z;IRX Chapter 2 | Heat exchangers

GUNT-Thermoline Fundamentals of heat transfer Series WL110 Heat exchanger with supply unit

Chapter 5 | Thermodynamic applications
in supply engineering HVAC

Chapter 4 | Fundamentals of refrigeration

ET 915 HSI training system refrigeration and air conditioning technology

[/
ﬁ Chapter 5 | Thermodynamic applications in supply engineering HVAC

GUNT-RHLine
Renewable Heat:

HL 320 Solar
thermal energy
and heat pump
modular system
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Fundamentals of thermodynamics
Introduction

HAMBURG

Basic knowledge

Fundamentals of thermodynamics

Thermodynamics is the general theory of energy and material  pressure, and temperature in steam engines. The following
transformation processes: Work is performed by redistributing  topics are selected based on the devices listed in this chapter.
energy between its different manifestations. The fundamentals

of thermodynamics were developed from the study of volume, 15t law of thermodynamics 2" Jaw of thermodynamics

Thermodynamic laws

Conservation of energy in thermodynamic systems All natural and technical processes

. . are irreversible.
Energy can neither be created nor destroyed, it can only be

Thermodynamic systems and principles transformed. The second law places a limitation on the first law
because, in reality, some energy will dissipate
into the surroundings during every process.

The meaning for the three systems is illustrated in the
lower left corner.

m system: m state: This energy can neither be used nor transformed back.

area of the thermodynamic collectivity of measurable

examination properties within the

L system

® surroundings: system boundaries

area outside the system m state variables: surroundings l [\

. Open system
o e SR A all measurable properties o000
. ) of the system that can be The energy content of the
separation of the system system o

used to describe its state mass flow changes

state 0 process
m change of state: 3

from its surroundings

B process:
. effect a process has on
external impacts on
the state
the system

Closed system

The internal energy changes

=

————————

S\

Referring to the example of the pressure cooker:

Isolated system

The energy is constant
Open system Closed system Isolated system

after the inside of the cooker has warmed up, the heat in the
cooker cannot flow back into the heating plate.
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inside the system.

Energy or mass can be exchanged No mass crosses Neither mass nor energy cross 3rd |aw of thermodynamics = Nernst heat theorem
with the surroundings outside the system boundary the system boundaries
the system boundaries The absolute zero point of O Kelvin is a theoretical quantity. It cannot be achieved in practice. The lowest temperature
achieved to date is 2 - 10-° K.
open closed isolated
system system system
4 4 4
ener mass flow ener no exchange . Sl
24/ & 9 Zeroth law of thermodynamics = law of thermal equilibrium
System A is in thermal equilibrium with system B. System B is in thermal equilibrium with system C. This means that the
Energy transfer in the form of heat or work has the following effects in the three systems: two systems A and C must also be in thermal equilibrium with each other.
The energy content of the mass The internal system energy The energy is constant
flow changes increases A B B c A C
| | | | > | |
emissions Thermodynamic f "‘g
4 4 ‘ energy conversion E i
fuel n n electrical can take place i i
-

. energy
arbOooool

cooling water

b

cooling water

Chronologically, the zeroth law was only formulated after the other three. Since it is fundamental to thermodynamics, it was
Example: thermal power plant Example: pressure cooker Example: an ideal thermos flask prepended to the other three laws. This law was therefore designated as 'zeroth' to avoid having to change the names of the
laws that had already been assigned.
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Basic knowledge

Cyclic processes

Technology uses cyclic thermodynamic processes to describe
the conversion of thermal energy to mechanical energy and vice
versa.

During this process a medium undergoes periodically different
changes of state, such as compression and expansion, evapo-
ration and condensation, or heating and cooling over a period
of time. In a cyclic process, the medium, after having undergone
the different changes of state, goes back to its original state and
can thus be reused repeatedly.

Suitable media are substances that remain in a permanent gas-
eous state during the cyclic process, such as air or helium, or
substances that change their aggregate state during the pro-
cess (phase change), like water, ammonia, fluorocarbons, or CO,.

When a phase change occurs, more energy is converted than
during simple heating or cooling. This means that phase change
processes involve a higher energy density and require lower
differences in temperature.

Cyclic processes can be used in driving or driven machines.
Driving machines convert thermal energy to mechanical energy,
such as in steam power plants. Driven machines convert the
supplied mechanical energy into thermal energy, like in a com-
pression refrigeration system.

Representation of cyclic processes in state diagrams

A cyclic thermodynamic process can be illustrated clearly by
what are known as state diagrams. The most commonly used
state diagrams are:

m p-v diagram: pressure p against specific volume v, suitable
for representing mechanical power. It is often used for recip-
rocating compressors and internal combustion engines with
a purely gaseous working medium. Here, cyclic processes can
be observed quite well because there is a fixed relationship
between volume change and time. The enclosed area is a mea-
sure for the mechanical work performed, also known as useful
work.

m h-s diagram: enthalpy h against entropy s, for representation
of steam turbine processes. It is used for water steam and is
well suited as a tool for designing steam turbines.

m log p-h diagram: logarithmic representation of the pressure
p against the specific enthalpy h, particularly well suited for
cooling processes in refrigeration engineering, as heat fluxes

W,>0
GOUC

f
L

S

Clockwise direction: driving machine

can be read from the diagram directly as horizontal lines. For
the vertical pressure scale, a logarithmic division is used, as
this is a good way to represent phase limit curves.

m T-s diagram: a plot of temperature T against entropy s, used
for the representation of the thermodynamic conditions. The
direction of the cyclic process indicates the type of system,
driving or driven machine. If the cycle goes clockwise, the sys-
tem is a driving machine, and if it goes counter-clockwise, it is
a driven machine. In the clockwise direction, heat is absorbed
at a high temperature and released at a low temperature. In
the counter-clockwise direction, heat is absorbed at a low
temperature and released at a high temperature. If the sys-
tem is operated in the counter-clockwise direction, it is thus
suitable as a heat pump or refrigeration machine. As in the p-v
diagram, the enclosed area is a measure of the useful work
performed.

“ GOUt

W,<0

4.

Counter-clockwise direction: driven machine

e
e

S

W, useful work, Q thermal energy, T temperature, s entropy

Examples of cyclic thermodynamic processes

Type Driving or driven machine Working medium

Steam power plant driving
Internal combustion engine driving
Gas turbine driving
Stirling engine driving
ORC power plant driving
(Organic Rankine Cycle)

Refrigeration machine driven
Stirling refrigeration system driven

Aggregate state

water liquid/gaseous
air/combustion gas gaseous
air/combustion gas gaseous

air, helium gaseous
fluorocarbons, liquid/gaseous
hydrocarbons

fluorocarbons, liquid/gaseous
hydrocarbons,

ammonia, etc.

air, helium gaseous

The following section presents some technically relevant cyclic processes with their diagrams.

The Carnot process

In the T-s diagram, the Carnot process forms a rectangle. The
area of the rectangle is a measure of the useful work W;. The
area between the temperature zero and the maximum process
temperature is a measure of the required thermal energy Q.
This means that the following efficiency n results are derived for
the Carnot process:

Wt Tmax = Tmin

n=——-=
Q Tmax

The maximum efficiency of a cyclic thermodynamic process thus
only depends on the absolute maximum and minimum tempera-
tures, Tmax and Tmin. This means that the Carnot process allows
statements regarding the quality of any technical cyclic pro-
cess. Furthermore, it is clear that every thermodynamic pro-
cess requires a difference in temperatures to perform work.
The efficiency of the Carnot process is the highest theoretically
possible efficiency of a cyclic process.

The changes of state that are necessary for the Carnot process,
like isothermal and isentropic compression and/or expansion,
are difficult to realise technically. Despite its high efficiency, this
process is therefore of theoretical interest only.

The p-v diagram on the right shows another crucial disadvan-
tage of the Carnot process. Despite large differences in pres-
sure and volume, the surface area of the diagram, and thus the
mechanical work performed, is very small. When the Carnot
process is applied, this translates to a large and heavy machine
with a small output.

Carnot process in T-s diagram

Carnot process in p-v diagram

W, useful work, @ thermal energy, T temperature, p pressure,
v specific volume, s entropy
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Cyclic processes

Steam power plant Gas turbine power plant
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T-s diagram of a steam power plant

T-s diagram of a gas turbine power plant

Internal combustion engine Refrigeration plant
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log p-h diagram of a refrigeration plant

The p-v diagram shows the Seiliger process of an internal com-  This log p-h diagram displays a refrigeration cycle. Working
bustion engine. In the case of the internal combustion engine, all  medium is the fluorohydrocarbon refrigerant R134a.

changes of state take place in the same space: the cylinder. The
changes of state occur one after the other.

The above T-s diagram represents the Rankine cycle of a steam  The T-s diagram represents a gas turbine process with two-
power plant. The working medium is water or water steam. stage expansion in a double shaft system.

1—-2 the water is isobarically heated and evaporated in 1 -2 polytropic compression of air to a pressure of 1—-2 polytropic compression

a steam boiler at a pressure of 22 bar 20 bar; the air has a temperature of 500°C at the 2_3 Isobaric cooling and condensation with

2—-3 isobaric superheating of the steam to 300°C outlet of the compressor 1—-2 polytropic gas compression L
. . . . . . . . . o ) . heat dissipation

3—-4 polytropic expansion of the steam in the steam 2—3 isobaric heating of air to the inlet temperature Point 2 ignition with subsequent fuel combustion

turbine to a pressure of 0,2 bar; mechanical energy of 1000°C of the high-pressure turbine via injection - - — - - 3-4 isenthalpic expansion to evaporation pressure

. . . idealised division of the combustion process into:

is released in the process and combustion of fuel . . . . . . . . .

. . . L . . 2 -3 isochoric proportion of the combustion process 4-1 isobaric evaporation with heat absorption

Point 4 wet steam area: the wet steam content is now 3-4 polytropic expansion in the high-pressure turbine 3_4  isobaric proportion of the combustion Drocess

only 90% that drives the compressor prop P After being superheated to a certain degree the refrigerant
4-5 condensation of the steam Point 5 in the transition to the power turbine the gas 4 -5 polytropic (isentropic) expansion, in this phase the vapour is once again sucked in and compressed by the com-
5-1 increase of the pressure to boiler pressure via the isobarically cools down slightly usefull work results pressor at point 1. The cyclic process ends.

condensate and feed water pump, the cyclic process 5—-6 second expansion in the power turbine: the exhaust 5 -1 isochoric decompression and exchange of working

is complete gas exhausts and is not returned to the process medium

again, which is why the process is known as an open
gas turbine process; the process heat is released
into the surroundings

In the case of a 2-stroke engine this takes place without an
additional stroke, in a 4-stroke engine the exhaust and intake
stroke follows. The Seiliger process, similar to the gas turbine
process, is an open cyclic process. D

The Seiliger process is a comparative or ideal process that [}{}
is based on the assumption of a perfect engine. The indicator

gl

Process schematic for a steam power plant

A feed water tank, B feed water pump, C steam boiler,
D superheater, E steam turbine, F generator, G condenser,
H condensate pump;

Process schematic for a gas turbine power plant

A compressor, B combustion chamber, C high-pressure turbine,
D power turbine, E generator;

= thermal energy, low temperature,
I thermal energy, high temperature,
I mechanical/electrical energy

[ B9 thermal energy, low temperature,
= B thermal energy, high temperature,
I exhaust gas, Bl mechanical / electrical energy

diagram represents the actual work process.

V

Indicator diagram of a 4-stroke engine

p pressure, V volume, Vy displaced volume;
[ intake, Bl compression, ll power, B2 exhaust

»:@E 3

Y & =
N

1 2
BE‘

Process schematic of a refrigeration plant

A compressor, B drive motor, C condenser,
D expansion valve, E evaporator;

= thermal energy, low temperature,

I thermal energy, high temperature,

I mechanical / electrical energy
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Basic knowledge

Thermodynamic state variables

Thermodynamic systems and principles Change of state of gases

In physics, an idealised model of a real gas was introduced to  Equation of state for ideal gases:

State variables are the measurable properties of a system. To make it easier to explain the behaviour of gases. This modelisa pxV=mxRgxT
describe the state of a system at least two independent state system boundaries highly simplified representation of the real states and is known » m: mass
variables must be given. surroundings as an “ideal gas”. Many thermodynamic processes in gases in » Rg: spec. gas constant of the corresponding gas

particular can be explained and described mathematically with
the help of this model.

State variables are e.g.:

system o

m pressure (p)
tat # rocess
m temperature (T) state j P

m volume (V)

Changes of state of an ideal gas

m amount of substance (n)
Change of state isochoric isobaric isothermal isentropic

Condition V =constant p=constant T=constant S=constant

The state functions can be derived from the state variables: Result dv=0 dp=0 dT=0 ds=0

m internal energy (U): the thermal energy of a static, closed Law p/T=constant V/T =constant pxV=constant pxV¥=constant

system. When external energy is added, processes result

in a change of the internal energy.

AU = Q+W

» Q: thermal energy added to the system,

» W: mechanical work done on the system that results
in an addition of heat An increase in the internal energy of the system using a A

pressure cooker as an example. T p \ \

K =isentropic
exponent

m enthalpy (H): defined as the sum of internal energy
plus work p xV
H=U+pxV

m entropy (S): provides information on the order in a sys-
tem and the associated arrangement options of particles
in that system
The change in entropy dS is known as reduced heat.
dS = 6Q,e,/T
» 6Q,,: reversible heat change
» T: absolute temperature

T-s diagram p,V diagram

Changes of state can be clearly illustrated in diagrams

Steam engine o
Changes of state under real conditions

When the steam engine was developed more than 200 years ago, physicists wondered why only a few percent of the thermal

. . L ! - Change of state
energy was converted into mechanical energy. Rudolf Clausius introduced the term entropy to explain why the efficiency of :

ther.‘mal engines is limited t':o afew per‘cent..Ther‘mgl engines conver‘F a temper‘atur‘e difference into mechanical work. Thermal Condition technical process under real Pl o
engines include steam engines, steam turbines or internal combustion engines. T
Result heat exchange with the
environment n<K
n=K
Law pxV" = constant e
n=polytropic exponent _
Vv
p,V-diagram
The changes of state listed above are special isochoric n— Polytropic changes of state with different
cases of change of state, in which part ~ isobaric n=0 heat exchange:
of the heat is exchanged with the environment. isothermal n =1 n<k heat dissipation

V6 engine of a racing car Disassembled steam turbine rotor isentropic n =K n>k heat absorption
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Thermodynamic state variables

WL 102

Change of state of gases

m isothermal and isochoric change
of state of air

m GUNT software for acquisition,
processing and display of meas-
ured data

Gas laws belong to the fundamentals of
thermodynamics and are dealt with in
every training course on thermodynam-
ics.

The WL 102 experimental unit enables
two changes of state to be studied ex-
perimentally: isothermal change of state,
also known as the Boyle-Mariotte law,
and isochoric change of state, which oc-
curs at constant volume. Transparent
tanks enable the change of state to be
observed. Air is used as the test gas.

-

'
®

In the first tank, positioned on the left,
the hermetically enclosed air volume is
reduced or increased using a com-
pressor and hydraulic ail. This results in
an isothermal change of state. The com-
pressor can also operate as a vacuum
pump. If the changes occur slowly, the
change of state takes place at an almost
constant temperature.

In the second tank, positioned on the
right, the temperature of the test gas is
increased by a controlled electric heater
and the resulting pressure rise is meas-
ured. The volume of the enclosed gas re-
mains constant. Temperatures, pres-
sures and volumes are measured elec-
tronically, digitally displayed and trans-
ferred to a PC for processing.

m demonstrating the laws of state
changes in gases experimentally

m isothermal change of state, Boyle-Mari-
otte law

m isochoric change of state, Gay-Lus-
sac’s 2" law

WL 102

Change of state of gases

T—]

S
1

£

1 tank 1 for isothermic change of state, 2 digital displays, 3 5/ 2-way valve for switching
between compression and expansion, 4 heating controller, 5 tank 2 for isochoric change of
state

A B

-_
-
no
_
—

Representation of the change of volume
1 oilfilled tank for isothermic change of state, 2 valve arrangement with compressor,
3 storage tank; A compression (blue), B expansion (red)
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Software screenshot: charts for isothermic compression
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[1] experimental investigation of gas laws

[2] transparent measuring tank 1 for investigation of
isothermic change of state

[3] hydraulic oil filling for changing volume of test gas

[4] built-in compressor generates necessary pressure
differences to move the oil volume

[5] compressor can also be used as vacuum pump

[6] 5/2-way valve for switching between compression
and expansion

[7] transparent measuring tank 2 for investigation of
isochoric change of state

[8] electrical heater with temperature control in tank 2

[9] sensors and digital displays for temperatures, pres-
sures and volumes

[10] GUNT software for data acquisition via USB under
Windows 7, 8.1, 10

Technical data

Compressor / vacuum pump

m power output: 60W

m pressure at inlet: 213mbar

m pressure at outlet: 2bar

Temperature controller: PID, 300WV, limited to 80°C

Measuring ranges
m temperature:
» tank 1: 0..80°C
» tank 2: 0..80°C
W pressure:
» tank 1: O..4bar abs.
» tank 2: O...2bar abs.
m volume:
» tank 1: 0..3L

230V, 50Hz, 1 phase

230V, 60Hz, 1 phase; 120V, 60Hz, 1 phase
UL/ CSA optional

LxWxH: 900x550x900mm

Weight: approx. 50kg

Required for operation

PC with Windows recommended

Scope of delivery

1 experimental unit
1 GUNT software CD + USB cable
1 set of instructional material
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Thermodynamic state variables

WL 103

Expansion of ideal gases

Learning objectives/experiments

m determination of the adiabatic expo-
nent according to Clément-Desormes

m adiabatic change of state of air

m isochoric change of state of air

m operation with negative pressure
and positive pressure

W precise pressure measurement

m experiments according to Clé-
ment-Desormes

Gas laws belong to the fundamentals of
thermodynamics and are dealt with in
every training course on thermodynam-
ics.

The experimental unit WL 103 enables
the user to examine the expansion of
ideal gases. The focus is on the experi-
mental determination of the adiabatic
exponent of air using the Clément-De-
sormes method.

The main components of the experi-
mental unit are two interconnected cyl-
indrical tanks. Positive pressure can be
applied to one tank, negative pressure
can be applied to the other tank.

To generate the positive pressure and The GUNT software of WL 103 offers
the negative pressure in the tanks, the all the advantages of software-suppor-
tanks are connected to each other via a ted experimental procedure and analys-
compressor. The pressure equalisation is.

can either take place with the environ-

ment or with the other tank through a

bypass. Due to the high velocity of the

pressure compensation the change of

state is quasi adiabatic. Ball valves are

used for pressure equalisation.

Precise pressure measurement techno-
logy is integrated in the tanks to enable
the determination of the adiabatic expo-
nent using the Clément-Desormes meth-
od. The measured temperatures and
pressures are recorded, transmitted to
the software and displayed.

WL 103

Expansion of ideal gases

1 positive pressure tank, 2 safety valve, 3 ball valve, 4 manometer, 5 compressor, 6 negat-
ive pressure tank

1 ball valve, 2 compressor, 3 negative pressure tank, 4 safety valve, 5 positive pressure
tank; P pressure, T temperature

p,TA

P

P2+

Schematic diagram of a typical experiment according to Clément-Desormes;
p pressure, T temperature, t time, red: temperature, green: pressure

gHAMBURG

[1] behaviour of ideal gases

[2] precise measurement of pressures and temperat-
ures

[3] transparent components

[4] experiment according to Clément-Desormes

[5] determination of the adiabatic exponent of air

[6] GUNT software with control functions and data ac-
quisition via USB under Windows 7, 8.1, 10

Technical data

Paositive pressure tank

m volume: 20,5L

m diameter: 0,25m

®m max. operating pressure: 0,9bar

Negative pressure tank

m volume: 11L

m diameter: 0,18m

® min. operating pressure: -0,6bar

Measuring ranges
m temperature: 0..150°C
m pressure: 0...1,6bar (abs)

230V, 50Hz, 1 phase
LxWxH: approx. 670x580x680mm
Weight: approx. 36kg

Required for operation

PC with Windows

Scope of delivery

1 experimental unit
1 GUNT software CD + USB cable
1 set of instructional material




Fundamentals of thermodynamics

Thermodynamic state variables

WL 201

Fundamentals of humidity measurement

m different measuring methods for
measuring humidity

m climatic chamber with adjustable
humidity and transparent door

The measurement of air humidity plays
an important role in many branches of
industry, e.g. during drying or in the air
conditioning of buildings and vehicles.
There are different measuring methods
to determine humidity.

The trainer WL 201 enables the meas-
urement of air humidity with four differ-
ent instruments which can be directly
compared to each other: two different
hygrometers, a capacitive hygrometer
and a psychrometer.

Psychrometers operate based on the
principle of evaporation cooling and
compare the ambient temperature with
the wet bulb temperature to determine
the humidity. Hygrometers utilise the
property of specific fibres, e.g. hair, to
expand with increasing air humidity. In
the capacitive sensor the dielectricity
constant of a layer and with it its capa-
city changes due to the water molecules
absorbed.

The core element of the trainer is a cli-
matic chamber with transparent door.
This chamber can be humidified and de-
humidified and contains the four instru-
ments. A Peltier cooling element is used
for dehumidification. An ultrasonic atom-
iser is used for humidification. To circu-
late the air and ensure good mixing a
fan is used.

m measuring methods for air humidity
measurement
» psychrometric humidity measure-

ment

» hygrometric humidity measurement
» capacitive humidity measurement

m characteristic variables to describe air
humidity

m changes of the state of humid air in
the h-x diagram

m determination of the relative air humid-
ity with
» psychrometer
» hair hygrometer
» hygrometer with synthetic fibre
» capacitive humidity sensor

m design and operation of the instru-
ments

m comparison of the instruments

gHAMBURG

WL 201

Fundamentals of humidity measurement

Specification

[1] different measuring methods for measuring humid-
ity

[2] climatic chamber with adjustable humidity and
transparent door

[3] humidification via ultrasonic atomiser

[4] dehumidification via Peltier cooling element

[5] fan for air recirculation

[B] 2 mechanical instruments: psychrometer, hair hy-
grometer

[7] 2 electronic instruments: capacitive sensor, hygro-
meter with synthetic fibre and combined temperat-
ure sensor

: Technical data

1 capacitive humidity sensor, 2 displays and controls, 3 humidifier, 4 psychrometer, 5 hair
hygrometer, 6 dehumidifier, 7 hygrometer with synthetic fibre and combined temperature
sensor

Humidifier

m ultrasonic atomiser

m power consumption: 21,6W
m low water cut-off

Dehumidifier
m Peltier element
» cooling capacity: 56,6V (50°C ambient temperat-
ure)
» cooling surface: 1600mm?

Hair hygrometer with deflective needle
m measuring range: 0..100%r. h.

Hygrometer with synthetic fibre

/\ m output voltage: 0..10V
m measuring ranges: 0..100%r. h. / -30...80°C

Principle of the hair hygrometer: 1 mechanism to measure the humidity-dependent change CapaCitive sensor with digital display
in length of the hair bundle, 2 hair bundle, 3 humidity scale m output voltage: 0..10V

m measuring range: 1..100%r. h.

110
100 oer
ML s

90 /
UL/ CSA optional

80 |
/4%5 LxWxH: 1400x800x1830mm
70

V o Weight: approx. 110kg
A / .
60 - .z Scope of delivery

Psychrometer with thermometer
m measuring range: -10..60°C, graduation: 0,5°C

230V, 50Hz, 1 phase
120V, 60Hz, 1 phase; 230V, 60Hz, 1 phase

rH.in %

50 o= 1 trainer
1 psychrometer
40 t — 2  hygrometers
1 set of instructional material

Relative humidity (r. h.) over time (t) with rising content of humidity; blue: capacitive sensor,
orange: hygrometer with synthetic fibre, red: psychrometer, green: hair hygrometer
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Thermodynamic state variables

WL 202

Fundamentals of temperature measurement

m experimental introduction to tem-
perature measurement: methods,
areas of application, characterist-
ics

m clearly laid out unit primarily for
laboratory experiments, also suit-
able for demonstration purposes

Recording temperature is one of the ba-
sic tasks in metrology. Electric temper-
ature sensors are the most widely used
in automation applications but conven-
tional thermometer types are still widely
applied in many areas. The WL 202 ex-
perimental setup covers the full range of
temperature measurement methods.
As well as non-electrical measuring
methaods, such as gas- and liquid-filled
thermometers and bimetallic thermo-
meters, all typical electric measuring
methods are covered in the experi-
ments. The electrically measured tem-
peratures are displayed directly on pro-
grammable digital displays. A temperat-
ure-proportionate output voltage signal
(0..10V] is accessible from lab jacks, en-
abling temperature characteristics to be
recorded with, for example, a plotter.

For measuring the relative air humidity a
psychrometer with two thermometers is
available, one of the thermometers
measures the dry bulb. The wet bulb
thermometer is covered in a wet cotton
cloth and measures the evaporative
cooling. The temperature difference al-
lows the relative air humidity to be de-
termined.

A digital multimeter with precision res-
istors is used to calibrate the electrical
measuring devices. Various heat
sources or storage units (immersion
heater, vacuum flask and laboratory
heater) permit relevant temperature
ranges to be achieved for the sensors
being tested. A tool box houses the
sensors, cables, temperature measur-
ing strips and immersion heater.

m |learning the fundamentals of temperat-
ure measurement by experimentation
m familiarisation with the various meth-
ods, their areas of application and spe-
cial features
» non-electrical methods: gas- and li-
quid-filled thermometers, bimetallic
thermometers and temperature
measuring strips
» electric methods: thermocouple, res-
istance temperature detector
Pt100, thermistor (NTC)
m determining air humidity with a
psychrometer
m calibrating electric temperature
sensors

WL 202

Fundamentals of temperature measurement

5 6

1 power-regulated socket, 2 laboratory heater for water and sand, 3 psychrometer to de-
termine air humidity, 4 gas pressure thermometer, 5 bimetal thermometer, 6 vacuum
flask, 7 mercury thermometer, 8 digital display, thermocouple type K, 9 digital display, ther-
mistor (NTC), 10 digital display, Pt100, 11 multimeter

Temperature measurement with a thermocouple type K: A) nickel chrome, B) nickel;
1 measuring point, 2 tank at constant temperature, 3 reference point, 4 voltmeter

’I\

Psychrometer: 1 water tank, 2 wet cotton cloth for covering the wet bulb thermomet-
er, 3 dry bulb thermometer, 4 wet bulb thermometer; dT temperature difference

[1] experiments in the fundamentals of temperature
measurement with 7 typical measuring devices

[2] various heat sources or storage units: laboratory
heater, immersion heater, vacuum flask

[3] calibration units: precision resistors and digital mul-
timeter

[4] liquid, bimetallic and gas pressure thermometers

[5] temperature sensors: Pt100, thermocouple type K,
thermistor (NTC)

[B] various temperature measuring strips

[7] psychrometer for humidity measurement

[B] tool box for sensors, cables, measuring strips and
immersion heater

Technical data

Immersion heater
m power output: 300W
m adjustment of power feed via power-regulated socket

Laboratory heater with thermostat
m power output: 450W
m max. temperature: 425°C

Vacuum flask: 1L

Measuring ranges

m resistance temperature detector Pt100: O..100°C
m thermocouple type K: 0..1000°C

m thermistor (NTC): 20..55°C

m liquid thermometer: -10...250°C

m bimetallic, gas pressure thermometer: 0...200°C

m temperature measuring strips: 29..290°C

Precision resistors: 10 Q, 100 Q, 1000 Q
Psychrometer:

m 2x temperature: 0..60°C

m rel. humidity: 3..96%

230V, 50Hz, 1 phase

230V, 60Hz, 1 phase; 120V, 60Hz, 1 phase
UL/ CSA optional

LxWxH: 800x450x650mm

Weight: approx. 45kg

Scope of delivery

experimental unit

tool box

set of cables

laboratory heater
immersion heater

vacuum flask

digital multimeter

set of instructional material

RN N . YR N N N




Fundamentals of thermodynamics

Thermodynamic state variables

WL 203

Fundamentals of pressure measurement

m comparison of different pressure
measurement methods

m measuring positive and negative
pressure

m calibration device with Bourdon
tube pressure gauge for calibrat-
ing mechanical manometers

Measuring pressure is important in the
engineering industry, e.g. in plant, tur-
bomachine and aircraft construction
and in process engineering. Other funda-
mental factors such as flow rate or flow
velocity can also be determined based
on a pressure measurement.

The WL 203 experimental unit enables
the user to measure the pressure with
two different measuring methods: dir-
ectly by measuring the length of a liquid
column (U-tube manometer, inclined
tube manometer) and indirectly by
measuring the change of shape of a
Bourdon tube (Bourdon tube pressure

gauge).

In a U-tube manometer, the pressure
causes the liquid column to move. The
pressure difference is read directly from
a scale and is the measure for the ap-
plied pressure. In inclined tube mano-
meters, one leg points diagonally up. A
small height difference therefore

be ¢ @

L] F & &

changes the length of the liquid column
significantly.

The principle of the Bourdon tube pres-
sure gauge is based on the change in
cross-section of the bent Bourdon tube
under pressure. This change in cross-
section leads to an expansion of the
Bourdon tube diameter. A Bourdon tube
pressure gauge is therefore an indir-
ectly acting pressure gauge where the
pressure differential is indicated via a
transmission gearing and a pointer.

In experiments, pressures in the millibar
range are generated with a plastic syr-
inge and displayed on the manometers.
The experimental unit is equipped with
two Bourdon tube pressure gauges for
measuring positive and negative pres-
sure. The U-tube manometer, inclined
tube manometer and Bourdon tube
pressure gauges at the experimental
unit can be combined using tubes. A cal-
ibration device enables calibration of an
additional Bourdon tube pressure gauge
using a weight-loaded piston manomet-
er.

L]
=

m familiarisation with 2 different measur-
ing methods:
» direct method with U-tube manomet-
er and inclined tube manometer
» indirect method with Bourdon tube
pressure gauge
m principle of a Bourdon tube pressure
gauge
m calibrating mechanical manometers

gHAMBURG

WL 203

Fundamentals of pressure measurement

[1] basic experiments for measuring pressure with
three different measuring instruments

1 [2] U-tube and inclined tube manometer
[3] one Bourdon tube pressure gauge each for positive
and negative pressure
2 [4] plastic syringe generates test pressures in the mil-

libar range
[3] calibration device with Bourdon tube pressure
gauge for calibrating mechanical manometers

Technical data

Inclined tube manometer
m angle: 30°

1 U-tube manometer, 2 inclined tube manometer, 3 calibration device with Bourdon tube
pressure gauge, 4 Bourdon tube pressure gauge for positive pressure, 5 Bourdon tube

: Measuring ranges
pressure gauge for negative pressure

W pressure:
» O..£60mbar (Bourdon tube pressure gauge)
» 0..500mmWC (U-tube manometer)
» 0..500mmWC (inclined tube manometer)

dp =rho-g-dh

1 i 2

dp =rho-g-(h,cosa-h,)

LxWxH: 750x610x810mm
LxWxH: 410x410x410mm (calibration device)
Total weight: approx. 40kg

Scope of delivery

experimental unit
calibration device

set of weights

oil, 500mL

ink, 30mL

funnel

syringe

set of hoses

set of instructional material

Principle of operation of liquid column manometers
1 U-tube manometer, 2 inclined tube manometer; dp pressure difference, dh height differ-
ence, rho density of measuring fluid, g acceleration of gravity

RN N N Y N N N N

Principle of operation of a Bourdon tube pressure gauge
1 scale, 2 pointer, 3 Bourdon tube fixed in place, 4 gearing, 5 tie rod, 6 Bourdon tube
without pressure, 7 Bourdon tube expanded under pressure




Fundamentals of thermodynamics

Thermodynamic state variables

WL 920

Temper‘atu re measurement

m comparison of different temper-
ature measurement methods

m investigation of transient temper-
ature behaviour and defined tem-
perature jumps

Different physical processes are used to
measure temperatures. Temperatures
can be read off directly on a scale, e.qg.
by the expansion of a measuring medi-
um.

In industry, temperatures are often
measured electronically. The advantage
of electronic measurement is that fur-
ther processing or transmission of sig-
nals to remote locations (controllers, ex-
ternal displays]) is easier.

The WL 920 trainer can be used to
carry out and compare different temper-
ature measurement procedures.

The trainer includes liquid thermomet-
ers, bimetal thermometers, as well as a
thermocouple,a Pt100 resistance ther-
mometer and an NTC thermistor, each
with different protective sleeves, for
electronic temperature measurement. A
psychrometer with two liquid thermo-
meters is used to measure the relative
air humidity.

To compare the different measuring
methods, the temperature sensors be-
ing studied are attached to a height-ad-
justable device above the experimental
tank. A fan ensures almost constant am-
bient conditions. A second tank with
electronically controlled heater supplies
water temperatures up to approx. 80°C.

Learning objectives/experiments

m familiarisation with different temperat-
ure measurement methods:
» non-electrical methods: liquid ther-
mometers, bimetal thermometers
» electronic methods: thermocouple,
Pt100 resistance thermometer,
NTC thermistor
m determination of air humidity with a
psychrometer
m familiarisation with the function of the
individual temperature measuring in-
struments
m response behaviour of the sensors
m steady and transient behaviour

The heated water at a specified temper-
ature is fed into the experimental tank.
By lowering the height-adjustable device,
the temperature sensors are immersed
in the water and the temperature meas-
urement begins.

The measured values can be read as
analogue or digital values. A 3-channel
line recorder can record the measured
values of the electronic temperature
sensors continuously over time and thus
also document the different time re-
sponse. Defined temperature jumps and
steady and transient temperature beha-
viour can be studied.

WL 920

Temperature measurement

’I\@ . ®©
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1 Pt100 resistance thermometer, 2 bimetal thermometers, 3 thermocouple, 4 fan, 5 heat-
ing tank, 6 experimental tank, 7 psychrometer, 8 digital displays, 9 3-channel line recorder

1 temperature sensor being studied, 2 stirring machine, 3 experimental tank, 4 heater,

5 heating tank; T temperature, L level, TC temperature controller, blue: water

Design of the bimetal thermometer
1 scale housing, 2 protective tube, 3 bimetallic strips, 4 fixed bearing

[1] steady and transient temperature measurement
with typical measurement instruments

[2] temperature sensors: liquid thermometer, bimetal
thermometer, Pt100, thermistor (NTC), type K
thermocouple

[3] psychrometer for determining the relative air hu-
midity

[4] defined temperature jumps up to 80°C

[5] experimental tank and heating tank with temperat-
ure control, water-filled

[B6] both tanks equipped with stirring machine

[7] fan generates constant air temperature above the
experimental tank

[B] 3-channelline recorder for recording the measured
values

Technical data

Heater
m output: 2kW at 230V, 1,5kW at 120V
m tank capacity: 4L

Temperature controller
m PID

Line recorder
m 3 channels
m serial interface

Temperature sensors

m liquid thermometer with organic liquid
m bimetal thermometer

m psychrometer

m thermocouple type K

m thermistor (NTC)

m Pt100

Measuring ranges
m temperature: 0...100°C
m rel. humidity: 3..96%

230V, 50Hz, 1 phase

230V, 60Hz, 1 phase; 120V, B0Hz, 1 phase
LxWxH: 1200x700x1550mm

Weight: approx. 185kg

Required for operation

water connection, drain

Scope of delivery

1 trainer
1 set of accessories
1 set of instructional material




Fundamentals of thermodynamics
Principles of heat transfer

Basic knowledge

Material-bound/non-material-bound heat transport

Material-bound heat transport

by conduction and convection

Conduction

In the case of thermal conduction, heat transport takes place
through direct interaction between the molecules (e.g. molecule
collisions) within a solid or a fluid at rest. A prerequisite for this
is that there is a temperature difference within the substance
or that substances of different temperatures come into direct
contact with each other. All aggregate states allow this transfer
mechanism.

The amount of heat transported depends on:

the thermal conductivity A of the material,

the heat conducting length L,

the heat transferring area A,

the dwell time t and

the temperature difference AT between the beginning and
end of the thermal conductor

The hot stove transfers the heat to the water
through the bottom of the saucepan with the
cross-sectional area A.

Convection

The red arrows indicate the
direction of the heat flux.

The heat is transferred from the
hot to the cold material along the
heat-conducting length L due to the
interaction of the molecules via the
temperature difference AT.

Heat transport takes place in flowing liquids or gases by means
of material movement, i.e. material transport. Where forced
convection occurs, the flow is forced by external forces. Exam-
ples: a pump in a warm water heater, fans in a power pack or PC.

I

If the flow is caused by differences in density due to different
temperatures within the fluid this is called free or natural con-
vection. Examples: water movement when heated in a pot, by a
foehn wind, the gulf stream, or a vent in a chimney.

Cold air is sucked in by the fan, cools the internal components
and flows out again as heated air.

The air molecules warmed by the heater rise due to differences
in density.

Non-material-bound heat transport

HAMBURG

by thermal radiation

Energy transport through electromagnetic oscillation in a spe-
cific wavelength range. Any body with a temperature above zero
Kelvin emits radiation known as thermal radiation.

Thermal radiation includes UV radiation, light radiation and
infrared radiation. Light radiation covers the wavelength range
visible to the human eye.
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Using a thermal imaging camera, it is possible to make thermal
radiation visible: the thermal camera converts long-wave infrared
radiation into visible radiation.

Material characteristics

Heat transfer coefficient a: a measure of how much heat is
transferred from a solid to a fluid or vice versa (convection)

Thermal conductivity A: a measure of how well heat is trans-
ferred into a solid (conduction)

els, SN

The best example of ther-
mal radiation is the sun.

One example of a technical
application is a patio heater:
electromagnetic oscillations
are emitted by the heat
source as thermal radiation in
all directions.

The portion of the thermal
radiation directed upwards is
reflected by the canopy.

Overall heat transfer coefficient k: describes the overall heat
transfer between fluids separated by solids (convection and
conduction)

Reflectance, absorbance and transmittance: a measure of the
proportion of thermal radiation reflected, absorbed or transmit-
ted to a body (radiation)
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Principles of heat transfer
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WL 362

Energy transfer by radiation

m investigation of thermal and light
radiation

m influence of distance and angle of
incidence

m broad range of experiments

Thermal radiation is a non-material-
bound energy transport by means of
electromagnetic oscillations in a certain
wavelength range. Any body with a tem-
perature above zero Kelvin emits radi-
ation known as thermal radiation.
Thermal radiation includes UV radiation,
light radiation and infrared radiation.
Light radiation covers the wavelength
range visible to the human eye.

The WL 362 experimental unit contains
two radiation sources: a heat radiator
and a light emitter. Thermal radiation is
detected by means of a thermopile.
Light radiation is recorded by means of
a luxmeter with photodiode. Various op-
tical elements such as apertures, ab-
sorption plates or colour filters can be
set up between the emitter and the de-
tector. All components are mounted on
an optical bench. The distance between
the optical elements can be read from a
scale along the optical bench.

Luxmeter, thermopile and light emitter
can be rotated to study how the angle of
incidence affects the radiation intensity.
The angles are read off the angular
scale.

The optical elements are used to invest-
igate the reflection, absorption and
transmission of different materials at dif-
ferent wavelengths and temperatures.
The radiant power of both emitters can
be adjusted. The aim of the experiments
is to check optical laws: e.g. Kirchhoff's
law of radiation, the Stefan-Boltzmann
law, Lambert’s distance and direction
law.

The measured values are displayed digit-
ally on the measuring amplifier. The
measured values are transmitted dir-
ectly to a PC via USB where they can be
analysed using the software included.

m Lambert’s direction law
m Lambert’s distance law
m Stefan-Boltzmann law
m Kirchhoff’s laws

» radiation absorption

» radiation reflection

» radiation emission

WL 362

Energy transfer by radiation
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1 measuring amplifier, 2 optical bench with scale for reading the distances, 3 pivoting light
source, 4 holder for slit diaphragm or optional colour filter (red, green, infrared), 5 luxmet-
er, 6 absorption plates and reflection plate each with temperature measuring point, 7 ther-
mopile, 8 thermal radiator
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Software screenshot: investigations on the distance to the radiation source

[1] thermal radiator and thermopile for the investiga-
tion of thermal radiation

[2] light source and luxmeter for the investigation of il-
luminance

[3] absorption plate and reflection plate with thermo-
couples for the investigation of Kirchhoff’s laws

[4] adjustable radiant power of thermal radiator and
light source

[5] 3 colour filters with holder (red, green, infrared), slit
diaphragm

[6] luxmeter for measuring illuminance

[7] thermocouple for measuring the temperature

[8] thermopile for measuring radiant power

[9] GUNT software for data acquisition via USB under
Windows 7, 8.1, 10

Technical data

Thermal radiator
m material: AIMgg, black anodized
m output: 400W at 230V, 340W at 120V
m max. achievable temperature: 300°C
m radiant area, LxW: 200x200mm
Light source
m halogen lamp
» output: 42W
» luminous flux: 630Im
» colour temperature: 2900K
m range of rotation on both sides: O... 90°
m optional illuminated surface
» diffusing lens, LxWW: 193x193mm or
» orifice plate, d 25mm
Optical elements to insert
m slit diaphragm
m 3 colour filters: red, green, infrared
m absorption plate and reflection plate with thermo-
couple type K, matt black lacquered

Measuring ranges

a illuminance: 0...1000 lux

m temperature: 2x 0..200°C

m radiant power: 0...1 C]OOW/m2

230V, 50Hz, 1 phase

230V, 60Hz, 1 phase; 120V, 60Hz, 1 phase
UL/ CSA optional

LxWxH: 1460x310x390mm

LxWxH: 420x400x170mm (measuring amplifier)
Weight: approx. 27kg

Required for operation

PC with Windows recommended

Scope of delivery

1 experimental unit

1 set of accessories

1 GUNT software CD + USB cable
1 set of instructional material
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WL 372

Radial and linear heat conduction

m investigation of heat conduction
in solid bodies

m linear and radial heat conduction

m GUNT software for displaying
temperature profiles

Heat conduction is one of the three ba-
sic forms of heat transfer. Kinetic en-
ergy is transferred between neighbour-
ing atoms or molecules. The heat trans-
port is material-bound. This type of heat
transfer is an irreversible process and
transports heat from the higher energy
level, i.e. higher absolute temperature, to
the lower level with lower temperature.
If the heat transport is maintained per-
manently by means of the supply of heat,
this is called steady heat conduction.
The most commaon application of heat
conduction in engineering is in heat ex-
changers.

The WL 372 experimental unit can be
used to determine basic laws and char-
acteristic variables of heat conduction in
solid bodies by way of experiment. The
experimental unit comprises a linear and
a radial experimental setup, each
equipped with a heating and cooling ele-
ment. Different measurement objects
with different heat transfer properties
can be installed in the experimental
setup for linear heat conduction. The ex-
perimental unit includes with a display
and control unit.

Sensors record the temperatures at all
relevant points. The measured values
are read from digital displays and can be
transmitted simultaneously via USB dir-
ectly to a PC, where they can be ana-
lysed using the software included.

m linear heat conduction (plane wall)
» determination of temperature pro-
files for different materials
» determination of the temperature
profile in case of a disturbance
» determination of the thermal con-
ductivity A
m radial heat conduction
» determination of the temperature
profile
» determination of the thermal con-
ductivity A

WL 372

Radial and linear heat conduction

i

1 display and control unit, 2 measurement object, 3 experimental setup for radial heat con-
duction, 4 experimental setup for linear heat conduction
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Experimental setup for linear heat conduction with graphic representation of the temperat-
ure profile: 1 heater, 2 measurement object, 3 cooling element; x4-x3 and x;-Xg: measuring
points
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Software screenshot: temperature profile for radial heat conduction

[1] investigation of heat conduction in solid bodies

[2] experimental setup consisting of experimental unit
and display and control unit

[3] linear heat conduction: 3 measurement objects,
heating and cooling element, 8 temperature meas-
uring points

[4] radial heat conduction: brass disc with heating and
cooling element, 6 temperature measuring points

[5] cooling by means of tap water

[B] electrical heating element

[7] representation of the temperature profiles with
GUNT software

[8] GUNT software for data acquisition via USB under
Windows 7, 8.1, 10

Technical data

Linear heat conduction

m 3 measurement objects, insulated
m 1x DxL: 25x30mm, steel

m 1x DxL: 15x30mm, brass

m 1x DxL: 25x30mm, brass

m heater: 140W

Radial heat conduction

m disc DxL: 110x4mm

m heater in the centre of the disc: 125W
m cooling coil on the outer edge of the disc

Measuring ranges
m temperature: 0...100°C
m power: 0..200W

230V, 50Hz, 1 phase

230V, 60Hz, 1 phase

120V, 60Hz, 1 phase

UL/CSA optional

LxWxH: 400x360x210mm (experimental unit)
LxWxH: 470x380x210mm (display and control unit)
Weight: approx. 22kg

Required for operation

water connection, drain
PC with Windows recommended

Scope of delivery

experimental unit

display and control unit

set of measuring objects

set of hoses

GUNT software CD + USB cable
set of instructional material

[N N N Y G
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Principles of heat transfer

WL 376

Thermal conductivity of building materials

Description

m heat conduction in non-metallic
building materials

m material thicknesses or combina-
tions up to a thickness of 50mm
can be used

Thermal insulation in building planning is
a sub-area of construction physics; it
uses appropriate measures such as
component design to enable a comfort-
able room climate all year round while at
the same time consuming little energy.
This is achieved by using building materi-
als with high thermal resistance and low
transmission by heat radiation.

The WL 376 device is used to investig-
ate various non-metallic building materi-
als with regard to their thermal conduct-
ivity in accordance with DIN 52612. The
scope of delivery includes samples made
of different materials: insulating panels
made of Armaflex, chipboard, PMMA
(acrylic glass), styrofoam,

Polystyrene-PS, Polyoxymethylene-POM,
cork and plaster. The samples all have
the same dimensions and are placed
between a heated plate and a water-
cooled plate. A clamping device ensures
reproducible contact pressure and heat
contact.

The hot plate is heated by an electric
heating mat. In the cold plate, the tem-
perature is achieved by water cooling.
Sensors measure the temperatures at
the cooling water inlet and outlet and in
the centre of both plates.

The temperatures for the hot plate
above the sample and for the cold plate
underneath the sample are set using
the software provided. A temperature
control system ensures constant tem-
peratures.

Learning objectives/experiments

m determine the thermal conductivity A of

different materials

m determine the thermal resistance

m thermal conductivity A for several
samples connected in series (up to a
thickness of 50mm)

The heat flux between the hot plate and
the cold plate passes through the
sample and is measured by a special
heat flux sensor. The entire housing, in-
cluding the cover, is thermally insulated
to ensure constant ambient conditions.

The measured values are transmitted
directly to a PC via USB where they can
be analysed using the software included.
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WL 376

Thermal conductivity of building materials

[1] determine the thermal conductivity A in building ma-
terials

[2] thermal conductivity A and thermal resistance
measurement according to DIN 52612

[3] reproducible contact pressure via clamping device

[4] 8 samples to be inserted between hot and cold
plate

[3] hot plate with heating mat

[B] cold plate with water cooling and heat flux sensor

[7] software controller for temperature adjustment of
cold and hot plate

[B] 3 temperature sensors for cooling water: at the in-
let, outlet and centre of the plate

[9] 2 temperature sensors for the surface temperat-

1 hot plate insulation, 2 hot plate, 3 sample, in this case chipboard (cold plate not visible), ure of the hot and cold plate

4 cover for‘ insulating hoqsing, 5 main switch and heater switch, 6 indicator lights, 7 insulat- [/| D] GUNT software for data acquisition via USB under

ing housing, 8 contact spindle .

Windows 7, 8.1, 10

Technical data

Electric heating mat
m output: 500W
m max. temperature: 80°C

Samples

m LxW: 300x300mm

m thickness: up to max. 50mm

m material: Armaflex, chipboard, PMMA, styrofoam, PS,
POM, cork, plaster

Measuring ranges

m temperature: 3x 0...100°C, 2x 0...200°C
m heat flux density: 0...1533W,/m?
Insulating materials included in the scope of delivery:

1 Armaflex, 2 PMMA (polymethyl methacrylate), 3 POM (polyoxymethylene), 4 styrofoam,
5 cork, 6 plaster, 7 chipboard, 8 PS (polystyrene)

230V, 50Hz, 1 phase

230V, 60Hz, 1 phase; 120V, 60Hz, 1 phase
UL/ CSA optional

LxWxH: 710x440x550mm

LxWxH: 710x440x200mm (control unit)
Total weight: approx. 90kg

Required for operation

water connection, drain
PC with Windows

Scope of delivery

experimental unit

set of accessories

GUNT software CD + USB cable
set of instructional material

Software screenshot: system diagram

il
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WL 377

Convection and radiation

==

m heat transport between heating
element and vessel wall by con-
vection and radiation

m GUNT software for data acquisi-
tion

Under real conditions, the heat trans-
port between two objects is normally
substance-bound, i.e. convection and/or
heat conduction, and not substance-
bound, i.e. radiation, at the same time.
Determining the individual heat quantit-
ies of one type of transfer is difficult.

The WL 377 trainer enables users to
match the individual heat quantities to
the corresponding type of transfer. The
core element is a heated metal cylinder
located at the centre of the pressure
vessel. The surface temperature of the
heated metal cylinder is regulated. Tem-
perature sensors measure the surface
temperature of the metal cylinder and
the wall temperature of the pressure
vessel. In addition to the heating power
of the metal cylinder, it is possible to
study the heat transport from the metal
cylinder to the wall of the pressure ves-
sel.

The pressure vessel can be put under
vacuum or positive gauge pressure. In
the vacuum, heat is transported primar-
ily by radiation. If the vessel is filled with

gas and is under positive gauge pres-
sure, heat is also transferred by convec-
tion. It is possible to compare the heat
transfer in different gases. In addition to
air, nitrogen, helium, carbon dioxide or
other gases are also suitable.

Heat transport by conduction is largely
suppressed by adequately suspending
the metal cylinder.

A rotary vane pump generates negative
pressures down to approx. 0,02mbar.
Positive gauge pressures up to approx.
1bar can be realised with compressed
air. Two pressure sensors with suitable
measuring ranges are available for the
pressure measurement: a Pirani sensor
measures the negative pressure while a
piezo-resistive sensor measures the
positive pressure.

The measured values can be read on di-
gital displays. At the same time, the
measured values can also be transmit-
ted directly to a PC via USB, where they
can be analysed with the GUNT soft-
ware.

m experiments in vacuum
» heat transfer by radiation
» determination of the radiation coeffi-
cient
m experiments at ambient pressure or
positive gauge pressure
» heat transfer by convection and radi-
ation
» determination of the heat quantity
transferred by convection
» determination of the heat transfer
coefficient based on measured val-
ues
» theoretical determination of the heat
transfer coefficient based on the
Nusselt number
» comparison of the heat transfer in
different gases

WL 377

Convection and radiation

1 temperature controller with temperature display, 2 temperature display, 3 power display,
4 vacuum pump, 5 pressure vessel, 6 vessel’s absolute pressure display, 7 vessel’s relative

pressure display

|
Tl

Heat transfer in the vessel:

1 convection (vessel filled with gas), 2 radiation (vessel filled with vacuum)

Software screenshot: process schematic

(1]

(2]
(3]

8]

(9]

heat transfer between heated metal cylinder and
vessel wall by convection and radiation

operation with various gases possible

experiments in vacuum or at a slight positive gauge
pressure

electrically heated metal cylinder in the pressure
vessel as experimental vessel
temperature-controlled heating element

vacuum generation with rotary vane pump
instrumentation: 1 temperature sensor on the met-
al cylinder, 1 power sensor at the heating element,
1 Pirani pressure sensor, ‘1 piezo-resistive pres-
sure sensor

digital displays for temperature, pressure and heat-
ing power

GUNT software for data acquisition via USB under
Windows 7, 8.1, 10

Technical data

Heating element
m output: 20W
m radiation surface area: approx. 61 cm®?

Pressure vessel
m pressure: -1..1,5bar
m volume: 111

Pump for vacuum generation

m power consumption: 250W

m nominal suction capacity: 5m3/h

m final pressure with gas ballast: 3* 1 0°mbar

m final pressure without gas ballast: 3* 1 0®mbar

Measuring ranges

m negative pressure: 0,5*1 0°..1000mbar
m pressure: -1...1,5bar rel.

m temperature: 0..250°C

m power: 0..23W

230V, 50Hz, 1 phase

230V, 60Hz, 1 phase; 120V, 60Hz, 1 phase
UL/ CSA optional

LxWxH: 1340x790x1500mm

Weight: approx. 160kg

Required for operation

compressed air: min. 1,5bar
PC with Windows recommended

Scope of delivery

1
1
1

trainer
GUNT software CD + USB cable
set of instructional material
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GUNT-Thermoline

Fundamentals of heat transfer

Overall didactic concept for targeted teaching on the fundamentals of heat transfer.

B accurate measurements

m software-controlled

m training software

WL 420

Heat conduction in metals

WL430

Heat conduction and convection

WL 460

Heat transfer by radiation

WL 422

Heat conduction in fluids

WL 440
Free and
forced
convection

Network capability

m full network access to
ongoing experiments by
any number of external
workstations

® experiments can be inde-
pendently followed and
evaluated by students at all
workstations when using a
single training system

USB connection

a0
ao

operation of the
experimental unit

H One computer
for control and

..any number of workstations with GUNT software with just a single licence

Operation and a acquisition

Operation
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of presentation of the

measured values

» measured values
selection

» resolution

» colour

» time intervals

Training software

Course in the fundamentals

Educationally thought-out and media-rich
learning content in the field of heat transfer

Detailed thematic courses

m the various forms of heat transfer are

explained using concrete examples

m independent preparation for handling

the equipment

Targeted review of the learning content
m allows learning progress to be checked

discreetly and automatically

m detect weaknesses and provide targeted

support

Geometric temperature
curve

representations of the
temperature curves make
it easier to understand
the respective heat trans-
fer mechanisms

Thermoline
Fundamentals
of Heat Transfer

For further information, please
refer also to the Thermoline-
brochure.
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WL 420

Heat conduction in metals

Description

m effect of different metals on heat
conduction

m functions of the GUNT software:
educational software, data ac-
quisition, system operation

m part of the GUNT-Thermoline:
Fundamentals of Heat Transfer

Heat conduction is one of the three ba-
sic forms of heat transfer. According to
the second law of thermodynamics, heat
is always transferred from the higher
energy level to the low energy level. If the
temperature of a body does not change
despite continuous addition or removal
of heat, this is known as steady-state
heat conduction.

WL 420 offers basic experiments for
targeted teaching on the topic of heat
conduction through various metals. To
this end, one of eleven samples is used.
The upper region of the sample is
heated by an electrical heater and the
lower section cooled by a Peltier ele-
ment. Heat conduction occurs through
the respective sample from top to bot-
tom. Two samples can be inserted into
the experimental unit at the same time,
in order to investigate thermal conduct-
ivity through multi-layered metals. Per-
fectly matched components ensure rap-
id heating and trouble-free measure-
ments.

The temperature of the metal samples
is taken on the top and bottom by
means of thermocouples. The micropro-
cessor-based instrumentation is well
protected in the housing. The GUNT
software consists of a software for sys-
tem operation and for data acquisition
and an educational software. With ex-
planatory texts and illustrations the edu-
cational software significantly aids the
understanding of the theoretical prin-
ciples. The unit is connected to the PC
via USB.

Learning objectives/experiments

m time dependency until the steady state
is reached

m calculate the thermal conductivity A of
different metals

m calculate the thermal resistance of the
sample

m heat transfer with different samples
connected in series

m effect of sample length on heat trans-
fer

WL 420

Heat conduction in metals

Heat conduction through different metals: 1 temperature profile in metal with low thermal
conductivity, 2 temperature profile in metal with medium thermal conductivity, 3 temperat-
ure profile in metal with high thermal conductivity; T temperature; red: hot, blue: cold

User interface of the powerful GUNT software
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Specification

[1] investigation of the thermal conductivity of different
metals

[2] continuously adjustable heater

[3] Peltier element as cooler

[4] 11 samples made of 5 metals, different lengths

[5] display of temperatures and power consumption in
the software

[6] microprocessor-based instrumentation

[7] functions of the GUNT software: educational soft-
ware, data acquisition, system operation

[8] GUNT software for data acquisition via USB under
Windows 7, 8.1, 10

Technical data

Peltier element
m cooling capacity 56,6W

Heater
m heating power 30W
m temperature limitation: 150°C

Samples @ 20mm

Length between measuring points

m 5x 20mm (copper, steel, stainless steel, brass, alu-
minium)

m 5x 40mm (copper, steel, stainless steel, brass, alu-
minium)

m 1x 40mm with turned groove (aluminium)

Measuring ranges
m temperature: 4x 0..325°C
m heating power: 0..50W

230V, 50Hz, 1 phase

230V, 60Hz, 1 phase; 120V, 60Hz, 1 phase
UL/CSA optional

LxWxH: 670x350x480mm

Weight: approx. 18kg

Required for operation

PC with Windows

Scope of delivery

1 experimental unit

11 metal samples

1 CD with authoring system for GUNT educational
software

1 GUNT software CD + USB cable

1 set of instructional material
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WL 422

Heat conduction in fluids

m effect of different fluids on heat
conduction

m functions of the GUNT software:
educational software, data ac-
quisition, system operation

m part of the GUNT-Thermoline:
Fundamentals of Heat Transfer

Heat conduction is one of the three ba-
sic forms of heat transfer. According to
the second law of thermodynamics, heat
is always transferred from the higher
energy level to the low energy level.

WL 422 offers basic experiments for
targeted teaching on the topic of heat
conduction in fluids. Such teaching
should discuss the fundamental differ-
ences between gases and liquids.

Two cylinders form the main component
of the experimental unit: an electrically
heated inner cylinder situated in a water-
cooled outer cylinder. There is a con-
centric annular gap between the two cyl-
inders. This annular gap is filled with the
fluid being studied. The heat conduction
occurs from the inner cylinder, through
the fluid to the outer cylinder.
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The narrow annular gap prevents the
formation of a convective heat flux and
allows a relatively large pass-through
area while at the same time providing a
homogeneous temperature distribution.

The experimental unit is equipped with
temperature sensors inside and outside
of the annular gap. Thermal conductivit-
ies for different fluids, e.g. water, oil, air
or carbon dioxide can be determined in
experiments.

The microprocessor-based instrumenta-
tion is well protected in the housing. The
GUNT software consists of a software
for system operation and for data ac-
quisition and an educational software.
With explanatory texts and illustrations
the educational software significantly
aids the understanding of the theoretical
principles. The unit is connected to the
PC via USB.

m steady heat conduction in gases and li-
quids:
» determine the thermal resistance of
fluids
» determination of thermal conductivit-
ies k for different fluids at different
temperatures
m transient heat conduction in fluids:
» interpret transient states during
heating and cooling
» introduction to transient heat con-
duction with the block capacity mod-
el

WL 422

Heat conduction in fluids

1 temperature sensor, 2 connection for fluid to be examined, 3 inner cylinder, 4 valve for

cooling water, 5 outer cylinder, 6 cooling water hose

[STETeT

Cross-sectional view of the experimental setup: 1 temperature sensor, 2 connection for flu-
id, 3 inner cylinder, 4 cooling channel, 5 annular gap, 6 cooling water connection; blue: cool-

ing water, green: fluid
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AT temperature difference, PElectrical power; blue: air, red: water

[1] investigation of the thermal conductivity of common
fluids, e.g. water, ail, air or carbon dioxide

[2] concentric annular gap between 2 cylinders con-
taining the fluid being studied

[3] inner cylinder, continuously electrically heated

[4] water-cooled outer cylinder

[5] display of temperatures and heating power in the
display

[B] microprocessor-based instrumentation

[7] functions of the GUNT software: educational soft-
ware, data acquisition, system operation

[8] GUNT software for data acquisition via USB under
Windows 7, 8.1, 10

Technical data

Heater
m heating power: 350W
m temperature limitation: 95°C

Heat transfer area: 0,007439m?

Annular gap
m height: 0,4mm
m average diameter: 29,6mm

Inner cylinder
m mass: 0,11kg
m specific heat capacity: 890J,/kg*K

Measuring ranges
m temperature: 2x 0..325°C
m heating power: 0..450W

230V, 50Hz, 1 phase

230V, 60Hz, 1 phase; 120V, 60Hz, 1 phase
UL/ CSA optional

LxWxH: 670x350x480mm

Weight: approx. 18kg

Required for operation

cold water connection max. 30°C, min. 1L/h
drain
PC with Windows

Scope of delivery

1 experimental unit

1 set of hoses

1 set of hoses with quick-release couplings

1 CD with authoring system for GUNT educational
software

1 GUNT software CD + USB cable

1 set of instructional material
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WL 430

Heat conduction and convection

m effect of heat conduction and
convection on heat transfer

m experiments with still air on free
convection

m functions of the GUNT software:
educational software, data ac-
quisition, system operation

m part of the GUNT-Thermoline:
Fundamentals of Heat Transfer

Heat conduction and convection are
among the three basic forms of heat
transfer and often occur together.

WL 430 allows basic experiments on
both forms of heat transfer: heat con-
duction and convection.

At the heart of the unit are different
metal samples. The samples are placed
on a heater and are heated on one side.
The heat is conducted through the
sample and dissipated to the environ-
ment. The sample used behaves like a
cooling fin. In addition there are fans be-
low the sample. The flow rate of the fans
is continuously adjustable in order to in-

The effect of different materials on heat
conduction is demonstrated by compar-
ing different samples.

The experimental unit is equipped with
five temperature sensors. Heating
power and flow velocity of the air flow
are adjusted and displayed via the soft-
ware.

The microprocessor-based instrumenta-
tion is well protected in the housing. The
GUNT software consists of a software
for system operation and for data ac-
quisition and an educational software.
With explanatory texts and illustrations
the educational software significantly
aids the understanding of the theoretical
principles. The unit is connected to the
PC via USB.

m effect of heat conduction and convec-
tion on heat transfer

m effect of free and forced convection on
heat transfer

m calculate convective heat transfers

m effect of different materials on heat
conduction

m effect of sample length on heat trans-
fer

WL 430

Heat conduction and convection

1 sample, 2 air vent, 3 storage for samples, 4 thermocouple

A

T

L O O O

Temperature profile along a sample: red: hot, blue: cold; T temperature, L length of the

sample; arrows: air flow
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User interface of the powerful GUNT software
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[1] investigate heat conduction and convection using
the example of a cooling fin

[2] cooling fin: sample heated at one end, made of met-
al

[8] B samples made of different materials and with dif-
ferent lengths

[4] 6 fans for experiments with forced convection

[5] continuously adjustable heating power and fan
power

[B] display of temperatures, heating power and air velo-
city in the software

[7] microprocessor-based instrumentation

[8] functions of the GUNT software: educational soft-
ware, data acquisition, system operation

[9] GUNT software for data acquisition via USB under
Windows 7, 8.1, 10

Technical data

Heater
m heating power 30W
m temperature limitation: 160°C

Bx fan

m max. flow rate: 4Om3/h

m nominal speed: 14400min”
m power consumption: 7,9W

4x samples, short

m length dissipating heat: 104mm
m heat transfer area: 32,6cm?

m copper, aluminium, brass, steel
2x samples, long

m length dissipating heat: 154mm
m heat transfer area: 48,4cm?

m copper, steel

Measuring ranges

m flow velocity: 0..10m/s

m temperature: 8x 0..325°C
m heating power: 0..30W

230V, 50Hz, 1 phase

230V, 60Hz, 1 phase; 120V, 60Hz, 1 phase
UL/ CSA optional

LxWxH: 670x350x280mm

Weight: approx. ca. 17kg

Required for operation

PC with Windows

Scope of delivery

fluence the convective heat transfer. 1 experimental unit
The air flow is conveyed evenly around 7 metal_ samples_ _
the sample. Consequently, besides con- 1 CD with authoring system for GUNT educational
ducting the experiment with still air (free software
convection), it is also possible to conduct 1 GUNT.softwar'.e CD + USB cable
1 set of instructional material

experiments with flowing air (forced con-
vection).




Fundamentals of thermodynamics

Principles of heat transfer

WL 440

Free and forced convection

m free and forced convection using
the example of various heating
elements

m functions of the GUNT software:
educational software, data ac-
quisition, system operation

m part of the GUNT-Thermoline:
Fundamentals of Heat Transfer

Convection is one of the three basic
forms of heat transfer. Material-bound
heat transport takes place. During con-
vection the fluid is in motion.

The WL 440 offers basic experiments
for targeted teaching on the topic of
free and forced convection on various
heating elements.

At the heart of the experimental unit is a
vertical air duct into which various heat-
ing elements are inserted.

An axial fan is located on top of the air
duct. The fan draws in ambient air and
guides it through the air duct. The air
flows past a heating element and ab-
sorbs heat. Four heating elements with
different geometries are available to be
selected. In order to investigate free
convection, two of the four heating ele-
ments can be operated outside of the
air duct. The heating elements are de-
signed in such a way to release heat only
at their surface. The compact design en-
sures rapid heating and a short time for
experiments.

The experimental unit is equipped with
temperature sensors at the inlet and
outlet of the air duct. The air velocity is
measured to determine the air flow rate.
Heating power and flow rate are adjus-
ted and displayed via the software.

Learning objectives/experiments

m free and forced convection
m calculation of convective heat transfer
at different geometries
» flat plate
» cylinder
» tube bundle

m experimental determination of the Nus-

selt number

m calculation of typical characteristic
variables of heat transfer
» Nusselt number
» Reynolds number

m investigation of the relationship
between flow formation and heat
transfer during experiments

m description of transient heating pro-
cess

The microprocessor-based instrumenta-
tion is well protected in the housing. The
GUNT software consists of a software
for system operation and for data ac-
quisition and an educational software.
With explanatory texts and illustrations
the educational software significantly
aids the understanding of the theoretical
principles. The unit is connected to the
PC via USB.

WL 440

Free and forced convection

Various interchangeable heating elements: 1 tube bundle, 2 plane plate, 3 cylinder with
heating foil to examine the local heat transfer, 4 cylinder with an even temperature at the

surface
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User interface of the powerful GUNT software
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[1] investigate heat transfer in the air duct by forced

convection
[2] study of free convection
[3] air duct with axial fan

[4] 4 heating elements with different geometries
[5] continuously adjustable heating power and fan

power

[6] display of temperatures, heating power and air velo-

city in the software

[7] microprocessor-based instrumentation

[8] functions of the GUNT software: educational soft-
ware, data acquisition, system operation

[9] GUNT software for data acquisition via USB under

Windows 7, 8.1, 10

Technical data

Air duct
m flow cross-section: 120x120mm
m height: approx. 0,6m

Heating elements, temperature limitation: 90°C

m tube bundle
» number of tubes: 23
» one tube in variable postion is heated
» heating power: 20W

» heat transfer area: 0,001m?

m cylinder with an even temperature at the surface

» heating power: 20W

» heat transfer area: 0,0112m°
m plate

» heating power: 40W

» heat transfer area: 2x 0,01m°

m cylinder with heating foil to investigate the local heat

transfer

» heating power: 40W

» heat transfer area: 0,011 om?
Axial fan
m max. flow rate: SODmS/h

m max. pressure difference: approx. 950Pa

m power consumption: SOW

Measuring ranges

m air velocity: 0...10m/'s

m temperature: 4x 0..325°C
m heating power: 0..50W

230V, 50Hz, 1 phase

230V, 60Hz, 1 phase; 120V, 60Hz, 1 phase

UL/ CSA optional

LxWxH: 670x350x880mm; Weight: approx. 25kg

Required for operation

PC with Windows

Scope of delivery

1 experimental unit
1 GUNT software CD + USB cable
1 set of instructional material
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WL 460

Heat transfer by radiation

m effect of different surfaces on
heat transfer by radiation

m functions of the GUNT software:
educational software, data ac-
quisition, system operation

m part of the GUNT-Thermoline:
Fundamentals of Heat Transfer

Heat radiation is one of the three basic
forms of heat transfer. In radiation the
heat transfer takes place via electro-
magnetic waves. Unlike heat conduction
and convection, heat radiation can also
propagate in a vacuum. Heat radiation is
not bound to a material.

WL 460 offers basic experiments for
targeted teaching on the topic of heat
transfer by radiation. At the heart of the
experimental unit is a metallic sample
heated by a concentrated light beam.
The light beam is generated by a con-
tinuously adjustable halogen lamp and a
parabolic reflector. The reflector con-
centrates the radiation to a focal point.
A sample is placed on a thermocouple
located at the focal point. The thermal
radiation emitted by the sample is meas-
ured by a thermopile. In order to be able
to measure the radiation at different dis-
tances, the thermopile is mounted on a
moveable carriage.

Samples with different surfaces are
available to be selected. Perfectly
matched components ensure rapid
heating and trouble-free measurements.

The microprocessor-based instrumenta-
tion is well protected in the housing. The
GUNT software consists of a software
for system operation and for data ac-
quisition and an educational software.
With explanatory texts and illustrations
the educational software significantly

aids the understanding of the theoretical

principles. The unit is connected to the
PC via USB.

m verify Lambert’s inverse-square law

m verify Stefan-Boltzmann law

m verify Kirchhoff's law

m study transient behaviour

m create power balances

m produce logarithmic diagrams for eval-
uations

WL 460

Heat transfer by radiation

1 lamp housing, 2 sample placed on thermocouple, 3 thermopile, 4 movable carriage, 5 ori-

fice plate

L1
\

e 1

Radiation intensity with point-based radiation source: | intensity of the radiation, L distance
to the radiation source (Lambert’s inverse-square law)
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User interface of the powerful GUNT software

[1] investigation of heat radiation on different surfaces
heated by a concentrated beam of light

[2] generation of the concentrated beam of light with a
continuously adjustable halogen lamp and a para-
bolic reflector

[3] 6 different metallic samples

[4] thermopile on a movable carriage for measuring
the heat radiation

[5] display of temperature and radiation intensity in the
software

[6] microprocessor-based instrumentation

[7] functions of the GUNT software: educational soft-
ware, data acquisition, system operation

[8] GUNT software for data acquisition via USB under
Windows 7, 8.1, 10

Technical data

Halogen lamp
m electrical power 150W
m max. temperarature: approx. 560°C

Aluminium samples, @ 20mm

m 1x matt anodized on both sides

m ‘1x painted on both sides (high-temperature paint)
m 1x matt anodized with one painted side

Copper samples, @ 20mm
m 1x nickel-plated
m ‘1x heavily oxidized

Steel sample, d 20mm
m 1x heavily oxidized

Measuring ranges
m temperature: 0...780°C
m radiation intensity: 0...1250W,/m?

230V, 50Hz, 1 phase

230V, 60Hz, 1 phase; 120V, B0Hz, 1 phase
UL/CSA optional

LxWxH:LxBxH: 670x350x370mm

Weight: approx. 18kg

Required for operation

PC with Windows

Scope of delivery

1 experimental unit

6 different metal samples

1 CD with authoring system for GUNT educational
software

1 GUNT software CD + USB cable

1 set of instructional material
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WL 900

Steady-state and non-steady-state heat conduction

Learning objectives/experiments

m steady heat conduction

m transient heat conduction

m temperature/time profiles

m calculate thermal conductivity A of dif-
ferent metals

WL 900

Steady-state and non-steady-state heat conduction

1 elevated tank for constant cooling water initial pressure, 2 heat source with heater,

3 sample, 4 water-cooled heat sink, 5 displays and controls

L ||l e9

@

g

[1] investigation of steady and transient heat conduc-
tion in metals

[2] determining the thermal conductivity A

[3] heating water circuit as heat source, electronically
regulated

[4] electric heater with PID controller

[5] elevated tank with overflow for generating a con-
stant cooling water flow rate

[B] samples made of 5 different metals

[7] cooling water temperature and flow rate measure-
ment

[8] digital displays: electric heating power, temperat-
ures, cooling water flow rate

[9] GUNT software for data acquisition via USB under
Windows 7, 8.1, 10

Technical data

Heater
m output: 800W
m temperature: 20..85°C

Samples, @ 40mm
m 3x 450mm (copper, aluminium, brass)
m 2x 300mm (steel, stainless steel)

Heating tank: ca. 2L
Cooling tank: ca. 0,5L
Elevated tank: ca. 6L

Temperature sensors
m 12x thermocouple type K, along the sample
m 2x Pt100, in the cooling water

1 heater, 2 sample, 3 heat sink; T temperature, Q flow rate, TC heating water temperature

controller, Py, electric heating power, blue cooling water, red heating water

m 1x Pt100, in the heating water

Measuring ranges
m temperature: 14x 0..100°C

. ) 70 m power: 0...1000W

m steady and transient heat con- WL 800 can be used to study both A temperature jump can be generated 50. m flow rate: 0,1..2,5L/min

duction in metals steady and transient heat conduction. by appropriate regulation of the cooling x\ o
m 12 temperature measurement The trainer consists of a heat source water flow. A PC can be used to display 50 20s 230V, 50Hz, 1 phase

points in every sample and a heat sink, between which cylindric-  the transient temperature distribution in &y 40 \ 1885 230V, 60Hz, 1 phase, 120V, 60Hz, 1 phase
m regulated temperature of the al samples made of different metals are the sample over time and place. s S UL/ CSA optional

heat source inserted. Each sample is fitted with 12 — 30 : 2885 LxWxH: 1240x800x1670mm

temperature measurement points. The The temperatures of the sample, heat- 50 — DOOS Weight: approx. 150kg

Heat conduction is the transport of heat ~ temperature measurement points are ing and cooling water, as well as the 8
between the individual molecules in solid,  designed to has as little influence on the electrical heating power and the cooling 10 Required for operation
liquid and gaseous media under the influ-  temperature as possible and the core water flow rate are displayed digitally on 0

ence of a temperature difference.
Steady heat conduction is the term used
when heat transport is maintained per-
manently and uniformly by adding heat.
In transient heat conduction, the tem-
perature distribution in the body is de-
pendent on location and time.

Thermal conductivity A is a temperature-
dependent property of a material that in-
dicates how well the heat propagates
from a point in the material.

temperature of the sample is meas-
ured.

The heat source consists of an electric-
ally heated hot water circuit. An elec-
tronic controller ensures the heating

water is kept at a constant temperature.

The heat sink is realised by means of a
water cooling system. An elevated tank
ensures a constant cooling water flow

rate.

the switch cabinet and can be transmit-
ted simultaneously via USB directly to a
PC where they can be analysed using
the software included. The thermal con-
ductivity A can be calculated from the
measured data.

Transient temperature profile along a rod with sudden cooling

T temperature, L length of the rod, coloured lines: temperature profile at different points in

time

water connection, drain
PC with Windows recommended

Scope of delivery

1 trainer
1 set of accessories
1 set of instructional material
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Basic knowledge

Phase transition

Phase transition Evaporation process

Steam is used for a variety of processes in engineering. The  Steam occurs in various forms:
most common applications are heating processes as well as

A gaseous, liquid or solid state in a homogeneous sys- . .
= . . v Wet steam: Liquid and gaseous state of the water molecules in

tem of substances is called a phase. The phase depends on ¥e steam turbines in power plants. .
. . . 4 . © 9aseous a system, some water molecules have released their evapora-
the thermodynamic state variables pressure p and temper- s . N . . . . !
ature T 900 @ @ Typical applications of steam in processes include: tion heat and condense into fine water droplets.
. . m heating: e.g. shell-and-tube heat exchangers to heat up a Saturated steam: Boundary area between wet steam and hot
The conversion from one phase to another is called a phase . . .
o product steam, state in which the last drop of water changes from liquid
transition: . - :
. . . to gaseous. The addition of further heat beyond the boiling point
m propulsion: e.g. steam turbines, steam engines
produces hot steam or superheated steam.
O m propellant: e.g. steam ejectors to separate process gases T
prop g ! P P g Hot steam: A distinction is made between superheated steam
melting m atomization: steam for the mechanical separation of fluids, and supercritical steam.
—_—
oo ) e.g. in gas flares, to reduce soot particles in the exhaust gas . .
Joeeeeseseee” ™ soiidfication g-ng P g Superheated steam: Steam with a temperature above the boil-
solid m cleaning: steam cleaners to loosen dirt ing temperature, purely gaseous state of the water molecules.
. . . Real gas is present.
m product moistening: paper production 9 P
. e e L Supercritical steam: Phase at temperatures above the critical
m air humidification: steam humidifiers in air ducts poiIrJ\t P
Above the critical point El the gaseous and liquid phases of We distinguish between ideal gas, real gas and vapour. In an ideal
some systems of substances, e. g. water, cannot be differen- , gas, pressure and volume are exactly inversely proportional,
tiated anymore. The physical properties of the fluid lie some- p in bar in a real gas only by approximation. In vapours, the pressure
where between the two phases: The density corresponds to the A changes only slightly with the volume, depending on the degree
density of the liquid phase, the viscosity to that of the gaseous of saturation.
phase. This phase is known as the “supercritical” phase. In this gg’ég —
phase, the fluid can neither evaporate nor condense. 15’55 L
Another particularity in some systems of substances, such as /
water, is known as the triple point El. At this point the solid, 1013
liquid and gaseous phase are in equilibrium. All six phase changes
occur simultaenously. /1 o=1bar D
0,023 — D P
p P
T -
20 100 200 300 374 Tin°C
Closed system along the vapour pressure curve of water
221 - 1 2 3 q 5
C 102 == 31 B vaporisation curve, liquid boiling wet saturated superheated
8 water (== water, liquid steam steam steam = gas
c 10 ~ [vapour;
e P pressure, T temperature - > - > - Evaporation of water: change of state
) A heating evaporation superheating when heating water under constant
10 0 . o . N T pressure p =1bar
/ In a closed system filled with liquid, a thermodynamic equilibra-
10?2 tion sets in between the liquid and its vaporised phase. This 5 T temperature,
_._._._.}f vapour . : ! X —1bar v specific volume;
10° state is called the saturation state. The prevailing pressure is p= s > 1 liquid,
/ referred to as vapour pressure, in case of water steam pressure T=986°C 2 3 4 = s Feuel
0 100 200 300 374 or saturated steam pressure, and the temperature is known 3 unsaturated (wet) steam,
Tin°C as saturation temperature. The vapour pressure curve can be 1 4 saturated steam,
in ’ derived from both. This curve is shown in the phase diagram of > 5 superheated steam (gas)
water. v

Phase diagram of water

B sublimation curve,
I vaporisation curve,
B fusion curve;

1 triple point, 2 boiling point, 3 critical point
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WL 210

Evaporation process

m demonstration of evaporation in a
double-wall pipe evaporator made
of glass

m operation with harmless, special
low bailing point liquid

During the generation of vapour, the me-
dium that is to evaporate runs through
different flow forms dependent on the
heat transfer area. The medium flows in-
to a tube evaporator as a fluid and exits
the tube evaporator as superheated va-
pour.

VAL ILEES ALY

In practice, the water vapour generated
in big systems is used e.g. for heating
plants or machine drives. To design
steam generators, it is important to
have knowledge of the evaporation pro-
cess with the bailing crises in order to
ensure reliable operation. Boiling crises
are caused by a sudden deterioration of
the heat transfer, whereby the high heat
flux density leads to a dangerous in-
crease in the wall temperature.

The WL 210 experimental unit can be
used to examine and visualise the evap-
oration process in its various flow forms.
This is done by heating evaporating li-
quid, Solkatherm SES36, in a tube evap-
orator made of glass.

Learning objectives/experiments

m observation of typical forms of evapor-
ation

» single phase liquid flow

» sub-cooled boiling

» slug flow

» annular flow

» film boiling

» dispersed flow

» single phase vapour flow

» wet steam

m effect on the evaporation process by
» flow rate
» temperature
» pressure

Compared with water, this liquid has the
advantage that its boiling point is at
36,7°C (1013hPa), whereby the entire
evaporation process takes place at
much lower temperatures and a lower
heating power. The pressure can be var-
ied via the cooling circuit. A water jet
pump evacurates the evaporation cir-
CUit.

WL 210

Evaporation process

1 heating circuit tank, 2 thermometer, 3 tube evaporator, schematic drawing, 4 tube evap-
orator, 5 pump, B heater, 7 cooling water connection, 8 valves, 9 water jet pump, 10 tube
coil, 11 collector with manometer and safety valve; red: heating circuit, blue: evaporation cir-
cuit, black: cooling circuit

N\

T A\

Evaporation in a tube evaporator:

A subcooled fluid, B initial boiling point, C bubbly flow, D slug flow, E annular flow, F dispersed
flow, G superheated vapour, H boiling range; blue: fluid temperature, grey: heating surface
temperature

gHAMBURG

Specification

[1] visualisation of evaporation in a tube evaporator

[2] heating and cooling medium: water

[3] tube evaporator made of double-wall glass
[4] heating circuit with heater, pump and expansion

vessel

[5] safety valve protects against overpressure in the

system

[6] water jet pump to evacurate the evaporation circuit

generate negative pressure (vacuum)
7] evaporation circuit with CFC-free evaporating liquid

—

Solkatherm SES36

Technical data

Heater

m power rating: 2kW

m temperature range: 5..80°C
Heating and cooling medium: water

Pump

m 3 stages

m max. flow rate: ’I,9m3/h
m max. head: 1,5m

m power consumption: 58W

Tube evaporator

m length: 1050mm

m inner diameter: 16mm
m outer diameter: 24mm

Condenser: coiled tube made of copper

Measuring ranges
m pressure: -1...1,5bar relativ
m temperature: 0..100°C

230V, 50Hz, 1 phase

230V, 60Hz, 1 phase

120V, 60Hz, 1 phase

UL/ CSA optional

LxWxH: 1250x790x1970mm
Weight: approx. 170kg

Required for operation

water connection: 500mbar, min. 320L/h, drain

Scope of delivery

trainer

kg refrigerant Solkatherm SES36
set of hoses

set of instructional material

PN N Y
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WL 220

Boiling process

m visualisation of boiling and evap-
oration
m software for data acquisition

Heating a liquid over a heating surface
produces different modes of boiling de-
pendent on the heat flux density. They
can accelerate the evaporation process
(nucleate boiling) or impair it (film bail-
ing). In practice, a limitation of the heat
flux density must be assured in order to
prevent damage to the heating surface.
This knowledge is applied in practice e.g.
when designing steam boilers for steam-
powered drives.

The WL 220 experimental unit can be
used to demonstrate boiling and evapor-
ation processes in a straightforward
manner. The processes take place in a
transparent tank. A condenser in the
form of a water-cooled tube coil ensures
a closed circuit within the tank. Solk-
atherm SES36 is used as evaporating li-
quid. Compared with water, this liquid
has the advantage that its boiling point
is at 36,7°C (1013hPa), whereby the
evaporation process takes place at
much lower temperatures and a lower
heating power.

Sensors record the flow rate of the cool-
ing water, the heating power, pressure
and temperatures at all relevant points.
The measured values can be read on di-
gital displays. At the same time, the
measured values can also be transmit-
ted directly to a PC via USB. The data
acquisition software is included.

m visualisation of different forms of evap-
oration
» free convection boiling
» nucleate boiling
» film boiling

m heat transfer

m effect of temperature and pressure on
the evaporation process

WL 220

Boiling process

1 safety valve, 2 displays for temperature, flow rate and pressure, 3 condenser, 4 pressure
vessel, 5 drain valve for the evaporating liquid, 6 heater, 7 cooling water connection, 8 valve

for adjusting the cooling water, 9 cooling water flow rate sensor

0@ 2

1 pressure vessel, 2 heater, 3 drain valve, 4 cooling water valve, 5 safety valve, 6 condens-
er; orange: evaporating liquid, red: heater, blue: cooling circuit; PSL pressure switch, E out-

put, T temperature, Q flow rate, P pressure

Different modes of boiling: A free convection boiling, B nucleate boiling, C film boiling;

red: heater, blue: evaporating liquid, white: steam, black: convection flow

[1] visualisation of boiling and evaporation in a trans-
parent pressure vessel

[2] evaporation with heating element

[3] condensation with tube coil

[4] safety valve protects against overpressure in the
system

[5] pressure switch for additional protection of the
pressure vessel, adjustable

[B] sensors for pressure, flow rate and temperature
with digital display

[7] GUNT software for data acquisition via USB under
Windows 7, 8.1, 10

[8] CFC-ree evaporating liquid Solkatherm SES36

Technical data

Heater
m power: 250\, continuously adjustable

Safety valve: 2bar rel.
Pressure vessel: 2850mL
Condenser: coiled tube made of copper

Measuring ranges

m tank pressure: O...4bar abs.

m power of heater: 0..300W

m flow rate (cooling water): 0,05...1,8L/min
m temperature: 4x 0...100°C

230V, 50Hz, 1 phase
230V, 60Hz, 1 phase

120V, 60Hz, 1 phase
UL/CSA optional

LxWxH: 1000x550x800mm
Weight: approx. 65kg

Required for operation

water connection, drain
PC with Windows recommended

Scope of delivery

experimental unit

kg refrigerant Solkatherm SES36
GUNT software CD + USB cable
set of hoses

set of instructional material

RN N | & =N
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Phase transition

WL 204

Vapour pressure of water - Marcet boiler

Learning objectives/experiments

m recording the vapour pressure curve
of water

m presentation of the relationship
between pressure and temperature in
a closed system

m temperature and pressure measure-
ment

WL 204

Vapour pressure of water - Marcet boiler

1 safety valve, 2 pressure boiler with insulating jacket, 3 Bourdon tube pressure gauge,

4 switch cabinet with temperature display, 5 drain valve, 6 heater, 7 overflow,

8 temperature sensor

Specification

[1] measuring a vapour pressure curve for saturated
vapour

[2] pressure boiler with insulating jacket

[3] temperature limiter and safety valve protect
against overpressure in the system

[4] Bourdon tube pressure gauge to indicate pressure

[5] digital temperature display

Technical data

Bourdon tube pressure gauge: -1...24bar
Temperature limiter: 200°C

Safety valve: 20bar

Heater: 2kW

Boiler, stainless steel: 2L

Measuring ranges
m temperature: 0..200°C

j o [ o [ o [
8 3 8 8 3 = m pressure: 0..20bar
2 2 3 2 3
=] =) %) o € a. 230V, 50Hz, 1 phase
= = = © Qu v 230V, B0Hz, 1 phase
120V, 60Hz, 1 phase
UL/ CSA optional
LxWxH: B00x400x680mm
Weight: approx. 35kg
Scope of delivery
IS O O 5 3 1 experimental unit
g 08 08 08 ;’c\) "’Q\u L0 1 funnel
& = o o ™ ™ 1 setof Fools _ .
1 set of instructional material

Heating up water in a closed tank: the pressure and temperature increase proportionally up
to the critical point, at which fluid and vapour are no longer distinguishable from each other;
critical point at T,=374°C, p,=221bar, dotted line: temperature limit of the experimental

Description unit

A temperature limiter and pressure re-
lief valve are fitted as safety devices and
protect the system against overpres-

The WL 204 experimental unit can be
used to demonstrate the relationship
between the pressure and temperature

m recording the vapour pressure
curve of water
m saturation pressure of water va-

221
102 7#
water /

p in bar ——»

pour as a function of the temper- of water in a straightforward manner. sure. 10 A
ature Temperatures of up to 200°C are pos-
sible for recording the vapour pressure 1
In a closed system filled with fluid, a ther-  curve. The temperature and pressure o
modynamic equilibrium sets in between can be continuously monitored via a di- 10" =
the fluid and its vaporised phase. The gital temperature display and a Bourdon /

prevailing pressure is called vapour
pressure. It is substance-specific and
temperature-dependent.

tube pressure gauge. 10°
ﬂ vapour
10° /

When a fluid is heated in a closed tank, 0 100 200 300 374
the pressure increases as the temperat- Tin°C —»
ure rises. Theoretically, the pressure in-
crease is possible up to the critical point
at which the densities of the fluid and
gaseous phases are equal. Fluid and va-
pour are then no longer distinguishable
from each other. This knowledge is ap-
plied in practice in process technology
for freeze drying or pressure cooking.

Temperature-pressure diagram of water
red: sublimation curve, green: boiling point curve, blue: melting point curve; 1 triple point,
2 boiling point, 3 critical point




Fundamentals of thermodynamics

Phase transition

WL 230

Condensation process

m visualisation of different condens-
ation processes
m software for data acquisition

Condensation forms when steam meets
a medium with a lower temperature
than the saturation temperature for the
existing partial pressure of the steam.
Factors such as the material and sur-
face roughness of the medium influence
the heat transfer and thus the type of
condensation. In practice, it is usually
film condensation. Dropwise condensa-
tion only forms when the cooling surface
is very smooth and poorly wettable, e.g.
Teflon. Knowledge of condensation pro-
cesses is applied e.g. in steam power
plants or at distillation processes.

The WL 230 experimental unit can be
used to demonstrate the different con-
densation processes using two tubular
shaped water-cooled condensers made
of different materials. Dropwise con-
densation can be demonstrated by
means of the condenser with a polished
gold-plated surface. Film condensation
forms on the matt copper surface of the
second condenser, thus making it pos-
sible to examine film condensation.

The tank can be evacuated via a water
jet pump. The bailing point and the pres-
sure in the system are varied by cooling
and heating power. Sensors record the
temperature, pressure and flow rate at
all relevant points. The measured values
can be read on digital displays. At the
same time, the measured values can
also be transmitted directly to a PC via
USB. The data acquisition software is in-
cluded. The heat transfer coefficient is
calculated from the measured values.
The influence of non-condensing gases,
pressure and the temperature differ-
ence between the surface and steam

can be examined in further experiments.

m dropwise and film condensation

m determination of the heat transfer
coefficient

m effect of pressure, temperature and
non-condensable gases on the heat
transfer coefficient

WL 230

Condensation process

1 condensers, 2 heat exchanger, 3 steam trap, 4 displays for temperature, flow rate and
pressure, 5 heater, 6 cooling water connections, 7 water jet pump, 8 temperature sensor,

9 valve for adjusting the cooling water, 10 cooling water flow rate sensor

Software screenshot

5 0.8
g /
£ 0,6
a /

0.4 /
02
l/
0 20 40 80 80 100

Tin°C —»

Vapour pressure curve for water: p pressure, T temperature

gHAMBURG

Specification

[1] visualisation of the condensation process of water
in a transparent tank

[2] two water-cooled tubes as condensers with differ-
ent surfaces to realise film condensation and drop-
wise condensation

[3] controlled heater to adjust the boiling temperature

[4] water jet pump to evacuate the tank

[5] pressure switch and safety valve for safe operation

[B] sensors for temperature, pressure and flow rate
with digital display

[7] GUNT software for data acquisition via USB under
Windows 7, 8.1, 10

Technical data

Heater
m output: 3kW, freely adjustable

Condenser
m 1x tube with matt copper surface
m 1x tube with a polished gold-plated surface

\Water jet pump
m flow rate: 4..12L/min
m pressure: 16mbar

Safety valve: 2200mbar absolute

Measuring ranges

m pressure: 0...10bar absolute

m flow rate: 0,2..6L/min

m temperature: 4x 0...100°C, 3x 0..200°C

230V, 50Hz, 1 phase
230V, 60Hz, 1 phase
230V, 60Hz, 3 phases
UL/CSA optional

LxWxH: 1000x550x790mm
Weight: approx. 85kg

Required for operation

water connection: 1bar, max.1000L/h, drain
PC with Windows recommended

Scope of delivery

experimental unit
L distilled water
set of hoses
GUNT software CD + USB cable
set of instructional material

RN 6 | N




gHAMBURG

Thermal engineering

—
—
—

Heat exchangers

p—__J

Introduction

Recuperators Direct-contact heat exchangers .

WL 308 076 Overview 104
Heat transfer in pipe flow WL 320 Wet cooling tower
[ - === = 2 [ e O ] N ] I

WL 302 078 WL 320 1086
Heat transfer in the tubular heat exchanger Wet cooling tower
WL 315.01 ' 080

Heat transfer . Shell 8 tube heat exchanger steam/water T.= [ -

- 1 1 —r it i
wL314 070 El 300 os= M
Convective heat transfer in air flow ~ | Finned tube heat exchanger water/air Fluidised bed heat exchanger

1| E——
Heat transfer in pipes in parallel flow Series WL110 Heat exchanger with supply unit | Heat transfer in the fluidised bed
) I " - = e . [ [ — . —
WL 314.02 073 - | WL110 086
Heat transfer in pipes in mixed flow Heat exchanger supply unit

WL 314.03 WL 110.01 o088
Heat transfer in a tube Tubular heat exchanger

WL 110.02
Plate heat exchanger

WL 110.03 092
Shell & tube heat exchanger

WL 110.04 .
Stirred tank with double jacket and coil o

= B — .ic'.'_-

Overview 096
WL 312 Heat transfer in air flow

- P WL312 S
o '- | Heat transfer in air flow 098 ;
it ;a Overview ) o - 00 =

. ) WL 315C Comparison of various heat exchangers E-

: = = e S —— —

~ [waisc T

o =
= i:..ﬂ Comparison of various heat exchangers o2 ;
-: - -'..ﬁ- '_.'-' = T T . =1 o

090

—

=

] ST = = =
- . L
- - . - "-..' :



Heat exchangers

Introduction

Basic knowledge

Heat exchangers

Heat exchangers are used for heating, cooling, evaporation or
condensation of media at different temperatures. The basic
function is to transfer the thermal energy of a medium with a
higher temperature level to a medium with a lower temperature
level.

According to the second law of thermodynamics, heat trans-
port always goes from the medium with a higher temperature
to the medium with a lower temperature.

Heat exchangers are used in energy engineering, the chemical
industry and the food industry, but heat exchangers are also
of great importance for computer technology and the automo-
tive sector. Heat transfer can be both the main and auxiliary
process. A distinction is made between direct and indirect heat
exchangers depending on whether the media involved come into
direct contact with each other or not.

Classification of heat exchangers according to the operating principle

Regenerators
m hot-blast heaters in blast furnaces
m rotary heat exchangers

Recuperators

In regenerators, the hot and cold
medium flows through the storage
tank alternately. The heat transfer
is indirect, since the heat flux to be
transferred is first transferred to a
storage medium and then passed to
the target medium after a delay.

Indirect heat exchangers Direct heat exchangers

m tubular heat exchangers
m shell & tube heat exchangers
m plate heat exchangers

In recuperators, two media flow
through simultaneously in a steady
state. The media flows can be
guided in parallel flow, counterflow
and cross-flow. There is a partition
between the media flows, which

Mixed heat exchangers
m wet cooling tower
m intercooling in rolling mills

Mixed heat exchangers bring two
media with different temperatures
into contact and mix them together.
The heat and mass transfer takes
place directly.

serves as a transfer surface. The
heat is transferred indirectly from
the hot medium to the partition

Phase | Phase Il

l

and from the partition to the cold
medium, without time lag.

Hot-blast heater in discontinuous
operation operation

Tubular heat exchanger in parallel flow

Wet cooling tower

Phase I: storage mass 1 is heated by 1 outer tube,
flue gas 2, 2 inner tube;
Phase II: cold air 3 is led past the = hot medium,
previously heated storage mass and [ cold medium
heats up in the process.

1 atomized spray of hot water,
2 airinlet,

3 cooled water,

4 humid air

Heat exchanger types

Due to the large number of different applications, different designs have been developed for recuperators, some of which work in

very different ways.

Tubular heat exchanger

Plate heat exchanger
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m use with low cooling/

heating power
transfer between two liquids

suitable for highly viscous
fluids

use with very wide tempera-
ture and pressure range
transfer between liquids and
gases, between two liquids or
between two gases

use even with minimal
temperature differences
transfer between liquids and
gases, between two liquids or
between two gases

with and without phase
change

Advantages and disadvantages

Advantages

m simple design

m high pressures can be transferred
m easy to clean

Disadvantages

m large design, high costs per heat
transfer area

Advantages

m simple structure

m ideal for heat transfer from steam
to water

Disadvantages
m large design

Advantages

m large exchange area due to embossing
of the plate surface

m compact design, low filling volume

m good convective heat transfer due to
turbulent flow

Disadvantages
m high pressure loss
® maintenance intensive

Heat transfer

The entire transferred heat flux is directly dependent on the trans-
ference surface. This is why different wall geometries (e.g. fins)
are used, in order to increase the transfer surface. Heat transfer
is divided into three stages: convective heat transfer from the hot
medium to the wall, thermal conduction through the wall and convec-
tive heat transfer from the wall to the cold medium.

The convective heat transfer from the medium to the wall or from
the wall to the medium is dependent upon the material type, the flow
velocity and the aggregate states of the media, amongst other things.

The thermal conduction in the wall depends on the wall thickness and

TA 1

Z|
N\

‘s

-y

1 temperature profile, 2 resulting heat flux;

the wall material, described by the overall heat transfer coefficient k
or the length-related overall heat transfer coefficient k*

@ hot medium, 1 cold medium,

Liquids or gases are usually used as working media, in special cases also evaporating liquids or condensing vapours. )
T temperature, L length, d wall thickness




Heat exchangers

Introduction

Basic knowledge

Heat exchangers

Flow conditions in the heat exchanger

The flow condition in the device can vary depending on the design
of the heat exchanger. However, the two media flows are never

mixed; there is only heat transfer between the media.

Tc,in
-
Th,uut:
Te,out
Th,in
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The possible flow conditions are counterflow, parallel flow, cross
flow or combinations thereof.

Th,out

Tn,in

Temperature profiles in counterflow
operation in a tubular heat exchanger

In counterflow operation, two media
flow in the opposite direction to each
other. The entry point of one medium
is the exit point of the other medium
running in the opposite direction.

If the heat exchanger is well designed,
the outlet temperature of the cold
side can even be higher than the
outlet temperature of the hot side.

Temperature profiles in parallel flow
operation in a tubular heat exchanger

When operating a heat exchanger in
parallel flow, both media flow in the
same direction and enter the heat
exchanger at the same point.

The maximum outlet temperature
of the cold side can be equal to the
outlet temperature of the hot side.

Temperature profile for a single row of
tubes with single-sided mixed cross flow

In cross-flow operation, the
directions of the media intersect.

Cross flow is used in particular to
accurately control the temperature
of temperature-sensitive products.

In order to use the advantages of all flow conditions, combi-
nations of the basic forms are common. For example, a multi-
ple-channel shell & tube heat exchanger can be used in cross-
flow operation for quick and safe temperature control of large

guantities of aggressive chemicals. Plate heat exchangers oper-
ated in counterflow are often used when a space-saving design
is required.

"

'

In practice, heat exchangers are either designed, recalculated
or evaluated.

The design determines the transference capacity at known
material flows and temperatures in order to decide the geome-
try of an optimum heat exchanger.

Recalculation determines the outlet temperatures of the media
and the transferred heat flux. This is used to check to what
extent the outlet temperatures of the selected heat exchanger
deviate from the required or limiting outlet temperatures. It is
also common to recalculate existing heat exchangers for com-
parison with real measurement data.

Evaluation enables a statement to be made about the over-
or under-dimensioning of the selected heat exchanger where it
is to be installed in the process stage. When evaluating a heat
exchanger, its geometric data and all process engineering data
are taken into consideration.

Topics

Convective heat transfer
Forced convection
Parallel flow

Mixed flow

Flow profiles

Indirect heat transfer — recuperators

S

The “Heat exchangers” section first looks at the convective heat
transfer between the surface of a body and a fluid. Furthermore,
indirect heat exchangers, recuperators, with their different
designs and a wet cooling tower are presented as examples of
direct heat exchangers. One special feature is the heat transfer
by means of fluidised bed technology, which is investigated using
a fluidised bed reactor.

GUNT products

WL 314

WL 314.01

WL 314.02

WL 314.03

Tube heat exchangers

Tubular heat exchangers

Plate heat exchangers

Shell & tube heat exchangers

Stirred tank with double jacket and coiled tube
Finned tube heat exchangers

Direct heat transfer

WL 312.01

WL 302, WL 308, WL 110.01, WL 315C
WL110.02, WL 315C

WL 110.03, WL 315C

WL110.04, WL 315C

ET 300, WL 312.02, WL 312.03, WL 315C

Wet cooling tower

Heat transfer in the fluidised bed

WL 320

Heat transfer in the fluidised bed

WL 225
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WL 314

Convective heat transfer in air flow

m convective heat transfer in heat
exchangers with different geo-
metries

m additional heat exchanger models
available as accessories

Convective heat transfer refers to the
transfer of heat between a surface and
a fluid. Convective heat transfer pro-
cesses are associated with fluid flow
movements, i.e. convection. In the case
of forced convection, a pump or fan dir-
ects the fluid to the transfer surfaces,
while in the case of free convection, a
flow occurs only due to the difference in
density of the heated fluid.

WL 314 and its accessories are used
to study convective heat transfer at dif-
ferent geometries of the transfer sur-
face. Typical models such as tube
bundles, externally heated tubes and in-
ternally heated cylinders are considered.
In addition, the chimney effect can be
demonstrated under free convection in
an air duct.

An air duct with fan serves as the meas-
uring section, in which the model of a
heat exchanger is inserted quickly and
conveniently with the aid of quick-release
fasteners.

The air flows past the model, heats up
and then exits through an air duct. A
streamlined inlet element in the air duct
provides a homogeneous flow for con-
ducting the experiment. The volumetric
flow rate is set via a throttle valve at the
fan outlet. The air duct includes two win-
dows to observe the experiments.

The model of the shell & tube heat ex-
changer includes two interchangeable
tube bundles with different geometries.
A heating element, which can be posi-
tioned anywhere in the tube bundle, sim-
ulates a heated tube. In this way, con-
vective heat transfer can be determined
depending on the tube position. Other
models are available as accessories.

A Pitot tube and a pressure gauge are
used to determine the velocity distribu-
tion in front of and behind the models.
Heating power and volumetric flow rate
can be adjusted. The heating power and
the temperatures of air and heater are
displayed digitally.

m interplay between Nusselt number,
Reynolds number and heat flow

m measurement of pressure distribution
in the air duct and development of the
velocity profile

m measurement of convective heat
transfer in the tube bundle as a func-
tion of position

m pressure loss across the tube bundle

m measurement of convective heat
transfer with free convection in the air
duct (chimney effect)

WL 314

Convective heat transfer in air flow

w
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1 air duct, 2 heating element in the air duct, 3 thrattle valve, 4 fan, 5 interchangeable mod-
el shell & tube heat exchanger with heating element, 6 air duct with window, 7 measuring

amplifier for accessory WL 314.03, 8 movable Pitot tube, 9 displays and controls

Arrangement of the measuring points in the air duct:
T temperature, P pressure, E heating element output

160

140

g 120

€ 100
£
x 80

60

40

20

0

T

0 10

Velocity profile in the air duct
v velocity, x distance

20 30
vin mm/s ——

[1] convective heat transfer with forced convection

[2] air duct with streamlined inlet and windows for ob-
servation of the experiments

[3] replaceable tube bundle with two different tube dia-
meters included

[4] heating element @ 10mm or @ 13mm can be used
in the tube bundle at any desired position

[3] air duct allows experiments on free convection and
demonstration of the chimney effect

[B6] heating element @ 10mm can be used in the air
duct

[7] overheat protection for the heating elements

[8] adjustable air volumetric flow rate

[9] movable Pitot tube with pressure gauge for determ-
ining a velocity profile under forced convection

[10] display of air temperature, heating temperature
and heating power

[11] other models available as accessories

Technical data

Air duct
m flow cross-section: 150x150mm
m length: 1540mm

Fan
m output: 1,5kW
m max. volumetric flow rate: 21 BOmB/h

Tube bundle
m 23x tube (@ 10mm)
m 23x tube (@ 13mm)

2 heating elements

m length: 130mm

m output: 220W (8 10mm)

m output: 250W (@ 13mm)

m overheat protection at 80°C

Measuring ranges

m pressure: £200mmbar

m temperature: 2x max. 80°C
m power: 0..400W

230V, 50Hz, 1 phase

230V, 60Hz, 1 phase; 230V, 60Hz, 3 phases
UL/ CSA optional

LxWxH: 1930x800x2000mm

Weight: approx. 205kg

Scope of delivery

trainer

set of cables

set of hoses

pressure meter

display and control unit

set of instructional material
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WL 314.01

Heat transfer in pipes in parallel flow

m two heating elements for differ-
ent considerations of the con-
vective heat transfer

m heating elements parallel to the
flow in the tube

The WL 314.01 accessory extends the
experimental scope of WL 314 to in-
clude the topic: convective heat transfer
inside and on the tube under parallel
flow. Convective heat transfer from the
tube wall to the fluid is studied.

The core element of WL 314.01 is a
transparent pipe section, equipped with
a ring heater and a heating element for
different considerations of convective
heat transfer. The heating elements to-
gether with the pipe section form a tu-
bular heat exchanger. The ring heater is
used to study the convective heat trans-
fer from the outer wall to the inside of
the tube.

A heating element along the pipe axis,
on the other hand, enables the study of
the convective heat transfer from a
heated inner tube to the outer tube. The
heating elements are arranged parallel
to the flow in the tube.

The accessory is inserted into the air
duct of WL 314 by means of quick-re-
lease fasteners. A fan in the air duct
sucks in ambient air and conveys it
through the pipe section of the access-
ory. The air is directed past the transfer
surfaces by forced convection and heats

up.

The power and surface temperature of
the two electric heaters is measured
and displayed on the WL 314 trainer.

Learning objectives/experiments

m heat transfer inside the tube and
around a tube

m comparison of convective heat trans-
fer in a ring heater and a heating ele-
ment

m analysis of the interrelationships
between Nusselt, Reynolds and Prandtl

m determination of the overall heat trans-
fer coefficient

m determination of flow velocity

Specification

[1] heating elements and pipe section
form a tubular heat exchanger

[2] ring heater as partially heated tube

[3] heating element as heated inner
tube

[4] heating elements arranged parallel
to the flow

[3] 2 thermocouples type K: measure-
ment on the surface of the heating
element and on the inner surface of
the ring heater

[B] overheat protection in WL 314

[7] accessory installed in WL 314 with
quick-release fasteners

Technical data

Pipe section
m JB60mm

Ring heater
m output: 220W
m J 60mm
m length: 30mm

Heating element
m output: 250W
m J 8mm

m length: 130mm

230V, 50Hz, 1 phase

230V, 60Hz, 1 phase

UL/ CSA optional

LxWxH: 1050x210x320mm
Weight: approx. 10kg

Scope of delivery

1 experimental unit
1 set of instructional material

WL 314.02

Heat transfer in pipes in mixed flow

Description

m heat transfer in the tube bundle
m model of a shell & tube heat ex-
changer with deflection plates

The WL 314.02 accessory extends the
experimental scope of WL 314 to in-
clude the topic: convective heat transfer
on pipes with mixed flow. Convective
heat transfer from the tube wall to the
fluid is studied.

The core element of WL 314.02 is a
transparent pipe section, equipped with
a tube bundle. A heating element loc-
ated in the centre of the tube bundle
simulates a heated pipe. The tube
bundle together with the pipe section
form a shell & tube heat exchanger. The
experiment examines the convective
heat transfer between tube and fluid.

The accessory is inserted into the air
duct of WL 314 using quick-release
fasteners. A fan in the air duct sucks in
ambient air and conveys it through the
pipe section of the accessory. The air is
directed to the transfer surfaces by
forced convection and heated up. The
pipe section is constructed in such a
way that deflection plates guide the air
through the tube bundle. The number of
deflections can be varied by removing
and installing the deflections plates.

The power and surface temperature on
the shell surface of the heating element
is measured and displayed on the

WL 314 trainer.

gHAMBURG

Learning objectives/experiments

m heat transfer from the pipe wall to the
fluid

m interrelationships between Nusselt,
Reynolds and Prandtl

m characteristics of shell & tube heat ex-
changers

m pressure loss over the entire measur-
ing section

m determination of the overall heat trans-
fer coefficient

Specification

[1] pipe section and tube bundle with
heating element form a shell & tube
heat exchanger

[2] tube bundle with 18 unheated tubes
and 1 heating element in the centre
as a heated tube

[3] up to 8 deflection plates guide the
air through the tube bundle

[4] thermocouple type K: temperature
measurement on the shell surface of
the rod heater

[3] accessory installed in WL 314 with
quick-release fasteners

Technical data

Pipe section
m J 100mm

Heating element
m output: 250W
m heat transfer surface; 0,011m°?

Tube bundle

m 18 tubes

m heat transfer surface per tube:
0,011m?

230V, 50Hz, 1 phase

230V, 60Hz, 1 phase

UL/ CSA optional

LxWxH: 1050x210x320mm
Weight: approx. 15kg

Scope of delivery

1 experimental unit
1 set of instructional material
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WL 314.03

Heat transfer in a tube

m flow in an externally heated pipe

m convective heat transfer in the
pipe cross-section and in the lon-
gitudinal profile of the pipe

The WL 314.03 accessory extends the
experimental scope of WL 314 to in-
clude the topic: convective heat transfer
inside the pipe. Convective heat transfer
from the tube wall to the parallel flowing
fluid is studied.

The core element of WL 314.03 is a
pipe section, equipped with a heat mat
to heat the outer surface of the pipe
from the outside. There are six temper-
ature measuring points in the pipe wall.
A Pitot tube is used to measure the velo-
city distribution in the pipe cross-section.

The accessory is inserted into the air
duct of WL 314 using quick-release
fasteners. A fan in the air duct sucks in
ambient air and conveys it through the
pipe section of the accessory. The air is
directed past the transfer surfaces by
forced convection and heats up.

The power and surface temperature of

the electric heat mat and the temperat-
ures in the pipe wall are measured and

displayed on the WL 314 trainer.

Learning objectives/experiments

m heat transfer from the pipe shell to the
fluid

m temperature profile along the pipe

m analysis of the interrelationships
between Nusselt, Reynolds and Prandtl

m determination of the overall heat trans-
fer coefficient

m determination of the flow velocity

Specification

[1] heated pipe section as tube heat ex-
changer

[2] pipe heated from the outside by heat
mat

[3] 6 thermocouples type K: measure-
ment in the pipe wall

[4] 1 thermocouple type K: measure-
ment on the heat mat

[3] moveable Pitot tube for determining
a velocity profile

[B] accessory installed in WL 314 by
quick-release fasteners

Technical data

Pipe section

m J 32mm

m length: 0,5m

m heat transfer surface: 0,0503m°?

Heat mat

m output: 250W

m length: 500mm

m J 35mm

m temperature limit: 120°C

LxWxH: 1050x210x320mm
Weight: approx. 30kg

Scope of delivery

1 experimental unit
1 measuring amplifier
1 set of instructional material
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Heat exchangers

Recuperators

WL 308

Heat transfer in pipe flow

Description

m model of a tubular heat ex-
changer

m heat exchanger can be operated
in parallel flow and counterflow

m temperature measuring points on
the inner tube wall and in the flow

m hot water circuit with temperat-
ure controller

The convective heat transfer during pipe
flow is determined by internal flow pro-
cesses inside the tube and by heat con-
duction processes in the tube walls.
With the WL 308 experimental unit, it is
possible to study convective heat trans-
fer on the pipe wall and inside the pipe of
a tubular heat exchanger. Both parallel
flow and counterflow mode with their dif-
ferent temperature curves are demon-
strated in experiments.

The core element of the experimental
unit is a double tube, which serves as
the heat exchanger. Hot water is
pumped through the inner tube. Cold
water flows in the outer tube either in
parallel flow or counterflow. The hot wa-
ter emits part of its thermal energy to
the cold water.

The non-linear temperature progression
along the tubular heat exchanger is
demonstrated by measuring the water
temperatures in both tubes at the inlet,
outlet and half of the transfer section.
Measuring the tube wall temperature on
the inner tube at half the transfer sec-
tion allows the investigation of the con-
vective heat transfer at the wall.

The closed hot water circuit contains a
tank with electrical heater and a pump.
Cold water is supplied and disposed of
via the laboratory network. Valves are
used to adjust the flow rate of hot and
cold water.

The flow rate and all relevant temperat-
ures are recorded and displayed on the
experimental unit.

Learning objectives/experiments

m record temperature curves
» in parallel flow mode
» in counterflow mode

m convective heat transfer on pipe walls
and in the flow

m influence of mass flows on the temper-
ature profile

m determining thermal balances

m determining the overall heat transfer
coefficient

WL 308

Heat transfer in pipe flow

1 3-way plug valve for setting the operating mode, 2 double tube as heat exchanger with
temperature sensors, 3 cold water flow meter, 4 valves for adjusting the flow rate, 5 cold
water connection and outlet, 8 hot water connection, 7 temperature controller, 8 pump,
9 displays and controls, 10 hot water flow meter, 11 heater, 12 hot water tank

=
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1 hot water, 2 cold water, 3 cold water temperature measuring point, 4 hot water temper-

ature measuring point, 5 wall temperature of the inner tube measuring point

[1] convective heat transfer on tube walls and in the
flow using the model of a tubular heat exchanger

[2] parallel flow or counterflow operation can be set via
3-way plug valves

[3] closed hot water circuit, insulated, with pump, heat-
er and temperature controller

[4] constant flow rate of hot water via bypass setting

[3] flow rates adjustable via valves

[B] temperature sensors: inlet and outlet temperat-
ures and after half of the transfer section

[7] additional measurement of the tube wall temperat-
ure at the inner tube after half of the transfer sec-
tion

[B] flow meter for hot and cold water in each case

Technical data

Heat transfer surface
m average transfer surface: 0,01 3m®?

Tube inner, copper
m 8x Tmm

Pump
m max. flow rate: 4m3/h
m max. head: 4m

Heater: 3kW, with overheating protection
Tank: 6,5L

Measuring ranges
m flow rate: 2x 20...250L/h
m temperature: 7x 0..100°C

230V, 50Hz, 1 phase

230V, 60Hz, 1 phase; 230V, 60Hz, 3 phases
UL/ CSA optional

LxWxH: 1000x580x1070mm

Weight: approx. 50kg

Required for operation

cold water connection, drain

Scope of delivery

1 experimental unit
1 set of accessories
1 set of instructional material
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WL 302

Heat transfer in the tubular heat exchanger

= model of a tubular heat ex-
changer

m heat exchanger can be operated
in parallel and counterflow

Tubular heat exchangers are the
simplest type of heat exchanger and are
preferably used when heat is trans-
ferred at high pressure differences or
between highly viscous media (e.g.
sewage sludge). One advantage is that
the pipe space is flowed through evenly
and is free of flow dead zones.

The WL 302 trainer enables the study
of the characteristic properties of heat
transfer on the model of a tubular heat
exchanger. The heat transfer takes
place in coaxially arranged tubes with
the hot water passing through the inner
tube. Cold water flows in the outer tube.
In doing so, the hot water emits some of
its thermal energy to the cold water.

In experiments, both parallel flow and
counterflow operation can be demon-
strated, with their different temperature
curves.

The non-linear temperature progression
along the tubular heat exchanger is
demonstrated by measuring the water
temperatures in both tubes at the inlet,
outlet and half of the transfer section. A
measurement of the pipe wall temperat-
ure also allows the investigation of con-
vective heat transfer at the wall. In the
experiment analysis, the important vari-
ables such as heat flux, overall heat
transfer coefficient and heat losses are
determined.

Learning objectives/experiments

m record temperature curves
» in parallel flow mode
» in counterflow mode

m determine average heat flow for paral-
lel flow and counterflow operation

m determine average overall heat trans-
fer coefficients

The closed hot water circuit contains a
tank with electrical heater and a pump.
A thermostat keeps the hot water tem-
perature constant. The cold water is
supplied and disposed of via the laborat-
ory network.

The flow rate and all relevant temperat-
ures are recorded. The measured val-
ues are read from digital displays and
can be transmitted simultaneously via
USB directly to a PC, where they can be
analysed using the software included.

gHAMBURG

WL 302

Heat transfer in the tubular heat exchanger

Specification

[1] convective heat transfer on a model of a tubular
heat exchanger

[2] parallel flow or counterflow operation adjustable via
ball valves

[3] closed hot water circuit, insulated, with tank, pump
and heater with thermostat

[4] temperature sensors: inlet and outlet temperat-
ures as well as after half the heat transfer path

[5] flow measurement via 2 impeller flow rate sensors

[B] GUNT software for data acquisition via USB under
Windows 7, 8.1, 10

Technical data

1 bleed valve, 2 temperature sensor, 3 heat exchanger, 4 ball valve for setting the operat- Pump
ing mode, 5 tank with heater, 6 pump, 7 water connections, 8 flow meter, 9 valve for set- m power Consumption. 70W

ting the flow rate, 10 displays and controls
g piay m max. flow rate: 3300L/h

m max. head: 4m
A &
A Heater
1 % @ 112 m output: 2kW

Thermostat: 20...85°C

Heat transfer surfaces
m hot side: 0,0306m°
m cold side: 0,0402m°?
m average transfer surface: 0,0354m?

Tank: 20L

Measuring ranges
‘ m temperature: 6x 0..100°C
m flow rate: 2x 0..360L/h

1 and 2 heat exchanger, 3 pump, 4 tank
T temperature, F flow rate

230V, 50Hz, 1 phase

230V, 60Hz, 1 phase, 120V, 60Hz, 1 phase
UL/ CSA optional

LxWxH: 1380x790x13950mm

Weight: approx. 165kg

T in°C

Required for operation

cold water connection, drain
PC with Windows recommended

Scope of delivery

1 trainer

1 set of accessories

1 GUNT software CD + USB cable
1 set of instructional material

—
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Temperature profile in counterflow mode with different cold water flow rates at constant
hot water flow rate
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WL 315.01

Shell & tube heat exchanger steam/water

Description

Learning objectives/experiments

m familiarisation with the heat transfer
process between steam and water

m determine of heat flows of steam and
water

m determine the efficiency or losses

m determine the overall heat transfer
coefficient

m convective heat transfer between
steam and water
m thermostatic steam regulation

Steam is particularly suitable as a heat
transfer medium for heating fluids. The
steam pressure can be used to limit the
maximum temperature so that sensitive
fluids can be heated safely. Tube
bundles, for example, are used as heat
exchangers. The steam condenses and
transfers its condensation heat to the
fluid being heated. The condensate can
then be returned to the steam process.

The WL 315.01 trainer is used to study
the convective heat transfer between
steam and water. The core element of
the trainer is a shell & tube heat ex-
changer. Heating steam in the pipe jack-
et and cold water in the pipes are direc-
ted past each ather in counterflow.

In doing so, the heating steam emits
some of its thermal energy to the cold
water. The heated water flows into a
tank, where it is available to be with-
drawn.

In the steam pipe downstream of the
shell & tube heat exchanger there is a
condensate separator and a second,
small heat exchanger as condenser for
condensing the flash steam.

The amount of steam introduced is reg-
ulated by a thermostatic valve so that
the water temperature in the hot water
tank is at the desired temperature. Par-
allel to the thermostatic valve and shut-
off valve, the heating steam can be
manually directed into the shell & tube
heat exchanger by means of a manual
valve. The flow rate in the cold water cir-
cuit can be adjusted.

A strainer at the heating steam inlet
protects against coarse particles in the
steam pipes. The hot water tank is fitted
with a safety valve to protect the system
from positive pressure.

By measuring temperatures, pressures,
flow rate and condensate gquantity, it is
possible to determine the energy, effi-
ciency and overall heat transfer coeffi-
cient.

The heating steam is supplied either
from the laboratory supply or by means
of the accessory WL 315.02.

WL 315.01

Shell & tube heat exchanger steam/water
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1 bleed valve in the cold water circuit, 2 hot water thermometer, 3 steam thermometer,

4 hot water manometer, 5 steam manometer, 6 hot water tank with thermometer and
safety valve, 7 hot water extraction, 8 steam connection, 9 thermostatic valve, 10 cold wa-
ter outlet, 11 condenser, 12 condensate separator, 13 steam thermometer downstream

of condenser, 14 shell & tube heat exchanger, 15 flow meter, 18 cold water thermometer,

17 cold water manometer

1 cold water inlet, 2 shell & tube heat exchanger, 3 condensate separator, 4 condenser,

5 cold water outlet, 8 condensate extraction, 7 steam inlet, 8 thermostatic valve, 9 hot wa-

ter extraction, 10 hot water tank with safety valve; P pressure, T temperature, F flow rate,

TC thermostat; blue: cold water, red: hot water, green: steam, light green: condensate, light

blue: cooling water

[1] shell & tube heat exchanger for studying the con-
vective heat transfer between steam and water in
counterflow

[2] steam volume controlled by thermostatic valve

[3] additional manual valve for the introduction of heat-
ing steam into the shell & tube heat exchanger

[4] precise determination of the steam volume by
measuring the condensate volume

[5] safety valve in the hot water tank for safe operation

[6] measurement of temperatures, pressures, flow
rate and condensate volume

[7] supply with heating steam from the laboratory net-
work or from WL 315.02

Technical data

Shell & tube heat exchanger
m heat transfer surface: 0,178m°?
m output: 14,6kW
m tubes 12, stainless steel
» J12mm
» length: 0,605m

Steam
m consumption: 13kg/h
m max. pressure saturated steam: 7bar

Steam control thermostat: 50...120°C
Measuring cup for condensate: 250mL

Measuring ranges

m flow rate: 40..400L/h

m temperature: 3x 0..120°C, 1x 0...160°C
m pressure: 1x-1..9bar, 2x O..4bar

LxWxH: 1010x610x1630mm
Weight: approx. 85kg

Required for operation

water connection, drain 400L/h,
steam 13kg/h, pressure: 7bar

Scope of delivery

1 trainer
1 set of accessories
1 set of instructional material
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ET 300

Finned tube heat exchanger water/air

m convective heat transfer between
water and air
m closed hot water circuit

Tubular heat exchangers are often used
for heating or cooling gaseous media,
such as air coolers for internal combus-
tion engines. Hot water flows in the
tubes, which are surrounded by a flow-
ing gaseous medium, e.g. cold air. The
hot medium emits some of its thermal
energy to the cold medium.

The tubes are fitted with fins in order to
increase the heat transfer surface and

thus improve the convective heat trans-
fer.

The ET 300 trainer is used for quantitat-

ive investigations on a finned-tube heat
exchanger using the media hot water
and cold air. The core element of the
trainer is an air duct with fan, in which a
finned-tube heat exchanger is installed.

A streamlined inlet element and a flow
straightener in the air duct provide a ho-
mogeneous flow for carrying out the ex-
periment. The volumetric flow rate is ad-
justed via a throttle valve at the fan out-
let and measured by a measuring nozzle
at the inlet into the fan.

The trainer has a closed hot water cir-
cuit consisting of: water tank with heat-
er, pump, adjustable flow rate, electro-
magnetic flow rate sensor and finned-
tube heat exchanger. The flow rate can
be adjusted via a valve.

Learning objectives/experiments

m familiarisation with the heat transfer
process between water and air

m determination of heat flows from water

and air
m determination of the efficiency or
losses

m energy balances at the heat exchanger

m plot pump characteristic

Energy balances can be established by
measuring the inlet and outlet temperat-
ures and the flow rates. In addition, a
pressure sensor in the water circuit
makes it possible to plot a pump charac-
teristic. The measured values are read
from digital displays and can be trans-
mitted simultaneously via USB directly to
a PC, where they can be analysed using
the software included.

ET 300

Finned tube heat exchanger water/air

1 fan, 2 air duct with temperature measuring points, 3 heat exchanger, 4 flow meter,
5 pressure sensor, 6 water tank, 7 pump, 8 heater with thermostat, 9 displays and con-
trols
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1 water tank with heater, 2 pump, 3 fan, 4 throttle valve, 5 heat exchanger, 6 valves for ad-
justing the experiment (heat exchanger or pump characteristic); F flow rate, P pressure,
T temperature

Software screenshot

[1] finned-tube heat exchanger to study convective
heat transfer between water and air

[2] function of the heat exchanger as an air heater or
water cooler

[3] closed hot water circuit with electric heater, ther-
mostat, water tank and pump

[4] adjustable water and air flow

[5] determination of the air volumetric flow rate by dif-
ferential pressure at measuring nozzle

[B] digital display of temperatures, flow rates and pres-
sure

[7] GUNT software for data acquisition via USB under
Windows 7, 8.1, 10

Technical data

Finned-tube heat exchanger

m material: Cu/Al

m average transfer surface: 2,80m? (air side)
m output: 2kW

m water temperature: 70°C

Pump

m power consumption: 470W
m max. flow rate: 4,2m3/h

m max. head: 20,5m

Fan

m power consumption: 0,25kW

m max. flow rate: ’|3m3/min

m max. pressure difference: 430Pa

Water tank: 28L
Heater: 2kW
Thermostat: max. 80°C

Measuring ranges

m temperature: 4x 0...100°C

m flow rate: water O...Bma/h

m pressure: water O...4 bar abs.
m mass flow: air 0..250g/'s

230V, 50Hz, 1 phase

230V, 60Hz, 1 phase; 230V, 60Hz, 3 phases
UL/CSA optional

LxWxH: 1730x800x1900mm

Weight: approx. 220kg

Required for operation

PC with Windows recommmended

Scope of delivery

1 trainer
1 GUNT software CD + USB cable
1 set of instructional material
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Series WL110
Heat exchanger with supply unit

Teaching the
fundamentals of heat
transfer through
experiments

Clear, simple, reliable,
progress tracking

WL 110 Heat exchanger

supply unit with the

WL110.03 Shell & tube heat
% exchanger

WL 110.20 Water chiller

& The cold water needed for all the experiments is usually
supplied from a laboratory tap. However when the
ambient temperature in the laboratory is too high, the
water chiller is recommended for reasonable experi-
mental conditions.

Hot water is also needed for the experiments. It is
supplied from the service unit WL110.

Software for data acquisition

= W0~ 121134 ~“E® The data acquisition software supports the complete range of experiments

T S ————
e =) nes with four different types of heat exchangers.
-l - AT = -- sid il C——
[ i R U ~“E® @ temperature curves along the heat exchanger

1 [T
L] B o .

’ 1 i — - m selectable parallel flow or counterflow operation

L i L El B ::-_ S— < —
i s | = m calculation of heat flows
A | p— -
s - .L.' L__ PR = m calculation of mean heat transfer coefficient
[ G 1 &
e J—"l l m calculation of efficiency

Convenient connection to any computer via USB.

WL110.02
Plate heat
exchanger

Learning objectives

m function and behaviour during operation of different
heat exchangers

m plotting temperature curves
» in parallel flow operation
» in counterflow operation

m calculation of mean heat transfer coefficient

m comparing different heat exchanger types

The supply unit can
accommodate four
different types

of heat exchangers

Perfect educational concept:
modular, flexible, versatile

WL 110.04
Stirred tank with
double jacket
and coil

WL110.01
Tubular heat
exchanger

WL110.03
Shell & tube
heat exchanger

Didactic advantages:
ideally suited for student-centered experiments

A small group of 2 to 3 students can independently and conve-
niently go through the various experiments.

The lecturer can demonstrate characteristic aspects of heat
exchangers in front of a bigger audience when using the data
acquisition software and a video projector connected to a PC.

The well-structured instructional material sets out the funda-
mentals and provides a step-by-step guide through the exper-
iments..
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WL 110

Heat exchanger supply unit

==

Description

m supply unit for different heat ex-
changers
(WL 110.01-WL 110.04)

m heat exchanger operation in par-
allel flow or counterflow possible

Heat exchangers transfer thermal en-
ergy from the flow of one medium to an-
other. The two flows do not come into
direct contact with one another. Efficient
heat transfer is a prerequisite for eco-
nomical processes. Therefore, different
heat exchanger types are used in prac-
tice depending on the requirements.

This experimental unit can be used to in-
vestigate and compare different heat ex-
changer designs. The complete experi-
mental setup consists of two main ele-
ments: WL 110 as supply and control
unit and choice of heat exchanger: Tubu-
lar heat exchanger (WL 110.01), plate
heat exchanger (WL 110.02), shell and
tube heat exchanger (WL 110.03) and
stirred tank with jacketed vessel and coil
(WL 110.04). Water is used as the me-
dium.

The heat exchanger to be investigated is
connected to the supply unit. The hot
water flows through the heat exchanger.
Part of the thermal energy of the hot
water is transferred to the cold water.

Reversing the water connections
changes the direction of flow and thus
allows parallel flow or counterflow opera-
tion.

The main function of the WL 110 is to
provide the required cold and hot water
circuits. To do this, the supply unit is
equipped with a heated tank and pump
for the hot water circuit, connections for
the cold water circuit and a switch cab-
inet with displays and controls. A tem-
perature controller controls the hot wa-
ter temperature. The flow rate in the hot
water and cold water circuit is adjusted
using valves. The cold water circuit can
be fed from the laboratory mains or the
WL 110.20.

The GUNT software consists of a soft-
ware for data acquisition and an educa-
tional software. With explanatory texts
and illustrations the educational soft-
ware significantly aids the understanding
of the theoretical principles. With the aid
of an authoring system, the teacher can
create further exercises.

Sensors record the temperatures and
flow rates. The measured values are
read from digital displays and can be
transmitted simultaneously via USB dir-
ectly to a PC where they can be ana-
lysed using the software.

Learning objectives/experiments

m in conjunction with a heat exchanger
(WL 110.01 to WL 110.04)
» plotting temperature curves
» determining the mean heat transfer
coefficient
» comparing different heat exchanger

types

WL 110

Heat exchanger supply unit

1 temperature controller, 2 temperature displays, 3 flow rate displays, 4 stirred tank with

gunl

HAMBURG

(1]

supply unit for heat exchangers

[2] hot water circuit with tank, heater, temperature
controller, pump and protection against lack of wa-
ter

[3] cold water circuit from laboratory mains or water
chiller WL 110.20

[4] temperature controller controls the temperature of
hot water

[5] flow adjustable using valves

[B] digital displays for 6 temperature and 2 flow rate
Sensors

[7] water connections with quick-release couplings

[8] stirring machine connection with speed adjustment
(WL 110.04)

[9] functions of the GUNT software: educational soft-

jacketed vessel and coil WL 110.04, 5 cold water circuit connections, 6 process schemat-

ic, 7 hot water tank
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1 temperature controller, 2 heated tank, 3 heat exchanger (WL 110.01 to WL 110.04 ac-

cessories), 4 pump; red = hot water circuit, blue = cold water circuit; F flow rate, T temper-

ature
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Software screenshot: temperature curve for WL 110.01 in parallel flow operation

ware and data acquisition
[10] GUNT software for data acquisition via USB under
Windows 7, 8.1, 10

Technical data

Pump

m power consumption: 120W
m max. flow rate: B00L/h

m max. head: 30m

Heater
m power output: 3kW
m thermostat: 0...70°C

Hot water tank: approx. 10L

Measuring ranges
m temperature: 6x 0...100°C
m flow rate: 2x 20...250L/h

230V, 50Hz, 1 phase

230V, 60Hz, 1 phase; 230V, 60Hz, 3 phases
UL/CSA optional

LxVWWxH: 1000x670x550mm

Weight: approx. 60kg

Required for operation

WL 110.20 or cooling water, drain
PC with Windows recommended

Scope of delivery

1 experimental unit

1 CD with authoring system for GUNT educational
software

1 GUNT software CD + USB cable

1 set of instructional material
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WL 110.01

Tubular heat exchanger

==

m tubular heat exchanger for con-
nection to WL 110 supply unit

m visible flow channel due to trans-
parent outer tube

Tubular heat exchangers represent the
simplest type of heat exchangers and
are the preferred solution for transfer-
ring heat with high pressure differences
or between high viscosity media (e.g.
sludge). An advantage is the uniform
flow through the tube space. This space
is free of flow dead zones.

The WL 110.01 is part of a series of
units enabling experiments to be per-
formed on different heat exchanger
types. The experimental unit is ideally
suited for investigating the functioning
and behaviour of a tubular heat ex-
changer in operation.

WL 1700

A R

The WL 110.01 is connected to the
supply unit WL 110 using quick-release
couplings. Hot water flows through the
inner tube and cold water through the
outer tube. Part of the thermal energy of
the hot water is transferred to the cold
water. Valves on the supply unit are
used to adjust the flow rates of hot and
cold water. The supply hose can be re-
connected using quick-release couplings,
allowing the flow direction to be re-
versed. This allows parallel flow or coun-
terflow operation. Temperature sensors
for measuring the inlet and outlet tem-
peratures are located at the supply con-
nections on the WL 110. There are two
additional temperature sensors on the
tubular heat exchanger for measuring
the temperature after half of the trans-
fer section.

During experiments, temperature
curves are plotted and displayed graph-
ically. Additionally, the measured values
can be recorded and processed using
data acquisition software. The mean
heat transfer coefficient is then calcu-
lated as a characteristic variable.

m in conjunction with WL 110 supply unit

» function and behaviour during opera-
tion of a tubular heat exchanger

» plotting temperature curves:
in parallel flow operation
in counterflow operation

» calculation of mean heat transfer
coefficient

» comparison with other heat ex-
changer types

WL 110.01

Tubular heat exchanger

.-—-i(oxiu_:.

1 temperature sensor, 2 concentric tubes, 3 hot water connections, 4 cold water connec-

tions
* 1 2

Functional principle of tubular heat exchanger
1 outer tube with cold water, 2 inner tube with hot water; red: hot water, blue: cold water

2,0
1.8 -0

16

14
3 /
12 ]

k., in kW / m2K

1.0

0.8
o6 08 10 12 14 168 18 20 22
FinL/min —

Mean heat transfer coefficient k,, as function of flow rates cold water and hot water
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Specification

[1] tubular heat exchanger for connection to WL 110

[2] hot and cold water supply from WL 110

[3] parallel flow and counterflow operation possible

[4] recording of temperature using WL 110 and two
additional temperature sensors for measuring the
central temperature

Technical data

Heat transfer surfaces
2
m mean transfer surface: 250cm

Inner tube, stainless steel
m outer diameter: 12mm
m wall thickness: 1mm

Outer tube, transparent (PMMA)
m outer diameter; 20mm
m wall thickness: 2mm

Measuring ranges
m temperature: 2x 0...100°C

LxWxH: 480x230x150mm
Weight: approx. 4kg

Scope of delivery

1 tubular heat exchanger
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WL 110.02

Plate heat exchanger

e

==

m plate heat exchanger for connec-
tion to WL 110 supply unit

The key feature of plate heat ex-
changers is their compact design, in
which optimum use is made of all of the
material for heat transfer. The pressed
in profile on the plates creates narrow
flow channels, in which significant turbu-
lence occurs. The turbulent flow allows
effective heat transfer even with low
flow rates and also has a self-cleaning
effect. Plate heat exchangers are used
in the food industry, offshore technology,
refrigeration and domestic engineering.

The WL 110.02 is part of a series of
units enabling experiments to be per-
formed on different heat exchanger
types. The experimental unit is ideally
suited for investigating the functioning
and behaviour of a plate heat exchanger
in operation.

The WL 110.02 is connected to the
supply unit WL 110 using quick-release
couplings. The plate heat exchanger is
made up of profiled plates with water
flowing through the spaces between
them. The plates are soldered in such a
way that two separate flow channels are
formed. These are one “cold” and one
“hot” flow channel, in an alternating ar-
rangement. Part of the thermal energy

of the hot water is transferred to the
cold water. Valves on the supply unit are
used to adjust the flow rates of hot and
cold water. The supply hose can be re-

connected using quick-release couplings,

allowing the flow direction to be re-
versed. This allows parallel flow or coun-
terflow operation. The temperature
sensors for measuring the inlet and out-
let temperature are located at the sup-
ply connections on the WL 110.

During experiments, temperature
curves are plotted and displayed graph-
ically. Additionally, the measured values
can be recorded and processed using
data acquisition software. The mean
heat transfer coefficient is then calcu-
lated as a characteristic variable.

WL 18000

T et

m in conjunction with WL 110 supply unit

» function and behaviour during opera-
tion of a plate heat exchanger

» plotting temperature curves:
in parallel flow operation
in counterflow operation

» calculation of mean heat transfer
coefficient

» comparison with other heat ex-
changer types

WL 110.02

Plate heat exchanger

1 plates, 2 water connections
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Software screenshot: temperature curve in counterflow operation
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[1] plate heat exchanger for connection to WL 110
[2] hot and cold water supply from WL 110

[3] parallel flow and counterflow operation possible
[4] six soldered plates

[3] recording of temperature using WL 110

Technical data

B plates, stainless steel
Heat transfer surface: 480cm?®

LxWxH: 400x230x85mm
Weight: approx. 3kg

Scope of delivery

1 plate heat exchanger
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WL 110.03

Shell & tube heat exchanger

==

m shell and tube heat exchanger for
connection to WL 110 supply
unit

m media flowing in cross-flow

Shell and tube heat exchangers are in
widespread use. The main advantages of
this design are the large heat transfer
surface and the compact design. Shell
and tube heat exchangers are used in
the chemical and pharmaceutical indus-
tries, in refineries and in process engin-
eering plants.

The WL 110.03 is part of a series of
units enabling experiments to be per-
formed on different heat exchanger
types. The experimental unit is ideally
suited for investigating the functioning
and behaviour of a shell and tube heat
exchanger in operation.

The WL 110.03 is connected to supply
unit WL 110 using quick-release coup-
lings. The shell and tube heat exchanger
consists of seven tubes, surrounded by
a transparent outer shell. The hot water
flows through the tube space and the
cold water through the space in the
shell. Part of the thermal energy of the
hot water is transferred to the cold wa-
ter. Baffle plates are used to deflect the
flow in the shell in such a way as to cre-
ate greater turbulence and thus a more

intensive transfer of heat. The media
flows in a cross-flow. Valves on the sup-
ply unit are used to adjust the flow rates
of hot and cold water. The supply hose
can be reconnected using quick-release
couplings, allowing the flow direction to
be reversed. This allows cross parallel
flow or cross counterflow operation.
Temperature sensors for measuring the
inlet and outlet temperature are located
at the supply connections on the

WL 110.

During experiments, temperature
curves are plotted and displayed graph-
ically. Additionally, the measured values
can be recorded and processed using
data acquisition software. The mean
heat transfer coefficient is then calcu-
lated as a characteristic variable.

m in conjunction with WL 110 supply unit

» function and behaviour during opera-
tion of shell and tube heat exchanger

» plotting temperature curves:
in cross parallel flow operation
in cross counterflow operation

» calculation of mean heat transfer
coefficient

» comparison with other heat ex-
changer types

WL 110.03
Shell & tube heat exchanger

1 transparent shell, 2 tube bundle, 3 shell water connection, 4 tube bundle water connec-

&
t t

1 hot water, 2 cold water, 3 tube, 4 shell; red: hot water, blue: cold water

Software screenshot: temperature curve in cross parallel flow operation

[1] shell and tube heat exchanger (cross-flow) for con-
nection to WL 110

[2] hot and cold water supply from WL 110

[3] cross parallel flow and cross counterflow operation
possible

[4] transparent shell, visible tube bundle

[5] tube bundle consisting of 7 tubes and 4 baffle
plates

[B] recording of temperature using WL 110

Technical data

Heat transfer surface: 200cm?®
Tube bundle, stainless steel

m outer diameter: Bmm

m wall thickness: 1mm

m tubes, 7

Shell, transparent (PMMA)
m outer diameter: 50mm
m wall thickness: 3mm

LxWxH: 400x230x110mm
Weight: approx. 3kg

Scope of delivery

1 shell and tube heat exchanger
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Stirred tank with double jacket and coil

==

Description

m stirred tank with double jacket
for connection to WL 110 supply
unit

m stirrer for improved mixing of me-
dium

m heating using jacket or coiled
tube

In many engineering processes, several
basic operations are combined. For ex-
ample, in a tank a chemical reaction
takes place during which heat is to be
supplied or removed. Such tanks are
equipped with jacket or a coiled tube.
Depending on the process, the medium
in the jacket or in the coiled tubing is
used for heating or cooling of the tank
content. For a better mixing of the tank
content and an even temperature distri-
bution stirring maschines are used. The
product temperature at an even temper-
ature distribution is precisely adjustable.
Considered here, the stirred tank with
double jacket and coil is a model for
such tanks.

The WL 110.04 is part of a series of
units enabling experiments to be per-
formed on different heat exchanger
types. The experimental unit is ideally
suited for investigating the functioning
and behaviour of a stirred tank with
double jacket and coil in operation.

The WL 110.04 is connected to the
supply unit WL 110 using quick-release
couplings. The jacketed stirred tank is fit-
ted with a coiled tube. In heating mode
with jacket the hot water flows through
the jacket and transfers a part of the
thermal energy to the cold water in the
tank. In heating mode with coiled tube
the hot water flows through the coil and
heats the cold water in the tank. A stir-
ring machine can be used in all modes.
Valves on the supply unit are used to ad-
just the flow rate of hot water.

The temperature sensors for measuring
the inlet and outlet temperature are loc-
ated at the supply connections on the
WL 110. An additional temperature
sensor measures the temperature in
the stirred tank.

During experiments, time curves are
plotted and displayed graphically. Adi-
tionally, the measured values can be re-
corded and processed using data ac-
quisition software.

Learning objectives/experiments

m in conjunction with WL 110 supply unit

» function and behaviour during opera-
tion of a stirred tank with double
jacket and coil

» plotting time curves:
heating mode with jacket
heating mode with coiled tube

» influence of a stirring machine

» comparison with other heat ex-
changer types

WL 110.04

Stirred tank with double jacket and coil

1 stirring machine, 2 stirred tank, 3 stirring machine connection, 4 temperature sensor
connection, 5 jacket water connection, 6 water outlet and inlet in stirred tank, 7 coiled tube
water connection, 8 temperature sensor

a) heating using jacket: 1 jacket, 2 stirrer
b) heating using coiled tube: 3 coiled tube;
red: hot water, blue: cold water
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Software screenshot: Time curve for heating using jacket
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Specification

[1] stirred tank for connection to WL 110
[2] hot and cold water supply from WL 110

[3] heating using jacket or coiled tube

[4] stirring machine can be used in all modes

[3] speed of stirring machine adjustable using WL 110

[B] Vvisible working area due to transparent cover

[7]1 recording of temperature using WL 110 and addi-
tional temperature sensor for measuring temperat-

ure in tank

Technical data

Stirred tank
m nominal capacity: approx. 1200mL

Stirring machine
m speed: 0..330min”

Heat transfer surface
m jacket (stainless steel): approx. 500cm?
m coil (stainless steel): approx. 500cm®?

Measuring ranges
m temperature: 0...100°C

LxWxH: 400x230x400mm
Weight: approx. 8kg

Scope of delivery

1 stirred tank
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WL 312

Heat transfer in air flow

The base unit and an extensive range of accessories enable  m determination of the flow profile in the air duct downstream

comprehensive investigations on heat exchangers, as used in
air conditioning and ventilation technology.

of the heat exchanger with the vertically movable Pitot tube,
the static probe at the air duct and an inclined tube manom-
eter

m investigation of convective heat transfer in heat exchangers
from air conditioning and ventilation technology m determination of the air flow velocity over the measuring

m how different pipe surfaces affect the temperature change

of the air

nozzle at the inlet into the air duct. The velocity can be set
within wide limits via a throttle valve at the blower outlet.

m optional hot and cold water generators (WL 31210,
WL 31211) allow operation independent of the laboratory
network

optional condensing unit WL 31212 for use with the direct
evaporator WL 312.03

WL 312 + heat exchangers WL 312.01 — WL 312.03

Optional accessories

WL 312.01
Heat transfer with plain
tubes

F

WL 312.02
Heat transfer with finned
tubes

Optional accessories for supplying the heat exchangers

WL 31210
Hot water generator

The heat exchangers WL 312.01 and
WL 312.02 can be supplied from
the hot water generator. The heat
exchangers then function as air
heaters.

WL 31211
Water chiller

WL 31212
Condensing unit

The heat exchangers WL 312.01 and
WL 312.02 can be supplied from
the cold water generator. The heat
exchangers then function as air
coolers.

The condensing unit is used for
air cooling while operating the
WL 312.03 direct evaporator.

" Tt ﬂfﬁ

WL 312.03
Heat transfer on
refrigerant evaporator

Heat exchangers with smooth tubes are used
in systems where deposits on the tube must
be avoided and fast and effective cleaning is
desirable. This water-to-air heat exchanger is
inserted into the air duct of WL 312 and fixed in
place with fasteners. It is connected to the hot
or cold water supply via hoses with quick-re-
lease couplings. A transparent cover provides
a view inside the heat exchanger. The water
flows through the tube bundle. The air travels
through the heat exchanger in cross flow.

Heat exchangers with finned tubes are used
when optimum heat transfer between gaseous
media and liquids is to be achieved and the
media must not be contaminated. This water-
to-air heat exchanger is inserted into the air
duct of WL 312 and fixed in place with fasten-
ers. It is connected to the hot or cold water
supply via hoses with quick-release couplings.

The tube bundle consists of finned tubes, which
are often used in water-air heat exchangers. A
transparent cover provides a view inside the
heat exchanger. The water flows through the
tube bundle. The air travels through the heat
exchanger in cross flow.

This device, known as a direct evaporator, is
inserted into the air duct of WL 312 and fixed
in place with fasteners. It is connected to a
condensing unit via hoses with quick-release
couplings.

The refrigerant evaporates in the tubes and
extracts heat from the air. The tubes are
ribbed to increase the heat transfer surface.
Again, the transparent cover provides a view
inside the evaporator.

WL 31210

Hot water generator

or

WL 31211
Water chiller

WL 31210

Hot water generator

or

WL 31211
Water chiller

WL 31212

Condensing unit
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WL 312

Heat transfer in air flow

WL 312

Heat transfer in air flow

gHAMBURG

Specification

[1] air duct for studying heat transfer in air flows

[2] insulated air duct with flow straightener and
streamlined inlet

[3] determination of the volumetric flow rate of the air
via differential pressure at the measuring nozzle

[4] fan with adjustable flow rate

[3] movable Pitot tube with inclined tube manometer
for measuring velocity distributions

[B] combined temperature and humidity sensor

[7] digital displays of differential pressure, temperature
and relative air humidity

[B] various heat exchangers available as accessories

Technical data

1 fan with throttle valve, 2 inclined tube manometer, 3 differential pressure sensor,
4 streamlined inlet, 5 pressure measurement via measuring nozzle, 6 air duct with win-

Air duct cross-section: 150x300mm
dows, 7 measuring section for exchangeable accessories, 8 Pitot tube, S displays and con-

Description

m investigation of convective heat
transfer together with accessor-
ies

In many industrial production processes,
as well as in the air conditioning of build-
ings, heat transfer takes place with the
assistance of air flow. In these cases,
convective heat transfer is determined
by the temperature differences of the
media involved and the flow.

The WL 312 trainer studies convective
heat transfer on various pipe surfaces.
The flow movement takes place by
forced convection.

An insulated air duct with fan serves as
the measuring section. A streamlined in-
let element and a flow straightener in
the air duct provide a homogeneous flow
for conducting the experiment. The volu-
metric flow rate is set via a throttle valve
at the fan outlet and measured by a
measuring nozzle at the inlet into the air
duct.

Heat exchangers with different tube sur-
faces can be used in the air duct. Heat
exchangers with smooth tubes, finned
tubes or a refrigerant evaporator are
available as accessories.

The air duct includes two windows to ob-
serve the experiments.

Combined sensors measure the temper-
ature and relative humidity at the inlet
and outlet of the heat exchanger. Pres-
sures upstream and downstream of the
measuring section are also recorded in
order to determine the pressure loss at
the heat exchanger. The velocity distri-
bution in the air duct is measured by a
Pitot tube. The temperatures, pressures
and relative humidity are displayed digit-
ally.

The following accessories are recom-
mended for supplying the heat ex-
changers: Hot water generator

(WL 312.10), water chiller

(WL 312.11) and condensing unit
(WL 312.12).

Learning objectives/experiments

m experiments without accessories
» recording the fan characteristic
» velocity distribution in the air duct

m experiments with accessories

» heat transfer with plain tubes
(WL 312.01, together with
WL 312.10 / WL 312.11)

» heat transfer with finned tubes
(WL 312.02, together with
WL 312.10 / WL 312.11)

» heat transfer on refrigerant evapor-
ator (WL 312.03, together with
WL 312.12)
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changeable accessories, 7 inclined tube manometer;

H humidity, T temperature, dp differential pressure, PD differential pressure sensor
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WL 312.01 WL 312.02

Accessories for the trainer:

WL 312.01 Heat transfer with plain tubes

WL 312.02 Heat transfer with finned tubes

WL 312.03 Heat transfer on refrigerant evaporator

| P
L
6

1 air outlet, 2 throttle valve, 3 fan, 4 Pitot tube, 5 air inlet, 8 measuring section for ex-

WL 312.03

Fan

m output: 1100W

m max. flow rate: ’IBBDmS/h

m max. pressure difference: 1000Pa
m rated speed: 2800min”

m air velocity: max. 10m/'s

Pitot tube: travel 300mm

Measuring ranges

m temperature: 2x 0..50°C

m humidity: 2x 0...100%

m differential pressure: 1x 0..100Pa

230V, 50Hz, 1 phase

230V, 60Hz, 1 phase; 120V, B0Hz, 1 phase
UL/CSA optional

LxWxH: 2350x750x1800mm

Weight: approx. 150kg

Scope of delivery

1 trainer
1 set of accessories
1 set of instructional material
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WL 315C

Comparison of various heat exchangers

The WL 315C trainer is used to study and compare different
types of heat exchanger under experimental conditions. The
most widespread design is the shell & tube heat exchanger,
which is included here as double-tube and shell & tube heat
exchangers. The plate heat exchanger is an equally frequently
used design. One special design is the stirred tank with double
jacket and coiled tube. In the model used here, hot water can

flow through either the outer jacket or the inner coiled tube. The
finned tube heat exchanger is a typical example of heat transfer
between a liquid and a gaseous medium.

The types presented here are indirect heat exchangers, in which
the material flows are conducted in parallel flow, counterflow
or, in the case of the finned tube heat exchanger, in cross flow.

WL 31211
Water chiller

WL 315C

Comparison of various heat exchangers

WL 31210
Hot water generator
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WL 31210 Hot water generator

1 water tank, 2 pump,

3 cold water set,

4 +5 connections to WL 315C;

T temperature measurement point,
F flow meter

The accessories WL 31211 Water chiller and WL 31210 Hot
water generator supply cold and hot water for the experiments
independent of the laboratory supply. This means that the
trainer can be operated as a stand-alone system with a closed
water circuit.

WL 31211 Water chiller

The water chiller enables meaningful operation at high ambient
and water temperatures. The device is equipped with a closed
refrigeration system, a water tank and a circulation pump.

Trainer with five different heat exchangers.
The plate heat exchanger is shown as an example.

B water tank,

7 heater, 8 pump,

9+10 connections to WL 315C;
T temp. measurement point,

F flow meter

WL 31210 Hot water generator

The hot water generator provides hot water for the experi-
ments. The device contains a water tank with two heaters and
a pump that transports the heated water to the trainer. The
water tank is equipped with two sight glasses to check the fill
level.

Overview of the heat exchangers supplied

Tubular heat
exchanger

Two tubes carry media at
different temperatures

1 inner tube with hot water,
2 outer tube with cold water

Shell & tube heat
exchanger

1 tube bundle with hot water,
2 jacket tube with cold water

Plate heat exchanger
with different temperatures are
carried alternately

1 embossed plate red: flow chamber
for hot water,

2 embossed plate blue: flow chamber
for cold water

Stirred tank with double
jacket and coiled tube
’ have different temperatures

1 jacket, through which hot

water flows, 2 coiled tube, through
which hot water flows, 3 stirred tank,
filled with cold water

Finned tube heat
exchanger medium in the tube and the air have

different temperatures

1 tubes, through which hot water
flows, 2 fins on the tubes provide a
larger heat transfer surface area,
3 cold air flows through the fins

GUNTT software for data acquisition

A pack of embossed plates in which media

v 1

—

B

Stirred tank with flow-through jacket or coiled tube,
media in the stirred tank and jacket/coiled tube

3

The GUNT software supports the
range of experiments with the
various types of heat exchanger:
it displays temperature curves and
calculates heat fluxes and mean
overall heat transfer coefficients.

A tube bundle, enclosed in a tube or housing, both of which
carry media at different temperatures

'

n

Pack of tubes with pressed-on fins through which air flows,

parallel or
counterflow

parallel or
counterflow

parallel or
counterflow

heated jacket
or heated
coiled tube

cross parallel
flow or cross
counterflow

HAMBURG

water-
water

water-
water

water-
water

water-
water

water-air




Heat exchangers

Recuperators

gunl

HAMBURG

WL 315C

Comparison of various heat exchangers

==

m use of industrial components

m five different heat exchangers in
comparison

m adjustment of operating modes
and selection of heat exchangers
clearly arranged on the front pan-
el

In practice, different types of heat ex-
changer are used depending on require-
ments in order to ensure efficient heat
transfer and avoid losses.

The WL 315C trainer is used to study
and compare five different heat ex-
changers. Both parallel flow and coun-
terflow operation are demonstrated,
with their different temperature curves.

In the plate, tubular and shell & tube
heat exchangers, heat is transferred
between hot and cold water in tubes or
between plates. In the finned tube heat
exchanger, the air flows around pipes
with hot water in crossflow.

In the stirred tank with double jacket and
coiled tube, either the outer jacket or
the inner coiled tube can be filled with
hot water.

A stirring machine ensures that the wa-
ter inside the tank is mixed to achieve an
even heat distribution.

The air volume flow for studying the
finned tube heat exchanger is adjusted
via a throttle valve at the fan outlet.
Valves are used to switch between par-
allel flow and counterflow. The flow rate
in the hot water or cold water circuit
can also be adjusted by means of
valves.

The air volume flow is measured with a
fixed differential pressure sensor. The
water pressure can be measured at dif-
ferent points using a portable differential
pressure sensor. Temperatures and
flow rates are also measured. The
measured values are read from digital
displays and can be transmitted simul-
taneously via USB directly to a PC where
they can be analysed using the software
included.

Hot and cold water is supplied either
from the laboratory network or by
means of the accessories WL 312.10
hot water generator and WL 312.11
water chiller.

m familiarisation with heat transfer pro-
cesses
» heat transfer
» heat conduction
m determination of the heat transfer
coefficient
m creation of temperature curves for the
different heat exchangers
» parallel flow
» counterflow
» cross parallel flow
» cross counterflow
m comparison of the different heat ex-
changers between each other
» plate heat exchanger
» tubular heat exchanger
» shell & tube heat exchanger
» finned tube heat exchanger
» stirred tank with double jacket and
coiled tube

WL 315C

Comparison of various heat exchangers
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1 bleed valve, 2 tubular heat exchanger, 3 temperature sensor, 4 plate heat exchanger,
5 pressure sensor (water), 6 adjustable fittings, 7 finned tube heat exchanger, 8 air duct,
9 fan, 10 shell & tube heat exchanger, 11 stirred tank with double jacket and coiled tube,
12 switch cabinet

2 3 4
—
R
c{ - @\Y
i B
—EW[
8 7I

1 cold water connection (laboratory or via WL 312.11), 2 shell & tube heat exchanger,

3 plate heat exchanger, 4 tubular heat exchanger, 5 hot water connection (laboratory or via
WL 312.10), 6 valves for setting the operating mode, 7 stirred tank with double jacket and
coiled tube, 8 finned tube heat exchanger

Software screenshot: process schematic of the tubular heat exchanger

[1] investigation and comparison of five different heat
exchanger types

[2] parallel flow or counterflow can be set via valves

[3] flow rates can be adjusted via valves

[4] electromagnetic flow meter for hot and cold water

[3] portable differential pressure sensor for water

[B] fixed differential pressure sensor for air, to determ-
ine the volumetric flow rate

[7] digital displays for temperature, pressure differ-
ences and flow rate

[B8] hot water generator and water chiller available
(WL 312.10 and WL 312.11)

[9] GUNT software for data acquisition via USB under
Windows 7, 8.1, 10

Technical data

Plate heat exchanger, (water-water)

m number of plates: 10

m heat transfer area: approx. 0,26m?

m output: 15kW

Tubular heat exchanger (water-water)

m heat transfer area: 0,1m°?

Shell & tube heat exchanger (water-water)
m output: 13kW

Finned tube heat exchanger (water-air)

m heat transfer area: approx. 2,8m?

m fan max. flow rate: 780ma/h

m fan max. pressure difference: 430Pa
Stirred tank with double jacket and coiled tube (water-
water)

m double jacket heat transfer area: 0,1 Bm?
m coiled tube heat transfer area: 0,17m?

Measuring ranges
m differential pressure:
» 1x 0..10mbar (air)
» 1x0..1000mbar (water)
m flow rate: 2x O...8m3/h
m temperature:: 10x 0..100°C

230V, 50Hz, 1 phase

230V, 60Hz, 1 phase; 120V, 60Hz, 1 phase
UL/ CSA optional

LxWxH: 2010x800x1760mm

Weight: approx. 250kg

Required for operation

cold and hot water connection: 400L/h, drain
PC with Windows recommended

Scope of delivery

1 trainer
1 GUNT software CD + USB cable
1 set of instructional material




Heat exchangers

Direct-contact heat exchangers
HAMBURG

WL 320 ! ‘*‘

Wet cooling tower ‘ J

With interchangeable cooling columns the wet cooling tower WL 320 is used Additional cooling How does a cooling tower wo
for basic experiments as well as comparative measurements in different columns for
types of cooling columns. Thus the key properties of the wet cooling tower comparative
can be traced in the experiment. measurements

Cooling towers are used to dissipate heat arising during thermal
processes, e.g. in steam power plants, air conditioning systems
and process chillers. A difference is made between dry and wet
cooling towers. Wet cooling towers can be constructed more
easily and smaller for the same capacity. However, they feature
high water losses in the range of 1..2,5% of the cooling water
volume.

WL 320 is a wet cooling tower. The water to be cooled comes

Cooling column type 1 -

medium surface (included in the | m |

scope of delivery of WL 320) |ﬁ
) ‘ I

= E e T WL 320.01 into direct contact with the air. The hot water is sprayed at the
e - Cooling column top of the cooling tower, trickles down the wet deck surface
type 2 and is cooled in the process. The cooled water is removed at

the bottom. The air enters the cooling tower from the bottom,
flows upwards in a counterflow along the water trickling down,
and exits at the top end.

small surface
1 II
I\ |
| |

A difference is made between cooling towers with atmospheric
A — and forced ventilation. Very large cooling towers utilise the
principle of atmospheric ventilation. Here the difference in
density between the air inside and outside the cooling tower
ensures the movement of the air. In small cooling towers the
difference in density is insufficient for adequate air movement;
they are forcefully ventilated by a fan.

WL 320.02
Cooling column
type 3

large surface

Tin°C

WL 320.03
Cooling column
type 4

empty for wet deck

surfaces of your T A A

E own design wi

T
w2 = A”./

’!

goeooccocc00
ciscsoscococol

F S X
WL 320 Wet cooling tower T
2
X S Principle of a wet cooling tower with forced ventilation
Interchangeable cooling columns %, — -
WL 320.04 % 1 air inlet, 2 drip pan, 3 cold water outlet, 4 wet deck surface,
. . . . Cooling column 3 5 water distribution nozzle, 6 hot water inlet, 7 air outlet, 8 fan
Five different cooling columns are available type 5
m three cooling columns with different wet deck surfaces var-nabledwelt(: -
i | ith deck surf for | inating the h surfasgs xing/kg —— There are two types of heat transfer in a wet cooling tower.

™ one C?O ing ?10 l;mn wit OU; wet efc surtaces dor‘ ll?vestf:lgatlng the heat First the heat is transferred by convection directly from the

transter in the free water drop or for own wet deck surfaces water to the air. In addition the water cools by partial evapora-
m one cooling column with divided wet deck surfaces so that the sur- tion. Decisive for the good operation of a wet cooling tower is

face of the wet deck surfaces can be varied and the distribution of the Representation of the changes of state of air and water in the that the air does not contain too much humidity. Therefore the

temperature and humidity within the cooling column is measured cooling tower in the h-x diagram water temperature T,z must be clearly above the saturation

temperature (wet bulb temperature) T; of the air.




Heat exchangers

Direct-contact heat exchangers

WL 320

Wet cooling tower

Description

m principle and characteristic vari-
ables of a wet cooling tower with
forced ventilation

m transparent, easily interchangeable
cooling column with wet deck sur-
face

m 4 additional cooling columns avail-
able as accessory

Wet cooling towers are a proven method
of closed-circuit cooling and heat dissipa-
tion. Typical areas of application are: air
conditioning, heavy industry and power
plants.

In wet cooling towers the water to be
cooled is sprayed over a wet deck surface.
Water and air come into direct contact in
the counterflow. The water is cooled by
convection. Some of the water evaporates
and the evaporation heat removed further
cools down the water.

WL 320 examines the main components
and principle of a wet cooling tower with
forced ventilation. Water is heated in a
tank and transported by a pump to an at-
omiser. The atomiser sprays the water to
be cooled over the wet deck surface. The
water trickles from the top to the bottom
along the wet deck surface whilst air flows
from the bottom to the top. The heat is
transferred directly from the water to the
air by convection and evaporation.

The evaporated water volume is recorded.
The air flow is generated by a fan and ad-
justed using a throttle valve.

The cooling column is transparent allowing
clear observation of the wet deck surface
and the trickling water. Interchangeable
cooling columns (WL 320.01 -

WL 320.04) enable comparative stud-
ies.GUNT software for data acquisition via
USB under Windows 7, 8.1, 10

All important process parameters are re-
corded (volumetric air flow rate, temperat-
ures of air and water, air humidity, water
flow rate). The measured values can be
read on digital displays. At the same time,
the measured values can also be transmit-
ted directly to a PC via USB. The data ac-
quisition software is included. The changes
of state of the air are represented in an h-x
diagram.

Learning objectives/experiments

m thermodynamic principles of the wet
cooling tower

m changes of state of the air in the h-x dia-
gram

m determination of the cooling capacity

m energy balances

m calculation of process parameters, such
as maximum cooling distance, cooling
zone width etc.

m in conjunction with the cooling columns
WL 320.01-WL 320.04
» comparison of different wet deck sur-

faces

gunl
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WL 320

Wet cooling tower

[1] principle of a wet cooling tower with cooling column
and forced ventilation

[2] interchangeable cooling columns with different wet
deck surfaces available as accessories

[3] water circuit with pump, filter, valve and a nozzle as at-
omiser

[4] three-stage heater with thermostat for water heating

[5] radial fan for forced ventilation

[6] throttle valve to adjust the air flow

[7] demister unit at the outlet of the cooling columns min-
imises water loss

[8] tank for additional water compensates for water loss

[9] display of temperature, differential pressure, flow rate
and humidity

[10] GUNT software for data acquisition via USB under
Windows 7, 8.1, 10

Technical data

Cooling column

1 nozzle as atomiser, 2 wet deck surface, 3 displays and controls, 4 air chamber, 5 fan with
throttle valve, 6 pump, 7 tank with heating, 8 tank for additional water, 8 combined temper-
ature,/humidity sensor

Tevvy < m specific surface of the wet deck surface: 110m?/m?
3 ] m cross-section: 150x150mm
6 ) Volumetric air flow measurement via orifice: @ 80mm

v Heater, adjustable in three stages:

e =
v = 1000W

%5 =
v Thermostat: switches off at 50°C

Nl

Y¥¥¥y m power consumption: 250W

1 = m max. pressure difference: 430Pa

m max. volumetric flow rate: 1 3m3/min
Pump

m max. head: 70m

m max. flow rate: 100L/h

Tank for additional water: 4,21

y—@g—uuuu
2

1 fan, 2 air chamber, 3 tank with heater, 4 pump, 5 tank for additional water, 6 cooling
column with wet deck surface; T temperature, H humidity, dp differential pressure, F water
flow rate

Measuring ranges
T m differential pressure: (air): 0...1000Pa

m flow rate: (water): 12..360L/h
m temperature: 2x 0..50°C, 3x 0...100°C
m air humidity: 10...100% r.h.

NN ‘95100%_
OU Tw1 -
E Too Ar —%, Water 230V, 50Hz, 1 phase
m 230V, 60Hz, 1 phase; 230V, 60Hz, 3 phases
UL/CSA optional
LxWxH: 1100x470x1230mm
Weight: approx. 120kg

& % Required for operation

PC with Windows recommended

Scope of delivery

trainer

cooling column type 1

GUNT software CD + USB cable
set of instructional material

N

(O\N

&

xing/kg —»

Changes of state of air and water in the h-x diagram as online representation in the soft-
ware

RN N
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WL 225

Heat transfer in the fluidised bed

m fluidised bed formation with air in
a glass reactor

m illuminated glass reactor for op-
timal observation of the fluidisa-
tion process

Fluidised beds are used in a broad range
of applications, e.g. for industrial drying,
fluidised bed combustion or heat treat-
ment of materials. Bulk solids are trans-
formed from a fixed bed into a fluidised
bed when fluids pass through them. In
terms of fluid mechanical and thermody-
namic properties, the fluidised bed be-
haves like an incompressible fluid.

The heat transfer between hot fluid and
a fixed bed occurs mainly through heat
conduction. Due to the movement of the
particles, the fluid and the particles are
very well mixed in the fluidised bed. This
enables optimum heat transfer between
fluid and particles and ensures an even
temperature distribution in the reactor.

The core element in WL 225 is a backlit
glass reactor which enables students to
observe the fluidisation process. Com-
pressed air flows upwards through a
porous sintered-metal plate. On the
sintered-metal plate is a fixed bed. If the
velocity of the air is less than the so-
called fluidisation velocity, the flow
merely passes through the fixed bed.

At higher velocities the bed is loosened
to such an extent that individual solid
particles are suspended by the fluid and
form a fluidised bed. The air escapes
through a filter at the top end of the
glass reactor.

The air flow rate is set via a valve and
measured with a flow meter. The pres-
sure at the inlet into the reactor and in
the fluidised bed is also measured.

A submersible heating element in the re-
actor enables examination of the heat
transfer in the fluidised bed. Temperat-
ures are measured by sensors at the air
inlet of the reactor, on the surface of the
heating element and in the fluidised bed
and digitally displayed. The power output
of the heating element is also digitally
displayed. Aluminium oxide in various
particle sizes is included in the scope of
delivery as bulk solid.

Learning objectives/experiments

m basic information on the fluidisation of
fixed beds

m pressure curve within the bed

m pressure losses depending on
» flow velocity
» particle size of the bulk solid

m determination of the fluidisation velo-

city

m heat transfer in the fluidised bed
» influence of the air flow rate on the
heat transfer
» influence of the heater position
» influence of the particle size
» determination of the heat transfer
coefficient

WL 225

Heat transfer in the fluidised bed

1 air filter, 2 display and control panel, 3 fluidised bed pressure sensor, 4 heater element,

5 reactor with fluidised bed, 6 reactor base made of sintered metal, with distribution cham-

ber, 7 compressed air connection, 8 flow meter, S safety valve, 10 manometer, 11 valve

for adjusting the air flow rate

NO©

Y- L

_®
_®
Xe

1 air filter, 2 moveable heating element, 3 sintered-metal plate, 4 safety valve, 5 valve for
adjusting the air flow rate, 6 pressure reducing valve, E power output, F flow rate,

T temperature

]

Wfl

Dependency of the heat transfer coefficient a on the flow velocity w: A fixed bed, B fluidised

bed, C sediment discharge, w fluidisation velocity

[1] examination of the fluidised bed formation and the
heat transfer in the fluidised bed

[2] fluidised bed of compressed air and aluminium ox-
ide, particle sizes either 100pum or 250pm

[3] glass reactor, backlit

[4] glass reactor with sintered-metal plate at the inlet
and air filter at the outlet

[3] heating element, submersible and with adjustable
power output

[B] manual setting of the air flow rate via valve and flow
meter

[7] instrumentation: temperature sensors at heater,
air inlet, in fluidised bed, pressure measurement up-
stream of the reactor and in the reactor (mano-
meter, pressure sensor), flow meter for measuring
the air flow rate, power output of the heating ele-
ment

[B] digital displays for temperatures, power output,
pressure in the fluidised bed

[9] steel rulers for measuring the immersion depth of
the heating element and the height of the fluidised
bed

[10] safety valve, temperature switch at the heater, air
filter at the outlet

Technical data

Glass reactor

m capacity: 2150mL

m filling volume: approx. 1000mL
m operating pressure: 500mbar
Heating element

m power: 0..100W

Measuring ranges

m temperature: 1x 0..100°C, 2x 0..400°C

m flow rate: 0..6,5Nm>/h

m pressure: 1x 0..25mbar, 2x 0...1600mbar
m power: 0..200W

230V, 50Hz, 1 phase

230V, 60Hz, 1 phase; 120V, 60Hz, 1 phase
UL/ CSA optional

LxWxH: 910x560x800mm

Weight: approx. 65kg

Required for operation

Compressed air connection: min. 2bar

Scope of delivery

1 experimental unit

2kg aluminium oxide, 100pm
2kg aluminium oxide, 250pum

1 steel ruler

1 hose

1 set of instructional material
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Thermal fluid energy machines

Classification of thermal fluid machinery

The table below shows an extract from a typical curriculum of  the syllabus can be modified in line with the classification of the
a technical university. The syllabus for the lecture on thermal fluid machinery. The GUNT devices cover most of these topics.
fluid energy machines looks similar to this. Depending on focus,

is the change in density.
m thermal fluid energy machines: variable density of the fluid

m hydraulic fluid energy machines: constant density

The characteristic feature used to differentiate between thermal and hydraulic fluid energy machines

Thermal fluid energy machines: variable density of the fluid

Driven machines Wt

Energy is added to the fluid v

Driving machines
Energy is removed from the fluid

Turbomachines
Transfer of energy
between the fluid and
the machine by means
of flow forces

Positive displace-
ment machines
Transfer of energy
between the fluid

and the machine by

&

Turbomachines
Transfer of energy
between the fluid and Transfer of energy
the machine by means between the fluid
of flow forces and the machine by

Positive displace-
ment machines

means of a variable
volume, generated by a
displacement device

means of a variable
volume, generated by a
displacement device

m centrifugal compressor|| m piston compressor
m fan ® Screw compressor

m radial compressor H vane compressor

m wind turbine
m steam turbine

®m gas turbine

m jet engine

m internal combustion
engine

m steam engine

m Stirling engine

H gas expansion engine

Thermal driving machines GUNT products

Thermal engines

Steam turbines
Action turbine
Reaction turbine
Steam power plant

Gas turbines
Setup with compressor/combustion chamber
Gas turbine power plant
Turbine as expansion machine

Internal combustion engines
Petrol engine (four stroke)

Diesel engine (four stroke)

Two-stroke principle

ET 805, ET 830, ET 833, ET 851

ET 851, HM 270 (catalogue 4a)

HM 272 (catalogue 4a)

ET 805, ET 810, ET 813, ET 830, ET 833, ET 850/851

ET 792 —ET 796

ET 792

ET 795

ET 792 —ET 796

series CT 159, series CT 100, series CT 300, series CT 400
CT100.20, CT 150, CT152, CT 300.04

CT100.22, CT100.23, CT 151, CT 300.05, CT 400.02

CT100.21, CT153

Thermal driven machines GUNT products

Compressors
Piston compressor
Rotary compressor

Radial compressor

ET 432, ET 500, ET 508, ET 513, HV 299 (catalogue 4a)
HM 299 (catalogue 4a)

HM 292 (catalogue 4a)




Thermal fluid energy machines
Steam power plants

Basic knowledge

Steam power plants

Steam power plants play a key role in supplying electrical energy.
In addition to electricity production, some steam power plants
use part of the heat generated to supply district heating. This is
why the Rankine steam cycle is still one of the most important
industrially used cyclic processes today.

In a steam power plant, a steam turbine — driven by steam —
generates mechanical energy. A generator then converts this
mechanical energy into electrical energy. The steam required
can be generated from nuclear energy, fossil fuels, solar energy
or geothermal energy, for example.

Steam power plants essentially have the same design:

Heat source Steam generator

Thanks to optimised processes, it has been possible to continu-
ously improve the efficiency of electrical energy generation over
the past years. Today, a total efficiency of almost 45% has been
achieved.

Turbine with generator Cooling

The following types of steam power plants are distinguished according to the heat source that provides the thermal energy:

Nuclear power plant

il

Solar thermal power plant

b

Coal-fired power plant

Oil-fired power plant

Rarely exclusive use of oil, E
mostly as an additive to coal.

Gas and steam turbine power plant

HAMBURG

5

Theoretical fundamentals of the cyclic process of a steam power plant

Rankine cycle

The Rankine cyclic process is used to assess, evaluate and com-
pare steam power plants. This thermodynamic cyclic process
describes the conversion of thermal energy into mechanical
energy and vice versa. As with all thermodynamic cycles, it can-
not exceed the efficiency of the corresponding Carnot process.

In steam power plants, first the thermal energy of a working
medium (usually water but also ammonia, for example) is con-

600

500

1 S—
iy
/]

s in kJ/kgk —

verted into mechanical energy. To this end, the working medium
is alternately condensed at low pressure and evaporated at high
pressure. The pressure is applied by the feed pump through
expending work and reduced in the turbine while releasing work.
The working medium is carried in a closed circuit.

The T-s diagram represents the Rankine cycle
of a steam power plant. The working medium is
water or water steam.

1-2
the water is isobarically heated and evaporated
in a steam boiler at a pressure of 22 bar

T-s diagram of a steam power plant

> L} 1o

Process schematic for a steam power plant

A feed water tank, B feed water pump, C steam boiler,
D superheater, E steam turbine, F generator, G condenser,
H condensate pump;

= thermal energy, low temperature,
I thermal energy, high temperature,
I mechanical/electrical energy

2-3
isobaric superheating of the steam to 300°C
3-4

polytropic expansion of the steam in the steam
turbine to a pressure of 0,2 bar; mechanical
energy is released in the process

Point 4
wet steam area: the wet steam content is now
only 90%

4-5

condensation of the steam

5-1

increase of the pressure to boiler pressure via

the condensate and feed water pump, the cyclic
process is complete
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ET 860

Safety devices on steam boilers

m steam boiler simulation with
pressure and water level regula-
tion

m safety chain with commercially
available components

m transparent boiler, clear view of
the water level

m GUNT software for data acquisi-
tion

The pressure and temperature in a
steam boiler are increased by constantly
supplying energy so that the liquid medi-
um (in most cases water) becomes
gaseous. Steam boilers are monitored
by safety devices which are electrically
connected in series, the so-called “safety
chain”. If one of the monitoring or con-
trol devices trips, an alarm is triggered
and the entire system or the affected
system component is switched off.

The ET 860 trainer enables a steam
boiler simulation to demonstrate the op-
erating principle and response beha-
viour of a safety chain according to legal
regulations. The trainer has a closed wa-
ter circuit which consists of a supply
tank, a pump and a transparent steam
boiler model with burner. The boiler is
equipped with industrial components
which monitor and/ or regulate the wa-
ter level and the pressure.

The components used have a high prac-
tical relevance. The safety chain for the
burner is functional. Burner operation is
simulated.

In addition to the safety devices, the sys-
tem is equipped with 15 fault circuits.
This enables the simulation of system
component faults so that students can
learn how to localise the faults.

Sensors measure the water level and
the pressure. The measured values are
transmitted directly to a PC via USB.
The data acquisition software is in-
cluded. The process schematic with the
safety components, the pressure curves
and a representation of the water level
can be observed in the software.

_.i:f.-lr" LETY

-

m model of an oil-fired steam boiler with
operating and safety components

m characteristics of the monitoring ele-
ments

m fault circuits
» burner with flame monitoring
» pressure switch and limiter
» feed water and level controller
» high and low water limiter

ET 860

Safety devices on steam boilers

1 water level monitoring, 2 burner, 3 steam boiler model, 4 supply tank, 5 switch cabinet,

6 switch box for fault circuit, 7 pressure measurement equipment

N

Safety chain of a steam boiler

1 supply tank, 2 feed water pump, 3 boiler, 4 burner, 5 time control, 6 pressure monitoring,

7 water level monitoring;
green: safety chain according to legal regulations , blue: water

Software screenshot: behaviour of burner, pressure limiter and pressure controller if the

pressure in the boiler rises

gunl
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[1] simulation of the operation of a steam boiler

[2] control of water level and pressure of the boiler and
fault circuit

[3] 15 faults that trigger the safety chain

[4] safety chain according to legal regulations contain-
ing: level switches, pressure switch and pressure
controller

[5] transparent boiler to observe the water level

[B] steam pressure simulated using compressed air

[7] operation of burner simulated

[8] front panel with process schematic, indicator lamps
and lab jacks

[9] GUNT software for data acquisition via USB under
Windows 7, 8.1, 10

Technical data

Boiler capacity: 110L
Supply tank capacity: 150L

Pump

m power consumption: 40..70W
m max. flow rate: 66L/min

m max. head: 4m

Pressure switch: 0,5...6bar
Pressure limiter: 0,5...6bar
Safety valve: Bbar

Measuring ranges
m pressure: 0..6bar
m level: 0..100%

230V, 50Hz, 1 phase

230V, 60Hz, 1 phase

120V, 60Hz, 1 phase

LxWxH:: 1850x790x1800mm
Weight: approx. 220kg

Required for operation

Compressed air connection: Sbar
PC with Windows

Scope of delivery

trainer

GUNT software CD + USB cable
digital multimeter

set of laboratory cables

set of instructional material

PN I QL NN
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ET 805.50

Determination of the vapour content

ET 805.50

Determination of the vapour content

©
I
S
<
=
C
T
@

Learning objectives/experiments

m determining the vapour content using 1
» a separating calorimeter with cyc-
lone water separator
» a throttling calorimeter with vapour

Specification

[1] two different ways to determine the vapour content

[2] separating calorimeter for vapour content
0,5<x<0,95, with water-cooled aftercooler

[3] throttling calorimeter for vapour content x>0,95,

Description

depressurisation 2 8 with water-cooled condenser
m using an h-s diagram [4] safety valve for safe operation

2 [5] water vapour has to be supplied by an external

3 steam generator, e.g. electrical steam generator

WL 315.02

4 [B] accessory for steam power plants ET 805, ET 830,
6 ET 850 or ET 833

5

m two different ways to determine
the vapour content

The vapour content x is a dimensionless
ratio between O and 1. It is defined by
the ratio of mass of vapour and total
mass. The total mass is calculated from
the sum of fluid mass and vapour mass.
If the vapour content is x=0, the evapor-
ation medium is completely liquid, x=1
means dry saturated vapour, a value in
between means wet vapour with a vari-
able liquid content. Separating and throt-
tling calorimeters are used to determine
the vapour content. In practice, devices
to determine the vapour content are
used in steam power plants, down-
stream of steam turbines or at steam
boilers upstream of the superheater.

ET 805.50 uses water as working medi-
um. Water vapour is also known as
steam.

The ET 805.50 trainer uses a two-stage
method to determine the vapour con-
tent. A separating calorimeter with cyc-
lone water separator is used to determ-
ine vapour contents with a high liquid
content (0,5<x<0,95). The liquid part is
separated, cooled and collected in a
measuring cup.

A downstream throttling calorimeter is
used to determine vapour contents
between x=0,95 and x=1. The wet va-
pour is depressurised in this process.
The remaining vapour part is depressur-
ised and then liquefied in a water-cooled
condenser and also collected in a meas-
uring cup. The two quantities can be
used to determine vapour mass and
total mass to calculate the vapour con-
tent.

Sensors measure the pressure and
temperature before and after depres-
surisation. The measuring results can
be used to determine the vapour con-
tent with the h-s diagram.

The water vapour has to be generated
externally, e.g. with the electrical steam
generator WL 315.02. To determine
the vapour content of the steam power
plants ET 805, ET 830, ET 850 or

ET 833, ET 805.50 is recommended.

1 displays for temperature, 2 vapour inlet manometer, 3 cyclone water separator, 4 cooler
for separated water, 5 measuring cup for separated water, 6 measuring cup for liquefied
vapour, 7 condenser, 8 tank for depressurising the vapour, 9 manometer for depressurisa-
tion process; red: vapour inlet and outlet

oL

1 water separator with cyclone, 2 cooler, 3 measuring cup for separated water, 4 measur-
ing beaker for liquefied vapour, 5 condenser, 6 tank for depressurising the vapour; red: wet
vapour, orange: depressurised vapour, blue: water; P pressure, T temperature

<
&7 ——
9 S 350°C
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h-s diagram; h enthalpy, s entropy; red: vapour content, green: temperature, blue: pressure;
black: example of measuring result: A vapour at 10bar, B vapour after adiabatic depressur-
isation at 1bar, vapour content 0,97

Technical data

Supplied vapour

m max. temperature: 240°C
m max. pressure: 10bar
Safety valve: 10bar

Measuring ranges

m temperature: 0..400°C

m pressure (inlet): O...16bar

m pressure (outlet): -150...100mbar

230V, 50Hz, 1 phase

230V, 60Hz, 1 phase

120V, 60Hz, 1 phase

UL/ CSA optional

LxWxH:: 880x800x1890mm
Weight: approx. S0kg

Required for operation

steam: max. 10bar, 240°C
water connection, drain

Scope of delivery

trainer

measuring cups

set of weights

set of instructional material

RN | =N
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ET 810 — ET 851
GUNT Steam power plants

GUNT steam power plants for laboratory and experimental
applications offer a practical approach to teaching this import-
ant subject area in technical fields of study. They are particularly
well suited for investigating and understanding the behaviour of

ment technology, and control engineering.

steam power plants under different operating conditions. The
plants are built with real, industrial components, and can also be
used to teach aspects such as maintenance, repair, measure-

ET810

(B5W)

Steam power plant
with steam engine

ET 813 Two-cylinder steam engine (500W)
together with HM 365 Universal drive and brake unit and
ET 813.01 Electrical steam generator

ET 850 Steam
generator and
ET 851 Axial
steam turbine
(50W)

u|

GUNT offers a wide range of steam power plants

The GUNT steam power plant product
range encompasses everything from
simple demonstration facilities with
a power output of just a few watts,
to modular systems in the medium
power range, and a complex steam
power plant with a process control
system and an output power of 20kW
(ET 805).

Module A
steam generator assembly

Due to the size and complexity of
ET 805, many aspects of its operat-
ing behaviour correspond to those
of real large-scale plants, allowing for
hands-on training. ET 805 consists of
three separate modules and a control
station.

ET 805 Steam power pl
with process control sy

Module D
control station

Module C
wet cooling tower

ET830
Steam power plant,
1,5kW

HAMBURG

ant 20kW
stem

20.000W
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ET 810

Steam power plant with steam engine

m functional model of a steam
power plant

m demonstrates the function of a
steam engine

In a steam engine, thermodynamic en-
ergy in the form of vapour pressure
from steam generators is converted in-
to mechanical energy. This can be used
further downstream in the process to
generate electricity or to power ma-
chinery and vehicles.

A steam power plant consists of a heat
source for generating steam, a turbine
or steam engine with a generator, and a
cooling device for condensing the ex-
haust steam.

The ET 810 trainer contains the main
components of a steam power plant: a
gas-fired steam boiler, a single-cylinder
piston steam engine with a generator, a
condenser, a feed water tank, and a
feed water pump.

The steam boiler generates water
steam and supplies it to the piston
steam engine. A piston and a crank
mechanism convert the energy from the
steam into mechanical energy.

o i |-!.|-I =

A generator in the form of a DC motor
generates electricity from the mechanic-
al power. Four light bulbs are used as
consumers of the resulting electrical en-
ergy. The exhaust steam is condensed in
a water-cooled condenser.

Safe operation is ensured by safety
devices that monitor the boiler temper-
ature and a safety valve.

Sensors record the temperature, pres-
sure, and flow rate at all relevant points.
The measured values can be read on
displays. Current and voltage from the
generator are measured and displayed
in the experimental unit.

Learning objectives/experiments

m demonstration of the function of a
steam engine

m familiarisation with the components of
a steam power plant and how they in-
teract

m recording the vapour pressure curve

m effect of re-evaporation and backfeed
of cold water

m determining fuel consumption, the
amount of steam generated, the boiler
efficiency, and the capacity of the con-
denser

gHAMBURG

ET 810

Steam power plant with steam engine

Specification

[1] demonstration of a steam power plant with single-
cylinder piston steam engine

[2] gas-ired boiler for steam generation

[3] water-cooled condenser

[4] DC generator

[5] light bulbs as consumers

[B] sensor and display for temperature, pressure, flow
rate, voltage and current

[7] safety valve and temperature monitoring for safe
operation

Technical data

Steam engine

m power: max. DWW

m speed: max. 1200min”
m cylinder: @ 20mm

1 process schematic with displays and controls, 2 steam boiler, 3 feedwater tank, 4 burn-
er, 5 boiler water level indicator, 6 generator, 7 condenser, 8 steam engine

Generator
m DC motor: max. 3,18W at 6000min”

Gas-fired boiler
m safety valve: 4bar
m gas connection 3/8"L (propane or butane)

Measuring ranges
m temperature: 8x -20...200°C
m pressure: O..6bar
m flow rate:
» 0..110L/h (gas)
» 15..105L/h (water)
m voltage: 0...10VDC
m current: 0..250mA

1 feedwater tank, 2 feedwater pump, 3 steam boiler, 4 steam engine, 5 generator, 6 con-
denser, 7 condensate tank; T temperature, P pressure, F flow rate; orange: gas, red: steam,

blue: water 230V, 50Hz, 1 phase

230V, 60Hz, 1 phase

120V, 60Hz, 1 phase
UL/CSA optional

LxWxH: 1700x810x1440mm
Weight: approx. 110kg

Required for operation

P water connection, drain, gas supply 3/8"L (propane gas

\ or butane gas)

a b c de
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Scope of delivery

trainer

set of hoses

oil (100mL)

set of accessories

set of instructional material

\
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p.V diagram: p pressure, V volume; a top dead centre and inlet opens, c inlet closes, d outlet
opens, b outlet closes; red: inlet, blue: outlet, green: work done, purple: compression and ex-
pansion
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ET813 + ET 813.01 + HM 365
Steam power plant with two-cylinder steam engine

The experimental plant, consisting of a two-cylinder steam  cyclic process of a steam power plant. The clear layout and com- Steam is generated in the electric
engine ET 813, the electrical steam generator ET 813.01andthe  prehensive instrumentation allow you to observe and under- ro—————————— | @@ steam generator 1 and fed to turbine

I
universal drive and brake unit HM 365, illustrates the typical stand all functions. i 2 via pipes. The turbine is loaded via
i
i
m part of the GUNT-FEMLine m electrical steam generator: quick start-up, — { 2

the brake unit 3. The exhaust steam
3 from the steam engine then enters
. - . . fully automatic, reliable, no exhaust gases, E
m operating principle of a piston steam engine
no fuel necessary @ ®_

The condensate is carried to the
cascade tank 5, where lubricating oil
is separated from the steam engine.

®_[ 10 From here, pump B pumps the con-

the water-cooled condenser 4.
m cyclic process of a steam power plant . N
yele p P P m no special authorisation needed

E power measurement (in EC countries)
m energy balances
m determination of efficiency i @’Q

1]
i
T —— -.-.,._u_".-.-..

< densate into the feedwater tank 7
+ and the circuit is closed.

1 steam generator, 2 turbine,
3 brake unit, 4 condenser,
5 cascade tank, 6 pump,

7
A
| | | | l 7 feedwater tank,
Y <>- 8 condensate measuring tank,
8 5 9 9 fresh water tank,

6 10 oil separator;

I steam,

HM 385 ET 813 ET813.01 [ cold water/fresh water,
[1feedwater

A single action two-cylinder steam engine with enclosed
crank drive is the core element. Because of its enclosed
design this kind of steam engine is called a steam motor.

A piston slide valve inside the cylinder cover controls the
flow of steam. The crankshaft moves the piston slide valve
via a small crank and a bell crank lever.

Steam engine

1 flywheel, 2 crankshaft, 3 connecting rod,
4 drive crank to operate the slide valve, 5 piston with piston rings,
6 bell crank lever, 7 piston slide valve, 8 cylinder cover

Software for data acquisition

The software enables display of measured values on a PC.

HM 365 Universal drive and ET 813 Two-cylinder steam engine ET 813.01 Electrical steam generator . . . . .
Recording and saving of data history is possible.

brake unit
With the help of spreadsheet programmes (e.g. MS Excel)
saved data can be evaluated. The measured values are
directly transmitted to the PC via USB.
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ET 813 ET 813

Two-cylinder steam engine Two-cylinder steam engine

Learning objectives/experiments

# m together with HM 365 and ET 813.01

Specification

[1] two-cylinder piston steam engine

f;\_}

The illustration shows a similar unit.

= functioning of a two-cylinder pis-
ton steam engine

m energy balance of the steam
power plant

m design of a complete steam
power plant together with steam
generator ET 813.01 and univer-
sal drive and brake unit HM 365

m part of the GUNT-FEMLine

In a steam power plant, thermal energy
is converted into mechanical energy,
and ultimately into electrical energy. A
steam power plant consists of a heat
source for generating steam, a turbine
or steam engine with generator, and a
cooling device for condensing. The
steam engine is used to convert thermal
energy into mechanical energy.

The ET 813 steam engine, together with
the brake unit HM 365 as a consumer
of the electrical energy and the steam
generator ET 813.01, forms a complete
steam power plant.

The trainer includes a steam engine, a
condenser and a condensate tank, and
comprehensive instrumentation.

The steam engine is a sealed two-cylin-
der steam engine with 180° crank off-
set and single-acting plunger. It can be
used to show the operating properties
and functioning of a piston steam en-
gine. Since the exhaust steam in piston
steam engines contains entrained lubric-
ating oil, an oil separator and a cascade
tank ensure the condensate is cleaned
as necessary, so that clean water can
be fed back into the feedwater tank of
the steam generator ET 813.01.

» determining the amount of steam
generated, the mechanical power
and the power consumption

» calculating the overall efficiency

» determining the heat dissipated in
the condenser

» recording the vapour pressure curve

» effective output

» specific steam consumption by the
steam engine

» thermal capacity of the boiler

Sensors record the temperature, pres-
sure, speed, and flow rate at all relevant
points. The measured values can be
read on digital displays. At the same
time, the measured values can also be
transmitted directly to a PC via USB.
The data acquisition software is in-
cluded.

1 steam engine, 2 belt drive to HM 365, 3 condenser, 4 condensate tank, 5 condensate
measuring tank, 6 sensor for cooling water flow rate, 7 displays and controls, 8 live steam

supply from ET 813.01

Experimental setup ready for operation: left: brake unit HM 365, centre: two-cylinder steam

engine ET 813, right: steam generator ET 813.01

[2] atmospheric capacitor

[3] condensate tank as cascade tank with condensate
pump

[4] steam engine loaded via brake unit HM 365

[5] sensor and display for temperature, pressure, flow
rate, and speed

[6] determination of amount of steam via condensate

[7] steam supplied by steam generator ET 813.01

[8] GUNT software for data acquisition via USB under
Windows 7, 8.1, 10

Technical data

Two-cylinder piston steam engine
m speed: max. 1000min’

®m max. continuous power: 500W
m 2 cylinders

bore: 50mm

stroke: 40mm

Condensate pump

m power consumption: max. 60W
m max. flow rate: 2,9m3/h

m max. head: 4m

Condenser
m transfer surface: 3800cm?

Measuring ranges

m temperature: 7x 0..400°C

m pressure: 0..10bar / O...1,6bar

m speed: 0..1 200min”

m flow rate: 100...1000L/h (cooling water)

230V, 50Hz, 1 phase

230V, 60Hz, 1 phase; 120V, 60Hz, 1 phase
UL/ CSA optional

LxWxH: 950x800x1750mm

Weight: approx. 200kg

Required for operation

water connection, drain, steam (8kg/h, 7bar)
PC with Windows recommended

Scope of delivery

trainer

measuring cups

stopwatch

set of accessories

GUNT software CD + USB cable
set of instructional material

[N N 0 =N
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ET 850 & ET 851

Laboratory scale steam power plant

When combined, the ET 850 Steam generator and the ET 851
Axial steam turbine from GUNT represent a real laboratory-
sized steam power plant.

This plant has all the important components of a real large-
scale plant: A once-through water-tube boiler with super-
heater, a condenser with water jet pump for vacuum operation,
a feed water tank, pumps for condensate and feed water, a
steam turbine with dynamometer, shaft sealing with labyrinth
and sealing steam.

m once-through water-tube steam boiler design
assures highest safety

m quick steam generation due to small water capacity

m electrical superheater enables adjustable
superheating of steam

m clean and odourless combustion due to heating with
propane or natural gas

m water-cooled condenser evacuated by water jet pump
enables operation without steam turbine ET 851 as
well

il ' Illll

ll.l.l.l.l.-l-ll

Sectional view of the ET 850 Steam generator

1 burner, 2 exhaust gas, 1 direction of flow of the heated air
along the heat exchanger

ET 850 Steam generator ET 851 Axial steam turbine
1 steam boiler, 4,10 condenser, 7 feed water tank, 11 brake; PD differential pressure, T temperature,
2 water separator, 5 water jet pump, 8 feed water pump, F flow, Q exhaust gas analysis, M torque
3 superheater, 6 condensate pump, 9 turbine, P pressure, S speed,
ok

Tol 2,
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X
®
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The operating behaviour is very similar to that of a real plant.
Students can observe and practice the careful adjustment of
the steam generator, turbine, condenser and superheater. The
data acquisition software evaluates the results efficiently and
accurately, and provides a quick overview.

m single-stage axial flow impulse turbine
m vertical shaft mounted on ball bearings

m contactless labyrinth gland with sealing steam enables
vacuum operation

m transparent, water-cooled condenser
m wearless eddy current brake with permanent magnet
m safety cut-off in case of overspeed via trip valve

m steam flow rate determined via condensate level

ET 850 Steam generator ET 851 Axial steam turbine

1 shaft, 2 labyrinth unit, 3 steam inlet, 4 rotor,
5 sectional view of nozzle and blades
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ET 850

Steam generator

Description

m laboratory-scale steam generator
for wet or overheated steam

m characteristic values of a steam
boiler

m various safety and monitoring
devices

m setting up a complete steam
power plant in conjunction with
the ET 851 steam turbine

A steam generator generates steam
which will later be used in drives for
steam turbines or for heating. Steam
generators and steam consumers to-
gether form a steam power plant.
Steam power plants work according to
the Rankine cycle which is still one of the
most important industrially used cyclic
processes. Steam power plants are
mainly used for electrical power genera-
tion.

The ET 850 steam generator and the
ET 851 axial steam turbine together
form a complete laboratory-scale steam
power plant.

The ET 850 trainer serves to familiarise
students with the components and prin-
ciple of operation of a steam generator
and enables them to examine the char-
acteristic values of the system.

If the steam generator is operated
without the steam turbine, the gener-
ated steam is directly liquefied in a con-
denser and fed back into the evapora-
tion circuit via condensate and feed wa-
ter pump. A water jet pump evacuates
air from the condenser and generates
negative pressure. The steam boiler is a
once-through boiler with small water
content and a short warm-up time.

Learning objectives/experiments

m specific characteristic values of a
steam boiler

efficiency of a steam generator
analysis of the exhaust gases
influence of different burner settings

of the steam

steam enthalpy

m determination of the heat flux density
and the overall heat transfer coeffi-
cient

As all components are clearly arranged
on the front panel, the cyclic process
can be easily monitored and understood.
Sensors record the temperature, pres-
sure and flow rate at all relevant points.
The measured values can be read on di-
gital displays. At the same time, the
measured values can also be transmit-
ted directly to a PC via USB. The data
acquisition software is included.

The steam generator has been con-
structed according to the Pressure
Equipment Directive, it has been pres-
sure-tested and is equipped with all leg-
ally required safety devices.

saturation temperature and pressure

gunl
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ET 850

Steam generator

[1] steam generator with gas-powered heater

[2] ET 851 steam turbine can be connected to oper-
ate a steam power plant

[3] condenser as a thick-walled glass cylinder with wa-
ter-cooled tube coil and water jet pump for air ex-
traction

[4] closed-circuit feed water supply

[5] sensor for temperature, pressure, flow rate

[B] safety facilities in accordance with the Pressure
Equipment Directive for safe operation

[7] exhaust gas analysis with exhaust gas analyser

[8] GUNT software for data acquisition via USB under
Windows 7, 8.1, 10

1 chimney for exhaust gas, 2 steam boiler, 3 burner, 4 feed water pump, 5 condensate
pump, B process schematic, 7 condenser, 8 displays and controls, 9 pressure switch,
10 feed water tank

Technical data

Burner
m heating power: 6kW

Steam generator

m once-through boiler

m operating pressure: 8bar, max. pressure: 10bar
m max. steam temperature: 250°C

m max. steam output: 8kg/h

m power of superheater: 750W

Measuring ranges

m temperature: 0..400°C

W pressure:
» 0..1,6bar abs. (condenser)
» O..16bar (live steam)

m flow rate:
» 0..14L/min (propane gas)
» 0..720L/h (cooling water)
» 0..15L/h (feed water)

Software screenshot: process schematic

230V, 50Hz, 1 phase

230V, 60Hz, 1 phase, 120V, 60Hz, 1 phase
LxWxH: 1830x790x1770mm (without chimney)
Weight: approx. 280kg

Required for operation

gas supply (propane gas): 700g,/h, 50mbar
water connection: 720L/h, 2bar, drain
ventilation, exhaust gas routing

PC with Windows recommended

Scope of delivery

trainer

GUNT software CD + USB cable
exhaust gas analyser

packing unit of distilled water (20L)
set of tools

set of instructional material

Left: ET 850 steam generator; right: ET 851 axial steam turbine; set up ready for operation,
together they form a steam power plant

[N N YL NN
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ET 851

Axial steam turbine

==

m laboratory-scale axial single-stage
steam turbine

m variety of safety and monitoring
equipment

m design of a complete steam
power plant together with the
ET 850 steam generator

Steam turbines are turbomachines. In
practice, steam turbines are mainly
used in power plants to generate electri-
city. A distinction is made between tur-
bines depending on the flow direction
and state of the steam, the working pro-
cess, and steam supply and discharge.

The ET 851 experimental unit is a single-
stage axial impulse turbine with a vertic-
al axis. The steam required is generated
by the steam generator ET 850. The
turbine can be operated with saturated
steam or superheated steam. The
steam is expanded in the turbine and
condensed via the water-cooled con-
denser. Load is applied to the turbine via
an eddy current brake. The turbine has a
non-contact labyrinth seal on the shaft
with a sealing steam circuit. The turbine
is fitted with various safety devices in or-
der to prevent damage such as by ex-
cessively high speed or pressure in the
system.

Sensors record the temperature, pres-
sure, and flow rate at all relevant points.
Turbine speed and torque are measured
electronically at the eddy current brake.
The measured values can be read on di-
gital displays. At the same time, the
measured values can also be transmit-
ted directly to a PC via USB. The data
acquisition software is included.

The ET 851 axial steam turbine, togeth-
er with the ET 850 steam generator,
forms a complete laboratory-scale
steam power plant.

m principle of operation of a steam tur-

bine:

» steam consumption of the turbine

» turbine output at different settings

» investigation of the losses occurring
in different turbine components

» power and torque curve

» overall efficiency compared to the
theoretical efficiency

gHAMBURG

ET 851

Axial steam turbine

Specification

[1] single-stage axial impulse turbine, mounted in cor-
rosion-resistant, sealed ball bearings

[2] load on the turbine by eddy current brake

[3] condenser with water-cooled coiled tube

[4] steam supply from ET 850 steam generator

[5] various safety devices for safe operation

[6] sensors and digital indicator for speed, temperat-
ure, pressure and flow rate

[7] GUNT software for data acquisition via USB under
Windows 7, 8.1, 10

Technical data

Single-stage axial impulse turbine
1 displays and contrals, 2 valve for sealing steam, 3 steam connection, 4 valve for steam in- n impeller inner diameter: 54mm
. : 5 A=l
let, 5 process schematlc: 6 Wgter conrjectlons, 7 pressure sensor for coqdensate meas B max. speed: 40000min
urement, 8 condenser with coil, 9 cooling water flow rate sensor, 10 turbine, 11 eddy cur- .
m max. inlet pressure: Sbar abs.

rent brake, 12 pressure sensor
m max. outlet pressure: 1bar abs.
m nominal power output: 50W

Measuring ranges
W pressure

» steam inlet: O...16bar

» condenser: 0...1,6bar

» differential pressure: 0..50mbar
m cooling water flow rate: 0..720L/h
m speed: 0..50000min™
m torque: 0..70Nmm
m temperature: 0..400°C

230V, 50Hz, 1 phase

230V, 60Hz, 1 phase

120V, 60Hz, 1 phase

LxWxH: 1530x790x1770mm
Weight: approx. 180kg

Software screenshot: process schematic

Required for operation

water connection: 350L/h, drain
PC with Windows recommended

Scope of delivery

1 trainer
1 GUNT software CD + USB cable
1 set of instructional material

Left: ET 850 steam generator and right: ET 851 axial steam turbine; assembled ready for
operation, together both units form a complete steam power plant
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ET 830
Steam power plant, 1,5kW

i

m complete laboratory-sized steam
power plant

m closed steam-water circuit

m GUNT software for data acquisi-
tion

m plant monitored and controlled
with PLC

In steam power plants, thermal energy
is first converted into mechanical energy
and then into electrical energy. A steam
power plant essentially consists of a
heat source for generating steam, a tur-
bine with load, and a cooling mechanism
for condensing the steam.

ET 830 has been designed specifically
for engineering education in the field of
power plant technology, and driving and
driven machines. It offers a wide range
of experiments to learn about the opera-
tional processes in a steam power plant.

An oilfired once-through steam boailer
produces wet steam that is turned into
superheated steam by means of a su-
perheater. The boiler's short heat-up
time means rapid steam generation is
possible. Load is applied to the turbine
with a generator. The turbine output is
determined by speed and torque.

Downstream of the turbine, the steam is

condensed and returned to the boiler.
The feedwater circuit is fitted with a
complete water treatment system,
which consists of a regenerable ion ex-
changer and chemical dosing. Sensors
record the temperature, pressure,
speed, and flow rate at all relevant
points. The measured values can be
read on digital displays. At the same
time, the measured values can also be
transmitted directly to a PC via USB.
The data acquisition software is in-
cluded. The control panel includes a
clear process schematic of the plant.

The system is monitored and controlled

by a programmable logic controller
(PLC).

The experimental plant is built in accord-

ance with statutory safety regulations

and includes the mandatory safety facilit-
ies. The steam generator is type tested

and does not require specific permis-
sions.

The plant can optionally be operated
with the cooling tower ET 830.01 or
ET 830.02 to supply cooling water.

m steam power plant and its components
m start-up, operation and shut down of a

steam power plant

m closed steam-water circuit with feed-

water treatment

m among others, determining:

» boiler efficiency

» mechanical/thermal efficiency of the
turbine

» condenser efficiency

» specific fuel consumption of the
plant

ET 830
Steam power plant, 1,5kW

1 superheater, 2 burner, 3 boiler, 4 condenser, 5 condensate pump, B turbine, 7 displays
and controls, 8 feedwater tank with feedwater treatment

Sectional representation of the steam turbine used: 1 speed regulator, 2 tripping function,
3 bearing, 4 exhaust nozzle, 5 shaft, 6 shaft seal, 7 Curtis wheel, 8 nozzle, 8 nozzle valve,
10 control valve

Software screenshot: process schematic

gHAMBURG

Specification

[1] laboratory-sized steam power plant

[2] oilfired steam generator with electric superheater

[3] single-stage axial turbine with Curtis wheel, vacuum
or exhaust operation

[4] DC generator as turbine load

[3] water-cooled condenser

[6] feedwater treatment

[7] GUNT software for data acquisition via USB under
Windows 7, 8.1, 10

[B8] plant monitored and controlled with integrated PLC

[9] cooling water connection 10m3/h or cooling tower
ET 830.01/ET 830.02 required

Technical data

Steam generator

m steam output: 200kg/h at 11bar
m max. fuel consumption: 12L/h

m heat-up time: 8min

m max. pressure: 13bar

Superheater
m power: 7kW

Single-stage axial turbine with Curtis wheel and hydraulic
speed regulator
m power: max. 1,5kW at 3000min”

Water-cooled condenser
m cooling capacity: 98kW
m transfer surface: 2,5m2

Measuring ranges

m temperature: 9x 0..400°C, 2x 0..100°C
m flow rate: 0...167L/min (cooling water)
m pressure: 3x 0..16bar, 1x £1bar

m torque: 0..20Nm

m speed: 0..4000min”

400V, 50Hz, 3 phases

400V, 60Hz, 3 phases

230V, 60Hz, 3 phases

LxWxH: 3500x2000x2450mm
Weight: approx. 1950kg

Required for operation

cooling water 1Om3/h, drain or ET 830.01/ET 830.02
Compressed air connection: 4,5bar, 150L/h

ventilation & exhaust gas routing required

PC with Windows recommended

Scope of delivery

1 experimental plant
1 GUNT software CD + USB cable
1 set of instructional material including detailed oper-

ating manual
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ET 833 Steam power plant 1,5 kW | - A = al .‘
with process control system R

Complete, fully functional steam power plant based on ET 830

ET 833 features a broad variety of learning objectives

High performance steam generator heated with fuel oil,

steam output of 200kg/h
Electrically heated superheater

Single-stage industrial steam turbine,
power 1.5kW at 3000 min™!

Water-cooled condenser with condensate and
vacuum pumps

Feed water treatment with water softening

Separate wet cooling tower with high-capacity
cooling water pump

Plant remote control via actuating valves

Control station with complete instrumentation
on LCD monitors

Operation via touch screen

Modern, digital process control system based on
field bus and PLC

Integrated data acquisition and calculation of
performance parameters

Safety monitoring and emergency shut-down via
PLC with alarm and warning logger

Extensive manual and instructional material

m design and function of steam power plant consisting of m determination of component efficiencies and overall plant
feed water treatment, steam generator, superheater, efficiency

steam turbine, condenser and cooling tower m familiarisation with modern plant control via PLC

m tart-up, operation and shut-down of a steam power plant e .
P. 0P P P m familiarisation with pressure, level, flow and temperature

m determination of optimal operating parameters control loops

m determination of power input and output ® maintenance and monitoring procedures

Data :
acquisition 1 Control station

Operator’s desk

&

Boiler/components Sensors Pumps/motors ~ Valves

Steam power plant

Data communication concept

1 steam generator

2 feed water pump

3 condenser

4 steam turbine

5 feed water tank

6 generator

7 control station

8 cooling tower

9 cooling water pump
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ET 833

Steam power plant 1,5kW with process control system
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The illustration shows the steam power plant together with the cooling tower ET 833.01.

m complete laboratory-sized steam
power plant

m process control system based on
Ethernet and PLC

m plant monitored and controlled
via touchscreen control station

Nowadays large process engineering
systems, such as steam power plants,
are managed with process control sys-
tems (PCS). The entire system is mon-
itored, actuators regulated and con-
trolled, measurements recorded and
displayed via the process control sys-
tem.

The steam power plant ET 833 is spe-
cifically designed for training purposes in
the field of power plant engineering with
process control systems. The system
operates very similarly to real large-
scale plants due to the high degree of
complexity.

An oilfired once-through steam boiler
and a downstream electric superheater
generate superheated steam for the
single-stage industrial turbine, which is
subjected to load via a DC generator.
The energy generated is fed back into
the grid. The exhaust steam from the
turbine is condensed and fed back to the
steam boiler.

The feedwater circuit is equipped with a
complete water treatment system with
ion exchangers and chemical dosing.
Sensors capture all relevant paramet-
ers. The measured values are both out-
put to the process control system with
programmable logic controller and sent
to a PC for data acquisition, where they
are presented and analysed with GUNT
software. Operation of the plant is fully
monitored and controlled by the process
control system. If necessary, the pro-
cess control system initiates activation
of the corresponding actuators. It is op-
erated via modern touchscreen techno-
logy on the control station. A safety sys-
tem ensures the relevant components
are shut-down and error conditions de-
tected in critical operating states.

The experimental plant is built in accord-
ance with statutory safety regulations
and includes the mandatory safety facilit-
ies. The steam generator is type tested
and does not require specific permis-
sions.

The plant can optionally be operated
with the cooling tower ET 833.01 or
ET 833.02 to supply cooling water.

e I

Learning objectives/experiments

m steam power plant and its components
with control and regulation system

m start-up, operation and shut down of a
steam power plant

m familiarisation with system control and
monitoring via a process control sys-
tem

m monitoring, servicing and maintenance
tasks

m determining: input and output power.,
component and system efficiency, spe-
cific fuel consumption of the system

ET 833

gHAMBURG

Steam power plant 1,5kW with process control system

1 superheater, 2 condenser, 3 fuel tank, 4 boiler with switch cabinet, 5 turbine, 6 switch
cabinet, 7 generator, 8 feedwater tank with feedwater treatment

, Ethernet .
J J

3 4

control station steam power plant

Process control system: 1 data acquisition PC, 2 control PC, 3 steam generator,
4 sensors, 5 pumps,/moators, 6 valves, 7 PLC programmable logic controller

‘ oy
5 P e

'l'_l ¥
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Software screenshot: PCS process control system operated via touchscreen

[1] laboratory-sized steam power plant

[2] oilfired once-through boiler with electrical super-
heater

[3] single-stage industrial steam turbine with DC gener-
ator as turbine load

[4] water-cooled condenser

[B] feedwater treatment

[B6] process control system for monitoring, control and
regulation of the plant

[7] control station with complete instrumentation on
modern LCD monitors, touchscreen operation

[B] system equipped with sensors and actuators for
monitoring and controlling the plant via integrated
PLC and Ethernet

[9] cooling water connection 1Om3/h or cooling tower
ET 833.01/ET 833.02 required

Technical data

Steam generator

m steam output: 200kg,/h at 11bar
m max. fuel consumption: 12L/h

m heat-up time: 8min

m max. pressure: 13bar

Superheater
m power 7kW

Single-stage axial turbine with Curtis wheel and hydraulic
speed regulator
m power: max. 1,5kW at 3000min”

Water-cooled condenser
m cooling capacity: 98kW
m transfer surface: 2,5m°

Measuring ranges

m temperature: 12x-50..400°C, 1x 0..100°C

m flow rate: 0..167L/min (cooling water)

m pressure: 3x 0..16bar, 2x 0..4bar, 1x-1...1bar
m torque: 0...10Nm

m speed: 0..4000min™

400V, 50Hz, 3 phases

400V, 60Hz, 3 phases

LxWxH: 3500x2000x2400mm
Weight: approx. 2250kg

Required for operation

cooling water ’IOmS/h or ET 833.01/ET 833.02
Compressed air connection: 4,5bar, 150L/h

Scope of delivery

experimental plant

control station including hardware and software
set of tools

set of instructional material

RN N
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ET 805

Steam power plant 20kW with process control system

f;\_}

The illustration shows the ET 805 steam turbine assembly.

m complete steam power plant with
process control system based on
Ethernet and PLC

m plant monitored and controlled
via touchscreen control station

Nowadays large process engineering
systems, such as steam power plants,
are managed with process control sys-
tems. The ET 805 Steam Power Plant is
specifically designed for training pur-
poses in the field of power plant engin-
eering with process control systems.
Due to the size and complexity of the
system, in many aspects the operating
behaviour corresponds to that of actual
large-scale plants, thereby enabling
training that is as close to the real thing
as possible. The plant consists of four
separate modules and can therefore be
flexibly adapted to the space available in
the laboratory:

Module A steam generator assembly: a
gas/ oilfired once-through steam boiler
and a downstream electric superheater
generate superheated steam. The feed-
water circuit is equipped with a water
treatment system with ion exchangers
and chemical dosing.

Module B steam turbine assembly: the
superheated steam is fed to a single-
stage industrial turbine with speed con-
trol. This drives a synchronous generat-
or which can be operated in grid con-
nected or stand alone mode. The ex-
haust steam from the turbine is con-
densed and fed back to the feedwater
circuit.

Module C wet cooling tower: with forced
draught for operation outdoors.

Module D control station: sensors cap-
ture all relevant plant parameters. The
measured values are both output to the
process control system with program-
mable logic controller and sent to a PC
for data acquisition, where they are
presented and analysed with GUNT soft-
ware.

Operation of the plant is fully monitored
and controlled by the process contraol
system. It is operated via modern touch-
screen technology on the control sta-
tion. A safety system ensures the relev-
ant components are shut-down and er-
ror conditions detected in critical oper-
ating states.

m design and function of a complete
steam power plant with control and
regulation system

m start-up, operation, shut down, servi-
cing and maintenance of a steam
power plant

m system control and monitoring via a
process control system

m recording and evaluation of the most
important operating parameters

m determining: input and output power,
component and system efficiency, spe-
cific fuel consumption

ET 805

Steam power plant 20kW with process control system

Steam power plant modules without control station: module A steam generator with super-
heater and feedwater treatment, module B steam turbine with generator and condenser,

module C wet cooling tower

fr—{Ethernet ———7+

fl—| CAN-bus f

control station

master

slave

1
VA —<
7

B

]

&

3 4

boiler (module A)

steam power plant

;

turbine (module B)

Process control system and module D control station: 1 data acquisition PC, 2 control PC,
3 sensors, 4 pumps/motors, 5 valves, 6 PLC programmable logic controller, 7 PPU syn-

chronous generator

Sectional representation of once-through steam boiler: 1 oil/gas burner, 2 electrical con-
troller, 3 evaporating coil, 4 feedwater supply, 5 combustion air fan, 6 safety valve, 7 steam

extraction, 8 exhaust gas nozzle

[1] laboratory-sized steam power plant

[2] gas/ailfired once-through steam boiler with elec-
trical superheater

[3] single-stage industrial steam turbine with Curtis
wheel

[4] electronic speed control with electro-pneumatic
control valve

[3] synchronous generator with PPU synchronising
device for grid connected or stand alone operation

[6] water-cooled condenser with cooling water circuit
and wet cooling tower

[7] feedwater treatment with ion exchanger and chem-
ical dosing

[B] modern digital system control via a process control
system

[9] control station with complete instrumentation on
modern LCD monitors, touchscreen operation

Technical data

Steam boiler

®m max. steam output: 600kg,/h at 13bar
m max. heat output: 393kW

m max. fuel consumption: 36,8kg/h

Superheater, capacity: 32kW, 250°C

Single-stage action turbine with Curtis wheel and elec-
tronic speed control

m max. power output: 20kW at 3600min”

Synchronous generator
m max. output: 17kVA with 400V, 60Hz

Water-cooled condenser

m cooling capacity: 38SkW

m transfer surface: 5,5m°

Cooling tower, max. cooling capacity: 540kW

400V, 50Hz, 3 phases

400V, 60Hz, 3 phases

LxWxH: 3100x2000x2500mm (steam generator)
LxWxH: 2400x2000x2500mm (steam turbine)
LxWxH: 2000x2000x2800mm (cooling tower)
Total weight: approx. 4500kg

Required for operation

water connection: 1 ,5m3/h
ventilation, exhaust gas routing

Scope of delivery

steam generator assembly

steam turbine assembly

cooling tower

control station including hardware and software
set of tools

set of instructional material

[ T YL QY
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Basic knowledge

Gas turbines

Thermodynamic principle

The gas turbine works as an open cyclic process. Typical for an
open cycle: the working medium is taken from the environment
and fed back to it after the process is complete. The cyclic pro-
cess of a gas turbine can be described by the following idealized
changes of state:

m adiabatic compression of the cold gas with compressor (A)
from ambient pressure p4 to pressure pz, associated with
temperature rising from T, to To.

m isobaric heating of gas from Ty to Tz because of heat input.
Heat input by burning fuel with oxygen from the air in com-
bustion chamber (B).

m adiabatic expansion of hot gas in a turbine (C) from pres-
sure pz to pq, associated with temperature decreasing from
T3 to T4.

One part of the mechanical power generated by the turbine is
used for driving the compressor. The rest is available as effective
power for driving a generator (D) etc.

TA

P1

oy

T-s diagram
lllustration of the ideal gas turbine process

Q4 heat input, Q2 heat output, W useful work,
T temperature, s entropy;
1- 2 compression, 2 - 3 heating, 3 -4 expansion

Fields of application

!

=)

Schematic of a simple gas turbine system

A compressor, B combustion chamber,
C turbine, D generator;
Arrows: blue air, red fuel, orange exhaust

Gas turbines are used when high power and lightweight are
required:

m driving aircraft with propeller or jet engine
m driving fast ships, locomotives, or heavy motor vehicles
m driving generators in power plants

m driving compressors and pumps in the petroleum
and natural gas industries

Quick starting is another advantage of gas turbines. They run up
quickly to full load and therefore are often used as backup drives
and for peak loads. In comparison with diesel engines, higher fuel
consumption is a disadvantage.

Principle of a two-shaft gas turbine

A two-shaft gas turbine consists of two independent turbines.
The first turbine (the high-pressure turbine) is coupled tightly
to the compressor and drives the compressor. The second
turbine (the power turbine) is not mechanically coupled with
the high-pressure turbine, and generates the effective power of
the system. A vehicle, a propeller, or a generator can be driven.

HAMBURG

The advantage of the two-shaft gas turbine is that compressor
and high-pressure turbine are driven at optimal speed for the
respective power. Speed or torque at the power turbine can be
adapted and optimised to the respective drive function. Vehi-
cles require a variable speed, whereas a synchronous generator
needs a constant speed.

o

[ suction air,

1 air inlet,
2 starter fan,
3 compressor,

I compressed air,
[Ifuel gas,

4 combustion chamber,
5 high-pressure turbine,

I hot gas,

[ exhaust gas,

9 cooling water inlet,
[ cooling water outlet,
I ubrification ail,

[ lubrification oil return

6 power turbine,
7 generator,

8 exhaust,

9 aoil pump,

10 oil tank,

11 cooling water

Process schematic of two-shaft gas turbine ET 794 with independent power turbine and generator

The turbine is operated with combustion gas. An electrically
driven auxiliary compressor (starter fan) starts the turbine. At
a certain minimum speed, fuel gas is fed into the combustion
chamber and is electrically ignited. After reaching idle speed,
the auxiliary compressor is turned off and the turbine runs on
its own.

An ail circuit with a thermostatically controlled oil-to-water
cooler, pump, and filter lubricates and cools the turbine bear-
ings.

The turbine shuts down if the oil temperature is too high or the
oil pressure is too low.
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ET 792

Gas turbine

ET 792

Gas turbine

= =t m familiarisation with the function and /10 [1] function and behaviour during operation of a gas
! typical behaviour during operation of a 9 turbine
gas turbine — [2] single-shaft arrangement for operation as jet en-
m operation as jet engine 3 gine
m operation as power turbine — [3] two-shaft arrangement for operation with power
m determining effective power turbine
m thrust measurement 7 [4] start-up fan to start the gas turbine
T m determining specific fuel consumption [3] asynchronous motor with frequency converter as
m recording the characteristic of the 8 generator
power turbine [B] conversion of generated electrical energy into heat
m determining the system efficiency 3] using four B00W braking resistors

[7] GUNT software for data acquisition via USB under
Windows 7, 8.1, 10

1 process schematic with displays and controls, 2 air intake with silencer, 3 start-up
blower, 4 switch cabinet, 5 cooling water connection, 6 generator, 7 power turbine, 8 jet

Technical data
pipe with propelling nozzle, 8 gas generator (compressor, combustion chamber, turbine),

10 exhaust silencer Gas generator (compressor and high-Eressure turbine)
1 s m speed range: 60000...125000min’
t B max. pressure ratio: 1:2,2

| b a) ‘ b) ‘ m max. mass flow rate (air): 0,125kg,/ sec
Power turbine
' m speed range: 10000...40000min 7

m max. fuel consumption: 120g/min
Sisrsiiroians A\\ A m mechanical power: O...2kW

\ \ m electrical power: O...1,5kW
- t \
1 2

m sound level at 1m distance: max. 8OdB(A)
m temperature exhaust gas 700°C

a) single-shaft system, b) two-shaft system; 1 compressor, 2 combustion chamber, 3 tur-

bine, 4 propelling nozzle, 5 power turbine, 6 generator;

Operation as jet engine
blue: cold air, red: fuel, orange: exhaust gas

i

SELE

m thrust measurement: O..50N

' t m sound level at 1m distance: max. 110dB(A)

Measuring ranges

m temperature: 4x 0..200°C / 3x 0..1200°C
m speed: 0..199999min”

m electrical power: 0..1999W

m air flow rate: 0..100L/s

m fuel mass flow rate: 0...10,5kg/h

m fuel supply pressure: O...25bar

w
(9)]
(0)]

3 4 1 2

m operation with power turbine or
as jet engine with propelling
nozzle

m simple model of a gas turbine

m display and control panel with il-
lustrative process schematic

m propane gas as fuel

The trainer ET 792 investigates the be-
haviour of a system in a two-shaft ar-
rangement (vehicle drive, ship’s propul-
sion or generator drive] and of a jet en-
gine (aircraft's propulsion).

At the core of the trainer are a so-called
gas generator and a free-running power
turbine. The gas generator consists of a
radial compressor, a combustion cham-
ber and a radial turbine. The com-
pressor and turbine are mounted on a
shaft.

Depending on the arrangement, the en-
ergy of the exhaust gas stream is either
converted into mechanical energy in the
free-running power turbine (single-shaft
arrangement) or accelerated and trans-
formed into thrust via a nozzle (two-shaft
arrangement). It is possible to convert
from a single-shaft to a two-shaft ar-
rangement in just a few actions.

The gas turbine works as an open cyclic
process, with the ambient air being
drawn out and fed back in. Intake and ex-
haust silencers reduce the noise in op-
eration of the power turbine. The use of
propane as the combustion gas ensures
clean, odourless operation. A start-up
fan is used to start the gas turbine.

Relevant measuring values are recorded
by sensors and indicated on the display
and control panel. At the same time, the
measured values can also be transmit-
ted directly to a PC via USB. The data
acquisition software is included.

Software screenshot: process schematic of open gas turbine process in a two-shaft ar-

rangement

m fuel nozzle pressure: O...4bar

m combustion chamber pressure loss: O...100mbar
m pressure, turbine inlet in gas generator: O...2,5bar
m pressure, power turbine inlet: 0..300mbar

230V, 50Hz, 1 phase

400V, 50Hz, 3 phases

400V, 60Hz, 3 phases

230V, 60Hz, 3 phases

UL/ CSA optional

LxWxH: 1500x680x1820mm
Weight: approx. 325kg

Required for operation

cooling water 200L/h, propane gas: 4...15bar

ventilation 500m°>/h, exhaust gas routing

PC with Windows recommended

Scope of delivery

trainer, 1 GUNT software CD + USB cable, 1 set of

tools, 1 set of instructional material
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ET 795

Simulation of a gas turbine

m illustrative system for simulating
a turbine plant

m safe testing and simulation of dif-
ferent operating conditions

\When operating real gas turbine power
plants in industry, the specified process
parameters must be strictly adhered to.
In order to be able to start a real plant,
the start values are specified. Incor-
rectly selecting these values can prevent
start-up or cause damage to the plant.
Critical speed ranges must be passed
through as quickly as possible. When op-
erating a plant, certain operating condi-
tions must be avoided in order to pre-
vent damage to the plant or the environ-
ment.

The ET 795 experimental unit is a pure
simulation device. It is controlled and
analysed by means of the software
provided. The advantage of a simulation
gas turbine power plant is that boundary
conditions can be passed through safely
and the plant’s response can be studied
without causing any damage to the
plant. The plant’s response can be
tested by carefully changing the process
parameters.

Nine different process parameters can
be set via potentiometers on the control
unit of the experimental unit. The pro-
cess parameters control the software.
The process parameters include tem-
perature, pressure and pressure ratio
as well as the efficiency of the individual
components. The mass flow rate and
pressure of the fuel, the air supply as
well as the load of the generator are
also adjusted via the potentiometers.

The software offers various display op-
tions. The change in the plant’s overall
efficiency resulting from the set values
can be observed in the software. The
fuel-air ratio A, the power at the drive
shaft of the compressor and at the gen-
erator as well as the pressure ratio of
the compressor can be calculated in the
software.

The experimental unit is connected to a
PC via USB.

Learning objectives/experiments

m develop a basic understanding of a gas
turbine process

m familiarisation with the special features
of a dual-shaft turbine plant with free-
running power turbine

m test the startup behaviour and load
changes of a gas turbine

m simulate the passage through a char-
acteristic diagram

m investigate how the individual compon-
ents affect efficiency

ET 795

Simulation of a gas turbine

o
14 1518

Process schematic of the gas turbine

1 air inlet, 2 potentiometer: intake pressure, 3 potentiometer: intake temperature, 4 com-
pressor, 5 potentiometer: pressure ratio, 8 motor for starting, 7 potentiometer: fuel mass
flow, 8 potentiometer: fuel pressure, 9 combustion chamber, 10 potentiometer: combus-
tion chamber temperature, 11 high-pressure turbine, 12 potentiometer: compressor,/ tur-
bine efficiency, 13 potentiometer: power turbine efficiency, 14 power turbine, 15 generat-
or, 16 potentiometer: generator load, 17 exhaust outlet; P pressure, T temperature, Q ass
flow rate, n speed

P,

92

\j

p-v diagram of the gas turbine process
p pressure, v specific volume, W useful work, g, heat supply, gz heat dissipation
1-2 compression, 2-3 heating, 3-4 expansion, 4-1 cooling
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Software screenshot: control panel of a dual-shaft turbine plant

Specification

[1] simulated operation of a gas turbine power plant

[2] dual-shaft turbine plant with free-running power tur-
bine

[3] change 9 process parameters via potentiometer

[4] software calculates: fuel-air ratio A, compressor
pressure ratio, efficiency, gas and air mass flow
rates, drive shaft and generator power

[5] GUNT software for data acquisition via USB under
Windows 7, 8.1, 10

Technical data

9 potentiometers for setting

m intake pressure: O...2bar abs.

m intake temperature: 0...100°C

m max. pressure ratio at max. speed: 1..10

m fuel mass flow, valve position: O...100%

m fuel pressure: 0...10bar

m max. combustion chamber temperature:
500..1500°C

m compressor,/turbine efficiency: 0...100%

m power turbine efficiency: 0...100%

m generator load: 0..100%

Inputs and outputs
m 16x analogue in, 1x analogue out
m each 4x digital in/out

LxWxH: B00x350x500mm
Weight: approx. 20kg

Required for operation

PC with Windows

Scope of delivery

1 experimental unit
1 GUNT software CD + USB cable
1 manual
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ET 794

Gas turbine with power turbine

g™

Learning objectives/experiments

m determining the shaft power

m determining specific fuel consumption

m recording the characteristics of the
power turbine

m determining the system efficiency

m simple model of a gas turbine

m two-shaft arrangement with high-
pressure turbine and power tur-
bine

m display and control panel with illus-
trative process schematic

m propane gas as fuel

Gas turbines with free-running power tur-
bines are used primarily as drive systems
for widely varying power requirements in
power plants and on board ships, locomot-
ives, and motor vehicles.

The ET 794 trainer investigates the beha-
viour during operation of a system with
two independent turbines in a two-shaft ar-
rangement. One turbine (the high-pressure
turbine) drives the compressor and the
other turbine (the power turbine) supplies
the effective power. Changes in power out-
put in the power turbine have no influence
on the compressor, which is able to keep
running at optimum speed at the best effi-
ciency point.

The trainer includes the following compon-
ents: compressor, tubular combustion
chamber and high-pressure turbine; fuel
system; starter and ignition system; lubric-
ation system; power turbine; generator;
and measuring and control equipment.

The complete unit is called gas turbine.
The gas turbine works as an open cyclic
process, with the ambient air being drawn
out and fed back in. The high-pressure tur-
bine together with the compressor and
the combustion chamber are called gas
generator as they produce the required
gas for the power turbine. To do so, the
ambient air drawn in is brought to a higher
pressure in the single-stage radial com-
pressor. When the air enters the combus-
tion chamber, only part of it is used for
combustion. This air is decelerated with
the aid of a turbulence generator such
that the added fuel is able to burn with a
stable flame. The greater portion of the air
is used to cool the combustion chamber
components, and is mixed into the

combustion gases at the end of the com-
bustion chamber. This reduces the gas
temperature to the permissible inlet tem-
perature of the high-pressure turbine.

The gas flows out of the combustion cham-
ber into the single-stage radial high-pres-
sure turbine and discharges a portion of
its energy to the turbine. This energy
drives the compressor.

In the power turbine, the gas discharges
the remaining portion of its energy, which
is converted into mechanical energy and
drives a generator. The electrical energy
generated is dissipated using braking res-
istors. The gas turbine is started with the
aid of a start-up fan.

The speed, temperatures, and pressures
and the mass flow rates of the air and fuel
are recorded and displayed using sensors.
Typical characteristic variables are de-
termined.

ET 794

Gas turbine with power turbine

1 process schematic with displays and controls, 2 air intake with silencer, 3 start-up
blower, 4 switch cabinet, 5 cooling water connection, 6 generator, 7 power turbine, 8 gas
generator (compressor, combustion chamber, high-pressure turbine), S exhaust silencer

Function schematic of the system: 1 cold air, 2 compressor, 3 tubular combustion cham-
ber, 4 fuel, 5 spark plug, 6 high-pressure turbine, 7 exhaust gas, 8 power turbine, 9 gener-
ator, 10 gas generator

TA

1 G5

Oy

T-s diagram of open gas turbine process: 1 - 2 compression, 2 - 3 heat addition, 3 - 4 ex-
pansion; Q, heat input, G, heat output, W useful work

gHAMBURG

Specification

[1] experiments relating to the function and behaviour
during operating of a gas turbine in a two-shaft ar-
rangement

[2] operation with power turbine and generator

[3] asynchronous motor with frequency converter as gen-
erator

[4] start-up fan to start the high-pressure turbine

[5] conversion of generated electrical energy into heat us-
ing four BO0WV braking resistors

[B] effective silencing at intake and exhaust for laboratory
operation

[7] sensors record all relevant data visualised on displays
in the process schematic

Technical data

Gas generator (compressor and high-pressure turbine)
m speed range 60000...1 25000min”

m max. pressure ratio: 1:2.0

m max. mass flow rate (air): 0,115kg,/sec

m max. fuel consumption: 120g,/min

Power turbine

m speed range: 10000..40000min”

m mechanical power: O...1,5kW

m electrical power: O...1kW

m sound level at 1m distance: max. 80dB(A)
m temperature exhaust gas 700°C

Measuring ranges

m temperature: 5x 0..180°C / 2x 0..1200°C

m speed: 0..199.999min”

m electric power: 0..1999W

m air inlet velocity: 0..28m/'s

m fuel mass flow rate: 1,5...10,5kg/h

m fuel supply pressure: O...25bar

m fuel nozzle pressure: O..4bar

m combustion chamber pressure loss: O...20mbar
m high-pressure turbine inlet pressure: O...2,5bar
m power turbine inlet pressure: 0...250mbar

400V, 50Hz, 3 phases
400V, 60Hz, 3 phases
230V, B0Hz, 3 phases
LxWxH: 1500x670x1800mm
Weight: approx. 310kg

Required for operation

cooling water: 200L/h, propane gas: 4...15bar
ventilation 500m?/h, exhaust gas routing

Scope of delivery

1 trainer
1 set of instructional material
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ET 796

Gas turbine jet engine

The illustration shows the jet engine without the protective grating.

m gas turbine, operated as jet en-
gine

m open gas turbine process

m GUNT software for data acquisi-
tion

Jet engines are gas turbines which gen-
erate thrust. Jet engines are used on
aircraft for propulsion due to their low
weight and high performance.

The ET 796 trainer investigates the be-
haviour during operation of a jet engine.

ET 796 includes the following compon-
ents: jet engine (with compressor, annu-
lar combustion chamber, turbine, and
propelling nozzle), fuel system, starter
and ignition system, and measurement
and control equipment. The gas turbine
works as an open cyclic process, with
the ambient air being drawn out and fed
back in.

In the jet engine, the ambient air drawn
in is first brought to a higher pressure in
the single-stage radial compressor. In
the downstream combustion chamber,
fuel is added to the compressed air and
the resulting mixture is ignited. The tem-
perature and flow velocity of the gas in-
crease.

The gas flows out of the combustion
chamber into the single-stage axial tur-
bine and discharges a portion of its en-
ergy to the turbine. This turbine drives
the compressor. In the propelling nozzle,
the partially expanded and cooled gas
expands to ambient atmospheric pres-
sure and the gas accelerates to almost
the speed of sound. The high-speed gas
outflow generates the thrust. In order to
reduce the outlet temperature, the ex-
haust gas stream is mixed with the am-
bient air in a mixing pipe. The gas tur-
bine is started fully automatically with
the aid of an electric starter.

The annular combustion chamber is
between the compressor and the tur-
bine. With optimum fuel utilisation, low
pressure loss, and good ignition proper-
ties, the ring shape of this combustion
chamber is typical of the design used in
jet engines. The maovable turbine plat-
form, with a force sensor, enables
measurement of the thrust.

The speed, temperatures, and mass
flow rates of the air and fuel are recor-
ded using sensors. The measured val-
ues can be read on digital displays. At
the same time, the measured values can
also be transmitted directly to a PC via
USB. The data acquisition software is in-
cluded.

Learning objectives/experiments

m behaviour during operation of a jet en-
gine including start-up procedure

m determination of the specific thrust

m determination of the specific fuel con-
sumption

m determination of lambda (fuel-air ratio)

ET 796

Gas turbine jet engine

1 mixing pipe, 2 jet engine, 3 turbine platform, 4 force sensor for thrust measurement,

5 fuel tank, 6 gas turbine controls, 7 switch cabinet

172 3 4 56 7

Process schematic: open gas turbine process

1 cold air, 2 housing, 3 compressor, 4 diffuser, 5 fuel, 6 spark plug, 7 annular combustion
chamber, 8 turbine, 8 propelling nozzle, 10 exhaust gas

Model of a jet engine

[1] experiments relating to the function and behaviour
during operation of a jet engine

[2] gas turbine with radial compressor and axial tur-
bine as jet engine

[3] single-shaft engine

[4] protective grating for the jet engine

[5] turbine mounted on moving base with force sensor
for thrust measurement

[B] electric starter for fully automatic start-up

[7] additional remote control for display and control of
the jet engine

[B] GUNT software for data acquisition via USB under
Windows 7, 8.1, 10

Technical data

Jet engine

m max. thrust: 82N at 117000min’”

m speed range 35000...1 17000min”

m fuel consumption: max. 22L/h (full load)

m exhaust gas temperature: 610°C

m sound level at 1m distance: max. 130dB(A)

Fuel: kerosene or petroleum + turbine oil
Starting system: electric starter
1 tank for fuel: 5L

Measuring ranges

m differential pressure: O...150mbar

m pressure: 0..2,5bar (combustion chamber)
m temperature: 2x 0...1200°C / 1x 0..400°C
m speed: 0..120000min”

m consumption: 0..25L/h (fuel)

m force: O...+/-200N

230V, 50Hz, 1 phase

230V, 60Hz, 1 phase

120V, 60Hz, 1 phase
UL/CSA optional

LxWxH: 1230x800x1330mm
Weight: approx. 112kg

Required for operation

ventilation 1000m?®/h, exhaust gas routing required
PC with Windows recommended

Scope of delivery

trainer

turbine oil (250mL)

GUNT software CD + USB cable

set of instructional material

manufacturer’s instruction manual (turbine)
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Basic knowledge

Compressors

Compressors are used for compressing and pumping gases.  The characteristics of compressors include:

Their higher pressure ratio distinguishes them from fans. Scroll compressors

m delivery quantity — volume of the delivered fluid/time
There are different types of compressor, depending on the area  m operating pressure — attainable positive pressure

. ) . . m a type of driven positive displacement machine, the
of application. The most important ones are briefly explained g pressure ratio = final pressure/suction pressure

energy is transferred from the compressor to the fluid via

here. m volumetric efficiency — conveyed volumetric flow rate/ a variable volume
theoretical (due to geometry) possible volumetric flow rate . . . . L .
m design and functionality: two intertwining/interlocking
spirals with a minimum distance from each other. One
spiral is stationary (stator), the other one (rotor) follows
a circular trajectory. This movement causes two cham-
bers to be formed whose volume is continuously reduced.
Turbo compressors The inlet for the fluid /gas to be pumped is on the outside, g
the outlet for the compressed gas is in the middle of the 1 fixed spiral
m a type of driven turbomachine, the energy is transferred m design: housing with control unit, shaft with one or more spirals. The pairs of spirals do not touch each other and 2 movable spiral of a
from the compressor to the fluid via flow forces rotors and blades can therefore work without lubricant. scroll compressor
m depending on the direction of fluid flow, a distinction is m applications: in gas turbines, jet engines or fans for hot- = applications: e.g. refrigeration plants or heat pumps
made between radial and axial compressors blast furnaces in steel mills, in exhaust gas turbochargers

. . . in internal combustion engines
m can compress very high volumetric flow rates, very high

flow velocities can be achieved (transonic compressors)

> inlet, low pressure,
= outlet, high pressure,
mm fixed spiral,

mm orbiting spiral

OYCICO

Piston compressors
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m a type of driven positive displacement machine, the energy is 12 1"
transferred from the compressor to the fluid via a variable 1 AN /
volume o L v i, 10
. . . . i E:ZQ 1 cylinder head,
m design and functionality: together with the cylinder and 3 [\ 2 air vent,
Screw compressors (comparable to screw pumps) cylinder cover, the piston (displacer) forms a closed space 3 cylinder with
with variable volumes. A crank mechanism generates the 4 9 cooling fins,
. L - . . . . periodic reciprocating movement of the piston in the cylinder. 4 piston,
m work according to the positive displacement principle m design: their housing contains two or more rotors that . . . . 5 5 crank rod
. . ) . . Automatic valves in the cylinder cover allow the fluid to ’
. . . . rotate in opposite directions, with an external screw . . S 6 crankshaft,
m are characterized by very continuous delivery without fi f flow into and out of the cylinder chamber. The operation is 6 e S —
ulsation and can generate very high pressures e [ ARSI e R e T G L comparable to that of a petrol engine i ’
P fluid is transported. ' 8 oil pan, -
S . . . m applications: gas compression, high pressure, starting internal 2 piston rings,
m applications: industrial use in large plants for the produc- combustion endines. most corr;monl used ’ 10 air inlet,
tion of compressed air or in refrigeration technology gines, v 8 11 inlet valve,

12 outlet valve
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ET 500

Two-stage piston compressor

ET 500

Two-stage piston compressor

[1] recording the characteristic of a two-stage com-
pressor

[2] piston compressor with 2 cylinders in V-arrange-
ment

[3] intake vessel with nozzle to measure the intake volu-
metric flow rate, pressure sensor and additional
manometer

[4] pressure vessel after the first stage as intercooler

[B] pressure vessel after the second stage with safety
valve, blow-off valve and silencer as well as an addi-
tional manometer and a pressure switch

[6] sensors for pressures, temperatures and electric
power output

[7] digital displays for temperatures, pressures, differ-

1 pressure sensor, 2 pressure vessel after 2 L compressor stage, 3 outlet valve with silen- ential pressures and electric power output

cer, 4 drive motor, 5 intercooler, 6 pressure vessel after 1 compressor stage (intermedi- [8] GUNT software for data acquisition via USB under
ate reservoir), 7 piston compressor, 8 temperature sensor, 9 compressor (1% stage), .
Windows 7, 8.1, 10

10 compressor [2”d stage), 11 switch cabinet, 12 intake vessel with measuring nozzle,

m two-stage compressor with inter-
cooler

W compression process on a p-
V diagram

Compressed air for industry and busi-
nesses that use compressed air as an
energy source is generated by means of
so-called compressed air generation
systems. A key component of these sys-
tems is the compressor. It converts the
supplied mechanical energy into a high-
er air pressure. Compressed air genera-
tion systems are used to drive machines
in mining, for pneumatic control systems
in assembly plants or tyre inflation sys-
tems at petrol stations.

ET 500 includes a complete com-
pressed air generation system with a
two-stage compressor and an additional
pressure vessel as intercooler. The
trainer enables the recording of com-
pressor characteristics and represent-
ing the compression process in a p-V
diagram.

The air is sucked into the intake vessel
through a measuring nozzle and calmed
there before it is compressed in two
stages. The additional pressure vessel
for intercooling is located between the
first and second stage. After the second
stage, the compressed air is pressed in-
to another pressure vessel through a
cooling tube. To achieve a steady state,
the compressed air can be released
through a blow-off valve with silencer.
Safety valves and a pressure switch
complete the system.

Sensors measure the pressures and
temperatures in both stages as well as
the electric power consumption. A
nozzle at the intake vessel serves to de-
termine the intake volumetric flow rate.
The measured values can be read on di-
gital displays. At the same time, the
measured values can also be transmit-
ted directly to a PC via USB. The data
acquisition software is included.

m design and function of a two-stage
compressor

m measurement of relevant pressures
and temperatures

m determination of the intake volumetric
air flow rate

B compression process on a p-V dia-
gram

m determination of the efficiency

13 safety valve, 14 manometer

\ 31 21 2

stage 1

Two-stage compression process with intermediate cooling (2-111) in p-V diagram

red: benefit compared to single-stage process

Software screenshot: process schematic of a two-stage piston compressor

Technical data

Compressor

m two-stage

m with 2 cylinders in a V-arrangement

m power consumption: 3kW

m speed: 710min”

m intake capacity: 250L/min

m quantity delivered: 202L/min (at 12bar)
m operating pressure: 12bar, max. 35bar

Intake vessel: 20L

Pressure vessels, 16bar; capacity:
m after 1% stage: 5L

m after 2™ stage: 20L

Safety valve: 16bar

Measuring ranges

m differential pressure: 0...25mbar

m pressure: 1x 0..1,5bar; 2x 0...16bar
m temperature: 4x 0..200°C

m power; 0..3500W

400V, 50Hz, 3 phases

400V, 60Hz, 3 phases

230V, 60Hz, 3 phases
UL/CSA optional

LxWxH: 1770x800x1520mm
Weight: approx. 304kg

Required for operation

PC with Windows recommended

Scope of delivery

1 trainer
1 GUNT software CD + USB cable
1 set of instructional material
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ET 513

Single-stage piston compressor

m single-stage piston compressor

m part of the GUNT-FEMLine

m setup of a complete compressor
unit in combination with the uni-
versal drive and brake unit
HM 365

The generation of compressed air for in-
dustrial and commercial purposes in
areas where compressed air is used as
a source of energy requires what are
known as compressed air generation
plants. A central part of these systems
is the compressor. It is responsible for
generating a pressure increase of the
air by means of mechanical energy.
Compressed air generation plants are
used to power machines in the mining
industry, for pneumatic control systems
in assembly facilities or as tyre inflation
units at petrol stations.

The single-stage piston compressor in
ET 513 and the drive unit HM 365 to-
gether form a complete compressed air
generation system.

The drive unit HM 365 powers the com-
pressor by means of a V-belt. The speed
of the compressor is set on HM 365.
The air is sucked into the intake vessel,
where it settles before it is compressed
inside the compressor. The compressed
air is then delivered to a pressure vessel
and is available as a working medium. To
set a steady flow operating mode, the
compressed air can be discharged over
a blow-off valve with a silencer. A pres-
sure switch with a solenoid valve for lim-
iting the pressure and a safety valve
complete the system.

Learning objectives/experiments

m setup and operating behaviour of a
compressed air generation system
with single-stage piston compressor

m determination of the characteristic
curve

m determination of the volumetric effi-
ciency

m determination of the mechanical effi-
ciency

A measuring nozzle at the intake vessel
is used to determine the suction volu-
metric flow rate. Sensors record the
pressures and temperatures in front of
and behind the compressor. The pres-
sure is also displayed on manometers in
the tanks. The measured values are
read from digital displays and can be
transmitted simultaneously via USB dir-
ectly to a PC, where they can be ana-
lysed using the software included. The
speed and torgue measurement is integ-
rated in HM 365.

ET 513

Single-stage piston compressor

1 compressor, 2 V-belt pulley, 3 intake vessel, 4 blow-off valve with silencer, 5 safety valve,
6 pressure vessel, 7 pressure switch, 8 solenoid valve, 8 switch cabinet with digital displays

1 measuring nozzle, 2 intake vessel, 3 piston compressor, 4 solenoid valve, 5 pressure
switch, 6 pressure vessel, 7 safety valve, 8 blow-off valve with silencer,9 non-return valve;
P pressure, PD differential pressure, T temperature, n speed, My torque

The illustration shows a complete experimental setup with ET 513 and HM 365

gunl
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(1]
(2]
[3]
(4]
(5]
(6]
(/]
(8]

(9]

investigation of a driven machine for compressed

air generation

single-stage piston compressor with one cylinder

drive and speed adjustment via HM 365

intake vessel with measuring nozzle for determina-

tion of the suction volumetric flow rate

intake vessel and pressure vessel, both with pres-

sure sensor and additional manometer

safety valve and pressure switch with solenoid valve

for limiting the pressure

blow-off valve with silencer for setting a steady flow

operating mode

pressure and temperature sensors in front of and

behind the compressor

digital display for air flow rate, temperatures, pres-
sures, differential pressures and compressor

speed

[10] GUNT software for data acquisition via USB under

Windows 7, 8.1, 10

Technical data

Compressor, 1 cylinder, single-stage
m power consumption: 750W

m nominal speed: 980min”

m positive operating pressure: 8bar
m max. pressure: 10bar

m intake capacity: 150L/min at 8bar
m borehole: 65mm

m stroke: 46mm

Safety valve: 10bar
Pressure vessel

m 1B6bar

m volume: 20L

Intake vessel: 20L

Measuring ranges

m temperature: 1x 0..200°C / 1x 0..100°C
m pressure: 0..16bar / -1...1bar

m flow rate: 0..150L/min

m speed: 0..1000min™

230V, 50Hz, 1 phase
230V, 60Hz, 1 phase
120V, 60Hz, 1 phase

UL/ CSA optional

LxWxH: 900x800x1510mm
Weight: approx. ca. 130kg

Required for operation

PC with Windows recommended

Scope of delivery

trainer, 1 CD with GUNT software + USB cable, 1 V-belt,
1 V-belt guard, 1 set of instructional material
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ET 432

Behaviour of a piston compressor

m open two-cylinder piston com-
pressor from refrigeration

m record of the pressure/volumet-
ric flow rate characteristic

m measurement of intake volume
and pressure ratio

m determination of volumetric and
mechanical efficiency

m GUNT software for data acquisi-
tion

Smaller refrigeration systems usually
have a piston compressor. Piston com-
pressors are positive displacement ma-
chines. These differ in their characterist-
ics decisively from flow equipment which
include the turbo compressors that are
common in very large systems.

In piston compressors the flow rate is
mainly dependent on the displaced
volume and speed. Due to the unavoid-
able dead space the flow rate drops with
increasing pressure ratio. Because the
flow rate is a measure for the refrigera-
tion capacity of the refrigeration system,
the properties of the compressor are
important for the capacity of the whole
system.

In this trainer a commercial open refri-
gerant compressor is operated in an
open process with air. The inlet and out-
let pressures and thus the pressure ra-
tio can be adjusted via valves in wide
ranges. The drive via a frequency con-
verter permits variable speeds. Pres-
sures, temperatures, electric power
consumption, speed and torque are re-
corded. The measured values are trans-
mitted directly to a PC via USB. The data
acquisition software is included.

m determine characteristic variables of a
piston compressor during experiments

m record of the pressure/ volumetric
flow rate characteristic

m determination of the volumetric effi-
ciency at different intake pressures,
pressure ratios and speeds

m determination of the isothermal com-
pressor capacity

m measurement of the mechanical and
electrical power consumption in de-
pendence of the intake pressure and
pressure ratio

m determination of the mechanical effi-
ciency and the overall efficiency

ET 432

Behaviour of a piston compressor

1 displays and contrals, 2 flow meter, 3 refrigerant compressor, 4 stabilisation tank,
5 drive motor with torque measurement, 6 manometer, 7 oil separator, 8 pressure switch,
9 valve

1 intake side valve, 2 stabilisation tank, 3 compressor, 4 drive motor, 5 oil separator, 6 de-
livery side valve, 7 silencer; F flow rate, T temperature, P pressure, M torque, n speed,

E electric power, PSH pressure switch; blue: low pressure, red: high pressure, yellow: oil re-
turn

1.0

081
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Progression of the volumetric efficiency lambda in dependence on the pressure ratio pi

[1] experimental unit for piston compressor from refri-
geration

[2] open process with air

[3] typical open two-cylinder compressor

[4] drive via asynchronous mator with frequency con-
verter for speed adjustment

[B] inlet pressure and outlet pressure (pressure ratio)
adjustable via valves

[B] instruments: 2 manometers, flow meter, sensors
for pressure, temperature, speed, torque (via
force), flow rate, digital power indication

[7] GUNT software for data acquisition via USB under
Windows 7, 8.1, 10

Technical data

Compressor

m speed: 465..975min”

m number of cylinders: 2

m stroke: 26mm

m borehole: 35mm

m displaced volume: 50cm?®

m max. displacement: 2,92m3/h (at 1450min "~
speed)

! motor

Drive motor
m power: 550W
m speed: 0..1400min”

Measuring ranges

m torque: 0..10Nm

m speed: 0..2500min™

m power: 0..600W

m temperature: 1x 0..100°C, 1x 0..200°C

m flow rate: 0,4..3,2Nm?/h

W pressure:
» pressure sensor: -1...1,5bar / -1..24bar
» manometer: -1..Sbar / -1..24bar

230V, 50Hz, 1 phase

230V, 60Hz, 1 phase

120V, 60Hz, 1 phase

UL/ CSA optional

LxWxH: 1510x790x1750mm
Weight: approx. 148kg

Required for operation

PC with Windows recommended

Scope of delivery

1 trainer
1 GUNT software CD + USB cable
1 set of instructional material
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ET 508

Simulation of a two-stage air compressor

m simulated compressor plant with
intermediate and aftercooling

\When operating real compressor plants
in industry, the specified process para-
meters must be adhered to. Certain op-
erating conditions must be avoided in or-
der to prevent damage to the plant.

The ET 508 experimental unit is a simu-
lation device which students can use to
safely familiarise themselves with the dif-
ferent operating states of a two-stage
compressor plant. Boundary conditions
and their consequences can be simu-
lated. The significance of clearance
volume and re-expansion are demon-
strated. The plant’s response can be
tested by deliberately changing the pro-
cess parameters.

Nine different process parameters can
be set via potentiometers on the control
unit of the experimental unit. The pro-
cess parameters control the software.
The process parameters include, among
other things, cubic capacity, clearance
volume, speed or intake state of the air.

L'
T

. ET 508

L

L

The software offers a wide range of dis-
play options. The consequences of
changes in the settings on the poten-
tiometers can be observed directly in
the software displays. For example, the
compression process can be displayed
in the p-V diagram. The thermodynamic
conditions can be displayed in the T-s
diagram. Single-stage and multi-stage
compression can be compared. Intake
air volume, compressor stroke and pres-
sure ratio of the respective stage, con-
vective heat transfer during condensa-
tion and air flow rate are calculated in
the software.

The experimental unit is connected to a
PC via USB. The power supply is
provided by the PC.

m fundamentals of the multi-stage com-
pression process

m characteristics of a multi-stage com-
pressor

m thermodynamic state variables

m representation of the compression
process in the T-s diagram and in the
p-V diagram

m condensation in the intercooler and af-
tercooler

m 2-point pressure control with hyster-
esis

ET 508

Simulation of a two-stage air compressor
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1 compressor, 2 heat exchanger for intercooling, 3 separator, 4 compressor, 5 motor,
6 pressure controller, 7 expansion valve, 8 pressure vessel, 9 safety valve, 10 non-return
valve, 11 separator, 12 heat exchanger for aftercooling;

P pressure, T temperature, ¢ humidity; blue: low pressure, orange: average pressure,
red: high pressure

1l ;

S? R

Principle of re-expansion;

1 top dead centre: residual air remains in the clearance volume, 2 start of downward move-

ment: this air expands to the atmospheric pressure before the suction valve opens; S clear-
ance volume, H displacement, R re-expansion

Software screenshot

Specification

[1] simulated operation of a two-stage compressor
plant with intermediate and aftercooling

[2] change S system parameters via potentiometers

[3] software calculates: intake air volume, temperat-
ures, pressures, pressure ratio stage 1+2, con-
vective heat transfer during condensation, delivered
air volume

[4] GUNT software for data acquisition via USB under
Windows 7, 8.1, 10

Technical data

9 potentiometers for setting

m intake pressure: O...2bar abs.

m intake temperature: 0...100°C

m relative air humidity: 0...100%

m coolant mass flow: 0..100kg,/h at 15°C
m flow control valve position: O0...100%

m tank nominal pressure: 0...50bar

m motor speed: O...1 000min”

m tank volume: O...1000L

m relative clearance volume: O...100%

Inputs and outputs
m 16x analogue in, 1x analogue out
m each 4x digital in/out

LxWxH: B00x350x480mm
Weight: approx. 15kg

Required for operation

PC with Windows

Scope of delivery

RN

experimental unit
1 GUNT software CD + USB cable
manual

RN




Thermal fluid energy machines
Piston compressors

ET 512

Compressed air generation plant with piston compressor

m compact compressed air genera-
tion plant

m single-stage piston compressor

m recording the compressor char-
acteristic curve

Compressed air generation plants are
used to apply compressed air as a
source of energy. Compressed air is
used instead of electrical energy in min-
ing or in the chemical industry because
there is a danger of explosion due to
flammable gases. The central compon-
ent of such plants is the compressor.

The ET 512 experimental unit contains
all the components of a compressed air
generation plant: a single-stage piston
compressor, driven by an electric motor
via a V-belt, a compressed air tank with
manometer, pressure switch and safety
valve. Any consumer can be connected
to the compressed air tank via a quick-
release coupling.

The ET 512 unit can also be used to
test the function of the piston com-
pressor. During the functional test, the
pressure rise in the tank over time is re-
corded as a measure of the com-
pressor’s capacity.

A power meter records the drive motor
data. The effective power is shown on a
digital display. A stopwatch is included
for time-dependent measurements.

Learning objectives/experiments

m familiarisation with a compressed air
generation plant
m function test on a single-stage piston
compressor
» pressure rise in the compressed air
tank over time
» effective power of the drive motor as
a function of pressure

Specification

[1] familiarisation with a compressed air
generation plant

[2] single-stage piston compressor

[3] pressure vessel with manometer,
safety valve, valve for drainage and
connection for consumers

[4] digital display to show voltage, cur-
rent, effective power

Technical data

Piston compressor, 1 cylinder, single-
stage

m max. delivery pressure: 10bar

m intake capacity: 115L/min

m bore: 50mm

m stroke: 32mm

m displaced volume: 63cm®

Drive motor

m power consumption: 0,25kW

m speed: 1405min”

Pressure vessel i e
m content; 10L L1 -
m max. pressure: 10bar .y

Measuring ranges

m power consumption: O...4kW
m manometer: O...16bar

m stopwatch: 1,/100s

230V, 50Hz, 1 phase .,
120V, 60Hz, 1 phase

LxWxH: 750x540x560mm

\Weight: approx. 38kg

Scope of delivery

1 experimental unit
1 set of instructional material

HAMBURG

__F-!-"‘-'.' e
A e e

GUNT’s policy is simple:

high quality hardware and clearly
developed accompanying instruc-
tional material ensure successful
teaching and learning about an
experimental unit.

The core of the accompanying mate-
rial are detailed reference experi-
ments that we have carried out.

The description of the experiment
contains the actual experimental setup
right through to the interpretation

of the results and findings. A group of
experienced engineers develops and
maintains the instructional material.

Nevertheless, we are here to help
should any questions remain
unanswered, either by phone or —
if necessary — on site.




Thermal fluid energy machines
Internal combustion engines

Basic knowledge

Internal combustion engines

Internal combustion engines are thermal fluid energy machines:
they generate mechanical energy by burning a mixture of fuel
and air. All work processes take place inside a working area: the
cylinder. Since the force/energy within the cylinder is trans-
ferred by means of a variable volume, internal combustion
engines are part of the group of positive displacement machines.

Motors or engines are often used to power motor vehicles,
ships or locomotives. They are also used for drives that must be
reliable and independent of the electrical power supply, such as
emergency backup generators, construction machines or agri-
cultural machinery.

2-stroke engine: one work cycle = one crank revolution

Small single-cylinder engines are perfect for demonstrating the
fundamentals of engine technology. GUNT offers various internal
combustion engines with capacities of up to 75kW, including
real car engines with a volumetric displacement of up to two
litres. Among these engines are four-stroke diesel and petrol
engines, petrol engines with variable compression and two-
stroke petrol engines.

Comparison of

Load
Fuel supply

Ignition

Compression ratio

Fuel-air ratio

Fuel

air/fuel mixture
carburettor
ignition spark
5.8

0,8.12

petrol

carburettor

ignition spark

HAMBURG

gines: 2-stroke petrol engine, 4-stroke petrol engine, 4-stroke diesel engine

_ 2-stroke petrol engine 4-stroke petrol engine 4-stroke diesel engine

air/fuel mixture

pure air
injector nozzle

compression

5.12 14..21
0,8.12 1,5..10
petrol diesel

15t stroke: compression/intake

The piston moves upward: from bottom dead centre to top
dead centre

Processes above the piston:

The precompressed mixture is further compressed above
the piston. The compressed mixture is ignited shortly
before the top dead centre is reached.

Compression
and intake

Processes below the piston:

The transfer port is closed as the piston travels upwards.
Due to the resulting negative pressure the inlet valve
opens: The fuel and air mixture is drawn in.

Top dead centre:
ignition

4-stroke engine: one work cycle = two crank revolutions

2"d stroke: power / precompression

Downward motion of the piston: from top dead centre to
bottom dead centre

Processes above the piston: The resulting pressure forces
the piston downward and opens first the outlet channel and
then the transfer port. The precompressed mixture under
the piston pushes the accumulated exhaust fumes out and
fills the cylinder.

Expansion
|

Processes below the piston:

The mixture that was sucked in is precompressed by the
upward motion of the piston and pressed into the transfer
port. The positive pressure closes the inlet valve.

Bottom dead
centre

gas exchange:

exhaust and
purging

Indicator diagram of a 2-stroke engine

Ve

VH

7=

N

15t stroke (0 -1):
1-2):

(2-3):

2" stroke (3-4):
4:

4’

1

1:

the cylinder is charged with the fuel /air mixture,
compression of the mixture,

ignition and combustion of the mixture,
expansion of the combustion gases,

exhaust opens, expansion is finished

transfer port opens, purging starts

purging is finished

exhaust closes and compression starts

=p~ intake, == compression, == power, == exhaust;
pu ambient pressure, V volume,
Vy displaced volume, Ve compression volume

15t stroke: intake 2" stroke: compression

v

The piston moves from the top
to the bottom dead centre. As
it does, the fuel and air mixture
is sucked in.

The piston moves from the bot-
tom to the top dead centre. As
it does, the fuel and air mixture
is compressed.

3rd stroke: power — 4th stroke: exhaust

ignition and expansion

v

The compressed fuel and air
mixture is ignited shortly
before the top dead centre
is reached. The resulting
pressure presses the piston
downwards.

The piston moves from the
bottom to the top dead centre.
As it does, the exhaust gases
are discharged.

A
p
3
2
4
pu B = j%/;l
T
- V——>
= i
S O

- —

15t stroke (0 -1):

2" stroke (1-2):

3rdstroke (2-3):

(3-4):

4th stroke (4-4):
(4’-0):

intake

m of the fuel and air mixture in a petrol engine,

m of pure air in a diesel engine

compression

m of the fuel and air mixture in a petrol engine,

m of air to a least 700°C in a diesel engine

ignition and combustion

m of the fuel and air mixture in a petrol engine
(spark plugs),

m injection of diesel ail, ignition caused by high air
temperature

expansion of the combustion gases

exhaust of the combustion gases

expulsion of the remaining combustion gases




Thermal fluid energy machines
Internal combustion engines

Test stands for internal combustion engines

GUNT offers four different test stands for internal combus-
tion engines in the 2,2 kW to 75 kW power range. The engines
include four-stroke diesel and petrol engines, petrol engines
with variable compression ratios and two-stroke petrol engines.

The electronic indicating system is a good way to gain an
in-depth understanding of how an engine works. Special pres-
sure sensors record the pressure in the cylinder chamber.
These data provide important information on the combustion
process in the engine. In industrial applications, indicating
systems are used to optimise the combustion process. The
data are used to create the indicator diagram.

The indicating system helps identify the individual strokes of
the engine. The process of ignition or an ignition attempt, and
the gas exchange can be examined. Cranking without ignition
can be simulated while examining the processes inside the
cylinder chamber. The idling behaviour of diesel and petrol
engines can be compared. The indicating system can be used
to carry out a thermodynamic analysis of the engine.

The engines are supplied with fuel and air via the test stands.
The exhaust gases can be studied using an exhaust gas analyser.

- CT159.01 ELEKTRONISCHES INDIZIERSYSTEM =2

=
-

-
-

Indicator diagram of a
4-stroke engine

CT159

Modular test stand for single-cylinder engines, 2,2kW

CT110
Test stand for single-cylinder engines, 7,5kW

L}

[ N N N ]
L S | -
i = .

HAMBURG

Modern GUNT software for Windows with comprehensive
visualisation functions:

m process schematic for all engines with real-time display of all
measured and calculated variables

m display of up to four characteristics at the same time

representation of characteristics: select any assignment for

the axes of the diagram

storage of measuring data

selection between four preset languages

easy connection to a PC via USB

calculated variables

» specific fuel consumption

» intake air volumetric flow rate

» mechanical power

» efficiency

» volumetric efficiency

» fuel-air ratio A

CT 300
Engine test stand, 11kW

CT 400

Load unit, 75kW, for four-cylinder engines

H':*-:_ 3 h""l:--'
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Thermal fluid energy machines
Internal combustion engines

CT159

Modular test stand for single-cylinder engines, 2,2 kW

The series CT 159 offers four different internal combustion engi-
nes in the power range up to 2,2 kW: A four-stroke diesel and
petrol engine, a petrol engine with adjustable compression ratio
and a two-stroke petrol engine. The engines are supplied with
fuel and air via a modular test stand, CT 159. The exhaust fumes
are discharged to the outside via hoses.

The engines are connected to the HM 365 Universal drive and
brake unit by a V-belt. HM 365 is first used to start the engines.

While the engines are running, HM 365 is operated in generator
mode, thus braking the engines. The engines can be examined
under full load or under partial load conditions. The characte-
ristic diagram is determined with variable load and speed. The
interaction of the brake and engine can also be examined in this
context.

HM 365 + CT 159
+test engine (CT 150 — CT153)
incl. software for data acquisition

Extended range of experiments

HAMBURG

characteristics for full and partial load
determination of friction loss in the engine
comparison of diesel and petrol engines
comparison of 2-stroke and 4-stroke engines
4-stroke petrol engine with variable
compression

with

electronic indication with PC-based data
acquisition with CT 159.01 + engine-specific
pressure sensor with TDC sensor
(CT159.03 — CT159.05)

and/or

exhaust gas analysis
with CT 159.02

CT150
Four-stroke
petrol engine

Air-cooled, single-
cylinder, 4-stroke
petrol engine with
external carburation

CT 151
Four-stroke
diesel engine

Air-cooled, single-
cylinder, 4-stroke
diesel engine with
direct injection

CT 152 Four-stroke petrol

HM 365 Universal drive and brake unit

CT 159 Modular test stand for single-cylinder engines, 2,2 kW

engine with variable
compression

Air-cooled, single-cylinder, i
4-stroke petrol engine: 1

m variable compression
ratios that can be set
by changing the combustion chamber
geometry

m adjustable ignition point and variable
carburettor jet

CT153
Two-stroke
petrol engine

Air-cooled, single-
cylinder, 2-stroke
petrol engine with
diaphragm carburettor

CT159.03
Pressure
sensor and
TDC sensor
P
X
\
CT159.04 L
Pressure .
sensor and L
TDC sensor ||
CT159.01 CT159.02
Electronic engine Exhaust gas
indicating system analysing unit
for CT159 Measurement of
Pressure measure- the composition of
CT159.03 ment in the cylinder exhaust gases
Pressure chamber of an internal (CO, COy, HC, Oo),
sensor and combustion engine the fu_el/air ratio A and
the oil temperature of
TDC sensor m p-V diagram the engine.
m p-t diagram
| m pressure curve
during gas
exchange
m determination of
the indicated per-
formance
m determination of
mechanical effi-
ciency
CT159.05
Pressure
sensor and
TDC sensor
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CT 150

Four-stroke petrol engine for CT 159

m engine for installation in the
CT 159 test stand
m part of the GUNT-FEMLine

In conjunction with the CT 159 test
stand and the HM 365 load unit, the
simple four-stroke petrol engine is highly
suitable for use in teaching the funda-
mentals of engine functioning and meas-
urement.

The engine used here is an air-cooled
single-cylinder four-stroke petrol engine
with external carburation. The engine is
started by an electric motor mounted in
the HM 365 unit. The air cooling is ef-
fected by a flywheel fan. The HM 365
load unit is coupled by way of a pulley on
the drive shaft.

The engine includes a sensor to meas-
ure the exhaust gas temperature. The
sensar, ignition cut-off as well as air and
fuel supply are connected to the CT 159
test stand.

The full load and partial load character-
istic curves of the engine are plotted in
experiments.

Learning objectives/experiments

m in conjunction with CT 159 test stand

+ HM 365 load unit

» familiarisation with a four-stroke pet-
rol engine

» plotting of torque and power curves

» determination of specific fuel con-
sumption

» determination of volumetric effi-
ciency and lambda (fuel-air ratio)

» determination of the frictional power
of the engine

Specification

[1] air-cooled single-cylinder four-stroke
petrol engine for installation in the
CT 159 test stand

[2] engine mounted on vibration-insu-
lated base plate

[3] force transmission to brake via pul-
ley

[4] engine complete with fuel hose and
exhaust gas temperature sensor

[3] fuel hose with self-sealing quick-re-
lease coupling

Technical data

Air-cooled single-cylinder petrol engine
m power output: 2,2kW at 3200min’
m bore: 62mm

m stroke: 42mm

Belt pulley: @ 125mm

LxWxH: 450x360x380mm
Weight: approx. 22kg

Scope of delivery

1 engine, complete with all connec-
tions and supply lines
1 manual

CT 151

Four-stroke diesel engine for CT 159

m engine for installation in the
CT 159 test stand
m part of the GUNT-FEMLine

In conjunction with the CT 159 test
stand and the HM 365 load unit, the air-
cooled four-stroke diesel engine is highly
suitable for use in teaching the funda-
mentals of engine functioning and meas-
urement.

The engine used here is an air-cooled
single-cylinder four-stroke diesel engine
with direct injection. The engine is star-
ted by an electric motor mounted in the
HM 3B5 unit. The air cooling is effected
by a flywheel fan. The HM 365 load unit
is coupled by way of a pulley on the drive
shaft. The engine includes a sensor to
measure the exhaust gas temperature.
The sensor, ignition cut-off as well as air
and fuel supply are connected to the

CT 159 test stand.

The full load and partial load character-
istic curves of the engine are plotted in
experiments.

Learning objectives/experiments

m in conjunction with CT 159 test stand

and HM 365 load unit

» familiarisation with a four-stroke
diesel engine

» plotting of torque and power curves

» determination of specific fuel con-
sumption

» determination of volumetric effi-
ciency and lambda (fuel-air ratio)

» determination of the frictional power
of the engine

[1] air-cooled single-cylinder four-stroke
diesel engine for installation in the
CT 159 test stand

[2] engine mounted on vibration-insu-
lated base plate

[3] force transmission to brake via pul-
ley

[4] engine complete with fuel hose and
exhaust gas temperature sensor

[3] fuel hose with self-sealing quick-re-
lease coupling

Technical data

Air-cooled single-cylinder diesel engine
m power output: 1.5kW at 3000min’”
m bore: 69mm

m stroke: 62mm

V-belt: @ 125mm

LxWxH: 430x350x350mm
Weight: approx. 38kg

Scope of delivery

1 engine, complete with all connec-
tions and supply lines
1 manual




Thermal fluid energy machines

Internal combustion engines

CT 152

Four-stroke petrol engine with variable compression for CT 159

m engine for installation in the
CT 159 test stand
m part of the GUNT-FEMLine

In conjunction with the CT 159 test
stand and the HM 365 load unit, the en-
gine is highly suitable for investigation of
different compression ratios, ignition
timing adjustment and an adjustable jet
nozzle.

The engine used here is an air-cooled
single-cylinder four-stroke petrol engine
with external carburation. A madified cyl-
inder head permits experiments with
various combustion chamber inserts
and compression ratios. To adjust the
mixture composition, the carburettor
was modified. CT 152 is fitted with a
manual adjustment to adjust the ignition
timing - from advanced to retarded.

The engine includes a sensor to meas-
ure the exhaust gas temperature. The
sensar, ignition cut-off as well as air and
fuel supply are connected to the CT 159
test stand.

The full load and partial load character-
istic curves of the engine are plotted in
experiments.

Learning objectives/experiments

m in conjunction with CT 159 test stand
+ HM 365 load unit, in addition to the
standard basic experiments
» influence of compression ratio, mix-

ture composition, ignition timing on
engine characteristics and exhaust
gas temperature

[1] air-cooled single-cylinder four-stroke
petrol engine for installation in the
CT 159 test stand

[2] 5 variable compression ratios, ad-
justable by varying the combustion
chamber geometry

[3] adjustable ignition point

[4] mixture composition adjustable

[3] engine mounted on vibration-insu-
lated base plate

[B] force transmission to brake via pul-
ley

[7] engine complete with fuel hose and
exhaust gas temperature sensor

[B] fuel hose with self-sealing quick-re-
lease coupling

Technical data

Air-cooled single-cylinder petrol engine

m power output: 1,2kW at 2500min’

m bore: 65,Tmm

m stroke: 44,4mm

m compression ratios: 1:10; 1:8,5; 1:7
(original compression ratio), 1:5,5; 1:4

m ignition timing adjustable in 11 stages:
10° after TDC to 40° before TDC

Belt pulley: @ 125mm

LxWxH: 350x420x500mm
Weight: approx. 21kg

Scope of delivery

1 engine, complete with all connec-
tions and supply lines

5  combustion chamber inserts

pin type face wrench

1 manual

RN

CT 153

Two-stroke petrol engine for CT 159

m engine for installation in the
CT 159 test stand
m part of the GUNT-FEMLine

In conjunction with the CT 159 test
stand and the HM 365 load unit, the
two-stroke petrol engine is highly suit-
able for use in teaching the fundament-
als of engine functioning and measure-
ment.

The engine used here is an air-cooled
single-cylinder two-stroke petrol engine
with @ membrane carburettor. The en-
gine is started by an electric motor
mounted in the HM 365 unit. The air
cooling is effected by a flywheel fan. The
engine output is dissipated via a centrifu-
gal clutch. The HM 365 load unit is
coupled by way of a covered V-belt drive.
Because of the high speed this engine is
provided with a smaller pulley than other
engines in the series.

The engine includes a sensor to meas-
ure the exhaust gas temperature. The
sensor, ignition cut-off as well as air and
fuel supply are connected to the CT 159
test stand.

The full load and partial load character-
istic curves of the engine are plotted in
experiments.

gHAMBURG

Learning objectives/experiments

m in conjunction with CT 159 test stand

and HM 365 load unit

» familiarisation with a four-stroke pet-
rol engine

» plotting of torque and power curves

» determination of specific fuel con-
sumption

» determination of volumetric effi-
ciency and lambda (fuel-air ratio)

Specification

[1] air-cooled single-cylinder two-stroke
petrol engine for installation in
CT 159 test stand

[2] engine mounted on a base plate with
vibration dampers

[3] force transmission to brake via pul-
ley, gear transmission 2:1

[4] engine completely equipped with fuel
line, throttle cable and exhaust gas
temperature sensor

[3] fuel hose with self-sealing quick-re-
lease coupling

Technical data

Air-cooled single-cylinder petrol engine
m power output: 1,32kW at 6500min’’
m displacement: 45cm?

m bore: 42,5mm

m stroke: 32mm

V-belt: diameter=63mm

LxWxH: 430x355x310mm
Weight: approx. 8kg

Scope of delivery

1 engine, complete with all connec-
tions and supply lines
1 manual
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CT 159

Modular test stand for single-cylinder engines, 2,2kW

-,.,] Learning objectives/experiments
I

CT 159
Modular test stand for single-cylinder engines, 2,2kW

m in conjunction with the HM 365 load [1] test stand for mounting of prepared single-cylinder
- . - = unit and one of the engines (CT 150 - engines (two-stroke and four-stroke] with a maxim-
e | H CT 153) um power output of 2,2kW
-, » plotting of torque and power curves [2] engine started by HM 365
» determination of specific fuel con- [B] HM 365 acting as a brake generates the engine
sumption load
» determination of volumetric effi- [4] force transmission from engine to load unit via V-
ciency and lambda (fuel-air ratio) belt drive
» determination of the frictional power [5] continuous adjustment of speed and torque using
of the engine (in passive mode) HM 365
[B] vibration-dampened switch cabinet for display and
contraol

[7] measuring tube with scale and pressure sensor for
manual and electronic fuel consumption measure-

1 displays, 2 air hose, 3 air filter, 4 stabilisation tank, 5 fuel tank with pump, B connections ment

and controls, 7 measuring tube for fuel consumption [8] measurement and display of air consumption, ambi-
ent temperature and fuel temperature

[9] measured value displays for engine exhaust gas
temperature

[10] stabilisation tank for intake air

[11] 3 supply tanks for different fuels

[12] GUNT software for data acquisition via USB under
Windows 7, 8.1, 10

Technical data

3 fuel tanks: 5L each

Measuring ranges

m temperature:
» 0..100°C (ambient)
» 0..100°C (fuel)

e . - ) ) » 0..1000°C (exhaust gas)
1 air filter, 2 orifice plate, 3 stabilisation tank, 4 fuel tank with pump, 5 fuel filter, 6 measur- . . .
ing tube for fuel consumption, 7 diesel return, 8 motor (CT 150-CT 153), 8 HM 365; B fuel m air consumption: 30"'883L3/m|n
consumption, T temperature, F volumetric flow rate, n speed, M torque, orange: fuel, green: m fuel consumption: 0..50cm®/min
intake air, yellow: exhaust gas

230V, 50Hz, 1 phase

m setup of a complete test stand in
conjunction with the universal
drive and brake unit HM 365 and
an engine

m test stand for single-cylinder in-
ternal combustion engines up to
2,2kW

= HM 365 drive and brake unit
used as belt-driven starter-gener-
ator

m part of the GUNT-FEMLine

This test stand measures the power out-
put of internal combustion engines deliv-
ering up to 2,2kW. The complete test
stand consists of three main elements:
The CT 158 for mounting of the engine
and as a control unit, the universal drive
and brake unit HM 365 as a load unit
and a choice of engine: four-stroke dies-
el engine (CT 151), two-stroke petrol en-
gine (CT 153) and two four-stroke petrol
engines (CT 150 or CT 152 with vari-
able compression).

The main function of CT 158 is to mount
the engine, supply it with fuel and air and
record and display relevant measure-
ment data. The engine is mounted on a
vibration-insulated base plate and con-
nected by way of a belt drive to HM 365.

HM 385 is initially used to start the en-
gine. As soon as the engine is running,

HM 365 acts as a brake for applying a
load to the engine.

The lower section of the mobile frame
contains fuel tanks and a stabilisation
tank for the intake air.

The vibration-dampened switch cabinet
contains digital displays for temperat-
ures (one display each for exhaust gas,
fuel and intake air) and air consumption.
The speed and torque are adjusted and
displayed on the HM 365.

The measured values are transmitted
directly to a PC via USB. The data ac-
quisition software is included.

Complete experimental setup with HM 365, CT 159 and CT 151

230V, 60Hz, 1 phase; 120V, 60Hz, 1 phase
UL/ CSA optional

LxWxH: 900x800x1900mm

Weight: approx. 135kg

Required for operation

exhaust gas routing, ventilation
PC with Windows recommended

Scope of delivery

test stand (devoid of engine and load unit)
set of tools

set of accessories

GUNT software CD + USB cable

set of instructional material

RN N R Y Y
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CT110

Test stand for single-cylinder engines, 7,5 kW

The CT110 test stand can be used
for a wide range of experiments on
small internal combustion engines
with a power output of up to 7Z5kW.
There is a choice of 4 different
engines, which can be mounted on
the base plate in the test stand as
required. An engine can be installed
in just a few minutes.

A load is applied to the engines by
an air-cooled asynchronous motor,
which is actuated by a frequency
converter.

The engines can be investigated
under full and partial load. A variable
load and speed is used to determine
the characteristic diagram for the
engine. The interaction of the brake
and the engine can also be investi-
gated.

The test stand is ideal for both
demonstrations and for indepen-
dent experiments by students. The
powerful software provides excellent
support for the learning process.
The well-structured instructional
material sets out the fundamentals
and provides a step-by-step guide
through the experiments.

The test stand can be operated in
normal laboratory facilities. The
engine and asynchronous motor are
mounted on a single vibration-insu-
lated frame. Intake sound absorption
reduces noise. The exhaust gases
are vented externally via a hose.

CT 110 Test stand for single-cylinder engines, 7,5kW

CT110
+ test engine (CT100.20 — CT 100.23)
incl. software for data acquisition

characteristic curves at full and partial load
determination of engine friction loss
comparison of diesel and petrol engines
comparison of two-stroke and four-stroke
engines

Extended range of experiments

HAMBURG

with

electronic indication with PC-based data acquisition
with CT 10013 + engine-specific pressure transducer

(CT100.14 - CT10017)

and/or

exhaust gas analysis

and/or

exhaust gas calorimeter

CT100.20
Four-stroke

petrol engine
Air-cooled four-stroke

CT10014
Pressure
transducer

petrol engine with
carburettor

CT100.21
Two-stroke
petrol engine
Air-cooled

CT10017
Pressure
transducer

two-stroke

petrol engine
with reverse &
scavenging =

CT100.22
Four-stroke
diesel engine
Air-cooled

CT100.16
Pressure
transducer

four-stroke
diesel engine

with direct
injection
CT100.23

-
Water-cooled four-stroke .
diesel engine R e

Water-cooled

CT10015
Pressure
transducer

four-stroke diesel
engine using the
swirl chamber
principle

with CT159.02 with CT100.11
CT159.02 CT100.11
? Exhaust gas Exhaust gas
q analysing unit calorimeter
\ A Measurement of Counterflow heat
. the composition of exchanger for calorimet-
b exhaust gases ric analysis of exhaust
P = (CO, CO,, HC, 0,), gases from internal
v the fuel/air ratio A and combustion engines
the oil temperature of
CT10013 the engine.

Electronic engine

indicating system

Pressure measurement

in the cylinder chamber

of an internal combustion

engine

m p-V diagram

m p-t diagram

m pressure curve during
gas exchange

m determination of the
indicated performance

m determination of
mechanical efficiency

TDC sensors for all
models are included in
the scope of delivery
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CT 100.20
Four-stroke petrol engine for CT 110

CT 100.21
Two-stroke petrol engine for CT 110

Learning objectives/experiments

m in conjunction with CT 110 test stand

» familiarisation with a four-stroke pet-
rol engine

» plotting of torque and power curves

» determination of specific fuel con-
sumption

» determination of volumetric effi-
ciency and lambda (fuel-air ratio)

» determination of the frictional power
of the engine

Learning objectives/experiments

m in conjunction with CT 110 test stand

» familiarisation with a two-stroke pet-
rol engine

» plotting of torque and power curves

» determination of specific fuel con-
sumption

» determination of volumetric effi-
ciency and lambda (fuel-air ratio)

Specification

[1] air-cooled single-cylinder two-stroke
petrol engine for installation in the

(1]

(2]
(3]

(4]

air-cooled single-cylinder four-stroke
petrol engine for installation in the
CT 110 test stand

engine mounted on base plate

force transmission to brake via elast-
ic claw coupling

engine complete with fuel hose and
exhaust gas temperature sensor

CT 110 test stand

[2] engine mounted on base plate
[3] force transmission to brake via elast-

ic claw coupling

[4] engine complete with fuel hose and

exhaust gas temperature sensor

5] fuel hose with self-sealing quick-re-

lease coupling

[3] fuel hose with self-sealing quick-re-
lease coupling

Technical data

Air-cooled single-cylinder petrol engine
m power output: 7,5kW at 3000min 7
m bore: 87,3mm

m stroke: 66,7mm

Technical data

Air-cooled single-cylinder petrol engine
with reverse scavenging

m power output: 4.9kW at 4500min”
m compression ratio: 7.1:1

m bore: 61mm

m stroke: 54mm

LxWxH: B00x480x630mm o
Weight: approx. 36kg

Scope of delivery

Description 1

LxWxH: 570x350x470mm
Weight: approx. 20kg

Scope of delivery

Description 1

engine, complete with all connec- engine, complete with all connec-

m engine for use in CT 110 test
stand

In conjunction with the CT 110 test
stand, which includes a drive and brake
unit, the four-stroke petrol engine is
highly suitable for use in teaching the
fundamentals of engine functioning and
measurement.

The engine used here is an air-cooled
single-cylinder four-stroke petrol engine
with external carburation. The engine is
started and slowed down by an electric
motor mounted in the CT 110 unit. The
air cooling is effected by a flywheel fan.
The brake unit is connected by way of a
elastic claw coupling.

The engine is prepared for measure-
ment of the cylinder pressure for indica-
tion. It includes a sensor to measure the
exhaust gas temperature and a connec-
tion to measure the intake pressure.
Both sensors, ignition cut-off and fuel
supply are connected to the CT 110
test stand.

The full load and partial load character-
istic curves of the engine are plotted in
experiments.

tions and supply lines
manual

m test engine for use in CT 110
test stand

In conjunction with the CT 110 test
stand, which includes a drive and brake
unit, the two-stroke petrol engine is
highly suitable for use in teaching the
fundamentals of engine functioning and
measurement.

The engine used here is an air-cooled
single-cylinder two-stroke petrol engine
with reverse scavenging. The engine is
started and slowed down by an electric
motor mounted in the CT 110 unit. The
air cooling is effected by a flywheel fan.
The brake unit is connected by way of a
elastic claw coupling.

The engine is prepared for measure-
ment of the cylinder pressure for indica-
tion. It includes a sensor to measure the
exhaust gas temperature and a connec-
tion to measure the intake pressure.
Both sensors, ignition cut-off and fuel
supply are connected to the CT 110
test stand.

The full load and partial load character-
istic curves of the engine are plotted in
experiments.

tions and supply lines
1 manual
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CT 100.22

Four-stroke diesel engine for CT 110

N o ek
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m test engine for use in CT 110
test stand

In conjunction with the CT 110 test
stand, which includes a drive and brake
unit, the four-stroke diesel engine is
highly suitable for use in teaching the
fundamentals of engine functioning and
measurement.

The engine used here is an air-cooled
single-cylinder four-stroke diesel engine
with direct injection. The diesel engine is
started and slowed down by an electric
motor mounted in the CT 110 unit. The
air cooling is effected by a flywheel fan.
The brake unit is connected by way of a
elastic claw coupling.

The engine is prepared for measure-
ment of the cylinder pressure for indica-
tion. It includes a sensor to measure the
exhaust gas temperature and a connec-
tion to measure the intake pressure.
Both sensors, ignition cut-off and fuel
supply are connected to the CT 110
test stand.

The full load and partial load character-
istic curves of the engine are plotted in
experiments.

Learning objectives/experiments

m in conjunction with CT 110 test stand

» familiarisation with a four-stroke
diesel engine

» plotting of torque and power curves

» determination of specific fuel con-
sumption

» determination of volumetric effi-
ciency and lambda (fuel-air ratio)

» determination of engine friction loss

Specification

[1] air-cooled single-cylinder four-stroke
diesel engine for installation in the
CT 110 test stand

[2] engine mounted on base plate

[3] force transmission to brake via elast-
ic claw coupling

[4] engine complete with fuel hose and
exhaust gas temperature sensor

[3] fuel hose with self-sealing quick-re-
lease coupling

[B] engine also available as biodiesel en-
gine CT 100.24

Technical data

Air-cooled single-cylinder diesel engine
with direct injection

m power output: 4,5kW at 2700min’
B compression ratio 22:1

m bore: 80mm

m stroke: 69mm

LxWxH: 470x400x480mm
Weight: approx. 43kg

Scope of delivery

1 engine, complete with all connec-
tions and supply lines
1 manual

CT 100.23

Water-cooled four-stroke diesel engine for CT 110

m test engine for use in CT 110
test stand

In conjunction with the CT 110 test
stand, which includes a drive and brake
unit, the four-stroke diesel engine is
highly suitable for use in teaching the
fundamentals of engine functioning and
measurement.

The engine used here is an water-cooled
single-cylinder four-stroke diesel engine
with indirect injection. The engine is star-
ted and slowed down by an electric mo-
tor mounted in the CT 110 unit. The
cooling water circulation ontains a circu-
lating pump, flow meter and temperat-
ure sensors. The brake unit is connec-
ted by way of a elastic claw coupling.

The engine is prepared for measure-
ment of the cylinder pressure for indica-
tion. It includes a sensor to measure the
exhaust gas temperature and a connec-
tion to measure the intake pressure.
Both sensors, ignition cut-off and fuel
supply are connected to the CT 110
test stand.

The full load and partial load character-
istic curves of the engine are plotted in
experiments.

Learning objectives/experiments

m in conjunction with CT 110 test stand

» familiarisation with a water-cooled
four-stroke diesel engine

» plotting of torque and power curves

» determination of specific fuel con-
sumption

» determination of volumetric effi-
ciency and lambda (fuel-air ratio)

» determination of engine friction loss

» determination of amount of heat
emitted by the engine

[1] water-cooled single-cylinder four-
stroke diesel engine with swirl cham-
ber for installation in the CT 110
test stand

[2] engine mounted on base plate

[3] force transmission to brake via elast-
ic claw coupling

[4] engine complete with fuel hose and
exhaust gas temperature sensor

[3] cooling water circuit with circulating
pump, flow meter and temperature
Sensors

[B] fuel hose with self-sealing quick-re-
lease coupling

Technical data

Single-cylinder diesel engine with indirect
injection

m bore: 75mm, stroke: 70mm

m power output: 5,TkW at 3000min”

Cooling water circuit
m capacity: 2,5L
m pump: max. 640L/h

Measuring ranges
m temperature: 2x 0..100°C
m flow rate: 30..300L/h

LxWxH: 600x420x600mm
Weight: approx. 50kg

Scope of delivery

1 engine, complete with all connec-
tions and supply lines
1 manual
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CT 110

Test stand for single-cylinder engines, 7,5kW

The illustration shows the CT 110 with the CT 100.20 engine and the CT 100.13 electronic indication system

(on the shelf).

Learning objectives/experiments

m in conjunction with an engine

(CT 100.20 - CT 100.23)

» plotting of torque and power curves

» determination of specific fuel con-
sumption

» determination of volumetric effi-
ciency and lambda (fuel-air ratio)

» determination of the frictional power
of the engine (in passive mode)

m control and load unit for single-
cylinder internal combustion en-
gines up to 7,5kW

m asynchronous motor used as load
unit, also as starter motor

m vibration-insulated base plate for
engine mounting

This test stand measures the power out-
put of internal combustion engines deliv-
ering up to 7,5kW. The complete test
stand consists of two main elements:
The CT 110 as the control and load unit
and a choice of engine: four-stroke pet-
rol engine (CT 100.20), two-stroke pet-
rol engine (CT 100.21) and two four-
stroke diesel engines (CT 100.22, air-
cooled with direct injection; CT 100.23,
water-cooled with indirect injection).

The main function of the CT 110 is to
provide the required braking power.

The brake unit is an air-cooled asyn-
chronous motor with an energy recov-
ery unit. The torque and speed are gen-
erated by way of a frequency converter.
The energy recovery of the braking en-
ergy into the system provides for highly
energy-efficient operation of the test
stand. The torque is measured by
means of a suspended brake unit and
force sensor.

The engine is mounted on a vibration-in-
sulated base plate and connected to the
asynchronous motor. The mass of the
base plate in conjunction with the soft
bearing support ensures that the test
stand runs very smoothly.

The asynchronous motor is initially used
to start the engine. As soon as the en-
gine is running, the asynchronous motor
and energy recovery unit act as a brake
unit for applying a load to the engine.

The braking power is fed back into the
electrical system. In passive mode of the
engine the asynchronous motor is also
used to determine the frictional power
of the engine.

The lower section of the mobile frame
contains fuel tanks and a stabilisation
tank for the intake air.

The air consumption is measured by way
of a measuring nozzle. The fuel con-
sumption is measured by way of the

level in a vertical pipe.

The switch cabinet contains digital dis-
plays for the speed, torque and temper-
atures. Pressure gauges indicate negat-
ive intake pressure and air consumption.
The measured values are transmitted
directly to a PC via USB. The data ac-
quisition software is included.

CT 110

Test stand for single-cylinder engines, 7,5kW

1 display and control panel, 2 asynchronous motor, 3 force sensor (torque), 4 base plate,
5 fuel tank with pump, 6 stabilisation tank with air filter and air hose, 7 exhaust gas connec-

tion, 8 coupling cover, 9 shelf, e.g. for CT 100.13
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Software screenshot: process schematic
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Characteristics of a four-stroke petrol engine:
n speed, M torque, P power, b specific fuel consumption

[1] control and load unit for prepared single-cylinder
engines (two-stroke and four-stroke) with a maxim-
um power output of 7,5kW

[2] asynchronous mator with energy recovery unit as
brake generates engine load

[3] engine started and experiments in passive mode by
asynchronous motor

[4] force transmission from engine to brake via elastic
claw coupling

[3] vibration-insulated base plate for engine mounting

[B] stabilisation tank for intake air

[7] potentiometer for continuous adjustment of braking
torque

[B] potentiometer for continuous adjustment of braking
speed

[9] measurement and display of torque, air temperat-
ure, air intake quantity, negative intake pressure,
speed, fuel consumption, fuel temperature

[10] measured value displays for engine: exhaust gas
temperature and cooling water temperatures

[11] GUNT software for data acquisition via USB under
Windows 7, 8.1, 10

Technical data

Asynchronous motor as brake
m power output: approx. 7,5kW at 2900min™

Measuring ranges

m torque: -50..50Nm

m temperature: 0..800°C

m speed: 0..5000min™

m fuel consumption: BDcma/min

m engine intake pressure: -400...0mbar
m air consumption: 0..690L/h

400V, 50Hz, 3 phases

400V, 60Hz, 3 phases, 230V, 60Hz, 3 phases
UL/CSA optional

LxWxH: 1450x850x1880mm

Weight: approx. 245kg

Required for operation

ventilation, exhaust gas routing
PC with Windows recommended

Scope of delivery

test stand (without engine)

set of tools

set of accessories

GUNT software CD + USB cable
set of instructional material
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CT 300

Test stand for two-cylinder engines, 11 kW

The CT 300 test stand enables a wide
range of experiments on 4-stroke
internal combustion engines in the
power range up to 11kW.

Two different engines are avail-
able, each of which is mounted on a
base: an air-cooled 2-cylinder petrol
engine and a water-cooled 2-cylin-
der diesel engine.

The test stand and the engine being
studied can be operated separately
from each other. The engine runs in
a separate area and is operated and
adjusted remotely by the test stand.
This means experiments on the test
stand can be carried out and demon-
strated in the laboratory or in the
lecture hall without disturbing noise
from the engine. The test stand and
engine are connected to each other
via appropriate cables.

Due to the engine's own weight, a
hoist is required to install the engine.
Load is applied to the engines via
an air-cooled asynchronous motor
controlled by a frequency converter.

The engines can be examined under
full load or under partial load condi-
tions. The characteristic diagram is
determined with variable load and
speed. The interaction of the brake
and engine can also be examined in
this context.

CT 300
+ test engine (CT 300.04 — CT 300.05)
incl. software for data acquisition

m characteristic curves at full and partial load
m determination of engine friction loss
m comparison of diesel and petrol engines

Extended range of experiments

HAMBURG

with and/or

exhaust gas analysis
with CT 158.02

electronic indication including software for data
acquisition with CT 300.09 + engine-specific pressure
transducer with TDC sensor (CT 30017 — CT 30018)

and/or

exhaust gas calorimeter
(amount of heat in exhaust
gas) with CT 300.01

CT 300.04
Two-cylinder petrol engine
for CT 300

Air-cooled two-cylinder
four-stroke

petrol engine
with external

carburation

CT 300 Engine test stand, 1kW

The engine is installed on the stable base

with the brake unit of the test stand. The test

CT 300.05
Two-cylinder diesel engine
for CT 300

Water-cooled two-cylinder

four-stroke
diesel engine

CT 30017 CT159.02
Pressure ’ Exhaust gas
transducer and 3 analysing unit
TDC sensor \ N Measurement of the
9 composition of exhaust
) gases (CO, CO,, HC, 0y),
*r = the fuel/air ratio A and
v the oil temperature of
the engine.
CT 300.09
Electronic engine
indicating system
Pressure measurement
in the cylinder chamber
of an internal combustion
CT 30018 engine
Pressure

m p-V diagram

m p-t diagram

m pressure curve during
gas exchange

transducer and
TDC sensor

with indirect
injection

m determination of the
indicated performance

m determination of
mechanical efficiency

CT 300.01
Exhaust gas
calorimeter

Counterflow heat
exchanger for calorimet-
ric analysis of exhaust
gases from internal
combustion engines

P

[ ]

4

stand and engine can be set up at different
locations, even in completely separate rooms,
and connected to each other via appropriate
cables. The engine is operated from the test
stand via remote control.
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CT 300.04

Two-cylinder petrol engine for CT 300

Learning objectives/experiments

m plotting of torque and power curves

m determination of specific fuel consump-
tion

m determination of volumetric efficiency
and lambda (fuel-air ratio)

m energy balance

m determination of the frictional power of
the engine (in passive mode)

Specification

[1] air-cooled two-cylinder four-stroke
petrol engine for installation in the
CT 300 test stand

[2] engine mounted on base plate

[3] force transmission to brake via elast-
ic claw coupling

[4] engine complete with fuel hose and
exhaust gas temperature sensor

[3] fuel hose with self-sealing quick-re-
lease coupling

Technical data

Air-cooled two-cylinder petrol engine
m displacement: 480cm®
m bore: 68mm
m stroke: 66mm
m power output: approx. 11,9kW
at 3600min”

LxWxH: 500x440x550mm
Weight: approx. 60kg

Scope of delivery

1 engine,comple with all connes-

m engine for use in CT 300 test
stand

In conjunction with the CT 300 test
stand, which includes a drive and brake
unit, the four-stroke petrol engine

CT 300.04 is highly suitable for use in
teaching the fundamentals of engine
functioning and measurement.

The engine used here is an air-cooled
two-cylinder four-stroke petrol engine
with external carburation. The engine is
started, run in passive mode and slowed
down by an electric motor mounted in
the CT 300 unit. The brake unit is con-
nected by way of a elastic claw coupling.

The engine is prepared for measure-
ment of the cylinder pressure for indica-
tion, and additionally includes a sensor
to measure the exhaust gas temperat-
ure. The sensor, ignition cut-off and fuel
supply are connected to the CT 300
test stand.

The full load and partial load character-
istic curves of the engine are plotted in
experiments.

tions and supply lines
1 manual

CT 300.05

Two-cylinder diesel engine for CT 300

gHAMBURG

Learning objectives/experiments

m plotting of torque and power curves

m determination of specific fuel consump-
tion

m determination of volumetric efficiency
and lambda (fuel-air ratio)

m energy balance

m determination of the frictional power of
the engine (in passive mode)

Specification

[1] water-cooled two-cylinder four-stroke
diesel engine for installation in the
CT 300 test stand

[2] engine mounted on base plate

[3] force transmission to brake via elast-
ic claw coupling

[4] engine complete with fuel hose and
exhaust gas temperature sensor

[3] fuel hose with self-sealing quick-re-
lease coupling

Technical data

Water-cooled two-cylinder diesel engine
m displacement: 570cm?
m bore: 70mm
m stroke: 74mm
m power output: approx. 10,2kW
at 3600min”

LxWxH: 850x610x7 10mm
Weight: approx. 110kg

Scope of delivery

1 engine,completewith all connec

m engine for use in CT 300 test
stand

In conjunction with the CT 300 test
stand, which includes a drive and brake
unit, the four-stroke diesel engine

CT 300.05 is highly suitable for use in
teaching the fundamentals of engine
functioning and measurement.

The engine used here is a water-cooled
two-cylinder four-stroke diesel engine
with indirect injection. The engine is star-
ted, run in passive mode and slowed
down by an electric motor mounted in
the CT 300 unit. The brake unit is con-
nected by way of a elastic claw coupling.

The engine is prepared for measure-
ment of the cylinder pressure for indica-
tion, and additionally includes a sensor
to measure the exhaust gas temperat-
ure. The sensar, ignition cut-off and fuel
supply are connected to the CT 300
test stand.

The full load and partial load character-
istic curves of the engine are plotted in
experiments.

tions and supply lines
1 manual
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CT 300
Engine test stand, 11kW

m test stand for industrial two-cylin-
der engines up to 11kW

m asynchronous motor used as load
unit, also as starter motor

This test stand measures the power out-
put of internal combustion engines deliv-
ering up to 11kW. The complete test
stand consists of two main elements:
The CT 300 as the control and load unit
and a choice of engine: two-cylinder pet-
rol engine (CT 300.04, air-cooled) and
two-cylinder diesel engine (CT 300.05,
water-cooled).

The main function of the CT 300 is to
provide the required braking power. The
brake unit is an air-cooled asynchronous
motor with an energy recavery unit. The
braking speed and torque can be pre-
cisely adjusted using a frequency con-
verter. The recovery of the braking en-
ergy into the system provides for highly
energy-efficient operation of the test
stand. The torque is measured by
means of a suspended brake unit and
force sensor.

The engine is mounted on a base plate
and connected to the asynchronous mo-
tor. The base plate is vibration-insulated,
s0 no vibrations are transmitted

to the surrounding environment.

The asynchronous motor is initially used

to start the engine. As soon as the en- » plotting of torque and power curves

gine is running, the asynchronous motor » determination of specific fuel con-

and energy recovery unit act as a brake sumption

for applying a load to the engine. The » determination of volumetric effi-

braking power is fed back into the elec- ciency and lambda (fuel-air ratio)

trical system. » determination of the frictional power
(in passive mode)

The lower section of the mobile frame » energy balances (for water-cooled

contains fuel supply tanks and a stabil- engines)

isation tank for the intake air. Two separ-

ate fuel gauge systems allow the quick

change between diesel and petrol opera-

tion.

m in conjunction with an engine
(CT 300.04 - CT 300.05)

The switch cabinet contains digital dis-
plays for the speed, torque, air con-
sumption and temperatures (engine
cooling water inlet and outlet, exhaust
gas, fuel and intake air). The fuel con-
sumption and cooling water flow rate in
the engine and the CT 300.01 calori-
meter available as an option are dis-
played in analogue form. The measured
values are transmitted directly to a PC
via USB. The data acquisition software is
included.

Lifting gear is required to exchange the
engines.

CT 300
Engine test stand, 11kW

10 9 8 7

1 elastic coupling, 2 asynchronous motor, 3 switch cabinet, 4 fuel tank, 5 stabilisation tank,
6 display and control panel, 7 fuel consumption, 8 cooling water flow measurement (engine
and CT 300.01 calorimeter), 9 exhaust, 10 experimental engine

Instrumentation: 1 oil pressure with warning lamp, 2 torque with adjustment, 3 speed with
adjustment, 4 reset frequency converter, 5 switch for motor and brake, 6 engine accelerat-
or, 7 switch petrol/engine operation, 8 air temperature, 9 cooling water temperatures
with alarm lamp, 10 intake air consumption, 11 fuel temperature, 12 exhaust gas and ail
temperatures

gunl

HAMBURG

[1] control and load unit for prepared four-stroke en-
gines with a maximum power output of 11kW

[2] vibration-insulated base plate for mounting of the
engine and the asynchronous motor

[3] asynchronous mator with energy recovery unit as
brake generates engine load

[4] engine and passive mode started by asynchronous
motor

[5] force transmission from engine to brake via elastic
claw coupling

[B] 2 separate fuel gauge systems

[7] stabilisation tank for intake air 75L

[B8] potentiometer for continuous adjustment of braking
speed and torque

[9] measurement and display of temperatures (alil, fuel,
air), engine load, engine speed, fuel consumption,
air intake quantity, oil pressure

[10] measured value displays for engine: exhaust gas
temperature and cooling water temperatures

[11] GUNT software for data acquisition via USB under
Windows 7, 8.1, 10

Technical data

Asynchronous motor as brake
m nominal power output: 11kW at 3000min’”

Measuring ranges
m torque: -200...200Nm
m speed: 0..5000min™
m volumetric flow rate: 0..938L/min (intake air)
m flow rate: 0..250L/h (cooling water)
m temperature:
» 4x0..120°C
» 1x0..150°C (oil)
» 1x0..900°C (exhaust gas)
m pressure: O..6bar (oil)

400V, 50Hz, 3 phases

400V, 60Hz, 3 phases

230V, 60Hz, 3 phases

UL/ CSA optional

LxWxH: 2100x790x1800mm (switch cabinet)
LxWxH: 1550x800x3910mm (base plate)
Weight: approx. 350kg

Required for operation

water connection: 500L/h
ventilation, exhaust gas routing
PC with Windows recommended

Scope of delivery

test stand (without engine)

set of tools

set of accessories

GUNT software CD + USB cable
set of instructional material
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CT400 .3 e - A‘
Test stand for four-cylinder engines, 75 kW o5 | 17—

The series CT 400 equipment offers a wide range of experi- m torque control: Manual adjustment of braking torque. The
ments on industrial engines with a power output of up to 75kW. characteristic curve for the brake is changed, different full CT 400
The complete test stand is made up of the CT 400 load unit and Lojtddio‘;gzzii;eoanp;:gas%:i%and measurements are carried + test engine (CT400.01 or CT400.02)
an engine. A choice of two water-cooled engines is available: ' incl. software for data acquisition Extended range of experiments
. - . m speed control: A controller keeps the speed constant, while
m 4 cylinder in-line engine, petrol ; o ) . e i .
the engine torque is increased. This allows different load m characteristic curves depending on speed and with and/or
m 4 cylinder in-line engine, diesel points to be approached and measurements are carried out power output L : :
. . . ) depending on the load. electronic indication including software exhaust gas analysis
The engine can be connected to the load unit quickly and easily. m creation of heat balances at full and for data acquisition with CT 400.09 + with CT 159.02
The CT 400 load mechanism essentially consists of an adjustable  An indicating system with software for data acquisition for the partial load engine-specific pressure transducer with
air-cooled eddy current brake. The engines can be investigated  pressure curves in the engines and an exhaust gas analysis unit » determination of imparted energy, effective TDC sensor (CT 40016 or CT 40017)
in two modes: are available as accessories. usable power, amount of heat in cooler,

amount of heat in exhaust gas losses, heat
losses due to radiation and convection
» representation in Sankey diagram

m comparison of diesel and petrol engines

CT400.01 CT400.16 ;

Four-cylinder petrol engine Pressure

for CT400 transducer h

Water-cooled petrol engine with and TDC N\

intake- r sensor N

manifold Py

fuel L

injection, ||

max. 55kW. CT 400.09 CT159.02
Electronic engine Exhaust gas
indicating system analysing unit
for CT 400 Measurement of
Pressure measure- the composition of
ment in the cylinder exhaust gases
chamber of an internal (CO, CO,, HC, O3,
combustion engine the fuel/air ratio A and

) the oil temperature

m p-Vdiagram of the engine.
m p-t diagram

CT 400.02 CT400.17 p-bdlag

Four-cylinder diesel engine Pressure " gziisns;;zgurve

for CT400 transducer exchange

Water-cooled naturally aspirated diesel and TDC s determination

engine x B I | i sensor of the indicated

with direct W I performance

I:::;tf;f(w (1= e m determination

' | - "= — of mechanical
T . efficiency
CT 400 Load unit, 75kW, for four-cylinder engines
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CT 400.01
Four-cylinder petrol engine for CT 400

CT 400.01
Four-cylinder petrol engine for CT 400

Learning objectives/experiments

m in conjunction with CT 400 load unit

» plotting of torque and power curves

» determination of specific fuel con-
sumption

» determination of volumetric effi-
ciency and lambda (fuel-air ratio)

» energy balances

» overall engine efficiency

[1] water-cooled four-cylinder petrol engine for setup of
a test stand in conjunction with the CT 400 load
unit

[2] engine flexibly mounted on mobile frame

[3] force transmission to brake via rotationally elastic
coupling and jointed shaft

[4] engine complete with fuel supply (tank, pump, hose)
and cooling water circuit

[5] sensors for cooling water flow rate and temperat-
ures (exhaust gas, cooling water, fuel, oil)

[B] transfer of measured data via data cable from
switch cabinet to CT 400 switch cabinet

[7] switch cabinet with warning lamps (oil pressure, al-
ternator failure), operating time counter and igni-
tion key

Technical data

Water-cooled four-cylinder petrol engine

m displacement: 1596cm>

m bore: 79mm

m stroke: 81,4mm

m power output: max. 75kW at 4800min”
m torque: max. 155Nm at 41 50min”

m compression ratio: 11:1

m ignition sequence: 1-3-4-2

7 .
=
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1 cooling water tank, 2 radiator with protective screen, 3 exhaust gas connection, 4 fuel
tank, 5 battery with main switch, 6 operating time counter, 7 warning lamps, 8 key switch
for ignition, 8 connection for engine feed air

@ [ | 7

Starter battery: 12V
Fuel tank capacity: 5L
Fuel: petrol 95 Octane
Engine oil: SAE 5W-30

Ere="7
B
CT 40001 " craoo |

1 fuel tank, 2 radiator, 3 exhaust, 4 engine, 5 cardan shaft, 6 eddy current brake, 7 air in-
let; n speed, M torque, B fuel consumption, volumetric flow rate: F1 air, F2 cooling water,
temperatures: T1 intake air, T2 oil, T3 cooling water inlet, T4 cooling water outlet, T5 fuel,
T6 exhaust gas

230V, 50Hz, 1 phase

230V, 60Hz, 1 phase

230V, 60Hz, 3 phases

LxWxH: 1200x1120x1340mm
Weight: approx. 400kg

m engine for setup of a test stand The engine is fitted with sensors that For safety reasons, the engine has been 160 80

in conjunction with the CT 400 measure the temperatures and the modified in a way that it only starts when e .

load unit cooling water flow rate. The switch cab- it is connected to the load unit both 140 ./o———-—/ / 70 1 engine, built into frame
m closed cooling water circuit inet contains all of the electronic equip- mechanically and electrically. 120 80 1 manua’l
m easy connection to the CT 400 ment for managing the engine (factory /

load unit set). On the switch cabinet are an igni- 100 20

tion key, an operating time counter and E 30 40 E
In conjunction with the CT 400 load unit, ~ warning lamps. Data is transferred c / c
the CT 400.01 engine is a complete en-  between the CT 400 load unit and the s 60 ~ 30 o
gine test stand. The engine used here is engine via a data cable connecting the 40 7 o0
a four-cylinder petrol engine with a con- switch cabinets for the two units. A
trolled catalytic converter. It has its own starter battery is also housed in the 20 10
closed cooling water circuit. frame. 0 0
1000 2000 3000 4000 5000

A solid welded frame on rollers carries nin1/min

the entire setup. Hazardous areas such
as hot surfaces and rotating parts are
covered with perforated plates. The con-
nection to the brake is made via a rota-
tionally elastic coupling with a jointed
shaft. The engine is attached to the load
unit by fasteners.

Power and torque characteristics of the engine

n speed, M torque, P power




Thermal fluid energy machines

Internal combustion engines

CT 400.02

Four-cylinder diesel engine for CT 400

Learning objectives/experiments

m in conjunction with CT 400 load unit

m plotting of torque and power curves

m determination of specific fuel consump-
tion

m determination of volumetric efficiency
and lambda (fuel-air ratio)

m energy balances
» overall engine efficiency

m engine for setup of a test stand
in conjunction with the CT 400
load unit

m closed cooling water circuit

m easy connection with CT 400
load unit

In conjunction with the CT 400 load unit,
the CT 400.02 test engine is a com-
plete engine test stand. The engine used
here is a four-cylinder diesel engine. It
has its own closed cooling water circuit.

A solid welded frame on rollers carries
the entire setup. Hazardous areas such
as hot surfaces and rotating parts are
covered with perforated plates. The con-
nection to the brake is made via a rota-
tionally elastic coupling with a jointed
shaft. The engine is attached to the load
unit by fasteners.

The engine is fitted with sensors that
measure the temperatures and the
cooling water flow rate. The switch cab-
inet contains all of the electronic equip-
ment for managing the engine (factory
set). On the switch cabinet are an igni-
tion key, an operating time counter and
warning lamps. Data is transferred
between the CT 400 load unit and the
engine via a data cable connecting the
switch cabinets for the two units. A
starter battery is also housed in the
frame.

For safety reasons, the engine has been
modified in a way that it only starts when
it is connected to the load unit both
mechanically and electrically.

gunl
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CT 400.02
Four-cylinder diesel engine for CT 400

[1] water-cooled four-cylinder diesel engine for setup
an engine test stand in conjunction with CT 400
load unit

[2] engine flexibly mounted on mobile frame

[3] power transmission to brake unit via elastic coup-
ling and a jointed shaft

[4] engine complete with fuel supply (tank, pump, line)
and cooling water circuit

[5] sensors for cooling water flow rate and temperat-
ures (exhaust gas, cooling water, fuel, oil)

[B] transfer of measured data via data cable from
switch cabinet to CT 400 control cabinet

[7] switch cabinet with warning lamps (oil pressure, al-
ternator failure, preheat), operating time counter

1 cooling water tank, 2 cooler with protective screen, 3 exhaust gas connection, 4 fuel and ignition key
tank, 5 battery with main switch, 6 operating time counter, 7 warning lamps, 8 key switch

for ignition, 8 connection for engine feed air )
Technical data

Water-cooled four-cylinder diesel engine

| T —
@ @@7 m displacement: 1968cm3

m bore: 81mm

m stroke: 95,5mm

m power output: max. 41kW at 3000min
m torque: max. 130Nm at 1750min 7

1

Starter battery: 12V

Fuel tank capacity: 5L

6
i@ Engine oil: SAE 5W-30

230V, 50Hz, 1 phase

230V, B0Hz, 1 phase
230V, 60Hz, 3 phases

1 fuel tank, 2 radiator, 3 exhaust, 4 engine, 5 cardan shaft, 6 eddy current brake, 7 air in- LXV\_/XH: 1200x1150x1430mm
let; n speed, M torque, B fuel consumption, volumetric flow rate: F1 air, F2 cooling water, Welght: approx. 44Dkg
temperatures: T1 intake air, T2 oil, T3 cooling water inlet, T4 cooling water outlet, T5 fuel,

T6 exhaust i
exhaust gas Scope of delivery

160 40 1 engine, built into frame
140 35 1 set of instructional material
120 L \ 30
P \
n\‘\
100 / \.\\ 25
£ <
Z 80 0 =
c \l c
S 60 5 o
40 10
20 k 5
0 0
1000 2000 3000 4000 5000
nin 1/min

Power and torque characteristics of the engine
n speed, M torque, P power




Thermal fluid energy machines

Internal combustion engines

CT 400

Load unit, 75kW, for four-cylinder engines

m control and load unit for four-cyl-
inder diesel and petrol engines up
to 75kW

m air-cooled eddy current brake
with precise torque adjustment
for use as load unit for engine

m easy connection of engine

m complete test stand setup in con-
junction with an engine

This test stand measures the power out-
put of internal combustion engines deliv-
ering up to 75kW. The complete test
stand consists of two main elements:
The CT 400 as the control and load unit
and a choice of engine: CT 400.01 pet-
rol engine or CT 400.02 diesel engine.
The engine to be investigated is connec-
ted to the CT 400 using a coupling with
jointed shaft.

The main function of the CT 400 is to
provide the required braking power. The
brake unit is an air-cooled eddy current
brake. The braking torque can be pre-
cisely adjusted using the exciting cur-
rent. The braking torque is measured by
means of a suspended brake unit and
force sensor. Due to the air cooling of
the brake, the engine test stand does
not require cooling water inlet or outlet.
A stabilisation tank with an intake air
duct for the combustion air is mounted
on the frame. The quantity of air taken in
is measured in the duct.

The switch cabinet contains digital dis-
plays for the speed, torque, volumetric
intake air flow rate and temperatures
(exhaust gas, engine oil, engine cooling
water (inlet and outlet), fuel and intake
air]). The switch cabinet pivots, enabling
the operator to adjust it to the optimum
viewing angle.

Learning objectives/experiments

m in conjunction with an engine
(CT 400.01 / CT 400.02)

» plotting of torque and power curves

» determination of specific fuel con-
sumption

» determination of volumetric effi-
ciency and lambda (fuel-air ratio)

» energy balances

» overall engine efficiency

Data is transferred between the CT 400
load unit and the engine via a data cable
connecting the switch cabinets of the
two units. The measured values can be
read on digital displays. At the same
time, the measured values can also be
transmitted directly to a PC via USB.
The data acquisition software is in-
cluded.

In addition to the standard safety fea-
tures (e.g. oil pressure, temperature lim-
iter), the load unit contains a limit switch
to monitor whether the brake and the
engine are correctly connected.

CT 400

Load unit, 75kW, for four-cylinder engines

1 air intake duct with anemometer, 2 air filter, 3 intake air stabilisation tank, 4 jointed shaft
cover, 5 jointed shaft with coupling, 6 eddy current brake, 7 switch cabinet with displays
and controls

The eddy current brake is mounted in a suspended frame (1 bearing, 2 frame). The sup-
porting force generated by the torque is recorded by a force gauge (3). 4 jointed shaft with
spline

gHAMBURG

Specification

[1] load unit for prepared four-stroke diesel or petrol
engines (CT 400.01 and CT 400.02) with a maxim-
um power output of 75kW

[2] air-cooled eddy current brake

[3] force transmission from engine to brake via rota-
tionally elastic coupling and jointed shaft

[4] stabilisation tank for intake air approx. 220L

[3] 2 modes of operation: 1. torque directly adjustable
(full load characteristic), 2. torque is adjustable by
speed, speed remains constant (partial load char-
acteristic)

[B6] potentiometer for continuous adjustment of brake

[7] potentiometer to “accelerate” engine

[B] recording of braking power via speed and braking
torque

[9] measurement and display of engine load, air tem-
perature, intake air consumption, speed

[10] measured value displays for engine: temperatures
(oil, exhaust gas, cooling water, fuel), oil pressure,
fuel consumption (using precision scale)

[11] GUNT software for data acquisition via USB under
Windows 7, 8.1, 10

Technical data

Eddy current brake
m max. braking torque: 200Nm
m max. speed: 5000min’

Measuring ranges
m speed: 0..6000min™
m torque: 0..240Nm
m volumetric flow rate:
> O...Bms/min (intake air)
» 0..50L/min (cooling water)
m temperature:
» -50..200°C
» 0..1200°C (exhaust gas)

230V, 50Hz, 1 phase

230V, 60Hz, 1 phase

120V, 60Hz, 1 phase

UL/ CSA optional

LxWxH: 1380x850x1920mm
Weight: approx. 446kg

Required for operation

PC with Windows recommended, ventilation

Scope of delivery

1 load unit

1 set of tools

1 set of accessories

1 GUNT software CD + USB cable
1 set of instructional material
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Fundamentals of refrigeration

Introduction

Refrigeration

What is cold anyway?

Almost every child already has an idea of what cold is, because
humans can feel cold. But what the term means from a physical
perspective is not so easy to classify. Cold is neither a substance
nor a form of energy. Simply put, “cold” is the absence of “heat”.
When we talk about “cold” we mean that the temperature at one
point is lower than in the environment; there is a temperature
difference.

From a thermodynamic point of view, “cold” is a state of imbal-
ance. If there is a thermodynamic imbalance, nature always
strives to level this imbalance out. In accordance with the sec-
ond law of thermodynamics, this balancing out always occurs
from a place of high temperature to a place of low temperature.

Coming back to the child mentioned earlier, there is a tempera-
ture difference between the child’s skin and the environment.
Heat is transferred from the skin to the environment and the
skin is cooled by the dissipation of heat.

The task of refrigeration is to develop technical solutions to pro-
duce temperatures below the ambient temperature. In other
words, heat must be transported against its natural direction
of flow. In order to generate and maintain this flow of energy, it
is necessary to continuously supply energy to the refrigeration
process.

i

Engineers have to deal with the issue of cooling in many areas.
The removal of heat in manufacturing and production or air
conditioning in buildings requires knowledge of refrigeration.
Refrigeration offers a wide range of applications in machinery
and plant manufacturing, as well as in many other specialist
disciplines. Due to the wide range of applications, the require-
ments for technical implementation also vary.

The devices highlighted in blue can be found in this chapter.

Refrigeration

Principles of cold production
Fundamentals of refrigeration
Thermodynamics of the
refrigeration cycle

Components of refrigeration

Compressors

Piping
ET 460

Heat pumps and ice store Heat pumps

Ice store
ET 420
Electrical engineering

ET144,ET171

ET 830

Fault finding

Heat exchangers

ET 431, ET 405

We offer a comprehensive didactic con-
cept on the topic of refrigeration. Our
complete product range can be found in
catalogue 3a (Refrigeration and air con-
ditioning technology).

ET101, ET 352, ET 352.01, ET 480, ET 120, ET 122

ET 915, ET 915.01, ET 915.02, ET 915.06, ET 915.07, ET 350,
ET400,ET411C

ET 351C, ET 412C, ET 430, ET 441

Modular training systems

ET 900, ET 910, ET 91010, ET 91011

ET165, ET 432, ET 428

Primary and secondary controllers
ET 426, ET180, ET181, ET182

Equipment studies and cutaway models

ET102, ET 405, HL 320.01

Refrigeration controls

Control of refrigeration systems

ET170,ET172, ET174

Assembly, fault finding, maintenance MT 210, ET 192, ET 422

- -
Refrigeration

and air conditioning a
technology

ET 489.01, ET 499.02, ET 499.03, ET 49912, ET 49913, ET 49914, ET 49916,
ET 49918, ET 49918, ET 499.21, ET 498.30, ET 499.25, ET 498.26




Fundamentals of refrigeration

Principles of cold production

Basic knowledge

Principles of cold production

generating this required temperature difference.

Refrigeration describes the removal of heat from a space which is to be cooled. Thermal energy is transferred from
the warmer to the colder medium due to a temperature difference. There are various principles, presented here, for

Compression refrigeration systems are the most common
cooling systems found in practice. In a compression refrig-
eration system a refrigerant flows through the refrigerant
circuit and is subject to different changes of state. The com-
pression refrigeration system is based on the physical effect
that thermal energy is required during the transition from

transferred from the evaporator 2 to the condenser 4 by
means of different pressures during evaporation and conden-
sation. The thermal energy is released again by condensation
of the refrigerant.

To increase the pressure, screw, scroll, turbo or vapour jet
compressors can be used instead of the piston compressor 3

In contrast to the compression refrigeration system, an absorp-
tion refrigeration system uses two working media, one refriger-
ant and one solvent. The two working media are separated from
each other in the generator 4 where thermal energy is added.
The expelled refrigerant vapour flows into condenser 3 and is
condensed. The refrigerant then evaporates at low pressure in
the evaporator 2 and dissipates heat. The resulting refrigerant
vapour flows into the absorber 5, where it is absorbed by the
solvent. The solution of refrigerant and solvent is pumped back
into the generator.

The use of absorption refrigeration systems makes sense if ther-
mal energy, e.g. waste heat, is available. In this case, cooling can
be achieved by using waste heat.

the liquid to the gaseous state. The evaporator 2 extracts
thermal energy from the room 1 to be cooled. The heat is

shown.

lllustration using the combination of ammonia and water as an example

1 room to be cooled or process cooling, 2 evaporator,

3 condenser, 4 generator, 5 absorber;

[Jammonia vapour, Bl liquid ammonia,

[ low ammonia solution, Hl rich ammonia solution,

[ hydrogen, E hydrogen and ammonia vapour, [ heat

Thermoelectric refrigeration plants are based on the Peltier effect. A
Peltier element generates a temperature difference in an electrical cur-
rent flow and can be used for heating or cooling, depending on the direction
of flow.

1 room to be cooled or process cooling, 2 evaporator, 3 compressor, 4 condenser, 5 expansion valve; . ) ) cold side
I HP gaseous refrigerant, Bl HP liquid refrigerant, Bl LP liquid refrigerant, C LP gaseous refrigerant, 1 heat, Bl mechanical work Current is conducted through a thermoelectric element. One electrical
contact heats up and the other one cools down. In order to increase the
power, several thermoelectric elements are connected in series, arranged

in such a way that cooling and heating contacts are each connected to a

The Stirling refrigerator is an absolute niche solution in
practical application. It works according to the same principle
as the Stirling engine, but with reverse direction of rotation.
Although the principle of the Stirling engine has been known
for more than 200 years, its application as a refrigerator is
still in the field of research.

The Stirling refrigerator consists of a working cylinder 6
and a displacement cylinder 7. A working gas is alternately
compressed and expanded in the working cylinder. The com-
pressed, hot gas releases its heat in the heat exchanger 4.
During expansion, the working gas cools down and absorbs
heat on the cold side 2 of the displacement cylinder from the

cover plate. During current flow, one of the plates extracts heat and trans-
fers it to the other. The cold plate corresponds to the useful side of the
thermoelectric refrigeration plant.

Peltier elements can generate very low temperatures. However, the
efficiency decreases as the temperature difference increases. Peltier

room 1 being cooled. Displacement piston 8 and working pis- elements are easy to adjust, have no moving parts and no toxic fuels.
ton 6 are moved correspondingly phase-shifted via a crank

mechanism 5.

| Q 6 The vortex cold generator has an exceptional operating principle.
Compressed air is introduced into the inlet opening 1. The com-
pressed air is introduced tangentially into a vortex chamber 2 and is
set in rotation. A cold air flow forms in the centre of this vortex, while
the outer layer of the vortex heats up. The cold air flow is diverted
from the centre of the vortex and used for cooling.

The advantage of a vortex cold generator is its particularly simple
design, which has no moving components and does not require toxic
fuels or power supply. The low efficiency is a disadvantage

1 room being cooled or process cooling, 2 cold cylinder side,

3 recuperator, 4 heat exchanger, 5 crank mechanism,

6 working cylinder, 7 displacement cylinder, 8 displacement piston;
I cold exhaust gas, [ hot exhaust gas,

[ heat, Bl mechanical work 1 inlet opening, 2 vortex chamber

compressed air
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ET 400

Refrigeration circuit with variable load

m refrigeration circuit with water
circuit as load
m defined cooling load via controlled

The purpose of this refrigeration circuit
is the production of cold water. The wa-
ter flows through the jacket of the coaxi-

Learning objectives/experiments

m design and components of a refrigera-
tion system

The clearly arranged components aid
understanding.

ET 400

Refrigeration circuit with variable load

10 evaporator

1 compressor, 2 pump, 3 warm water tank with heater, 4 evaporator, 5 expansion valve,
6 condenser, 7 receiver; T temperature, P pressure, F flow rate, TIC temperature control-
ler, PSH, PSL pressure switch; blue-red: refrigeration circuit, green: water circuit

(1]

investigation of a refrigeration circuit with water cir-
cuit as load

» compressaor [2] refrigeration circuit with compressor, condenser
» condenser with fan, thermostatic expansion valve and coaxial
» thermostatic expansion valve coil heat exchanger as evaporator
» evaporator [3] water circuit with pump, tank with heater as cooling
» pressure switch load at the evaporator
m representation of the thermodynamic [4] heater with controller to adjust the tank temperat-
cycle in the log p-h diagram ure
m determination of important character- [5] recording of the refrigerant mass flow rate as a
D=9 istic variables function of the pressure difference
[ [ = ] == | » coefficient of performance [B] recording of all relevant measured values and dis-
s [ e [ » refrigeration capacity ; play directly at the location of measurement
coEEEE » compressor work [7] GUNT software for data acquisition via USB under
] operating behaviour under load 1 expansion valve, 2 condenser with fan, 3 pressure sensor, 4 process schematic, 5 pres- Windows 7, 8.1, 10
- | | sure switch, 6 compressor, 7 pump, 8 heater controller, 3 warm water tank with heater, [8] refrigerant R134a, CFC-free

Technical data

Compressor
m refrigeration capacity: approx. 380W at 5/40°C

Evaporator
m refrigerant volume: 0,4L
m water volume: O,8L

Condenser
m transfer area: approx. 1,25m°
m fan power consumption: 4x 12W

Pump
m max. flow rate: ’I,9m3/h
m max. head: 1,4m

Tank

m volume: approx. 4,5L
m heater: approx. 450W

Measuring ranges
m pressure: 2x-1...15bar
m power; 1x 0..750W

water temperature al coil heat exchanger, transfers heat to ‘ ™ i m temperature: 6x 0..100°C
m display of all relevant values at the refrigerant and thereby cools down. ol 0 Lot m flow rate (water): 1x 0,05...1,8L/min
the location of measurement ] H X T L £
All relevant measured values are recor- 5 "—:_ =k 3 230V, 50Hz, 1 phase
ET 400 examines a refrigeration circuit ded by sensors. Displays at the respect- i 1 = . 230V, 60Hz, 1 phase

under an adjustable load. The refrigera-
tion circuit consists of a compressor, a
condenser with fan, a thermaostatic ex-

pansion valve and a coaxial coil heat ex-
changer as evaporator. A water circuit

serves as load, consisting of a tank with
a heater and a pump. The temperature
in the tank is adjusted at a controller.

ive locations of measurement indicate
the measured values. This makes it easy
to assign the measured values to the
process. The simultaneous transmission
of the measured values to a data re-
cording software enables easy analysis
and the representation of the process in
the log p-h diagram. The software also
displays the key characteristic variables
of the process, such as the compressor
pressure ratio and the coefficient of per-
formance.

Software screenshot: log p-h diagram

120V, 60Hz, 1 phase

UL/ CSA optional

LxWxH: 1620x790x1910mm
Weight: approx. 192kg

Required for operation

PC with Windows recommended

Scope of delivery

1 trainer
1 GUNT software CD + USB cable
1 set of instructional material
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ET 120

Cooling using the Peltier effect

m demonstration of the thermoelec-
tric effect
m creation of energy balances

The experimental unit demonstrates
cooling using the Peltier effect. Peltier
elements utilise the thermoelectric ef-
fect of some semiconductors. The ther-
moelectric effect is the reverse of the
known thermopower effect which is e.g.
used when measuring temperatures us-
ing thermocouplers. If current flows
through a Peltier element, one end of
the semiconductor becomes hot and
the other cold. By a suitable connection
of p- and n-doped semiconductor materi-
als the refrigeration capacity can be in-
creased sufficiently to be usable.

The benefits of cold production using
Peltier elements are: Peltier elements
are wear and maintenance-free, noise-
less, independent of position and easy to
adjust in their refrigeration capacity via
the supply voltage. In addition, no refri-
gerants are required. Peltier elements
are used for small capacities in thermo-
graphy as beverage chillers or in medic-
al engineering. Their low efficiency is a
disadvantage.

The experimental setup is clearly ar-
ranged on the front of the experimental
unit. The central component of the sys-
tem is a Peltier element. The heating
and refrigeration capacity of the Peltier
element are dissipated via water flows.
Measuring the respective flow rate and
the inlet and outlet temperatures allows
for the heat flows to be determined. The
supplied electrical power is determined
using a current and voltage measure-
ment.

Due to the closed water circuit the ex-
perimental unit can also be operated for
short periods of time without being con-
nected to the water mains.

m function and operation of a Peltier ele-
ment
» for cooling
» as heat pump

m determination of the refrigeration and
heating capacity

m recording typical characteristics, such
as refrigeration capacity, via temperat-
ure differences

m energy balance

m calculating the coefficient of perform-
ance

ET 120

Cooling using the Peltier effect

5

1 cold water flow meter, 2 temperature displays cold side, 3 water tank temperature con-
troller, 4 voltage and current displays, 5 adjustment of the electrical power, B Peltier ele-
ment with heat exchangers, 7 hot water flow meter, 8 temperature displays hot side, S wa-
ter tank cover

1 Peltier element, 2 pump, 3 tank, 4 overflow valve, 5 heat exchanger, 6 solenoid valve;
T temperature, F flow rate; U, | supply voltage and current measurement;
blue: water cold side, red: water hot side, green: mixed water

O O

- +

Principle of operation: semiconductors connected electrically in series transport the heat
from the cold side (blue) to the hot side (red)

[1] functional model of a Peltier refrigeration system

[2] experimental unit with clear design of all compon-
ents at the front

[3] water-cooled Peltier element

[4] shared water circuit for heating and cooling with
tank, pump and flow meters

[5] electrical power freely adjustable via potentiometer

[6] digital displays for temperature, current and voltage

[7] flow meter measurement of the water flows via rot-
ameters

Technical data

Peltier element

m max. refrigeration capacity: 191,4W
® max. current: 22,6A

m max. voltage: 16,9V

m max. temperature difference: 77,8K
m hot side temperature: 50°C

Pump

m power consumption: 120W
m max. flow rate: 1000L/h

m max. head: 30m

Water tank
m content: 7L

Measuring ranges

m current: 0..20A

m voltage: O..200V

m temperature: 2x -30...80°C, 4x 0...100°C
m flow rate: 1x 2..27L/h, 1x 15..105L/h

230V, 50Hz, 1 phase
230V, 60Hz, 1 phase
120V, 60Hz, 1 phase

UL/ CSA optional

LxWWxH: 1000x640x600mm
Weight: approx. 60kg

Required for operation

water connection
drain

Scope of delivery

1 experimental unit
1 set of instructional material
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ET 352

Vapour jet compressor in refrigeration

m refrigeration system with vapour
jet compressor

m cold production using heat

m transparent condenser and evapor-
ator

m together with ET 352.01 and
HL 313: using solar heat as drive
energy for the vapour jet com-
pressor

Unlike standard compression refrigeration
systems, vapour jet refrigeration machines
do not have a mechanical but a vapour jet

compressor. This makes it possible to use
different heat sources for cold production.
Such sources could e.g. be solar energy or
process waste heat.

The system includes two refrigerant cir-
cuits: one circuit is used for cold produc-
tion (refrigeration cycle], the other circuit
is used for the generation of motive vapour
(vapour cycle).

The vapour jet compressor compresses
the refrigerant vapour and transports it to
the condenser. A transparent tank with a
water-cooled pipe coil serves as condens-
er.

In the refrigeration cycle some of the con-
densed refrigerant flows into the evaporat-
or connected to the intake side of the va-
pour jet compressor. The evaporator is a
so-called flooded evaporator where a float
valve keeps the filling level constant. The
refrigerant absorbs the ambient heat or
the heat from the heater and evaporates.
The refrigerant vapour is aspirated by the
vapour jet compressor and compressed
again.

Learning objectives/experiments

m understanding compression refrigeration

systems based on the vapour jet method

m clockwise and anticlockwise Rankine
cycle

m energy balances

m calculation of the coefficient of perform-
ance of the refrigeration circuit

m thermodynamic cycle in the log p-h dia-
gram

m operating behaviour under load

m solar thermal vapour jet refrigeration

In the vapour cycle a pump transports the
other part of the condensate into a vapour
generator. An electrically heated tank with
water jacket evaporates the refrigerant.
The generated refrigerant vapour drives
the vapour jet compressor. Alternatively to
the electric heater, solar heat can be used
as drive energy by using ET 352.01 and
the solar thermal collector HL 313.

Relevant measured values are recorded by
sensors, displayed and can be processed
onto a PC. The heater power at the evap-
orator is adjustable. The cooling water flow
rate at the condenser is adjusted using a
valve.

ET 352

Vapour jet compressor in refrigeration

1 manometer, 2 pressure switch, 3 displays and controls, 4 vapour generator, 5 evaporat-
or, 6 pump, 7 cooling water connections, 8 flow meter, 9 condenser, 10 vapour jet com-
pressor

®gs P

O

1 vapour generator, 2 pump, 3 cooling water connections, 4 condenser, 5 float valve,

6 evaporator, 7 vapour jet compressor; T temperature, P pressure, PSL, PSH pressure
switch, F flow rate, P, power; red: vapour cycle, blue: refrigeration cycle, green: cooling wa-
ter

log p A

P3

P2
P1

» h

log p-h diagram: A refrigeration cycle, B vapour cycle, p, pressure in the evaporator,
po pressure in the condenser, ps pressure in the vapour generator

[1] investigation of a vapour jet compressor

[2] refrigeration circuit with condenser, evaporator and
vapour jet compressor for refrigerant

[3] vapour circuit with pump and vapour generator for op-
erating the vapour jet compressor

[4] transparent tank with water-cooled pipe coil as con-
denser

[5] transparent tank with adjustable heater as evaporator

[6] flooded evaporator with float valve as expansion ele-
ment

[7] vapour generator with heated water jacket (electrically
or solar thermally using ET 352.01, HL 313)

[8] refrigerant Solkatherm SES36, CFC-ree

[9] GUNT software for data acquisition via USB under
Windows 7, 8.1, 10

Technical data

Vapour jet compressor
m d.,,, convergent-divergent nozzle: approx. 1,7mm
m d.,;, mixing jet: approx. 7mm

Condenser
m tank: approx. 3,5L
m pipe coil area: approx. 0,1 7m?

Evaporator
m tank: approx. 3,5L
m heater power: 4x 125W

Vapour generator

m refrigerant tank: approx. 0,75L
m water jacket: approx. 9L

m heater power: 2kW

Pump
m max. flow rate: approx. 1,7L/min
m max. head: approx. 70mWS

Measuring ranges

m temperature: 12x-20..100°C

m pressure: 2x 0..10bar; 2x -1..8bar
m flow rate: 3x 0...1,5L/min

m power: 1x 0..750W, 1x 0O..3kW

230V, 50Hz, 1 phase

230V, 60Hz, 1 phase, 230V, 60Hz, 3 phases
UL/CSA optional

LxWxH: 1460x7390x1890mm

Weight: approx. 225kg

Required for operation

water connection, drain, PC with Windows recommended

Scope of delivery

trainer

set of accessories

refrigerant (4kg Solkatherm SES36)
GUNT software CD + USB cable

set of instructional material

RN I NI NN
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Principles of cold production

ET 122

Vortex cooling device

m demonstration of the vortex prin-
ciple

m cooling and heating using com-
pressed air

The experimental unit generates cold
and hot air with the aid of ordinary com-
pressed air. The central element of the
experimental unit is a vortex cooling
device also known as a vortex tube. In
the vortex tube the tangentially incoming
compressed air is moved in rapid rota-
tion. This creates a cold and hot air flow
in the vortex tube which leaves the vor-
tex tube at opposite ends.

A vortex cooling device does not have
any moving parts, is maintenance-free
and immediately ready for operation.
The vortex cooling device is used for the
convective cooling of high-speed tools,
the air conditioning of protection suits
and the cooling of switch cabinets. It is
particularly suited for use in explosive
environments. One benefit here is that
the vortex cooling device does not re-
guire an electric power supply.

The inlet pressure is measured using a
manometer. The compressed air volume
and the outlet volume of the hot air flow
are each measured using a rotameter.
The inlet temperature of the com-
pressed air and the outlet temperatures
of the cold and hot air flows are dis-
played digitally.

m function and operation of a vortex cool-
ing device

m air flow distribution dependent on the
temperature of the cold air flow

m effect of the inlet pressure on heating
and refrigeration capacity

ET 122

Vortex cooling device

1 manometer, 2 vortex tube, 3 cold air outlet, 4 compressed air connection, 5 process

schematic, 6 flow meter, 7 temperature displays, 8 hot air outlet

1 sound absorber, 2 vortex tube, 3 valve for adjusting the temperature of colt air; T temper-

ature, P pressure, F flow rate;
blue: cold air, red: hot air, green: compressed air
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Temperature curve, capacity and efficiency depending on the cold air ratio; red T1: hot air,
blue T2: cold air, orange P1: heat capacity, light blue P2: refrigeration capacity, black: cold

air efficiency, x cold air ratio

Specification

[1] functional model for cold air generation using a vor-
tex cooling device (vortex tube) with the aid of com-
pressed air

[2] experimental unit with clear design of all compon-
ents at the front

[3] simple design, no moving components, wear-free

[4] measuring of the compressed air inlet pressure by
manometer

[5] flow rate measurement of compressed air and ex-
haust hot air by rotameters

[6] digital displays for inlet temperature and outlet tem-
perature of cold and hot air

Technical data

Vortex cooling device

m inlet pressure: 5,5bar

m air consumption: max. 420L/min

m refrigeration capacity: max. 267W (230kcal/h)
® minimum temperature: -40°C

m maximum temperature: 110°C

Measuring ranges

m temperature: 3x -50...150°C
m pressure: 0..10bar

m flow rate: 2x 2..25m>/h

230V, 50Hz, 1 phase
230V, 60Hz, 1 phase
120V, 60Hz, 1 phase
LxWxH: 1000x600x710mm
Weight: approx. 50kg

Required for operation

compressed air: min. Bbar, 25m3/h

Scope of delivery

RN

experimental unit
1 set of accessories
1 set of instructional material
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Principles of cold production

ET 480

Absorption refrigeration system

m model of an absorption refrigera-
tion system

m boiler operated alternatively by
gas or electrically

m adjustable heating at the evapor-
ator serves as cooling load

Absorption refrigeration systems oper-
ate using thermal energy. They use the
principle of liquids evaporating already at
low temperatures when pressure is re-
duced. This basic principle is demon-
strated in the experimental unit ET 480
with the example of an ammonia-water
solution with the ammonia acting as re-
frigerant.

In the evaporator the liqguid ammonia
evaporates and withdraws heat from
the environment. To keep the evapora-
tion pressure low, the ammonia vapour
in the absorber is absorbed by the wa-
ter. In the next step, ammonia is per-
manently removed from the high con-
centration ammonia solution to prevent
the absorption process from being hal-
ted. For this purpose, the high concen-
tration ammonia solution is heated in a
generator until the ammonia evaporates
again. In the final step, the ammonia va-
pour is cooled in the condenser to the
base level, condenses and is returned to
the evaporator.

The low concentration ammonia solution
flows back to the absorber. To maintain
the pressure differences in the system,
hydrogen is used as an auxiliary gas.

In process technology systems the res-
ulting waste heat can be used for cool-
ing. In small mobile systems, such as a
camping refrigerator or minibar in a
hotel, the required heat is generated
electrically or by gas burner. Another be-
nefit of absorption refrigeration systems
is their silent operation.

ET 480 demonstrates the functional
principle of an absorption refrigeration
system with its main components: evap-
orator, absorber, boiler as generator
with bubble pump, condenser. The boiler
can alternatively be operated with gas or
electrically. Another electric heater at
the evaporator generates the cooling
load.

Temperatures in the refrigeration circuit
and the heating power at the boiler and
at the evaporator are recorded and dis-
played digitally.

m demonstrate the basic principle of an
absorption refrigeration system

m absorption refrigeration system and its
main components

m operating behaviour under load

gunl
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ET 480

Absorption refrigeration system

Specification

[1] operation of an absorption refrigeration system

[2] main system components: evaporator, absorber,
boiler with bubble pump, condenser

[3] ammonia-water solution as working medium, hydro-
gen as auxiliary gas

[4] boiler to separate ammonia

[3] bubble pump for transportation in the circuit

[6] adjustable electrical heater at the evaporator
serves as cooling load

[7] boileris alternatively heated by electrical heater or
gas burner

[B] piezoelectric igniter for gas operation

[9] digital displays for temperature and power

1 condenser, 2 evaporator with heater, 3 absorber, 4 tank, 5 gas burner, 6 pressure redu-
cing valve for propane gas operation, 7 boiler with bubble pump to separate the ammonia,
8 displays and controls

Technical data

Working medium: ammonia-water solution
Auxiliary gas: hydrogen

Electric heater: 125W

Gas burner, adjustable: propane gas
Evaporator heater, adjustable: 50W

Measuring ranges
m temperature: 4x -80...180°C
m power: 0..150W

230V, 50Hz, 1 phase
230V, 60Hz, 1 phase
120V, 60Hz, 1 phase

UL/ CSA optional

LxWxH: 750x450x750mm
Weight: approx. 47kg

Required for operation

1 condenser, 2 evaporator, 3 absorber, 4 tank, 5 boiler with bubble pump;
green: high concentration ammonia solution, yellow: low concentration ammonia solution,
blue: gas mixture ammonia-hydrogen

propane gas: 30..50mbar

Scope of delivery

experimental unit
hose
pressure reducer

1
1
1
1 set of instructional material

1 boiler with bubble pump, 2 condenser, 3 evaporator, 4 absorber;
A: ammonia circuit, B: water circuit, C: hydrogen circuit




Fundamentals of refrigeration

Compression refrigeration system

Basic knowledge

Main elements of a compression refrigeration system

In a compression refrigeration system, heat is transported from
one location to another due to a temperature difference. The prin-
ciple of heat transport in a compression refrigeration system can
be described using the example of the basic function of the four
main components.

h

Liquid line
supercooled liquid

The expansion valve is located between the con-
denser and the evaporator. Its task is to expand
the pressurised refrigerant. The expansion to a low
pressure is necessary so that the refrigerant can
evaporate again at low temperatures. A portion
of the refrigerant evaporates due to the pressure
reduction at the expansion valve, which results in a
drop in temperature. In addition, the superheating of
the refrigerant in the evaporator can be achieved by
using the expansion valve. The superheating ensures
complete evaporation of the refrigerant.

Expansion
valve

Injection line

wet vapour Capillary tube J

Evaporation
wet vapour

In the evaporator, heat is extracted from the envi-
ronment or a fluid and transferred to the refrigerant.
The refrigerant evaporates during this process. In
this case, the useful side is located in a refrigeration
plant. The temperature of the refrigerant remains
constant despite heat absorption. The absorbed - '
energy is used for the phase change. In order for Evaporator

evaporation to be able to take place, the temperature Superheating

of the liquid refrigerant must be lower than the fluid superheated vapour
being cooled. This required evaporation temperature
is directly proportional to the pressure which is spe-
cifically achieved by the suction effect of the com-
pressor and the contraction of the expansion valve.

Refrigeration capacity

Condensing output

Deheating
superheated
vapour

In the condenser, the heat is released from the refrig-
erant and transferred to the environment. The refrig-
erant vapour condenses due to heat dissipation. The
refrigerant vapour must have a higher temperature
than the environment. This required condensing tem-
perature is directly proportional to the pressure gen-
erated by the compressor. Condensation takes place
at constant high pressure.

e — T

Supercooling
liquid \

fdddd dddd ddddididd

Condenser

Hot gas line
superheated vapour

Suction gas line
superheated vapour
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The compressor is the drive unit of a compression
refrigeration system. It extracts the gaseous refriger-
ant from the evaporator, increases the pressure of the
refrigerant vapour and conveys the gaseous refriger-
ant into the condenser. The compressor must raise
the pressure of the refrigerant vapour to a sufficiently

high pressure level so that the refrigerant can con-
dense in the condenser by releasing heat.

Compressor

1

Drive power
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Compression refrigeration system

Basic knowledge

Refrigeration cycle

The refrigeration cycle can be described by a sequence of state
changes of a refrigerant. This sequence runs periodically and
always achieves the initial state (cyclic process). In refrigeration,
the state variables such as pressure, temperature and density
are important as is the dependence of these state variables on
each other.

The thermodynamic processes in the refrigeration cycle are
complex. Calculation using formulae and tables requires a con-
siderable amount of effort due to the three different states of
the refrigerant from liquid, boiling and gaseous. Therefore, for
reasons of simplification, the log p-h diagram was introduced.

Using a log p-h diagram, the various state variables can be rep-
resented graphically according to their dependencies. The ther-
modynamic state variables can be read directly at each state
point and are available for further calculations. Heat quantities,

In general, a log p-h diagram shows the aggregate state of
a substance, depending on pressure and heat. For refrigera-
tion, the diagram is reduced to the relevant regions of liquid
and gaseous as well as their mixed form.

The vertical axis shows the logarithmic pressure and the
horizontal axis shows the specific enthalpy with linear scal-
ing. Accordingly, the isobars are horizontal and the isen-
thalps are vertical. The logarithmic scaling makes it possible
to represent processes with large pressure differences.

The saturated vapour curve and the boiling point curve
meet at the critical point K.

technical work or pressure differences of a change of state are
shown as measurable lines. Using the log p-h diagram greatly
simplifies thermodynamic calculations and is essential for
understanding how refrigeration plants work.

On the basis of this knowledge, our software for refrigeration
equipment displays the respective log p-h diagram in real time.
Changes to operating parameters can be read directly in the
diagram and allow a valuable insight into the formation of the
thermodynamic states, which otherwise can only be appreci-
ated statically.

The log p-h diagram shows the thermodynamic state vari-
ables in the respective phase.

pressure p
specific enthalpy h
temperature T

]
[ ]

[ ]

m specific volume v
m specific entropy s
[ ]

gas content x

K

Boiling point curve

pd

Pressure log p —»

Saturated vapour curve >—o
Liquid /

e

Isovapore x

Wet vapour

Superheated
vapour

/0—4/ Isentrope s |

Specific enthalpy h ——»

The refrigeration cycle in the log p-h diagram
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The distinctive feature of the refrigeration cycle is that it runs
counter-clockwise, i.e. opposite to the joule or steam cycle. A
change of state occurs when the refrigerant flows through
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polytropic compression to the

condensing pressure (for comparison

1— 2’ isentropic compression)

isobaric cooling, deheating of
the superheated vapour

isobaric condensation

isobaric cooling, supercooling
of the liquid

isenthalpic expansion to the
evaporation pressure

isobaric evaporation

isobaric heating, superheating
of the vapour

one of the four main components of the refrigeration plant. The
actual refrigeration cycle consists of the following changes of
state:

Pressure logp —»
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Specific enthalpy h ——

Refrigeration cycle in the log p-h diagram

I compressor, Bl condenser, [J expansion valve, BE evaporator

In addition, pressure losses also occur in the actual refrigeration cycle, so that evaporation and condensation do not take place exactly
horizontally (isobarically).

Pressure logp —»

Specific enthalpyh

The specific amounts of energy that can be
absorbed and released to reach the state points are
marked as lines in the log p-h diagram. The specific
enthalpy h can be read for each separate state
point directly from the log p-h diagram.

If the mass flow rate of the refrigerant is known,
the associated thermal output can be calculated
by means of the specific enthalpy at the respective
state point.

m the line hy—hg4 =qg corresponds to the cooling
and results in the refrigeration capacity by
multiplication with the the mass flow rate.

m the line ho —hy=p, corresponds to the technical
work of the compressor, which is actually trans-
ferred to the refrigerant.

m the line ho —hz = g corresponds to the emitted
heat and results in the condenser capacity by
multiplication with the the mass flow rate.

It is the waste heat from a refrigeration plant.
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Compression refrigeration system

Basic knowledge

Representation of a refrigeration cycle in the log p-h diagram

This digression is designed to help you understand the functional relationship between the components of the refrigeration plant
and the thermodynamic processes. The following state variables are required to display a refrigeration cycle in the log p-h diagram:

®m p4 evaporation pressure m T, temperature at the compressor inlet

®m po condensing pressure m To temperature at the condenser inlet

m T3 temperature at the condenser outlet

Step 1: plot limiting isobars

—

)

/

P2 /N
=

First of all the isobaric changes of state have to be
plotted in the diagram.

® pq evaporation pressure
E pz condensing pressure

In doing so it is important that absolute pressures
are plotted in the diagram.

Step 2: plot compression process

After the limiting isobars have been plotted in the
diagram, the compression process can now be plotted.

m identifying the point of intersection of the isobars
p1 with the temperature at the compressor inlet Tq
gives the state point 1.

m identifying the point of intersection of the isobars
p2= with the temperature at the condenser inlet Ta
gives the state point 2.

m the connection between the two state points
1 and 2 describes the compression process.

Step 3: plot the isenthalpic expansion

O

3

Step 4: reveal the specific enthalpy values

3

h3: h4

The expansion process is plotted in the diagram as
follows:

m identifying the point of intersection of the isobars
p= with the temperature T3 at the condenser outlet
gives the state point 3.

The expansion is an isenthalpic process. Therefore,
the previously marked intersection point can be
connected to the isobars pq by a vertical line.

This results in the last state point 4 with the evapora-
tion temperature Tj.

When calculating operating states of a refrigeration
plant, it is necessary to determine the specific
enthalpies of the individual changes of state.

The procedure is as follows:

The specific enthalpy can be read off using a vertical
connection of the state points and the x-axis.

m hq spec. enthalpy after evaporator

m hp spec. enthalpy after compressor

m hgz spec. enthalpy after condenser

m hg4 spec. enthalpy after expansion valve

The specific refrigeration capacity gg and the specific
condensation capacity g can be read directly from the
log p-h diagram.

specific refrigeration capacity qg=h1—hg

specific condensation capacity g; =ha—hg
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Compression refrigeration system

ET 350

Changes of state in the refrigeration circuit

m refrigeration circuit demon-
strated clearly

m transparent components offer in-
sights into the changes of state

m energetic analyses of the refri-
geration cycle

In a compression refrigeration system a
refrigerant flows through the refrigera-
tion circuit and is subject to different
changes of state. Here, the physical ef-
fect is used that during the transition of
the refrigerant from a liquid to a
gaseous state energy is required which
is removed from the environment (evap-
oration enthalpy).

The experimental unit ET 350 repres-
ents a typical refrigeration circuit con-
sisting of a hermetic piston compressor,
condenser, expansion valve and evapor-
ator. The evaporator and condenser are
transparent to provide good monitoring
of the phase transition process during
evaporation and condensation. The oper-
ation of the float valve as expansion valve
is also easy to observe. Before the entry
into the evaporator the aggregate state
of the refrigerant can be monitored at a
sight glass. A water circuit cools the
condenser or supplies the cooling load
for the evaporator. Cold and hot water
and refrigerant flows are adjustable.

The low pressure level of the refrigerant
SES36 used permits the use of an evap-
orator and condenser out of glass. The
refrigerant is CFC-free and environment-
ally friendly.

Temperatures and pressures are recor-
ded and displayed. The key points of the

cyclic process can be read and entered

into a log p-h diagram. The power of the

compressor and flow rates of the water
flows and the refrigerant are also indic-

ated.

m design and operation of a compression
refrigeration system

m observe the evaporation and condens-
ation of the refrigerant

m represent and understand the refriger-
ation cycle in the log p-h diagram

m energy balances

m calculation of the coefficient of per-
formance

ET 350

Changes of state in the refrigeration circuit

1 pressure switch, 2 flow meter, 3 condenser, 4 expansion valve, 5 compressor, 6 evapor-
ator, 7 sight glass, 8 temperature display, 8 manometer
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1 condenser, 2 expansion valve, 3 compressor, 4 evaporator; T temperature, P pressure,

E electrical power, F flow rate, PSH pressure switch; blue: low pressure, red: high pressure,

green: water
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Expansion valve in the shape of a float valve: 1 float lifts the needle from the valve seat,
2 needle, 3 refrigerant escapes, 4 tank
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Specification

[1] demonstration of the processes in a refrigeration
circuit

[2] for better process monitoring the evaporator and
condenser are of transparent design

[3] evaporator and condenser with pipe coil

[4] expansion valve in the shape of a float valve

[5] pressure switch to protect the compressor

[6] temperature sensor, power meter, manometer in
the refrigeration circuit, flow meter for hot and cold
water and refrigerant

[7] safety valves at the evaporator and condenser

[8] refrigerant Solkatherm SES36, CFC-free

Technical data

Hermetic piston compressor
B capacity: 18,3cm®

Evaporator capacity: approx. 2800mL
Condenser capacity: approx. 2800mL

Measuring ranges

m temperature: 8x -20..200°C

m pressure: 2x-1...1,5bar

m flow rate (water): 2x 0..48L/h

m flow rate (refrigerant): 1x 0...700L/h
m power: 0..1200W

230V, 60Hz, 1 phase

120V, 60Hz, 1 phase

UL/ CSA optional

LxWxH: 1200x500x300mm
Weight: approx. 110kg

Required for operation

water connection, drain

Scope of delivery

1 experimental unit

3,5 kg refrigerant Solkatherm SES36
1  set of supply hoses

1 set of instructional material
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ET 102
Heat pump

v
==

m utilisation of ambient heat for wa-
ter heating

m display of all relevant values at
the location of measurement

With the airto-water heat pump ET 102
the ambient heat of the air is used to
heat water.

The heat pump circuit consists of a com-
pressor, an evaporator with fan, a ther-
mostatic expansion valve and a coaxial
coil heat exchanger as condenser. All
components are clearly arranged in the
trainer.

The compressed refrigerant vapour con-
denses in the outer pipe of the condens-
er and thereby discharges heat to the
water in the inner pipe. The liquid refri-
gerant evaporates at low pressure in
the finned tube evaporator and thereby
absorbs heat from the ambient air.

The hot water circuit consists of a tank,
a pump and the condenser as heater.
For a continuous operation the gener-
ated heat is dissipated via an external
cooling water connection. The cooling
water flow rate is set via a valve and
measured.

Learning objectives/experiments

m design and operation of an air-to-water
heat pump

m representation of the thermodynamic
cycle in the log p-h diagram

m energy balances

m determination of important character-
istic variables
» compressor pressure ratio
» ideal coefficient of performance
» real coefficient of performance

m dependence of the real coefficient of
performance on the temperature dif-
ference (air-to-water)

m operating behaviour under load

All relevant measured values are recor-
ded by sensors and displayed. The simul-
taneous transmission of the measure-
ments to a data recording software en-
ables analysis and the representation of
the process in the log p-h diagram. The
software also displays the key character-
istics variables of the process, such as
the compressor pressure ratio and the
coefficient of performance.

ET 102
Heat pump

1 expansion valve, 2 evaporator with fan, 3 pressure sensor, 4 pressure switch, 5 displays
and controls, B compressor, 7 cooling water flow meter, 8 pump, 9 hot water tank, 10 re-
ceiver, 11 cocondenser
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1 compressor, 2 pump, 3 hot water tank with external cooling water connection, 4 con-
denser, 5 receiver, B expansion valve, 7 evaporator with fan;

T temperature, P pressure, F flow rate, P, power, PSH, PSL pressure switch;

blue/red: refrigeration circuit, light green: hot water circuit, green: cooling water
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Software screenshot: log p-h diagram

[1] investigation of a heat pump with a water circuit as
load

[2] refrigeration circuit with compressor, evaporator
with fan, thermostatic expansion valve and coaxial
coil heat exchanger as condenser

[3] hot water circuit with pump, tank and condenser as
heater

[4] additional cooling via pipe cail in the hot water tank
and external cooling water

[5] record and display of all relevant measured values
and

[6] GUNT software for data acquisition via USB under
Windows 7, 8.1, 10

Technical data

Compressor
m capacity: 372W at 7,2/32°C

Coaxial coil heat exchanger (condenser)
m refrigerant content: 0,55L
m water content: O,3L

Finned tube evaporator
m transfer area: approx. 0,1 75m°?

Pump
m max. flow rate: ’I,9m3/h
m max. head: 1,4m

Hot water tank volume: approx. 4,5L

Measuring ranges

m pressure: 2x-1...15bar

m temperature: 4x 0..100°C, 2x -100...100°C
m power: 1x 0..6000W

m flow rate (water): 1x 0..108L/h

m flow rate (cooling water): 1x 10..160L/h

230V, 50Hz, 1 phase

230V, 60Hz, 1 phase

120V, 60Hz, 1 phase

LxWxH: 1620x790x1910mm
Weight: approx. 192kg

Required for operation

water connection, drain
PC with Windows recommended

Scope of delivery

1 trainer
1 GUNT software CD + USB cable
1 set of instructional material
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Refrigeration applications

ET 915 HSI training system

refrigeration and air conditioning technology

The ET 915 HSI Training system refrigeration and air condition-  The term HSI refers to our overall didactic concept:

ing technology, base unit provides basic experiments for the

different areas of refrigeration and air conditioning technology.

Hardware — Software — Integrated.

Training software

...with didactically valuable course of studies

Refrigeration Air conditioning m use the training software on the
students’ own PCs

ET 915.01 ET915.06 m complete course of studies for
Refrigerator Model of a .p . 4 . ud o
model simple air refrigeration and air-conditioning

conditioning technology including quiz

t .
system m very flexible thanks to the structure
| of own learning modules and tests
® intuitive user interface
E-Learning l-. T .. g =T

ET 915.02 ET 915.07 =
Model of a refriger- Air conditioning il ...:: ‘ ! C et
ation system with model

refrigeration and
freezing stage

- FRTTILE e K T Targeted review of the
= . learning content

m learning progress can
=— be monitored discretely
! and automatically

m detect weaknesses
and provide targeted
support

All attachments
contain expansion elements
and evaporators

Quiz with detailed evaluation

Data acquisition

...with unlimited networking capability

The ET 915 base
unit contains the
main compressor
and condenser
components

Process schematic

log p-h diagram

m interactive experiments for students via
network connection

m real-time display of the processes in the
log p-h diagram and h-x diagram

m plug & play system via USB connection g—
Modular system
with extensive
teaching possibilities

Multi-window
function
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ET 915

HSI training system refrigeration and air conditioning technology, base unit

ET 915

HSI training system refrigeration and air conditioning technology, base unit

Specification

[1] basic experiments on the operation of refrigeration
and air conditioning systems by combining the base
unit and models

[2] GUNT training system with HSI technology

[3] condensing unit consisting of compressor, con-
denser and receiver

[4] connection between condensing unit and model via
refrigerant hoses

[5] model attached securely on ET 915 with fasteners

[B] manometer for refrigerant with temperature scale

[7] refrigerant R134a, CFCAree

[B] system control via solenoid valves and software

4 [9] functions of the GUNT software: educational soft-

ware, data acquisition, system operation

1 2 3

1 compressor, 2 condenser with add-on fan, 3 receiver, 4 solenoid valve, 5 frame to mount
the models, B filter/drier, 7 manometer, 8 pressure switch, 9 refrigerant hose

m base unit for the setup of basic
experiments in refrigeration and
air conditioning technology

m modern learning environment
through hardware/ software in-
tegration (HSI)

m four models on refrigeration and
air conditioning technology

The base unit ET 915 is, dependent on
the objective of the experiment, exten-
ded into complete refrigeration circuit
with one of the models available as ac-
cessories (ET 915.01 refrigerator,

ET 915.02 refrigeration system with re-
frigeration and freezing stage,

ET 915.06 simple air conditioning sys-
tem, ET 915.07 air conditioning).

The main components of ET 915 are
compressor, condenser and receiver
plus electrical and communications sys-
tems. The models are plugged onto the
base unit and connected hydraulically
with refrigerant hoses and electrically
with cables. Self-sealing couplings re-
duce the refrigerant loss to a minimum.
All components are arranged well visible
to allow their operation to be monitored.

The modern and powerful software is an
integral part of the training system in
the form of hardware/ software integra-
tion (HSI). It enables the comfortable ex-
ecution and analysis of the experiments.
The experimental unit is connected to
the PC via a USB interface.

The GUNT software consists of a soft-
ware for system operation and for data
acquisition and an educational software.
With explanatory texts and illustrations
the educational software significantly
aids the understanding of the theoretical
principles. With the aid of an authoring
system, the teacher can create further
exercises. Each model has its own
GUNT software matching the learning
objectives.

Temperatures and pressures in the sys-
tem are recorded by sensors and dis-
played dynamically in the software for
system operation and data acquisition.
The effect of parameter changes can be
tracked in log p-h and h-x diagrams. The
system is also operated via the soft-
ware.

m in conjunction with ET 915.01,

ET 915.02, ET 915.06 and ET 915.07

» fundamentals of the refrigeration
cycle

» fundamentals of air conditioning

» components in a refrigeration sys-
tem/ air conditioning system

» system operation

» fault finding

8] ¢
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1 compressor, 2 condenser, 3 receiver, 4 sight glass, 5 filter/drier, 6 refrigerant hose for

the models;
PSH, PSL pressure switch; T temperature, P pressure;
blue: low pressure, red: high pressure

Software screenshot: process schematic of the model ET 915.07. Measured values are

displayed ,online".

Technical data

Condensing unit
m refrigeration capacity: 340W at 0/ 32°C

Measuring ranges
m temperature: 1x -50..50°C, 3x 0...100°C
W pressure

» ‘xintake side: -1..9bar

» 2x delivery side: -1...15bar

230V, 50Hz, 1 phase
230V, 60Hz, 1 phase
120V, 60Hz, 1 phase

UL/ CSA optional

LxWxH: 830x650x320mm
Weight: approx. 60kg

Required for operation

PC with Windows

Scope of delivery

1 condensing unit, filled with refrigerant

1 CD with authoring system for GUNT educational
software

1 set of instructional material
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ET 915.01

Refrigerator model

Description

m simple model of a domestic refri-
gerator for connection to the
ET 915

m component operation and fault
simulation via the GUNT software

ET 915.01 is part of the HSI training
system for refrigeration and air condi-
tioning technology. In combination with
the base unit ET 915 the operational
model of a domestic refrigerator is cre-
ated. The model is plugged onto the
base unit, secured using fasteners and
connected with refrigerant hoses to be-
come a complete refrigeration circuit.

ET 915.01 consists of a refrigeration
chamber with a heater as cooling load,
evaporator, fan and various expansion
elements. The fan supports the achieve-
ment of an even temperature distribu-
tion in the chamber. A cooling load can
additionally be simulated with the heater.
Solenoid valves enable the operation of
the system with capillary tube or with ex-
pansion valve. All components are
clearly arranged on a panel.

The operation of individual system com-
ponents, here the temperature control,
fan, heater, compressor and solenoid
valves, takes place via the software. The
software offers the option to simulate
faults.

Temperatures and pressures in the sys-
tem are recorded by sensors and dis-
played dynamically in the software. The
effect of parameter changes can be
tracked online in the log p-h diagram.
Fundamentals and individual compon-
ents are represented in the educational
software for ET 915.01. Performance
assessments check the learning pro-
gress. With the aid of the authoring sys-
tem further exercises and performance
assessments can be created.

Learning objectives/experiments

m understand and get familiar with the
design and operation of a simple refri-
geration system

m familiarisation with the principle of op-
eration of an evaporator

m different expansion elements
» operation with capillary tube
» operation with expansion valve

m operating behaviour under load

m refrigeration cycle in the log p-h dia-
gram

m fault simulation

ET 915.01

Refrigerator model

1 evaporator, 2 fan, 3 refrigeration chamber, 4 heater, 5 connections to ET 815, 6 pro-

cess schematic, 7 solenoid valve, 8 capillary tube, 9 expansion valve

D<
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Process schematic of the refrigerator model: 1 evaporator, 2 heater, 3 capillary tube, 4 ex-
pansion valve; T temperature, P pressure; blue: low pressure, red: high pressure
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Software screenshot: process schematic

[1] model of a refrigerator to plug onto the base unit
ET 915

[2] GUNT training system with HSI technology

[3] refrigeration chamber with evaporator, fan and
cooling load

[4] chamber with transparent front

[5] electric heater to generate the cooling load

[6] expansion elements selectable via solenoid valves:
expansion valve or capillary tube

[7] sensors to record temperature and pressure

[8] operation of solenoid valves, fan, heater and fault
simulation via software

[9] GUNT software for data acquisition via USB under
Windows 7, 8.1, 10

[10] GUNT software: educational software, data acquisi-
tion, system operation

Technical data

Refrigeration chamber, LxWWxH: 270x270x220mm
Electric PTC heater as cooling load: 210W
Capillary tube: length 2m

Measuring ranges
m temperature: 3x -50..50°C
m pressure: -1..9bar

LxWxH: 850x380x550mm
Weight: approx. 30kg

Scope of delivery

1 refrigerator model, filled with refrigerant
1 GUNT software CD + USB cable
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ET 915.02

Model of a refrigeration system with refrigeration and freezing stage
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The illustration shows a similar unit.

Description

m series and parallel connection of
evaporators

m component operation and fault
simulation via the GUNT software

ET 915.02 is part of the HSI training
system for refrigeration and air condi-
tioning technology. In combination with
the base unit ET 915 the operational
model of a refrigeration system with re-
frigeration and freezing stage results.
The model is plugged onto the base unit,
secured using fasteners and connected
with refrigerant hoses to become a
complete refrigeration circuit.

In refrigeration and freezing combina-
tions evaporators are preferably con-
nected in parallel. To increase the refri-
geration capacity, evaporators are oper-
ated connected in series. Here different
pressure levels in the evaporators can
be used to obtain different temperature
ranges for refrigeration or freezing.

ET 915.02 includes two separate refri-
geration chambers with evaporator and
expansion elements. The evaporators
can be optionally operated connected in
series or in parallel. Two fans in the refri-
geration chambers support the achieve-
ment of an even temperature distribu-
tion. With heaters cooling loads can ad-
ditionally be simulated.

One of the refrigeration chambers can
optionally be operated with an expansion
valve or a capillary tube as expansion
element. The various operation modes
are set via solenoid valves. An evapora-
tion pressure controller permits in paral-
lel operation the independent adjust-
ment of the temperature level in the up-
per chamber. All components are clearly
arranged on a panel.

The operation of individual system com-
ponents, here temperature control, fan,
heater, compressor and solenoid valves,
takes place via the software.

The software offers the option to simu-
late faults. Temperatures and pressures
in the system are recorded by sensors
and displayed dynamically in the soft-
ware. The effect of parameter changes
can be tracked online in the log p-h dia-
gram.

Fundamentals and individual compon-
ents are represented in the educational
software for ET 915.02. Performance
assessments check the learning pro-
gress. With the aid of the authoring sys-
tem further exercises and performance
assessments can be created.

Learning objectives/experiments

m design and operation of a refrigeration
system with two evaporators

m series and parallel connection of two
evaporators

m familiarisation with the different expan-
sion elements
» operation with capillary tube
» operation with expansion valve

m operating behaviour under load

m refrigeration cycle in the log p-h dia-
gram

m effect of the evaporation pressure

m fault simulation

gunl
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ET 915.02

Model of a refrigeration system with refrigeration and freezing stage

[1] model of a refrigeration system to plug onto the
base unit ET 915

[2] GUNT training system with HSI technology

[3] each refrigeration chamber includes: evaporator
with fan (to recirculate the air) and heater to gener-
ate the cooling load

[4] refrigeration chambers with transparent front

[3] adjustable evaporation pressure controller

[B] selectable expansion elements: expansion valve or
capillary tube

[7] operating modes of the system configurable via 5
solenoid valves

[B8] sensors to record temperature and pressure

[9] operation of solenoid valves, fan, heater and fault
simulation via software

[10] GUNT software with control functions and data ac-
quisition via USB under Windows 7, 8.1, 10

l [11] GUNT software: educational software, data acquisi-

1 evaporation pressure controller, 2 evaporator, 3 fan, 4 heater, 5 connections to ET 915,
6 process schematic, 7 capillary tube, 8 solenoid valve, 9 expansion valve

tion, system operation

:Ec Technical data

Refrigeration chamber: LxX\WxH: 270x270x220mm
Electric PTC heater as cooling load: 210W
Capillary tube: length 2m

Evaporation pressure controller: O...5,5bar

RN

Measuring ranges
m temperature: 6x £50°C
m pressure: 2x -1..9bar

3
] [

LxWxH: 850x380x750mm
Weight: approx. 45kg

Refrigeration system model, evaporators connected in parallel:
1 evaporation pressure controller, 2 non-return valve, 3 evaporator, 4 heater, 5 expansion X
valve, B capillary tube; T temperature, P pressure; blue: low pressure, red: high pressure SCOpE of dellvery

1 refrigeration system model, filled with refrigerant

LR e T 1 GUNT software CD + USB cable
B—"
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A
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Software screenshot: process schematic
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Introduction

Thermodynamic applications
in supply engineering: HVAC

Energy efficiency in building services engineering
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A large proportion of the energy used world-
wide concerns the supply of buildings. Effi-
ciency improvements can make a significant
contribution to reducing the primary energy
demand. Measures that result in a building
using energy more efficiently involve nearly
all areas of modern building services engi-
neering. In addition to consumption by elec-
tronic equipment, lighting and water heating,
these include in particular the consumption
by heating, ventilation and air conditioning.
Depending on the geographic location, the
design of systems in building services engi-
neering focuses on either heating or cooling
requirements, always taking both aspects
into account. The diagram opposite shows,
using Germany as an example, that a large
proportion of energy is used for heating
rooms.

Components for the combined use of renewable heat sources in the domestic supply

Business

15 % .
Room heating
69%

Industry
0y

29% Households
26%

Hot water

Transport 149%

30%

Electrical appliances

. . o
Source: German Energy Agency/Energy data s 2

BMWi (reference year 2015)

Components for the combined use of renewable heat sources
in the domestic supply

Ventilation with heat recovery

1 flat collector, 2 heat exchanger, 3 hot water storage tank,
4 heat pump, 5 geothermal absorber;

I hot heat transfer fluid,

[ cold heat transfer fluid

I outside air: air drawn in from the environment,

1 outgoing air: air released into the environment,

[ supply air: air entering a room or facility after it has been
treated, e.g. by filtering or heating

Il exhaust air: air leaving a room

Structural and technical measures are needed in order to
reduce the primary energy demand of buildings. Heat insu-
lation in cold regions and the use of transparent facades, for
example, are some of the possible structural measures. In
warm regions, attention is paid to shading and insulation from
heat radiation. This area is becoming increasingly important
in the training of architects, urban planners and construction
engineers.

Efficient components and systems, controlled by means of
modern building services engineering, are at the forefront
of technical measures for optimisation of the energy supply.
Taking into account modern concepts for combined heat and
power, distributed power grids and energy storage, it is pos-
sible to achieve energy production and distribution that is
adapted to demand.

Standards for energy efficiency in building services engineering

Directives have been passed by the European Parliament on
energy efficiency in buildings. Below is an excerpt from Direc-
tive 2010/31/EU of the European Parliament and of the Coun-
cil of 19 May 2010 on the energy performance of buildings:

[...] (3) Buildings account for 40% of total energy con-
sumption in the Union. The sector is expanding, which
is bound to increase its energy consumption. Therefore,
reduction of energy consumption and the use of energy
from renewable sources in the buildings sector consti-
tute important measures needed to reduce the Union's
energy dependency and greenhouse gas emissions.
Together with an increased use of energy from renewable
sources, measures taken to reduce energy consumption
in the Union would allow the Union to comply with the
Kyoto Protocol to the United Nations Framework Con-
vention on Climate Change (UNFCCC). [..]

To implement the EU Directive in Germany, the energy effi-
ciency of buildings is categorised in the energy efficiency
classes A to G in an energy certificate in accordance with
the German Energy Efficiency Act. Buildings are classified
according to the specific primary and final energy demand.
For highly efficient passive houses, the annual energy demand
is well below 50kWh/m?2.
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Hot water generation

Basic knowledge

Hot water central heating systems

A hot water central heating system has four partial tasks:

m central generation of hot water

® transporting hot water

m heat transfer to rooms

m controlling and regulating temperature

1 flat collector, 2 heating boiler, 3 hot water storage tank, 4 heat pump, 5 geothermal absorber;
Il hot heat transfer fluid, B cold heat transfer fluid, 1 fuel supply

The design of piping systems for the transport of
hot water requires knowledge of fluid mechanics,
for example the characteristic variables of pumps
and friction or pressure losses in pipe elements.
GUNT’s product area 4 Fluid mechanics deals
with these aspects.

Suitable control technology
ensures a uniformly comfort-
able room climate all year
round.

Modern systems allow the
heating system to be controlled
remotely.

There are different ways of
transferring the heat to the
rooms, depending on the
requirements and size of the
room.

Generation of hot water

=

Qil, gas or wood-fired boiler

Electric resistance heating

Solar thermal energy Heat pump

Heat transfer to rooms

Advantages

Water as a heat transfer medium

m high heat capacity
m inexpensive and easily obtainable
m non-toxic and environmentally friendly ® corrosive in the presence of oxygen

Disadvantages

m temperature range only 0—100°C at
ambient pressure

Cold water

Radiator with natural convection

Underfloor or wall heating with natural

convection

Air heater with forced convection
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Hot water generation

HL 352

Test stand for oil, natural gas and propane gas burners
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The illustration shows the trainer together with the HL 352.01 oil burner accessory

m investigation of gas and oil burn-
ers

m viewing window for observing the
flame pattern

Gas and oil burners can be used to gen-
erate heat for central hot water heating
systems. Burners convert the chemically
stored energy of the fuels into thermal
energy. There are diferent types of burn-
ers that differ mainly in their design. Oil
burners are distinguished as yellow
flame or atomizing burners and blue
flame burners. Gas burners can be built
in the form of gas fan burners, which
are optimised for different gases de-
pending on the heating medium.

The HL 352 test stand can be used to
study gas and oil burners and compare
their thermal balance. The test stand
consists of a heating boiler, a heating
control unit and a domestic water heat-
er.

The accessories HL 352.01 ail burner,
HL 352.02 natural gas burner and

HL 352.03 propane gas burner are
available. The flue gas can be analysed
with the HL 860 Exhaust gas analyser.
The test stand is supplied with a fuel oil
tank.

A viewing window is installed in the boil-
er body, which allows the flame to be ob-
served and the settings on the burner to
be immediately assessed.

The test stand is equipped with the pre-
scribed safety devices. A heatable do-
mestic water tank serves as a second
heat consumer.

Learning objectives/experiments

m design and operating behaviour of a
heating boiler

m comparison of burners (3 different
burners available as accessories)

m changes in settings during operation
with observation of the effects on the
flame pattern

m temperature measurements in differ-
ent areas of the combustion chamber

m oil pressure measurements on the
burner with observation of the effect
on the flame pattern

m thermal balance

m calculation of the thermal output of a
heating boiler

m function of a plate heat exchanger

In addition to oil pressure and flow rate,
all relevant temperatures, water flow
rates and the combustion chamber tem-
perature are measured. A thermal bal-
ance can be created from the measure-
ment data and the energy efficiency can
be determined.

An integrated heating circuit with plate
heat exchanger simulates a heater cir-
cuit. The measured values are transmit-
ted directly to a PC via USB where they
can be analysed using the software in-
cluded.

gunl

HAMBURG

HL 352

Test stand for oil, natural gas and propane gas burners

[1] comparison of burners

[2] oil burner, natural gas burner and propane gas
burner available as accessories

[3] function of a heating boiler

[4] boiler body with 1 viewing window made of special
glass

[5] domestic water heater with circulation pump

[B] transparent heating oil tank with filling and venting
valve

[7] digital displays for oil pressure sensor, temperature
and flow rate sensor

[8] GUNT software for data acquisition via USB under
Windows 7, 8.1, 10

1 heating control unit, 2 heating boiler, 3 HL 352.01 Oil burner (not included), 4 switch
cabinet with digital displays and control panel, 5 gas pressure manometer, 6 two-strand oil
filter, 7 fuel oil tank with fittings, 8 gas connection, 9 viewing window in the heating control-

® max. power consumption: 70W

ler, 10 expansion tank, 11 boiler safety group
. 77 49
14
gl[13 :
- m max. flow rate: 45L/min

10 m max. head: 4m

Technical data

Boiler
m nominal power output: 18kW
m control unit with temperature limiter

Circulation pump

55 b
)8

Plate heat exchanger: 10 plates

Boiler safety group according to DIN 4751
m 3bar
m 50kW

Domestic water heater: 160L
Heating oil tank, transparent: 15L

Process schematic: 1 heating boiler, 2 burner, 3 domestic water heater, 4 domestic water Measur‘ing ranges

heater return, 5 domestic water heater feed, 6 cold water connection, 7 hot water drain, m oil pressure: 0..186bar

8 circulation pump, 9 heating c'|r‘cu|t. feed, ’.ID plate heatlexchanger, 11 heating circuit re- m gas pressure [FIOZZ|E]: 0..10mbar

turn, 12 cooling water connection, 13 cooling water drain, 14 external temperature sensor o 5
m temperature: 1x 0..1.500°C / 9x 0..100°C

- —ar m flow rate (water): 3..60L/min
: m flow rate (oil): 0..40L/min

N s g

mj'

230V, 50Hz, 1 phase

230V, 60Hz, 1 phase; 120V, B0Hz, 1 phase
UL/ CSA optional

LxWxH: 1000x1440x1920mm

H Weight: approx. 377kg

rl'hl ﬂ.lh;ri

0 i — 2l Ep e

Required for operation

PC with Windows

— i Scope of delivery

Software screenshot 1 trainer without burner
1 GUNT software CD + USB cable
1 set of instructional material

N

| water connection, drain, ventilation, exhaust gas routing,
o

——
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HL 352.01

Oil burner
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The illustration shows a similar unit.

m oil burner for installation in the
HL 352 test stand
m blue flame burner

Oil burners are divided into yellow flame
and blue flame burners, depending on
the flame colour. In the case of yellow
flame burners, the heating oil is only at-
omized before combustion; in the case
of blue flame burners, the heating oil is
evaporated and some of the hot exhaust
gases are returned to the root of the
burner flame. In blue flame burners,
combustion takes place in a gaseous
state, which produces the blue flame.
This results in cleaner combustion with
a lower nitrogen oxide content and very
low carbon monoxide content in the ex-
haust gas.

The HL 352.01 QOil burner is a commer-
cially available blue flame burner in the
power range that is commonly used for
residential buildings.

The HL 352 test stand can be used to
measure important temperatures and
pressures, which are then available for
further calculations. A thermal balance
can be created from the measurement
data and the energy efficiency can be
determined.

Learning objectives/experiments

m investigation of an oil burner
m thermodynamic balance

Specification

[1] oil burner for installation in the
HL 352 test stand

[2] fuel supplied via the HL 352 test
stand

[3] sensor and digital displays for initial
oil pressure, temperatures and flow
rate on the HL 352 test stand

Technical data

Oil burner
m max. output: 18kW

LxWxH: 800x400x400mm
Weight: approx. 11kg

Required for operation

_.,
C

@
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Scope of delivery

1 experimental unit
1 manual

HL 352.02

Natural gas burner

f:\_l

The illustration shows a similar unit.

m natural gas burner for installa-
tion in the HL 352 test stand
m gas fan burner

In a gas fan burner, the ratio of combus-
tion air to gas quantity can be precisely
dosed. The combustion air is supplied via
a fan, which means that the combustion
process is less dependent on ambient
conditions such as the draught of the
chimney. Due to the precise dosing, the
burner can be operated with a small sur-
plus of air and thus achieves a good fir-
ing efficiency.

Gas fan burners can be used for H/L
natural gas or biogas or liquefied petro-
leum gas. They differ in their gas con-
nection with the gas hoses, burner set-
tings and pressure contraoller.

HL 352.02 is configured to use natural
gas by default.

The HL 352.02 Natural gas burner is a
commercially available gas fan burner in
the power range that is commonly used
for residential buildings.

The HL 352 test stand can be used to
measure important temperatures and
pressures, which are then available for
further calculations. A thermal balance
can be created from the measurement
data and the energy efficiency can be
determined.

Learning objectives/experiments

m investigation of a natural gas burner
m thermodynamic balance

Specification

[1] natural gas burner for installation in
the HL 352 test stand

[2] hoses with connections and gas
pressure controller for the fuel sup-
ply

[3] sensor and digital displays for gas
pressure, temperatures and flow
rate on the HL 352 test stand

Technical data

Natural gas burner
m max. output: 15kW

LxWxH: 800x400x400mm
Weight: approx. 11kg

Required for operation

natural gas connection

Scope of delivery

1 experimental unit
1 manual
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HL 352.03

Propane gas burner
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The illustration shows a similar unit.

m propane gas burner for installa-
tion in the HL 352 test stand
m gas fan burner

In a gas fan burner, the ratio of combus-
tion air to gas quantity can be precisely
dosed. The combustion air is supplied via
a fan, which means that the combustion
process is less dependent on ambient
conditions such as the draught of the
chimney. Due to the precise dosing, the
burner can be operated with a small sur-
plus of air and thus achieves a good fir-
ing efficiency.

Gas fan burners can be used for H/L
natural gas or biogas or liquefied petro-
leum gas. They differ in their gas con-
nection with the gas hoses, burner set-
tings and pressure controller.

HL 352.03 is configured to use liquefied

petroleum gas, in this case propane gas,

by default.

The HL 352.03 Propane gas burner is a
commercially available gas fan burner in
the power range that is commonly used
for residential buildings.

The HL 352 test stand can be used to
measure important temperatures and
pressures, which are then available for
further calculations. A thermal balance
can be created from the measurement
data and the energy efficiency can be
determined.

Learning objectives/experiments

m investigation of a propane gas burner
m thermodynamic balance

Specification

[1] propane gas burner for installation
in the HL 352 test stand

[2] hoses with connections and gas
pressure controller for the fuel sup-
ply

[3] sensor and digital displays for gas
pressure, temperatures and flow
rate on the HL 352 test stand

Technical data

Propane gas burner
m max. output: 18kW

LxWxH: 800x400x400mm
Weight: approx. 11kg

Required for operation

propane gas connection

Scope of delivery

1 experimental unit
1 manual

puPrWebsite

On our website you will find all you need to know,

including all the latest news.

HAMBURG
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Basic knowledge

Solar thermal energy

Solar thermal energy is defined as using solar power to provide Flat collector
heat. The heat can be used for heating in the home and for heat- Typical applications for solar thermal collectors:

ing domestic water, as well as for process heat in industry and

e . ) m heating water in swimming pools A widely-used type of collector is the flat collector. It represents ~ The absorber’s dark colour is caused by the selective coating.
for steam generation in power stations and even for cooling.

a balanced compromise between a simple, cost-effective design  The glass cover is made of high-quality, low-iron solar glass with
and efficiency. The back is insulated against heat loss. The cop-  a low absorption factor.

m domestic water heating per tube can be fed through the collector in different ways. The
construction will seek a compromise between good convec-
tive heat transfer through to turbulent flow and low pressure
m electricity generation (concentrated solar power) loss. The absorber may be made of copper, aluminium or steel.

m low-temperature heat for heating rooms

m process heat (concentrated solar power)

1 collector frame

o o o o o 2 solar glass cover
1 IEE 40°c 60°C 80°C 100°C | 2 solar gas
4 copper tube
5 thermal insulation 5
heating water in domestic water heating,
swimming pools domestic water heating with complementary heating
Energy balance of a flat collector
absorber absorber
. . flat collector vacuum collector
(plastic) (stainless steel)
|
v
vacuum tube collector
vacuum
>
flat collector 1 1
direct .
- heat pipe —
storage throughflow PP
L]

collector

Collector types for various applications )
with dry
The main part of any solar thermal | reflector connection
installation is the solar collector. Different
types of collectors are used, depending 6
on the application. First of all, a distinction 1 incident solar radiation,
is made between non-concentrating and A no wet " 2 losses through reflection,
concentrating collectors. Typical types of reflector connection e
. . 4 thermal radiation losses,

non-concentrating collectors are listed here.

5 losses through heat conduction,
6 generated heat at the collector outlet

Minimising losses

One of the main objectives for modern collectors is to minimise  energy utilisation with flat collectors are shown diagramally in
losses. The proportions of the major loss types in thermal solar  the figure above.
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ET 202

Principles of solar thermal energy

ET 202 is a device from the solar thermal energy training area
and enables systematic experiments to be carried out on a solar
thermal system with a flat collector.

This trainer may be used to study the key factors that affect
solar thermal domestic water heating. As such, ET 202 includes
a fully functional model of a solar thermal system. In order to
facilitate laboratory experiments that do not rely on weather
conditions, the trainer is fitted with its own lighting unit. This

GUNT software for data acquisition

The ET 202 software displays the current values in a
system diagram, and facilitates the recording of individual
data points or plotting a graph of progression over time.

Digital readouts on the device also allow the device to be
used without a PC.

lighting unit simulates natural solar radiation. The light is con-
verted into heat in an absorber and transferred to a heat trans-
fer fluid. A pump conveys the heat transfer fluid through a hot
water storage tank. There the heat is released to the contents
of the tank by an integrated heat exchanger.

The flat collector offers a removable glass cover and a remov-
able absorber for studying losses in the system.

=

= @

2 Measurement
and control unit

:
=
=

s

Replaceable
absorber

Hot water
storage tank

A 1

design and operation of a simple solar thermal system
determining the net power

energy balance on the solar collector

influence of illuminance, angle of incidence and flow rate
efficiency as a function of the temperature difference

influence of various absorbing surfaces

T 80 black surface
o selective coating J
£ 70
>
o
= ]
(]
S
nﬂzb 60 —

50 —

40 T I T I T I T I T

0 10 20 30 40 50

temperature difference in K —»

The illustration shows measured values for the efficiency as a
function of the collector temperature. A special coating on the
absorber allows higher efficiencies.

The lighting unit ensures uniform illumination. The spectral
composition of the light is similar to that of natural solar
radiation.

The solar collector converts the absorbed radiation into usable
heat. Parts of the insulation and the absorber can easily be
removed.

J

The heat exchanger is built into the hot water storage tank.

An electrical heater which makes it possible to achieve different
collector operating states in just a short time is additionally
available.
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ET 202

Principles of solar thermal energy

ET 202

Principles of solar thermal energy

Specification

[1] functional demonstration model of a solar thermal
system

[2] lighting unit with 25 halogen bulbs

[3] spacing and tilt adjustable collector

[4] 2 replaceable absorbers with different coating

[5] solar circuit with pump and variable flow

[B] hot water storage tank with tube coil as heat ex-
changer and electrical auxiliary heater

[7] sensors detect temperature and illuminance

[8] GUNT software for data acquisition via USB under
Windows 7, 8.1, 10

Technical data

&l

1 lighting unit, 2 control cabinet, 3 illuminance sensor, 4 flat collector with spacing and tilt Flat collector
adjustment, 5 temperature sensor, 6 hot water storage tank, 7 electrical auxiliary heater

==

m demonstration model of a solar
thermal system

m lighting unit for operation in the
laboratory

m hot water storage tank with elec-
trical auxiliary heater

m inclinable flat collector with re-
placeable absorbers

Solar thermal systems convert solar en-
ergy into usable thermal energy. ET 202
allows you to demonstrate solar thermal
heating of domestic water in an illustrat-
ive manner.

A lighting unit simulates natural solar ra-
diation and allows a range of experi-
ments to be carried out in the laborat-
ory. The light is converted into heat in an
absorber and transferred to a heat
transfer fluid. A pump conveys the heat
transfer fluid through a hot water stor-
age tank. The heat is released to the wa-
ter by an integrated heat exchanger in
the tank.

ET 202 can be used to study a variety of
angles of incidence and different illumin-
ance. The pre-installed absorber with se-
lective coating can be replaced for a
more simple blackened absorber, so as
to obtain comparative measurements of
collector losses. External heat con-
sumers can be attached to the tank via
two connectors.

The trainer is fitted with sensors to de-
tect the relevant temperatures (collect-
or inlet, collector outlet, ambient air and
tank] and the illuminance.

The measured values are displayed on
the device and can simultaneously be
transferred to a PC via USB. Using the
PC, the data can be clearly displayed in
the software provided and analysed fur-
ther.

m design and operation of a simple solar
thermal system

m determining the net power

m energy balance on the solar collector

m influence of illuminance, angle of incid-
ence and flow rate

m determining efficiency curves

m influence of various absorbing surfaces

g

Main components: 1 lighting unit, 2 flat collector, 3 temperature sensor ambient air,

4 hot water storage tank, 5 electrical auxiliary heater, 6 pump;
R illuminance, T temperature

m absorbing surface: 320x330mm
m tilt angle: 0...60°

Lighting unit
m lamp field: 25x 50W

Pump
m adjustable flow: 0...24L/h

Measuring ranges

m temperature: 4x 0..100°C
m flow rate: 0..30L/h

m iluminance: 0..3kW,/m?

230V, 50Hz, 1 phase

230V, 60Hz, 1 phase

230V, 60Hz, 3 phases

UL/ CSA optional

LxWxH: 1840x800x1500mm
Weight: approx. 167kg

Required for operation

PC with Windows recommended

Scope of delivery

trainer

measuring beaker

absorber

CD with GUNT software + USB cable
set of instructional material

RN N T Y
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HL 313

Domestic water heating with flat collector

Learning objectives/experiments

m familiarisation with the functions of the
flat collector and the solar circuit

m determining the net power

m relationship between flow and net
power

m determining the collector efficiency

m relationship between temperature dif-
ference (collector,/environment) and
collector efficiency

m conversion of solar energy into
heat

m trainer with real-world compon-
ents

m pivotable flat collector

m system with heat exchanger and
two separate circuits

m solar controller with data logger
and USB interface

The HL 313 trainer can be used to
demonstrate the principal aspects of
solar thermal domestic water heating in
a system with components used in real
world applications.

Radiant energy is converted into heat in
a commercially available flat collector
and transferred to a heat transfer fluid
in the solar circuit. The heat then gets
into the hot water circuit via a heat ex-
changer.

A solar controller controls the pumps
for the hot water and solar circuits. The
solar circuit is protected by an expan-
sion tank and a safety valve.

The trainer has been designed so that it
is possible to carry out a complete pre-
heating as part of a practical experi-
ment.

The temperatures in the storage tank,
at the outlet from and the inlet to the
collector are measured, as is the flow in
the solar circuit. Additionally, as in prac-
tice, the temperatures of the inlet and
return are displayed on the solar circula-
tion station.

In order to ensure there is sufficient illu-
minance, the system should be operated
with solar radiation or the optionally
available HL 313.01 Artificial light
source.

HL 313

Domestic water heating with flat collector

1 inlet and return thermometer, 2 solar controller, 3 flow meter, 4 buffer tank, 5 heat ex-
changer, B expansion vessel, 7 solar circuit pump, 8 pressure relief valve, 9 ambient air

thermometer, 10 collector

TDIC solar controller with USB interface

1 collector, 2 illuminance sensor, 3 ambient air thermometer, 4 solar circulation station
with solar circuit pump, 5 safety valve, 6 expansion tank, 7 heat exchanger, 8 hot water cir-

cuit pump, 8 buffer tank;
F flow rate, T temperature, P pressure, R illuminance

[1] trainer for investigating the function and operating
behaviour of a flat collector

[2] solar thermal flat collector with selectively absorb-
ing coating

[3] adjustable collector inclination angle

[4] solar circuit with collector, pump, expansion vessel
and safety valve

[5] hot water circuit with buffer tank, pump and plate
heat exchanger

[B] 4 bimetallic thermometers

[7] solar controller with temperature, flow rate and illu-
minance sensors

[B8] data logger with USB interface

[9] operation with solar radiation or HL 313.01 Artifi-
cial light source

Technical data

Solar circuit
m collector
» absorbing surface: 2,3m?
» rated throughput: 20..70L/h
» operating pressure: 1..3bar
m safety valve 4bar

Hot water circuit
m plate heat exchanger: 3kW, 10 plates
m buffer tank 70L

Measuring ranges
m flow rate: 20..150L/h
m temperature: 4x 0..120°C

230V, 50Hz, 1 phase

230V, 60Hz, 1 phase

120V, 60Hz, 1 phase

UL/ CSA optional

LxWxH: 1660x800x2300mm
Weight: approx. 240kg

Scope of delivery

1 trainer
1 set of instructional material




Thermodynamic applications in supply engineering: HVAC

Hot water generation

Basic knowledge

Shallow geothermal energy

The thermal utilisation of the sail to a maximum depth of 400m
is called near-surface or shallow geothermal energy. The ground
is the heat source. Due to its large mass, the ground can store
thermal energy particularly well and does not react to tem-
perature fluctuations of the ambient air. This is the advantage
of the ground over air as a heat source.

Technical implementations

There is an underground pipe system in which a liquid heat
transfer medium circulates. The medium heats up in the ground
and is transported to the surface for further use, e.g. for a heat

pump.

There are various options for using the thermal energy of the
earth’s surface. The technical implementation is dependent
upon the local conditions, the desired power and the combina-
tion with other energy systems. In the field of shallow geother-

Dual well system

The dual well system is an open geothermal system without
thermal retroaction on the heat source. It can be used for
heating or cooling purposes, where groundwater serves
as a geothermal heat source or heat sink. These systems
require sufficient groundwater to be present at the site in
layers near the surface.

This groundwater is pumped from a well to the surface of
the earth. The well depths are between 6m and 15m for
small installations in one- and two-family houses. In heating
mode, a heat exchanger extracts heat from the ground-
water. If groundwater quality is good and purity high, the
heat exchanger can be designed as an evaporator of a
heat pump and the groundwater can be used directly by
the heat pump. In order to conserve the groundwater res-
ervoir, the groundwater must be returned to the soil after
thermal use via a discharge well. There must be sufficient
distance between the well and discharge well so that there
is no hydraulic short circuit. There must be no thermal ret-
roaction in the system. One advantage of this system is
the almost constant groundwater temperature through-
out the year.

mal energy, firstly a distinction is made between open and closed
systems and secondly between collectors and probes.

Geothermal collectors

Geothermal collector is the generic term for closed geo-
thermal heat exchangers with thermal retroaction on the
surrounding ground. The standard design is the horizontal
geothermal collector.

These collectors are installed approx. 1Tm to 1,5m below
unsealed ground surfaces. Due to the low installation depth,
the heat transfer medium in the collector can reach tem-
peratures below 0°C in heating mode and must therefore
be frost-proof. The surrounding soil also usually freezes
during the heating period. Regeneration of the tempera-
ture of the ground is mainly carried out by heat transport
from nearby layers of the earth, ambient air, solar radiation
and penetrating precipitation.

Depending on the ground conditions, about 15m? to 30m?
collector surface area per kW of heating power is required.
Due to the relatively high ground temperatures, geother-
mal collectors are rather unsuitable for cooling buildings
compared to other systems.

gHAMBURG

Geothermal probes

Geothermal probes are heat exchangers that are inserted
vertically or at an angle into the ground. In most cases, these
consist of plastic pipes inserted into boreholes. The probes
can be designed in different ways. Geothermal probes are a
closed geothermal system with thermal retroaction on the
ground.

For small heating systems up to 30kW, geothermal probes
usually tap depths between 50 m and 150 m, with one or two
geothermal probes usually being sufficient for a single-family
house. If required, more geothermal probes can also be com-
bined to form a geothermal probe field.

Geothermal probes are further subdivided according to the
type of heat transfer and heat transport. Probes in which a
water/antifreeze mixture is pumped by means of a circulation
pump in the circuit between the geothermal probe and the
consumer are referred to as geothermal probes with forced
circulation. The absorbed geothermal heat is released at
the earth’s surface in a heat exchanger, which is located, for
example, in a heat pump. Geothermal probes with forced cir-
culation can also be used according to the reverse principle
for cooling purposes by transferring heat from a building to
the cooler ground via the geothermal probe. In other words
the ground can also be used as a thermal store.

Coaxial probe

U-shaped probe

Probe with heatpipe principle

Dual U-shaped probe
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ET 262

Geothermal probe with heat pipe principle

==

m transparent components allow ob-
serving how the state of the heat
transfer medium changes

m operation with low-boiling heat
transfer medium

In shallow geothermal energy generation
the thermal energy stored under the
earth’s surface is used for heating pur-
poses.

ET 262 demonstrates the operation of a
geothermal probe with heat pipe principle.
The transparent experimental set-up
provides an insight into the closed circuit
of the heat transfer: it allows a clear view
on the evaporation in the heat pipe, the
condensation in the probe head and the
reflux of the heat transfer medium on the
inside wall of the heat pipe. The set-up also
allows to take a closer look at the basic
methods applied for determining the
thermal conductivity of the surrounding
soil of the geothermal probe.

The heat pipe whose operating behaviour
is examined constitutes the core element
of the trainer. The heat pipe contains a low-
boiling heat transfer medium. The heat in-
put from the soil is simulated via a temper-
ature control jacket with heating circuit.
The heat from the heat transfer medium is
transferred to a working medium inside

-
&

o
i
i
=

the probe head. Sensors detect the tem-
perature and flow rate of the working me-
dium in the heat exchanger. These meas-
ured values are used to calculate the
thermal power that is transferred. The
GUNT software uses the measured values
to simulate the energy balance of a con-
nected heat pump.

One method to determine the thermal con-
ductivity of the surrounding soil is the so-
called thermal response test. A pump cir-
culates constantly heated water through a
U-tube geothermal probe that is sunk in
sand. During this process, the inlet and
outlet temperature, the flow rate and the
heating power of the geothermal probe
are recorded. These measured values are
used to calculate the thermal conductivity.

During another experiment, a sand cylin-
der is heated with a cylindrical heat
source. The radially dispersed thermal
temperature profile within the sand
sample is detected and used to calculate
the thermal conductivity within the sand
sample. The results of both methods will
then be compared.

The measured values are transmitted dir-
ectly to a PC via USB where they can be
analysed using the software included.

Learning objectives/experiments

m fundamentals of geothermal energy

m operating behaviour of a geothermal
probe with heat pipe principle

m determination of the amount of heat that
can be dissipated in the heat pipe with
variation of the thermal load

m variation of the filling level of the heat
transfer medium contained

m examination of the radial temperature
profile in a sand sample and determina-
tion of the thermal conductivity

m determination of the sand’s thermal con-
ductivity by means of a thermal response
test

m fundamentals and energy balance of a
heat pump

ET 262

Geothermal probe with heat pipe principle

1 6

2

3 7
8

4 9
10

5

1 condensate separator, 2 heat exchanger, 3 heat pipe with temperature control jacket,
4 storage tank for heat transfer medium, 5 heater in the heating circuit, 6 water tank with
heating element, 7 pump, 8 heating element, S sand cylinder, 10 U-tube geothermal probe

%
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left: geothermal probe with heat pipe principle: 1 sensor head, 2 heat exchanger, 3 heat
pipe, blue: liquid heat transfer medium, light blue: gaseous heat transfer medium, red arrow:
geothermal heat;

right: radial heat conduction in a sand sample: T temperature, TIC temperature controller of
the heater, r radius
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Thermal response test: 1 pump, 2 water tank with heating element, 3 time dependency of
the measured temperatures, 4 logarithmic time dependency of the central water temperat-
ure, 5 U-tube geothermal probe; T temperature, F flow rate, t time, LN(t) natural logarithm
of time

Specification

[1] demonstration of the operation of a geothermal probe
with heat pipe principle

[2] heat pipe made of glass with transparent temperature
control jacket

[3] water as a working medium for heat dissipation in the
heat exchanger

[4] supply of the working medium via the lab network or
via water chiller WL 110.20

[5] simulation of the energy balance of a heat pump in the
GUNT software

[6] CFC-ree heat transfer medium Solkatherm SES36

[7] GUNT software for data acquisition via USB under
Windows 7, 8.1, 10

Technical data

Heat pipe

m length: approx. 1200mm

m external diameter heat pipe: approx. 56mm

m external diameter temperature control jacket: approx.
80mm

Heater in the heating circuit

m output: 2kwW

Pump in the heating circuit

m max. flow rate: ’I,Qma/h

m power consumption: 58W

U-tube geothermal probe made of copper

m length: approx. 1000mm

Pump in the thermal response test

m flow rate: 4,8..28,2L/h

® power consumption: max. 60W

Heating element in the water tank

m output: 100W

Heating element in the sand container

m output: 5S0W

Measuring ranges

m temperature of the heating element in the sand sample:
0..250°C

m flow rate: 0,4..6L/min

230V, 50Hz, 1 phase

LxWxH: approx. 1500x790x1900mm
Weight: approx. 250kg

Required for operation

water connection or water chiller WL 110.20

Scope of delivery

trainer

sand (25kg; 1...2mm grain size)
GUNT software CD + USB cable
set of instructional material
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ET 264

Geothermal energy with two-well system

==

Description

m use of geothermal energy in an
open system without thermal
repercussion

m simulation of the energy balance
of a heat pump

The scope of geothermal energy is the
study and use of the heat and the tem-
perature distribution in the ground. A
geothermal plant uses the thermal en-
ergy stored below the earth’s surface.
Using a two-well system, for example,
thermal energy is extracted from the
near-surface groundwater for heating
purposes. ET 264 demonstrates the op-
eration of such a two-well system.

The trainer contains a closed water cir-
cuit with storage tank and pump. The
core element is a sand bed through
which water flows with a production well
and an absorption well. Water (ground-
water) flows in and out via two side-
mounted chambers.

In the experiment, the groundwater is
delivered from the production well to a
heat exchanger and the thermal energy
is transmitted from the groundwater to
the working medium.

The water then flows into an absorption
well. From here, the water is delivered
via the drain chamber into the storage
tank, is heated and returned to the ex-
perimental section. The groundwater
temperature in the storage tank is ad-
justed by means of a controlled heater.
The flow rate of the pump in the produc-
tion well can be adjusted. The groundwa-
ter flow through the sand bed is adjus-
ted using height-adjustable discharges.
The working medium is added either via
the laboratory supply or via the

WL 110.20 water chiller.

From the measured temperatures and
the flow rate, the transmitted thermal
output is determined. A multi-tube mano-
meter visualises the groundwater levels
of both wells. The measured values are
displayed on the trainer and can be
transmitted simultaneously via USB dir-
ectly to a PC, where they can be ana-
lysed using the GUNT software included.
By means of the measured values, a
heat pump which is connected to the
two-well system is simulated.

Learning objectives/experiments

m fundamentals of geothermal use

m operating behaviour of a two-well
system

m hydraulic and thermal properties
of the ground

m determination of the usable heat
capacity

m fundamentals and energy balance of a
heat pump

L
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ET 264

Geothermal energy with two-well system

[1] demonstration and operation of a two-well system
for using geothermal energy

[2] temperature-controlled groundwater circuit

[3] height-adjustable overflows for adjusting the
groundwater flow

[4] adjustable flow rate of the pump in the production
well

[5] measurement of temperature and flow rate to de-
termine the transmitted heat capacity

[B] multi-tube manometer for visualising the groundwa-
ter levels

[7] supply of the working medium via laboratory supply
or the WL 110.20 water chiller

[8] calculation of the transmitted heat capacity and

1 display, 2 production well, 3 experimental tank, 4 multi-tube manometer, 5 storage tank, simulation of the energy balance of a heat pump

6 heater, 7 heat exchanger, 8 absorption well, 9 tank [9] GUNT software for data acquisition via USB under

= Windows 7, 8.1, 10
O 4 AN

Technical data

Experimental section

m LxXWxH: approx. 1600x270x470mm
Production well pump

m power consumption: max. 72W

m max. flow rate: approx. 17L/min
Storage tank pump

m power consumption: approx. 70W
m max. flow rate: approx. 20L/min
Storage tank

m capacity: approx. 135L

Plate heat exchanger

m heat transfer surface: 0,39m°

m number of plates: 30

1 feed chamber, 2 pump, 3 production well, 4 heat exchanger, 5 absorption well, 6 working
medium connection, 7 drain chamber, 8 tank, 9 experimental section, 10 storage tank, Heater
11 filter, 12 heater; F flow rate, L level, T temperature, blue: water, green: working medium | power consumption: max. 8kW

Measuring ranges
m temperature: 0..45°C
m flow rate:
» 0..17L/min (production well)
» 5..50L/min (groundwater circuit)

400V, 50Hz, 3 phases

230V, 60Hz, 3 phases; 400V, 60Hz, 3 phases
UL/CSA optional

LxWxH: 1980x790x1920mm

Empty weight: approx. 320kg

Required for operation

water connection, drain or WL 110.20, PC with Win-
dows recommended

Typical design of a production well: 1 rising pipe, 2 extension pipe, 3 pump, 4 filter pipe,
5 sump pipe, 6 filter gravel

Scope of delivery

trainer

sand (250kg, grain size 1..2mm)
GUNT software CD + USB cable
set of instructional material
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Basic knowledge

Heat pump

What is a heat pump?

A heat pump transports heat from a low temperature level to
a higher temperature level. To do this, the heat pump requires
drive power. This can be mechanical, electrical or thermal.
Usually heat pumps which operate according to the principle of
a compression refrigeration system are used. Less often, heat
pumps running on the absorption process are used.

The COP is an important indicator for the operation of heat
pumps. COP stands for “Coefficient of Performance”. The COP
indicates how efficiently a heat pump works. The COP indicates
the ratio of heat capacity and the required drive power. This
value allows an easy comparison between different heat pumps.

The COP is directly dependent on the temperature of the heat
source and the heating temperature in the building. Therefore,
the COP changes at each operating point of the heat pump. The
larger the COP, the more effective the heat pump.

A heat pump can be used for cooling or heating

Because they have the same principle of operation, a heat pump
can function as a refrigeration system. As such, it is possible to
use the same system for heating in the winter and for cooling
in the summer. Only the functions of evaporator and condenser
are swapped. This takes place by switching over with two
non-return valves and a second expansion valve. Most of these
so-called split devices for room cooling already have a heater
function included.

Summer

1 compressor, 2 mechanical work, 3 condenser, 4 heat dissipa-
tion, 5 expansion valve, 6 evaporator, 7 heat absorption

1 heat sink, 2 condenser, 3 expansion valve 1,
4 expansion valve 2, 5 evaporator, 6 compressor,
I water/solar circuit, EH refrigerant (low pressure),

I refrigerant (high pressure)

Where does the heat pump get its energy from?

A heat pump usually extracts the energy from the environment.
Air, groundwater, the earth or river water are common. If the
energy is extracted from the ground, this is known as shallow
geothermal energy. An energy source temperature which is
as high and constant as possible is the key for high efficiency.
The temperature must not drop off too much in winter, when
the most heating power has to be provided. For groundwater

and the ground, the heat exchangers have to be very large in
order to avoid any local sub-cooling. When choosing the heat
source, factors such as investment cost, efficiency, availabil-
ity and obtaining permission have to be weighed against each
other. Using low-order waste heat such as exhaust air or cool-
ing water is particularly cost-effective.

The lower the temperature difference between heat source (evaporator) and heating temperature (condenser),

the larger the COP.

outside air low investment
river water low investment
groundwater good, constant power

ground good, constant power

low COP in winter
low COP in winter
high investment, permission

large space requirement

Winter

1 heat source, 2 condenser, 3 expansion valve 1,

4 expansion valve 2, 5 evaporator, 6 compressor,

I water/solar circuit, EH refrigerant (low pressure),
I refrigerant (high pressure)
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ET 102
Heat pump

v
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m utilisation of ambient heat for wa-
ter heating

m display of all relevant values at
the location of measurement

With the airto-water heat pump ET 102
the ambient heat of the air is used to
heat water.

The heat pump circuit consists of a com-
pressor, an evaporator with fan, a ther-
mostatic expansion valve and a coaxial
coil heat exchanger as condenser. All
components are clearly arranged in the
trainer.

The compressed refrigerant vapour con-
denses in the outer pipe of the condens-
er and thereby discharges heat to the
water in the inner pipe. The liquid refri-
gerant evaporates at low pressure in
the finned tube evaporator and thereby
absorbs heat from the ambient air.

The hot water circuit consists of a tank,
a pump and the condenser as heater.
For a continuous operation the gener-
ated heat is dissipated via an external
cooling water connection. The cooling
water flow rate is set via a valve and
measured.

Learning objectives/experiments

m design and operation of an air-to-water
heat pump

m representation of the thermodynamic
cycle in the log p-h diagram

m energy balances

m determination of important character-
istic variables
» compressor pressure ratio
» ideal coefficient of performance
» real coefficient of performance

m dependence of the real coefficient of
performance on the temperature dif-
ference (air-to-water)

m operating behaviour under load

All relevant measured values are recor-
ded by sensors and displayed. The simul-
taneous transmission of the measure-
ments to a data recording software en-
ables analysis and the representation of
the process in the log p-h diagram. The
software also displays the key character-
istics variables of the process, such as
the compressor pressure ratio and the
coefficient of performance.

ET 102
Heat pump

1 expansion valve, 2 evaporator with fan, 3 pressure sensor, 4 pressure switch, 5 displays
and controls, B compressor, 7 cooling water flow meter, 8 pump, 9 hot water tank, 10 re-
ceiver, 11 cocondenser
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1 compressor, 2 pump, 3 hot water tank with external cooling water connection, 4 con-
denser, 5 receiver, B expansion valve, 7 evaporator with fan;

T temperature, P pressure, F flow rate, P, power, PSH, PSL pressure switch;

blue/red: refrigeration circuit, light green: hot water circuit, green: cooling water
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Software screenshot: log p-h diagram

[1] investigation of a heat pump with a water circuit as
load

[2] refrigeration circuit with compressor, evaporator
with fan, thermostatic expansion valve and coaxial
coil heat exchanger as condenser

[3] hot water circuit with pump, tank and condenser as
heater

[4] additional cooling via pipe cail in the hot water tank
and external cooling water

[5] record and display of all relevant measured values
and

[6] GUNT software for data acquisition via USB under
Windows 7, 8.1, 10

Technical data

Compressor
m capacity: 372W at 7,2/32°C

Coaxial coil heat exchanger (condenser)
m refrigerant content: 0,55L
m water content: O,3L

Finned tube evaporator
m transfer area: approx. 0,1 75m°?

Pump
m max. flow rate: ’I,9m3/h
m max. head: 1,4m

Hot water tank volume: approx. 4,5L

Measuring ranges

m pressure: 2x-1...15bar

m temperature: 4x 0..100°C, 2x -100...100°C
m power: 1x 0..6000W

m flow rate (water): 1x 0..108L/h

m flow rate (cooling water): 1x 10..160L/h

230V, 50Hz, 1 phase

230V, 60Hz, 1 phase

120V, 60Hz, 1 phase

LxWxH: 1620x790x1910mm
Weight: approx. 192kg

Required for operation

water connection, drain
PC with Windows recommended

Scope of delivery

1 trainer
1 GUNT software CD + USB cable
1 set of instructional material




Thermodynamic applications in supply engineering: HVAC

Hot water generation

ET 405

Heat pump for cooling and heating operation

m air-to-water heat pump

m heating and cooling operation pos-
sible

m high practical relevance by using in-
dustrial components from refriger-
ation

m different operating modes can be
set via solenoid valves

Refrigeration systems and heat pumps
only differ in the definition of their use, but
can be of the same design. For example,
goods can be refrigerated in a supermar-
ket and the store heated with the waste
heat. The store can also be cooled with the
same system in the summer.

With ET 405 the cooling and heating oper-
ation can be investigated. Different operat-
ing modes can be selected via solenoid
valves.

The refrigeration circuit with compressor
and condenser (heat exchanger with fan)
includes two evaporators with fans (refri-
geration stage and freezing stage) and
thermostatic expansion valves. The two
evaporators can be connected in parallel
or in series. For the connection in series
the capillary tube serves as expansion ele-
ment for the refrigeration stage evaporat-
or. The refrigerant circuit is connected to
a glycol-water circuit via a coaxial coil heat
exchanger. Via solenoid valves the coaxial
coil heat exchanger can be switched as an
evaporator or condenser. Thus the glycol-
water mixture in the tank can be heated or
cooled. In pure cooling operation (without
heating function) the heat exchanger with
fan as air-cooled condenser dissipates the
heat. This heat exchanger can be also
switched as an evaporator.

The measured values are read from digital
displays and can at the same time be
transmitted via USB directly to a PC where
they can be analysed using the software in-
cluded. The software enables a clear rep-
resentation of the process.

m design, operation and key components of
a heat pump or refrigeration system

m representation of the thermodynamic
cycle in the log p-h diagram

m comparing different operating modes

m measurement of compressor capacity
and heating or cooling capacity in the
glycolwater circuit

m determination of
» efficiency
» coefficient of performance of heat

pump and refrigeration system

specific compressor load

compressor pressure ratio

specific cooling capacity

specific refrigeration capacity

m comparing key figures of heat pump and
refrigeration system

>
>
>
>

ET 405

Heat pump for cooling and heating operation

1 evaporator, 2 expansion valve, 3 capillary tube, 4 freezing stage evaporator, 5 evapora-
tion pressure controller, 8 compressor, 7 receiver, 8 heat exchanger with fan, 8 pump,

10 display and control elements, 11 tank for glycol-water mixture, 12 flow meter, 13 solen-

oid valve, 14 coaxial coil heat exchanger

03]

1 capillary tube, 2 expansion valve, 3 evaporator, 4 evaporation pressure controller, 5 com-

pressor, 6 tank for glycolwater mixture, 7 pump, 8 coaxial coil heat exchanger, S heat ex-
changer with fan, 10 receiver; T temperature, P pressure, F flow rate, PSH, PSL pressure
switch

Supermarket application: 1 refrigeration units, 2 freezer, 3 heat pump, 4 external condens-
er, 5 convector to heat or cool the sales room

gunl

HAMBURG

[1] airto-water heat pump for cooling or heating opera-

tion

[2] different operating modes selectable via solenoid

valves

[3] refrigeration circuit with compressor, condenser (heat
exchanger with fan), 2 evaporators with fan (refrigera-

tion and freezing stage)

[4] glycolwater circuit with tank, pump and coaxial coil

heat exchanger

[5] coaxial coil heat exchanger and heat exchanger with
fan can both be used as condenser or evaporator in

the refrigeration circuit

[6] 1 thermostatic expansion valve each for all heat ex-

changers and evaporators

[7] 1 additional evaporation pressure controller and 1 ca-
pillary tube for the refrigeration stage evaporator
[8] displays for temperature, pressure, flow rate and

power consumption of the compressor

[9] GUNT software for data acquisition via USB under

Windows 7, 8.1, 10
[10] refrigerant R134a, CFC-free

Technical data

Compressor

m refrigeration capacity: 934\W at 6,7 /55°C

m power consumption: 620W at -6,7,/55°C
Heat exchanger with fan

m transfer area: 1,25m2, volumetric air flow rate:

850m3/h, capacity: 1148W at DT=15K
Evaporators with fan
m refrigeration stage

» transfer area: 1,21m?2, volumetric air flow rate:
80m3/h, capacity: 140W [t ,=5°C, DT1=10K)

m freezing stage

» transfer area: 3,62m?, volumetric air flow rate:
125m°/h, capacity: 330W [t,,=5°C, DT1=10K]

Coaxial coil heat exchanger
m capacity: 1,6kW at 0°C; DT=9K

Measuring ranges

m temperature: 11x-50..150°C

m pressure: 2x-1..15bar, 1x-1..24bar
m flow rate: 1x 4..40L/h (refrigerant)

m flow rate: 1x 2,5..65g/'s (glycol-water)
m power: 0..1150W

230V, 50Hz, 1 phase

230V, 60Hz, 1 phase; 120V, 60Hz, 1 phase
UL/CSA optional

LxWxH: 2210x800x1900mm

Weight: approx. 330kg

Required for operation

water connection, drain
PC with Windows recommmended

Scope of delivery

trainer

set of accessories

GUNT software CD + USB cable
set of instructional material
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Thermodynamic applications in supply engineering: HVAC

Hot water generation

ET 420
Ice stores in refrigeration

With growing decentralisation of the energy supply, the stor-
age of energy is becoming increasingly important. The storage
of thermal energy for domestic water heating has been used
successfully in building services engineering for years. However,
the use of ice stores for cooling buildings is still an exception.

The heat to be dissipated, to cool buildings, fluctuates during
the course of the day. The demand for cooling is usually much
higher during the day than at night. In order to be able to cool
buildings under the highest possible load demand, refrigeration
plants are designed to meet the expected peak load. This leads
to an over-dimensioning of the refrigeration technology, so that
affected plants are operated very inefficiently under partial load
conditions.

1 switch cabinet

2 glycol storage tanks

3 circulation pumps

4 ice store

5 refrigerant compressor
6 refrigerant condenser
7 refrigerant evaporator
8 wet cooling tower

9 dry cooling tower

Ice stores can support the refrigeration plant in the case of par-
ticularly high cooling loads. Ice stores for assisting the refriger-
ation plant are mainly used in large non-residential buildings. In
times of low cooling demand, the store is charged via the refrig-
eration plant and can be discharged again in case of peak loads
to support the refrigeration plant. The capacity of the refriger-
ation technology can thus be designed to be smaller. The use
of smaller refrigeration plants saves operating and investment
costs.

Trainer with refrigeration plant and ice store

| in

If heat is removed from a liquid store, the temperature of the
storage medium falls. The water remains liquid and there is no
change to the aggregate state. The ice store belongs to the
group of latent storage. The water in the ice store changes its
aggregate state. The temperature of the water is constant
during the phase transition. If heat is still dissipated, the tem-
perature of the water in the ice store remains constant at 0°C.

The discharged energy corresponds to the phase change work
during water freezing.

To discharge the ice store, heat is transferred to the ice. The
temperature is constant until the ice in the store has melted.
Due to the phase change work, a large amount of thermal energy
can be stored at a low temperature difference.

W

Wet cooling tower

gHAMBURG

ET 420 offers a refrigeration plant with ice store, which can be
operated entirely as required. The plant concept includes a dry
cooling tower 9, which represents the heat exchanger in the
building to be supplied during the experiments and a wet cool-
ing tower 8, which represents the heat dissipation to the free
environment. The ice store enables various operating states to
efficiently serve as the fluctuating heating and cooling demand
of a building.

The following operating states can be set via the position
of the valves:

charging the ice store

cooling via the ice store

cooling via the refrigeration plant

heating via heat pump

[
[

[

m cooling via the refrigeration plant and ice store

[

m heating via heat pump and charging the ice store
|

heat dissipation via the wet cooling tower
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Dry cooling tower
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Hot water generation

ET 420
Ice stores in refrigeration

Thermal supply of a building, using the operating modes of ET 420 as an example

[ Refrig- ;'
The following shows how a demand-based supply of thermal  The ice store is operated using the example of a daily cycle. The eration

energy via a refrigeration plant with ice store functions in prac-  primary objective is to respond to variable cooling and heating plant
tice. The load profile of an office building is taken as an example. loads and to achieve an efficient supply of the building via a sen-
sible sequence of operating states.

Charging the ice store and heating via waste heat

In the morning hours between 7 am and 11 am the tempera-
ture in the building is less than 20°C. There is a need for

heating
—, The heat generated during the ice store charging process
- can be used for heating. To do this, the heat is dissipated
— from the ice store via the evaporator of the refrigerant cir-

cuit. The ice store is charged by this heat dissipation.

Cooling via the refrigeration
plant and ice store

heating via heat pump

LChar‘ging the ice store,

- — - The usable waste heat from the refrigerant circuit is
Charging the Cooling via Charging the transferred to the dry cooling tower via the condenser, thus
ice store the ice store ice store ; o .
heating the building. The system operates in heat pump
- _ . - . I _ _ l o mode, while simultaneously using heat and cold.
- S N 1 S o Dry cooling tower
30,0 i
T Ice store
0 250 N
c 4 Cooling via the ice store
) 4/ Refrig- IM
= eration n the period between 11am an pm, the temperatures in
2 o500 In th iod b 1" de h i
g ' /, plant the building are between 20 and 23°C. There is a relatively
E low cooling demand, which can be covered via the ice store.
0]
= 150 The ice in the ice store melts and absorbs heat from the dry
// cooling tower. This cools the dry cooling tower. This causes
100 / » the building to cool down. The refrigeration plant does not
' \\ need to be operated to dissipate the cooling load.
\/
5,0
0.0 o _j
0:00 7:00 11:00 14:00 19:00 0:.00
Time —» |
ce store
- o Cooling via the refrigeration plant and ice store
{ Refrig- » Th how the direction of heat t t efrig-
eration \ @ arrows show Bhe direction of heat transpor eration \ In the period between 2 pm and 7 pm, the temperatures in
plant / plant the building are between 23 and 27°C. This peak in the cool-

Charging the ice store

| No persons are present between midnight and 7 am.
{ & There is no need for air conditioning, the ice store is »
= charged.

ing load is covered by the combined cooling from ice store
and refrigeration plant.
.

kS The heat is dissipated from the dry cooling tower and the
building is cooled in this way. Part of the heat is transferred
to the ice store, where the ice melts in the ice store and
Wet cooling tower  absorbs the heat from the dry cooling tower. In order to
dissipate the particularly high cooling load, the refrigeration
plant is also operated and transfers part of the heat from
the dry cooling tower, via the evaporator.

-»[5[[

Wet cooling tower  Tp do this, the heat is dissipated from the ice store

via the evaporator of the refrigerant circuit. (This heat
dissipation causes the water in the ice store to freeze;
the ice store is charged.)

The waste heat from the refrigerant circuit is dissipated Dry cooling tower

] to the environment via the wet cooling tower.

Ice store Ice store

The waste heat from the refrigerant circuit is dissipated to
the environment via the wet cooling tower.

= glycol, BEH LP refrigerant, Bl HP refrigerant, Bl water, 1 air,
Il electrical power, (1 inactive process

Charging the ice store

No persons are present in the building from 7 pm onwards. There is no demand for air conditioning.
During this time, the ice store is charged via the refrigeration plant.
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Hot water generation

ET 420

Ice stores in refrigeration

The illustration shows the trainer on the left, the dry cooling tower in the middle and the wet cooling tower on the right.

Description

m industrial refrigeration system with
ice store, dry cooling tower and
wet cooling tower

m energy efficiency in refrigeration
and air conditioning technology

Ice stores are used in refrigeration to cov-
er an increased additional cooling require-
ment (peak load). The ice stores are usu-
ally charged over night when general en-
ergy requirements and energy costs are
low.

To charge and discharge the ice store a
circuit with glycol-water mixture is used
between the ice store and the compres-
sion refrigeration system. When charging
the ice store the glycol-water mixture is
cooled via a compression refrigeration sys-
tem to below 0°C and thereby withdraws
heat from the water in the ice store, caus-
ing the water to freeze. During discharging
the melting ice withdraws heat from the
glycolwater mixture causing the mixture to
cool down. During this cooling process the
ice store replaces or supports the com-
pression refrigeration system.

ET 420 consists of an ice store, a refriger-
ation system, a circuit with glycol-water
mixture, a dry and a wet cooling tower.
During the evaporation of the refrigerant
in the refrigeration circuit and during dis-
charging of the ice store, heat is with-
drawn from the mixture, whereas during
the condensing of the refrigerant heat is
added. As required the cooling towers add
heat to or withdraw heat from the mixture.

The record of all required variables en-
ables an energy balance for the individual
processes. The measured values are read
from digital displays and can be transmit-
ted simultaneously via USB directly to a PC
where they can be analysed using the soft-
ware included.

Learning objectives/experiments

m design and operation of an energy-effi-
cient refrigeration system

m function and operation of an ice store
» charge
» discharge

m energy flow balance

m energy transport via different media

m compression refrigeration cycle in the
log p-h diagram

m function and operation of a wet cooling
tower

m function and operation of a dry cooling
tower

L

HAMBURG

ET 420

Ice stores in refrigeration

[1] investigation of the charging and discharging of an ice
store

[2] system with ice store, compression refrigeration sys-
tem, dry and wet cooling towers

[3] refrigeration circuit for R134a with compressor, con-
denser, evaporator and expansion valve

[4] dglycolwater circuits with pumps: cooling of the refri-
gerant condenser, heating of the refrigerant evaporat-
or, charging/discharging of the ice store, operation of
the dry cooling tower

[5] water circuit with pump to operate the wet cooling
tower

[6] measurement of all relevant temperatures, pressures,

flow rates and power consumption to balance the pro-

cesses

GUNT software for data acquisition via USB under

Windows 7, 8.1, 10

Technical data

Compressor, refrigeration capacity: approx. 1,7kW
at-15,/32°C

Pumps (glycol-water mixture]

m max. flow rate: 4,5m3/h

m max. head: 5,6m

Pump wet cooling tower (water)

m max. flow rate: 4,5m3/h

m max. head: 18m

Ice store: 150L

Compensation tank: 20L

Wet cooling tower, rated cooling capacity: 12kW
Dry cooling tower, rated cooling capacity: 13,8kW

1 displays and controls, 2 pump, 3 manometer, 4 flow meter, 5 evaporator, 6 condenser, 7]
7 compressor, 8 ice store, 9 3-way valve, 10 compensation tank (glycol-water mixture)

& LV ¥—-O

Measuring ranges

1 evaporator, 2 condenser, 3 compressor, 4 ice store, 5 dry cooling tower, 6 wet cooling m temperature: 12x-20..100°C, 4x -50...150°C,
tower, 7 compensation tank; pipes: green: water, blue/red: refrigerant, orange: glycol-water 4x 0..80°C
mixture

m pressure: 1x-1..9bar, 1x-1..24bar

m flow rate: 3x 100..1200L/h, 2x 60..1500L/h,
1x 150..1600L/h, 1x 10..100L/h (R134a)

m power: 0..2250W

1@% N@?

\
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230V, 50Hz, 1 phase

230V, 60Hz, 1 phase; 230V, 60Hz, 3 phases

UL/CSA optional

LxWxH: approx. 2200x790x1300mm (trainer)

LxWxH: approx. 1250x790x1700mm (wet cool. tower)
LxWxH: approx. 1600x900x1140mm (dry cool. tower])
Total weight: approx. 650kg

Required for operation

water connection, drain
ventilation, exhaust air
PC with Windows recommended

4

Energy flows in the system: 1 condenser, 2 compressor, 3 evaporator, 4 ice store, 5 dry

cooling tower, B wet cooling tower, 7 heat exchanger to wet cooling tower; blue: water, yel- q

low: glycol-water mixture, green: refrigerant, grey: air, red: electric power SCOPE of dellver'y
trainer

wet cooling tower
dry cooling tower
set of hoses

GUNT software CD + USB cable
set of instructional material

PN N N\ N




Thermodynamic applications in supply engineering: HVAC
Air conditioning technology and ventilation

Basic knowledge

Ventilation systems and their components | P :

Ventilation systems ensure the
change of air in residential, office and
equipment rooms.

Heat recovery ventilation

Processes in which the residual heat of a mass flow is used after ~ Ventilation systems with heat recovery are state-of-the-art
Ventilation systems are not only con- its primary use are referred to as heat recovery. The heat gained  today. For heat recovery, heat exchangers are built into the sup-
cerned with air supply and exhaust, in this way would otherwise be wasted without heat recovery.  ply and exhaust air ducts of the ventilation system. They utilise
but also with the consideration of Heat recovery can be used to reduce the primary energy con-  the temperature difference between exhaust air and fresh air
thermal energy: sophisticated venti- sumption for heating buildings. and can be operated according to demand. The thermal energy
lation systems can transfer the heat of the outgoing air is used to heat up outside air in winter and
of the outflowing air to the incoming cool it in summer.

air, so that hardly any thermal energy :
leaves the system.

Thermal ﬁ
There are basically three types of insulation Supply air )
system: glazing Exhaust air

Highly efficient
1. exhaust air system: the “used” air Q Fhermgl
from the building is expelled to the insulation

outside (outgoing air) <] I_l I_l it
2. ventilation system: in addition to ‘ ‘ air

the exhaust air system, a supply ; ‘

system supplies fresh air to the Supply air

living areas

Exhaust air

Outgoing

3. different techniques that target
the saving of heating energy, e.g. via
heat recovery or geothermal heat
exchangers

These systems are grouped together
under the term controlled residential
ventilation. Non-controlled ventilation
of living space, on the other hand, is
the free ventilation of living space by
means of window ventilation, joint
ventilation or shaft ventilation.

Geothermal heat exchanger (optional)

Ventilation with heat recovery

[ outside air: air drawn in from the environment,

[ outgoing air: air released into the environment,

I supply air:  air entering a room or facility after it has been treated,
e.g. by filtkering or heating

Il exhaust air: air leaving a room

The design of ventilation systems Ventilation system: in addition to the exhaust air system,
requires knowledge of fluid mechanics, a supply system supplies fresh air to the living areas.
e.g. the characteristic variables of fans

Fluid and the pressure losses of pipe elements.

mechanics

GUNT’s product area 4 Fluid mechanics
deals with these aspects.
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Air conditioning technology and ventilation

HL 720

Ventilation system

The illustration shows a similar unit.

Learning objectives/experiments

m design and operation of a ventilation
system

B pressure measurements in the air
duct

m determine the electric drive power of
the fan

m determine the flow rate

m design and operation of components
such as

protective grating

multi-leaf damper

filter

heat exchanger

fan

inspection cover

sound insulation link

ventilation grill with adjustable flow

rate

» fire protection flap

» ceiling vents

Vv Vv VvVvYVvYVYyyYy

m ventilation system with air hand-
ler

m high practical relevance due to
the use of industrial components
from ventilation technology

m representation of pressure
curves

In building services engineering ventila-
tion systems are used for commercial
premises, hospitals, restaurants or con-
ference rooms to ensure the air ex-
change in the individual rooms. In real air
handling units the air is heated or cooled
by a heat exchanger and cleaned by fil-
ters, e.g. from pollen.

HL 720 demonstrates the operation of
a ventilation system and its components.
The components used are common in
commercial ventilation technology and
therefore are of high practical relev-
ance. The ventilation system is operated
as a pure air supply system.

The air enters via a weather louvre and
flows through the components of the
ventilation system, such as multi-leaf
damper and filter. A fan ensures the air
transport. Further down the air duct,
typical components, such as sound insu-
lation link, inspection flap, various air out-
lets and fire protection flap are ar-
ranged.

Sight windows enable an insight into the
sound insulation link, filker and fan. The
original component function remains in-
tact.

The record of pressures and differential
pressures at relevant measuring points
enables the representation of a pres-
sure curve for the whole system. The
components act as in real ventilation
systems as flow resistances. The elec-
tric drive power of the fan and the volu-
metric air flow rate are calculated.

HL 720

Ventilation system

1 fire protection flap, 2 inclined tube manometer, 3 weather louvre, 4 multi-leaf damper,
5 filter, 6 heat exchanger, 7 fan with drive mator, 8 inspection cover, 9 air duct, 10 disc

valve, 11 ceiling vent, 12 wall vent

—®
8
—®
7

Eng YA
12675 P 4T s ¢
= |7 =

1 weather louvre, 2 multi-leaf damper, 3 filter, 4 heat exchanger, 5 fan, 6 air duct, 7 sound
insulation link, 8 wall vent, 8 fire protection flap, 10 branch, 11 air outlet for ceiling installa-

tions, 12 disc valve; P pressure

1 2 3 4

SHE

=

Pressure curve within the ventilation system: 1 multi-leaf damper, 2 filter, 3 heat ex-

changer, 4 fan, 5 sound insulation link, 6 wall vent, 7 fire protection flap;

red: overpressure, blue: vacuum

[1] design and operation of a ventilation system

[2] all components from ventilation technology, some
with sight windows

[3] protective grating and adjustable multi-leaf damper
at the air inlet

[4] filter for air purification

[5] belt-driven radial fan

[6] 2 sound insulation links

[7] various air outlets for air distribution in the room:
disc valve, ceiling vent and ventilation grill with ad-
justable flow rate

[8] inspection cover for inspection purposes

[9] fire protection flap prevents the cross-over of fire
and smoke in the air duct

[10] air duct with pressure measurement connections

[11] pressure measurements with inclined tube mano-
meter

[12] current measurement to determine the power con-
sumption of the fan

[13] determine the flow rate via differential pressure

Technical data

Air duct:
m 2 parts with WxH 630x305mm and 630x630mm

Fan
m max. flow rate: 2500m3/h
m drive motor: 750W

Measuring ranges
m pressure: 0..7,5mbar
m current: 0..4A

400V, 50Hz, 3 phases

400V, 60Hz, 3 phases; 230V, 60Hz, 3 phases
UL/ CSA optional

LxWxH: 1960x300x2000mm

Weight: approx. 263kg

Scope of delivery

1 experimental plant
1 set of instructional material




Thermodynamic applications in supply engineering: HVAC
Air conditioning technology and ventilation

Basic knowledge

Fundamentals of air conditioning

The purpose of air conditioning is to create a room climate com-
fortable for people. The conditions for describing comfort are
standardised in accordance with DIN 1946 and DIN EN 13779.
While the temperature should be between 20 and 26°C, a rela-
tive humidity between 30 and 65 % is permitted.

Air conditioning therefore means to affect the room air in such
a way that people are comfortable and their productivity is not
impeded.

The condition of the air is characterised by temperature, pres-
sure and humidity.

(Normally, the air pressure is not changed. Exception: air condi-
tioning in the aircraft cabin)

Comfort zone in the h-x diagram for humid air by mollier
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For full air conditioning there are

four partial functions:

m heating m humidifying

m cooling m dehumidifying

In the h-x diagram temperature T, enthalpy h and relative
humidity ¢ are plotted above the absolute humidity x.

In the exemplary diagram the comfort zone according to
DIN 1946 is drawn in green.

The orange area represents the range of outside tempera-
tures and humidities prevailing in Central Europe. You can see
that the outside temperatures and humidities usually do not
match the conditions for comfort and that the room air needs
to be air conditioned.

In Central Europe this is usually heating and humidifica-
tion, whereas in the Tropics cooling and dehumidification is
required.

Air humidity

Humid air contains water in a vaporous state. A difference is
made between absolute humidity and relative humidity. Absolute
humidity is measured in g H20/kg dry air.

For air conditioning the relative humidity is more important. It
is perceived by humans. Relative humidity is measured in % of
the maximum possible humidity at a given temperature. 100 %
r.h. means that the air cannot absorb any more humidity, it is
saturated. Excessive humidity then remains as a liquid (mist) in
the air. The saturation curve is the lower limit curve in the h-x
diagram.

HAMBURG

Basic processes of air conditioning

The basic processes of air conditioning can be exceptionally well
represented in the h-x diagram.

A change of temperature at constant absolute humidity also
always results in a change of the relative humidity and enthalpy.
The relative humidity and enthalpy also change with a change of
the absolute humidity at constant temperature.

Thus temperature and relative humidity cannot be set inde-
pendently of each other. An increase in the air temperature
(heating), for example, always also results in a reduction in the
relative humidity. To keep the relative humidity constant, humid-
ification is therefore also required when heating. Conversely, the
relative humidity increases during cooling.

Four basic processes of air conditioning in the h-x diagram
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Cooling

supply of heat, relative humidity reduces
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Dehumidifying

removal of heat, relative humidity increases
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Humidifying

cooling to 100 % r.h. (saturation), condensation of the
humidity on cold surfaces. Followed by heating to the desired
temperature.

supply of water steam or water mist (for mist additional
heating required to compensate cooling due to vaporisation
enthalpy 1-1-2)
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Air conditioning technology and ventilation

Basic knowledge

Setup of an air conditioning system __ L

|

o { HEHXH Hik= o O[3 .

I
=T

1 2 3 4 5 T T
m direct evaporator of a compres- m electric air heater m steam humidifier
] o o ) ] o ) ] sion refrigeration system . .
A full air conditioning system consists in its most simple form of ~ Real air conditioning systems are usually more complex in design. A_d"antag‘“ﬁ- Advant_age. _
the following components: To save energy, the waste air from the room can be returned to Advantage: simple design, easy to control no cooling by condensation,
i iqi ; i i simple and cheapdesign hygienic
1 air filter removes dust and dirt from the air the room after pr‘oces.smg..Thls is calledlr‘e.clr'culatlng operation.
} _ _ The ratio of recirculating air and outer air is controlled by throt-
2 fan: aspirates the air and transports it through the system tle valves or flaps. In the diagram shown below the air cooler is —
3 air cooler: cools and dehumidifies the air supplied with cold water from a water chiller. Steam humidifier n s—l : n b N\
4 air heater: heats the air and compensates for the and air heater are heated electrically. ; @ — 4K S
temperature loss during humidification and dehumidification J.@. ©_ L :
5 air humidifier: adds humidity to the air ! ' ! O
m cold water circuit with compres- m hot water circuit with boiler m spray humidifier with mist
sion refrigeration system R collector
14 7 12 1 Advantage: all fuels and heat sources possible, Advantage:
several coolers can be operated several air heaters can be can also operate as air cooler

| 4@‘ @ o I | I via one refrigeration system connected to one heat source

Room
15

3 5
<t H_HOHARHEHH -
L | | ,
6 13 1 2 4 Fl 9 10 : !
I g e e ey A PR PR

Complex air conditioning system ] ll Jl‘l"'-l| "_! ""1- ‘Tﬂ 3 i
with recirculating operation iy
1 air filter, 2 air inlet fan, 3 air cooler, 4 electric air preheater,
5 steam humidifier with electrically heated steam generator, 6 outer air flap,
7 distribution chamber, 8 water chiller with compression refrigeration plant *
in block construction with air-cooled condenser, % @ =
9 electric air reheater, 10 inlet air silencer, 11 silencer, 12 exhaust air fan, .
13 mixing chamber, 14 exhaust air flap, 15 recirculating air flap |1 8 Electric air heater Steam humidifier

ET 620 Air conditioning
and ventilation system

1 air filter,

2 fan,

3 air cooler,

4 air heater,

5 humidification chamber,

6 ventilation flap,

7 distribution system with
flaps and outlets

An example from practice:
industrial air conditioning

system with comprehen-

sive filters for clean room

production
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ET 620
Real air conditioning and ventilation system | :

ET 820 is a real air conditioning system with connected air duct.  and exits into the room through air outlets. Alternatively an
The trainer consists of the main unit, a condensing unit and a external ductwork can also be connected.

steam humidifier. The conditioned air flows through an air duct

Control via PLC

The operation of the air condition-
. . ing system is via a PLC. Handling the
Main unit different PLC functions is learned step
o by step:

display of alarms
display of measured values

input of reference variables

input of control parameters

input of limit values
...and much more

Safety in air conditioning
technology

A fire protection flap is fitted in the air
duct. Fire protection flaps are used to
separate the ventilation network from
the source of a fire in an emergency.
To trigger and close the fire protec-
tion flap a spring and a thermal trip
element are used. In case of a fire, the
solder melts, the two metal plates are
released and the spring shuts the fire
g protection flap.

Trip element with intact
solder joint

Condensing unit Steam humidifier

Trip element with melted
solder joint

. E ' Fire protection flap
—
-
L

Typical air outlets

In order for people to find the room
climate comfortable, a strong draught
must be avoided.

The air duct of ET 620 features differ-
ent types of air outlets. The purpose
of air outlets is the distribution of the
air in the room with a minimum air
velocity. Air distribution, air velocity
and pressure loss of the different air
outlets can be compared.

Ventilation grill

1 switch cabinet with PLC, 2 cooler with connections for the condensing unit,
3 humidification section with connections for steam humidifier, 4+ 6 outlets for the conditioned room air,
5 fire protection flap, 7 standard connection for external ductwork

Ceiling vent (left) and disc valve (right)
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ET 620

Air conditioning and ventilation system

m complete air conditioning and
ventilation system for laboratory
operation

m high practical relevance due to
real dimensions and use of com-
mercial components

® manual or automatic operation by
PLC air conditioning controller

m connection of an external air duct
system possible

The experimental setup represents a
real air conditioning and ventilation sys-
tem. The system capacity is sufficient to
climatise a laboratory room.

The air conditioning and ventilation sys-
tem includes a filter element, a fan with
controlled speed, a direct evaporator as
air cooler, an electric air heater and hu-
midification by steam humidifier. The fol-
lowing functions are possible: heating /
cooling and humdifiying / dehumidifying.
For this purpose the active components
can be run either manually individually or
via a central PLC air conditioning con-
troller in automatic operation. The air
conditioning contraoller controls the tem-
perature and air humidity independent
of each other. Via time programs, opera-
tion is possible dependent on the time of
the day or the day of the week, as in
reality. Pressure losses can be meas-
ured at each section of the duct.

All common components, such as filter,
air heater / air cooler, outlets, smoke
detector, multi-leaf dampers, inspection
and fire protection flaps are available
and can be explained. A standard con-
nection piece in the air duct enables the
connection to an external air duct sys-
tem to climatise an existing room.

The air conditioning and ventilation sys-
tem consists of three independent sys-
tem components: main unit, steam hu-
midifier and condensing unit. The con-
nection is performed via hoses. Due to
the waste heat the condensing unit
should not be placed inside the room to
be climatised.

m practice-oriented principles of air con-
ditioning and ventilation technology

m design and servicing of an air condi-
tioning and ventilation system

m principles of room air conditioning (h-x
diagram)

m explanation of components: filter, air
heater, air cooler, humidifier, condens-
ing unit, air conditioning controller,
flaps, outlets

m operation of safety devices

m measurement of pressure curve and
pressure losses

m effect of air cooler, air heater and hu-
midifier on the state of the air at the
outlet

m investigation of the control behaviour
of an automatic air conditioning con-
troller, determination of limiting factors

ET 620

Air conditioning and ventilation system

1 13 12 ;I’I 10 9
N /
D 55 8s 4 J % ° 8
=i
B 3
2 :°
(CD)
7
iE ]
Ch o g
?ﬁl
L~
3 4 5 B ¢ v

1 switch cabinet with controller, 2 air inlet with filter, 3 condensing unit, 4 fan, 5 air heater,

6 steam humidifier, 7 standard connector to connect an external air duct system, 8 in-
clined tube manometer, 9 ventilation grille with volume adjustment, 10 smoke detector,
11 fire protection flap, 12 ceiling vents, 13 air cooler (direct evaporator)

D

L/
Binary Filter fault
/ Off
Binary Lndcatar

Y
|
| oaov I_@__m

Binar‘y—| Temp. limiter

0-10V

0-10V_ Ductsensor /3
. ) I/

0-10V_Roomsensor /=T

Binary Fire damper
Binary Smoke detector

Ry
| M
1 2 3

Control schematic: 1 condensing unit, 2 controller, 3 steam humidifier, 4 smoke detector,
5 fire protection flap, 6 humidification section, 7 electric air heater, 8 fan, 9 air cooler (dir-
ect evaporator), 10 filter; T/H temperature,/humidity

t
=i XIOVIF [N =

Pressure curve in the system

[1] practice-oriented air conditioning and ventilation
system with 3 independent system components:
main unit, condensing unit, steam generator

[2] manual or automatic operation via PLC air condi-
tioning controller

[3] main unit with air duct, fan, air conditioning system

[4] air conditioning system with direct evaporator as
air cooler, electric air heater, humidification

[5] hoses connect direct evaporator to condensing
unit, humidification system to steam humidifier

[B] air duct from hot galvanised sheet with sight win-
dow and pressure measurement connections to re-
cord pressure curves

[7] air duct with filter, multi-leaf damper, ceiling vent,
protective grating, ventilation grille, fire protection
flap, inspection flap, sound insulation link, smoke de-
tector

[B8] standard connection piece to connect to external
ventilation system

[9] refrigerant R404a, CFCAree

Technical data

Fan, speed-controlled O...1 500min”

® max. volumetric air flow rate: 2500m3/h

m max. pressure level: 715Pa

m drive motor power: 1,TkW

Air heater, 4 stages: 0-5-10-15-20kW

Air cooler (direct evaporator), cooling capacity: 27kW
Condensing unit

m rated cooling capacity: approx. 16,6kW at 7.2/32°C
m power consumption: approx. 7,4kW at 7.2/32°C
Steam humidifier

m steam capacity: 10kg/h

m power consumption: 7,5kW

External standard connection piece: 400x400mm
Duct cross-sections

m bottom: WxH: 630x630mm, top: WxH: 358x358mm
Inclined tube manometer: 0...750Pa

400V, 50Hz, 3 phases

400V, 60Hz, 3 phases; 230V, 60Hz, 3 phases

UL/ CSA optional

LxWxH: 3870x850x1760mm; 540kg (trainer)

LxWxH: 1110x740x1120mm; 163kg (condensing unit)
LxWxH: 510x500x1060mm; 50kg (humidifier)

Required for operation

water connection, drain

Scope of delivery

trainer

condensing unit

steam humidifier

set of accessories

set of instructional material

RN I NS YN
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ET 915 HSI training system

refrigeration and air conditioning technology

The ET 915 HSI Training system refrigeration and air condition-
ing technology, base unit provides basic experiments for the

different areas of refrigeration and air conditioning technology.

Refrigeration

The term HSI refers to our overall didactic concept:
Hardware — Software — Integrated.

ET 915.01 ET 915.06
Refrigerator Model of a
model simple air

conditioning

system
ET 915.02 e T ET 915.07 -
Model of a refriger- ﬁ"‘: F Air conditioning l’: 3
ation system with " = ' model
refrigeration and oA .}
freezing stage ‘-I 7

" & ] ]

contain expansion elements

Modular system
with extensive

teaching possibilities

All attachments

and evaporators

The ET 915 base
unit contains the
main compressor
and condenser
components

...with didactically valuable course of studies

m use the training software on the
students’ own PCs

m complete course of studies for

refrigeration and air-conditioning e

technology including quiz

m very flexible thanks to the structure
of own learning modules and tests

m intuitive user interface

E-Learning

B - ]
one

‘@@@ T - aEe
=
B Sunmcontentiimse 2 ] | Em_-
A IJIII - = 1=+
F i
ST SEE

Quiz with detailed evaluation

Targeted review of the
learning content

m learning progress can
be monitored discretely
and automatically

m detect weaknesses
and provide targeted
support

Data acquisition

...with unlimited networking capability

m interactive experiments for students via
network connection

m real-time display of the processes in the
log p-h diagram and h-x diagram

m plug & play system via USB connection

Multi-window
function

log p-h diagram

Process schematic
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ET 915.06

Model of a simple air conditioning system

Description

m model of a simple air conditioning
system for room cooling

m component operation and fault
simulation via the GUNT software

ET 915.06 is part of the HSI training
system for refrigeration and air condi-
tioning technology. In combination with
the base unit ET 915 the operational
model of a simple air conditioning sys-
tem is created. The model is plugged
onto the base unit, secured using fasten-
ers and connected with refrigerant
hoses to become a complete refrigera-
tion circuit for the air cooler.

In systems for room cooling the air to be
cooled is aspirated from the room by a
fan, cooled and fed back into the room.
This model demonstrates the principles
of room cooling and the components of
an air conditioning system.

The model ET 915.06 includes an air
duct with transparent front, fan for air
transport, an evaporator as air cooler
and an expansion valve. All components
are clearly arranged on a panel.

The individual components of the sys-
tem, here the compressor and the fan,
are operated via the software. The soft-

ware offers the option to simulate faults.

The volumetric air flow rate is determ-
ined via a differential pressure measure-
ment. Temperatures and humidity be-
fore and after the evaporator are recor-
ded by sensors, digitised and dynamic-
ally represented in the software.

Fundamentals and individual compon-
ents are represented in the educational
software for ET 915.06. Performance
assessments check the learning pro-
gress. With the aid of the authoring sys-
tem further exercises and performance
assessments can be created.

Learning objectives/experiments

m air conditioning system for room cool-
ing and its main components

m principle of operation of an evaporator
as air cooler

m fault simulation

ET 915.06

Model of a simple air conditioning system

1 evaporator as air cooler, 2 air duct, 3 temperature and humidity sensor, 4 process
schematic, 5 connections for ET 815, 6 solenoid valve, 7 expansion valve, 8 radial fan, 9 dif-
ferential pressure sensor

Process schematic of the simple air conditioning system model: 1 radial fan, 2 air cooler,
3 air duct, 4 expansion valve; T temperature, P pressure, H humidity; red arrow: hot, blue
arrow: cold; blue: low pressure, red: high pressure

mn mmam Emmam by macs
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Software screenshot: process schematic

[1] model of a simple air conditioning system to plug
onto the base unit ET 915

[2] GUNT training system with HSI technology

[3] air duct with transparent front

[4] evaporator as air cooler

[5] radial fan with throttle valve

[6] thermostatic expansion valve as expansion element

[7] sensors to record temperature, humidity and differ-
ential pressure for determining the volumetric air
flow rate

[8] operation of individual components and of the sys-
tem and fault simulation via software

[9] GUNT software with control functions and data ac-
quisition via USB under Windows 7, 8.1, 10

[10] GUNT software: educational software, data acquisi-
tion, system operation

Technical data

Air duct: 136x136x435mm
Evaporator as air cooler
m transfer area: approx. 900cm?

Radial fan
® max. power consumption: 80W
m max. flow rate: 255m3/h

Measuring ranges

m temperature: 2x £50°C, 2x 0..100°C
m differential pressure: O...10mbar

m humidity: 2x 10...100% rel.

LxWxH: 870x370x600mm
Weight: approx. 35kg

Scope of delivery

1 model of a simple air conditioning system, filled with
refrigerant
1 GUNT software CD + USB cable
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ET 915.07

Air conditioning model

Description

m complete model of a full air condi-
tioning system

m heating, cooling, humidifying and
dehumidifying

m outer air and recirculation opera-
tion possible

m component operation and fault
simulation via the GUNT software

ET 915.07 is part of the HSI training
system for refrigeration and air condi-
tioning technology. In combination with
the base unit ET 915 the operational
model of a full air conditioning system is
created. The model is plugged onto the
base unit, secured using fasteners and
connected with refrigerant hoses to be-
come a complete refrigeration circuit
for the air cooler.

The room climate is created by the inter-
action of air temperature, heating tem-
perature and air humidity. The purpose
of room air conditioning is to shape the
room climate in accordance with the re-
guirements of people or sensitive goods.
This model introduces the operation of
an air conditioning system and the recir-
culating air and outer air operating
modes.

The model ET 915.07 includes two air
ducts with transparent front. The top air
duct serves as climatic chamber whilst
the bottom air duct contains the air
cooler, two electric air heaters and a
steam humidifier. A fan between the two
air ducts recirculates the air. A motor-
ised butterfly valve in the top air duct al-
lows a change between outer air and re-
circulating operation. Dependent on the
switching of the two air heaters, the air
cooler and the humidifier, the air in the
duct system can be cooled, heated, hu-
midified or dehumidified.

The individual system components are
operated via the GUNT software. Tem-
perature and humidity before and after
the evaporator and in the climatic cham-
ber are recorded by sensors, digitised
and represented dynamically in the soft-
ware. The conditioning of the air can be
monitored online in the h-x diagram.

Fundamentals and individual compon-
ents are represented in the educational
software for ET 915.07. Performance
assessments check the learning pro-
gress. With the aid of the authoring sys-
tem further exercises and performance
assessments can be created.

Learning objectives/experiments

m full air conditioning system and its
main components

m heating and cooling in the h-x diagram

m humidifying and dehumidifying in the h-x
diagram

m outer air and recirculating operation

m fault simulation

L
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ET 915.07

Air conditioning model

[1] model of an air conditioning system to plug onto the
base unit ET 915

[2] GUNT training system with HSI technology

[3] air duct with transparent front and adjustable vent-
ilation flap for recirculating or outer air operation

[4] evaporator as air cooler

[5] 2 heaters as air preheater and reheater

[B] air humidifier with float switch, fan, filling level indic-
ation

[7] thermostatic expansion valve as expansion element

[8] sensor to record temperature and combined
sensor for humidity and temperature

[9] operation of individual components and of the sys-
tem and fault simulation via software

1 air duct, 2 air reheater, 3 process schematic, 4 air humidifier, 5 connections for ET 915, [10] GUNT software with control functions and data ac-

6 evaporator, 7 e>'<pa'nsion valve, 8 air preheater, 9 fan, 10 sensors for humidity and tem- quisition via USB under Windows 7, 8.1, 10

perature, 11 ventilation flap [11] GUNT software: educational software, data acquisi-

tion, system operation

Technical data

Air duct, top: 136x136x800mm
Evaporator as air cooler
m transfer area: approx. 900cm?

Air heater:

m 2x 250W

Axial fan

® max. power consumption: 20W
m max. flow rate: 160m°/h

Humidifier
m heater: 200W

Air conditioning with recirculating operation: )

1 fan, 2 air preheater, 3 air cooler, 4 air humidifier, 5 air reheater, 6 air duct, 7 ventilation Measurlng ranges

flap with servomotor, 8 expansion valve; T temperature, P pressure, H humidity; red arrow: m temperature: 2x-50..50°C, 5x 0..50°C
hot, blue arrow: cold; blue: low pressure, red: high pressure - humidity: 4x 10..100% r.h.

LxWxH: 850x400x680mm
Weight: approx. 51kg

Scope of delivery

1 air conditioning system madel, filled with refrigerant
1 narrow mouth bottle
1 GUNT software CD + USB cable

Air conditioning with outer air operation; A: humidification, B: dehumidification; yellow: dry,
green: humid, blue: cooling, red: heating
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ET 605 Air conditioning system model
plus automation solutions

A practical air conditioning system model with all elements and functions The software solution: clear and versatile

The pl"ll’?CIp|BS of air conditioning teghnology can be taught opti- The main functions of the system — coollng, heatln.g, hurnldlfy- ET 605.01 Software controller with
mally with the model ET B05. The air conditioning system con- ing, air transport — are activated or deactivated via switches. data acquisition
sists of an air duct with transparent front and a climatic cham-  Recirculating and outer air operation are possible. All relevant
ber with two different cooling loads. The overall design of the = measuring data can be read on digital displays. Data acquisition and visualisation, control and
:gl?jtsl:rt;r!:b?/u;i?)?)obrislnt?;lj:::‘%?sé 2:gcrgseshodolog|cal aspects An important extension of the teaching objectives is provided by Opfar'atlon.m é single software ?0|Utl0n. |
' the option to extend the system with different additions into a This solution is recommended if the focus is on
fully automated system. instructional and methodological criteria.

Compared to an industrial controller the software
offers an attractive and very clear representation
of the air conditioning process.

1
I
Rl
%
7
s s
B

The industrial solution

ET 605.02 Air conditioning controller

This automation solution is recommended if the
training objective focuses on the exact familiarisa-
tion with an industrial air conditioning controller.
The controller matched to the ET 605 system
offers a wide functional spectrum and a graphical
display. Dependent on the desired temperature
and humidity in the climatic chamber it controls
the components.

%
o oo NN
ae - 1l B
ET 605.03 1/0 connection hox : : L 1 BS
This solution is recommended if the focus is oy - - : : =i
on the topic of automation and own solutions L T = 1T
are to be created. The connection box provides .... -9 ® _'
all relevant input and output signals which e - ™ =
the user can further process according to his - irEE:_u._ o
own requirements and ideas. The connection L 1 T e
of any industrial air conditioning controller or i [T ¢ L B
independently written software are possible. .. — : = —
e ==
.y 90
oy Y.
L S 1 .
e Se-.
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ET 605

Air conditioning system model

ET 605

Air conditioning system model

[1] model of an air conditioning system with outer air
and recirculating operation

[2] air duct with transparent front

[3] air duct with fan, air cooler, humidifier, flaps, air
heater and sensors

[4] chamber with wet (latent) and dry (sensitive) heat
source as cooling load

[5] motorised flaps for recirculating and outer air oper-
ation

[B] process schematic with signal lamps

[7] air conditioning system ready for different automa-
tion solutions: 4 data cable connections to integ-
rate the accessories

[8] refrigerant R134a, CFC-free

Technical data

1 refrigerant flow meter, 2 servomotor, 3 ventilation flap, 4 refrigerant manometer, 5 con-
densing unit, 6 climatic chamber with sensitive and latent heat source, 7 air duct with tem-
perature/humidity sensor, 8 fan, 9 air heater, 10 displays and controls, 11 humidifier,

Description

m climatic chamber with latent and
sensitive heat source as cooling
load

m recirculating and outer air opera-
tion

m optional data acquisition soft-
ware (ET 605.01)

m connection options for the use of
different automation solutions

Air conditioning technology is a key topic
in building services engineering. For this
reason air conditioning technology plays
an important role during the training of
skilled workers and engineers.

The clear trainer ET 605 represents a
complete air conditioning system with
an air duct and a climatic chamber. The
main components of the air conditioning
system are the air cooler with condens-
ing unit, fan, steam humidifier and air
heater. Three motorised ventilation flaps
control the air distribution in the air con-
ditioning system. The climatic chamber
is equipped with two different heat
sources (wet and dry). Temperature and
relative humidity are measured at relev-
ant paints in the air duct and displayed
digitally. For the refrigeration circuit two
manometers with integrated temperat-
ure scale and a flow meter provide all
relevant measurements.

ET B05 is operated manually. A key fea-
ture of the air conditioning system is
that it is fully ready for various automa-
tion solutions. The user can thus focus
on this important topic during a lesson.
The following solutions are available:

« software controller ET 605.01

o industrial air conditioning controller
ET 605.02

« signal connection box ET 605.03 for
the integration of an individual user
solution.

Learning objectives/experiments

m air conditioning system and its com-
ponents

m conditioning room air

m mixing different air flows

m representation in the h-x diagram for
humid air
» humidification and dehumidification
» heating and cooling

m representation of the circuit in the log
p-h diagram

m effect of a cooling load (dry and wet)

m recirculating and outer air operation
In conjunction with optional accessor-
ies

m automation in an air conditioning sys-
tem

12 air cooler
4 %

¢ 8,8 .0,
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1 air cooler, 2 humidifier, 3 air heater, 4 fan, 5 sensitive heat source, B latent heat source,
7 servomotor for ventilation flaps, 8 compressor, 9 condenser, 10 expansion valve; T tem-

perature, H humidity

e

Schematic setup of the air conditioning system in accordance with DIN 1846

1 air cooler, 2 air humidifier, 3 air heater, 4 fan

Air-cooled condensing unit
m power consumption: 140W at -10°C
m refrigeration capacity: 320W at +5,/40°C

Humidifier
m heating power: 400W

Air heater
m heating power: 360W

2 heaters in the chamber as cooling load
m power output: 0..250W each, freely adjustable

Flow cross-section of the air duct
m WxH: 155x155mm

Measuring ranges

m temperature: 0..50°C

m rel. humidity: 10..90%

m power consumption: 0..600W (condensing unit)
m power: 2x 0..300W (cooling load)

m pressure: -1..9bar / -1..24bar (refrigerant)

m Dflow rate: 1,5...23,5L/h (refrigerant)

m air velocity: 0..2,5m/'s

230V, 50Hz, 1 phase

230V, 60Hz, 1 phase

230V, 60Hz, 3 phases

UL/ CSA optional

LxWxH: 2210x800x1740mm
Weight: approx. 280kg

Required for operation

water connection, drain

Scope of delivery

1 trainer, filled with refrigerant
1 set of instructional material
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GUNT-RHLine Renewable Heat - : o
Solar thermal energy and heat pump modular system . : : . o {

. L 4

HL 320.01
The HL 320 modular system allows you to investigate  with heat generation from heat pumps. The modular Heat pump
heating systems with various renewable and traditional  design of the HL 320 system makes it possible to achieve

energy sources. Solar thermal energy can be combined  different combinations and configurations.

HL 320.02
Conventional heating Z:l

HL 320.03 N\
Flat collector

TN [ g L

r— -

Combined use of renewable heat sources

Doing away with a conventional heating system representsa  thermal collectors with a heat pump very often guarantees
genuine alternative for modern residential buildings with good  significant savings with reliable year-round supply.
thermal insulation in many cases. The combination of solar

HL 320.04
Evacuated tube collector .
<«

HL 320.05 :4
Central storage »é *

module with controller

The storage module provides bivalent
storage and buffer storage. The controller
can be used to log measured values over

longer periods for analysis of the system

"_1 behaviour.

Freely programmable qﬁ
controller with »é
< >

extensive software

HL 320.08 @
Fan heater/ vl
air heat exchanger

s

HL 320.07
Underfloor heating/ -
geothermal energy <=

absorber

Sl e o o —
1 flat collector, 2 heat exchanger, 3 hot water storage tank, 4 heat pump, 5 geothermal energy absorber;
[ hot heat transfer fluid,
[ cold heat transfer fluid, ! !
I refridgerant, high pressure, 1 1
[ refridgerant, low pressure

The HL320.07 and HL 320.08 modules can be used as heat
sources or as heat sinks.
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GUNT-RHLine Renewable Heat
Solar thermal energy and heat pump modular system e
A i

The right configuration for every Recommended combinations for the HL 320 modular system

application HL 320.01 HL 320.07 -W?=

In heating technology, both correct ﬂ-ﬁ-{éf]-’%

composition of necessary components Combi- 1
and optimisation of cabling and con- 1 nation }

troller settings depend on the local @ T X  ~+(«+ V(4 — N]T=

conditions. GUNT has developed exper- H

[= [= [ B e [ ]

iments for a selection of relevant mod- [o)e) HL 320.01
ule combinations in order to be able @ Heat pump m:gj] M m:gj]

to teach the corresponding learning gIE-U 0o
content in balanced steps. In addition, :
you may of course create your own .
) : : ; HL 320.02
system configurations to investigate 7N n .
. ' § i Conventional
further issues from the field of regen- ~ heating
erative heating technology.
D4
HL 320.03 \% j \% j \% j
Flat collector
HL 320.03/ ol le 2 , o ® ol lo ¥ .
= hot heat transfer fluid, HL 320.08 HL 320.05 HL 320.04
[ cold heat transfer fluid, HL 320.04 [] [ b [ [ [ [
I refridgerant, high pressure, Example for a system diagram for complementary heating and domestic water heating with a .
. R . Evacuated tube collector
I refridgerant, low pressure solar thermal collector and a heat pump (combination 5).
D D o>
<& <& <

HL 320.05

Central storage module >
with controller <
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i
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i
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HL 320.07
Underfloor heating/ geo-
thermal energy absorber

HL 320.08
Fan heater/
air heat exchanger

i

-
il
b | m

-

HL 320.08 HL 320.01 HL 320.07 HL 320.05 HL 320.04

Learning objectives and experiments

Combination 1 Combination 2 Combination 3 Combination 4 Combination 5
m function of a solar thermal m combined use of traditional m function and design of a heat m efficient use of solar thermal m use of renewable and fossil
heating system and solar thermal energy pump and geothermal energy fuels for heating and hot
® commissioning m efficient indoor heating with ®m parameterisation of a heat m strategies for heat supply in water
underfloor heating pump controller various consumption profiles m bivalent parallel and bivalent

m collector efficiency and
losses m factors influencing the COP
(Coefficient of Performance)

alternative heat pump mode
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Solar thermal energy and heat pump modular system .

HL 320.01 Heat pump

The HL 320.01 Heat pump is part of the HL 320 modular system  This means it is possible to adapt the heating power of the heat
and provides you with a variety of combination options fromgeo-  pump to the current heating system demand.
| - =2EQO =" thermal and solar thermal energy in a modern heating system.

. The heat pump is driven by a variable speed scroll compressor.
B Freely programmable universal
- f controller with data logger

I Variable speed
4 (|
1| . scroll compressor Condenser

Fixed and movable spirals of
a scroll compressor

| Evaporator :>

Q= @

Process schematic of the HL 320.01 Heat pump module

1 source circuit connections, 2 refrigeration circuit, 3 heating circuit connections,
4 additional options for including HL 320 modules;

[ hot heat transfer fluid,

[ cold heat transfer fluid,

I refridgerant, high pressure,

[ refridgerant, low pressure

In combination 3 of the HL 320 system, the following modules are combined L . . .
) earning objectives
to create one system:

m HL 320.01 Heat pump m function and design of a heat pump
m HL 320.07 Underfloor heating/geothermal energy absorber m distinguishing different operating
m HL 320.08 Fan heater/air heat exchanger conditions

m factors influencing the COP (coefficient
of performance)

Sensors for temperature and flow rate are included at all the necessary positions to draw up This combination allows fundamental experiments on the operating behaviour
an energy balance of the energy flows. Data from other HL 320 modules can be transferred to . of the heat pump. For more detailed experiments a storage module (HL 320.05)

the configurable heating controller of the heat pump module via a CAN bus connection. : and a thermal solar collector, for example, can be connected. m parameterisation of a heat pump
controller
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GUNT-RHLine Renewable Heat
Solar thermal energy and heat pump modular system

HL 320.02 Conventional heating

In heating systems using different renewable heat sources,
it may be economically feasible to cover the peak demand by
means of a conventional heater. In order to be able to investigate
this aspect in the HL 320 modular system, the HL 320.02 mod-
ule provides an additional heater that can easily be integrated
into different system configurations.

The practical cost of operating this heater for your experiments
remains low because an electrically operated heating element is
used. The heating element is inserted into the storage tank of
the HL 320.05 Central storage module and can be controlled
by the storage module’s controller via CAN bus. An integrated
meter records the amount of electricity consumed. The data
from this meter can be sent to the controller of the HL 320.05
Central storage module via the CAN bus connection for capture
by a data logger.

HL 320.05

6: 5

—

HL 320.02

2

3

g

a4

1 heating element, 2 energy meter, 3 fuse, 4 switch box,
5 connection between contactor and controller output,
6 connection between energy meter and controller input,
7 HL 320.05 module’s controller

The storage tank is emptied in preparation
for the experiment. The auxiliary heater
can easily be inserted subsequently in just
a few steps.

Learning objectives

m complementary heating and/or
domestic water heating by conven-
tional additional heater

m bivalence point and heating load

m control strategies for complemen-
tary heating

HL 320.03 Flat collector

In conjunction with other HL 320 modules, you can conduct
experiments on solar thermal energy domestic water heating
with the HL 320.03 Flat collector. The control engineering for
the combined production of domestic hot water and heating is
of particular practical relevance. Hereg, the system is controlled
and data captured via CAN bus via the HL 320.05 Central stor-
age module.

Swivelling
flat collector

Modules are easily connected via hoses and quick-release cou-
plings. Different combinations for renewable heat sources can
be tested and optimised in conjunction with other modules from
the HL 320 system.

Variable speed
solar circulation pump

_-_ _
.- . L] — —

BET
. -
[| "
el
& =
| —

e S LA

...
|
Switch cabinet with
CAN bus module for

control and data
acquisition

Learning objectives

determining the net power

how temperature, illuminance and angle of

Solar station with

diaphragm expansion vessel

incidence affect the collector efficiency

m integration of a flat collector in a modern
heating system

m hydraulic and control engineering operating
conditions

energy balances

optimisation of operating conditions for
different types of use
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HL 320.04 Evacuated tube collector

The HL320.04 unit provides you with an evacuated tube
collector in a modern design. Evacuated tube collectors reach
much higher operating temperatures compared to simple flat
collectors due to the lower thermal losses. In practice, evacu-
ated tube collectors are used where there is limited floor space,
for example. In the year-round heating operation, evacuated
tube collectors enable the reduction of the seasonal demand on
a conventional auxiliary heater. HL320.04 is one of the modules

Switch cabinet
with CAN bus
module for

from the HL320 Solar thermal energy and heat pump modu-
lar system. The experiment module can be incorporated into
the modular system in a variety of different ways. The module
can be used both for generating heated domestic water and for
the combined production of domestic hot water and for heating
rooms. Pipe connections for the heat transfer fluid are easy to
create and alter thanks to the quick-release couplings.

Swivelling frame |

Variable speed solar
circulation pump

Learning objectives

m design and operation of an

control and data Solar station with

acquisition

diaphragm expansion vessel

evacuated tube collector

m determining the net power and

parameters affecting collector
efficiency
m integration of an evacuated tube

collector in a modern heating
system

A in

HL 320.05 Central storage module with controller

The HL 320.05 Central storage module with controller has
been developed for your experiments as a central component
of the HL 320 modular system. HL320.05 contains two differ-
ent heat storage systems, pipes, a pump, two motorised 3-way
valves and safety devices. Quick-release couplings on the front
of the module enable hydraulic connections to other modules

-

\! 'I!I:!IIIIIII .II |II| -|.|..I'.:

.
A4
AR

VR

Learning objectives

m fundamentals and commissioning of heating systems with
solar thermal energy and heat pump

m properties of various heat storage methods

m electrical, hydraulic and control engineering operating
conditions

m energy balances for different system configurations

m optimisation of control strategies for solar station with
different operating modes

in the modular system. In addition, HL320.05 contains a free-
ly-programmable heating controller, which is connected to the
respective modules via control and data lines (CAN bus). This
controller allows you to operate and study all intended module
combinations.
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HL 320.07 Underfloor heating/geothermal energy absorber

Underfloor heating systems transfer heat through piping
systems arranged in a spiral or winding pattern underneath the
floor covering. Underfloor heating requires much lower feed flow
temperature than conventional radiators. Besides its function
as a heat sink when used as an underfloor heating system,
HL320.07 can also be used as a heat source for a heat pump
in the HL 320 modular system. In this case, the direction of the
heat transport is reversed. HL320.07 is equipped with three
separately selectable piping systems of different lengths. The
pipes are surrounded by a tank which can be filled with water.

with CAN bus
module for

control and data
acquisition

Learning objectives

m energy balance in combined
heating systems for domestic
hot water generation and
heating

m heat transfer in an underfloor
heating system

m use of heat sources for heat
pump systems

Switch cabinet TR

Sensors are mounted on the piping system to detect the
temperatures in the feed and return. Heat quantities and
energy balances can be calculated using these temperatures
together with the measurement data from the integrated flow
meter. Data is transferred to the controller of each main module
(HL 320.01 or HL 320.05) via the CAN bus connection. The inte-
grated 3-way mixing valve can also be controlled by the control-
ler via the CAN bus connection.

| Flow meter |

LHeating distributor

/

Tank with integrated pipe coil

(underfloor heating)

i | fy

gHAMBURG

=
— e

HL 320.08 Fan heater/air heat exchanger

When heating rooms, fan heaters offer the possibility of achieving
a comparatively good transfer of heat to the room air compared
to traditional heating radiators, even at small dimensions. When
combined with a heat pump, the fan heater often represents a
beneficial application both economically and in terms of energy,
especially when renovating heating systems in old buildings. The
HL 320.08 experiment module completes your HL 320 modu-

Switch cabinet with
CAN bus module
for control and
data acquisition

lar system. This module can also be operated as either a heat
sink or a heat source for a heat pump. Sensors for temperature
and flow rate are available to create energy balances. Data is
transferred to the controller of each main module (HL 320.01
or HL 320.05) via the CAN bus connection.

| Fan convector |

Flow meter

-
e
-
-
-
-
-
-
-
I
-
-
>
-
-
-
-
&
-
-
I
&
[
1

3-way mixing valve

Learning objectives

m how the temperature differ-
ence between the heating feed
and return affects the overall
efficiency of a heating system

m operating conditions when
used as an air heat exchanger
in a heat pump system

m comparison of an air heat
exchanger with other heat
sources in a heat pump
system
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HL 320.01
Heat pump

==

m trainer from the HL 320 modular
system

m heat pump for operation with dif-
ferent sources

m multiple system variants possible
in conjunction with other HL 320
modules

The HL 320 modular system allows ex-
periments on the generation, storage
and use of heat from renewable ener-
gies. HL 320.01 is one module in this
system and includes a heat pump that
can be connected to different heat
sources and consumers.

The heat pump comprises a com-
pressor, a condenser, an expansion
valve and an evaporator. These compon-
ents are connected to each other via a
refrigeration circuit. The refrigerant cir-
culates in the refrigeration circuit
powered by the compressor. A source’s
thermal energy is absorbed at the evap-
orator. Additional energy is added to the
evaporated refrigerant in the com-
pressor. This energy can be output to a
consumer as heat.

On the HL 320.01 trainer, the condens-
er can be incorporated into a heating
circuit consisting of various consumers.
The evaporator can be connected to a
source circuit with different heat
sources. The pipes with quick quick-re-
lease couplings, circulation pumps and
accessories necessary to create these
connections are provided.

In practice and depending on the applic-
ation, different system configurations
are often required for optimal efficiency
of a heating system. Using HL 320.01
and other HL 320 modules it is possible
to systematically investigate the possible
variants for incorporating a heat pump
into a modern heating system.

Carefully structured instructional materi-
als have been created for the recom-
mended modular combinations with the
HL 320.01 module. As part of the docu-
mentation for the HL 320 modular sys-
tem, these materials set out the basic
principles and provide a step-by-step
guide through the experiments.

m familiarisation with heat pump applica-
tions for heating rooms and hot water

m using the heat pump for cooling

m advantages and disadvantages of vari-
ous system configurations (brine heat
pump, air heat pump)

m configuring and adjusting a heat pump
controller

m operating behaviour under varying heat
supply and demand

m dependence of the coefficient of per-
formance on source and sink temper-
ature

m possibilities for optimising the seasonal
performance factor

HL 320.01
Heat pump

) L]

1 controller, 2 evaporator, 3 expansion valve, 4 expansion vessel, 5 pump source circuit,
6 scroll compressor, 7 condenser, 8 receiver, 9 pump heating circuit

HL 320.01 HL 320.07 |||||

NN

hin o o e |
| =t O%%

32002
7N ==
@ HL 320.05 I ]
———+ & :?g=|;
HL 320.08 = HL 320.03

Inclusion of HL 320.01 in one possible configuration of the HL 320 modular system

1 2 3 4 5

HL 320.02

HL 320.01 Ngﬂ
=

HL 320.03 _l
HL32004 il

HL 32005 .
HL32007 J=

HL 320.08 .

Recomended combinations of the HL 320 modular system

gHAMBURG

Specification

[1] bheat pump for the HL 320 modular system

[2] connections for various heat sources and sinks

[3] one circulation pump and one safety module each
with expansion vessel for heating and source circuit

[4] sensors for temperature, flow rate and pressure
with connection to the controller

[B] controller with data logger and LAN connection for
acquisition of measurement data and for controlling
the system

[B] software for transferring, displaying and evaluating
the controller's measured data

Technical data

Heat pump
m heating capacity: approx. 2,3 kW at 5/65°C

Heating and source circuit pumps
m max. flow rate: 8m3/h
m max. head: 4m

Universal controller

m inputs: up to 16

m outputs: up to 16

m interfaces: DL bus, CAN, LAN

Measuring ranges
m temperature:

» 4x-50..180°C

» 3x0..120°C

» 1x-20..60°C
m flow rate: 2x 0,02..1,5m°/h
W pressure:

» 1x-1..15bar

» 1x-1..49bar

» 2x 0..Bbar

» 2x 0..50bar

» 1x0..18bar

» 2x 0..10bar

230V, 50Hz, 1 phase

230V, 60Hz, 1 phase

LxWxH: 1500x800x1700mm
Weight: approx. 125kg

Required for operation

PC with Windows

Scope of delivery

1 trainer
1 manual
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HL 320.02

Conventional heating

HL 320.02

Conventional heating

Learning objectives/experiments

m complementary heating and/or do- 7
mestic water heating by conventional
additional heater J ]'\

m bivalence point and heating load

m control strategies for complementary
heating

m energy balances in conventionally sup-
ported solar thermal and heat pump
systems

Specification

[T T T T T [1] electrical heater for the HL 320 modular system
E [2] control by means of the HL 320.05 module’s con-
! troller

[3] control cabinet with power contactor, miniature cir-

HL 320.05 6
L cuit breaker and energy meter
= |a [4] recording the amount of eenergy consumed by
] — S0 connection to the HL 320.05 module’s control-
3

ler
]E Technical data

Heater
m electric output: 3kW
m thermostat: 30..110°C

1 heater, 2 energy meter, 3 fuse, 4 control cabinet 5 connection between contactor and
controller output, 6 connection between energy meter and controller input, 7 controller at-

tached to module HL 320.05 EleCthIty e

HL 320.02 heater installed in the bivalent storage tank of HL 320.05

m complementary heater for the
HL 320 modular system

m heater with electricity meter

m easy installation in HL 320.05
storage tank

In heating systems using different re-
newable heat sources, it may be eco-
nomically feasible to cover the peak de-
mand by means of a conventional heat-
er. In order to be able to investigate this
aspect in the HL 320 modular system,
the HL 320.02 module provides an addi-
tional heater that can easily be integ-
rated into different system configura-
tions.

The practicality of operating this heater
in laboratory experiments is kept simple
by using an electrically operated heater.
The heater is inserted into the storage
tank of the HL 320.05 storage module
and can be controlled by the storage
module’s controller. An integrated
meter records the amount of electricity
consumed. The data from this meter
can be sent to the controller of the

HL 320.05 storage module via a suit-
able data cable, by means of the data
logger.

Carefully structured instructional materi-
als have been created for the recom-
mended modular combinations with the
HL 320.02 module. As part of the docu-
mentation for the HL 320 modular sys-
tem, these materials set out the basic
principles and provide a step-by-step
guide through the experiments.

HL 320.01

NEN

?1

HL 320.07

T L=

HL

&
320.02
g

m voltage: 230VAC, 50Hz
®m max. current: 32A
m SO output: 1000Imp./kWh

230V, 50Hz, 1 phase

230V, 60Hz, 1 phase

Dxh: 115x370mm [heater)

Weight: approx. 2kg

LxWxH: 300x250x200mm (switch box)
Weight: approx. 1,5kg

g
@ HL 320.05 i J Scope of delivery
) I 1 heater
1 switch box
HL 320.08 % HL 320.03 1 manual

Inclusion of HL 320.02 in one possible configuration of the HL 320 modular system

HL 320.01

HL 320.02

HL 320.03

HL 320.04

HL 320.05

HL 320.07

HL 320.08 .

oael
E=
2
il
) 3
1=
8]

&)

Recomended combinations of the HL 320 modular system

4 5
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HL 320.03

Flat collector

Learning objectives/experiments

m layout and function of the flat collector

m determining the net power

m how temperature, illuminance and
angle of incidence affect the collector
efficiency

m integration of a flat collector in a mod-
ern heating system

m hydraulic and control engineering oper-
ating conditions

m energy balances

m optimisation of operating conditions for
different types of use

HL 320.03

Flat collector

gHAMBUPG

Specification

[1] trainer for the HL 320 modular system for the in-
vestigation of functional and operational behaviour
of a flat collector

[2] solar thermal flat collector with selectively absorb-
ing coating

[3] adjustable collector tilt angle

[4] solar circulation station with pump, expansion tank
and safety valve

[3] measurement instruments and controls by
HL320.05

[B] operation with solar radiation or HL 313.01 artifi-
cial light source

Technical data

1 vent valves, 2 lighting sensor, 3 flow sensor, 4 thermometer collector outlet, 5 shut-off
valve, B connectors for warm water, 7 connectors for cold water, 8 diaphragm expansion

Collector
vessel, 9 circulation pump, 10 pressure relief valve, 11 pressure sensor, 12 temperature

m pivotable flat collector for con-
verting solar energy into heat

m heat source with connections for
the HL 320 modular system

m components for operational and
system reliability from real-world
modern heating technology

m suitable for sunlight and artificial
light

HL 320.03 is one of the modules from
the HL 320 modular system and allows
you to convert solar energy into heat us-
ing a modern flat collector.

HL 320.03 can be incorporated into the
HL 320 modular system in a variety of
different ways. The trainer can be used
both for generating heated domestic wa-
ter and for the combined production of
domestic hot water and for heating
rooms.

Modules are connected rapidly and eas-
ily via hoses and quick-release couplings.

Different combinations for renewable
heat sources can be tested and optim-
ised in conjunction with other modules
from the HL 320 system.

Carefully structured instructional materi-
als have been created for the intended
modular combinations with the

HL 320.03 module. As part of the docu-
mentation for the HL 320 modular sys-
tem, these materials set out the basic
principles and provide a step-by-step
guide through the experiments.

sensor

CAN| 8

1 connections for heat transfer pipes with shut-off valves and quick-release coupling,
2 diaphragm expansion vessel, 3 pump, 4 fill valve, 5 pressure relief valve, 6 bleed valves,

7 flat collector, 8 CAN bus;
E illuminance, F flow rate, T temperature, P pressure

HL320.01 5]
HL320.02 (=9
HL32003 /]
HL32004 fil]
HL 320,05 . ¢

HL32007 J=
HL32008 8]

Recomended combinations of the HL 320 modular system

m absorbing surface: 2.5m?
m rated throughput: 40..150L/h
m operating pressure: 1..3bar

Solar circuit station

m solar pump: 3-stage

m safety valve: 4bar

m balancing valve: 1...13L/min

Measuring ranges
m temperature:
» 2x0..160°C
» 3x-50°C..180°C
m flow rate: 30..1000l/h
m pressure: 0..6bar

230V, 50Hz, 1 phase

230V, 60Hz, 1 phase

LxWxH: 1660x800x2300mm
Weight: approx. 220kg

Scope of delivery

1 trainer
1 manual




Thermodynamic applications in supply engineering: HVAC

GUNT-RHLine Renewable Heat

HL 320.04

Evacuated tube collector

I
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Learning objectives/experiments

m design and operation of the evacuated
tube collector

m determining the net power

m parameters affecting collector effi-
ciency

m integration of an evacuated tube col-
lector in a modern heating system

m hydraulic and control engineering oper-
ating conditions

m creating energy balances

m optimisation of operating conditions for
different types of use

m conversion of solar energy into
heat in the evacuated tube col-
lector

m pivotable collector with connec-
tions for the HL 320 modular sys-
tem

m components for operational and
system reliability from real-world
modern heating technology

m suitable for sunlight and artificial
light

The HL 320.04 trainer contains a mod-
ern evacuated tube collector and allows
you to convert solar energy into heat.
Evacuated tube collectors reach much
higher operating temperatures com-
pared to simple flat collectors due to the
lower thermal losses.

HL 320.04 is one of the modules from
the HL 320 Solar thermal energy and
heat pump modular system. The trainer
can be incorporated into the modular
system in a variety of different ways. The
trainer can be used both for generating
heated domestic water and for the com-
bined production of domestic hot water
and for heating rooms.

Pipe connections for the heat transfer
fluid are easy to create and alter thanks
to the quick-release couplings.

Carefully structured instructional materi-
als have been created for the intended
modular combinations with the

HL 320.04 module. As part of the docu-
mentation for the HL 320 modular sys-
tem, these materials set out the basic
principles and provide a step-by-step
guide through the experiments.

HL 320.04

Evacuated tube collector

1 pressure sensor, 2 shut-off valve, 3 connectors for warm water, 4 connectors for cold
water, 5 diaphragm expansion vessel, 6 circulation pump, 7 pressure relief valve, 8 flow

sensor, 9 temperature sensor, 10 vent valve

CAN| 8 6 7

1 connections for heat transfer pipes with shut-off valves and quick-release coupling,
2 diaphragm expansion vessel, 3 pump, 4 fill valve, 5 pressure relief valve, 6 bleed valves,

7 evacuated tube collector, 8 CAN bus;
E iluminance, F flow rate, T temperature, P pressure

HL320.01 [ 21\
HL 32002 (=95
HL32003 /]
HL32004 ]
HL 32005 . ¢

HL32007 J=
HL32008 8]

Recomended combinations of the HL 320 modular system
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Specification

[1] trainer for investigating the function and operating
behaviour of an evacuated tube collector

[2] evacuated tube collector with selective coating

[3] adjustable collector tilt angle

[4] solar circulation station with pump, expansion tank
and safety valve

[5] measurement instruments and contrals by
HL 320.05

[B] operation with solar radiation or HL 313.01 artifi-
cial light source

Technical data

Collector

m total area: 2,1m°

m absorbing surface: 1,5m?
m absorber content: 1,5L

m rated throughput: 58L/h

Solar circuit station

m solar pump: 3-stage

m safety valve: 4bar

m balancing valve: 1..13L/min

Measuring ranges
m temperature:
» 2x0..160°C
» 3x-50°C..180°C
m flow rate: 30...10001/h
m pressure: 0..6bar

230V, 50Hz, 1 phase

230V, 60Hz, 1 phase

LxWxH: 1660x800x2300mm
Weight: approx. 230kg

Scope of delivery

1 trainer
1 manual
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HL 320.05

Central storage module with controller
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The illustration shows HL 320.05 with the switch box for HL 320.02

m module with buffer storage and
bivalent storage for heating sys-
tems with renewable energies

m freely programmable universal
controller with data logger and
comprehensive software

m easily accessible quick-release
couplings for all heat transfer
pipes

m pump with speed control and driv-
en three-way valve for various
configurations

The HL 320 modular system allows ex-
periments on the generation, storage
and use of heat from renewable ener-
gies. A variety of heat sources, storage
types and consumers can be used. The
system uses typical real-world compon-
ents from the field of modern heating
technology.

The HL 320.05 central storage module
forms the core of the HL 320 modular
system. HL 320.05 contains two differ-
ent heat storage methods, piping, a
pump, a driven 3-way valve and safety
devices. Quick-release couplings on the
front of the module enables the hydraul-
ic connection to other modules of the
HL 320 modular system.

HL 320.05 also includes the freely pro-
grammable universal controller
UVR1611. This controller allows you to
operate and study all intended HL 320
modular combinations.

Thoroughly documented configuration
files for introductory and advanced ex-
periments are available for all recom-
mended HL 320 modular combinations.
Newly created configurations or
changes can be stored in the controller-
‘s memory. Easy-to-understand PC pro-
grams can be used to edit configura-
tions and to acquire and display meas-
ured values.

Carefully structured instructional materi-
als have been created for the intended
modular combinations using the

HL 320.05 module. As part of the docu-
mentation for the HL 320 modular sys-
tem, these materials set out the basic
principles and provide a step-by-step
guide through the experiments.

m the following learning objectives can be
worked through, depending on the se-
lected HL 320 modular combination:

» familiarisation with modern heating
systems based on renewable energy
sources

» commissioning of heating systems
with solar thermal energy and heat
pump

» electrical, hydraulic and control en-
gineering operating conditions

» properties of various heat storage
methods

» creation of energy balances for dif-
ferent system configurations

» development of control strategies
for different operating modes

HL 320.05

Central storage module with controller

1 fresh water inflow, 2 temperature sensor, 3 bivalent storage, 4 bleed valve, 5 pressure

relief valve, 6 freely programmable universal controller, 7 pressure sensor, 8 buffer stor-
age, 9 speed-controlled pump, 10 driven 3-way valve

1 connections for heat transfer pipes with shut-off valves and quick-release coupling,
2 pump, 3 bleed valves, 4 pressure relief valves, 5 bivalent storage, 6 buffer storage,
7 TIC programmable universal controller; F flow rate, P pressure, T temperature

1 2 3 4 5

HL 320.01

HL 320.03

focs]
HL32002 (&

HL32004 il

HL 32005 .

HL32007 J=
HL32008 . 8]

Recomended combinations of the HL 320 modular system

[1] trainer with buffer storage and bivalent storage for
experiments with the HL 320 modular system

[2] heat transfer pipes with quick-release coupling and
shut-off valve

[3] pressure relief and bleed valves for safe operation

[4] circulation pump with differential pressure or speed
control

[3] driven 3-way valves

[B] temperature sensors for heat storage and room
temperature

[7] 2 pressure sensors for system monitoring

[B8] flow meters and temperature sensors for determ-
ining the heat flows

[9] freely programmable universal controller with data
logger and PC connection via LAN

Technical data

Buffer storage

m storage capacity: 150L

m number of heat exchangers: 1

m operating pressure: max. Sbar

m operating temperature: max. 95°C

Bivalent storage

m storage capacity: 200L

m number of heat exchangers: 2

m operating pressure: max. Sbar

m operating temperature: max. 95°C

Pump
m max. flow rate 3m3/h
m max. head: 4m

Universal controller

m inputs: up to 16 (expandable)
m outputs: up to 16 (expandable)
m interfaces: DL bus, CAN, LAN

Measuring ranges
m temperature:
» 16x-50°C..180°C
» 1x0..40°C
m flow rate: 30..1000L/h
m pressure: 2x O..6bar

230V, 50Hz, 1 phase

230V, 60Hz, 1 phase, 120V, 60Hz, 1 phase
UL/ CSA optional

LxWxH: 2400x810x1900mm

Weight: approx. 220kg

Required for operation

PC with Windows

Scope of delivery

1 trainer
1 set of instructional material (with sample programs
for the universal contraoller)




Thermodynamic applications in supply engineering: HVAC

GUNT-RHLine Renewable Heat

HL 320.07

Underfloor heating / geothermal energy absorber

m trainer for the HL 320 “Solar
thermal energy and heat pump”
system

m can be used as heat sink or heat
source

m option for heat transfer pipes in
various lengths

m temperature and flow sensors for
connection to the HL 320.05 con-
troller module

Underfloor heaters transfer heat by pip-
ing systems arranged in a spiral or wind-
ing pattern beneath the floor covering.
Underfloor heating requires much lower
feed flow temperature than conventional
radiators. Underfloor heating systems
are particularly well suited for use with
heating systems that use solar thermal
collectors.

Besides its function as a heat sink when
used as an underfloor heating system,
the HL 320.07 trainer can also be used
as a heat source for a heat pump in the
HL 320 modular system. In this case,
the direction of the heat transport is re-
versed.

HL 320.07 is equipped with three indi-
vidually selectable piping systems of dif-
ferent lengths. The pipes are surroun-
ded by a tank which can be filled with wa-
ter if necessary. Sensors are mounted
on the piping system to detect the tem-
perature on the feed and return.

Heat quantities and energy balances
can be calculated using these temperat-
ures together with the measurement
data from the integrated flow meter.

Carefully structured instructional materi-
als have been created for the intended
modular combinations with the

HL 320.07 module. As part of the docu-
mentation for the HL 320 modular sys-
tem, these materials set out the basic
principles and provide a step-by-step
guide through the experiments.

Learning objectives/experiments

m energy balance in combined heating
systems for domestic hot water gener-
ation and heating

m heat transfer in an underfloor heating
system

m use of heat sources for heat pump sys-
tems

m learning objectives of the HL 320 mod-
ular system

HL 320.07

gHAMBURG

Underfloor heating / geothermal energy absorber

1 connection for feed, 2 connection for return, 3 tanks for hot and cold water, 4 feed dis-
tributor, 5 flow meter, B return distributor, 7 info panel, 8 connection box for sensors,

9 return temperature sensor, 10 flow meter, 11 return temperature sensor
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1 return distributor, 2 feed distributor, 3 10m piping circuit, 4 20m piping circuit,
5 30m piping circuit, 6 tanks for experiments with hot and cold water, 7 CAN bus;

T temperature, F flow rate

HL 320.01

HL 320.03
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Recomended combinations of the HL 320 modular system

Specification

[1] bheat sink or heat source for the HL 320 modular
system

[2] 3 selectable pipe lengths for heat transfer

[3] flow meters and temperature sensors for determ-
ining the heat flows

[4] tanks for hot or cold water

[3] connections for transmitting measurement data to
an external controller

Technical data

Pipes

m lengths: 10m, 20m, 30m

m material: polyethylene

m wall thickness: 2mm

m outer diameter: 16mm

m operating pressure: max. 3bar

Tank
m volume: 200L

Measuring ranges
m temperature: 3x -50...180°C
m flow rate: 30..1000L/h

LxWWxH: 1500x 800x1700mm
Weight: approx. 95kg

Scope of delivery

1 trainer
1 manual
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GUNT-RHLine Renewable Heat

HL 320.08

Fan heater / air heat exchanger

m trainer for the HL 320 “solar
thermal energy and heat pump”
modular system

m use as a heat source or heat sink

m axial fan with two speed settings

Trainer consisting of a fan convector
with piping, quick-release couplings and
temperature sensors. The trainer may
be used both to heat rooms and to ab-
sorb ambient heat from the outside air.
It can thus be operated as either a heat
sink or a heat source for a heat pump.

In the case of heating rooms, compared
to traditional heating radiators, fan heat-
ers offer the possibility of achieving a
comparatively good transfer of heat to
the room air, even at small dimensions.
This advantage makes it possible to op-
erate room heating with lower temper-
atures in the heating circuit. When com-
bined with a heat pump, the fan heater
therefore often represents a beneficial
application both economically and in
terms of energy, especially when renov-
ating heating systems in old buildings.

When absorbing ambient heat to supply
heat to a heat pump, air heat ex-
changers are often used when there is
no access or difficulty accessing other
heat sources such as groundwater or
geothermal heat collectors. The disad-
vantage of the energy balance, particu-
larly unfavourable in winter, in this case
is contrasted with the advantage of
lower initial investment costs.

Carefully structured instructional materi-
als have been created for the recom-
mended modular combinations with the
HL 320.08 module. As part of the docu-
mentation for the HL 320 modular sys-
tem, these materials set out the basic
principles and provide a step-by-step
guide through the experiments.

m use of a fan convector for heating and
cooling rooms

m how the temperature difference
between the heating feed and return
affects the overall efficiency of a heat-
ing system

m operating conditions when used as an
air heat exchanger in a heat pump sys-
tem

m comparison of an air heat exchanger
with other heat sources in a heat
pump system

gHAMBURG

HL 320.08

Fan heater / air heat exchanger

Specification

[1] fan convector for connection to the HL 320 modu-
lar system

[2] axial fan with two selectable speed settings

[3] control by means of other controllers in the
HL 320 system (CAN bus)

[4] temperature sensors for feed and return

[5] quick-release couplings with shut-off valves for con-
necting the pipes

Technical data

Fan
m speed: 900,/ 1400min”
m flow rate: 683/1155m>h’

1 junction box, 2 CAN-bus connecting sockets, 3 flow meter, 4 feed flow, 5 3-way mixing
valve, 6 return flow, 7 temperature sensor feed flow, 8 fan convector, 9 vent valve Heat exchanger
m nominal cooling capacity: 2kW

HL 320.01 HL 320.08 m max. operating pressure: 10bar

Measuring ranges
m temperature:
» 3x-50°C..180°C
m flow rate: 30..1000L/h

230V, 50Hz, 1 phase
230V, 60Hz, 1 phase
— LxWxH: 1500x 800x1500mm
Weight: approx. 95kg

Scope of delivery

1 trainer
1 manual

HL 320.07

Inclusion of HL 320.08 in one possible configuration of the HL 320 modular system

1 2 3 4 5

HL 320.02

HL 320.01 Ngﬂ
=

HL 320.03 _l
HL32004 il

HL 32005 .
HL32007 J=

HL 320.08 .

Recomended combinations of the HL 320 modular system
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Engineering
mechanics and
engineering design

m statics

m strength of materials
m dynamics

® machine dynamics

m engineering design

®m materials testing
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Mechatronics

m engineering drawing
m cutaway models
m dimensional metrology

m fasteners and
machine parts

m manufacturing engineering
m assembly projects

® maintenance

m machinery diagnosis

m automation and process
control engineering

Planning and consulting - Technical service
Commissioning and training
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Thermal engineering

m fundamentals of
thermodynamics

m thermodynamic
applications in HVAC

m renewable energies

m thermal fluid energy
machines

m refrigeration and air
conditioning technology

Mk"

Fluid mechanics

m mechanical process
engineering

m steady flow

m transient flow
m thermal process
engineering

m flow around bodies
m fluid machinery
m chemical process

B components in piping enaiee

systems and plant design ] _
m biological process

m hydraulic engineering e

m water treatment
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Energy & environment

Energy
m solar energy

m hydropower and
ocean energy

® wind power

m biomass

m geothermal energy
m energy systems

m energy efficiency in

building service engineering

Environment
m water

m air

m soil

m waste
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WL 110 (86) WL 302 (78)
WL 308 (78) WL 315C (102)
WL 315.01 (80)

safety device

ET 860 (116)

parallel connection of evaporators

ET 405 (262) ET 915.02 (230)

saturated vapour

ET 810 (122) ET 813.01 (124)
WL 204 (80)

separating calorimeter

ET 805.50 (118)

thermistor NTC WL 202 (24) WL 820 (28)
thermocouple WL 202 (24) WL 820 (28)
thermoelectric cold production ET 120 (206)
thermoelectric effect ET 120 (206)

series connection of evaporators

ET 405 (262) ET 915.02 (230)

thermometer

WL 202 (24) WL 920 (28)

shell and tube heat exchanger

WL 110.03 (92) WL 315C (102)

throttling calorimeter

ET 805.50 (118)

parallel flow heat exchanger

WL 110 (86)

single-stage compressor

ET 513 (156)

thrust measurement

ET 792 (144) ET 796 (150)

passive mode

CT 110 (182) CT 159 (174)
CT 300 (188)

slug flow

WL 210 (56)

time dependency

WL 110.04 (94)

smoke detector

ET 620 (280)

PC data acquisition

CT 110 (182) CT 1001 (177)
CT 10013 (177) CT 159 (174)
CT 300 (188) CT 400 (186)

software controller

ET 605.01 (289)

torque characteristic

CT 110 (182) CT 300 (188)
CT 400 (196)

solar circuit

HL 313 (250)

torque measurement

CT 110 (182) CT 300 (188)
CT 400 (196)

Peltier effect

ET 120 (206)

solar collector

ET 202 (248) HL 320.03 (308)

triple point, water

WL 204 (60)

Peltier element

ET 120 (206)

solar thermal energy

ET 202 (248) HL 320.03 (308)
HL 320.04 (310) HL 320.05 (312)

tubular heat exchanger

WL 110.01 (88) WL 302 (78)
WL 308 (78) WL 315C (102)

petrol engine

CT100.20 (178) CT 100.21 (179)
CT150 (170) CT 152 (172)
CT 153 (173) CT 400.01 (192)

sound insulation link

ET 620 (280) HL 720 (272)

tubular heat exchanger

WL 110.01 (88) WL 312.01(97)

spark plug sensor

CT10014 (177)

turbine curve

ET 792 (144) ET 794 (148)

piston compressor

ET 432 (158) ET 500 (154)
ET 508 (160) ET 512 (162)
ET 513 (156)

specific exhaust gas heat capacity

CT 10011 (177)

piston steam engine

ET 810 (122)

specific fuel consumption

ET 792 (144) ET 794 (148)
ET 796 (150) ET 805 (140)
ET 830 (134) ET 833 (138)

turbine efficiency, gas turbine

ET 792 (144) ET 794 (148)
ET 796 (150)

turbine efficiency, steam turbine

ET 805 (140) ET 830 (134)
ET 833 (138) ET 851(132)

plate heat exchanger

WL 110.02 (80) WL 315C (102)

PLC

ET 620 (280)

specific fuel consumption

CT 110 (182) CT 159 (174)
CT 300 (188) CT 400 (188)

turbine, action

ET 796 (150) ET 851(132)

power curve

CT 110 (182) CT 158 (174)
CT 300 (188) CT 400 (198)

specific steam consumption

ET 805 (140) ET 813 (126)
ET 830 (134) ET 833 (138)
ET 851(132)

turbine, axial

ET 796 (150) ET 805 (140)
ET 830 (134) ET 833 (138)
ET 851 (132)

turbulence chamber engine

CT100.23 (181

whirl chamber engine

CT100.23 (181
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CT100.11 Exhaust gas calorimeter for CT 110 177 ET102 Heat pump 222 HL313 Domestic water heating with flat collector 250 wL102 Change of state of gases 018
CT100.13 Electronic engine indicating system for CT 110 177 ET102 Heat pump 260 HL320.01 Heat pump 304 WL103 Expansion of ideal gases 020
CT100.14 Pressure transducer for CT 100.20 177 ET120 Cooling using the Peltier effect 206 HL320.02 Conventional heating 306 WL110 Heat exchanger supply unit 086
CT100.15 Pressure transducer for CT 100.23 177 ET 122 Vortex cooling device 210 HL320.03 Flat collector 308 WL110.01 Tubular heat exchanger 088
CT100.16 Pressure transducer for CT 100.22 177 ET 202 Principles of solar thermal energy 248 HL320.04 Evacuated tube collector 310 WL110.02 Plate heat exchanger 090
CT100.17 Pressure transducer for CT 100.21 177 ET 262 Geothermal probe with heat pipe principle 254 HL320.05 Central storage module with controller 312 WL110.03 Shell & tube heat exchanger 092
CT100.20 Four-stroke petrol engine for CT 110 178 ET 264 Geothermal energy with two-well system 256 HL320.07 Underfloor heating/geothermal energy absorber 314 WL110.04 Stirred tank with double jacket and coil 094
CT100.21 Two-stroke petrol engine for CT 110 179 ET 300 Finned tube heat exchanger water/air 082 HL320.08 Fan heater/air heat exchanger 316 WL 201 Fundamentals of humidity measurement 022
CT100.22 Four-stroke diesel engine for CT 110 180 ET 350 Changes of state in the refrigeration circuit 220 HL 352 Test stand for oil, natural gas and propane gas burners 238 WL 202 Fundamentals of temperature measurement 024
CT100.23 Water-cooled four-stroke diesel engine for CT 110 181 ET 352 Vapour jet compressor in refrigeration 208 HL352.01 OQil burner 240 WL203 Fundamentals of pressure measurement 026
CT110 Test stand for single-cylinder engines, 7,5 kW 182 ET 400 Refrigeration circuit with variable load 204 HL352.02 Natural gas burner 241 WL204 Vapour pressure of water — Marcet boiler 060
CT150 Four-stroke petrol engine for CT 159 170 ET 405 Heat pump for cooling and heating operation 262 HL352.03 Propane gas burner 242 WL210 Evaporation process 056
CT151 Four-stroke diesel engine for CT 159 171 ET 420 Ice stores in refrigeration 268 HL720 Ventilation system 272 WL220 Boiling process 058
CT152 Four-stroke petrol engine with variable compression ET 432 Behaviour of a piston compressor 158 WL 225 Heat transfer in the fluidised bed 108
for CT 159 172 ET 480 Absorption refrigeration system 212 WL230 Condensation process 062

CT153 Two-stroke petrol engine for CT 159 173 ET 500 Two-stage piston compressor 154 WL 302 Heat transfer in the tubular heat exchanger 078
CT159 Modular test stand for single-cylinder engines, 22kW 174 ET 508 Simulation of a two-stage air compressor 160 WL 308 Heat transfer in pipe flow 076
CT159.01 Electronic engine indicating system for CT 159 169 ET512 Compressed air generation plant with piston compressor162 WL 312 Heat transfer in air flow 098
CT159.02 Exhaust gas analysing unit 169 ET513 Single-stage piston compressor 156 WL312.01 Heat transfer with plain tubes 097
CT159.02 Exhaust gas analysing unit 177 ET 605 Air conditioning system model 290 WL 312.02 Heat transfer with finned tubes 097
CT159.02 Exhaust gas analysing unit 185 ETB605.01 Software controller with data acquisition 289 WL 312.03 Heat transfer on refrigerant evaporator 097
CT158.02 Exhaust gas analysing unit 191 ETB05.02 Air conditioning controller 289 WL312.10 Hot water generator 096
CT159.03 Pressure transducer and TDC sensor ET605.03 1/0 connection box 289 WL312.10 Hot water generator 100
for CT150/CT 152 169 ET620 Air conditioning and ventilation system 280 WL312.11 Water chiller 096

CT159.04 Pressure transducer and TDC sensor for CT 151 169 ET792 Gas turbine 144 WL312.11 Water chiller 100
CT159.05 Pressure transducer and TDC sensor for CT 153 169 ET794 Gas turbine with power turbine 148 WL312.12 Condensing unit 096
CT 300 Engine test stand, 11 kW 188 ET 795 Simulation of a gas turbine 146 WL314 Convective heat transfer in air flow 070
CT300.01 Exhaust gas calorimeter for CT 300 185 ET 796 Gas turbine jet engine 180 WL314.01 Heat transfer in pipes in parallel flow 072
CT300.04 Two-cylinder petrol engine for CT 300 186 ET 805 Steam power plant 20 kW with process control system 140 WL 314.02 Heat transfer in pipes in mixed flow 073
CT300.05 Two-cylinder diesel engine for CT 300 187 ET805.50 Determination of the vapour content 118 WL 314.03 Heat transfer in a tube 074
CT300.09 Electronic engine indicating system for CT 300 185 ET810 Steam power plant with steam engine 122 WL315.01 Shell & tube heat exchanger steam/water 080
CT300.17 Pressure transducer and TDC sensor for CT 300.04 185 ET813 Two-cylinder steam engine 126 WL315C Comparison of various heat exchangers 102
CT300.18 Pressure transducer and TDC sensor for CT 300.05 185 ET 830 Steam power plant, 1,5 kW 134 WL 320 Wet cooling tower 106
CT 400 Load unit, 75 kW, for four-cylinder engines 196 ET 833 Steam power plant 1,5 kW with process control system 138 WL 362 Energy transfer by radiation 032
CT400.01 Four-cylinder petrol engine for CT 400 192 ET 850 Steam generator 130 WL 372 Radial and linear heat conduction 034
CT400.02 Four-cylinder diesel engine for CT 400 194 ET 851 Axial steam turbine 132 WL 376 Thermal conductivity of building materials 036
CT400.09 Electronic engine indicating system for CT 400 191 ET 860 Safety devices on steam boilers 1186 WL377 Convection and radiation 038
CT400.16 Pressure transducer and TDC sensor for CT 400.01 191 ET915 HSI training system refrigeration and WL 420 Heat conduction in metals 042
CT400.17 Pressure transducer and TDC sensor for CT400.02 191 air conditioning technology, base unit 228 wL422 Heat conduction in fluids 044
ET815.01 Refrigerator model 228 WL430 Heat conduction and convection 046

ET915.02 Model of a refrigeration system with refrigeration WL 440 Free and forced convection 048

and freezing stage 230 WL 460 Heat transfer by radiation 050

ET815.06 Model of a simple air conditioning system 284 WLS00 Steady-state and non-steady-state heat conduction 052

ET915.07 Air conditioning model 286 WL 920 Temperature measurement 028
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Contact

G.U.N.T. Geratebau GmbH
Hanskampring 15 — 17
D-22885 Barsbuttel
Germany

Tel. +49(0)40670854-0
Fax +49(0)40670854-42
Email sales@gunt.de
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