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A new interactive tool for supporting practical learning in the educational field of refrigeration is presented in this paper.
The application, called REFLAB, is used for on-line representation of the main operating variations in real refrigeration
plants, such as cooling capacity, power consumption and coefficient of performance. The implementation of this
interactive tool covers two groups of practical lessons, in which students operate with two refrigeration plants (a single-
stage and a two-stage) and obtain, by means of its graphical interface, the effects produced by changes in the operating
conditions. The use of REFLAB allows a quick comprehension of the theoretical concepts explained in class and an
intuitive assimilation of the behaviour of the refrigeration plants. The aim of this paper is to explain how the interactive tool
works and which are the main objectives pursued in the practical lessons. The paper includes a series of graphical

animations that simulate the practice lessons received by the students.
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1. Introduction

Nowadays, the most widely used cool production
systems are based on vapour compression technol-
ogy [1], which is employed in all refrigeration and
air-conditioning applications and in domestic,
industrial, transport and commercial sectors.
Given its importance, the theoretical and practical
knowledge of the basic principles of operation of
refrigeration plants constitute a fundamental
subject in the mechanical engineers’ education,
where the main objective is to achieve sufficient
knowledge to design, calculate and operate this
type of plant.

Practical training is basic for engineers and arti-
ficial cold production (especially vapour compres-
sion technology) is one of the most important
subjects to be focused in this way. Accordingly,
traditional teaching has been complemented with
two types of practical lessons:

1. A first group, in which students identify the
arrangement and components of the refrigera-
tion plants, analyse and represent the working
cycle and calculate the main energetic para-
meters of operation (cooling capacity, COP,
thermal efficiency, etc.).

2. A second group based on the use of computer
applications (RefProp® [2] and CoolPack “ [3])
in which students calculate several cycle config-
urations working with several refrigerants.

These practical lessons have several disadvantages
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that make the connection between theoretical and
practical aspects difficult. First, the effects on the
main energy parameters of the plants cannot be
represented on-line when the operating conditions
are modified, and secondly, the stabilisation time
related with thermal processes is too long. These
problems are often associated with the signal acqui-
sition systems used to monitor the thermal plants
that are usually only based on the acquisition of the
measured variables (pressure, temperature, flows,
etc.). Thermodynamic states and the main energetic
parameters of the cycle are calculated afterwards;
therefore it is very difficult to analyse the operation
of the refrigerating plants and it is impossible to
understand its dynamic evolution.

To solve these difficulties, technological progress
in computer and electronics sciences [4-7] has been
used to develop an educational tool, which we call
REFLAB. REFLAB acquires, calculates and
performs on-line representations of the main
operating parameters of the vapour compression
refrigerating plants used in the practical lessons.
REFLAB, developed with LabView® [8], contains
the refrigerant property libraries of RefProp© [2]
and the calculation program MATLAB® [9]. With
this computer application, students are able to
follow the refrigerating plant and to analyse its
dynamic response and the evolution of its main
parameters on-line (pressures, enthalpies, mass
flows, powers, etc.), as well as the thermodynamic
working cycle when the operating conditions are
modified.
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The description of this software and several
applications developed with REFLAB are pre-
sented in this paper. The responses to the software
made by both students and the teacher are also
presented.

2. Description of REFLAB

Although REFLAB is an interactive tool, its opera-
tion requires a complete signal acquisition system,
which could be divided into several parts according
to the function that each performs.

Group 1: Sensors: Sensors are the elements of the
system that convert the physical measured variables
(pressure, temperature, mass flow . . .) into an
electrical signal (current or voltage). Temperature
is measured using surface thermocouples, pressure
with piezoelectric gauges, refrigerant mass flow rate
with a Coriolis-effect mass flowmeter and power
consumption with a digital wattmeter. Compressor
speed is registered using different types of sensors
depending on the compressor configuration (open-
type with a capacitive sensor, and semi-hermetic
with accelerometers).

Group 2: Signal acquisition system: This consists of a
series of commercial elements from the National
Instruments Company© used to condition and
sample electrical signals.

Group 3: REFLAB interface: This part allows the
representation and analysis of the main operating

variables of the refrigerating plants, such as the
energy parameters and the thermodynamic
working cycle.

Relations between the different groups of
elements and different programs used in REFLAB
are shown in Figs 1 and 2, respectively.

In order to represent all the measured variables
graphically, the program Measurement and Auto-
mation®, from National Instruments©, is used to
convert the electrical signals to a physical magni-
tude by means of the calibration pattern of each
measuring element. Once all the signals have been
expressed as a physical magnitude, the representa-
tion and storage of values is performed by the
LabView“-based application. This application
also connects with MatLab® and it connects with
the dynamic libraries of RefProp® for an on-line
evaluation of the thermodynamic state of each
sampling point in the real cycle, which are then
used to calculate different capacities and efficiencies
of the refrigerating plant (cooling capacity, heat
capacity, COP, thermal efficiency, etc.).

When all calculations of the sample are done, the
LabView “-application represents the complete on-
line plant behaviour (Fig. 3). In this sense, we can
analyse at the same time measurements and all the
operating variables of the refrigerating cycle: mass
flow rates, powers, efficiencies, enthalpies, the
global efficiency of the plant (COP) and its thermo-
dynamic cycle (Fig. 4).

The operation of REFLAB by the students is
quite easy and intuitive because of its simple gra-
phical interface (Fig. 3).
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Fig. 1. Relations between the different signal acquisition system elements.
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Fig. 2. Programs and their relationships used in REFLAB.
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Fig. 3. Measured values in the REFLAB interface: (a) simple vapour compression plant; (b) two-
stage vapour compression plant.
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Fig. 4. Thermodynamic working cycle in the REFLAB interface. (a) simple vapour compression plant;
(b) two-stage vapour compression plant.

stage plant used in the lesson is shown in Fig. 5, and
its sensor locations and the general diagram are
depicted in Fig. 6. It consists of an open-type
compressor, a condenser, an evaporator and a
thermal expansion valve. The plant works with

3. Description of the refrigerating plants
used in the practical lessons

The refrigerating plants used in the practical lessons
are presented in this section. The plants, a single and

a two-stage vapour compression refrigerating
machine, cover the most widely used technology in
small- and medium-scale applications.

3.1 Single-stage refrigerating plant

Most of the refrigeration systems used nowadays
are based on a single-stage vapour compression
cycle, mainly because of its simplicity. The single-

HCEF refrigerants (R-134a and R-407C) and has a
nominal cooling capacity of 11.2 kW working with
R22 at 0°C of evaporating level.

3.2 Two-stage refrigerating plant

When the difference between evaporating and
condensing temperature is below 50K, single-stage
vapour compressions are appropriate. If an increase
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Fig. 5. Single-stage vapour compression plant.

on this difference appears, cooling capacity and
COP could be reduced drastically, hence two-stage
vapour compression cycles are used for high com-
pression rates.

The two-stage refrigerating plant used in
practical lessons (Fig. 7) performs a two-stage
cycle, working with a compound compressor (com-
pressor with two compression stages), two brazed
plate heat exchangers for the evaporator and con-
denser, and two different inter-stage configurations
between the compression stages: liquid injection
system and sub-cooler system. The nominal
cooling capacity of this facility is 5 kW working
with R-404A at -30°C of evaporating level. Sche-
matic diagram of the refrigeration plant, are shown
in Fig. 8.

4. REFLAB application in the practical
lessons

Three objectives are pursued in practical lessons of
‘artificial cold production’:

1. Identify all the elements that make up a real
refrigerating system and understand their
function and operation.

2. Understand the operation of each plant.

3. Comprehend the variables of operation and
their effects on the energetic behaviour of the
plants when they are modified.

The first two objectives can be achieved by classi-
cal teaching methods, but REFLAB application is
required to complete the third. This software allows
the student to observe directly the modifications on
the main operating parameters of the plants by
means of on-line graphics at the exact moment
when the operating conditions are being modified.
Therefore, the REFLAB interface allows the under-
standing of the mathematical relations of these
changes in the plant by using their graphical evolu-
tion, which is a more intuitive and entertaining way
of teaching and learning.

In order to achieve those objectives, some prac-
tical exercises using REFLAB have been developed,
of which we have selected several in order to show
just how useful REFLAB is.

All practical lessons start with a brief explanation
of the theoretical basis made by the teacher, where
the expressions used to calculate cooling capacity,
COP and thermal effectiveness are analysed. The
refrigerating plant is switched on and, while it is

7

15 K-type thermocouples

* 8 pressure transducers

* 1 wattmeter

* 1 inverter to govern the compressor speed
* 1 Coriolis mass flow meter (refrigerant)

* 2 volumetric flow meter (secondary fluid)

e |

Fig. 6. Single-stage vapour compression plant. Schematic diagram and sensor locations .
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Fig. 7. Two-stage vapour compression plant.

reaching the steady-state operation, all the compo-
nents that constitute the plant are explained to the
students. At the same time the teacher presents
REFLAB, explaining its operation and use. When
the steady-state operation is reached, the student
follows the software and operates the refrigerating
plant using the regulation and control elements to
complete the practical exercises.

4.1 Internal Heat Exchanger effect on a single-
stage vapour compression plant

The objective of this exercise is to understand the
purpose of the Internal Heat Exchanger (IHX)
installed in a single-stage vapour compression
plant. This element, whose main task is to prevent
liquid at the compressor suction port, has a positive

effect in the energetic behaviour of the cycle since the
liquid at the exit of condenser is subcooled and the
cooling capacity is increased [10]. However, it has a
negative effect since the vapour at the compression
suction is superheated and therefore the compres-
sion process is worsened. The student connects or
disconnects the internal heat exchanger by using a
set of solenoid valves.

REFLAB allows the student to follow the refrig-
erating cycle evolution on-line when this element is
connected in the plant by means of the refrigerant
P-h diagram. The subcooling and superheating
degrees, the cooling capacity (Q,) and COP are
also shown at the same time. Figure 9 presents the
refrigerating cycles of the plant working with and
without THX. The on-line effect, as seen by the
student in the practical lesson, is presented in the
associated animation.

4.2 Effect of compressor speed variation on a
single-stage vapour compression plant

In this exercise, the basic operating principle of the
technology known as the ‘inverter’ in air condition-
ing systems is explained and analysed. This control
method is commonly used to adjust the compressor
speed by focusing on the cooling capacity required
in the evaporator.

Using the software, the student selects different
speeds in the compressor, and the consequences in
the plant are shown in the REFLAB graphics, Fig.
10. As shown in the animation, students can observe
the changes in the refrigerant mass flow rate and the
cooling capacity, and they can notice that the
efficiency of the plant is practically neither reduced
nor improved.

EVAPORATOR

* 17 K-type thermocouples

* 12 pressure transducers

* 1 wattmeter

« 1 inverter to govern the compressor speed
« 1 Coriolis mass flow meter (refrigerant)

* 2 volumetric flow meter (secondary fluid)

Fig. 8. Double-stage vapour compression plant. Schematic diagram and sensor locations.
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4.3 Effect of de-superheating in a two-stage vapour
compression plant

This exercise and the following are based on the
study of a two-stage vapour compression plant (Fig.
7), which attempts to explain the cycle modifications
achieved by using two different inter-stage systems.
The first one is the liquid injection system, which is
used to reduce the discharge temperature of the
compressor [11, 13].

The student connects or disconnects the inter-
stage system using a set of solenoid valves and
analyses the effects in the REFLAB interface on-
line. The P-h cycle modification can be seen in Fig.
11 when this system is used. The student could
notice the temperature reduction caused at the

compressor, as well as the de-superheating effect
between stages. The on-line evolution could be seen
in the corresponding application.

4.4 Effect of liquid subcooling on a two-stage
vapour compression plant

The last exercise of the practical lessons is based on
the understanding of the inter-stage system in two-
stage refrigerating plants known as the ‘subcooler’.
This system causes a subcooling in the liquid line at
high pressure, as well as a slight de-superheating
effect between compression stages [12, 13].

In this exercise, the student shows how the COP
of the refrigerating plant is slightly increased and the
discharge temperature is strongly reduced.
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5. Application in the course

The practical lessons that are presented in this paper
are taught in Industrial Engineering in the 4th
academic course (Energetic Technology) and in
the 2nd year of Technical Industrial Engineering
(Thermal Engineering), where ‘cold production’ is
an important topic. These REFLAB-base practices
were introduced in the 2005/2006 academic year
with two 2-hours sessions.
The lessons are divided into four parts:

Theoretical introduction (15 minutes.): the the-
oretical concepts of the plants are explained and
the refrigerating plants are switched on.
Introduction to the plants (20 minutes): here we
emphasise the identification of each element
that constitutes the plant and we explain their
functions.

REFLAB presentation (15 minutes): in this
section we explain the different elements that
constitute REFLAB, such as sensors and their
locations, the signal acquisition system and the



REFLAB: Interactive tool for learning in the field of refrigeration 917

graphical interface. The basic principles of
REFLAB operation are also explained.

4. Practical exercises (70 minutes): students follow
the exercises detailed in manual controlling
of the refrigerating plants and analysing the
effects of each modification in the REFLAB
interface.

To evaluate the use of REFLAB and the practical
lessons a survey was distributed to the students with
the following results: 87% of the students considered
that the new teaching method was more interesting
and entertaining than the classical one, 94% stated
that the exercises were helpful to understand the
concepts explained in the theoretical lessons and
98% considered it necessary to do more practical
lessons in order to understand the different topics of
the subject in the practice.

In our opinion, the use of REFLAB in the
practical lessons has overcome the two main
problems of the classical teaching method. The use
of REFLAB increases the volume of information
analysed in the lessons, at the same time increasing
the level of assimilation of the concepts. These facts
have been proved from the questions suggested by
the students in both practical lessons and tutorial
hours.

This experience has been applied to the 2005/2006
year and will continue in the future according to the
excellent results. In the future, the procedure of the
on-line visualization phenomenon will be applied to
other Thermal Engineering topics, such as combus-
tion engines, cogeneration plants, heat exchangers,
air-conditioning, etc.

Furthermore, REFLAB will be released as a free
executable program to allow other teachers to use it
in their practical lessons.

6. Conclusions

A new and interactive teaching tool called
REFLAB has been presented herein. This tool
uses the latest signal acquisition techniques and
four different commercial programs with the objec-
tive of improving the learning process in the prac-
tical teaching of refrigeration.

This new tool allows on-line visualisation of the
real working cycle of refrigerating plants in the
refrigerant P-h diagram, and of other operating
variables of the plants: pressures, temperatures,
flow rates, superheating and subcooling degrees,

cooling capacity, compressor power consumption
and COP.

REFLAB allows the study of the responses of
refrigerating plants when some of the parameters
are modified through an on-line representation in a
graphical interface. Thus the teaching-learning
process is improved and the contents explained in
practical lessons are quickly assimilated by the
students.

The success of the application in the course has
motivated the teachers to continue using REFLAB
and to improve the teaching tool.
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