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Abstract—This paper compares the energy and exergy efficiency
of a vapour compression refrigeration system using refrigerants of
different groups. In this study, five different refrigerants including
R507A, R134a, R114, R22 and R717 have been studied. EES
Program is used to solve the thermodynamic equations. The results of
this analysis are shown graphically. Based on the results, energy and
exergy efficiencies for R717 are higher than the other refrigerants.
Also, the energy and exergy efficiencies will be decreased with

increasing the condensing temperature and decreasing the
evaporating temperature.
Keywords—Energy, exergy, refrigeration,  temperature,

thermodynamic.

1. INTRODUCTION

NE of the most important factors affecting the design of

HVAC equipment is the type and property of the
refrigerant used in it. The selection of refrigerant involves
many different thermo-physical properties that sometimes
some of these properties are in conflict with each other. The
refrigerant, basically, should have a wide range of required
properties. Chlorofluorocarbon compounds (CFC) which were
often wused in domestic systems are replaced with
Hydrofluorocarbon compounds (HFC), due to destruction of
ozone layer. Researchers have shown that HFC leads to less
destruction of the ozone layer than CFC. HFC does not
destroy the ozone layer and still it has many desirable
properties of CFC and HCFC. For this reason, these
refrigerants have been considered as replacement refrigerants
[1]-[5]. The use of hydrocarbon refrigerants (HC) has the less
environmental impact compared to HFC. However, to be able
to use these refrigerants, due to their flammability, there
should be a change in the refrigeration system and its
components design.

Since R717 is less dangerous compared to hydrocarbons,
and because of its zero greenhouse and ozone destruction
potential, its application will be increased. R717 is lighter than
air and therefore reduces the risk of poisoning. R717 has a
strong smell that is easily felt and leads to detection of its
leakage location. It also has a high latent heat of evaporation
that reduces the amount of mass flow rate in refrigeration
systems.

To evaluate the efficiency of a vapour compression
refrigeration system, energy efficiency (first law of
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thermodynamics) which is called coefficient of performance is
used. But in order to evaluate the quality of energy and
thermodynamic analysis, only the first law is not enough. The
second law of thermodynamics states that energy has both
quantity and quality. Trying to quantify the quality or energy
potential based on the second law of thermodynamics led to
definition of entropy and exergy. Exergy or availability
indicates the maximum work potential of a system under
determined conditions [6]-[10]. Many studies have been done
by different researchers in relation to refrigerants and exergy
analysis of refrigeration system [11]-[17]. Leidenfrost et al.
[18] studied the exergy analysis and the performance of a
refrigeration system using R12. Wongwises and Dalkilic [19]
studied the effect of sub-cooling and superheating
temperatures on performance of refrigeration system with
R134a, R152a, R32, R290, R1270 and R600. To compare the
performance of vapour compression refrigeration systems,
experimental analysis was done on the refrigerants R22,
R407c, R507 and R417A [20]. Park et al. studied
experimentally the performance of R431A and R22 on air
condition systems [21].

II. THERMODYNAMIC ANALYSIS

Fig. 1 (a) shows the vapour compression refrigeration
system components including a compressor, condenser, heat
exchanger, expansion valve and evaporator. In order to
achieve higher system efficiency, as well as suction superheat
vapour, a heat exchanger is used. Fig. 1 (b) shows the
pressure-enthalpy diagram for the cycle [22].
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Fig. 1 (a) Schematic views of the system components. (b) Schematic
drawing of the cycle on the Ln P-h diagram

Superheated vapour usually leaves the evaporator due to
heat transfer (state 1). The pressure drop is ignored in all
system components. So it can be considered constant
evaporator temperature. The refrigerant temperature increases
due to heat transfer within heat exchanger (state 2). The
superheated vapour expands by compressor. Compressor
conditions are considered according to actual conditions (state
3). The refrigerant heat is transferred to environment in
condenser sensibly and latently. Then the liquid refrigerant
(state 4) would be sub-cooled after passing heat exchanger and
then its temperature decreases (state 5). Heat transfer occurs
between the suction vapour and liquid refrigerant within heat
exchanger. The sub-cooled refrigerant has two-phase state
after passing from expansion valve (state 6).

In this study, five refrigerants i.e., R507A, R134a, R114,
R22 and R717 have been theoretically investigated. In this
paper, a vapour compression refrigeration system with a
specified capacity is selected and the effect of wvarious
condensing and evaporating temperatures on energy and
exergy efficiency of the system is investigated.

Since exergy is consumed and destroyed during process
because of entropy generation, thermodynamic analysis should
be done to determine the amount of exergy destruction. In
order to analyze the first and second law of thermodynamics,
the following assumptions have been considered:

*  The pressure drop in pipelines is ignored.

*  The steady state is considered for all system components.

*  The heat loss within the system is ignored.

*  The heat loss within heat exchanger is ignored.

»  The kinetic and potential energy of the system is ignored.

+  The power consumption of the condenser and evaporator
fans is ignored.

III. EQUATIONS

Therefore, the amount of exergy is defined as follows:

W=h—h0-TO0(s—s0) (1)

The irreversibility of system components is calculated from
exergy balance as:

I = EXin — EXout 2)
Using (1) and (2) and previous assumptions, the first and
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second laws of thermodynamic for system components are
determined as follows:

Evaporator:
Qey = mr (hy—he) A3)
TO
Iev =mr (\P17T6) +Qev (17 E) (4)
Compressor:
Wc = mr (h;—h,) )

The refrigerant enthalpy (h3s) is based on actual condition
that is determined as follows:

h,.-h
h3:(%)+h2

C

(6)

where, h;,s is refrigerant enthalpy in isentropic condition. The
electric power of compressor engine is:

Wy=_We (7)
77 nech '77el
The irreversibility of the compressor is:
Icomp =m; (\PZ_‘{IS)+WeI (8)
Condenser:
Qcond = mr(h37h4) (9)
_ T,
Icond =m; (\PS_‘P4) - Qcond (1— ) (10)
COND
Expansion valve:
h5 = h(, (1 1)
Iexp = mr(\P57lP6) ( 12)
Heat exchanger:
Que=m;, (hy=hs)=m, (h,~h;) (13)
L =m, [(P4—¥s5)—(¥2-F)] (14)

Coefficient of performance and irreversibility of the system
is determined as follows:

Qev

COp= —=- (15)
el
Itotal:Iev+Icomp+Icond+Iexp+Ihx ( 1 6)
The exergy efficiency is defined as:
Nex™ Y1-Y6 (17)
W

el
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IV.RESULTS ANALYSIS 23 " T S——

Figs. 2-6 show the changes of the exergy destruction, COP __;__:53::
and the exergy efficiency of the refrigeration system for three 23} —p—R22
different condenser temperatures. In Fig. 2, the exergy
destruction of various refrigerants with condenser temperature 525} 1
of 30°C has been shown. Figs. 3 and 4 show the same for
condenser temperatures of 40°C and 50°C, respectively. The z
maximum exergy destruction value has been obtained for 221 ]
R507A in all condenser temperatures. The exergy destruction
value increases with increasing the condenser temperature. 215l |
Fig. 5 shows that the COP significantly increases with
reduction of evaporator temperature at condenser temperature
of 30°C compared to condenser temperatures of 40°C and 21,2 0 a5 o = o

50°C. Maximum COP has been obtained for R717. The
difference between COP values for these refrigerants is too
small. The minimum COP is obtained for R507A. Fig. 6
shows the exergy efficiency for the refrigerants in various
evaporator and condenser temperatures. The maximum exergy

Fig. 4 The exergy destruction of various refrigerants with condenser
temperature of 40°C

5 < . = ©
efficiency value has been obtained for R717 in all condenser ———R114
temperatures. Based on the results, R22T, R114 and R134a 45+
behave, similarly.
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Fig. 3 The exergy destruction of various refrigerants with condenser
temperature of 35°C
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Fig. 6 The exergy efficiency of various refrigerants based on different
condenser and evaporator temperatures

V. CONCLUSION

A comparative study has been done by theoretical analysis
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for five refrigerants including R507A, R134a, R114, R22 and
R717. Such a comparison between energy performance and
exergy efficiency of these refrigerants give valuable
information to refrigeration systems designers. The greatest
amount of energy and exergy efficiencies is obtained for R717
for all operating conditions and the maximum exergy

destruction is obtained for R507A for all condenser and [21]

evaporator temperatures.
It is clear that the COP increases with increasing the

evaporator temperature, however the irreversibility and exergy  [22]

destruction decrease. With specified actual condition, vapour
compression refrigeration system with R717 behaves better.
R134a, R114 and R22 almost have the same view.

TABLE 1
OPERATING CONDITIONS OF THE REFRIGERATION SYSTEM
Environment Temperature 293 k
Environment Pressure 100 kpa
Evaporator Temperature 248-273 k
Condenser Temperature 303,308,313k
Superheating Temperature 3k
Super heating in HX 3k
Compressor Isentropic Efficiency 80%
Compressor Mechanical Efficiency 90%
Electric Motor Efficiency 90%
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