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Abstract

This paper investigates the effect of adding a liquid-suction heat exchanger on the performance of a mechanical refrigeration system using
alternative refrigerants. Engineering Equation Solver (EES) was used to simulate a mechanical refrigeration system in two configurations:
modified system with liquid-suction heat exchanger and system without liquid-suction heat exchanger. The results revealed that the liquid-
suction heat exchanger has a significant effect on the system performance as it influences the subcooling and superheating temperatures.
The results also showed that the highest value of the coefficient of performance (COP) was achieved by the modified system with refrigerant
type R134a, COP was about 7% and 12% higher than that of refrigerants R600a and R22 respectively. It also presented that R600a has
high response to increase the refrigerant effect when the liquid-suction heat exchanger is used. R600a is good alternative refrigerant and it
can be used in the mechanical refrigeration system, but its COP is lower than that of R134a.
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1. Introduction

Mechanical refrigeration system is one of the most usable refrigeration systems that can be used in domestic and commercial fields. It has
four main parts: compressor, condenser, expansion valve and evaporator are connected in order together to build a close cycle [2]. Many
studies have been done to modify and enhance the performance and energy consumption of the mechanical refrigeration system such as
Bertsch and Groll [3], Wang and Zhang [4] and Jain, Arora [5]. While some studies investigated the refrigerants effect on the environment
and its effects on system performance such as Llopis, Torrella [6], Llopis, Sanchez [7], and Aized and Hamza [8].

Using heat exchanger in the mechanical refrigeration system is one of the effective technique that can be used to improve the energy
performance of the system [9]. Meanwhile, refrigerant type can also influence the system performance, so it is a big challenge to obtain
matching between the system modification and refrigerant type. Refrigerant R134a is one of the alternative refrigerants that can be used to
achieve good performance and exergy efficiency [10]. However, the system performance would be depending on the system modification
such as using the liquid-suction heat exchanger which can improve the performance by 3% [11]. According to a previous study that carried
out by Mohanraj, Muraleedharan [12], the R134a can be replaced by R43a in a basic system configuration to obtain high system perfor-
mance. At the same time the R134a can be replace by R600a to get higher performance [13]. Mota-Babiloni, Haro-Ortufio [14] reported
that using heat exchanger to modify the mechanical refrigeration system can increase the system cooling capacity up to 3% when the R134a
is used as a working fluid. There are many techniques that can be used to modify the mechanical refrigeration system but using the heat
exchanger technique is much effective and efficient [15]. The liquid-suction heat exchanger is commonly used in mechanical refrigeration
system as it is ensure the system operation and increase the system performance [16]. Many studies have been carried out to investigate
the effect of liquid-suction heat exchanger on the mechanical refrigeration system and compared it with different modification techniques
such as Sunardi, Martin [1], Vaghela [17], Prayudi and Diantari [18] , and Hermes [19]. However, there is insufficient information about
the system performance when the liquid-suction heat exchanger is used to compare the performance of the alternative refrigerants. There-
fore, this paper investigates the performance of the alternative refrigerants R600a and R134a when the liquid-suction heat exchanger is
used as a modification technique to improve the system performance.

2. Model development

Figure 1 illustrates the schematic diagram for the modified mechanical refrigeration system using liquid-suction heat exchanger technique,
and it also presents the p-h (pressure-enthalpy) diagram for the cycle [1]. The p-h diagram shows the effect of the liquid-suction heat
exchange on the suction temperature (superheat temperature) which represent the superheating in the cycle. The p-h diagram also presents
the effect of the liquid-suction heat exchange on the sub-cool temperature which represent the subcooling.
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Fig. 1: Schematic Diagram: (A) Mechanical Refrigeration System Using Liquid-Suction Heat Exchanger, (B) P-H Diagram of the System [1].

The liquid-suction heat exchanger is installed across the suction and liquid lines to provide an effective function such as subcooling for the
condensed refrigerant, boiling liquid of refrigerant which is located in the suction line and prevent liquid refrigerant entering the recipro-
cating compressor, and reducing the flash gas in the liquid line to ensure maximum capacity for the thermostatic expansion valve.

2.1. Thermodynamic analysis for superheating

Figure 2 presents the superheating effect on the mechanical refrigeration system on p-h diagram when the pressure drop in the evaporator
and condenser is neglected. From the Figure 2, the liquid-suction heat exchanger can increase the suction temperature from state (a) to
state (1) which represents the superheating effect. The superheating can safe compressor from damage by preventing the refrigerant liquid
droplets that may be flown with the gas from entering the suction line [20]. In this case the ideal refrigerate effect will be increased by
adding the range of enthalpy change between stats (a) and (1).

Resyp = Rejgeal + Aha—y @

p. psia

» P 3
P2=P3}
/i \
: /
1
/ 1 /
[ /
'
| :
- /
Pr=Pa 1 ' ] 1 g
4 1 Superheating

| —

i -
By =h 4 hy

Fig 2: Superheating Effect on Refrigeration Cycle.
2.2. Thermodynamic analysis for subcooling

Figure 3 presents the subcooling effect on the ideal mechanical refrigeration system on p-h diagram. From the Figure 3, the liquid-suction
heat exchanger can decrease the liquid refrigerant temperature at the exit of condenser from state (3) to state (3°) which represents the
supercooling effect. The subcooling effect will increase the heat rejection by adding the range of enthalpy change between states (3) and
(3"). Therefore, the enthalpy of the sub-cooled liquid refrigerant can be calculated as,

hsc = hscon — CPre (Ts,con — Tsc) 2

Where

hs con = enthalpy of saturated liquid refrigerant at condensing temperature (J/kg)
cpre = Specific heat of liquid refrigerant at constant pressure (J/kg.°C)

Ts,con= saturated temperature of liquid refrigerant at condensing pressure (°C)
Tsc = temperature of subcooled liquid refrigerant (°C)
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Fig 3: Sub-Cooling Effect on Refrigeration Cycle.

From the Figure 3, the subcooling also increase the refrigerant effect by the range of enthalpy change between states (4°) and (4) [21].
Therefore, the total refrigerant effect due to adding the liquid-suction heat exchanger will be the summation of the ideal refrigerant effect
plus the enthalpy change in ranges (a-1) and (4-4°) as follows,

Repshe = Rejgeal + Ahy—q + Ahyy ©))
Repsue = Qevap =h; —hy 4
The total heat rejection from the cycle and as presented in Figure 1, will be estimated as follows,

Qr-LsuE = hy —hs ®)

Then the coefficient of performance (COP) of the system after adding the liquid-suction heat exchanger can be calculated as

COP = =
Net.of supplied energy Whet hy—hy

Refrigeranteffect _ Qevap _ h;—hy (6)

Engineering equation solver (EES) was used to solve set of equations to obtain the enthalpies at all pointes on the p-h diagram in Figure 1
(b) based on the thermodynamic properties of the refrigerant. Some assumptions were applied to determine the performance of the modified
mechanical refrigeration system using the liquid-suction heat exchanger: the system under steady state condition, heat transfer in pipes and
compressor is neglected, and pressure drop is neglected. Range of operating conditions were used to cover wide range of operations.
Alternative refrigerants R600a and R134a were used as a working fluid to be compared with the R22.

3. Results

All the results were obtained from EES after multiple runs using wide range of operating conditions and different refrigerants which were
defined as R600a, R134a, and R22. Two system were modeled in the EES: modified system with liquid-suction heat exchanger, and non-
modified system without liquid-suction heat exchanger. This section will present and discuss the EES results for the modified and non-
modified systems.

3.1. Effect of subcooling.

Figure 4 shows the effect of liquid-suction heat exchanger on sub-cooling at different condenser pressure and different refrigerants. The
liquid-suction heat exchanger improves the sub-cooling for three types of refrigerants; R22, R134a and R600a. However, higher value of
the sub-cool temperature was achieved by R600a. The results have same trend and behavior compared with that from literature such as
Dalkilic, Agra [21] and Lee and Su [22].
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Fig. 4: Effect of Liquid-Suction Heat Exchanger on Superheating at Different Condenser Pressure and Different Refrigerants.
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3.2. Effect of superheating
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Fig. 5: Effect of Liquid-Suction Heat Exchanger on Superheating at Different Condenser Pressure and Different Refrigerants.

Figure 5 shows the effect of liquid-suction heat exchanger on superheating at different condenser pressure and different refrigerants. The
liquid-suction line heat exchanger effectively increased the superheat temperature in the suction line. That is very useful to protect the
compressor by preventing the liquid of refrigerant from entering the compressor, so the liquid drops would be evaporated due to the energy
transfer between the hot liquid line and suction line in the liquid-suction heat exchanger. The Figure 5 also shows that the higher value of
the super heat temperature was achieved by R600a and achieved better performance. The results were compared with that from the literature
such as that in Feng, Kai [23] for R600a and Gill and Singh [24] for the R1344a, same trend and behavior were obtained.

3.3. Comparison between non-modified and modified system

A comparison between the non-modified system which does not have the liquid-suction heat exchanger and modified system which has
the liquid-suction heat exchanger has been done to present the differences in Refrigerant Effect (RE) and Coefficient of Performance
(COP). Figures 6 and 7 presents the effect of the liquid-suction heat exchanger on the refrigerant effect in the modified and non-modified
systems respectively using different refrigerants. From Figure 6, the R600a achieved highest value of refrigerant effect which was about
250kJ/kg when the condenser pressure was 350 kPa. However, at the same operating conditions the R600a achieved higher than 250 kJ/kg
in the modified system. By using the liquid-suction heat exchanger R600a recorded higher refrigerant effect which was 350 kJ/kg when
the condenser pressure was 350 kPa as shown in Figure 7. The results compared with that from literature such as that in Klein, Reindl [16]
and Prayudi, Nurhasanah [25].
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Fig. 6: Effect of Liquid-Suction Heat Exchanger on Refrigerant Effect at Different Condenser Pressure and Different Refrigerants in the Non-Modified
System.
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Fig. 6: Effect of Liquid-Suction Heat Exchanger on Refrigerant Effect at Different Condenser Pressure and Different Refrigerants in the Non-Modified
System.
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Fig. 7: Effect of Liquid-Suction Heat Exchanger on Refrigerant Effect at Different Condenser Pressure and Different Refrigerants in the Modified System.

Figure 8 summarize the comparison of COP between the system with liquid-suction heat exchanger and system without liquid-suction heat
exchanger at different operating condition using R600a, R134a and R22. The Figure shows that the highest value of COP was achieved by
the modified system using R134a which is about 7% and 12% higher than that of R600a and R22 respectively.

Indeed, the effect of adding the liquid-suction heat exchanger is very significant and it can increase the COP efficiently compared with that
system without liquid-suction heat exchanger. The COP can be improved and enhanced up to 20% based on the refrigerant type and
operating conditions. The R600a is good replacement for other refrigerants but it has lower COP compared with R134a due to its thermo-
dynamic properties as mentioned in literature such as Qureshi and Bhatt [26] and Adelekan, Ohunakin [27].
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Fig. 8: Comparison of COP Between the System with Liquid-Suction Heat Exchanger and System Without Liquid-Suction Heat Exchanger at Different
Operating Condition Using R600a, R134a and R22.

4. Conclusion

The effect of adding the liquid-suction heat exchanger in a mechanical refrigeration system was investigated theoretically using different
refrigerants. Engineering equation solver (EES) was used to solve set of equations based on the thermodynamic properties of the working
fluid. The results were compared with the literature and obtained same trend and behavior. The results revealed that the modern refrigerant
R134a has 7% higher COP compared with R600a and 12% compared with R22. The COP can be improved and enhanced up to 20% based
on the refrigerant type and operating conditions when the liquid-suction heat exchanger used. It also presented that R600a has high response
to increase the refrigerant effect when the liquid-suction heat exchanger used. R600a is good alternative refrigerant and it can be used in
mechanical refrigeration system, but its COP is lower than that of R134a. The superheating and subcooling effect were recorded with high
value when the R600a was used in modified and no-modified systems.
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