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Abstract: Refrigerant R134a has been widely utilized
in automotive air conditioning systems (AACSs);
R134a has a high global warming potential (GWP) of
1430 despite having zero ozone depletion potential
(ODP). Coming refrigeration systems must include
refrigerants with low GWP and zero ODP. The aim of
this experimental study is to evaluate the thermal
performance of an (AAC) with different values of
compressor speeds, i.e., (1000, 1700, and 2400 rpm)
and two thermal loads, i.e., (500 and 1000 Watt) with
the absence and presence of liquid suction heat
exchanger (LSHX) using R134a. The results showed
that adding LSHX enhanced the COP cycle by 7.18%,
10.7%, and 3.09% for the first, second, and third speed,
respectively, at 500 Watt, while the enhancements
were 10.27 %, 23.3 %, and 11.5 % for the first, second,
and third speed, respectively, at 1000 Watt. Increasing
the compressor speed decreased COP due to a
reduction in RE and increased the compression effect,
increasing the work done by the motor on the
compressor that caused a reduction in COP. The
compressor exergy destruction (X des. comp.) decreased
when LSHX was added by 6.13%, 2.22%, and 18.8% for
the first, second, and third speed, respectively.
However, X des. comp. increased with compressor speed
due to the system’s pressure difference rise because of
decreasing evaporation and increasing condensation
pressures. As a result, the entropy generation
increased. The increase in discharge temperature and
pressure of the compressor led to a high friction force
between the moving part of the compressor and the
refrigerant, so the energy losses increased. Increasing
the compressor speed decreased the total exergy
performance of the cycle by 5.8 %, 7.5 %, and 16.7 % for
the first, second, and third speed, respectively, due to
increasing the compressor discharge temperature,
increasing the X des. comp. and thermostatic expansion
device and decreasing condenser and evaporator.
Increasing X des. comp was higher than the destruction in
the condenser and evaporator, which canceled the
effect of others, so the total exergy performance of the
cycle decreased.
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1. INTRODUCTION

The present study experimentally investigated
the performance of an automobile air
conditioner system (AACS) with a liquid
suction heat exchanger (LSHX) and variable
speed compressor. The heat exchanger is a
device where heat is exchanged between two
fluids without mixing [1]. Many studies on
adding LSHX in the Vapor compression
refrigeration cycle (VCRC) have been
established to study the influence of adding
LSHX on the thermal performance of
automobile air conditioners [2]. Adding a heat
exchanger to an automobile air conditioning
system might enhance the performance of the
cycle [3]. Using nanoparticles as refrigerant
additions is a method of improving the vapor
compression refrigeration system (VCRS)
performance without altering the system
components [4], besides using an ejector as an
expansion device [5]. One of the techniques
found to enhance the efficiency of the vapor
compression refrigeration system is sub-
cooling using a liquid suction heat exchanger
[6]. Ref. [7] conducted an experimental
comparative study between the thermal
performance of ACs of VCRS with and without
LSHX charged with R134a with two compressor
speeds. The temperatures at all points of VCRC,
i.e., with low and high-pressure points and
indoor and outdoor temperatures, were
recorded. The results showed improved COP
and refrigeration effects when LSHX was
installed. An experimental investigation of
adding LSHX to an automobile air conditioning
system conducted by Ref. [8] with different
compressor speeds. The results showed that for
compressor speeds of 800-1800 rpm, the
percentage of COP with a system working with

R1234yf and THX was decreased by 0.3-2.9%,
respectively, i.e., lower than the R134a system.
At a compressor speed of 2500 rpm, the COP
enhanced by 0.9%. An internal heat exchanger
(IHX) is a common modification of the basic
cycle to enhance its energy performance [9]. A
heat exchanger can be a separate device, such
as a heater or condenser, or a component of a
device, such as the heat exchangers found in old
refrigerators [10]. Using a thermostatic
expansion valve (TXV), a coaxial internal heat
exchanger (IHX), and refrigerant R1234yf, an
automotive air conditioning system (AACS) was
created by Ref. [11] with two compressor speeds
(1000 rpm and 2600 rpm). The inlet air
temperatures were between (30 °C and 40 °C).
The test was studied with IHX and without IHX
cases. The results showed that when THX was
added, the COP enhanced by 3%, the
evaporating temperature decreased by 0.8°C,
the cooling capacity increased by 2.2 %, and the
compressor power decreased by 2%. The results
indicated that the system with THEX and
R1234yf improved system performance. Some
additions have been used to increase the
performance of LSHX, such as nanofluid that
increases the convective heat transfer [12] and
metal foam to enhance the heat transfer of
double pipe heat exchanger fins [13]. Ref. [12]
theoretically studied the effect of adding LSHX
to a refrigeration system. The studied heat
exchanger comprised 17 tubes with 6mm and
4mm diameters and 300mm and 225mm
lengths. The results showed that the 300mm
length and 4mm diameter heat exchanger
enhanced COP more than other cases.
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2, EXPERIMENTAL PROGRAM

2.1.Apparatus and Procedures

The test apparatus used in the present study
was an automobile air conditioner consisting of
four  basic = components: compressor,
condenser, expansion device, and evaporator.
The test apparatus is shown in Fig. 1. The test
rig worked with refrigerant R134a, and a liquid
suction heat exchanger was added to the
system, as shown in Fig. 2, designed by ANSYS.
Figure 3 describes the schematic diagram of the
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test apparatus with the LSHX. Some
parameters were analyzed, such as the
coefficient of performance, refrigeration effect,
heat rejected in the condenser, compressor
work (Weomp.), and exergy destruction for each
system component. The results were compared
for two cases, i.e., with and without LSHX,
three compressor speeds, i.e., 1000 rpm, 1700
rpm, and 2400 rpm, and two thermal loads, i.e.,
500 Watt and 1000 Watt). The thermal
properties of R134a are illustrated in Table 1.

Fig. 1 Test Apparatus.
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Fig. 2 Heat Exchanger Added.
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Fig. 3 Schematic Diagram of the Test Apparatus.

Table 1 Thermal Properties for R134a [14].

Thermodynamic Property R134a
Chemical Formula CF;CH.F
GWP 1430
ODP o}
Molar Mass (kg/kmol) 102.03
Boiling Point at 1 atm (K) 247.08
Freezing Point (K) 169.85
Critical Pressure (MPa) 4.90
Critical Temperature (K) 374.21
Critical Density (kg/m3) 511.90
Cost (USD) 25

2.2.Experimental Procedure

The experimental procedure is listed below:
Charging the system with R134a.
Setting the compressor speed at 1000
rpm and the thermal load at 500 watts.
The device was operated and waited to
reach a steady state.

Steady state achieved after 33 minutes
of operating.

The data was recorded every five
minutes for all thermocouples and
pressure gauges.

Set the compressor speed at 1700 rpm
and then 2400 rpm with a thermal load
of 500 Watt then with 1000 Watt and
recorded all data obtained.

A Heat exchanger was added to the
system.

All steps above were repeated with the
added heat exchanger.
2.2.1.Mathematical Procedure

Energy and Exergy were analyzed for each
component of the cycle with and without LSHX,
as follows:

2.2.1.1.Energy Analysis

7-

8-

2.2.1.1.1.Coefficient of Performance
(cop)
Without LSHX [14]:
op RE h, — h, .
= = 1
wactual,comp. hZ - hl
With LSHX [15]:
cop RE h, -, @
= = 7 T 2
Wactual,comp. h 2 h 1

where h;and h', are the inlet enthalpies to the
compressor without and with LSHX,
respectively, in (kJ/kg), h,and h', are the
outlet enthalpies from the compressor without
and with LSHX, respectively, in (kJ/kg), and h,
and h', are the inlet enthalpies to the
evaporator ~without and with LSHX,
respectively, in (kJ/kg).

3.1.2.Compressor Work (W comp.)
Without LSHX [14]:

Wcomp.= m,Ah,_; = m,(h, —h;) (3)
With LSHX [15]:
Wcomp.= m,Ah’,_; =m,(h', —h';) (@)

where Weomp is the compressor work in (kW),
and m, is the refrigerant mass flow rate in

(kg/s).
3.1.3.Heat Rejected by Condenser
(Qcond.)
Without LSHX [14]:

Qcond.= m, (h, —h3) (5)
With LSHX [15]:

Qcond.= m, (h', —hj3) (6)

where Qcond. is the heat rejected in (kW), and h;
is the enthalpy of the condenser outlet in

(kJ/kg).
3.1.4.Heat Absorbed by Evaporator
(Qevap.)
Without LSHX [14]:

Qevap.= mi (h; —h4) @)
With LSHX [16]:

Qevap.=m (h; — h4") 8
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3.2.Exergy Analysis

3.2.1.Exergy Destruction in Compressor
(Ex. des. comp.) [17]

Without LSHX:

lI"des,comp =To S'gen,comp
= n'lr TO(SZ - Sl) (9)
With LSHX:

llldes,comp = Tosgen,comp
=M To(s'2 —s'1) (10)

where ¥, comp is the rate of exergy destruction
in the compressor, s, and s, are the entropies in
the inlet and outlet of the compressor,
respectively, without LSHX, and s', and s'; are
the entropies in the inlet and outlet of the
compressor, respectively, with LSHX.

3.2.2.Exergy Destruction in Condenser

(Ex. des. cond.) [18]
Without LSHX:

ll"des,c:ond = Tosgen,cond =

m, T, ((s3 — s2) +T2n) (11)
With LSHX:

ll,des,cond = Tosgen,cond =

m; o To[(s3 —5'2) + (F924)] (12)

where T, is the environment temperature, and
T is the average temperature for the inlet and
outlet from the condenser.

3.2.3.Exergy Destruction in
Thermostatic Expansion Device (Ex.

des. TXV) [19]
Without LSHX:

AWryy = Tosgen,exp =m,T,(s3 — s4) 13)
Without LSHX:
AWryy = Mof[To(s'3 — 5'4)] (14)
3.2.4.Exergy Destruction in the

Evaporator (Ex. des. evap.) [20]
With LSHX:

All,des,evap = m; (Py —Pq) =

Myee[(hy — hy) — To(s4 — 51)] (15)
With LSHX:
qjdes,evap = To S.gen,evap =

me¢[(hy — hy) — To(s4 — 51)] (16)
where T is the average temperature for the air
side inlet and outlet of the evaporator
temperature. The enthalpies of all input and
output points of the cycle components were
extracted from Engineering Equation Solver

programming (EES) based on the temperature
and pressure values taken from the
experimental work.

3.3.Experimental Sets

Two sets of experiments were examined. In the
first set, all experiment parameters were
examined without using a liquid suction heat
exchanger. The test included three compressor
speeds: 1000rpm, 1700rpm, and 2400 rpm,
and two thermal loads: 500 Watt and 1000
Watt. The second set included a liquid suction
heat exchanger with the parameters mentioned
above. Table 1 describes the different
parameters for these sets.

Table 2 Operating Parameters Values of the
Present work.

Parameters Values

Refrigerants used R134a

Compressor speed 1000 rpm, 1700 rpm,
2400 rpm

Thermal load 500 watt, 1000watt

Case 1 Without LSHX

Case 2 With LSHX

3.RESULTS AND DISCUSSION
3.1.Results of the Basic Cycle Without
LSHX

The studied parameters were the refrigeration
effect, compressor work, coefficient of
performance, heat rejected in the condenser,
and exergy destruction in the compressor,
condenser, thermostatic expansion device, and
evaporator. Table 2  represents the
experimental results for the first set without a
liquid suction heat exchanger. The results
showed that the compressor work (Weomp.)
increased with the compressor speed based on
the increasing compression ratio and discharge
pressure in the compressor, which required
more power to operate. The cycle COP
decreased due to the high work done by the
motor at high speeds. The refrigeration effect of
the cycle also decreased due to decreasing the
COP and increasing Weomp., according to the

relation below:
RE
COP = ——— (a7)
Wactual,comp.
The Heat rejected in the condenser increased
due to increasing the compressor discharge

temperature and speed.

Table 3 Experimental Results of the First Set for a Basic Cycle Without LSHX.

Parameters Without LSHX
Ex.des. Ex.des. Ex. Des. Ex. Des.
cor &EJ /kg) %:v(:;)ld' 2/1\:;:3;“ p- comp. cond. TXV Evap.
g W) kW) (kW) kw)

1000rpm,500 watt 3.2 140.3 2.26 0.619 0.038 0.23 0.089 0.225
1000rpm,1000watt 3.76 130.66 2 0.896 0.041 0.223 0.064 0.127
1700 rpm,500 watt 2.6 133.13 3.76 0.833 0.045 0.265 0.096 0.267
1700 rpm,1000 wat 2.7 128.4 3.47 0.995 0.064 0.275 0.069 0.19
2400 rpm,500 watt 2.26 126.3 4.5 1.073 0.069 0.294 0.112 0.284
2400rpm,1000watt 2.69 123.06 4.3 1.21 0.065 0.292 0.072 0.225
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3.2.Second Set Results of the Cycle with
adding LSHX

The parameters examined in the first set above
were examined in the second set, i.e., by adding
the LSHX. When LSHX was added to the cycle,
the results showed an enhancement in the cycle
COP with the three examined compressor
speeds; however, it remained decreasing with
the increase in the compressor speed. When the
LSHX was added, the compressor work
decreased, while the refrigeration effect
increased, and the heat rejected by the
condenser increased. Table 4 represents the
experimental results of the cycle with the liquid
suction heat exchanger added. The
experimental work pressure limits are
illustrated in Table 5. Figure 4 shows the P-h

diagram of the VCRC for Ri34a with and
without LSHX. Figures 5 to 12 show the effect
of compressor speed on the energy analysis
parameters at different thermal loads with and
without LSHX. When a liquid suction heat
exchanger was added to the cycle, the
coefficient of performance increased by 7.18%,
10.7%, and 3.09% for the first, second, and
third speed, respectively, a 500-Watt thermal
load. When the thermal load was 1000 Watt,
the coefficient of performance increased by
10.6%, 23.3%, and 7.8% for the first, second,
and third speed, respectively. Figures 5 and 6
show that increasing the compressor speed
decreased the coefficient of performance due to
increasing the compressor work.

Table 4 Experimental Results of the Second Set for the Cycle with LSHX.

With LSHX

Parameters cop RE Geondh e Ex.des. Ex.((lles. Ex. Des. Ex. Des.

&J/kg) (kW) kW) comp. cond. XV Evap.

kw) (kw) kw) kw)

1000rpm,500 watt 3.43 147.8 2.39 0.441 0.035 0.265 0.093 0.21
1000rpm,1000watt 3.83 144.23 2.30 0.585 0.039 0.259 0.075 0.12
1700 rpm,500 watt 2.88 139.7 3.93 0.679 0.044 0.265 0.11 0.225
1700 rpm,1000 wat 3.3 140.26 3.06 0.714 0.045 0.281 0.091 0.133
2400 rpm,500 watt 2.33 132.06 4.74 0.854 0.056 0.204 0.118 0.249
2400rpm,1000watt 2.9 128.8 4.49 0.882 0.049 0.31 0.099 0.197

Table 5 Evaporator and Condenser Pressure Values of the Experimental Work.

Condenser pressure (bar)

Evaporator pressure (bar)

without LSHX 20 3.5
with LSHX 19.2 4
10° . . 10°
RiMa I (a) Ri34a & IHEX ' I (b)
107 10°} |I | |
- - LT
Ew" & 10t ‘
o o A
i
10" 10} | | |
10! - . 10! X . )
100 0 100 200 00 400 500 -100 0 00 200 300 400 500
h [kd/kg] h [kdika]
Fig. 4 P-h Diagrams of VCRC Working with R134a: (a) without LSHX (b) with LSHX.
3.8 500 watt
34 -~ —— W|t:out LSHX
—@— with LSHX
3 \\
(-9 \\
& 25 —,
2.2
1.8 T T T T
800 1200 1600 2000 2400
compressor speed
(rpm)

Fig. 5 Cop Vs. Compressor Speed at 500 Watt.
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4.4

1000 rpm
=¢— R134a without LSHX

==@==R134a with LSHX

cop

3.6 R
\

2.4 T T

2.8
SN o

800 1200 1600

compressor speed (rpm)

2000 2400

Fig. 6 COP Vs. Compressor Speed at 1000 Watt.

The refrigeration effect increased when the
liquid suction heat exchanger was added due to
increasing the sub-cooling degree. At a thermal
load of 500 Watt, the refrigeration effect
increased by 5.36%, 4.9%, and 4.5% for the
first, second, and third speed, respectively,
while at a thermal load of 1000 Watt, the
refrigeration effect increased by 10.38%, 9.23%,
and 4.6% for the first, second, and third speed,
respectively; the same trend is in [16]. Figures 7
and 8 show that increasing the compressor
speed decreased the cycle’s refrigeration effect.
When the liquid suction heat exchanger was
added to the cycle, and the thermal load was
500 Watt, the compressor work decreased by
28.9%, 18.4%, and 20.41% for the first, second,
and third speed, respectively. When thermal
load was 1000 Watt, the compressor work
decreased by 34.7%, 28.2%, and 27.3% for the
first, second, and third speed, respectively.
Figures 9 and 10 represent the relation between
the compressor work and speed. The
compressor work increased with compressor
speed due to the increasing in compression
ratio, which requires more power to operate.

The heat rejected by the condenser increased
with adding a liquid suction heat exchanger due
to increasing the sub-cooling degree and
superheating degree, decreasing the enthalpy
leaving the condenser and increasing the
enthalpy entering the condenser. The
difference between the inlet and outlet
enthalpies gives the total heat rejected by the
condenser; the increment values were 5.7%,
4.5%, and 5.3% for the first, second, and third
speed, respectively, at a thermal load of 500
watt. While at the thermal load of 1000 Watt,
the increment values were 15.3%, 5.7%, and
4.4% for the first, second, and third speed,
respectively.  However, increasing the
compressor speed increased the heat rejecter
due to increasing the compressor work and
condensing temperature, decreasing the
condensation latent heat; therefore, the heat
rejected by the condenser increased. Figures 11
and 12 show the relation between the
compressor speed and the heat rejected by the
condenser with and without liquid suction heat
exchanger.

152 500 Watt
=@=— without LSHX
146 ~. =¢= With LSHX ——

\

- 140 ~
X
>
E \\
128
—~
122 . . . .

800 1200

1600

Compressor speed (rpm)

2000 2400

Fig. 7 RE Vs. Compressor Speed at 500 Watt.
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146
\ 1000 Wattt
142 z
\\ —&— without LSHX
138 \—0— with LSHX

3 134

~

g \

w 130 \\ N
126 \
122
118 T T T T

800 1200 1600 2000 2400
Compressor speed (rpm)
Fig. 8 RE Vs. Compressor Speed at 1000 Watt.
1.6
500 Watt
—o— without LSHX 13
—&— with LSHX N
S
€ /‘é‘
8 o7
= 7
0.4
0.1 T T T T
800 1200 1600 2000 2400
Compressor speed (rpm)

Fig. 9 Weomp. Vs. Compressor Speed at 500 Watt.

1.6

13

0.7

W comp. (Kw)

0.4

0.1

1000 Watt
== without LSHX
== With LSHX
/
800 1200 1600 2000 2400

Compressor speed (rpm)

Fig. 10 Weomp. Vs. Compressor Speed at 1000 Watt.
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500 Watt
4.6 =9— without LSHX /
4.1 —@—_with LSHX /
N //
E 3.1
E Z
S 26
g /
2.1
1.6
1.1 T T T
800 1200 2000 2400
Compressor speed (rpm)
Fig. 11 Qcond. Vs. Compressor Speed at 500 Watt.
5
1000 Watt
4.5 A
’ =@ without LSHX
. —o— with LSHX ot
3.5 /
$
]
2 . //
S //
2 L 4
1.5
1 T T T
800 1200 2000 2400
Compressor speed (rpm)

Fig. 12 Qcond. Vs. Compressor Speed at 1000 Watt.

Figures 12 to 20 represent the effect of
compressor speed on the parameters of exergy
analysis at different values of thermal loads
with and without LSHX to an automobile air
conditioner system. When the LSHX was added
to the cycle, the compressor’s exergy
destruction decreased by 7.8%, 2.2%, and
18.8% for the first, second, and third speed,
respectively, at a thermal load of 500 Watt.
When the thermal load was 1000 Watt, the
decreasing values were 4.8%, 29.6%, and 24.6%
for the first, second, and third speed,
respectively. ~ The  compressor  exergy
destruction decreased due to the decrease in
compressor work, so the compression ratio was
low, and the exergy efficiency was high, leading

to low exergy destruction. When the
compressor speed increased, exergy
destruction in the compressor also increased
due to the increased pressure difference of the
system because of the decrease in evaporation
and the increase in condensation pressures. As
a result, the entropy generation increased. The
increase in discharge temperature and pressure
of the compressor caused a high friction force
between the moving part of the compressor and
the refrigerant; therefore, the energy losses
increased. As a result, these reasons increased
exergy destruction in the compressor. Figures
13 and 14 show the relation between the
compressor speed and EX. Des. Comp.
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Fig. 14 Ex. Des. Comp. Vs. Compressor speed at 1000 Watt.

Exergy destruction in the condenser increased
with the compressor speed and adding LSHX by
15.2%, 6.03%, and 6.8% for the first, second,
and third speed, respectively, at the thermal
load of 500 Watt. While at the thermal load of
1000 Watt, the increment values were 16.1%,
7.25, and 16% for the first, second, and third
speed, respectively, due to increasing the
system pressure difference because the
condensation pressure increased and the
evaporation pressure decreased, resulting in
more irreversibility and entropy generation,
i.e., more exergy destruction. Figures 15 and 16
show the relation between the compressor
speed and Ex. Des. Condenser. The exergy
destruction in TXV increased with the

compressor speed due to increasing the
refrigerant mass flow rate; therefore, the
pressure difference of the system increased due
to increasing the condensation pressure and
decreasing the evaporation pressure, resulting
in more irreversibility and entropy generation,
i.e., more exergy destruction. Also, the exergy
destruction in TXV increased when LSHX was
added by 4.49%, 5.2%, and 5.88% for the first,
second, and third speed, respectively, at 500
Watt, while at 1000 Watt, the increment in
destruction was 17.1%, 31.1%, and 37.5% for the
first, second, and third speed, respectively.
Figures 17 and 18 show the relation between the
compressor speed and Ex. Des. TXV with and
without LSHX.
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Fig. 18 Ex. Des. TXV Vs. Compressor Speed at 1000 wW.

The exergy destruction in the evaporator
increased with the compressor speed due to
increasing the refrigerant mass flow rate;
therefore, the pressure difference of the system
increased due to increasing the condensation
pressure and decreasing the evaporation
pressure, resulting in more irreversibility and
entropy generation, i.e., more exergy
destruction. However, the exergy destruction in

the evaporator decreased when LSHX was
added by 6.6%, 15.7%, and 12.3% for the first,
second, and third speed, respectively at 500
Watt, while the decreasing values at 1000 Watt
were 5.5%, 8%, and 13.6% for the first, second,
and third speed, respectively, as described in
Figures 19 and 20. Table 6 compares the results
of the present study with the other studies.
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Fig. 19 Ex. Des. Evap. Vs. Compressor Speed at 500 Watt.
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Fig. 20 Ex. Des. Evap. Vs. Compressor Speed at 1000 Watt.

Table 6 Comparison between the Present and Previous Results.

RE Qcond. Wcomp.
Parameters COP (kJ/kg) (kw) (kW)

Increased Increased Decreased

Ex.des. Ex.des. Ex. Des. Ex. Des.
comp. (kW) cond. (kW) TXV (kW) Evap. (kW)

Decreased increased increased Decreased

Present study 10.6% 10.38% 15.3%

1000 rpm 34.7%
(with LSHX)

Present study 23.3% 9.23% 5.7%

1700 rpm 28.2%
(with LSHX)

Present study 7.8% 4.6% 4.4%

2400 rpm 27.3%
(with LSHX)

Elewi [5] 12.2% 12.1%
(with LSHX)

at 1400rpm

Elewi [5] 48%
(with LSHX)

at 2900 rpm

17.2%

4.8%

20.6%

24.6%

16.1% 17.1%,
5.5%

7.26%
31.1% 8%

16%
37.5% 13.6%

4.CONCLUSIONS
The following points are the summary of the
present study conclusions:

e When a liquid suction heat exchanger
was added to the cycle, the thermal
performance of the cycle was enhanced
by 10.9%, 23.3%, and 77.8% for 1000rpm,
1700rpm, and 2400rpm, respectively, at
1000 Watt; however, it decreased with
increasing the compressor speed, varying
the refrigerant mass flow rate value. As
the compressor’s speed increased, the
compressor’s discharge temperature
increased, requiring more power to
operate. Therefore, the compressor work
increased, and the refrigeration effect
decreased with the increasing the
compressor speed. As a result, the
thermal performance decreased, based
on the relation below:

COP =

RE

Wactual,comp.
e The heat rejected by the condenser
increased with adding LSHX and

increasing the compressor speed due to
increasing the compressor work and the
condensing temperature, decreasing the
condensation latent heat.

The total exergy destruction of the cycle
decreased when LSHX was added due to
decreasing the destruction values of all
cycle components since the total
destruction is the summation of
destruction values in all cycle
components. While the total exergy
destruction of the cycle increased with
the compressor speed, the total exergy
efficiency decreased because it is a
function of exergy destruction.Increasing
the total exergy destruction values is
attributed to the increase in the
refrigerant mass flow rate and increasing
the compressor discharge pressure,
which requires more power to work;
therefore, the work and destruction in the
compressor increased.
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Since the total exergy destruction
increased with the compressor speed, the
efficiency of the cycle decreased.

The absence of LSHX in a system working
with Ri134a is a good addition to
enhancing the system’s thermal
performance and increasing efficiency.
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NOMENCLATURE
AACSs  Automobile air conditioning system
cop Coefficient of performance
Cp Specific heat capacity, J/(kg °C)
EES Engineering equation solver
IHX Internal heat exchanger
LSHX  Liquid suction heat exchanger
P Pressure
Qevap. Heat absorbed by evaporator (kW)
Qcond. Heat rejected by condenser (kW)
RE Refrigeration effect
S Entropy
T Temperature, °C
VCRC  Vapor compression refrigeration cycle
Wactia Actual work kW
W comp.  Compressor work (kW)
X Exergy
m Mass flow rate (kg/s)
h Enthalpy at compressor inlet (kJ/kg)
h- Enthalpy at compressor outlet (kJ/kg)
hs Enthalpy at condenser outlet (kJ/kg)
hy Enthalpy at evaporator inlet (kJ/kg)
h,' Enthalpy at LSHX vapor outlet (kJ/kg)
h.' Enthalpy at compressor outlet when LSHX
added (kJ/kg)
hs' Enthalpy at LSHX liquid outlet (kJ/kg)
h,' Enthalpy at evaporator inlet when LSHX
added (kJ/kg)
Greek symbols
p Density, kg/m?
Subscripts
Comp. Compressor
Cond.  Condenser
Evap. Evaporator
TXV. Thermostatic expansion valve
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