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Exergy Analysis of an Air Conditioning e
System Using Air-Cooled Condenser

at Different Ambient Conditions

with Different Volume Flow Rates of Air

Taliv Hussain, Adnan Hafiz and Akramuddin

Abstract In this paper, an analysis of exergy of an air conditioner having condenser
of air-cooled type is presented. The prime objectives of this paper are to analyse all
the four main components (condenser, expansion valve, compressor and evaporator)
of vapour compression refrigeration system individually and then to quantify and
identify the sites having the largest exergy losses. The exergy efficiency is also
calculated at different ambient conditions, i.e. (30, 32, 34, 36 and 38 °C) with different
volume flow rates of air, i.e. (0.08, 0.1, 0.12, 0.14 and 0.16 m>s).The results showed
that exergy loss is highest in the compressor. The order of exergy loss is (Exergy
Destruction)compressor > (Exergy Destruction)condenser > (ExergyDestruction)evaporator
> (ExergyDestruction)expansionvalve. In addition, the exergy efficiency of the system
varies from 31.10 to 34.52%.

Keywords Exergy loss - Exergy efficiency and vapour compression refrigeration
system

Nomenclature

Wc Compressor work

Qc Refrigerating effect

Mr Refrigerant mass flow rate

hl Refrigerantenthalpy at exit of evaporator or inlet of compressor in kl/kg

h2 Refrigerant enthalpy at exit of compressor or inlet of condenser in kJ/kg

h3 Refrigerant enthalpy at exit of the condenser or inlet of expansion valve in
kJ/kg

h4 Refrigerantenthalpy at exit of expansion valve or entry of evaporator in
kJ/kg

S1 Refrigerantentropy at the exit of evaporator or inlet of compressor
in kJ/kg-K
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S2 Refrigerantentropy at exit of compressor or inlet of condenser in kJ/kg-K

S3 Refrigerant entropy at exit of condenser or inlet of expansion valve in
kJ/kg-K

S4 Refrigerantentropy at exit of expansion valve or entry of evaporator in
kJ/kg-K

Te Evaporator temperature

Tc Condenser temperature

To Ambient temperature

nexergy Exergy efficiency

55.1 Introduction

The atmospheric temperature has increased so much because of the adverse effects
of global warming. Thus, even in the rural areas, air conditioners and refrigerators
have become an integral part of human life [1-3]. Human comfort is much impor-
tant to the extent for the industrial and domestic areas are concerned and due to
which air conditioning bears a heavy cost. To make a such system more efficient and
environment-friendly, main difficulty is to utilise few energy and to have the min-
imum losses [4, 5]. To predict all the thermodynamic cycles and determination of
irreversibility attached to all processes is very important [6, 7]. Thus, irreversibility
associated with a process is qualitatively determined by exergy analysis. It helps the
engineers and scientists to focus on the areas where the improvement can be done
and the effectiveness of vapour compression refrigeration system can also be further
improved [8]. The exergy losses can be determined by the second law-based analysis
[9, 10]. Padilla et al. [11] performed exergy analysis of domestic VCRS with R413a
and R12. They investigated that the performance in terms of irreversibility, power
consumption and exergy efficiency of R413a is finer as that of R12, so R12 can
be changed with R413a in domestic VCRS. The way to determine different losses
as well as COP and exergetic efficiency of the cycle has been described by proper
example. Yumrutas et al. [12] performed exergy analysis-based exploration of the
effect of evaporator and condenser temperature on VCRS cycle in terms of COP,
pressure losses, exergy losses and second law efficiency. He concluded that disparity
in temperature of condenser has very less effect on exergy losses of expansion valve
and compressor. Also, exergy efficiency and first law efficiency increase but total
exergy losses of system decrease on increasing the operating temperature of con-
denser and evaporator. Park et al. [13] described through EEVs mass flow features
of R410a and R22. They showed that with the increase in sub-cooling, EEV opening
and inlet pressure, the mass flow rates passing through EEVs also increase. Niko-
laidis and Probert [9] studied two-stage vapour compression refrigeration plant and
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determined the effect of change in temperatures of evaporator and condenser analyt-
ically. Venkataramanamurthy et al. [14] conducted an experimental test for vapour
compression refrigeration system and analysed the energy flow and comparisons of
the second law efficiency of R22 and its replacement R-436b.

In this paper, the exergy analysis of all the four main components (condenser,
expansion valve, compressor and evaporator) of VCRS is individually analysed. The
exergy loss and efficiency are calculated at different ambient conditions with different
volume rates of air.

55.2 Experimental Set-up

Figure 55.1 represents the experimental set-up of an air conditioner. In this exper-
imental set-up, R-410a is used as refrigerant. The chief components of an air
conditioning system are compressor, condenser, throttling device and evaporator.
Formulae Used:
Exergy balance for the control volume can be described as:

EX = Z (mex)in — Z (mex) out
+ (Z(Q(l —TO0/T)in — » " (Q(1 — To/T) out ] £ Y "W

Fig. 55.1 Air conditioning system
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The component-wise exergy balance equation is as follows:
(1) Compressor:
EXp comp = Ex1 + Wc¢ — Ex2 = mr(To (s2 — s1))

(2) Condenser:

(EXp)cond = Ex2 — Qc(1 — TO/Tc) — Ex3
=mr(h2 — Tos2) — Qc(1 — TO/Tc) — mr(h3 — Tos3)

(3) Expansion device:

(EXp) exp = Ex3 — Ex4 = mr(To(s2 — s1))

(4) Evaporator:

(EXp)evap = Ex4 + Qe(1 — To/Tr) — Ex1
= mr(h4 — Tos4) + Qe(1 — To/Tr) — mr(hl — Tosl)

The total exergy destruction in the VCRS is the sum of exergy destruction in the
four main components of the VCRS and is expressed as follows:

(5) Total exergy destruction:

(EXD) total = (EXD) comp 4+ (EXD) cond + (EXD) exp 4+ (EXD) evap

(6) Exergy effiency:

Nexergy =

Qe | — To
we(-7)

55.3 Results

Tables (55.1, 55.2, 55.3, 55.4 and 55.5) show the exergy losses at different ambient
temperatures with different volume flow rates of air.
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Table 55.1 Exergy loss at constant ambient temp of 30 °C with different volume flow

601

Vol flow (EXp) (EXp) (EXp) (EXp) exp | (EXp) tot nexegy
rate of air | Comp Cond evap KJ/kg | valve (KJ/kg) (%)
(m3/s) Kl/kg KJ/Kg Kl/kg

0.08 189.4 164.2 120.7 81.7 556.18 31.10
0.1 158.3 135.7 123.1 834 500.76 32.05
0.12 151.7 132.1 127.4 86.9 499.30 32.94
0.14 151.7 132.3 127.4 86.9 498.48 33.06
0.16 147.4 129.9 129.2 86.9 493.53 3343

Table 55.2 Exergy loss at constant ambient temp of 32

°C with different volume flow

Vol flow (EXp) (EXp) (EXp) (EXp) exp | (EXp) tot nexegy
rate of air | Comp Cond evap KJ/kg | valve (KJ/kg) (%)
(m3/s) KJ/kg KJ/Kg KJ/kg

0.08 165.0 140.4 1254 82.2 513.16 31.47
0.1 161.7 140.7 130.4 87.5 520.24 32.57
0.12 158.1 139.4 132.9 89.33 520.24 32.43
0.14 154.4 137.8 135.5 91.13 518.97 33.43
0.16 153.2 139.7 139.7 91.13 527.11 33.79

Table 55.3 Exergy loss at constant ambient temp of 34

°C with different volume flow

Vol flow (EXp) (EXp) (EXp) (EXp) exp | (EXp) tot nexegy
rate of air | Comp Cond evap KJ/kg | valve (KJ/kg) (%)
(m3/s) Kl/kg KIJ/Kg Kl/kg
0.08 169.3 138.7 104.14 67.26 479.51 3231
0.1 169.3 138.7 105.86 68.98 482.94 32.32
0.12 171.2 142.5 104.46 67.2 485.42 33.81
0.14 170.6 143.3 110.15 72.43 496.51 33.90
0.16 167.3 141.2 109.19 70.7 488.45 34.11
Table 55.4 Exergy loss at constant ambient temp of 36 °C with different volume flow
Vol flow (EXp) (EXp) (EXp) (EXp) exp | (EXp) tot nexegy
rate of air | Comp Cond evap Kl/kg | valve (KJ/kg) (%)
(m3/s) Kl/kg KI/Kg Kl/kg
0.08 128.6 104.2 108.0 64.21 405.22 32.33
0.1 125.5 110.1 113 64.14 412.71 33.18
0.12 125.9 114.8 120.7 69.4 43091 34.16
0.14 125.3 109.2 121.7 74.8 431.00 34.28
0.16 1233 109.7 126.8 80.4 440.21 34.52
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Table 55.5 Exergy loss at constant ambient temp of 38 °C with different volume flow

Vol flow (EXp) (EXp) (EXp) (EXp) exp | (EXp)tot | nexegy
rate of air | Comp Cond evap KJ/kg | valve (KJ/kg) (%)
(m3/s) KJ/kg KI/Kg Kl/kg

0.08 129.4 112.8 135.6 91.2 469.13 32.32
0.1 124.1 110.4 141.74 94.8 471.11 32.70
0.12 123.5 111.1 139.2 91.9 46491 33.67
0.14 122.9 110.7 136.7 87.4 457.71 33.55
0.16 121.7 111.1 135.1 83.8 451.61 34.16

55.4 Graphs and Discussion

From Figs. 55.2 and 55.3, it can be seen that exergy loss of compressor is maxi-
mum among all other components but it decreases with increase in volume flow rate
while increases with increase in ambient temperature. But among all the parts of air
conditioning system, exergy loss is minimum in expansion valve.

From Fig. 55.4, it can be found that total exergy loss increases continuously with
increment in ambient temperature. As with increase in the ambient temperature, COP
of system decreases.

From Fig. 55.5, it conveys that total exergy loss increases with volume flow rate
of refrigerant but it obtains an optimum value of nearly 0.1 m?*/s.

Variation of Exergy loss with flow rate of air
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Fig. 55.2 Shows variation of exergy loss with flow rate of air
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Variation of total exergy loss with ambient temp
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Fig. 55.3 Shows variation of exergy loss at different temperature

Variation of total exergy loss with ambient temperature
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Fig. 55.4 Shows variation of total exergy loss with ambient temperature

55.5 Conclusions

Exergy analysis is a method to describe the process and this further helps in reducing
the thermodynamic losses happening in these processes. It is a salient feature in
explaining the different energy flows in the process and in the final run helps to
reduce losses happening in the main system. The following results are drawn:
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Variation of total exergy loss with vol flow rate
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Fig. 55.5 Variation of total exergy loss with volume flow rate

e However, the volume flow rate and ambient temperature do affect the
exergy losses for all components, but highest losses occur in compressor
for all the cases. The order of exergy loss is (EXp)compressor > (EXD)condenser
> (EXp)evaporator > (EXp)expansion valve.

e The exergy efficiency of the VCRS varies from 31.10 to 34.52% at different
ambient conditions for different volume rates of air.
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