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This study deals with thermodynamic analysis of solar assisted absorption refrigeration 
system. A computational routine based on entropy generation was written in MATLAB 
to investigate the irreversible losses of individual component and the total entropy 

generation (𝑆̇𝑡𝑜𝑡) of the system. The trend in coefficient of performance COP and 𝑆̇𝑡𝑜𝑡 
with the variation of generator, evaporator, condenser and absorber temperatures 
and heat exchanger effectivenesses have been presented. The results show that, both 

COP and  Ṡtot proportional with the generator and evaporator temperatures. The COP 
and irreversibility are inversely proportional to the condenser and absorber 
temperatures. Further, the solar collector is the largest fraction of total destruction 
losses of the system followed by the generator and absorber. The maximum 
destruction losses of solar collector reach up to 70% and within the range 6-14% in 
case of generator and absorber. Therefore, these components require more 
improvements as per the design aspects. 
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1. Introduction 
 

With the onset of energy crises and the pressure from environment protection, solar energy 
technology can be considered the best option for daily activates nowadays [1,2]. In the domain of 
production cold or fresh air, the absorption refrigeration system (ARS) solutions are considered 
practically suited for solar applications [3-6]. Several optimization investigations using energy analysis 
are conducted. The energy analysis based on first law of thermodynamics deals with energy 
conversion in the absorption cycle. This cannot identify where the large destructions rate (entropy 
generation) take place. 

The concept of second law of thermodynamics based on entropy generation is the only method 
to provide information of irreversibility losses in the various components of the system. Thus, the 
efficiency of the ARS can be improved by minimizing the total entropy generation [7-9].                        
Most research studies concern on solar assisted absorption refrigeration systems SAARSs with single 
stage type. 
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Chen and Schouten [10] performed an optimization study on ARS. They optimized the expression 
of COP for the irreversible ARS based on number of parameters for the system. Sözen [11] conducted 
an exergy analysis on ARS. The exergy losses in indiviual component is investigated basd on 
performance parameters such as COP, exergitic coefficent of performance ECOP and circulation ratio. 
Chua et al., [12] studied the energy analysis of NH3-H2O absorption system based on enrtopy 
generation and thermal conductance of heat exchangers. They found that the largest destruction 
rate in the rectifier.  

Hasan et al., [13] defined the second law effeicny of a reversible cycle and found the optimim 
operating condtions. The performance of the cycle was examined for the solar heat source 
temperature between 330 K- 470 K. Misra et al., [14] applied the exergy based thermoeconomic 
technique on ARS.They optimzed the absorption system that used for airconditiong applications. 
Kaynakli and Yamankaradeniz [15] carried out a detailed thermodyanamics analysis of LiBr-H2O cylce. 
They concluded that the irreversible losses of the system inversely propertoonal with gnerator 
temperature. Rivera et al., [16] performed a thermodaynamis anaylsis on heat transformer with  LiBr-
H2O as a working fluid. They reported that the maximum values of performance parameters (COP, 
external COP and ECOP) are determined when the solution concentration up to 50%. 

Fellah et al., [17] conducted a study on the performance of SAARS to optimize the operating and 
design conditions in order to obtain the highest refrigertion effect. Tubreoumya et al.,[18] [2017] 
used the second law principle to detect the irrversable rates on SAARS. They bulit a numerical 
simulation based on the exergy analysis for indiviual components at different enviromment 
conditions. Bhaumik et al., [19] developed a numerical programe for energy and exergy analysis of 
LiBr-H2O absorption system. They reported that the maximum entropy generation exsted in the 
generator and absorber. 

Lavinia et al., [20] used the exeregy analysis to evaluate the performance of a combined cycle: 
organic Rankine cycle ORC and absorption cooling system ACS driven by solar energy. The results 
found that the exergy efficiency can be increased by use of a solution heat exchanger on ACS. In order 
to enhance the performance of ORC system, a recovery heat exchanger at the condenser inlet is 
required to add due to its high irreversibility losses. Maurice et al., [21] anlayzed the exergy 
destruction of SAARS.The performance parameters (COP, ECOP) of the system were calculated under 
selected weather conditions. They observed that the largest exergy disspation occurred in the solar 
collector and generator. Soheil et al., [22] studied the exergy analysis of ARS with consideration of 
water-lithium bromide as a working fluid. The simulation results indicated that the largest rate of 
destruction occurred in the absorber and reaches up to 36 % of the total destruction losses of the 
system. 

Some development studies deal with double-effect absorption refregeation system using princple 
of entropy generation minimization. Adewusi and Zubair [23] determined the enetropy generation 
distrubution of the entire NH3-H2O absorption system. They concluded that the destruction rate of 
two-stage ARS is greater than 50% of single-stage ARS. Ezzine et al., [24] investigated the 
thermodynamic analysis of double stage absorption chiller driven by solar source. They quantified 
the losses rate at each compenent of the system. Kaushik and Arora [25] developed a simulation 
model for parametric investigation of single effect and series flow double effect ARS. The results 
showed that the performance of double effect system is greater about 60-70% than single satge ARS. 
The largest destruction rate was found in the absorber for both systems. 

In this study, a thermodynamic analysis is used to investigate the performance of SAARS. The 
entropy generation distribution and the performance parameters of the SAARS are determined at 
different operating conditions. For this purpose, a simulation model was developed using MATLAB.  
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2. System Description 
 

Figure 1 shows the schematic diagram of SAARS which is the main components of the system are 
the solar collector (sc), generator (gen), evaporator (evp), condenser (cond), absorber (abs), 
refrigerant heat exchanger (RHX) and solution heat exchanger (SHX), pump (p), refrigerant expansion 
valve (V1) and solution  expansion valve (V2).  

The working pair used in the present system is LiBr-H2O. The heat collected by solar collector is 
used as a heat input to the generator (Qgen). The heat is rejected from condenser (Qcond) and absorber 
(Qabs) to the cooling water, Eq. (13)-(16). The heat rate (Qevp) is transferred from cooling space to the 
evaporator, Eq. (17) and (18). The liquid solution that coming from the absorber is then pumped to 
the generator through SHX, Eq. (1)-(3). When the heat applied by the collector is absorbed by the 
generator, the refrigerant in the solution is driven out and goes to the condenser, Eq. (7) and (8). The 
refrigerant passes through (RHX) and then expands through (V1) and proceeds to the evaporator. 
The performance of the cycle can be improved by increasing the temperature, Eq. (2) and decreasing 
the temperature, Eq. (4) using SHX where the solution coming from SHX passes to the absorber at 
low pressure through (V2), Eq. (5) and (6). 
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Fig. 1. The schematic illustration of the SAARS   

 
 
3.  Thermodynamic Analysis 
 

The performance equations based upon the first and second law of thermodynamics can be 
applied for each component of the system. The equations of first law is written based on energy 
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balance. In the second law, the destruction losses in the system is considered due to the entropy 
generation [26]. The specified state points in the equations are related to the Figure 1. 
 
Solar collector 
 

Q̇sc = ṁ19(h19 − h20)            (1) 
 

Ṡsc = ṁ19(s19 − s20) −
Q̇rad

Tsc
             (2) 

 
Generator 
 

Q̇gen = ṁ4h4 + ṁ7h7 − ṁ3h3           (3) 

 

Ṡgen = ṁ4s4 + ṁ7s7 + ṁ20s20 − ṁ3s3  − ṁ19s19         (4) 

 
Evaporator 
 

Q̇evp = ṁ11(h11 − h10)             (5) 

 

Ṡevp = ṁ11s11 + ṁ18s18 − ṁ10s10 − ṁ17s17         (6) 

 
Condenser 
 

Q̇cond = ṁ7(h7 − h8)            (7) 
  

Ṡcond = ṁ8s8 + ṁ14s14 − ṁ7s7 − ṁ13s13           (8) 
 
Absorber 
 

Q̇abs = ṁ6h6 + ṁ12h12 − ṁ1h1            (9) 
 

Ṡabs = ṁ1s1 + ṁ16s16 − ṁ6s6 − ṁ12s12 − ṁ15s15                   (10) 
 
Refrigerant heat exchanger (RHX) 
 

εRHX =
T11−T12

T11−T8
                        (11) 

 

Q̇RHX = ṁ8(h8 − h9) = ṁ12(h12 − h11)                    (12) 
 

ṠRHX = ṁ9s9 + ṁ12s12 − ṁ8s8 − ṁ11s11                    (13) 
 
Solution heat exchanger (SHX) 
 

εSHX =
T4−T5

T4−T2
                         (14) 
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Q̇SHX = ṁ4(h4 − h5) = ṁ3(h3 − h2)                    (15) 
 

ṠSHX = ṁ3s3 + ṁ5s5 − ṁ2s2 − ṁ4s4                    (16) 
 
Solution pump 
 

Ẇp = ṁ2(h2 − h1)                       (17) 

    

Ṡp = ṁ2(s2 − s1)                       (18) 

 
Refrigerant expansion valve (V1) 
 
ṁ9h9 = ṁ10h10                       (19) 
 

ṠV1 = ṁ10(s10 − s9)                       (20) 
 
Solution expansion valve (V2) 
 
ṁ5h5 = ṁ6h6                        (21) 
 

ṠV2 = ṁ6(s6 − s5)                       (22) 
 

The total entropy generation rate of the SAARS is the sum of the entropy generation rate in each 
component, therefore: 
 

Ṡtot = ∑ Ṡi
N
i=1 = Ṡsc + Ṡgen + Ṡevp + Ṡcond + Ṡabs + +ṠRHX + ṠSHX + Ṡp + ṠV1 + ṠV2              (23) 

 
where N is the number of SAARS components. The ratio of the entropy generation rate in the selected 
component to Ṡtot of the system is defined as non-dimensional entropy generation of the component 
and can be expressed as follows: 
 

ϕi =
Si

Stot
                         (24) 

 
Refrigeration system is usually characterized by coefficient of performance. The COP and Carnot 

coefficient of performance (COPc) are obtained by [27,28]. 
 

COP =
Q̇evp

Q̇gen+Ẇp
                        (25) 

 

COPc = (
Tgen−Tabs

Tgen
) (

Tevp

Tcond−Tevp
)                     (26) 

 
The solar collector efficiency can be defined as 
 

ηsc =
Qsc

Asc.I
                         (27) 
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For a solar assisted absorption refrigeration cycle, the input parameters of SAARS are the known 
values of Tgen, Tevp, Tcond and Tabs within the following temperature ranges: generator (80-100oC), 
evaporator (3-15oC), condenser and absorber temperatures were taken from 35 to 45oC. For the 
parametric investigation of the system, a computer program was developed using MATLAB. The 
thermodynamic properties of the LiBr-H2O solution were adopted from Patek and Klomfar [29]. The 
properties of water can be determined by applying an internal procedure in the simulation model 
using equations of Talbi and Agnew [30]. The performance of solar collector calculations is based on 
Abdulateef [31]. In order to simplify the simulation model, the following assumptions are adapted. 

i. All data of the system is made under steady state 
ii. The reference state of the environment condition is assumed To =25oC and Po=1 atm. 
iii. The expansion process is assumed at constant enthalpy in the expansion device. 
iv. The incident solar radiation (Qrad) is 700 W/m2 
v. The temperature difference of 10oC is considered between collector and generator [28] 

vi. Condenser and absorber cooling water temperatures at inlet and exit are assumed equal to 
Tcond-10oC and Tcond-5oC and Tabs-10oC and Tabs-5oC, respectively 

vii. The water enters the evaporator at Tevp+15oC and leaves at Tevp+7oC 
viii. For evacuated solar collector, we adopted the values of average heat removal factor 

FR(𝜏𝛼)=0.8  and coefficient of heat loss FRUL=2.0 W/m2.K [32] 
 
4.   Results and Discussion 

 

The results obtained from the first law analysis of the SAARS are presented in Table 1 and 2. The 

input parameters of simulation were taken as Tgen= 90 oC, Tevp= 5oC, Tcond= 38oC, Tabs= 40oC, p=90%, 

and SHX=RHX =70 %. The cooling capacity is 10 kW. The highest values of thermal load is observed at 
the generator while the load at the condenser is more than in the evaporator because of the 
superheating property for the inlet water vapour of the condenser. The work of the solution pump is 
very low as compared to other rates of the rest components. The COP values of the SAARS is 0.747 
and the efficiency of the collector is up to 59% at the specified conditions. As observed in Figure 2, 
the ideal Carnot efficiency of the system is significantly higher than the actual performance due to 
the high rates of the destruction rates occurred. The COP value has a tendency to slightly increase at 
generator temperature about 82oC. The collector efficiency gets reduced when the generator 
temperature increases. 

The entropy generation rate and the non-dimensional entropy generation of individual 
component are shown in Figure 3. The largest loss (75.83%) occurs in the collector followed by the 
generator (7%), the absorber (6.63%), the evaporator (5.45%) and the condenser (3.25%). The 
irreversibility of the solar collector plays the biggest part of the total irreversibility in the system 
regardless the operation conditions. It is clear that the highest losses rates in the generator and 
absorber because of the mixing process with large temperature difference.  The large destruction 
losses of these components make their design needs more improvements. The rest of the irreversible 
losses are small compare to other components. 

 
 
 
 
 
 
 



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 60, Issue 2 (2019) 233-246 

239 
 

Table 1 
Thermodynamics data of SAAR for Figure 1 

Point 
T 
(oC) 

P 
(kpa) 

h 
(kJ/kg) 

S 
(kJ/kg.K) 

𝑚 ̇  
(kg/sec) 

X 
(kg/kgsol) 

1 40 0.873 106.088 0.231 0.049 0.578 
2 39.915 6.633 106.123 0.230 0.049 0.578 
3 69.69 6.633 164.824 0.409 0.049 0.578 
4 90 6.633 230.129 0.485 0.045 0.632 
5 54.941 6.633 165.951 0.298 0.045 0.632 
6 54.8301 0.873 165.951 0.298 0.045 0.632 
7 90 6.633 2669.121 8.587 0.004 0 
8 38 6.633 159.319 0.546 0.004 0 
9 27.601 6.633 116.105 0.404 0.004 0 
10 27.601 0.873 116.105 0.404 0.004 0 
11 5 0.873 2510.452 9.025 0.004 0 
12 28.1 0.873 2553.666 9.174 0.004 0 
13 28 3.783 117.481 0.409 0.501 0 
14 33 3.783 138.405 0.478 0.501 0 
15 30 4.247 125.852 0.437 0.617 0 
16 35 4.247 146.772 0.505 0.617 0 
17 20 2.339 83.972 0.297 0.298 0 
18 12 2.339 50.416 0.181 0.298 0 
19 105 120.902 440.045 1.362 0.635 0 
20 100 120.902 418.975 1.306 0.635 0 

 
 

Table 2 
Analysis results of the system 

Components 

Heat 
transfer 
rate 
(kW) 

Solar collector (Qsc) 12.36 
Generator (Qgen) 13.382 
Evaporator (Qevp) 10 
Condenser (Qond) 10.482 
Absorber (Qabs) 12.902 
Solution heat exchanger (QSHX) 2.873 
Refrigerant heat exchanger (QRHX) 0.181 

Pump (𝑊̇𝑃) 0.002 

Coefficient of performance (COP) 0.747 
Carnot coefficient of performance 
(COPc) 

1.161 

Collector efficiency (𝜂𝑠𝑐) 0.59 
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Fig. 2. Performance parameters of SAARS 

 

 

 
Fig. 3. Entropy generation distribution in the SAARS 

 
Figure 4 to 7 show the variation of the COP and the entropy generation distribution of the SAARS 

for a range of specified operating temperatures.  Figure 4 shows the variation of the COP and the 

entropy generation with the generator temperature. It is clear that both COP and  Ṡtot increase with 
an increase in the generator temperature. This observation doesn’t conform to our expectation, since 
a more efficient system is expected to have a higher COP and less entropy generation. This is because 
the most significant energy dissipation occurs in the solar collector regardless of operating conditions 
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as can be seen later. The values of 𝑆̇𝑡𝑜𝑡 of the whole system is between 16 and 27 W/K and the largest 
energy dissipation found in the collector, followed by the generator and absorber.  The solar collector 
irreversibility is between 48% and 74 % of the total entropy generation. The irreversibility of both 
generators and absorbers within the range of (6-14 %) of the total entropy generation. The largest 
irreversibility is found in these components due to the fact of high temperature difference between 
the solution and external fluid which causes to long finite time of heat transfer irreversibility. The 
increase of effectiveness of these components can reduce the temperature difference between 
external fluid and the solution. 

 

 
Fig. 4. Variation of COP and entropy generation  with the generator temperature  

 
Figure 5 shows the COP and entropy generation distribution of the system as a function of 

evaporator temperature. It can be observed when the evaporator temperature goes up, the COP and 

𝑆̇𝑡𝑜𝑡 of the system rises. The evaporator temperature has slightly effect on entropy generation of 
solar collector which makes (~75 %) of the total destruction of the system. Variation of the evaporator 
temperature has greater impact than the generator temperature on total irreversibility and it is about 
25-30 W/K. While the irreversibility of both generator and absorber remain approximately stable, the 
irreversibility of the rest components slightly decreases with evaporator temperature. The rest of the 
irreversible losses are very low, and their impacts on the overall irreversible losses rate are 
inconsiderable. 
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Fig. 5. Variation of COP and entropy generation with the evaporator temperature  

 

Figure 6 and 7 show the variation of COP and 𝑆̇𝑡𝑜𝑡 of the SAARS with the condenser and absorber 
temperature respectively. In Figure 6, the COP decreases with an increase in the condenser 
temperature. The thermal load of the generator increases with the rise of condenser temperature 
which reduce the time of heat dissipation in both solar collector and generator and the COP gets 
reduced. Thus, the total irreversibility decreases gradually up to this temperature. The changes in 
irreversibility of condenser remain approximately stable around 3.5 % of the total irreversibility in 
the system. The entropy generation in the rest components slightly changes with the condenser 
temperature. It is clear that the variation of the condenser temperature has no great effect on 
entropy generation of the system components.  As shown in Figure 7, the influence of absorber 
temperature is similar to condenser temperature. In general, the COP reaches high values when the 
system operates at high generator and evaporator temperature and low values of condenser and 
absorber temperature. 

 

 
Fig. 6. Variation of COP and entropy generation with the condenser temperature  
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Fig. 7. Variation of COP and entropy generation with the absorber temperature  

 

Figure 8 shows the variation of COP and the entropy generation distribution with the 
effectiveness of SHE.  It is clear that the COP increases with effectiveness. The thermal load of the 
generator and absorber decrease with an increase in the effectiveness of SHX and the performance 
of the system gets better. Thus, the entropy generation in solar collector increases with effectiveness, 

and as a result of this, the 𝑆̇𝑡𝑜𝑡 rate rises up.  It can be noted that the system performance and entropy 
generation distribution is more sensitive to the effectiveness of solution heat exchanger which makes 
it as one of the important components in the system. 

Figure 9 shows the variation of COP and distribution of the entropy generation of the SAARS with 
refrigerant heat exchanger effectiveness. The irreversibility of the system components unchanged 

with the variation of RHX effectiveness. Thus, the COP and 𝑆̇𝑡𝑜𝑡 remain unchanged with effectiveness. 
The irreversible losses in refrigerant heat exchanger, pump and expansion valves are relatively 
smaller and their impacts on the total irreversibility are very low. 
 

 
Fig. 8. Variation of COP and entropy generation with the SHX  
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Fig. 9. Variation of COP and entropy generation with the RHX  

 
5.   Conclusions 
 

The thermodynamic analysis was applied to quantify the irreversibility of each component of a 
SAARS. A computer simulation model was used to predict the effects of the operating temperatures 

and effectiveness of both SHX and RHX on the irreversible losses of each components, 𝑆̇𝑡𝑜𝑡  and COP 

of the system. The results show that, both COP and  Ṡtot increase with the generator and evaporator 

temperature. The COP and Ṡtot are inversely proportional to the condenser and absorber 
temperatures. The most significant thermodynamic losses dissipation takes place in the solar 
collector regardless of operating conditions followed by the generator, the absorber. The largest 
irreversibility is found in these components due to the temperature difference between the external 
fluid and the working fluid. Thus, a special attention should be given to these components based on 

their design to improve the system performance. It’s also found that the COP and 𝑆̇𝑡𝑜𝑡 is more 
sensitive to change of SHX effectiveness which makes that the SHX  is one of the important 
components of SAARS. Moreover, energy dissipation in refrigerant heat exchanger, expansion valves 
and pump is very small fractions of the total energy dissipation in the SAARS. Finally, the 
thermodynamic analysis based on second law is a powerful tool for determining location and 
magnitudes of the high destruction rates. 
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