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ABSTRACT 

The increasing energy costs and environmental awareness call for a shift towards some interesting energy 

alternatives preferably the use of renewable energy. The present study investigates the impact of varying cooling 

capacity and other operating parameters in a single-effect absorption refrigeration system, using the concept of 

energy and exergy as a building heating/cooling alternative. The solar heat is used as an input to the generator of 

absorption refrigeration system. The results obtained from investigation revealed that variation in cooling 

capacity influences coefficient of performance (COP), exergy loss in different components as well as exergy 

efficiency. The values of COPcooling and COPheating lies in the range of 0.71-0.89 and 1.71-1.89 respectively for 

variations in cooling capacities ranging from 1 TR to 20 TR at maximum generator temperature of 80oC. 

However, exergy efficiency of the system lies in the range of 0.32-0.41 for same variation in cooling capacities. 

It has also been established that an increase in evaporator temperature and at maximum cooling capacity both 

COPcooling and COPheating shows an increasing trend. The exergy efficiency also shows maximum value at the 

highest cooling capacity at a particular evaporator temperature which further with an increase in evaporator 

temperature shows a decreasing trend. The irreversibility behavior in all the components i.e., solution heat 

exchanger, absorber, generator, evaporator and condenser shows an expected trend with the variation in cooling 

capacity. Hence, use of the above mentioned system as a heating and/or cooling alternative for buildings is 

suggested. 

Keywords: Absorption Refrigeration System, Coefficient of Performance, Exergy Analysis, Exergy 

Efficiency, Solar Heat 

INTRODUCTION 

The refrigeration systems are indispensible across the globe for various domestic and industrial 

applications like storage of food, beverages, pharmaceuticals etc. and also ensure thermal comfort inside the 

built environment [1-3]. A global increase in the population has led to the massive constructions, further leading 

to increase in the cooling demand thus increasing the installation of large number of refrigeration systems, 

requiring energy for their operations. Also, during the past years, the amount of time spent indoor (inside the 

building, either home or office) has also increased considerably, leading to the requirement of establishing and 

ensuring proper thermal comfort and thus making them the largest consumer of energy [4-6]. Only conventional 

means of energy cannot suffice the demand thus generated, as being a developing nation industrial sector can 

also not be neglected. So, alternative and non-polluting generation of energy from renewable energy sources is 

strictly stressed upon as it is the need of the hour [7, 8]. To accommodate these, strict rules and regulations 

regarding the energy and environment have been proposed from time to time with periodic modifications [9]. 

Many nations restrict the use of conventional hydrogenated fluorocarbons (HFCs) and chlorinated fluorocarbons 

(CFCs) as refrigerants because of their global warming as well as ozone depleting behavior. The energy and 

environment saving trends has promoted the development of new technologies for sustainable development 

[10]. In this study the absorption refrigeration systems as an alternative to mechanical refrigeration systems, is 

proposed and analyzed for building applications. Unlike, mechanical refrigeration systems, absorption 

refrigeration systems cause no ozone depletion because they don’t use any CFCs or HFCs refrigerant as working 

fluid and also reduce the electricity consumption [11-13]. The absorption refrigeration system represents a 

unique technology for cooling and heating application but suffers a drawback of lower COP (0.5-0.7 for single 

effect and 1.2-1.5 for double effect systems) [14, 15]. The operation of absorption systems using non-

conventional energy or low grade energy sources like solar energy, geothermal energy, biomass, waste heat 
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from the industries etc. outweighs its low COP and also reduces stress on the conventional energy. However, 

drawbacks of the absorption refrigeration systems are its heavy weight, relatively high investment, etc.  

Many researchers have carried out work in the field of different types of refrigeration and air 

conditioning systems. The low temperature energy source based refrigeration and air conditioning system was 

evaluated and the results obtained indicate acceptable performance with respect to design and operating 

parameters [16 - 19].The second law analysis to locate losses meant for the optimization in different types of 

absorption refrigeration systems revealed that certain components need modifications for improving 

performance of the system [20 - 23].An experimental investigation of design and operation of a thermo-gravity 

pump (thermally activated pump) in a novel single stage LiBr–H2O vapor absorption system to reduce energy 

costs of mechanical pumps was carried out [24]. The system involves two thermally activated valves for the 

circulation of working fluids and a novel regenerative heat exchanger to improve the effectiveness of generator 

as well as absorber. In another study, a detailed analysis of a liquid-vapor heat exchanger (LVHX) in a R134a-

DMAC vapor absorption refrigeration system for sub-zero temperature applications by varying various 

operating parameters revealed that an increase in importance of LVHX with a decrease in evaporator 

temperature as well as rectifier efficiency. However, rectifier efficiency also influences the heat transfer which 

helps in sizing the system [25]. Again, an experimental investigation of a 1TR compact absorber bubble 

absorption system using R134a-DMF was carried out to analyze the effect of various operating parameters on 

heat and mass transfer effectiveness, overall heat transfer coefficient and volumetric mass transfer coefficient 

and the potential outcomes revealed that heat and mass transfer effectiveness of absorber is better at lower 

circulation ratios and higher generator temperatures [26]. A correlation based on experimental data for 

volumetric mass transfer coefficient has also been developed using multi-linear regression tool.    

In another study, performance evaluation of a vapor absorption refrigeration system using ionic liquid 

ammonia and water as co-solvent revealed that water when used as a co-solvent helps in reducing circulation 

ratio and subsequently the size of equipment subsequently decreasing the performance of a system slightly [27]. 

In a simple theoretical and computational fluid dynamics (CFD) analysis performance of insulating 

paints was tested which was based on a function of different parameters. The benefits of using insulating paints 

was shown to be minimal; even under highly favorable conditions and depicts the reduction in energy 

consumption by less than 1% [28]. 

The experimentally impact analysis of cool roof technology based on insulating paints as an alternative to 

thermal comfort of the office buildings was also analyzed considering the impact of heat transfer rate to the 

building envelope and findings indicate that use of such method as a cool roof technique is beneficial to 

maintain comfort level of the building which purely depends on the environment/ambient temperature 

conditions [29]. An existing cogeneration system driven by biogas internal combustion engines was investigated 

by energy and exergy analyses. The results revealed that minimal thermodynamic efficiency of CHP system 

must be replaced with parameters relating to the second law of thermodynamics [30].    

The literature reviewed highlights the application of second law for the evaluation of vapor absorption 

systems with various options but the comparative analysis of such system with variation in the cooling capacity 

and that too for a building application is scant.       

Based on shortcomings in the reviewed literature, present analysis evaluates the influence of various 

operating parameters using the concept of energy and exergy in a single-effect ammonia-water absorption 

system for building air conditioning system. The effect of the variation of cooling capacity on COP, exergy 

efficiency, exergy loss in different components and mass flow rate is analyzed and discussed. The effect on COP 

and exergy efficiency with respect to the variation in generator temperature, evaporator temperature as well as 

absorber and condenser temperature has also been analyzed and discussed. The effect of the variation in ambient 

temperature on the exergy loss in different components and exergy efficiency has also been discussed. 

 

SYSTEM DESCRIPTION 

The system to be analyzed is single-effect ammonia water vapor absorption system and is shown in 

Figure 1. The proposed system uses solar heat as an energy source to the generator of the system besides 

ammonia as a refrigerant and water as an absorbent. The system consists of a generator, condenser, an absorber, 

an evaporator, solution heat exchanger, throttling device, pressure reducing valve and pump. The solution rich in 

refrigerant exits the absorber (7) and is pumped through the solution pump (8) to the solution heat exchanger 

and is heated by the weak solution that comes from the generator. The strong solution enters the generator (1) 
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where ammonia is raised in to vapors by external heat supply and is separated from the solution. The ammonia 

vapor exits the generator (2) and weak solution returns to absorber through the solution heat exchanger (3-9) and 

lowers its pressure through pressure reducing valve (9-10). The ammonia vapors are condensed in the condenser 

and latent heat of condensation is released in to the cooling water flowing through the condenser. The ammonia 

liquid is produced in the condenser (4) is at higher pressure and is passed through the throttling device (4-5) to 

reduce its pressure. At this low pressure saturated liquid ammonia enters the evaporator and is again converted 

to vapors by absorbing the latent heat from the chilled water circulated between evaporator and cooling space. 

The refrigerant vapor produced enters the absorber (6) and absorbed by strong solution in the absorber where the 

heat of absorption is released to the surrounding fluid (water or air) and strong solution released through the 

absorber either in saturated or in a slightly sub-cooled state. This process is continued and the refrigerating 

effect is produced. 

 

CQ  

 

 

 

 

 

 

 

 

 

 

    

 

 

 

 

 

Figure 1. Schematic diagram of a single-effect ammonia-water vapor absorption refrigeration system 
 

Certain assumptions for the simulation study are: 

a). Solution leaving the absorber and generator are assumed to be saturated in equilibrium conditions at 

their respective temperatures and concentrations. 

b). The refrigerant leaving the condenser and evaporator are assumed to be saturated. 

c). Refrigerant vapor leaving the generator is considered to be superheated. 

d). The reference enthalpy (ho) and the entropy (so) used for calculating the exergy of the working fluid 

at an environmental temperature and pressure of 25°C and 1 bar respectively. 

e). The mass flow rate of refrigerant at state points 2, 4, 5 & 6 is assumed to be same. 

f). The mass flow rate of weak solution at state points 3, 9 &10 is assumed to be same. 

g). The mass flow rate of strong solution at state points 1, 7 & 8 is assumed to be same. 

h). The pressure drop within the solution and refrigerant valves is negligible 

 

THERMODYNAMIC ANALYSIS 

The principles of mass conservation, first and second laws of thermodynamics are applied to each 

component of the system for carrying out thermodynamic analysis of an absorption system. The governing 

equations of mass and material balance for steady state operation of the system are given below [31]: 
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                                                                                                             (1)   

                                                                                                                   

                                          
    0 oi xmxm 

         
(2) 

Where,  is the mass flow rate and '' x  is concentration of ammonia in the solution. The First law of 

thermodynamic yields the energy balance of each component of the absorption system mentioned below as: 

 

        
      0   WQQhmhm oioi


          

(3) 

ENERGY ANALYSIS 

The energy balance equations of various components are calculated and respective heat load values are 

mentioned in Table 2 based on various assumed parameters listed in Table 1. The performance of the 

refrigeration system can be calculated in terms of COP and therefore actual COP of absorption chiller is 

calculated from the equation given below:  

 

                                             
 PG

E
Cooling

WQ

Q
COP






          (4) 

Where ''
E

Q is cooling effect and '' GQ is energy supplied to the generator/ heat source. The pump work '' PW  

calculated to be very small as compared to heat supplied to the generator and hence neglected in calculation part 

of COP of the system. The net refrigerating effect is then heat absorbed by refrigerant in evaporator to total 

energy supplied to generator and can be calculated from the equation given below: 

 

                              G

E
cooling

Q

Q
COP




                                    (5) 

The system can also be used for heating purposes and COP the system is given below: 

 

                                                         G

AC
heating

Q

QQ
COP



 
          (6) 

Where, ‘ CQ ’ & ‘ AQ ’ are heat rejected from condenser and absorber respectively to water or air and '' GQ is 

the energy supplied to generator/ heat source. The component wise energy balance of the absorption system is 

given as: 

 

Energy Balance at Generator 

 

                0113322  hmhmhmQG


      
(7) 

 

Energy Balance at Absorber 

     

                                            
07110362  hmhmhmQA


      

(8) 

Energy Balance at Condenser 

 

                                          
 422 hhmQC  

                       
(9) 

0 oi mm 
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Energy Balance at Evaporator 

 

                     562 hhmQE  
                  (10) 

 

Energy Balance at Solution Heat Exchanger 

 

               811933 hhmhhmQSHE  
               

(11) 

 

Energy balance at valves 

   54 hh 
                                  

(12) 

   109 hh                     (13) 

 

The equations (12) & (13) are the results of isenthalpic conditions.  

Effectiveness of heat exchanger is defined as ratio of actual heat transfer to maximum possible heat 

transfer. Accordingly, effectiveness of solution heat exchanger is given below: 

 

                                                      

 
 '93

93

hh

hh




                     (14) 

 

Where, '/8.115' '9 kgkJh  represents enthalpy of minimum heat capacity stream (strong solution) at the exit of 

heat exchanger when cooled to the temperature of cold stream (weak solution) entering the heat exchanger.  

EXERGY ANALYSIS 

Exergy can be defined as maximum theoretical work, derivable by interaction of an energy source with 

the environment and can be used for understanding irreversible nature of real thermal processes. As exergy 

measures process imperfection, therefore optimum operating conditions can be easily determined. The principle 

irreversibility in a process leading to these losses is due to various factors such as friction, heat transfer under 

temperature difference and unrestricted expansion. The physical exergy component is associated with the work 

obtainable in bringing a stream of matter from an initial state to a state that is in thermal and mechanical 

equilibrium with the environment [31]. The generalized equation is given below   as: 

 

                      ooo ssThhm                                 (15) 

Where, ‘ ’is the exergy of fluid at temperature ''T .The terms ''h  and ''s represent enthalpy and entropy of 

the fluid, whereas, '' oh  and '' os represents enthalpy and entropy of the fluid at environmental temperature '' oT

.The exergy balance equations of different components of the absorption system are given as: 

Exergy Balance at Generator 
 

              
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
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G

o

GoooooooooG
T

T
QssThhmssThhmssThhm 1333222111


  

(16) 

 

Exergy Balance at Absorber 

               









A

o

AoooooooooA
T

T
QssThhmssThhmssThhm 177110103662


   

(17) 
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Exergy Balance at Evaporator 

 

          









E

o

EoE
T

T
QssThhm 156562
    

(18) 

Exergy Balance at Condenser 

 

                         









C

o

CoC
T

T
QssThhm 142422
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Exergy balance at Solution heat exchanger  

 

                            ooooooSHE ssThhmssThhm  993333


            
(20) 

EXERGY EFFICIENCY 

The second law performance of the system can be measured in terms of exergy efficiency (rational 

efficiency) which is expressed below in Equation 21 [22]and is defined as ratio between the net exergy produced 

by evaporator (desired exergy output) and input exergy to generator plus mechanical work of solution pump. 

 

                                             


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Q
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1





                 

(21) 

Where, ‘  ’ is the exergy efficiency, ''
E

Q is cooling effect and '' GQ  is energy supplied to the generator/ 

heat source. 

RESULTS AND DISCUSSION  

Engineering Equation Solver (EES) [32] software has been used to develop a program for carrying out 

energy and exergy analysis of a single-effect ammonia water vapor absorption refrigeration system. The effect 

of variation in cooling capacities as well as operating parameters on the performance of vapor absorption 

refrigeration system for air-conditioning applications in buildings has been analyzed in the present analysis. 

Subroutines from the external library file of EES have been used for calculating the properties of ammonia and 

water. Add in function of the external library is used to calculate thermodynamic properties of the refrigerant at 

different state points in the system. The different conditions and parameters used for the computation of results 

are listed in the Table 1 which subsequently calculates the values of the enthalpy, concentration, temperature, 

entropy etc. and are listed in Table 3.  

In the simulation study, the input parameters are taken as TE = 5°C, TC = TA = 25°C, TG = 80°C & 

cooling capacity = 3.516 kW. The results obtained from simulation revealed that the highest heat load occurs in 

solution heat exchanger followed by generator and absorber (Table 2). The heat load in a condenser is slightly 

higher than that of an evaporator, due to the superheating property of the inlet ammonia vapors in the condenser. 

The results from analysis are presented graphically in the Figures 2-9. Figure 2, depicts the variation of 

COPcooling, COPheating and exergy efficiency with the cooling capacity at maximum generator temperature (TE= 

5°C, TA= TC = 25°C & TG= 80°C) and it becomes evident from the figure that analyzed performance parameters 

shows an increasing trend with the variation in cooling capacity. The maximum value of COPcooling and 

COPheating is found to be 0.89 and 1.89, respectively at cooling capacity of 20 TR. The exergy efficiency also 

shows an increasing trend and the maximum value obtained is 0.41 at cooling capacity of 20 TR. The behavior 

of COPcooling can be explained on the fact that at maximum generator temperature and an increase in cooling 

capacity, the temperature of refrigerant flowing through the generator increases which leads to an increase in the 

generation as well as transfer rate of the refrigerant vapors and hence improves COP of the system. The 

behavior of COPheating can be explained on the fact that at maximum generator temperature and cooling capacity 

there will be an increase in the absorber as well as condenser outlet temperatures, because of an increase in flow 
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Table 1. Operating conditions and fixed parameters adopted for cycle simulation 

Operating parameters Fixed values 

Cooling capacity 1-20TR 

Generator pressure 10.7 bar 

Evaporator pressure 2.7 bar 

Generator temperature 333.15-353.15K (353.15 is used in the simulation) 

Evaporator temperature 278.15 K 

Condenser temperature 298.15 K 

Absorber temperature 298.15 K 

Mass flow rate of strong solution  0.13 kg/s 

Mass flow rate of refrigerant )( 2m  0.003144 kg/s 

Mass flow rate of  weak solution  0.1269 kg/s 

Ambient temperature 298.15 K 

Ambient pressure 1 bar 

 

Table 2. Heat exchanged in different components (TE = 5oC, TA= TC = 25oC, TG = 80oC & cooling capacity = 

3.516 kW) 

S. No Component Heat Load (kW) 

1. Generator 4.925 

2. Evaporator 3.516 

3. Condenser 4.002 

4. Absorber 4.439 

5. Solution Heat Exchanger 31.35 

Cooling Coefficient of Performance ( COPcooling) 

Heating Coefficient of Performance ( COPheating) 

0.714 

1.714 

 

Table 3. General solution properties and results obtained from the thermodynamic simulation (TE= 5oC, TA= 

TC = 25oC, TG = 80oC & cooling capacity = 3.516 kW) 

State 

Point 

Temperature 

(T) (K) 

x  

(% 

NH3) 

Pressure 

(p) 

(bar) 

Entropy 

(s) 

(kJ/kg-K) 

Enthalpy 

(h) 

(kJ /kg) 

Internal 

energy 

(kJ /kg) 

Specific 

volume 

(m3/kg) 

Exergy 

(kW) 

1 353.1 0.34 10.7 1.013 142.7 141.4 0.001196 -20.09 

2 338.1 0.9819 10.7 4.592 1377 1228 0.1399 0.0428 

3 358.1 0.3998 10.7 1.059 150.9 149.6 0.00124 -20.3 

4 298.1 0.9819 10.7 0.4284 104.5 102.7 0.001637 -0.05845 

5 261.8 0.9819 2.7 0.4714 104.5 88.41 0.05956 -0.09877 

6 278.1 0.9819 2.7 4.701 1223 1099 0.4597 -0.5456 

7 298.1 0.34 2.7 0.2737 -98.43 -98.74 0.001135 -22.25 

8 298.1 0.34 2.7 0.2737 -98.43 -98.74 0.001135 -22.25 

9 302.6 0.3998 10.7 0.3095 -96.19 -97.43 0.001164 -23.32 

10 302.6 0.3998 10.7 0.3095 -96.19 -97.43 0.001164 -23.32 

 

rate of refrigerant passing through the condenser as well as absorber which improves the COP of the system. 

However, behavior of exergy efficiency can be explained by the fact that although the system with higher 

generator temperature can generate more refrigerant vapors, more input exergy is supplied and hence generate 

more exergy losses in the generator which contributes in increasing exergy efficiency of the system. 

)( 1m

)( 3m
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Figure 2. Variation of COP and Exergy efficiency of a single- effect system with cooling capacities at 

maximum generator temperature (TE= 5oC & TA= TC = 25oC) 

 

Figure 3. Variation of COP and Exergy efficiency of a single- effect system with evaporator temperature for 

different cooling capacities at maximum generator temperature (TG = 80oC & TA = TC = 25oC) 
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Figure 3, depicts the variation of COPcooling, COPheatingand exergy efficiency with evaporator temperature 

(TA= TC = 25°C& TG= 80°C) at maximum generator temperature for different cooling capacities and it becomes 

evident from figure that both COPcooling and COPheating shows an increasing trend and the maximum value of both 

COPcooling and COPheating is found to be at cooling capacity of 20 TR. However, an increase is not very much 

sharp and becomes almost constant at higher evaporator temperatures. This behavior can be explained on the 

fact that higher evaporator temperature will cause higher absorbing pressure which in turn greatly increases the 

absorption efficiency of the strong solution leading to an increase in the performance of system. However, 

exergy efficiency shows a decreasing trend with an increase in evaporator temperature and maximum value of 

exergy efficiency is found to be at cooling capacity of 20 TR. This can be explained on the fact that that low 

evaporator temperature has great potential to produce cooling as explained by second law of thermodynamics in 

Equation 21. 

The variation of COPcooling, COPheating and exergy efficiency with absorber and condenser temperature (TE 

= 5°C, TG = 80°C & cooling capacity = 3.516 kW) is shown in Figure 4 and it becomes evident from the figure 

that COPcooling, COPheating and exergy efficiency shows a decreasing trend. The reason for this behavior is that as 

the condenser and absorber temperature increases, the system pressure in generator will increase, as a result, 

lesser ammonia vapor are allowed to release from generator, thereby decreasing the COP as well as exergy 

efficiency. The COPheating shows a sharp decrease after 25°C due to the sharp increase in the value of heat loads 

in the numerator as well as denominator in Equation 6. The COPcooling and exergy efficiency also shows a sharp 

decrease after 25°C due to the sharp increase in the value of heat load in denominator in Equation 5.  

However, variation in COPcooling, COPheating and exergy efficiency with absorber and condenser 

temperature for different cooling capacities (Figure5) at maximum generator temperature revealed that 

maximum COPcooling, COPheating and exergy efficiency is obtained at higher cooling capacity which goes on 

decreasing with an increase in an absorber as well as condenser temperature. Also, variation of COPcooling, 

COPheatingand exergy efficiency with different cooling capacities for different generator temperatures is shown in 

Figure 6 (TE= 5°C &TA= TC = 25°C) and it becomes evident from the figure that COPcooling,COPheating and 

exergy efficiency with an increase in cooling capacity shows an increasing trend. The COPcooling, COPheating and 

exergy efficiency shows the maximum value for cooling capacity of 20 TR at generator temperature of 80°C. 

The curve showing an increase in the value of both COPcooling&COPheating becomes almost flat at higher cooling 

capacities. Also, exergy efficiency shows an increasing trend with an increase in the cooling capacity for 

different generator temperatures. The maximum exergy efficiency is found to be at lower generator temperature.  

 

 

Figure 4. Variation of COP and Exergy efficiency of a single- effect system with absorber & condenser 

temperature at maximum generator temperature (TE= 5oC, TG = 80oC & cooling capacity = 3.516 kW) 
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Figure 5. Variation of COP and Exergy efficiency of a single- effect system with absorber & condenser 

temperature at different cooling capacities at maximum generator temperature (TE = 5oC &TG = 80oC) 

 

 

Figure 6. Variation of COP and Exergy efficiency of a single- effect system with cooling capacity for different 

generator temperatures (TE = 5oC & TA= TC = 25oC) 
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Figure 7. Variation of Exergy loss in different components and Exergy efficiency of a single- effect system 

with cooling capacity at maximum generator temperature (TE = 5oC, TA= TC = 25oC & TG = 80oC) 

 

 

 

Figure 8. Variation of Mass flow rate of strong solution and weak solution of a single- effect system with 

cooling capacity at maximum generator temperature (TE = 5oC, TA= TC = 25oC & TG = 80oC) 
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Figure 7, shows the variation of exergy loss in different components as well as exergy efficiency with 

cooling capacity at maximum generator temperature (TA= TC = 25°C, TG= 80°C & TE = 5°C) and it becomes 

evident from the figure that variation in cooling capacity affects the exergy loss in different components as well 

as exergy efficiency of the absorption refrigeration system. The maximum exergy loss is found to be in the 

solution heat exchanger followed by absorber, generator, evaporator and condenser. However, exergy loss in 

solution heat exchanger shows descending trend with an increase in cooling capacity of the system while exergy 

loss in absorber, generator, evaporator and condenser is found to show ascending trend with an increase in 

cooling capacity of the system. The exergy efficiency also shows an increasing trend with an increase in cooling 

capacity which becomes almost constant at higher cooling capacity. 

The variation of mass flow rate of strong solution and weak solution with cooling capacity (TE = 5°C, 

TA= TC = 25°C &TG= 80°C) is shown in Figure 8 above and it becomes evident that with an increase in cooling 

capacity of the system, mass flow rate of the strong solution increases while mass flow rate of weak solution 

decreases. However, figure 9, shows the variation of exergy loss in different components as well as exergy 

efficiency with ambient temperature (TE = 5°C, TA = TC = 25°C, TG = 65°C & cooling capacity= 3.516 kW) and 

it becomes evident from the figure that maximum exergy loss is found to be in generator followed by solution 

heat exchanger absorber, evaporator and condenser. However, exergy loss in solution heat exchanger and 

generator shows descending trend with an increase in ambient temperature while exergy loss in absorber, 

evaporator and condenser show ascending trend with an increase in ambient temperature. The exergy efficiency 

also shows an increasing trend with an increase in ambient temperature and the same is happening because 

ambient temperature directly influences exergy efficiency as shown in Equation 21. An increase in ambient 

temperature directly affects the heat load of the components of absorption system thereby increasing the exergy 

efficiency. 

 

 

Figure 9. Variation of Exergy loss in different components and Exergy efficiency of a single- effect system 

with ambient temperature (TE = 5oC, TA= TC = 25oC, TG = 65oC & cooling capacity = 3.516 kW) 

 

CONCLUDING REMARKS  
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energy as well as exergy. The exergy analysis shows that different operating parameters affect the performance 

of system. It has also been concluded that variation in cooling capacity is also found to influence COP, exergy 

loss in different components as well as exergy efficiency. The values of COPcooling and COPheating lie in the range 

of 0.71-0.89 and 1.71-1.89 respectively, for the cooling capacity variation from 1 TR to 20 TR, at maximum 

working generator temperature of 80°C. However, exergy efficiency of the system lies in the range of 0.32-0.41 

for the same variation in cooling capacities ranging from 1 TR to 20 TR at maximum working generator 

temperature of 80°C. It has also established that with an increase in evaporator temperature and at maximum 

cooling capacity both COPcooling and COPheating shows an increasing trend. The COP as well as exergy efficiency 

also shows the maximum value at the highest cooling capacity. The irreversibility rate in absorber in comparison 

to condenser is found to be more which is the actual case. It is worth to mention, that design improvements in 

generator and absorber have the potential to improve performance of the system. There is also a need is to 

improve the effectiveness of solution heat exchanger. The results obtained revealed that such system can easily 

be applied to the building systems for attaining thermal comfort and achieve passive cooling. It has also been 

concluded that application of solar and waste energy in the cooling technologies can be adopted for sustainable 

future as well as to overcome the climate and environmental concerns. 

 

NOMENCLATURE  

m   Mass flow rate of refrigerant [kg/s] 

h   Specific Enthalpy [kJ/kg] 

s   Specific Entropy [kJ/kg-K] 

Q   Heat flow rate [kW] 

p   Pressure [bar] 

T  Temperature [oC/K] 

W   Power consumption rate [kW] 

x   Concentration of ammonia in solution 

1-10 Different state points in a system 

PR-valve Pressure reducing valve 

COP  Coefficient of Performance 

EES  Engineering Equation Solver  

Ψ  Exergy [kW] 

   Efficiency 

Є  Effectiveness of heat exchanger 

A  Absorber 

C  Condenser 

G  Generator 

G-II  Generator 

E  Evaporator 

P   Pump 

o   Ambient, Outside 

i
  Inlet

 

SHE  Solution Heat Exchanger 
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