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Abstract 

Present study deals with thermodynamic analysis of ammonia-water combined 

ejector-absorption refrigeration system. Major components of the combined 

ejector-absorption system are generator, rectifier, ejector, condenser, 

expansion device, evaporator, absorber, pump, and solution heat exchanger. 

Results of the conventional absorption system have been compared with that 

of combined ejector-absorption system. Thermodynamic analysis has been 

carried out for various combinations of condenser temperature of 45°C and 

35°C and evaporator temperature of 15°C and 5°C. The effect of generator 

temperature on the performance of system has been studied for the different 

values of entrainment ratio for combined ejector absorber system. COP of 

combined cycle is improved by 14.98% to 33.47% compared to conventional 

cycle. Combined ejector-absorber cycle significantly improve the performance 

when condenser temperature is relatively higher and cooling is required at 

lower temperature. 

Keywords: COP; absorption cooling system; ejector, ammonia-water; 

thermodynamic analysis 

 

1. INTRODUCTION 

In recent years, absorption refrigeration systems have received more attention due to 

these systems exploit low grade energy sources (like waste heat, solar, geothermal, 

biomass etc.) in comparison to vapour compression refrigeration system which 

requires mechanical work. It also receives more attention due to its use of natural 

refrigerants like ammonia, water etc. However the challenge of absorption cooling 
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system is its coefficient of performance (COP), which is significantly poor as 

compared to conventional vapour compression system. Researchers have worked on 

different studies on absorption cooling system.  

Performance comparison carried out of new working fluid pairs like ammonia-water, 

ammonia-lithium nitrate and ammonia-sodium thiocyanate for solar absorption 

refrigeration system (Abdulateef et al., 2007). Their results showed that the ammonia-

lithium nitrate and ammonia-sodium thiocyanate cycle performance was better than 

the ammonia-water absorption cycle.  

Maximum increase in COP of combined ejector-absorption refrigeration system is 

50% higher than the basic absorption cycle (Abdulateef, Murad, Alghoul, Zaharim, & 

Sopian, 2011). 

Parametric study carried out to find out influences on generator temperature, heat 

recovery ratio and solution circulation ratio on COP of single effect combined ejector-

absorption refrigeration system with ammonia-water as working fluid pair (Abed et 

al., 2014). Their results showed that COP increases with increase in heat recovery 

ratio as well as with increase in heat transfer area of the system at fixed operating 

condition. It was also showed that for higher COP lower solution circulation ratio is 

better. It was suggested that total heat transfer area was directly proportional to the 

heat recovery ratio and solution circulation ratio, but it is inversely proportional to the 

temperature of generator.  

The results compared for 5 ton cooling capacity under same operating conditions of a 

combined ejector-absorption refrigeration system as well as conventional absorption 

refrigeration system using LiBr-H2O as working fluid pair (Al & Al, 2013). It was 

concluded that COP of combined ejector-absorption refrigeration system was about 

30.35% higher than that of conventional absorption refrigeration system.  

Solar absorption refrigeration modeled and simulated for hourly solar radiation and 

cooling load demand using Tehran’s climate data (Boyaghchi & Taheri, 2014). Their 

results showed that from 9 AM to 5 PM, product cost per exergy unit for the entire 

system decreases 87%, as well as COP increases from 0.16 to 0.48. Their results also 

showed that system has optimum COP at maximum air temperature, while minimum 

product cost per exergy unit at maximum radiation.  

The heat exchanger efficiency determined the maximum temperature that should be 

used in generator in order to achieve maximum COP of solar absorption refrigeration 

system (Bula, Navarro, Herrera, & Corredor, 2000).  

Multi-objective optimization was presented based on mathematical programming of 

solar assisted absorption cooling system to minimize the total cost of the cooling 

system and the associated environmental impact (Gebreslassie, Jimenez, Guillen-

Gosalbez, Jimenez, & Boer, 2010).  

The outcome of a novel ejector-absorption combined refrigeration cycle based on 

parallel flow double-effect absorption refrigeration cycle indicates that when the 

temperature of the heat source was higher enough, cycle would work as a double-

effect cycle (Hong, Chen, Tang, & He, 2011). Their simulation results showed that 
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COP of double-effect cycle is 30% higher than that of the conventional single effect 

absorption refrigeration cycle at same working condition.  

With increase in temperature of different part of the system, performance coefficient 

and exergy efficiency of the cycle decreases, except for evaporator and generator, 

which causes increase in COP of ejector-absorption refrigeration cycle using 

ammonia-water as working fluid pair  (Jafarmadar, Habibzadeh, Rashidi, Rezaei, & 

Aghagoli, 2017). As per operating condition in their study absorber and generator had 

the highest exergy loss.  

Kim, & Infante Ferreira, (2008) presented a state-of-the-art review of the different 

technologies which are available for solar refrigeration. Their review covers solar 

electric, solar thermal and some new emerging technologies. It was observed that 

solar electric and thermo-mechanical systems appear to be more expensive than 

thermal sorption systems. Absorption and adsorption systems are comparable in terms 

of COP but adsorption systems are more expensive and bulkier than absorption 

systems.  

The results obtained of combined ejector-absorption cooling system using LiBr-H2O 

as working fluid pair indicated that as generator and evaporator temperature increases 

thermal load of condenser and evaporator increases, while thermal load decreases as 

condenser temperature increases (Majdi, 2016). It was shown that entrainment ratio of 

ejector increases rapidly with evaporator temperature, decreases with condenser 

temperature and unaffected by generator temperature. Their results also showed that 

at the given condition COP of the modified cycle is improved up to 60% compared 

with that of basic cycle.  

Polynomial equations used to study the effect of operating variables on the 

performance of ammonia-water absorption refrigeration system (Sathyabhama, & 

Ashokbabu, 2008). For condenser and absorber temperatures of 25°C, 30ºC and 40ºC 

maximum COP values were 0.75, 0.67 and 0.57 respectively. Corresponding 

generator temperatures were 65°C, 77°C, and 97ºC respectively.  

A modified combined ejector-absorption cooling cycle developed by adding 

removable flash tank between the condenser and the evaporator using ammonia-water 

as working fluid pair (Sirwan, Ali, Zaharim, & Sopian, 2011). By adding flash tank 

evaporator capacity and cooling effect was improved.  

Combined ejector-absorption refrigeration system provides higher COP for 

refrigeration and air-conditioning (Sun, Eames, & Aphornratana, 1996). A computer 

simulation program for combined cycle to determine performance of system using 

LiBr-H2O as working fluid pair was developed under the given operating conditions 

and cooling load. 

Verga, Oliveria, & Diaconu, (2009) assessed system and refrigeration efficiencies of a 

solar-assisted ejector cycle using water as the working fluid. Their results showed that 

in order to obtain acceptable COP, generator temperature should not fall below 90°C, 

evaporator temperature below 10°C and condenser temperature over 35°C.  

The relationships between the solar collector temperature, COP and cooling load 
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developed for maximum COP and maximum cooling load (Wu, Chen, & Sun, 1997). 

Their results provide a theoretical base to design a real solar refrigeration system. 

In present study conventional and combined ammonia-water ejector-absorption 

refrigeration system have been studied. This study intends to analyze the conventional 

and combined ejector-absorption cycle to find out optimum generator temperature and 

effect of design parameters on the COP. 

 

2. SYSTEM DESCRIPTION 

Fig.1 shows the arrangement of conventional ammonia-water absorption refrigeration 

system. The ammonia vapour condenses in the condenser. High-pressure liquid 

ammonia refrigerant from the condenser is allowed to expand through expansion 

valve which reduces the pressure of the refrigerant and then passes into the 

evaporator. 

 

 

Fig.1. Schematic diagram of Conventional ammonia-water  

absorption refrigeration system. 

 

The liquid refrigerant vaporizes in the evaporator by absorbing heat from the 

material/space being cooled and the resulting low-pressure vapour passes to the 

absorber, where it is absorbed by the poor solution returning from the generator after 

being cooled in solution heat exchanger and throttled by pressure reducing valve. The 

strong solution is pumped to the generator pressure. The heat added to the generator 

brings the separation of ammonia vapour accompanied with small fraction of water 

vapour. A rectifier needs to be added to remove water vapour from the mixture 

leaving the generator before reaching the condenser through the fact that water is 

volatile.  
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Fig.2 shows the combined ejector-absorption refrigeration system. The ordinary 

combined cycle added an ejector after rectifier and before condenser. On the ejector, 

suction vapour coming from the evaporator mixes with the motive ammonia vapour 

from the rectifier and flow to the condenser. 

 

Fig.2. Schematic diagram of combined ejector-absorption refrigeration system. 

 

 

Fig.3. Schematic diagram of ejector and pressure variation along ejector. 

 

Fig.3 shows the schematic diagram of ejector and pressure variation in the ejector. 

The high pressure refrigerant vapour expands to a pressure slightly higher than the 

pressure of suction vapour. The high velocity jet entrains the suction vapour and 
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mixing takes place at constant pressure. Normal shock may occur in the constant area 

section after the mixing chamber due to that slight increase in pressure takes place. 

After the shock the fluid is compressed to condenser pressure in the diffuser section, 

(Arora, 2009).  

 

3. THERMODYNAMIC ANALYSIS 

Thermodynamic analysis of ammonia-water absorption refrigeration system with 

ejector is carried out in present study. 

 

3.1 Assumptions 

The analysis of the cycle is carried out under the following assumptions. 

 Refrigerant vapour leaving the rectifier is pure ammonia. 

 The liquid leaving the condenser is saturated liquid at condenser temperature. 

 The solution heat exchanger effectiveness is 0.7 

 The refrigerant vapour leaving the evaporator is saturated vapour at evaporator 

temperature. 

 The strong solution leaving the absorber is saturated at absorber temperature. 

 The weak solution leaving the generator is saturated at generator temperature. 

 Pressure drops in the system are neglected. 

 

3.2 Governing Equations 

The major equations used to calculate COP of combined ejector-absorption system 

shown in Figure 1 are as follows (Arora, 2009). Various properties and mass flow 

rates at salient points are denoted as suffice as per numbers given in Figures 1 and 2.   

Refrigerant mass flow rate 

4 3

e
ref

qm
h h




 

                    (1) 

Mass balance for ejector 

1 14 6m m m                       (2)
  

Entropy after expansion in the nozzle of ejector
 

 15 15 15f fgs s x s                         (3) 
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Enthalpy after expansion in the nozzle of ejector 

 15 15 15f fgh h x h                         (4)
  

 15 14 152 nc h h                         (5) 

The momentum equation in mixing section of ejector 

 2 2

15 161e ac c                           (6) 

The energy equation of ejector 

   
2

16
14 6 161

2

a
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ch h h 
  

       
  

                      (7)  

Dryness fraction after mixing section in ejector

 
16 15
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15

a f
a

fg

h h
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h
 

   
 

                      (8) 

Specific volume after mixing section in ejector 

    16 16 15 16 151a a g a fv x v x v                         (9)
  

The continuity, momentum and energy equations for shock diffusers can be written as 

equations (10), (11) and (12). 

.

16 16 16

16 16

a b

a b

c cm
A v v

                    (10) 

 
.

16

16 16 16 16b a a b
mp p c c
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                   (11) 

2 2

16 16
16 16

2 2

a b
b a

c ch h                    (12) 

Equations (10), (11) and (12) are to be iteratively solved for the four variables p16b, 

v16b, h16b and c16b. 

The kinetic energy at 16b is converted into enthalpy in the subsonic diffuser, which 

can be obtained from following equation. 

2

16 1 16

2

b b

d

c h h



                   (13) 

Entrainment ratio 
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m
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                  (14) 
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Specific rich solution circulation 

e a

r a

c cf
c c





 

                  (15) 

Specific poor solution circulation 

' 1f f                     (16) 

Heat exchange in the solution heat exchanger 

   '

10 11 9 8f h h f h h                      (17) 

Heat added in the generator 

    5 13 10 91gq m h f h f h                   (18) 

Pump work 

 5 7 8 7pW m f v p p    
                 

(19) 

Coefficient of performance

 
e

p g

qCOP
W q




                  (20) 

 

4. RESULTS AND DISCUSSION 

Thermodynamic analysis of conventional vapour absorption refrigeration system and 

combined ejector-absorption refrigeration system with NH3-H2O as working fluid pair 

has been carried out. The following parameters are considered for thermodynamic 

analysis. 

 Condenser temperature: 35°C, 45°C 

 Evaporator temperature: 5°C, 15°C 

 Capacity of system: 1TR 

 Nozzle efficiency: 0.85 

 Diffuser efficiency: 0.85 

 Entrainment efficiency: 0.95 

 Condenser temperature=Absorber temperature 

Properties of aqua-ammonia solution are taken from Markel’s diagram (Kherris, 

Makhlouf, Zebbar, & Sebbane, 2013). 
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Fig. 4 shows the effect of generator temperature on COP for conventional system with 

different condenser and evaporator temperature. It can be seen that COP first 

increases with increase in generator temperature, reaches an optimum value and then 

starts decreasing as a result of increase in irreversibility at higher generator 

temperatures. 

 

 

Fig.4. Variation of COP with generator temperature for conventional system. 

 

Results of conventional absorption refrigeration system at optimum generator 

temperature are shown in Table 1. 

 

Table 1. Optimum generator temperature and COP of conventional absorption system 

for different operating conditions. 

Condenser temperature 

Tc (°C) 

Evaporator 

temperature (°C) 

Optimum generator 

temperature Tg (°C) 

COP 

35 15 90 0.681 

35 5 110 0.583 

45 15 110 0.587 

45 5 120 0.49 

 

For combined ejector-absorption refrigeration system, effect of the generator 

temperature on COP has been studied for the different value of entrainment ratio in 

the range of 0.04 to 0.14. 

80 90 100 110 120 130 140 150
0.4

0.45

0.5

0.55

0.6

0.65

0.7

Generator Temperature (°C)

C
O

P

Tc=35°C, Te=15°C

Tc=45°C, Te=15°C

Tc=35°C, Te=5°C

Tc=45°C, Te=5°C

 



104  Virang H Oza, Nilesh M Bhatt 

Fig.5 shows the variation of COP with generator temperature with condenser and 

evaporator temperatures of 45°C and 5°C respectively. Maximum COP of 0.654 has 

been calculated at generator temperature 140°C with entrainment ratio of 0.14. As the 

generator temperature increases with given evaporator and condenser temperature, 

COP of the system first increases, reaches to its maximum value and then start to 

decrease as irreversibility in the system increase at higher generator temperature for 

entrainment ratio from 0.04 to 0.08. For the entrainment ratio of 0.1 and above, 

concentration of refrigerant in strong and weak solutions are almost same at generator 

temperature below 140°C. As the generator temperature increases COP reduces above 

140°C for entrainment ratio 0.1 and above. 

 

 

Fig.5 Variation of COP with generator temperature for combined ejector-absorption 

refrigeration system at different entrainment ratio (Tc=45°C and Te=5°C) 

 

It is observed that COP increases with entrainment ratio at same generator 

temperature. It is also observed that optimum generator temperature remains almost 

same at different entrainment ratio in the range of 0.04 to 0.14 for given set of 

evaporator and condenser temperature.  

Fig. 6 shows the effect of generator temperature on COP when condenser and 

evaporator temperatures are 45°C and 15°C respectively. Maximum COP of 0.689 has 

been calculated at generator temperature 130°C with entrainment ratio of 0.14. The 

evaporator temperature affects the low pressure of the system. With the increase in 

evaporator temperature the concentration of weak solution increases while solution 

circulation rates reduce. They cause a decrease in thermal load on generator and 

absorber and ensure a higher COP. As the generator temperature increases COP 

reduces above 130°C. 
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Fig.6 Variation of COP with generator temperature for combined ejector-absorption 

refrigeration system at different entrainment ratio (Tc=45°C and Te=15°C) 

 

Fig. 7 shows the effect of generator temperature on COP when condenser and 

evaporator temperatures are 35°C and 5°C respectively. Maximum COP of 0.681 has 

been calculated at generator temperature 110°C. The condenser temperature affects 

the high pressure of the system. With the decrease in condenser temperature the 

saturation liquid enthalpy leaving the condenser decreases, this eventually decrease in 

mass flow rate of refrigerant through evaporator for the same capacity. This reduces 

solution circulation rate through generator which eventually decreases heat supplied 

to generator and thus it leads to higher COP at lower condenser temperature. 

 

 

Fig.7 Variation of COP with generator temperature for combined ejector-absorption 

refrigeration system at different entrainment ratio (Tc=35°C and Te=5°C) 
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Fig. 8 shows the effect of generator temperature on COP when condenser and 

evaporator temperatures are 35°C and 15°C respectively. Maximum COP of 0.783 has 

been calculated at generator temperature 100°C. It is also observed that higher COP is 

obtained for lower condenser temperature at same generator and evaporator 

temperatures and entrainment ratio. 

 

 

Fig.8 Variation of COP with generator temperature for combined ejector-absorption 

refrigeration system at different entrainment ratio (Tc=35°C and Te=15°C) 

 

It can be noted that COP increases with increase of entrainment ratio as it leads to 

increase in mass flow rate of the suction refrigerant for fixed mass flow rate of the 

motive refrigerant. Since mass flow rate through condenser and evaporator is 

increased, solution circulation rate through generator and absorber decreases which 

eventually reduces heat supplied in generator and hence COP increases. It is also 

observed that at higher entrainment ratio very high ejector inlet pressure is required. 

So, the problem associated with high entrainment ratio is high pressure ratio in the 

pump which increases cost of the pump. 

Results of combined ejector-absorption refrigeration system at optimum generator 

temperature are shown in Table 2. Last column indicates percentage increase in COP 

of combined ejector-absorption refrigeration system compared to conventional system 

at same condenser and evaporator temperatures. 
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Table 2. Optimum generator temperature and COP of combined ejector-absorption 

refrigeration system for different operating conditions. 

Condenser 

temperature 

Tc (°C) 

Evaporator 

temperature 

Te (°C) 

Optimum generator 

temperature 

Tg (°C) 

COP % increase in 

COP 

35 15 100 0.783 14.98 

35 5 110 0.681 16.81 

45 15 130 0.689 17.38 

45 5 140 0.654 33.47 

 

5. CONCLUSIONS 

Thermodynamic analysis of conventional ammonia-water absorption refrigeration 

system and combined ejector-absorption refrigeration system is presented and effect 

of generator temperature on performance of both cycles has been investigated. Effect 

of entrainment ratio on the performance of combined ejector-absorption cycle has also 

been studied. From the analysis following conclusions have been drawn. 

 For given application, higher evaporator and lower condenser temperatures are 

desired for higher COP. 

 Performance of combined ejector-absorption refrigeration cycle is better than 

conventional cycle for same condenser, absorber and evaporator temperature. 

 Compared to conventional cycle combined ejector-absorption refrigeration 

cycle results in higher COP in the range of 14.98% to 33.47%. 

 COP is higher at higher entrainment ratio. It is also observed that at higher 

entrainment ratio, very high ejector inlet pressure is required. 

 Significant performance improvement has been observed with combined 

ejector-absorber cycle when condenser temperature is relatively higher and 

cooling is required at lower temperature. 

 It has been observed that optimum generator temperature almost remain same 

for given set of condenser and evaporator temperatures for the range of 

entrainment ratio considered in the present study.  

 

Nomenclature 

c concentration 

COP coefficient of performance 

W work 

f specific rich solution circulation 

f’ specific poor solution circulation 
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h enthalpy (kJkg-1) 

m mass flow rate (kgs-1) 

p pressure (bar) 

q heat quantity (kJkg-1) 

s entropy (kJkg-1K-1) 

T temperature (K) 

v specific volume (kg m-3) 

x dryness fraction of refrigerant 

η efficiency 

μ entrainment ratio 

 

Subscripts 

a poor solution 

c condenser 

d diffuser 

e evaporator 

g generator 

is isentropic 

n nozzle 

p pump 

r rich solution 

ref refrigerant 
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