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Abstract: Due to ever increasing global temperature the need of refrigeration system is increasing. Now a day’s refrigeration 
consumes quit a large amount of energy. Our dependency on non renewable energy resources for electricity production there is need to 
develop a refrigeration system which is either independent of non renewable energy or requires a very little amount of the same. So this 
problem attracted the researcher towards development of the vapour absorption system, because it is environment and eco friendly and 
can use low grade energy such as solar energy, waste energy etc. besides of many advantages the absorption system has coefficient of 
performance less then unity. To be served by its advantages efficiently, in recent years, research has been devoted to improvement of the 
performance of vapour absorption system. In this paper a number of researches on working fluid are discussed. 
 

Keywords: Ammonia-lithium nitrate (NH3-LiNO3), Ammonia-sodium thiocyanate (NH3-NaSCN), COP. 
 

Notations: 

COP= coefficient of performance 
Q= thermal energy 
m= mass flow rate 
ɛ= ammonia mass fraction in solution 
T= temperature 
h= enthalpy 
P= pressure 
Subscript: 

e= evaporator 
a= absorber 
c= condenser 
g= generator 
 
1. Introduction 
 
The market is dominated by vapour compression system due 
to its high performance. Compression system requires 
mechanical energy and this is provided by electrical energy 
which is produced by burning of fossil fuels. So the 
consumption of conventional energy resources is very high 
and its limited availability reflected in rising price of 
electricity. In contrast vapour absorption system can use 
renewable energy resources which are available in 
abundance. Another major difference between compression 
and absorption system is the working fluid used. Mostly 
chlorofluorocarbons (CFC) are used by compression system 
and we know that halogens are the reason for depletion of 
ozone layers. The refrigerant used for the absorption system 
like ammonia, water etc. are very cheap and easily available. 
The restriction of the refrigerant in compression system again 
makes absorption system more superior. 
 
Above reasons make vapour absorption system an economic 
option [1-4]. 
 
1.1 Principle of Vapour Absorption System 

 
Vapour absorption system also known as heat operated 
system because it uses low grade thermal energy. Binary 
solution is used as a working fluid consists of refrigerant and 

absorbent. Refrigeration effect is produced by connecting 
two evacuated vessel fig.1 (a), left vessel containing 
refrigerant and right is containing solution (refrigerant + 
absorbent).  Pressure is to reduce in left vessel when 
refrigerant vapour is absorbed by the solution in right vessel. 
The refrigeration accurse inside the left vessel due to 
vaporization of refrigerant its temperature reduces.  At the 
same time inside the right vessel solution becomes more 
dilute because of increased amount of refrigerant by 
absorption.  An absorption process is an exothermic process, 
so to maintain the absorption capability heat must be rejected 
to the surrounding. 
 
Due to the saturation of the refrigerant the solution cannot 
continue with the absorption process, and then it becomes 
necessary to take out the refrigerant from the diluted solution. 
For this process heat is supplied to the right vessel Fig1 (b). 
The refrigerant vapour condenses by rejecting heat to the 
surrounding. By these processes, heat energy is used to 
produce refrigeration effect. This system is intermittent 
system as it produces refrigeration effect in one step during 
the entire process. 
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(a) 

 

 
(b) 

 
Fig.1 (a) cooling effect in right vessel due to the absorption 
process in right; (b) shows the regeneration process means 
separation of refrigerant from solution 
 
Therefore to make the absorption refrigeration to be 
continuous, combine above two process fig 2. The separation 
of refrigerant from the diluted solution occurs at higher 
pressure than absorption process, so to circulate the solution 
a pump is required. A coefficient of absorption system is 
obtained from: 
 

COP=  
 
Work done by the pump is negligible as compared to the heat 
input for the generator because specific volume of the liquid 
is very small. 
 
2. Cycle Description 
 
Absorption system consists of main four parts: 
 Generator 
 Condenser 
 Evaporator 
 Absorber 
 Pump 
 
The strong solution made to pass through the heat exchanger 
from absorber to generator, stream (7). In generator heat is 
added to separate the refrigerant from the solution, the 
saturated vopur refrigerant then come out from the generator 
and go to the condenser, stream (1). After separation 
remaining solution is called weak solution. The refrigerant 
vapour passes to the condenser where heat is rejected by the 
refrigerant & forms a liquid. After condensation liquid 
refrigerant is passed through the expansion valve to the 
evaporator, stream (3). In evaporator after providing Cooling 
of the space, liquid refrigerant gets evaporated at low 
pressure. After evaporation refrigerant goes to the absorber, 
stream (4) where vapour refrigerant losses its latent heat as it 
changes into liquid state by absorption by the absorbent. 

Then strong solution pumped into the generator, stream (6). 
By preheating of the strong solution we improve the COP of 
the absorption system so heat exchanger is employed 
between generator and absorber. The hot weak solution 
coming from generator, stream (8) is passes through heat 
exchanger and at a same time strong solution is also made to 
pass through haet exchanger, by which preheating of the 
strong solution is possible, the process is repeated. 

 
Figure 2: shows the complete schematic diagram of a vapour 

absorption refrigeration system 
 
3. Working Fluid 
 
The thermodynamics and chemical properties of the working 
fluid highly affect the performance of a vapour absorption 
system [5]. The desirable properties are as follows [6]: 
 To make the strong solution rich in refrigerant the 

refrigerant should have more than Raoult’s law solubility 
in the absorbent.To distill the pure refrigerant from 
generator, the difference in the normal boiling points of 
refrigerant and absorbent should be very large. 

 Viscosity should be low so that pump work also get 
minimized. 

 Should chemically and thermally stable 
 Should have low freezing point 
 Should not corrosive & toxic 
 Should not explosive 
 
In literature many working fluid are described. Marcriss [7] 
provided a survey about the working fluid for the absorption 
system &suggested around 40 refrigerant and 200 absorbent 
compounds. However the NH3-H2O (ammonia-water) and 
LiBr-H2O are widely used as a working fluid. In NH3-H2O 
pair NH3 used as a refrigerant and in LiBr-H2O pair water 
used as refrigerant. 
 
3.1 Advantages of using NH3-H2O as working pair: 

 
 For wide range of operating temperature & pressure 

ammonia and water both are highly stable. 
 For the efficient performance of the system latent heat of 

vaporization should be very high and NH3 has high latent 
heat of vaporization. 

 Freezing point of NH3 is -77.730C so it can be used for low 
temperature application. 
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Besides of the above advantages due to low difference 
between boiling point (1380C) of ammonia and water 
installation of rectifier and analyzer becomes necessary. If 
rectifier and analyzer are not installed water vapour comes 
out with the distilled ammonia from generator which 
accumulated in evaporator and offset the system 
performance. 
 
In this research NH3-H2O and possible alternative of 
refrigerant/absorbent pair such as ammonia-lithium nitrate 
and ammonia-sodium thiocyanate are compared. The basis of 
the comparison is COP and circulation ratio (f) of the system 
as function of generator, evaporator, and condenser and 
absorber temperature. 
 
3.2 For the current study following assumptions are made 

 
 Refrigerant vapour contains 100% ammonia 
 Steady state and steady flow 
 No pressure drop due to friction 
 Pumping is isentropic 

COP =  
 
The thermodynamic analysis of absorption system based on 
following three equations which can be applied at each 
component: 
 Mass balance 

 
 Martial balance 

 
 Energy balance 

 
 
Circulation ratio (f): 

It is defined by the quantity of rich solution handled by pump 
per unit mass of the vapour distilled. 
 

f =  
Energy balance for generator, evaporator, condenser and 
absorber and pump work yield: 
 Qg = m1h1 + m8h8 –m7h7 
 Qe = m1 ( h4 –h3) 
 Qc =m1 ( h1 –h2) 
 Qa=m4h4 +m10h10 –m5h5 
 Wp = (P6-P5) v6 
To calculate the system performance the above equations can 
be solved if generator, evaporator, condenser, absorber 
temperature and the refrigerant mass flow rate or required 
refrigerant load are given. 
 
4. Comparison of Absorption Cycle Using 

Different Working Fluid 
 
The comparison of COP values against generator temperature 
for NH3-H2O, NH3-LiNO3, and NH3-NaSCN has shown in 
fig. 3. It has been found that with generator temperature COP 
of the system increase and after reaching an optimal value it 
starts decreasing. This happens due to presence of degree of 

irreversibility which increases with generator temperature. 
We also know that there is also a optimal lower limit of 
temperature below which cycle cannot be operated. For NH3-
LiNO3 this lower limit of operating generator temperature is 
below than other two cycles. This is very important feature 
for using solar energy with flat plate are generally below 
800C. It is noticeable from fig.3 that NH3-NaSCN gives the 
highest COP at generator temperature higher than 800C, and 
NH3-H2O has the lowest COP. At low generator temperature 
NH3-LiNO3 cycle gives the best performance. 

 

 
Figure 3: Comparison of the effect of COP values on 

generator temperatures [8] 
 
In fig.4 comparison of circulation ratio against generator 
temperature has shown. Circulation ratio increases drastically 
if generator temperature tends to its lower limit. High 
circulation ratio means either the pump needs to run faster or 
mare powerful is required. So it is quit that due to clear that 
COP of the system will decrease because pump work 
increases with circulation ratio. From experiment for NH3-
NaSCN cycle higher circulation ratio has found than NH3-
H2O, NH3-LiNO3. So it’s clear that for NH3-NaSCN cycle 
more powerful pump is required. 

 
Figure 4: Comparison of the effect of circulation ratio values 

on generator temperatures [8] 
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The comparison of the COP of the system varies with the 
evaporator temperature has shown in fig. 5. The COP of the 
system increases with evaporator temperature. Below the 
zero evaporator temperature NH3-H2O has lowest system 
performance but it has better performance than NH3-LiNO3 at 
higher evaporator temperature. From fig.5 it is clear that 
NH3-NaSCN has better performance at below zero 
evaporator temperature. 
 

 
Figure 5: Comparison of the effect of COP values on 

evaporator temperatures [8] 
 
The circulation ratio plotted against evaporator temperature 
in fig.6. From the fig it is very clear that NH3-NaSCN system 
has higher circulation ratio. 

 
Figure 6: Comparison of the effect of circulation ratio values 

on evaporator temperatures [8] 
 
We already know that with increasing temperature of 
condenser refrigeration effect decreases. From fig.7 it is 
clearly visible that COP of the three system decreases with 
increasing temperature of condenser. But for the same 
temperature range NH3-NaSCN andNH3-LiNO3 has better 
performance than NH3-H2O. At low condenser temperature 
NH3-NaSCN has better performance while at high condenser 
temperature NH3-LiNO3 has the better performance. In fig.8 
circulation ratio v/s condenser temperature has been plotted 
and again NH3-NaSCN has higher circulation ratio. From 
fig.9 it is clear that the effect of condenser temperature and 

absorber temperature are similar. Generally the temperature 
level remains same for both the condenser and absorber. The 
comparison between the NH3-H2O, NH3-LiNO3 and NH3-
NaSCN cycle on the basis of circulation ratio v/s absorber 
temperature has been shown in fig.9. 

 
Figure 7: Comparison of the effect of COP values on 

condenser temperatures [8] 

 
Figure 8: Comparison of the effect of circulation ratio values 

on condenser temperatures [8] 

 
Figure 9:  Comparison of the effect of COP values on 

absorber temperatures [8] 
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Figure 10: Comparison of the effect of circulation ratio 

values on absorber temperatures [8] 
 
5. Conclusion 
 
In the recent year’s researcher’s attention have been caught 
by absorption system due to its capability of using non-
conventional energy resources. To improve its performance 
several efforts are being made to develop alternative 
refrigerant-absorbent pair. After studying three working pair 
name ammonia-water, ammonia-lithium nitrate and 
ammonia-sodium thiocyanate following conclusions are 
made: 
1) Ammonia-water pair suitable where below 00C temperature 

is required. 
2) To get better performance of NH3-H2O analyzer and 

rectifier is necessary, but by using alternative like NH3-
LiNO3 and NH3-NaSCN there necessity can be omitted. 

3) The performance graph of these cycles against various 
operating temperature shows that the performance of NH3-
NaSCN and NH3-LiNO3 cycle are better than NH3-H2O. 

4) Due to possibility of crystallization of NH3-NaSCN, it 
cannot be operated at evaporator temperature below -100C. 

5) It was observed that at low generator temperature NH3-
LiNO3 gives better performance than other two cycles, so 
if the low temperature heat source is used it is advisable to 
use NH3-LiNO3. 
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