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Abstract— Vapour absorption systems use waste heat and low 

grade energy for running the pump and circulating working 

fluid (solution) in the system again and again. As the working 

fluid is a mixture of refrigerant (water) and absorber (lithium 

bromide), their analysis becomes tedious as enthalpy 

becomes a function of temperature as well as concentration. 

To simplify this task the authors decided to use Artificial 

Neural Network Modeling approach. With ANN enthalpy 

values as a function of two input parameters is calculated via 

neuron training and thus COP for double stage VAR system 

can be found. 
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I. INTRODUCTION 

Vapour absorption systems are popular as they are capable of 

using the waste heat of power plants and other systems. In 

case of double stage VAR system, latent heat of condensation 

is not rejected to atmosphere. Rather, it is used in the system, 

thereby increasing the COP value. Thus it utilizes the high 

temperature available energy, which is usually not used in 

case of single stage VAR system.  The authors have tried to 

prove this by calculating COP for double stage, using 

Artificial Neural Network model. Since working fluid in 

Vapour Absorption Refrigeration system is a mixture of two 

fluids, its analysis is very tedious, as enthalpy becomes a 

function of two inputs i.e. temperature & concentration. ANN 

helps in calculation of enthalpy and mass flow rate is 

calculated by mass and energy balance. On compiling mass 

flow rate and enthalpy values, COP can be calculated. A 

theoretical problem is chosen from [4] whose values are used 

as input parameters. 

II. DESCRIPTION OF DOUBLE STAGE SYSTEM 

 
Fig. 1: Schematic diagram of double stage LiBr-water VAR 

system 

Double stage LiBr-Water absorption system has components 

working at three different pressure levels. There is a heat 

exchanger installed between high temperature condenser and 

low temperature generator.  The refrigerant gets absorbed in 

the absorber and weak solution is pumped to high temperature 

generator where heat is added at high temperature, which 

separates water and LiBr. Water is condensed in high 

pressure condenser and latent heat of condensation is given 

to low pressure generator via internal heat exchanger. Thus 

the latent heat of condensation and the high available energy 

of heat  source, which is rejected to atmosphere in single 

stage, is used to separate refrigerant from absorbent in double 

stage (in low pressure generator). Hence the COP value of 

double stage VAR system is high. 

A. Thermodynamic Analysis 

The mass balance equations in single and double stage are 

similar 
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Energy balance in different components helps in 

finding the heat transfer in them.  
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III. ENTHALPY CALCULATION 

In the solution circuit of VAR system enthalpy of solution is 

a function of not only temperature but also LiBr 

concentration. Neuron training based on certain input file is a 

simpler and quicker method for calculation of enthalpy. The 

authors have used ANN equations [12] developed by (Singh 

D.V and Maheshwari G.) for enthalpy calculation in both 

single and double stage, its validation with [4] and 

comparison of their COPs. The following equations are used 

for calculating the enthalpy of the LiBr solution 
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Where x is the concentration of LiBr solution and t 

is the temperature of the solution 

 (13) 
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1) Enthalpy 

      (34) 

S. No Temperature (°C) Pressure (kPa) Li-Br (% concentration) Mass flow rate (kg/s) Enthalpy (kJ/kg) 

1 29.85 0.88 52.765 0.999 123.167 

2 29.85 4.171 52.765 0.999 123.167 

3 47.33 4.171 52.765 0.999 195.24 

4 76.39 4.171 61.967 0.8509 315.66 

5 53.12 4.171 61.967 0.8509 217.468 

6 47.91 0.88 61.967 0.8509 217.468 

7* 57.47 4.171 0 0.067 2604.5 

8 29.72 4.171 0 0.1485 124.5 

9 5.13 0.88 0 0.1485 124.5 

10 5.13 0.88 0 0.1485 2511 

11 57.47 4.171 52.765 0.5465 236.358 

12 57.47 64.231 52.765 0.5465 236.471 

13 90.18 64.231 52.765 0.5465 380.157 

14 144.84 64.231 61.967 0.465 599.137 

15 101.16 64.231 61.967 0.465 424.559 

16 78.6 4.171 61.967 0.465 424.559 

17 122.8 64.231 0 0.0815 2710.332 

18 87.73 64.231 0 0.0815 367.2 

19 29.72 4.171 0 0.0815 367.2 

Table 1: Thermodynamic property table for double stage LiBr-water VAR system for given temperature and concentration

IV. CALCULATIONS & RESULTS 

Now enthalpy can be calculated from the above set of 

equations 20 -43 [7]. Also mass flow rate for refrigerant is 

calculated from set of equations from 11 to 16. On using the 

values of enthalpy and mass flow rate, heat load (heat 

transfer) in various components is calculated. The results are 

tabulated as follows 

S. No Thermodynamic Property Values in (kW) 

1 Circulation Ratio (∆) 5.73 (dimensionless) 

2 Qe 354.39 

3 Qc2 190.965 

4 Qg1 179.8 

5 Qg2 291.73 

Table 2: Heat Load for Various Components of Double 

stage VAR System 
Where Qe is heat load in evaporator, Qc2 is heat 

load in high pressure condenser, Qg2 is high pressure 

generator and Qg1 is intermediate pressure generator. Once 

the heat load values are calculated, COP value can be 

calculated as per the equation 

WpQg

Qe
COP




2                        (35)

 

Neglecting pump work the COP depends upon heat 

load in evaporator and heat load of high pressure generator in 

double stage Vapour absorption system. 

Thus the value of COP (calculated by ANN) and its 

comparison with COP value of chosen reference is tabulated 

as follows 

S. No Parameter value 

1 COP (calculated by ANN) 1.214 

2 COP [4] 1.325 

3 Variation 8.37 

Table 3: Final Result (COP) for double stage VAR system 
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V. CONCLUSIONS 

In this research work the authors tried to used ANN as a tool 

for modeling and at the end the authors conclude that 

 The value of calculated COP is in close agreement with 

COP of selected problem. 

 Also ANN which is usually used for condition 

monitoring, can also be used for mathematical modeling 

and calculation of thermodynamic properties of fluid 

mixtures. 

 The COP of double stage VAR system is relatively 

higher than single stage. 
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