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Abstract— Vapour Absorption Refrigeration (VAR)is one of 

the important alternative for conventional refrigeration 

system as it requires low grade heat energy which may be 

supplied by solar energy. There are number of factors 

affecting the selection of VAR system, particularly 

temperature of the main components for Libr-H2O system for 

obtaining high Coefficient of performance (COP) within limit 

of crystallization. The detailed method for same is described 

which indicates to obtain high COP absorber temperature of 

lower value is more important then higher values of generator 

temperature. The graph for other factors like circulation ratio, 

enthalpy values for different absorber and generator 

temperature are provided. 
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I. INTRODUCTION 

The world’s population is growing continuously which 

simultaneously is increasing the energy utilization for 

comfort required. The energy produced by conventional 

methods uses fossil fuels which are being over exploited, 

leading to damage balance of the average global temperature. 

Hence for sustainable development it is must, to turn towards 

the renewable energy. But the drawback is its high initial cost, 

so challenge is to develop a system which may work with the 

existing system without much change. Solar energy in the 

summer for cooling purposes is one of the important way, for 

which there are two technologies : 

1) Solar Photovoltaic System (Converting Solar Energy To 

Electrical Energy) 

2) Vapour Absorption Referigeration System (VAR ) 

The VAR unit uses the solar energy as the low grade 

heat input for obtaining the cooling, whilst Solar Photovoltaic 

System converts solar energy to electrical initially then using 

compressor vapor compression system. The solar energy 

collected by the solar water heater during summer which 

otherwise in not operated is to be utilized for VAR, because 

hot water is not required during the summers. Hence the 

collected solar energy is not utilized, so if VAR is used the 

collected solar energy can be utilized. The other benefit is in 

summer cooling load is directly proportional to available heat 

input. VAR has got two known options viz. Ammonia –water 

pair and Libr-H2O(Lithium Bromide-Water). The Libr-H2O 

is suitable for using with solar water heater as it can be 

operated at very low temperature. The VAR system based on 

Lithium Bromide system are analyzed by many of researchers  

steady state analysis equations are provided but design 

methodology related information is not provided. This paper 

deals with steps to be followed for designing the VAR system 

and analysis of the same. 

II. SYSTEM DESCRIPTION 

In Vapor absorption refrigeration there are 5 main 

components viz. are condenser, evaporator, absorber, heat 

exchanger and generator.   

 
Fig. 1: Components of Vapour Absorption Refrigeration 

System 

Let’s start the cycle from condenser it liquefies the 

water vapor that is generated in the generator by 

accumulating the heat of vaporization of the condensate 

liquid for which water is continuously supplied which 

absorbs the latent heat of vaporization. Then as shown in 

figure it enters expansion device where pressure drop occurs 

and it reaches the low pressure evaporator. The saturated 

liquid water (refrigerant) enters the evaporator and gets 

converted into saturated vapor form by absorbing the heat of 

vaporization hence the region losses heat so gets cooled . 

Now in the secondary circuit starts with absorption 

of water in the absorber because of hygroscopic nature of 

Lithium Bromide it readily absorbs the water vapor by doing 

so it releases heat because it is exothermic reaction as solution 

of Libr-H2O deviates negatively. Henceforth like condenser 

continuous water supply is done so as to absorb the heat of 

mixing. Now to complete the cycle the necessary condition is 

of regenerating the solution that is done by generator. The 

solution that has absorbed water vapor becomes weak so it is 

sent to generator via heat exchanger with help of a pump. The 

weak solution enters in the generator where low grade heat 

energy is supplied continuously so that water gets released 

from the solution hence it becomes rich in Libr so is known 

as strong solution. The strong solution is sent back to absorber 

and refrigerant liquid moves to the condenser.  

III. DESIGN METHODOLOGY 

To design the vapour absorption system some assumptions 

are to be made with the following assumptions.   
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1) Refrigerant leaves the condenser in the form of saturated 

liquid and leaves the evaporator as dry saturated vapor. 

2) Solutions leaving the generator and the absorber are 

saturated mixtures corresponding to their respective 

temperatures. 

3) The system is working under steady state. 

4) Frictional losses inside pipelines are negligible. 

5) No heat losses to the ambient. 

6) Both refrigerant and solution valves are ideally insulated 

and hence isenthalpic. 

A. Thermodynamic analysis: 

Heat (Q) and Mass (m) balance for each component: 

1) Condenser: 

m7 =m8=m                                                                                       

Qc =m (h7-h8), kJ/s    

      (3.1) 

2) Expansion Valve: 

m8 = m9= m 

h8=h9    (3.2) 

3) Evaporator 

m9 = m8= m 

Qe = m(h10-h9), kJ/s  (3.3) 

4) Absorber      

m+mss=mws (From total mass balance) 

λ=m ss /m , mws = (1+λ) m  (3.4) 

m+(1+ξss)mss=(1+ξws)mws (From Mass balance of pure 

water)   (3.5) 

λ= ξws/ (ξss- ξws) 

Qa=mh10+λmh6 -(1+λ)mh1, kJ/s  (3.6) 

Solution Pump: 

m1=m2=mws 

wp= (1+λ)mVsol(pc-pE), kJ/s  (3.7) 

where Vsol . is specific volume of solution. 

Solution Heat Exchanger: 

m2=  m3= mws  

m4 = m5= mss 

QHX = (1+λ)m(h3-h2)= λ m(h4-h5),kJ/s  (3.8) 

Generator: 

m3=m4+m7 

Heat input to the Generator, 

Qg=mh7+λmh4-(1+λ)m3, kJ/s  (3.9) 

COP = Qe/( Qg+Wp)      (3.10) 

B. Methodology: 

 
Fig. 2: Pressure temperature for Components of VAR 

The two limits for pressure are to decided 1) Generator and 

condenser (Pcond) and 2) Evaporator and Absorber (Pevp) on 

the basis of saturation pressure related to condenser and 

evaporator temperature respectively as shown in the 

following Pressure - Temperature diagram.  

The condenser temperature is dependent upon the 

available source of water that will absorb the heat energy of 

condensate to convert it into liquid. Then by fixing the two 

temperature Tc and Te we fix up two pressure limits. The 

other Tg and Ta depend upon available source temperature 

and temperature of cooling water the and accordingly 

concentration levels to be maintained in the generator and 

absorber can e decided. For obtaining high COP, analysis 

should be done for various combinations because there is no 

fix relation. Hence fixing the Tg the concentration in 

generator is fixed as per P-T-X diagram available for Libr-

H2O solution , further following same procedure for 

absorber.  The equations 3.1 to 3.9 are to be solved for which 

enthalpy at each and every stage is to found, for water it is 

available but for lithium bromide solution the following 

equation  

 
A0=  -2024.33,  B0=  18.2829    C0= -0.037008214 

A1 =163.309 , B1 = -1.1691757 ,  C1=  0.0028877666 

A2=  -4.88161,  B2 = 0.03248041,  C2=  -8.1313015 E-5 

A3 = 0.06302948 , B3 = -4.034184E-4,  C3=  9.9116628E-7 

A4=  -2.913705E-4,  B4=  1.8520569E-6,  C4=  -

4.4441207E-9. Similarly specific heat is found by following 

equation 

 

IV. RESULTS 

As shown in figure 3 the circulation ratio increases for higher 

absorber temperature so the heat load on the generator would 

be more as it has to convert more amount of solution to the 

generator temperature, hence COP will be less. Further in 

figure 4 enthalpy to be provided to the generator is calculated 

but it shows that for absorber temperature of 25 C the 

enthalpy required decreases upto 60 C generator temperature.  

 
Fig. 3:  Circulation ratio for different pair of Generator and 

absorber Temperature 



Design Methodology for Libr-H2O Vapour Absorption Refrigeration System 

 (IJSRD/Vol. 5/Issue 02/2017/436) 

 

 All rights reserved by www.ijsrd.com 1604 

 
Fig. 4: Specific Enthalpy for different pair of Generator and 

absorber Temperature 

Hence COP was calculated for different 

temperatures and was found that temperature at which was 

maximum enthalpy at that point was maximum . The graph 

indicates that there is rapid increase in COP initially with 

increase in generator temperature but later the increase is not 

so significant. Finally figure 5 indicates that  higher generator 

temperature the COP for different absorber temperature does 

not have large variations which increases by great margin at 

lower generator temperature. 

 
Fig. 5: COP for different pair of Generator and absorber 

Temperature 

 
Fig. 6: COP different pair of Generator and absorber 

Temperature 

V. CONCLUSION 

The results show that generator temperature and absorber 

temperature combination should be decided after performing 

the method of calculation. Because if higher generator 

temperature are worked upon the net COP might decrease 

rather than increment, which results in energy wastage rather 

than conservation. So for particular given condenser 

temperature and evaporator temperature of it is observed that 

best combination of absorber temperature and generator 

temperature depends upon how lower the absorber 

temperature may be maintained. 

NOMENCLATURE 

COP  Coefficient of performance  

m  mass flow rate of refrigerant, kg/s 

mss  mass flow rate of strong solution, kg/s 

mws   mass flow rate of weak solution, kg/s 

h   Enthalpy, kJ/kg. 

Pcond Saturation Temperature at condenser Pressure 

Pevp Saturation Pressure at evaporator Temperature 

Qc Heat rejected at condenser 

Qe Heat absorbed by evaporator 

Qa Heat released by absorber 

Qg¬ Heat given by generator 

QHX Heat exchanged by exchanger  

λ Circulation ratio 

ξws Mass fraction of lithium bromide in weak solution 

ξss Mass fraction of lithium bromide in strong solutiuon 
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