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Abstract: The experimental investigation has been carried out for 

100 kW triple-effect vapor absorption refrigeration systems using 

parabolic trough collector. The data have been recorded and 

analyzed for designing a new vapor absorption refrigeration 

system with process heat for industrial applications for 

Gurugram regions of India. The solar resources have also been 

analyzed for designing of the system. The thermodynamic 

evaluation of 100 kW triple-effect vapor absorption refrigeration 

systems has analyzed for different parameters. The heat is 

supplied from solar thermal technology which converts solar 

radiation to useful heat of the total input energy of the proposed 

cooling system is taken from the heat transfer fluid through 

parabolic trough collector (PTC) as per availability of solar 

insolation at the pressurized water of 140-180 oC supplied to the 

generator at a mass flow rate of 7 kg/s. It is analyzed that in the 

month of November radiation drops because of cosine losses as 

compared to May and Direct Normal Irradiance decreases in the 

month of December, January, July, August, and September. 

Keywords: Vapor Absorption Refrigeration, Triple Effect, 
Parabolic Trough Collector  

I. INTRODUCTION 

In India, energy demand is increasing drastically due to the 
change in economy and lifestyle [1][17]. Vapor absorption 

cooling system will play a very effective role in meeting 

energy demand for cooling. Thermal cooling systems work 

on low-grade heat which can easily meet through low cost 

solar thermal collectors. The energy in the form of cool, as 

well as heat, can be stored in a cost-effective manner, 

therefore, this system going to play a vital role during non-

sunshine hours also [2]. Now, a day, absorption cooling 

systems can be operated with high COP with high-grade 

heat and low COP with low-grade heat. Therefore, 

depending upon the space availability of solar radiation, 
solar thermal technology and absorption systems like single 

effect, double effect and triple effect can be selected [3]. 

Moreover, solar thermal cooling systems do not have CFCs 

as working fluid therefore, the thermal cooling systems are 

also protecting from ozone deletion which is causing by 

compressor-based cooling systems [4].  

Lithium bromide -water and ammonia-water was found 

most suitable for air conditioning applications and 

refrigeration applications. LiBs systems were preferred for 

air condition systems whereas ammonia water systems are 

selected for refrigeration where the subzero temperature is a 

basic requirement find the most suitable for air conditioning 
application [5].  
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As these systems are simple in design and can operate with 

low-temperature range, less nosy as compared to another 

system [6]. To overcome the size of the systems, operating 

cost and to increase the Coefficient of performance of the 

system multi-effect systems are now designed [7] already, 

multi-effect systems have been introduced in the market [8], 

having increased coefficient of performance of vapour 

absorption refrigeration system like double effect, triple 

effect system. [9]. Vapor absorption system can have a 

different source of heat. In order to make reliable solar 

thermal cooling systems, gas fired back up arrangements can 

be introduced. Nowadays, a multi-source of heat based 

systems has been applied for using vapour absorption 

cooling systems [10]. The system was optimized by using 

different types of working pairs to maximize the COP by 

using the first law of thermodynamics [11] and optimized 

for generator and C temperature and the operating 

temperature was calculated. For lithium bromide and water, 

afterward different absorbent and ref rigerant pairs were 

used for this system [12]. A numbers of pairs like ammonia 

lithium nitrate, ammonia sodium thiocyanate and ammonia-

water have been attempted to optimization of single effect 

system for the generator temp was carried out [13] and 

achieved the optimal generator temperature [14] for the 

absorption system which was operated with four different 

types of aqueous salt solution with different heat inputs 

sources. Calculated thermo-economic optimization was 

carried out by a single effect cycle for obtaining high COP 

[15]. The optimization of single, double and triple effect 

with heat input by gases has been carried out for obtaining 

the maximum coefficient of performance up to 

1.95.Scholars are performing energy analysis for vapor 

absorption system to calculate its performance but there is a 

need to do exergy analysis to study it deeply [15]. These 

help in detail study at each state points of vapour absorption 

system [16]. From all the above previous work it is 

concluded that the lithium bromide water best system is 

much suitable for air condition applications in compare to 

other pair of refrigerant and observant. LiBS systems have 

also potential to explore multi effect for improvement of 

COP. 
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II. TRIPLE-EFFECT VAPOR ABSORPTION COOLING 

SYSTEM 

The system consists of G1(HTG), G2(MTG) and G3(LTG) 

for concentrating a dilute LiBr which is received from the 

absorber. Which flows from G1 to G3 via G2. In this system, 

maximum Libs solution and maximum Libs solution 

concentration cant take place concurrently, due to this 

corrosion rate decreases, which helps to maintain vaccum 

while performing operations. hence, a system run 

efficiently.

 

 
Figure 1. Triple effect vapour absorption cooling system at National Institute of Solar Energy, Gurgaon. 

The month-wise experimental observations for the triple-effect vapour absorption have been shown in Table 1. 

Table 1. Month-wise experimental data of triple-effect vapour absorption machine. 

Month HTG (oC) MTG(oC) LTG(oC) COP TE(oC) DNI(W/m2) 

March 165.3 120.0 69.0 1.69 7.0 630 

April 171.0 121.0 69.0 1.67 6.8 650 

May 170.0 121.5 63.5 1.66 6.7 630 

June 177.0 117.8 62.9 1.70 8.2 700 

July 160.0 105.4 57.6 1.68 8.3 680 

August 160.0 111.2 68.0 1.60 8.2 610 

September 162.0 131.0 69.0 1.69 8.9 620 

October 171.0 114.0 68.0 1.62 7.5 620 

November 174.0 119.1 74.0 1.60 7.4 630 

       

III. STATISTICAL APPROACH  

A statistical analysis has been done to get the optimal COP 

of the triple-effect vapor absorption cooling system 

corresponding to different input variables. For the pusrpose, 

design of experiments approach has been adopted. Many 

researches have used the same statistical approach for the 

analysis of thermal systems [16] .  

 

3.1 Central Composite Design (ccd) matrix and 

perceived responses 

First,T identifyingT theT significantT variablesT HTG,T MTG,T 

LTGT andT MFRT thatT effectT theT responseT COPT onT theT 

basisT ofT theT experimentalT results,T aT centralT compositeT 

rotatableT designT (CCRD)T designT matrixT isT thenT chosenT 

usingT DesignT expertT 6.0T forT optimisingT theT levelT ofT 

variables.T The levels of operating variables chosen for RSM 

are given in Table 2. 

TableT 2.T LevelsT ofT inputT variablesT chosenT forT CCD 

Variables Low 

Actual 

High 

Actual 

Low 

Coded 

High 

Coded 

HTH 142.00 166.00 -1.000 1.000 

MTG 99.25 113.75 -1.000 1.000 

LTG 55.45 65.15 -1.000 1.000 

MFR 1.18 1.52 -1.000 1.000 
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3.2 Optimum conditions predicted by RSM 

Optimum COPT hasT beenT predictedT byT usingT numericalT 

optimisationT ofT theT DesignT ExpertT 6.0T softwareT usingT 

RSMT andT isT shownT inT TableT 2.T FromT 30T experimentsT asT 

suggestedT byT theT software,T conductedT onT theT tripleT effectT 

vapourT absorptionT systemT forT theT differentT inputT 

conditionsT theT optimumT valueT forT COPT are:T HTG:T 

166oC,T MTG:T 113.75T 
oC,T LTG:T 65.15T 

oC,T andT MFR:T 

1.52.T TheT predictedT COPT obtainedT fromT theT optimisationT 

isT 0.846.T TheT desirability:T 1T isT achievedT forT atT leastT 100T 

numericalT solutions,T onlyT firstT 10T solutionsT areT shownT inT 

TableT 3.T However,T theT firstT numericalT solutionT isT 

selectedT sinceT theT COPT hasT maximumT value. 

 

Table 3. Numerical optimisation of the input conditions 

using RSM 

Solutions number desirability 

HTG MTG LTG MFR COP 

166.00 113.75 65.15 1.52 0.846 

166.00 113.75 65.15 1.51 0.843 

166.00 113.09 65.15 1.52 0.839 

166.00 113.75 65.14 1.50 0.837 

165.95 113.75 64.35 1.52 0.833 

166.00 113.75 64.04 1.52 0.827 

161.07 113.75 65.15 1.52 0.802 

165.99 111.22 63.52  0.785 

166.00 109.70 65.15 1.47 0.773 

166.00 113.75 60.65 1.52 0.750 

 

IV. RESULTS 

The experimentsT haveT beenT performedT toT verifyT theT 

accuracyT ofT theT modelT predictedT usingT RSM.T TheT inputT 

variablesT suggestedT byT theT predictedT modelT haveT beenT 

consideredT inT the triple-effect vapour absorption system 

COP is computed. The COP has been predicted as 0.846 and 

is in close approximation with the experimental average 

value of 0.843. 

Further, the variation of COP with all the operating 

variables viz. HTG, MTG. LTG and MFR  have been shown 

graphicaly in  Figures 2-4. 

 
Figure 2. 3D surface plot of COP vs LTG vs HTG. 

 

 
Figure 3. 3D surface plot of COP vs MTG vs HTG 

 
Figure 4. 3D surface plot of COP vs MFR vs HTG 

 

V. CONCLUSION 

The cumulativeT dataT ofT theT triple-effectT vapourT 

absorptionT refrigerationT systemT forT theT yearT 2016,T 

respectively.T FromT theT results,T itT isT observedT theT 

coefficientT ofT performanceT (COP)T ofT theT vaporT 

absorptionT systemT increasesT withT theT increaseT inT DirectT 

NormalT IrradianceT (DNI)T tillT JuneT andT startT decreasingT 

tillT theT monthT ofT NovemberT inT theT yearT 2016.T BasedT onT 

theT experimentalT resultsT itT canT beT concludedT thatT theT 

COPT directlyT dependsT onT DNI.T ItT alsoT observedT fromT 

experimentT resultT thatT theT plantT isT maintainingT theT 

evaporatorT temperatureT inT theT rangeT ofT 6.40oCT toT 8.9oCT 

forT theT yearT 2016,T whileT theT requirementT isT belowT 7oCT 

toT 12oC. when optimization was performed with the help of 

DOE approach the suitable suggested were at HTG 146.41, 

MTG 105.54, LTG 58.39 and MFR 1.49 . For obtaining the 

COP 
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