
 

 

 

 
 

                                                                                                            

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NOMENCLATURE 

A = heat transfer surface area, m2 

Cp = specific heat of fluid, kJ/kg-C 

COP = coefficient of performance  

D = diameter of the tube, m 

h = enthalpy, kJ/kg 

k = thermal conductivity of the material, W/m -C 

L = length of heat exchanger, m 

P = saturation pressure, bar 

Q = heat transfer, kJ 

U= overall heat transfer coefficient, W/m2 -C 

∆Tln = logarithmic mean temperature difference, oC 

Temp. = temperature  

Gen. = generator 

Cond. = condenser  

Evap. = evaporator 

1. INTRODUCTION  
 

The vapor absorption refrigeration system gains renewed 

attention due to the environmental impacts of commonly used 

refrigerants in the vapor compression refrigeration system. 

Being a heat operated system; it is gaining major focus on solar 

energy-based refrigeration system. Various types of vapor 

absorption systems are developed [1–3] to use in solar energy-

based refrigeration system as energy crises are a serious 

handicap for the socioeconomic development of the rural and 

urban population. Moreno-Quintanar et al. [3] developed an 

intermittent refrigeration system where the refrigerant is 

expelled from the solution by the application of heat and its 

temperature is also increased. The refrigerant in the form of 

vapor passes to the condenser where heat is rejected, and the 

refrigerant gets liquefied. This liquid again flows to the 

evaporator at reduced pressure. Katejanekarn and Hudakorn [2] 

developed a cooling system where the vapor is drawn from the 
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evaporator by absorption into a liquid having high affinity for 

the refrigerant. The intermittent absorption is not a true 

refrigeration system because the mass flow rate is not constant 

throughout the system. The mass flow rate of the refrigerant 

increases when the temperature of the generator increases and 

the rate of flow of vapor ammonia also increase. 

The simplest design of the intermittent absorption system 

[3–5] consists of three major parts such as a generator/ an 

absorber for the desorption/absorption of the salt-ammonia 

mixture, a condenser, and an evaporator. In this work, the 

ammonia flows back and forth between the generator and 

evaporator. 

During the desorption mode as shown in Fig. 1 at step-1, 

the container ‘P’ acts the generator producing high pressure and 

high temperature refrigerant vapor having the rich mixture of 

refrigerant-absorbent pair. The refrigerant vapor is separated 

from the absorbent by heat from a source and then sent through 

the condenser, turned into liquid phase and stored inside the 

container ‘Q’ as per Katejanekarn and Hudakorn [2]. 
 

 
 

 
 

Fig.1 Intermittent absorption cooling system. 

 

Again, from the Fig. 1 in absorption mode at step-2, the 

container ‘Q’ acts as evaporator [3–4] and absorbed heat from 

the surroundings. If it is surrounded by the water, the cold water 

or ice is to be produced. Then the refrigerant is evaporated into 

the vapor and flowed back into the container ‘P’ acting as the 

absorber where the concentrated absorbent awaits and both 

working substances are mixed.  

The performance of the intermittent absorption system 

depends on generator’s temperature and heat addition. However, 

the investigations are required to evaluate the performance of the 

intermittent absorption system with a constant temperature heat 

addition in the generator. Also, the amount of heat addition in the 

generator is a key parameter to design the intermittent vapor 

absorption system [6–8]. In this work, the performance of the 

system is investigated where the cooling performance is 

measured at evaporator in the absorption mode and the heat 

addition is measured at generator in the desorption mode. 

2. DESIGN   
 

2.1 Selection of Refrigerant and Absorbent Pair  

In this work ammonia acts as a refrigerant and calcium 

chloride acts as an absorbent which is a salt of calcium & 

chlorine and behaves as a typical ionic halide that white solid at 

room temperature because the difference between the 

vaporization temperatures is large [9-10]. The range of pressure 

is relatively low compared to other pairs and the system works 

with a wide variety of temperatures. Because of the hygroscopic 

nature, anhydrous calcium chloride must keep in tightly-sealed 

airtight containers. However, the necessary chemicals used are 

listed below shown in Table 1. 

 

Table 1 Chemicals used in this work 

Calcium chloride (CaCl2)                Assay of 94% to 97% 

Ammonia (NH3) 99.995 % pure 

 

2.2 Design of the Generator  

At the generator, ammonia and calcium chloride 

refrigerant-absorbent pair is used and heat is provided from the 

heat source of the oil bath. The reaction between ammonia and 

calcium chloride are as follows- 

 

3232 2.2 NHCaClNHCaCl   

 

3232 4.4 NHCaClNHCaCl   

 

molkJNHCaClNHCaCl /788.8 3232   

 

Thus, 8 moles of NH3 are absorbed per mole of CaCl2, 

during initial charging, but only 6 moles will be available for 

refrigeration. It is assumed that no heat and pressure losses in 

components and lines. Assume that 60% of the volume of 

generator is used for the purpose of well vaporization. So, the 

required ammonia (NH3) and the calcium chloride (CaCl2) are 

2.305 kg and 1.881 kg, respectively, which are calculated from 

the design parameters and details are explained elsewhere [11]. 

The selecting parameters for the generator are shown in Table 2 

and details are given elsewhere [11]. 

 

Table 2 Selection parameters of the generator design 

Parameters Dimensions  

Tube outside diameter, Do 0.0762 m  

Tube inside diameter, Di 0.0732 m  

Calculated tube length 2.34 m  

Used tube length 2.34 m  

 

2.3 Design of the Condenser and Evaporator  

The design of a refrigerator means designing the length, 

size, type and material of heat exchanger such as an evaporator 

and condenser. Heat exchangers are one of the most critical 

components in any liquefaction/refrigeration system [12], 

because its effectiveness governs the efficiency of the whole 

system. In single-pass heat exchangers, the temperature 
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difference ΔT between the hot and the cold fluids is not constant, 

but it varies with distance along the heat exchanger [7, 12, 13]. 

For the design of condenser coil as shown in Table 3 and Table 

5, the condenser inlet and outlet temperatures are assumed, and 

the condenser water inlet temperature depends exclusively on 

the available source of water. 

 

Table 3 Parameters considered of the condenser coil design 

Temperature Value 

Condenser inlet ammonia 90oC 

Condenser outlet ammonia 32oC 

Condenser inlet water 25oC 

Condenser outlet water 35oC 

 

The mass flow rate of water at 60 liter/hr in the condenser 

and specific heat of water is 4200 J/kg-C. The fouling factors (Fi, 

Fo) at the inside and outside surfaces of the tube are taken as 

0.00009 m2C/W and thermal conductivity (k) for stainless steel 

is as 17 (W/m-C). The heat transfer coefficients (hi, ho) for the 

inside and outside flow are taken as 7000 W/m2-C. Again, the 

correction factor by Ozisik [10] of the heat exchanger is chosen 

as, F=0.96.  

The heat gain by water from the condenser coil, 

mpmCQ   . In the heat transfer analysis, it is convenient to 

establish a mean temperature difference between the hot and 

cold fluids such that the total heat transfer rate Q between the 

fluids is to determine from the following expression, 

mAUQ    in where, A (m2) is the total heat transfer area and 

U (W/m2-C) is the average overall heat transfer coefficient  

measurement by Ozisik [10], Mondal et al. [17] and Ahmed et 

al. [18] based on the outside surface of the tube and mean 

temperature difference are defined as,  
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Again, for the design of evaporator coil shown in Table 4 

and Table 5, it is taken into consideration during the absorption 

period for the cooling capacity or refrigerating effect of that 

evaporator. The entering and leaving temperatures of refrigerant 

are assumed with respect to the pressure of evaporator side. The 

evaporator temperature is also to be assumed as required based 

on room temperature as per Rivera et al. [14]. Now, the overall 

thermal resistance by Holman [9] and Ozisik [10] as, 
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The overall thermal resistance is obtained where convective 

heat transfer coefficient of ammonia is 7000 W/m2-C and 

thermal conductivity of stainless-steel pipe is 17 W/m-C. Again, 

the required parameters are found from the ammonia properties 

table or pressure enthalpy diagrams of R717 and the evaporator 

heat transfer relation of )( 34 hhmQ refe   with respect to 

corresponding pressure and temperature [10].  

 

Table 4 Parameters considered for the evaporator coil design 

Parameters Value 

Room temperature 28oC 

Evaporator temperature 10oC 

Evaporator entering temperature 7oC 

Evaporator leaving temperature 20oC 

Pressure at evaporator 5.5 bar 

Absorption period 2.50 hrs 

Mass of water in the evaporator 3 kg 

Cooling capacity 34 W 

 

Table 5 Selection of heat exchanger coil sizing 

 

Parameters 

Heat exchanger size 

Condenser Evaporator  

Outside tube diameter, Do 0.127 m 0.09525 m 

Inside tube diameter, Di 0.107 m 0.07525 m 

Calculated tube length 2.13 m 4.22 m 

Used tube length 5.5 m 6 m 

 

Assume that 1.8 kg ammonia out of 2.305 kg will be 

vaporized and stored in the evaporator after passing through the 

condenser coil. Hence, neglecting the losses and for the best 

performance from this system, the ammonia is used as of 2.5 kg 

instead of 2.305 kg and calcium chloride is used as of 1.5 kg 

instead of 1.881 kg. Again, both of condenser and evaporator 

heat exchanger sizing, it is used more length than the calculated 

length for safety and for more heat transfer rate. The lengths of 

the condenser and evaporator are 5.5 m and 6 m respectively, 

which are higher than calculated lengths that are shown in Table 

5. In this work, the condenser-evaporator coil and other tube 

material are used at stainless steel because ammonia has a high 

affinity to react with the copper tube. The above all of selection 

parameters are considered from the design parameters that are 

detailed in Mondal [11]. 

 

3. WORKING PRINCIPLE AND CONSTRUCTION 

 

An intermittent vapor absorption system was designed and 

constructed in this work as shown in Fig. 2, where ammonia and 

calcium chloride refrigerant-absorbent pair were used. The 

system consists of a generator/ an absorber which was charged 

with a refrigerant-absorber pair, a condenser, a storage tank and 

an expansion valve and evaporator. The heat source was an oil 

bath arrangement where oil was heated up by the electric heater 

as per Moreno-Quintanar et al. [3]. At first, the generator was 

constructed and then condenser and evaporator were designed 
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and constructed based upon the capacity of the generator. For 

constructing the whole system, the stainless-steel tubes were 

used because of high sustainability on high temperature and 

pressure. To carry out the various measurement as per 

Aphornratana and Eames [15] and Bell et al. [16], pressure 

gauges and thermocouples were installed in various locations on 

this experimental setup. 

 

 
 

Fig. 2 Experimental setup of ammonia absorption refrigeration 
system. 

 

In the earlier, the condensed ammonia entering the storage 

tank during the desorption mode was cool, but not as cool as the 

temperatures one might hope to maintain in an icebox. The 

advantages of having a separate storage tank and an evaporator 

as per Srinivasa Rao and Rao [5], which can concentrate on 

specializing the evaporator to its purpose, that of absorbing heat 

from the water. During desorption mode shown in Fig.3, a 

constant temperature oil bath-based heat source heated up the 

generator and the generator driven of the vapor form refrigerant 

around the system through a condenser to a storage tank when 

the valve 1 was only opened and valve 2-3 remain closed. Before 

the absorption mode of the cycle fully starts the valve 3 may 

slightly open which will give some refrigerant effect to the 

evaporator. 
 

 
 

Fig. 3 Desorption mode of ammonia absorption refrigeration system. 
 

On the other hand, after starting the absorption mode shown 

in Fig.4, the valves 2 and 3 were opened and valve 1 remains 

closed and hence the heat source was removed. As per 

Aphornratana and Eames [15] and Bell et al. [16], the liquid 

refrigerant from the storage tank flowed through an expansion 

valve into the evaporator and absorbed heat from the 

surrounding water and performed cooling. Then the evaporated 

refrigerant vapor flowed back into the generator which acting as 

absorber where the concentrated absorbent awaits and both 

working substances are mixed. 

 

 
 

Fig. 4 Absorption mode of ammonia absorption refrigeration system. 
 

4. RESULTS AND DISCUSSION 

 

In order to experimentally evaluate the COP of the system 

the ammonia and calcium chloride mixture were at the 

generator/absorber and the operating parameters, such as 

temperatures, pressures and heat input from the heat source were 

recorded time to time. A summary of the operating and testing 

parameters for the system was presented below in the Table 6 & 

Table 7 that are given on Mondal [11]. 

 
Table 6 Operating and testing parameters of the system during the 

desorption mode 

No. of 

obs. 

Desorption Mode 

Temp. of 

heat 

source 

(oC) 

Temp. 

of Gen. 

(oC) 

Temp. of 

Cond. 

Outlet  

(oC) 

Heat 

loss 

(kJ) 

Gen. 

heat gain 

(kJ) 

1 90 76.7 25.3 1312.5 1050.0 

2 100 83.7 26.5 1312.5 1443.7 

3 105 86.5 27.0 1312.5 1640.6 

4 110 91.4 28.3 1312.5 1837.5 

Avg. 101.25 84.58 26.78  1492.97 

 

Table 7 Operating and testing parameters of the system during the 

absorption mode 

No. of 

obs. 

Absorption Mode  

 

COP 
Temp. of 

Evap. 

(oC) 

Product 

load 

(kJ) 

Heat 

loss 

(kJ) 

Refrigerating 

Effect 

(kJ) 

1 15 151.2 50.4 201.6 0.192 
2 14 163.8 50.4 214.2 0.148 

3 12.5 182.7 50.4 233.1 0.142 

4 11.5 195.3 50.4 245.7 0.134 
Avg. 13.25   223.65 0.154 

 

Under the project, the generator pressure was varied from 

8.5 bar to 10.5 bar shown in Fig. 5 and then the system generated 

0.164 kg (164ml) of ammonia liquid by Mondal [11] developed 

system and store into the storage tank during desorption mode 

when the heat was supplied by the heat source. It was seen that 

the generator pressure varies with the heat input from the heat 

source of the oil bath arrangement. The average heat gained by 
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the generator was about 1492.97 kJ during desorption and kept 

constant heat loss by the heat source. It was noticed from the Fig. 

6 that the generators’ heat gain was fairly related to the heat input 

by considering the heat losses of the heat source.  

 
Fig. 5 Variation of generator pressure with the heat source 

temperature. 
 

 

 

Fig. 6 Variation of heat gained by the generator with the heat source 
temperature. 

 

It was observed that the average refrigeration means the 

evaporator temperature varies with time and during the 

absorption mode, the lowest evaporator (i.e, refrigeration 

compartment) temperature was found as 11.5oC whereas 

average of 13.25oC. Again, from the Fig. 7, it was said that 

the refrigerating effect increased with respect to the heat 

gained by the generator and was measured as the average of 

223.65 kJ. The nature of this refrigerating effect was almost 

as similar as the Katejanekarn and Hudakorn [2] developed 

system. 

The coefficient of performance (COP) of the system was 

obtained as the average of 0.154 with a maximum value of 

0.192. As shown in the Fig. 8, the COP also decreased with 

the increase of the temperature of the heat source. This result 

of the COP was higher than the Vanek [1], Katejanekarn and 

Hudakorn [2] and Moreno-Quintanar et al. [3] developed 

intermittent absorption system. But, lower than the Tangka 

and Kamnang [4], Srinivasa Rao and Rao [5], Aphornratana 

and Eames [15], Bell et al. [16] and Mondal et al. [17] 

developed absorption system. 

 

Fig. 7 Refrigerating effect as a function of generator heat gain. 

 

Fig. 8 COP of the system as the function of the heat source 

temperature. 

 

From the Figs. 9 to 11, it was said that the temperatures 

of the condenser and generator were gradually increased, 

respectively, by the increase of the heat inputs of the generator 

to the system and almost kept constant room temperature with 

respect to time. Again, from the Fig. 12 to Fig. 14, it was 

noticed that the temperature of the evaporator (i.e, evaporator 

compartment water) almost decreased wherewith the 

evaporator inlet temperature was same on average but the 

evaporator outlet temperature increased with the certain limit 

with time.  

 

Fig. 9 Temperatures profile (sample-1) during the desorption mode. 
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Fig. 10 Temperatures profile (sample-2) during the desorption mode. 

 

Fig. 11 Temperatures profile (sample-3) during the desorption mode. 

 

 

Fig. 12 Temperatures profile (sample-1) during absorption mode. 

 

At last, in the absorption or evaporation stage, the ammonia 

pressure descended until 5 to 6 bars of varying temperature from 

10.5 oC to 13.5 oC and the obtaining 164 ml ammonia cooled 

300ml water from 27 oC to 11.5 oC that are detailed on Mondal 

[11] developed system. 

 

 

Fig. 13 Temperatures profile (sample-2) during absorption mode. 

 

 

Fig. 14 Temperatures profile (sample-3) during absorption mode. 

 

5. CONCLUSIONS  

 

Performances of the system with various generator 

temperature and heat addition were investigated. From the 

experimental investigations the followings were concluded: 

(i) The maximum generator temperature was found in 

91.40oC corresponding to the oil bath temperature up to 

110oC during 2.5 hours’ desorption and the pressure was 

found to 10.5 bar. On an average heat gained by the 

generator was found to 1492.97 kJ.  

(ii) The average evaporator temperature was found in 13.25oC 

with a minimum value of 11.5oC and a maximum of 15oC 

for a period up to 2.5 hours’ absorption.  

(iii) On an average the system provided the refrigeration effect 

of 223.65 kJ. It was drawn that the refrigerating effect 

increased by the generator heat gained. The coefficient of 

performance of the system was measured on the average 

of 0.154 with a maximum value of 0.192. 
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