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A few days ago refrigeration was regarded as luxurious branch of 

engineering in the whole world but it has become a part and parcel of 

present society. Absorption refrigeration cycle is one of the oldest 

known cycles used for producing refrigeration effect. Great strides had 

been made to use the heat energy instead of work energy for 

producing refrigeration as it can be available from the waste fuel and 

solar energy. The one disadvantage of the system is its low co-

efficient of performance (C.O.P.) as compared to the vapor 

compression system, but it can be acceptable if we use heat energy 

which is going waste or solar energy; as it is available at no cost. 

This paper deals with the system which is designed and fabricated, 
using fuel of Liquefied Petroleum Gas (LPG) as a heating media to 

generator of vapor absorption system. It not only uses fuel of high 

calorific value and low cost but also to increase the C.O.P. of system 

on increased load of the room by regulating the flame temperature and 

pressure inside the generator such that the system can be affected. 

Capacity of system is 1.5 T.R. 
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Introduction:-  
As we know that there are two types of refrigeration system namely vapor absorption and vapor compression. The 

vapor absorption refrigeration is a heat operated system and is older than vapor compression system. The vapor 

absorption system comprises either two fluid systems (NH3+H2O, Li -Br+H2O) or three fluid systems. It consists 

mainly of the evaporator, absorber, solution pump, generator and condenser. Absorption system is usually designed 

to use steam either at high pressure or at low pressure. Waste or exhaust steam from other equipment may be used. 

There is no need for any electric power, although the pump is usually motor driven. At reduced loads the absorption 

unit is almost as different as at full capacity. Load variation is met by controlling quantity of aqua circulated and 

quantity of heat supplied to the generator. Space requirement and automatic control requirements favor the 
absorption system more and as desired temperature drops. 

 

As far as properties of ideal refrigerant-absorbent combination are concerned, it should have high solubility at 

conditions in the absorbent absorber but should have low solubility at conditions in the generator. The solution 

should have low specific heat and low viscosity. It should be non-corrosive in nature Hoinworth listed 49 

refrigerants coupled with various absorbents to give 180 combinations as possibilities. Of the many combinations 

that have been tried, only the ammonia-water and lithium-bromide water cycles remained in common use in air-

conditioning applications. In addition, ammonia-water absorption system finds an important place in large tonnage 

industrial applications. Hattem and Dato (1983) [1] described an active solar cooling system, using a LiBr-H2O 
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absorption machine. Many researchers [2-7] have experimentally studied the heat transfer Coefficients in two-phase 

flow for the water/lithium bromide mixture used in solar absorption refrigeration systems. Khaled AlQdah (2011) 

[8] conducted an experimental study to evaluate the performance of aqua ammonia in air conditioner system using 

exhaust waste energy as an external heating source to the generator. 

The objective of this paper is to design, fabricate and charge two fluid vapor absorption for window air conditioner 

using ammonia and water.  
 

Property of Ammonia-water combination 

1. 1m2 of water absorbs 800m 3of NH3 

2. Latent heat of NH3=1312.6KJ/Kg K at -150C 

3. Critical temperature of NH3=1320C 

4. Specific heat of NH3=4.638KJ/Kg K at 00C 

5. Boiling point at atmospheric pressure=   -330C 

 

Experimental set-up:- 
Fig.1 shows the complete set-up of the fabricated arrangement for ammonia-water vapor absorption system used 

during experimentation. According to the calculation, total capacity of the system has been achieved as 1.5 TR with 

following assumptions: 

1. Temperature difference required for heat transfer in absorber and condenser =30C. 

2. Degassing range which is the difference between the concentration of strong solution and week solution is 0.23 

kg/kg of aqua by weight. 

3. Concentration of vapor leaving the analyzer=0.99. 

4. Concentration of ammonia vapor required in the condenser is 0.995. 

5. Change in kinetic and potential energy is negligible.   
 

The ammonia in water solution is contained in the liquid reservoir and is replenished continually by fresh 

solution drawn from the absorber. The strength of this solution is about 38% ammonia by weight. The 

solution leaves the reservoir at the bottom and throws the liquid heat exchanger into the top of the analyzer. 

In the liquid heat exchanger, it receives heat and some ammonia gas is generated. These bubbles up through 

the liquid and leaves analyzer enroot to the rectifier. Intense heat supplied to the generator, derives out the 

bulk of ammonia vapors. The conditions in this tube are unsteady and surges of vapor caring liquid into the 

separating vessel. 

 

The liquid collected in the separating vessel passes through the liquid heat exchanger where it gives up heat to 

the in going rich solution, before entering top of absorber. The vapor collected in the separating vessel tube, 

though mainly ammonia is seriously contaminated with water vapor. The mixed vapor is once again 
passed through analyzer where it loses most of its water vapor. The nearly pure ammonia then passes 

through the rectifier and condenser as usual. 

 

The ammonia now flows through the evaporator and hence the coldest  part of the evaporator is at the top. 

This part forms the air conditioning with blower and diffuser arranged on shaft of motor while the part 

with blower cools the rest of refrigerated correction.  

Before charging the system with aqua-ammonia, it has been allowed to go through hydraulic test, compressed air 

test and vacuum test for preventing leakage out of it. 

 

Calculation for the Result:- 
Design and experimentation has been done under the summer condition with relative humidity of 55% and 

DBT=220C for inside and WBT=260C & DBT=37.50C for outside. 

Making the use of enthalpy concentration diagram as shown in Fig.2, the corresponding pressures are: 

1.  P1      = 16 bar = Condenser pressure 

2.  P4     = 4 bar = Evaporator pressure 

3.  Tc in   = 40 o C at point 5 

4. Tc out= 90°C at point 6 

5. Temperature of hot fluid at inlet of  heat exchanger = 140 oC 
6. Temperature of cold fluid at outlet of   
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heat exchanger = 85 0C 

After plotting the chart, we have: 

h1 = 1660 KJ/kg 

h2 = h3 = 580 KJ/kg 

h4 = 1640 KJ/kg 

h5 = h6 = 75 KJ/kg 
h7 = 310KJ/kg 

ha = 500KJ/kg 

h8 = 580KJ/kg 

h9 = h10 = 300 KJ/kg 

Cs = C7 (Strong solution) = 0.41 

And Cw = C8 (Weak solution) = 0.18 

h12 = 1940KJ/kg C11 = 0.9 = Cd 

 

1. mr (Mass of flow of NH3 through evaporator) 

= (1.5 x 3.5) / (1640-580) = 0.0042 kg/sec 

= 0.005 kg/sec 

    
2. Heat supplied to NH3 in the generator 

= h12 – ha 

= 1940 – (-500) = 2440KJ/kg of NH3 

        Qg = 0.0042 x 2440 = 10.24 kJ/sec  

 

3. Heat rejected in the absorber/sec 

Qa = mr (h4 – ha) = 0.0042 (1640 + 500) 

= 8.98KJ/sec aqua 

      

4. Degassing = Cs – Cw = 0.41 – 0.188 = 0.23 kg/kg of aqua 

5. Heat rejected in deflamater (cooler after generator ) 
= mr (h12 – h1) = 0.0042 (1940 – 1660) 

= 1.17 KJ/sec 

 

6. Heat rejected in condenser 

Qc = mr (h1 – h2) = 0.0042 = (1660 – 580) 

= 4.53 kJ/sec 

 

7. Heat rejected by evaporator 

= ni. x (h4 – h3) 

Qe = 3.35 x (1645 – 580) kg/sec x   kJ/kg 

= 3551 kJ/sec 

= 3.55 watt 

System Calculation 

1. Refrigeration effect (Qr) = (h4 – h3) 

= (16440 – 580) 

= 1060 kJ/kg 

2. Heat rejected in condenser (Qc) = h1 – h2 

= (1660 – 580) 

= 1080 KJ/kg 

 

3. Heat removed from the absorber (Qa) = h4 – h5 

= (1640 – 75) 

 =1565 KJ/kg 
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Absorption System:-   

Heat to be supplied in the generator (Qg) = h1 – h7 

= 1660 – 310 

= 1350KJ/kg 

 

Theoretical C.O.P of the system = Qr/Qg= 1060/1350 = 0.78 
Temperature of Generator required 

 = 1400C 

 

Actual C.O.P of system:- 

Heat lost by weak solution = Heat gained by strong solution 

mw (h8 – h9)  = ms (h7 – h6) 

mw (h8 – h9)  = (mw + 1) (h7 – h6) 

mw (535-220) = (mw + 1) (340-75) 

mw   = 5.3 kg/kg of NH3 

Mass of solution handled by pump 

= mr x (mw + 1) 

= 0.005 x (5.3 + 1) 
mr = 0.003123 kg/sec 

 

Actual C.O.P.  =  Qr/Qg 

= 1.5 x 3.52/10.51 

= 0.562 

 

Percentage η of the system          

= 34.83% 

 

Total heat rejected in various components = 0.0044 x 1350 = 6 watts 

Percentage η of generator = 80% 
1. Heat supplied to generator 

Qg  = 6+6 (1-1.8) 

= 7.2 watts 

2. Heat supplied from absorber  

Qa  = 1565 x 0.0044 

= 6.88 watts 

3. Heat rejected in condenser  

Qc  = 1080 x 0.0044 

= 4.75 watts 

mr : rate of mass transfer from evaporator to absorber  Hence     

mr = ma + mc 

= 0.0044 gm/sec 
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Fig.1:- Experimental set up. 
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Fig. 2:- Enthalpy-Concentration Diagram 
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Fig 3:- The C.O.P. for many types of energy runs the absorption refrigeration system. 

 

Discussion:-  
The absorption refrigeration system was used to test and compare the suitability of different sources of energy and 
their impact on working conditions at the absorption refrigeration process Sameh Alsaqoor et.al[9].According to 

them it has been observed experimentally that  theoretical C.O.P. which is calculated only on the basis of the 

measured temperature at various points in the system, as temperature on the generator, temperature on the absorber, 

temperature on the evaporator and temperature on the condenser almost all equal and varies between 0.69 to 

0.8(shown in Fig.3) for all three kinds of sources of energy (Electrical energy , LPG gas and solar energy with the 

help of flat plate solar collector). In the present experimental study, theoretical C.O.P. and actual C.O.P. for LPG gas 

comes as 0.78 and 0.562 respectively which could well match with the range of theoretical C.O.P. [9]  

 

Conclusion:-  
Large capacity air conditioning equipment powered by gas (CNG or LPG) helps to overcome the cost and problems 

associated with the growth in demand for air conditioning will increase as gas and electricity supplies are 

deregulated. The setting up of a field trial could still be an effective option giving time to study the market 

requirements and establishing a working relationship with a gas utility and hence it is concluded that this type of 

system is an important aspect of the development of market for gas fired air-conditioning. 
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