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Abstract - This study is concerned with absorption chillers single effect, powered by 

thermal energy of geothermal sources in Algeria, the influences of the components 

temperature and the heat exchanger effectiveness on the performance coefficients were 

studied to test optimum operating conditions for the proposed system, We studied the 

machine in the following conditions, the coolant temperature is between 30 and 40 °C and 

the evaporation temperature between 2 and 20 °C, the results show that the coefficient of 

performance of this system is quite high, however, very high temperature of the 

geothermal source. 
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1. INTRODUCTION 

A great tow advantages of absorption cooling systems, they used thermal energy, 

and not use atmosphere-harming halogenated refrigerants CFCs. These properties 

allows these systems economically attractive and acceptable in terms environmental. At 

a time when much thermal energy of geothermal sources, solar energy and heat from 

plants is lost. So absorption systems are a good alternative to the traditional air 

conditioning systems, in warm climate countries and which contains geothermal 

sources. 

Absorption refrigeration systems belong to the class of vapor cycles, similar to 

vapor compression refrigeration systems (1). (2)  Studied experimentally the absorption 

refrigeration system with geothermal energy, (3) presented a possibility application of a 

large-scale geothermal absorption air-conditioning system to provide base load cooling 

to the main campus of the University of Western Australia. (4) Describes the 

experimental studies of an ammonia/lithium nitrate absorption cooler operated on low 

of geothermal energy.  

This prototype was successfully operated with generator temperatures from 90 to 

145°C and with cold chamber temperatures from zero to -10°C. (5) has been shown 

experimentally that an ammonia/water absorption cooler can be successfully operated 

using low enthalpy geothermal heat, the unit has operated successfully with generator 

temperatures as low as 91°C and with cooling chamber temperatures down to -5°C. 

This group tested other prototype of ammonia/water absorption cooler was installed 

in the Cerro Prieto geothermal field, where the ambient temperatures exceed 40°C and 

the cooling water temperatures reach 30°C (6). 

The major working pairs used in the absorption refrigeration systems are H2O-LiBr 

and NH3-H2O, but they both present advantages and disadvantages. These two systems 

are studied theoretically and experimentally in many works. The research is focused on 

the study and development of new cycles and new working fluids pairs. (7) Study the 

performance of the absorber DMF with different refrigerants (R22, R134a, and R32) in 

single-stage absorption refrigeration system at low generating temperatures. (8) 
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Explained a thermodynamic design data for absorption heat pump system operating on 

water-lithium chloride. 

(9) Presented a complete review of working fluids of absorption cycles. Performance 

of an absorption cycle is critically dependent on the thermodynamic properties of 

working fluids (10), in this regard, we find, (11) measured experimentally the P-T-X 

behavior of R22 with five different absorbents in the temperature range 0-100°C and 

concentration range 0.05-0.95 mole fraction of R22.  

These authors (12) investigated new refrigerant-absorbent combinations for use in 

absorption refrigeration system. (13) gave the measurements of thermo physical 

properties of the (water + lithium bromide + potassium acetate) system.  

This paper presents, possibility using (liBr/water) absorption machine at different 

geothermal energy resources in the north of Algeria. We calculated the coefficient of 

performance of these machines according on different temperature of cycle. 

2. GEOTHERMAL RESOURCES IN ALGERIA 

Geothermal energy is the thermal energy within the earth’s crust, thermal energy in 

rock and fluid (14). In the geothermal applications, the classification depends on the 

temperature of resources (high temperature, intermediate temperature and low 

temperature). This energy is used to generate electricity and for direct uses such as 

space heating and cooling, industrial processes, and greenhouse heating (15). In 

Algeria, calcareous rocks, sandy limestone and sandstones of Mesozoic age constitute 

the main geothermal reservoirs; the temperature of waters varies from 22°C to 98°C 

(16). More than 240 hot springs and hot water wells recorded in the North of Algeria. 

The temperatures were used illustrates in the Table 1 (17). Balneology is the principal 

utilization of geothermal waters in Algeria (16) and greenhouse heating, but the use of 

this energy in cold applications or air conditioning (absorption refrigeration system) 

remains an area for further research. 

Table 1: Temperatures of geothermal resources using in this study reservoir 

Tank City Temperature 

Meskhoutine Guelma 94 

Bidan Bordj Bou Arreridj 77.5 

Ben Hachani Guelma 72 

Sidi trad El Tarf 62 

3. ABSORPTION REFRIGERATION CYCLE 

Absorption refrigeration systems belong to the class of vapor cycles, similar to 

vapor compression refrigeration systems; the required input to absorption systems is in 

the form of heat. Hence, these systems are also called as heat operated or thermal 

energy driven systems.  

This system contains a generator, an absorber, a condenser, an evaporator, a pump, 

tow expansion valves, and solution heat exchanger, as shown schematically in figure 1. 

In the condenser like in the traditional, condenser of the vapor compression cycle, 

the refrigerant enters the condenser (point 1) at high pressure and temperature of 

generator and it is condensed.  

After refrigerant exits the condenser (point 2), the refrigerant passes through the 

expansion valve (2, 3), its pressure and temperature reduces suddenly. This latter then 

enters the evaporator.  
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The refrigerant at very low pressure and temperature enters the evaporator, produces 

the cooling effect, and flows to the absorber that acts as the suction part of the 

refrigeration cycle.  

The absorber is a sort of vessel consisting of water that acts as the absorbent, and the 

previous absorbed refrigerant. Thus, the absorber consists of the weak solution of the 

refrigerant and absorbent. When refrigerant from the evaporator enters the absorber, the 

absorbent due to which the pressure inside the absorber reduces further leading to more 

flow of the refrigerant from the evaporator to the absorber absorbs it.  

At high temperature, absorbent absorbs lesser refrigerant; hence, the external coolant 

to increase the refrigerant absorption capacity (18) cools it. When the absorbent absorbs 

the refrigerant strong solution of refrigerant-absorbent is formed. The pump at high 

pressure to the generator pumps this solution. Thus, pump increases the pressure of the 

solution to about 10 bars. 

 
Fig. 1. The absorption system 

Solution increases, the refrigerant in the solution is vaporized and it leaves the 

solution at high pressure. The high pressure and the high temperature refrigerant then 

enters the condenser (18). In addition, the cycle repeats. 

4. COEFFICIENT OF PERFORMANCE 

To calculate the coefficient of performance of the absorption system shown in figure 

1, we made the following assumptions: 

- The refrigerant is pure in points 1, 2, 3 and 4. 

- Regulators are adiabatic. 

- The solution pump is isentropic. 
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- There is no loss of heat in the various. 

With these assumptions, the coefficient of performance (COP) is given by: 

)WQ(QCOP pgev             (1) 

To use the equation of COP, you need a balance of mass and energy should be 

established at the level of each component. 

Balance of the total mass 

817 mmm              (2) 

Refrigerant mass balance 

81177 mXXmXm             (3) 

The quantity of heat in each element 

778811g hmhmhmQ             (4) 

55101044a hmhmhmQ            (5) 

)hh(mQ 211c              (6) 

)hh(mQ 341ev              (7) 

The numbers 1 to 10 are shown in figure 1. 

The properties of the refrigerant H2O 

The enthalpy of the liquid and the saturated vapor of H2O are a function of 

temperature [19]: 

559.2500T88060937.1T00125397.0)T(h 2
v         (8) 

T18.4)T(h l              (9) 

The properties of the water / lithium bromide [19] 

2TCTBA)X,T(h          (10) 

432 X000029137X06302948.0X881661.4X309.163334.2024A       (11) 

4632 X1085206.1X00040342.0X032480.0X691757.12829.18B       (12) 

493725 X1044.4X1091.9X10131.8X0028877666.0037008214.0C   (13) 

)%70X%40(   

The choice of the designer in the selection of evT , aT , cT  and gT  is limited by the 

rule of Gibbs phase. For an absorption system with two components and two phases, 

absorption pairs, either the number of components or the number of phases is two. 

Therefore, for such systems the number of degrees of freedom is two. If two of the 

operating variables are chosen as the free variables, then the other conditions are 

determined by the thermodynamic equilibrium data for the working pair [20]. 

5. RESULTS AND DISCUSSION 

The effect of generator temperature, evaporator temperature and condenser 

temperature on the coefficient of performance of the cycle is presented in the figures 2-

4. In these calculations C35Ta   and 8.0EX  .  

Figure 2 shows the variation of the coefficients of performance with generator 

temperature at three different temperatures of evaporator evT . It can be seen that the 

COP increase while the generator temperature is increased. The values of the COP are 

higher at the higher evaporator temperatures. But only for the temperature lower 87 °C, 
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then remains constant. when the generator temperature increased, the concentration of 

the solution, leaving the generator is increased, thus the enthalpy of the superheated 

water steam ( 1h ) exiting the generator increases, thus increasing the COP, the 

evaporator temperature under these conditions has a better COP is C15Tev  , COP is 

observed between 0.86 and 0.836.  

 
Fig. 2: Variation of the coefficients of performance with generator temperature 

 
Fig. 3: Variation of the coefficients of performance with condenser temperature 

 
Fig. 4: Variation of the coefficients of performance with evaporator temperature 
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Figure 3 shows the variation of the coefficients of performance with condenser 

temperature at three different temperatures of geothermal sources. The COP value 

decreases with increase of the condenser temperature. The increase of cT  increases the 

value of 3h  and decreases the value of the COP. 

Figure 4 shows the COP increases with the evaporator temperature evT . The 

temperature of the evaporator has designated the low system pressure. 

 
Fig. 5: Histogram of the Geothermal energy 

The temperature of the geothermal source ( gT ) is a parameter that plays the main 

role in the operation of absorption cooling systems using geothermal energy source. gT  

is a parameter that indicates whether the geothermal source has the ability to generate 

power to the generator level for the separation of the fluid from the absorbant, or can 

not be used for direct applications. The histogram 1 showed that the increase for the 

temperature of sources leads to the increase in energy provided by the source, the 

energy variation betewn 2766.95 to 2848.02 kW in SidiTrad and Meskhoutine 

respectively, these energies are sufficient for desorption of mixture (H2O/LiBr). 

6. CONCLUSION 

In this work we calculated the numerical values of COP according to temperature. 

calculates program was developed to predict the performance of the machine. We 

calculated each influence of temperature component on the COP, we conclude that the 

best geothermal sources for the machine a absorption is Meskhoutine source and the 

possibility also in the other sources. 
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