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Abstract. The study is focused on comparing two absorption refrigeration systems (ARS) operating under the same 

conditions but using different fluid mixtures, namely NH3-H2O and H2O-LiBr solutions. Their versatility to 

different heat source and environmental temperatures is emphasized. Their limits of operation are compared, as 

well as their energetic and exergetic performances. The study reveals that NH3-H2O ARS is more adaptable to heat 

source temperature variations, operating over a larger interval of temperatures, but provides lower coefficients of 

performance and exergetic efficiencies. On the other hand, embedding a regenerative heat exchanger improves the 

performances of H2O-LiBr ARS, no matter the vaporization and heat source temperature. The corresponding 

improvement on NH3-H2O system may have a negative effect in certain range of temperatures. The conclusions of 

the study emphasize which solution is the best choice depending on operating temperatures and under what 

conditions a regenerative heat exchanger is useful. 

Keywords: absorption refrigeration systems, exergetic efficiency, coefficient of performance, regenerative heat 

exchanger. 

1. INTRODUCTION 

According to [1] most absorption refrigeration 

systems are using liquid/vapor balanced absorbtion 

cycles, especially the ammonia-water systems for 

refrigeration and lithium bromide-water systems for 

air cooling. 

In comparison with other technologies, ARS 

have a lower coefficient of performance. Due to the 

lower COP values, ARS are being used in appli-

cations using solar energy or waste heat (power or 

cogeneration plants, energetic-technological pro-

cesses, combustion gases etc.) [2]. 

The experimental study of an ARS with lithium 

bromide solution, using as a heat source a system of 

solar panels, is presented in [3]. Values of the main 

operating parameters for the system are: the tempe-

rature of the diluted solution at the outlet of the 

absorber 35 °C; water vapor temperature at the 

output of generator 90 °C; liquid water temperature 

at the outlet of the condenser 44.3 °C; the pressure 

of liquid water at the output of the condenser  

9.66 kPa; water vapor temperature at the outlet of 

the evaporator 6 °C; the temperature of the con-
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centrated solution at the exit of the generator  

90 °C. For a cooling capacity of 140 kW, the authors 

achieved a value of 0.749 for the COP. The power 

required for pumping the agent was 1.6 kW. 

The paper [4] analyzes an ARS with LiBr-H2O 

using solar energy for cooling a residential building. 

ARS with LiBr-H2O have the advantage that can be 

powered by flat, regular, tubular or evacuated solar 

collectors, which are available on the market. There-

fore, most solar cooling systems are based on ARS 

with LiBr-H2O. Under normal operation conditions, 

such systems require, usually, inlet temperatures 

between 80 and 100 0C to achieve a COP of about 

0.7. The authors concluded that the absorption cool-

ing systems using LiBr-H2O as the working fluid are 

suitable for domestic applications. 

An ARS using LiBr-H2O with the power of  

4.5 kW, air cooled, for household use, was tested in 

[5], to determine its energetic performances. Hot 

water’s temperature entering the generator ranged 

throughout the day between 80 and 107 °C. Results 

for a total period of 20 days have shown that the 

cooling capacity tends to decrease with increasing 

temperature of the external environment. For outside 
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temperatures between 35 and 41.3 °C, the cooling 

water temperature at the outlet of the evaporator 

increased by more than 15 °C. Total energy supplied 

to the generator has reached 1085.5 kWh and heat 

removed (eliminated) from the evaporator to 

534.5 kWh. Under these circumstances, the average 

COP for the entire period was 0.49. 

Paper [6] presents a feasibility study of an ARS 

powered by solar energy for cooling a building with 

an area of 150 m2, located in Tunisia. The system 

was modeled using TRNSYS and EES softwares 

based on a data file containing annual weather 

forecast parameters in Tunisia. The authors found 

that the optimized system should contain an ARS 

using LiBr-H2O with a power of 11 kW, a flat solar 

collector with the area of 30 m2 and a hot water 

storage tank of 0.8 m3. 

2. SIMPLE ABSORPTION REFRIGERATION 

SYSTEMS 

The functional schemes of ARS using NH3-H2O 

and, respectively, H2O-LiBr are shown in fig. 1 and 2. 

In the case of ARS using NH3-H2O (see fig. 1), 

the refrigerant is ammonia and the absorber is water. 

Refrigerant vapor from evaporator Ev at low tem-

perature and pressure, are absorbed by the diluted 

liquid solution comprised of absorbent and refri-

gerant in a heat and mass exchanger called absorber, 

Ab. The absorption process is highly exothermal, so 

that the absorber should be cooled using water or air 

cooling. The concentrated solution resulting from the 

absorption process has low pressure, theoretically 

equal to the pressure of the evaporator, Ev. At the exit 

of absorber is located a pump, P, that increases the 

pressure of concentrated solution to the high pressure 

in the condenser, Cd. The solution concentrated in 

refrigerant, at high pressure, is subjected to a heating 

process in a heat and mass exchanger called vapor 

generator, G, or simply generator and, sometimes, 

degasser. Through heating, the partial vaporization of 

the refrigerant of the liquid solution takes place. This 

process is called degassing. The refrigerant thus 

obtained in the form of vapor high pressure, reaches 

through the condenser, Cd, then running through the 

classical part of the refrigerant circuit (lamination in 

throttling valve, TV 1 and vaporization in the 

evaporator, Ev). For the most efficient separation of 

the refrigerant from the absorbent by boiling, it is 

necessary that the two substances have vaporization 

temperatures as different as possible.  

The temperature of the thermal agent used for 

heating in the generator, must be higher than the 

condensation temperature. The heat source may be 

represented by: hot water, steam, combustion gases, 

solar radiation etc. The liquid solution of which 

refrigerant vapor were formed, present at the outlet of 

generator a low concentration in refrigerant and is 

called diluted solution. The diluted solution having a 

reduced concentration of refrigerant, which is at the 

high pressure of the generator and condenser, is 

laminated in the expansion valve TV 2, until the 

evaporating pressure and then it is used to absorb the 

resulting vapor refrigerant from the evaporator, a 

process that takes place in absorber Ab. 
 

 
 

Fig. 1. Functional scheme of ARS using NH3-H2O. 

 
Fig. 2. Functional scheme of ARS using H2O-LiBr. 

 

The absorber, Ab, the pump, P, the vapor 

generator, G and expansion valve TV 2, together 

constitute a thermochemical compressor because 

practically aspires refrigerant vapor from the 

evaporator at low pressure and produces refrigerant 

vapor at high pressure, like a supercharger. 

The energy efficiency of the compression pro-

cess may be enhanced by the use of a regenerative 

heat exchanger between the diluted solution 
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resulting from the generator, G, at high temperature 

and the concentrated solution resulting from the 

absorber, Ab, which is at low temperature. 

This heat exchanger reduces both the heat load 

of the absorber, Ab, because the lean solution is 

cooled before this device and the heat load of the 

vapor generator, G, because the rich solution is 

preheated before entering the unit. 

In the case of ARS using H2O-LiBr (see fig. 2), 

the refrigerant is water and lithium bromide is used 

as an absorber. The refrigerant circuit of ARS using 

H2O-LiBr is formed by the throttling valve, TV 1 

and the evaporator, Ev; the thermochemical com-

pressor is made of the absorber, Ab, the pump, P, 

the vapor generator, G and throttling valve  

TV 2, likewise ARS using NH3-H2O. Compared to the 

last ones, ARS using H2O-LiBr have a number of 

features, such as: not requiring rectification of vapor; 

operating in deep vacuum (𝑝𝐸𝑣 = 0.0095 bar at 

𝑡𝐸𝑣 = 6 ℃); the evaporating temperature is 

positive, 𝑡𝐸𝑣 = 4 ÷ 7 ℃ because the refrigerant is 

water; it requires a partial recirculation of the 

diluted solution in the absorber to enhance the 

absorption process (the rate of the absorption 

process in H2O-LiBr solution is much lower than 

that of the absorption solution NH3-H2O); pressure 

losses in the pipes connecting the evaporator and 

absorber cannot be neglected (because the pressure 

level is much lower than that of ARS using NH3-

H2O); it is considered that 𝑝𝐺 = 𝑝𝐶 with sufficient 

accuracy; in reality, 𝑝𝐺 > 𝑝𝐶 due to incomplete 

degassing of the solution in the generator (caused by 

the negative influence of the hydrostatic pressure of 

the liquid column on boiling process). 

3. THERMODYNAMIC MODELLING 

3.1. Determination of state parameters 

State parameters of ARS using NH3-H2O and 

H2O-LiBr respectively, presented in fig. 1 and  

fig. 2 respectively, are centralized in Table 1. 

 

Table 1 

State parameters of ARS using NH3-H2O compared to H2O-LiBr 

State State description State independent parameters 

NH3-H2O H2O-LiBr 

1 low pressure saturated solution at the exit of the Ab, 

entering P 

𝑝1 = 𝑝𝐸𝑣 

𝑡1 = 𝑡𝐴𝑏 = 𝑡𝐶  

𝑡𝐶 , 𝑝𝐴𝑏 

𝑡1 = 𝑡𝐴𝑏 = 𝑡𝐶 

2 high pressure saturated solution at the exit of P, entering G 𝑝𝐶 , ℎ2, 𝜉1 = 𝜉2 𝑝𝐶 , ℎ2, 𝜉1 = 𝜉2 

3 saturated vapor refrigerant at the exit of G, entering Cd 
 𝑝𝐶 , 𝜉 3 =

𝜉2′′ + 𝜉3′′

2
 

𝑡3, 𝑝𝐺 = 𝑝𝐶 , 𝜉3 = 0 

4 subcooled liquid refrigerant at the outlet of Cd entering TV 

1 
𝑡𝐶 , 𝑝𝐶 , 𝜉4 = 𝜉3 𝑡𝐶 , 𝑝𝐶 , 𝜉4 = 0 

5 low pressure moisture vapor refrigerant at the exit of TV 1 

entering Vp. 

𝑝𝐸𝑣, 𝜉5 = 𝜉4, ℎ5 = ℎ4 𝑝𝐸𝑣, 𝜉5 = 0, ℎ5 = ℎ4 

6 cold vapor refrigerant at the exit of Vp, entering Ab 𝑝𝐸𝑣, 𝑡6 = 𝑡𝑉 , 𝜉6 = 𝜉5 𝑝𝐸𝑣, 𝜉6 = 0, 𝑡6 = 𝑡𝑉 

7 diluted solution at the outlet of G, entering TV 2 𝑝𝐶 , 𝑡3′ = 𝑡𝐺 𝑝𝐺 = 𝑝𝐶 , 𝑡3′ = 𝑡𝐺  

7a mixture of concentrated and diluted solution at the 

entrance of TV 2 

- ℎ7𝑎, 𝜉7𝑎 = 0, 𝑝𝐺 = 𝑝𝐶 

8 low pressure solution at the outlet of TV 2, entering Ab 𝑝𝐸𝑣, 𝜉8 = 𝜉7, ℎ8 = ℎ7 ℎ8 = ℎ7𝑎, 𝜉8 = 𝜉7𝑎, 𝑝𝐴𝑏 

 

Table 2 

Operating parameters of ARS using NH3-H2O compared to H2O-LiBr 

No Operating parameter ARS 

 NH3-H2O H2O-LiBr 

1 Evaporating pressure 𝑝𝐸𝑣 = (0.85 ÷ 0.95)𝑝𝐸𝑣,𝑁𝐻3 𝑝𝑢𝑟𝑒 𝑝𝐸𝑣 = 𝑝𝑠𝑎𝑡(𝐻2𝑂, 𝑡𝐸𝑣) 

2 Condensing pressure 𝑝𝐶 = (1.05 ÷ 1.15)𝑝𝐸𝑣,𝑁𝐻3 𝑝𝑢𝑟 𝑝𝐶 = 𝑝𝑠𝑎𝑡(𝐻2𝑂, 𝑡𝐶) 

3 The pressure in the absorber - 𝑝𝐴𝑏 = 𝑝𝐸𝑣 − (0.08 ÷ 0.1)kPa 

4 The pressure in the generator - 𝑝𝐺 ≃ 𝑝𝐶 

5 Condensing temperature 𝑡𝐶 = 𝑡4 𝑡𝐶 = 𝑡𝑎 + (2 ÷ 4 ℃) 

6 Evaporating temperature 𝑡𝐸𝑣 = 𝑡6 𝑡𝐸𝑣 = 𝑡𝑐𝑎 − (2 ÷ 4 ℃) 

7 The temperature of the absorber 𝑡𝐴𝑏 = 𝑡1 𝑡𝐴𝑏 = 𝑡𝑎 + (2 ÷ 4 ℃) 

8 The temperature of the 

generator 

𝑡𝐺 = 𝑡3′ 𝑡𝐺 = 𝑡3′ + (5 ÷ 10 ℃) 

9 Range of degassing Δ𝜉 = 𝜉𝑀 − 𝜉𝑚 > 0.06 - 

10 The minimum concentration 𝜉𝑚 > 0.06 - 

11 The maximum concentration - 𝜉𝑀 < 0.7 

12 Crystallization line - 𝜉 = 0.7 
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Table 3 

Energy and mass balance equations 

No Comp. ARS 

NH3-H2O H2O-LiBr 

1 G �̇�𝐺 + �̇�ℎ2 = �̇�0ℎ3 + (�̇� − �̇�0)ℎ7                                (1) 

�̇�𝜉2 = �̇�0𝜉3 + (�̇� − �̇�0)𝜉7                  (2) 

2 Cd �̇�𝐶 = �̇�0(ℎ4 − ℎ3)     (3) 

3 Ev �̇�𝐸𝑣 = �̇�0(ℎ6 − ℎ5)    (4) 

4 Ab �̇�𝐴𝑏 − �̇�ℎ1 = �̇�0ℎ6 + (�̇� − �̇�0)ℎ8         (5) �̇�𝐴𝑏 = −�̇�0(ℎ6 − ℎ8) + �̇�𝐴𝑏(−ℎ8 + ℎ1)         (6) 

 
 

3.2. Operating parameters 

Operating parameters of ARS shall be 
determined according to Table 2. 

3.3. Energy calculation 

Energy and mass equations for each component 

of the two systems are presented in Table 3. 
Power consumption of the pump is: 

 𝑃𝑃 = �̇�|𝑤𝑝| (7) 

for ARS using NH3-H20 and 

 𝑃𝑃 = �̇�𝐴𝑏|𝑤𝑝| = (𝑓 + 𝑎)�̇�0|𝑤𝑝| (8) 

for ARS using H2O-LiBr. 

Thus calculated parameters should comply the 
first principle of Thermodynamics:  

 �̇�𝐸𝑣 + �̇�𝐶 + �̇�𝐴𝑏 + 𝑃𝑃 + �̇�𝐺 = 0. (9) 

Finally, refrigeration coefficient of performance 

and exergetic efficiency are calculated for both 
systems, using the relationships: 

 𝐶𝑂𝑃 =
�̇�𝐸𝑣

�̇�𝐺+𝑃𝑃
, (10) 

respectively 

 𝜂𝑒𝑥 =
𝐸𝑥(�̇�𝐸𝑣)

𝐸𝑥(�̇�𝐺)+𝑃𝑃
, (11) 

in which: 

 𝐸𝑥(�̇�𝐸𝑣) = −�̇�𝐸𝑣 (1 −
𝑇𝑎

𝑇Ev 𝑚𝑒𝑑
);  

 𝐸𝑥(�̇�𝐺) = �̇�𝐺 (1 −
𝑇𝑎

𝑇𝐺 𝑚𝑒𝑑
),  

where 𝑇𝐺 𝑚𝑒𝑑 = 𝑇3 =
𝑇

2′+𝑇
3′

2
 represents the 

average boiling temperature in the generator. 

4. EMBEDDED REGENERATOR HEAT 

EXCHANGER SYSTEMS 

The performances of the two systems can be 
improved by introducing a recuperative heat 

exchanger, drawn with dashed lines in Fig. 1 and 2. 

In this case, the mathematical model is the same 

as presented in chapter 3. The differences occur 

only in terms of the generator and throttling valve 2 

(between the generator and absorber). The state of 

the solution at the input of the generator is denoted 

2R instead of 2, and the state of the solution at the 

entrance of the TV 2 is 7R instead of 7. These two 

additional states of the solution are determined 

based on energy balance equation: 

    22770 hhmhhmmQ RRRHX  
  
(12) 

and global heat transfer equation applied to the 
recuperative heat exchanger:  
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(13) 

The rest of relationships are identical to those 
presented in the case of ARS without recuperative 
heat exchanger. 

5. RESULTS AND DISCUSSIONS 

Simulations of the operation of ARS using H2O-
LiBr and NH3-H2O were performed in the steady 
state, more specifically, for a constant temperature 
of the generator, a constant environmental tempe-
rature and a constant cooling power. 

Initially, there were considered, for the two ARS 
simple version (without recuperative heat exchangers) 
a cooling power of 5 kW and a vaporization 
temperature of 10 ºC. Successive calculations were 
performed for ambient temperatures between 25-
45 °C and temperatures of the generator between 70-
130 °C. 

In Figures 3 and 4 have been overlapped the 
variations in the exergetic efficiency, respectively 
the coefficient of performance of the two studied 
systems. 

Comparing the results obtained can be con-
cluded that: 

 exergetic efficiency and coefficient of perfor-

mance have lower values in case of ARS using NH3-

H2O compared to the systems using H2O-LiBr for 

the same operating conditions (cooling power, 

vaporization temperature, temperature of the 

generator and ambient temperature); 
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 exergetic efficiency has a maximum value for 
a certain temperature of the generator in both cases; 

 coefficient of performance increases with 

temperature of the generator in both cases; 

 the maximum value of exergetic efficiency 

corresponds to temperatures of the generator 
generally higher in case of systems using NH3-H2O 

for the same ambient temperature; 

 it can be noticed a wider range of possible 
values for temperature of the generator in case of 

systems using NH3-H2O. For an ambient tempera-
ture of 35 ºC, the possible values for temperature of 

the generator ranges between 95-190 ºC in case of 

systems using NH3-H2O, towards the interval 85-
120 °C for systems using H2O-LiBr; 

 exergetic efficiency and coefficient of perfor-

mance variations to the temperature of the generator 
are more pronounced in systems using H2O-LiBr; 

 coefficient of performance variation to the 

temperature of the generator flattens quickly in the 
case of ARS using NH3-H2O. 

 

 
 

Fig. 3. Exergetic efficiency of simple ARS using  
NH3-H2O compared to H2O-LiBr; sensitivity study with 

respect to the temperature of the generator, tG and ambient 
temperature, ta (Qv = 5 kW, tv = 10 ºC). 

 

From this comparative analysis results that 

system using H2O-LiBr works with superior perfor-
mance than the one using NH3-H2O, but is more 

restrictive in terms of permitted values for temp-

erature of the generator. 
Likewise, the operation of improved systems 

was simulated, including the recuperative heat 
exchanger [7]. The results of these simulations have 

been compared with the results obtained in the case 
of systems without heat recovery device. The study 

was conducted for different temperatures of the 
generator and evaporating temperatures, ambient 

temperatures and condensation temperatures, consi-
dering them constant and equal to 25 ºC and 30 ºC 

for a refrigeration power of 30 kW. 

In Fig. 5 is plotted the variation of exergetic 

efficiencies for both cases (ARS using NH3-H2O 

with and without recuperative heat exchanger) for 

two levels of temperature tG. It can be observed that 

there is an evaporating temperature range, which 

depends on the temperature of the generator, for 

which exergetic efficiency is greater for the system 

with recuperative heat exchanger. 
 

 
 

Fig. 4. Coefficient of performance of simple ARS using NH3-

H2O compared to H2O-LiBr; sensitivity study with respect to 

the temperature of the generator, tG and ambient temperature, 

ta (Qv = 5 kW, tv = 10ºC). 

 

 
 

Fig. 5. Exergetic efficiency of ARS using NH3-H2O with and 

without recuperative heat exchanger, for two different 

temperatures, tG = 100 ºC and 120 ºC (Qv = 30 kW, ta = 30 ºC). 

 

There are two values of vaporization tempera-

ture for each temperature of the generator, for which 

the exergetic efficiency of the two systems have the 

same value (Fig. 5). For example, if the evaporating 

temperature is 9 °C or -10 °C, the two exegetic effi-

ciencies are equal for a temperature of the generator 

of 90 °C; at temperatures higher than 9 °C, the 

system without recuperative heat exchanger has 

higher exergetic efficiency than the system with 

recuperative heat exchanger. 

The difference between values of exergetic 

efficiency for the same operating point is higher for 

lower vaporization temperatures, but it presents a 

maximum with respect to the vaporization tempe-

rature (for a temperature of the generator of 100 ºC, 

the greatest difference occurs at a vaporization 

temperature of -10 ºC). 
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In conclusion, for a vaporization temperature of 

10 ºC, the system using NH3-H2O without 

recuperative heat exchanger has a better exergetic 

efficiency for values of temperature of the generator 

higher than 85 ºC.  

The two constructive schemes were compared 

also for ARS using H2O-LiBr, the results being 

graphically presented in Fig. 6. 
 

 
Fig. 6. Exergetic efficiency of an ARS using H2O-LiBr with 

and without recuperative heat exchanger (Qv = 5 kW,  

ta = 35 ºC). 

 

In contrast to the system using NH3-H2O, for the 

system using H2O-LiBr, the presence of recupera-

tive heat exchanger improves both the exergetic 

efficiency and the coefficient of performance, for a 

vaporization temperature of 10 ºC. 

NOMENCLATURE 

Normal letters 

a recirculation factor 

A area, m2 
COP coefficient of performance 

E  energy, J 

QxE  heat exergy rate, W 

f circulation factor 
h specific enthalpy, Jkg-1 

m  mass flow rate, kg s-1 

p pressure, Pa 

Q  heat flux, W 

T temperature, K 

U overall heat transfer coefficient, Wm-2 K-1 
w specific mechanical work, J/kg 

Greek letters 

𝜉 ammonia/LiBr concentration, kg kg-1 

η efficiency, % 

Subscripts 

Ab absorber / absorbed 

C condenser 

ca cooled agent 

Ev evaporator 

Ex exergetic 

G vapor generator 

m poor solution in ammonia/LiBr 

M rich solution in ammonia/LiBr 

med mean value 

P pump 

RHX regenerative heat exchanger 

TV throttling valve 
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