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Abstract: In this study, the first and second law thermodynamic analysis of a single

Heat transfer rate of each component in the cycle and some performance parameters are calculated from the first law analysis.

second law analysis, the total entropy generation of all the system components is obtained. Variation of the performance and entropy 

generation of the system are examined at various operating conditions. The results show that high efficiency value is obtaine

generator temperature. With increasing generator temperature, total entropy generation of the system and the minimum time to reach a 

prescribed cold-space temperature decrease. Whereas the stagnation temperature of solar collector and the thermal load in the refrig

space have a negligible effect on minimum heat transfer time and on total entropy generated inside the cycle.
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I.  INTRODUCTION (HEADING 

Absorption and adsorption heat pumps [
be driven by ‘low-grade’ heat energy such as solar 
energy [1, 2, 6, 7], geothermal energy and waste heat, 
and are some of the main apparatus using renewable 
energy. They can play a dual role by saving energy 
and reducing environmental pollution. The three
source heat pump is an important theoretical model of 
the apparatus. 

The various irreversible cycle models 
three-heat-source absorption refrigerator have been 
established up and a lot of significant results have 
been obtained by using the thermodynamic 
performance analysis. 

Nevertheless, all those studies focus on the 
systems steady state properties and ignore completely 
their dynamic behavior. Steady-state models are useful 
under many conditions although under strongly 
dynamic conditions that are often seen in real
operation, these models can become unacceptably 
inaccurate [13]. However, steady state models do not 
provide time dependent information on the thermal 
behavior of absorption refrigerators and are therefore 
not suitable for transient system simulations.

Some researches on dynamic system behavior 
were carried out for absorption refrigerators. 
Although, Vargas et al. [14, 15] studied a transient 
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and second law thermodynamic analysis of a single-stage absorption refrigeration cycle is performed 
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Absorption and adsorption heat pumps [1–5] can 
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The various irreversible cycle models [8-12] of the 
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nificant results have 
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state models are useful 
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. However, steady state models do not 
provide time dependent information on the thermal 

efrigerators and are therefore 
r transient system simulations. 

Some researches on dynamic system behavior 
were carried out for absorption refrigerators. 

] studied a transient 

endoreversible model of a heat driv
plant driven by a fuel burning heater. Their 
optimization is done from the point of view of the heat 
that drives the cycle. Recent studies [
conducted a thermodynamic transient regime 
simulation of an endoreversible solar driven 
absorption refrigerator to find the optimal conditions 
of a solar driven absorption refrigerator. 
to evaluate the influence of the cold temperature on an 
endoreversible refrigeration system
present an endoreversible model to
dynamic behavior of a solar driven absorption 
refrigerator. The results are carried out for three values 
of this temperature. The minimum time set point 
temperature, entropy and maximum refrigeration load 
are sharp and therefore, are importan
for system design.  

However, the optimization of an irreversible 
absorption refrigeration cycle 
not been investigated. In this paper, a dynamic model 
for an irreversible absorption refrigeration system that 
uses a solar collector as the high
source is reported. The model presented allows the 
simulation of the dynamic absorption refrigerator 
behavior. It extends the range of applicable models for 
transient system simulations, where the time constants 
of the refrigerator significantly influence the system 
performance. This model allows the simulations of 
transient behavior for changing input conditions or 
design parameters. This is important because 
absorption refrigerators usually have a high thermal 
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stage absorption refrigeration cycle is performed 

Heat transfer rate of each component in the cycle and some performance parameters are calculated from the first law analysis. From the 

the total entropy generation of all the system components is obtained. Variation of the performance and entropy 

generation of the system are examined at various operating conditions. The results show that high efficiency value is obtained at high 

temperature. With increasing generator temperature, total entropy generation of the system and the minimum time to reach a 

space temperature decrease. Whereas the stagnation temperature of solar collector and the thermal load in the refrigerated 

space have a negligible effect on minimum heat transfer time and on total entropy generated inside the cycle. 

endoreversible model of a heat driven refrigeration 
plant driven by a fuel burning heater. Their 
optimization is done from the point of view of the heat 
that drives the cycle. Recent studies [16, 17] 

a thermodynamic transient regime 
simulation of an endoreversible solar driven 

orption refrigerator to find the optimal conditions 
of a solar driven absorption refrigerator. Also in order 
to evaluate the influence of the cold temperature on an 
endoreversible refrigeration system, Fellah and al. [18] 
present an endoreversible model to simulate the 
dynamic behavior of a solar driven absorption 
refrigerator. The results are carried out for three values 
of this temperature. The minimum time set point 
temperature, entropy and maximum refrigeration load 
are sharp and therefore, are important to be considered 

the optimization of an irreversible 
 in transient regime has 

In this paper, a dynamic model 
for an irreversible absorption refrigeration system that 
uses a solar collector as the high-temperature heat 
source is reported. The model presented allows the 
simulation of the dynamic absorption refrigerator 

tends the range of applicable models for 
transient system simulations, where the time constants 
of the refrigerator significantly influence the system 
performance. This model allows the simulations of 
transient behavior for changing input conditions or 

ign parameters. This is important because 
absorption refrigerators usually have a high thermal 



mass, consisting of their internal heat exchangers, the 
absorbing solution and the externally supplied heat 
transfer media. 

II. A TRANSIENT IRREVERSIBLE 

Fig. 1 shows a schematic diagram of an 
irreversible three-heat-source absorption refrigerator 
system, where T1, T2 and T3 are the temperatures of 
the working fluid in three isothermal processes; Q
QCS and Q0 are the heat transfer rates between the 
working fluid and the three reservoirs at temperatures 
THS, TCS and T0. The heat exchange between the 
working fluid and the heat reservoirs obeys Newton’s 
law. Subsequently, the steady-state heat transfer 
equations for the three heat exchangers can be 
expressed as: 

( )HS HS HS HS 1Q = U A T - T

( )2CS CS CS CSQ U A T T= -

( )0 0 0 3 0Q U A T T= -
 

Fig.1. Schematic diagram of an irreversible absorption 

refrigerator. 

Besides the irreversibilities of finite
transfer and heat loss between the heat source 
heat sink, the internal dissipation resulting from the 
friction, eddy flow and other irreversible effects inside 
the cyclic working fluid is also one of the main 
irreversibilities of the heat pump. According to the 
first law of thermodynamics, one has

HS CS C A
Q Q Q Q+ - - =
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Schematic diagram of an irreversible absorption 

Besides the irreversibilities of finite-rate heat 
transfer and heat loss between the heat source and the 
heat sink, the internal dissipation resulting from the 
friction, eddy flow and other irreversible effects inside 
the cyclic working fluid is also one of the main 
irreversibilities of the heat pump. According to the 
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According to the second law of thermodynamics, 
we may introduce the internal entropy generation term 
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     In real absorption machines, the internal entropy
generation is a complex function of the various 
processes undergone by the working fluid in the cycle 
[19]. In the present analysis the internal entropy 
generation rate is represented by using linear variation 
law with temperature as following:

( )1 1 3 2 3 2

in
dS

T T T T
dt

b b= - + -

where the parameters β1, β2 are to be estimated by 
fitting detailed simulation data to predictions. To 
obtain the best estimation of the parameters 
from simulated performance data [
least-square procedure is used. 

The generator heat input QHS

by the following expression [21

HS SC SC
Q = η A G

  

Where Asc represents the collector area, G the 
irradiance at the collector surface and 
the collector efficiency. The efficiency of a flat plate 
collector can be calculated as: [

(SC HS 0
η = a - b T - T

 Where a and b are two constants 
calculated, as discussed by Sokolov and Hershagal 
[23]. Eq. (8) can be rewritten by introducing the 
collector stagnation temperature Tst as follows:

( )SC st HS
η = b T - T

 

Where Tst (for which ηsc=0) is given by:

st 0T = T +

The equation for heat input Q
by combining Eqs. (7) and (9) as follows:

HS SC st HS
Q = A Gb T - T

In this study, we take into account that the thermal 
inertia of the refrigerated space is large enough such 
that the transient operation of the refrigerator can be 
neglected when compared to the time evolution of the 
temperature inside the refrigerated space. The transient 
regime of cooling is accounted for by writing the first 
law of thermodynamics, as follows:

( ) (CS

air v,air 0 CS load CSw

dT
M C = UA T - T + Q - Q

dt
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In real absorption machines, the internal entropy 
generation is a complex function of the various 
processes undergone by the working fluid in the cycle 
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the collector efficiency. The efficiency of a flat plate 
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In this study, we take into account that the thermal 
inertia of the refrigerated space is large enough such 

ient operation of the refrigerator can be 
neglected when compared to the time evolution of the 
temperature inside the refrigerated space. The transient 
regime of cooling is accounted for by writing the first 
law of thermodynamics, as follows: 

)air v,air 0 CS load CSM C = UA T - T + Q - Q
 

  
(12) 



Where (UA)w (T0-TCS) is the rate of heat gain from 
the walls of the refrigerated space and Q
of heat generated inside the refrigerated space. 

The factors (UA)HS,(UA)CS and (UA)
the overall thermal conductance  of the heat 
exchangers. The overall thermal conductance of the 
walls of the refrigerated space is given by (UA)
Since (UA)HS ,(UA)CS and (UA)0 are not known, the 
following constraint is introduced at this stage

( ) ( )
HS CS 0

UA = UA UA UA+ +

In order to present general results for the system 
configuration proposed in Fig. 1, dimensionless 
variables are needed. Therefore, it is convenient to 
search for an alternative formulation that eliminates 
the physical dimensions of the problem. In a 
dimensionless model, all variables are directly 
proportional to the actual dimensional ones, as Eqs. 
(1)–(12) demonstrate. The set of results of a 
dimensionless model represent the expected system 
response to numerous combinations of system 
parameters and operating conditions, without having 
to simulate each of them individually, as a 
dimensional model would require.  

The complete set of non dimensional equations for 
the model, including the absorption refrigerator steady 
state equations is: 

( )
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 Where the following group of non-dimensional 
transformations is imposed:
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Here, B is the parameter which describes the size 

of the collector relative to the cumulative size of

 

is the rate of heat gain from 
the walls of the refrigerated space and Qload is the load 
of heat generated inside the refrigerated space.  

and (UA)0 represent 
the overall thermal conductance  of the heat 
exchangers. The overall thermal conductance of the 
walls of the refrigerated space is given by (UA)W. 
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Here, B is the parameter which describes the size 
of the collector relative to the cumulative size of the 

heat exchangers, and y, z and w are the 
allocation ratios, defined by: 

 

( ) (UA UA
HS CS w

y = ,    z =   ,  w =  
UA UA UA

According to the constraint property of thermal 
conductance UA in Eq. (13), the thermal conductance 
distribution ratio for the condenser can be written as,

 

( )
x =

UA
0

= 1 - y - z
UA  

Next, we gain access to the 
after a certain time of operation through

  
*

*

0
=

I
HS f

f

Q dCS

Q

θ

η
θ
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III. RESULTS AND A

A. Simulation Method 

The problem consists of integrating Eqs. (20) and 
(21) in time and solving the non
(19) at each step time. The objective is to minimize the 
time θset to reach a specified refrigerated space 
temperature, ΓCS,set, in transient operation. To generate 
the results shown in Fig. 2
parameters were held constant and others were varied. 
The numerical method calculates the transient 
behavior of the system, starting from a set of initial 
conditions, then the solution is marched in time and 
checked for accuracy until a desired condition is 
achieved (temperature set points or steady state). The 
equations are integrated in time explicitly using an 
adaptive time step, 4th–5th order Runge
[24]. Newton–Raphson’s method with appropriate 
initial guesses was employed for solving the above set 
of non-linear equations. 

During the integration of the ordinary differential 
equations, one time the set of fixed parameters 
B, y, z, w and Q

*
load is defined Eqs (1

Γ1. The system of Eqs (14)–(19
integration of Eqs (20) and (21
and  Γ3. 

To test the model and for conducing the analysis 
presented in this section, we assuming a small 
absorption refrigeration unit with a low total thermal 
conductance (UA = 400 W/K), we considered a total 
heat exchanger area A = 4m

2
 

heat transfer coefficient U = 0.1 kW/m
exchangers and Uw = 1.472 kW/m
which have a total surface area A
and Qload=0.8 kW. Considering a typical air 
conditioning application, the refrigerated space 
temperature to be achieved was established at T
16°C. 

Thus, the resulting dimensionless parameters that 
were kept fixed initially were:
ΓCS,set =0.97. 

3 

exchangers, and y, z and w are the conductance 

) ( )
( )
UAUA UA

HS CS w
y = ,    z =   ,  w =  

UA UA UA
(23) 

According to the constraint property of thermal 
conductance UA in Eq. (13), the thermal conductance 
distribution ratio for the condenser can be written as, 

= 1 - y - z

  

(24) 

Next, we gain access to the first-law efficiency 
a certain time of operation through 

*

HS f

Q dCS θ

θ   

(25) 

ANALYSIS 

The problem consists of integrating Eqs. (20) and 
non-linear system (14)–

(19) at each step time. The objective is to minimize the 
to reach a specified refrigerated space 

, in transient operation. To generate 
Fig. 2–17 some selected 

nstant and others were varied. 
The numerical method calculates the transient 
behavior of the system, starting from a set of initial 
conditions, then the solution is marched in time and 
checked for accuracy until a desired condition is 

set points or steady state). The 
equations are integrated in time explicitly using an 

5th order Runge–Kutta method 
Raphson’s method with appropriate 

initial guesses was employed for solving the above set 

During the integration of the ordinary differential 
equations, one time the set of fixed parameters ΓHS, Γst, 

is defined Eqs (15) and (17) give 
19), at each time step of 
1), deliver Q

*
0, Q

*
CS, Γ2 

To test the model and for conducing the analysis 
presented in this section, we assuming a small 
absorption refrigeration unit with a low total thermal 
conductance (UA = 400 W/K), we considered a total 

 and an average global 
heat transfer coefficient U = 0.1 kW/m

2
 K in the heat 

= 1.472 kW/m
2
K across the walls, 

which have a total surface area Aw = 54m
2
, T0 = 25°C 

kW. Considering a typical air 
ation, the refrigerated space 

temperature to be achieved was established at TCS,set = 

Thus, the resulting dimensionless parameters that 
were kept fixed initially were: Q

*
load=0.007, w=0.2, 



B. Analysis of  results 

Fig. 2 shows that during the heat up period, the 
temperature of the evaporator starts to decrease 
linearly then it decreases very slowly. Here, the 
reaction of the evaporator is seen strongly affected by 
the generator behavior. His temperature starts risin
linearly, then it becomes stable. As the temperature of 
the generator is higher causing more heat is absorbed 
in the evaporator. While, the temperature of the 
evaporator is decreasing very slowly the temperature 
of the generator still maintained quit con
indicating that the equilibrium state has reached 
Also, there is an intermediate value of the collector 
size parameter B, between 0.038 and 0.1, such that the 
temporal temperature gradient is maximum, 
minimizing the time to achieve prescribe
temperature (ΓCS,set= 0.97). 

According to our initial proposition, we seek the 
set of optimal values (Bopt, yopt) that minimize 
reach ΓCS,set, thus maximizing Q

*
CS

regimes. Figures 3-6 illustrate 
behavior of θset,min, Bopt(θset,min)
Bopt(Q

*
CS,max) versus y, while varying 

identifying the set ( Bopt, yopt) which corresponds to 
our original set of fixed parameters
ΓCS,set. The results show that the thermal conducta
should be divided equally between the generator and 
evaporator for maximum Q

*
CS(y = 0.25).

At constant dimensionless heat source temperature 
(ΓHS = 1.3), the simulation is run with collector 
stagnation temperature varied from 1.
variation of minimum time set point temperature
collector stagnation temperature is predicted and
shown in Fig 7. It can be observed from the simulation 
result that the optimal dimensionless collector size B 
decreases monotonically as Γst increases. As a result, 
the minimum time to achieve the prescribed
temperature is independent of the collector stagnation
temperature. This is because the heat absorbed by the 
generator is quite constant with stagnation 
temperature. It may be concluded th
effect on the optimal collector size parameter Bopt 
than that on the relative minimum time.

The results plotted in Figs. 8
minimum time θset,min and the optimal parameter B
respectively against dimensionless
temperature ΓHS, thermal load inside the cold
Q

*
load and conductance fraction w. It can be identified 

from the simulation results Fig. 8 that the minimum 
time θset,min decrease and the optimal parameter B
increase with higher heat source temperatur

The results obtained accentuate the importance to 
identify Bopt especially for lower values of 
Fig. 9, the thermal load inside the cold space Q
an almost negligible effect on dimensionless
size. Bopt remains constant, whereas an
Q

*
load leads to an increase in θset,min. As the load of heat

generated inside the refrigerated space is higher, less 
heat is absorbed at the evaporator, causing a decrease 
of the temperature of the evaporator.
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*
load has 
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. As the load of heat 
generated inside the refrigerated space is higher, less 
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of the evaporator. 

Obviously, a similar effect is observed concerning 
the behaviors of Bopt and 
conductance allocation ratios w

Fig.2. The behavior refrigeration space temperature, 
(ΓHS =1.3, Γst = 1.6). 

 
Fig.3. Minimum time to reach a refrigerated

set point for different coupling temperatures, with respect 
to the variation of the thermal conductance allocation.

 
Fig.4. Optimal collector size to reach a refrigerated

temperature set point for different coupling temperatures, 
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Fig.9. The effect of thermal load in the refrigerated space on 
minimum time set point temperature and optimal collector 
size (ΓHS = 1.3 and Γst = 1.6). 

Fig.10. The effect of conductance fraction on minimum time set 
point temperature and optimal collecto
Γst = 1.6). 

Fig.11. Transient behavior of entropy generated during the time
(ΓHS = 1.3 and Γst = 1.6). 
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Transient behavior of entropy generated during the time 

Fig.12. The effect of dimensionless collector stagnation 
temperature, Γst, on minimum entropy set point 
temperature and optimal collector size

Fig.13. The effect of dimensionless collector temperature, 
minimum entropy set point temperature and optimal 
collector size (Γst = 1.6). 

Fig.14. The effect of dimensionless collector stagnation 
temperature, Γst, on maximum heat absorbed by the 
evaporator to reached a refrigerated space temperature set 
point temperature. 
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Fig.15. The effect of dimensionless collector temperature, 
maximum heat absorbed by the evaporator 
refrigerated space temperature set point temperature

Fig.16. The effect of dimensionless collector stagnation 
temperature, Γst, on the first-law effi
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Fig.17. The effect of dimensionless collector temperature, 
the first-law efficiency in the 
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IV. CONCLUSION

In this paper, a transient 
study the absorption refrigeration cycle was presented
and used to demonstrate the existence of an optimal
way of allocating the thermal conductance inventory
an optimal collector stagnation
optimal solar collector temperature 
refrigeration rate. From the analysis of the various 
parameters which has been carried out, the following 
conclusions can be drawn: 

1. Half of the total supply of thermal conductance has 
to be divided equally between the generator and 
evaporator and the other half allocated to the 
condenser, for optimal operation.

2. The optimum collector size Bopt and minimum 
time set point temperature θ
on the collector temperature

3. The minimum time to reach a specified 
refrigerated space temperature and optimal 
dimensionless size collector influenced 
analogously by the thermal load in the refrigerated 
space and the thermal conductance of the walls.

4. The stagnation temperature 
effect on minimum heat transfer time and on total 
entropy generated inside the cycle.

5. Optimal size collector identified for minimum time 
to reach set point temperature in the refriger
space does not coincide with 
total entropy occurs. 
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ONCLUSION 
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From the analysis of the various 
parameters which has been carried out, the following 

Half of the total supply of thermal conductance has 
equally between the generator and 

evaporator and the other half allocated to the 
optimal operation. 

The optimum collector size Bopt and minimum 
θset,min depends strongly 
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