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Abstract:  
 
Energy analysis provides the ability to assess performance and determine the size 
of equipment in a system. However, precisely integrating the thermal behavior of 
the component equipment makes it possible to better assess the performance of 
the system. This work highlights the influence of the thermal behavior of a 3CT-IHE 
on the performance and size of the equipment of SEAM with NH3-NaSCN as a 
working fluid. Based on equations of conservation balances of mass, species and 
energy, the energy analysis made showed that depending on the magnitude of the 
heat flows of the weak and strong solutions involved in the heat exchange at the 
level of the 3CT-IHE, there are different temperature ranges for which the weak 
solution or the strong solution governs the heat transfer, thus giving rise to the 
notions of “thermal heating efficiency” and “thermal cooling efficiency” respectively. 
The results obtained were compared with those of Sun. This new approach has 
demonstrated better performance of the SEAM for the same operating conditions. 
It has also been shown that it is possible to increase the temperature of the 
generator above 90 °C without resorting to another working fluid and that in the 
case of subjecting NH3-NaSCN to supercritical conditions in temperature at the 
generator; it is possible to obtain a machine COP greater than 1 and an even 
smaller pump size. 
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1. INTRODUCTION  

Absorption machines present themselves nowadays as 
an alternative in reducing both the consumption of 
electrical energy [1, 2] and environmental pollution [3]. 
Appropriate technologies for residential cooling 
applications [4], they find their interest in their potential 
to recover residual energies at low temperatures [5, 6]; 
which makes them very attractive systems [6], viable 
and economical. However, the disadvantage of these 
machines is their large size for a coefficient of 
performance generally below 0.7 [7, 8] for the single 
effect absorption machine and 1.5 [9] for the double 
effect absorption machine. In recent years, many 
studies have been carried out aimed at improving the 
performance of absorption machines. Beyond 
techniques for optimizing the stability and photo-
thermal conversion performance of solar generators 
[10], operation under adiabatic conditions of the 
absorber [11] or finding the right mix of fluids for 
absorption machines [12, 13], it is obvious to observe 
the use of a thermal regenerator internal heat 
exchanger between the circulation lines of the so-called 
weak and strong solutions. The application of such an 
energy efficiency approach, in order to guarantee an 
accurate evaluation of the performance of the 
absorption machine, requires a good approach in the 
thermal characterization of the internal heat exchanger; 
which is generally carried out by evaluating its thermal 
efficiency. 

In his numerous works on heat transfers and more 
particularly on heat exchangers, the Ref. [14] indicated 
that for the operation of a counter-current heat 
exchanger, two cases can be distinguished depending 
on the magnitudes of the heat flows of the two fluids 
involved in the heat exchange, thus giving rise to the 
concept of "fluid which controls heat transfer” and 
indirectly to the notions of “thermal efficiency of 
heating” and “thermal efficiency of cooling”. The term 
noted calorific flow qc (W /˚C)  is thus understood to 
mean the product of the mass flow qm (kg / s)  of a fluid 
and its specific heat capacity Cp (J / kg /˚C) . Thus, 
knowledge of both the mass thermal flow rates and 
capacities of the fluids involved in the heat exchange 
process at the level of the thermal regenerator allows 
an evaluation of the magnitudes of the heat flows and 
by comparison, to define the type of thermal efficiency 
resulting. 

Many studies calculate the efficiency of the thermal 
regenerator without taking into account the concept of 
"fluid that controls the heat transfer", thus limiting 
themselves to the calculation of the heating efficiency; 
which can give rise to an underestimation or an 

overestimation of the performance of the absorption 
machine. The Ref. [2] carried out the comparative 
study of NH 3 ! NaSCN, NH 3 ! H 2O  and NH 3 ! LiNO3  
fluids in order to determine the ideal binary fluid for the 
high-performance operation of a SEAM. The efficiency 
of the exchanger was calculated by considering the 
strong solution coming from the generator as the fluid 
which controls the heat transfer. The results presented 
a limit in the performance and operation of the 
absorption machine. The Ref. [15] investigated a 
similar study and more recently the studies of the Ref. 
[16, 17, 18]. To thermally characterize the thermal 
regenerator,the Ref. [19] carried out a report of the 
temperatures operating at the level of this component. 
It is clear that to a lesser extent the concept of "fluid 
which controls heat transfer" is applied. But the author 
does not indicate anywhere, the approach in the 
evaluation of the heat flows of the different fluids. The 
thermal efficiency of the exchanger was defined among 
the various assumptions; which conditions the 
knowledge of the heat flows for the determination of the 
type of efficiency and therefore the calculation of the 
temperatures at the level of the heat exchanger. 

The aim of this work is to highlight the impact of the 
concept of “fluid which controls heat transfer” in the 
performance evaluation of systems incorporating a 
counter-current heat exchanger as a heat regenerator. 
It is aimed for us, to bring our contribution to the 
understanding of the limitation of the operating 
conditions in terms of the operating temperature ranges 
of absorption machines. 

2. DESCRIPTION OF THE SYSTEM 

The system studied is a single-effect refrigeration 
machine (SEAM) with a binary ammonia-sodium 
thiocyanate ( NH 3 ! NaSCN ) as illustrated in Figure 1. 
This system and its binary pair were chosen in relation 
to the availability of data facilitating a comparative 
study. The system integrates both a generator (1-7-8), 
a condenser (1-2), an evaporator (3-4), an absorber (4-
5-10), a thermal regenerator (6-7- 8-9), a cold regulator 
(2-3), a pump (5-6) and a hot regulator (9-10). As in 
mechanical compression machines, the system 
consists of a high-pressure circuit and a low-pressure 
circuit. Depending on the ammonia concentration in the 
binary mixture, there are three lines in the system, in 
particular: (i) the line with pure solution (1-2-3-4), (ii) 
the poor solution line (5-6-7) and (iii) the strong solution 
line (8-9-10). Thus, according to the definition of 
ASHRAE as described by the Ref. [2], a weak solution 
is understood to mean the solution having a low 
capacity to absorb refrigerant vapor. 

In its principle of operation, with the supply of heat Qg , 
the NH 3  refrigerant in the weak solution vaporizes in 
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the generator (1). The pure refrigerant vapor cools and 
liquefies at high pressure (2) in the condenser and then 
passes into the evaporator (4) through an expansion 
valve (3) which reduces the pressure of the refrigerant 
to the low pressure existing in the evaporator. The 
liquid refrigerant admitted to the evaporator vaporizes 
by absorbing the heat from the enclosure to be cooled 
and the resulting vapor under low pressure (4) passes 
into the absorber. After vaporization of the pure 
refrigerant in the generator, the solution remaining in 
the mixture, also called strong solution (8), arrives at 
the absorber through a heat recovery exchanger (9) 
and a pressure reducing valve (10) where it absorbs 
the vapors (4) produced in the evaporator to form the 
weak solution (5). The weak solution (5) is then 
pumped at high pressure (6) to the generator through a 
heat recovery exchanger where it absorbs part of the 
calories of the strong solution. Once the weak solution 
has been preheated (7), it is admitted into the 
generator to give rise to a new cycle. 

3. THERMODYNAMIC ANALYSIS 

3.1. Hypotheses 

1. The system operates in a state of equilibrium. 

2. Energy losses and pressure drop along the 
system piping are negligible. 

3. The NH 3 ! NaSCN  solution is respectively in the 
state of equilibrium at the level of the generator 
and of the absorber. 

4. The pure ammonia is in the saturated state 
respectively at the level of the evaporator and 
the condenser. 

5. The kinetic and potential energies of the system 
are negligible. 

3.2. Mathematical Formulations 

The performance of the absorption refrigeration cycle is 
determined by calculating the operational coefficient of 
performance (COP) as follows: 

 
COP =

!Qe
!Wme + !Qg

           (1) 

The use of equation (1) is made by establishing the 
mass and energy balance equations following a 
phenomenological approach to thermodynamics. 
Elaborated on the basis of the hypotheses formulated 
and from equations (2), (3) and (4) respectively 
reflecting the mass, material and energy balances, 
Table 1 summarizes the different equations established 
at the level of each component of the system [2, 5]. 

Total mass balance:  

 
!mi = 0!            (2) 

Material balance: 

 
Xi !mi = 0!             (3) 

Energy balance: 

 
!Qi! + !Wi! + !mihi! = 0          (4) 

Table 1 respectively associates the flow rates of the 
strong and weak solutions and the rate of circulation of 

 
Figure 1: The schematic of the Single Effect Absorption Machine (SEAM). 
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the weak solution as a function of the pure solution as 
follows: 

 
!m8 =

X1 ! X7
X7 ! X8

!m1            (5) 

 
!m7 =

X1 ! X8
X7 ! X8

!m1            (6) 

 
! c =

!m7

!m1

           (7) 

4. CONCEPT OF "FLUID THAT CONTROLS HEAT 
TRANSFER" 

The thermal efficiency of the thermal regenerator is 
defined in accordance with the concept of "fluid which 
controls heat transfer". This concept as described by 
the Ref. [14], implies that for the operation of a heat 
exchanger against the current, the temperature 

distribution in the exchanger is a function of the fluid 
that governs the heat transfer. The term “fluid which 
governs the transfer of heat” is understood to mean the 
fluid whose heat flow qc (J /˚C / s)  is low. It can 
therefore be the hot fluid or the cold fluid. The heat flow 
of a fluid is the product of its mass flow qm (kg / s)  to its 
specific heat capacity Cp (J / kg /˚C) . That is:  

 qc = !m !Cp             (8) 

Thus, for a heat exchanger with counter-current coaxial 
tubes as illustrated in Figure 2, the temperature 
distribution presents one of the forms illustrated in 
Figure 3. 

Tce  and TCS   (Tfe  and Tfs ) respectively represent the 
inlet and outlet temperatures of the hot (cold) fluid 
expressed in ° C. 

Table 1: Mass / Material / Energy equations for different components of SEAM 

Component  Mass / Material / Energy equations 

NH 3 ! NaSCN  Generator 

 

!m7 = !m1 + !m8 (5)
!m7X7 = !m1X1 + !m8X8 (6)
!Qg = !m1h1 + !m8h8 ! !m7h7 (7)

 

NH 3  Condenser 

 

!m2 = !m1 (8)
X2 = X1 (9)
!Qc = !m1 (h1 ! h2 ) (10)

 

NH 3  Expansion Valve 1 

 

!m3 = !m2 (11)
X3 = X2 (12)
h3 = h2 (13)

 

NH 3  Evaporator 

 

!m4 = !m4 (14)
X4 = X3 (15)
!Qe = !m1 (h4 ! h3 ) (16)

 

NH 3 ! NaSCN  Absorber 

 

!m5 = !m4 + !m10 (17)
!m5X5 = !m4X4 + !m10X10 (18)
!Qa = !m4h4 + !m10h10 ! !m5h5 (19)

 

NH 3 ! NaSCN  Pump 

 

!m6 = !m5 (20)
X6 = X5 (21)
!Wme = h6 ! h5 (22)
!Wme = (P6 ! P5 )" v6 (23)

 

NH 3 ! NaSCN  Expansion Valve 2 

 

!m10 = !m9 (24)
X10 = X9 (25)
h10 ! h9 (26)

 

NH 3 ! NaSCN  Regenerator Heat Exchanger 

 

!m7 = !m6 (27)
X7 = X6 (28)
!m9 = !m8 (29)
X9 = X8 (30)
!m6 (h7 ! h6 ) = !m8 (h8 ! h9 ) (31)
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The thermal efficiency of the heat exchanger is defined 
as the ratio of the heat flow actually transferred in the 
exchanger to the maximum heat flow that would be 
transferred under the same conditions of inlet 
temperatures of the two fluids in a tubular exchanger of 
infinite length working against the current [14]: 

!th,ex =
"
"max

            (9) 

Figure 3 illustrates two scenarios: 

- If qcc < qcf , we say that the "hot fluid controls the 
heat transfer". In this case, the “thermal cooling 
efficiency” of the exchanger is defined: 

!th,exr =
Tce "TCS
Tce "Tfe

         (10) 

- If qcc > qcf , we say that the "cold fluid controls the 
transfer of heat". In this case, the “thermal 
heating efficiency” of the exchanger is defined: 

!th,exr =
Tfs "Tfe

Tce "Tfe

          (11) 

5. CHOICE OF WORKING FLUID 

Absorption refrigeration systems using working fluids 
NH 3 ! LiBr  and NH 3 ! H 2O  have known a limitation in 
their application due to many drawbacks such as 
crystallization, corrosion, toxicity, rectification, etc. [20, 
21]. Numerous works indicate binary mixing 
NH 3 ! NaSCN  as an alternative in improving the 
performance of an absorption refrigeration system; we 
can list for this purpose, [22, 23]. In the context of our 
study, we will consider the NH 3 ! NaSCN  mixture as a 
working fluid. 

5.1. Thermodynamic Properties of the Chosen 
Working Fluid 

In our NH 3 ! NaSCN  binary mixture absorption 
refrigeration cycle, the thermodynamic properties in 
states (1) - (4) are defined by the pure solution (NH3), 
those in states (5) - (7) are defined by the weak 

 
Figure 2: The schematic of counter-current heat exchanger. 

 

 
Figure 3: Temperature evolution in a countercurrent heat exchanger (a): the strong solution controls the heat transfer, (b): the 
weak solution controls the heat transfer. 
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solution ( NH 3 ! NaSCN ) and those in states (8) - (10) 
are defined by the strong solution ( NH 3 ! NaSCN ). 
Given that it is accepted that the performance of 
absorption cycles strongly depends on the chemical 
and thermodynamic properties of the 
refrigerant/absorbent pair used; such as thermal 
stability, heat capacity, volatility and chemical solubility 
[24], the determination of the specific heat capacity, 
therefore, appears to be a necessity. 

The Ref. [21] studied the thermodynamic and physical 
properties of the NH 3 ! NaSCN  binary couple. 
Empirical correlations of the thermodynamic properties 
of NH 3 ! NaSCN  having been defined, like the specific 
enthalpies in vapor and liquid phase, of the specific 
volume and more particularly the specific heat capacity 
necessary for the calculation of the heat flow. The Ref. 
[4, 25] provide the properties in saturated and 
superheated states of vapor and liquid ammonia. 

5.1.1. Pure Solution NH 3  

In the pressure and temperature ranges typical for 
refrigeration applications, the pressure and the 
saturated temperature of the NH 3  refrigerant are 
related by the relationship: 

P(T ) =103 aiT
i

i=0

6
!          (12) 

The specific enthalpies of saturated liquid and vapor 
are expressed as a function of temperature as follows: 
NH 3  

hL (T ) = biT
i

i=0

6
!        (13) 

hV (T ) = ciT
i

i=0

6
!          (14)  

Empirical coefficients ai , bi  and ci  are listed in Table 2 
[2]. 

5.1.2. Binary Mixture NH 3 ! NaSCN  

The relationship between pressure, concentration XNH3
 

refrigerant NH 3  and the equilibrium saturation 

temperature of a mixture NH 3 ! NaSCN  are given by 
the Ref. [2, 25]: 

lnP(T , XNH3
) = Ap (XNH3

)+
Bp (XNH3

)
T + 273.15

       (15) 

Where: 

 Ap (XNH3
) =15.7266 ! 0.298628 " XNH3

       (16) 

 Bp (XNH3
) = !2548.65 ! 2621.92 " (1! XNH3

)3       (17) 

The relationship between temperature, concentration 
XNH3

 in refrigerant NH 3  and the enthalpy is as follows 
[2, 25]: 

h(T , XNH3
) = Ah (XNH3

)+ Bh (XNH3
)!T +Ch (XNH3

)

!T 2 + Dh (XNH3
)!T 3

     (18) 

Where: 

Ah (XNH3
) = 79.72 !1072 " XNH3

+1287.9 " XNH3

2

!295.67 " XNH3

3
      (19) 

Bh (XNH3
) = 2.4081! 2.2814 " XNH3

+ 7.9291" XNH3

2

!3.5137 " XNH3

3
      (20) 

Ch (XNH3
) =10!2 (1.255 " XNH3

! 4 " XNH3

2 + 3.06 " XNH3

3 )   (21) 

Dh (XNH3
) =10!5 (!3.33" XNH3

+10 " XNH3

2 ! 3.33" XNH3

3 )   (22) 

The density of the solution is related to the 
concentration XNH3

 in refrigerant NH 3  of the binary 
mixture and the temperature [2, 25]: 

!(T , XNH3
) = A! (XNH3

)+ B! (XNH3
)"T +C! (XNH3

)"T 2    (23) 

Where: 

A! (XNH3
) =1707.519 " 2400.4348 # XNH3

+2256.5083# XNH3

2 " 930.0637 # XNH3

3
       (24) 

Table 2: Coefficients of Equations (39) – (41) 

i ai  equation (39) bi  equation (40) ci  equation (41) 

0 
1 
2 
3 
4 
5 
6 

4.2871 × 10-1 
1.6001 × 10-2 
2.3652 × 10-4 
1.6132 × 10-6 
2.4303 × 10-9 

-1.2494 × 10-11 
1.2741 × 10-13 

1.9879 × 10-2 
4.4644 × 100 
2.3652 × 10-4 
6.2790 × 10-3 
1.4591 × 10-4 
-1.5262 × 10-6 
-1.8069 × 10-8 

1.4633 × 103 
1.2839 × 100 
-1.1501 × 10-2 
-2.1523 × 10-4 
1.9055 × 10-6 
2.5608 × 10-8 

-2.5964 × 10-10 
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B! (XNH3
) = "3.6341# XNH3

+ 5.4552 # XNH3

2

"3.1674 # XNH3

3
       (25) 

C! (XNH3
) =10"2 (5.1# XNH3

" 3.6 # XNH3

2 " 5.4 # XNH3

3 )      (26) 

The specific heat data for the binary mixture was taken 
from the work of NH 3 ! NaSCN  CITATION GuJ \l 1036 
[25].  

Cp (T , XNH3
) = ACp (XNH3

)+ BCp (XNH3
)!T +CCp (XNH3

)!T 2 (27) 

Where: 

ACp (XNH3
) = 0.24081! 0.22814 " XNH3

+0.79291" XNH3

2 ! 0.35137 " XNH3

3
       (28) 

BCp (XNH3
) =10!1(0.251" XNH3

! 0.8 " XNH3

2 + 0.612 " XNH3

3 )  (29) 

CCp (XNH3
) =10!3(!0.1" XNH3

+ 0.3" XNH3

2 ! 0.1" XNH3

3 )   (30) 

6. SIMULATION PROTOCOL  

The simulation protocol consists of plotting the study 
and reference curves. For the case of study curves, a 
program is developed, based on the equations 
formulated from (1) - (57) and is simulated in the 
Matlab 2015a environment. The input data is taken in 
accordance with the work of the Ref. [2]. With a view to 
extending analyzes, the upper limit of the generator 
temperature is taken equal to the critical ammonia 
temperature Tcr(NH 3 ) =132.4˚C  [26]. The data 
declared at the start of the program allow the 
calculation of the thermodynamic parameters at the 
different points of the cycle, more particularly at points 
(6) and (8); among which we list the mass flow rates 

 ( !m)  and the mass heats (Cp ) . Knowledge of these two 
thermodynamic parameters at these two points allows 
the calculation of their respective heat flows  ( !qc ) . A 
comparison of the difference of the two heat flows 

 (diff = !qws ! !qss )  from zero is made in order to 
determine the temperature ranges where the weak 
solution (diff < 0)  and the strong solution (diff > 0)  
govern the heat transfer. The Matlab command 

 ! find "  is used for the extraction of negative (the 
weak solution governs the heat transfer) and positive 
(the strong solution governs the heat transfer) values to 
which the corresponding temperature ranges are 
respectively assigned, depending on whether they are 
'act of the generator, the condenser, the evaporator or 
the absorber. For each temperature range defined, a 
reset in terms of inlet temperatures is carried out to 
take into account the thermal behavior of the heat 
recovery exchanger, materialized by the thermal 
cooling efficiency in the case where the strong solution 

governs heat transfer and by thermal heating efficiency 
in the event that the weak solution governs the heat 
transfer. The different corresponding curves are plotted 
by the following. 

For the case of reference curves, digitization of the 
curves of the Ref. [2] is made for the curves of the 
coefficient of performance and the rate of circulation 
relative to the binary couple NH 3 ! NaSCN . The 
digitization is made from getting Data Graph Digitizer 
software version 2.26.0.20. This software package is a 
program for digitizing graphics, plots and maps. It takes 
into account graphic formats of the JPED type. It allows 
an easy reorganization of the points of a graph and an 
export of the data in XLS format. The Microsoft Excel 
2010 Excel spreadsheet was used to store the data 
generated for the purpose of later importing them into 
the Matlab environment where the plotting of the 
curves followed. Figure 4 thus summarizes the whole 
of the simulation protocol used. 

7. VALIDATION OF THE SIMULATION PROGRAM 

The validation of our program consisted of 
implementing the constant input data from [2] into our 
program and comparing the results; the results of the 
Ref. [2] being considered as references. The 
expression of the thermal efficiency of the heat 
recovery exchanger was taken as indicated by the Ref. 
[2]. For the indicated range of generator temperatures 
[55 °C, 105 °C] the curves of Figures 5 and 6 have 
been plotted. 

Figures 5 and 6 respectively represent the evolution of 
the coefficient of performance (COP) and of the 
circulation rate ! (%)  of the system as a function of the 
increase in the temperature of the generator Tg (˚C) . A 
first observation has been made. For the case of the 
two figures, the curves of COP and !  of keeping the 
same evolution profile. Nevertheless, differences are 
observed between the study curves and the reference 
curves. 

Table 3 presents the order of magnitude of the relative 
differences between the thermodynamic properties 
obtained at different points of the cycle. The Table 4 
shows the order of magnitude of the relative 
differences between the energy flows at the level of the 
various components of the system. In general, the 
relative deviations observed are less than 1%. We can 
therefore attribute the offset of the study curves and the 
reference curves to the simulation environments used 
to obtain the different results. 

The second observation made is the existence of 
asymptotic lines for the case of study curves. These 
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Figure 4: Calculation procedure of optimal operating parameters. 

 

 
Figure 5: Plot of the COP according to Tg. 
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Figure 6: Plot of the Circulation Ration according to Tg. 

 

Table 3: Thermodynamics Properties at Various States in Ammonia-Sodium Thiocyanate Cycle 

T (°C) P (kPa) X (%) m (kg/min) h (kJ/kg) 
Fluid  
state Ref.  

states  
Study  
states  

Rel.  
error 
(%) 

Ref.  
states  

Study  
states  

Rel.  
error 
(%) 

Ref.  
states  

Study  
states  

Rel.  
error 
(%) 

Ref.  
states  

Study  
states  

Rel.  
error 
(%) 

Ref.  
states  

Study  
states  

Rel.  
error 
(%) 

(1) 100.00 100.00 0.00 1166.92 1166.92 0.00 100.00 100.00 0.00 1.00 1.00 0.00 1448.44 1448.44 0.00 

(2) 30.00 30.00 0.00 1166.92 1166.92 0.00 100.00 100.00 0.00 1.00 1.00 0.00 340.78 340.78 0.00 

(3) / -5.00 / / 354.42 / / 100.00 / / 1.00 / / 340.78 / 

(4) -5.00 -5.00 0.00 354.42 354.42 0.00 100.00 100.00 0.00 1.00 1.00 0.00 1456.62 1456.62 0.00 

(5) 25.00 25.00 0.00 354.42 354.42 0.00 49.12 49.08 0.081 5.35 5.37 0.374 -101.40 -101.42 0.02 

(6) / 25.31 / / 1166.92 / / 49.08 / / 5.37 / / -100.56 / 

(7) 69.60 69.84 0.345 1166.92 1166.92 0.00 49.12 49.08 0.081 5.35 5.37 0.374 25.13 25.20 0.29 

(8) 100.00 100.00 0.00 1166.92 1166.92 0.00 37.43 37.41 0.053 4.35 4.37 0.460 98.26 98.27 0.01 

(9) / 40.25 / / 1166.92 / / 37.41 / / 4.37 / / -55.61 / 

(10) 40.00 40.25 0.625 354.42 354.42 0.00 37.43 37.41 0.053 4.35 4.37 0.460 -56.27 -55.61 1.17 

The number in brackets are shown in Figure 1. 
/: Unspecified values; Rel.: Relative; Ref.: Reference. 
 

Table 4: Energy Flow each Component in Ammonia-Sodium Thiocyanate Cycle 

Energy flow Ref. data Study data Relative error (%) 

Generator Qg (kW) 29.0292 29.0381 0.031 

Condenser Qc (kW) 18.4611 18.4611 0.000 

Evaporator Qe (kW) 18.5974 18.5974 0.000 

Absorber Qa (kW) 29.2425 29.3007 0.199 

Pump Wme (kW) 0.0770 0.0770 0.000 

Recovery Qex (kW) 11.2151 11.2473 0.287 

COP 0.6390 0.6388 0.031 

 

curves are materialized by the temperatures of the 
generator Tg = 65˚C  for the case of the COP evolution 
curve and, Tg = 66.9˚C  in the case of the evolution of 

the system circulation rate. Table 5 was constructed to 
demonstrate the origin of these different asymptotes 
from the signs of the mass flow rates at the different 
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points of the cycle for the temperature range 
considered. It is observed that for the temperature 
range (55 °C, 66 °C), the mass flow rates of the strong 
solution at points 8, 9 and 10 of the cycle are negative. 
This observation shows that there are temperature 
ranges for which the operation of the system makes no 
physical sense. In the qualitative approach of all the 
operating equations of the system. 

The third observation highlights the so-called starting 
temperature of the system. The term “start-up 
temperature” is understood to mean the temperature 
above which the operation of the system has a physical 
meaning. It is approximately observed at 61.1 °C for 
the reference curves and at 66.9 °C for the study 
curves. As a result, it is noted that it is impossible to 
operate an absorption refrigeration cycle for a 
generator temperature strictly below 67 °C, a value 
considered as the starting temperature of the system. 

Ultimately, the relative deviations observed of less than 
1% show that the results obtained from our study are 
weakly influenced and are very close to the reference 
results. They can therefore be considered as analysis 
data in the remainder of the study. 

8. RESULTS AND DISCUSSIONS 

Figure 7 is a representation of the change in the COP 
of the absorption machine as a function of the 
temperature of the generator relative to the 
NH 3 ! NaSCN  binary pair. Three domains limited by 
two lines Tg = 66.9 °C and Tg = 123.1 °C are 
observed. These two delimitation lines represent the 
temperature limits of the generator for which the 
thermal operation of the heat recovery exchanger 
changes depending on the magnitude of the heat flow 
rates of the weak and strong solutions involved in the 
heat transfer. 

The first area qualified as "non-functional area", within 
the framework of our study, is materialized by 

temperatures strictly lower than 66.9 °C for which the 
operation of the machine has no positive effect for the 
function it must perform such as described from Table 
5. This is one of the areas where the strong solution 
governs heat transfer. In this area, we can see part of 
the curve of the Ref. [2] where the machine is 
operational from 61.1 °C. 

The second domain materialized by the temperature 
range (66.9 °C, 123.1 °C) is that for which the weak 
solution governs the heat transfer. The heat output of 
the weak solution is lower than the heat output of the 
strong solution. The thermal efficiency of the heat 
recovery exchanger used in this field is "heating 
efficiency". For this area, we can see that the 
temperature from which the machine is operational is 
66.9 °C, the COP increases strongly between 66.9 °C 
and 78.4 °C and slowly between 78.4 ° C and 123.1 °C 
without showing a constant plate. 

The third domain materialized by temperatures strictly 
above 123.1 °C and limited by the critical ammonia 
temperature 132.4 °C [26], is the one for which the 
strong solution governs the heat transfer. Here, it is the 
heat flow rate of the strong solution which is lower than 
the heat flow rate of the weak solution. The thermal 
efficiency of the heat recovery exchanger used is the 
“cooling efficiency”. In this area, we can see a 
significant rise in the COP values as a function of the 
temperature of the generator. This result shows that 
contrary to the limit indicated by the Ref. [2] for which 
the operation of absorption cycles with flat plate solar 
collectors is below 90 ° C, it is possible in our case, 
with a good characterization of the heat recovery 
exchanger, to reach values of the COP still higher for a 
generator temperature value close to the critical 
ammonia temperature. For example, the COP value of 
0.87 is reached for a generator temperature of 125 °C; 
Figure 8 shows that at this value of the generator 
temperature, the size of the feed pump is much smaller 
for a power estimated at 0.05 kW. 

Table 5: Signs of the Different Thermodynamic Parameters at the Points of the Cycle According to the Ranges of Tg 

 Points  1 2 3 4 5 6 7 8 9 10 

Thermodynamic 
parameters  Tg(°C)  

 [55!58]  + + + + + + + - - - 

 [59!63]  + + + + + + + - - - 

 [64!66]  + + + + + + + - - -  

!m
(kg / min)

 

 [67!105]  + + + + + + + + + + 

 : Anormal phenomena 
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There is also continuity between the last two domains. 
This demonstrates that during the operation of the 
absorption machine, the change in the thermal 
behavior of the heat recovery exchanger as a function 
of the temperature of the generator does not in any 
way modify the magnitude of the performance of the 
machine. The last area shows that with the existence of 
a binary pair as a working fluid capable of withstanding 
temperatures beyond the critical temperature of 
ammonia, we could obtain machine performance 

greater than 1 as in the case of conventional 
thermodynamic systems (air conditioning, 
refrigeration). By way of example, with the same 
operational conditions, the simulation indicates that at 
150 °C, a COP value equal to 1.71 and a circulation 
factor equal to 3.16 corresponding to the working pump 
of 0.05 kW were obtained. 

Figure 9 is a representation of the values of the COP of 
the machine evolving as a function of the temperature 

 
Figure 7: Comparison of the effect of COP values on generator temperatures. 

 

 
Figure 8: Comparison of the effect of Circulation ratio values on generator temperatures. 
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of the evaporator. For the temperature range (-12.5 °C, 
12.5 °C) considered, two domains are represented 
limited by two lines Te  = -2.2 °C and Te  = 12.5 °C. 

The first domain is materialized by the temperature 
range (-12.5 °C, -2.2 °C). In this area, the increase in 
the temperature of the evaporator has little influence on 
the increase in the COP of the system. This is 
characterized by a low slope. But compared to the 
reference values, the study COP is much better than 
the reference COP. A similar observation is made for 
the second domain materialized by the temperature 

range (-2.2 °C 12.5 °C); except that here, the slope of 
the COP is much more acute. Significant values of the 
COP are reached up to more than 0.85. Contrary to [2] 
where at -5 ° C we reach values of the COP below 
0.65, we reach in our case, a value of the COP 
substantially equal to 0.75 at the same temperature; 
i.e. a gap of 10%. 

Figure 10 shows that the thermal behavior of the heat 
recovery exchanger has no influence on the circulation 
factor. Whether it is thermal heating efficiency or 
thermal cooling efficiency, the evolution of the system 

 
Figure 9: Comparison of the effect of COP values on evaporator temperatures. 

 

 
Figure 10: Comparison of the effect of Circulation ratio values on evaporator temperatures. 
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circulation rate is continuous and decreases with 
increasing evaporator temperature. 

Figure 11 shows a representation of the values of the 
COP of the machine changing as a function of the 
temperature of the condenser. For the temperature 
range (15 °C, 45 °C) considered, two domains are 
represented limited by the two lines Tc = 19 °C and Tc 
= 45 °C. 

The first domain is materialized by the temperature 
range (15 °C, 19 °C). In this area, the strong solution 
governs heat transfer. It is observed depending on the 

set operating conditions, the COP decreases 
appreciably with the increase in the temperature of the 
condenser. It is 0.78 at 15 °C and 0.77 at 19 °C. This 
area requires the use of a high power condenser. For 
example, for a condensing temperature of 16 °C, you 
would need a condenser with a power equal to 19.83 
kW. At this same temperature, Figure 12 shows a 
circulation pump of 0.04 kW corresponding to a system 
circulation rate of 4.72. 

In the second domain materialized by the temperature 
range of the condenser (19 °C, 45 °C), the weak 
solution governs the heat transfer. Two subdomains 

 
Figure 11: Comparison of the effect of COP values on condenser temperatures. 

 

 
Figure 12: Comparison of the effect of Circulation ratio values on condenser temperatures. 
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are to be observed. The first subdomain is defined for 
condenser temperatures between 19 °C and 34.6 °C. 
In this temperature range, the COP decreases little 
noticeably with the increase in the temperature of the 
condenser which is characterized by a low slope. 
Between the temperatures of 34.6 °C and 45 °C 
materializing the second subdomain, it is observed an 
abrupt rise in the values of the COP from 0.74 to 0.83. 

Figure 12 shows that the nature of the solution which 
governs the heat transfer has no influence on the 

circulation factor of the system. The study and 
reference curves merge perfectly. 

Figure 13 is a representation of the values of the COP 
of the machine evolving as a function of the 
temperature of the absorber. For the temperature 
range (15 °C, 45 °C) considered, two domains are 
represented limited by the two lines Ta = 27.6 °C and 
Ta = 45 °C. 

The first domain is materialized by the temperature 
range (15 °C, 27.6 °C). In this area, the strong solution 

 
Figure 13: Comparison of the effect of COP values on absorber temperatures. 

 

 
Figure 14: Comparison of the effect of Circulation ratio values on absorber temperatures. 
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governs heat transfer. Its heat output is lower than the 
heat output of the weak solution. It is observed that the 
values of the COP are quite important for the low 
temperatures of the absorber. It varies from 0.78 at 15 
°C to 0.73 at 27.5 °C. 

In the second domain materialized by the temperature 
range of the condenser (19 °C, 45 °C), the weak 
solution governs the heat transfer. Its heat output is 
lower than the heat output of the strong solution. The 
performance of the machine decreases as the 
temperature of the absorber increases. A discontinuity 
between the two domains is observed. Figure 14 
shows that with regard to the evolution of the 
circulation rate, this evolution is not influenced by the 
thermal behavior of the heat recovery exchanger. The 
study and reference curves overlap perfectly. 

9. CONCLUSION  

Absorption machines have demonstrated their positive 
impact on the valorization of renewable energies and, 
in part, in the protection of the environment. Providing a 
precise energy analysis to these machines would make 
it possible to optimize both their performance and the 
size of their equipment. Carrying out a study on the 
thermal behavior of the heat recovery exchanger 
regularly used, the results obtained showed that the 
performances of the absorption machine strongly 
depend on the thermal behavior of the heat recovery 
exchanger. In other words, depending on certain 
temperature ranges, the weak solution or the strong 
solution governs the heat transfer; which gives rise 
respectively to the cooling and heating efficiencies. 
Taking into account these two types of efficiency, it was 
found that the performance of the machine is even 
more important and the size of its equipment reduced. 
Also, it has been shown that it is possible to operate 
with generator temperatures above 90 °C. and close to 
the critical ammonia temperature. Since the thermal 
behavior of the heat recovery exchanger does not 
influence the value of the coefficient of performance in 
any way, it has been observed that it is possible to 
obtain values strictly beyond 1 if it was possible to have 
a working fluid capable of withstanding temperatures 
above 150 °C. 
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