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Abstract 
 

The main objective of this article aims to enhance a single stage absorption refrigeration machine, using the ammonia-

water pair as working fluid, and this from the improvement of its exergetic performances by means of a vapor 

rectification system. The rectifier makes it possible to emit a vapor enriched in pure fluid (ammonia) with a high flow 

rate; this one is thus transformed into condensate after condensation; as it also allows evacuating a liquid (water) in 

the form of reflux. Moreover, in order to show the role of the rectifier and to highlight its impact on the operation of 

the proposed installation, the methodology adopted in this work aims to develop a thermodynamic model of numerical 

simulation using the FORTRAN language according to two approaches. An energetic analysis approach which aims 

to assess, in a first time, the performance of the studied refrigeration installation. However, the exergetic approach 

tries to calculate the exergy efficiency, and thus to evaluate the losses of exergies of the refrigeration installation in a 

second time. Therefore, the obtained results showed a clear improvement in the exergetic efficiency, accompanied 

against by an optimization of the losses of exergies which are due to the irreversibility of the studied thermodynamic 

system. The novelty brought by the present study encourages the engineers and manufacturers to realize the future 

absorption refrigeration machines integrating rectifier systems.  

 

Keywords: Rectifier; simulation model; exergetic efficiency; exergy loss; exergy transfer.  

 

1. Introduction 

Absorption refrigeration machines are a hot topic of 

research today. They arouse growing interest, thanks to their 

advantages such as the use of low quality heat sources and 

environmentally friendly working fluid pairs [1]. Among the 

most used couples in this topic, there are available binary 

mixtures for these systems, such as lithium bromide-water 

(LiBr-H2O) and ammonia-water (NH3-H2O) [2]. The main 

problem with LiBr-H2O fluids mixture is the crystallization 

of the system [3], while the NH3-H2O couple can cause 

corrosion of the installation. Since, the ammonia has been 

used as refrigerant in absorption cooling systems for a long 

time [4]; the choice of the binary ammonia-water solution 

(H2O-NH3) as the working fluid of the refrigeration machine 

[5-6] refer to this mixture presents very interesting 

characteristics and advantages [7], in particular when 

attempting to produce cold at temperatures below zero 

degree Celsius [8-9]. In other words, improving a machine 

reverts to improving its performances. In this respect, many 

previous studies and research have been carried out to 

develop methods of improving the performance of 

absorption refrigeration systems, in order to make these 

refrigeration technologies more competitive compared with 

the conventional compression refrigeration systems [1]. A 

recently published study by Li Jianbo [10] analyzed and 

evaluated a new combined absorption-compression 

refrigeration cycle that can result in waste heat from an 

internal combustion engine in overloaded vehicles, ships or 

diesel generators. The results of the theoretical calculation 

showed that the proposed cycle of the combined absorption-

compression system had a higher coefficient of performance 

than the compression refrigeration cycle. Two other new 

hybrid absorption-compression refrigeration systems, using 

R1234yf/ionic liquid as a mixture of working fluids, have 

been proposed and analyzed by X. Liu et al [11] in order to 

improving their performance. For these last two systems, the 

compressors were placed respectively between the generator 

and the condenser on one side, and between the absorber and 

the evaporator on the other side, in order to study the effect 

of the position of the compressor on the performance of the 

installations. These studies showed that a greater 

improvement in COP related to the system with a compressor 

installed between the absorber and the evaporator. 

Massamba Thioye [12] exhibited an improvement in the 

performance of absorption refrigeration machines by the use 

of staged absorption and desorption cycles consuming 

energy in the form of heat with low exergetic value. 

J.Dardouch, M.Charia et al [13] studied energetically, the 

single absorption refrigeration machine with a distillation 

column. From this study, it emerges a high performance and 

optimal operation of the machine in a Moroccan climate. 

However, the implementation of this installation requires a 

further study, taking into account the economic aspect based 

on an exergetic analysis in order to assess the cost of 

profitability and investment linked to the manufacturing 

conditions of the refrigeration machine in question. In view 

of reducing the manufacturing conditions of the absorption 

refrigeration machine, the installation of a distillation 



 
030 / Vol. 25 (No. 1)   Int. Centre for Applied Thermodynamics (ICAT) 

column was omitted by the authors M. Ahachad, M. Charia 

and A. Bernatchou in [14] who carried out a study of the 

single-stage absorption machine equipped with a bubbling 

system; and which can act as a distillation stage. Moreover, 

the study showed that the improved solar refrigeration 

machine could produce cooling with attractive performance 

while maintaining the simplicity of the machine. It should be 

therefore noted that the exergetic analysis was not addressed 

in this latest study. For this purpose, in thermodynamics, the 

energetic analysis according to the first law based on the laws 

of conservation of mass and energy alone remains 

insufficient to assess the efficiency of such a refrigeration 

system. Yet, the employment of the second law of 

thermodynamics, to perform an exergetic analysis of a 

system is extremely necessary to describe exhaustively 

qualitatively and quantitatively, the evaluation of the 

efficiency of this system. In this context, the following 

question arises: 

How can we contribute, through this work, to improving 

the exergetic efficiency of the refrigeration machine with 

rectifier, and highlight its repercussion on its irreversibility 

based on the first and second laws of thermodynamics? 

To answer this problem, this work was organized around 

three axes: 

The first axis deals with a description of the proposed 

refrigeration installation. The second axis presents the 

thermodynamic analysis procedure, as well as the 

methodology to be adopted to initiate this study. The third 

axis describes and interprets the obtained results.        

  

2. The proposed system design 

The present work concerns the study of performance 

improvement by a rectification system of a single-stage 

absorption refrigeration machine illustrated in Figure 1. 

   

2.1 Absorption frigorific installation without rectifier 

The absorption refrigeration machine is composed of a 

boiler, a condenser, an evaporator, an absorber, two 

expansion valves and two heat exchangers. In this frigorific 

installation, we must distinguish between two circuits:  

The refrigerant circuit is located between the boiler and 

the condenser, the evaporator and the absorber, and the 

circuit of the refrigerant-absorbent solution between the 

absorber and the boiler (Figure 1 (a)). 

Like the compression machine, the absorption machine 

has low pressure inside the evaporator, and high pressure 

inside the condenser. 

 

2.2 Absorption frigorific installation with rectifier 

It is an absorption refrigeration installation, operating 

with the water-ammonia couple, ammonia is the refrigerant 

and water is the absorbent [15]. This system is composed of 

the same elements as the single-stage refrigeration machine, 

but equipped by rectifier installed at the outlet of the boiler. 

In the stationary regime, the operation of the refrigeration 

installation (Figure 1 (b)) can be summarized as follows: 

In the evaporator traversed by a water circuit, the 

refrigerant (here ammonia) is vaporized in a very low 

pressure environment. However, the amount of heat from the 

environment to be cooled at temperature TF causes boiling 

the refrigerant (NH3) by extracting heat from this water 

which is thus cooled. The produced vapors are absorbed by 

a poor solution in the absorber which contains the absorbent 

solution at ambient temperature TM. The rich solution, before 

entering the boiler, is therefore sent by a pump to supply the 

rectifier, undergoing heating through the passage by a heat 

exchanger (HE 2). From the rectifier, a part of water in the 

form of reflux is routed to the boiler. It receives heat at the 

temperature TB which causes desorption of the refrigerant. 

While, the vapor coming out from the boiler reverse, by 

putting in equilibrating, the rich solution in a rectifier which 

is located at temperature lower than that of the boiler, and 

subsequently the vapor leaving from this latter is enriched in 

ammonia. This system can be considered as a single stage 

distiller. The impoverished solution is cooled via HE 2 and 

returns to the absorber through an expansion valve (EV 2). 

Finally, the vapors leaving the high pressure rectifier are sent 

to the condenser, and the liquid leaving the latter is thus sent 

to the evaporator through an expansion valve (EV 1) 

undergoing cooling via the passage through a heat exchanger 

(HE 1) to start again, a new thermodynamic cycle. 

 

Figure 1. Schematic diagram of a single-stage absorption refrigeration machine: without rectifier (a); with rectifier (b)
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3. Thermodynamic analysis methodology 

3.1 Energetic analysis approach 

According to the first principle of thermodynamics, the 

energetic analysis of the refrigeration system is based on the 

establishment of the mass and energy balances of the various 

elements of the refrigeration machine [16], from the 

application of the following equations [17]: 

 

∑ �̇�𝑖𝑛 = ∑ �̇�𝑜𝑢𝑡                                                                (1) 

    

∑ 𝑄𝑖𝑖 + 𝑊 = ∑ �̇�𝑜𝑢𝑡𝑜𝑢𝑡 . ℎ𝑜𝑢𝑡 − ∑ �̇�𝑖𝑛𝑖𝑛 . ℎ𝑖𝑛                  (2) 

 

Table 1.Modeling of mass and energetic balances of the 

simple absorption refrigeration machine without rectifier. 

Components Mass balances; mass concentration; 

energetic balances 

Boiler 

 

�̇�1 + �̇�10 = �̇�9                                 (3)  

�̇�1. Y1 + �̇�10. X10 = �̇�9. X9               (4)                    

QB = �̇�1h1 + �̇�10h10 − �̇�9h9          (5)                      

Absorber 

 

�̇�7 = �̇�6 + �̇�12                                 (6)                                  

�̇�7. X7 = �̇�6. Y6 + �̇�12. X12               (7)                  

QA = �̇�7. h7 − �̇�6. h6 − �̇�12. h12      (8)                        

Evaporator 

 

 

�̇�4 = �̇�5 = �̇�1                                  (9)                    

QF = �̇�1. (h5 − h4)                          (10) 

 

Condenser 

 

�̇�1 = �̇�2                                           (11) 

QC = �̇�1. (h2 − h1)                          (12) 

Pump 

  
Expansion 

valve 

�̇�7 = �̇�8                                           (13) 

�̇�𝑃 = �̇�7. (ℎ7 − ℎ8)                         (14) 

 

 

 

 

�̇�3 = �̇�4                                           (15) 

h3 = h4                                             (16) 

 

�̇�11 = �̇�12                                        (17) 

h11 = h12                                          (18) 

      

Heat 

exchanger  

 

 

�̇�2 = �̇�3                                           (19) 

�̇�5 = �̇�6                                           (20) 

�̇�6. (h6 − h5) = �̇�2. (h2 − h3)        (21)      

 

�̇�8 = �̇�9                                           (22) 

�̇�10 = �̇�11                                        (23) 

�̇�9. (h9 − h8) = �̇�10. (h10 − h11)   (24)              

With: �̇�, Qi, 𝑊 and h represent the mass flow rate (kg/sec), 

heat transfer rate (kW), mechanical power (kW) and 

enthalpy (kJ/kg), respectively. The abbreviations in and out 

denote the input and output of the system.  

By applying the two equations 1 and 2, the model thus 

established makes it possible to calculate the quantities of 

heat exchanged at the level of each component of the 

refrigeration machine. 

Table 1 illustrates the mathematical modeling of the mass 

and energetic balances of the various components of the 

simple absorption refrigeration machine without rectifier. 

The configuration shown in table 1 remains applicable even 

for the configuration of the machine with rectifier, but with 

adoption of the new modification shown in table 2 relating 

to figure 1 (b). Then, table 2 represents the mathematical 

modeling of the mass and energetic balances of the various 

components of the refrigeration machine with rectifier. 

 

Table 2. Modeling of mass and energetic balances of the 

simple absorption refrigeration machine with rectifier. 

Components Mass balances; mass concentration; 

energetic balances 

Boiler 

 

 

�̇�1 + �̇�10 = �̇�13                              (25) 

�̇�1. Y1 + �̇�10. X10 = �̇�13. X13          (26)                

QBB = �̇�1. h1 + �̇�10. h10 − �̇�1. ℎ13(27) 

Rectifier 

 

�̇�14 + �̇�13 = �̇�1 + �̇�9                    (28)                         

�̇�14. Y14 + �̇�13. X13 = �̇�1. Y1 + �̇�9. X9 

  (29)                                               

QR = �̇�14. h14 + �̇�13. h13 − �̇�1. h1 −
�̇�9. h9                                                (30) 

 

Condenser 

 

 

 

�̇�14 = �̇�2                                         (31) 

𝑄𝐶 = �̇�14. (ℎ2 − ℎ14)                       (32)                                  

 

3.2 Exergetic analysis approach 

3.2.1 Generality on the exergy concept 

Before performing the exergetic mathematical modeling, 

it is necessary to define the concept of exergy: 

Exergy is the usable part of an amount of energy [18]. It 

is a quantity allowing to measuring the quality of energy in 

a system [19-20]. Based on the fundamental principles of this 

concept [19], the exergy analysis methods help to analyze the 

irreversibility of a frigorific system [21], with a view to 

improving these performances by relying on the first and 

second laws of thermodynamics [22]. They allow energy 

resources to be used more efficiently [23]. The exergetic 

analysis is one of the methods applied in various fields of 

energetic engineering [24], namely cooling and refrigeration 

to study especially the exergy destroyed [25] in 

thermodynamic system [26], with a view to minimizing them 

and maximizing their performance [22]. Nevertheless, the 

exergy balance describes how much an amount of energy in 

a process is consumed by it [23]. 

In this work, the exergy analysis methods to be applied 

to the machine in a stationary regime, and are dependent on 

the analysis of the exergy balances on the one hand, and on 
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the evaluation of the exergy losses of the various elements of 

the machine on the other hand. The exergy at any point of a 

thermodynamic cycle of a refrigerating machine is expressed 

by the following equation [24, 27-28]: 

 

Ex = �̇�[(h − h0) − T0(s − s0)]                                      (33) 

 
Where: 

- s is the entropy (kJ/kg.K). 

- T0 is the ambient temperature. 

- h0 and s0 are the enthalpy and the entropy under the 

standard conditions, respectively.  

 

3.2.2 Formulation of exergetic balance 

By application of the first and second law of 

thermodynamics, and based on equation (2) and the entropy 

balance expressed by the following equation (Eq. (34)): 

 

∑ �̇�𝑜𝑢𝑡out . sout = ∑ �̇�𝑖𝑛in . sin + ∑
Qi

Ti
i + 𝒫                    (34) 

 
Where 𝒫 is the entropy due to the irreversibility of  system. 

 

Multiplying Eq. (34) by T0 a makes it possible to write: 

 

∑ �̇�𝑜𝑢𝑡out . T0. sout = ∑ �̇�𝑖𝑛in . T0. sin + ∑
T0

Ti
i Qi + T0𝒫 (35) 

 

The system of Eq. (2) and Eq. (35) becomes: 

 

∑ �̇�𝑜𝑢𝑡out . T0. sout + ∑ Qii + W = ∑ �̇�𝑖𝑛in . T0. sin +

∑
T0

Ti
i Qi + T0𝒫 + ∑ �̇�𝑜𝑢𝑡out . hout − ∑ �̇�𝑖𝑛in . hin           (36) 

 

Eq. (36) is equivalent to: 

 

 T0. 𝒫 = (∑ Exinin − ∑ Exoutout ) + ∑ Qii (1 −
T0

Ti
) + W(37) 

 
With: 

-  T0. 𝒫 = Exl is the exergy loss. 

-  Exin, Exout represent the exergy at the entry and exit of 

system, respectively.  

We obtain therefore, the fundamental equation designated 

below Eq. (38), which establishes the exergy balance relating to 

the refrigeration system. 

 

∆Ex + 𝒫exergie = ∑ Qii (1 −
T0

Ti
) + W                           (38) 

 

It follows that, the second term to perceive adroitly from Eq. 

(37) represents the irreversibility of the system, thus defined 

by the following equation [29]: 

 

I = ExD,j
= ∑ Exin − ∑ Exout + ∑[Q(1 −

T0

T
)]in − ∑[Q(1 −

T0

T
)]out + ∑ Win − ∑ Wout                                                         (39) 

 

Where ExD,j
 is the exery destruction for the element j (kW). 

 

In operation condition, the irreversibility of components 

of system was significant high when the exergy consumption 

is reduced [28]. The total exergy destruction (or total 

irreversibility) of the absorption machine is simply 

quantified [30] by the sum of exergy destruction in each 

component [3] and is given by [31]: 

 

ExD,tot
= ∑ ExD,j

n
j=1                                                           (40) 

 
With: n is the number of considered components of system. 

 

Generally, the main objective of the exergetic analysis is 

to determine the location of exergy losses (affecting the 

production of system) and the amount of exergy destruction 

production during the different processes of a 

thermodynamic cycle [32]. The concept of exergy 

destruction makes the obtained results by the advanced 

exergy analysis different well from those obtained by 

conventional exergy analysis [33]. During the freezing 

process, the local exergy destruction analysis is performed to 

quantify the irreversibility produced by energy dissipation 

and heat transfer [34], and it should be reduced consistently 

[35]. 

By applying the last two equations (Eq. (39) and Eq. (40)) 

and referring to the equation Eq. (37), the total the exergy 

losses of the system are calculated by the following equation: 

 

𝐸𝑥𝑙,𝑡𝑜𝑡 = 𝑄𝐵 (1 −
𝑇0

𝑇𝐵
) + 𝑄𝐹 (1 −

𝑇0

𝑇𝐹
) + �̇�𝑃                   (41) 

 

The exergetic efficiency [36] which could express the 

degree, to which the energy of any component of the system 

was exploited in quality, is however defined by the following 

formula: 

 

𝜂𝑒𝑥 = |
𝑄𝐹(1−

𝑇0
𝑇𝐹

)

𝑄𝐵(1−
𝑇0
𝑇𝐵

)+�̇�𝑃

|                                                       (42) 

 

3.3 Hypotheses 

The energetic and exergetic analysis of the 

thermodynamic cycle of the absorption machine with and 

without a rectifier is carried out taking into account the 

thermodynamic properties of the water-ammonia fluid 

couple. In order to simplify the theoretical calculations for 

each component of the refrigeration machine cycle and thus 

to facilitate modeling, the following assumptions are 

considered: 

 Operation in stationary conditions [40,31]. 

 The pump is considered isentropic [41]. 

 Expansion valves are considered isentropic. 

 Heat exchangers are considered ideal [42]. 

 The exergy losses in the heat exchangers are 

negligible on the side of the heat transfer fluids. 

 Kinetic energy and potential energy are negligible 

[16, 37]. 

 

3.4 Methodology 

The simulation model developed in this work is based on 

establishing the mass, energetic and exergetic balances of the 

various elements of the single-stage refrigeration machine 

with and without a rectifier, assumed to be in stationary 

operating. Firstly, this program allows the determination of 

the thermodynamic state of physical parameters (pressure, 

temperature, liquid and vapor phase titer, mass flow rate) at 

different points of the refrigeration machine cycle. Secondly, 

the enthalpy at any point of the thermodynamic cycle of 

refrigerating machines is calculated from the analytical 

expressions of Gibbs free energy given by B. Ziegler and Ch. 

Treep [18,43,44] by differentiation method. This makes it 

possible then, to calculate the quantities of heat exchanged at 

the level of the various parts of the machine. After that, the
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Figure 2. Evolution of the ηex as a function of the temperature of the hot source TB for different values of the average 

temperature TM of the single-stage refrigeration machine: without rectifier (a); with rectifier (b) 

 

established simulation program describes the actual process 

of the operation of the absorption refrigeration machine. 

Consequently, the calculation of all other physical quantities 

is done by using the thermodynamic analysis methods 

according to the aforementioned energy and exergy 

approaches. 

 

4. Results and discussions 

This section details the results of the numerical 

simulation with a focus on the effect of the rectification 

process on the exergy efficiency and exergy losses in an 

absorption refrigeration system. 

From different values of the average source temperature 

TM, and for an evaporation temperature TF= 0 °C and cooling 

load Q = 1kW, figure 2 illustrates a comparison of the 

evolution of the exergy efficiency ηex of two types of a 

single-stage refrigeration machines with rectifier (Figure 2 

(b)) and without rectifier (Figure 2 (a)), as a function of the 

temperature of the hot source TB. For this two figures, the 

exergy efficiency ηex reaches its maximum value, 

respectively, around 12.98 % for the machine without a 

rectification system and 20.25 % for the machine equipped 

with a rectifier under the conditions relating to temperatures 

TM = 20 °C, TF = 0 °C. For the other values of TM, the ηex 

reaches its minimum values. However, when the temperature 

TM increases, the exergetic efficiency ηex decreases with the 

increasing of temperature TB. 

According to these two figures, we have shown that the 

operating threshold temperatures of machine with and 

without rectifier decrease when TB decreases with the 

decreasing in temperature TM. So, the minimum operating 

conditions are those which correspond to TM = 20 °C. 

Figure 3 exhibits an overview on a comparison of the 

variation of the exergy efficiency ηex of the two studied 

machines. In this figure, the quality index represented by the 

parameter ηex of the thermodynamic system is plotted on y-

axis and the temperature of the hot source TB is plotted on x-

axis. We notice that, the two curves in Fig. 3 have almost the 

same appearance and the same operating temperature with a 

shift towards the maximum for the representative curve of 

the machine using rectifier as compared to the not using it. 

At the temperature TB = 85 °C, the maximum exergy 

efficiency of the absorption refrigerator with rectifier is equal 

to 20.25%. However, the maximum exergy efficiency of the 

refrigerator without rectifier is equal to 12.98% at the 

temperature TB = 93 °C. We have therefore observed an 

improvement in the exergy efficiency of the refrigeration 

machine with a rectification system compared to the single-

stage frigorific machine. Finally, we obtain a useful gain of 

exergies around 66% at TB= 85 °C and about 17.35 % at TB= 

160 °C respectively. 

 

 
Figure 3. Variation in the exergetic efficiency of the two 

machines (with and without rectifier). 

 

To evaluate the effect of rectification on the total exergy 

losses of the thermodynamic system, figure 4 shows the 

variation in the evolution of the total exergy losses as a 

function of the temperature of the boiler TB and for different 

values of the temperature of the mean source TM. During the 

evaluation of the total exergy losses relating to the two 

studied configurations, it appears that these losses of 

exergies decrease gradually when the temperature of the hot 

source decreases. We note therefore that the total exergy loss 

increase with the increasing in the values of the temperature 

of the mean source for the two studied configurations. From 

the two representations in figure 4, the minimum exergy 

losses are obtained for those corresponding to the 

temperature TM = 20 °C.
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Figure 4. Evolution of the total exergy losses for different values of the average temperature TM of the single-stage 

refrigeration machine: without rectifier (a); with rectifier (b). 

 

The below Figure 5 highlights a comparison of the 

variation in the evolution of the total exergy losses, as a 

function of the temperature of the hot source TB for the two 

absorption refrigeration machines (with and without 

rectifier). For TM = 20 ° C, TF = 0 ° C and Q = 1kW, we have 

observed a remarkable reduction in the total exergetic losses 

produced by the refrigeration machine using the rectifier 

compared to the single-stage refrigeration machine. 

When we fixed the average source temperature TM to 20 

° C, the total exergy losses of the machine with and without 

a rectifier have, respectively, a minimum value 

corresponding to 532.37 kW at TB = 86 ° C and 794.25 kW 

at TB = 94 °C. 

In order to assess how the quantities of exergy losses to 

optimize evolve, we have chosen the following three points: 

- For TB=90 °C, we have optimized almost 263.2 kW of 

exergy losses. 

- For TB=120 °C, the quantity of optimized exergy losses is 

equal to 252.85 kW. 

- For TB=150 °C, the optimized quantity of exergetic losses 

exceeds the 332 kW. 

 
Figure 5. Evolution of the total exergy losses, as a function 

of the hot source temperature TB, for the two configurations 

of refrigerator. 

 

 

Figure 6. Comparison of the total exergy losses and the exergy efficiency for the refrigeration machine with rectifier. 
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This optimization deviation becomes quite large with the 

increasing temperature of the hot source. We have therefore 

highlighted the importance of the rectifier and its role in 

optimizing exergy losses. 

In accordance with the objectives previously stated, and 

in order to demonstrate the relation between the different 

parameters evaluated in the current study, figure 6 shows the 

result of a comparison in the variation of the total exergy 

losses Exl,tot with the evolution of the exergy efficiency ηex 

of the refrigeration machine equipped with a rectifier. 

According to Figure 6, we notice that when the exergy 

efficiency reached its maximum, the exergetic losses have 

becoming minimum. We have therefore observed that the 

exergy losses evolve in an inversely proportional way, that 

the exergy efficiency of the absorption refrigerator improved 

by the rectification system. This means that we have 

evaluated and verified the reliability of the simulation model 

established for improving exergy efficiency and optimizing 

exergy losses of this proposed absorption refrigerator. 

 

4.2 General interpreting results 

This section deals with a general interpretation of the 

results obtained by numerical simulation of the chemical-

physics phenomenon of the exergy transfer of matter 

involved in the absorption refrigeration machine by means of 

the rectification process. 

To close this discussion, the rectifier allows therefore, to 

promote the exchange of matter and energy (heat) between 

the gas phase (from the boiler) and the liquid phase (from the 

absorber), which made it possible to increase the optimum 

separation power of these two phases within the rectifier. The 

rectifier allows immediately, as a responsible mechanism to 

emit the vapors enriched in ammonia with a large flow rate, 

when they pass through a solution at a temperature below the 

temperature of the boiler. This ultimately resulted in an 

increase in the performance of the refrigeration machine, 

which at the same time caused a significant reduction in these 

exergy losses. 

 

5. Conclusion and future recommendations 

The benefit of the improvement provided by the present 

study lies in maximizing the purification of ammonia as 

refrigerant by a rectifying mechanism. Through this work, 

we have demonstrated clearly that the equipment of the 

refrigeration machine with a rectifier influences in a 

remarkable manner on its functioning, and therefore on its 

exergetic performance. The rectifier can reduce the amount 

of water vapor, emitted by the generator at high temperature, 

contained in the gas-liquid mixture which is resulting to 

produce an optimum flowrate of vapor enriched with a pure 

fluid. The obtained results showed that a considerable 

reduction in the exergetic losses achieved to minimum 

values. This is contributing to obtaining simultaneously a 

significant increase in the performance of the machine with 

rectifier compared to the simple refrigeration machine. 

As a conclusion as expected objective, we succeeded to 

improve the single-stage refrigeration machine from the 

improvement of its exergetic efficiency, and consequently 

the contribution to reduction of the losses of exergies which 

are due to the irreversibility of the thermodynamic system in 

question. 

The novelty brought by this study encourages the 

engineers and manufacturers specialists to realize the future 

absorption frigorific machines integrating rectifier systems. 

As future work, we plan to determine and locate the main 

sources causing the loss of exergies, and searching how to 

minimize them. As a second step, we will try to carry out a 

study over the sun of the refrigeration machine with rectifier, 

based on real solar meteorological data relating to an 

appropriate Moroccan site. 

 

Nomenclature 

COP                 Coefficient of performance 

EV 1 & EV 2   Expansion valve number 1 & 2 

HE 1 & HE 2   Heat exchanger number 1 & 2 

LiBr-H2O        Lithium bromide-water mixture 

NH3-H2O         Ammonia-Water mixture 

 

Variables and parameters 

Ex                     Exergy flow rate [kW] 

Exl                    Exergy loss [kW] 

Exl,tot                Total exergy losses [kW] 

𝐸𝑥𝐷,𝑗
                 Exery destruction for element j [kW] 

𝐸𝑥𝐷,𝑡𝑜𝑡
              Total exegy destruction [kW]  

h                       Specific enthalpy [kJ/kg] 

I                        Irreversibility [kW] 

�̇�                      The mass flow rate [kg/sec] 

QA                    Heat exchanged by absorber [kW] 

QB                    Heat exchanged by the boiler [kW] 

QBR      Heat exchanged by the boiler (case with 

rectifier) [kW] 

QC                    Heat exchanged by the condenser [kW]  

QCR                  Heat exchanged by the condenser 

                         (case with rectifier) [kW] 

Qe                     Heat flow exchanged by element e [kW] 

QF                    Heat supplied to evaporator [kW]  

QR                    Heat exchanged by the rectifier [kW] 

s                       Specific entropy [kJ/(kg.K)] 

T                      Temperature [°C] 

W                     Mechanical power [kW] 

�̇�𝑃                    Power pump [kW] 

X                      Liquid mass title 

Y                      Vapor mass title 

 

Greek symbols 

ηex                    Exergy efficiency [%] 

𝒫                      Entropy due to the irreversibility [kJ/(kg.K)] 
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