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In this paper, an advanced exergetic study is carried out to improve the exergy ef-
ficiency and minimize the exergy losses of an absorption refrigerator. Two thermal
processes based on rectification and distillation were proposed to meet this criti-
cal requirement. A numerical simulation model was established in the FORTRAN
language, building on the analytical Gibbs free energy equations. This model was
validated from a thermodynamic point of view by previously published results.
Preliminary results showed that when the efficiency of the absorber and boiler is
increased, the vapors produced by the boiler become enriched in ammonia, and the
overall exergy efficiency increases, which reduces considerably the irreversibility
of the components of the studied absorption system. A comparative study of the ef-
fect of these two thermal processes on the overall exergy efficiency and total exergy
losses was evaluated simultaneously. The results show that the refrigerator with a
distiller has a higher exergy efficiency (.= 24.37% at 86 °C), and at the same
time has a lower total exergy loss (Ex;,,, = 457.45 kW) than the refrigerator with
a rectifier (e, = 22.34% at 85 °C; Ex; e = 532.37 kW). This study reveals that the
distillation process can contribute more to the exergy improvement and exergy loss
minimization of the studied absorption refrigerator than the rectification process.

Key words: exergetic study, absorption refrigerator, exergy efficiency,
exergetic losses, rectification, distillation

Introduction

Absorption cooling systems have been considered a promising alternative to con-
ventional vapor compression systems [1] because of their ability to operate with low energy
[2, 3] and environment-friendly working fluid mixtures [4], such as aqua-ammonia [5]. The im-
provement of refrigerating machines can represent an important research axis [6] in the field of
energy engineering, either at the level of the development of the mathematical thermodynamic
models and/or in the proposal of thermal processes and mechanisms dedicated to the purifica-
tion of refrigerants. Among these processes are distillation and rectification. Distillation is one
of the physico-chemical separation and purification processes for fluid mixtures [7], which has
been studied most extensively in the past [8] and is widely used in various industrial applica-
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tions, especially in the chemical, biochemical and pharmaceutical industries. Meanwhile, the
fluid rectification process is frequently employed as a separation and purification process in oil,
gas, and especially petrochemical processing industries to generate high efficiencies [9]. In am-
monia-water absorption systems, the ammonia purification process by rectification and distilla-
tion is a critical issue that has attracted the attention of several researchers to achieve efficient
and reliable systems [10]. The rectifier can be considered as a single-stage distillation column.
The distiller, on the other hand, can be constructed from one or more rectifiers using different
plateaus or mediums and with stripping and rectification sections [11]. In the following, a brief
review of the literature will be made, focusing on the use of a rectifier and a distiller as two
mechanisms for purifying ammonia as a refrigerant in an absorption refrigerator.
Fernandez-Seara and Sieres [10] studied the influence of the ammonia purification
process by the distillation column on the efficiency of the NH;-water absorption system using
experimental data to analyze the impact of the distillation column on the refrigerant concentra-
tion and particularly on the COP of the system. Sieres and Fernandez-Seara [12] developed a
differential mathematical model based on a numerical analysis using mass and energy balances
and heat transfer equations of an NH;-water absorption refrigeration system with a distillation
column to evaluate the influence of the size of a distillation column on vapor enrichment and
system performance in this type of machine. This study proved that ammonia enrichment is
necessary throughout the distillation column to eliminate the accumulation of water droplets
in the evaporator, which strongly deteriorates the efficiency of this system. The results ob-
tained showed that the ammonia distillate concentrations and COP values of the absorption
system are significantly higher. Adewusi et al. [13] studied and compared two configurations
(one-stage and two-stage) of absorption refrigerating machines using a rectification system to
purify ammonia vapor. They investigated and evaluated the COP and total entropy generation
of the two systems studied, based on the Second law of thermodynamics by using engineering
equation solver (EES) software. They showed that the two-stage of the studied systems is more
efficient in terms of COP and less efficient in terms of total entropy generation than the single
stage. To maximize the efficiency and optimize the operating conditions of this machine using
a Pareto genetic algorithm, Guzman et al. [14] investigated theoretically a new NH;-water
cooling system known as the Goswami cycle, which is equipped with a rectifier. An energy
analytical model has been proposed by Belman-Flores et al. [15] to evaluate the performances
of a diffusion-absorption refrigerator with an integrated rectifier system and bubble pump, us-
ing ammonia and water as fluid mixture and hydrogen as an inert gas. In this study, the effects
of geometrical parameters, especially tube length and diameter ratio, on the cooling capacity
and performance of this system were investigated. They concluded that the COP and cooling
capacity are greater for higher geometric parameters. Another study reported by Aman et al.
[16] to improve the performance and cooling capacity of an absorption air conditioner included
a bubble pump with a separator, using a new pair LiCI-H,O as the working fluid compared to
LiBr-H,O, and powered by a solar thermal collector specifically for domestic uses. In the last
study, the highest cooling effect and performance are obtained for the system using LiCI-H,O
as the working fluid pair. However, concerning reducing the manufacturing conditions of the
absorption refrigeration machine, Ahachad et al. [17] conducted a study of a single-stage ab-
sorption machine equipped with a bubbling system that can serve as a distillation stage. Re-
cently, Dardouch et al. [18] precisely in Rabat site with co-ordinates: latitude 34°02’ North and
longitude 06°48’ West developed and analyzed a simulation program written in FORTRAN to
evaluate a solar NH;-H,O absorption refrigeration system equipped with a distillation column
in the Moroccan climate. The comparative study between the proposed system and the sin-
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gle-stage absorption system showed that the system equipped with a distillation column and
powered by flat plate collectors is the most suitable for the weather conditions in Morocco.
Therefore, it should be noted that this last study does not consider the exergetic concept. The
specificity of this research lies in the effort to overcome this last problem, in the development
of a new methodological approach that takes into account the energetic and exergetic aspects
in advanced methods.

This study aims to investigate the effect of two thermal processes, namely rectifi-
cation, and distillation, on the performance and irreversibility of an absorption refrigeration
system, and to present an exergetic comparison of these two thermal processes for ammonia
purification with a rectifier or distiller. This comparison has not been the subject of any previ-
ous paper following an extensive literature search. At the same time, the main objective is to
achieve an exergetic improvement of exergy efficiency and minimization of exergy losses by
rectification and distillation, and to select from these two thermal processes the most efficient
and suitable process for refrigeration by absorption way.

Materials and methods
Absorption system description

The single absorption refrigerator ob- *

ject of the improvement, in this study, is com-

posed of a boiler, a condenser, an evaporator, 1 g-)_
Qc

an absorber, two expansion valves, and two Condenser

heat exchangers as shown in fig. 1. It’s about

an absorption refrigeration machine operating

with the NH;-water couple; ammonia being the %:*_ )
Q,

refrigerant [19] and water being the absorbent
[20]. There are two circuits in this refrigeration
installation: the refrigerant circuit, which is po-
sitioned between the boiler and the condenser,
the evaporator and the absorber, and the refrig- "¢ 2[] . ’ Xevi
erant-absorbent solution circuit, which is locat-
ed between the absorber and the boiler. ., E"apgrat‘"
Figure 2(a) shows a representative dia- 12 o g A

[ ner 00

gram of an absorption refrigerator with a recti- £ T n

fier implanted between the outlet of the boiler [

and the absorber. Whereas, fig. 2(b) shows a g Pump } Absorber

diagram of an absorption refrigerator equipped 7

with a distiller installed at the outlet of the boil-  Figure 1. Schematic view of the single-stage

er. The difference between these two thermal  absorption refrigerator

process mechanisms lies in the power source

for the rectifier and the distiller. The rectifier is powered simultaneously by the vapor produced
by the boiler at high pressure on one side and by the rich solution sent by the absorber, deliv-
ered using a pump and undergoing preheating via a heat exchanger on another side. While the
distiller is powered by the vapor produced directly by the boiler at high pressure. These three
configurations of absorption machine can follow an operation known as the thermal driven
ammonia- water refrigeration cycle [21], describing a thermodynamic cycle in which the heat
input is absorbed by the boiler at a high pressure level [22].
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Figure 2. Schematic representation of the two proposed
absorption refrigerators: with rectifier (a) and with distiller (b)

Thermodynamic model design

Before commencing any numerical simulation of any refrigeration systems object of
this study, the development of a thermodynamic model constitutes a fundamental preliminary
step. This model was built using the techniques for differentiating the analytical Gibbs free en-
ergy expressions given by SCHULTZ. We suggest as a second step, the development of a new
methodological approach taking into account the energetic and exergetic aspects according to
the first and second principles of thermodynamics.

Energetic modelling

The knowledge of the characteristics and physical properties of the refrigerant at the
different points of the thermodynamic cycle to calculate, in particular, the enthalpies [20] and
the entropies [23] liquids and vapors, helps in calculating the heat fluxes exchanged at the level
of each organ of the absorption refrigeration machine. For this purpose, the design of a mathe-
matical model that facilitates this calculation is a fundamental step that leads to the numerical
simulation of a thermodynamic process. In this sense, several researchers are using a ready-to-
use tool called EES [13, 24, 25]. It is software that makes it possible to calculate the thermo-
dynamic properties of couples of fluids from a database provided for hundreds of refrigerants,
including nevertheless the couples of NH;-water and LiBr-water which are the most used in the
field of absorption refrigeration. But in the present work, the design of a thermodynamic model
for this useful purpose is necessary and makes it possible to facilitate these calculations accord-
ing to the phase considered at the different points of the thermodynamic cycle of the studied
refrigerators. This model is founded on Gibbs free energy analytical formulas. However, the
analytical Gibbs free energy formalism established by Schultz offers an implementation of a
fundamental equation expressed in the integral form [26]. To simplify the modelling of thermo-
dynamic properties [27] we only consider the reduced variables of Gibbs free energy expressed
below. In the same vein, this model was developed considering the following two scenarios:
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Scenario 1. Case of pure ammonia.
For pure ammonia, the expression of Gibbs free energy [27] in its reduced form is
distinguished according to two-phases:

— Vapor phase
T, T, C,Vﬂ P
G} = H;, =TS}, + [ C},dT, =T, [ —2-dT, +7,In| -~
T, B,
Ty, Ty,
BB, T,
+C1(P’,—P()r)+C2(F—4 03 +3P0r_4]+
r or or
P P T P P T
+Cy| =120 +11R, — G L1280 4 11R, L (1)
Tr ]z)r 0r 3 Tr %r 7E)r
with
Cpr =Dy +DyT, + DT (2)
— Liquid phase

r

T. T. Al
f ¢t C
Gl = Hby ~T,Shy + [ Ch AT, ~T, [ ~22dT, + (4 + AT, + AT2) (B~ By )+ 2 (B2 -BY)  3)
Ty, Ty, L 2
with
wa =B+ B,T, + BT} 4)

Scenario 2. Case of NH;-water fluids mixture.

This is the scenario that reflects, notably, the NH;-water pair as a mixture of working
fluids necessary for the operation of the absorption refrigerator. For this couple, Gibbs free en-
ergy in its reduced form is also distinguished according to the following two-phases:

— Vapor phase

Gl =(1-Y)Gho+Y Gy, +T,[(1-Y)In(1-Y )+ YInY | (5)
— Liquid phase
G =(1-X)Gly o + XGlyyy, +T,[ (1= X )In(1= X )+ X In X |+ (E, + E, P, (E; + E, B, )T, +

2
r r

T E; + EgP, +(Ey + E\yF.)T, cEn Bo
L 17 Y (6)
.(2X—1)+{E13 +E,,P. +%+E—'26}(2X_1)2JX(1—X)

The coefficients appearing in the aforementioned eqs. (1)-(6) are determined by the
least-squares method, and this is from the experimental values available to them by the Ziegler
and Trepp [28].

Through the thermodynamic properties and from the Gibbs free energy expressions
all the other thermodynamic quantities can be determined by differentiation techniques, in par-
ticular, enthalpy, egs. (7) and (9), and entropy, eqgs. (8) and (10), which are those that interest
us in this work.
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In this respect, we can distinguish the following two-phases:

— Vapor phase
G"(T,P,Y)
H = _T2 T
o (7)
P)Y
oo oG" (T,P,Y)
- or - ®)
— Liquid phase
G'(T,P,X)
H =72 T
or ©
P.X
o 8G' (T, P, X)
= ar » (10)

To make the previous equations in the dimensionless form [28], the following reduced
thermodynamic parameters are considered in tab. 1.

Table 1. The reduced thermodynamic properties

T G
T =— G =—
T (11) TR (14)
P H
= — H:
P v (12) TR (15)
C S
=2 S, =—
Cp = (13) TR (16)

Note: 7,,= 100 °C, Py= 10 bars, R = 3.3143 kJ/kmolK

The energy simulation model developed is based on establishing the mass and ener-

gy balances of the various components of the absorption refrigerator [29] assumed to be in a

steady-state. This model is based on the principles of conservation of mass, eq. (17), and ener-
gy, eq. (18) [30]:

Zn"lint = Zn"lout (17)

2 2
. . . v . . . V
Qint+VVint+Zmint(h+7+gzj =Qout+n{)ut+zmout[h+7+gzj (18)
int out

where 71 [kgs™'], W [kW], O [kW], and / [kJkg '] are the mass-flow rate , mechanical power, heat
transfer rate, and enthalpy, respectively. Abbreviations int and out refer to the system’s input
and output.
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The energetic performance coefficient of the absorption refrigerator is given [31]:

COP:& (19)

Op

Exergetic modelling

The physical exergy at different points of the refrigeration cycle is expressed [32]:
Exi :rhi[(h—ho)—To(s—so)J (20)
where 2 [kJkmol™'], s [kJkmol'K™'], and T, [°C] are specific enthalpy, specific entropy, and
temperature at reference state, respectively.
The exergy rate of the transferred heat quantity and work can be expressed, respec-
tively [33]:

i

xy =( -%JQ,. @)

Ex;, =W, (22)
Following energetic modelling, the formulation of the exergetic model is built by
using the principle of entropy conservation, eq. (23), as well as the fundamental equation char-

acterizing the exergy balance, eq. (24) [33]:
Z mintsint + Z (%J + Sgen = Z moutsout + Z (@j (23)

int out

Z Einn + z ExVVm + z Exﬂuxi“ = z ExQout

where i, Sou, Sgens and Ex, are the entropy at the entry of the system, the entropy at the exit, the
entropy generation, and the exergy destruction, respectively.

+2 ExW0 _F )y Exﬂuxom +Ex, (24)

Exergy efficiency

Exergy efficiency is an indicator of the quality and technical development of a refrig-
erator. The exergy efficiency is expressed by the relation:

Ty
o1
T .
1--2 [+w,
QB ( TB J P
The rate of thermal exergy losses in any component of the system is calculated as [34]:

Exl = ZExim _ZExout +Z{Q[ _%]:| _Z{Q(l_%j} +ZVVint _ZWout (26)

Total exergy losses

Mex = (25)

Exergy loss

1

The total exergy losses of a system are equal to the sum of the exergy losses of the
elements that compose it, this is can be expressed as:
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n
EX) o = ZExl,i (27)
i=l1
where 7 is the number of the considered components in the system.

Methodology

The methodology adopted in this work aims at the realization of a numerical
simulation program, developed in FORTRAN language, of a thermodynamic cycle rep-
resenting an absorption refrigerator. Initially, this program makes it possible to calculate
the thermodynamic state at any point of the refrigeration cycle according to the phase
considered (liquid or vapor) from the analytical expressions of Gibbs free energy given
by SCHULTZ and Antoine’s equations. This program allows to calculate, subsequently,
the various quantities of heat exchanged at the level of each component of the absorption
refrigerator from the mass and energy balances. Secondly, this program helps to calculate
the various parameters characterizing the thermodynamic cycle, namely the variation in
exergetic efficiency as well as the exergetic losses that may impact the proper functioning
of the refrigeration installation. Finally, the developed program does not offer any difficulty
since it implements a repetitive calculation on the different variables studied. It allows us
to appreciate the influence of various parameters on the overall exergetic efficiency and the
total exergetic losses.

Calculation assumptions

To analyze the thermodynamic cycle of the refrigeration machine, the thermodynamic
characteristics of the NH;-water fluid mixture were taken into consideration. To simplify the
calculations at the level of each component of the refrigerator cycle, the following assumptions
are taken into account:

— Operation of absorption system in steady-state conditions [35].

— Expansion valves are considered isenthalpic [36].

— Heat recuperator-exchangers are chosen ideal [37].

— The pump is considered isentropic [14].

— Heat losses to the environment are negligible [10].

— Kinetic and potential energies are negligible [22].

— Absorber is considered ideal and the exchanged heat loss is not considered [38].

— The temperature pinches imposed between the heat exchanging fluids are:

ATB: ATC: ATHE - ATHE2: 10 OC, and ATE: ATA: 5°C

— The liquid mass titer x; of the ammonia-rich solution (leaving the absorber) must be higher

than the titer of the low ammonia solution x,, (leaving the boiler).

Numerical simulation results and discussions
Validation of the established model from a thermodynamic point of view

For numerical validation and verification of the created simulation program about the
basic system, representing the single-stage absorption refrigerator, the results obtained in the
present study have been analyzed and compared with those previously published in the litera-
ture by the authors Dardouch et al. [18]. Figure 3 shows a comparison of the evolution of the
COP of the base system, which is the subject of this study, with the previously published work
of the authors Dardouch et al. [18].
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Under the same operating conditions giv- T.=0°C T,=20°C
en in [18], it can be seen that the two curves >0 M=n,=07
representing the COP of the basic system are
perfectly synchronized and almost identical
for the two works. Moreover, these two curves
have almost the same starting point and the 1
same optimum point. Therefore, the compari- 20 S
son of these results shows clearly the reliability
of the thermodynamic model developed in this

40

COP [%]

work.

0 T T T T T T T
Inf?uence-o.f the. absorber aI.ld l.‘he o 1h0 190 150 140 150 150
boiler efficiencies on the principal 7,15l
parameters simulated Figure 3. Comparison of the COP obtained

in this work with the COP obtained and
published previously in [18]
0.040

In this section, the technical importance
of the absorber and boiler performance was ex-
amined to assess their impact on the evolution
of the overall exergy efficiency and total exergy
losses of the single-stage absorption refrigera-
tor. In the study, the following parameters were
considered: 7, = 20 °C, Tz = 0 °C, and a vapor
flow rate leaving from the boiler equal to the
unity (1 = 1 kg/s). Figure 4 shows the evolu-
tion of the mass-flow rates of the rich solution
leaving the absorber of the single absorption

7,=0°C,T,=20°C

0.035

0.030

0.025

0.020

0.015

0.010

Flow rate of rich solution [kgs™]

. . . . 00054 e

refrigeration machine as a function of the tem-

perature of the hot source 7s. The mass-flow 0.000 T T T T
. . 80 100 120 140 160

rate curves decrease rapidly with the tempera- T.°C]

ture of the hot source 7 when the efficiency of  Figure 4. Representation of the mass-flow

the absorber and boiler is low. On the contrary,  rates of the rich solution as a function of the

as these efficiency levels increase, it can be seen ~ temperature of the hot source T,

that the mass-flow rates of the rich solution emanating from the absorber start to decrease
slightly with increasing hot source temperature 75. With this in mind, we considered equipping
the absorption refrigerator with either a rectifier or a distiller, both placed at the outlet of the
boiler according to the configurations shown in figs. 2(a) and 2(b), to improve the exergy effi-
ciency of this system.

Figure 5 depicts the influence of varying the efficiency of the absorber and boiler on
the total exergy efficiency, 7.y, as a function of the boiler temperature, 73, of the single absorp-
tion refrigerator. We see that if we increase the efficiency of the absorber and boiler, the total
exergy efficiency, 7., increases simultaneously. The maximum values of the exergy efficiency
of the single absorption refrigerator that corresponds to the variation of the absorber and boiler
efficiency are obtained:

— For na=n8=0.5; Hexmax= 12.40% at Tg= 114 °C
— For na=n8=0.7; Hexma= 14.06% at Tg= 114 °C
— For na=n8=0.9; Hexma= 15.45% at Tg= 114 °C
As the absorber and boiler efficiencies increase, the exergy efficiency of the absorption re-
frigerator increases to its maximum and then begins to decrease with the temperature of the hot
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source 7. This can be explained by the fact that
by increasing the efficiency of the absorber and
boiler, at the same time, the vapors produced
and discharged by the boiler are increasingly
enriched with ammonia, which at the same time
increases the cooling effect as well as the exergy
efficiency of the absorption refrigerator.

The influence of the variation in the flow
rate of the rich solution leaving the absorber and
the vapors leaving the boiler on the evolution of
the exergy losses was studied. Figure 6 gives
an overview of the variation in the evolution
of these losses as a function of the temperature
Ty of the basic absorption chiller for different
values of the efficiency of the absorber and the
boiler. We find that the exergy loss as a function
of Ty decreases significantly with increasing the
absorber and the boiler efficiencies. Thus, we
find the significant influence of varying absorb-
er and boiler efficiencies on the operating con-
ditions of the absorption refrigeration in terms
of efficiency and exergy loss.

Comparison of the effect of distillation
and rectification on the overall
performance of the installation

After a series of analyses and evalua-
tions of the established numerical simulation
program, and to study the absorption refriger-
ator later under the best operating conditions,
the efficiencies of the boiler, the absorber, and
the pump have been taken equal to 0.7. For
this purpose, fig. 7 shows the evolution of the
exergy efficiency, 7.,, depending on the three
studied configurations of the absorption re-
frigerator. At the beginning of the operation of
these three machines, the curves representing
the exergy efficiency evolve at the same rate for
the three systems studied, with a shift towards
a fairly large maximum reached by the refrig-
erator with the distiller. According to fig. 7, the
absorption refrigerator equipped with a distiller
has the highest exergy efficiency (equivalent to
24.37% at 86 °C) when compared to the refrig-
erator equipped with a rectifier and the single
refrigerator (without a distiller and rectifier).
So, the refrigerating machine with a rectifier
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possesses a better exergy efficiency (22.34% at 85 °C) than the single refrigerator (14.07%
at 114 °C). In addition, the refrigerator equipped with a distiller and the refrigerator equipped
with a rectifier can start its operation from a hot source temperature equal to 75 °C. While the
single refrigerator (without a distiller and rectifier) can only work from a hot source temperature
equal to 99 °C. However, the distiller and the rectifier can reduce the operating conditions of
the absorption refrigerators.

To explain this situation, these two thermal processes can be distinguished as follows:

— In the case of the refrigerator with a rectifier: the rich solution comes out of the absorber,
and before entering the boiler power the rectifier. While the vapors coming out of the boiler
murmur in a solution rich with ammonia in the rectifier, which has a lower temperature than
that of the boiler. As a result, the vapors coming out of the boiler become more and more
enriched with ammonia via the rectifier.

— In the case of a refrigerator with a distiller: the rich solution coming from the absorber is
conveyed to the boiler using a pump, and the vapors sent by the latter supply the distiller.
The vapors coming out of the boiler can hamper the rich solution in the lower part of the
distiller, which has a lower temperature than the boiler.

As a result, the vapors coming from the distiller are increasingly enriched and purified

with ammonia, justifying this remarkable in-
crease in exergy efficiency.

Given assessing the impact of these two
thermal processes on the evolution of the total
exergy losses of the absorption machine, fig.
8 shows a comparison of the variation of the
total exergy losses, Ex;, concerning the three
configurations of the refrigerator studied. It is
observed that the lowest values are obtained
for the refrigerator with a distiller, followed by
those obtained with a rectifier, and followed fi-
nally by those obtained by the single absorption
machine without a rectifier and a distiller. The
optimum minimum value of the total exergy
losses equal to 457.45 kW was obtained by the
refrigerator with a distiller (at the temperature of
the hot source equal to 7 = 88 °C) compared to
the refrigerator with a rectifier (equal to 532.37
kW at 86 °C). Then, we have demonstrated that
maximizing the overall exergy efficiency of the
absorption refrigerator has a positive impact on
minimizing the total exergy losses caused by
the irreversibility of the different components
of these refrigerators, which are the subject of
this study. Therefore, we have shown that dis-
tillation is the most suitable thermal process for
refrigerating by absorption way.

Referring to fig. 8 and leaning on the to-
tal exergy loss curve of the refrigerator with the
distiller, fig. 9 represents the distribution of the
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exergy losses among the main components of the absorption refrigerator cycle with a distiller
as a function of the temperature of the hot source 7. It can be seen that the major exergy losses
occur in the evaporator, the pump, and the boiler. The majority of these energy losses take place
in the boiler. This is due to the increase in the useful exergy required to supply and operate the
boiler. It should be noted that the exergy losses decrease as the exergy consumption decreases
and increase as useful exergy increases. Thus, improving the exergy efficiency means to mini-
mizing the exergy consumption, which in turn minimizes the energy losses.

Conclusions

In this contribution, it was demonstrated that the variation in the absorber and the boil-
er efficiencies has a significant impact on the evolution of the absorption refrigerator’s exergy
efficiency and exergy losses. This allowed us to propose two thermal purification processes of
ammonia fluid, relying on distillation and rectification, and to compare the effect of these two
thermal mechanisms on the variation of the overall efficiency and total exergy losses of the
refrigerator. It can be concluded that the distiller and the rectifier contribute to reducing the
operating conditions of the absorption refrigerator. Thanks to the flexibility of the simulation
program established, all parameters that can contribute to improving the exergetic performanc-
es of the refrigerator with these two thermal processes were highlighted. This improvement has
helped to reduce immediately the total exergy losses due to the irreversibility of the different
components of the refrigeration system under study, which can affect its proper functioning.
The results demonstrated also that the distillation process is the most efficient and the best
suited to the refrigeration by absorption way since it has made it possible to reduce as much as
possible the droplets of water that may be contained in the vaporized part emanating from the
boiler. When the overall exergy efficiency of the refrigerator with a distiller starts to increase
because of the decrease in the exergy consumption at the boiler, this can lead to a decrease in
their total exergy losses and vice versa. This results in a reduction of the exergies are required
to ensure consequently the proper functioning of the boiler.

Despite the remarkable improvement of the refrigerator under study, it was necessary
to carry out a technical and economic study to evaluate more efficiently the most suitable and
economically profitable thermal process. The results obtained in this work must be validated
and valorized experimentally, in order to take them into consideration in the future design and
realization of new boilers integrating a rectifier or rather a distiller. In a second stage of this
work, we plan to study, under real climatic conditions, the autonomous operation of an absorp-
tion refrigerator equipped with a latent heat storage system.

Nomenclature

Ex; —exergy loss, [kW] Qr — heat supplied to evaporator, [kW]
Ex;,— total exergy losses, [kW] Or —heat exchanged by the rectifier, [kW]
h  —specific enthalpy, [klkg'] s —specific entropy, [kJkg K]

m  —mass-flow rate, [kgs™] T —temperature, [°C]

n  —number of cmponents in system X —liquid mass title

0, —heat exchanged by absorber, [kW] Y - vapor mass title

Qp — heat exchanged by boiler, [kW]

Ogr — heat exchanged by boiler Greek symbol

(in case with rectifier), [kW]
QOspp — heat exchanged by boiler

(in case with distiller), [kW]
Oc¢ —heat exchanged by condenser, [kW]
Op — heat exchanged by distiller, [kW]

7. — exergy efficiency, [%]

Acronyms

EES — engineering equation solver
EV 1, EV 2 — expansion valve number 1 and 2
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HE 1, HE 2 — heat exchanger number 1 and 2 LiCl-H,O - lithium chloride-water mixture
LiBr-H,O - lithium bromide-water mixture NH;-H,O — ammonia-water mixture
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