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Abstract- This paper numerically investigates the impact of thermal distillation, as an ammonia purification process, on various
components forming the absorption refrigerators using ammonia-water pair as a working fluid. A numerical simulation program
built-in FORTRAN language describing the real process of the absorption refrigerators functioning was established. Various
physical parameters were examined, namely the mass flow rate of the rich solution evacuated by the absorber, the mass title of
the vapor emitted by the boiler, and the variation in the quantities of heat exchanged by each element of the refrigeration
installation. The results show a significant improvement in the exergetic performances (about 27.79 %) of the frigorific unit
equipped with a distiller when compared to the basic refrigeration machine (20.19 %). It is clearly demonstrated how much the
thermal distillation process has been adapted to absorption refrigeration for the production of cold at temperatures below -10 °C.
The novelty of this research could motivate engineers and manufacturers to develop and construct modern absorption
refrigerators equipped with a thermal distiller mechanism.
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1. Introduction operation by environmental-friendly refrigerants [6] and the

utilization of low-grade heat [7-8]. In these systems, water

Today, refrigeration has become increasingly important
for preserving and storing food and medical products due to
the world's rapid population growth [1]. Absorption
refrigeration systems can become the most widely used
equipment in residential, commercial, and industrial
applications [2]. The ammonia-water absorption refrigeration
systems (AWARS) have attracted more attention of several
researchers [3] over the last few decades [4-5] due to their

droplets are often present with the ammonia-rich vapor
produced by the generator. This can affect negatively on the
performances of this type of machines. But, the elimination of
this water residue constitutes a crucial issue to assure a reliable
and efficient functioning of these frigorific machines. To
overcome this problem, several techniques and methods have
been used by researchers in the literature. J. Mikielewicz et al.
[9] suggested a novel analytical model of Lig-Vap separation
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in view to suppress water droplets that occurs in many
industrial devices such as heat pumps, steam turbines, and
Organic Rankine Cycle (ORC). To validate this model,
experimental databases were used, and the results obtained
showed a satisfactory agreement with the data provided in the
literature. A 3A molecular sieve module was employed by J.
S. Chiou et al. [10] to purify ammonia coming out in form of
vapors in aqua-ammonia refrigeration systems. The
experimental results of the ammonia enrichment tests showed
that, if the molecular sieve modules have been arranged
correctly in the installation, the purified ammonia
concentration can be increased from about 80% to 99%.
Mengkai Xu et al. [5] experimentally investigated the
influence of lithium bromide concentration on distillation
process, dedicated to eliminate the fraction of residues,
integrated into a single-stage AWARS using ternary working
fluid (ammonia-water-lithium bromide). It was found that the
ternary working fluid ammonia-water-lithium bromide can
operate more efficiently in the NHj3 rectification process when
compared to conventional NHs-H,O working fluid. The
experiment results obtained showed that the reduction of
rectification cooling load and the distillation tower size can
improve the coefficient of performance (COP). Anton N.
Petukhov et al. [11] studied the effects of ammonia molecular
association with impurities at low concentrations level in
ammonia purification efficiency based on distillation process.
Jose” Ferna'ndez-Seara et al. [12] studied theoretically and
experimentally the condensation of ammonia—water solutions
over a horizontal tube to estimate the vapor mass and heat
transfer coefficients. Based on experimental data used in the
study, the theoretical investigations demonstrated that
ammonia mass transfer throughout the vapor phase has a
considerable impact on the vapor phase heat and mass transfer
coefficients, and hence on the condensation of the ammonia—
water mixture. J. Sieres et al. [13] experimentally reported and
tested the ammonia rectification process in AWARS with
packed column. Results obtained showed that the volumetric
mass transfer coefficient in the vapor phase and the ammonia
concentration of the rectified vapor increase with the reflux
ratio values (from 0.2 to 1). This results have been employed
after that to propose the design and analyze of the packed
column integrated in AWARS. E.W. Zavaleta-Aguilar et al.
[14] studied and analyzed a distillation process of ammonia-
water solution via a sieve-tray distillation column integrated
in an ammonia-water absorption refrigeration cycle in order to
obtain a high degree of purity ammonia vapor. The study
provided a geometrical details to build the distillation column
and the results obtained showed that four ideal trays are
sufficient for the small absorption refrigeration systems. In
another study, E.W. Zavaleta-Aguilar et al. [15] were carried
out an experimental analysis based on horizontal tube distiller
formed by two parts; the generator and the rectifier, and
dedicated to ammonia—water mixtures distillation. The
experimental results obtained showed that the maximum
concentration of purified ammonia vapor was 0.9974. A novel
configuration for distillation and rectification of ammonia—
water mixtures through a distillation column incorporated in
small-capacity of AWARS was suggested and presented by
M. A. Staedter et al. [16]. The designed thermal separation

processes in the study are proposed for applications in the
chemical industry and thermally driven desalination process.
X. Chenetal. [18] proposed and compared an ammonia-water
power cycle equipped by a distillation stage with two other
Kalina cycles and one ORC. According to this study, the
proposed cycle can produce more power about 9% than Kalina
cycles at temperature of heat source equal 346 °C. And when
the proposed cycle was compared with ORC cycle, the results
obtained showed that the amount of net power produced was
improved by about 9% at temperature of heat source equal 346
°C. Recently, S. Malaine et al. [3] proposed and investigated
the integration of a rectifier as mechanism to purify ammonia
as refrigerant in an absorption refrigerator. Two approaches
have been employed to analyze the effects of this thermal
mechanism on exergy efficiency and exergy loss in this
refrigerator. The results obtained showed that the absorption
refrigerator was enhanced by increasing its exergetic
efficiency and reducing its exergy losses, nevertheless a study
of the impact of this thermal mechanism on the overall
component of absorption installation was required. It is noted
that the most of the studies carried out didn’t take into
consideration the impact study of ammonia thermal
distillation and purification processes on absorption
refrigeration systems.

The novelty brought by the present work aims to conduct
an impact study of ammonia thermal distillation process on the
reliable and efficient operation of an absorption frigorific
machine. The goal of this paper is to investigate the effect of
distillation as an ammonia purification process on the various
heat exchanger in the absorption refrigerators.

2. Materials and Methods
2.1. Description of the Studied Absorption Refrigerators

This section provides a brief overview of the absorption
refrigerator that is the focus of this research. Figure 1 (a)
illustrates a representative diagram of the basic absorption
refrigerating machine operating with ammonia-water pairs;
ammonia being the refrigerant [17-18] and water being the
absorbent [10]. This type of machine can produce cold by
exchanging heat with three sources: the hot source at the
temperature Tg, the medium temperature source (which may
be the ambient) at Tam and the cold source formed by the
medium to be cooled at Te (Te is lower than the ambient
temperature). Figure 1 (b) schematizes the same installation
illustrated in Fig. 1 (a) equipped with a distiller located at the
outlet of the boiler. The distiller is fed directly by the vapors
produced by the boiler at high pressure and high temperature.
Its main role lies in the lig-vap separation to purify the
ammonia as much as possible to eliminate the liquid quantity
contained in the mixture emanating from the boiler and which
can impair the efficient operation of the installation. In
addition to the distiller, this absorption refrigeration plant
includes the elements mentioned in table 1.
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Fig. 1. Schematic representing of single-stage absorption refrigeration system: (a) without distiller mechanism; (b) with

distiller mechanism.

Table 1. Each component's role within the basic refrigerator.

Component Its role
Boiler The separation of the binary mixture (NHs-H>O) by vaporizing ammonia as a refrigerant at high
pressure. The rich vapors produced are directed to the condenser, while the lean solution is returned
to the absorber.
Heat exchanger between the absorption machine and the ambient air at a temperature lower than the
Condenser condensation temperature of refrigerant. This temperature difference is essential to cause the vapors
to condense.
Heat exchanger fed by the liquid refrigerant under a low pressure, such that its boiling point is lower
Evaporator than the temperature of the media to be cooled. This temperature difference causes the refrigerant to
boil.
Absorbs the vapor coming from the evaporator and enriches the poor solution in refrigerant coming
Absorber .
from the boiler.
Pump Pump the ammonia-rich solution to the boiler (from low to high pressure) [19].
. Bringing the pressure of the liquid leaving the condenser to the pressure of the evaporator and the
Expansion valves - . .
pressure of the lean solution leaving the boiler to the pressure of the absorber.
HE 1's role is to cool and/or heat the refrigerant;
Heat exchangers ) ] ] ] . ] .
HE 2 its role is the cooling and/or heating of the mixture of water-ammonia solution.

2.2. Thermodynamic Model Formulation

Firstly, the process of calculating the heat flows
exchanged at the level of each component of the absorption
refrigerating machine requires knowledge of the
characteristics and physical properties of the fluids or pairs of
fluids at different points of the thermodynamic cycles,
specifically the enthalpies in liquids and vapors phases [20].

Many researchers utilize EES software, which is a ready-to-
use tool [21-22]. The development of a thermodynamic
model [23] is designed in the current study to ease those
calculations according to the phase considered at various
points in the thermodynamic cycle of the investigated
refrigerators. The reduced variables of Gibbs free energy in
the integral form [24] presented below were suggested to
simplify the modeling of thermodynamic parameters. In this
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regard, the model was built with the following two cases in
mind:

1- Case of pure ammonia:

For pure ammonia (as a refrigerant), the formulation of Gibbs free energy in its reduced form is categorized into two phases.

— Gaseous phase:

Tr CPT

G;’=ng—T.S(’,’r+f ChedT, =Ty [,

dT, + T, n (55) + Gy (B = Por) + G (75

Pr
. + 3P0r ) + C3(T11

1235 Por L+ 1Py, le) +& (TT — 1253; + 11P0r.T07 1)
—L|qU|d phase:

G} =H},. —T,.S}, +f - dT, — T, fTr C’”dT + (A + AT, + A TH). (P — Py,) + 2 (P — Pyy) )

Such as:

Cpr =Dy + D,.T, + D3.T? (3)

Cl. =B, + B,.T, + B3.T? 4)

2- Case of ammonia-water pair:

This is the scenario that exhibits, most notably, the ammonia-water pair as a working fluid mixture required for the absorption
refrigerator's functioning. Gibbs free energy in its reduced form is also characterized for this sort of pair by the following two

phases.

— Gaseous phase:
GF=1-Y).Gly,otY.Glyy, +
— Liquid phase:

G = (1-X). Gero +X. GrNH3

T,.[(1=Y).ln(1 = Y) + Y. InY] )

T,.[(1 = X).In(1 = X) + X.InX] + (E; + E5.P.(Es + E,.P,). T, + Es /T, + E, JT? +

[E7 + Eg. P + (Eg + E19. B). Ty + Exa /Ty + Eng/T?1(2X = 1) + [Eys + Evg. B + Eys /Ty + E16/TF1(2X — D*)X(1 - X)

(6)

The coefficients in the preceding equations (1-6) are
found by the least-squares approach using the experimental
values [25].

When generating the above equations in dimensionless
form, the following reduced thermodynamic parameters were
considered.

T, =1 @)
P=— ®)
Po
Cpr =2 ©)
_ H
Hy =0 (10)
G, = Rin (11)

Where: Tp= 100 °C, Po= 10 bars, R= 3.3143 kJ/(kmol.K)

Secondly, the thermodynamic simulation model
developed is based on establishing the mass and energy
balances of the various components in the absorption
refrigerator [26] assumed in a steady-state. This model is
based on the principles of mass (Eqg. 12) and energy (Eq. 13)
conservation [27-28].

(12)
(13)

XMy = X Mgye
2iQi + W = Yout Mout - Rout — Xin Min - hin

Where: m,Q;, W and h are the mass flow rate (kg/s), heat
transfer rate (kW), mechanical power (kW), and enthalpy
(kJ/kg) values, respectively. The acronyms in and out signify
the system's input and output.

Finally, the various thermodynamic variables provided in
the current work, based on the vapor (Eg. 14) and liquid (Eq.
15) enthalpies, may be computed using differentiation
procedures applied to the Gibbs free energy expressions. In
this respect, these computations can be done using the
following equations.

G”(TPY)

HY = _Tz( )PY (14)
Gl(T,P,X)

H' = _TZ( aTT )P,X (15)

The exergy efficiency of the absorption refrigeration
cycle is measured in terms of the exergetic coefficient of
performance (ECOP) expressed as [29]:

%(17y)

A -

Nex =

2.3. Hypotheses and operating constraints
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Before starting the numerical simulation of the
thermodynamic system operation pertaining to the
refrigeration machine, it is necessary to consider the following
assumptions and operating constraints:

— Operation of the absorption refrigeration machine
thermodynamic cycle in the steady state [30-31].

— Expansion valves are considered isenthalpic [32].

— Heat recuperators-exchangers are considered ideal
[33].

—  Absorber is considered ideal [34].
— lIsentropic pump [35-36].

— Heat losses between the system and its environment
[36] are considered negligible [37].

— Variations in kinetic and potential exergy are ignored
[38].

—  Except in the absorber, where the value (Pe-P7/Pg) =
0.05 has been fixed, pressure drops have been
ignored throughout the refrigeration cycle.

—  Pinch temperatures AT at the main heat exchangers
are taken into count:

ATe=ATc=ATHe 1=ATHe 2= 10 °C and ATe=ATA=5 °C

2.4. Numerical Simulation Methodology

The approach conducted in this research intends to carry
out a numerical simulation program, developed in FORTRAN
language, describing the thermodynamic cycle of the
absorption refrigerating machine. Initially, this program made
it possible to calculate the thermodynamic state of the physical
variables (T, P, X, Y) at any point in the refrigeration cycle,
depending on the phase considered (liquid or vapor). Then,
using SCHULTZ's analytical formulas of the Gibbs free
energy and the equations of Antoine, this program was able to
estimate and compute the enthalpies at various points in the
refrigerating circuit. Secondly, using the mass and energy
balances, this software was able to determine the amounts of
heat transferred at the level of each element in the absorption
refrigerator under study (as seen in tables 2 and 3). Taking into
account the flexibility of the established simulation program,
various parameters characterizing the thermodynamic cycle
can be calculated, namely the evolution of the flow rate of the
rich solution emanating from the absorber, the vapor flow rate
leaving the boiler, the quantity of heat supplied to the boiler,
the cooling capacity of the evaporator, as well as the
coefficient of performance (see flowchart in Fig. 2).

Table 2. Mass and energy balances modeling of the basic absorption refrigerator (without a distiller).

Elements Mass balances; mass concentration; energetic balances
Boiler
1| Tfll + mlo = mg (17)
i-’_ ml.Yl + mlo.Xlo = mg.Xg (18)
QB TB . . .
- Qg = myhy +my0hy0 — Mghg (19)
9“ 10
Absorber
ﬁi Th7 = Th6 + mlz (20)
L Q. %;:\_1 Th7.X7 = ﬁl6. Y6 + mlz. X12 (21)
— Qa = mz.h; —mg.hg — 1y hyy (22)
7}
Evaporator
} J m, = mg = my (23)
4
Qr Qg = my.(hs — hy) (24)
pANAY
T &1
m; =m (25)
Condenser ! ' ?
Q¢ = my.(h; —hy) (26)
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Tf’l7 = Tflg (27)

: : - WP = my. (h; — hg) (28)

Expansion valve

3 Tf’l3 = Th4 (29)
EV1
’ h; = h, (30)
1 My = 1My, (31)
EV2 hy; =hy, (32)
12

Heat exchanger

mz = Tfl3 (33)
B 2
6 ms = Th6 (34)
HE 1[]
5 |y3 . (hg —hs) = m,. (h, —hj) (35)
mg = mg (36)
-3 . .
H“If Mo = My, (37)
g T Mg. (hg — hg) = my. (hyp — hyy) (38)

Table 3. Mass and energy balances modeling of the absorption refrigerator with a distiller.

Elements Mass balances; mass concentration; energetic balances
Boiler
l| J T‘hl + mlo = mlg + mg (39)
13
— Ti’ll.Yl + mlo.xlo = m13.X13 + mg.Xg (40)
Qllbg Ty QBD = ml.hl + mlo. th - m13. h13 - mg. hg (41)
Dl{ 1
Distiller ) _ _
u My + M3 =my (42)
T‘fl14. Y14 + Tfl13. X13 = Tfll. Y1 (43)
Qp = mMyy.-hyy +mMy3.hyz —myhy (44)
1
13
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Condenser

myy =My

Qc = Myy. (hy — hyy)
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Fig. 2. Flowchart representing the different simulation steps.

3. Results and Discussion
The following parameters were considered:

Te= -10 °C for the cold source; Tam= 20 °C for the ambient
temperature; na=ns= 1 = 0.7 for the absorber's, boiler's, and
pump’s efficiencies, respectively.

3.1. Thermal Distillation Impact on Mass Flow Rates and
Vapor Mass Titer

The effect of distillation on the evolution of the flow of
the rich solution emanating from the absorber (fs), in the

absorption refrigerator, can be seen in Figure 3. We note that
the flow rate of the rich solution emanating from the absorber
in the refrigerator without distiller decreases rapidly compared
to the flow rate of the refrigerator with distiller depending on
the temperature of the hot source. We find that the thermal
distillation process can decelerate the fast decrease in the flow
rate of the rich solution leaving the absorber.
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Fig. 3. Influence of thermal distillation process on the flow
rate of rich solution coming out from the absorber.

Figure 4 represents the influence of thermal distillation as
an ammonia purification process on the evolution of the vapor
titer leaving the boiler (Yvg) in the absorption refrigerator. We
notice that the vapors content values in the refrigeration
system with a distiller are higher than those in the system
without a distiller, particularly at higher hot source
temperatures. We can also see that the distillation helps to
increase the evolution of the titer mass flow of the
vapor exiting the boiler.

According to Fig. 3 and Fig. 4, it can be concluded the
technical importance that must be attributed to the absorber
and the boiler yields, and consequently to the design and
construction of the two latter.

1,00
TE=-10°C ; Tpp= 20 °C
...................... NA=NE="p=0.7
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m
> (5
> 1 Ty T
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—— ARef
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Fig. 4. Influence of thermal processes on the vapor
concentration coming out from the boiler.

3.2. Assessment of Thermal Distillation Impact on Various
Heat Exchangers

This section discusses the impact of the thermal
distillation process on the different heat fluxes exchanged by
the main components of the absorption plant.

Figure 5 (a) depicts the evolution of heat exchanged
quantity by the condenser. It should be noted that the
quantities of heat exchanged by the condenser in the case of
the absorption refrigerator with a distiller are lower than those
for the refrigerator without a distiller. For the highest
temperatures T, it can be seen a decrease in heat quantities at
the condenser level in the absorption system with a distiller
against an increase in these quantities without a distiller.
Therefore, the distiller can contribute to reducing the quantity
of heat necessary to be exchanged by the condenser with the
external environment. This is due to the vapor flow feeding
the condenser (see Fig. 4 (b)).

Figure 5 (b) explains the variation in the quantity of heat
exchanged by the evaporator as a function of Tg for the two
systems analyzed. For the two refrigeration systems analyzed,
the quantity of heat transferred by the evaporator diminishes
as the temperature Tg increases. We note that the absorption
refrigerator with a distiller has a higher refrigerating effect as
compared to the refrigerator without a distiller. This is refer to
the equality in the mass titer of the liquid solution feeding the
evaporator and the mass titer of the vapor evacuated by the
boiler. We can conclude that the distillation contributes to the
improvement of the cooling capacity in the studied system.

The quantity of heat extracted at the absorber level is
depicted in Fig. 5 (c). It should be highlighted that the
distillation system has succeeded in minimizing the amount of
heat to be extracted by the absorber, and that can facilitate the
ammonia absorption phenomena.

Figure 5 (d) shows the impact of distillation on the
evolution of the quantity of heat required by the boiler in the
examined system. It is noted that the heat fluxes exchanged by
these two systems analyzed decrease with the increase in the
temperature of the hot source Tg. It can be seen that the heat
flux exchanged by the boiler in the absorption machine with a
distiller is lower than that of the machine without a distiller.
We can say that the distillation aids the machine in reducing
the quantity of heat required for the absorption chiller's
functioning.
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Fig. 5. Effect of distillation on the different quantities of heat exchanged by the absorption system's heat exchangers.

3.3. Evaluation of Thermal Distillation Impact on Exergy
Performances

This section analyses the influence of incorporating a
thermal distiller as a refrigerant purification mechanism into
the basic absorption refrigerator cycle. Figure 6 provides an
overview of the impact of the distillation process on the
absorption refrigerator's exergy efficiency (nex) in question.
It's worth noting that the curve relying on the exergy efficiency
of the absorption machine equipped with a distiller is greater
than the curve of the machine without it. In addition, the
machine equipped with a distiller commences its operation
from the temperature of Tg=89 °C, and its exergy efficiency
begins to increase until it reaches a maximum value, equal to
27.79 % at 103 °C, then it continues to decrease. While the
absorption machine without a distiller can only start working
if the temperature reaches Tg=99 °C, then it exergy efficiency
(Mex) rises until it peaks, equal to 20.19 % at 112 °C, after
which it began to drop. We have demonstrated that the distiller

helps the absorption refrigerator to improve its energetic
performance and, as a result, to improve its operation.

TE=-10°C; Tapm=20°C

30 _
NA=Np=Np=0.7

Nex (%)

20

154

104

ARef
- Without distiller

T T T T T T T
80 100 120 140 160
Ts (°C)

Fig. 6. Evolution of the exergy efficiency for the two
absorption refrigerators analyzed (with and without distiller).
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3.4. Discussion

In this research, the distiller, which was introduced as a
purification mechanism for ammonia in the absorption
refrigerator, played a key role in diminishing the droplets
contained in the fraction vaporized at the boiler's outflow. This
allowed for a large increase in the vapor titer Y that could be
provided to the condenser, causing a rise in condensation
pressure and, therefore, the contribution to the reduction in the
amount of heat required for condensation. A heat exchanger-
recovery HE 1 cooled the fluid exiting the condenser. The
cooled liquid undergoes an isenthalpic expansion via EV 1
with the same vapor flow (condenser inlet), creating a
lowering in the temperature at the beginning of the
evaporation. This caused an increase in the cooling effect
produced by the evaporator. Thus, the vapor leaving from the
latter preheated by HE 1, then it was directed to the absorber,
where it was absorbed on one side by the poor ammonia
solution. On the other side, the lean liquid that exits the boiler
at its boiling point at the highest temperature, in the
refrigeration cycle, was cooled by a heat exchanger-recovery
HE 2 before being fed back into the absorber via isenthalpic
expansion EV 2. This exothermic recombination was
necessitated to extract the heat at the absorber level. So this
permitted to dispose of a colder low-ammonia liquid feeding
the absorber and enhancing the absorption process. A pump
conveyed the ammonia-rich solution from the absorber to the
boiler. Heat exchanger HE 2 preheated this solution, which
must be heated, after that, by the boiler to reach its boiling
point. As a result, the quantity of heat delivered to the boiler
(Qe) was significantly lowered. Finally, the vapors discharged
by the latter are gathered in the distiller, restarting a new cycle.
Nomenclature

Consequently, the distiller was able to achieve the absorption
refrigerator a higher exergy efficiency while operating at
lower temperatures.

4. Conclusion

In this paper, inserting a thermal distiller into the
absorption refrigerator (NH3-H,O) as a mechanism to purify
the ammonia has a favorable influence on its proper
functioning, particularly on the improvement of its exergetic
performances. The main benefit brings by the thermal
distillation process to the absorption refrigerator remains in
maximizing the liquid-vapor separation of the ammonia-water
fluid mixture. The distiller aided the refrigerator to reduce the
water droplets coupled with the gas emitted by the boiler at
high pressures and temperatures, resulting in an ideal flow rate
of vapor enriched with pure ammonia fluid. Consequently,
this allowed for lowering the amount of energy required by the
boiler even while improving the refrigerator's cooling
capability. The obtained results showed a remarkable increase
in the exergetic efficiency of the absorption refrigeration
machine equipped with a distiller (about 27.79 %) compared
to the simple refrigeration machine (20.19 %). The originality
of this work can motivate engineers and manufacturers to
develop and construct new absorption frigorific machines that
incorporate a thermal distiller.

Future research will focus on the energy optimization of a
solar absorption refrigerator equipped with a distiller. A
dynamical simulation of absorption frigorific installation
equipped with a distiller will also be performed.

AFM Absorption Frigorific machine
ARM Absorption refrigeration machine
ARef Absorption refrigerator

AWARS  Ammonia-water absorption

refrigeration systems
EV 1- EV 2 Expansion valve number 1 & 2
HE 1- HE 2 Heat exchanger number 1 & 2
LiBr-H,O  Lithium bromide-water pair
NHs-H,O  Ammonia-Water pair
ORC Organic Rankine Cycle

Variables and parameters

ECOP Exergetic coefficient of performance [%]

frs The rich solution flow [kg/s]

Gt Reduced Gihbs free energy in the liquid state
G} Reduced Gibbs free energy in the vapor state
h Specific enthalpy [kJ/kg]

HL The reduced enthalpy in the liquid state

HY The reduced enthalpy in the vapor state

m Mass flow rate [kg/s]

Qa Heat exchanged by absorber [kW/kg]

Qs Heat exchanged by the boiler [kW/kg]

Qsp Heat exchanged at the boiler with distiller
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COP Coefficient of performance [%] [kW/kg]
Qc Heat exchanged by the condenser [kW/kg] Tam Ambient Temperature [°C]
Qe Heat supplied to evaporator [kW/kg] W Mechanical power [kW]
Qo Heat exchanged by the rectifier [kW/kg] X Liquid mass titer
St The reduced entropy in the liquid state Y Vapor mass tilter
Sy The reduced entropy in the vapor state Yvs Vapor titer exiting the boiler
T Temperature [°C] MNex Exergy efficiency [%]
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