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ABSTRACT

Increased demand for summer comfort due to heat waves is driving the adoption of absorption refrigeration systems.
These systems use free solar energy and environmentally friendly refrigerants, offering a sustainable solution despite
their lower efficiency. This study investigates the effect of refrigerant ammoniac (NH,) mass concentration on the
performance parameters of a single-effect solar absorption refrigeration system using the NH3/H20 binary pair. A
thermodynamic model is developed to evaluate the system’s coefficient of performance (COP) under varying generator
temperatures, evaporator temperatures, and pressures. Results show that the COP increases significantly with NH,
concentrations up to a threshold (23-25%), beyond which it stabilizes. Optimal performance is achieved at a generator
temperature of 114°C, a low pressure of 1 bar, and an NH, concentration of 25%, yielding a maximum COP of 1.29.
Additionally, the COP decreases with higher evaporator temperatures and pressures, highlighting the critical influence
of thermodynamic parameters. This analysis underscores the importance of optimizing NH, concentrations and
system operating conditions to maximize energy efficiency and facilitate sustainable cooling applications in solar-rich
regions.

Index-words: Refrigeration, Absorption, COP, Solar energy, NH,-H,0O.

COP coefficient of performance [-] g generator

P pressure [bar] h high

Ex heat exchanger efficiency [-] b low

h enthalpy [kJ/kg] m ambient

m mass flow rate [kg/s] In inlet condition

Q heat transfer rate in system component [KW] out outlet condition

w pump work [KW] H,0 water

X mass concentration [%] LiBr lithium bromide

a absorber VARS vapor absorption refrigeration system
c condenser
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I INTRODUCTION

The manuscript Renewable energy is rapidly
growing worldwide due to environmental
and geopolitical concerns [1]. According to the
International Energy Agency [2][3], air conditioning
is the fastest-growing energy consumption sector in
buildings. Energy consumption for air conditioning
is expected to more than double in the next 30
years, leading to increased electricity consumption
peaks, especially in hot countries [4], [5], [6]. Sorption
chillers use heat sources such as solar energy, thus
reducing electricity consumption for cooling. These
systems can operate continuously (absorption) or in
alternating cycles (adsorption). Their performance
depends on the choice of working pairs and the
design of sorption elements. Recent developments
have improved the efficiency and capacity of
heat exchangers in absorption machines, while
adsorption chillers require specific exchangers [7],
[8].

The most common working pairs used in absorption
systems are H,O-LiBr and NH_,-H,O. However,
each has drawbacks that limit the application and
development of absorption chillers [9], [10]

Several researchers have studied the
implementation of vapor absorption refrigeration
systems (VARS) using H,O-LiBr as the working
pair. This binary pair is commonly used for air
conditioning applications, as it can maintain
an evaporation temperature down to 5°C. For
temperatures below 5°C, the NH,-H,O pair is
effectively employed in VARS [11].

Sieres and Fernandez-Seara [12] conducted a study
on the impact of the component dimensions of the
distillation column on vapor enrichment and the
performance of small-scale NH,-H,O absorption
refrigeration systems. The results demonstrate an
improvement in system efficiency, with a COP value
of 0.55 achieved through an optimized configuration
of the stripping section and rectifier. This design
minimizes water accumulation in the evaporator
while maximizing the overall system performance.

Kumar et al. [13] analyze a single-effect LiBr-H,O
absorption system using waste heat from steam
turbines in the sugar industry. The results show that
the COP varies as a function of operating parameters:
it decreases with an increase in cooling water inlet
temperature (25-30°C) and circulation ratio but can
reach optimum values for specific conditions. For
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example, for a concentration of 50% weak solution,
the COP varies from 0.4 to 0.6. The study highlights
energy efficiency and potential savings in an
industrial context.

Hilali and Soylemez [14] propose an engine exhaust
gas-driven absorption cooling system for automobile
air-conditioning. Compared to the conventional
vapor compression system, this system achieves
a cooling capacity ranging from 0.5 kW at idle to
2.8 kW under full load. The system'’s coefficient of
performance (COP) is around 0.18. The recovered
heat from the exhaust gases ranges from 3 kW to 16
kW, improving the cooling efficiency and reducing
fuel consumption due to lower back pressure.

Marcos et al. [15] propose a double-effect LiBr air/
water absorption solar cooling system designed for
hot and arid climates. Compared to the conventional
single-effect water-cooled system, this system
reduces water consumption by 35,377 m%year,
saves 1,253 MWh of energy, and cuts CO, emissions
by 11,008 tons/year. It also offers superior efficiency
with a COP improvement of 19-48%.

Yildirim and Yesilata [16] optimized a Li-Br/water
absorption system using a low-temperature heat
source with the Structural Bond Coefficients
method. The optimization reduced system
irreversibility by 72.5%, though it increased initial
costs. However, the additional investment is
recovered in 4.2 years. The study highlights the
potential of integrating solar thermal collectors
to enhance efficiency. Given the rising cost of
conventional energy, the payback period may be
shortened in the future. The research emphasizes
the balance between thermodynamic performance
and economic feasibility.

Ramesh et al. [17] investigated a shell and helical
coil solution heat exchanger in an NHs-H,O vapor
absorption refrigeration system. The solution heat
exchanger achieved effectiveness of 0.84-0.9. The
system’s COP improved by up to 60% with solution
heat exchanger integration, highlighting its potential
for enhanced heat recovery and efficiency.

Wang et al. [18] studied an absorption refrigeration
system based on NH,-HO-LiBr by developing
an accurate thermodynamic model (vapor-liquid
equilibrium) validated by experimental data (error
<9.6%). The simulations show that the addition of
LiBr improves the COP (with a deviation <0.02) by
reducing distillation losses but requires an optimum
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concentration to avoid absorption problems. The
model can be used to optimize temperatures and
concentrations for maximum performance.

Kilic and Ipek [19] have studied a solar absorption
cooling system using the nanofluid LiBr-ALO,-
H,O as the working fluid. The nanoparticles
increase thermal conductivity and heat transfer,
thereby improving system performance. Increasing
the concentration of ALO, (0% to 0.1%) and the
temperature of the generator (75°C to 85°C) resulted
in an increase in the COP, reaching a maximum
of 0.86. However, increased viscosity can lead to
pressure losses, requiring a balance between thermal
conductivity and viscosity.

Kumar et al. [20] optimized an NH,-H,O absorption
refrigeration system using energy and exergy
analyses. The optimal generator temperature for
maximum COP (0.54) is 99 °C, while for minimum
exergy destruction, it is 88 °C, 11 °C lower. Increasing
the evaporator temperature reduces the required
cut-off temperature, while a higher condenser
temperature increases it. The results highlight the
effectiveness of the exergy-based approach for
optimizing such system:s.

From the literature reviewed, there has been
much on studying the effect of ammonia as a
refrigerant fluid. It has been found that significant
improvements can be made to the technical aspects
of solar absorption cooling systems.

Despite the benefits that ammonia provides to
absorption refrigeration systems, its excessive use
presents several challenges: it is expensive, toxic, not
environmentally friendly, and difficult to obtain.

As a result, this study focuses on proposing a
thermodynamic model to evaluate the performance
of a single-effect solar absorption cooling system.
This system is simple, easy to install, compact,
portable, and easy to maintain. Most importantly,
it operates using solar energy instead of non-
renewable energy sources.

However, a high cooling capacity and a coefficient of
performance (COP) of 1.29, along with an absorption
cooling temperature reaching -30 °C, can be achieved
through this theoretical analysis of the influence
of various parameters, followed by validation with
previous studies. This is particularly beneficial for
industries such as cold storage for food, medicine,
and industrial tools.
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The primary modification introduced in this
system is the reduction of ammonia concentration
(_XNH3) in the refrigerant solution. As mentioned
earlier,ammonia is a laboratory-produced substance
that is toxic and, therefore, not environmentally
friendly. So reducing it is better. This adjustment
aims to enhance the coefficient of performance
(COP)while reducing pollutant emissions, all without
compromising the system’s optimal thermodynamic
efficiency.

By carefully optimizing the operating conditions
and adjusting key system parameters, we ensured
that the system’'s energy efficiency matched or
surpassed the performance of existing systems.
These efforts represent a significant contribution to
the advancement of environmentally friendly and
energy-efficient refrigeration technologies.

II. SOLAR REFRIGERATION

Sorption chillers use heat sources, such as solar
energy, to drive the cooling process, significantly
reducing electricity consumption compared to
conventional cooling systems.

A typical thermo-solar cooling system (Figure 1)
consists of an absorption chiller integrated

with a solar thermal energy source. This
configuration harnesses solar radiation to generate
the necessary thermal energy, which is then used
to power the absorption cycle, producing the
desired cooling effect. The system contributes to
energy efficiency and sustainability by reducing
dependence on conventional electricity-driven
refrigeration technologies.[3]

Hot heat

=>

Thermal Absorption
Chiller unit

Fig. 1. General diagram of a thermo-solar cold production
system

Absorption systems exhibit a wide range of
configurations, each tailored to specific operational
requirements and energy sources. They can be
classified based on their heat input method, such
as direct combustion, solar energy, or waste heat
recovery. The cycle complexity also varies, with
single-effect, double-effect, and multi-effect systems
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designed to optimize energy efficiency. The choice of
the working fluid, commonly NHz/H,O or LiBr/H,0,
influences the system’s applicability and operating
conditions. Additionally, these systems differ in
their cooling mechanisms, utilizing either air-cooled
or water-cooled heat sinks. Their applications
range from small-scale residential cooling to large
industrial refrigeration, with systems designed for
either continuous operation, ensuring stable cooling
or discontinuous cycles suited for intermittent
energy sources. [21]

A. Absorption Refrigeration

The single-effect solar absorption refrigeration
system has been selected using the NHs/H,O binary
mixture. This cycle operates at two pressure levels
(high and low), as illustrated in Figure 2.

In a solar absorption refrigeration system using the
NHs/H,O pair, the cycle begins in the generator,
where the liquid solution is heated by solar energy
collected through solar panels (Qg), causing the

= Solution mixture (MHs. Hz0)
= Refrigerant [MHz)

Pressure (bar)

Absorbent (Hz0)

Expansion
valve

9
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separation of the refrigerant (NHs;) from the
absorbent (H,O). The ammonia vapor produced is
then directed to the condenser, where it releases
heat to the environment (Qc) and condenses into
a liquid. This liquefied refrigerant passes through
an expansion valve, which lowers its pressure
and temperature via the Joule-Thomson effect,
facilitating its evaporation in the evaporator,
where it absorbs the thermal load (Qev) from the
surrounding medium. The resulting NH; vapor is
then sent to the absorber, where it dissolves in the
water solution, a process that releases heat (Qa) to an
external cooling fluid. The NHs/H,O solution, now
at low temperature and pressure, is pumped back to
the generator through a heat exchanger, which helps
recover part of the thermal energy from the fluid
leaving the generator, improving the system’s overall
efficiency. The absorbent (H,O), at high temperature
and pressure, also flows from the generator to
the absorber through a heat exchanger and an
expansion valve. This cycle repeats continuously,
ensuring efficient cooling while utilizing solar
energy as the primary power source. [22], [23]

Expansion
valve

Ay

Temprerature "C

Fig. 2. Basic diagram of a solar absorption refrigeration machine single-effect

B. Thermal Storage

The single-effect absorption cycle represents the
fundamental configuration of solar absorption

cooling technologies. It typically consists of three
essential components: the solar collector, the energy
storage system, and the absorption machine [24]
(Figure 3).
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Fig. 3. Schematic of a single-effect solar absorption chiller with storage unit and solar collector [25]

The thermal energy required to operate these
technologies comes from sunlight. The solar
thermal system converts solar radiation through the
greenhouse effect and absorption by the collector.
This process is known as solar irradiation[26]
[27]. This thermal energy then feeds the system,
specifically the generator.

The working heat supplied by the conventional
heater is partially replaced by solar heat. When
heat production exceeds requirements, the surplus
is stored in the storage tank for later use. If there is
insufficient sunshine or at night, an auxiliary heater
takes over [28].

Currently, most solar cooling systems available
on the market operate according to this principle,
using flat-plate or evacuated-tube solar collectors to
supply the heat [29]. Thermal storage helps mitigate
the intermittency of solar systems by extending
their operating time and improving efficiency.
There are three main types of storage: sensible heat
storage, which offers high efficiency but requires
temperature variations; latent heat storage, which
allows constant temperature storage but still
requires further research; and thermochemical cycle
storage, which remains experimental. Heat transfer

different refrigeration cyclesis based on the first law
of thermodynamics [31], [32], [33]. The general form
of the mass and energy conservation equations is as
follows:

Zmin — Z Moyt (1)

Z Mip Xip = E Moue Xout (2)

Z Q+ Z W = Z Mouth out — Z Minhin (3)

The detailed equations for the single-effect cycle
case are as follows:
A. Mass Balance

Generator

mz = 1y + My (4)
X3 = Xy (5)
Xqg = .’X,'p (6)
X3M3 = X4y (7)

fluid storage tanks are commonly used, though their Condenser

performance is affected by heat losses due to fluid ) )

mixing. [30] m;, = Mg (8)

III. THERMODYNAMIC STUDY Evaporator

The thermodynamic modeling carried out for the Mg = T4 9
http://apc.aast.edu
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Absorber
X1My = XgMg

Tflg, + mlo - Tfll

Heat exchanger
mz = m,
Ms = 1y
Expansion valve
Mg = My
Ms = Mg

B. Energy balance

Generator

Qg = my hy + my; hy — M3 hy
Condenser

Q;. = My h; — 1hg hg
Evaporator

Qev = My hyg — Mg hg
Absorber

Qq = Mmyq hyg + Mg hg — My hy

70 60 50 40 -0 -20 -0 0
20

(12)

(13)

(17)

(18)

(19)
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Heat exchanger
Qex = M3 hy — My h; (20)
Qex = My hy — M5 hs (21)
Expansion valve
Qg9 = Mg hg — Mg hg (22)
Qs5-¢ = Mg hg — Ms hs (23)

Pump

The circulation pump transports the refrigerant-
rich solution to the high-pressure generator:

W = my (heg — hs) (24)

Coefficient of performance

The coefficient of performance (COP) of the
absorption refrigeration system is defined as:

Qev

COP = ————

(25)

The determination of the various thermodynamic
parameters is based on the use of the Oldham
(Figure 4) and Merkel (Figure 5) diagrams.[5] [34], [35]

10 20 30 40 5 6 70 B0 90 100 110 120 130 140
3 +

(8] w hwa\-qow.éa
|

4

Pressure (bar)
. 2

4 0.07
. . . 0,06
I R 005
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Fig. 4. Representation of the absorption cycle on the diagram of Oldham for NH3/H20, (P, T)
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Fig. 5. Automated Merkel diagram

IV. WORKING CONSTRAINTS

A. Hypotheses

In order to obtain a match between the chosen
model and the considered unit, certain assumptions
have been imposed. We consider that there are no
heat losses to the outside environment.

. The expansion is isenthalpic at the valve level.

o Variations in kinetic energy and potential
energy are negligible.

o The system is adiabatic, without heat losses.
(necessary to develop a thermodynamic model
that isolates key performance parameters).

. Steady-State Operation (the system operates
dynamically with fluctuating solar radiation
and ambient conditions for a more precise
evaluation).

B. Input Parameters

Taking into account the reference data [36], the
studied installation operates according to the single-
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effect absorption cycle using the binary pair (NH.-
H,0) ammonia-water (NH, as refrigerant fluid and
H,O as absorbent fluid) Figure 2, with the following
operating conditions:

. 1<Pb <1.7 bar: low pressure.
. Ph =7 bar: high pressure.
. Tm = 25°C : Ambient temperature

. Ex = 0.83: heat exchanger efficiency

. m,; = 1 [kg/s]: Rich solution mass flow rate
(NH,/H,0)

. m- = 0.45 [kg/s]: Refrigerant mass flow rate
(NH,)

. X3 =33%: mass concentration of the mixture

(NH,/H,0) at point 1 (rich solution)

. 14% < XNH3 < 25%: NH, mass concentration
at point 4.

V. MODEL SETUP

Developing a mathematical model for a Single-Effect
Solar Absorption system is essential for gaining a
deeper understanding of its operational behavior,
optimizing its performance, and minimizing
development time, construction costs,and associated
risks.

Several studies have employed different simulation
tools to model cooling systems, such as TRNSYS
[37], MATLAB [38], and TRANSOL [39], [40]. In
this study, the Engineering Equation Solver (EES)
software was selected due to its strong relevance
to thermodynamic applications and its ability to
efficiently handle complex equations related to
energy systems [41], [42] .

EES provides a robust platform for designing
and analyzing heat and cooling system models
within the thermal liquid domain. It allows for the
consideration of key thermodynamic properties
such as temperature variations, viscosity changes,
and heat transfer effects. These variations result
from both internal processes within the system
components and external influences from
environmental conditions. By using EES, it becomes
possible to accurately simulate the performance
of the absorption system, assess its efficiency, and
explore potential improvements.

http://apc.aast.edu
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VI. WORKING FLUID

The key advantages of NH; over H,O as a refrigerant
include its significantly lower freezing point,
making it suitable for subzero cooling applications.
Its higher working pressures allow the system to
achieve negative cooling temperatures without
requiring deep vacuum conditions, which simplifies
system design. Unlike H,O, which operates under
vacuum in absorption cycles, NH, can function
at moderate pressures, reducing the need for
expensive and specialized vacuum components
[9]. Additionally, NH, has a high latent heat of
vaporization, enhancing its cooling capacity while
maintaining efficiency. Its compatibility with
metallic components also contributes to system
durability and reliability.[21], [43], [44]

VII. RESULTS AND DISCUSSION

The different results presented in this work are
obtained from the resolution of the equations of the
developed model above, using the EES software to
solve these equations.

To operate an NH,/H,O absorption machine
efficiently, it is crucial to correctly select the
concentrations of the binary pair as well as the
temperatures and pressures at the generator,
evaporator and absorber levels.

A. Model Validation

The results of our models are compared with COP
values reported in previous studies to validate their
accuracy and performance.

Al-Rbaihat et al. [45] achieved a maximum COP
of 0.8483 under optimal operating conditions.
These conditions included a generator pressure
of Ph = 14.5 bar, an evaporator pressure of Pb = 2.8
bar, a generator temperature of Tg = 135°C, and an
evaporator temperature of Te = -6°C. This highlights
the importance of precise pressure and temperature
control in maximizing system efficiency.

Similarly, Khan et al. [46] reported a COP of 0.8,
derived based on the first law of thermodynamics.
Their optimal conditions involved a generator
temperature of Tg = 120°C and an evaporator
temperature of Te = -2.2°C.

Wei Wu et al. [47] presented an experimental study
on a Compression-Assisted Absorption Heat Pump
using an ammonia-water binary mixture to improve
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efficiency. The tests showed that when the generator
temperature reached 115°C, the attained COP was
1.271, with the evaporator temperature at -10°C.

These studies emphasize the role of temperature
ranges and operating conditions in determining the
thermodynamic efficiency of refrigeration systems,
offering a useful benchmark for comparison with
our model’s results.

B. Interpretations

The following figures show the effect of generator
temperature (Tg) and evaporator temperature
(Tev) on the coefficient of performance (COP) with
different in low pressure (Pb) and the different
various ammonia concentrations ( XNH 3), ranging
from 14% to 25%.

x=14%
x=18%
x=21%
x=23%
x=25%

Pb = 1bar
13- Ph = 7 bar

1,24
114
1,0 1

0,9
0.8
o 07
(] /‘
O 0,6
0,5
0,4 1 /

0,3
0,2
0,1

010 T T T T T T 1
80 90 100 110 120 130 140

Tg°C

Fig. 6. Variation of the coefficients of performance with
generator temperature (Tg) for Pb=1bar

Pb =1 bar x=14%
Ph= 7 bar x=18%
134 e X =21%

1:2- \ x=23%
1,1 4

x=25%
1,0

09
08 \

Q7]

(@] 0,6 1
0,5
0,41 —
03
0,2
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00 ; ; ; ,

Tev °C

Fig. 7. Variation of the coefficients of performance with
evaporator temperature (Tev) for Pb=1bar
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In Figure 6. For Pb = 1 bar, when the ammonia
concentration _XNH3 is low, i.e., 14%, 18%, or 21%,
the COP increases proportionally to the generator
temperature Tg = 135°C, the corresponding COPs are
0.505, 0.652, and 0.7565 respectively. By increasing
the concentration in XNH, , two distinct phases are
observed. In the first, the generator temperature
increases proportionally to the COP, regardless of
the value of _XNH3. In the second, after a certain
temperature threshold, the COP stabilizes and
becomes almost constant beyond Tg = 109°C,
reaching a value of 0.8984 for XNy, = 23% and
1.285 for XNH, = 25% at Tg = 114°C.

Pb= 1,4 bar x=14%

Ph=7 bar x=18%

—x=21%

1,24 — Xx=23%
x=25%

)

T T 1
80 90 100 110 120 130 140
Tg°C

Fig. 8. Variation of the coefficients of performance with
generator temperature (Tg) for Pb=1.4 bar

Pb =14 bar
Ph= 7 bar

044 \

0,2 4

COP

0,0

-20 -15 -10 5 0
Tev °C

Fig. 9. Variation of the coefficients of performance with
evaporator temperature (Tev) for Pb=1.4 bar

The Figure 8. For Pb = 14 bar, the generator
temperature is proportional to the COP when the
ammonia concentration X NH; is low, namely 14%,
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18%, and 21%, with a COP value of 0.480, 0.620, and
0.720 respectively, at a generator temperature Tg =
135°C. By increasing the concentration in X NH; ,
two distinct behaviors appear. In the first range, an
increasein temperature with a proportional increase
in COP, regardless of the value of XNH, . In the
second range, from a certain generator temperature,
the COP stabilizes and remains almost constant after
Tg =117°C, reaching a value of 0.817 for XNH, =23%
and 1.192 for XNH, = 25% at Tg = 108°C.

Pb=1,7 bar x=14%

Ph= 7 bar x=18%

0,9 x=21%
x=23%

0.8 4 x=25%

0,7

0,3

\\\\

0,2

0,1

0,0

T T T T 1
90 100 110 120 130 140
Tg°C

o]
o

Fig. 10. Variation of the coefficients of performance with
generator temperature (Tg) for Pb=1.7 bar

Pb = 1,7 bar
Ph= 7 bar

Tev °C

Fig.11. Variation of the coefficients of performance with
evaporator temperature (Tev) for Pb=1.7 bar

In Figure 10. For Pb = 1.7 bar, the generator
temperature is proportional to the COP for low
concentration XNH, =14%atavalueof 0.39, XNH; =
18% at a value of 0.478,and X NH; =21% at a value of
0.586 in Tg = 135°C. By increasing the concentration
of X NH,, it is noted that there are two ranges: the
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first range varies, and increasing the temperature is
proportional to the COP for any choice of the value
of X NH;. In the second range, at a certain generator
temperature, the COP curve becomes constant
starting from Tg = 92 °C at a value of 0.668 for XNH,
= 23% and 0.9002 starting from Tg=85°C for XNH,
= 25%.

For Figure 7, Figure 9, and Figure 11, it is observed
that the COP variation is inversely proportional to
the evaporator temperature (Tev): the COP decreases
as the evaporator temperature increases within the
same temperature range, regardless of the variation
in concentrations X NH. Additionally, it is noted
that the COP decreases with increasing pressure (Pb).

Table I represents the good choice of
thermodynamic parameters for better operation
at the generator level of the absorption installation
(concentration, temperature, and pressure), which is
a very important element.

TABLE 1. MAXIMUM COP VALUES FOR DIFFERENT
PRESSURES AND CONCENTRATIONS

Pb=1 0.505 |[0.652 |0.7565 |0.899 |1.296
(0/0). 3 Pb=14 | 0.4805 | 0.620 |0.720 0.823 | 1.205
Pb=17 |0.390 |0.478 |[0.586 0.6702 | 0.910

These studies underscore the impact of temperature
and operating conditions on refrigeration efficiency,
serving as a benchmark for our model.

VIII. CONCLUSION

The objective of this contribution is to highlight the
solar absorption refrigeration system.

The in-depth analysis of the effect of the ammonia
(NH;) mass concentration on the performance of
the single-effect solar absorption refrigeration
system (using the NH;-H,O binary pair) has revealed
several key trends. The results clearly show that the
NH; concentration directly affects the coefficient
of performance (COP) (a crucial indicator of system
efficiency).

When the ammonia mass concentration
(XNH,) is relatively low (between 14% and 21%),
an increase in the generator temperature leads to a
significant improvement in the COP. For example,
for a concentration of 21%, the COP reaches 0.7565
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at a generator temperature of 135°C, keeping the low
pressure constant and equal to one (01) bar. However,
this correlation is not proportional to high X NH;.
Indeed, for concentrations of 23% and 25%, the COP
continues to increase up to a certain point, beyond
which it stabilizes. From Tg = 109°C for X NH, =23%
and Tg = 114°C for XNH, = 25%, the COP reaches
0.8984 and 1.285, respectively, before becoming
almost constant. This phenomenon can be explained
by the saturation of the heat exchange capacities in
the generator, thus limiting the efficiency gains.

At higher pressures (low pressures) (1.4 and 1.7
bar), similar results are obtained. With an NH;
concentration of 25% and a low pressure of 1.7 bar,
the COP reaches a maximum of 0.910 at a generator
temperature of 85°C. At these pressures, the COP
seems to be more sensitive to variations in generator
temperature, although it eventually stabilizes
beyond a certain threshold, thus confirming the
trend observed at lower pressure. Furthermore,
the opposite effect is observed when observing the
influence of the evaporator temperature on the
COP. An increase in the evaporator temperature
leads to a progressive decrease in the COP, which is
attributable to the reduction of the thermal gradient
necessary for the absorption process. It is also
noted that lower pressures reduce the efficiency
of the system, which highlights the importance of
maintaining adequate pressure to optimize the cycle.

The performance shows that the maximum COP
value is reached with an NH; concentration of
25% under a low pressure of 1 bar and an ambient
temperature of 25°C, reaching 1.296. This indicates
that the optimal conditions for the operation of
these systems depend heavily on the NH; mass
concentration, as well as the temperatures of the
generator and evaporator.

In conclusion, this study demonstrates the
importance of optimizing the NH; mass
concentration (XNH,) in solar absorption

refrigeration systems, taking into account the
pressures and temperatures of the key components
of the cycle. Proper management of these parameters
not only maximizes the energy efficiency of the
system but alsoensuresbetter utilization of solar heat
sources. These results thus provide a solid basis for
improving the performance of absorption machines
and their integration into more sustainable cooling
applications, particularly in regions with high solar
irradiation where the demand for air conditioning is
constantly increasing.
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