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Abstract

This study investigates the feasibility of utilizing 1-Chloro-3,3,3-trifluoropropene (R1233zd(E)) as the refrigerant and
Dimethylacetamide (DMAC) as the absorbent in a Diffusion Absorption Refrigeration (DAR) system. The
thermodynamic properties of the R1233zd(E)-DMAC binary solution were experimentally determined, including
pressure-temperature-concentration and enthalpy-temperature-concentration data. These experimentally obtained data
were integrated into a detailed DAR system model. Simulations were conducted to evaluate system performance,
focusing on the influence of generator temperature and solution concentrations on the Coefficient of Performance
(COP) and circulation ratio. In addition, an exergy analysis was conducted. This approach allowed for identifying the
locations and magnitudes of exergy losses and evaluating overall efficiency based on useful energy quality. The results
demonstrate that the system exhibits a COP value of 0.4 at an optimal generator temperature of 114°C. This optimal
temperature is significantly lower than that typically observed in conventional ammonia-water systems or other HFC-
based DAR systems. Moreover, the system operates at considerably lower pressures. This study contributes valuable
insights into the potential of R1233zd(E)-DMAC as a promising working fluid pair for sustainable and energy-

efficient DAR systems, particularly those utilizing low-grade heat sources.
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1. Introduction

The first diffusion absorption refrigerator (DAR) was
developed in 1928 and employed a combination of ammonia
as the refrigerant, water as the absorbent, and hydrogen as an
auxiliary inert gas [1]. Since then, ammonia—water binary
mixtures have remained the most widely used working pair
in DAR systems due to their high latent heat of evaporation
and low freezing point, which enable effective operation at
low evaporator temperatures. The thermodynamic properties
of this mixture have been extensively studied, forming the
basis for system design, optimization, and simulation. This
includes the development of generalized equations of state
[2], experimental determination of enthalpy, entropy, and
specific volume data [3], and the creation of computational
tools such as AMMWAT, based on Gibbs free energy
formulations [4]. Improved vapor—liquid equilibrium (VLE)
modeling was achieved using modified Peng—Robinson
equations [5], validated by wide-range experimental data [6].
Additional work has addressed energy balances and
equilibrium states [7] and proposed dedicated equations of
state to improve thermodynamic modeling accuracy across a
range of conditions [8]. Building upon these foundations,
extensive research has focused on improving DAR systems'
performance using simulation and experimentation. Studies
have confirmed the feasibility of using DAR systems with
low-grade heat sources such as solar or waste heat [9].
Enhanced thermodynamic models have been developed to
optimize heat exchanger integration and increase the
coefficient of performance (COP) [10]. Experimental
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investigations reported typical rich solution concentrations
in the range of 0.3-0.4 and COP values between 0.1 and 0.4,
depending on system design and thermal insulation [11,12].
The ‘rich’ solution refers to the absorbent-refrigerant
mixture exiting the absorber with a higher refrigerant mass
fraction, while the ‘poor’ solution corresponds to the mixture
exiting the generator after partial desorption, containing a
lower refrigerant content.

To overcome the limitations of ammonia—water
systems—namely, high operating pressures, toxicity, and
corrosiveness—researchers have investigated alternative
working fluid pairs composed of hydrofluorocarbons (HFCs)
or hydrofluoroolefins (HFOs) combined with organic
solvents. Numerical investigations of DAR systems using
the R124-DMAC working pair demonstrated promising
thermal behavior, with activation temperatures ranging from
80 °C to 180 °C and significantly lower vapor pressures than
DMF-based mixtures [13, 14]. Parametric studies showed
that optimal performance occurred at generator temperatures
between 120 °C and 150 °C, with reduced COP observed at
higher temperatures due to increased heat input, and
improved performance achieved when poor solution
concentrations were minimized [15]. Comparative
evaluations of organic refrigerants such as R134a and R124,
paired with DMAC, confirmed that while these systems
operate at lower pressures and with improved safety, they
generally require higher generator temperatures (around
150°C) and exhibit slightly lower COPs than ammonia—
water systems [16]. These refrigerant—absorbent pairs also
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offer reduced toxicity, chemical stability, full miscibility,
and the ability to operate at sub-zero evaporator
temperatures—all of which make them attractive alternatives
to ammonia—water mixtures [17]. Further work explored the
performance of simplified DAR configurations using R22,
R32, R124, R125, and R134a with DMAC and helium as the
inert gas [16]. These systems showed similar COP trends and
solution concentration behavior, although their generator
temperatures were typically higher, and their efficiency was
generally lower than conventional ammonia-based systems.
Earlier efforts also examined binary mixtures of R134a with
various organic absorbents—including DMETEG, MCL,
and DMEU—to evaluate vapor—liquid equilibrium and
excess enthalpy behavior [18]. Similarly, R124 was tested
with DMAC, MCL, DMEU, DMETEG, and NMP, with
thermophysical  property analysis and enthalpy—
concentration diagram development identifying R124—
DMAC as the highest-performing pair in terms of COP and
circulation ratio [19]. In parallel, growing environmental
regulations such as the European F-Gas Regulation have
prompted a transition from high-GWP refrigerants like
R134a,R404A, and R410A toward more sustainable options
[20]. As a result, low-GWP hydrofluoroolefins (HFOs) have
gained increasing attention for use in vapor compression and
absorption cycles. RI1234yf has been extensively
characterized for its vapor pressure, saturated densities, and
specific heat capacities [21]. At the same time, R1234ze(Z)
has been described using a fundamental equation of state,
providing reliable modeling across a wide range of
conditions [22]. Thermophysical data for R1336mzz(E),
including saturation and enthalpy—entropy characteristics,
have supported its application in low-temperature, high-
efficiency systems [23]. For R1233zd(E), a comprehensive
international standard equation of state was developed,
covering temperatures from the triple point to 450 K and
pressures up to 100 MPa, confirming its potential for low-
grade heat utilization [24]. These advances have facilitated
the implementation of HFO refrigerants in thermodynamic
modeling tools such as EES, enabling system-level
performance predictions for novel cycles. R1233zd(E), in
particular, has already been tested as a working fluid in
organic Rankine cycles [25], and its thermodynamic
properties have been incorporated into EES using newly
developed equations of state [26]. However, the literature on
using HFOs in binary solutions with organic absorbents for
diffusion absorption refrigeration remains sparse.

R1233zd(E) offers a significant environmental advantage
over traditional HFC refrigerants, with a GWP of
approximately one compared to values exceeding 1400 for
R134a and 2000 for R410A. It also presents a safer
alternative to ammonia (GWP = 0) due to its low toxicity and
non-flammability [25].

One recent study experimentally investigated the
R1234yf-DMAC system, providing temperature—pressure—
concentration and enthalpy—temperature—concentration data
[27], although the results have not yet been applied within a
DAR model. Given these gaps, the present study aims to
experimentally evaluate the R1233zd(E)-DMAC binary
mixture by obtaining pressure—temperature—concentration
and enthalpy—temperature—concentration data. These results
will be implemented into a DAR system model to assess the
feasibility and performance of this low-GWP working pair
for use with low-grade thermal energy sources.
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2. Experimental Data of Thermodynamic Properties

Thermodynamic properties depend on the refrigerant
solution's concentration in a binary solution. Direct
measurement of refrigerant concentrations within both the
liquid and vapor phases presents a significant challenge. To
address this, our procedure integrates experimental data with
analytical tools, leveraging the fundamental principle of
fugacity equality between the two phases as described in Eq.
(1). Our previous work presents a more detailed procedure
[27].

yib = Vixip{* ®; (1)

The experimental setup consisted of a 300 mL Parr 4383
pressure vessel equipped with a controlled heating jacket and
stirring, as shown in Figure 1. Measured masses of
refrigerant R1233zd(E) and organic solvent DMAC were
introduced into the vessel, and the target temperature was set.
Equilibrium was reached when the temperature difference
between the refrigerant and the solvent stabilized within
0.5°C. At equilibrium, the system pressure was recorded.
Subsequently, the vessel was cooled, and the procedure was
repeated at higher temperatures to cover the desired range.
Once the experiments were completed for a specific
refrigerant mass, a larger quantity of refrigerant was added
to the system, and the entire series of experiments was
repeated to encompass the desired range of refrigerant
masses. Note that the mass of the solvent remained constant.

Figure 1. Experimental setup.

The refrigerant concentration absorbed in the liquid
phase, &g, is:

éR :& (2)

Mpg + Mg

The mass fraction of a refrigerant in a liquid solution is
defined as the ratio of the refrigerant's mass in the solution
to the total mass of the solution. The total mass of the
solution is the sum of the refrigerant's mass and the
absorbent's mass within the solution. However, these
individual component masses within the solution are not
measured directly. Mass balance equations are used to
determine these values, which relate the measured total
masses of refrigerant and absorbent to the respective masses
of each component in both the liquid and gas phases of the
system.

Mg = Mg + Mg 3)
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my =myq+myg 4)

The liquid solution and the gaseous phase, V; both
occupy the total volume of the pressure vessel, Vy:

Ve =Vs+Vg ®)

The volume of each phase consists of the volume of each of
the components in that phase:

Vg =mpgVrs + M 5V 45 (6)
Vo =mpgVrG + MyGVac (7

The specific volumes of the refrigerant were obtained
from Engineering Equation Solver (EES) [26], and the
absorbent in the liquid solution was obtained from [18]. The
specific volumes of components in the gas phase are
calculated using the Peng-Robinson equation of state. By
combining Eq. (1), the masses of each component in each
phase can be calculated, which enables the calculation of the
concentration of the refrigerant in the liquid solution. Once
the mass concentration of the refrigerant in the liquid
solution was found, relationships between the equilibrium
temperature and pressure can be determined by fitting to a
polynomial function [18, 19], where p;; are the polynomial
coefficients are presented in Table 1.
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Figure 2. Pressure-temperature-concentration results in
equilibrium.

Since the binary solution is not an ideal one, the enthalpy
depends on the enthalpies and concentrations of each
component and the excess enthalpy, hE.

h=hpép+hy (1-&)+h" ©)

Molar excess enthalpy, HE, can be calculated based on
the following expression:

o\7)

p,x

(10)
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Molar Gibbs free energy G is expressed as follows:

G" =RT(x,Iny, +xzInyy) (1)

Molar concentrations x can be calculated based on each
component's molar masses and mass concentrations:

M
X ZQZR—A (12)
SrM 4+ S Mg
x,=1-xp (13)
The activity coefficient for each component v is:
y )
Inyg = A| 1+2| & (14)
B x,
3 )
Iny, = B[H—(X—AB (15)
A\ xp

Coefficients A and B are calculated based on Peng
Robinson EOS.

The enthalpy of the liquid solution is expressed as a
function of temperature T (in Celsius) and refrigerant mass
concentration & [18,19], where £;; are the coefficients of the
polynomial function presented in Table 2 are calculated by
linear regression:

i J o
h=3 > h&'T (16)
i=0 j=0

Figure 3 illustrates the enthalpy of the liquid solution at
various temperatures as a function of refrigerant mass
concentration.
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Figure 3. Enthalpy-temperature-concentration results in
equilibrium.

All experimental measurements were subject to
uncertainty, quantified based on instrument specifications
and propagated into derived thermodynamic quantities. The
masses of R1233zd(E) and DMAC were measured with an
uncertainty of £0.001g. Temperatures were measured using
a Type-K thermocouple with an accuracy of +0.5 °C, and
pressures were recorded with a precision of 1.0 kPa.

The refrigerant concentration in the liquid phase was not
measured directly but was derived from equilibrium mass
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and volume balances, utilizing specific volumes obtained
from EES and EOS-based models. The uncertainty in
concentration was propagated from mass and volume inputs
and is estimated to be within a 2—4% relative error.

Polynomial regression models linking equilibrium
pressure, temperature, and concentration exhibited high
accuracy (R? = 0.995), with all fitted coefficients reported
along with their standard errors and 95% confidence
intervals. Similarly, enthalpy correlations as a function of
temperature and concentration were developed using
regression, and residual analysis confirmed the model's
adequacy. Overall, all thermodynamic data presented
include error bars or confidence intervals derived from both
measurement and regression uncertainty. Since the values of
error are relatively small, they are not presented on the
graphs.

3. DAR

Properties
This research builds upon the DAR theoretical model of

[15], combining with the obtained properties of the binary

solution. The DAR system is presented in Figure 4.

This R1233zd(E)-DMAC-helium Diffusion Absorption

Refrigeration (DAR) system simulation incorporates several

key assumptions.

e Firstly, given that ambient air served as the cooling
medium, the condenser and reservoir temperatures were
assumed to be equal (T¢ = T3). For the air-cooled
condenser, T3 =~ 45°C and a corresponding total system
pressure of 252 kPa.

e Within the generator, solution and vapor bubbles were
assumed to exit at the same temperature.

e The heat input to the generator was assumed to heat the
rich solution exclusively, neglecting any heat transfer to
the returning weak solution.

e A 5°C temperature drop was assumed within the bubble
pump for the rising solution and vapor bubbles (i.c.,
T]g:T]g—5oC).

e A 2°C temperature difference was assumed between
stages la and 1b within the generator (i.e., 715=114,-2°C).

e It was assumed that Helium, containing residual
R1233zd(E) entered the gas heat exchanger at 7'5,= 40°C.

e The expansion temperature was assumed to be Ty=-
35°C.

e The temperature of the helium-R1233zd(E) mixture
before expansion was assumed to be 5°C higher than
after expansion (i.e., T4a=T4-5°C).

e The gas mixture temperature at the evaporator outlet was
assumed to be T5,=-5°C.

e The bubble pump and the solution heat exchanger were
assumed to be perfectly insulated.

e The contribution of hydrostatic pressure was considered
negligible, and pressure drops within the piping system
were neglected.

e The behavior of gas mixtures was assumed to follow the
ideal gas law.

e The evaporator outlet was directly connected to the
reservoir inlet. The R1233zd(E) leaving the rectifier at
stage 2 was assumed to be pure, with negligible water
vapor content.

e Adiabatic mixing was assumed to occur at the evaporator
inlet. No absorption was assumed to take place within the
reservoir.

Analysis Based on the Thermodynamic
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e Assuming equilibrium conditions for both the rich
solution entering the generator and the weak solution
entering the absorber enabled the application of the
pressure-temperature-concentration relationship.

e The enthalpies of a binary solution were calculated based
on the enthalpy-temperature-concentration data.

e The mass and energy balances for each component were
performed.

e The equations of the model are presented in [15].

e The system equations, combined with the properties of
the new solution, were solved by EES.
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Figure 4. DAR system [15].

The COP of the DAR system is defined as:

cop = e
Qgen

(17

0.35

0.3

0.25 0.3 0.35 0.4

&rich

—s— Epoor=0.2 —— Epoor=0.25

Figure 5. COP as a function of the refrigerant-rich solution
concentration, for different poor solution concentrations.

Analyzing the system, we found that a rich solution
concentration of 0.4 and the appropriate poor solution
concentrations resulted in the highest COP values, reaching
approximately 0.3. This is a typical COP range for a DAR
system, as shown in Figure 5. We observed that lower poor
solution concentrations (point 8) consistently led to higher
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COPs. This trend aligns with our expectations, as lower
concentrations improve absorption capacity due to reduced
heat of mixing and enhanced mass transfer within the
system, ultimately leading to more efficient refrigerant
absorption and reduced energy consumption.

Our simulation results show that the maximum COP is
achieved at a generator temperature of 114 °C, as illustrated
in Figure 5. At temperatures below 114 °C, the model does
not yield valid results due to insufficient thermal energy for
effective desorption, meaning the system cannot operate
properly. As the generator temperature increases beyond
114 °C, COP steadily decreases. This decline is attributed to
the increased heat input required at higher temperatures,
which outweighs the marginal gains in refrigerant
circulation. Additionally, higher generator temperatures lead
to greater thermodynamic irreversibilities and reduced
system efficiency. Therefore, 114 °C represents both the
minimum viable and optimal generator temperature under
the given operating conditions with the R1233zd(E)-DMAC
solution. This finding is consistent with previous work
reported in [15], which also identified an optimal generator
temperature range that balances desorption efficiency with
system energy demands.

0.35
0.3
0.25

114 119 X 124 129
Teen [°C]

Figure 6. COP as a function of the generator temperature,
Jor &ricn = 0.4 and Epoor =0.2.

The circulation ratio f'is defined as the ratio between the
rich solution (point 6) and the mass flow rate of the pure
R1233zd(E):

g

f=re (18)
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Figure 7. Circulation ratio as a function of the generator
temperature.

Figure 7 shows how the circulation ratio changes with
generator temperature in the DAR system. The circulation
ratio represents the amount of working solution that must
circulate in the system to produce a unit mass of refrigerant
vapor. As generator temperature increases, the circulation
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ratio decreases, indicating improved refrigerant desorption
efficiency. At higher temperatures, more refrigerant is
separated from the solution, so less solution is needed to
carry the same amount of refrigerant through the cycle. This
trend suggests more efficient use of the working solution at
elevated generator temperatures. However, it must be
balanced against other effects—such as higher heat input and
thermodynamic irreversibilities—which may reduce overall
system efficiency. Therefore, optimizing generator
temperature is essential for balancing good refrigerant
recovery with energy efficiency.

In a DAR system, the refrigerant undergoes a cyclic
process involving evaporation, absorption, desorption, and
condensation. The T-s diagram is crucial for visualizing this
cycle. Plotting the refrigerant's state points on this diagram
can graphically represent the entire cycle and identify key
points. The condensation (2-3), the sub-cooling (3—4a), the
expansion (4a—4c), and the evaporation (4c—5b) processes
for pure R1233zd(E) are described on a T—s diagram shown
in Figure 8. The rich solution concentration was considered
0.4, and the poor solution concentration was 0.2; the
generator temperature was 114°C. The figure clearly
illustrates that evaporation occurs across partial pressures
and temperatures.

R1233zd(E)

200F

150

100

T [°C]

50F

oF

-50

_100 1 1 1 1 1 1
0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50

s [kd/kg-K]
Figure 8. T-s diagram of R1233zd(E) in DAR system. &,;cp, =
0.4,§poor = 0.2 and Tyen = 114°C.

4. Exergy Analysis

A second-law (exergy) analysis of the diffusion
absorption refrigeration (DAR) system was conducted to
complement the energy analysis and quantify the
thermodynamic irreversibility within the system. This
approach identifies the locations and magnitudes of exergy
losses and evaluates overall efficiency based on useful
energy quality [28]. In this study, the DAR system is
modeled as a closed system with multiple heat sources,
allowing second-law analysis to be performed without
explicitly evaluating the entropy of the binary solution. The
heat sources are presented in Figure 4.

The exergy balance of a closed steady-state system is
expressed as:

> Ex,—Y Ex,, =Ex, =1 (19)

For systems exchanging only heat, the exergy associated
with each thermal flow is calculated as:
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Table 1. p;; coefficients of R1233zd(E) and DMAC.

i, j 0 1 2 3 4 5
0 -35.68452 414.58381 -4215.90900 12843.67600 -14748.95800 4778.38790
1 3.08371 -33.71596 354.47720 -1122.05410 1388.77550 -587.27065
2 -0.10149 0.80804 -9.00146 29.16873 -36.52972 15.54918
3 0.00165 -0.00866 0.10412 -0.34617 0.43877 -0.18798
Table 2. h;; coefficients of R1233zd(E) and DMAC.
i 0 1 2 3 4 5 6
0 -279000 42700 -356000 933000 -997000 372000 -279000
1 27800 -3390 28400 -75100 81000 -31000 27800
2 -1100 97.90000 -830 2200 -2380 911 -1100
3 22.10000 -1.34000 11.50000 -30.40000 33 -12.70000 22.10000
4 -0.24100 0.00874 -0.07580 0.20200 -0.21900 0.08440 -0.24100
5 0.00136 -0.00002 0.00019 -0.00052 0.00056 -0.00022 0.00136

. T, ) -
ExQ = [1 —T—J 0 (20)

where, O is the heat transferred, To is the surrounding
temperature, which is defined as 25°C or 298K, and 73 is the
bulk temperature of the component. Positive O represents
heat input; negative O represents heat rejection to the
environment. For each component, exergy associated with
heat flow is computed, and the sum of all flows allows
determination of useful exergy, total input, and internal
exergy destruction. These values are presented in Table 3
and in Figure 9.

Table 3. Exergy analysis results.

Component Heat [W] T»[C] To[C] Exergy[W]
Generator 323.5 114 25 74.37
Rectifierl -33.9 90 25 -6.07
Condenser -209.8 45 25 -13.19
Rectifier2 -37.6 40 25 -1.80
Absorber -144.9 80 25 -22.57
Evaporator 102.8 -5 25 -11.50

Irreversibility 19.24

The exergy efficiency of the system is defined as the ratio
between the exergy product and the total exergy input:

Exeva
EXCOpP =22
Ex

gen

e2y)

Evaporator output
11.56W

Rectifier 1 losses
5.06W Condenser losses
3.18W

Absorber losses
22.55W

Generator input Rectifier 2 Tosses
74.36W 1.80W

Irreversibilities
| 19.24W

Figure 9. Exergy flow diagram.

The exergy efficiency of the R 1233 zd (E)-DMAC
diffusion absorption refrigeration (DAR) system, calculated
using a closed system framework, was approximately 15.
5%. This approach considers only the generator as the source
of external exergy input, while the useful output is defined
as the cooling effect provided by the evaporator. Exergy
flows were computed using the external heat interactions at
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known bulk temperatures, eliminating the need for detailed
entropy generation calculations for the binary working pair.
All system components, including the solution heat
exchangers and rectifiers, are considered to operate within
the control volume, with their losses represented as internal
exergy destruction. This formulation differs from open-
system exergy evaluations commonly found in the literature,
such as in the work of [28], who reported second-law
efficiencies of 2.6%- 3.6% for a conventional ammonia—
water—helium DAR system. The higher efficiency observed
in our study can be attributed to the improved
thermodynamic performance of the R1233zd(E)-DMAC
working pair, lower operating pressures, and the exclusion
of auxiliary system losses in the closed- system analysis. Our
model treats heat exchangers as sources of internal
irreversibility, allowing for a focused evaluation of
component- level thermodynamic degradation. From an
economic perspective, adopting R1233zd(E)-DMAC in
DAR systems may offer notable advantages due to its
compatibility with low- grade heat sources such as solar or
industrial waste heat and its operation at lower pressures,
potentially reducing material and manufacturing costs.
Furthermore, the improved second-law performance
enhances the effective utilization of available energy, a key
consideration in energy- economic assessments for off- grid
and sustainable cooling applications. These findings support
the feasibility of developing novel working pairs and internal
heat recovery designs to reduce irreversibilities and improve
thermodynamic and economic performance.

5. Conclusions

This study comprehensively analyzes a DAR system
utilizing R1233zd(E) as the refrigerant and DMAC as the
absorbent. Experimental measurements were conducted to
determine the thermodynamic properties of the R1233zd(E)-
DMAC binary solution, including pressure-temperature-
concentration and enthalpy-temperature-concentration data.
These data were then integrated into a detailed DAR system
model to evaluate performance.
Simulation results indicate that the system exhibits a
reasonable COP, with optimal performance achieved at a
generator temperature of 114°C, a rich solution
concentration of 0.4, and a poor solution concentration of
0.2. Notably, this optimal generator temperature is
significantly lower than that typically observed in
conventional ammonia-water systems or other HFC-based
DAR systems, such as those using R124. These results
indicate that the system is well suited for operation with low-
temperature heat sources such as solar thermal energy,
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geothermal reservoirs, or industrial waste heat. A key
advantage of the R1233zd(E)-DMAC working pair is its
ability to operate at significantly lower generator
temperatures and system pressures (252 kPa at a condenser
temperature of 45°C) compared to traditional ammonia—
water systems. This characteristic offers notable benefits
regarding system design flexibility, material compatibility,
and operational safety. While the COP values may be
modest, the system's suitability for passive operation,
environmental sustainability, and off-grid applications
makes it a strong candidate for integration into decentralized
or renewable-driven energy systems.

Increasing the generator temperature beyond the optimal
point decreases COP due to increased heat input and reduced
system efficiency. The analysis also shows that lower poor
solution concentrations generally result in higher COPs,
attributed to improved absorption capacity, reduced heat of
mixing, and enhanced mass transfer. The circulation ratio
decreased with increasing generator temperature, which can
be attributed to increased vapor pressure and reduced
solution density difference.

Additionally, a second-law (exergy) analysis was
performed using a closed-system framework, where only the
generator was considered as the external source of exergy
input, and the evaporator’s cooling effect was treated as the
useful output. This analysis revealed an exergy efficiency of
approximately 15.5%, notably higher than values reported in
literature for traditional ammonia—water—inert gas systems,
such as those by [28], who reported efficiencies between
2.6% and 3.6%. The improved performance in this study can
be attributed to the superior thermodynamic behavior of the
R1233zd(E)-DMAC pair, reduced operating pressures, and
the focused treatment of internal irreversibilities, particularly
within the heat exchangers and absorber. By modeling the
DAR system as a closed control volume, the analysis avoids
the need for detailed entropy characterization of the binary
solution while capturing the significant sources of exergy
destruction. From an economic standpoint, the ability to
operate at lower pressures and utilize low-grade heat sources,
such as solar thermal or industrial waste heat, positions this
system as a cost-effective and environmentally favorable
alternative. These findings emphasize the potential of
exergy-based optimization and novel refrigerant pairs in
enhancing the performance and sustainability of diffusion
absorption cooling technologies. The system has strong
potential for implementation in solar-driven cooling
applications, especially in regions with limited access to
electricity, where off-grid refrigeration is essential for
preserving food and medicine. It is also well-suited for
agricultural cold chains, enabling temperature control during
post-harvest storage and transport in remote or rural areas.
The use of the R1233zd(E)-DMAC working pair offers
additional advantages due to its low global warming
potential (GWP) and non-flammability, making it a safer and
more  environmentally  responsible  alternative  to
conventional refrigerants. These characteristics align with
current sustainability goals and regulatory trends in
refrigeration and cooling technologies.

This study focuses on testing the feasibility of using
R1233zd(E) instead of ammonia, which is known to be toxic.
However, caution is still advised in its application.

Future research should investigate this system's
integration with renewable energy sources, particularly solar
energy. This would be crucial to developing sustainable and
environmentally friendly cooling solutions.
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Nomenclature

A First virial coefficient [-]

B Second virial coefficient [-]
E Exergy [W]

f Circulation ratio [-]

g Gibbs free energy [k//kg]

h Enthalpy [k]/kg]

I Irreversibility [W]

M Molar mass [k]/kmol]

m Mass [kg]

m Mass flow rate [kg/s]

p Pressure [bar]

T Temperature [°C], [K]

4 Volume [m?]

v Specific volume [m3/kg]

x Mole fraction in the liquid phase [-]
y Mole fraction in gas phase [-]
Greek symbols

y Activity coefficient

13 Weight fraction in liquid phase
@ Correction factor

P Weight fraction in gas phase
Subscripts

AG  Absorbent in gas phase

AS  Absorbent in liquid phase

evap Evaporator

G Gas

gen  Generator

i Component index

R Refrigerant

RG  Refrigerant in gas phase
RS  Refrigerant in liquid phase
S Solution

T Total

Superscript

E Excess

L Liquid

V Vapor
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