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Abstract: This study evaluates the application potential of four low-GWP HFO/ionic-liquid working pairs in
absorption refrigeration systems. The NRTL activity coefficient model was used to describe the vapor-liquid
equilibrium behavior of the working pairs, and thermodynamic models of single-effect and compression-assisted
absorption cycles were established. The effects of generation, absorption, condensation, and evaporation
temperatures on circulation ratio, solution concentration difference, COP, and exergy efficiency were analyzed.
Results show that higher generation and evaporation temperatures improve cycle performance, while higher
absorption and condensation temperatures reduce it. Among the investigated pairs, R1234ze(E)/[C4mim][DCA]
exhibits the best overall performance. The compression-assisted cycle further enlarges the operating range and
reduces the circulation ratio, showing good potential for low-grade heat-driven refrigeration.
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1 Introduction

Low-global-warming-potential working pairs are essential for the development of absorption
refrigeration systems driven by low-grade thermal energy, such as industrial waste heat, solar thermal
energy and other renewable heat sources!'?). Ionic liquids have been widely considered as alternative
absorbents because of their negligible vapor pressure, good thermal stability and tunable molecular
structures, while hydrofluoroolefin refrigerants provide environmentally favorable refrigerant
candidates for next-generation refrigeration and heat-pump systems!>3.

In this work, four hydrofluoroolefin/ionic-liquid working pairs, namely R1234y{/[Comim][DCA],
R1234yf/[Csmim][DCA], R1234ze(E)/[Comim][DCA] and R1234ze(E)/[Csmim][DCA], were
investigated for single-effect and compression-assisted absorption refrigeration cycles. The vapor -
liquid equilibrium behavior of the refrigerant/ionic-liquid mixtures was described using an
NRTL-based thermodynamic model, and the required binary interaction parameters were taken from
literature data for R1234yf and R1234ze(E) in dicyanamide-based ionic liquids** A cycle model was

then established based on mass and energy balance equations to evaluate the circulation ratio, solution



concentration difference, coefficient of performance and exergy efficiency under different operating
conditions.

The previous studies indicate that the cycle performance of working pairs is strongly affected by
both phase-equilibrium characteristics and operating temperatures. Increasing the generator
temperature and evaporator temperature is favorable for enlarging the concentration difference
between the strong and weak solutions, thereby reducing the solution circulation ratio and improving
the thermodynamic performance of the system. In contrast, higher condenser and absorber
temperatures weaken refrigerant absorption/desorption behavior and lead to performance degradation.
Comparative analysis shows that the refrigerant type and the alkyd-chain length of the ionic-liquid
cation significantly influence the absorption capacity, circulation requirement and cycle efficiency of
the working pairs!®”!. For the compression-assisted configuration, increasing the absorption pressure
can enhance the absorption driving force, reduce the required solution circulation rate and extend the
operating adaptability of the cycle under low-grade heat-source conditions®!. This study provides a
theoretical basis for screening environmentally friendly with working pairs and optimizing ionic

absorption refrigeration systems.

2. Correlation of Solubility for HFO/Ionic Liquid Working Pairs

In absorption refrigeration cycles, vapor-liquid equilibrium (VLE) behavior directly determines
the solubility of the refrigerant in the ionic-liquid absorbent and governs the absorption/desorption
capability of the working pair. It also affects the concentration difference between the strong and weak
solutions, which is a key parameter for calculating the circulation ratio and evaluating cycle
performance. Therefore, accurate correlation of the VLE properties is essential for the thermodynamic
analysis of HFO/[DCA] working pairs. In this study, the non-random two-liquid (NRTL)
activity-coefficient model was adopted to describe the liquid-phase and to correlate the
phase-equilibrium behavior of R1234yf/[Comim][DCA], R1234yf/[Csmim][DCA],
R1234ze(E)/[Comim][DCA] and R1234ze(E)/[Csmim][DCA]. The governing equations of the NRTL
model are expressed as Egs.(1) and (2)
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In Egs. (1) and (2), T 12and 7 2; are the binary interaction parameters of the NRTL model"?), and a
i1s the non-randomness parameter. To account for the temperature dependence of the liquid-phase
interaction between the refrigerant and ionic liquid, T 12 and T 21 were expressed as functions of

temperature, as given in Eq. (3).
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The adjustable parameters in Eq. (3) were obtained by regressing the experimental vapor-liquid
equilibrium data of the corresponding cycle systems reported in the literature!''"'?!. In the present work,
component 1 denotes the HFO refrigerant, namely R1234yf or R1234ze(E), and component 2 denotes
the ionic liquid, namely [Comim][DCA] or [Csmim][DCA].The activity coefficientyicalculated from
the NRTL model was then introduced into the phase-equilibrium equation. For the binary

refrigerant/ionic-liquid mixture, the equilibrium relationship can be written as Eq. (4).

vpd=xyp =l 2) )

In Eq. (4), xi and yi represent the mole fractions of component i in the liquid and vapor phases,
respectively. The equilibrium pressure is denoted by p, and the saturated vapor pressure of the pure

component is denoted by p’. The vapor-phase fugacity coefficient is represented by ¢ and was
calculated using Eq (5). Because ionic liquids have extremely low vapor pressures under the
investigated operating conditions, the vapor phase was assumed to be dominated by the refrigerant
component. This treatment is commonly adopted in the thermodynamic modeling of
refrigerant/ionic-liquid working pairs.

(B-V)(p-F)
= eX i i i (5)
¢, = exp[ T ]
Table. 1 Binary Interaction Parameters of Working Pairs by Fitting the Experimental Solubility Datal'3!
Working pairs a T2 T2 D10 D1
R1234yf/[Comim][DCA] 02 4893 399.13 44 34339
R1234yf//[Camim][DCA] 0.2 10.127 -906.24 3.420 -671.41

R1234z¢(E)/[Camim][DCA] 02 00081 28485  0.003 286.69
R1234z¢(E)/[Csmim][DCA] 02 00079 31367  0.002 206.22

For the absorption refrigeration cycle calculation, the thermodynamic properties of the
refrigerant/ionic-liquid solution are required. The specific enthalpy of the mixture was calculated by
considering the contributions of the pure refrigerant, the pure ionic liquid and the excess enthalpy
caused by liquid-phase non-ideality, as expressed in Eq. (6)

H=xH, +x,H,+H" (6)
In this equation, hl and h2 are the specific enthalpies of the refrigerant and ionic liquid,
respectively, while HE represents the excess enthalpy of the mixture.
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The excess enthalpy was obtained from the temperature dependence of the excess Gibbs free

energy derived from the NRTL model, as shown in Egs. (7) and (8). This treatment enables the



influence of non-ideal molecular interactions between the HFO refrigerant and the ionic-liquid
absorbent to be included in the cycle energy analysis. The thermodynamic properties of the ionic
liquid were evaluated using temperature-dependent correlations for the isobaric molar heat capacity
and molar volume, as given in Egs. (9) and (10). In these equations, ¢,z is the isobaric molar heat

capacity of the ionic liquid, vi. is the molar volume, and R is the universal gas constant!!*!3],
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3 Model and validation of absorption refrigeration cycle

To evaluate the thermodynamic performance of the selected HFO/[DCA] working pairs, both the
conventional single-effect absorption refrigeration cycle and the compression-assisted absorption
refrigeration cycle were considered. In the single-effect cycle, the low-pressure refrigerant vapor
generated in the evaporator is absorbed by the refrigerant-lean ionic-liquid solution in the absorber,
releasing absorption heat and forming a refrigerant-rich solution. The rich solution is then pressurized
by the solution pump and preheated in the solution heat exchanger before entering the generator,
where external heat is supplied to desorb the refrigerant from the solution. The released high-pressure
refrigerant vapor flows into the condenser, rejects heat and condenses into liquid refrigerant, which is
subsequently throttled through the refrigerant expansion valve and returns to the evaporator to
produce the cooling effect. Meanwhile, the refrigerant-lean solution leaving the generator is cooled in
the solution heat exchanger, depressurized through the solution valve and returned to the absorber,
thereby completing the solution circulation loop!!®!®. Compared with the single-effect configuration,
the compression-assisted cycle introduces a refrigerant compressor between the evaporator and
absorber. The refrigerant vapor from the evaporator is compressed to a higher absorption pressure
before entering the absorber, which enhances the absorption driving force, increases the concentration
difference between the rich and lean solutions, and reduces the required solution circulation ratio.
Therefore, the compression-assisted configuration can improve the adaptability of the absorption
refrigeration cycle to low-grade heat sources, although additional compressor work is required!®2%],

The basic configurations of the two cycles are shown in Figs. 1 and 2.
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Fig. 1 Schematic diagram of the absorption refrigeration cycle
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Fig. 2 Schematic diagram of the compression-assisted absorption refrigeration cycle

To investigate the cycle performance of the selected HFO/[DCA] working pairs, a
thermodynamic model of the absorption refrigeration cycle was established based on the component
mass and energy balances. The model was applied to both the conventional single-effect absorption
refrigeration cycle and the compression-assisted absorption refrigeration cycle. In the model, the HFO
refrigerant was treated as the volatile component, while the ionic liquid was regarded as a non-volatile
absorbent. The vapor-liquid equilibrium relationship obtained from the NRTL model was used to
determine the solution concentrations at the absorber and generator outlets.

For model simplification, several assumptions were introduced. The whole cycle was considered
to operate under steady-state conditions. The refrigerant at the evaporator outlet and condenser outlet
was assumed to be in a saturated state. The solutions leaving the absorber and generator were assumed
to reach phase equilibrium at the corresponding temperatures and pressures. Pressure drops in
pipelines and heat exchangers, flow resistance, heat loss to the surroundings, and changes in kinetic
and potential energies were neglected. The throttling processes in the refrigerant expansion valve and
solution expansion valve were assumed to be isenthalpic. The effectiveness of the solution heat

exchanger was set to 80%. Since the work input of the solution pump is much smaller than the heat



transfer rates of the generator, absorber, condenser and evaporator, the pump work was neglected in

21-23) For the compression-assisted configuration, however, the

the single-effect cycle calculation!
refrigerant compressor work was included because it directly affects the system energy input and

cycle performance.

Based on the conservation of mass and energy, the heat load of the generator can be calculated
using Eq (11). In this equation, Qg represents the heat supplied to the generator, h; denotes the
specific enthalpy at state point i, my is the mass flow rate of the weak solution, and m;, is the mass flow
rate of the refrigerant. In this work, the weak solution refers to the refrigerant-rich solution leaving the
absorber, while the strong solution refers to the refrigerant-lean solution leaving the generator.

Qg+mrh7=mrh3 +(m, —m_ )h, (1D
The heat transfer rates of the absorber, condenser, evaporator and solution heat exchanger are
calculated using Eqgs. (12) - (15), respectively. In these equations, Qa, Qc, Qe and Qx denote the heat
loads of the absorber, condenser, evaporator and solution heat exchanger, respectively. The enthalpy of
each state point was obtained from the thermodynamic property model of the refrigerant/ionic-liquid
solution. The heat exchanger was modeled using a fixed effectiveness, and the outlet temperatures of

the solution streams were determined according to the heat balance and the specified heat-exchanger

effectiveness.
Q, +m hs=mh, +(m,—m)h, (12)
Q, +m hs=mh, +(m, —m)h, (13)
O, +mh,=m.nh, (14)
O, +mh =mh, (15)
Q, =(m,—m,)(h;—hy) (16)

The circulation ratio is an important indicator for evaluating the matching performance of
refrigerant/ionic-liquid working pairs in absorption refrigeration cycles. It reflects the amount of
solution that must be circulated to produce a unit mass flow rate of refrigerant vapor. A lower
circulation ratio generally indicates a smaller solution flow rate, lower heat load in the generator and
absorber, and better cycle performance. The circulation ratio is defined by Eq. (16)1***], where ms is

the mass flow rate of the strong solution and xw and x;s are the refrigerant mass fractions in the weak

m 1-X,
= = W 16
/ A X -X, (16)

s

and strong solutions, respectively.

The solution concentration difference is calculated using Eq. (17). This parameter directly
reflects the absorption and desorption capacity of the working pair between the absorber and generator.
A larger concentration difference is favorable for reducing the required solution circulation rate and
improving the thermodynamic performance of the system.
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For the single-effect absorption refrigeration cycle, the coefficient of performance is defined as
the ratio of the cooling capacity produced in the evaporator to the heat input supplied to the generator,
as shown in Eq. (18). For the compression-assisted cycle, the refrigerant vapor leaving the evaporator
is compressed before entering the absorber. Therefore, the compressor work should be included in the
total energy input when calculating the COP of the compression-assisted configuration. This treatment
enables a consistent comparison between the single-effect and compression-assisted cycles under

different operating conditions.

.- O .
0, tW,
C., __Q

Where the W¢ presents the efficiency of compressor in the refrigeration cycle.

2.1 Validation of Model Accuracy

To verify the reliability of the thermodynamic model and the calculation procedure, the
absorption refrigeration cycle reported in the literature for the R1234ze(E)/[Emim][BF4] working pair
was recalculated under the same operating conditions!?’l. The predicted cycle performance was then
compared with the published data. As shown in Fig. 3, the model results agree well with the literature
values over the investigated range of generator outlet temperatures, where the absorber and condenser
temperatures were both fixed at 35°C and the evaporator temperature was set to 5C. The small
deviations between the present results and the reference data may be attributed to differences in the
iterative solution strategy. Therefore suitable for the subsequent performance analysis of the four
HFO/[DCA] working pairs.

0.5
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Fig.3 Validation the performances between the working pair of R1234ze(E) and [Emim][BF4] in the hybrid system
3. Results and Discussion

To evaluate the applicability of the selected HFO/[DCA] working pairs in absorption



refrigeration  systems, a comparative thermodynamic analysis was performed for
R1234yf/[Comim][DCA], R1234yt/[Csmim][DCA], R1234z¢e(E)/[Comim][DCA] and
R1234ze(E)/[Csmim][DCA]. The effects of generator temperature, condenser temperature, absorber
temperature and evaporator temperature on the circulation ratio, solution concentration difference,
COP and exergy efficiency were systematically examined. In addition, the performance variation
between the conventional single-effect cycle and the compression-assisted absorption refrigeration
cycle was further analyzed to clarify the influence of absorption-pressure enhancement on the four
working pairs.

3.1 Effects of generator temperature and condenser temperature on system performance

The circulation ratios of four ionic-liquid working pairs were compared in both the single-effect
absorption refrigeration cycle and the compression-assisted absorption refrigeration cycle. Fig.4 and
Fig.5 presents the variation of the circulation ratio with generator temperature. The evaporator,
condenser, and absorber temperatures were set to 5°C, 35°C, and 30°C, respectively.

The results show that the circulation ratio decreases continuously as the generator temperature
increases. This is mainly because a higher generator temperature promotes refrigerant desorption from
the ionic-liquid solution and increases the concentration difference between the refrigerant-rich and
refrigerant-lean solutions. Compared with the single-effect cycle, the compression-assisted cycle
exhibits a much lower circulation ratio under the same generator temperature,even in the low
generator temperature. Among the four investigated working pairs, R1234ze(E)/[Camim][DCA]
shows the lowest circulation ratio, followed by R1234ze(E)/[C.mim][DCA], R1234yt/[Camim][DCA]
and R1234yf/[Comim][DCA]. This trend suggests that R1234ze(E)-based working pairs, especially
R1234ze(E)/[Camim][DCA], are more favorable for absorption refrigeration applications under the
investigated operating conditions. It should be noted that the R1234yf-based systems are not evaluated
at 100 °C, because this generator temperature is close to or exceeds the applicable saturation-property

range near the critical temperature of R1234yf.
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Fig. 4 Effect of generator temperature on the Fig. 5 Effect of generator temperature on the circulation

circulation ratio of the single-effect system ratio of the compression-assisted cycle
The condenser temperature is an important operating parameter affecting the high-pressure side

of the absorption refrigeration cycle. A lower condenser temperature is beneficial to cycle



performance because it reduces the condensation pressure and facilitates refrigerant desorption in the
generator.

As shown in Fig.6 and Fig.7, the circulation ratio increases continuously with increasing
condenser temperature for all four HFO/[DCA] working pairs. When the condenser temperature
decreases from 35°Cto 30°C, the circulation ratio is reduced, indicating that a smaller solution flow
rate is required to generate the same refrigerant mass flow rate. In contrast, with the increase of
condenser temperature the refrigerant saturation pressure on the high-pressure side of the cycle. It is
worth noting that the circulation ratio of R1234ze(E)/[Comim][DCA] increases sharply at higher
condenser temperatures in the single-effect cycle. This abrupt increase is mainly attributed to the rapid
reduction in the available solution concentration difference when the condenser pressure approaches
the upper operating limit of the working pair.

Among the four working pairs, R1234ze(E)/[Csmim][DCA] consistently exhibits the lowest
circulation ratio as the condenser temperature increases from 30°C to 55°C. This results indicates that
R1234ze(E)/[Casmim][DCA] requires the lowest solution circulation flow rate under the same
operating conditions and therefore shows the most favorable thermodynamic matching characteristics.
Moreover, the increase in circulation ratio becomes more pronounced at higher condenser
temperatures, suggesting that the cycle becomes more sensitive to condensation pressure when the
concentration lift approaches its operating limitation. Therefore, an excessively high condenser
temperature should be avoided in practical absorption refrigeration operation, especially for working

pairs with relatively small concentration differences.
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Fig.6 Effect of circulation ratio under different condenser Fig.7 Effect of circulation ratio under different condenser

temperatures in single-effect cycle temperatures in compression-assisted cycle

3.2 Effect of absorber temperature on system performance

As shown in Fig.8 and Fig.9, with the absorber temperature increases, the refrigerant
concentration in the refrigerant-rich solution decreases, which reduces the concentration difference
between the refrigerant-rich and refrigerant-lean solutions. Consequently, a larger solution circulation
flow rate is required to produce the same refrigerant mass flow rate. Among the four working pairs,
R1234ze(E)/[Csmim][DCA] consistently exhibits the lowest circulation ratio, followed by



R1234ze(E)/[Comim][DCA], R1234y{/[C4smim][DCA] and R1234yf/[Comim][DCA].

Compared with the conventional single-effect cycle, the compression-assisted cycle shows lower
circulation ratios at the same absorber temperature because the increased absorption pressure enhances
refrigerant solubility in the ionic-liquid solution. However, both cycles exhibit the same increasing
trend with absorber temperature, indicating that excessive absorber temperature is unfavorable to
refrigerant absorption and should be avoided in practical operation. Therefore, lowering the absorber
temperature is beneficial for improving the absorption capacity, reducing the solution circulation

requirement and enhancing the overall cycle performance.
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3.3 Effect of evaporator temperature on system performance

The evaporator temperature determines the evaporating pressure and directly affects refrigerant
absorption in the ionic-liquid solution. To evaluate this effect, the circulation ratios of the four
working pairs were calculated at generator temperature of 90 °C and absorber temperature of 30 °C,
with condenser temperatures of 30 °C and 35 °C, as shown in Fig 6 and Fig7. The results show that
the circulation ratio decreases continuously with increasing evaporator temperature within the feasible
operating range. This is mainly because a higher evaporator temperature increases the evaporating
pressure, enhances refrigerant absorption in the absorber and enlarges the concentration difference
between the refrigerant-rich and refrigerant-lean solutions.

At a condenser temperature of 30 °C, increasing the evaporator temperature from 5 °C to 35 °C
reduces the circulation ratio of R1234ze(E)/[Camim][DCA] from 48.32 to 8.09, while that of
R1234yf/[Comim][DCA] decreases from 139.43 to 37.08. A similar trend is observed at a condenser
temperature of 35 °C, although the circulation ratios are higher because of the increased
high-pressure-side saturation pressure. Among the four working pairs, R1234ze(E)/[Camim][DCA]
consistently exhibits the lowest circulation ratio, followed by R1234ze(E)/[Comim][DCA],
R1234yf/[Camim][DCA] and R1234yf/[C.mim][DCA]. Compared with the single-effect cycle, the
compression-assisted cycle shows lower circulation ratios at the same evaporator temperature,

indicating that absorption-pressure enhancement can improve refrigerant solubility and reduce the



required solution flow rate. However, when the evaporator temperature approaches the absorber or
condenser temperature, the pressure hierarchy and heat-transfer driving force of the cycle may no
longer be maintained. Therefore, increasing the evaporator temperature is beneficial only within the

feasible operating range.
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4.4 Effect of solution concentration difference on system performance

In absorption refrigeration cycles, the solution concentration difference reflects the refrigerant
mass-fraction variation between the solution leaving the absorber and that generator. In this work, the
refrigerant mass fraction in the refrigerant-rich solution leaving the absorber and the refrigerant-lean
solution leaving the generator. This parameter directly determines the required solution circulation
rate. A larger concentration difference indicates that more refrigerant can be desorbed per unit mass
flow rate of solution, thereby reducing the circulation ratio and improving the cycle performance. As
shown in Fig 12, the solution concentration difference increases with the generator temperature for all
the working pairs. This is because a higher generator temperature enhances refrigerant desorption in
the generator and decreases the refrigerant concentration in the lean solution, leading to a larger
concentration lift between the absorber and generator. In the single-effect cycle, the concentration
difference of R1234ze(E)/[Camim][DCA] increases Sharply while the temperature increases from 63°C
to 90°C temperature range. For the R1234yf-based working pairs, the concentration difference also
increases with generator temperature but remains relatively smaller. R1234yf/[Comim][DCA]
increases from 0.019 percentage points at 55 °C to 0.71 percentage points at 90 °C. The data at 100 °C
are not considered for the R1234yf-based systems because this temperature exceeds the applicable
saturation-property range near the critical temperature of R1234yf.

Compared with the conventional single-effect cycle, the compression-assisted cycle produces a
significantly larger concentration difference at the same generator temperature. At 90°C, the
concentration difference of R1234ze(E)/[Camim][DCA] increases from 0.43 percentage points in the

single-effect cycle to 5.04 percentage points in the compression-assisted cycle. Similarly, the



concentration  differences of R1234ze(E)/[C:mim][DCA], R1234yf/[Comim][DCA] and
R1234yf/[C4mim][DCA] increase from 0.36, 0.18 and 0.43 percentage points to 1.41, 3.68 and 5.04
percentage points, respectively. This improvement is mainly attributed to the increased absorption
pressure, which enhances refrigerant solubility in the ionic-liquid absorbent and increases the

refrigerant concentration of the rich solution.
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Overall, R1234ze(E)/[Camim][DCA] exhibits the largest solution concentration difference among
the four working pairs, followed by R1234ze(E)/[Camim][DCA]>R1234ze(E)/[Comim][DCA]>
R1234yf/[Camim][DCA]>R1234yf/[C.mim][DCA]. This order is consistent with the circulation-ratio
results, confirming that the solution concentration difference is the key factor governing the solution
circulation requirement. The larger concentration difference of R1234ze(E)/[Camim][DCA] explains
its lower circulation ratio and more favorable refrigeration-cycle performance under the investigated

operating conditions.
4.5 COP and exergy efficiency of different working pairs

In absorption refrigeration cycles, the coefficient of performance (COP) is one of the most
important indicators for evaluating the overall thermodynamic performance of working pairs. In this
study, the COP values of four HFO/[DCA] working pairs were calculated and compared for both the
conventional single-effect absorption refrigeration cycle and the compression-assisted absorption
refrigeration cycle. As shown in Fig. 14 and Fig 15, the COP of the working pairs generally increases
with the increasing of generator temperature.

For the single-effect absorption refrigeration cycle, the value of COP at lower generator
temperatures is mainly attributed to enhanced refrigerant desorption in the generator. A higher
generator temperature increases the concentration difference between the refrigerant-rich and

refrigerant-lean solutions, thereby reducing the solution circulation ratio and improving the cooling



performance. However, when the generator temperature continues to increase, the improvement in
solution concentration difference becomes less significant, whereas the generator heat input still
increases. As a result, the growth rate of COP gradually decreases, and the COP may even decline
slightly at higher generator temperatures. For the compression-assisted absorption refrigeration cycle,
the refrigerant vapor from the evaporator is compressed before entering the absorber. This increases
the absorption pressure, improves refrigerant solubility in the ionic-liquid absorbent and enlarges the
concentration difference between the refrigerant-rich and refrigerant-lean solutions. Consequently, the
compression-assisted cycle shows a lower circulation ratio and better adaptability to low-grade
heat-source conditions than the single-effect cycle. In terms of COP, the compression-assisted
configuration can improve the cycle performance when the reduction in generator heat input and
solution circulation requirement outweighs the additional compressor work. However, because the
compressor work becomes an extra energy input, the COP improvement is not simply proportional to
the increase in absorption pressure. Therefore, the compression-assisted cycle should be evaluated by
considering both the enhanced absorption effect and the additional power consumption.

Among the four working pairs, R1234ze(E)/[Csmim][DCA] shows the most favorable coefficient
of performance, followed by R1234ze(E)/[Comim][DCA] > RI1234yf/[Camim][DCA] >
R1234yf/[Comim][DCA]. For R1234ze(E)/[Camim][DCA], the COP values reaches a maximum value
of 0.11 at a generator temperature of 90°C. Overall, the compression-assisted cycle is more
advantageous for improving the operating feasibility of HFO/[DCA] working pairs under relatively
low generator temperatures, while the single-effect cycle remains simpler and avoids additional

mechanical work input.
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To further evaluate the exergy efficiency of the four working pairs in the single-effect absorption
refrigeration cycle and compression-assisted cycle were also calculated, and its variation with generator

temperature was analyzed. The exergy efficiency is expressed as



:EQe: ‘I_wa/Te
T ex EQg cor (1_Tref/Tg) (19)

where E o, and EQ represents the exergy ; Te..and Tqare the evaporator and generator temperatures; 7r.is set to
e g
298.15 K730,

Figure.16 and Figure.17 shows the system at a condenser temperature of 35 °C and absorber
temperature of 35 °C, and an evaporator temperature of 5 °C. The results indicate that the system exergy
efficiency first increases and then decreases slowly as the generator temperature rises. Comparison of
the working pairs shows that the exergy efficiency of R1234ze(E)/[Csmim][DCA] has
reached 0.051 at the generator temperature of 80°C in single effect cycle , the maximum exergy

efficiencies of are 0.165 at the generator temperature of 58°C in the compression-assisted cycle.

0.08

—®— R1234yf/[C,mim][dca] 0.24 —@— R1234yf/[C,mim][dca]

—®— R1234yf/[C,mim][dca] 0.22 |—®— R1234yf/[C,mim][dca]

—®— R1234ze(E)/[C,mim][dca] 0.20 [—o— R1234ze(E)/[C,mim][dca]

0.06 —®@— R1234ze(E)/[C,mim][dca] ’ —®— R1234ze(E)/[C,mim][dca]
o0 0.18

o®
U4 0.16 |- o
[)

cop
.

5 0.14
o y S 0.14 q
y 0.04 /. ....vv s Ly /.
o () 012+ @
/ .. ®
® o | o
/ , 0.10 bd
°
0.02 - ..."?”" ___' 0.08 |-
°
_.°..0./° . 0.06 |-/
o o /
e ® oo 0.04 @
.’ ® 000
0.00 0.02
60 70 80 90 100 50 60 70 80 90 100
Tg/°C Tg/°C

Fig. 16 Exergy efficiency for the four working Fig. 17 Exergy efficiency for the four working pairs in

pairs in single cycle compression-assisted cycle
y

5. Conclusions
Among the four investigated working pairs, shows that the generator temperature has a significant
influence on the cycle performance. Increasing the generator temperature enhances refrigerant
desorption, enlarges the concentration difference between the refrigerant-rich and refrigerant-lean
solutions, and reduces the circulation ratio. However, when the generator temperature becomes
sufficiently high, the improvement in concentration difference gradually weakens, and the COP tends to
level off or decrease slightly. Increasing the evaporator temperature is beneficial to cycle performance
within the feasible operating range because it increases the evaporating pressure and enhances
refrigerant absorption. In contrast, higher condenser and absorber temperatures reduce the available
concentration difference and increase the circulation ratio, leading to performance deterioration.
Compared with the conventional single-effect cycle, the compression-assisted absorption
refrigeration cycle presents lower circulation ratios and larger solution concentration differences under

the same operating conditions. This is mainly because the increased absorption pressure improves



refrigerant solubility in the ionic-liquid absorbent and strengthens the absorption process. The overall
performance  follows the order R1234ze(E)/[Csmim][DCAJ>R1234ze(E)/[Comim][DCA]>
R1234yf/[C4mim][DCA]>R1234yf/[Comim][DCA]. This result indicates that R1234ze(E)-based
working pairs are more suitable for ionic-liquid-based absorption refrigeration applications than
R1234yf-based systems under the investigated conditions. Results provide theoretical guidance for
selecting low-GWP refrigerant/ionic-liquid working pairs and optimizing single-effect and

compression-assisted absorption refrigeration cycles.
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