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Abstract 

The performance of an ejector-assisted condenser outlet split dual-evaporator cycle is compared with a conventional 
dual-evaporator cycle albeit consisting a pressure reducing valve. The cycles do not employ any separator due to its 
inability to efficiently separate the liquid and the vapor phases. The comparison of both the cycles has been made 
for the same cooling capacity in low-temperature evaporator and unit flow rate of R134a and R1234yf as refriger-
ants. The impacts of changing the operating temperatures of evaporator and condenser have been examined 
in the current investigation. The study reveals that with the increase in temperature of the high-temperature evapo-
rator, the cooling capacity of the high-temperature evaporator yields, while that of the low-temperature evapora-
tor plummets in both the cycles. Further, the compressor work is allayed in the ejector-assisted cycle; thus, the COP 
is enhanced considerably. The percentage COP improvement over the basic cycle is obtained from 14.7 to 17.53% 
for the refrigerant R1234yf and from 14.45 to 17.32% for R134a; however, the COP of both the cycles with R12134yf 
is slightly lower than with R134a. The ejector has been modeled assuming a constant pressure theory. The observed 
trend indicates that the entrainment ratio is improved with the rise in the temperature of low-temperature evapora-
tor, whereas it is decreased with the rise in the temperature of high-temperature evaporator.
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1 Introduction
The global demand for HVAC&R systems has been expe-
riencing an exponential growth. Consequently, the surge 
in demand has been exerting increasing pressure on 
power plants to consume larger amounts of fossil fuels 
to meet the energy requirements of these systems. The 
excessive burning of fuel is having catastrophic effects 
on our environment. Thus, there is a need to improve the 
performance of these energy guzzlers to reduce the load 
on the power plants. Another issue with these cooling 

devices is the use of synthetic refrigerants which have 
been held responsible for global warming and depletion 
of the ozone layer. As a result, researchers are dedicat-
ing their efforts towards discovering environmentally 
friendly refrigerants with zero GWP and ODP. Most of 
the commercialized cooling systems work on the vapor 
compression cycle (VCC). In a VCC, condensed refriger-
ant at high pressure is expanded in an expansion device 
like capillary tube and expansion valve. This expansion 
or throttling process is irreversible in nature and thus 
responsible for energy loss. It has been established that 
an ejector, if used for the expansion, can reduce this loss. 
The expansion in the ejector is isentropic which is revers-
ible and thus reduces throttling loss. Moreover, it recov-
ers some of the energy lost in expansion and thus reduces 
compressor work. In a two-phase ejector, the refrigerant 
changes from liquid to mixed phase after expanding in 
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the nozzle of the ejector, whereas the ejector used in a 
heat-assisted cooling system deals with the vapor phase 
only, so that is known as a single-phase ejector. Korn-
hauser [1] first of all found the COP improvement of 21% 
with the ejector-assisted vapor compression cycle (EA-
VCC) over the conventional VCC. The performance of 
system was evaluated with R12. J. Sarkar [2, 3] analyzed a 
single evaporator VCC assisted with an ejector and a sep-
arator for the natural refrigerants, ammonia, isobutene, 
and propane. The maximum COP enhancement of 26.1% 
with propane was obtained. Li et al. [4] investigated the 
same configuration for a new refrigerant R1234yf and 
concluded that the improvement was prominent at high 
condenser and low evaporator temperatures. Considera-
ble research has been reported on single evaporator VCC 
with ejector as the expansion device.

Modern refrigerating equipments have two evapora-
tors: one is used for the food section and the other for the 
freezer section. The freezer section operates at a lower 
temperature than the food section. In a single evaporator 
system, the air circulation rate within the food compart-
ment is generally lower, leading to a significant tempera-
ture fluctuation. Moreover, operating the system at a 
lower temperature, i.e., freezer temperature, decreases 
the humidity of air flowing in the food compartment. 
With an individual evaporator in each compartment, 
humidity and air flow rate can be maintained easily. The 
energy saving can also be achieved through a dual-evap-
orator system, given that refrigerating the food compart-
ment necessitates an elevated evaporator temperature 
compared to the freezer compartment. Gan et  al. [5] 
determined the energy saving of 30% while using two 
separate VCCs with mechanical subcooling and suction 
line heat exchanger for freezer and food compartments 
compared to a single VCC operating at the freezer tem-
perature for the same refrigeration capacity. A novel con-
figuration of VCC with separation after condenser and 
having a sub-cooler and another condenser was proposed 
by Yan et al. [6] for a zeotropic mixture R290/R600a. The 
partially condensed refrigerant was separated into liquid 
and vapor phase. The liquid composition with R600a on 
the higher side was subcooled in a sub-cooler and pro-
duced cooling effect in the food section. With this con-
figuration, the average COP improvement of 3.68% was 
achieved.

The ejector has also been used in the VCC developed 
for dual evaporator, and these studies reveal that the ejec-
tor is capable to enhance the performance of a dual-evap-
orator VCC. Hadi et al. [7] represented a system wherein 
a grouping of ejector, separator, and expansion valve were 
used to produce cooling in the evaporators. Instead of 
using pressure reducing valve, a pair of compressors were 
utilized to manage the output from the two evaporators 

operating at distinct pressures. The COP enhancement 
of 48% was reported in the proposed cycle. A novel dual-
evaporator ejector-assisted compression configuration 
with a separator was studied by Cui et al. [8]. Cui et al. [9] 
executed a novel experimental work pertaining to COS 
cycle employing an adjustable area ejector as a substitute 
of pressure reducing valve after high-pressure evaporator. 
The system efficiency got improved because of pressure 
recovery in the ejector and reduced load across the com-
pressor. Multievaporator ejector-assisted vapor compres-
sion system with a separator was examined by Sarkar [10] 
for a transcritical fluid, i.e.,  CO2. In the condenser split 
configuration, an ejector was used between the evapora-
tors instead of a pressure regulating valve. However, the 
author separated the mixed refrigerant after the ejec-
tor and supplied the liquid part to the low-temperature 
evaporator after expanding in a conventional expansion 
device. Second configuration was not a condenser split. 
Sarkar [10] rather used a flooded evaporator and then 
separated the liquid and vapor part. The liquid fraction 
underwent expansion and was directed into the second 
evaporator. The rest of the configuration was same as the 
first arrangement. It was noticed that both the cycles per-
formed better when the cooling duty across the evapo-
rators was increased. These cycles assumed a perfect 
vapor–liquid separator, and it was found that the separa-
tor inefficiency can make the two-phase ejector no longer 
beneficial.

Lawrence and Elbel [11] experimentally tested the sin-
gle evaporator vapor compression cycle, condenser out-
let split dual-evaporator cycle, and ejector outlet split 
(EOS) dual-evaporator cycle using ejector for R134a 
and R1234yf refrigerants. The outcome was focused on 
the effect of the variation of the entrainment ratio. The 
authors [11] extended their work [12] on the same con-
figuration but to analyze the effect of compressor oil 
return, poor ejector performance, and splitting of the 
two-phase flow. They further extended their work [13] 
to understand the work recovery rate with the entrain-
ment ratio at three different compressor speeds. Latra 
et  al. [14] mainly focused at single evaporator ejector-
assisted vapor compression system and examined the 
effect of ejector area ratio and Mach number in the 
mixing section of the ejector. They briefly discussed the 
same configuration as in the present paper for the COP 
improvement only. At condenser temperature of 40  °C, 
improvement of COP obtained was more than 17% for 
both refrigerants. The enhancement in COP was greater 
for R1234yf, particularly at higher condenser tempera-
tures. Unal and Yilmaz [15] reported COS system using 
ejector with R134a as refrigerant, and the effects of sub-
cooling, condenser, and evaporator temperature were 
highlighted for the air-conditioning of buses. An increase 
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in the degree of subcooling considerably decreased 
the entrainment ratio but increased the COP. Unal [16] 
determined the dimensions of ejector used in COS cycle 
for R134a. Joen et al. [17] assessed the impacts of geom-
etry of the ejector in a COS cycle, which was utilized in 
a household refrigerator-freezer equipped with R600a 
refrigerant. Joen et  al. [18] also conducted a compara-
tive analysis between a dual-evaporator system and an 
equivalent single evaporator system. Gao et al. [19] con-
ducted a numerical comparison of COS ejector cycle and 
proposed a configuration that featured a combination of 
a flooded and dry evaporator. The results depicted 10% 
improvement of COP over the COS ejector cycle while 
working with R290.

R1234yf has thermodynamic properties that are very 
close to R134a, and thus, it is being considered as a pos-
sible alternative for R134a in the refrigeration systems. 
Zilio et al. [20] conducted experiments to specify minor 
and major modifications required in the air condition-
ing system working with R134a while replacing it with 
a potential alternative R1234yf and found it a potential 
alternative. A similar configuration was analyzed by Kim 
et al. [21] but to find the effects of nozzle throat diameter 
on the performance.

Many studies on the different configurations of bi-
evaporator cooling systems based on conventional vapor 
compression technology are available in the open lit-
erature. However, limited research has been carried out 
using ejectors in the vapor compression system. After 
extensively reviewing the literature, it is concluded 
that only a few research papers can be obtained on 

dual-evaporator refrigeration systems wherein the ejec-
tor has been used as an expansion device without a sepa-
rator. The existing studies without separator are focused 
on the ejector parameters and have not compared the 
cycle with the conventional one. The aim of this analy-
sis is to assess the performance of a dual-evaporator cycle 
that incorporates an ejector but without any separator. 
A comparative assessment has been conducted between 
R134a and R1234yf, identified as the most appropriate 
alternative to R134a. The analysis compares COS ejector 
cycle and COS conventional cycle for the similar working 
parameters. The modelling of the ejector is done using 
constant pressure mixing methodology, and the perfor-
mance is analyzed for condenser and evaporator temper-
atures with unit mass flow rate condition.

2  Cycle description
Figure 1 depicts a schematic of the ejector-assisted dual-
evaporator cycle (EA-DEC) along with its P–h curve. The 
proposed configuration includes a condenser, compres-
sor, expansion valve, two-phase ejector, and two evapo-
rators at unlike operating temperatures. The condensed 
refrigerant at state 3 is separated in two different parts. 
One of the parts undergoes expansion from state points 
3 to 4, maintaining constant enthalpy, through an expan-
sion valve and takes cooling load of evaporator-2 (low 
temperature). The dry saturated vapor leaving evaporator 
at state 5 is named secondary fluid.

Other part of the condensed refrigerant, known as 
primary fluid, experiences expansion in motive nozzle 
section of the ejector and achieves state corresponding 

Fig. 1 a Configuration layout. b P–h diagram of EA-DEC
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to 3pne. The pressure at state 3pne is less than that in 
evaporator-2. Therefore, the ejector entrains the sec-
ondary fluid and expands it up to the state point 5sne. 
The pressure after expansion of primary and second-
ary fluid is assumed same, and the constant pressure-
mixing methodology is considered in the analysis. The 
mixed fluid is shown at state 6 in the P–h diagram. 
The process 6–7 is the isentropic compression that 
happens in the diverging section. The dry vapor is 
drawn by the compressor at state 1 after taking cool-
ing load of evaporator-1. The isentropic compression 
performed by the compressor elevates the refrigerant’s 
pressure to match the condenser pressure. The process 
2–3 is the condensation process that happens in the 
condenser and the thermodynamic cycle continues.

Figure  2 illustrates a representation of conventional 
dual-evaporator cycle (C-DEC) along with its P–h dia-
gram. It is a condenser outlet split dual-evaporator 
cycle. The condensed saturated liquid (state 3) is split 
and expanded in expansion valve-1 (state point 4). The 
refrigerant then takes refrigeration load in the evapo-
rator-1. The other stream takes refrigeration load of 
the evaporator-2 after expansion. The dry saturated 
vapor exiting from the evaporator-1 is passed through 
a pressure-reducing valve to drop its pressure equal to 
the pressure of evaporator-2. Thereafter, a compres-
sor compresses the mixed streams up to the condenser 
pressure. The process 2–3 is the condensation that 
happens in the condenser, and the thermodynamic 
cycle continues.

3  Assumptions and methodology
The modelling of both the cycles is done according to the 
following assumptions:

• The system works at steady-state conditions.
• The refrigerant exiting the condenser and evaporator 

is saturated.
• Pressure losses in the condenser, evaporator, and pip-

ing are inconsequential.
• Pressures at primary nozzle exit and secondary noz-

zle exit are the same.
• Constant pressure theory is applied for the mixing 

process.
• Kinetic energy of flow at the inlet and outlet of the 

ejector is negligible.
• The flow within the ejector is assumed as adiabatic 

and one-dimensional.
• The ejectors considered in the present work are not 

of known area ratio and entrainment ratio; instead for 
every operating condition, the ejector is optimized in 
terms of area ratio and entrainment ratio considering 
constant primary nozzle, secondary nozzle, and mix-
ing efficiencies. It is assumed that for every change in 
the condenser or evaporator temperature, the ejector 
is designed to provide the same efficiencies by suit-
ably manipulating the ejector geometry and manu-
facturing conditions.

3.1  Thermodynamic analysis
Mass, momentum, and energy have been conserved in all 
the components of cycles.

Fig. 2 a Configuration layout. b P–h diagram of C-DEC
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Primary nozzle is as follows:

Primary nozzle efficiency

By solving Eq. 1, the enthalpy at primary nozzle exit is 
obtained.

Energy balance

The velocity at the exit of the primary nozzle is deter-
mined through the solution of the aforementioned 
equation.

Area of primary nozzle at its exit:

Secondary nozzle is as follows:

Secondary nozzle efficiency

The enthalpy at secondary nozzle exit is obtained by 
solving Eq. no. 5.

The velocity at secondary nozzle exit is computed by 
the above equation.

Area of secondary nozzle at its exit:

The pressure drops between the evaporator-2, and the 
exit of either the primary or secondary nozzle is given as 
follows:

Mixing section is as follows:

(1)ηpn =
h3 − h3pne

h3 − h3pne,is

(2)h3pne,is = f
(

p3pne, s3

)

(3)h3 = h3pne +
C2
3pne

2

(4)a3pne =
mp

ρ3pneC3pne

(5)ηsn =
h5 − h5sne

h5 − h5sne,is

(6)h5sne,is = f p5sne, s5

(7)h5 = h5sne +
C2
5sne

2

(8)a5sne =
ms

ρ5sneC5sne

(9)�p = p5 − p5sne

Mixing has been considered at the constant pressure, 
thus:

Momentum balance

Energy balance

Diffuser outlet is as follows:

Diffuser efficiency is as follows:

Compressor is as follows:

The isentropic efficiency of the compressor is obtained as 
follows [20]:

Evaporators and condenser are as follows:

The pressure lift ratio can be defined as follows:

(10)p6 = p5sne

(11)mC6 =
√
ηmix

(

mpC3pne +msC5sne

)

(12)mph3 +msh5 = m

(

h6 +
C2
6

2

)

(13)h7 = mph3 +msh5

(14)h7 = h6 +
C2
6

2

(15)ηd =
h7,is − h6

h7 − h6

(16)p7 = f
(

h7,is, s6
)

(17)h2,is = f (p3, s1)

(18)h2 = h1 + (h2,is−h1)
/

ηcomp

(19)ηcomp = 0.874 − 0.0135
(

p2
/

p1

)

(20)Wcomp = m(h2 − h1)

(21)Qe1 = m(h1 − h7)

(22)Qe2 = ms(h5 − h4)

(23)Qc = m(h2 − h3)

(24)PLR = p7
/

p5
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The ejector’s area ratio is expressed as the ratio between 
the mixing area and the exit area of the primary nozzle.

Entrainment ratio

The quality of ejector exiting flow must satisfy the fol-
lowing equation.

For unit flow rate of the refrigerant,

The COP of the EA-DEC is evaluated as follows:

Then the improvement in COP of EA-DEC over the 
C-DEC can be given as follows:

Figure 3 displays the flowchart outlining the simulation 
procedure for EA-DEC. The simulation is carried out for 
the variation in condenser temperatureT3 and tempera-
tures of both evaporators T1 and T5. The efficiencies in 
the various sections of the ejector depend on the oper-
ating conditions; however, to consider the effect on the 
efficiencies, the empirical relations in terms of condenser 
and evaporator pressures/temperatures are required. The 
efficiencies also got varied with different refrigerants. The 
ejector model requires the assumption of efficiencies of 
the motive nozzle, suction nozzle, and diffuser, and many 
researchers [2–4, 7, 9, 11, 13–15] have taken the efficien-
cies constant in their simulations. In the present simu-
lation, the efficiencies of primary nozzle ƞpn, secondary 
nozzle ƞsn, mixing ƞmix, and diffuser ƞd sections of the 
ejector are considered constant as 85%, 85%, 95%, and 
90%, respectively. The pressure drop in the ejector and 
the entrainment ratio are assumed first and then iterated 
to get the outlet pressure of ejector same as the pressure 
of evaporator-1.

The conventional dual-evaporator VCC is simulated 
using identical condenser and evaporator temperatures 
as obtained in EA-VCC. The mass flow rate of refrigerant 
and the cooling capacity of evaporator-2 are also taken 
same as obtained in EA-DEC under identical condenser 
and evaporator temperatures. The refrigerant flowing 

(25)φ = (a3pne+a5sne)
/

a3pne

(26)µ = ms
/

mp

(27)x7 = 1
/

1+µ

(28)mp = 1
/

1+µ

(29)ms = µ
/

1+µ

(30)COPEA−DEC = (Qe1+Qe2)
/

Wcomp

(31)COPimp = (COPEA−DEC−COPC−DEC)
/

COPC−DEC

into the evaporator-1 is expanded in a conventional 
expansion device in C-DEC unlike ejector in EA-DEC; 
thus, a difference in the cooling capacity of evaporator-1 
is observed.

4  Model validation
The ejector of a single evaporator ejector-assisted vapor 
compression system needs to be designed for a two-
phase fluid system wherein condensed liquid refrigerant 
enters the primary nozzle and saturated vapor refrigerant 
is entrained from the evaporator. The same is happening 
in the ejector of the present configuration even though 
it employs two evaporators. The present configuration 
is modified to a single evaporator cooling system to get 
the simulation results validated with [4]. This validation 
is conducted using refrigerant R1234yf at an evapora-
tor temperature of 5 °C, with the condenser temperature 
which varies from 35 to 55 °C. The efficiencies of nozzle, 
mixing, and diffuser portions of ejector are taken similar 
to Li et al. [4]. It is noted from Fig. 4 that the COP val-
ues obtained from the current model are closely aligned 
with those reported by Li et al. [4]. Thus, the validation of 
model is confirmed.

The conventional dual-evaporator vapor compres-
sion simulation has also been validated with [19] for the 
refrigerant R290 for the similar conditions as [19]. The 
condenser temperature is varied from 35 to 55  °C. The 
refrigeration capacity and load ratio of system are kept 
same as Gao et al. [19]. Table 1 shows that the outcome 
of the present model is in synchronous with that of Gao 
et al. [19].

Ejector is the most complex component in the present 
configuration. To provide more confidence in the simula-
tion results, the ejector modelling is validated with Bilir 
and Ersoy [22] to establish its accuracy. The entrainment 
ratio and the area ratio of the ejector are validated at 5 °C 
evaporator temperature and 40  °C condenser tempera-
ture for the refrigerant R134a. The results are found to be 
in good agreement as shown in Table 2.

5  Results and discussion
The EA-DEC is theoretically investigated using EES 
software with both the refrigerants R134a and R1234yf 
under the operating parameters as given in Table 3. Being 
environmentally friendly, the refrigerant R1234yf is a 
potential candidate to replace R134a. The heat transfer 
coefficient and the pressure drop with HFO-1234yf are 
lower than that of HFC-134a during condensation and 
evaporation, respectively. Differences in the properties 
of R134a and R1234yf, though not in large amounts like 
boiling, critical point, molecular weight, saturation and 
pressures/temperatures, are the reasons for the difference 
in performance. The configuration, operating parameters, 
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and efficiencies are considered same for both the working 
fluids. The yielded values of thermodynamic properties at 
various state points for R134a and R1234yf are presented 
in Table 4 and Table 5, respectively.

A comparative study of EA-DEC and C-DEC is per-
formed for the same initial conditions. Further, the val-
ues of cooling duty and refrigerant flow of evaporator-2 
calculated at the initial conditions for the EA-DEC are 
the additional inputs in the C-DEC. It is done to do the 
performance comparison for the same cooling capacity 
in evapoartor-2. Table  6 shows that the cooling capac-
ity obtained in the evaporator-1 of EA-DEC is slightly 
higher as compared to C-DEC. The dryness fraction 

of the refrigerant at inlet of evaporator-1 of EA-DEC is 
more as compared to C-DEC, but the mass of refriger-
ant flowing in the evaporator-1 of EA-DEC is the total 
refrigerant of the system. The amount of liquid refriger-
ant in the evaporator-1 of EA-DEC is found to be higher 
which is the reason for slightly higher cooling capac-
ity of the evaporator-1 for the conditions prescribed in 
Table 3. The compressor work required is less in EA-DEC 
due to suction at higher pressure than the C-DEC. The 
coefficient of performance of EA-DEC having R1234yf is 
14.69% higher than the C-DEC. The COP is marginally 
higher with R134a, but the percentage improvement in 
COP is almost same for both the refrigerants.

Fig. 3 Flow chart for simulation of EA-DEC
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5.1  Effect of condenser temperature
Figure  5 depicts that the refrigeration capacity of 
both the evaporators decreases with the condenser 

Fig. 4 Comparison of single evaporator ejector VCC and Li et al. [4]

Table 1 Validation of C-DEC with Gao et al. [19]

Tc (°C) COP

Present C-DEC Gao et al. [19] Error (%)

35 6.876 6.86 0.23

40 5.709 5.7 0.15

45 4.845 4.838 0.14

50 4.182 4.175 0.16

55 3.657 3.65 0.19

Table 2 Ejector parameters validation with Bilir and Ersoy [22]

Parameter Present analysis Bilir and 
Ersoy [22]

Percent 
deviation 
(%)

Entrainment ratio 0.775 0.770 0.69

Area ratio 6.07 6.35 4.2

Table 3 Initial operating parameters

Input parameters Values

Condenser temperature  (Tc, °C) 45

Evaporator 1 temperature  (Te1, °C) 4

Evaporator 2 temperature  (Te2, °C) 0

Primary nozzle efficiency ( ηpn,%) 85

Secondary nozzle efficiency ( ηsn, %) 85

Diffuser efficiency ( ηd, %) 90

Mixing section efficiency ( ηmix, %) 95

Table 4 Thermophysical properties for R134a

State point T (°C) P (kPa) m (kg/s) h (kJ/kg) s (kJ/kg-K)

1 4 337.9 1 252.8 0.9293

2 53.99 1161 1 283.7 0.9457

3 45 1161 1 115.8 0.4183

3pne  − 3.742 255.3 0.5817 110.4 0.4219

4 0 293 0.4183 115.8 0.4385

5 0 293 0.4183 250.5 0.9314

5sne  − 3.742 255.3 0.4183 248.1 0.9329

6  − 3.742 255.3 1 168.3 0.6369

7 4 337.9 1 172.1 0.6383

Table 5 Thermophysical properties for R1234yf

State point T (°C) P (kPa) m (kg/s) h (kJ/kg) s (kJ/kg-K)

1 4 360.9 1 365.8 1.598

2 45.77 1154 1 390.6 1.611

3 45 1154 1 261.1 1.206

3pne  − 6.514 251.7 0.5992 255.6 1.21

4 0 315.8 0.4008 261.1 1.225

5 0 315.8 0.4008 363.2 1.598

5sne  − 6.514 251.7 0.4008 359.8 1.6

6  − 6.514 251.7 1 297.6 1.367

7 4 360.9 1 302.1 1.369
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temperature rise of 35–45  °C for both the refriger-
ants and cycles. The refrigeration capacity variation 
of evaporator-2 is same for both the refrigerants and 
cycles, as these are designed this way only for the 
proper comparison of the cycles. The dryness frac-
tion of the refrigerant after expansion increases with 
the rise in condenser temperature; thus, cooling capac-
ity decreases. Total refrigeration capacity of both 
the cycles is almost same; however, the refrigeration 
capacity with refrigerant R1234yf is approximately 

23.6% less than that obtained with R134a at 45  °C 
condenser temperature and unit flow rate of the 
refrigerants.

Figure  6 shows that the compressor power increases 
with the rise in condenser temperature. The compres-
sor work required in EA-DEC with R134a and R1234yf 
remains lower than that of C-DEC for the same tem-
perature rise in condenser, reason being the higher suc-
tion pressure in EA-DEC. It is found that the compressor 
work in EA-DEC working with R1234yf is 20% lower at 
45 °C condenser temperature in comparison with R134a.

Figure  7 presents COP variation of EA-DEC with the 
condenser temperature. Increase in condenser tempera-
ture increases pressure load of the compressor, hence 
the compressor power, and expansion from the high 
condenser pressure lowers the cooling capacity; there-
fore, COP of both the cycles decreases for both the 
refrigerants with the rise in condenser temperature. The 
improvement in COP of EA-DEC over C-DEC is little 
higher with R1234yf in comparison to R134a for the con-
sidered range, though the COP of R134a is higher in both 
the cycles. The COP improvement is seen to reduce for 
both the refrigerants with the rise in condenser temper-
ature, though the rate of reduction is less than as com-
pared to COP. The COP improvement varies from 17.53 
to 14.7% for the refrigerant R1234yf and from 17.32 to 
14.45% for R134a.

Figure 8 highlights the change in entrainment ratio with 
the condenser temperature. The μ is bound to decrease 
with the rise in condenser temperature because of the 

Table 6 Comparative results of EA-DEC and C-DEC

Parameter R1234yf R134a

EA-DEC C-DEC EA-DEC C-DEC

�p 64.1 - 37.7 -

PLR 1.143 - 1.153 -

µ 0.669 - 0.719 -

mp (kg/s) 0.5992 0.5992 0.5817 0.5817

ms (kg/s) 0.4008 0.4008 0.4183 0.4183

Dryness fraction 
at the inlet of evapora-
tor-1

0.605 0.3514 0.5875 0.2994

Qc (kJ/s) 129.5 131.8 167.9 171.2

Qe1 (kJ/s) 63.75 62.72 80.65 79.68

Qe2 (kJ/s) 40.92 40.92 56.32 56.32

Qe (kJ/s) 104.7 103.64 137 136

Wcomp (kJ/s) 24.78 28.14 30.97 35.19

COP 4.224 3.683 4.423 3.864

Fig. 5 Variation of refrigeration capacity with the condenser temperature
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amplified primary refrigerant flow rate. The entrainment 
ratio varies between 0.781 and 0.719 for R134a, and it is 
between 0.748 and 0.669 for R1234yf.

5.2  Effect of evaporator-1 temperature
Figure  9 shows the refrigeration capacity variation of 
both the evaporators for the increase in evaporator-1 
temperature from 4 to 14 °C while keeping the other con-
ditions same as the initial input conditions. In EA-DEC, 

Fig. 6 Variation of compressor power with the condenser temperature

Fig. 7 Variation of COP variation along the condenser temperature
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the primary refrigerant flow rate increases to meet the 
higher pressure demand at the ejector’s exit, and thus, 
the cooling duty of evaporator-1 increases. The increase 
in cooling duty is about 10.5 and 11.3% with R134a and 
R1234yf in EA-DEC, respectively. The dryness fraction 
varies from 0.5875 to 0.609 for R134a and from 0.605 
to 0.614 for R1234yf. The secondary mass flow rate 
decreases, and thus, the cooling duty of evaporator-2 

decreases. However, the decrease in cooling capacity is 
negligible with R1234yf, but it is 5.11% with R134a. The 
total refrigeration capacity increases in both the cycles; 
however, the increase is more in the EA-DEC.

Figure  10 depicts that the compressor power of EA-
DEC decreases, and the reduction is 30% and 40% with 
the working fluids R1234yf and R134a, respectively, with 
the rise in evaporator-1 temperature from 4 to 14  °C. 

Fig. 8 Variation of entrainment ratio with the condenser temperature

Fig. 9 Variation of cooling capacity with the evaporator-1 temperature
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Increase in evaporator-1 temperature enhances the suc-
tion pressure of compressor and thus lowers its work. 
The suction pressure in case of C-DEC remains same as 
the pressure of evaporator-2; however, a small nudge in 
the compressor power is observed because of change in 
the mixing enthalpy at point 1.

Figure 11 depicts that the COP of EA-DEC increases at 
a very steep rate for both the refrigerants. As discussed, 

cooling capacity increases, and compressor work reduces 
with the rise in evaporator-1 temperature; hence, COP 
increases. There is trivial effect on the COP of C-DEC. 
The improvement of COP of ejector-assisted cycle over 
the conventional cycle varies from 14.7 to 67.62% for 
R1234yf, and it is almost same for R134a.

Figure 12 depicts that the entrainment ratio reduces 
with the rise in evaporator-1 temperature. Rise in 

Fig. 10 Variation of compressor power with the evaporator-1 temperature

Fig. 11 Variation of COP with the evaporator-1 temperature



Page 13 of 17Sachdeva et al. Int. J. Air-Cond. Ref.            (2024) 32:7  

evaporator-1 temperature demands more pressure at 
the ejector exit, and thus, the primary refrigerant flow 
rate increases. It decreases entrainment ratio of the 
ejector. The entrainment ratio varies from 0.781 to 
0.719 for R134a, and it is between 0.748 and 0.669 for 
R1234yf. The pressure lift ratio increases with the rise 
in evaporator-1 temperature.

5.3  Effect of evaporator-2 temperature
Figure 13 shows the variation of refrigeration capacity of 
EA-DEC and C-DEC with evaporator-2 temperature. In 
the EA-DEC, the primary refrigerant flow rate decreases 
to entrain the secondary fluid at high pressure, and thus, 
the cooling duty of evaporator-1 decreases. The reduc-
tion in the cooling capacity is about 5% and 3.6% with 
R134a and R1234yf in EA-DEC respectively. The dry-
ness fraction varies between 0.5875–0.62 for R134a 

Fig. 12 Variation of entrainment ratio variation with evaporator-1 temperature

Fig. 13 Variation of cooling capacity with the evaporator-2 temperature
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and 0.605–0.63 for R1234yf. It is to be noted that total 
amount of refrigerant flows in the evaporator-1 in case of 
EA-DEC. The secondary refrigerant flow rate increases, 
and thus, the cooling duty of evaporator-2 yields. The 
total refrigeration duty increases in both the cycles; how-
ever, the increase is more in the EA-DEC.

Figure 14 shows that with the increase in evaporator-2 
temperature, compressor work decreases progressively in 
conventional cycle, but in contrast, there is no effect on 
compressor work of ejector-assisted cycle. In C-DEC, the 
suction pressure of compressor increases which in turn 
lowers the compressor work. However, the compressor 
work is still more as compared to EA-DEC for the consid-
ered temperature range. The compressor work decreases 
by 26% and 25% with R134a and R1234yf, respectively.

Figure  15 shows a considerable increase in COP in 
C-DEC with the increase in evaporator-2 temperature, 
reason being reduction in compressor power. The COP 
of EA-DEC remains almost constant; therefore, the 
improvement of COP decreases from 53.54 to 14.7% 
with R1234yf for the considered range of evaporator-2 
temperature.

Figure 16 depicts that the entrainment ratio enhances 
with the rise in evaporator-2 temperature. Increase in 
evaporator-2 temperature provides secondary fluid 
at high pressure and thus decreases primary refriger-
ant flow rate. It increases entrainment ratio of the ejec-
tor. The entrainment ratio increases from 0.629–0.719 
to 0.602–0.669 for R134a and R1234yf, respectively. The 

pressure lift ratio gets lowered with the increase in evap-
orator-2 temperature. The PLR is more for R134a than 
R1234yf due to the refrigerant properties.

6  Conclusions
In present work, energy analysis of a COS cycle with no 
separator and two-phase ejector is examined for R134a 
and R1234yf refrigerants. The performance character-
istics of EA-DEC with constant pressure mixing ejector 
model have been investigated. The study can be con-
cluded as under the following:

1. The total refrigeration capacity enhances with the 
rise in condenser temperature; however, there is no 
difference in the values of total refrigeration capacity 
of ejector-assisted and conventional dual-evapora-
tor cycle with the condenser temperature variation. 
The refrigeration capacity with refrigerant R1234yf 
is approximately 23.5% less than that obtained with 
R134a at 45 °C condenser temperature and unit flow 
rate of the refrigerants.

2. The COP improvement is found to decrease for both 
the refrigerants with the rise in condenser tempera-
ture due to increase in compressor work; however, 
rate of decrease is less than the rate of decrease of 
COP itself. The COP improvement varies from 17.53 
to 14.7% for the refrigerant R1234yf and from 17.32 
to 14.45% for R134a.

Fig. 14 Variation of compressor work with the evaporator-2 temperature
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3. With the increase in evaporator-1 temperature, 
refrigeration capacity of evaporator-1 increases, but 
it decreases for evaporator-2. However, the decrease 
in refrigeration capacity of evaporator-2 is negligible 
with R1234yf, but it is 5% with R134a. The total cool-
ing capacity increases a little for both the cycles and 
refrigerants.

4. The compressor power of EA-DEC decreases with 
the increase in evaporator-1 temperature, but it 
remains almost constant for C-DEC. Therefore, the 
COP of EA-DEC increases considerably.

5. With the increase in evaporator-2 temperature, the 
refrigeration capacity of evaporator-1 decreases, but 
it increases for evaporator-2. The total refrigeration 

Fig. 15 Variation of COP with the evaporator-2 temperature

Fig. 16 Variation of entrainment ratio with the evaporator-2 temperature
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capacity increases in both the cycles; however, the 
increase is more in the EA-DEC.

6. The compressor work of C-DEC reduces with the rise 
in evaporator-2 temperature, but it remains almost 
constant for EA-DEC. Therefore, the COP of C-DEC 
increases considerably.

7. The entrainment ratio improves with the rise in 
evaporator-2 temperature, but it reduces with the 
rise in evaporator-1 temperature.

7  Nomenclature
A: Cross-sectional area  (m2)

C: Velocity (m/s)
COP: Coefficient of performance
h: Enthalpy (kJ/kg)
m: Mass flow rate (kg/s)
P: Pressure (kPa)
PLR: Pressure lift ratio
Q: Cooling capacity (kJ/kg)
s: Entropy (kJ/kg-K)
T: Temperature (°C)
W: Specific work (kJ/kg)
x: Vapor quality
Greek symbols
△p: Pressure drop (kPa)
η: Efficiency
ρ: Density (kg/m3)
Φ:  Area ratio
µ: Entrainment ratio
Subscripts
c: Condenser
comp: Compressor
d: Diffuser
e: Evaporator
imp: Improvement
is: Isentropic process
mix: Mixing section
p: Primary
pne: Primary nozzle exit
s: Secondary
sne: Secondary nozzle exit
1,2…..7: State points
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