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Abstract
The refrigerator unit based on electrically driven vapor compression technology consumes high energy, associated with high 
cost and loss of ecosystem. Recently, solar thermal energy emerges as a key research area and introducing it in refrigerator 
application has happened extremely fast. Solar thermal refrigeration systems based on ejector compression technology are 
thriving because of its utilization of low-grade energy sources, straight forward design, non-moving parts, lower maintenance 
costs, and durability. In this present work, the performance of a solar ejector refrigeration system (ERS) is calculated analyti-
cally using one-dimensional model. The performance parameters are calculated with the assumption that both the conden-
sation and evaporation processes occur along the saturation line. Initially, the influence of the ejector area ratio, generator 
temperature, condenser temperature, and evaporator temperature on the performance of the ERS is analyzed in critical mode 
with water (R718) as the working fluid. The analysis shows that the coefficient of performance increases more than two times 
on increasing the ejector area ratio from 6.4 to 12.8. The results also show that a higher coefficient of performance (COP) is 
obtained at a higher ejector area ratio. The COP is found to be inversely related to the generator temperature, meanwhile the 
coefficient of performance increase more than 74% on increasing the refrigeration temperature from Tc = 8 °C to Tc = 15 °C. 
Then, the performance of ERS is obtained at the subcritical conditions at varying generator temperatures. At subcritical mode, 
COP is found to be directly proportional to the generator temperature, and the highest COP occurs at an optimum generator 
temperature. The performance of the ERS with various refrigerants as R717, R718, R245fa, R123, R141b, and R365fa is 
calculated at the critical mode. With refrigerant R717, the system shows higher performance as well as a cooling effect than 
other refrigerants. However, most environmental benign refrigerant R718 shows comparatively low performance, but it is 
found that R718 produces a significant cooling effect than other refrigerants excluding R717 refrigerant.

Keywords Low-grade energy · Renewable energy resources · Ejector refrigeration system · Entrainment ratio · Coefficient 
of performance

Introduction

The conventional compressor-based refrigeration system 
operates with CFCs causing ozone layer depletion and has 
large energy-consuming moving parts. This energy mostly 
extracts from non-renewable sources like fossil fuels. On the 

other hand, the cooling demand is increasing day by day, and 
continuous dependence on natural fuel contributes to  CO2 
emissions into the atmosphere. Solar thermal refrigeration 
system (STRS) is a better alternative way which converts 
heat energy from the renewable energy source and waste 
heat sources and provides a cooling effect. Solar thermal 
energy emerges as a smart energy system that is cost-effec-
tive and 100% renewable energy system. Utilization of solar 
thermal energy in the refrigeration system conserves energy 
as well as reduces the global  CO2 footprint, and hence, this 
technology draws the interest of both the scientific commu-
nity and industries [1]. Moreover, TRS is capable of operat-
ing a wide range of working fluids that are environmentally 
safe, non-toxic, nonflammable, and non-corrosive.
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Based on the working principle, the thermal refrigeration 
system is classified into an absorption refrigeration system, 
adsorption refrigeration system, and ejector refrigeration 
system (ERS) [2]. Among these three types, an absorption 
refrigeration system can ensure a large cooling effect. How-
ever, it occupies a large installation area and requires high 
maintenance costs. The adsorption refrigeration system has 
low performance compared to the other two types. The ERS 
has the benefit of simplicity, reliability, no moving parts, 
low operational cost, and less maintenance cost [3]. Since 
ERS does not have any high power-consuming moving parts 
which ensure the advantage of the energy conservation and 
intrigues the reputation, low COP associated with the ERS 
is the main barrier to comprehensive applications. Therefore, 
continuous researches are ongoing to enhance the system 
performance of ERS under overall operating condition. In 
order to improve the performance of ERS, the knowledge 
about the influence of ejector geometry [4], operational con-
dition [5], and working fluid is necessary [6].

Analytical modeling of ejector flow was initially devel-
oped by Keenan et al [7]. In their study, they asserted that 
flow through the ejector, primary and secondary flow begins 
to mixing at a constant pressure at the inlet of constant area 
section. Later, this hypothesis was adopted and modified in 
most of the theoretical studies [8, 9]. Munday and Bagster 
et al. [8] improved Keenan et al. mixing theory and asserted 
that the primary flow from nozzle exit does not mix with the 
secondary flow for a certain distance inside the constant area 
section called primary flow core. This diverging portion of 
the primary flow core forms as a converging section for the 
secondary flow and accelerates it to the sonic speed. Both 
the primary and secondary flows are chocked at this section, 
and then the ejector operates in a critical mode, whereas the 
downstream pressure of the ejector is called critical pres-
sure. Huang et al. [9] validated Munday and Bagster et al. 
hypothesis through numerical analysis and experimental test 
on eight different ejector geometry with R141b as working 
fluids.

Recently, researchers experimentally and theoretically 
analyzed the performance of ERS with different working 
fluids. Chen et al. [10] studied the performance of an ERS 
under overall operation modes using R600, R600a, R152a, 
R1234ze, R134a, R430A, R245fa, and, R290 as refriger-
ants. Dahmani et al. [11] obtained optimum performance 
using R290, R152a, R600a, and R134a as refrigerants. 
Gil et al. [12] considered the performance of an ERS with 
R356mfc, RC318, R245fa, R245ca, R236ca, R236ea, 
acetone, benzene, cyclopentane, cyclohexane, and toluene 
as refrigerants. In their study, the loss coefficient of flow 
through the ejector was considered constant. Tashtoush 
et al. [13] experimentally tested the performance of an 
ERS at critical mode using the superheated primary stream 
of various refrigerants such as R600, R600a, R290, R141b, 

R717, R152a, R134a, and R123 and compared with theo-
retical results of Chen et al. [14]. Hernandez et al. [15] 
studied the behavior of an ERS with R600, R600a, R134a, 
R123, R290, and R152a as refrigerants and showed that 
the R290 as the working fluid has the highest COP, while 
the R123 has a lowest COP. Recently, Gill et al. [16] esti-
mated the performance of an ERS with ethers and fluori-
nated ethers as working fluids. Optimum COP values were 
obtained for dimethyl ether (R-E170) and diethyl ether 
using a one-dimensional computer program approach 
based on Huang et al. model. In the earlier studies, most 
of the researchers have considered working fluid either 
with ODP larger than zero [17] or with high GWP values. 
Due to the high ODP and GWP values of some refriger-
ants, they are either banned or proposed for banning [18].

Environment-friendly refrigerants have the advantages 
of comparatively low GWP and nearly zero ODP poten-
tial [24, 25]. Hence, research and development activities 
are increasing in analyzing the influence of environment-
friendly working fluids, and their use in refrigeration 
technologies is gaining much interest [26]. Ayse Ugurcan 
et al. [27] evaluated the system performance of an ERS 
with R134a, R1234ze, and R1234yf and showed that the 
optimum COP for R1234ze, and R134a are nearly equal 
as well as higher than R1234yf. Smierciew et al. [28] 
experimentally investigated the first prototype ERS with 
HFO-1234ze operated by low-grade heat energy. In this 
study, a group of refrigerants has been investigated in the 
ejector refrigeration system. Table 1. indicates the safety 
group, the global warming potential (GWP), and the ozone 
depletion point (ODP) and other thermodynamic proper-
ties of the various working fluids including R718, R141b, 
R245fa, R717, R123, and R365mfc. Nehdi [29] analyzed 
the performance of refrigeration systems with different 
environment-friendly refrigerants at various generator con-
ditions and found that R717 provides better performance. 
Thus, earlier studies are only analyzed with a particular 
component of ERS and not considered the whole system.

Upto author’s knowledge, comprehensive analysis of 
environmental benign refrigerant on the integrated ejector 
refrigeration system is limited [30, 31]. The purpose of 
this study is to investigate an ERS under the critical and 
subcritical operation mode and analyze the performance 
with various refrigerants. A one-dimensional analytical 
model-based isentropic relations of on mass, momentum, 
and energy equations are used to analyze the system per-
formance. Ejector refrigeration system performance with 
environment-friendly refrigerants, including R718, R141b, 
R245fa, R717, R123, and R365mfc is investigated. The 
influence of entrainment ratio, critical condensing tem-
perature, and generator temperature on the performance 
of an ERS is analytically investigated. Further, the effect 
of ejector area ratios is also analyzed.
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Ejector refrigeration cycle

A schematic representation of a simple ejector refrigera-
tion system which encompasses a generator, an ejector, 
a condenser, an expansion valve, a feed pump, and an 
evaporator is shown in Fig. 1. Thermal energy procured 
from a low-grade heat source is supplied to the generator 
to vaporize the refrigerant fluid. Due to this vaporization 
process in a constant volume, the temperature of the pri-
mary flow (mp) raises. The saturated pressure correspond-
ing to this generator temperature (Tg) is considered as the 
generator pressure (Pg) of the primary flow. Then, the high 
pressurized primary flow enters into the ejector nozzle 
and expands and attains a sonic velocity at nozzle throat. 
The expansion continues in the diverging section of the 
primary flow core and attains a supersonic velocity with 
low-pressure, as shown in Fig. 2a. This low-pressure pri-
mary flow with high-velocity entrains the secondary flow 
(ms) from the evaporator. The high-velocity of primary 
flow accelerates the secondary flow along the converging 
section formed due to the primary flow core to the sonic 
velocity at section y–y.

At section y–y in constant area section, the primary flow 
starts to mixes with the secondary flow at the same pressure. 
In here, there is a hypothetical throat in the constant area 
section, where the pressure of both primary and second-
ary flow is equal, and flow is chocked so that Mach value 
of secondary flow is unity as shown in Fig. 2b. After the 
hypothetical throat, the velocity of secondary flow increases 
downstream until section m–m, while the velocity of primary 
flow decreases. The velocity of both the primary and sec-
ondary flow attains the same supersonic value at the section 
m–m, and this mixed stream flows at supersonic speed till 
the section sh–sh where a shock wave occurs and becomes 
a subsonic flow. The pressure and velocity discontinuously 
rises and decreases, respectively, across the shock. The pres-
sure of the subsonic mixed flow gradually increases as it 
discharges through the diffuser, and finally, it reaches the 
condenser pressure.

Once the mixed stream enters the condenser, rejects the 
heat (Qc) and the steam condenses to a liquid at the con-
denser pressure. After this condensation, the liquid is sepa-
rated into two flows. The first flow goes through the feed 
pump where pressure is increased to the generator level and 
the power loop 1–2–3–4–1 of the system cycle gets com-
pleted. The other part of the flow enters the expansion valve 
where the pressure is decreased to the evaporator level. After 
the expansion process, the flow enters the evaporator and 
absorbs heat. This heat absorption produces the necessary 
cooling effect (Qe) of the refrigeration cycle and completes 
the refrigeration loop 2–3–5–6–2 of the system cycle.

Flow model

The ejector is a critical component of an ERS, and it sig-
nificantly impacts the efficiency of the entire system. In this 
present work, Munday and Bagster et al. [8] hypothesis are 
adopted for modeling of the ejector system. The loss coef-
ficients of the ejector are calculated as in Huang et al. [9] 
work. More details are presented in the section below.

Table 1  Thermodynamic properties of various refrigerants

Refrigerant Molecular formula Molecular 
weight/g mol−1

Boiling point/°C Stagnation 
temperature/°C

Critical pressure 
(absolute)/MPa

GWP ODP ASHRAE 
safety 
group

R141b19 C2H3FCl2 116.9 32 204.2 4.25 725 0.12 A2
R245fa [19] C3H3F5 134 15 154 3.65 1030 0 B1
R717 [20] NH3 17.03 −33.3 133 11.42 0 0 B22
R718 [21] H2O 18.2 100 373.95 22.06 0 0 A1
R123 [22] C2HF3Cl2 152.9 27.6 183.68 3.662 77 0.02 B1
R365mfc [23] C4H5F5 148.07 40.2 186.85 3.27 782 0 Unknown
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Fig. 1  Ejector refrigeration cycle



304 M. K. B. Shovon et al.

1 3

Ejector

In this study, the following assumptions were adopted for 
the ejector as shown in Fig. 2.

1. The working fluid inside the system component is ther-
mally perfect gas with temperature-dependent heat 
capacity ratio and enthalpy.

2. The flow through the entire system is steady state and 
one-dimensional.

3. The subcooling of condenser and superheating of evapo-
rator flow are neglected, and for simplicity, flow is satu-
rated vapors at the exit of the generator and evaporator, 
respectively.

4. The equation of flow through the ejector component is 
derived from the isentropic flow relation. But for avoid-
ing the ideal process, mixing and frictional loss efficien-
cies are introduced in the isentropic relation.

5. Constant pressure mixing of the two-stream takes place 
inside the constant area section of the ejector.

6. Each component of the ejector refrigeration system is 
adiabatic control volume.

The mathematical equations for the ERS are given below:

Primary flow through nozzle

At the generator outlet, for a given generator temperature (Tg), 
and its corresponding saturated pressure (Pg), the primary 
mass ow rate (mp), through the nozzle inlet is obtained by gas 
dynamic relation shown in Eq. 1,

where the value of the isentropic coefficient for nozzle effi-
ciency (ηp) = 0.95.

At the nozzle exit, the Mach number (Mpn) and pressure 
(Ppn) are obtained from the gas dynamics theory as expressed 
in Eqs. 2 and 3.
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Flow in the primary flow core

Since the primary stream covers a certain distance between 
section n–n and y–y without mixing with the secondary stream. 
The Mach value of Mpy can be calculated from the isentropic 
relation mentioned in Eq. 4.

The area of the primary flow core, Apy, at section y–y is 
calculated from Eq. 5:

where the isentropic loss coefficient of primary flow in that 
section y–y (ηpy) is considered as 0.88.

Secondary flow through the inlet to section y–y

For the critical operational mode, the secondary flow reaches 
the chocked condition at section y–y, and the Mach value of 
the secondary flow becomes a unity, i.e., Msy = 1. For a total 
pressure (Pe) at the evaporator exit, the critical pressure of the 
secondary flow at this location is obtained from Eq. 6.

Then, the calculation of the secondary mass flow rate (ms) 
at the critical operational mode can be done by using Eq. 7.

where the value of the isentropic coefficient related to sec-
ondary flow (ηs) is considered as 0.85.

During the subcritical mode operation, the velocity of the 
secondary flow at the section y–y is less than the sonic speed, 
i.e., Msy < 1. Eqs. 8–11 are derived from the isentropic relation-
ships of mass and energy conservation.
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The active area (Ad) calculated as the sum of the area of the 
primary stream, Apy, and the area of the secondary stream, 
Asy, as shown in Eq. 12.

Temperature at section y–y

The critical temperature of the primary and secondary flow 
at this section y–y is calculated from Eqs. 13 and 14:

Mixed flow before shock wave (section m–m)

The primary and secondary flow starts to mix from sec-
tion y–y. A momentum and energy balance equations of the 
mixed flow are written as in Eqs. 15 and 16:

where Vm is the mixed flow velocity and the frictional 
loss coefficient, �m= 0.75. Vpy and Vsy are the primary and 
secondary flow velocities at section y–y as mentioned in 
Eqs. 17–20.
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The Mach value of the mixed flow is written as in Eq. 21

where am is the local speed of sound and calculated as in 
Eq. 22

A sharp pressure increase occurs in the mixed flow due to 
the formation of a shock wave. After experiencing the shock, 
it is assumed that the mixed flow follows an isentropic pro-
cess with constant pressure, Pd, inside the constant area sec-
tion. The gas dynamic relations between section m–m to 
section d–d are written as in Eq. 23 and 24:

Mixed flow through the diffuser (section d–d)

Assuming that the mixed flow through the diffuser under-
goes an isentropic compression process with the pressure at 
the diffuser exit ( Pc∗ ) is written as in Eq. 25:

Coefficient of performance (COP)

The state point 1, 2, and 6 represents the flow as the ejector 
primary flow, ejector secondary flow, and ejector outlet flow, 
respectively, as shown in Fig. 3.

The total amount of solar energy input in the generator is 
computed using Eq. 26.

The total amount of mass flow rate passes through the con-
denser is computed as the sum of primary flow rate and 
secondary flow rate of the ejector as in Eq. 27.

The total amount of heat transfer rate through the condenser 
is computed from Eq. 28.
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Since the expansion process is isenthalpic, the enthalpy 
value is considered as a constant during the throttling pro-
cess in the expansion valve as in Eq. 29.

Actual enthalpy of the flow after the pump work is computed 
from Eq. 30,

Here,  h4 is calculated with the pressure at state point 1 
and entropy at state point 3 in Fig. 3. The total amount of 
heat transfer rate through the evaporator is computed from 
Eq. 31.

Since the pump work of a liquid pump is much lower and 
can be overlooked in COP approximation in Eq. 32.

Calculation procedure

Based on the equations mentioned in the earlier section, a 
computer program for solving the one-dimensional analyti-
cal modeling is developed in Scilab. The schematic repre-
sentation of the flowchart is shown in Fig. 4.

The total temperature at the inlet of primary flow (Tg) 
and the secondary flow (Te) is defined at a particular area 
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Fig. 3  Pressure-enthalpy diagram of the ejector refrigeration cycle
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ratio (AR). The ratio between ejector constant area (Ad) 
to the nozzle throat area (At) is defined as the area ratio. 
The corresponding saturated pressures Pg, Pe are calcu-
lated from the thermodynamic library coolprop using the 
python interface. The critical pressure ( Pc∗ ) is calculated 
by solving the series of equations from 1 to 25. If the 
Pc ≤ Pc* , then flow through the ejector is considered as 
chocked and the critical performance parameters are calcu-
lated. For the condenser pressure, Pc > Pc∗ the subcritical 
performance characteristics are calculated as in the right 
side of the flowchart. In a similar manner, the performance 

parameters are calculated at different ejector geometries by 
varying the area ratio from 6.4 to 12.8. During the analysis 
of performance with different refrigerants, the material 
properties are calculated from the thermodynamic library 
coolprop, and the same procedure is repeated.

The one-dimensional analytical solution is compared 
with the existing literature by Huang et al. [9] at critical 
operating conditions with saturated generator tempera-
ture ranges from 78 to 95 °C, evaporator temperature of 
8 °C, and ejector area ratio of 8.28. However, in Fig. 5, 
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the present analytical solution shows good accuracy with 
experimental and theoretical analysis of Huang et al.

Results and discussion

Ejector refrigeration system under overall mode

The performance of an ERS with R718 as refrigerant is ana-
lyzed at both the subcritical and critical mode and presented 
in this section. At a fixed temperature of Te = 12 and Tc = 28, 
the coefficient of performance is calculated at a varying Tg 
for different ejector area ratios as depicted in Fig. 6. On 
keeping the area ratio constant and increasing the Tg, the 
COP increases up to an optimum Tg, and then the COP starts 

to decrease. On keeping the Tc constant, at lower values of 
Tg, the ejector is operating in the subcritical mode of opera-
tion. On increasing the Tg value, the ejector flow becomes 
chocked and eventually, COP begins to gradually decrease. 
For instance, at point A in Fig. 6, AR = 12.8, Tc = 28 and 
Tg = 50. The corresponding Pc and Pg values are 3.783 kPa 
and 12.352 kPa, respectively. For this geometric and opera-
tional conditions, the critical pressure Pc* is calculated as 
1.853 kPa. Therefore, at point “A,” the Pc > Pc* , the mode of 
operation is subcritical and the COP increases with Tg. On 
further increment in Tg, Pc* the value becomes equal to Pc 
and the flow becomes chocked at point “B.” After the point 
“B,” the COP begins to decrease due to increment in Tg in 
critical mode.

As the AR decreases, the flow entertainment decreases, 
and hence, the COP also decreases. At a constant Tc, the 
critical pressure slightly increases with a decrease in the 
value of AR. Hence, the chocking point slightly decreases, 
which is reflected as decrement in the optimum Tg with 
decreasing AR.

Ejector refrigeration system under critical mode

Performance of the ejector refrigeration system using R718 
as refrigerant is analyzed at critical mode under distinct 
operating conditions in this section.

At Tg = 70 °C, the values of entrainment ratio ( � ) are 
calculated as a function of area ratio for various Te as illus-
trated in Fig. 7. The ratio between the secondary mass flow 
rate ( ms ) to primary mass flow rate ( mp ) is defined as the 
entrainment ratio. On keeping the Te constant and increasing 
the area ratio, increases the cross-section area of the ejector 
constant mixing section as well as the hypothetical throat 
area. This area increment allows for more primary flow with 
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an increased velocity which entrains higher secondary flow. 
Thus, the entrainment ratio increases with area ratio. As the 
Te increases, the total inlet pressure at the secondary flow 
inlet increases which impose more secondary flow into the 
mainstream and eventually increases the ratio of ms to mp 
at a higher rate. Since the COP is a function of the entrain-
ment ratio, the COP is also raised at a higher area ratio as 
depicted in Fig. 8.

At Te = 12 °C, the values of critical entrainment ratio are 
calculated as a function of generator temperature for various 
area ratio as shown in Fig. 9. The higher Tg of primary flow 
corresponds to a higher Pg results in a higher primary mass 
flow rate. This higher rate of primary flow occupies more 
area in the constant area mixing section and allows only a 
small amount of the secondary mass flow. This reduction in 
the secondary mass flow from the evaporator results in low-
ering of entrainment ratio values with increasing Tg. Further, 
continuous increment in the Tg for a particular area ratio 
completely blocks the secondary flow from entraining into 
the constant area section and results in a zero entrainment 
ratio. Figure 9 also shows that zero entrainment condition 
occurs at lower generator temperature for smaller area ratio 
relative to larger area ratio cases. For instance, the value 
of entrainment ratio approaches nearly close to zero at the 
generator temperature approximately 81 °C or higher. This 
phenomenon occurs at much higher generator temperature 
for the higher ejector area ratios. The COP also follows a 
similar trend with area ratio under the critical operational 
mode, as shown in Fig. 10.

Under the ejector critical operating condition, the con-
densing pressure is less than the critical pressure. Therefore, 
at a constant Te, the COP is found to be nearly invariant with 
the Tc, as shown in Fig. 11. As the Te increases, the total 
pressure at the secondary inlet increases and imposes higher 

secondary flow into the constant area mixing section, which 
results in more entrainment ratio and COP.

The influence of evaporator temperature on the ejector 
entrainment ratio and system performance at various gen-
erator temperatures is illustrated in Figs. 12 and 13, respec-
tively. As seen earlier, under the critical mode of ejector 
operation, the higher evaporator temperature corresponds 
to high total pressure at the secondary inlet. Hence, more 
secondary flow streams into the constant area mixing sec-
tion at the same primary flow results in higher entrained 
mass flow rate, and the system shows better performance. As 
the generator temperature increases result in higher primary 
mass flow rate and decrease the secondary mass flow rate 
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to be entrained from the evaporator, therefore, at Te = 8 °C 
and Tg = 80 °C, the values of entrainment flow and COP 
approach to zero.

Ejector refrigeration system using various 
refrigerants

The different behaviors of the ejector refrigeration system 
using R718 as refrigerant have already been reviewed in 
Sect. 5.1. As given in Table 1, some other commonly used 
refrigerants are set to compare under ejector critical mode 
of operation.

The coefficient of performance (COP) of the system for 
different refrigerants is determined at varying generator 

temperature, as shown in Fig. 14. The COP lessens with an 
increase in the generator temperature as seen earlier for the 
case of R718 refrigerants. However, all the refrigerants show 
better performance than the R718, while the R717 exhib-
its greater improvement in the performance at AR = 10 and 
Te = 10 °C. The different thermodynamic properties of each 
refrigerant are tabulated in Table 2.

On keeping the AR and Tg as constant and increasing the 
Te, the COP gets increased, as shown in Fig. 15. Under the 
ejector critical condition, continuous increasing in evapo-
rator temperature gives higher entrainment ratio and COP. 
However, the performance dramatically varies with differ-
ent working fluids, and particularly R717 shows substantial 
enhancement in the performance. The enthalpy h6 increases 
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continuously at higher evaporative temperature; thus, latent 
heat of vaporization upraises as in Fig. 3.

The cooling load of per unit mass of refrigerant represents 
the ratio of Qe/(mp + ms) and the consumption of refriger-
ant declines with an increase in cooling load. So, it will be 
cost-effective because the investment behind the refrigerants 
will moderate [20], and the cooling load of different refriger-
ants is shown in Fig. 16. The R717 establish superior per-
formance with the highest cooling load of more than twice 
as the R718. Even though the R141b, R245fa, R123, and 
R365mfc showed a better COP and entrainment ratio than 
R718, their cooling load is three times lower than the R718.

In the ejector refrigeration system, COP is an important 
index but not the only reason. In that situation, the environ-
mental impact created by the refrigerant should consider. 
The detail is already discussed in Sect. 1. As shown in 
Fig. 16, the order of the refrigerants follows as: R717 > R7
18 > R141b > R245fa > R123 > R365mfc. In spite of having 
a larger cooling load, R717 is not a wise decision because 
it is toxic in nature. Using nonflammable gas R141b and 
R123 will be a good choice as a replacement of R717, but 
they have ODP greater than zero. Moreover, R245fa and 
R365mfc have zero ODP, but their GWP is not considerable. 

Besides having low COP, R718 has no environmental impact 
and is suggested in this study.

Conclusions

A one-dimensional theoretical analysis of the ejector refrig-
eration system working with low-grade energy resources is 
presented in this present work. A computer program based 
on a series of isentropic relations of ejector flow is devel-
oped in Scilab and interfaced with coolprop, a thermody-
namic library, for material properties of different working 
fluids. Initially, the performance of the ejector refrigeration 
systems is calculated under the overall operation mode. 
Later, the system performance is evaluated with different 
refrigerants under critical mode.

Before the subcritical mode of operation, at a constant 
area ratio and condenser pressure, the coefficient of perfor-
mance increases with an increase in the generator tempera-
ture until the chocking condition. At the chocking condi-
tion, the generator temperature attains an optimum value and 
gives the highest COP. This COP value ranges from 0.25 to 
0.17 at a given area ratio of 11.2 under overall mode. In the 
critical mode, further increment in generator temperature 
diminishes the performance.

Under the critical mode operation, at a constant generator 
temperature as well as a constant evaporator temperature, 
increasing the area ratio widens the hypothetical throat area 
and allows more secondary flow and enhances the perfor-
mance. Increasing the evaporator temperature strengthens 
the secondary flow and imposes more secondary flow into 
the constant area mixing section. In contrast, increasing 
the generator temperature increases the primary flow and 
stalls the secondary flow. Thus, the increment in evapora-
tor temperature enhances the system performance while the 

Table 2  Material properties of different refrigerants

Refrigerants CP/kJ kg−1 K−1 k R/kJ kg−1 K−1

R717 4.699 1.799 488.2 × 10−3

R718 1.986 1.33 456.813 × 10−3

R141b 0.908 1.145 71.09 × 10−3

R245fa 1.075 1.152 62.022 × 10−3

R123 0.79 1.135 54.375 × 10−3

R365mfc 1.139 1.091 56.138 × 10−3
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increment in generator temperature diminishes the system 
performance.

Among the six considered refrigerants, R717 exhibits 
substantially better performance in terms of entrainment 
ratio, coefficient of performance, and cooling load. Even 
though the R718 shows the least coefficient of performance 
and entertainment ratio, it shows moderate cooling capacity 
than R141b, R245fa, R123, and R365mfc.
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