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Highlights 
 

➢ Emphasis on finding low-energy consumption cycles for cooling processes, particularly relevant in regions with high 
temperatures and significant electrical energy consumption in air-conditioning and refrigeration industries. 

➢ Recognition of the ejector refrigeration cycle as a suitable option due to its low energy consumption and environmental 
compatibility. 

➢ Utilization of the k-wSST turbulence model and non-equilibrium condensation model to effectively simulate the ejector, 
showcasing a comprehensive approach to studying its performance. 

➢ Investigation into the impact of motive flow pressure on various aspects of the ejector's performance, including temperature, 
Mach number, entropy production, and Coefficient of Performance (COP). 

➢ Detailed analysis of flow behavior in the ejector, considering factors such as oblique shocks and shock train, and the 
significant influence of motive flow pressure on the entrainment ratio, a key parameter in ejector performance. 

 

Article Info   Abstract 

In today's life, it is very necessary to use cooling systems in the domestic and industrial cooling 
process, and the air-conditioning and refrigeration industry has the highest rate of electrical energy 
consumption in countries with hot weather. Therefore, it is very important to find a cycle with low 
energy consumption. Ejector refrigeration cycle can be a suitable option due to low energy 
consumption and compatibility with the environment. This study investigates the effect of pressure 
of motive flow on refrigeration cycle’s ejector performance. The k-wSST turbulence model and the 
non-equilibrium condensation model are used to simulate the ejector. According to the results, the 
present model can well predict the flow behavior in the ejector. As the pressure of motive flow 
increases, the minimum pressure and minimum temperature in the ejector decreases and the 
maximum Mach number increases in the ejector, and the production entropy and COP decrease. 
The pressure of motive flow has a significant effect on the oblique shocks and shock train. The 
entrainment ratio, which is one of the most important parameters of the ejector, decreases with 
increasing pressure of motive flow. As the pressure increases from 1.98 bar to 4.75 bar, the 
entrainment ratio decreases by 62%, the primary flow rate increases from 0.000693 kg/s to 
0.001597 kg/s, and a 130% increase in the primary flow rate is seen. 
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Density (𝑘𝑔/𝑚3) 𝜌 Enthalpy (𝐽/𝑘𝑔) ℎ 

Dynamic viscosity (𝑃𝑎. 𝑠) 𝜇 Nucleation rate (1/𝑘𝑔. 𝑠) 𝐽 

Thermal conductivity (𝑊/𝑚. 𝐾) 𝜆 Knudsen number 𝐾𝑛 
Viscous stress tensor (𝑃𝑎) 𝜏 Mass flow rate (𝑘𝑔/𝑠) �̇� 
Non-isothermal  𝜃 Droplets number (1/𝑘𝑔) 𝑛 
Surface tension (𝑛/𝑚) 𝜎 Pressure (𝑃𝑎) 𝑃 
Mass source (𝑘𝑔/𝑚3. 𝑠) 𝛤 Condensation coefficient 𝑞𝑐 

Subscripts Droplet radius (𝑚) 𝑟 
Discharge 𝑑 Temperature (𝐾) 𝑇 
Growth 𝑔𝑟𝑜𝑤 Velocity components (𝑚/𝑠) 𝑢, 𝑣 
Liquid 𝑙 Cartesian direction (𝑚) 𝑥 
Liquid-vapor 𝑙𝑣 Mass fraction of liquid 𝑦 
Nucleation 𝑛𝑢𝑐 Abbreviations 
Primary 𝑝 Entrainment ratio ER 
Secondary 𝑠 Pressure of motive flow POMF 
Vapor 𝑣 Liquid mass fraction LMF 
  Primary nozzle PN 
  Ejector refrigeration cycle ERC 

 

1. Introduction 
The air-conditioning and refrigeration industry has 

the highest rate of electrical energy consumption in 

countries with warm climates. It is necessary to use the 

cooling systems used in the process of domestic cooling, 

industrial and air conditioning in today's modern life. On 

the other hand, conventional cooling systems that use 

vapor-compression cycle cause high consumption of 

electrical power [1-3]. The mechanical compressor 

consumes the most electricity in the system. This type of 

system leads to an increase in global electricity 

consumption. However, there are other types of 

refrigeration systems that mainly use thermal energy to run 

the system with a small amount of electricity. These types 

of thermal refrigeration systems are called. Renewable 

energies such as solar energy [4], geothermal energy [5] or 

even heat loss from the production process can be used as 

a heat source in these systems. Boiler, ejector and pump in 

the ERC have been replaced instead of the compressor in 

steam compression cycles [6-7]. Figure 1 shows an ERC. 

Nowadays, ejector simulation using computational 

fluid dynamics has attracted the many researchers 

attention. Bartosiewicz et al. [8] used six well-known 

turbulence models in a supersonic air ejector in a numerical 

simulation and compared the results with the experimental 

results. According to the results, the k-wSST turbulence 

model had a further fit with the empirical points in the 

static pressure distribution in the center line of the ejector 

than other turbulence models. But k-e and RNG turbulence 

models performed better than other models in predicting 

the shock position. Hamidi et al [9] investigated the 

behavior of two turbulence models k-e and k-wSST in the 

ejector. According to the results, when the primary nozzle 

(PN) inlet pressure increases, the difference between these 

two models is very small. Riffat et al. [10] simulated the 

behavior of the flow in the ejector using computational fluid 

dynamics and showed that the efficiency of the ejector is 

dependent on the PN and its position. Varga et al. [11] 

examined the effect of geometrical parameters on the 

efficiency of the ejector numerically and investigated the 

changes in the suction rate compared to the condenser 

pressure in different area ratios. The area ratio refers to the 

ratio of the mixing chamber diameter to the diameter of the 

PN. If the diameter of the PN is fixed, this ratio has a direct 

relationship with the mixing chamber diameter. As the area 

ratio increases, the ER also increases, at the same time, the 

critical pressure of the ejector decreases. 

Zhou et al. [12] tried to find the optimal position of the 

nozzle outlet and the convergence angle of the mixing 

chamber by numerical simulation. According to 210 test 

results, the optimal position of the nozzle outlet is not only 

proportional to the throat diameter, but this position 

increases with the increase of the initial flow pressure, and 

the efficiency of ejector is very sensitive to the angle of 

convergence, especially near the optimal working point. 

The suction ratio can change up to 26.6% by changing the 

convergence angle. Chen et al [13] studied the natural gas 

ejector to investigate the effects of geometrical factors to 

maximize the ER, and obtained the optimal geometrical 

factors. According to the numerical results, the mixing 

chamber optimal angle is 14 degrees, the ratio of the mixing 

tube optimal diameter to the initial nozzle pit is 1.7, the 

ratio of the length to the diameter of the optimal mixing 

tube is 5.0, and the diffuser optimal angle is 1.43 degrees. A 

field experiment was conducted in order to validate the 

numerical results. The ratios obtained from the numerical 

simulation were consistent with the field data. A 

consistency between the ratios obtained from the 

numerical solution and the field data was observed. 

Lee et al. [14] studied gas-gas and condensing (gas–

liquid ejector) ejectors. This study has concluded the 

changes in the ER in relation to the ratio of the length to the 
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diameter of the mixing chamber in the rate of different 

areas and different driving fluids. These changes were 

investigated respectively when the working fluid is 

nitrogen-nitrogen and nitrogen-water. The ER increased in 

both of them with the increase in the ratio of the length to 

the diameter of the mixing chamber, and then it decreased 

more noticeably in the case of nitrogen-water, but this ER 

also increased. 

Chen et al. [15] investigated the supersonic ejector 

used in the oil and gas industry. Their main focus was on 

the two geometrical parameters of the PN exit position and 

the ratio of the length of the mixing chamber to its diameter 

(R). In their classification, the diameter of the mixing 

chamber is fixed, and there is a direct relationship between 

the increase and decrease of the R value with the length of 

the chamber. The changes of pressure rate and ER were 

investigated with respect to the R parameter at different 

pressures from the initial flow. As can be seen in the figure, 

both pressure rate and strain rate parameters first increase 

and then decrease with the increase of R, and in this way, 

an optimal value for the length of the chamber is obtained. 

Maghsoodi et al. [16] also examined the effect of length and 

angle of divergence in continuation of their geometric 

studies on ejector performance. The variation of the ER 

with respect to the diverging angle of the diffuser was 

investigated in different lengths of it. According to the 

results, firstly with the increase of the divergence angle, the 

ER also increases and then its value decreases, and an 

optimal value is obtained for the diffuser divergence angle 

where the ejector has the highest ER. Also, as the length of 

the diffuser increases, the value of the ER increases, and at 

the same time, the optimal divergence angle of the diffuser 

decreases. Chen et al. [17] also carried out their geometric 

studies on an ultrasonic air ejector in order to improve its 

performance. In their studies, they found an optimal value 

of the initial nozzle outlet position, so that the ejector had 

the highest ER. 

Yang et al. [18] examined the effect of nozzle shape on 

the steam ejectors efficiency. They considered 5 nozzles and 

simulated them numerically. They concluded that the ER 

and pressure of critical in a rectangular nozzle are 7.1% and 

21.3% less than a nozzle conical, in an elliptical nozzle it is 

7.9% and 21.3% less than a conical nozzle, and in a square 

nozzle it is 2% and 2.1% less than a conical nozzle, but in 

the cross-shaped nozzle, the entrainment rate was 9.1% 

better than the conical nozzle and the critical pressure was 

6.4% lower than the conical nozzle. 

Condensation phenomenon [19-21] is one of the 

differences between numerical and laboratory works in the 

ejector, which often consider the fluid flowing in it as a dry 

gas for simplicity and reduction of simulation time [22]. 

But some researchers considered the fluid passing through 

the ejector as wet vapor in order to be more accurate and 

closer to reality [23]. Although this action is consistent with 

reality, it adds the equations of budding and growth of 

drops as a set of equations, which increases the volume and 

time of calculations [24]. 

Ariafar et al. [25] compared the entrainment rate and 

the critical end pressure for two states of wet steam and dry 

steam. According to the results, wet steam flow predicts a 

higher ER and critical end pressure. They calculated the 

mixing layer growth for wet vapor and dry vapor states. 

According to the result, the size of the mixing layer is larger 

for wet steam than for dry steam. In another study, Ariafar 

et al. [26] studied the impact of mixing layer and mixing 

pressure on ER. In the research conducted, the growth of 

the mixing layer was validated with laboratory results. 

Ariafar et al [27] examined the impact of the PN cross-

sectional area ratio and the enlargement of the mixing layer 

in the steam ejector, and compared the results of the wet 

steam state with the dry steam state. They used the 

empirical results in the nozzle of Moore for validation. They 

considered three PN cross-sectional area ratios of 11, 18 and 

25 to simulate their work. 
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Fig 1. Ejector refrigeration cycle [23]  

 

Nowadays, the use of the ERC that uses steam as a 

refrigerant is very important due to environmental issues. 

Any factors affecting the COP need to be investigated and 

studied due to the low COP of these cycles. This study 

considers a steam ERC, and examines the effect of POMF 

on the processes of condensation and evaporation, 

expansion and condensation of flow, flow behavior and ER. 

This study examines the effect of the POMF on the 

performance of the ERC and its effect on the COP and the 

behavior of the fluid inside the ejector. 
2. Governing equations and solution details 

The Navier-Stokes equations together with the 

equations of droplet number and wetness have been solved 

using the Eulerian-Eulerian viewpoint [28] and the method 

of single-fluid [29] in this study. This method considers the 

vapor and liquid phase as one phase and the equations are 

solved for the mixed phase, and the sliding speed between 

the vapor and liquid phases is ignored due to the small 

diameter of the water droplets [30]. The following 

assumptions are considered for the equations governing 

the ultrasonic ejector [23]: 

 

❖ The effects of gravity on the steam inside the 

ejector are ignored. 

❖ The flow has axial symmetry. 

❖ The flow is solved in the steady frame . 

The equations of continuity, momentum, energy, 

number of drops and humidity are as follows [31]. 

(1) 
𝜕𝜌

𝜕𝑡
+

𝜕(𝜌𝑢𝑗)

𝜕𝑥𝑗

= 0 

(2) 
𝜕(𝜌𝑢𝑖)

𝜕𝑡
+

𝜕(𝜌𝑢𝑗𝑢𝑖 + 𝑃𝛿𝑗𝑖)

𝜕𝑥𝑗

−
𝜕𝜏𝑗𝑖

𝜕𝑥𝑗

= 0 

(3) 
𝜕(𝜌𝐸)

𝜕𝑡
+

𝜕(𝜌𝑢𝑗𝐻)

𝜕𝑥𝑗

+
𝜕(𝑞𝑗 − 𝑢𝜏𝑗𝑖)

𝜕𝑥𝑗

= 0 

(4) 
𝜕(𝜌𝑦)

𝜕𝑡
+

𝜕(𝜌𝑢𝑗𝑦)

𝜕𝑥𝑗

= 𝛤1 + 𝛤2 

(5) 
𝜕(𝜌𝑛)

𝜕𝑡
+

𝜕(𝜌𝑢𝑗𝑛)

𝜕𝑥𝑗

= 𝐽 

Where, P is pressure, ρ is density, y is humidity, and h 

is enthalpy. The subscripts v and l refer to the vapor and 

liquid phases, respectively. The classical nucleation 

equation is given by [32].  

(6) 𝐽𝑐𝑙𝑎𝑠𝑠 = 𝑞𝑐√
2𝜎𝑟

𝜋
𝑚𝑚

−3 2⁄ 𝜌𝑣

𝜌𝑙

𝑒𝑥𝑝 (
−4𝜋𝑟∗2𝜎𝑟

3𝐾𝑏𝑇𝑣

) 

Corrections of Kantrowitz is utilized in the equation 

(6).  

(7) 𝐽 =
1

1 + ∅
𝐽𝑐𝑙𝑎𝑠𝑠 

∅  is the temperature correction coefficient (8) [33]. 

(8) 
∅ = 2

(𝛾 − 1)

(𝛾 + 1)

ℎ𝑙𝑣

𝑅𝑇𝑣

(
ℎ𝑙𝑣

𝑅𝑇𝑣

−
1

2
) 

𝑑𝑟

𝑑𝑡
  is the droplet growth [31]. 

𝑑𝑟

𝑑𝑡
=

1

𝜌𝑙

𝜆𝑣

(1 + 3.18𝐾𝑛)

𝑟 − 𝑟∗

𝑟2

𝑇𝑠 − 𝑇𝑣

ℎ𝑣 − ℎ𝑙

 (9) 

 

Two mass sources defined for phase change [34]. 

𝛤1 =
4

3
𝜋𝜌𝑙𝜌𝑟∗3𝐽 

(10) 

𝛤2 = 4𝜋𝜌𝑙𝜌𝑛𝑟2
𝑑𝑟

𝑑𝑡
 

(11) 

 

Two mass sources are used to define phase change for 

nucleation (Γ1) and droplet growth (Γ2). The major 
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parameter for an ejector can be described as entertainment 

ratio [35]. This parameter is defined as: 

𝐸𝑅 =
𝑚𝑠̇  

𝑚𝑝̇  
 (12) 

where mass flow rates of primary and the secondary 
are depicted by  𝑚𝑝̇  and 𝑚𝑠̇ , respectively. In solar-driven 

ejector refrigeration system, COP is equal to ER [36]. 

𝐶𝑂𝑃 =
ℎ𝑠 − ℎ𝐷

ℎ𝑃 − ℎ𝐷

 (13) 

The k-ω SST turbulence model has been used for the 

turbulence flow in the ejector [37]. The Roe’s model is used 

to calculate the fluxes of convective. The governing 

equations discretization is performed with the upwind 

scheme and second-order accuracy. In the order of less 

than 10-8 

, the simulations are converged with root mean square 

residuals. 
3. Results 

The POMF is one of the significant parameters in the 

analysis of steam ejector behavior. The driving flow from 

the generator enters the PN of steam ejector, and the 

required vacuum in the evaporator is provided by the 

ejector. In this study, the primary flow and the secondary 

flow are in saturation, and the discharge pressure is 3.2 kPa 

and the secondary flow pressure is 1.28 kPa. 

3.1. Validation and the independence of the 

solution from the computing grid 

Two important issues in numerical solution are 

evaluated in this part. Validation shows the numerical 

solution accuracy. In validation, the experimental data are 

compared with the results obtained from calculations. In 

examining the independence of the solution from the 

computational grid, the effect of the number of grids on the 

numerical solution results is evaluated. In this part, the 

Ruangtrakoon ejector [38] is used to examine the two 

mentioned issues. The POMF, secondary flow pressure, and 

discharge pressure are 270 kPa, 1.08 kPa, and 3.5 kPa, 

respectively. Figure 2 shows the independence of the 

solution from the computing network. Three 

computational grids with the number of 15,000 cells, 

32,000 cells, and 65,000 cells were considered, and the ER 

value was calculated. By increasing the number of 

computational cells from 32,000 to 65,000, the ER changes 

by about 0.1%, which is almost negligible. 32000 

computing cells are used in this research due to the 

reduction of computing cost. Figure 3 shows the 

computational domain. 

The numerical solution validation in the 

Ruangtrakoon ejector is shown in Table 1. The 

experimental value of the ER in the ejector is 0.44. The 

current numerical solution predicts the ER of 0.4315, and 

by comparing these two values, an error of 1.9% is reported. 

Table 1 shows that the considered numerical method is 

appropriate.

 
Fig 2. independence of the solution from the computing grid 

Grid density

E
R

0.3
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0.4214
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Figure 3. Computation domain inside the ejector 

 

Table 1. Validation of Ruangtrakoon ejector [38]. Primary, secondary and discharge pressures are 270 

kPa, 1.037 kPa and 2.8 kPa. 

Error [%] Numerical Experiment  

1.9 0.4315 0.44 𝐸𝑅 

 

3.2. The impact of POMF on steam flow inside 

the ejector 

The effect of the pressure driving flow on fluid flow 

behavior in the ejector is investigated in this section. 

Pressure, temperature and Mach number graphs are 

needed to check fluid behavior. Figures 4-6 show the 

distribution of pressure, temperature and Mach number 

inside the ejector, respectively. The pressures considered 

for the driving flow are: 232 bar, 312.9 bar and 415.3 bar. 

The driving flow in the PN reaches the supersonic state and 

creates a low-pressure zone at the end of the PN. 

This low-pressure area is located approximately at 

0.06 m<x<0.08 m. The temperature reaches the lowest 

value and the Mach number reaches the highest value in 

this region. The minimum pressure in the ejector is 130.5 

Pa, 81.7 Pa, and 57.1 Pa for driving pressures of 232 bar, 

312.9 bar, and 415.3 bar, respectively. Then, the pressure 

value reaches 1452 Pa, 1726 Pa and 1868 Pa respectively 

with the occurrence of shock. The minimum temperature 

for the driving pressures of 232 bar, 312.9 bar, and 415.3 

bar is 172 K, 154 K, and 142 K, respectively, and when the 

shock occurs, the temperature reaches 323 K, 353 K, and 

372 K. The maximum Mach number for the mentioned 

driving pressures are: 4.3, 4.75 and 5.12 and the Mach 

number reaches 2.63, 2.49 and 2.44 with the occurrence of 

shock d. After the low-pressure area, the pressure and 

temperature increase due to the occurrence of diagonal 

shocks and shock train, and the Mach number decreases. 

As the driving pressure increases, the intensity of oblique 

shocks increases.
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Figure 4. Impact of POMF on the pressure 
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Figure 5. Effect of POMF on the temperature 
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Figure 6. Effect of POMF on the Mach number 

 

3.3. The impact of the POMF on the two-phase 

flow inside the ejector 

Due to the occurrence of nucleation process in the PN 

of the steam ejector, very fine water droplets are formed 

spontaneously, and two-phase flow is seen in the ejector 

with the occurrence of condensation. The rate of nucleation 

in the central line of the steam ejector can be seen in Figure 

7. Liquid droplets grow due to the condensation of vapor on 

their surface and their size decreases due to evaporation. 

The occurrence of oblique shocks and shock train affects 

the process of evaporation and condensation. Figure 8 

indicates the distribution of the liquid phase in the ejector. 

The rate of nucleation happens at approximately x=0.023 

m, and the liquid phase in Figure 8 is formed approximately 

at x=0.023 m, and its value increases rapidly. With the 

rapid expansion of the flow, the liquid phase increases, and 

reaches a maximum at approximately x=0.085 m. 

As the POMF enhances the maximum liquid mass 

fraction (LMF) in the steam ejector increases. The 

maximum value of LMF for driving pressures of 232 bar, 

312.9 bar and 415.3 bar is 0.234, 0.246 and 0.26, 

respectively. Then, the LMF in the ejector decreases with 

the occurrence of diagonal shocks and shock train. At a 

pressure of 232 bar for the driving flow, the LMF at x=0.41 

m becomes zero. The LMF at the end of the ejector for 

pressures of 312.9 bar and 415.3 bar is 0 and 0.07, 

respectively. Figure 8 shows that the driving flow pressure 

has a great effect on the process of vapor condensation and 

liquid evaporation.

Axial coordinate [m]

M
ac

h
nu

m
b

er

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
0

1

2

3

4

5

6

P
m
=232 kPa

P
m
=312.9 kPa

P
m
=415.3 kPa



           

19 
 

 
Figure 7. Impact of POMF on the nucleation rate 
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Figure 8. Effect of POMF on the LMF 

 

3.4. The effect of the POMF on ER 

The ER is one of the main parameters of an ejector, 

which represents the mass of the suction flow to the mass 

of the drive flow. Higher values of this parameter are more 

desirable. The effect of POMF on the ER, secondary flow 

rate and primary flow rate is indicated in Figure 9. As the 

POMF increases from 1.98 bar to 4.75 bar, the initial flow 

rate increases from 0.000693 kg/s to 0.001597 kg/s, and a 

130% increase in the initial flow rate is seen. In other words, 

it can be said that an ascending trend can be seen in the 

initial flow rate. But the secondary flow rate is different. At 

the driving pressure of 1.98 bar, the secondary flow rate is 

0.000496 kg/s, and by increasing the driving pressure to 

2.32 bar, the secondary flow rate increases and reaches the 

value of 0.000535 kg/s. 

Then, the mass flow rate of secondary flow decreases 

by increasing the driving pressure up to 4.75 bar. It can be 

said that an ascending-descending trend can be seen in the 

flow rate of the secondary flow with increasing pressure of 

the driving flow. The ER depends on the two parameters of 

primary flow rate and secondary flow rate. According to 

Figure 9, with the enhancement in the pressure of the 

driving flow, the ER decreases. As the pressure increases 

from 1.98 bar to 4.75 bar, the ER decreases by 62%. This 

shows that the driving pressure is a very important 

parameter in the ejector performance.

 
Figure 9. Effect of POMF on the ER, primary and secondary mass flow rates 
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3.5. The impact of driving flow pressure on 

production entropy 

The impact of driving flow pressure on production 

entropy is investigated in this section. To compute the 

production entropy, the thermodynamics second law is 

applied. The production entropy for an adiabatic ejector is 

equal to: 

(14) 𝑆𝑔𝑒𝑛 = 𝑚𝑜𝑢𝑡𝑠𝑜𝑢𝑡 − 𝑚𝑚𝑠𝑚 − 𝑚𝑠𝑠𝑠 

The effect of the POMF on the production entropy is 

shown in Figure 10. As the driving flow pressure increases, 

the production entropy increases. By increasing the driving 

flow pressure from 1.98 bar to 4.75 bar, the production 

entropy increases from 1.11 W/K to 3.24 W/K, and an 

increase of 189% is observed. The POMF has a significant 

effect on the production entropy. Among the entropy 

production factors in the ejector, shocks, phase change, 

friction and flow mixing can be mentioned. According to 

Figures 4-6, the intensity of the shocks increased with the 

increase in the driving flow pressure, which increases the 

entropy production.

 
Figure 10. Effect of POMF on the entropy generation 

 

3.6. The impact of motive flow pressure on COP 

Figure 1 shows the schematic view of the ERC. The 

water heated by the solar collector is transferred to the 

generator, where the refrigerant of the ejector cycle 

evaporates. In the generator, the refrigerant reaches the 

required temperature and pressure, and enters the ejector. 

A low-pressure zone is created in the ejector which causes 

the flow to be sucked from the operator. Then, the flow 

entered from the generator and the flow sucked from the 

evaporator are combined and exited from the ejector outlet 

and transferred to the condenser. COP is one of the most 

important parameters of the refrigeration cycle, and the 

impact of the POMF on the COP of a refrigeration cycle is 

investigated in this section. The effect of driving pressure 

on COP is shown in Figure 11. COP decreases with the 

increase of driving flow pressure. As the driving flow 

pressure increases from 1.98 bar to 4.75 bar, the COP 

increases from 1.11 to 3.24, and a 60% decrease is observed. 

The reason for COP reduction can be predicted in the 

performance of the ejector. A decrease in the ER was seen 

with increasing pressure of the driving flow, and this 

indicates a decrease in the efficiency of the ejector. In fact, 

it can be said that the efficiency of the ERC depends on the 

ejector and the ejector is its most important component, 

and any improvement in the efficiency of the ejector will 

improve the cycle efficiency.
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Figure 11. Effect of POMF on the COP 

 

4. Conclusion 
Nowadays, it is very important to use equipment that 

has the least environmental pollution. The ejector is one of 

the equipment that does not have any pollution. This study 

examines the impact of initial flow inlet pressure on 

behavior of flow, condensation and evaporation processes. 

First, the steam flow in the ejector is simulated, and the 

independence of the solution from the grid and validation 

are performed. Then, the impact of the initial flow inlet 

pressure is checked by considering the changes of the initial 

flow inlet pressure from 1.89 bar to 5 bar. The most 

important results are: 

❖ A low-pressure zone is created in the ejector after 

the primary nozzle. As the pressure of the driving 

flow increases, the pressure and temperature of 

the low-pressure area decreases and the Mach 

number of this area increases. 

❖ Diagonal shocks and shock train are seen in the 

ejector due to the rapid occurrence of 

compression-expansion processes. The intensity 

of the shocks increases with the increase of the 

driving pressure flow. 

❖ The liquid-vapor phases are seen after the 

nucleation phenomenon occurs, and evaporation-

condensation processes are seen in the flow. As 

the driving flow pressure enhances, the liquid 

phase produced in the ejector increases and the 

liquid mass fraction at the ejector outlet increases. 

❖ An increase in the pressure of motive flow does 

not lead to an enhancement in the flow rate of the 

secondary flow and an ascending-descending 

trend is seen in the flow rate of the secondary flow, 

which causes the increase in the pressure flow of 

the driving flow to have a negative effect on the 

performance of the ejector and the entrainment 

ratio decreases. As the pressure increases from 

1.98 bar to 4.75 bar, the entrainment ratio 

decreases by 62%. 

❖ Occurrence of shocks, flow expansion and 

compression, friction, flow mixing and phase 

change cause entropy production. As the pressure 

of the driving flow increases, the entropy 

generated in the ejector increases. 

❖ COP is one of the most important parameters of a 

refrigeration cycle, whose value decreased with 

the increase of driving pressure. 

According to the results of this study, the pressure of 

motive flow has a significant effect on the efficiency of an 

ejector refrigeration cycle and its effect should be 

considered in the design, because any change in it causes a 

change in the ejector and cycle efficiency. 
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