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                     Abstract 
 The steam ejector works in two operating conditions: on-design and off -design. The overall best ejector’s performance is 

achieved at the on-design operating condition, but the ejector enters the off -design condition due to certain conditions, and 

its performance decreases. This study has been conducted with the aim of investigating the liquid phase’s behavior produced 

by the nucleation phenomenon in the off -design condition. The pressures for the ejector output are selected to achieve this 

purpose so that the ejector performance curve is in the off -design condition. Then, the impact of each of these pressures 

on temperature, nucleation rate, Mach number (MN), liquid mass fraction (LMF), droplet radius, entrainment ratio (ER), 

and production entropy was investigated. According to the results, the behavior of all mentioned parameters with the outlet 

pressure changes is diff erent in the diff user and the same in the primary nozzle. No change can be seen in the nucleation rate 

with outlet pressure changes, but the production entropy and outlet temperature enhance with the increase in outlet pressure, 

and a decreasing trend is seen in outlet MN and ER. As the outlet pressure increases from 6.5 kPa to 7 kPa, the production 

entropy increases by about 3.6%. 

   Keywords     Non-equilibrium condensation    ·  Steam ejector    ·  Entropy    ·  Nucleation    ·  Liquid phase  

  Abbreviations 

  Nomenclature 
   A       Area ( m  2 ) 

    C v        Specifi c heat at constant volume (J/kg K) 

    C p        Specifi c heat at constant pressure (J/kg K) 

    Er       Entrainment ratio 

    H       Total enthalpy (J/kg) 

    h       Enthalpy (J/kg) 

    J       Rate of nucleation (1/m 3 s) 

    k       Turbulence kinetic energy  (m 2 /s 2 ) 

    K b        Boltzmann’s constant (−) 

    M m        Mass of molecular (kg/mol) 

      ṁ           Rate of mass fl ow (kg/s) ̇ 
    n       Droplets number (1/kg) 

    P       Pressure (Pa) 

    q c        Coeffi  cient of condensation (−) 

    R       Gas constant (J/kg K) 

    r       Droplet radius (m) 

    T       Temperature (K) 

    u, v       Velocity components (m/s) 

    V d        Average volume of droplets  (m 3 ) 

    x,y,z       Cartesian direction, (m)     

  Greek symbols 
   β       Mass fraction of liquid (−) 

    Γ       Rate of mass generation (kg/m 3 s) 

    γ       Ratio of heat capacity (−) 

    δ ij        Kronecker delta function (−) 

    λ       Thermal conductivity (W/m.K) 

    θ       Non-isothermal correction coeffi  cient (−) 

    μ       Viscosity of dynamic (Pa s) 

    ρ       Density (kg/m 3 ) 

    σ       Surface tension of liquid (N/m) 

    τ       Viscous stress tensor (Pa) 

       Properties of mixture (−) 

   ω       Dissipation specifi c rate (1/s)     
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  Subscripts and superscripts 
   l       Liquid 

    v       Vapor 

    s       Saturation 

    in       Inlet 

    out       Outlet 

    *       Critical condition     

       Introduction 

 Nowadays, improving the performance of refrigeration 

cycles is very important due to environmental issues. Using 

an ejector is one of the ways to improve the effi  ciency of 

refrigeration cycles (Zhang Wang  2024 ; Wu and Gang 

 2024 ; Chen et al.  2023 ; Islam et al.  2023 ; Zhang et al. 

 2022 a). Ejectors are used in many industries, such as water 

desalination (Xue et al.  2020 ; López-Zavala et al.  2023 ; 

Amin  2023 ; Niaz and Bicer  2023 ), power plants (Jahangiri 

et al.  2023 ), etc. because they do not have any pollution. 

Ejectors are able to use low-grade energy to reduce energy 

consumption (Amin  2023 ; Aliabadi and Bahiraei  2021 ; 

Mathew and Smart  2023 ; Mastrowski et al.  2023 ). According 

to the results of thermodynamic and economic analysis, the 

use of ejectors can reduce exergy destruction and the cost 

of the system (Elsayed et al.  2018 ). However, the loss rate 

in the ejector is very high, and any eff ort to reduce losses 

is worthwhile. As a result, researchers made many eff orts 

to understand the performance of ejectors. Chen et  al. 

(Chen et al.  2015 ) performed a comprehensive evaluation 

of the ejector refrigeration cycle (ERC) using advanced 

exergy analysis. They performed detailed calculations of 

advanced exergy destruction for cycle components. They 

used exergy analysis and concluded that more than 50% of 

the total exergy destruction occurs in the ejector, and the 

cycle effi  ciency can be increased by improving the ejector 

performance. In another study, it was reported that the main 

source of thermodynamic irreversibility is the ejector, which 

includes more than 40% of the total exergy destruction 

(Chen et al.  2019 ). 

 Elbarghthi et al. (Elbarghthi et al.  2021 ) did experimental 

work on the ERC. They concluded that energy consumption 

in supermarkets is high due to refrigeration systems, and 

the use of ejectors can be a useful solution to reduce energy 

consumption. They investigated the impact of cooler gas 

pressure and temperature and evaporator temperature 

on the effi  ciency of the ejector and found that the ejector 

performs better in the transcritical state and that as the gas 

cooler pressure rises, the work recovery potential increases. 

According to their results, as the gas cooler pressure 

increases, the amount of exergy consumed and destruction 

grows. 

 Ruangtrakoon and Thongtip (Ruangtrakoon and Thongtip 

 2020 ) used an R141b ERC to investigate the impact of 

generator temperature experimentally and chose the range of 

generator temperature changes from 80   ◦C     to 105   ◦C     . In this 

study, the temperature of the evaporator and the condenser 

varied between 6   ◦C     , 14   ◦C,     28   ◦C     and 34   ◦C     , respectively. 

They concluded that by changing the primary nozzle and 

working conditions, the optimal temperature of the generator 

changed. 

 Galindo et  al. (Mazzelli et  al.  2015 ) examined the 

infl uence of refrigerants R1234yf, R1234ze, and R600a 

on the efficiency of the solar ERC and concluded that 

optimizing the geometry inside the ejector can ameliorate 

the cycle performance. They calculated the suction ratio 

for diff erent ejector confi gurations and diff erent operating 

conditions by CFD and concluded that R1234yf refrigerant 

has the greatest performance. 

 Samake et  al. (Croquer et  al.  2016 ) introduced a 

thermodynamic model to determine the ejector’s dimensions 

and calculated the irreversibility of the ejector using 

polytrophic effi  ciency. They performed a parametric study 

to minimize the ejector’s dimensions. Tang et al. (Besagni 

and Inzoli  2017 ) presented an experimental investigation of 

the condensing fl ow regime in the ejector and concluded that 

a large number of droplets are seen in the supersonic jet fl ow, 

and the droplet size distribution is not uniform. They stated 

that this study can be considered a good starting point for 

evaluating two-phase ejectors, and it is essential to consider 

two-phase fl ow and losses in ejector design. 

 A preliminary attempt was undertaken to determine 

the appropriate turbulence approach for the computational 

model. According to the fi ndings of Mazzelli et al. (Mazzelli 

et al.  2015 ), the SST k-ω turbulence model and Reynolds 

stress model produced results that were closer to the 

experimental data compared to other turbulence models. 

However, it should be noted that the Reynolds stress 

turbulence model encountered computational issues and 

convergence errors during its implementation. In addition, 

based on the study conducted by Croquer et al. (Croquer 

et al.  2016 ), it was observed that the SST k-ω turbulence 

model provided superior results for oblique shock series 

in the mixing section of the ejector, outperforming 

other turbulence models. However, it was noted that the 

computational time required for simulations using the SST 

k-ω turbulence model was considerably longer. According to 

the research conducted by Besagni and Inzoli (Besagni and 

Inzoli  2017 ), the SST k-ω turbulence model demonstrated 

the most accurate results in terms of computational 
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validation of both global and local stream factors when 

compared to the empirical data. 

 Zhu et al. (Zhu et al.  2017 ) used a rectangular chamber 

of mixing and a converging primary nozzle in a transcritical 

CO2 ERC to research the two-phase fl ow in the ejector. They 

photographed the fi elds of fl ow in the mixing chamber and 

the suction chamber under diff erent operating conditions. 

They concluded that by increasing the pressures of the 

primary and secondary fl ow, the liquid in the fl ow of the 

primary increases, and the expansion angle of the fl ow of the 

primary reduces. A high expansion angle at the entrance of 

the chamber of mixing causes the fl ow of the primary path 

to be blocked in some cases, and the suction ratio decreases. 

They reported that there is an inverse relationship between 

the expansion angle and the suction ratio. 

 Dong et  al. (Dong et  al.  2020 ) pointed out that the 

structure of the chamber of mixing can have a great impact 

on the effi  ciency of the ejector, and it is of great importance 

to investigate this issue in the ejector. They simulated the 

three-dimensional ejector and evaluated the impact of the 

length of the chamber of mixing on the fl ow behavior in 

the ejector. Diff erent lengths of fi xed cross-sections and 

diff users were used in this study. They concluded that by 

increasing the length of the chamber of mixing, the ratio of 

suction and critical return pressure fi rst increases and then 

decreases. They suggested a range of 40–80 mm for the 

length of the chamber of mixing with a diameter of 2.5 mm 

for the ejector. 

 Tang et  al. (Tang et  al.  2020 ) provided an in-depth 

explanation of the impact of geometric and setup parameters 

on ejector efficiency in double-choking mode. They 

concluded that as the motive fl ow pressure increases, the 

area of the motive fl ow jet in the choking region augments 

linearly. Meanwhile, the area of the fl ow of secondary in 

the choking area decreases, and this reduces the ejector 

performance. They presented a set of valuable points that 

can be used in the optimization of the ejector design, and a 

better understanding of the relationship between the suction 

ratio and choke fl ow can be obtained. 

 Condensation fl ow regime is one of the interesting topics 

in ejectors, which has attracted the attention of researchers 

nowadays. The condensation fl ow regime can also be seen 

in the nozzle (Zhang et al.  2022 b) and blade (Aliabadi et al. 

 2021 ). Li et al. (Li et al.  2022 ) showed in a study that the 

droplets created from non-equilibrium condensation lead to 

a change in ejector performance. They concluded that the 

superheat increased by 50 K, the ER increased by about 

10.3%, and the entropy produced decreased by about 9.8%. 

In the present study, they compared the model of wet steam 

with the model of dry steam and examined the impact of 

5 degrees of superheat on the ejector’s performance. They 

displayed that 63% of the entropy production is related to 

the heat transfer mechanism, 33% of the entropy production 

is related to the viscous mechanism, and 4% is related to the 

phase change. According to the results of the irreversibility 

analysis, most of the entropy production is observed at the 

end of the primary nozzle and is related to the mixing of 

the two fl ows. 

 Figure  1  demonstrates the components of the ejector 

and its performance curve. The ejector consists of the dif-

fuser, throat, chamber of mixing, and nozzle of primary. 

The performance curve of the ejector includes two areas: 

on-design and off-design. The modeling method has an 

enormous influence on the flow behavior. Many factors 

are considered in flow modeling, but some phenomena 

are not used due to the complexity of modeling. The pro-

cess of condensation and evaporation is one of these phe-

nomena. The droplet formation process is very complex 

and has a large computational volume because two-phase 

equations, such as saturation temperature, saturation pres-

sure, specific heat coefficient, droplet radius, etc., must 

be considered in the modeling. This research has been 

carried out to investigate the liquid phase changes in the 

off-design area and the outlet pressure effect (OPE) on 

the liquid phase and ejector efficiency. The key objective 

  Fig. 1       Ejector structure and performance curve  
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of this study is to attain a better understanding of the 

phase change in the ejector. The ejector has a great num-

ber of applications and is used in the water desalination 

industry.         

    Governing equation 

 Equations of Navier–Stokes are solved, accompanied 

by equations of the LMF and droplet number using the 

Eulerian-Eulerian viewpoint (Hui et al.  2023 ). The governing 

equations of the two phases are simultaneously solved. 

The equations of governing that include the continuity, 

momentum, and energy are as follows (Dolatabadi et al. 

 2023 ; Dolatabadi et al.  2023 ):

      

where,   H, q
i
     , and   𝜏

ij
     are the total enthalpy, total heat fl ux, and 

stress tensor, respectively;   𝜏
ij
, q

i
,     and   H     are computed by the 

following equations:

      

  𝜌     is the mixture density, and it is computed by the following 

equation (Hosseinizadeh et al.  2023 ):

      

where   𝛽     is the LMF, the two-phase properties can be used as 

the following equation (Dolatabadi et al.  2022 ):

       

 There are two more transport equations required for the 

condensing model. These equations are wetness fraction and 

droplet number, which are as follows (Aliabadi et al.  2020 ; 

Aliabadi et al.  2020 a; Aliabadi et al.  2020 b; Dolatabadi et al. 

 2022 ).
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 In which   Γ     ,   I, andn     are the mass source rate, nucleation 

rate, and droplet number (Hosseini et al.  2023 ). Moreover, 

the volume and radius of the droplets are written as follows 

(Eghbali et al.  2024 ):

      

       

 Nucleation and droplet growth are major processes in the 

condensation phenomenon. In this study, the homogeneous 

nucleation model is used. The non-isothermal, non-

equilibrium condensation theory can be used to compute 

the rate of droplet production per unit volume due to 

spontaneous condensation. The nucleation rate is defi ned 

as (Faghih Aliabadi and Mahpeykar  2017 ):

      

where,   q
c
     indicates condensation coefficient,   M

m
     shows 

the mass of a water molecule,   r∗     demonstrates the 

Kelvin–Helmholtz critical droplet radius,   𝜎     is surface 

tension, and   k
b
     is Boltzmann constant (Talebi Somesaraee 

et al.  2018 ):

       

 In which,   S
r
     indicates the supersaturation ratio, which is 

described as follows (Xu et al.  2023 ):

       

 The Courtney–Kantrowitz correction is utilized for the 

nucleation equation (Amiri Rad et al.  2014 ):

      

where   𝜃     is the non-isothermal correction factor and is 

computed as the following equation:
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 The droplet growth equation and droplet temperature have 

been written as follows (Zhao et al.  2023 ; Fu and Ding  2023 ):

      

       

 In the formula,   T
l
     shows the droplet temperature,   T

s,     

indicates the saturation temperature and   T
v
     demonstrates steam 

temperature, respectively. 

 The major parameter for an ejector can be described as the 

entertainment ratio (Cong and Zhang  2023 ). This parameter 

is defi ned as:

       

 Based on the Gouy-Stodola theorem, the exergy destruction 

rate can be calculated as (Zhang et al.  2022 ):

       

 In the formula,   s
d
     shows the discharge entropy,   s

p
     

indicates the primary entropy and   s
s
     demonstrates suction 

entropy, respectively. 

 In the present study, the SST k − ω turbulence model 

is used for the RANS method (Wu et al.  2022 ; Tavassoli 

Khoei and Tamimi  2023 ). The convective fl uxes were calcu-

lated utilizing the Roe method; for space discretization, the 

upwind approach with second-order precision was utilized. 

An implicit density-based coupled solver is used to solve the 
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condensing fl ow in turbine blades. The convergence crite-

ria are considered satisfactory when the residuals reach less 

than   10
−6     for all parameters. 

    Results 

 It is crucial to conduct research on the behavior of the 

fl uid in the ejector due to its wide application in industries, 

desalination, refrigeration cycle, and power plants. This 

study examines the formation of the liquid phase in the 

steam ejector and the impact of changes in output pressure 

in the single-choking region on the formation of the liquid 

phase. The presence of a two-phase fl ow causes evaporation 

and condensation to aff ect changes in fl ow parameters and 

change the fl ow pattern. This study has used the Aldoori 

ejector to investigate the condensation fl ow regime and the 

OPE on this regime. The inlet temperature is 403 K, and the 

fl ow of secondary temperature is 287 K. The explanation 

about the geometry is in the reference (Al-Doori  2013 ). 

   Grid-solution independence 

 The number of computational cells-solution independence 

is one of the crucial points in the numerical solution. That 

is, no change can be observed in the solution with changes 

in the number of cells. In this part, the computational 

grid-solution independence is examined. An investigation 

is reported in Table  1 . 12,000, 32,000, and 59,000 com-

putational cells are considered to check the computational 

grid-solution independence. According to Table  1 , it can be 

seen that there are very few changes in fl ow rate and ER by 

  Table 1       Grid independence study  

  Grid cells    Mass fl ow rate [kg/s]  

    Motive    Suction    ER  

  12,000    0.00339    0.00115    0.339  

  32,000    0.00335    0.00125    0.373  

  59,000    0.00333    0.00125    0.376  

  Fig. 2       Computational domain  

  Table 2       Validation  

    Experiment data    This study    Reference (Mazzelli et al.  2018 )  

  ER    0.334    0.373    0.377  
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changing the number of cells from 32,000 to 57,000. Con-

sidering the computational cost, 32,000 computational cells 

are selected for ejector simulation. The computational grid 

of 32,000 computational cells is shown in Fig.  2 .          

    Validation 

 Validation is one of the prominent points in the numerical 

solution that evaluates the precision of the calculations that 

are performed. This study uses experimental data and the 

results of other researchers for validation. Table  2  displays 

the validation of the numerical solution; as can be seen, 

the validation performed is similar to the results of other 

researchers and is close to the experimental value.  

    Two-phase fl ow in the ejector 

 The formation of the liquid phase in the ejector is examined 

in this section. The output pressure is 4.2 kPa. The two-

phase parameters in the ejector can be seen in Fig.  3 . Fig-

ure  3  shows the changes in the nucleation rate, the number 

of droplets, the radius of the droplets, and the mass fraction 

of the droplets along the length of the ejector. The two-phase 

fl ow starts from the phenomenon of nucleation, and liquid 

droplets are formed. The nucleation process can be seen 

near x = 0.041 m, and the nucleation rate is about  10 25  1/

kg.s. Then, the fl ow approaches its equilibrium state, and the 

nucleation rate becomes zero as the latent heat is released by 

the condensation of the steam.  10 19  1/kg drops are produced 
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and grow along the ejector, and their size becomes larger or 

smaller. Drops are produced from the nucleation phenom-

enon, and new droplets are not produced because nucleation 

does not occur in other parts of the ejector. Droplet radius 

and LMF change due to the occurrence of condensation and 

evaporation along the ejector. The maximum radius and 

LMF in the ejector are 20 nm and 0.25, respectively.         

    A comprehensive evaluation of the output pressure 
changes and their impact on the temperature 
and MN changes in the single-choking region 

 Changes in temperature and MN in the ejector show valu-

able information about the fl ow pattern. The OPE on the 

fl ow pattern is studied in this section. The output pressures 

  Fig. 4       Temperature distribution 

in steam ejector  
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are selected so the ejector function is in the single-choking 

region. Figure  4  shows the impact of changes in output 

pressure on the temperature distribution in the ejector. 

The output pressures considered are 7450 Pa, 7250 Pa, 

7000 Pa, 6500 Pa, and 6000 Pa. According to the tempera-

ture changes in Fig.  4 , the output pressure has a signifi cant 

impact on the output temperature from the ejector. The 

output fl ow temperature for each of the pressures is equal 

to 387 K, 383 K, 375 K, 361 K, and 346 K, respectively. 

This demonstrates that the output pressure has a consider-

able eff ect on the temperature distribution in the diff user, 

and it completely changes the fl ow pattern in this part of 

the ejector. Figure  4  also shows that changes in output 

pressure have a defi nite impact on shocks.         

 The infl uence of output pressure on the MN distribu-

tion in the ejector is shown in Fig.  5 . The MN at the outlet 

decreases with the enhancement of the output pressure. It 

can be said that the output pressure has a signifi cant eff ect 

  Fig. 6       Nucleation rate in steam 

ejector  
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  Fig. 7       Droplet radius distribu-

tion in steam ejector  
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  Fig. 8       LMF distribution in 

steam ejector  
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on the MN distribution, and its changes are quite clear. The 

MN distribution is especially completely diff erent in the dif-

fuser. However, in the primary nozzle, there is no change in 

the MN because the motive fl ow reaches the supersonic state 

in single-choking mode.         

    A comprehensive evaluation of output pressure 
changes and their impact on nucleation rate, 
droplet radius, and LMF 

 The OPE on the parameters of nucleation rate, droplet 

radius, and LMF is investigated in this section. As men-

tioned, the output pressures were chosen so the ejector is 

in single-choking mode. The OPE on nucleation rate is 

displayed in Fig.  6 . The output pressure has no signifi -

cant impact on the nucleation rate. According to Fig.  3  

and Fig.  4 , the output pressure has no signifi cant infl u-

ence on the temperature and pressure distribution in the 

primary nozzle. For this reason, there is no change in the 

nucleation rate with changes in output pressure. The size 

of the produced droplets increases due to the condensation 

of steam on their surface, and their size decreases due to 

evaporation. This is shown in Fig.  7 . The OPE on droplet 

radius is shown in Fig.  7 . If the droplet radius is zero, it 

means that there is no liquid phase or the droplets have 

become vapor due to evaporation. At x < 0.04 m, because 

there are no drops, the radius of the drops is zero. For dif-

ferent pressures, it can be seen in Fig.  7  that at x > 0.4 m, 

the droplet radius becomes zero, and the reason for this is 

droplet evaporation. In fact, evaporation indicates that the 

temperature is superheated. According to Fig.  7 , as the 

output pressure increases, the droplet size decreases, and 

the droplet radius soon becomes zero.                 

 The changes of the LMF in the ejector by the output pres-

sure are shown in Fig.  8 . As the output pressure augments, 

the LMF in the ejector decreases, and the fl ow becomes sin-

gle-phase sooner. Single-phase fl ow causes severe tempera-

ture changes and the temperature increases. The maximum 

LMF is not signifi cantly aff ected by the output pressure in 

Fig.  8 .                 

    Investigating the ER in single-choking mode 

 In this section, the ER is calculated for each of the output 

pressures selected in the previous section. A complete 

evaluation of the output pressure changes and their impact 

on fl ow rate and ER is presented in Table  3 . As the output 

pressure changes, the motive fl ow rate does not change, but 

the fl ow rate of the secondary decreases. As a consequence, 

the ER also decreases. The ER, fl ow rate of primary and 

fl ow rate of secondary at the output pressure of 6000 Pa are 

approximately 0.37, 4.48 kg/h, and 12.07 kg/h, respectively.  

    Investigation of production entropy 
in single-choking mode 

 Production entropy is considered as a measure to show 

losses. Nowadays, minimizing production entropy has 

attracted the attention of many researchers (Rezaei Gorjaei 

et al.  2020 ) because, with this work, they can reduce losses 

in the system. The OPE on the production entropy in the 

single-choking region is investigated in this section. The 

OPE on production entropy is shown in Fig.  9 . As the output 

pressure increases, the production entropy increases. At 

output pressures of 6 kPa and 6.5 kPa, the entropy produced 
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  Fig. 9       Entropy generation in steam ejector  

  Table 3       Grid independence study  

  Outlet pressure 

 [Pa]  

  Primary mass fl ow 

rate [kg/h]  

  Secondary mass 

fl ow rate [kg/h]  

  ER  

  6000    12.07    4.48    0.37  

  6500    12.07    3.62    0.29  

  7000    12.07    1.69    0.14  

  7250    12.07    0.63    0.05  

  7450    12.07    0    0  

  Table 4       Exegy destruction in steam ejector  

  Outlet pressure [kPa]    6    6.5    7    7.25    7.45  

  Exergy destruction [W]    1506.9    1509.7    1565.5    1600.1    1612.4  
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is 5.05 W/K and 5.06 W/K, respectively. It can be said 

that as the output pressure rises from 6 kPa to 6.5 kPa, the 

production entropy increases by about 0.1%. As the output 

pressure increases from 6.5 kPa to 7 kPa, the production 

entropy increases by about 3.6%. The slope of these changes 

is almost the same as the ER. Eff ect of outlet pressure on 

exergy destruction is seen in Table  4 . The trend of exergy 

destruction changes is similar to production entropy.  

     Conclusion 

 Steam ejectors are an attractive research topic due to 

their many advantages. High loss is considered one of the 

problems of ejectors, which does not help to conduct more 

research in this fi eld. This study investigated the liquid phase 

changes and production entropy in the off -design area of 

ejector performance. First, the Aldoori ejector was selected, 

and the grid-solution independence and validation were 

done in this ejector. Then, nucleation rate, droplet number, 

droplet radius, and LMF in this ejector were checked. Then, 

a number of output pressures were selected in the off -design 

area, and their impact on temperature, MN, nucleation 

rate, droplet radius, LMF, ER, and production entropy was 

investigated. The most important results are:

    •  The ejector performance is in single-choking mode in the 

off -design area. In this case, the behavior of the fl ow of 

secondary changes due to the reduction of the mass fl ow 

rate. However, the behavior of the motive fl ow does not 

change in the initial nozzle and the inlet of the chamber 

of mixing because the fl ow rate of the initial fl ow does 

not change. The changes start from the mixing chamber. 

It is clear that the fl ow parameters, such as temperature 

and MN, change in the diff user. It can be seen that as the 

output pressure rises, the temperature at the end of the 

ejector increases, and the MN decreases.  

   •  As the outlet pressure increases, no change in nucleation 

rate is observed, and the liquid phase and droplet radius 

at the initial nozzle are almost the same for diff erent 

pressures. However, the OPE can be seen in liquid 

phase evaporation and single-phase fl ow, and increasing 

pressure leads to removing the liquid phase sooner.  

   •  As the outlet pressure increases, production entropy 

increases.    
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