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Abstract – Computational fluid Dynamics (CFD) has 
been widely used to simulate the experimental studies, 
which cost a lot of time and need to be repeated many 
times, in different fields of the industry with sufficient 
accuracy results. Therewithal, the energy conservation 
and controlled use of energy is very important for the 
more clean and habitable world. Therefore, refrigerant 
gases used in cooling systems should not affect global 
warming and damage to the ozone layer. Regarding 
that, in this study the ejector performance was mapped 
in Computational Fluid Dynamics (CFD) software 
using R600a (isobutene) refrigerant gas that the 
hydrocarbon-based, non-ODP (Ozone Depletion 
Potential) and has less effect of GWP (Global Warming 
Potential). 
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1. Introduction 

     In recent years, the Computational Fluid 
Dynamics (CFD) simulation technique is 
considerably developed and extended its scope of 
application and began to provide more accurate 
results. In the modern applications with CFD gives 
sufficiently accurate results even in the strong shocks 
and the optimization of the gas ejectors [1],[2],[3].  

 
     The ejector is a device that transfers momentum 
from a high velocity primary jet flow to a secondary 
flow. It is geometrically simple since it consists of 
four main components namely, nozzle, suction 
chamber, mixing throat and diffuser as schematically 
shown in Figure 1. Ejectors has pivotal advantages 
such as easy to install, being economic usage, lack of 
moving parts, bearing components, lubrication 
sealing problems, etc.. Therefore, the ejectors are 
used in a reliable way to transports for gases, liquids 
and solid components in many engineering and 
industrial applications. 
 
     Ejectors can be used in the heating and cooling 
systems using the solar energy. Regarding that, there 
are a lot of numerical and experimental studies in the 
literature [4-10]. Additionally, many studies are 
available on the modelling of constant field and 

constant-pressure suction chambers on the ejectors 
[11], [12]. Keenan et. al [13] expressed to obtained 
better performances where the mixing takes place in 
constant pressure suction chamber. The various 
refrigerants were used in studies on the ejectors [14-
17]. Presently, refrigerant gases that have less GWP 
effect and non-ODP have been studied [18],[19]. In 
this study, R600a refrigerant gas which has less 
GWP effect and non-ODP was selected.  

2.  CFD modelling 

     The turbulence flow model in the simulations 
which R600a is selected as primary and secondary 
(entrained) fluid was used the realizable k-ε 
turbulence model. Because, the model has been 
validated extensively for a wide range of flows, 
including free flows, jets, mixing layer, channel, 
boundary layer flows and separated flows. 
Especially, it predicts more accurately the spreading 
rate for axisymmetric (round) jets, [20]. Flow within 
a gas is a combination of such flows in which the 
underlying physics is very complex. In analyzing the 
gas ejector by CFD the following assumptions are 
done:(i) flow within ejector is steady and 
compressible, (ii) heat transfer between gas and 
surroundings doesn't exist, (iii) surface roughness is 
taken as zero, (iv) effect of buoyancy is neglected. 
Based on these assumptions, continuity, momentum 
and energy equations can be written as: 
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The transport equations for the realizable k-ε 
Turbulence model become as follows: 

    (5) 

 (4) 

  (6) 

 (5) 
Where the production of turbulence  kinetic energy 
Gk is modelled as: 
 

                                                              (7) 
 
Other terms: , ,   

and
                  (8) 

The model constants for this case; 
 

 
 

These default values were used in the present 
simulations. 
 
     In the realizable k-ε turbulence model suited to 
compute flows within gas ejector, turbulent or eddy 
viscosity, µt, is not constant and it is calculated from 

                                                         (9)                          

 (6) 
Where Cµ varies depending on turbulence fields, the 
mean strain and rotation rates and the angular 
velocity of the system. 
 
     In order to achieve a more accurate definition of 
the turbulent flow the three-dimensional geometry 
model was used in this study. The computational 
domain was reduced by half using a symmetry plane 
to decrease the calculation time and the mesh 
number. To obtain the mesh-independent solution the 
adaptive meshing method was applied and maximum 
number of cells for a half volume of ejector within jet 
pump was around 125045. Results of the grid 
sensitivity analysis for optimum operating conditions 
are given in Table 2.  Pg generator pressure, Tg 
generator temperature  inlet boundary conditions 
were used for the motive and Pe evaporator pressure 
and Te evaporator temperature entrained flows and  
Pc condenser pressure, Tc condenser temperatures 
outlet boundary conditions for the mixed (exit) flow 
were implemented to define the flow domain and 
then the mass flow rates of primary, secondary and 

mixed flows were computed using the coupled 
solution algorithm for pressure-velocity coupling, the 
quick scheme for spatial discretisation and the 
pressure-based solver. The convergence criteria for 
continuity, momentum and transport (model) 
equations were always less than 10-4 and iterations 
were continued until the convergence criteria were 
satisfied. Results of sensitivity analysis of the 
iterative convergence criteria for optimum operating 
conditions are given in Table 2. 

3. Results and discussion 
 

   Figure 1. Schematic diagram of the ejector 
 
 

D1 D2 D3 D4 D5 D6 L1 L2 L3 L4 L5 

8 3.12 4.8 11 9.5 19 30 14 25 36.8 96.5 

Table 1. Ejector dimensions (mm) 

Mesh 
number 

Mr Convergence 
Criteria 

Mr 

40526 0.824 0.001 0.823 
125045 0.821 0.0001 0.839 
226309 0.821 0.00001 0.831 

Table 2. Sensitivity analysis based on the mass flow ratio 

     An additional parameter, affecting the 
performance of the ejector is jet distance that NXP. 
The mass flow rates were plotted by the different jet 
distance according to Tg=100°C, Tc=26°C and 
Te=12°C in Figure 2. As seen in the Figure 2, the 
best performance results between NXP -5mm and 25 
mm is 15 mm.  

 
Figure 2. Flow rate ratio of depending on NXP 
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     At 90°C generator temperature, evaporator 
temperature at 12°C and three different condenser 
temperatures of turbulence intensity are plotted in 
Figure 3. As shown in figure intensity of turbulence 
rises suddenly in the evaporator temperature at 28°C 
in constant pressure region and abruptly decreases at 
the end of this area. Because of these conditions, the 
fluid exchange of energy is not observed between the 
primary flow and secondary flow. The reduction 
intensity of turbulence in the mixing chamber is 
derived the absence of secondary fluid. The 
condenser temperatures at 26°C, the turbulence 
intensity rises towards the end of mixing section so 
exchange of energy is kept between the motive fluid 
and suction fluid. When the temperature of condenser 
is 22°C, the mixture of energy exchange continues 
till the first part of the diffuser. This also proves us 
that the suction process is carried out exactly. 

Figure 3. Turbulence intensity values of different Tc 

     In Figure 4, the static pressure distribution was 
plotted along the axis from the jet exit. The 
fluctuation was observed in the ejector mixing 
section at NXP distance in different values of static 
pressure. The static pressure fluctuations do not 
appear inside the mixing section at optimum 
NXP=15 mm value. At NXP=15 mm, the amount of 
secondary fluid rises in the mixing section and two-
fluid enters the diffuser in equilibrium case by 
exchanging energy. The early fluctuation of static 
pressure at other nozzle positions shows the non- 
equilibrium between primary and secondary flow.  

 

 

 

 

      In this case, the ejector performance is affected.      
The turbulence in the mixing section shows that the 
shock was occurred at the inlet of the mixing section. 
The energy exchanges of these shocks were not 
completed exactly. As a result of that, the ejector 
performance reduced. 

Figure 4. Pressure distribution from nozzle exit to diffuser 

     In Figure 5 a, b and c, the mass flow rates were 
plotted according to different generator temperatures. 
As can be seen in the figure, flow rate remains 
constant until condenser temperature reaches a 
critical Tcr temperature in a constant fixed primary 
flow. When the temperature exceeds Tcr temperature, 
the mass flow rate suddenly decreases. The reason of 
remain constant flow rate at low Tc temperatures is 
choking of the primary, secondary flow. The first 
choking occurs in the primary nozzle. The second 
choking, at the entrance of mixing section, the 
primary flow brings the secondary flow velocity to 
speed of sound in this region. Therefore, the mass 
flow rate does not change. Ejector mass flow rate is 
inversely proportional to condenser pressure. If the 
condenser pressure is lower than critical pressure, 
two choking occurs in the system and the mass flow 
rate doesn’t change. Also as shown in figure 5, the 
mass flow rate decreases with increasing generator 
temperature at constant temperature of secondary 
flow. Thus, the primary flow temperature and 
pressure should be selected according to the 
condenser temperature for best performance of the 
ejector.  
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Otherwise a part of the energy will be wasted. 

 
(a) 

 
(b) 

 
(c) 

 
Figure 5. Flow rate ratio change at the different 

evaporator temperatures  

     In figure 6, according to different condenser 
temperatures at 22°C, 26°C, 28°C and 30°C, 
contours velocity were plotted. As can be seen in the 
figure the flow over sound speed, contour length 
shortens with the condenser temperature and pressure 
rises. In Figure 6 a, the formation of shock along to 
end of the mixing section does not prevent the 
exchange of energy between two fluids because of 
lower condenser temperature Tc than the critical Tcr 
temperature. In addition, as shown in figure choking 
of secondary flow was observed at first part of 
mixing section due to unchanged the mass flow 
profiles. During condenser temperature approaches 
the critical temperature, the shock wave moves 
forward in mixing section and it prevents to choke of 
secondary flow and then mass flow rate begins to 
decrease. If the condenser pressure is increased 
furthermore, the reverse flow consists on system as 
shown in Figure 6-d. 

 

a) Tg= 90°C, Te=12°C, Tc=22°C 

 
b) Tg= 90°C, Te=12°C, Tc=26°C 

 c )Tg= 90°C, Te=12°C, Tc=28°C 
 

d) Tg= 90°C, Te=12°C, Tc=30°C 

 

Figure 6. Velocity contours at various Tc condenser 
temperatures with constant Tg and Te 
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     In figure 7, according to different condenser 
temperatures at 22°C, 26°C 28°C and 30°C, Mach 
number were plotted. As the figure shows during 
condenser temperature raises, the Mach number 
decreases at other condenser temperatures except for 
22°C after exit of the jet. The mach number remains 
approximately horizontal as shown in the figure 
beginning from the jet exit to end of the mixing 
section at Tc = 22°C. The shock develops at the end 
of mixing section due to the condenser pressure is 
lower than the critical pressure so it doesn’t affected 
the mixture fluid. At the same time this explains us 
choking the suction fluid. Due to the condenser 
temperature, the Mach number begins to decrease if 
condenser pressure is increased in the mixing section, 
so shock occurs towards the entrance of mixing 
section. This shows us that is not a good mixture in 
this region. If the condenser temperature continues to 
increase, reverse flow occurs. This is indicated by the 
values of  Tc =30°C. Mach number reduced sharply 
at the entrance of mixing chamber. 

 

Figure 7. Mach number changes along the ejector 

     In the figure 8, the ejector operation mapped for 
R600a at distance of NXP 15 mm. In this section, at 
the generator temperature (Tg) from 90°C to 110°C, 
at evaporator temperature (Te) between 4°C and 
12°C and  at condenser temperature (Tc) between 
20°C and 35°C temperatures show varies. As shown 
in the figure with increasing Tg temperature, the 
critical condenser temperature increases at the same 
Te temperature but the mass flow rate decrease. Also 
as increasing Te temperature at fixed temperature of 
Tg, the flow rate and critical temperature of the 
condenser increase. 

 

Figure 8. The map of ejector performances 

 
4. Conclusion  

     In this study, the ejector operating was 
investigated with Computational Fluid Dynamics 
(CFD) using various generator, evaporator and 
condenser temperatures, with R600a gas, throat 
diameter of 3.12 mm, suction chamber diameter of 
9.5 mm. The results of the study following comments 
were presented; 
 
•    The Ejector performance is affected by NXP 

and the condenser temperature values. NXP value 
becomes smaller, the suction does not take place 
completely and the shock waves are composed in 
regions close to the entrance of mixing chamber. 
These conditions affect the performance of the 
ejector. 
 

•    At the same generator temperature and till 
critical condenser temperatures the amount of the 
mass flow rate (Mr) does not change. However, if 
temperature of the diffuser out port exceeds the 
critique of condenser temperature, mass flow rate 
(Mr) decreases. 
 

•    Up to the critical temperature, Mach number 
remains at about the same level in mixing 
chamber. If The critical temperature is continued 
to increase, it consists a sudden decrease in Mach 
number because of reverse flows. 
 

•    Increasing temperature of Tc at the fixed 
temperatures of Tg and Te, turbulence intensity 
increases. In this case there are no sufficient 
energy exchange between the primary flow and 
secondary flow.  
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