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Abstract: In spite of ejector have low efficiency, it is attractive due to lack of moving parts, low cost and high 

reliability. Supersonic ejectors are widely used in different applications such as aerospace, propulsion and 

refrigeration. An ejector is a simple device since that it consists of four main unmoving components: primary nozzle, 

secondary inlet, mixing chamber and diffuser. Such pumps are characterized by the exchange of the kinetic energy of 

the primary fluid with the secondary fluid in a mixing chamber. In this work the mathematical model of this 

compressible flow is numerically solved using finite volume method with a coupled pressure-based approach. An 

adaptive mesh refinement is employed to capture shock reflections and shock-mixing layer interaction. Numerical 

results for the ejector pump efficiency was compared with available experimental literature data. Finally, it was done a 

numerical simulation varying the mass flow at the second inlet analyzing the increase pressure between the second 

inlet and diffuser outlet of a supersonic ejector.The simluation results shows that the increase pressure  was reduced 

when the mass flow in second inlet was increased. 
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1. INTRODUCTION 
 

The ejector was invented by Sir Charles Parsons around 1901, and in 1910 an ejector was used by Maurice Leblanc 
in the first steam jet refrigeration system. An ejector is a simple device since that it consists of four main unmoving 
components: primary nozzle, secondary inlet, mixing chamber and diffuser and is widely used in different applications 
such as aerospace, propulsion and refrigeration.  

Most industrial processes use a significant amount of thermal energy, mostly by burning fossil fuels. Part of the 
energy released in combustion is rejected as waste. This waste heat can be utilized in certain types of refrigeration 
system such a jet refrigeration cycle that uses the ejector device. With the use of the ejector in refrigeration cycle, the 
amount of electricity purchased from utility companies, is reduced. Thus, utilization of the waste heat in refrigeration 
systems promotes mitigating the problems related to the environment, particularly by reduction of CO2 emission from 
fossil fuels combustion in boilers of utility power plants, as cited in Chunnanond and Aphornratana (2004a). 

Chunnanond and Aphornratana (2004b) performed experimental investigations of a refrigerator ejector for a better 
understanding of the flow and the mixing to increase the ejector efficiency. They examined the influences of the 
following operating conditions on the system performance: primary fluid superheated level and the position of the 
primary nozzle. It can be concluded that there are two parameters involved with the performance of a refrigerator 
ejector: the amount of secondary fluid passing through the mixing chamber, which determines the coefficient of 
performance (COP) and cooling capacity of the system and the momentum of the mixed stream, which indicates the 
critical condenser pressure. From the test, they concluded yet that decreasing boiler pressure, using a smaller nozzle and 
retracing the nozzle out of a mixing chamber can reduce the expansion angle of the expanded wave. Larger amounts of 
the secondary fluid can be entrained through the resultant longer and larger entrainement duct. 

Bartosiewicz et al. (2005) performed numerical and experimental investigations to obtain a reliable hydrodynamics 
model of a supersonic ejector for refrigeration application. In the first part of their work, the performance of six 
turbulence models is evaluated in terms of correct representation of physical phenomena for supersonic ejectors and, in 
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the second part, the tested model was used to simulate the different operation modes of a supersonic ejector, ranging 
from on-design point to off-design. The work show that the RNG and sst - k − ω models were the best suited to predict 
the shock, strenght, and the mean line pressure recovery. However, the sst - k − ω model has shown better performances 
in term of stream mixing. The experimental apparatus utilized is illustrated in Fig. (1), where a screw compressor of 
sufficient capacity is used to ensure the continuous operation of the ejector. Compressed air is filtered to remove large 
particles such as dust and compressor oil droplets. The compressed air is then directed towards a reservoir, which is 
connected to the entrance of the ejector primary nozzle, just after a pressure control valve that adjust the primary 
stagnation pressure. The induced fluid is air taken from the surrounding atmosphere. The induced mass flow rate can be 
regulated by means of a valve located at the entrance of the aspiration duct. 

 
 

 

 
 

Figure 1. The schematic diagram of the experimental apparatus, Bartosiewicz et al. (2005). 

 
 
Bartosiewicz et al. (2006) presented numerical results to supersonic ejector for refrigeration applications. CFD 

modeling was used to study the flow structure and operation under various operating conditions. This was the first paper 
dealing with local CFD modeling that takes into account shock–boundary layer interactions in a real refrigerant. The 
numerical results obtained, contribute to understanding the local structure of the flow and demonstrate the crucial role 
of the secondary nozzle for the mixing rate performance. They concluded that entrainment performance is mainly built 
in the secondary nozzle, while recompression is achieved in the mixing chamber. They concluded also that the strong 
shocks waves occurring at the secondary nozzle exit can dramatically decrease the mixing rate and even reverse the 
flow and the CFD software can predict ejector malfunction. 

Sriveerakul et al. (2007a) presented a CFD analysis in order to predict the performance of a steam ejector used in 
refrigeration applications. This study was reported in two papers. In the first, Sriveerakul et al. (2007a), they 
investigated the effects of operating conditions and geometries on steam ejector and, in the second, Sriveerakul et al. 
(2007b), they concentrate on the use of CFD in visualizing the change in the flow structure and the mixing process 
inside the steam ejector as influenced by interested parameters, ejector’s operating conditions and geometries. The CFD 
visualization shows two series of oblique shocks. The first series was found immediately after the primary fluid stream 
leaves the primary nozzle and begins to mix with the secondary fluid stream. The second series of oblique shock was 
found at the beginning of the diffuser section as a result of a non-uniform mixed stream. It can be seen that both 
entrainment ratio and critical back pressure can be varied simultaneously by adjusting three parameters, the primary 
fluid saturated pressure, the secondary fluid saturated pressure, and the primary nozzle size. 

Ströher et al. (2007) presented a numerical study for compressible turbulent free jet. They tested different 
turbulence models using CFD to determine the most suitable model for the compressible overexpanded turbulent free 
jet. The results obtained from this investigation indicated that the sst- k- ω turbulence model produced better overall 
results.  

In this work a study based on the experimental tests of Bartosiewicz et al. (2005) and Desevaux (2001) was 
numerically performed solving the mathematical model (continuity, momentum, energy, realizable k − ε or sst - k 
− ω  turbulence model) using finite volume method, in order to investigate the ejector performance, analyzing the 
influence of the turbulence models and operation modes. The results numerically obtained are compared with the 
experimental results of Bartosiewicz et al. (2005).   
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2. PROBLEM DEFINITION 

 
As described in Sriveerakul et al. (2007a), and shown in the Fig. (2), the primary fluid a high pressure and 

temperature expands and accelerates through the primary nozzle convergent-divergent (i), reaches sonic velocity in the 
throat and is ejected with supersonic velocity to create a very low pressure region at the primary nozzle exit  (ii)  and 
subsequently in the mixing chamber. This means “a secondary fluid” can be entrained into the mixing chamber. The 
speed of the secondary fluid rises to sonic value (iii) and chokes. Then the mixing process begins. This mixing causes 
the primary flow to be retarded whilst secondary flow is accelerated. By the end of the mixing chamber, the two streams 
are completely (iv). Due to a high pressure region downstream of the mixing chamber’s throat, a normal shock of 
essentially zero thickness is induced (v). This shock causes a major compression effect and a sudden drop in the flow 
speed from supersonic to subsonic. A further compression of the flow is achieved (vi) as it is brought to stagnation 
through a subsonic diffuser. 

                               
 

 
 

Figure 2. Schematic view and the variation of stream pressure and velocity as a function of location along a 
steam ejector, Sriveerakul et al. (2007a). 

 

 
In this work, the geometrical configuration of the computational domain of a supersonic ejector was done according 

to the experimental setup of  Bartosiewicz et al. (2005) and Desevaux (2001), shown in Fig. (3). 
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Figure 3. Geometric parameters of the supersonic ejector (dimensions in m). 

 

 
3. MATHEMATICAL MODELING 
 

The mathematical formulation can be described, in cartesian form, by continuity, momentum, energy and 
turbulence model equations (realizable – k− ε or sst – k− ω), Eqs. (1) to (9), respectively. Following assumptions were 
taken into account: two dimensional, axisymmetrical compressible ideal gas airflow, unsteady state regime and 
constants transport properties.  

 
Continuity equation 
 

0)u(
xt i

i

=ρ
∂

∂
+

∂

ρ∂
 (1) 

 
Momentum equation 
 

j

ij

i
ji

j
i xx

P
)uu(

x
)u(

t ∂

τ∂
+

∂

∂
−=ρ

∂

∂
+ρ

∂

∂
  (2) 
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Equations of the realizable – k− ε − ε − ε − ε model 
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The constant values of the realizable k− ε model used in this work are: 0.1k =σ ; 2.1=σε ; 9.1C2 =  

The eddy viscosity is computed from: 
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Equations of the sst - k− ω − ω − ω − ω model 
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The constant values of the sst - k− ω model used in this work are: 176.11,k =σ ; 0.12,k =σ ; 0.21, =σω ; 

168.12, =σω ; 1* =α∞ ; 6R k = ; 072,0i =β ; 

The turbulent viscosity is computed from: 
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Table 1. Symbols. 
 

2C ; constant of the k - ε model 

kG  and k
~
G ; 

generation of turbulence kinetic energy due to the mean velocity 
gradients 

ωG ; represents the generation of  ω 

P ; Pressure 

ijS ; Mean strain rate 
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T ; Temperature 
*U ; mean velocity 

MY ; the contribution of the fluctuating dilatation in compressible turbulence 
to the overall dissipation rate 

kY  and ωY ; dissipation of k and ω due to turbulence 

k ; turbulence kinetic energy 
v ; kinematic viscosity  
ε ; dissipation rate 

µ ; molecular dynamic fluid viscosity 
ρ ; fluid density 

t
µ ; turbulent dynamic fluid viscosity 

ω : specific dissipation rate 

kσ , εσ  and ωσ ; turbulent Prandtl numbers for (k), (ε) and (ω), respectively 

TE Γ+Γ=Γ ; effective thermal conductivity 

k,j,i ; space components 

 
Boundary conditions 

 
At surface 1, Fig. (3), or primary fluid inlet, the total pressure and total temperature, and normal flow direction to 

input surface are prescribed. At surface 2, secondary fluid inlet, total temperature and mass flow rate are prescribed, and 
in the outlet 3, or exit, the static pressure is fixed. At all inlet boundaries, 5% for turbulent intensity and 5 for turbulent 
viscosity ratio are specified, while, axis boundary condition is prescribed at surface 4. All the walls are considered to be 
adiabatic with no slip and enhanced wall law are used as turbulence model boundary conditions. Numerical values for 
inlet and outlet boundary conditions are shown in Tab. (2). 
 

Table 2. Surfaces, boundary condition  type, boundary conditions and values. 
 

Surfaces 
Boundary condition 

type 
Prescribed Boundary Values 

1 Pressure inlet 
 

TTotal = 300 K 
PTotal =  4; 5atm 

 

2 Mass flow rate 

 
TTotal = 300 K 

 
 

=
.

m 0.020; 0.024; 0.028;  
0.030; 0.032; 0.036; 0.040;  

0.044; 0.048 kg/s 
 

3 Pressure outlet TTotal = 300 K 
Pstatic = 1 atm 

 
 
 



V I  C o n g re s s o  N a c io n a l  d e  E n g e n h a r i a  M e c â n i c a ,  1 8  a  2 1  d e  A g o s to  2 0 1 0 ,  C a mp in a  G r a n d e  -  P a ra í b a  

 
4. COMPUTATIONAL STRATEGY 
 

The numerical simulations have been performed using the commercial CFD package FLUENT (12.1) that is based 
on finite volume methods (FVM). The compressible, turbulent, axisymmetric, steady flow was calculated using a 
pseudo-transient technique with a densitty based approach. The turbulence models utilized were realizable – k−ε or  
sst –k – ω. The transient formulation is first order implicit. Two numerical approximations were evaluated, first and 
second order for the advective terms and pressure. During algebraic equations system iterative solution, CFL is set to 1. 

 
5. RESULTS 
 

In these simulations, the domain shown in Fig. (3) was used, that is based on the experimental setup of 
Bartosiewicz et al. (2005) and Desevaux (2001).  

Firstly, it has been done a validation comparing with Bartosiewicz et al. (2005) results to analyse the effect of 
convective terms discretization schemes, first and second order, and the performance of realizable – k− ε or                 
sst – k− ω turbulence models. For these tests, there is no secondary flow, the inlet pressure is PTotal = 5 atm, all the 
graphics are plotted from the primary nozzle outlet and Pr = 5 atm is taken as a reference  . 

Figure (4) and the Fig. (5) illustrate the results for the axial pressure obtained with two different discretization 
schemes and realizable – k− ε or  sst – k− ω turbulence model respectively, comparing the results of this present work 
to numerical and experimental results of Bartosiewicz  et al. (2005).  The discretization scheme results that better agree 
with measurements is the first order for both turbulence models.  
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Figure 4. Realizable – k− ε− ε− ε− ε    model axial pressure results for no secondary flow. 
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Figure 5. sst – k− − − − ω ω ω ω model axial pressure results for no secondary flow. 
 

Figure (6) illustrates results for the axial pressure obtained with realizable – k− ε or sst – k− ω  turbulence model 
and also the experimental ones of Bartosiewicz  et al. (2005). Performance of sst – k− ω  turbulence model is better than 
realizable – k− ε for ejector modeling. Based in this comparison, sst – k− ω  turbulence model was used obtain 
following results. 

 

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

0.20

0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14

Distance (m)

P
/P

r

Experimental (Bartosiecz el al.)
sst - k - omega 
realizable - k - epsilon

 
 

Figure 6. Comparison between the sst – k− − − − ω ω ω ω and the realizable – k− ε− ε− ε− ε    model with first order discretization 
scheme for no secondary flow. 

 
 In Fig. (7), a comparison with Bartosiewicz et al. (2005) results. In present work numerical results were obtained 

with convective terms first order discretization and sst – k− ω turbulence model for an ejectorwith induced secondary 

flow (
.

m  = 0.028 kg/s) For this case, the primary flow inlet pressure was PTotal = 4atm. There was a shift in the first 
pressure oscilation, however, this phase difference was reduced for posterior oscilations. Numerical results present more 
oscilations than experimental ones.  
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Figure 7. Axial pressure sst – k− − − − ω ω ω ω model with secondary flow. 
 
To evaluate secondary mass flow in the supersonic ejector performance, a simulation using sst – k - ω turbulence 

model was done. Results was shown in Fig. (8), it is possible to see a reduction in the pressure increase (P3-P2) as  
secondary mass flow rate increases.  

 
 

 
 

Figure 8. Supersonic ejector performance. 
  
 

6. CONCLUSION 
 
In this work it was performed a numerical simulation to analyze the performance of supersonic ejector varying the 

secondary mass flow rate. Two discretization schemes (first and second order) and two turbulence models       
(realizable  k- ε and sst-k-ω turbulence models) were tested. The better agreement with experimental results of 
Bartosiewicz (2005) was obtained using first order discretization scheme together sst-k-ω turbulence model. 
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For two cases studied (ejector with secondary flow and primary flow only) sst- k- ω turbulence model results shown 

better agreement with experimental results  using first order convective terms discretization. There was a greater shift 
differences in the first pressure oscilation that is reduced for posterior cycles.  
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