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Abstract. Renewable energy is a sustainable source of energy that never ends. Ejectors 

are reliable devices as they rely on solar energy to run. Ejectors can be used as an 

alternative to compressors in refrigeration systems or provide vacuum zones in various 

applications. Ejectors have no moving parts, compact, and stable operation. However, 

they have lower efficiency at the current time. There may be opportunities to improve 

ejector efficiency under some conditions and develop a thorough understanding of the 

impact of their design parameters. This paper presents the numerical simulations CFD 

study to investigate the effect of various design parameters on the flow structure inside 

an ejector. This was achieved by modelling a variable ejector geometry with the ideal 

gas flow. This is a CFD study with new approaches. The numerical model has been 

validated by conducting different meshing levels. Three mesh size has been suggested, 

and the medium size was considered.  The results showed that the secondary inlet with 

a diameter of 90 mm resulted in a reduction with the generated vortices compared to the 

Model I result. Also, the effect of changing the diffuser throat to 45 mm in Model II, 

has shown improvement in reducing vortices. 

1. Introduction 

Ejectors have no moving parts and are preferable to mechanical compressors in thermal refrigeration 

systems using low-grade heat sources, but ejectors typically have relatively low efficiency. An ejector 

is a pumping or a compression device in which a higher-pressure-flow (called the primary flow) is used 

to induce a lower pressure-flow (called the secondary ow) into a mixing section. These two streams 

mixes and discharge to a pressure that lies between these two fluids' initial pressures. The compression 

process's efficiency depends on the efficiency of the mixing between the two streams and the 

deceleration of the mixed streams. An ejector typically consists of five main sections: (i) the primary 

inlet; (ii) the secondary inlet and suction chamber; (iii) the primary nozzle, (iv) the mixing chamber; and 

(v) the subsonic diffuser section, as illustrated in Figure1. 

 

 
Figure 1. General configuration of an ejector system [1] 
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Efforts to understand the dominant factors which control the mixing-induced entrainment of the low-

pressure stream inside ejectors are on-going research topic. The entrainment ratio (the ratio of the 

secondary mass flow rate ms / primary mass flow rate mg) is mainly used as an indication of an ejector 

performance, 

𝐸 =  
𝑚𝑠

𝑚𝑔
                                                                  (1) 

Studies in the literature were relied on changing the ejector geometries at constant operating 

conditions. Chang et al. in 2000 Conducted an experimental work to investigate the effect on changing 

the primary nozzle geometry using two different shapes of nozzles [2]. However, Rao in 2014 claimed 

that only 30 % of enhancement was obtained from using supersonic nozzle types [3]. Other studies were 

used different techniques to study the flow structure inside an ejector [4, 5, 6].  

In this paper, the effect of changing two essential parameters: the secondary inlet diameter and diffuser 

throat have been carried out to understand their impact on the flow vortices generated inside the mixing 

chamber. 

 

2. Computational Fluid Simulation 

The commercial CFD package ANSYS FLUENT V 18.1, was used to solve the governing equations 

numerically. The flows were considered ideal gas (the thermodynamic properties of the primary and the 

secondary are based on the ideal gas assumption). A density-based, steady-state, 2D axisymmetric 

solvers and the realizable k-ԑ turbulent model was used, as this model has been used for the ideal gas 

simulations because it appears to be more accurate than k-ω SST in the case of homogeneous flows of 

ideal gases and it has demonstrated good results in some ejector studies [7]. 

A first-order upwind scheme was used for turbulent kinetic energy. The energy equation was enabled. 

The convergence criteria used for the residual analysis were set to be 10-6 for continuity, X-velocity, Y-

velocity and Energy. Implicit formulations were used considering the accuracy and stability. The wall 

was set to have a stationary, non-slip condition, and the energy equation was enabled. 

The turbulence model adopted in all of the CFD simulations is the realizable k-ԑ turbulence model 

because it has more accurate to describe the spreading rate of both planar and round jets [8], and its 

capability to solve the flow inside ejector [9]. Therefore, this model was adopted to investigate the 

mixing and jet development downstream of the primary nozzle exit. The realizable k-ԑ turbulence model 

is based on model transport equations for the turbulence kinetic energy k, and its dissipation rate ԑ and 

are described by [10]: 
𝜕

𝜕𝑡
( 𝑘) +

𝜕

𝜕𝑥𝑖
( 𝑘𝑢𝑖) =

𝜕

𝜕𝑥𝑗
 [( µ +  

µ𝑡

𝜓𝑘
) 

𝜕𝑘

𝜕𝑥𝑗
] + 𝑆𝑟𝑐𝑘                                  (2) 

 
𝜕

𝜕𝑡
( Ԑ) +

𝜕

𝜕𝑥𝑖
( ԑ𝑢𝑖) =

𝜕

𝜕𝑥𝑗
 [( µ + 

µ𝑡

𝜓Ԑ
) 

𝜕ԑ

𝜕𝑥𝑗
] + 𝑆𝑟𝑐ԑ                                   (3) 

Where 𝑆𝑟𝑐 is the source term, 𝜓 is the turbulent Prandtl number and µ𝑡 is the turbulent viscosity. 

 

3. Simulated mixing chamber geometry 

In order to study vortices development within ejector, two geometries models were simulated: 

(1)  The first model was based on [11] which was deficient in that large zone of recirculation 

developed in the mixing chamber; 

(2)  The second model was developed during the current study to minimise the impact of recirculation 

zones ejector entrainment ratio. Both of the designs are shown in Figure 2. The key dimensions 

of each configuration are shown in Table 1. 

The design of the two models is similar to an ejector, with some exceptions. The mixing chamber 

(the zone after the primary nozzle) has been extended to increase the cross-section area in which the 

vortices can develop. 
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Figure 2. Mixing chamber configurations: (a) Model I; (b) Model II. 

 

Table 1. Geometry design dimensions. 

Geometric parameters (a) Model I in mm (b) Model II in mm 

Diameter of the secondary inlet 37 90 

Nozzle Exit Position (NXP) +15 +15 

Mixing chamber length 420 420 

Mixing chamber diameter 90 90 

Diffuser inlet diameter 80 90 

Diffuser throat diameter 22 28 

Diffuser outlet diameter 80 94 

Diffuser convergent length 20 153 

Diffuser divergent length 270 169 

 

4. Simulated boundary conditions and gas models 

Boundary conditions were applied for the two inlets as shown in Figure 3: the primary steam inlet, 

labelled as 1, and the secondary inlet, labelled as 2. The outlet flow from the diffuser also specified 

boundary conditions, labelled as 3 in Figure 3. In the current study, the simulations were carried out 

using two different models. The boundary conditions are presented in Table 2. A stationary adiabatic 

wall was applied for the nozzle and the mixing chamber walls. 
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Figure 3. Identification of the three flow boundary surfaces for the axisymmetric ejector CFD model. 

 Table 2. Nominated operation conditions for models simulations.  

Stream Pressure (kPa) Temperature (0C) Mass flow (g/s) 

Primary stream 150 120 1.8 

Secondary stream 3.4 34 5.5-6.5 

Condenser 2-4 - - 

 

5. Mesh independence 

The meshing was based on structured quadrilateral cells. As shown in Figure 4, refinement was applied 

to the area from the primary nozzle exit to a distance of 300 mm, which covered the full axial length 

over which vortices development existed. The mesh independence study used three grid levels: the 

coarse mesh with 80,000 cells, the medium mesh with 115,000 cells, and the fine mesh with 300,000 

cells. 

 

Figure 4. Illustration of the medium mesh density used for co- flowing steam jet simulations. 
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The medium and the fine mesh results are in good agreement with the maximum difference in Mach 

number typically being less than 2 %. As a result, the medium mesh level was considered adequate for 

the simulations. 

 

6. Results and discussion 

Significant recirculation zones were simulated inside the mixing chamber of Model I as shown in 

Figures 5, 6 and 7. These features caused some of the primary flow streams to reverse toward the 

secondary inlet. This is potentially a problem because the amount of the mass flow rate coming from 

the secondary stream will be minimized, affecting the ejector entrainment ratio. For the current study to 

overcome this problem and improve the jet characteristics, these vortex features must be significantly 

reduced in size. 

 

 
Figure 5. Axial velocity vector from CFD simulation of a Model I of mixing chamber 

at primary stream conditions of 150 kPa, 120 0C with a secondary at 3.4 kPa and 

condenser pressure of 3 kPa. The velocity scale was adjusted to the given range to 

emphasise the recirculation zones. 

 
Figure 6. Flow recirculation at the secondary stream entrance zone A, for the Model I 

of mixing chamber and location indicated in Figure 5. 
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Figure 7. Downstream edge of recirculation region zone B, for the Model I of mixing 

chamber and location indicated in Figure 5. 

6.1. Effect of secondary inlet diameter on flow recirculation 
In order to design a new configuration with reduced recirculation of the primary jet flow, CFD 

simulations were performed to study the effect of the inlet area of the secondary stream, and the diffuser 

throat area. The simulations were performed at the same operating conditions indicated in Figure 5. A 

larger secondary stream inlet area with the same specified boundary conditions (Table 1) produces a 

larger secondary mass flow rate. As illustrated through a comparison of Figure 8, the increase of inlet 

diameter from 37 mm to 45 mm caused a reduction in the mixing chamber's recirculation zone. 

 

 

Figure 8. Flow recirculation for the new mixing chamber with an inlet diameter of 90 mm, for diffuser 

throat diameter of 42 mm. 

6.2. Effect of diffuser diameter on flow recirculation 

Results in Figure 8 and Figure 9 show that increasing the diffuser throat diameter from 42 to 56 mm 

leads to more of the mixture mass being directly discharged into the condenser, and further reduces the 
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recirculation inside the mixing chamber. However, there is a limitation of increasing the diffuser throat 

diameter behind 56 mm as its losses its function to choke the flow at the diffuser’s throat. 

 

Figure 9. Flow recirculation for the new mixing chamber with an inlet diameter of 90 mm, for 

diffuser throat diameter of 56 mm. 

7. Conclusion 

This paper has shown the results of the computational fluid dynamic simulations using ANSYS 

FLUENT 18.1. Ideal gas simulations were used to study the vortex effect inside the mixing chamber 

and design a new diffuser and secondary inlet configuration to remove these recirculation effects. The 

simulation results indicate that the ejector's entrainment ration could be enhanced if more mass from the 

secondary stream is entrained into the mixing chamber. Increasing the diffuser diameter from 42 mm to 

56 mm has shown promising results to reduce these vortices. 
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