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ABSTRACT: Gas/vapor ejectors are widely used in various applications due to significant 

advantages over other devices used to raise the momentum of a gas. The main application of 

ejectors is pumping (increasing pressure) of a low pressure fluid by taking advantage of the depression 

caused by expansion of a high pressure fluid – motive fluid. Low energy efficiency of the process is the main 

disadvantage of the ejector technology. The geometry of the device, fluid thermo-physical properties and 

parameters influence the efficiency of the entrainment process. The ejector consists of three main parts, 

primary nozzle, mixing chamber and diffuser. Although a simple device, the flow in an ejector system is 

complex and difficult to model in some respects. Supersonic flow in ejectors resulting from expansion of the 

motive fluid in the nozzle creates the chocking condition that limits the maximum value of the entrained 

flow. The paper explores by means of CFD a non-conventional ejector geometry which can be used to 

reduce the oscillations that occur in the mixing chamber after the outlet of the primary nozzle. The new 

element proposed in this paper is a conic spindle placed axi-symmetrically in the diffuser region 
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1. INTRODUCTION  
Ejector principle is well known and it is 

described in detail in classic textbooks or 

review articles Aidoun et al [1], Šarevski et al 

[2], etc. The purpose of the ejector technology 

is to entrain a low pressure fluid (e.g. for 

achieving vacuum in the condenser of the 

steam turbines). A high pressure fluid (e.g. 

high pressure steam) is employed to achieve 

the ejection effect: the high pressure fluid 

expands in the primary nozzle; the 

acceleration of the high pressure fluid to 

velocity values close to Ma=1 or even higher 

causes a local pressure drop (energy 

conservation law in the form of Bernoulli 

equation); this pressure drop must produce in 

the entrance region of the ejector a pressure 

lower than the low pressure fluid. Thus, 

suction effect occurs, the low pressure fluid 

enters the ejector and mixes with the high 

fluid in the mixing chamber.  

The main components of any ejector are 

the primary nozzle, the suction chamber, the 

mixing chamber and the diffuser. A region of 

interest that has to be carefully designed in 

order to obtain maximum efficiency is the low 

pressure fluid entrance region. This is the 

region where low pressure fluid acceleration 

occurs and the flow profile in this region is 

critical to achieving mixing of the two fluids 

followed by compression in the diffuser. 

While a considerable advantage of the 

ejector is the low cost and high reliability, this 

is counterbalanced by the low efficiency, 

which is best defined by the entrainment ratio. 

A comprehensive review of ejector efficiency 

by ejector component and fluid has been 

performed by Chen et al [3]. It was pointed 

out that the primary nozzle has the highest 

efficiency and it depends considerably on the 

fluid and geometric elements. The primary 

nozzle efficiency is given by the general 

equation (deviation of the real expansion 

process from the isentropic one): 
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Variable flow regimes for fixed geometry 

ejectors results in significant drop of the 

efficiency. The sonic regime generates 

oscillations of flow parameters (velocity, 

pressure and temperature). It has been 

commonly agreed that such oscillation can 

only be predicted by means of CFD modeling 

and not by 1D ejector modeling based on flow 

and conservation equations. 

McGovern et al [4] defined the reversible 

entrainment ratio efficiency concept, which 

compares the entrainment ratio of a real 

ejector to a reversible process with the same 

inlet fluid states and the same discharged 

pressure. 

Diaconu [5] investigated the effect of primary 

nozzle geometry on the flow structure. An 

elongation of the primary nozzle was proposed 

reducing the distance between nozzle outlet and 

entrance in the mixing chamber. It was 

observed that the amplitude and the number of 

oscillations is reduced, without eliminating 

entirely the phenomenon. 

 

2. PROBLEM FORMULATION 
Ejector geometry is modified in order to 

investigate the effect of a special element in 

the form of a conic spindle placed in the 

diffuser, where flow compression occurs. An 

ejector with axial suction will be considered 

in this study since it is considered that the 

region where entrained fluid is accelerated is 

critical in the flow structure that develops in 

the mixing chamber and diffuser. The spindle 

is expected to create a deflection effect which 

will damp the flow oscillation occurring 

immediately after the primary nozzle. 

Oscillations of flow with velocity reaching 1 

Ma or higher result in energy loss, vibrations 

that propagate throughout the system. 

Although the spindle will act as a flow 

resistance that is expected to reduce the flow 

rate (and consequently the entrainment ratio), 

the positive effect would be the dampening of 

flow oscillations in the mixing chambers, 

where most of the kinetic energy is dissipated. 

If the main efficiency metric is considered the 

entrainment ratio then a minor drop will be 

observed. In the first stage of the study, a 

standard ejector geometry will be considered 

as shown in Figure 2.a.

 

 

 

In the second stage of the study, a deflection 

element in the form of a conic spindle will be 

added in the diffuser region, after the point 

where mixing of the two fluids is theoretically 

completed.   

The objective of the study was to investigate 

the influence of the deflection element on the 

flow structure and entrainment ratio.  

In Figure 2 all dimensions are given in 

millimeters. Due to the symmetry of the 

 

Figure 2. The two ejector geometry cases considered 
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geometry only half was represented in axial 

section.  

The fluid considered was air for both motive 

and entrained fluids. The fluids parameters 

were considered the same in the two cases. 

The CFD modeling considered k- turbulence 

model (most frequently used turbulence 

model for CFD). Realizable k- is known to 

predict more accurately spreading of both 

planar and circular jet, therefore it was 

employed in this study. The continuity, 

momentum and energy equations were solved 

by means of a standard CFD software.  

The presence of the conic spindle will create a 

constant cross section channel for the flow to 

the outlet of the ejector. In such way, no 

expansion or compression occurs along the 

spindle. Another effect of the spindle is that it 

deflects the shock waves that are created by 

the flow oscillations in the mixing chamber. 

The shock waves suffer multiple reflections 

on the spindle surface and interior diffuser 

surface, dampening considerably the acoustic 

waves generated by the ejector. Proper 

acoustic insulation of the diffuser ensures 

minimizing the noise generated by the ejector. 

The main parameters are presented 

comparatively in Table 1. In column 1 the 

parameters corresponding to the standard 

geometry are presented while column 2 

presents the parameters corresponding to the 

same ejector geometry with spindle in the 

diffuser added (temperature variable is 

averaged over the outlet surface areas). The 

flow profile (velocity, temperature, pressure 

and density) is shown in figure 2 for the 

standard geometry ejector.  

 

Table 1. Fluid parameters and entrainment ratio for the two geometry cases 

Parameter Flow rate Pressure Entrainment ratio 

1 2 1 2 1 2 

Motive fluid 0.601 0.391 3.0e5 3.0e5 

1.89 1.39 Entrained fluid 0.317 0.286 1.7e4 1.7e4 

Outlet 0.919 0.677 4.5e4 4.5e4 

 

 

 

 
 

Figure 3. Velocity and temperature profile in the ejector axis, no spindle

 

Velocity, temperature, pressure and density 

exhibit a similar damped oscillatory profile 

following the expansion of the motive fluid in 

the primary nozzle. A number of five 

oscillations was identified with a maximum 

velocity value of approximately 1.5 Ma. The 

oscillatory behavior can be better observed if 

parameters are plotted along ejector axis, as 
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shown in Figure 3. Mixing of the fluids is a 

matter of concern especially for applications 

in which species transport is the objective of 

the ejector system. Since the present study 

does not consider species transport (both 

fluids are air) the degree of the mixing can be 

assessed by means of the final temperature 

profile (at the outlet of the diffuser) since the 

fluids have different initial temperatures.  

  

 
 

Figure 4. Velocity and temperature profile in the ejector axis – standard geometry 

 

 
Figure 5. Temperature profile in the outlet section (left) and axial velocity profile (right) 

 

Although a relatively small 

temperature gradient can be observed, it can 

be attributed to wall effects or compression 

that occurs in the end section of the diffuser. 

However, analyzing the axial velocity profile 

in the ejector axis (presented in figure 6) a 

significant velocity gradient can be observed 

within an approximately 1 mm region 

centered on the ejector axis. The velocity plot 

shown in figure 5 was represented using the 

velocity values along a straight line 

perpendicular on the ejector axis, as shown in 

figure 6. 

 
Figure 6. Region where axial velocity is plotted in 

figure 5 

The plot of axial velocity was generated in the 

region where maximum velocity occurs, to 

give a picture of the highest gradient value. 

Such a velocity gradient value will create 

large shear stress values, resulting in 

significant kinetic energy loss in the form of 

heat and acoustic energy. 
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The effect of the conic spindle placed in the 

diffuser region will be further investigated. 

 
Figure 7. Temperature profile in the outlet section 

The temperature profile in the ejector outlet 

section when the conic spindle is present is 

shown in figure 7. Compared to the 

temperature profile without spindle a 

significant difference can be observed. 
 

 

 
Figure 8. Effect of the spindle on the flow structure 

 

 

The presence of the spindle does not eliminate 

completely the oscillations but reduces both 

their number and the amplitude.  

 

 

 
 

Figure 9. Velocity profile with spindle (top) and 

without spindle (bottom) 

 

The spindle alters the flow profile in the sense 

of reducing the number of oscillations, as 

shown in figure 9, where a magnified view of 

the flow profile in the primary nozzle and 

mixing chamber is presented. Another effect 

of the spindle is the fact that the entrained 

fluid flow rate is reduced, which is confirmed 

by the lower value of the entrainment ratio. 

The number of oscillations reduces from 5 to 

1 large amplitude oscillation. The oscillation 

length in the case of spindle extends over 

approximately 1.5 lengths compared to the 

ejector without spindle. This suggest a lower 

vibration frequency, which has to be 
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considered in the design of the support 

system.  

 

The velocity oscillation profile is presented in 

figure  

 
Figure 11. Velocity profile – with spindle 

 

 

CONCLUSIONS 

A conic spindle placed in the diffuser section 

of a gas ejector has the effect of dampening 

the flow properties oscillations which are 

known to appear in the case of compressible 

flow at supersonic speeds. On the other hand, 

modifications of the flow profile result in a 

entrainment ratio drop, which is a detrimental 

effect. Reducing the oscillatory behavior of 

the flow after the primary nozzle outlet is 

expected to have a positive effect on reducing 

vibrations too. In applications where ejector 

efficiency is less important than noise and 

vibrations using a spindle is preferred since it 

is a simple device, which can be designed to 

be removed when necessary. 
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