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Abstract: 

CFD software simulation is a very effective method for predicting ejector performance according to the dimensions, working 

conditions, and application. Ejectors are very popular as mechanical devices for increasing fluid pressure at a lower cost. This 

study involved a CFD simulation of an air-air ejector using a converging-diverging nozzle. The simulation was carried out at a 

low motive fluid pressure of 2 kPa, 4 kPa and 6 kPa, and the range of the back pressure between 100 Pa to 670 Pa. The results 

showed that an increase tends to produce a reduction in the entrainment ratio. The maximum entrainment ratio is produced at a 

motive fluid pressure of 2 kPa of 0.84 with a critical back force of 300 kPa.  

 

Keywords: Low Pressure, Ejector, Air, Motive Fluid, The Entrainment Ratio. 

 

I. INTRODUCTION  

Your The use of ejector has become a popular choice for 

pumping fluids, especially those at risk and vulnerable to 

damage when using pumps or compressors. One of the 

advantages of this device is its convenience and ease of 

operation. Many studies both simulated and experimental have 

been carried out in the field of ejector, that drive the secondary 

fluids, such as gas, steam, water, and air. Typically, air is 

employed as the primary motive fluid, although, alternatives 

are being taken into consideration for this purpose. Some 

studies that have been conducted namely water-water ejector 

simulation carried out by [1], vapor-vapor conducted by 

[2,3,4,5,6,7,8,9,10], gas-gas by [11,12,13], steam-water by 

[14], water-gas by [15,16], and air-gas by [17]. To supplement 

the existing studies, a simulation of an air-air ejector was 

performed in this study. Surjosatyo et al [18] conducted a 

subsonic air ejector simulation, and the results showed that a 

diameter ratio of 1.63 tends to produce the lowest air 

entrainment. Hemidi et al [19] carried out simulations and 

experiments on a supersonic air ejector with a motive fluid 

pressure between 3-6 bar, the results showed a deviation of 

10% between both analyses.  Chen et al [20] conducted 

simulations and experiments on a supersonic air ejector with a 

maximum motive fluid pressure of 6 bar. The results showed 

that the difference in ejector performance between both 

analyses in the critical mode area was 12-18% and 20% in the 

sub-critical.  Chong et al [21] conducted a supersonic air 

ejector simulation with a 1 MPa motive fluid, and the results 

presented that the highest entrainment ratio is obtained at the 

optimum position of NXP. Kracík et al [22] carried out 

simulations and experiments of air-air ejector with 400 kPa of 

motive fluid, both analyses showed that the static wall 

pressure along ejector is highly comparable.  

El-Zahaby et al [23] performed simulations of subsonic and 

supersonic ejector with a pressure range between 1 to 20 bar 

of motive fluid. One of the results indicated an increase in 

motive fluid pressure tends to rise the flow velocity of mixed 

flow of the motive and the entrained. Kumar et al [24] 

conducted simulations and experiments of air ejector with 5.7 

x 105 Pa to determine the influence of NXP on the ejector 

performance, and the analyses showed comparable results. 

Khajeh et al [25] carried out an air-air ejector simulation using 

CFD to determine the effect of pressure between 100 kPa to 

400 kPa on motive fluid on the efficiency of the first and 

second laws of thermodynamics. The results presented that the 

maximum and minimum efficiency of the 1st and 2nd laws are 

37% and 82%, respectively. Varsegova et al [26] performed 

simulations of a low-pressure air-air ejector of 1371.62 Pa 

using CFD, and the results indicated a motive fluid between 

2.15 to 2.64 kg/s and a secondary fluid of 2 kg/s. Siswantara et 

al [27] conducted air-air ejector simulations with fluid motive 

pressures between 12.6656 kPa to 37.9969 kPa and nozzle 

type convergent to determine the optimal value of the constant 

k-e turbulence model, namely Cu, C1e, and C2e, which 

indicated 0.05, 1.48, and 1.88, respectively. 

The literature review showed that the simulation of low-

pressure motive fluid still rare. In this study, a CFD air-air 

ejector simulation was carried out with a motive fluid pressure 

of 2 kPa, 4 kPa, and 6 kPa using convergent–divergent type 

nozzles to evaluate the performance. 

 

II. METHODOLOGY 

The simulation employed the Autodesk software and was 

carried out using constant mixing area ejector and the 

convergent-divergent nozzle with the dimensions shown in 

Figure 1. This was carried out by applying the equations of 

mass, momentum, energy, and turbulence conservation. 

Before the simulation was carried out, the reactor image was 

meshed first as shown in Figure 2 using the 3D model, and the 

boundary conditions used are shown in Table 1. 

 

 

 
 

Figure 1. The construction and dimension of ejector 
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Figure 2. The meshing of  ejector 

 

 

 

 

Table 1.  The boundary condition of the simulation 

 

Motive Fluid 

Pressure (kPa(g)) 

Secondary Fluid 

Pressure (Pa(g)) 

Back Pressure 

(Pa(g)) 

2 0 

100 

200 

300 

400 

500 

520 

4 0 

100 

200 

300 

400 

450 

500 

600 

610 

6 0 

100 

200 

300 

400 

450 

500 

550 

600 

650 

670 

 

III. RESULTS AND DISCUSSION  

 

Figures 3 and 4 showed an the rise the pressure from 2 to 6 kPa 

tends to rise the flow velocity along ejector axis, especially in 

the mixing area. The maximum flow velocities that occurred in 

the throat region of the nozzle were 47, 69, and 87 m/s for a 

pressure of 2, 4, and 6 kPa, respectively. These results showed 

a correlation with the study conducted by [23].  Then the 

velocity of flow in the mixing area is 31, 39, and 46 m/s for a 

pressure of 2, 4, and 6 kPa, respectively. 

 

 
 

Figure 3. Flow velocity contours inside ejector: (a) 6 kPa, 

(b) 4 kPa, (c) 2 kPa 

 
Figure 4.  Flow velocity distribution along ejector axis 

 

 

Figure 5 shows the contours of the static pressure dispersion 

inside ejector at a motive fluid pressure of 6 kPa and a back 

pressure of 100 Pa. It is observed that at the exit of the nozzle, 

there is a vacuum area between the length of 0.1 m to 0.15 m, 

causing the secondary fluid to be attracted to the mixing area. 

Furthermore, the influence of back pressure on the distribution 

of static pressure inside ejector is shown in Figure 6. Where the 

dispersion of static pressure inside ejector is greater with the 

higher of the back pressure. These results have the same trend 

as the reference journal [23,27,28]. The high pressure tends to 

cause the secondary and primary fluid flow to be obstructed, 

leading to a decrease in ejector performance. 
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Figure 5.  Static pressure distribution along ejector at 100 Pa 

back pressure  

 

 
Figure 6.  the distribution of static pressure of the secondary 

fluid along ejector at a motive fluid pressure of 600 Pa under 

variation of back pressure. 

 

 

Figure 7 presents the highest entrainment ratio was obtained at 

a motive fluid pressure of 2 kPa with the value of 0.84. Above 

the critical back pressure of 300 Pa, the entrainment ratio tends 

to drop, which is in line with the study of reference [11,14].  

The study indicated that at a motive fluid pressure of 4 kPa, the 

maximum entrainment ratio is 0.61. Then above the critical 

back pressure of 450 Pa, the entrainment ratio tends to drop. At 

a motive fluid pressure of 6 kPa the maximum entrainment 

ratio tends to be 0.51. Then above the critical back pressure of 

550 Pa, the entrainment ratio tends to decrease. From the 

simulation, it is observed that rising the motive fluid pressure 

tends to a drop in the entrainment ratio value and a rise in the 

critical back pressure. This result correlates with the simulation 

report of [19, 20, 27, 29]. 

 

 

 
Figure 7. The influence of back pressure on the entrainment 

ratio 

 

 

IV. CONCLUSION  

 

The results show that a rise in motive fluid pressure from 2 

kPa to 6 kPa tends to rise the distribution of flow velocity in 

the mixing area, and decrease ejector the entrainment ratio. 

Where the entrainment ratio of 0.84, 0.61, and 0.51 was 

obtained from the motive fluid pressure of 2, 4 and 6 kPa, 

respectively. The back pressure tends to cause a drop in the 

entrainment ratio for each motive fluid pressure, which begins 

to occur after the critical phase. The critical back pressure 

obtained for each motive fluid pressure is 300 Pa, 450 Pa, and 

550 Pa, respectively. Therefore, an increase in back pressure 

tends to rise the distribution pressure of the secondary fluid 

inside ejector. 
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