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Abstract 
This paper investigates the effect of using a Helmholtz resonator with one or two pairs of deep cavities on the mixing 

chamber of a subsonic ejector to determine its impact on the ejector's entrainment ratio. The results showed that the 

presence of the cavity at the beginning, middle, and end of the mixing chamber reduces the entrainment ratio by 0.6%, 

3.8%, and 6.6%, respectively, and the presence of the second cavity at the positions of 20, 40, and 60 mm to the first 

cavity reduces the entrainment ratio by 9.9%, 10.1%, and 10.2% respectively. In addition, the effect of the depth was 

studied at a distance of 20 mm for a pair of cavities at depths of 75, 100, and 125 mm causing a reduction of 4.9%, 9.9%, 

and 13.1% in entrainment ratio. In general, the Helmholtz resonator investigation results showed that the secondary flow 

oscillation reduces the entrainment ratio due to the blockage in the secondary flow path. Therefore, in the final part of the 

research, the effect of primary flow oscillation was investigated, the results of which showed that the primary flow 

oscillation increases the entrainment ratio by 5.2%. 

 

Keywords: Helmholtz resonator; longitudinal and transverse oscillations; ejector; secondary mass flow rate; 

entrainment Ratio.

 

1.  Introduction 

One of the types of cavities that can create harmonic 

oscillations when connected to the flow channel with 

the opposite arrangement is the Helmholtz resonator, 

which has many factors, such as geometry, 

dimensions, and position affecting the oscillations in 

the resonator [1]. This type has many applications, 

including sound energy measurement [2], muffler [3], 

combustion chamber [4], and flow regulation [5]. 

Ejectors are fixed mechanical components with many 

applications in pumping compressible and 

incompressible fluids without needing external 

energy [6]. They are widely used in many industrial 

processes, such as heat pumps [7], refrigeration 

systems [8], vacuum generators [9], and desalination 

[10]. In the ejector, the primary fluid enters the 

primary nozzle at a high speed, which decreases the 

pressure. The pressure drop in the ejector suction 

chamber causes secondary fluid suction. After the 

two fluids are mixed in the mixing chamber, a 

diffuser is used to restore the pressure [11]. The 

entrainment ratio (ER) parameter is defined as the 

ratio of the mass flow rate of the secondary flow to 

the primary flow (Eq. 1). The pressure ratio (PR) in 

the ejectors is defined as the ratio of the diffuser 

pressure to the secondary flow pressure, which 

strongly affects the entrainment ratio (Eq. 2) [12]. 

(1)  𝐸𝑅 =
𝑚𝑠̇

𝑚𝑝̇
 

(2)  𝑃𝑅 =
𝑃𝑒
𝑃𝑠

 

Marum et al. [12] investigated numerically and 

experimentally a subsonic ejector at different 

operating conditions, and it was found that the k-w 

SST model has good accuracy. Tang et al. [13] added 

a secondary inlet in the middle and end of the mixing 

chamber and increased the ejector efficiency by 35%. 

Yadav et al. [14] presented an ejector whose mixing 

chamber did not have a fixed surface area by defining 

a parameter as the ratio of the distance from the 

primary flow nozzle to the mixing chamber to the 

diameter of the throat of the mixing chamber. Wu et 

al. [15] found that if the length of the fixed section of 

the mixing chamber is shorter than a certain limit, the 

velocity and pressure oscillations increase, which 

reduces the entrainment ratio. Wen et al. [16] found 

that the ratio of the mixing chamber's cross-sectional 

area to the primary nozzle's exit area affects the 

optimal length of the mixing and suction chambers. 

Wu et al. [17] proved that the length of the fixed part 

of the mixing chamber can indirectly affect the outlet 

pressure. They also investigated the ratio of the length 

of the mixing chamber to the diameter of the primary 

nozzle to find the optimal range. According to 
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previous studies, the mixing chamber is very 

effective in increasing the entrainment ratio of the 

ejector. On the other hand, adding a Helmholtz 

resonator to the mixing chamber has not been 

investigated so far. Therefore, the effect of the 

Helmholtz resonator on the mixing chamber of a 

subsonic ejector was numerically investigated. In the 

final part of the research, the effect of primary flow 

oscillation on the entrainment ratio was also 

investigated by defining the UDF code in the primary 

inlet boundary condition. 

 

2. Methodology 

In this simulation, the Unsteady Reynolds Average 

Navier-Stokes equations were solved. According to 

the research done by [18, 19], the k-ε turbulence 

model was chosen, and the ejector geometry studied 

by Marum et al. [12] was chosen. The width of the 

cavity was equal to the height of the ejector’s mixing 

chamber (34.2 mm). The cavity’s depth (L = 50, 75, 

100, 125, and 150 mm) was investigated, as shown in 

Fig. 1. A structured grid was generated, and the grid 

independence was evaluated on the entrainment ratio. 

Finally, a grid with 40,000 cells with a time step 

0.0001 was used for more accuracy and better 

convergence. 

According to the research done by Selamat et al. 

[18], the ideal gas assumption was used for air. For 

the primary and secondary flow, an inlet velocity of 

35 m/s and an inlet stagnation pressure of 99961.75Pa 

were defined, respectively. Atmospheric pressure 

was used for the outlet. For the ejector walls and 

cavity walls, the no-slip and slip condition was used 

[20, 21], respectively. The pressure-velocity coupling 

was used as COUPLED, and the spatial discretization 

was set as the second-order upwind. After the flow 

became completely harmonic, the residuals were 

monitored to be less than 10-4. To validate the 

methodology in the present study, the geometry of 

research [1] was numerically investigated, and the 

acoustic frequency of the oscillations was found to 

have an error of 2% compared to the experimental 

results. 

 

 
Figure 1. Parts and dimensions of the geometry [13] 

with two pairs of cavities 

 

3. Results and Discussion 

At the starting time of the solution, the pressure 

oscillations' graphs did not follow a specific pattern. 

As the solution continued, stable pressure harmonic 

oscillations were formed. It was observed that the 

single pair of cavities at the beginning of the chamber 

has a better entrainment ratio than those in the middle 

and end of the mixing chamber. Adding a single pair 

of cavities led to a sharper decrease in the entrainment 

ratio. Afterward, numerical simulation was 

performed for different depths of 50, 75, 125, and 150 

mm for the cavities. The 50 and 150-mm cavities did 

not form harmonic oscillations. Therefore, the study 

of pressure oscillations and the entrainment ratio of 

the ejector was investigated with depths of 75, 100, 

and 125 mm at different operating conditions, and the 

results are given in Table 1. It can be seen that the 

entrainment ratio decreases with the increase in the 

depth of the cavity and the pressure ratio. Therefore, 

the maximum entrainment ratio is for the ejector 

without cavities, and it can be concluded that the 

presence of any cavity with different depths also has 

an opposite effect on the entrainment ratio. In other 

words, the oscillations created in the flow next to the 

wall of the mixing chamber affect the secondary flow 

more than the shear layer between the primary and 

secondary flow. Therefore, the oscillations of the 

secondary flow cause a blockage and decrease the 

entrainment ratio. 

 
Table 1. ER of the ejector with and without Helmholtz 

resonator in various depths and pressure ratios 

Depth of cavity 
PR 

125 mm 100 mm 75 mm - 
1.189 1.224 1.281 1.345 1.014 
1.177 1.196 1.263 1.324 1.015 
1.162 1.177 1.246 1.299 1.016 
1.128 1.170 1.228 1.277 1.017 
1.121 1.152 1.209 1.252 1.018 

 

It was mentioned that the presence of the 

Helmholtz resonator in the mixing chamber of a 

subsonic ejector reduces the entrainment ratio, which 

is due to the blockage caused by the secondary flow 

oscillations in the mixing chamber. Thus, the effect 

of the primary flow oscillation was also investigated. 

Therefore, the primary nozzle was removed, and the 

primary flow oscillation was defined as the 

fluctuating inlet velocity using a UDF code. The 

results showed that the optimized frequency and 

amplitude for an oscillatory y-velocity were 1000Hz 

and 20m/s, respectively. The results of Table 2 

showed that the presence of oscillations in the 

primary flow increases the entrainment ratio. Even 

with increasing the pressure ratio, the entrainment 

ratio of the ejector with the oscillation of the primary 

flow is higher than that of the base ejector. Increasing 

the entrainment ratio by oscillating the primary flow 

is due to improving the mixing performance between 

the primary and secondary flows in the mixing 

chamber. Fig. 2 shows how the jet moves up and 

down, increasing the momentum exchange between 

the primary and secondary flows. 
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Table 2. ER of the ejector with and without primary 

flow oscillation in various pressure ratios 

ER Change 
With 

oscillation 

Without 

oscillation 
PR 

+5.20% 1.415 1.345 1.014 

+5.23% 1.367 1.299 1.016 

+5.27% 1.318 1.252 1.018 

 

 
Figure 2. Velocity magnitude of ejector with primary 

flow oscillation 

 

4. Conclusions 

In this study, the effect of the Helmholtz resonator on 

the mixing chamber of a subsonic ejector was 

investigated to observe the change in the entrainment 

ratio. After simulating the flow field at different 

depths and numbers of cavities, it was observed that 

increasing the depth of the cavities increases the 

range of pressure oscillations and decreases the 

acoustic frequency, and the acoustic frequency is the 

same in both pairs of cavities. The results of 

measuring the entrainment ratio showed that the 

presence of Helmholtz resonator hurts secondary 

fluid suction. Also, by examining the effect of the 

number of cavities, it was found that in the case of 

two pairs of cavities, it has a more negative impact on 

the entrainment ratio of the ejector than a single pair 

of cavities. Further, the effect of the cavities' depth 

showed that increasing the depth weakens the suction 

effect. Also, with an increase in the ejector pressure 

ratio, the entrainment ratio decreases. Overall, it was 

concluded that adding cavities to the mixing chamber 

causes blockage in the secondary flow and a 

reduction in the entrainment ratio. In the second 

phase of the study, the effect of primary flow 

oscillation on the entrainment ratio was numerically 

studied. The fluctuating y-velocity at the primary 

inlet was defined using a UDF code in Fluent 

software. The results showed that the entrainment 

ratio increases by primary flow oscillations. 
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