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Abstract 

By injecting high velocity water as the primary fluid through the vertical down-flow ejector, the 
pressure around the ejector is dropped and entrained the surrounding air to mix with the liquid. In this 
work, effects of dimension ratios of liquid jet ejector to the air suction rate were investigated. The 

Computational Fluid Dynamics (CFD) models have been used to obtain the results and validated with 
experiments. Dimensions of ejector are studied in terms of nozzle diameter (Dj), diameter (Dc) and length 
(Lc) of mixing chamber, air inlet diameter (Da) and position of air inlet referred to nozzle edge (La). Both 
simulation and experimental results show that dimension ratios which give the highest air suction rate with 
every water flow rates are Dc=3Dj, Lc=6Dj, La=2Dj and Da=2.5Dj. According to these dimension ratios, the 
performance of the ejector in air inducing are 0.36, 0.31, 0.25 and 0.19 kg air/kW-h at water flow rates of 
20.10, 18.67, 17.24 and 15.81 L/min, respectively. 

Keywords: Ejector, Air suction volume, Pressure 

 
1. Introduction 

An ejector is a device in which a high-
pressure fluid jet is used to entrain low-pressure 
fluid. Fig. 1 shows a schematic drawing of typical 
ejector [1]. Which consists of four main 
components: one inlet for high-pressure water; 
another inlet for air/abrasive; a mixing chamber 
and a mixing tube. Due to their simple design and 

the absence of moving parts, ejectors are very 
reliable device having practically no maintenance 
cost and relatively low installation cost [2]. 
According to the Bernoulli’s principle, when a 
motive fluid is pumped through the nozzle of a 
gas–liquid ejector at a high velocity, a low 
pressure region is created just outside the nozzle. 
A second fluid gets entrained into the ejector 
through this low pressure region. Ejectors are 

being used as a gas–liquid dispersion device for 
many purposes for a very long time in the 

chemical industries since it has high mass 
transfer and mixing rates. 

Many CFD works have been carried out 
to determine the performance of ejectors [3, 4, 5, 
6] but they are mainly focused on mono-phase 
(gas–gas or liquid–liquid) ejector except the study 
of Kandakure et al [7]. Some of them assumed 
the two-phase flow (water jet and air) is a 
homogeneous fluid, and hence non 
experimentations were conducted [8, 9]. 
Moreover, in the literature, there are a few 

experimental studies dealing with the behaviour of 
low-pressure water jet in the tube. For instance, 
Miller et al [10]. 
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Therefore, in the present study, effects of 
dimension ratios of liquid jet ejector to the air 
suction rate were investigated. The Computational 
Fluid Dynamics (CFD) enables the prediction of 
local pressures in the ejectors and experiments 

the performance of the ejector in air induce 
 

 
Fig. 1 Schematic diagram of a typical ejector.[1] 

 

2. Modeling approach 

 and boundary condition 

The commercial package, Gambit 2.4.6 and 
Fluent 6.3., are used as the grid generator and 
the CFD solver, respectively. Two-dimensional 

geometry was considered with the quadrilateral-
meshing scheme.  

The mesh and model were created in a two-
dimension domain. The geometries of the 
computational domain of the modeled liquid 
ejectors were taken from those which were used 
in the experiment. The mesh was made of about 
60,000-80,000 structured quadrilateral elements 
and adapted by the solution-adaptive mesh 
refinement as shown in Fig. 2 

 The continuous phase from the nozzle 
section is water. Since the volumetric flow rates 
of water through the nozzle are known, the inlet 
velocity was used as a boundary condition. The 
ejector outlet was considered at the outlet 
pressure. The no-slip boundary condition was 

enforced at the walls of the ejector. The solution 
was iterated until convergence was achieved, 
such that the residual for each equation fell 
below 510 . 

A comprehensive model settings summary is 
reported in Table 1. 

 

Table 1 
Summary of the applied numerical settings. 

Model settings 

Time dependence 
Viscous model 
Turbulence model 

Steady State 
Turbulent 

Standard k-ε model 

Numerical Settings 

Pressure 
Momentum 

Turbulent kinetic energy 
Turbulent dissipation rate 

2nd  order 
2nd  order 

2nd  order 
2nd  order 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
Fig. 2 Grid structures and boundary condition of 

the ejector CFD model. 
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3. Experimental setup 

The validation experiment is carried with an 
acrylic column of 0.40 m in diameter and 0.9 m in 
height (Fig 3(A)). The ejector made of Aluminum 
as shown in Fig. 3(B). The water flow rate was 
manually controlled with the help of a calibrated 
Rota meter show in Fig. 3(C) (Nitto Instruments 
Model Z-500 make with accuracy of 5%). The 
velocity of air flowing through the nozzle was 
varied over a wide range. The air flow rate was 
manually measure with the Thermo anemometer 

is shown in Fig. 3(D) Table 2 shows the various 
geometry parameters that were investigated. 

 
 
 
 
 
 
 

(A)                          (B) 
 

 
 
 
 
 
 
 

(C)                             (D) 
Fig. 3. (A) Acrylic column, (B) Ejector, 

(C) Rota meter, (D) Anemometer 

 
 

 

 

 

Table 2 
Dimensions of the ejector and parameters varied in 
the CFD and experiments 

Parameter Values 

Nozzle inlet diameter D (mm) 12 

Nozzle diameter Dj (mm) 6 

Mixing chamber diameter Dc (mm) 3Dj, 4Dj, 5Dj 
Mixing chamber length Lc (mm) 3Dj, 6Dj, 9Dj 
Air inlet diameter Da (mm) 1Dj, 1.5Dj, 2Dj, 

2.5Dj 
Position of air inlet referred to 
nozzle edge La (mm) 

1Dj, 2Dj, 3Dj 

liquid velocity  inlet (L/min) 15.81, 17.24, 
18.67, 20.10  

 

4. Results and discussion 

4.1 Numerical simulation results 

The CFD, therefore, enables the prediction of 
local pressures in the ejectors, which are 
otherwise very difficult to measure. 

Thus, for example, the ratio of nozzle (Dj) to 

mixing chamber is one of the important 
parameters for the ejector design. Interior flow 

regimes in the liquid ejector can be obtained from 
the CFD simulation. The performance of CFD 
simulation, the ratio of nozzle to mixing chamber 
Dc=3Dj Lc=6Dj is the best ratio. Due to the size 
integrity of the core jet and the distribution of the 
jet without into walls. The CFD results show that 
the expedient model is as shown in Fig 4(A) the 
contour of mixture velocity magnitude in high 
liquid velocity jet and Fig. 4(B) the contour of 
static pressure in the ejectors, for constant liquid 

flow rate of 20.10 L/min.  
Comparison of CFD predicted pressure drop 

and velocity jet results for constant liquid flow rate 
of 20.10, 18.67, 17.24, 15.81 L/min., for the ratio 
of nozzle to mixing chamber Dc=3Dj Lc=6Dj. 
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             (A)                                  (B) 
Fig. 4 CFD predicted (A) velocity magnitude 
(B) static pressure for Dc=3Dj Lc=6Dj, 20.10L/min. 

 

The results show that the ratio of the nozzle 
diameter to the Mixing chamber diameter plays a 
crucial role in determining the hydro-dynamics 
and the performance of the ejectors. 

As shown in Figs.5–6 shows the comparison 
of the predicted values of the ratio of nozzle to 
mixing chamber Dc=3Dj Lc=6Dj. Fig. 5 shows 

Comparisons of Pressure and Lengths of the wall. 
When a motive fluid through the nozzle at a 
velocity, a low pressure region is created just 
outside the nozzle, the distance from the wall 
0.02 m. When the water flow rate is increase, the 
pressure in the ejector also a decrease. 

As can be seen from the Fig. 6 shows the 
performance of the predicted values of velocity 
cores of jet and position of referred to nozzle 
edge. Moreover, a low pressure region is created 
just outside the nozzle, a velocity behind position 

0.02 m. from center the ejector velocity drop. 
Therefore, the CFD results (Figs.4–6) 

shows proper placement of the air hole points of 
low pressure in the ejector around the wall is -
0.02 m., which is 12 mm. from nozzle all cases. 

So the appropriate ratio air hole is 2Dj. 

 

 
 
Fig. 5 Comparison of CFD predicted Pressure 
and lengths of the wall, The ratio of nozzle to 

mixing chamber Dc=3Dj Lc=6Dj at liquid flow rates 
of 20.10, 18.67, 17.24 and 15.81 L/min, 
respectively.  

 

 
Fig. 6 Comparison of CFD predicted velocity 
cores of jet and position of referred to nozzle 
edge, The ratio of nozzle to mixing chamber 

Dc=3Dj Lc=6Dj at liquid flow rates of 20.10, 18.67, 
17.24 and 15.81 L/min, respectively. 
 

The pressure around the ejector is dropped 
and entrained the surrounding air, flow rate can 

be calculated from Bernoulli equation by 
considering the lowest pressure. Consequently, 
the pressure that use in calculation is the lowest 
pressure of the first point (Fig.5) and second point 
is atmospheric pressure. Air inlet diameter (Da) is 
2Dj  
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From Bernoulli’s Equation. (1) 

 

  

          (1) 

                    (�) 
Second equation set in First equation 

         (�) 

 
When the second point is atmospheric pressure 

and dramatically low flow rate 

              (4) 

And Da =12 mm., A= 0.0000113 2m  and 1 2z z  

                    (�) 
 

When  

  Flow rate of air from calculation (l/min), 

 the lowest pressure from the graph of flow 

rate ( ), Density of air = 1.18 (kg/ ) 

Flow rate of air which obtains from calculation 

is shown in table 3 and flow rate of air is 

calculated from the lowest pressure of each flow 

rate. Therefore, when the position of hole air is 

changed (La) becomes�Dj, 2Dj and �Dj therefore, 

it can show relationship with flow rate of water in 

Fig. 7  However, this relationship can changed to 

depend on independent variables by Reynolds 

number for easier consideration. In addition, this 

method can use in many conditions that is shown 

in Fig. 8. 

According to Fig. 7 and 8 show the positions 

of holes air (La) that make flow rate of air is the 

highest at 2Dj, 1Dj and 3Dj respectively. 

Moreover, the graph seems to be linear because 

ability of both fluids has an effect on ability of 

induction that is shown in Reynolds number’s 

graph. 
 

Table 3  
Flow rate of air from calculation 

 

Liquid flow 
rate (L/min) 

Air flow rate (L/min) 

La=�Dj La=2Dj La=�Dj 
20.1 21.6 23.2 20.1 
18.67 20.1 21.6 18.5 
17.24 18.5 20.1 16.9 
15.81 16.9 18.7 15.5 
 

 
 
 
 
 
 
 
Fig. 7 The relationship between flow rate of 
water and air from calculation 

 

Fig. 8 The relationship between Reynolds 

numbers of water and air in La  from calculation 

�.� Experimental  results 

The experiment tests with the 6 mm. injection 

and mixing chamber diameter 18 mm. (Dc= 3Dj) 

mixing chamber length 36 mm. (Lc=6Dj) diameter 
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of hole air is 12 mm. and the position of hole air 

is 1Dj, 2Dj and 3Dj for finding properly position of 

hole air when flow rate of water is 20.1, 18.67, 
17.24 and 15.81 L/min. The result of experiment 
is shown in Fig. 9. Consequently, it shows 
relationship between flow rate of water and air in 
L/min. 

 

 
Fig. 9 Relationship between air flow rate and 

water flow rate at different La from experiment 
 

 It can be seen from the Fig. 9 that show the 

position of holes air (La) is 2Dj and air flow rate 

which is inducted is the highest flow rate. 
Therefore, it relates with the result of the model in 
Fig.7 and flow rate also drops at the position of 

holes air 1Dj and 3Dj respectively. 
The ratio of air flow rate and water flow rate 

which obtains from experiment at different air 

inlets is compared the result with the result of the 

model in Fig. 10. Moreover, Reynolds number of 

air and water that get from experiment at different 

air inlets is also compared with the model in Fig. 

11. The best way to find diameter of holes air (Da) 

from experiment is specifying size of diameter 

injection (Dj) at 6mm., in addition, diameter and 

mixing chamber length (Dc and Lc) are 18 mm. 

(3Dj) and 36 mm. (6Dj) respectively. 

 
Fig. 10 The comparison between the 

experiment and the model of different holes air 
position in air flow rate and water flow rate 

 

Fig. 11 The comparison between the experiment 

and the model of different holes air position in 

Reynolds number of air and water. 
 

Lastly the position of holes air is 12 mm. 

(2Dj) from the end of injection (Fig. 10).  The flow 

rates are 20.10, 18.67, 17.24 and 15.81 L/min. 

Moreover, this experiment tests a change of 

diameter size of holes air (Da) in 4 times (1Dj, 

1.5Dj, 2Dj and 2.5Dj) that is shown in Fig. 12 

The relationship between flow rate of air and 

water from experiment that is tested by different 

diameters of holes air (Da) 1Dj, 1.5Dj, 2Dj and 

2.5Dj show in relation with independent variables 

and Reynolds number in Fig. 13.  
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Fig. 12 The relationship between flow rate of 

water and air at different densities (Da) 

 

 
Fig. 13 The relationship between Reynolds 

number of water and air at different densities (Da) 
 

Capability of filling in air shows in unit of 

kilogram  per kilowatt hour and it is tested by 

calculating quantity of power that spends on 

system and it is measured by clamp on power 

meter. As a result, the result of filling air is shown 

in the table 4 and the maximum capability of 

filling is 0.36 kg / . The system of filling 

air which uses in industry has ability number of 

filling air about 0.6-3.9 kg / . 

Taking a picture of air bubble for considering 

size of air bubble is essential because size of air 

bubble has influence on ventilating of water. 

Therefore, studying size of air bubble will be 

studied by taking a picture with a camera 

(Cannon EOS 7D) and water flow rate is 20.1, 

18.67, 17.24 and 15.81 L/min. 

For example, size of air bubble at La is 2Dj 

and water flow rate ( ) is 20.1, 18.67, 17.24 

and 15.81 L/min. in figure 14 (A), (B), (C) and (D) 

respectively. 

Table 4  

Water flow rate compares with performance of the 

ejector in air 

Water flow rate 
(L/min) 

Performance of 
the ejector in air 

(kgO2/kW*Hr.) 
20.1 0.36 
18.67 0.31 
17.24 0.25 
15.81 0.19 

 

  
(A) Size of air bubble at  

 = 20.1 L/min     

(B) Size of air bubble at  

 = 18.67 L/min     

  
(C) Size of air bubble at  

 = 17.24 L/min     
(D) Size of air bubble at  

 = ��.�� L/min     
Fig. 14 (A), (B), (C) and (D) Size of air 

bubble at La =2Dj 
 

Size of air bubble from taking a picture by 

a camera (Canon EOS 7D) obtain a lot of size of 

air bubble from different flow rate, air bubble and 

position of hole air. Therefore, size of air bubble 

has similar size about 2-3 mm. 
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5. Conclusions 

In the present work, water flow rate at 20.1, 

18.7, 17.2 and 15.8 L/min give the best mass flow 

rate /input of power electic at 0.36, 0.31, 0.25 

and 0.19 kg /  respectively. Moreover, 

the best of performance of the ejector in air is 

water flow rate at 20.1 L/min. and the best 

dimension ratio of performance of the ejector in 

air is Dc=3Dj, Lc=6Dj, La=2Dj and  Da =2.5Dj. 

Moreover, in the model that creates at water 
flow rate 20.10, 18.67, 17.24 and 15.81 L/min 
give the best mass flow rate /input of power 
electic at water flow rate 20.10 L/min as an 
experiment of the dimension ratio that is also the 
same way. 

The ability of main fluid that uses 

performance of the ejector with unimportant fluid 

affects to flow rate. Consequently, it can be 

determined from graph of Reynolds number which 

can change flow rate to be independent variables 

by adding variables (density of fluid and 

viscosity). From the graph, if the main fluid has 

high density and a lot lower viscosity than 

unimportant fluid, it will cause Reynolds number 

of unimportant fluid to increase. As a result, it will 

increase flow rate too. 

From the picture of air bubble, it shows 

similar size of air bubble in many sizes of 

injection and a lot of flow rate. Moreover, the size 

of air bubble is about 2-3 mm. as a result, it is 

small air bubble that works very well with the 

system of filling air.       
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