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ABSTRACT

In this research, steady-state Mixture and Eulerian-Eulerian method for liquid-gas parallel flow ejector
were examined. The simulation demongrated that the Mixture model simulation represents better and
efficient. The Eulerian-Eulerian model needed longer computational time and had a complexity to
achieve the optimal convergence. However, both methods' performances were shown slightly similar.
The models indicated a difference of about 6% in the flow rate ratio, their pressure diagrams nearly
coincide, and their velocity parameter varies by 7% by comparing to the existing experimental data.
Additionally, the Mixture model results appropriately conformed much better to the experimental data.
So, the Mixture model was chosen for futher parametric sudy. Simulation results indicated that the
flow rate ratio decreases by increasing the throat's cross-sectional area, and the flow rate ratio increases
by increasing the nozzle's cross-sectional area. In this regard, e.g., the flow rate ratio of ejector by
increasing pressure from 70 to 80 kPa, the air inlet increases up to 94%, and by increasing ejector
outlet pressure, the flow rate ratio reduces such that no suction can be observed at 160 kPa.
Consequently,at 150 kPa pressure ratio, the flowrate ratio was reduced by almost 100%.
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1. INTRODUCTION

Nowadays, there are a wide range of engineering
research area, which can not be assessed, only by means
of experiments. Computational Fluid Dynamic (CFD) is
a suitable tool to investigate many engineering
problems, e.g. aerodynamic [1], cavitation [2], hydraulic
[3, 4], energy systems [5, 6], heat transfer [7, 8],
multiphase flow [9-11]. Today, two-phase ejectors are
highly efficient and widely applied in various industries.
Ejectors are categorized into two types of constant-
pressure and constant-area depending on the nozzle exit
position (NXP) of the ejector. If the nozzle exit is
located in the constant-pressure mixing chamber, the
ejector is pressure-constant. On the other hand, if the
nozzle exit is placed in the constant-area, the ejector is
of constant-area type. The ejector with constant pressure
was initially proposed by Keenan et al. [12]. Although
the constant-area ejector can create a higher suction
mass flow rate, the constant-pressure ejector is
considered more appropriate since it provides a greater
backpressure range. The liquid-gas ejector includes a
nozzle, a suction chamber, a throat, and a diffuser. The
shock in ejectors occurs in the constant-area throat.
Through this, the flow velocity instantly decreases;
afterward, a higher mixing rate is achieved as the two-
phase flow passes the diffuser [13]. The mixing flow
behavior in two-phase ejectors is highly complex; thus,
it cannot be simply described through theoretical and
experimental methods [14-16].

CFD is a proper approach, as a research tool, for
investigating a liquid-gas ejector's performance [17].
The ejector nozzle is critically significant due to the
creation of a partial vacuum in the ejector. In a study by
Zhu [18], a nozzle type with a circular geometry was
proposed at the primary nozzle throat section. In cases
that the ejector geometry is constant, changing the
ejector operating conditions will also have a significant
impact on its performance. Moreover, according to Zhu
and Li [19], mixing chamber considerably affects the
ejector performance. The convergence angle was
reported 6° and -8°, as wll as values of 1.45° and -2.4°
were achieved, 28° was acquired in Chong and Liu [20],
and approximately 6° reported by Kouhikamali and
Sharifi [21]. The mentioned differences in obtaining
convergence angles correspond to some other aspects:
type of ejector, working fluid, and operation.

Wang and Li [22] examined the primary nozzle
geometry impression on the ejector performance by
simulating computational fluid dynamics. The process
was carried out by considering various geometries,
including the mixing chamber's convergence angle and
the divergent diffuser, the length of the diffuser's
divergent section, the throat length, and the wall surface
roughness. Among these geometric parameters, it has
been noted that the throat and divergent sections of the

nozzle have a significant impression on the flow rate
ratio. The ejector performance was sorted into three
modes: critical mode, subcritical mode, and back-flow.
In the sub-critical mode, a constant and appropriate flow
rate ratio was observed. The back pressure increases to a
certain amount, critical back pressure will not make an
impression, and the flow rate ratio initiates reduction by
increasing back pressure.

According to the above literature review, this
research has been initially attempted to investigate the
impression of ejector modeling using computational
fluid dynamics and suggested two multiphase flow
modeling, which is Mixture and Eulerian-Eulerian
approches. After examining and comparing with existed
similar studies, the Mixture model was chosen as an
efficient two-phase flow model. Subsequently, the
effects of throat cross-section, nozzle exit, inlet, outlet,
and secondary pressures in the liquid ejector are
investigated and discussed.

2. MODELING

The corresponding liquid-gas ejector includes two inlets
and one outlet. One of the inlets is water with a density
and viscosity of 998.2 (ks, and 0.001003 (kg ,

m.s

respectively. The other inlet is gas (air) with a density
and viscosity of 1.225 [%) and 1.789%4 x 107° (:Tgs],

respectively. The outlet is a Mixture of air and water,
and the utilized ejector is symmetrical about the x-axis.
The liquid-gas test model's geometrical dimensions are
shown in Figure 1, and the ejector's length is 1 meter. In
this study, the two-dimensional axial symmetry is
utilized to model and analyze the ejector's flow.

Two Mixure and  Eulerian-Eulerian-Eulerian
multiphase flow models are considered for identical
operating conditions in the simulation process of the
liquid-gas parallel flow ejector. The simulation is
performed under steady-state conditions, and the flow is
assumed  incompressible, turbulent, and two-
dimensional axally symmetric. The Realizable K-¢
model is applied for the turbulence model (see Figure
2).

In the Appendix, Table A, the governing equations
are displayed. Moreover, independency of the
computational grid is a crucially significant step in the
simulations. In the present study as shown in Figure 3,

Airinlet. 280 mm 225 mm 230 mm
- " e
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Air inlet Nuzzle Throat Diffuser Outlet

Figure 1. Exact geometry and dimensions of the ejector



M.R. Assarietal. / IJE TRANSACTIONS B: Applications Vol. 35, No. 02, (February 2022) 307-318 309

examining the
|Velocity and prassure|
along the ejector

Drawing 2D
Senematic of liquig-
gas paraliel flow
ejector

Sleady-state
incompressible flow
turbulent
two-dimensional
axially symmetric

Analyze the effect of
Waler inlet pressure
Gas inlet pressure
Quilet pressure

K-g model Throat radius

Nozzle exit radius

Mixture or Grid independency |Validation of Pressure
Eulerian-Eulerian methods Eulerian-Eulerian methods Analysis and velocity
Mixture -

|

Grid independency [Validation of Pressure
Analysis and velocity

Figure 2. Flowchart of modelling
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Figure 3. Ejector’s grid

three mesh numbers of 12517, 15066, and 20150 were
compared in both Mixure and Eulerian-Eulerian
methods.

In both methods, no considerable changes were
observed in the results. Therefore, the 20150-mesh
number was considered for higher accuracy and better
convergence.

The simulation results were obtained through a
computer with the configurations of 2.50 GHz CPU and
8 GB of RAM. The solution time using the Eulerian-
Eulerian method is about 4 hours, and it is reduced to
about 3 and a half hours using the Mixture method.
Bxamining grid independency in the simulation process
is highly significant. The ejector's pressure and velocity
for both methods were examined and validated as
shown in Figure 4 and Table 1.

The solution is also reiterated to achieve
convergence. The convergence criterion is where the
gas flow rate from the secondary inlet becomes
constant, and the remainder of each equation comp letely
reaches below 10e-4.

The longer duration of the Eulerian-Eulerian
solution is due to its higher complexity and the higher
number of solved equations in comparison to the
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Figure 4. Mesh independency for Mixture Model, (a)
pressure, (b) velocity

TABLE 1. Mesh analysis

Max. mesherror ~ Max. mesherror

Mesh size Profile 12517 relative to 15066 relative to
mesh 15066 mesh 20150
Mixture Pressure 2% 0.5%
Model Velocity 4% 1.5%
Eulerian- Pressure 2% 1%

Eulerian Model Velocity 3.5% 1%

Mixture method. Consequently, the Eulerian-Eulerian
method requires greater duration than the Mixture
method to obtain the optimal convergence.

In the Mixture method, a second-order discretization
method has been applied for momentum and turbulence
kinetic energy, and the first-order discretization method
has been exploited for volume fraction. Nevertheless, to
acquire a solution of optimal convergence through the
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Eulerian-Eulerian method, the first-degree discretization
method was initially applied for momentum, turbulence
kinetic energy, and volume fraction. After reaching
relative stability in the solution, the method was
changed to a second-order discretization method for
momentumand turbulence kinetic energy. However, the
first-order discretization method was still utilized for
volume fraction. Additionally, the Flow courant number
reduced to 20, and the under-relaxation factor for
volume fraction was reduced to 0.5. Furthermore, the
couple method was used for pressure and velocity
coupling. The longer duration of the Eulerian-Eulerian
solution is due to its higher complexity and the higher
number of solved equations in comparison to the
Mixture method. Consequently, the Eulerian-Eulerian
method requires greater duration than the Mixture
method to obtain the optimal convergence. In the
Mixture method, a second-order discretization method
has been applied for momentum and turbulence kinetic
energy, and the first-order discretization method has
been exploited for volume fraction. Nevertheless, to
acquire a solution of optimal convergence through the
Eulerian-Eulerian method, the first-degree discretization
method was initially applied for momentum, turbulence
kinetic energy, and volume fraction. After reaching
relative stability in the solution, the method was
changed to a second-order discretization method for
momentumand turbulence kinetic energy. However, the
first-order discretization method was still utilized for
volume fraction. Additionally, the Flow courant number
reduced to 20, and the under-relaxation factor for
volume fraction was reduced to 0.5. Furthermore, the
couple method was used for pressure and velocity
coupling.

In Table 2, the geometric parameters and utilized
boundary conditions have been presented, which are a
total of 22 cases. In each related part of the examined
parameter, the corresponding simulation number in the
script is mentioned. The inlet pressure of the ejector for
water and gas (air) and outlet are shown in table, and the
wall boundary conditions have been considered for the
ejector wall.

3. VALIDATION

Simu lation results were compared with the obtained
experimental data and numerical results of similar
studies to evaluate the accuracy of this numerical study.
It must be noted that the suction flow rate is regarded as
one of the most significant parameters in determining
the liquid ejector's performance. Therefore, obtained
numerical results are presented along with the
experimental data of Bhutada and Pangarkar [23], Cai's
[24] and the results of Wang's numerical research [25].
Figure 5 shows comparison of Eulerian-Eulerian

TABLE 2. Geometric parameters and conditions

Water Gas (air) Nozzle
Simulation inlet inlet (?':stsllfrte ::J;)SE exit
conditions  pressure pressure kaa mm radius
(kPa)  (kpa)  (KPa) (Mm)
390
400
1-4 60 140 20 8
410
420
50
60
5-8 400 140 20 8
70
80
130
140
9-12 400 60 150 20 8
160
19
19.5
13-17 400 60 160 20 8
20.5
21
7
7.5
18-22 400 60 160 20 8
8.5
9

Method which indicates a good agreement and similar
trend. Further, the suction flow ratio and the pressure
ratio comparison with reported data in literature [24, 25]
are illustrated in Table 3.
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Figure 5. Comparison of Eulerian-Eulerian Method with

Bhutada and Pangarkar [23]
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TABLE 3. Validation

Flow Pressure Pressure Exp. Pressure

> : - Simulation
rate ratio of ratio, error ratio [25] %
ratio iimulation Exp. [24] % [25]
0.0245 0.287 0.272 5.5 0.286 0.6
0.173 0.275 0.261 5.3 0.281 1.8
0.371 0.270 0.247 8.5 0.276 2
0.494 0.269 0.238 115 0.271 0.7
0.687 0.267 0.224 16.1  0.267 0

As can be observed, the maximum error is 16.1% for
the flow rate ratio. The pressure ratio decreases by
increasing the flow rate ratio. In Equations (1) and (2),
the flow rate ratio and the ejector pressure ratio are
represented, respectively:

Flow rate ratio _ Qs (1)
Qwater
Pressure ratio _ poutlet - pgas(air)inlet (2)

pwaterinlet - pgas(air)inlet

The solution methods of two-phase flow in problem
modeling are shown in Figure 6. It can be observed in
these figures, the velocity and pressure along the ejector
using the Mixture and Eulerian-Eulerian models, as well
as the flow rate ratio. According to Figure 6 the most
considerable difference is identified in the velocity, and
the pressure, which both models nearly similar. The
difference reaches about 7% in the velocity profile.
Moreover, if they are compared based on a similar
output, the flow rate ratio in the Eulerian-Eulerian, and
Mixture models will be 1.3217 and 1.2394, respectively,
under identical operating conditions. In this regard, the
Eulerian-Eulerian model has increased by about 6.23%
compared to the Mixture model. Further, as can be seen
in the velocity and pressure diagrams, the highest
difference has occurred during the velocity reduction
and the pressure increase, around 300 mm.

Moreover, Figure 7 shows the velocity contour for
the Mixture and Eulerian-Eulerian models. The pressure
of water inlet, gas (air) inlet, and outlet are taken 400,
60, and 140 kPa, respectively, as stated in Table 2. As
can be observed in both the velocity diagram and the
ejector velocity contour, the Mixture model's velocity is
lower than the Eulerian-Eulerian model in the constant-
area section of the ejector's end. On the other hand, the
Eulerian-Eulerian model velocity is lower in the throat
section. Due to the proximity of the Mixture model
obtained results and time-saving purposes, the Mixture
model has been used for other parameters examination.

T
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Figure 6. Comparison of a) velocity and b) pressure in

Mixture and Eulerian-Eulerian methods

Velocity

2.571e+01
2.387e+01
2.203e+01

2.020e+01
1.836e+01
1.653e+01
1.4698+01

- 1.285e+01 - . —
91816400 - —
- 7.345400
Mixture model

5.509e+00
3.672e+00
1.636400
0.000e+00
[m s*-1]
25678401
2.383e+01
2.200e+01
2017e+01

L, —
tasroot R g
1.283e+01

1.100e+01

9.16Te+00 Eulerian-Eulerian model

7.333e+00

5 500e+00

3.867e+00

1.833c+00

0.000e+00

Figure 7. Pressure along the ejector for different the solution
method

4. RESULTS AND DISCUSSION

As stated in Figure 8, the water velocity increases after
its entry and passing through the nozzle. This velocity
increase reduces thepressureat thenozzle exit that
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Figure 8. Pressure along the ejector for different the solution
method

creates a partial vacuum, which is detectable in Figure 7
for the pressure contour. This pressure reduction causes
the secondary fluid (air) suction. After the mixing
process in the mixing chamber, the air passes through
the constant-area section with a slight velocity decrease;
afterward, its velocity decreases. Moreover, in the
diffuser, the velocity decreases, and the pressure
slightlyi ncreases.

Inlet air pressure parameter influentially contributes
to the ejector performance. In Figure 9, the inlet air
pressure effect on the water phase distribution along the
symmetry axis has been displayed. As the inlet air
pressure increases, the air momentum amount and its
penetration power through the primary water fluid will
increase. Additionally, it will affect the water and air
phase distribution along the axis. The water volume
fraction will decrease by increasing air inlet pressure
along the axis. Moreover, the water primary layer's
dispersion rate increases while its continuity decreases.
The air presence within the water layer will gradually
increase along the axis as the axial distance increases.
As shown in Figure 9, increasing air inlet pressure from
50 to 60 to 70 and 80 kPa, the volume fraction of water
at the center of the ejector's output decreases by 14.6%,
21.03%, and 15.22%, respectively. The flow enters the
ejector's entry in the form of two flows and
subsequently, the two flows are combined with a part of
the airflow at the end of the water primary nozzle exit,
which causes the air suction. Afterward, they are
passing as a single fluid. The fluid velocity increases by
increasing the inlet air pressure; this will change the
mixing percentage of two fluids of the flow. Thus, the
water volume fraction decreases, and the air volume
fraction increases by increasing the inlet air pressure
along the axis.

In Figure 10, the distribution of water velocity at
different inlet pressures is demonstrated. As pressure
increases, the primary fluid velocity increases; thus,
higher momentum of primary fluid can be observed at
the output. Through the air inlet pressure increase from
50 to 60, 60 to 70, and 70 to 80 kPa, the outlet velocity
will increase by 22.24%, 27.8%, and 14.23%,
respectively.

25

20 -

velocity(m's)

1 1 1 1 1 1
r;-!0.2 0 0.2

Raxiexm)
Figure 9. Air inlet pressure effect on the axial velocity along
with the ejector

Table 4 illustrates through increasing suction
secondary fluid pressure from 50 to 60, 60to 70, and 70
to 80 kPa, the ejector flow rate ratio increases by
42.83%, 9.38%, and 94.9% respectively. Additionally,
by the secondary fluid pressure increase from 50 to 60,
60 to 70, and 70 to 80 kPa, the minimum created
pressure for suction increases by 30.11%, 13.99%, and
14.22%, respectively.

Again from Table 2, simulations of 9 to 12, consider
the output pressure impact on the ejectors inside flow.
Figure 10 depicts the ejector outlet pressure effect on
the water and air phase distribution. The air momentum
amount decreases through the ejector outlet pressure
increase. Thus, its penetration power into the primary
fluid of water also decreases. This reduction affects the
air and water phase distribution along the axis. The
water phase amount will increase by increasing pressure
along the axis. Moreover, the dispersion of the water
primary layer will decrease,and its continuity increases.

1.1

1k e 50 K
0.9
08P
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volume fraction water
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05k N T - o
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Kiaxispm}

Figure 10. Inlet air pressure effect on the water phase
distribution along with the ejector
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TABLE 4. Flow rate ratios in different parameters

Parameter Value Flow rate ratio
390 1.0761
400 1.2394
Water inlet pressure (kPa)
410 1.4831
420 1.6809
50 0.8677
- 60 1.2394
Air inlet pressure (kPa)
70 1.3557
80 2.6423
130 2.1472
. 140 1.2394
Ejector Outlet pressure (kPa)
150 0.6646
155 0
19 1.6952
19.5 1.5534
Throat radius (mm) 20 1.2394
2.5 1.2434
21 0.9067
7 0.7835
7.5 0
Nozzle exit radius (mm) ) 1.2394
8.5 1.7424
9 1.9473

The presence of the air phase inside the water layer will
gradually decrease as axial distance increases.

As can be noticed, the phases' turbulence has
increased at the pressure of 150 kPa, at the ejector's end.
This pressure has reached zero after a further increase of
the outlet pressure of air suction. After this pressure
increase, there would be a back-flow. In other words,
instead of suction, the water exits, and it has been
observed that there is only the water phase at a pressure
of 160 kPa on the symmetry axis. According to Figure
10, through the ejector outlet pressure increase from 130
to 140kPa, from 140 to 150kPa, and from 150 to 160
kPa, the water volume fraction in the ejector output has
increased by 32.65%, 18.63%, and 75.31%,
respectively. As the ejector's outlet pressure increases,
the fluid velocity decreases along the ejector. This
causes the mixing percentage of the two fluids of the
flow to reduce. Therefore, the water volume fraction
increases, and the air volume fraction decreases by
increasing the ejector's outlet pressure.

In Figure 11, the water velocity distribution has
shown at different outlet pressures. As the pressure
increases, the primary fluid velocity decreases. Thus, it
has a lower momentum at the output. As the ejector
output pressure increases from 130 to 140kPa, 140 to
150kPa, and from 150 to 160 kPa, the velocity at the
ejector output is decreased by 26.36%, 23.87%, and

52.79%, respectively. If the discharge pressure increases
and exceeds the breaking point's pressure, a back-flow
will be generated. In other words, the fluid exits the
ejector instead of entering through the secondary inlet.

It can also be seen in Table 4, that by increasing the
ejector outlet pressure, the air inlet amount decreases,
and the primary fluid energy will be more dissipated for
making the secondary fluid entry. Moreover, the air and
water fluids will move with lower velocity. As the
ejector outlet pressure increases from 130 to 140kPa,
140 to 150kPa, and from 150 to 160 kPa, the flow rate
ratio is decreased by 42.27%, 46.37%, and 100%,
respectively, and the symmetry axis pressure increases
through outlet pressure increase. In Figure 12, the water
inlet pressure effect on the air and water phases'
distribution has demonstrated (in Table 2-Simulations 1
to 4). Furthermore, the axal velocity in the air-water
ejector increases as the water inlet pressure increases.
Increasing the inlet pressure causes more pressure drop
at the primary nozzle's end.
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Figure 11. Ejector outlet pressure effect on water phase
distribution along the axis
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Additionally, the nozzle fundamentally increases the
velocity and decreases the pressure. Therefore, it
produces a greater vacuum; consequently, the ejector
sucks a greater amount of fluid. By water inlet pressure
increase, the water phase amount represents a
decreasing trend, while the air phase amount indicates
an increasing trend.

According to Figure 13, water inlet pressure is
increased from 390 to 400kPa, 400 to 410kPa, and from
410 to 420 kPa, causing the water volume fraction at the
ejector's end to decrease by 7.28%, 8.76%, and 6.72%,
respectively. The fluid velocity increases by increasing
the water inlet pressure. This point increases the mixing
percentage of the two fluids of the flow. For this reason,
the water volume fraction decreases, and the air volume
fraction increases by increasing the water inlet pressure.

Now water inlet pressure increases from 390 to
400kPa, 400 to 410kPa, and from 410 to 420 kPa,
causing the flow rate to be increased by 15.17%,
19.66%, and 13.33%, respectively. If the water inlet
pressure increases, the axial velocity will also increase.
In Figure 14, the inlet pressure impact on the velocity
distribution has displayed. As can be noted in this
figure, the axial velocity in the ejector will increase by
increasing the water inlet pressure. This pressure
increase has a more significant impact on the velocity
after passing through the nozzle. Moreover, it increases
the output velocity of the ejector. Additionally, through
a more significant velocity increase, the created vacuum
will increase that will cause the air suction to enhance.
Water inlet pressure increase from 390 to 400, 400 to
410, and from 410 to 420 kPa, causing the velocity at
the ejector output to be increased by 9.38%, 12.8%, and
6.33%, respectively.

Figure 15 presents the throat radius impact on the air
and water phases in the symmetry axis. As shown in this
figure, the flow ratio decreases by increasing the ejector
throat radius. As previously mentioned, the secondary
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Figure 14. Water inlet pressure effect on the velocity along
with the ejector

fluid water is drawn into the ejector due to the working
fluid's vacuum and velocity. Moreover, as the throat
cross-sectional area increases, a lower amount of fluid is
sucked due to pressure increase. The ejector throat
radius increases from 19 to 19.5mm and from 19.5 to
20mm, causing the ejector suction to decrease by 8.36%
and 20.21%, respectively. However, by increasing the
radius from 20 to 20.5 mm, the flow rate ratio increased
by 0.3%. Nevertheless, in the case of radius increase
from 20.5 to 21 mm, the flow rate ratio decreased by
27.07%. Therefore, the throat radius increase will lead
to a volume fraction increase of the water phase in the
ejector and result in the air volume fraction decrease.
The reason for this point is the pressure increase since
by increasing the pressure at the primary nozzle exit, the
amount of air suction amount decreased. As we can be
seen, a critical state is created at 21 mm, causing
inconsistency and oscillation in the air and water
phases. According to Figure 16, the ejector throat rad ius
increases results in the velocity reduction in the ejector
axis. This velocity decrease contributes to the air
suction reduction. The inside behavior of the ejector can
be appropriately observed in the contours of Figure 16.
It can be noted, the momentum penetration impression
on the front layers decreases by increasing the radius.
Moreover, the radius increase causes the partial vacuum
at the primary nozzle exit to be reduced, while that
area's pressure increases.

In Figure 17, the fluid flow vector has been
illustrated. As can be noted, increasing the throat radius
at the outlet section will cause vortices. Created vortices
will generate a resistance barrier, which is one of the
reasons for the suction reduction. Considering that the
air density is significantly lower than water density, the
air momentum has entirely overcome these vortices.
Now considering Table 2 simulations of 18 to 22, the
water volume fraction in the ejector's central axis is
shown in Figure 18.



M.R. Assarietal. / IJE TRANSACTIONS B: Applications Vol. 35, No. 02, (February 2022) 307-318 315

e
[

o
@

o
tn

04

Volume fraction water
[=]
~N
T T T T T T T T T T

Fo¥c) SR RN P PR RPN R R
0.2 0 0.2 0.4 05 08 1 12
X{axis)(m)

Figure 15. Throat radius on the water volume fraction

2ok

velocity (mes)
o
I

10-—

o M 1. 1 | N
Q.2 Q 2.2 04 08
A{mcism}

Figure 16. Throat radius impact on the velocity in the ejector
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Figure 17. Velocity contour in various throat radius

As shown in Figure 19, increasing the radius of the
ejector nozzle exit from 7 to 7.5 mm, from 7.5 to 8 mm,
from 8to 8.5 mm, and from 8.5 to 9 mm, respectively,
leads to the reduction of the flow rate ratio by 100%
(reaches zero), afterward, increases from zero to 1.23;
subsequently increasing by 40%, and 20.49%.
Moreover, as the distance increases, the volume fraction
of water decreases, and the air volume fraction
increases.

@

(b)
Figure 18. Fluid behavior within the ejector at throat radius of
a) 19.5 (mm) b) 20.5 (mm)
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Figure 19. Fluid behavior within the ejector at throat radius of

20.5 (mm)

Figure 20 represents the velocity contour of the
cases mentioned above. The radius increase will result
in the velocity, and the suction rate increases.

It can be seen from Figure 21 that the velocity
increases along with the ejector too. Furthermore,
increasing the radius from 7to 7.5, from 7.5 to 8, from 8
to 8.5, and from 8.5 to 9 mm, leads to enhancement of
the velocity at the outlet by 155.29%, 46.51%, 30.53%,
and 18.7%, respectively. Additionally, the velocity at
the inlet is increased by 14.98%, 15.21%, 15.09%, and
11.46%, respectively. Moreover, by increasing the
nozzle radius, the partial vacuum increases, and the air
suction amount will increase, as well. Therefore, as
discussed in this study, increasing air and water inlet
pressure, the flow rate ratio increases. Moreover, by
increasing ejector outlet pressure, the flow rate ratio
decreases.
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Further, as the nozzle outlet radius and the ejector
throat radius increase, the flow rate ratio increases and
decreases, respectively.

5. CONCLUSION

A mixture model and Euleraian-Euleraian two-phase
simulation were performed for gas-liquid jet study.
Mixture method indicated better, friendlier, and an
efficient rather than Eulerian-Eulerian method by
comparing to experimental and numerical reported
research. Therefore, mixture model was used for
parametric study. Results demonstrated that the flow
rate ratio increases by increasing the air and water inlet
pressure, and by increasing the outlet pressure, the
ejector flow rate ratio decreases. In this liquid ejector,
unlike the steam ejector, the ejector's flow rate has
decreased by increasing the throat's cross-sectional area.
The optimal throat radius is considered 20 mm in this
study, since it led to the highest flow rate ratio.
Additionally, the flow rate increased by increasing the
nozzle exit area's radius. The flow rate ratio was
increased by 94% by increasing the air inlet pressure
from 70 to 80 kPa. Moreover, by increasing the outlet
pressure of the liquid ejector, the flow rate decreased.
No suction was observed at 160kPa pressure; more
specifically, the flow rate was reduced by almost 100%
at a pressure of 150 kPa.

6. APPENDIX
TABLE A. Governing equations of this study
Definition Equations of the Mixture model [25]
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