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Dimension Ratio of Inducing Jet for Gas-liquid Mixing
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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
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Department of Mechanical Engingening, Faculty of Engirssring,
King Monghut's Insifuie ol Technology Ladkrabang, Banghok 10550, Thalland

Abstract

By Injecting high velocity water &s the primary fleid through the vertical down-flow ejector, the
pressure around the ejector k8 dropped and entrained the sumownding sir io mix with the liquid. In this
work, effects of dimension ratios of lgued jet sjector to the air sechion rate were Investigated. The
Compatational Fluid Dynamics (CFD) models heve been wsed to obtain the results and validated with
experiments. Dimensions of egector are studied in terms of nozzle dameter (O, diameter (0.} and length
(L) of mixing chamber, sir inlet diameter (D,) and position of air inlet refered o nozzle edge (L) Both
simulation and expermental results show that dimension ratios which give the highest sir suction rate with
every waler flow rates are 0,=30, L =60, L =20, and 0,250, Acconding to these dimension ratlos, the
performance of the ejector in air inducing are 0036, 0031, 0225 and 0.19 kg aln®W-h at water flow rates of

20,10, 18.67, 17.24 and 15.61 Limin, respectively.

Keywords: Ejecior, Alr suction volums, Presswne

1. Introduction

An elector B & device In which a high-
pressure fluld jet = wsed to entrain kw-pressune
fluld. Fig. 1 shows a schematic drawing of typlcal
gjgctor  [1]. Which consists of four  mein
components: one inlet for high-pressure water;
another inlet for alfebrasive; & misng chamber
and & mixing tube. Dus to thedr simple design and
the absence of moving parts, ejectors are very
reliable device having practically no maintenance
cost and relatively low  Installason cost [2)
According to the Bemmoull's painciple, when =
motive fluld |s pumped through the nozzle of a
pgas—liquid epector &t a high velodty, a low
pressure region s created just outside the nozzle.
A second fluld gets enfrained into the ejechor
through this kow pressure reglon. Ejeclors are

belng wwed as a gas—loqud dispersion device for
many purposes for & wery long time in the
chemical Industries since it has high mass
tramafer and mixing rates.

Many CFD works hawe been camed ou
to determine the performance of ejeciors [3, 4, 5,
6] but they are mainly focused on mono-phase
(pas—gas or Bouid—liguid) ejector except the study
of Kandakure et & [T] Some of them assumed
the two-phase flow (water et and &lr) = &
homogensows  fluld, and  hence  non
experimentations  were conductsd  [B, 8]
Moreower, in the literabure, there are a fow
experimental studies dealing with the behawiour of
low-preasure water |et in the tube. For instance,
Millar et al [10].
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Therefore, In the present study, effects of enforced at the walls of the ejector. The solution
dimension ratios of liquid jet ejector to the air was iHerated untll convergence was achleved,
suction rate were investigated. The Computational such that the residual for each equation fell
Fluld Dynamics (CFD) enables the prediction of below 107,

local pressures In the ejectors and experiments A comprehensive model settings summary
the performance of the ejector in air induce reported in Table 1.
Sty S| Table 1
: Summary of the applied numerical settings.
Mode! settings
Time dependance Steady State
e Viscous model Turbulent
[ . Turbulence model Standard k-€ model
Numerical Settings
Pressure 2nd order
Fig. 1 Schematic diagram of a typical ejector.[1] Momentum 2nd order
2 Mcdallig approsch Turbulent kinetic energy 2nd order
Turbulent dissipation rate | 2nd order

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
saction is water. Since the volumetric flow rates
of water through the nazzle 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

Fig. 2 Grid structures and boundary condition of
the ejector CFD model.
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3. Experimental setup

The walidation experiment is cared with an
acrylc codumn of 0.40 m in diameter and 0.9 m In
hesght (Fig 3{A)). The ejector made of Aluminwem
as ahown In Fig. 3(B). The water flow rate was
manually controlled with the help of a calibrated
Rota meter show in Fig. 3C) (Nitlo Instrements
Model Z-500 make with accuracy of 5%). The
velocity of air flowing through the nozzie was
vared over a wide range. The air flow rate was
manually measwre with the Thermo anemomeater
ls ghown in Fig. 3(0) Table 2 shows the vanous
gesmetry parameatens that were Investigated.

!' ¥l |

(A} (E)

Fig. 3. (&) Acrylic columnn, (B) Ejecior,
(C) Rota meter, (D) Anemometer

17.18" Docember 2014, The Empress, Chiang Ml

ASEAN AKD BEYDOMD

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

Parameter Values
Mozzle inlet diameter D (rmm) 12
Mozzle diameter O (rmm) [
Mixing chamber diamater D (mm) 30y, ooy, 504
Mixing chamiber length L, (mm} 30y, 60y, 90y
Alr inlet diameter D, (mm) 10y, 150 20
2.5y
Position of air inlet referred to 10, 20, 30
nozzle edge L, (mm)
liquid velocity indet (Limin) 15.81, 17.24,
18.67, 20,10

4. Results and discusshon

4.1 Numerieal simulation results

The CFD, therefore. enables the prediction of
local pressures I the ejectors, which are
othenstse very difficult to mesasure.

Thus, for example, the ratio of nozzle (O) 1o
mixing chamber = 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 midng chamber
D=30, L =60, Iz the best ratin. Due to the size
Integrity of the core jet and the distibution of the
et without into walls. The CFD resulis show that
the axpedient model |s as shown in Fig 4{A) the
contour of mixture velocity magnitude In high
liquid welocity jet and Fig. 4(B) the contour of
static presswre in the ejectors, for constant liquid
fiow rate of 20,10 Limin.

Comparison of CFD predicted pressure drop
and velocity jet results for constant liguid flow rate
of 2010, 18.67, 17224, 1581 Umin., for the ratio
of nozzle to mixng chamber D=30; L=60).
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(8)
Fig. 4 CFD predicted (A) velocity magnitude
(B) static pressure for D =30, L.=6D,, 20.10L/min.

The results show that the ratio of the nozzle
diameter to the Mixing chamber dlameter 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 D =30, L=6D, 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 reglon Is created
just outside the nozzle, a velocity behind position
0.02 m. from canter the ejector velocity drop.

Therefore, the CFD results (Figs.4-8)
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 20,

79
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Fig. 5 Comparson of CFD predicted Pressure
and lengths of the wall, The ratio of nozzle 1o
mixing chamber D_=3D, L_=6D, at liquit flow rates
of 2010, 1867, 1724 and 1581 LUimin,
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
D=3D, L=6D, at Mquid flow rates of 20.10, 18.67,
17.24 and 15.81 LUmin, respectively.

The pressure around the ejector Is dropped
and entrained the sumrounding alr, flow rate can
be calculated from Bemnoull 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. Alr inlet diameter (D,) ks

20,
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From Bemouwlli’s Equation. (1)

P, v Py

e s s lp -

i Tt L

i ey tag T

-1t 2 _.f_:| (1)
g — Av (2

Second equation st in First equation

g

'IJ.'-' ) .":’..nél- . . .
I___| "‘"lx-r-.: [z, v'].] {3)
Whan the second point s atmosphernic pressura
and dramatcally low flow rate

P B (=% g 1) (4]

' Legr

And D, =12 mm_, A= 0.0000113 m® and z, =z,

Dosim ~ 678 Ji (5)

When
7, rim— Flow rate of air from calculation (min),
Py the lowest pressure from the graph of flow
rate (N mT), F-Density of alr = 1.18 (kgim®)
Flow rate of alr which obtains from calculation
Is shown in teble 3 and flow rate of &r &
calculated from the west pressure of each flow
rate. Therefore, when the position of hole air is
changed (L,) becomes1D,, 20, and 3D, therefora,
It can show relationship with flow rate of water In
Fig. 7 Howewer, this relationship can changed 1o
depend on independent varlables by Reynolds
number for easler consideration. In additon, this
meathod can use In many conditions that s shown

in Fig. &.
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According o Fig. 7 and 8 show the positions
of holes alr [La) that make flow rate of air s the
highest at 20y, 10; =and 30, respeciively.
Maoreover, the graph seems to be linsar because
abllity of both fuids has an effect on abdity of
Induction that is shown in Reynolds number's

graph.
Tabla 3
Flow rate of air from calculation
1 v Air fiow rala [Lirsin}

b [Livein] L1y Ly Lymady
201 LA 32 Al
1847 0.1 R 1854
1734 185 201 165
1581 &9 187 155

L =y Le=ny
s -
e m— :
£

LA CHN N | LI

Fig. ¥ The relationship between flow rate of
waber and air from calculation

Pagmeitk nembe of
=

Py T B TRXE

Fig- & The relationship between Reynolds
numbers of water and air in L, from calculation

4.2 Experimental results

The sxperiment tests with the & mm. injection
and midng chamber diametar 18 mm. (D= 30}
mixing chamber length 36 mm. (L.=60;) diameter
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of hole air iz 12 mm. and the positon of hole alr
s 10y, 204 and 30 for finding propedy position of
hole alr when flow rate of water s 2001, 1B.67,
17.24 and 1581 L'min. The result of experiment
s shown in Fig. 9. Conseguently, i shows
redationship between flow rate of water and air in
Lifrnin.

& LIF

]
g = m, =05
EA § 0155

' L i ’
§s . i

"

3 ’ &

3 [

Fig. & Relationship between sir flow rate and
water flow rate at diffierent L, from experiment

It can be seen from the Fig. 8 that show the
positon of holes air (L) Is 205 and air fiow rate
which B inducted i the highest flow rate.
Therafore, it relates with tha result of the modal in
Fig-7 and flow rate slso drops at the position of
holes air 10} and 30; respectively.

The ratio of air flow rate and water flow rate
which obtsins from experiment st different sir
Irdets k3 comparned the reault with the result of the
madel in Fig. 10. Moreover, Reynolda number of
alr and water that get from experiment at differant
alr inleta i3 also compared with the modal in Fig.
11. The best way 1o find diameter of holes air (0.)
fram esperiment is specifiing size of diameter
Ingection (D) at Gmm., in addition, diameter and
mizing chamber length (D, and L) are 18 mm

(30y) and 36 mm. (505) respectively.

81

TSME-ICoME

ASEAN AKD BEYDMD

[ I

Fig. 10 The comparson betwesn the
expenimant and the model of different holes air
position in alr fiow rate and water flow rate

—— L= X = LTy = 10§
FiLLE F] o L=y ol e Y
30 = |
=l (2
- H
§ - — <]
= 3 . T
- - -
g ? ~
T
3 15K
' -,
3 ' 8 L L
] T
e T¥au L A T L
Enmalrh wUThs D walE

Fig. 11 The comparison betwesn the axperiment
and the madel of different holes air position In
Reynolds number of alr and water.

Lastly the positon of holes air s 12 mm.
(203} from the end of injection (Fig. 10). The flow
rates are 20010, 1867, 17.24 and 1581 Limin.
Morswer, this expenment tests a change of
diameter size of holes alr (O,) in 4 times (10
1.50y, 20y and 2.50%) that Is shown in Fig. 12

The redationship between flow rate of air and
waler from experiment that = tested by different
diameiers of holes air (D.) 10 1.50; 20y and
2.50; 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 aifferent densities (D,)

g2 33 L= T | * Daliy 0 )]
LU
o By n.:
~ ae -
N wa s e
| o . .
Lt
3 - w00
» 0 e
T >0 .
L
)
Yo o AN (& i taw bt

Beynoich rambee of vty

Fig. 13 The relationship between Reynolds
number of water and air at different densities (D,)

Capabiity of filing 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
filing Is 0.36 kgoylk, ... hr. The system of filing
alr which uses In Industry has abllity number of
filling air about 0.6-3.9 kgo k. Ar.

Taking a picture of air bubble for considering
size of ar bubble is essential because size of air
bubble has Influence on ventllating of water.
Therefore, studying size of air bubble wil be
studled by taking a picture with a camera
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(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 L, Is 20,
and water flow rate (@) Is 20.1, 1867, 17.24
and 15.81 Limin. In figure 14 (A), (8). (C) and (D)
respectively.

Table 4
Water flow rate compares with performance of the
ejector in air

0.36
0.31
0.25
0.19

() Size of i butbe at D) Siza of sk bustia &
@\ = 17.24 Unnin @, = 12.81 Limin
Fig 14 (A), (B), (C) and (D) Size of air
bubble at L, =20,

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. Concluslons
In the present work, water flow rate at 201,
18.F. 17.2 and 15.8 Limin give the best mass flow
rate - finput of power electic at 0.38, 0.31, 025
and 018 kgoyk . Fr respectively. Moreover,
the best of performance of the ejector in air is
water flow rate at 301 Limin. and the beat
dimensdon ratio of performance of the ejector in

alr Is O=30y, =60y, L,=20; and O, =2.50;
Moreover, in the model that creates at waier
flow rate 2010, 1867, 1724 and 1581 Limin
ghve the best mass flow rate O-finput of power
glectic at water flow rate 20010 Limin &s an
experment of the dimension ratio that = also the

SAME Way.
The ablity of main fed that wses

performance of the ejecior with unimportant fluld
gffects to flow rate. Consequently, it can be
determined from graph of Reynodds nember which
can change fiow rate to be independent variables
by edding wvardables (density of fluid and
viscosity). From the graph, If the main fieid has
high density and & lof lower viscosity than
urimportant fuid, it will cause Reynolds numiber
of unimpontant fluld 1o incresse. As & result, it will
increase flow rate foo.

From the picture of alr bubble, it shows
simillar size of air bubble In many sizes of
Irgection and & lot of fiow rate. Moreowver, the size
of air bubble s about 2-3 mm. a5 a result, it s
small alr bubble that works wery well with the

syatem of filling air.
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