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ABSTRACT

In a liguid-gas ejector the momentum of
the liquid jet is utilised for intense
mixing end dispersion of a gas in the
ligquid. The one dimensional homogeneous
flow model proposed by earlier workers
for the prediction of pressure distribution
in the ejector was found to be valid only
at low gas~liguid wvolume ratios. Since
industriel gas-liquid transfer operstions
use much higher values of flow ratios, a
non-homogeneous flow model taking into
consideration the slip between the phases
has been developed and tested against
experimental data.

INTRODUCTION

Efficient dispersion of geses in liquids is
of considerable importance in many
engineering operations. In recent years
increased interest is being shown in
ejectors and other co=-current devices for
gas=liquid contacting because of advantages
like low capital cost, simplicity of
operation, low pressure drop and high
capacity without flooding. In these systems
the kinetic energy of a high veloecity
liquid jet is used to achieve fine
dispersion end intense mixing between the
phases, Zlokarnik (1980) reported an oxygen
absorption efficiency as high as 3.8 kg/kwh
in ejectors as compared to 0.8 kg/kwh in a
propeller mixer. The higher energy
efficiency of ejectors has been explained
by Schugerl (1982) on the basis of the high
fraction of microturbulence created.

Cunningham (1974) presented a one=
dimensional homogeneous flow model for
liquid=-gas ejectors, This model assumes
that the momentum transfer between gas and
liquid is completed in the throat and s
homogeneous mixture exits from the throat.
The present work was undertaken to test
the validity of the model at high
volumetric gas flow ratee and to propose a
suitable momentum transfer model wvalid
under all ranges of gas flow rate.

ONE DIMENSIONAL HOMOGENEOUS FLOW MODEL

The momentum transfer equations developed
by Cunninghem (1974) cen be summarised as :
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Divergent Diffuser :
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The experimental pressure distribution data
from an ejector was analysed by using the
above equations to obtain the loss
efficients Kth and K 10 The variation of
these loss coe§ficien%s with the flow ratie
are shown in Fig 1 and 2 respectively.
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Fig 1 :

If these loss coefficlients calculeted from
experimental data where true frictional
coefficients K h and Kdi s one would expect
them to be easgn§ially cogstant. Cunningham
(1974) found for a horizontal ejector such
constant value over a small range of flow
ratios between 0,5 and 1, He found that at
higher flow ratios the K values showed
an increase, reached a mexXimum and then
decreased. The coefficient Kdi remained
constant over the same intervaf, after
which it showed a minimum, In the present
case with a vertical ejector the
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Fig 2 : Variation of loss coefficient K i
calculated from homogeneous flow
model with flow ratio.
Kd values sharply decreased at low values,
re&ained constant over a very small

interval end then incressed to reach a
maximum., This beghaviour of the frictiocnal
coefficient ie perhaps because of the
invalidity of the model over the total
range of flow ratios,

REGIMES OF OPERATION OF A VERTICAL EJECTOR

By en enalysis of the available momentum
transfer rate in an ejector and the rate
required to reach no slip condition,
Redhakrishnan (1979) identified the
following regimes in the operation of a
vertical ejector. (see Fig 1

0<¢o<¢h,

At low flow ratios the ejector is flooded
and the momentum of the liguid jet is
mostly expended as impact loeses. At%: 0,
no useful work is done and the loss
coefficient corresponde to that in a sudden
expansion from nozzle area to throat area.
Vith increesing secondary flow more and more
useful work is obtained with consequent
reduction in the frictional loss,

2, "h'( ¢,< ‘h; : In this renge the momentum
transfer is completed in the throat and =a
homogeneous mixture leaves the throat, This
is the range of validity of the homogeneous
flow model.

1.

(]

Fe ¢g<¢°< 4’c : In this range the aveilable
rate of momentum transfer is less than the
required rate and hence therc is slip
between the phases at the throat exit. The
deficiency in the rete reaches a maximum
at ¢° = (R

1
4, ¢o>¢k t The rate deficiency progressively
decreases til1l@Q, = -1 when gas and liquid
enter the throat at the came velocity. Hence
the system is again homogeneous,
Redhekrishnan (1979) has presented the
following values for the critical flow
ratios based on experiments covering nozzle
area ratios 7=58, and flow ratios 0=9,

¢, =o0.5 (3)
¢, = (a,-1)/16 (4)
b’ = (a,-1)/8 (5)

The agreement between the experimental
values of @, and ‘Pé s with those calculated
from equation (4) and (5) is shown in Fig 3.

The assumption of no slip implicit in the
homogeneous model is valid only over a
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Fig 3 ¢+ Comparison between experimental

and predicted values of the
critical flow ratios,

nerrow range of flow ratios between ¢

and . When we apply the homogenous godel
underconditions in which the momentum
transfer is not complete in the throat, we
are in effect attributing the non
transferred energy to frictional losses in
the throat. This causes the abnormal
increase in the calculated values of Kt

and corresponding decrease in K&if as sﬁgwn
Fig 1 and 2,

ONE DIMENSIONAL NON-HOMOGENOUS FLOW MODEL

The momentum balance equation for the
mixing throat (Fig 4.b) may be expressed as,
my (V3 0=V ) =ma( Vo=V, ) +(2 -2, ) 4,-Ca-F,

=0 (6)
Referring to Fig 4.b liquid and gas streams
enter the throat at velocities V 0 and V2
respectively. Momentum is transférred frog
liquid to gas, Since homogeneity is not
reached the streams leave at velocities V
v2t respectively, where,

V1o >Y1£7 V54
and V0K Vo K V3y

Aesuming a linear velocity distribution
we get from TFig 4.d
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The mixture is homogeneous under two
conditions, the first being at ¢ _=¢
and the second when the two streBms efiter
the throat at the same velocity, that is

= A_=1. Therefore, V = V__., when
$2 = 'P§ or 'po = A1, F&:‘:’-ther?tat ¢° = ¢;
the slip is maximum and V cen be assumed
to be equal to V1 as e first approximation.
To eatisfy these Eimiting conditions, as
well as the experimental date, the following
functional form was chosen to relate Vit
with V3t and V’1o

V1t = VS'h +(‘J’10-V3t) x
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The body force Fg may be approximated by,

F_ = Pjtnt.g.at (11)
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Substituting equations 8,10 and 11 in

equation 6 we get
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where K = K + K

th the thm (13)
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It may be observed that the non homogeneous
throat equation 12 has been brought to the
same format as the homogeneous model
equation 1. However, the loss coefficient

K in the later accounts only for the
£¥8&tional loss. In equation 12 the
coefficient K containe the frictional
loss and a te%& K ;s to account for
unaccomplished moﬁentum transfer.
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Fig 4 ¢+ Schematic diagrams related to

anelytical model.

By a similar energy balance analysis
(Pig 4.c) the nonhomogeneous flow model

equation for the diffuser may be derived as,
By=P,+P ¢ 1n fa = By 30} [(1+¢ )2(1-x,)
d "t "ofo AR 22 t di
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where Eqs = Egym * Fase (18)
tgy -8
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EXPERIMENTAL

The model waes tested by extensive
experimentation with a vertical ejector.
Radhakrishnan and Mitra (1984) h=as
presented the details of the experimental
apparatus, Fourteen different nozzles in
the range of area ratios 7 to 58 were used,
Experiments were conducted with water as
the motive fluid and air as the secondary
fluid, Flow ratios upto 9 were employed.

MODEL VALIDATION AND CORRELATION

The loss coefficient K in the flooded

tht
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regime, ¢°<¢>hwas correlated with the area
retio and the flow ratio by the equation
(Fig 5)l

K = 0.311 (MAR)4.389XP(-2-7%)

the (18)

Equation 12 and 15 together with the
definitions of Kt and Kd' given by
equations 14 and ?? respec%Tvely and the
correlations for the critical flow ratios
given by eguations 3 to 5 define the
non-homogenous flow model, To test the
validity of the model the suction pressure
P end discharge pressure P, predicted by
tle model are compared with®their
experimental values in Figures 6(a) and (b)
respectively.
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Fig 5 ¢ Correlation for loss coefficient

in flooded regime.

CONCLUSIONS

The assumption of no slip at the throat
exit ie not wvalid at high flow ratios.
Formulation of the momentum transfer
equations without this assumption leads to
the non homogenous flow model. This model
together with the correlations presented
can predict the pressure distribution in
the vertical ejector over a wide range of
flow ratios.

HNOMENCLATIRE

a.d divergent diffuser area ratio, At/Ad
Ad, A't: cross=gectional area at sections

d and t respectively (Figure 1a), m2
AR Area ratio, At/An
Aw parellel throat wall area, m2
b ratio (At-An)/An
Fg gravitational force, N
g acceleration due to gravity, m/52

2

H jet velocity head, vfo/z, N/m
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Fig 6 : Model-Experiment Comparison

a) Suction Pressure
b) Discharge Pressure

Kdi net diffuser coefficient

Kdif frictionel diffuser loss coefficient

Kdim diffuser coefficient due to
incomplete momentum transfer

Kth net throat coefficient

Kthf frictional throat loss coefficient

Kthm coefficient due te incomplete

momentum transfer in throat.
Iﬁ'Lt length of divergent diffuser and

mixing throat respectively, m
m1,m2 mass flow rate of water and air

respectively, kg/s

P sP_s
o - Py
Pd pressure at o,t,d respectively, N/m
Q volumetric flow rate, m3/3
v lineer velocity, m/s
A height above datum, m
GREEK SYMBOLS
¢ volumetric air-water flow ratio
4E departure flow ratio
¢' flow ratio at which non-homogeniety
(A

is maximum

flow ratio at which flooding is
removed

‘P density, kg/m2
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7 air-water density ratio
T frictional wall shear stress, N/m?
SUBSCRIPTS
1,2,3 water, air and homogeneous
mixture respectively
o, t,d position, Ref., Figure 4a
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