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ALNET

Two-phase pressure drop and liquid hold-
up were measured in a acrylic tube of 76.2 mm
diameter and 1000 mm height using 6.75 mm
glass spheres as packing. The gas rates were
varied from 0.12 to 0.76 kg/m .s and liquid
rates were varied from 4.225 to 32.15 kg/m
to realise gas-continuous trickle flou, pulse
flow and dispersed bubble flow. The two-phase
pressure drop in gas-continuous flow agreed
satisfactorily with the earlier theoretical
models. The pressure drops in pulse flow and
dispersed bubble flow were predicted by modi-
fying the earlier models. The liquid holdup
data agreed well with earlier correlations.
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LilrrtionuciTon

Pressure drop and liquid holdup are the
important hydrodynamic parameters from the
point of system design and operation of gas-—
liquid downflow paclked columns. Extensive
literature reviews are available on this
topic (satterfield, 1975, Gianetto et al,
1978, Hofmann, 1978). Depending on the extent
of interaction between the phases, the flow
regimes- are classified as poor interaction
regime (gas-continuous flow) and high inter-
action regime (Spray flow, pulse flow and
dispersed bubble flow). Owing to the comple-
xity of two-phase flow in paclked beds, dnly a
few attempts were made to predict pressure
drop and liquid holdup through simplified
theoretical models. The objective of this
work is to look into the usefulness of the
theoretical models proposed earlier with the
help of additional experimental data and to
improve the existing models if necessary.
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Gas-Continuous Flow

The interaction betucen the flowing
phases in gas-continuous flow is geomelric
in the sense that the flowing phascs affect
cach other to the extent of reduction of
cross-scctional area for the flow of cach
phase. Specchia and Raldi (1977) proposed
a model that the pressure drop for a gas
and liquid system in paclhed bed is only a
function of gas velocity and liquid holdup
for a particular pachking as given by Eq.(1).
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The constants K] and I' were estimated for
each packing by measuring single phase press-—
ure drop on wet packing. Rao et al (1983)
derived a yeometric interaction model by a
simple momentum balance for each of the phases
to give the following equation :

oL and %G are the wetting parameters and were
taken unity in gas-continuous flow. Rac and
Drinkenburg (1285) modified the gas phase part
of the eq.(2) by substituting single phase
pressure drop of gas on wet packing. The modi-
fied geometric interaction model is given by

o 3
B = Scw// (1-8g) =% & .. (3)

cq.(3): Comparison of kgs.(2) and (3) with
experimental values showed an improvement with
modified geometric interaction model (Rao and
Drinkenburg, 1985).Sweeney (1967) developed a
set of equations similar to Eg.(2) based on a
different approach. The various geometric
interaction meodels as given by Egs.(1),(2) and
(3) are found to be inadequate in high inter—
action regime because of friction at the
interface, bubble formation, internal mixing
and droplet formation.

Pulse Flow

The pulse flow regime is characterized
by low density and high density parts of gas
and liguid mixtures.The flow mechanism in low
density part is similar to gas-continuous flow.
Rao and Drin‘tenburg (19385) estimated the pro-
ssure drop in the pulse (high density part) as
being contributed by i) pressure drop due to
bubble dispersion,£ Py, ii) pressure drop duc
to acceleration of liquid in the pulse, . 1P,
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iii) pressure drop due to liquid mixing in the
pulsed Py, iv) pressure drop due to geometric
interaction in the pulse,ﬁ-PL.

The pressure drop due to liquid mixing
per unit height is given by

S16,m = Py APy we ()
A Py is the pressure drop due to liquid mixing
in the pulse and is given by

-+ (5)

Ny is the total number of encounters of a
liquid element ( B/v).

3 4 4,
ABy = M Hpag 7 QZVP E (Bp*ﬁb)4

The pressure drop due to acceleration of
the liquid in the pulse is given by

2 2
aPy= 31 € Bp(vip= Vp) =318 By, (v~ Vp)

and = Fay

8y a = PwdBy
Rao and Drinlienburg (1985), in their bubble
dispersion model assumed that the size of the
spherical bubble is cqual to packing size,
uhich may be approximately true when the poro-
sity of the packing is of the order of 0.5.
llhen the porosity of the packing is very much
less than 0.5, then the bubble diameter may be
approximately talen as

d. =
B 2 d, ..(8)

Cbing Eq.(8), their equation is suitably modi-
fied to estimate the bubble dispersion press-
ure drop as,

aPg= 6Hp o (2dp/3d)~1)/d dg (1-Vp/vg) - (9)
The pressure drop due to bubble dispersion per
unit height is then given by

8 = ng APy 1. (10)

LG,B B

np is the number of encounters of a gas bubble
with the pulses which is given by

ng = (fP/VP) (1—'VP/VG)

Dispersed Eubble Elow

.. (11)

In this flow regime, the total pressure
drop is due to geometric interaction and dis-
persion of gas. The bubble dispersion model as
represented by Fig.l assumes that when a sphe-
rical bubble of size dg encounters a layer of
packing, it elongates to a cylindrical bubble
of length £ and diameter dy, which is equal to
the hydraulic diameter of Qhe packing.
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The difference in surface energy for a bubble
in these two states is considered to be dissi-
pated as heat during each cyecle of surface
enlargement and reduction process.
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This process is repeated whenever the gas
bubble encounters a layer of packing. The
nunber of particle encounters of gas bubble is
given by H/dp where H is packing height. Hence
from the total surface energy dissipated as
heat the pressure drop due to bubble disper-
sion per unit height can be calculated to give

8

LG,BT 6

o (2dp/3d),-1)/d dp .. (12)

EXPERIMENTAL

A schematic diagram of the experimental
set-up is given in Fig.2. It consists of a
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Fig.2 Experimental set-up

rerspex column of 76.2 mm internal diameter
with a packing height of 1000 mm. Air and

vater were distributed at the top of the column
through a distributor consisting of two sets

of copper tubes arranged alternately on a squ-
are pitch covering the entire cross-section of
the pacled colunnluio solenoid valves provided
at the top and bottom of the column facilitated
the simultaneous shut-off of liguid for the
measurement of dynamic liquid holdup. The gas
was saturated by bubbling through water before
it was allowed to enter the column. Glass
beads of 6.75 mm diameter were used as packing.
The porosity of the bed was 0.362. The static
holdup ﬁs was found to be 0.064. Air rate was
varied from 0.12 to 0.76 kg/m2.s and liquid
rate was varied from 4.225 to 32.15 kg/m2.s to
realize gas—continuous trickle flow, pulse flow
and dispersed bubble flow. The pressure drops
on dry and wet packing were measured at differ-
ent gas velocities. Dynamic liquid holdup was
measured by draining out the liquid for about
20 minutes which was trapped in the column
using solenoid valves. Correction for the lig-
uid present in the sections outside ‘the packed
section was made by conducting experiments with
and without packed section.Pressure drops were
measured using CCl /mercury manometers.

RESULTS AND DISCUSSION

Single Phase Pressure Drop

The presssure drops measured at lower
liguid rates when extrapolated to zero liquid
rates at desired gas rates corresponded reason-—
ably well with the measured pressure drops at
zero liquid rate.

The measured values at zero liquid
rate were then taken as the wet packing pre-
ssure drops of gas.The single phase pressure
drops of gas on dry packing (ﬂs= 0) and on wet
paclking were fitted to Ergun-type equation as
given by Eg.(1). The values of the constants
K] and K, were then evaluated by linear least
squares method. On dry pacliing (ﬁ5= 0) Ky and
K5 were found to be 300 and 2.18 respectively
and on wet packing they were found to be 310
and 2.63 respectively. An estimate of the sin-
gle phase pressure drop on wet packing was



made from dry packing pressure drop data by

geometric interaction model as given by Eg.(2).

with *G = 1 and B replaced by Bg. The calcula-
ted values are consistantly lower than the
experimental values but agreed within 20%
error limit.

Two=Phaz2 Prossure Drop

Experimental two-phase pressure drop
data measured for 6.75 mm glass spheres is
presented in Fig.3 that the variation of pre-
ssure drop with gas rate shows functional
dependency in different flow regimes. The two-
phase pressure drop 981G in gas—continuous flow
was calculated using modified geometric inter-
action model as given by Eq.(3) and are prese-
nted in Fig.4 along with experimental values.
The calculated and experimental values agreed
within 25% error limit.dyg values on gas-con-
tinuous flow were also estimated by Speechia
and Baldi (1977) equation using the estimated
constants Kj and K, on wet packing for 6.75 mm
spheres. Though the calculated values are
consistantly higher than the experimental
values, most of the values lie within 25% err-
or limits. From these analysis, either modi-
fied geometric interaction model or Speechia
and Baldi (1977) model will be able to predict
the two phase pressure drop satisfactorily in
gas-continuous flow.
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Fig.3 Experimental two ,phase pressure
drop versus mass flow rate of
gas and liquid
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phase pressure hold-up versus mass
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Fig.6 Experimental total liquid hold up
with the values predicted by Rao
et al (1983) correlation

324

Rao

The two-phase pressure drop in dispersed
buble flow was calculated by adding the press-—
ure drop contribution due to geometric inter-
action of the phases EEq. (3)}and the pressure
drop contribution by bubble dispersion @n.(lzﬂ.
The calculated and experimental values are com-
pared in Fig.4. The agreement between the cal-
culated and experimental values is better at
lower levels of liguid rates. At higher levels
of liquid rates, the difference between experi-
mental and calculated values became larger
especialy at higher gas rates. The pressure
drop contribution due to bubble dispersion var-—
ies from 45 to 70% depending on the gas and
liguid rates.

An estimate of the pressure drop in
pulse flow was made using various pulse prop-
erties. Pulse frequency was measured by count-
ing the pulses for a longer duration of time.
The ligid holdups inside the pulse and outside
the pulse were calculated by the correlations
as proposed by Blok and Drinlienburg (1982).

A typical average pulse height of 5 cm and
pulse velocity of 1 m/s (Blok and Drinlienburg,
1982 and Rao and Drinkenburg, 1983) were assu-
med. The pressure drop in pulse flow was calcu-
lated by adding the pressure drop contributions
due to geometric interaction in gas-continuous
part and pulsing part, pressure drop contri-
butions due to bubble dispersion, mixing and
accleration of liquid in the pulsing part.

The pressurc drop due to the calculated values
and are compared with the experimental values
in Fig.4. As can be seen from the figure,
almost all values lie within + 25% error

limits.

Liruid holde

Fig.(5) presents the dynamic liquid hold
up data measured in gas-continuous flow, pulse
flow and dispersed bubble flow at different
gas and liquid rates. The experimental liquid
holdup data agreed with the values calculated
by the correlations proposed by Speechia and
Baldi (1977) for poor interaction regime and
for high interaction regime within 20% error
limit. Total liquid holdup data in all the flow
regimes agreed well with the values calculated
by Rao et al (1983) correlation with a relative
root mean square deviation of about 12% (Fig.G).

llomenclature :

ag = gpecific surface area,m

dp = bubble diameter,m

dp = particle diameter,m

de = effective particle diameter,m
dy = hydraulic diameter,m

fp = pulse frequency, s

G = gas mass flow rate,kg/mz.s

I8 = height,m

Ky ,Kp = constants

X. = length,m

2
liquid mass flow rate,lig/m .s

;}’ = pressure drop, U/

u = superficial velocity,m/s
v = real velocity, m/s

vp = pulse velocity, m/s

wetting parameter

@ =

B = liquid holdup, fraction of void
volume

5 5

= pressure drop, [I/m
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4 = viscosity, Nsﬂnz

g = surface tension, N/m
€ = bed porosity

§ = density, kg/m3

Subscripts

L = acceleration
B = bubble
b = base (gas-continuous part)
d = dynamic
G = gas
L = liquid
LG = liquid-gas (Two-phase)
1M = mixing
= pulse

s = static
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