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Vertical Gas-Liquid Two-Phase Flow
Tae Hee Lee

Department of Chemical Engineering, College of Engineering
Yonsei University, Seoul 120, Korea

Abstract
Vertical gas-liquid two-phase flow was discussed with an intensive review on flow patterns, gas holdups

and various bubble velocities, Particularly so-called flow pattern models were reviewed in relating the average

gas holdup to the average bubble velocity,
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The division between neighboring flow regimes is not
sharply defined, and this has resulted in confusion as
to both the number of flow patterns, and the features

which characterize each one . ...

(1) In bubble flow,
ison with the tube diameter, and the shape of the

the bubbles are small in compar-

individual bubbles is not appreciably influenced by the

presence of the tube walls.

(2) Slug flow is characterized by large bubbles or
‘slugs’ which nearly fill the tube and have a round nose
and flat bottom. The length of the slugs may vary
from less than one tube diameter to hundreds of tube
diameters. The individual slugs maintain their identity
as they move up the tube, and so measurement of the
velocity of slugs is not difficult.

(3) At any instant, semi-annular flow is similar in
appearance to slug flow in that there are alternate
liquid pistons and gas slugs. However, these do not
maintain their identity as they move up the tube. The
liquid filled regions of the tube continually build up
and break down, with much to-and-fro motion. Meas-
urement of the slug velocity is difficult because of the
transient existence of any particular slug, and the gas
slugs no longer have the characteristic round nose

which is a feature of the slug flow.

(4) In annular flow the liquid no longer bridges the
tube, and the fast-moving gas flows up a central core,

surrounded by an annulus of liquid which is dragged
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up the walls of the tube by the air. The interface is
at first very wavy, but the waves do not have sufficient

amplitude to bridge the tube.

(5) The final transition-from annular flow to mist flow
is a gradual process which takes place while more and
more of the water is carried up as droplets by the

increasing air-flow.

Classifications by previous authors have included
sometimes more, and sometimes fewer patterns. There
are conflicting views regarding the transition from
slug flow to annular flow, and the intermediate flow

regime has been variously named as churn, froth,

wave-entrainment, dispersed plug, etc ....
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Fig. 1. Two-phase flow patterns in verfical tubes with

small upflow of liquid. (From Nicklin and Davi-
dson 1®)
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Fig. 2. Gas holdup data of different investigators for

air-water system with Ur=0.
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As the gas flow rate is increased, three distinct
regions of bubble formation are found [141, 206 in the
originall. At very low rates the bubble volume remains
essentially constant for a given orifice diameter, and
hence the frequency of bubble production is proportional
to the gas-flow rate. This type of formation is called
the constant-volume or static bubble. As the gas flow
is increased past a transition region, the bubble
frequency levels off to a constant value and the volume
increases in proportion to the gas-flow rate. This
second type is called the constant-frequency bubble. At
higher rates of flow, breakup and coalescence occur;
these are the conditions of operation of most industrial

equipment. The various regions are qualitatively
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described in ....
Fig. 3% $1e ]

o

Bubbile volume

Static or

volume

ol

ot of increasing
ber volume

Approxima

~=—— CONSE4N. ————sasjwe-— constant

frequency

tely
—]

t

Gas

flow rate ——————cem

Fig. 3. Bubble volume as a function of gas flow rate.
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(a) Small bubbles (<71.5mm). These have a spherical

shape and ascend in a straight line. The ascending
velocity increases with increasing bubble diameter.
(b) Medium-size bubbles (1. 5-—6 mm).
the bubbles are visibly deformed; they ascend with

In this region

a spiral movement. The irregular character of the
movement causes spreading of the data....

{¢) Large bubbles (>6 mm). The bubbles again as-
cend in a straight line but they are largely
deformed and finally they obtain a more or less

Bubble velocity increases

mushroomlike shape.

slightly with increasing diameter.
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D diameter of column, in.
d diameter of bubble, in.
de diameter of orifice, in.
2 surface viscosity coefficient in Eq. (4).
f(&) arbitrary function of e
f1, f. functional relationships defined in Section
6—(2).
g acceleration due to gravity, ft/sec?,
H;  height of liquid, in.
K parameter in Eqs. (3) and (4).
n number.
Nre Reynolds number (= «-Q#Wbcfor gas).
G
— (Ug)? . (Usw)®
Ng, Froude numbe =) , Bm)_f, .
Fr e r ( oD r o, or gas)



R radius of curvature, in.

R, equivalent radius, in.

Ugn average velocity of bubbles, ft/sec.

Ugmo average velocity of bubbles ascending in a
stagnant liquid by buovancy only, ft/sec.

Up, terminal velocity of a bubble, ft/sec.

Uc superficial gas velocity, ft/sec.

U  superficial liquid velocity, ft/sec.

U, settling velocity of particles in a liquid, in/sec.

U, terminal velocity of a particle in a liquid, in/sec.

U,(St) teminal velocity of a drop or a
bubble by Stokes. ft/ses.

U (RH)
Rybcinski-Hadamad, f{t/sec.

U,(B)terminal velocity of a drop or a bubble by

terminal velocity of a drop or a bubble by

Boussinesk, ft‘sec.

U, (L)terminal velocity of a drop or a
bubble by Levich, ft/sec.

U,(L)'terminal velocity by Levich for a large drop or
bubble, ft/sec.

% two-phase volume, ft:.

a numerical coefficient in Eq (6), ft3/ft%

average gas holdup. or concentration of solid

[

particles in solid-liquid mixture.
7 contact angle.
up  viscosity of dispersed phase, 1b,/ft-sec.
He effective viscosity. Ib,/ft-sec.
1, viscosity of liquid, lb,/ft-sec.
pp  density of dispersed phase. lb,/ft"
p;  density of gas, lb,/ft;.
o1 density of liquid, lb,/ft.

o surface tension, dyne/cm.
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