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1. Introduction

Butterworth has suggested t h a t an equation of the form

is useful i n expressing the results of a large of corre la t ions of

holdup in two-phase gas- liquid flow. and have

shown theore t ica l ly t h a t the of equation is j u s t i f i e d f o r the cases

of the idea l s t r a t i f i e d and flow where the flow o f the phases

are e i t h e r both turbulent or both However, the analysis showed t h a t

the values of the indices A, q and r varied depending on the value of

and the flow pattern.

to holdup but s p e c i f i c corre la t ions can obtained to cover a

range of conditions.

is i n agreement with the findings of

Thus there no general corre la t ion which can be expected

data plus the r e s u l t s of o the r have es tabl i shed

the usefulness of two holdup re l a t ions the

equation' and the and Spedding . equation

w r i t t e n as

while the and

+ - + -
G

is .
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Equation can writ ten of flow ra te s and thus

f o r a system a t constant and pressure of ten to
I

I

Figure 1gives a p l o t of the data i n the Suggested by equations

[2] and . It t ranspi res t h a t a l l plug and s lug flow data, with

obeyed transformed re l a t ion of equation qu i t e

independently of the system or the temperature and pressure involved.

Annular flow data w e r e t o generally follow a re la t ion of the

form suggested by equation w i t h some addit ional var ia t ion due to pipe

wed w i t h advantage for any pa r t i cu l a r system the var ia t ions of holdup

only affec ted the value of the constant H. The

A rela t ion was developed similar t o equation would be

and

actual re la t ion f o r annular flow in the form of equation proved be

i n general agreement with the equation

a l b e i t higher i n value. The theore t ica l predict ions of and

did not the of being

up with the occurance of disturbance waves on the in ter face .

2. Theoretical Development

S t r a t i f i e d flow data'" exhibited a large scatter when p lo t t ed i n the

form suggested by equation because the. da ta seemed to be strongly

dependent on the nature of the flow t h a t the phases laminar

or turbulent nature. However, the problem has solu t ion by using an

ideal i sed s t r a t i f i e d flow

Figure 2 ou t l i nes the of s t r a t i f i e d flaw the

l iqu id passes along the base of the pipe such t h a t the in ter face

io. I f the system is in equilibrium a force balance taken

for the gar, and the l iqu id phases y i e ld the following equations.
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By of and into equation



substitution o f equation to into

can be of of f l o w in the

Turbulent Gam and Liquid Flow

0.046 a 0.2,

both liquid flowing



can be observed t h a t P may divided i n t o a number of d i s t i n c t ranges

each with a par t i cu la r approximate re la t ionship , details of

presented in Table 1.

to of the

of these values of P i n t o Equation

o r by rearranging i n and equation

given i n Table 2.

Tabulated

Gas and Liquid Flow .
t h i s case 16.0 and n 1.0 Equation reduces

to

Using a s imi l a r to the case o f turbulent f l o w

is solved i n and is p lo t t ed Figure 4.

three ranges i n t h i s case and t h e i r re la t ionships are given in

Table 3.

re la t ionship of the type presented in equation or by

equation [l].

subst i tu t ion of these values of u into equation y ie lds a

Tabulated values of given Table 2.

Gas and Laminar Liquid

is represented by taking the following for

n and equation

0.046 .
16.0

n 0.2

1.0



yie ld ing

and rearranging giver

0.2

0.008715

+ S R + QL
$1'

For equation to be of p r a c t i c a l use, the in

on be solved i n of

where to make M o f pipe size. Equation

Equation is solved i n of and p lo t t ed in

and l i n e curve f i t t i n g yields:

the A i given Table 4.

to equation

Subst i tu t ion of equation



the o f and Table

and Turbulent

is by tho of

and in equation

0.046

1.0

0.2

and rearranging

I



(32) to

1

of in Table 7.

TABLE I

Relationship between P and the holdup ratio.

- .

2.5 x .

a 2.1 x

x

x

8.0 10' .

--
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of Constants
. equation

0.69 0.05 0.69 1.02 0.31

0.875 0.70 0.105 0.73 1.143 0.70 0.31 0.08

0.763 0.112 0.72 1.31 0.32 0.08

0.175 0.77 0.09 0.107 0.77 1.48 0.77 0.34 0.09

0.78 0.5 0.1 0.059 0.90 0.9 0 .1

0.93 0.52 0.1 0.047 0.93 1.09 0.93

0.68 0.45 0.239 0.45 1.46 0.45 0 0.45

0.51 0.50 0.50 0.50 0.262 0.50 1.95 0.30 0.50

0.55 0.57 0.57 0.57 0.185 0.53 1.83 0.57 0 0.57

1.0 0.9 0.5 0.1 0.046 1.0 0.9 0.1

1.0 0.5 0.5 0.5 0.134 0.50 1.0 0.5. 0 0.5

1 1 0

1 . 1 0.67' 0

1 0.72 0.4 0.08

0.64 0.36 0.07

1 0.89

1 0.13

1 0 .

.

1.0 1.0

0.111 1.0

0.086 0.72

0.417

0.233 1.0

0.325 0.74

0.80

Holdup Data and

.
4

2.5~10'

-
2. 2.

1.3 8.3

0.2

0.2 3.0

3.0 10'

.

1 1 0 0

1 1 0.33 0

i

i

3.37 0.64 0.07

0.13

1

. ... ,, ., . . .. .....
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3. of Stratified Flow to Data

A of covering the four possible .

of flow in flow available for the of

gas-liquid interface.

when surface disturbances a feature.

equations had been derived with of a

It would interesting to see how the equations apply

.
Since the for the equations for stratified flow were

those used by Taitel and their derivation of the

equations for the type of it

expected that the holdup predicted for stratified flow this se t of

equations agree with those of the and

on X calculated, the predicted

- X line by as 7 and

data of and liquid

the four predicted by

against and between

plotted the

In 9 data of

It has been shown EO far tha t the by equations

this exactly with the of the

of X by and Next,

this work w i t h the

plotting



predicted against the

on the f l aw characteristics of the and liquid phases whether it

or turbulent.

included.

10, 12 and 13

Data of and in have also been

Data of and deviate in a fashion to obtained

i n work.

predicted values a m higher than the

by the of faster waves a t the interface a large

of the liquid a t a higher speed as discussed

by and In the 11

the than the and the it not clear.

Them am very few data the and

data of and plotted i n 13 showed

w i t h indicating that i n this

that the mal situation closely that used in

of the equationr.

the plotted i n 10 the

is believed to

It therefore that the set of holdup equations for stratified

this are valid despite the of

interface.

prediction derived by and the

data within reason.

It agreed excellently w i t h the type o f holdup

The application of the holdup equations work to

drop prediction not here because

in stratified ham already been adequately by using

type of

The general holdup correlation been

to bo valid from and The plug

'slug data of a of has to the

a can
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which a special form of the re la t ion . This equation does

show some variat ion w i t h the of system.

S t r a t i f i e d flow data predicted using a set of equation

derived from idea l i sed flow model.

to give agreement with the type x

re la t ionship f o r flow by T a i t e l and

resu l t i ng equations

A of some void frac t ion for

gas- liquid flow.

Int. Flow,

3. and Spedding, P.L.

Holdup two phase flaw. - Experimental Results.

(1977)

4. C.W. and M.M.

horizontal pipe l i n e flow of

Can.

6.

phase flow in rough tubes.

paper

7, Harrison,

Methods f o r the analysis of geothermal two phase flaw.

of



resistance during the of a two phase in

horizontal pipes.

16-23

Trans. 828

Proposed corre la t ion of data isothermal phase,

i n pipes.

T a i t e l , Y. and A.E. .
A t heo re t i ca l approach to correlat ion

for S t r a t i f i e d flow.

Int. Plow, 591-595

B e r g e l i n , Q.P. and C.

gas- liquid flow. I Flow horizontal tubes.

Heat Transfer and Fluid Inst . , 1949.

Estimation o f steady- state steam f rac t ion by of the

pr inc ip le of minimum entropy production.

Heat Transfer. Trans 1964)

The separate-cylinder of phase f low.

College.
School of Engineering,

Thorn,
.

Prediction of pressure drop boiling

of water.

H e a t and Mass 709-724
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of liquid fract ion flow

liquid

of Series,

T. and

Studies of l i q u i d fila f l o w and

flaw

B u l l .

A

.

b

a

C

factor given in equation

phase

of

factor by equation

- defined by equation given in Table

defined by w i t h

defined by equation w i t h Table

i n i t i a l function given in equation

factor by equation

factor by equation

factor defined by

in

in

0.016 for

L



K

- factor defined by

- Armand's factor given i n equation to 0.83

defined by equation

r,n exponent 1.0 for flow,

0.2 for turbulent flaw

defined by

M

also function defined by

factor i n equation

rate

factor i n equation

average holdup 

factor in equation

length of w a l l or in w i t h thr

shown i n Figure 2.

0 f ac to r in equation

t rue average velocity
defined by equation

superficial veloci ty

axial dis tance along L

f ract ion .

a phase

interface

root
of t he presoure drop ratio of phase flow to. -

. s ing le phase .gam flow.

.
f r i c t i o n a l component

L

W

l i qu id

w a l l

!
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tor plug annular f low

, and

of Ideal strat i f ied

.

.
3 . ._.

P and from equations and which

a n for turbulrnt gas and l lquld flow.

I-
- . ..- - - - .

4

U from

fo r and liquid



.
for gas l lquld flow.

between and fma equations and

for laminar gas turbulent l lquid flat.

. . . . .

o f the

o f and for turbulent llquld
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of llquld

I

llquld that for
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