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Measurement of Three-Dimensional Interfacial Wave Structures in
Nearly-Horizontal Countercurrent Stratified Two-Phase Flow

Sang Chun Lee

Key Words : Interfacial Wave (4= =}), Countercurrent Stratified (8tF 4 %), Needle Contact
ol

Method (8 3
Density Function (&-&

2 %)

b
e T4

Mean Film Thickness(% 7

o} % 7)), Probability

Abstract

Structures of interfacial waves in nearly-horizontal countercurrent stratified air-water flow

have been measured by means of a needle contact methood. Based upon a statistical analysis for

the liquid film distribution, statistical properties of the waves such as mean film thickness, mean

wave amplitude and rms value of the wave fluctuation have been calculated. The results show
that the film distribution can be described by a Gaussian probability density function for the three
-dimensional wave regime. It is also indicated that the mean film thickness and the rms value of

the wave fluctuation increase as gas and liquid flow rates are increased in countercurrent two

-phase flow. The dimensionless intensity of the wave fluctuation may be regarded as a function

of the Froude number and the dimensionless mean film thickness.
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Fig. 3 Interfacial wave pattern map for nearly-hor-
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oot lo R R iy

F
N

- -
o
o ¥
X

o
g
do
2
=
Rul
i
B
g
B
fo,
e
bop

ook
2

2
RO

ol

ol

2

n2

rlo

>)L

- -YL

o

FRACTION OF RELATIVE CONTACT

TIME WITH LIQUID PHASE

Fig. 4

'5':°] < i“ l/‘&v"r%
o

{Res=14001)

1

|

ko $
e W
°

o

u2

(43
>
ol

W
T
—

=)

10— — a2

®
06k \
04t K
02 |

DISTANCE FROM THE

= ol ’&7101 o
E (entrainment) & OL
AReAA 7 A5TFE o Frhe

) J

7 Fig. 4ol =Asiel 9ok
o o)
=23

=

2o e wE
2
>
& ol
o B
I

SO i\ ‘l-\ |
\\'\:33385

Y

o

ol
wlo

£ g

] %L

g 2w A

FZo A
L
=

H
o

,I_
:1ru
o

o Hz ojt mfs aZ X

off w o N to W ook o

64, 2893, 3302, 3708 3944)

A

9‘}:

ol T2

.2y

dr we
N
N
lo
fu

o

o
ju]

peTe)

e
oX
_o'l:
~
>
>

Reg=14001

\ Ref
®: 2364
0:2893

= e

2:9

do rle

BOTTOM (mm)

Typical liquid film distributions for Re;=

14001



603

¢=3708
Reg= 14015

Comparison of experimental data with Gaus-

sian probability density function

8F Re
Fig. 5

HE

i
T

bl Bk, Fig. 5

3L

e

o) )

Gauss

v pEasolth @y

v

Reg=14001

Prediction by Gaussian
Distribution Function

data(Re,

14001) with Gaussian cumulative probability

distribution function

Comparison of experimental

10

w2

S
o\ m
Gl
% 2
=
HERC)

S
o
NS
w0 .
41
® 5% ofF
&) <o
i
of X b
"B
IR
i ow o

i ‘_,..\mo
ol N
B AP <+
CYRu

02

Fig. 6

=]
Ol‘l uﬁL U

So e 33t

ut
=
3

rkl
0

[N

28 32 36 40
Ref x1(53

24
Mean film thicknesses with countercurrent

gas flow

SRR

2 APl %

23

4 7Y 4

(=1
%@Wmm

ceom

T

o~ o~

(ww)Q

T oF A+ T A
ﬂw%i FT T
o N 0 e
= 7= e
].Hw-x_nM_\ c_aﬂumﬂ.mﬁ
W o 17r.__@ Mm
@io_n JlMMl‘Urz
o| 3 ok —
T o T w s
o o RO T W
Mo~y — W e
m_aoﬂ ,wﬂo_u
T ii&d;
‘ur,u'nﬂ 4+ ol
& B % ¥ T
™ ;R =
I S
~,
7ma_ao—.. = P
HEw <y
uT_:T o w
Pk =
Ta¥y Tz ER
TET R N .
BT T F N

Fig. 7

}1/3

s {0r—0g) &sing

st
a
"
=
e
o Myl
s
T Y
N @
=3
o~
[
Qo
X
L
B ol
o
il
< X
k3
oF BR
T RM
om s

Py
T

st o o) 1)

[+

=

gu] 7|4 Reynolds

U7

4] oHul Reynolds<7}

3

R
]

ﬂi el =

L
L

5]

AHE ol

x

=
=

Ay 91 <ol

[=]
#7145 5ol

=

s

o 10%2
H

o__._._

7]

A5 9ol A

'

A
T

oA 7ol A

X

e

it



604 o}
Reynoldss-7} 18,1000] ol & w oietsrle] v}
2 qbrrEel ele Afel vl 10%4 el
AvA ghed, o Azde 2dg-5F719 2
FREAA 22 A, F AU FqellA
THFAZS e A4 Reynoldssroll whet = st

o
Aek o2 5~20%00 ol the A vz

A1 w HxEol: sty FzE e
£ 228 dA59 shtolsh L AFold e
sl 2z 9 2Agols Fig 8ol viehd ek
of aeel4 02 FAH Arye FFALTAE
Gebdeh, ol A fake] 2R AL,
Sapol 2R o she) HAREolr AME AT
Age A ste HAngols FAEe
Aae o & gd o)A

el Fohsh @Al Wz

B e

2
2
do fr o

6b Rep=3904
22

C 1 1
25+ Reg=3708
nre
Re=3302

— .

I i 2

21+ Reg=2893
190 ——o—o6—8-0%

7 It 1 1 1 1

1ol Re=23¢6k

17

0 12 1% 1% 18 2
RegxﬂjB

MINIMUM AND MAXIMUM WAVE HEIGHT{mm)

Fig. 8 Maximum and minimum wave amplitudes

010 Rer
12364

. 2893
1330 2

/A
00 ©3708 v

L w2~
T = %
ol B g8
VE o

QI/{JE——/‘.’.
002¢

0.08r

> rOe

AN ) mm)

L S T A

Regx163

Intensity of wave height fluctuation

Fig. 9

A

I gieh, FEALFA i HAEeld ¥&
0.901 4 0.974% Z{a o dafrake] Frlghe|
wet obaie] HuFelw 1.041014 1.120440]9)
4 vl 714 2l Azl frako]l Fohgtel iz}
Eotalet, uheba] 71A %l ol f3ke] Friatu s}
2

o) HRAFL Fohohe 6 £ A4 E 3%
dsbel A% o2 +10% Welel g e o
Aol dFstelor ¢ AUL HEARFALL 52

SEUEEY
9~1.5%q] AR

r.ﬂ
|4
N
R0
rir
o
4
2
)
<
3
lo
[==]

fr K
A
o
bt
rir
>
)
S
o
fo
i

N N 1 5

M~ - =~

N
o

RO

olo

s

i<l

0l

—
o)

T

2 ook o 2 b o
—
o
g
{
W
[F+]
(=23
X
2
s
|
o
-t

2 o
L)
4
B
2
&
ek
X
o2
.
A
o

[0 Hu
2
of
Jo
off
2
R
fo
[
1),]_r‘
e

o%i a, ofy

r e =

o, —1}' X Ji’ﬁ A,

gh

(sinusoidal wave with small amplitude) & 7}

Aol Bgel gdoe AdE 2

3

R)=7r(0, gsinf, u*

o7l A A Ak
%2 g} (gravity wave) &

g oA edo] of3Fe olF zlo



2A5E R4S 2 4Gl 324 Aty F2SF 605
Table 1 Experimental data for the dimensionless intensity of the height fluctuation
Re, Re; Fr® é* 4(n)/8
2365 6875 3.95 14.43 0.0134
10780 6.17 14.68 0.0154
13980 8.55 14.86 0.0165
15060 9.82 14.99 0.0171
16835 11.78 15.16 0.0212
2895 6880 389 15.83 0.0142
10790 6.17 16.05 0.0173
13395 8.74 16.32 0.0187
15075 9.57 16.44 0.0206
16850 1175 16.54 0.0212
3302 6890 3.92 16.82 0.0197
10800 6.23 17.10 0.0226
14000 8.70 17.24 0.0245
15085 9.61 17.46 0.0250
16865 1148 17.74 0.0264
3710 6895 4.04 18.12 0.0187
10810 6.51 18.31 0.0220
14015 8.79 18.74 0.0236
15095 9.77 18.78 0.0249
16875 11.37 18.86 0.0267
3945 6895 4.05 1891 0.0195
10810 6.52 19.12 0.0220
14020 8.97 19.40 0.0244
15105 10.06 19.64 0.0255
16890 1131 19.84 0.0274
22 FAEAH, ALAH4L Fotod A 10)E A Table 12 ¥ ad7oA 2 FAdnAR=EE
gt oo A derh Fr*sh §*o @42 depd Fele, o o4 ¥
AW) _ .. w8 gsind AdudFes Fregt 6*7 718« 34 F7t
s sme T ) W e 9 deie 9 W av A dzs
of Aelal L&A AdAREE tesEE AE 242 408 ¢ A
223 Froudego| AFAeln Fulsd Hes F
AANHEA S AAFG Fholch, web FAUAm 5.2 &
s &3 22 Pz 1dd,
AU _ gy 50 1) e e tL%/‘a‘%w‘jr%ﬂM gAAEE L ol &3t
5 ’ o Amste) 728 FAE 24 ded 2L AE
o] Aze Falaz}=st Froudesob F3hd o = & 4 Usih
urrAe) e THEAE AE oudhe © o (1) 3x43te) ARpr=E GaussER2 A3
71l A 7] 4F-52 d %2 Froudeso] vii4 =2} g 2 9 o ASEY uape dutiz ol 3
FAYeat o) 2slo} gieh, Awbder §* Aol PlHA gE AL sdsgich
7} Z}°} 19 4 & (smooth) & AHE stxl=z F 2) WFFEol AT o) HFALFAE 71+
A wmatds el el 0ol s AlT Frrel ghel ol uwhet FrpetAlal 3akdsh ool el FobE
7Li6}1 e A%¥E A Aoz Az < 0% Hxol EHstch webd 33slsie] oo
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