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Counter-Current Flow Limit of a Vertical Two Phase(Water/Air) Flow
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Abstract

A set of experiments of Counter-Current Flow Limit(CCFL or Flooding) was performed to
improve the drawbacks of Wallis’ Correlation which neglects the effects of channel size, channel
length, injection method and the boundary conditions at the inlet of liquid and gas phase. In these
experiments using water and air, the followings were found ; (i) The effects of channel size and
length were quite significant. In large tubes(D >20mm), the flooding front occured at the bottom
of the channel and when the gas flow increased the front moved upward ; however, in. small
tubes(D < 20mm), there were no upward movement of flooding front and the flooding just occured
at the liquid inlet. (ii) The effect of water inlet device was not as significant as that of channel
length though the inlet boundary conditions could affect the flow development and flooding
afterward. (iii) Once the flooding front reached the inlet of water injection device, an newly
reduced flow condition was set up and resulted in another flooding corresponding to the new

condition.
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Cd  :$%4H 4 (discharge coefficient) JIWNIL) 2 F A 2274 E(non
d et We Qe e W A (any diameter dimensional superficial velocity of water)

within annular liquid film) AP (PCH) : &\ ¢ <t # zi(channel pressure
D : %o 7 (tube diameter) difference : N/m?)
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gel, Ao Adgrst Frbsd AdHE F
7bstn ol2g AMkgHe FrE Qs HAlHel
gh(wave) 7} A=z, FE AA A% &
AL fursiA "o £3) AAek ZlAle AR
(counter-current flow) o] #$ ol#l & 49 £x
7b ofw A& zo] =93t 7 Al (interface) o
g7t g8 gty e =3 F713HA "ot o)
2A slu #2(flow channel) 7} =37 sz o
o)A AukgEel AR & A Heh F oA
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CCFLE A oj&i7tal o= Akl Eokel A gl
Agsn ded 53 UAY dHLe GAHA FH
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W :mass flow rate

u:phase velocity

P : pressure in channel

T :total shear stress in conwrol volume
T, : shear stress at interfac

T, : wall shear swess of only water

D: geometric tube diameter

d: any diameter within apnuar water film
& liguid film thickness

Fig. 1 Vertical annular flow flooding model
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(1) Round - edged tube.

(2) Sharp - edged tube.

Fig. 2 Tube Geometries(Wallis, 1969)

EELS
JEP w1 r=C (14)
() Y] FAH2ct ¥ Z @, F Grashof
F(N)7F & o
m=1 for round-edged tubes.(Fig. 2)

0.88<C<1
C=0.725 for sharp-edged tubes.(Fig. 2)

Hae CE B F97 Jdle) FFL e,
(i) F&ol o] wigd FAY 4 g
o, & Grashof 4(N;)7} A& w)
[ m=5,6N"*
C=0.725
o]s}zke] Wallis flooding 4#4]& FF AA|
27 AdE z2odslA Pdstn Y B oy
g Be) 2], e Ao] 59 EdE A9 A
2 9tk

for round-edge tubes.(Fig.2)
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AYEE dE ¢ Yok ol AYAL 44 AF
3 o8¢ ¥¥HE EH et ed A
4el 49449 =9e Fig 33 2o,

L

31 o Fol7 RHE
F AgRe] & FF7] 9 B2 F A
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1nd water { storage water
tank
] * 2nd water
manometric gage storage tank

T g water inlet device

wr

[“&— air inlet device

P pressure gage

DP differential pressure gage
T thermometer
TC thermocouple

Fig. 3 A schematic diagram of experimental appara-
tus
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Table 1 Various tube-length used in experiments
Diameter Length(mm) Inlet-type | Symbol
1300, 1000, 850, 550, 450, 350 Plate Pl 80.*
80 (mm) 550, 450, 350 Obtuse | Obu.80, *
550, 450, 350 Acutic | Acu. 80, *
550, 450, 350 Dentic | Den. 80, *
1300, 1000, 850, 550, 450, 350 Plate PL. 60.*
60 (mm) 550, 450, 350 Obtuse | Obu. 60, *
550, 450, 350 Acutic Acu. 60, *
1300, 1000, 850, 550, 450, 350 Plate PL. 50, *
50 (mm) 550, 450, 350 Obtuse | Obu. 50, *
550, 450, 350 Acutic [ Acu. 50.*
550, 450, 350 Dentic | Den. 50, *
1300, 1000, 850, 550, 450, 350 Plate PL. 40.*
40 (mm) 550, 450, 350 Obtuse | Obu. 40, *
550, 450, 350 Acutic | Acu. 40, *
550, 450, 350 Dentic | Den. 40, *
AR $E A e vt dHgaE Bl A3 e] o},
Z A9¥z $Qsel Wrlz b Hek olEd AWy YT g Al BE ALFELA
$3A4E A9AAY 545 Sl Tl 2 WAL LotruA YR @ ¥ o (sharpe
A, 2A&8A, 28 §E2A5E 2 A edged type) & A A7 A, Fig. 500149 3te] o
o B3 F7 7z A3 FFo ¢ i HE 7z, 57t obg, EURcfe g AYE Abuie] ¢+
% 3 (pitot tube) & AR-EE B F HA S
o 3 5kl ok,

3.3 T AHE

AgEE WEE AR ART 4 Y=E £y
olz AL AHgsigien, e Al Z7 80
mm, §0mm, 50mm, 40mme] 7-$-o] widte] 1300
mm, 1600mm, 850mm, 550mm, 450mm, 350mm 2.
Aol & ZortHA AuFEPA A4S BARE 4
Y=E AAsdch g F APRE 23 AR
gast gteEga Aol & dAA 3o} (Fig. 3, Table
. 2x A& g3 W EoF<+ ¥l Fig 4
s} 7ol AjAsigiet,

=g el ol AbgERAN A, gt
H 2E 2AY 4 U=E YL 2% A=A
2 ¥EE 100mm, 37 FYEEe 4 gz
Be sommEeld o] AAFPow =l
(manometer) o] AL§-% Aok o] W73, Aelw
Btol] wha} ZAe] st sl E, ARESS

I 5.08cm | 25cm | 60 cm

45cm

130cm |

Fig. 4 Water injection device type
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Obtuse type

Fig. 5 Various geometric configuration of the water
inlet
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o HAY FFo) A FrPoE AU,
%*fﬂ, 7]—’-‘—«1 Aol e Aubi-gdAe WwA
AXell A AFolt o7t glene ¥ A
Ae F25 BF3HA 3719 FEE Aoz
F7HIAXN AubrEdAle 2 A Ho] 42 3t
o ¥y H} 2 ellA ;}*E/‘] 719 FFE 2L
A" &9 w3l A FFPoE Fogch
-2 ohg o2 Table 18 3to]
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A, S R
Aztel e} Ao} Wbl HY AUFEUA Y

o Tl AYSFEA A ol 40|

5% BAL AHAckE Bk 2R Bo| BE
AE AUFE QAT TAHoE BYHDE A
LA Fol7 Aol H% 4YL FUeh

5.1 BZF AgToMel MUFESA AY

FE AP AulSEiAe ag Ao
WallisE v &3 7|89 AYAEe] oaja] waa
A ES Eldln, B A9 Exo o A,
Aol aglzm FUF ol B EE wlmaly)
A #n 52 AMEEY) 8 P AlglRol
2g F238 Wre] 50mm, Zo)r} 1300mme)l T
off A g3l ek (Fig.4).
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Fig. 8 Pressure drop in the channel vs. air nondimen-
sional superficial velocity
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Fig. 9 Water flow rate vs. air flow rate in a tube
with attached plate(D:5cm)

Table 2 Experimental data analysis on the standard tube

Nondimensional Nondimensional Caculation
superficial superficial value Error
veldcity of water veldcity of air (NJG)
jL‘l jK‘ jg'cal
0, 26612 0, 48525 0. 46574 -0.01
0.29753 0. 47562 0. 47813 -0. 003
0.32252 0., 46192 0. 46413 -0, 002
0. 34184 0. 44984 0. 45330 -0. 003
0. 35826 Q0. 44476 0. 44409 0. 001
0. 37337 0, 43582 0. 43563 0, 0002
0. 38794 0. 43052 0. 43746 0.003
0, 40265 0. 41992 0. 41921 0. 001
0. 41416 0. 41687 0. 41276 0. 004
0. 42496 0. 40867 0, 40671 0. 002
0. 43487 0. 40524 0. 40116 0, 004
0. 44379 0. 39867 0. 39616 0,003
e FAFFReE PUHFUAE dods 2 o4 WAL UYL AL A AP 2
£ R4S 284 Q) ATl W B71sh o §33 WA G ghol A
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530 B st RelA wAdld 320} F
Z}itel e 2L ot 92 Sesle dA4e 33
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Fig. 10 The nondimensionalized superficial velocity
of the air vs. water on the various length of
attached plate-tube (D:80mm)
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27 &xo g e FAY Zur] 4x9
Wallisd 2h-8- (8, m)o] H£L£F}E 44 Udch
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m< Table 3(a) s} R},

W7del 60mmel Beo Auto] g Fd
AgA e Fig 113 o] veldre}, neluz &
Aol Hag ZAF #L Wallise] Zzst #
w3 Round edgedd e ¥ ct= Sharp edged3 &l
9 A9 AAFTE 4 4 9ok

(3) Table 3(b), (c), (= A4 Aet¥o FHeE
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Table 3(a) Compare m with ¢ on attached plate type-tube according to various length

iameter
80 60 50 40
{mm)
Length
(o4 m C C m C m
{mm)
1300 0, 8045 0.5701 0.6878 0.775 0. 4264 0, 3648
1000 0. 7682 0. 4564 0, 6322 0, 547 0. 849 0.6177 0. 3636 0.225
850 0.7716 0, 4288 0, 6118 0, 4678 0, 7708 0, 4354 0.352 0.1891
550 0. 7177 0,3116 0. 5592 0. 4137 0. 7498 0. 3835 0. 3381 0.1478
450 0. 6743 0.2104 0. 5909 0.39%4 0. 434 0, 3141 0. 3098 0.091
350 0.674 0. 2052 0.5103 0. 3383 0. 4216 0. 2675 0. 3083 0. 0916

Table 3 (b) Compare m with ¢ on attached dentic type-tube according to various length

iameter
80 60 50 40
{mm)
Length
¢ m c c m c m
{mm) _
550 0. 8639 0. 7573 0.6325 0.7124 0. 4479 0. 3092 0.33 0.119
450 0. 7296 0. 341 0.5313 0. 3297 0.4315 0. 2692 0. 3199 0.1031
350 0. 6881 0. 2516 0, 5355 0. 3499 0. 4281 0. 253 0. 3227 0.1105
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Table 3 (¢) Compare m with ¢ on attached obtuse type-tube according to various length

tameter 80 60 50 40
(mm)
Length
(mm) C m C m [ m C m
550 0.791 | 0.4277 | 0.4988 | 0.2018 | 0.4602 | 0.3559 | 0.2057 | 0.1364
450 0.7573 | 0.4545 | 0.502 | 0.3207 | 0.4529 | 0.3476 | 0.310¢ | 0.0838
350 0.6587 | 0.1705 | 0.433 | 0.0551 | 0.441° | 0,314 | 0.3244 | 0.1399

Table 3(d) Compare m with ¢ on attached acutic type-tube according to various length

iameter
80 60 50 40
{mm)
Length
(&4 m c m [ m C m
(mm)

550 0, 7541 0. 3455 0. 4552 0,0144 0. 4933 0. 4077 0. 3075 0. 0939

450 0. 7394 0,37 0. 4532 0.0123 0. 4853 0, 4387 0. 3076 0. 0801
Agel Cot mel ez JElY Hejdl, orAx
Hag 5323 A3 o] FUle) o Fa] AR

] &2 HEE(m) 2 F2 Hoj7} FaFel =t
A4, aela e Akt Yejol ok
9] §%& Fig 129} Fo] Rt et
3o Pele £ Aol Hd Fo4HAH 4
Wf-53AI 7 S A gn, ZHlE e Alg
o, & AA FYTFolA VYRR AFdE A
A 9} 3t et

(4) Fig. 132 €9 Fx44¢ A¥J £2(;YE
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Fig. 11 Compare experiment data with Wallis's Fig. 12 Water flow pattern on the various water inlet
correlation (D : 6cm) type
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Tabel 4 (a) Values of ¢ as a function of tube
length and diameter for the attached

Table 4 (¢) Values of ¢ as a function of tube
length and diameter fot the attached
dentic-inlet

plate-inlet
Length 1300 | 1000 | 850 | 550 | 450 | 350
(mm) .
Dia
C C [ C C C
{(mm)

80 10.728310, 8449{0. 8040(0. 7498!0. 7109{ 0. 669
60 0. 76580, 7373| 0. 673(0. 5122(0, 5652
50 0. 679910, 590910, 632210, 52520, 4341
40 0. 4244]0. 375610, 3529{0. 36220, 3777/0. 2907

Table 4 (b) Valuse of ¢ as a function of tube
length and diameter for the attached
obtuse-inlet

Length
(mm)
Dia 550 450 350
(mm)
80 0. 8214 0.7296 0. 6953
60 0. 6654 0,513 0, 5541
50 0. 4387 0.5188 0. 4671
40 0, 3273 0. 5029 0.4316

Table 4(d) Values of ¢ as a function of tube
length and diameter fot ehd attached
acutic-inlet

Length Yeng‘th
N 450 350 AN\ 450 350
Dia Dia
{mm) (mm)
80 0. 7817 0. 7506 0. 6692 80 0. 7541 0. 6997 0. 7105
60 0. 4945 0. 5432 0. 5308 60 0. 7593 0. 6207 0. 6392
50 0. 5058 0. 4639 0. 4341 50 0. 5201 0, 481 0. 5086
40 0. 2909 0. 3029 0. 4336 40 0. 4908 0. 4638 0.4126
F3} FAlol B 7xH S o8 = che - e e . n
ANEESASL BRHAS, 222 SB)AE B o. 0 04 P70
< Frch AR BenE 5284 AT 0 039 6,° °0° °008°0°OOd
HE G4 AEE FEUAC ThRE 300 0 "% 07 %]
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Fig. 16 CCFL phenomena by changing tube-diameter
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