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Wettability Effect on the Flow Pattern of Air-water Two-phase Flows in a Vertical Circular Pipe

Yukio TERAUCHI, Manabu 1GUCHI, Hiroaki KOSAKA, Shinichiro Y OKOYA and Shigeta HARA

Synopsis : The flow pattern of air-water two-phase flows in a vertical, circular pipe was experimentally investigated. The wettability of the pipe was

changed by surface treatment. The original acrylic pipe had a contact angle 6, of 77°, while two pipes after the surface treatment had 6, of

36° and 104°, respectively. The flow patterns in the pipes having 8, of 36° and 77° were the same and agreed favourably with previously pub-

lished results for pipes of good wettability (8,<<90°). On the other hand. different types of bubbly and slug flows appeared in the pipe of

6,=104°, being caused by attachment of bubbles and slugs to the wall of the pipe. The bubbly flows for 6, of 104° were classified into two

categories and slug flows for the same contact angle were classified into three categories. The boundary between the bubbly and slug flows,

however, was hardly dependent on the wettability of the pipe.

Key words: gas-liquid two-phase flow: vertical pipe; submerged entry nozzle; flow pattern; wettability; bubbly flow; slug flow.
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1. Acrylic Pipe 6. Air Regulator

2. Water Tank 7. Mass Flow Controller
3. Water Pump 8. Porous Plug

4. Needle Valve 9. Connector

5. Air Compressor

Fig. 1. Experimental apparatus.
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Fig. 2. Schematic of bubbly flow and slug flow in a pipe of
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Fig. 3. Flow patterns in pipes with different contact angles.
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Fig. 4. Observed flow regimes for good wettability pipe
(D=5.0X10"m and 6,=77°).
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Fig. 5. Observed flow regimes for poor wettability pipe
(D=5.0X10">m and 6,=104°).
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Fig. 6. Observed flow regimes for good wettability pipe
(D=10.0X10"*>m and 8,=77°).
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Fig. 7. Observed flow_regimes for poor wettability pipe
(D=10.0X10"*m and 6,=104°).

FVEBRIZE T RS, B R TV HRADERIL, Zhb
DERBOEHE TR > T 5, BAENBENHAEIZOL
Tid, KiaRRE R 7 7 OEHHFENED LOVERAO L
DAL RE-TWS, ZITEY, ThLDHE
EfFo 1810, KiaKs 27 FHROBERIZDONTDREE
19,
3-2 Fam

Fig.10 {2 N{E D=10.0X10">m, WA D EHEEE j,=0.400
m/s, [EDZERE j,=0.013m/s 12 B 1 3 RO FHEN
¥, s k<mehTnB &z, BhiEo LOHEA



M 648

$% & 88 Vol. 85 (1999) No. 9

- — T i
S B
- IS 3 N
1 R i r\
- < 2 A .
0.8f |- | o D
L0 <| .
I I
0.6 . = R -
a?ﬂl _,3{ D Q
@ FoL ’ A
~ = & o
E SR .
& 04r el 0
S e !
o N !
¥ 2
A /
N 0 J
‘aj éi ; = :‘
ke < N !
0.2} {:‘ 2
oole o 0
cE
el 1= L 11 L
0.01 0.03 0.1
Jgm/s)

Mishima et al. -~ Taitel et al.

Fig. 8. Observed flow regimes for good wettability pipe
(D=15.0X10"m and 8,=77°).
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Fig. 9. Observed flow regimes for poor wettability pipe
(D=15.0X10"*m and 6,=104°).
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Fig. 10. Photographs showing bubbly flow and bubbly
flow a (j,=0.400 m/s, J,=0.013m/s, D=10.0X
1073 m).
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Fig. 11. Photographs showing bubbly flow and bubbly
flow b (j,=0.050m/s, j,=0.013m/s, D=10.0X
1073 m).
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Fig. 13. Photographs showing slug flow and slug flow a
(/,=0.050m/s, j,=0.130m/s, D=10.0X10""m).
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Fig. 12. Photographs showing slug flow and slug flow b
(j,=0.400 /s, j,=0.250 m/s, D=10.0X10""m).
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Fig. 14. Photographs showing slug flow and slug flow ¢
(j,=0.400 m/s, j,=0.640 m/s, D=10.0X10">m).
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Fig. 15. Flow regimes for pipes of D=5.0X10"°m and
6.=104°.
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Fig. 16. Flow regimes for pipes of D=10.0X10"°m and
6,=104°.
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Fig. 17. Flow regimes for pipes of D=15.0X10">m and
8,=104°.
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