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The Effects of Wettability on the Flow Pattern and Rising Gas Velocity of Gas-Liquid Two-phase Flow in Vertical Pipe

Keisuke FUKusHI and Manabu IGUCHI

Synopsis : In the steelmaking processes the wall material is chosen to be poorly wetted by molten steel to prevent contamination of the molten steel. In-
formation on gas—liquid two-phase flows in a poorly wetted pipe however is very limited. In this water model study the flow pattern, the ris-
ing velocities of slugs and bubbles, and liquid flow near the outlet of the pipe were experimentally investigated. The shape and size of bub-
bles and slugs were affected by the wettability, but the boundary between the slug flow and bubbly flow regimes was not sensitive to the wet-
tability. The rising velocities of bubbles and slugs became higher in the poorly wetted pipe than in the wetted pipe for a low water flow rate.
At the outlet of the poorly wetted pipe, periodic generation of small bubbles was observed. The liquid flow near the outlet was measured with
particle image velocimetry (PIV). The poorly wetted pipe promoted the horizontal spread of the liquid flow issuing from it.
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Fig. 1. Experimental apparatus.

SER 16512 A 13 B2 Ek 1741 H 28 H3ZH (Received on Dec. 13, 2004; Accepted on Jan. 28, 2005)
% bl KoE KR T HE%EF (Graduate School of Engineering, Hokkaido University, North 13 West 8 Kita-ku Sapporo 060-8628)

29

465 I



I 466

Sk 4R Tetsu-to-Hagané Vol 91 (2005) No. 5

L7z, ZHICk-T, BRI ERK-2EXR2 _MFELRE
X7,

(3) 72URIA TOT¥H»S0TmE TOH 4B
EXBEARZL, A& EOEHBFD03m %= BRI S
LT, KUOE#HE2TFVINLA ALV, A -
FTAARXTTHRE Lz, £72, " AV —=FEFA A A5
12K - &ML 7= Eifg % T, X7 (Bubble) % 7 4
(Slug) D EFAREH KD 7z, kE, REBRTIZIHRENREIC
HHU, BhEREEL0 T mEHM LA, 7, EX 1mb
FoEZ, 2TV KO T FZREBAKFEBMT EOIZE
HPAEL L30T, BHRIIARHARETH LR ZHE & R
ICPEERESIZ03mE L,

(4) BhMEEZELEE5720I2, D=10, 1.5cmD 7
VNI T, Ty BREAKBIEEM L2, ThIZ,
LEMLEVEDEED, 2FC258040FNY THEEL
Tof, &k, 7 v {REKENIT 2 V54 TOR A
5 ATV —TIREAR, KM, EREIT 5 LT, H—
B U7z, RFPAMBICTREL -2 A, 79 £KRH
KAz &ML 2EORDIE X id kB K7 80~100um & 7% >
T3, LadosT, WIEHL0, 1.5cm&E V- 2B AD
AL, RO IIHELERITI RV ERETIENT
X5, BMERO/A TE200HHL %D/ TOE
WEIZE AR O h W Z L 2B AmIc DWW THERL,
RERRZ S B BN L AL 7=,

fiTg ML AVEAEORWEIZIZD=1.0, 1.5, 19cm
DED &Mz, EXMREQ,13 1.00~80.0cmYs, K&
0,4310.0~100cm’/s DFFHNTHIE L 7=, $RAEHEST 3
PRICIZZERE j,, j, A 7z, BEEE L3RR, 0, %
EOWHETRL DT, ENIZET 2HEDO R, FD
HEERT, ZOEHEE FOR(1), (2NIRT,

J,=4Q,/(mD?)
J.=40./ FED?) < ovve e (2)

FiRA25°C, KimA20°CHDT, ZROBKAE v, it
15.6mm?Ys, KOBKE v 12 1.00mm¥s & %3, KOEE
P, 13998kg/m’, ERDEKL p X 1.18kgm* TH 5. HFEhit
EANRD & IZHff 6 TAHEiT 52 L A TE 3, Fig 2
IRT K DIZ6.290°D & X IZiHENMEATE N, 9.<90°D &
FRFENMEAROCEE#RT S, FhABEOL 2T, K%

FUL D EROREIZIIZELAPFE LR T 55, 7=,

TR ROEZRARBFELR TS &, EEATEL
D55, MEBRHLEVEREORWE, 7 ERE
KAlAZBA L 72 EDOKRBEOBEMA IZZNRZhT77°,
1420 %5 o7, ZOWTARA 142003, BIOEEROTHWATE
NEOBNEROBEMA 104 12N TIEHIZAZL -
TW3,

BE, KEBRIEZEO/NS ZMAEEHO TS 2D PEE
BB & A L BRI 2k - 72 IRAE TE Al 4

30

Droplet

4.<90°
Good wettability

Droplet

Gas

o Solid e
6.290°
Poor wettability

Fig. 2. Definition of contact angle.
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Fig. 3. Bubbly flow (D=1.0cm).
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Fig. 4. Slug flow (D=1.0cm).
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Fig. 5. Boundary between bubbly flow and slug flow
regimes.
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Fig. 6. Flow near the outlet (j,, j,=5.66 cm/s).
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Fig. 7. Rising gas velocity in the pipe.
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Fig. 9. Rising gas velocity near the outlet.
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Fig. 10. Distribution of bubble diameter.
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Fig. 11. Frequency of bubble formation at the outlet.
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