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Effects of Liquid Flow on Gas-Liquid Mass Transfer

Takehiko KuMaGAI and Manabu IGUCHI

Synopsis : As a fundamental study on the dissolution process of gas into molten metal, a model experiment was done to reveal the effects of liquid flow

velocity and turbulence intensity near a gas—liquid interface on the mass transfer coefficient from gas phase. To obtain the mass transfer coef-

ficient, the dissolution rate of CO, gas into water was measured by using a lance under several flow conditions of different flow velocities and

different turbulence intensities. On the basis of the present experimental results, an empirical correlation for the mass transfer coefficient was

proposed as a function of the turbulence intensity in addition to the usually used Reynolds number and Schmidt number. Another correlation

for the mass transfer coefficient under stagnant conditions was proposed as a function of the diffusion coefficient of CO, gas into water.

Key words: mass transfer coefficient; gas—liquid interface; Sherwood number; turbulence intensity; Reynolds number.
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Fig. 1. Experimental apparatus.
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RABRNEDOHEEIZLIDTBRIFEFHEGRAE LB RV
W, BEEYTA AN A7 THRELEREL LICLT, #E
FORMMBAETGL 72, FoN-REEIES Y AFOmEM
DI2f5# WA B Z &idhh -7,

SBATEE RN ES 25720, MIEICHIL, 2L g
R, b EICKEEAEER S,  ALDONEIL
4mm, FE40mm T, FLEEE T 20FR0E—KT 3 &
S FERHPYICEE L 72, KEEZ 10.1X10°m¥s & L7z,
KOBIE IR FOUAE 2~ 2 2 54T, KIEES—E L &
BHEEE L7, A LDL:—/N— 70— 5O TIZ3T 7
BT KRECTHIE L, $KkE Y TR E v 2 IR IR
Lo T03, REFROMAMEHREIZNISX107 M’ TH
%, ZO@ng (EEMEE) OFFM% Fig. 2-alimd, &K
FEERTIZZOMIZ, Fig 2-bITR T & 512, AKPEREA X
fly7e & & 5 FE OKVPERER) #17-7-, 51, Fig
ISR T IS ICHhDOELh e 2 &b s B 52012, 7
ZNDFEHDH 40mmDNLEIZ A v ¥ 2 #10D A2 ) — ¥
(&) #EHE (X200 - VHERHEE) LML T
5, TRTOPAIZONWT, /XL - FEEPEEE % 25k X
5T ENTES,

2.2 ERFZE
2-2-1 fFFkgH

FERRNCAKER 2 AR & B gt (LR, fFik4
LALY) THEEREIT o7, BAICMIAKERZL, CO,H
IRENBENOMEE FAIZ A2 L5 BRE L 7-%, #E
EiTo 7z, MESICHREL 2T v ANEBO RS & CO, H X
TEMRL 728, TOPoEKPICIEL TEBREBMGL 2.
7V ANBORBAT A HIZER LA, Y)Y Inb
CO, /1 A & s ICHAG U, REIEE 7~ 2 P e
U7ze 72, ZOMRRIEL 74 2O BRI KIERTE X D
AHEIC K DHIEA A CTHEMRE L U, ArErsfile 217 -
TR FER AL T L=,

222 MEHRLM

WP K & AR S B VAR IR A 1T - 72, TBMERD
BEAESEFIERFEEERCTH 5, BEMER, KFHER,
22 = VERIZKBRNIBIZEWNT, SBRRE 7 XL

MOPEREL, o K OROSmMEA KL IZELESE, 20
BE% D CO, H AAMREALSR L=, £72, HLEAEE -
TRBFNEERMIZGCART 2 7-2DICHEREL L /0L
ZR(Re)®, BN X (T)DFHMiI %, REEE BB
5%, ZIT, 7V AMDILIZRET, KEFHRDF-H
HWEa, GBS uEdL —%—F v 75 —H#H(LDV)T
WELZ, &k, SlhMmX ik Tth5z26h35,

TU [l vvrerrrroreananreeanent e (1)

rms

TZT, ) 3KDEFSEE u DELAK 5 u’ O H T
BOFHHEE (rmsfill) , @i 3uDERESMTH 5, BH,
VA VL ZIBOERIH TR S, HAIZEE O E,
IZpH X — & % iR U CIA R CO, IR DAL AR L 7=
FERATO pHAEIL 6.14, EERHRDEIZ6.11 TH ), —~IEHM
L 72 CO, AR COMERE) B4 RIT T 2 L3
LAEBEWEEIONS,

3. BREBLIUEE

3.1 BIEZH%

A ZF T3.6ks 2720 CO, H 2 DVEMRHEE: & 17\,
Z D 0.6ks T &AM REAZMNE L 72, &R % Fig. 3125
T, MPORBKIZT Vv 2OBOHBEEL TS, 20
70y MW THREENS, BLATRERBNC BT & 0 KRR
i 4 8 L CIAMR L 72 CO, # ZDE R 4K, WHEBER
WE LU TRL 7=, WERGAGTE 5 O W IS 12 @Ol
(03ksiZF VT 1.5X1072g-s™ ' m )& /RT A, 0.6ks LA
IR OE(0.83X1072 g s m ) TREH MY A KHEIZ 4T L
7zo EHIZED E TOYIMERS Tl iLfg 28 <, co,m
TOWEARPUIT/ N S W8, BEiFIEE i E R L2 E
Zrohd, LaL, HBEIELIZEL & 5120608
TAIIE T LT, BUEOR AT T LERIREE &>
7B TIALEAR I A K & <, BB HIIK Vi AR L 7
EEZOND, 72, 0.6ks LM, BEBIREDIAE 5D
e 5, SUHBNCIER L 72K %A T » 2
TIZIFRANCET 2 CORMAMAE ST 2L, DTV 2
RIZBOWTH3ksTHTHBZ M6, I OREERBERFEHFHN
TIRSAHIZHEAL L 72 KR A CO, 7 FOMBIIZBIL TA %
EIHFIZE R > Tkl ah s,

COEFIREIZ T 2 WERB R %, RO &
HeH 42 Z & hkikarz, X(2), (3N, HHADEIEL 7
A S DBYREEGHE L 2RV EBEIC, BYEELWE
BEOT7 Y - o WEREEE D v — 7 v FE(ShD
WTRLEZEDTH S,



SUREEREIZ 6 KT TR ORE

X10-2
2.5 | T B S S —
Stagnan
Water volume in bath 17X 10-3m3
< 20 F CO,-water interfacial area 2.508X10-4m? 1
p
8 1.5 } 0 E
"
o
§ 1.0 } o E
= Q D o
A © ‘<;| -
S 05 | alc. R - 174
= (Sh=0.14(-98(R7 2) ¢,
v o D
O 1 Il 1 1 l
0 600 1200 1800 2400 3000 3600
Time t, sec

Fig. 3. Mass flux under stagnant condition.
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Fig. 5. Mass flux under vertical jet condition.
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