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Fluid Flow Phenomena in a Cylindrical Bath Agitated by Top Lance Gas Injection

Manabu Icuch, Tomomasa Uemura, Hivoshi Y amacucal, Tomoaki Kuranaca and Zen-ichivo Morita

Synopsis

: Fluid flow phenomena in a cylindrical bath agitated by gas injection from a submerged top lance were investigated on

the basis of cold model experiments. A swirl motion of liquid, which was similar to rotary sloshing, was observed under
a certain blowing condition. The condition was experimentally clarified and subsequently the following experiments

were made for cases without swirl motion. The vertical migration distance of gas from the lance exit was measured
using an electro-resistivity probe and an empirical correlation of the migration distance was proposed as a function of
the modified Froude number. The axial and radial velocity components of liquid phase were measured for a water-air
system using a two-dimensional Laser Doppler Velocimeter. Applicability of the previous correlations of axial mean
velocity proposed for gas injection through a centric bottom nozzle to the present case was examined. An electro-
chemical method was used to measure the mass transfer coefficient between a platinum flat plate and aqueous FeSO,
solution. In the axial region below the bubble plume, the so-called dead water region was observed.
Key words : injection metallurgy ; top lance ; swirl motion ; velocity measurement ; mass transfer ; gas holdup.
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Fig. 1. Schematic illustration of swirl motion
caused by gas injection through an immersed
top lance.
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Fig. 2. Definition of the vertical migration distance,
L., of bubbles from the lance exit.
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Fig. 3. Experimental apparatus for measuring L, in
water-air, aqueous glycerol solution-air and
mercury-air systems.
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Fig. 4. Experimental apparatus for measuring L, in

Wood’s metal-Nitrogen system.
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Fig. 5. Experimental apparatus for measuring lig-
uid velocity in water-air system.
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Fig. 6. Experimental apparatus for measuring mass
transfer between a platinum flat plate and
liquid.
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Fig. 7. Critical lance depth or nozzle depth for the
cessation of swirl motion in water-air sys-

tem.
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Fig. 8. Critical lance depth for the cessation of swirl
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Fig. 9. Effect of lance diameter on the critical lance
depth in water-air system.
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Fig. 10. Correlation of the critical lance depth for
the cessation of swirl motion as a function
of Weber number.
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Fig. 13. Gas holdup distributions in the bath.
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Fig. 14. Distributions of axial mean velocity of
water in the bath.

Em S RAA IR EE) E R RIS O EERR A 12,
BT EE O EBRRNIEARTEHE L 6N 5,

ﬁ:ﬁcl'exp[‘IHZ'rz/buz] ................................. (6)

zZ ’C‘acl &i E!J‘B‘ﬁﬂ]_t@,ﬁﬁ, bu ci&'ﬁﬁé“ﬂﬁmgf“b b ’ E@ﬁi
BOSEIR A R L T3

Tog = 2. 3UpFrp 036 covvreeninrniiie (7)
Up = (gQpg/Z) /3 ++rervrrrrrmmseeee e (8)
Du =D e (9)
be=ba(zs) * (Z/Zso)n ....................................... (10)
ba (Zso) =0.42 (ng/g) 1/ teeeeeeeeiararararncacnraaneraranann (11)
Z50="5.0d, Frpl/d «oreeremrrerema, (12)
n=0.033810g(Frm)+0.505 .............................. (13)

S HEBC AL TR

T =1.240,P028 ceveneniii (14)
P= (ng/gzs)us ............................................. (15)
bu:ba/0-65 ................................................... (16)
b.=0.47b. (Zs) 'exp(0.752/25) ........................... (17)
ba (Zs) =1.6 (ng/g) I/B tuveatacnesestossasssstonnssnsaonnns (18)
25217(Qg2/g) 15 teeteaeea i (19)

B, RBEAEDLAREORBLLE L B89 AKX —, P
W7v—FNo—FETH 5,

Figl4iz B o a1s & 5, EBRRXN L HEMEO—FKII BT
Ho, TR L TR, ZRIEQ,H160cm?/sD
HAD TR SH ARAAIIBIL T, REMEEHEEHELE D
Rl bR UREO - A6 NIz,

OFWIT VAL L FH S LH R PWAAITEADTHE S
X—rERBICD, ERFHEEQ,=160cm3/s, /» X /HOD
& 8 Hy=150mm, i8EH, = 300D 514 F Tl 5 1h Jo OF 4%
FHa O % JE LI, A LIS E~N 2 b v #Fig.15
R BIE s R S 10mm PR, 005 1m0 20mmfE
FRTHhs, 2 A b FOFEKRTIX, SED ERCMES &
D% S AN T 3 MIRBPHERINT 5, /A
THOKIBDEREL T 2 BEETIRRIEDSE S AA DS
HHrH, TNt OV TOEKTIZIZEAFFREVRLNT,

BRI I T B,

3-4 ERMMBEBEHFRE

RES AP LDTHS OF AWAAL & 5 HEEROHESE
DEDEHEHE TRATV A2 2R zDI, FTARER
& i TEBREOWEBRIMERDORE #iT- 12, WERRD
1 Bl % Fig. 162"

WHLE Er= 0 mmTOKRIEDOEEIEEREL, 23X (4)
PHCTEHEST 5 L,Q,=82.6cm?¥/sTRL,=23.8mmt 7
b, RIMORFESIZ, A viiOL Y $23.8mmTFHIZH 3,
IORE O TOMMEIZ T, WEBIMREK X2 X
10 m/sbi T et ->TH Y, 7 A iy b EHFOMAMEBEOME



£ 290

m

250

210

170

100

Fig. 15. Mean velocity vectors of water in the bath
(Q,=82.6cm?/s).

I kL =2x10"° ml/s
Qg=82.6 cmi/s

T
‘\ﬁ[\ | ]

300

250

N
™~
\
\

Z mm

oy

200

150+

3 O O A
100 T r e

| T T

50 T r = 5=
O'Fn L I I )

0 20 40 60 80 100
r  mm

Fig. 16. Distributions of mass transfer coefficient in
the bath.

CHRTIEFECASICETH Y, K DRI F T 55mI
Fig1512/R L HEE ORI L o L Tv 3,

4. &8

AFARTHONRBRRE L DB LUTOL I L %,
(1)IBFEmEL TRIET VAL b TR S CH R ZIKA

23

IR BRI T A9 6 DA AWRAL F 5 HEENOREIRS

EERSAEERCRONS & S RERBRERIAEL 5,
HEEID I T & ARERS L —TED U = — Y~ DB
L LCFigl0TH 2 605,

(2)iFE /7 A v o FTRS CHRPKRSAAITHADRA
WOEEPERSL, II/K-ZESR, 27 €V VRER-2ER
F, KER-EERR, Ty FRAZAV-NTAREF VI LT
RATE3INS,

L,=4.1d,Fr,?
Fry :nggz/pLgdns

IR-ZERRET T, EEBEEMEL, &K FREEREL, X
IBIFREICEZ L B,

(3)iFES 296 PRI S IZH R PZHGAAITEA, [l
Do THES N A BNOBREDHENLEL 2 v d 6L,
KOTHLORETI2AEOFNIZLoTHELB LALL
T & o 2 OHA, Bl R FHEE QD 8 7 5 AR 1L IR
5 SUAMEDR ORI 31 2 EBRIC L b ERNTS 5,

(4)FRERE L BEEYEZEMREOBIEREED oW
LT, SUBOBGEL Ty R uEF RO, Thbb /X
O 6L, & b 3 FHOEBTREEORENIIEZLAE
BRond, wbWaFEKMEKE o> T b,

X [N

1) #BEHET 0 R 5 HiEF B EEL SR (PR EREL BT 58
4 FREBEEEASE), (1991), p.301

2) Y.Fukunaka, M-F. Jiang, T.Yamamoto, Z.Asaki and Y.
Kondo: Metall. Trans., 20B(1989), p.5

3) BE101-102[a] P8 1L EE S MTRE L, 1B # R L 7250 O W
D@ (B ARSI 2WR), (1984)

4) M.P.Schwarz: Chem, Eng. Sci., 45(1990), p.1765

5) 30 ¥, HBER, HEEZ, WAEAS, REZ gL
&, 78(1992), p.1778

6) T.Mizushina : Advances in Heat Transfer, 7(1971), p.89

7) FAEEME, BAMEE, WWARR, SHEE gL HH, 62(1975),
p.111

8) & —F, HFIEH - kLM, 67(1981), p.672

9) B.U.N.Igwe, S.Ramachandran and J.C.Fulton:
Trans., 4(1973), p.1887

Metall.

10) HATEIE, AEIEE, & —F D EREM, 72(1986), S952
11) #%ErIEiE, & —3%, HEfER B OE B SlBiooer>

ot A, 2(1989), p.132

#H0O 2, TTWIEA, HREE- L&, 76(1990), pb5
M.Iguchi, T.Kondoh, Z.Morita, K.Nakajima, K.Hanazaki,
T.Uemura and F.Yamamoto : Scaninject VI, Lurea, Sweden,
(1992), p.145

FHO 2, NuRELEE, BEl, FRMEKER, HRMHF LB g
b8, 76(1990), p.840

#F0O E, FIREKES, EHHE HEHZ-M 8 LM 77
(1991), p.1426 ‘

12)
13)

14)

15)

rz) |



