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Circulating Flow and Mixing Time in a Molten Metal Bath

with Inert Gas Injection

Synopsis :

Masamichi SANO and Kazumi MORI

Mixing characteristics in a molten metal bath are analyzed for inert gas injection through a nozzle at

the center of the vessel bottom.

It is postulated that the bath consists of two zones : bubble plume zone

where gas-liquid mixtures flow upward and annular zone where liquid flows downward. The analysis

is made by setting up a steady—state energy balance for the liquid phase.

The liquid velocity in the plume

zone, the liquid circulating flow rate and the mixing time are calculated under various injecting condi-
tions and correlated as simple functions of gas—flow rate, liquid depth and cross sections of both the plume

zone and the vessel.

It is found that the cross sectign of the plume zone has a significant influence on the

circulating flow. Large cross section of the plume éojne is desirable for mixing in the bath. The calculat—
ed results of circulating flow rate and mixing timgé agree with experimental results obtained previously.
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Fig. 1. Liquid circulation model.
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Fig. 2. Relation between liquid velocity in bubble
plume and gas-flow rate.
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Fig. 3. Relation between gas holdup in bubble
plume and superficial gas velocity.
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Fig. 6. Relation between liquid velocity in bubble
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upp=1. 17[VGMgHo/AP]°'3“ ..................... (34)
PR L, BEBULA— A, BOMERAVTEIRT
¥Y, FAREIRERE, WETPHENCKT 3R
Thb.

FUXhAERIOTm, b o WBERTE Vi ¥
XUBE—EAREE tn TOWT LTV, kBB, T
febb VLIcownTid ¢p<0.15 3 X 0¥ K2<0.30 1tds
W

VL=I.|7(VGMgHoA§)°-3” R RLIECTIRIRSTPOIPRRY ¢ 1))
Fio dm OWTL ¢p<0.15 5 L U K2<0.10 i@is\»
T

£m=25_2[(Ho/Kz)z/éM]o.am.....................(36)
WXhEEIND. 125 L, éu DEMIT (W), fioZF
BOBMIIGHREALTHSD.

BB H AR ZRARGEHFERT B (34), (35), (36) R
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BRKEANS DL, K2, ¢p RHDLENRDS.
D K2, gp 3 0EDLS5ERDBI EMNTES, HA
WiE, FEEAE: bhiuigioftgo (A2) X%
AWT K2, FRFRIRO F AZEEE Use HRED, &
bic Fig. 3 X0 ¢p OfENRKRES.
3.5 StEEEEREDLR

3.5-1 LREBROBEEE L REBRTE

B, WEEEKRE VeicowT, Hsao 69 O%
Bafl & 3R AVt EEOL B & Fig. 7 @A L
4=, Hsiao 50K EF A (D=1m, Hy=1.1m) DL»
TOEREL, LRMIKOPOEE unm OWEER
20 (A5) % (h=H,) WRALTRDII D TH
5. —7F5, 60t Hugl (D=2.44m, H,=1.35m) 1>
WTIEY, W EAZH AREEAS 0.025 Nm?/min Tk 1
El O {ERERE] to (3 50s, 0.200 Nm3/min -TiL 20s T
Bb, BEERE VL 6.31m3 THBHDOT, EERBE
BoOBD 0.126, 0.316md/s Lich, ZhbOfE% Fig.
7 wiR L. foks, o FARBOWEE de 2478
1o (A2) REBWCEHELL. Fig. 7 Xbh, (35)
Ric X AEE{ET Hsiao LoO{ERK) 30% LIKNDOET
—FK LTy, LAMBERIOFHEK (A2) X&H
HAT5ZENFYTHDL bbb

DX, f8H 3R L Hsiao 59 oK ((A6),
(ATYR) EARBRALIRTS. »AfREs 0.025,
0.200 Nm3/min 034, Hy=1.35m, d=0.50m ((A
2) & ; h=H,=1.35m) EFHIEGHRL Y LA
DGR 0.588, 1.21m/s kich, Hsiao b
D (A6)R&FASE 0.151m/s, 0.248m/s Lir%.
—%, L& RUFAFE (0.025, 0.200 Nm?/min) &
WA EIMERGREE, G)REA-5E 0.117,0.234
m3/s, (A7) EFHWAE 0.172, 0.380m¥/s&ie%.
Ll bol#Ex b, AB%{EE Hsiao HORI I BEF
BEDEE, LRBROBMEREEOHENILIRE
W ik s. ERFIROFIEEE 1 BRI O Wi

- © Water model
- & 60ton ladle,
~—— Eq.(35)

} Hsiao et ai¥)

Ve (m¥s)

1 1.1 1 1 1 1t 1 1
10 63 w02
. 2
Vg, gHo AR (mOIs?)

1072 .

Fig. 7. Comparison of liquid velocity between
experiments and present theory.
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1.20, 1.40m rIEFIKREL LS.
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BH, CORCBELTLSHBIDKRHNTS LELD
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U EER L5, EREEROFPEERCE LTI
EFOMEARINT 52, WERRGREERERT
FHeFr (3R) Lokdbharo &n Fig. 7 1)
2B,

3.5.2 BH—EAEFHE

RIS CEHE LA BRRRE Y AV TS —EAK
Ml% sk, RESEOERME L L, KERRE) €T LD
T4 X HIRENT 5.

3k, B—REAREIBEMREERS Y ORAET
em(W/t) OBt LTREh Tk b, Table 1 ©ind
FEASRAVE BTV 5. Table 1o B7) K THEX T
BERY em(@)R) EAVTRT L,

fy = B06&p =040 +orreeiiiii (379
¥ 7-, LEHREr!® I5E£BEEED b vy —BER 1l L

Li-& &, BlEXhic b V—y —EBEOLEEH +0.002
LI b DET M2 S - RBARELER LT,
%. FiEFEEE BERAERY v —REOTEN
+0.05 i b 0BT AR ERTH L, (22)
KEALTEORI Y KRV EIND.

tm=60 éML-o,zs ................................. (38')

Fig. 8 i}, £ERR ((37), (38), (39, (40)
®) 3 T OHEESH, Hsiao 59 OBEIEELRR L. K
Ly, B—RAEM tn LERET év OBRIPIEE
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DLOBEKTREI RN Ehb. 2D EIXF
mEEREE T L ek B0) R) 26 HLITH
5.
Fig. 8 OEBERY B)R+HWTHEEHEL, Fig.
9 o7k L7, Fig. 8 L Fig. 9 % HET X bavig
XI5k, Fig. 9 TRHEBCIHEINELIZ2TH
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Table 1. Empirical correlations for mixing time.
Investigator tm(s) exe (W/D Remarks
NAKANISHI et al | m=800éun 0" (37) éMN=~2YGM;;—LgHO— a1) | 50t ladle, 200t RH, 65kgz water model, 50t ASEA-SKF
L

1 .
imL= — | V, Ho+
&ML Ml,l oMPLE Ty

LEHRER'® tm= 1246 g~ %33 (38)

tm=tmo. 002} 185 kg water model( D=0.61 m, Hyp=0, 635 m)

RTy 1
P (;Ponugun)} (42)
. ~0.81 . VOHPLgHO _ . . — —
tm=58¢x" (39) | em= — M (43) tm=l!mo.05 > 35 kg water model without slag(D=0. 383 m, Hy=0. 30 m)
L
HAIDA et al?v v H
tm=1006,7%*?  (40) é,,:% (43)|  tw=tmo.0s; 35 kg water model with slag(D=0.383 m, Ho=0.30 m)
L

1 Nakanishi et al!) Eq.(377)
2 Lehrer'? €q438°)

3 Haida et ai2V £q.(39)

4 Haida etal?” Eq.(40)
10° 5 Hsiao etal’) 60tonladle

@ 6 Hsiao etal?? 6ton tadle
: Kal etal?) % LF
e s * I LFwater model
10% ZA0-BOP water
4 \ model
3 \\}\
2
10 | 6
1 1 1 1 1
1 10 10° 10’ 10°
£, (W/ton)

Fig. 8. Relation between mixing time and éy.

Nakanishi et al.” Lehrer'”
10‘ | © Argon stirred ladte Water model
& Water model Hsigo et al?
Haida etal2? = 60 ton ladle
----- Water model without slag e 6 ton ladle
3| ~—~Water model with siag Kai et a2
< 01 *LF
4 ~ a
e ° \"“Q. a a LF water model
- N ~._ A ® O-BOP water model
~Q * ~~a
SN0 ~
H =l S~
10°F ~nas Seae
3. T~
Rt ~~o
h@‘\?\\\\ - S~
-~ ~
a ~
R | Y P
10 ~ “N§,
1 1 1 [l 1 ‘!.
2 3 4
1 10 10 10 10

£, (M Ip Y27 (Witon.m?)

Fig. 9. Relation between mixing time and &
(Mp/pL) ~2/2.

£, (Mp/pL) FTHbLBLBROBFC HEETHZ & A
b, TORBEY, EEMRSAEM T Fig. 1 ©iR
T X5 e B TEREEH TS A RIRENTHB. L
L, 3-4 KBEWTHWAGELUR (36)RK) » HE—iE
GRERR X ALZEE, FER, LRRBRERCEKET
BT ERMLITHY, BMEBECRIIALOEEYERL
THEBRERLHBTO0ERD .

DER, ERMRERLILT (A2) R (h=H,) *

Haida et ol'zn { ----- Water model without slag

100} «==Waler model with slag
Hsiao et ai¥ { we=--- 60 ton ladle
""""" 6 tonladle
Lehrer'? ———Water model
— IOZ \ Present lheory —— Eq.(44)
2 TS
~
€ \'\»Q,\-.
- \vt;.\

10

1 4 1 A N 1
1 10 10’ 10° 10°
€y (D?IH )2 (W/ton.m?)
Fig. 10. Relation between mixing time and
ém (D Hp) -2.

v, Zhr (G6) R fiA LT3 ek
tm=100{(D2/H0)2/éM}°-337 (44)
EEUMED KIS Fig. 10 wmR L7t %3, Hsiao
Lo 60t HgHDEAIE D=2.44m, Hy=1.35m9,
6t WEADHEIX D=1m, Hy=1.1m? L L7, i,
B—REARN O B, REMR 7t L AR b ok
Fig. 10 @ixgdiepofz. Fig. 10 s THERA LD
A7 7D HHE L LEHRER DT X H A B ¥IA
AN EDRETFVEROERIETHRME,» TR
D3, fLORBERIERBECZE-FT LT 5.
PLEX b, FERRE 7 VX 2TIHN © BE
B, B RARE LK EAL Y AOHEKEH, HEHR
(PFIEEE, KEIALER) © BFE D h 0 BESIHC
EHZEXWALMEROM. UL, COFEOERY
TEEDiL, FREFARBWTEDH AR XA
MEORE OQBERHLOAS y7OBE, OLAGRE
BoEhFhelesnChske Landhuitcsd, 4
B2 OIS, EREOMELEDLLENDS.

1° BREHLDRAEFVERCLIDE-BABED & D, Hyiz
WY EFE RT3, TOEFEER H OoER (MWRAT
i 0.674, EHSOEENTIX 1) 2RIFEABERIC—HL T
5.
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4. &5 =

BRlG B P ESGH BREE S A KR EA LSS
CoWT, BRYSKERO ERATR EEHEOZR O TR
iR, BACERKE Y = x ¥ —IGEXE A
TR Lic., 4 DR XAZRGHTOWT ERRIROW
EE, BREE BROB—EBERHYIHEL, £0
KOBOY H ARE, KXAXEE, LARRE LOF
OWERc FOMELBEAKE LTRLL. chboXk
AuwicHE X, BARCTERRE ERRKROKE ST
MEINS D LW LM L. ¥, ERRER
INEVEE, ZORRPOBEEREIIRE DN, 1A
BHEIINNE L), BROE—EBAREIIRI LS Z
Lot &L RE—REABHEIT oW, HXRE
& DEEREMTE STV 5ERNE & FHEME IZIE—
FTHTERRL, B—EARMCHTEERK, K
AT EORBENATERC X h EEACHAINS
CERBBa L.

52 1 ERRMERICONT

THEMELIS 520F, /7 AL X)) KPIZEZ S o b
Rk EiAL, REEE (5s) BHLAEEREZCIDI =y
FOBMDEE 0. XBE L. FThibh, 04k 19~
22° TH Y, WHEOWHESE, »AFELEWCMRE Lk
We bERELK. Uy FOBRELARKERdHE
IARE N> W0 g2 &

d= 2{1: + dz" tan( 02° )}tan( ”2° ) ------ (A1)

T, R Aan bl d 1L AVETHS.
B>dy, 0.=20.5° L3 hi¥,

d =0.37 8 corererrrereroniaaieaneeians (A2)
AR 7 AW ZIABK BT B EATIRCES T 5 B
Wicd, SHBILEBRHYETS.
52 2 LRREOPLERSREFRRBEOBK
Hsiao 59 i3, KT F ACDWT LR O KR
EXHRY Y ASMCIIRINDE Z LR LI

U=ty €Xp (—12/b2) eerereeienienne o (AB)
Z o T, umiEAOEEEE, 7 RERHAEERE, b kK
THEx bhb.

b=0.1 (h40.8) «rorrmrimnnninieenn (A4)
Foii L, B A - P AR EWD.
WAATETRTRE Vi, (A 3), (A4)REMw,

VL=f°°27rruLpdr
[}
—0.017 (B4 0.8) 2 «vvereemeeomenneas (A5) 110

110 Hsiao 59 OBLCRERAMEL LTS,
V1, =0.0057(k+0.8) 2un

LEhinT, um HEIETHE (AS5) Kb VL &R
DHZENTES.
{52 3 Hsiao SOBFRBEPRABCETIHMA
Hsiao 593, 60t oFgs (D=2.44m, H=1.35m)
~D T NI VR E AL E T, 0.05~0.220 Nm3/min ©
HEHACR VT EARBOFHEECH LTOXEDE
BRAEBT5.
Upp=0.97V P28 ceoriinii (A6)
s T, Vo WERERER TS #ATE (Nmd/s) T
H5b.
¥, HERNER XV BERERTEL RO 22
%, ZORPOBIEEIZ(A 6)RE AV, KA%E
T3,
Vi=1.9(H+0.8) {In(1+H/1.42)}0-5V0.381
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