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Numerical Analysis of the Two Phase Flow in the Bottom-gas
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Blowing Ladle
Synopsis :

Ikuo SAWADA and Tetsuro QHASHI

The numerical simulation of the fluid flow in the bottom-gas blowing ladle was conducted by the use of
the two phase model. In the model not only the balances of mass, momentum and turbulent characteristics k
and € in metal phase but also those of mass and momentum in gas phase are taken into account.

The accuracy of the calculation was

confirmed by the comparison of the flow velocities and turbulent

kinetic energies between the calculation and the measurement in a water model test using the laser doppler

anemometer.

The mean velocities in the plume zone where both metal and gas went up were expressed as a function of

Froude number and the aspect ratio of molten bath.
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Fig. 1. Control volume cell and grid points.



S AR % B L 72 IR & o 2 SR PUA S L ED O BUAEREAT 671

f S¢dV= Sy ot Sp g Pprrrerereenneeses (15)

(14) XH45—1EI12 Upwind 3 28R L, (14), (15)
REESMET T 16), (17) XrBESN5B.
apPp= Qe Ps+ awdw+ andn 1+ as bs

+ audnt QL P+ Sy, g creeeereeeeeeens (16)*
ar=agt aw+ avt as+ ag+ a.
— Sp. g rreeeesesserre s a7
2-3 RREH

=X (16), (7)) 0¥MEMBEBL -0, %
B CHETLIERSEM 252 ALENFHL. FFEHRT
WA S N BBEREME, WO, WHRE, o B
MO AEHETH S, BEEHOEREETIE, BHEEOTN
TORFERSTEEELELTWA. B, SLROBE I8
EEOREOB RO ZRT 5 720 RO 28R
HLTwa,

2-4 ERHREAOEIME

HERF\ L EHEEREET LRI T VIY X
Ak LT, Simplest ¥ 2H\7:. ZOFER, &
EENEEAEF T, FH-BEEELRIET IO
ThAH. UTIWEHREDOFIHEZRT.

(1V)EHYS Pr 2T 5.

(2)Pr i2EDWTC, HERS v*, o', w* OEBE
HEN <.

(3) KOS NIHFERTIEERERNEMNE L 2w,
0T, BERHFONXNLBEAL I N EBEFERXLD
ErNEIHE PP oFREAEBE, Pr LT o', v,
w WL CHEEIT.

(4)HHIE & N7 JEEm s % BV CRLAARE (5 ©)
DR FEN L.

(5)MEESNEFENE PP LT (1)~(4) 2

R ,
(6)TEDIHIEEMEA /2 SRS EE R TS
5, ESHEOETIIOVTE, B w;, v, R &,
z I~ ® TDMA'® (Tri-Diagonal Matrix Algorithm)
%f£> Slab by slab EEY %, £/, #hl4toz
iz o Tt Jacosr @ Point by point'® 3% v /2.

Aperture
Lens

Transmission
optics

Light collection
arrangement

3. ¥ B FH &

BUEETE B L - ZHEFRER O ERBE T
HHBT, KETNVOBRENEZIT2/. KEFIVE
BB ORI B & IR X i 7 2 OWGA AR %
Fig. 2 8 XU Table 1Ii7R¥. Ak d 5585 & #hxt
BN e LT, Fig. 2 WRT RGO YRk
W ub X OCEETEYER T A L F— k% 15 mWHe-Ne
L— et cllE L. Rk, k= (W20 w'?)
/2 THBH, RUECEHBFHETREFH TV
B w? OMEFRTEETHD DT, SHWAEIA%
REL w?=?+d2)/2 L LT k%KD L—H—
FREEF 2 7V — L E— F£RAL, Fig 31R
TEHEH O LOKBFITHRML 722390 3 [um]
DRYIF L M FLOBONSEABEEE 7 + b
F 45y —CHELTS. _

O, RUZFLIUATFEKREDRY v TEER

18" RTRBEL LN B,

Table 1. Conditions in the calculation for the water mod-
el test and the real equipment run.

Water model test Real equipment run

0.791~76.0x10% [g]

Bath weight (W) 0.113x105  [g]

Bath diameter (d.) 60 [em] 60~240 [em]
Bath depth (H) 40 [em] 40~240 [em]
Volumetric flow rate (Qp) 667 [em®/s]  602~11895 [cm®/s]

Fig. 2. Profile of bottom-gas blowing ladle.
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Fig. 3. Arrangement of the L.D.V.
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Fig. 4. Principle of velocity measurements utilizing dop-
pler effect.
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Fig. 5. Three dimensional flow pattern of molten steel in
the real equipment obtained from the numerical analysis.
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Fig. 6. Fluid flow pattern in the water model measured by
L.D.V..
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Fig. 7. Calculated fluid flow pattern in the water model.
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Fig. 8. Comparison between the calculation and the
observation for the fluid in the water model.
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Fig. 9. Calculated mean velocity of the molten steel in
the real equipment.
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Fig. 10. Calculated turbulent kinetic energy dissipation
rate of molten steel in the real equipment.
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Fig. 11. Effect of gas flow rate Qs on w,.
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Fig. 12. Discription of w, by Froude number and geomet-
rical aspect ratio.
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