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Effect of Recirculating Flow Rate of Molten Steel in Refining Processes

Yu-sheng HSIEH, Yoshio WATANABE, Shigeo AsAl, and Iwao MucHI

Synopsis :

A mathematical model is developed to evaluate quantitatively the effects of circulatory flow rate in

the refining processes.

In the model the circulatory flow rate is only one adjustable parameter. By

use of the mathematical model, the concentration profiles of C and Si are simulated in LD converters
with different capacities, 2 Q-BOP and electric furnace, and furthermore the circulatory flow rates are

determined for these plants.

The relations between the circulatory flow rate and the gas blowing rate in LD converter are
theoretically discussed on the basis of the results of the water model experiments, for determining

the “mixing time”.

Hitherto, a factor (ISCO) which was proposed to explain the oxidation reactions in the refining pro-
cesses have been induced from the model of this paper.
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Fig. 1. Schematic drawing of concept on the
mathematical model.
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Fig. 2. Simulated results of process variables on
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Fig. 3. Simulated results of process variables on
110t LD converter by the model.
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Table 1. Values of A(—) and ¢(kg(Fe)/s).
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Fig. 6. The relation between circulating flow
rate and gas blowing rate.
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Fig. 9. Effect of vessel size on the relationship
between mixing time and mixing power density
under the condition of H/D=0.25.
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BORX»LDEHEETHE, B)RI1ELRS.

q =24 .07 X c1/3.52%/3 (32)
(32)K e & LT 180t IR 31 % (825 kg/mss) 21
ZHCT bhAR, e=—FOEETTe £ S OB
ZRARLUIDA Fig. 6 OPHCH5. = OBEHIT, K
T NVRBROBR L EMEMBLULBDO D Lic, EHE)
BIRO Ay — A ETCIKRLT HWI=bDTH B,

Xi—Xoo

-+ (30)

t iEAB#FeﬁmﬁJisc:i, KCl @ 15% Kkixwi% bv—4—& UTH

e ﬁAﬁFﬁ@ME&;xﬁ@ﬁus’@é@&ﬂbfabb BA&EAIED
ﬁk%{ﬁ§®2%PIF‘CEB&T}C?LT’%F@&E%UL. ZDME
WHLTAEES XX i3, CCTEALLEREETIRG 1
X 1075 wt% iYL 1

BRIAE» OB OhIBEREE LFEELWEERTZ
ERbnD. ¢ RBEAAKY Y OBBEHTHY,
ABE, ) AAE, 7 AVEERECIOTE(R S
BLENTEDL. KeFARHGT, EREDF— 2
LR L7 Fig. 6 S & ¢ DBIRIE, EECTRLIZX
SICEMBARTH D 13t ~170t F COEFICE
T, BERIEOBEI D, ¢ OENRT v ABRIEIC LD
THEIRh, ¢ & SHERBMREERTS Lo g
NichDEEZ LBRS. LinLikdd, Lok XEFE I,
Ay T 4 VBT LBHEZT, ¢« OEYEFHR
KELTBHZ LR TERNED, KELECRERE
RICTERIEETHE L b.

5. & s

1) Sk 7 » v R e kT 5 R REE L BEAT
BEB LT, BRABCRIGDO =7 2R L. &
DETVREEDINT, k&R (170 t LIF) oRigE
Tk, BRPHEHEE & BRERER OB SR Ho &
SWHEINTWAZ EwRLE

2) I EEFOKEFLVERYT, BRI
ETHZLILLY, EEA 7 —ADIERICEST, Eik
EEPCREATRE LB LERIEBETAE L 2R L
7.

3) RWHIGEEH 3 5RT (ISCO) W0 iyH Ry
BRICDOWT, AETFAOEBRICESCZ ORFLH
BLTHBLE.

2B, KRFRCBT ZHECIILEBERSEATZEH
VR —HFIHLL.

Appendix

BREBEGCT LD, (9)RNThETHEiscL
T Qreo=0 L LTHWIHS. (9)ARC()RXE2RAF
5 EURABBLRS.

aS=W (dco/dt) — (Mo) Mc)W (deg/dt)

—2(Mo/Mg;) W (deg; /dt)
(A)R% 1=0~t WhiDoTHST2 L (B)RLird.
[, (@Sywydt=(co—co,0) ~ (Mo/Me) (¢ —co,1)

—2(Mo/Ms;) (cs1— €y 1) wreerersesenensnnns (B)
(B)RE(NKX2M2 3% L (C)RBELRS.
[ @swyde+ (as/) = (5 —co.1)

+ (Mo/Mc) (Cc 1 —¢8) +2(Mo/Mg;) (081 1 —¢%))
- ()
2B

A ERTHR=0q/W [-]
as: j 5 oEE (=0, C, Si, SiO,, FeO)
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B 7 e e AT 5EMBRERECONE 603

(kg (j) /kg(Fe)]
B : R =580t/ Wee,; [—]
Cy: By DR ITTIRE= j/ce,; [—]
C¥: HISHTOD j Ry DR T T

E"'T/Cc,x [—]
¢y j RS ORE k() /ke(Fe)]
F: RISHTO j RSy OPMEEE  [kg() /ke(Fe)l
D:isoEE [m]
d: ) ArLig [m]
Jit IR OEERFRK(G=0,GC,8) [—]
H : §iBgs [m]
h:53v2adx [m]
I:BWMoREOBEL2ETETF [1/s]
Ky, Ky, Ky FFEHR  [kg(O) /kg(Fe)1, [atm-kg

(Fe)2/kg(O)kg(C)1, [kg(Si)kg(O)2z/kg(Fe)2]

L:#FBoREES [m]
Mj : .] 52%03%%5(.]:0’03 SI;FCO)

[kg/kg mol (j) 1

P¥y: CO o4 E  [atm]

g A2 NLOEREE  [kg(Fe)/s)

Qsi0;, Qreo : 810, FeO 0B E IS

[kg (Si0,) /s], [kg(FeO) /s]

S BEOHKERE [kg(O)/s]

S': BFEOHMBEE [Nmd/min]

Sa: MRA A OHAREE [Nms3/min]
T:5MoBE [°K]

o REEREREM [s]

lc: MO FHTERIEM [s]

V i 80k fE [ms]

W, W': is8EE [kgl, [ton]

X bv—%—iBE [kegmol/kg(water)]

x 1 (8i0,%) [—]

o GYERFERE O[]

e HNAEBY - o#E#EE N [W/ms]

0 : |RILILL RRERRR=t/6, [—]

O+ R [s]

Pm P BWMOHEE [kg/md]

T CREERE [s]
(iR)

C: k%, FeO : Bgfbsk, i: i), O: ®%,
SiO, : U #, oo : FEHRE
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