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Abstract: Physical experiment in a model with a geometric similarity ratio of 1:10 for a 120 t top-bot-
tom combined blown converter based on the similarity theory was conducted in laboratory. The effect of
bottom gas flowrate, number and arrangement of bottom tuyeres on the bath mixing was studied. A
mathematical model of gas-liquid two-phase flow in the converter at single bottom blowing was estab-
lished in the simulation. The effect of bottom tuyere configurations on velocity field in molten bath was
studied. The results showed that the average mixing time with the optimized configurations of 4, 6 and 8
bottom tuyeres at bottom gas flow rate of 0.534 m’/h and 1.074 m’/h is 28.50, 28.25 s and 27.50 s in the
case of single bottom blowing. In the case of combined blowing, the mixing time in the molten bath de-
creases with increase in bottom gas flow rates with the optimized configuration of 8 bottom tuyeres at
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top gas flow rate of 122 m’/h under different top lance heights. The velocity fields in the bath with the
optimized configurations of 4, 6 and 8 bottom tuyeres were investigated in the mathematical simulation.
It is found that less vortex centers of flow fields on horizontal sections and large asymmetry of vortex
centers of flow fields on vertical sections can decrease “dead zone” volumes, which can improve the

stirring ability of bottom gas and reduce mixing time in molten bath. The “dead zone” volumes in mol-

ten bath from the optimized configurations of 4, 6 and 8 bottom tuyeres studied here are 15.44%,

23.56% and 10.30%, respectively.

Key words: converter, top and bottom blow, bath, stirring and mixing, fluid flow, physical modeling,

mathematical simulation
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Table 1 Main parameters of prototype converter and model converter
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Table 2 Arrangements of 4 bottom tuyeres

EH%E AR S RETE Iiibe TR
4-1 B(2-5-10-13) 4-9 B(5-12)-C(3-10)
42 B(3-6-9-12) 4-10 C(5-12)-D(3-10)
4-3 A(5-12)-B(3-10) 4-11 A(6-13)-B(4-11)
4-4 A(5-13)-B(2-10) 4-12 B(6-13)-C(4-11)
4-5 A(6-14)-B(4-10) 4-13 A(4-11)-B(2-9)
4-6 A(5-13)-B(3-9) 4-14 B(4-11)-C(2-9)
4-7 B(3-6-10-13) 4-15 B(3-5-10-12)
4-8 B(2-6-10-12)
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Table 3 Arrangements of 6 bottom tuyeres

e kA e i
6-1  A(5-12)-B(3-10)-C(4-11) | 6-9  A(5-12)-B(3-10)-C(1-8)
62 A(5-12)-B(3-10)-D(4-11) | 6-10  A(5-12)-B(2-9)-C(4-11)
63 A(5-12)-B(3-10)-C(6-13) | 6-11  A(5-12)-B(3-9)-C(4-11)
6-4  A(5-12)-B(3-10)-D(6-13) | 6-12  A(5-12)-B(2-10)-C(4-11)
6-5  A(5-12)-B(3-10)-C(7-14) | 6-13  A(5-13)-B(3-10)-C(4-11)
6-6  A(5-12)-B(3-6-10-13) | 6-14 A(6-12)-B(3-10)-C(4-11)
6-7  A(5-12)-B(3-10)-C(2-9) | 6-15  A(5-12)-B(2-6-9-13)
6-8  A(5-12)-B(3-10)-D(2-9) | 6-16 A(6-13)-B(3-10)-C(4-11)
R4 SHRIBHERR

Table 4 Arrangements of 8 bottom tuyeres
i3 R4 i3 e
8-1  A(6-12)-B(3-10)-C(4-6-11-13)| 8-15 A(5-12)-B(2-10)-C(4-6-8-11)

A(6-12)-B(3-10)-C(4-7-11-13)
A(6-12)-B(3-10)-C(4-6-11-14)
A(6-12)-B(3-10-14)-C(4-6-11)
A(6-12)-B(3-10)-C(2-4-9-11)
A(6-12)-B(3-10)-C(1-4-9-11)
A(6-12)-B(3-10)-C(2-4-8-11)
A(6-12)-B(3-8-10)-C(2-4-11)
A(5-12)-B(2-10)-C(4-6-11-13)
A(5-12)-B(2-10)-C(4-7-11-13)
A(5-12)-B(2-10)-C(4-6-11-14)
A(5-12)-B(2-10-13)-C(4-6-11)
A(5-12)-B(2-6-10)-C(4-11-13)
A(5-12)-B(2-10)-C(4-6-9-11)

8-16
8-17
8-18
8-19
8-20
8-21

8-23
8-24
8-25
8-26
8-27
8-28

A(5-12)-B(2-10)-C(1-4-8-11)
A(5-12)-B(3-6-10-13)-C(4-11)
A(5-12)-B(3-6-10-13)-C(4-12)
A(5-12)-B(3-6-10-13)-C(5-11)
A(5-12)-B(3-6-10-13)-C(5-12)
A(5-12)-B(1-3-6-8-10-13)
A(5-12)-B(3-6-10-13)-C(2-9)
A(5-12)-B(3-6-10-13)-C(1-9)
A(5-12)-B(3-6-10-13)-C(2-8)
A(5-12)-B(3-6-10-13)-C(1-8)
A(1-5-8-12)-B(3-6-10-13)
A(5-12)-B(3-6-10-13)-D(4-11)
A(5-12)-B(3-6-10-13)-C(7-14)
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Fig. 4 Bottom tuyere configurations in mathematical sim-
ulation
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Fig. 9 Velocity fields of different bottom tuyeres configurations at trunnion section

TEMHE_LRARAT BT 5 6-6 fEHAhAIE 2 S EORMRENS 2 it b O B g A, AR T
JA I = AT D EEAHZEA KRR TR AT B A2 50 AR AT B 758 8-18 JE LM~ 4l
W I % 43 IR M ZE A RIS T Tl TR O o AR X BRI, il T0s T 7
O, AR OB TG, T ELPS NI D51 bl LAl B A DR, A A T A
O R BEANXIRR, A7 M T Co i) A i B BT, P 10 2 AN [7) JE A A 7 3 i L H- i ) 7 T 3



H5H

5K, 22 120 t ZWERIP AR A B L - 143 -

FE . h T B A L B TRA A, IR
AR ZANR A1 I/ NGRS T -3t S AR
A BRI BEFER R .l 10 WAL J75 4-3
JCT PR, AR ZE 00 70 S BRI 1230 0
EALFAAE AR T 0.015 m/s 19 DX, 123050
Y BB IX G R . T3 6-6 2o IINAFAE >
TP, TE I A T B 20 0 e G P A T AR R

R 0

0.015 0.030 0.045 0.060 0.075 0.090 0.105 0.120 0.135 0.150  (m/s)

AR X, T HL R FEAE 0.015 ~ 0.030 m/s F) ] L4
K, RIS Z I P Re 18585 TR
8-18 T A T AT — 0, T L ECHS A rpoy
P53 T B A, s b VA R rh s B /N 3 IX
TREER/IN, BB A A B S M IR % R
T I FEBCR AT

(a) 4-3

(c) 8-18

10 NEHEHFREEFHEHERERE

Fig. 10 Velocity contours vertical to trunnion direction with different bottom tuyere configurations
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Fig. 11 Dead zone in the molten bath with different bottom tuyere arrangements with bottom gas rate of 1.074 m*/h
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