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Numerical simulation and structural optimization of
gas-liquid two-phase flow in reduction furnace of lead-rich slag
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(1. School of Energy Science and Engineering, Central South University, Changsha 410083, China;
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Abstract: Based on Fluent software, the gas-liquid two-phase flow in reduction furnace was simulated by Realizable k—¢
Turbulent model coupling with VOF multiphase model. The experiments on the bubble frequency and the ratio of the
bubble diameter and the lance diameter were carried out in a water model based on the similarity principle, and the results
were compared with the numerical results and the feasibility of the model was verified. The influences of some
parameters, such as the pool depth, the lance diameter, the lance inclination and the lance spacing, were studied on
reduction furnace. Using the orthogonal experimental design and matrix analytic method and overall considering the gas
holdup, mean velocity and turbulent kinetic energy of the melt optimum indexes, the optimal operation condition can be
achieved with the lance inclination angle of 10°, the pool depth of 800 mm, the lance diameter of 60 mm and the lance
spacing of 950 mm.
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Fig. 1 Schematic diagram of bottom-blown bath smelting

reduction furnace: 1—Feed opening; 2—Transmission; 3—

Slag export; 4—Lance; 5—Lead export
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Table 1 Pysical parameters of fluids in bottom-blowing bath

smelting reduction furnace

Surface

Fluid ETT?% Vzgigw tension/ 'k“mzmmd
£ (Nm')
Lead-rich ¢ 0.605 0.38 1423
slag
Gas Comg:ssed 19X10° 038 300
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Table 2  Average velocity of rich-lead slag with different girds

Grid number/10* Average velocity/(m's ')
45 0.183
80 0.207
116 0.204
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Fig. 2 Sketch diagram of water model experiment: 1—High-
speed camera; 2—Computer; 3—Model of furnace; 4—Light
source; S—Nitrogen gas cylinder
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Fig. 3 Bubble shapes of numerical calculation and water
model experiment: (a) Numerical results at outlet of lance; (b)
Experimental results at outlet of lance; (c) Numerical results in
bath; (d) Experimental results in bath
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Table 3 Comparison of simulation results with experiment data

Result dy/dy? Frequency/Hz
Simulation 7.2 9
Experimental 6.7 9.5
Error/% 6.94 5.56

1) d,: Bubble diameter; d,: Lance diameter
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Fig. 6 Relationships among gas rate(a), average velocity(b)
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I 6 PTG, B R BT I, i<
TR A ) RE Y BIGK AR R s
MR M 800 mm AE 4k #] 900 mm [ i, 3 bR
AR g SR B o AR AR P I R AT REAT T B R R
FIE R R AN ER, AAIZIE IR A
AL 1000 mme ZE LTI, I SRR e AR A R
800~1000 mm.

4.1.4 T[] EEHES MR R 1 S

FINA B DX IR AT S5 K RS 1) BE A TG S 4 Ak
B, BRI EA N R, WHEHEE Y L, %
M) Y RIL Sy 1.2~1.5 W, Wi P .
SR, A AR XS A AR (T BE AN 22, lonT DUAR
oA AT R PR AR A o A B R I LA, 1] 7
g TN b R AR TR E X I AT R R X I
18, WA A I S R R IR B 2 800 mm I
X I (RS R FE X A A% R O 1250 mm, BRIt
s s S 1 B AR B AR TR] R L 2R 900~1000 mm

1.4

——o— Diameter of effective mixing zone
12F Fitting curve g

1.0+

0.8

0.6 |-

0.4}

02F

Diameter of effective mixing zone/m

0.0 0.2 0.4 0.6 0.8

1 1

Bath depth/m
7 ATRAR P X A S R B IR R R
Fig. 7 Relationship between diameter of effective mixing

zone and bath depth

42 EXHABWARERER

BE TR TR R JER WA B 3 S % DX e 5 i K] 3%
X T A MR R PR R LR B e o B, IR PR It IR
(A)~ FAEWHIA(B). FMELL(C)FEMFE(D) 4 452
i) DA 22 1 = /KT Lo(3*) 1EAC S 86 7 S0 JER WO 445 M
WEATOA AT, B DR 2K T R S AS SR
x4 fal,

FRF 1A 7 R SR AT 9 A58, 15
B 5 Fral I R AT A R A
Bt

HTIEHT 3 ANAFVER FER, BImA fe EW
HAG BRI T 4, T AR TR T 2 HARAL
3T, DA e & D 38 A R R A T %



2648 A G A R

2014 410 H

R4 EKRNFKCICER

Table 4 Orthogonal experimental factors level configuration

Level Bath depth/mm Lance inclination/(°) Lance diameter/mm Lance spacing/mm
1 800 10 40 1000
2 900 14 50 950
3 1000 17 60 900
w5 IR T EAEAULE R
Table 5 Orthogonal experiment results analysis
Test A B c D Gas rate/ A.Verage | Turbulent kjnﬁ:ﬁic
No. % velocity/(m-s ) energy/(m”™s )
1 1 1 1 1.46 0.0787 0.0145
2 1 2 2 2 1.67 0.0807 0.0159
3 1 3 3 3 1.55 0.0823 0.0188
4 2 1 2 3 1.32 0.0800 0.0179
5 2 2 3 1.56 0.0801 0.0200
6 2 3 1 2 1.22 0.0772 0.0128
7 3 1 3 2 1.52 0.0963 0.0218
8 3 1 3 1.30 0.0755 0.0148
9 3 3 2 1.21 0.0842 0.0148
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Table 6 Matrix analysis result of gas holdup

i R;
=1 =2 =3

1 0.0156 0.0136 0.0134 0.0022

2 0.0143 0.0151 0.0133 0.0018

3 0.0132 0.0140 0.0154 0.0022

4 0.0141 0.0147 0.0139 0.0008

RT PTG RER R A M R

Table 7 Matrix analysis result of average velocity

K;

i R;
J=1 J=2 J=3

1 0.0805 0.0791 0.0853 0.0063

2 0.0850 0.0787 0.0812 0.0063

3 0.0771 0.0816 0.0862 0.0091

4 0.0810 0.0847 0.0792 0.0055

R8T M AR A B B

Table 8 Matrix analysis result of turbulent kinetic energy

i R;
J=l J=2 J=3

1 0.0164 0.0169 0.0171 0.0007

2 0.0181 0.0169 0.0155 0.0026

3 0.0141 0.0162 0.0202 0.0062

4 0.0164 0.0168 0.0172 0.0008

TP 2R T, =1/ S K, AL, KPR

J=1

B s, =S,/ Y s, G b, s NIEASSER S
i=1
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Table 9 Comparison of analysis results between optimal

combination and original combination

Evaluation Gas
index rate/%

Average Turbulent kinetic
velocity/(m's ") energy/(m*s %)

Base operation

.. 1.12 0.0716
condition

0.01405

Optimal loading

. 1.28 0.0782
construction

0.01544

Ko ARG GV HIREAT; Fit I RT3 12 3)
T SE Va3 30 B PR R TR ORI T i R 4
RORTELT, ATt 310 S0 26 IR R R
BRe it R L R A 14T

b=}
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2) fEFEMAE R, B . B E
P I 1) AT TR I S 2 A T L FE S
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1000 mme.

3) I EAS IR RN R 23 BT T L, WA ELAR XTI
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