55 42 55 4 10 W g fl %K Vol. 42, No. 4
2021 4 8 A IRON STEEL VANADIUM TITANIUM August 2021

RS VD KR B R 5

j—ll %7}*1 ’ 5‘}{‘%}%‘22’ X’J‘/;}: %ﬁz*’ &;ﬂ—ﬁfhﬁsza )%]/fiéi] ’ 9]1%}2‘4;%1 ’ jJZJ j‘él
(1. T VEMIIHARERLE AT FR A ], 778 M 545002; 2. b 5B K2, SRR T R A1H 0, JE AT 100083)

O LI 150 t VD E IS5, SRR Ansys-Fluent, 837 A0 RS, 256 TEAS T
T, BT RN L, W IRR PR IR T 284504 T B N A il A8 Ak, [RIR =5 8 T ## 10 min /54K
AL NI S O o T g 38 W A 3 R — 7 B R/, 3B A E R W W B i R 0 A T &R
TFF5E 45 S HH - 500 PR AR IR IV S A 2 /N T P 28 B0 6 B0 P AR VR T 0 R T I AN K, FLANR R s <
SR 0 10 min 54N N T3 0 e ] LA ZUIE AT W R e S 3 HR T BE R 5 | 4 i Al
SIS, AR/ IR 808 iR S IR R R TR A K o S ZGmad X e /A Hh A B e 3k
3590 mm, 1A 2"G/< R B4R A 0.9 m/h B AEL0P PI 25 B TR SRR AE, b TR 2 TG Y e, 4 1 A
KEIR): VD MELNT; JIEGR; s BB PUAR IR WO i i

[E 57 2S5 TF044 EAFRRRAD: A X EHS:1004-7638(2021)04-0117-07
DOI: 10.7513/j.issn.1004-7638.2021.04.020 FAE (EIRARSS) #7IRHG (OSID) : g%

Study on numerical simulation for flow field optimization
in argon blowing VD ladle

Liu Chonglin', Song Sicheng’, Sun Yanhui’', An Hanghang’, Zhou Lvmin', Liang Longging', Long Lian'

(1. Guangxi Liuzhou Iron and Steel (Group) Company, Liuzhou 545002, Guangxi, China; 2. Collaborative Innovation
Center of Steel Technology, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: Taking a steel plant VD ladle furnace as research object and using commercial software AN-
SYS-Fluent, a 150 t ladle bottom-blown argon gas model was established to simulate different molten
steel volumes and two argon-blowing ports with different argon-blowing volume. The flow field and ve-
locity were changed, and the flow of molten steel in ladle furnace after standing for 10 minutes was also
considered. All tests monitored the speed of same position at lower part of ladle, and selected the optim-
al production plan through the orthogonal design method. The results show that variation of molten steel
volume and bottom-blown argon flow in ladle within a small range have little effect on flow field and
flow velocity of molten steel in ladle. And the influence of steel and argon blowing volume on the in-
ternal flow field after standing for 10 minutes is negligible. Excessive argon blowing will result in a lar-
ger slag hole opening, which will cause slag entrapment and gas suction. If the blowing amount is too
small, lower flow rate of molten steel will result in a longer time for the formation of a stable circulat-
ing flow field. Finally, through comparative analysis, it is concluded that when the height of molten
steel is 3 590 mm and the flow rate of No. 1 and No. 2 argon ports are both 0.9 m’/h, the comprehensive
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flow effect in ladle furnace is better, which reduces contamination degree of molten steel and improves

production efficiency.

Key words: VD ladle furnace, bottom-blown argon, flow field, numerical simulation, two-phase flow,

argon blowing period, standing period
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Table 1 Factors and level of orthogonal experiment

K %7ﬁ£§/mm 15&EA0 ‘%i/(nf-h") 25EA N 'bcﬁ’i/(m"-h")
1 3890 0.6 0.6
2 3590 0.9 0.9
3 3290 1.2 1.2
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Table 2 Experimental matrix
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Table 3 Dimensions of solid ladle

B mm AR IR E A /mm AR R HAS/mm

A% 1 3 890 3028 2 764
R4 2 3590 3008 2 764
43 3290 2987 2 764
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Table 4 Ladle bottom mouthpiece arrangement
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Table 5 Material parameters used for numerical simulation

ket W/ (kg'm™) KB /(kgm s ™) HHY(Ikg K™ SHAH/(W-m K ZHREK NI
LI 7020 0.006 7 750 41 1 860 56
AR 1.622 8 2.125E-05 520 0.024 2 300 39.95
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Table 6 Ssetting parameters of inlet speed

EAFE/(m D) EROW#Ems ) Mm*sT)  el(m’s”)

0.6 0.132 629 0.000 176  0.000 117
0.9 0.198 944 0.000 396  0.000 394
1.2 0.265 258 0.000 704  0.000 933
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Fig. 8 Utilization efficiency of argon aerodynamic energy
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Table 7 Experimental results
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1" Al Bl cl D1 0.0125
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5 A2 B2 3 D1 0.029 6
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1 0.0721 0.0546 00675 0.0672
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Table 8 Data deviation values

WEHEA  15EKOHEB  25ESAREC

[/3—u —0.000 9 —0.006 7 —0.002 4
M/3-u 0.002 9 0.002 8 0.001
M/3-p —0.002 1 0.003 8 0.001 4
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