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A Study on Numerical Simulation and Water Model of Converter
Tapping and Vortex Forming

Wang Jianqiang', Li Junguo' and Han Zhijie®
(1 Hebet Key laboratory of Modern Metallurgy Technology, Hebei United University, Tangshan 063009,
2 Tangshan Iron and Steel Co, Hebei Iron and Steel Co Ltd, Tangshan 063016)

Abstract The tapping process of a 50 t converter is simulated by using commercial software Fluent 6. 3 and based on
pressure separated implicit analytic calculation and k-£ bi-equation, and the simulation results is compared with the results
of physical simulation with geometric similarity ratio 1: 4 water model. Results show that the numerical simulation results
are compared to water model simulation results, because of neglecting the interaction of friction between liquid and wall face
in numerical model, the vortex forming time and tapping time obtained by numerical simulation are less than that obtained
by water model simulation; at current structure of tapping hole, the slag entrained by vortex during tapping is inevitable,

and the vortex formed is most at middle and later period of tapping.
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Table 1 Test parameters of 50 t converter prototype and model
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Fig. 1 Schematics of geometry converter model (a) and calculated area grid division (b)
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Table 2 Physical parameters of water and liquid wax

WH FBE/ X/ Tt BE
) (kg-m™>) (Pa-s) J-(kg-K)"'] K
=K 1.29 1.79 x 103 1 006 298
7K 1 000 1.0x107? 4182 298
A 885 3.0x1072 3 200 298

X PR

HEPS X (4) I (5) B
MRV E R K
REAE (B ES X
2PR) . R SEE R A PISO
HRITERS, FERATE
N T, g R AR B 5
RefE MR IGE RAEAT ST

FE At 0

kR

3(pk) Ipku) g
ot ox,; O,

B\ ok _
[(#"’ak)ax,_]“"ck pe (4)

e TR

d(ps) , Ipew:) =¢i.( Ez)ég Coe, &
a T o ax,.[ To. ax,.]+ PRV
(5)
. M (’L)(aL) G = ("”’i)(?“_'f)%
e p(é‘xk o, )T TR o N\ e, S

K - e e
po=pC, 3 Cop \Co, N AL, H RTE R Launder

Hi Spalding RUHEFZ(E AN :C,=1.44,C,,=1.92,0, =
1.00,0, =1.30;u, NimWEISIKE/ (Pa - s),C, =
0.09,

(4) KA RIRE L, /KB HY 2% B SR B A HL3E 55 )
YE MR SRR L) A1 4, LI B WA 2 iR,
R T T HER R E SEIR I B4, T K R B TR
R E IR 2, FER R K P I A FE
FARERE T RAEAEMN SRS (KMnO, ) , 4t
FHRETHOKERNREQC, S LELONBRERA
BEF LR B

TR T BB 1] 0 HS 40 B 8] 3 B o - (R AR R PN IR
HiRERREK T
B O b5k EE, [[]
W fe N RP R, 440
WAL ERTEA oWtk
1 fod R TET U Bh 1
. LB mEn
BEESEALSO
B, ict 37 A L B ]
TR A
A}, 2keE AR
VA S R A
W TE , FEAP N K BR

¥R

RN

B wP T B R B B A
B K4 B R B
Fig.2  Schematics of water simula-
ted test device for converter tapping
vortex forming and slag entrained a-
mount
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Fig.3  Status of steel and slag at beginning tapping moment with different height of original liq-
uid level: (a)h =80 mm;(b)A =100 mm;(c)kh =120 mm;(d)A = 140 mm
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Fig. 4  Volume fraction of steel and slag at vortex forming moment with different height of origi-

nal liquid level: (a)h =80 mm;(b)A =100 mm;(c)h =120 mm;(d)h = 140 mm
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Fig.5 Volume fraction of steel and slag at end tapping moment with different height of original

liquid level: (a)h =80 mm;(b)h =100 mm;(c)h =120 mm;(d)h =140 mm
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Table 3 Numerical simulation and water model test results
of vortex forming period and tapping time
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80 7 16 56.3 27 34 20.6
100 17 23 26. 1 37 47 21.3
120 29 30 3.3 46 56 17.9
140 38 41 7.3 57 68 16.2
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Fig. 6 Effect of height of original liquid level on ratio of vortex

forming moment to tapping time: (a) water model simulation; (b)
numerical simulation
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