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ABSTRACT A large eddy simulation of unsteady argon/steel two phase flow in a continuous
casting mold is presented in this work. The inhomogeneous Euler—Euler approach is used to describe
the equations of motion of the two phase flow. Large eddy simulation model is used to solve the
turbulent viscosity force. The drag force, lift force and virtual mass force are incorporated in the
model. And this model has been validated with a water model experiment and the measurements of
the ultrasonic flaw detection. The predicted unsteady two phase turbulent flow characteristics were
validated, indirectly, by the measurements of ultrasonic flaw detection. The predicted asymmetric
flow was validated by the water model experiment. The simulation results show that the distribution
of the bubble diameter is seen to depend on the argon gas and molten steel flow rates. The mean
bubble diameter decreases with increasing the molten steel flow rate, but increases with increasing the
argon gas flow rate. The asymmetric flow inside the mold was not stationary; the time intervals for
changeover appeared to be vary random. It can be concluded that the shape of the bending part of
the secondary cooling zone of mold is important to the asymmetric flow. The asymmetric flow occurs
near the bending section.

KEY WORDS continuous casting mold, two phase flow, large eddy simulation, Euler—Euler approach
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Table 1 Geometrical, physical properties and operating conditions used in numerical simulation model

Parameter Value Parameter Value
Inlet diameter of SEN, mm 115 Length of mold, mm 800

Diameter of SEN, mm 80 Length of vertical part, mm 2300

Length of SEN, mm 900 Length of bending part, mm 3200

Exit angle of nozzle, deg 15 Radius of mold curvature, mm 10250
Height of SEN port, mm 80 Casting speed, m/min 0.8,1.2,1.6

Width of SEN port, mm 60 Density of molten steel, kg/m3 7020

Submergence depth of SEN, mm 300 Density of argon, kg/m?3 0.56
Width of mold, mm 1717 Viscosity of molten steel, kg/(m-s) 5.6x1073
Thickness of mold, mm 228 Viscosity of argon, kg/(m-s) 7.42x107°

B 2

Fig.2 Physical diagram of the water model (a) and the schematic diagram of air blowing system (unit: mm) (b)
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Table 2 Casting condition for numerical simulation and water model experiment
Parameter Value
Casting speed V, m/min 0.8 1.2 1.6

Steel flow rate Qs, L/min 313.18 469.77 626.36

Water flow rate Qw, L/min 20.04 30.07 40.08
Argon gas flow rate Qa, L/min 3.23 6.45 - 12.91 - -

1.67 3.34 5.01 6.68 8.35 10.02

Gas flow rate Qg, L/min
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Predicted argon volume fractions (a, ¢, e) and argon bubble streamlines (b, d, f) from the caculation with

Qs=313.18 L/min and Q,=6.45 L/min (a, b), Qs=626.36 L/min and Q.,=6.45 L/min (¢, d) and Qs=

626.36 L/min and Q.=12.91 L/min (e, f)
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Fig.10 Molten steel velocities monitored at the meniscus with different steel flow rates (a) and argon flow rates (b)



522 & B % #H

F49 %

KRIG U/, 3K R 3 B L S AE &5 A% P 45
B IF TG , HE b0 TR S BORA VT, R, S0
HIPE VR RO B RN, ZERE—E MR T,
B Ar B, SExHEEMOR A MEIERR R, BT
IR WA S H TG A 5 S A I8 Bl B, 80T A 38 3
BRI B 10b AT, UEFEEN 626.36 L/min,
m Ar B 3.23 L/min £5%] 12.91 L/min B, .0
H MR BRI SRR REAE AT 2 m/s, M T AR R
TR JLRHEK.

4 it

(1) $&H T —FiHFE 5545 A% Nl </ M AR
R AR BB R TR UL, 78 F AR AR 17 SR B A I 45 2R A
KA SR 25 R IIETH A R B A b, B8 T 45 AR
TS/ R PIARTG T2 SIARAE. T RN, HRIEE
FKBG, SR EIE, B F 52 R 8T 5, B
I SMBURE.  BEE B RSN, S AR AL ] AT S
T, ZETE BT A S E B g s BEE R Ar A HE o, B
HBRZ I MIAEZK T B B3

(2) LW E—E R, SRR A A WS R
HIHE KT Mk Ar BE—E R, IR, SIEAF
B EALRD.

(3) ZwbAs NI AXT PRI BA AR, W%
Xt XEPREEIET RARAY, M AR . AR
BHEAE TV XA T BRI, R4 b Ay — e X A5 BLAy Ik
TEFEARIF 5 i # A R T S MR R

(4) WSIAYIZ B B2 b A% AW I 3l AT
i, RIBAELE s W2 34T N FERZ R Ar BEMMRE
HIREmR. Mk Ar BB, FEE W R, <IErE
45 has SE T Y S A B V-4, SRS Al 5 VR DN,
TEZET R i T8 AR — 2, BEE IR Ar ERY
e, BRI IFE IR, (ERWAEK O B ey
BERK, TR R B

BEEK

[1] Bai H, Thomas B G. Metall Mater Trans, 2001; 32B: 253

[2] Bai H, Thomas B G. Metall Mater Trans, 2001; 32B: 269

[3] Zhang L F, Yang S B, Cai K K, Li J Y, Wang X G, Thomas
B G. Metall Mater Trans, 2007; 38B: 63

[4] Yoshida J, Iguchi M, Yokoya S. Tetsu Hagané, 2001; 87:

529
T, 0%, BMAE—RE. #& 4, 2001; 87: 529)

[5] Bessho N, Yoda R, Yamasaki H. Iron Steelmaker, 1991;
18: 39
[6] Thomas B G, Huang X, Sussman R C. Metall Mater
Trans, 1994; 25B: 527
[7] Sédnchez—Pérez R, Morales R D, Palafox-Ramos J, Diaz—
Cruz M. Metall Mater Trans, 2004; 35B: 85
[8] Sdnchez—Pérez R, Morales R D. ISIJ Int, 2003; 43: 637
[9] Bai H, Thomas B G. Metall Mater Trans, 2001; 32B: 1143
[10] Lee G G, Thomas B G, Kim S H. Met Mater Int, 2010;
16: 501
[11] Kubo N, Ishii T, Kubota J. ISIJ Int, 2002; 42: 1251
[12] Li B K, Okane T, Umeda T. Metall Mater Trans, 2000;
31B: 1491
[13] Li B K, Okane T, Umeda T. Metall Mater Trans, 2001;
32B: 1053
[14] Yu H Q, Zhu M Y. Acta Metall Sin, 2008; 44: 619
(T, REE. &F%FM, 2008; 44: 619)
[15] Wang Y F, Zhang L F. Metall Mater Trans, 2011; 42B:
1319
[16] Liu Z Q, Qi F S, Li B K, Tsukihashi F. J Iron Steel Res
Int, 2011; 18: 243
[17] Hershey D E, Thomas B G, Najjar F M. Int J Numer
Methods Fluids, 1993; 17: 23
[18] Moser R D, Kim J, Mansour NN. Phys Fluids, 1999; 4:
943
[19] Yuan Q, Sivaramakrishnan S, Vanka S P, Thomas B G.
Metall Mater Trans, 2004; 35B: 967
[20] LiBK, LiuZ Q, Qi F S, Wang F, Xu G D. Acta Metall
Sin, 2012; 48: 23
(S, Xk, FFRTE £, REE SRR, 2012; 48:
23)
[21] Yuan Q, Thomas B G, Vanka S P. Metall Mater Trans,
2004; 35B: 685
[22] Qian Z D, Wu Y L. Acta Metall Sin, 2004; 40: 88
(BB, REM. &BF4R, 2004; 40: 83)
[23] Real C, Miranda R, Vilchis C, Barron M, Hoyos L, Gon-
zalez J. ISIJ Int, 2006; 46: 1183
[24] Deen N G, Solberg T, Hjertager B H. Chem Eng Sci, 2011;
56: 6341
[25] Dhotre M T, Niceno B, Smith B L. Chem Eng J, 2008;
136: 337
[26] Jakobsen H A, Sannaes B H, Grevskott S, Svendsen H F.
Ind Eng Chem Res, 1997; 36: 4052
[27] Sato Y, Sekoguchi K. Int J Multiphase Flow, 1975; 2: 79
[28] Smagorinsky J. Mon Weather Rev, 1963; 91: 99
[29] Singh V, Dash S K, Sunitha J S, Ajmani S K, Das A K.
IS1J Int, 2006; 46: 210
[30] Gupta D, Lahiri A K. Metall Mater Trans, 1996; 27B: 757
[31] Miki Y, Takeuchi S. ISIJ Int, 2003; 43: 1548

(st Hie)



