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Numerical simulation and experimental research of
heat transfer coefficient in electromagnetic
continuous casting of hollow billets
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( Engineering Research Center of Foundry,

Dalian University of Technology, Dalian 116023, China)

Abstract: The relationship between the cooling water flow rate and the heat transfer coefficient at the billet/ core interface
was built up via the triat and- error approach. The position and shape of the initial solidified shell were predicted by the numerical sim-
ulation when the cooling water flow rate is 80, 100 and 120 L/ s. The electromagnetic field with the frequency of 2 500 Hz was im-
posed to the position of liquid/ solid interface which was 5 =20 mm close to the liquid level. The results show that comparing with the

conventional continuous cast one, the electromagnetic cast has obviously improved billet quality.

Key words: electromagnetic continuous casting; hollow billet; heat transfer coefficient

H RS 3 8 40 Z N IT LAk,
HRE R EARE R /DT 4 mm HEEE/NT 0.2
mm . QRS E 1S B 08 R SO R, 7ERE S
BEAT 1) 2 FL AN iy R0 R R IR A 5 3 B0 BE T
ZUT e, RIE TR ST T A R (4
S E I RESFE AN, DHIUR VIR s
TR ] R R E R R, KR kAR
PR

R GRS, KBS HUL Bk It

© H&WH:
WeAe H :
Ve R
IR

2004 =05~ 13; 11 HI: 200409~ 01
wOE(19797), &, MBI

AL B LK BT Tt 0 P B3 BRI R AT 6. BT 9 R ]
FLR 3 A2 S N AE A 2 it [ 52 B 3T, 0 R 400 4 e
SIAVACN IR ESEYGODIRES 7 W ALY 3B U S i R AN
VREE . BLOA KR SR R T A g s
FERBE LA, BT T BE L 45 0 4 (i 2T e R
H, (RO E N BER B RIR >, Ho
X P9 R T 55 P9 45 s 18] 1 R A% i R O AT 9
SERMCEE . I, ASCERE @ T AL E R
T e P T B RV B A AR ) R I 2 AT LUAR 8 5

5K ERFF 2L & B IR H (59995442) 5 Hh R B A 5 47 45 FF & Hh0 B B 35 B

SRE, B, M4, HiE: 0411~ 84709443; E-mail: jinjunze@ dlut. edu. cn



* 2074 -

hEA )RR

2004 4F 12 H

HWAS BN TR . TR S 45 R 5 B AR 45
B RHEE I E T8 R N AR T S5 P9 45 kA I T 1 R
MERH. B, BT DMK BES SR, W
TOREAR T AN E, Bk, 7T A SR 211
Fr T e B R B A N Y 1 7K 13 8 9 3 1) B (i A A
T, BT AT 2 - 5 AL B kAR T H R K

Withdraw

K1 FO0ERBESERRE
Fig. 1

Experimental apparatus for

casting hollow billet

1 —Inner mold; 2 —Inductor;
3 —Outer mold; 4 —Hollow tube
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Fig.2 Cooling system of innermold
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Table 1 Experimental conditions

Inner Outer
Billet  Pouring  Casting cooling cooling
M etal size/ temperature/ speed/ water flow  water flow

(mm*s~ 1) rate/ rate/
(L*min™") (Lemin ")

mm C

S 60 x 15 280 3.3 80~ 120 100

4.5% Pb
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Table 2 Parameters used in calculation

of temperature field

Latent Pouri Base
Density/ heat of ouring mold
3 st o temperature/
( kg' m~ ) solidification/ C temperature/
(kJokg™ ') C
7 000 70 280 40
Ambient
Solidus Liquidus Water m '1en
ir
temperature/ temperature/ temperature/ B
C C C temperature/
C
183 220 20 25
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Table 3 Parameters used in calculation

of temperature field

Specific heat/ Thermal conductivity/

T emperature/ C

(klokg” K1) (Wem™ '*K™ 1
63 0. 231 64.5
93 0. 239 63.3
123 0. 245 62.1
153 0. 252 61.4
183 ( solidus) 0. 26 60. 8
220 ( liquidus) 0.25 30.2
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Fig. 3 Numerical simulation and experiment results at different cooling conditions

(a),(a) —80 L/s; (b),

(a) ~ (c): calculated results,

(

1
 outer-mold/mm
1

phy innersmok

H
16

5 mm

ARV HIK B S5 55 B EL R 0L 45 14 k7 R e B

(b) —100 L/s; (c), (¢) —120 L/s
a)~ (¢

) : experimental results



F14EF 12 gk T, A EIR HURATE RS P 5 AR e AR S LR S . 2077 ¢
Ti — =)

- | o — #=50 mm

g 6 *—sr=20mm

g a—=3{) mm

S 5 e— =20 mm

g

=

ES 3t

3 .l
] | 1 1 | 1 |
0 80 90 100 110 120 130

K 4
(s ¥8 MANGE 5 2% TH0 2 P9 45 B #% 1 E B9)

Fig. 4 Effects of cooling water flow rate

Cooling water flow mte/(L+s™")
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on heat transfer coefficient
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Fig. 5 Surface quality appearances

of hollow billets
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Fig. 6 M acrostructures of hollow billets with

and without electromagnetic field

(a) —0 kW;
(b) —13 kW (2 500 Hz)
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