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Tundish Channel Abduction Angle on Induction
Heating Effect of Magnetic Field

Liu Bowen, Zhao Wei
(School of Materials and Metallurgy, University of Science and Technology Liaoning, Anshan 114051, China)

Abstract: In order to optimize the tundish induction heating system, the influence of channel abduction angle on the dis-
tribution of electromagnetic field was studied. A three-dimensional electromagnetic field mathematical model was estab-
lished to simulate the distribution characteristics of magnetic induction intensity, induced current density and Joule heat
when the channel abduction angle changes in the range of 2° to 10°, taking a two-strand tundish with large nozzle spacing
(5550 mm) in a steel plant as the object. The calculation results show that under the same heating power, as the abduc-
tion angle increases, the geometric position of the channel shifts relative to the coil, resulting in a downward trend in mag-
netic induction intensity, current density and Joule heat, and this attenuation is most significant in the channel outlet
area, indicating that the magnetic field energy loss is mainly concentrated in the second half of the channel. The magnetic
field shows a stable eccentric distribution on the central section of the channel, and the electromagnetic parameters near
the coil side are higher. Through comprehensive analysis, it is determined that the 2° abduction angle is the best design
parameter. At this angle, the magnetic induction intensity at the near coil side can reach 0. 188 T, and the overall induced
current density is higher than 1. 70x10° A/m>. Therefore, in practical engineering design, it is recommended to use 2° or
adjacent small outreach angles to maximize electromagnetic coupling efficiency and improve heating performance.
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Fig. 1 Tundish geometric model
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Table 1 Geometric and process parameters of the induc-
tion heating tundish
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Fig. 2 Tundish three views : (‘a ) main view, ( b ) side view, (¢ ) top view
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Table 2 Numerical simulation parameters
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Fig. 3 Mesh generation
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Fig. 4 Grid independence verification
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Fig. 5 Definition of key surfaces and lines in the tundish
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Fig. 6 Distribution of magnetic induction intensity B on the

key surface of tundish channel : (a) Key face 1, (b) Key face
2, (¢) Key face 3
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Fig. 7 Magnetic induction intensity B at the key lines on the

central cross—section : (a) Horizontal radial of intermediate

channel, (b) Vertical radial of intermediate channel
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Fig. 8 The distribution of current density J on the key surface
of tundish channel : (a) Key face 1, (b) Key face 2, (c¢) Key
face 3
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Fig. 9 Current density J at the key lines on the central cross—section :

dial of intermediate channel

K% T7 ) b A EE R AR/ )N, (H L2 8] 43 A B
DR
3.3 &H AT

& 10 A3 38 2°~107 /MR A T 1) St i £ H-
PTG B o A8 B F B0 R IAE DA 28 40 VR T R R
REL A5 7 Ak ok, DRt JHG 235 i) 43 A1 R 5 J L
IS S5OR [ - it 2 300 A R A A T R, 4% O A
T A EEAV(E AR O RAEG, M T B AU D 1T 3 A0 42 A
TEVR e N I o 3k 1 ) SR G AN R A B EOK A VR TR

M P OJE I T BT AR B S D o )
AR ISR A
P11 Ay 368 T AR TR T A ) - T AR 1 7 )

B A, 1 a) T £ 3 5 0 K OF
EAR b, 5T RN 2 P X 3 A B A G I U
O] 2k P B 7 , £ AR AR O N AR H Y O
TN 2 L 1 5 ) 2B B 8. 7E HLAZ 0 ~ 0.08 mAb,
FE P DR A A - 205 A AR 0 m A R LR
h2.10x10° W/m?, 10° (Y FE EHACH 1.91x10° W/m®, 3
I 0.19x10° W/m®; 75 4% 0.14 m~0.15 m &b , £ H- 4
TV dre /N < 2° B GE ELAR 0.15 m AR H AR
2.91x10° W/m®, 10° i £ H-#4H 2.78%10° W/m®, £ H-
P 0.13%10° W/m’,

4 g

DFET72 A BRI T , 25 18 38 A1 R ff R 4
R, 3838 TUAR] e A RN £k B R AR RS 53
G TR N SR R RN L T R PR AR N A EL A
SRR Hod 0 X A Rk R LR
7 FE R AR HH 8 B 10° 43 4 T FE 0.034%x10°,
0.138x10° W/m®, 3¢ BH 1 7 g & 1 5 ok 32 22 % A 7

(a) Horizontal radial of intermediate channel, (b) Vertical ra-

I 9.60 x 10°

Crie
X
7 41 x 10° (b)

6.76 % 10° :
6.11 x 10°
5.47 % 10°
4.83 x 10°
418x10

2 89 x 10ﬂ
I 2.26 x 10°

1.61 x 10’
9.69 x 10°

REM/(W - m)
8.01x10°
741x10‘
6.76 % 10°

6.11 x 10°

5.47 x 10°

4.83x10° N
418 x 10: E

3.54x%10
2.89 x 10°
2.26 % 10°
1.61x 10°
9.69 x 10°

P10 v [ e 0 O 1T AR B Q 20 A 7 2L« (a) B THT
1, (b) AT 2, (o) Kb TH 3

Fig. 10 Joule heat Q distribution on the key surface of tundish
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channel :
SGIBENEE 2
2) W e A PO A R RO oA, SRR
P — 000 %) L 2 5 P v s ()R A2 i
N7 5 T A 5 A R 2R % A AR AR
rf 3T B0 DX R I 2 R T ) X
IEGEA LRI, 274N A LTS
AT I 4k P S 1 5 B R 3 0.188 T, 4 ARk



R b SC A8 < v [, 38 T 41 JR R JRE 0T SR R R 7 1) 5 ) <7

3.0
(a) 2°
40
2.8} B /
go
i Y L
g 2.6] 10° Y 8
E b d E
S 24l S
x f x
£ e =z
mo2.2] s
4 4
200
18 R ‘ e ‘ .
—0.02 0 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18

EEER/m

11

Fig. 11
dial of intermediate channel

7 LU 25 B AR AR 1.70%10° A/m2LL b, DTS20 EE
BB RE B LSRR S RE . IR, FE SRR TR

&% 3k

(1] BEAR, T W HiE, %, EHSBRA RENERT ]
K5 AK,2025,50(5):15-18.

(2] Z2H0, PNEE , AR, 45 . 75 It o T A0 34 3ok O 1 1) B B A 42
ATAE SR [J]. #55RIN, 2022, 43 (3): 7-13.

(3] 2225 WA, EEF 55 SIS AR o ) 4o 9 AR UL 52
FIREA (). F55RM, 2022, 43 (1): 1621

(4] Tang Y, Fellner W, Lukesch G, et al. The application of the state-
of-the-art turbulence models in the OpenFOAM CFD codes and the
validation for different flow control cases in the continuous casting
process [J]. Ironmaking & Steelmaking: Processes, Products and
Applications, 2025, 52(6):626-635.

(5] SmifE . AR b o] R IFSE (D], #l - 10 TR
K ,2024.

(6] JFEICUL . AL LR ARTEE S TR RN I ). s
FHEE, 2024,44(10) : 127-129.

(7] %0 8,4k 3, BIFE, 5. et e i85 il N 2 AR
AT ARITE T, Hii9,2022,38(4) :63-70.

[8] Qin X F, Cheng C G, Li Y, et al. Dimensional analysis of slag eye
in tundish with annular argon bubbling process [J]. Metallurgical
and Materials Transactions B, 2025, 56(5): 5574-5590.

[9] Zhao Y S, Wang T Y, Geng M J, et al. Effects of sidewall gas
blowing and slag layer on flow and tracer transport in a single-

strand tundish[J]. Modelling, 2025, 6(3): 87-87.

Joule heating ) at the key lines on the central cross—section :

2.45

®) 2°
2.40F 4
6
235 8°
\Y,  ——10°
230
2.25} N P
\ & 4
2.20} N, p/
2.15) N
PRT) R
2.05 1 L 1 1 1 1 1 L 1
—0.02 0 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18

EIEER/m

OO AT b SRR AR HAR Q « (a) R WL IE /K A2 i, () v [ i 3 3 EL A f)

(a) Horizontal radial of intermediate channel, (b) Vertical ra-

HrSAL SR 27 B AR /N BE LT, DL e KAk FL
WA RCR G A P R i

[10] ¥ #k, $BERWE, TR, 45 . )60 L R N IR AR 5T
LeNiJHERELT]). ¥E85, 2022, 41(4): 2-7+15.

[11] Z5ttl, B fF, Mokig, 45 . a0 858 5 Mo BRI
BERERNITIT]. FFERAN, 2024, 45(1): 1-11.

[12] Z22k mf A, B, 5 BRGSO b R) G 4 BRASDLH 5
ALY ). 5K, 2022, 43 (1): 16-21.

[13] 78 (AR BRR DT, 45 B i 18 U b ) 6, 37 37
ARSI LT ). BBk AIFIE A0, 2024,36(12) : 1555-1565.

[14] 5k my, UL, B o, 4% JsaE OB AR b ) 6 B
SRR BB ], 3585, 2021, 40(5): 54-59.

(15 ] Bfds . i a2 SRz i 4 o ] 40 22 ) B L Bl 5 P SRR 40
EFEID ] #ili: PR, 2024,

[16] #% BE. HHRZIEEN b ] (g A 2 WAL fn AT (D). B0l - 30
TR, 2023.

[17] 4 k. ARSI b (] A R -SR-S M R e 2 ) 5 B i F
FID]. R AL R, 2022.

[18] B &, 47 sk, XBZeoc, 45 . MR B s n A o (6] A0 S VO 3
e gt iiel) ] 55, 2022, 41(4): 27-35.

[19] 7, AR, BRR DT, 45 B i 18 U bl 6, 37 37
AR S AR LT ). B BRAIFIE I, 2024,36(12) : 1555-1565.

[20] Chen X Q, Xiao H, Wang P, et al. Magnetic-flow-thermal char-
acteristics of an innovative four-channel induction heating tundish

[J]. Steel Research International, 2022, 93(7): 2100839.



