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Physical-numerical simulation and application of optimization of flow
control device in a single-stand slab tundish
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Abstract: The reasonable structure and layout of flow control devices are crucial for improving the
cleanliness of molten steel within the tundish in the continuous casting process. A combined approach
using numerical simulation and physical modeling was employed to analyze the steel flow behavior, res-
idence time distribution (RTD) curves, and inclusions removal rates for different combinations and posi-
tions of flow control devices in a single-strand slab tundish at a certain plant. The results indicate that
when the distance between the dam and baffle remains constant, a suitable shift of the baffle wall to-
wards the ladle shroud side can prolong the average residence time of the liquid steel by 9.9 s to 17.9 s,
reduce the dead zone volume fraction by 0.45 to 0.85 percentage, and decrease the low-temperature re-
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gion in the tundish, thereby enhancing the purification capability of the molten steel. However, when the

distance between the dam and baffle is changed, an excessively large distance between them may cause

turbulence in the casting zone of the tundish, with the average residence time of the steel showing no

significant extension. Instead, the dead zone volume fraction increases by 0.33 percentage, leading to an

enlargement of the low-temperature region in the tundish and a 0.18 percentage increase in the overall
inclusion removal rate. Thus, a dam-to-dam distance of 473.5 mm and a baffle-to-ladle shroud distance
of 720 mm are considered to be the more ideal combination for flow control device settings. The steel

cleanness in the single-strand tundish has been effectively enhance by applying the optimized flow con-

trol scheme.

Key words: tundish, flow control device, physical and numerical modeling, RTD curves, inclusion re-
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Table 6 Comparison of inclusions ranking before and
after tundish optimization

. PRAGHT o /% PREAIE i /%
Je PR
2 D B3 D
0.5~1.0 26.44 97.95 3242 100
1.5~25 70.33 2.05 66.59 0
>2.5 3.23 0 0.99 0

H 2% 6 AT, Al das i ROUIE T A 7 A
BB NIRRT e 22 Lo A8 BH I AR, B 289645 >
1.5 BB LB R R T 5.98 4N H 4 4, >2.5 e HL B
H 3.23% F& & 0.99%, H D 253 Z4>1.0 4% ) H 1]
Hi 2.05% P2 0, XTI 2 880 ARG T
b, WA RSO PR T

5 &

1) KA R AR (EASL DL ) G s B 7 A ()
I [H] f) e AR AR — B, HL 5S4 45 B A ) 1R 25 A
5.4% e, KA TSI BE S H U ) B BRI AU 25

S 30k

e, 2 AR 5% B (AR 0L T SR 100 30 B AR S T
B,

2) i i A E LA, e T R P R A e T
DRI TRAE T, Jr 5 A2 (PREFIRE ] BF 24 (R
K EHAS 2 200 mm) H ) 4 58 1 AR VR
BRI, v R R B s, A TR
2R 1.7 K, P35 B i A AH bR RS 17.9 s, FE
DXARFR AT HE AR /N 0.85 ST 204

3) F5 it e A AL AR i b ) A e i 1 S B
He Sy, ML T B, I %8 A2 ({54 U fa] M 4 A
K S ) 200 mm) H [E] 4 e 2 ) 8 2 bR R AR
L4 B8, NRSFIe 4 (20 ~ 40 pm) KBR T
BIHE T 0.8 N E 43 A, 100 pm Je Z4 ) F5 B R 1w ik
99.04%.

4) R AT 3 25 BT A P A R AR AR
KR e 8 2583 Tt i, Hh R A9 s v B 15 31
AT

5)AHIFSE R FH B Tl S AR SS & 1
s e ol IS R I 25 e oy e WL B R e = <A B R RN ]
G3 BT, T SRR AR b X v TR g Bt e P AL B AL

W

[1] Pan Hongwei, Wang Leichuan, Guan Shunkuan, et al. Inclusions movement behavior in tundish after ladle changing[J]. Iron

Steel Vanadium Titanium, 2017, 38(1): 113-117.

G2, EHN, ML, 55, Wt J5 i) A e 2 iz s 5 o [0]. AR FLER, 2017, 38(1): 113-117.)

[2] Gao Wenxing, Yuan Jibai, He Junfeng, et al. Optimization of flow control device on twin channel induction heating tundish
by simulation[J]. Iron Steel Vanadium Titanium, 2023, 44(3): 144-151.
(RSCE, RO A, BRI, 5. BUE ERNINH el e B AU L[], #EkILER, 2023, 44(3): 144-151.)

[3] Sun Hua, Sun Yanhui, Huang Bo, et a/. Simulation optimization research of tundish under different pull speeds[J]. Iron Steel

Vanadium Titanium, 2017, 38(3): 118-123.

(M, INERE, BT, 25, = JRARX AR A R K BHUBIESE ()], AERPILER, 2017, 38(3): 118-123.)
[4] Sahai Y. Tundish technology for casting clean steel: A review[J]. Metallurgical and Materials Transactions B, 2016, 47(4):

2095.

[5] Huang Jun, Yuan Zhigang, Shi Shaoyuan, et al. Flow characteristics for two-strand tundish in continuous slab casting using

PIV[J]. Metals, 2019, 9(2): 239.

[6] NiP, Jonsson I TL, Ersson M, et al. Application of a swirling flow producer in a conventional tundish during continuous

[7]

[8]

casting of steel[J]. ISIJ International, 2017, 57(12): 2175.

Wang Jiahui, Zhang Hua, Fang Qing, ef al. Physical simulation on optimization of flow field in a tundish by top swirling
turbulence inhibitor[J]. Iron and Steel, 2023, 58(2): 72.

(CEZO0, 3kA, J7 1%, 25, ToUEAL i a4 il e o A v ) 0 32 X0 BRASEALA D). 19K, 2023, 58(2): 72.)

Wang Jiahui, Fang Qing, Zhu Shuang, et al. Effect of top-swirling turbulence inhibitor on flow behaviors of a single-strand
slab casting tundish[J]. Journal of Iron and Steel Research, 2021, 33(7): 575.

(EZO0E, T3 PR, AR, 25 TOUEAL i it 410 ol o5 Xof B AR e F o 1860 N i A 7k BRI [0, R T 2741, 2021, 33(7): 575.)



56 B A, AF BLAUARCER [ 4 RE EIL A BCARE DL K N - 141 -

[91]

[10]

[11]

[15]

[16]

[171]

[18]

[19]

[20]

[21]

[25]

[26]

Wu Jingiang, Yang Shufeng, Li Jingshe, et al. Physical simulation of structure optimization of three-strand tundish[J]. China
Metallurgy, 2019, 29(11): 39.
(RAaoR, e, 22nttt, 5. = J PRI 25 AL BB T]. IR 42, 2019, 29(11): 39.)
Xue Weifeng, Wen Guanghua, Tang Ping, et al. Physical simulation of structure optimization of three-strand tundish[J].
Special Steel, 2005, 26(3): 19-21.
(REFEE, SO, JEE, 45, AR ¥ v ] 45 e B O JOBBE DL []. 99K, 2005, 26(3): 19-21.)
Chen Dengfu, Zuo Xiangjun, Zheng Hui, et al. Physical and mathematical study on flow control device of tundish for 5-
strand billet casting at Chongging steel[J]. Special Steel, 2007, 28(1): 1-3.
(PR, oty KORE, 55, FAY 5 U7 PRI 85 6] P i B A BT 2 (0], 55K, 2007, 28(1): 1-3.)
Quan Qi, Zhang Zhixiao, Qu Tianpeng, et al. Physical and numerical investigation on fluid flow and inclusion removal
behavior in a single-strand tundish[J]. Journal of Iron and Steel Research International, 2023, 30(6): 1182-1198.
Xu Rui, Ling Haitao, Wang Haijun, ef al. Investigation on the effects of ladle change operation and tundish cover powder on
steel cleanliness in a continuous casting tundish[J]. Steel Research International, 2021, 92(10): 2100072.
Chatterjee S, Li Donghui, Chattopadhyay K. Modeling of liquid steel/slag/argon gas multiphase flow during tundish open eye
formation in a two-strand tundish[J]. Metallurgical and Materials Transactions B, 2018, 49(2): 756.
Zhao Mengjing, Wang Yong, Yang Shufeng, et al. Flow field and temperature field in a four-strand tundish heated by
plasma[J]. Metals, 2021, 11(5): 722.
Chatterjee Saikat, Li Donghui, Leung Jackie, et al. Investigation of eccentric open eye formation in a slab caster tundish[J].
Metallurgical and Materials Transactions B, 2017, 48(2): 1035.
Xie Xuqi, Fang Qing, Wang Jiahui, et a/. Numerical and physical simulation on enhancing steel cleanliness by increasing
height of two-strand slab tundish[J]. China Metallurgy, 2023, 33(6): 95.
CBHIBLER, J7 DR, TG00, 2. NUAUARER P () 6 g S -0t v BE A BRI ]. v i <63, 2023, 33(6): 95.)
Zhao Peng, Zhang Hua, Fang Qing, et al. Numerical study on strand-blocking operation of a six-strand square billet
tundish[J]. Journal of Iron and Steel Research, 2022, 34(5): 438.
GEXING, 5kHe, J7 IR, 4. 75Ut/ Ny b [ 3 i B 1 O B AU T (0], SERIFTE 2741, 2022, 34(5): 438.)
Zhang Hua, Wang Jiahui, Fang Qing, et al. Effect of top-swirling turbulence inhibitor on multiphase flow in a single - strand
tundish during transient casting[J]. Steel Research International, 2022, 93(5): 2100536.
Chen Xiqing, Xiao Hong, Wang Pu, et al. Three-dimensional magneto-hydrothermal coupling model of twin-channel tundish
with induction heating[J]. Iron and Steel, 2021, 56(6): 48.
(WA, M 2L, 3, 55, SO N b )60 1) = 4ERL iR HuRi SRR, 4NER, 2021, 56(6): 48.)
Li Yihong, Bao Yanping, Zhao Lihua, ez a/. Effect of diversion hole on flow trajectory of steel in multi-strand tundish[J]. Iron
and Steel, 2014, 49(6): 37.
(AR, A, SR, 5. 220 P )L SR AL AR S R 2T, 4MER, 2014, 49(6): 37.)
Ding Changyou, Lei Hong, Chen Shifu, e al. Challenge of residence time distribution curve in tundish for continuous casting
of steel[J]. Steel Research International, 2022, 93(10): 2200187.
Zhang Hua, Fang Qing, Liu Chao, et al. Effect of flow control devices on grade change process in a five-strand tundish[J].
Metallurgical Research & Technology, 2022, 119(3): 317.
Fang Qing, Zhang Hua, Luo Ronghua, et al. Optimization of flow, heat transfer and inclusion removal behaviors in an odd
multistrand bloom casting tundish[J]. Journal of Materials Research and Technology, 2020, 9(1): 347.
Li Quanhui, Qin Bangming, Zhang Jiangshan, et al. Design improvement of four-strand continuous-casting tundish using
physical and numerical simulation[J]. Materials, 2023, 16(2): 849.
Ruan Yanwei, Yao Yu, Shen Shiyi, et al. Physical and mathematical simulation of surface-free vortex formation and vortex
prevention design during the end of casting in tundish[J]. Steel Research International, 2020, 91(6): 1900616.

A A



	0 引言
	1 模型描述
	1.1 基本假设
	1.2 控制方程
	1.2.1 连续性方程
	1.2.2 湍流模型
	1.2.3 传质模型
	1.2.4 能量传输模型[15−16]
	1.2.5 离散相模型[17−18]

	1.3 RTD曲线的分析方法
	1.4 边界条件
	1.5 计算模型设置
	1.6 计算方案

	2 模型验证
	2.1 示踪剂扩散
	2.2 RTD曲线

	3 结果分析
	3.1 流场
	3.2 RTD曲线
	3.3 温度场
	3.4 夹杂物去除率

	4 工业应用效果
	5 结论
	参考文献

