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Abstract

To optimize the flow characteristics of the molten steel in the tundish and improve the quality of
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the billet, this paper used the CFD open source software OpenFOAM v8 to simulate the flow field in
the five-strand tundish. Using water model experiments to verify the mathematical model, the re-
sults show that the error of the dead zone ratio is less than 2%. The flow field of prototype tundish
shows that there is a short-circuit of molten steel at immersion nozzle 2# and 3#, and the dead
zone ratio is 12.77%. It is necessary to optimize the structure of the tundish. According to the
analysis of the flow field, it is proposed to add a dam and adjust the aperture and elevation angle
of the two diversion holes. By comparing the simulated results of the molten steel flow characte-
ristic parameters under 9 schemes of diversion hole, the best one is to add a dam between outlet
3# and 4#, expand the diameters of diversion hole B and C to 200 mm, and increase the elevation
angle of diversion hole B. The results show that the dead zone ratio of the flow field in the opti-
mized tundish can be reduced to about 2%.
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Figure 1. Schematic diagram of five-strand tundish structure
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Table 1. Process parameter of tundish
F 1. FEBIZEH

oo ) (L 25 () JEVIR T (m) B PRI (m) F PIHEE (m/s) KIAK E A (m) KK FHE AR (m)

5.423 0.85 0.18 x0.18 1.3 0.03 0.25
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Table 2. The parameter of the SST £k —@® model
. 2SST k- o HEEISHEE
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Figure 2. The mesh of five-strand tundish
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Figure 3. Schematic diagram of experimental device
3. IWREREE

MG RS, 4% 1:3 (G T KBESEI RS 5 B2 T W E(Re) BUR, XS IRLIE 704 K52
B, Wk I BLE S (P A SR, 42 HIAER oK I

DOI: 10.12677/meng.2021.83019 152 Ve


https://doi.org/10.12677/meng.2021.83019

X E

KRG PR E L RERFIINARE B L Bl R AR5 B AR ACR B U A A, B BLR AN B R
AR TRERFIINAE .. k. HSRMAIEHEILRA(DIS00)5E, sl 3 fx. Hrb, HE
B, b A EAS Y B (A LB AL

TR EZ OB “RIB - R SEIRTT IR, S P IR AR

1) KEEE LB RS . KC RS R B 5 /KBTI ER IR AR s R

2) I FERE R AL TR T RO R IR BIR A, TR AN IR TG T A F R E
FEFRFFAEE s

3) fEN FAbE kb J7 NS ER

4) [AIA X L SR HEAT R FE NI, SRFEARZE A 20 Hz, SREERTIRI 3 435458 700 v o) 4 FrO B 1 45 B ) 14

739938 5 BAE A AT KRR S a6 45 2 R R R RSB L], WK 3 o BB DS SRAH XS
FKAEIY 26 S5 R ZE /N T 2%, 2R BT ST A BUEAS 2 AT DL YRE A S0 e 1) L A AR VB B 7R
Table 3. Dead zone ratio of water model experiment and numerical simulation
e 3. IKIERISLIG SHUERIUANFE X EE I
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JE 12.77 11.46 1.31
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Figure 4. The melt velocity at longitudinal section though the inlet in impact zone
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Figure 5. The melt velocity vector at the horizontal section though hole
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Figure 6. The melt velocity vector at longitudinal section though the outlets
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Table 4. Flow rate of each outlets
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Figure 7. The average residence time distribution curve of each outlet
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Figure 8. The time of tracer response at each outlet
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Figure 9. The total average residence time distribution curve
9. B ERTE S HhLk
Table 5. Molten steel flow characteristic parameters in the prototype tundish
5. REGEERRFESH
W] 7 B[] WEE M S5 I [ - 545 B I 1) FEIX H il EZEX LU AR X EL

0.0258 0.1524 0.8723 12.77% 8.91% 78.33%

4. GHISHMAHBIERY
4.1. BHYHR

N T AR R R T SR B, Faxt H A S HGEAT AL . AR Y TRESEERZRIG, 38 1T 1Y Bl
TR FRALIIA 5N, ATLASCR T A ERRT . AN, ASCHE 3#. 4R H I3 AL, fRErJE
MrblAlE AL A FISEAE, BRI B. CHRINGESMM, HEBISLI T RIE 6.

Table 6. The simulation cases with various hole structure
6. TREISRILEHSH TR AFR

ErRsE dy/mm dy/mm o/° o3/°

1 100 100 10 10
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Continued
2 100 150 30 20
3 100 200 20 30
4 150 100 30 30
5 150 150 20 10
6 150 200 10 20
7 200 100 20 20
8 200 150 10 30
9 200 200 30 10

4.2. GRS

P2 6 W) 9 FREREG T SR IR A0 N ARV B FE A B HEAT T BUE R, SRS B AR )
FRIESH, W 7 Fios. AMERH, 559 SSEIRT7 R N HIEIX Ll i/, HRAL 12.77% 0 2 2.6%, [F]
i HA K ENE I E] 0.9774, HIEAMRAENSWSECN: BEAI, SR B. C MNEY
B 100 mm # K% 200 mm, K FRAL B BIAPA RN 30° .

Table 7. The molten steel flow characteristic parameters with various hole structure

# 7. NESFRALGHTIRRRIFIESE

5 M) 15 B[] U I (1) 185 BE st 1) BEIX EL A5 /% 5 2E X EL /% AR X /%

JEi A 0.0258 0.1524 0.8723 12.77 8.91 78.33
1 0.1028 0.1349 0.9451 5.49 11.88 82.63
2 0.1201 0.5251 0.9496 5.04 32.26 62.70
3 0.0707 0.3896 0.8131 18.69 23.01 58.30
4 0.0727 0.3925 0.9434 5.66 23.26 71.08
5 0.0442 0.3545 0.9059 9.41 19.94 70.65
6 0.1401 0.5409 0.8189 18.11 34.05 47.84
7 0.1329 0.3454 0.9037 9.63 23.91 66.46
8 0.0799 0.4140 0.9258 7.42 24.69 67.89
9 0.0573 0.4749 09774 2.26 26.61 71.14
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