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Effects of drawing Speed on Temperature, Solute and Inclusion Distribution
in the Continuous Casting Mold of Thin Slab

ZHANG Qi, WU Yanbang, LI Huan, YIN Xiangkai
(School of Mechanical and Automotive Engineering, Qingdao University of Technology, Qingdao 266520, China)

Abstract. The coupling mathematical model of flow field, temperature field, solute field and inclusion in the continuous
casting process of 140 mmx35 mm thin slab was established by means of numerical simulation. The results show that the
solute concentration in the crystallizer is in the solid-liquid two-phase region, and it decreases gradually in the liquid phase.
With the increase of the drawing speed, the most severe segregation area is close to the narrow surface of the crystallizer.
The distribution of volume fraction and quantity density of inclusions is basically consistent with the velocity distribution of
molten steel in the crystallizer. With the increase of the drawing speed, the integral number and quantity density of the
inclusion at the exit become larger, and the closer to the central symmetry plane, the change of the integral number and

quantity density of the inclusion becomes more significant.
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Fig.1 Average velocity vector and streamline in the mold
midplane
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Fig.2 Turbulent intensity contour in the mold midplane
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Fig.3 The turbulence intensity curve of free liquid surface in the
crystallizer under different drawing speeds

3. 2R 4 Es RS 5200

g5 fas NORE 2 Y O ELFRDR 0 AT ~ [EE
SIAT BEEIE TR YA R EE B BN S S Es AR
Dy E AR ME H AT AR HY R E Y AR
TR B2 F Rty sZmE O ER AL B YRR £ =
T2 T AR AIFELE AP BRIBARES » B DAY
A MAEZEBER S AR T SR 22 BER AR B e /%2
A N A BE AR S B (B VBT P B BE S A 72

E S0 =M R N R s Emr RS btk



(#FIEHOR) 07/2019

0.05

0005 0 0.05

x/m

A L5 S N E A E
Fig.4 Temperature field contour in the mold midplane
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Fig.5 Temperature distribution curve of narrow surface of billet
under different drawing speeds
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Fig.7 Solute concentration distribution in mold
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Fig.9 The distribution diagram of integral number, quantity density and characteristic radius of inclusions in crystallizer
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FHBCZVRAR o RS LA A AR R I
HTASRIRMATA 3 8 SEE F R - I HEE
OO NS R T BT > 1L 2R AHT SR H 2 e i kB
A AT SR 2 ) 5 BRI

<V 4510

ASCRFAEUERLIEY 77 » S/ NI 5 45
frras N SRS PRSI RIS A S At T T
BUE TR, F ot T HLZENDRIE BT AR SR Z84) 7



{#iEHoR) 07/2019

I 2 451G

(1) RIERLZE T 25 fhas N ROAUZ IVRHIER AR
—EL o ARSI T 25 htas N AR USR]
USRS A Ll N B IR E S LA 7 G

(2) 45 & as WA E SAE BRI X iAE R
b2 S 3 (B (2 E VAN N W S pEd i 4 e mwed NEE [=AWN
SR IRATT 5 B B 1R PR AH X Y o iz v - R L
ZRIE R (R b e B Y DX Ik ) £ it 23 A5 I SR AT HY T
oL DO AT RS g A

(3) IR IAAR 3 B o AT SE R E o3 AT
—E It BS54 Sas NAURAV RIS AR A — 2 K
FPMAETA T BRI R & AR R B 5 7] _E sy
IMAERAE AT PR 7£ B HIR A B BEE FiL R
R A SRFIMARA T B S EE TR I H
BRSSO PRI ERAT - SRIMIATA T 8 S EE#
AL B E

ESPEN

[1] Chaudhary R, Ji C, Thomas B G, et al. Transient turbulent flow in a
liquid-metal model of continuous casting, including comparison of
six different methods [J]. Metallurgical & Materials Transactions
B, 2011,42(5):987-1007.

[2] Quan YUAN, Sivaraj Sivaramakrishnan, Brian G. Thomas. Com-
parison of four methods to evaluate fluid velocities in a continuous
slab casting mold [J]. ISIJ International, 2001, 41(10):1262-1271.

[3] Lei Hong, Wang Lianze, Wu Ziniu, et al. Collision and coalescence
ofalumina particles in the vertical [J]. ISIJ International, 2002, 42
(7): 717-725.

[4] T ROEH RE S % - EHRA RS NIROR S BEE R
YIRS A [I]=4N§2%,2010,45(5): 24-29.

[5] Geng Diangiao, Lei Hong, He Jicheng, et al. Numerical simulation
for collision and growth of inclusions in ladles stirred with differ-
ent porous plug configurations [J], ISIJ International, 2010, 50
(11): 1597-1605.

(LFE5E7281)

HOITRTL 3 R PR AR P ZE B R S B T T 0
B SRR HE N B SIO2Rb R 17
et o IR TS R AJES B L [ R IR B bR 2
SR TP R R E Y SRR
RS BITARI R 7 (7= Sttt - et
B AR T2 4 ST A 7 4 L7
FLIE B PG IIRT - 17 B AS S R E S A 4
T A

ESPEN
[LASBAELE & O E 205 5 —FhEiR B R E 1Y A 2R N IR

SREST S FLEN N EROR EE F 4 2 PR JE BT R R W) 3 AR R 28

[6]

[7]

(8]

[0

(10]

(11]

(12]

(13]

(14]

(19]

[16]

(17]

(18]

[2]

[3]

4]

(6]

(7

*739*

Hong LEI, Yan ZHAO, Diangiao GENG. Mathematical model for
cluster-inclusion's collision-growth in inclusion cloud at continu
ous casting mold [J]. ISIJ International, 2014, 54(7): 1629-1637.
Zhang L, Taniguchi S, Cai K. Fluid flow and inclusion removal in
continuous casting tundish [J]. Metallurgical & Materials Transac-
tions B, 2000,31(2): 253-266.

Ren Y, Wang Y, Li S, et al. Detection of non-metallic inclusions in
steel continuous casting billets [J]. Metallurgical and Materials
Transactions B, 2014, 45(4): 1291-1303.

Ling H, Zhang L. Numerical simulation of the growth and removal
ofinclusions in the molten steel ofa two-strand tundish [J]. JOM:
the journal of the Minerals, Metals & Materials Society, 2013, 65
(9): 1155-1163.

T3 IR RGBSR el (& 7% (L ST S ] 4 4 AT R
WFFE[D]. I ERHROR S 2018,

Qing F, Hongwei N, Bao W, et al. Effects of EMS induced flow on
solidification and solute transport in bloom mold [J], Metals, 2017,
7(3): 72.

Bennon W D, Incropera F P. A continuum model for momentum,
heat and species transport in binary solid-liquid phase change sys-
tems—I. Model formulation [J]. International Journal of Heat and
Mass Transfer, 1987, 30(10): 2161-2170.

FEZZS . ANAYS FLUENT 16.0884%2% 3] FHM].1E5T: AR
MRS kL - 20186.

Lei H, Geng D Q, He J C. A continuum model of solidification and
inclusion collision-growth in the slab continuous casting caster [J].
Transactions of the Iron & Steel Institute of Japan, 2009, 49(10):
1575-1582.

SRELER EBN - BRELR . T IRE AR RO Bl B oA
[P AR IS S BB D[] 28 47,2002(1):99-104.

T R A - PR RGBT R BRI R SRR
A[I].+FEE4:,2017,27(6): 7-13.

gKED SRS R N E R X 22 R A )
SR [J]. 4515 K, 2018,39(1): 111-115,119.

EH I R & ALENARIR A S SRR B R R 2
VB A2 AU [I] 10 T RHROR 5754),2015,38(6):
412-417.

HEITEN] - $5iEHR,2018,39(12) 2732-2734.
HRR TMEH) #FE . Cr/CELN h s S U RIE 2
SURII PRS2 [I]. 515 10K, 2019,40(2):139-142.
FEICE . BN B G < B W IRAF 57 AT LA i« o=
201620012547.8[P]. 2016-01-05.
EHrf - —MEAESEEENANERRESIEITE PE,
201710031039.3[P]. 2017-01-17.

SEHLE « — PR T TRIZEEEY RS HhE
201611045643.3[P]. 2016-11-24.
AHLE « OEFTIE I TRIZZGUE AT BARIM]. LS AU Tl
Hg#t,2017.

¢EUR P ST BORAIHT T A-TRIZENE RN A M.
JEsT RS AR, 2014,



