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energy is converted into swirling kinetic energy

as the liquid steel flows into the tundish from removal Free liquid level

Abstract: The SFT (swirling flow tundish) is a
tundish with swirl chamber placed in the flow
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collide and polymerize. In this work, the PBM

model in ANSYS Fluent was used to simulate

the growth of inclusions in SFT, the DPM model was used to simulate the removal rate and trajectory of different
particle size inclusions. Simulation results showed that the average diameter of inclusions in the tundish without
swirling chamber increased from 3.93 um to 4.25 um and the inclusion removal rate was 40.07% considering the
collision polymerization between inclusions. Under the same operating conditions, the average diameter of inclusions
in swirling flow tundish increased from 3.93 pm to 4.35 um, and the removal rate of inclusions increased from 30.09%
to 43.20%. The removal capacity of SFT was better than that of NSCT (non-swirling chamber tundish)

Key words: inclusion removal; collision polymerization; numerical simulation; swirling flow tundish

k5 2020-01-14, f&[E]: 2020-03-17, PILKELFR: 2020-04-01, Received: 2020—01-14, Revised: 2020—03—17, Published online: 2020-04—01
EEWH: ERARBFREERIWIHGS: 51604068)
EZ I e 1994-), 5, WEABEEAN, WEmsE, Wkastl: PEE, BRKAAN, E-mail luozg@smm.neu.cdu.cn.

SIAKR: SER, kAT, PEE, S e e At i 2 g i S E L. SRR TREZEIR, 2020, 20(12): 1432-1438.

LulJL,Zhang D S, Luo Z G, et al. Numerical simulation of collision removal of inclusions in swirling flow tundish (in Chinese).
Chin. J. Process Eng., 2020, 20(12): 1432—-1438, DOI: 10.12034/j.issn.1009-606X.220021.




ERVE F SR A R [ SR AR A 25 B X B E A 1433

HEA (8] B SR 247 A2 25 PR BV BUE R U

paR, REASL, FERY, HEul?

1. RAEK2ERE2ERE, 07 PEFH 110819
2. RALRZEB &% L S B IVET SRS HE M E A=, W9 JLHE 110819

B OE: iR PR X A B E R R, MR KK OB R U I T R R L, AR

WA B RE, e AR AL e APy i e it 2 b0 SR AR, (R Al 2R &K K. il ANSYSS Fluent Hff) PBM LAY 1
Je Z WA e PR B Y RERE R A KK, B DPM BRSBTS [ A% e e I U A R B R . 5 SRR, MIFRIEME S, ek
FW 2 IR S A, TERER S P IR I 28 M P B BB M 3.93 um B 4.25 um, A EERERAN 40.07%; e H A Ak
ZMHIF I EARM 3.93 pm B E 4.35 um,  Je A LB 30.09%ITHE 43.20%. B AT S A i B fe S T I e

EEa,
FIRIE): W ERR; MRS, BUERRL BRI
FESHES: TF777 ERFRIRRD: A

1 B S

It 5 I ) 3l R TR, S AR R 1)
JR R B RRSR R e Hp ALY S B R A 1 1)
BRI, R AR R PRI SR R
T A ) AR OV SR AN I PR AR . B
) B8 SR 1 33— 0 4R v AN R 14 B R HE SR IR Y
Hh LA, DR A R P B3 A ANV T e i = A iz
B, BT R N TN, A AE B AR
F ¥ e ) HR O SR AR, JE SRR T A oA Wl A
RBEKK, m& LIRERMPEEWM LB, BOFE
055 BN 7 Re SN e, AR IR A P A 1
Ko ROV R R 5O v 8]0 P 5 0 B 5 it I 42 1
ARG G R, B A 3 T T B ) A R A 2 B 2
FA, RITER AP A 5] e, MRKSEE S
e MK VR e = BRI =, 7EHER 2= 1™
AT, AN B AL R R I AR, kD T BB
ff/H. Ling %EU7E 2013 FAEH B Fluent 255
UDF H#FEM 75, BT PR i i R 4~9.2
um IS ENAT R, TEImmALEE T e 4 Pl
BAEKK, UEBH LA R PR K RAT N .
Chen %5'If] CFD-PBM #&HAUHEFL | RH B KA
PN ) R IR D SR B AN R AT e, RLADL 45 B B AN ke
FBER L RSP oA i o 05 Tk
WA E R —5E, UEW T PBM HBAYE H TN
T HR e 2 ) Rl A SR AR KAT o SCHR[12—15 ]38 i 7K A

XEHS: 1009-606X(2020)12-1432-07

S0 AN EAE T VE AL, T @A AR )AL e e ) )38 Bl Bk
Mg, (HRFEEIIY 2 RIRHE RS . SR
W) 2 (R AE R SRR RAT R, /NRLAR STl
R A K KA R BRI A, EAFRT R34 -
FEB. RTAEHEIRY MR EE, 755 H
ANSYS Fluent Hf] PBM 5!l DPM 5 B AR 32 2 4
FER T s 34T A . I ANSYS Fluent H (1) PBM F 74
PRI Z4 P E e P TR A P RS SR A KK, 13 B 249
(1) EARFOAS [RLRLAR JE A AR AR 7 B4k, BPAS [RPRLAR
S Z YR J5 1) K 53 A o il DPM BB ARADL 9 24 1)
ZBRFEFIILE, FHELBRFERIR PBM AL R [FRLAR S
FW B, TR RDRLAR (1 e A b AR R TR
WP e s R . B 2 DMARI R BT BRI e e
SAEF 5 )46 I A AR AR LUAE R R Je W) B &
R
2 HEFHER
2.1 EHIGTE
2.1.1 JeZRAphl i SR A i Ay

Tlf 28 5 A A TR R ARSI 2 W KR 240 40 M E B A
Jii e ST AR RIS & S E T R L (D) A2).

op.a =

( : k)+v'(pkakuk)20 (1)
ot

(apka/cﬁk)

o + V- (poyiii) =-a,Vp +

\& {aklucff [Vﬁk + (vak )T }} +poyg + F 2)



1434 U = B

20 %

K, o o 530 R A Z WA (1) 2% B AR 3
B, p NBARFIR YA B J1(Pa), Fi 9 Z4AN
B AR I EAE R JI(N), ¢ I TENGs),  a, ANBUAR )
TR VE R I, e N ANBUAH B 205 BE (Pars), g NE T
DRI FE (m/s?)

R IIAREAT 34, BB @ R A A R R
P HTTTRE . RANBELEE TR Kolmogorov RUEE
nH

on, o
§+a—)ﬁ(uini):Ba—Da+Bb—Db 3)
o _
(apa?ofl) +V(a,puf) =S, )
SV
n{“j )
&

o, n REE | AR (m™), R
JE RIS BEE (m/s), X ATIL By, Da, By, Dy 703
TN A SR RO S B i I i B 3
TR /D [kg/(m?-s)], S; v B lEd 2R 0 5 2 2= AR
FIVRI, v AR IIE DR FE(m?/s), xi A i@ Rk
15 x J7 1 ERIRS, o RIRYMATR T EL, oy IR
SR, HpE) L AR T v=0.9x10"° m¥s, eANTRBNRE
IR B (m?/s%) o AN T8 R 2 8 I A A SR A7

i NS | HRIDIER T2, o REE | I
WFADEL, vi REE i IR TIRARR, BATZ IR
KAEFIEA WA (O)F(7):

ny, = f[ap (6)
=%
ﬁ*ap (7)
RYE ERITRE T LIS R0 ¢ IR T
&
W + V(apppﬁif;) =S5, ®)

BN TR e A W )R AR /S T A R i T Il 5
Kolmogorov REERS, MR+ I 58 43 7] DL 2B,
IR )i ) T EARTE S TR e R
PR K T IER 1Y) Kolmogorov N RS, J&Z<Wnii%h
PESI ] DLZRE, AR BIE SRS T IR o

H Fluent AL [ G317, = BB oninsh fEFERR
Kb XA T 0.02~0.3 m¥s®, RARG) T H IR 7
Kolmogorov & A 39~78 um. 1EHL Kolmogorov IIffi 5t
RIE =63 pm. X T I=Pkif2 /N T Kolmogorov Iifi 5t
JRPERS, Saffman SFUOHE H 1 filf i 26 1A 20

- 8j(dt+df)3\/g
,BT(F,’V,)—O!\/; < ” )

Hr, proNBRIRERE R, 7 F S RINER § A2
AR IEAE, &M d A LTI EAR, ol
(UG
J& 2 W) ki 42 K T Kolmogorov I F+ R FE H
Abrahamson!! 742 H [ filf 4 14 Ze ik
s =2 am S GEGE o)

4
X, U, U ilRREE i, j HIe Wk 7 K
2.1.2 FIWis s
FH Lagrangian J7 776 fa 4N (1) 36 Al B, R4
BRI T H 5% 1T SR A i I8 B ZEl el
Je Z Wiz s P KT E TR N
dl

== (11)

K, L, AIEYIRL AL E (m), i, RIS W SR S B
(m/s).
SJe ZWi 2 S T RN
%:FD+(/O,,—p)g+
dr e
K, Fo NG0B T & II(N), pfilp, 7051
SRR () RN 0 ) 5 B (kg/m®), RIS AW 5%
FIFAR I (N) o
2.1.3 LW bR
e Z A fE 1 2 BRFARYE PBM BLAUAT DPM %
BRI SR, BAMEBRRE PR EBRE PN

— (Nlo;tvx PDi) (13)

F (12)

P

i

Z(Nioul XPDi)XVi
p=" (14)

i
zNiin ><vi
1

N Niow NHE i L IARWAE RV 1 A (B 3
Nin N i HRIAER HON DB, Po N
DPM R RS i 1AW R 2 RO R f (1 25 B

22 WREH

HRAE BT KT LF R M A ANARE EAT (R ARSI,
SRR FEEF T 1~120 pm, REDEF 5
HN 0.03%, IR HIAERAS I e Je P38 57 oy A AE AN
B JeJ Wt i Lister SEUOE H AT 0 2l vivi=2V4
X IIIEATRI Gy, IR vivi=2.6 73K
16 4, HASHNEK 1. TRV FRZEERN 3900



12

F SR A R [ SR A A 25 R X BB A 1435

kg/m?.

X T e el SR AR, O AR (1) R
LA TR FTN A, AR FEN I, 3K/ A T s,
FHWIAEN VAL R B S iAol BEAR [R]: (2) i) B
[ESE-Ee AR IN: PSP/ AREE ST 3§ I N AFATTREN
BETHON S AP RRE A E T (3) THlHT Dy H B : (4)
FUONE #2918 sh B H 02 AN 45 b
2 (5) TEVIEIT PN L E W w0 5 2 S Z i A
o3 B FNHE 2 P (AR A

* 1 BERFYPRFFHEER. VIRBEZEMREIER
Table 1 The characteristic diameter and initial number density
and volume fraction of inclusions in each group

Characteristic Initial number

Group diameter/um density/m-> Volume fraction
1 1.00 1.36x10"3 0.024
2 1.38 1.83x10"3 0.083
3 1.89 7.85%x10" 0.093
4 2.60 2.81x10'2 0.086
5 3.58 1.05x10'2 0.084
6 4.92 5.59x10"! 0.12
7 6.76 2.38x10M 0.13
8 9.36 6.50x10'° 0.093
9 12.8 2.20x10'° 0.088
10 17.6 3.29x10° 0.03
11 242 1.04x10° 0.026
12 332 5.11x108 0.033
13 45.8 3.50x108 0.058
14 62.9 6.93x107 0.03
15 86.5 2.37x107 0.022
16 119 5.13x10° 0.015
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Fig.1 Schematic diagram of swirling flow tundish
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Table 2 Size parameters of swirling flow tundish model

Parameter Size/mm Parameter Size/mm
Bottom length 4500 Top length 5000
Bottom width 1250 Top width 1400
Diameter of SC 600 Height of SC 450
Inner diameter of nozzle 100 Outlet diameter 75
Outer diameter of nozzle 125 Dam height 625
Height 1250 Weirs depth 750
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Fig.2 Trajectories of inclusions of different sizes in the swirling flow tundish
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