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Numerical Analysis on the Separation of Inclusion Particles by Pinch Force
from Liquid Steel Flowing in a Rectangular Pipe
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Synopsis

: Application of the pinch force to the separation of inclusion particles from liquid steel flowing in a rectangular pipe was

investigated theoretically. By impressing an electrical current in a liquid metal along the axis of the pipe, the metal will
receive a pinch force and electrically nonconductive particles suspended in the metal will be squeezed out by this force.
In the case of rectangular pipe, the pinch force is concentrated near the corner of the pipe at high frequencies, and as
a result secondary flows may be generated in the cross section of the pipe. These flows will affect the particle-
separation efficiency.

Numerical calculations were made to obtain the pinch force, fluid flow and particle concentration. In the quarter
section of the pipe, two recirculating flows were generated and their maximum velocity increased with increasing x,/
8. Pipe Reynolds number, Re(=2x, %/v), decreased rapidly after x,/¢ exceeded a critical value which changed with
Ci(=ptelims?/ pv?). The particle-separation efficiency, », was a function of (C;Dy2/Re)Z while the secondary flows are
negligible. The value of  was found to increase with increasing x,/d because of the development of the secondary
flows. This result is a contrast to the case of circular pipe investigated in the previous study.

Key words : electromagnetic force ; pinch force ; nonmetallic inclusion ; separation of inclusion ; liquid steel ; pipe flow ; secondary
flow.
1. ¥BE ML AT 2 7083 N Tw e, 2 2 TARIRTIIAE

HEHP X SBEB b Exa £ T 5 ERDESBIT
Vi EE L T 5, JL4E, S OHF~DE RN L <
B EE DI ERR LN EMRBEVRESNT H122709,
3o ICHRRIN R REOHBMRD LT3, 2DL S
BERESE A, BIROTRERRE CFH2RMH LIZHER
R O DM EE T REL, ZOBRIEMBLHG
R o B A

R TILAERCTHRE &, BTN OEME D & DAY
s o THGRCRETT 5,

B OHA I, MBS s Ly FAED
a—F—ECEP T AR, FWTHE AN R YER S
3, 2OLSMEPRIY L F OB TE Cmb 5 pkETN %
ZUL»o, TREEEHHDO®EHALCL > TERY
BT 5, OGO EMRENERLML 2 LIZERE
EELIEZ OB,

¥, TN TEENCIIESREIOE S L LT
HEEYET Y, RET 2EMEBTOR F T 2%
BHOERHC DU TR EREA N oI, L2 T,
BRI X Y RENIT A IER SR T OR TN OV T O

Wikl X 5 |REE R OF N & kEN E OEAEHIC
HuFHL TR T2 LT,

2. E#

2.1 1R=E

AR TITIERERAER L LT, Fig. LORT & 9
M7 TERCRECERER PR E LI, ZOERBN
DEM AR BR 2T L, FEBR LEREOMHA
ERTHEMERBZIEMET 2SS F Yy RET 5, 2
D& SR NOETIFEBEB R TR Fh LA H o
VRENTI VN 07, BN ATED R & L IER AR T P E
W m/s] THHAET 2 &, FEEENED I AE I3 BE J7 R kB
L, MBS L TREINRZ LD EFZLLNS,
COWMBELITOMHED S L THMPANHITT 5,

(1), BREE, Rkl £ OBz Fmi—%
Ths,

(2) RNOERBHZBEOTN L » TELL v,

(3)EDTHENEBRTEETDH 5,

(HEEERX—ETH 5,

PS5 4R 8 H20A =4+ FM54E12H 3 H2H (Received on Aug. 20, 1993 ; Accepted on Dec. 3, 1993)
*  FALKFEILHE (Faculty of Engineering, Tohoku University, Aza-Aoba Aramaki Aoba-ku Sendai 980)

% 2 The University of British Columbia



)
=<
7})
>

o ||
s

Fig. 1. Rectangular tube.
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