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Synopsis :

Key words :

The pinch force which is one of the most general electromagnetic forces in the metallurgical field can be generated by
impressing an electrical current in a liquid metal. In this force field, electrically nonconductive particles suspended in
a liquid metal will receive a force in the opposite direction to the pinch force, and be squeezed out from the liquid metal.

In the present study, this principle was applied to the separation of nonmetallic inclusion particles from liquid steel.
The separation efficiency # of inclusion particles from a circular pipe flow of liquid steel was thought to be a function
of the following nondimensional parameters: Vr(=vVp:/Wm), Ci(=selims2/pV?), Dr(=dp/21,), Re=(;wn/v), Z=(z/1),
and r;/6. The plug-flow model and the particle-trajectory model were used for calculating #. The results obtained
by both models showed that # was a function of Vi, (C;Dr?/Re)Z and r,/6. The particle-trajectory model showed a
smaller value of 7 than the plug-flow model. The value of # calculated by the former model increased with increasing
(CiDg?/Re)Z and decreased with increasing Vg. Although # did not change with r,/6 when 1r,/8<1, it decreased
gradually with increasing r,/d in the region of r,/é>1.

The values of # for a channel induction heater installed in a continuous casting tundish were estimated to discuss
the practicability of the present inclusion separator. It was found that # was greater than 959 for inclusion particles
with the diameter greater than 60uxm.
electromagnetic force; pinch force; nonmetallic inclusion ; separation of inclusion ; liquid steel; pipe flow ; tundish

heater ; pinch effect.
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Fig. 1. Coordinate system.
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Fig. 3. Effect of Vi on the value of 7.
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Fig. 4. Effect of r;/d on the value of 7.
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Fig. 5. Schematic diagram of tundish heater'® for
continuous casting of steel.

Table 1. Operating condition of the tundish heater!?.

Diameter of pipe (2r,) 0.lm
Length of pipe (z,) 1.15m
Flow rate of steel 1.5t/min
Maximum power 1MW
Power efficiency 80%
Maximum current (Iyms) 44200A
Frequency 60Hz
C 6.9X10%!
/o 0.65
Re 31800

(6re=7.2X10°Q"'m™}, pp.=7000kg/m?, ur.=0.005Pa-s)

Electrical power ratio (%)
50 100

0.5

7(z) or 7 (exit)

dp=20 £ m

0 ‘ 05 =1
zZ/m

Fig. 6. Values of # as a function of z and values of
7 at the exit of pipe as a function of electri-
cal power ratio for the tundish heater.
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Table Al. Values of g in Eq. (A4).

/¢ B r,/¢ B
0.1 1.0000 3 0.7718
0.5 0.9996 4 0.6782
1 0.9932 5 0.6300
2 0.9141 6 0.6027
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