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The Equipment Design by the Fluid and Thermal Analysis of the
Electromagnetic Pump for Recycling of Aluminum Scrap

Woo-Sik Choi’ and Chung-Gil Kang”

. ABSTRACT

"In this study, to design aluminum scrap recycling equipment, fluid flow and thermal analysis considering
electromagnetic phenomenon were carried out by using ANSYS program. The magnetic flux generated by
electromagnetic pump has influence on fluid velocity of Al liquid metal with molten metal motion and thermal
generation. To investigate the effect of the number of phase on fluid flow and thermal generation, electromagnetic force
and magnetic flux were obtained by computer simulation. In addition, the results obtained by fluid flow and thermal

analysis, recycling equipment of aluminum scrap with the cooling technology of electromagnetic coil, the most suitable
phase and current were proposed.

Key Words : Al scarp recycling equipment(#} &8 &-Zv]g ZH]), electromagnetic pump(A217]1% HI),
current(d ), phase(?] A1), fluid velocity(+- %), temperature( =)

7lz4dy

emf = Electromotive force(V)
) = Magnetic flux(Wt)

i = Ccurrent (A) R = Resistivity ()
ia = Input current of coil (A) Qc - Heat transfer by convection(W/m)
ib = Input current of coil (A) p = Density(kg/m')
w = Frequency of input current (Hz) C = Specific heat(kJ/kg- TC)
t = Time (sec) \Y% = Potential(V)
N = The number of coil turns J = Current density(A/m')
A = Cross section of coil (m*) P1(30 °) = Phase difference is 30 degree
T = 3.141596 P2(60 °) =  Phase difference is 60 degree
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P3(120 °) = Phase difference is 120 degree
T = Temperature(C)
k = Thermal conductivity
Hr =  Relative permeability
Qj = Joule heat per unit volume
n = Number of integration points
[p] = Resistivity matrix
Re = Real component
{Jti} = Complex total current density in the
element at integration point i
{Jti}* = Complex conjugate of {Jti}
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Fig. 1 The diagram of recycling equipment system with
electromagnetic pump

Fig. 2 Three dimensional model of
electromagnetic pump(1/2 model)
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Fig. 3 Two dimensional model of
electromagnetic pump(unit : mm)
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Fig. 4 The diagram of magnetic flux line generated by
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Fig. 5 The portion stirred by magnetic flux line
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Fig. 7 Two dimension model of electromagnetic pump

Table 1 Phase value of the current (unit: * )

D(m) PI(30° ) P2(60° ) P3(120° )
D(1) 0 0 0
D(2) 30 60 120
D(3) 60 120 240
D(4) 90 180 0
D(5) 120 240 120
D(6) 150 300 240
D(7) 180 0 0
D(8) 210 60 120
D(9) 240 120 240
D(10) 270 180 0
D(11) 300 240 120
D(12) 330 300 240
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Table 2 The thermal and electromagnetic property of

A356 alloy
Property Unit

Temperature ( T) T 709

Density ( p ) Kg/m’ 2360
Thermal Conductivity (K ) W/mK 69
Specific Heat ( Cp ) J/gK 1149
Viscosity ( 1 ) N.s/m’ 45%10°
Relative Permeability ( 1 g) 84
Resistivity ( R) Q 21x%10°

Table 3 Relative permeability in electromagnetic

analysis
Sleeve 1
Coil 1
Core 1
Air 1
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Table 4 Input value of each case

N
Phase Current fum:;li Frequency
0o 1
difference i(A) turns (N) w(Hz)
P1(30° ) 110 2000 60
P2(60° ) 160 2000 60
P3(120° ) 240 2000 60
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Fig. 9 Magnetic flux density(Wb/m')
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1.

Table 5 Result arrangement for each condition

Phase difference

Analysis results Unit
P1(30°) P2(60°) P3(120°)
Input current (I) A 110 160 240
Maximum magnetic density (B) Wb/m’ 29.057 432 31.42
Maximum velocity m/s 10.674 18.46 23.55
Maximum reverse velocity m/s -3.751 -11.62 -14.81
Inlet Velocity (Fig.13  location 1) m/s 0.2 0.2 0.44
Inlet Velocity (Fig.13 location 2) m/s 2 2 1.87
Inlet Velocity (Fig.13  location 3) m/s 5 5.8 54
Outlet Velocity (Fig.13  location 4) m/s 4.9 4.8 4.17
Outlet Velocity (Fig.13  location 5) n/s 3.8 4 3.6
Outlet Velocity (Fig.13  location 6) nm/s, 2 22 2.46
Outlet Temperature(T) °C 740 810 762
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