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MHD(Magnetohydrodynamic)Micropump Using Lorentz Force

Jaesung Jang® and Seung S. Lee*

ABSTRACT

We present a novel micropump of which pumping mechanism is based upon MHD (Magnetohydrodynam-
ic) principle. The MHD micropump uses Lorentz force as pumping source. In the MHD micropump, Lorentz
force is applied into initially stagnant conducting fluid to drive it in magnetic and electric field to flow in
both directions. The performance of the MHD micropump is obtained by measuring the pressure head dif-
ference and flow rate as applied voltage changes from 10 to 60 V DC at 0.19 and 0.44 Tesla. The pressure
head difference is 18 mm at 38 mA and the flow rate is 63 u//min at 1.8 mA when the inside diameter of
inlet/outlet tube is 2 mm and the magnetic flux density is 0.44 Tesla.

Key Words : MHD(Magnetohydrodynamics) (A71-#1% &), micropump(°lel 22 X), Lorentz force(Z2d2 §),
bubble generation (71 ¥&4])

JNEMY
B : A%U%(magnetic flux density) p : ¥ (pressure) UL
D, : %8 A& (hydraulic diameter) = 2 Re : #lo|&2 +(Reynolds number = ——)
E : A7]132 Al7](electric field intensity) U : B4 &x(characteristic velocity)
I ARYE(current density) v 1 % (fluid velocity)
L : 54 Zol(characteristic length) 1 BE(viscosity)
L, : d59 49 U, : BA-&(permeability)
N : 7% 97084 (interaction parameter = GEBZL p 4 =(density)
Re ' "jalg Hole=z & pU o . A7] AxE(electric conductivity)

(magnetic Reynolds number = #,0UL)
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Fig. 1 Schematic of actuation principle
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Fig. 2 Device fabrication process, where the left side is for the
upper wafer and the right side is for the lower wafer.
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Fig. 3 Structure of the MHD micropump using Lorentz force

inlet and outlet
glass tube

Fig. 5 Photograph of experimental apparatus
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Flow rate = Area x s/ (t2-t1)

Fig. 6 Pressure difference and flow rate measurement

h (34 mm)

Fig. 7 Photograph of bubble generation and pressure head
difference(h)

TesladlA DC 10 voltollA] 60 volt 744 &3d of 2
o] 479 Fe & &7 Rl Aold] $FAE Z
A3} AFA FF AT (Fig. 6). 18l 2, A7FAGL
Hz 0 Vol N8N FEH o2 0.8 V/sec 9 7] &
712 BEAL7A AT @714 $ele £5A% 7]

97

201 —a—B=0.19 Tesla . .
—e—B=044 Tesla / ~®—e
[ ]
L /
»
| /.,,/\'
[ ]
N /
o—"
0 .‘=::::.——l

Pressure head
difference(mm)
5

10 20 30 40 50 60
Applied voltage(V)

Fig. 8 Pressure head difference (h) due to applied voltage(V)

7 dse RAE 2FYY (Fig. 7).
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Fig. 9 Pressure difference between inlet and outlet due to
applied current(mA) and theoretical case follows
Equation(9).
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Fig. 10 Flow rate due to small applied current (mA) and theo-
retical case follows Equation(10).
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