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On the Flow and Pumping Characteristics of a Thermopneumatic Micropump

with Electromagnetic Resistance for Electrically Conducting Fluids
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ABSTRACT: An analysis has been conducted of the flow characteristics and pumping perfor-
mance of a thermopneumatic micropump with electrically conducting fluid. In the present study,
considered is a thermopneumatic micropump for electrically conducting fluids with electromagnetic
resistance alternately exerted at the inlet and outlet by alternately applied magnetic fields. A model
of Prescribed Deformation is used for the motion of the membrane. Here, the pumping performance
of the micropump and flow characteristics of the electrically conducting fluid are investigated in
the range of Hartmann number less than 30. The current numerical study shows that the net flow
rate through the micropump is almost proportional to the strength of the applied magnetic field.
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Fig. 1 Cross—sectional view of the thermo-
pneumatic micropump with electro-
magnetic resistance.
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Fig. 2 Schematic diagram for the Lorentz
force and induced current.
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Fig. 3 Grid system for the thermopneumatic
micropump.
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Table 1 The calculation conditions

Hartmann Magnetic flux

number, M density, B,[T]
case 1 5 0.1951
case 2 10 0.3903
case 3 20 0.7805
case 4 30 1.1707

Table 2 Properties of the working fluid

Name Mercury
Density{p) 13,529[kg/m3]
Dynamic viscosity(p)  0.001523[kg/m - s]
Electrical conductivity(s) 1.0x106[S/m]
Magnetic permeability{g,) 1[H/m]
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Fig. 4 The applied magnetic flux density at
the inlet and outlet duct for the Har-
tmann number 30.
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Fig. 5 The displacement of the center of the
membrane.

Table 3 Regression of the displacement in
the center of the membrane

0= t<02 02 = t<1
e ; ;Ut +ai;t3 Al) = ke kg
a | 190323x10-7 | ky 0.00119
o 0.00164 ky 0.09457
a | 000699 | ky | -200357x10-7
as 001217
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Fig. 8 Flow rates at the inlet and outlet for
four different Hartmann numbers.
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Table 4 Comparison of the pumping performance.

experimental numerical
value value
afntsgfz;n thermopneumatic thermopneumatic
flow electromagnetic
control diffuser/nozzle resistance
' (M = 5)
diameter of 10 mm 10 mm
chamber
height of 05 mm 05 mm
chamber
flow rate 2.65[ul/min] 9.00[uL/min]
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