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ABSTRACT: This study has been conducted to investigate the thermopneumatic and flow
characteristics of diffuser/nozzle based thermopneumatic micropumps. In this study, a transient
three-dimensional numerical analysis using FSI (Fluid-Structure Interaction) model has been
employed to analyze the effects of the interaction between the membrane and two fluids (air
and water) in the thermopneumtic micropump. The transient temperature and pressure in the
cavity, the transient displacements of the membrane and the net flow rate of the micropump
have been closely calculated for the frequency of 1Hz. It has been found that the difference
of the flow rates at the inlet and outlet is larger in the cooling period than in the heating
period and that the duty ratio is very important in association with pump performance be-
cause the temperature in the cavity ascends drastically in the heating period and descends
slowly in the cooling period. This study can be regarded as fundamental understandings for
the design and analysis of thermopnieumatic micropumps.
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Fig. 1 Schematic diagram of diffuser/nozzle
based thermopneumatic micropump.
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Table 1 Properties of the membrane

Density [kg/m’] 1550
Specific heat [J/kg-K] 1630
Thermal conductivity [W/m-K] 0.2

Young’s modulus [N/m’] 2700000
Poisson’s ratio 0.3
Thermal expansion coefficient [1/K] | 0.00024
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Table 2 The equations used in the FSI (Fluid-Structure Interaction) model

Continuity equation

B (o\, 3 (_EJ.)
57 )+ 77 =0
o471, p : the fluid density
U; : the velocity component in the & i

J : the coordinate transformation Jacobian

Navier-Stokes equation

9 [ pui 8 (PUm:i\ _ 138 ap
at( J ) as’( )_ J ox; 9¢’
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7|4, p: the pressure
4 . the effective dynamic viscosity
u; - the Cartesian velocity component

x; - the Cartesian coordinate

Energyv eguation

R
3 [k 9et(9e’ aT
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4714,

T : the temperature

Finite element formulation of structural
dynamics equation

[MI{g}+[CH{a}+[K1{q} = {F}

{714, {gq} : the displacement vector
[M] : the mass matrix
[C] : the damping matrix
[K] : the stiffness matrix
{F} : the force vector




OFASt m2e

o] &3 YUY vlolA Fxel IdFTY R FEEA AT FAHYHY A7 645

(c) t=0.05s (d) t=0.10s (e) t=015s

(h) t=025s (i) t=0.30s (1) t=035s

b b e

(k) t=0.40s ) t=045s (m) t=050s (n) t=060s (p) t=1.00s

Fig. 2 Temperature distribution in the symmetric plane with time (Unit: K).
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Fig. 3 Temperature, density and pressure at the center point of the cavity with time.
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Fig. 4 Displacements of the membrane.
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Fig. 5 Central displacement of the membrane
with time.
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Fig. 7 Flow rates at the inlet and outlet.
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