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ABSTRACT : This study has been conducted to investigate flow characteristics of a
micropump with piezoelectric materials. In this study, the change of flow rates has been
investigated for different positions of the inlet and outlet and for different distances between
them. The FSI(Fluid Structure Interaction) method has been employed for numerical analysis
of the piezoelectric diffuser/nozzle based micropump. It has been found that time averaged
flow rate is greater in the case that distance between the inlet and outlet is longer. For the
cases where the positions of the inlet are different with the position of the fixed outlet at
the center, the flow rate is increased as the inlet is located farther from the center. This
study may supply fundamental understandings for the design and analysis of the prototypes
of piezoelectric micropumps.
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Fig. 1 Schematic diagram of a diffuser/nozzle
based micropump.
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Table 1 Properties of piezo disk (pic 153)

Property pic 153
Density [kg/m’] 7750
Relative Permittivity 4500
Resistivity [Qm] 10°
Charge Constant dx [x 10 m/V] 750
Voltage Constant gz [x 107 Vm/N] 18
Young’s modulus {x 10" N/m“] 45
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Table 2 The equations used in the FSI method

Mass conservation equation Piezoelectric constitutive equations
oU;
gf(%)*a?( 7)=0 (s} = [c] (S} - [a] ()
{D} = [a]" (S} - [e] (E}
Momentum conservation equation
_3_(&)+a(pUu)_ _1__3_51_(92 where, '
at\ J AN J 9x; 3¢ {s} : stress vector
L0 [u __5__( & du; | g ouy {D} : electric flux density vector
d*| J ox;\ox; 98" oz o€ {S} : strain vector
___31_3}11__5._)] {E} : electric field vector
"ogm 9x; [a] : piezoelectric coupling matrix
where, [e] : dielectric matrix
J @ coordinate transformation Jacobian
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inlet and outlet. inlet and outlet.



3 LR

AlA 20 mm7tx] AFAIAN FFE A
t}. Figure 3% Jeld vie} Zo] AxHoz 9
- & Atole] At Bold4E HP{Fol T
7HEtdeh 28ln g RFY IEAE 4 - &
T Alele] Azt FHEFE oS dREA U
ittt =, FAZE wlo]Z 2 Hxo o2 st
e Ffd &7 Alold Ay HoASE
qFAS =29 Jite F%d o g2 Zols}
A71A gk olRAL ) - &F Abole AglA s}
7o 479 72 tE £ s F#¥9 ZAo)
242 A% - &7 AYrt doxA HW
a9Rg 72 g F de %0 o F7H8HA
Hol 79 32 Uite §F9 A7 8 AA
A 7] d&Ze|c olgd AL FA B
2 Rl o S =

Figure 4~5% ¢+ &7 Aleld At 10

Flow rate pl/s/cm]
2

mm¢ A% 19 mmel F$el ds FFS #
F2E Ve adZe s 9o due & g
A Foh &, 47 EF Abelel A 19
mm¢! A$7F 10 mme A$d w&) o & 4%
g BHoFm ok E8 F Wx F7] ol
Ae A WA F719 A AR FFS bl
Rk olg} o] Fr|Ae] wy Yelye olfE
A7t sinedE WA FE FEHolznz
F71 W Agol <AztHEe Aol oy, vt F
7] Estolvt Aol QAstH7] W) ¢AH g
A7t & F717F Bl olde @A 7|91
2 Boley] "ot wely F WA F7)7A
o] Azt Jehpc.

32957 A%l GE RSEM

—+— Qutle

Flow rate jul/s/cm)
S8 58
y
-

o 3 6 9 12 15 18 21 2

Time {ms}
(b) 19 mm

Fig. 4 Flow rates at the inlet and outlet for different distances(f = 90 Hz).
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5 Difference of the flow rates at the inlet and outlet for different distances(f = 90 Hz).
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Fig. 6 Schemetic diagram of various inlet
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Fig. 7 Flow rates at the inlet and outlet for different inlet positions(f =90 Hz).

0.361 — o~ Net flow]

Flow rate ul/s/cm]

6 9 12 15 18 21 24
Time [ms]

oo
w

(a) 3 mm

0.36

—, 0244
E 0.124
2
= 0.00+ ¥ 1)
L -0.124
«
= 0.244
g a3
2o
0.48 4
-0.60
0 3 6 9 12 15 18 21 24
Time {ms}
(b) 9 mm

Fig. 8 Difference of the flow rates at the inlet and outlet for different inlet positions(f =90 Hz).
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Fig. 9 Flowrate vs distance between the inlet
and outlet(the outlet is fixed at the
center).
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