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Analysis of Flow Characteristics of Multilayer Type Piezo Valve
Jae-Min Kim, Jong-Choon Lee’, Suk-Jin Yoon", and Gwiy-Sang Chung

Dongseo Univ., Kyungnam Information College’, KIST™

Abstract

This paper reports on the fluid flow simulation results of a multilayer type piezoelectric valve. The
mechanical and fluidic analysis are done by finite element method. The designed structure is normally
closed type using buckling effect, which is consist of three separate structures; a valve seat die, an
actuator die and a MLCA(Multilayer Type Ceramic Actuator). It is confirmed that the complete laminar
flow and the lowest flow leakage are strongly depend on the valve seat geometry. In addition, turbulent
flow was occurs in valve outlet according to increase seat dimension, height and inlet pressure. From
this, we was deducts the optimum geometry of the valve seat and diaphragm deflection that have an
great influence fluid flow in valve. Thus, it is expected that our simulation results would be apply for

piezoelectric applications such as valve and pump, fluidic control systems.
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Fig. 1. Cross section scheme of designed multilayer
type piezoelectric valve seat.
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Table 1. Design parameters of multilayer type

piezoelectric valve seat geometry.

Items Size(m)
QOutlet length y 510
Seat height h 102.65
Chamber MLCA ~
height deflection d 0-34
Max. gap g 0-106.65
Seat radius R: 7-42
Chamber length R, 840
Si diaphragm thickness T 150
Inner radius Ti 18
\%
alve seal Quter radius | 1o 25-60
densit;
N: (kg/my) P 1.2507
properties|  viscosity
(kg/m - sec) ¢ 177
3. 843 % s

Mo ALEE VA - BEd EAge da
Aze e A AN AlgE FES
170 Gpa, T4 vl 03, 71A9 =& 1.2507
kg/m®, AAAFE 177 kg/m - secolth. M =Y
& Max. element’} 569670 239 Axi-
symmetric 842 & Algslgon, ¥ 29 Zo)
We ANER dHE YT ¥ DC I¢E 0-30
V Qrlste AE WA Si cle]ojZPe] WS
Ug F4548 s4sdd.
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Fig. 2. Mesh generation result around multilayer
type piezoelectric valve seat.
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Fig. 3. Valve flow rate as a function of various
Si diaphragm deflection(Pix=1.2 atm).
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Fig. 4. Velocity contours in valve seat with Si
diaphragm deflection (a) 1 y/m and (b)
34 ym.
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Fig. 5. Piezoelectric valve flow rate at different
seat width.

23

2% 68 A3y ¢AWHe Si thojoj= g
9 34 m, NE BHE 14 mE Y HA
12 B71golA e 27 2 ANER {FEEEE A
ol st 4 =doltt MLCAY DC 30 VE
718 o) 34 me W7 EAstE Si thelol= Y
o] MWHEHEA ¥ 6(a)s 2L EFAFNM £
= A%l ZFHFAF AT A SAd

’

o

ot

— 948 —



laminar flow?} 4EE & + Aok =Y 1
oISt 2ol W7 18 md FTF FARAA 7}
% Me §40 AHE AL FAY F Utk

Velocity(m/s)

0 5 10 15 20
Distance from Center Line{um)
(b}
a8 6. (a) 7% ANER
Ad FAAMY FEHEEE (pm/s).
Fig. 6. (a) Velocity contours in flow region and
(b) Velocity profile in channel( #m/s).
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Fig. 7. Valve flow rate measured at different
absolute pressure.
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