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An Experimental Study on the Pumping Characteristics of Diffuser-Nozzle
Based Thermopneumatic Micropumps with Different Input Voltages and
Frequencies
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ABSTRACT: This study has been conducted to investigate the pumping characteristics of diffuser-
nozzle based thermopneumatic micropumps with different input voltages and frequencies. In
this study, the displacements of the membrane have been obtained changing the input voltage
and frequency in load-free state because it is very difficult to measure the displacement of
the membrane in an actual load state. It has been found that the amplitude of the membrane
displacement increases as the input voltage increases. The pressure head of the thermopneu-
matic micropump increases almost linearly over some range of the input voltage and de-
creases almost linearly as the frequency increases. Also, the results show that the thermop-—
neumatic micropump can pump the fluid over a certain input voltage. This study can be uti-
lized as basic data for design and evaluation of thermopneumatic micropumps.

Key words: Thermopneumatic micropump(@% %3 vhel32 # =) Diffuser(t]#4), Nozzle
(=%), Membrane(+2}), Input voltage(¥ & A9}, Frequency (5 1-4°)

LM E A7) 79 AL wlolz HEs} vlolz R
MR E HEe O $87FsAe] S we
A vlolazg FAANzEH AAFF g A7zt aA Frbstn e

Avfue] FAHT vlg BEE FHE Ho| mhelaz HiLE odnk gas el a 2rpt

T Atk 53 3 - Ashope] glojA mlela ozt AafFE vholag Ade S
2 FAZ7IE 7le R AAH SE 2R J1E9 F3t7] "ol FHEAL A FAdH. B
A zelof vl3] #ERQ festth wF, mlolar & ol 2 HIZE vlolzz @9 Alx® HAY
o e

&, 2% 9k BEZO volas 74T, 5

t Corresponding author

543 Ba8 vholaz fA9% § U A

| 73| 20 9o Fl= O x P 2)
Tel.: +82-31-201-2578; fax: +82-31-201-8106 Az Agr)|ee ez = gAA "o

E-mail address: cnkim@khu.ac.kr

dlole/el® §§ 71719 AFel g8E & vk



UFAG =ES o 88 AFYY vloAz BLo| U AYA Fueol BE BY SH HE YA AT 6%

slojsiz Wxe TEWHel wed FAdY,
$AY, AA1Y, 2FAY, WSY, ALY
o2 PRAG. olFdd d3FYe exd
WE 3719 BW/5E aRE o8 YHow
Yx AAe LRt 4Eeve wHe YA
oE Aol His) wmA FF Al W1 TF
7 wbste] Welzk A Aol em Tx B
45 A5} st Ag4e) A 22491 9
D]—.(S)

vlo]A 2 HEe FHAH AFNEES AdHRHA

the# 2t} Patrick et ale 4FYP mpolz
2 P@IX FF7|(actuator)] AMEHE FEA
Y A vt BYE Qb wE A3
uheke}l w9 o HldtH Tl Yang et

al®e FE7 uuts JR G wwre ALEE 2
Mo} dFYE rtolzR2 P distd T4 H
2EE Y5, AHY vlolmz HEAAE=
G749 A fEe FEX wate] 2 olHo] §l
< Bgrh Stemme and Stemme®E O FA 9}
Z9 A E ol&d MELE He9 valveless
AR Hxe TG Aoz £FYH A
E zte= #EZZ2 AFFo valveless HEZ
< A A3t Nguyen and Huang™@¢ PCB
(Printed Circuit Board)& A}-&3t4 mini-ature
valveless pumpE A|Zstgow, OFA/ =& vt
ojZZ HEo| st X AgH)HE TP}
o] A¥A s wmatgth Olsson et al.*'?e DRIE
(Deep Reactive Ion Etching)¥ & ©]&3ls] valve-
less "hola2 BEE Azdd fFH Fo
v, gfFAe] deo], Witz Fo| wmE H¥ EA

[

& dTFstgen, AaRAGLe ol gste OF
At mEAA FE5HE FotstArh. Jeong
and Yang"' P& OFA/=F ura @Ho} O

= #7139 k. Van De Pol et
ale @2LE microminiature BEE A =3}
o FF(cavity) el IV 4o 2fg nhato
HASART SN Adygha vz
Schulte et al.'®¢ vlolz@ HZoA FA-3H
43289 coupled probleme] thd 8tz X7
WS Al A B

a2 AFg7Ae 2F4E vlelaz P=
w3 AFEL vy P, DlTrX‘W} LZ9
At 8 o], valve #F Fol &3 A7 o

A
oo 2

l-.l

Foldnt. gy dAE Ty vielaz ¥
xo d?oﬂ gl A= TEH| He 4
At A&HQ 7t AzE AAse Faad
o %%‘ 54 st A dE F8sin
g5 U

E A7dAE vholaz P29 EAM 3

oz JEFrL MAEH A dxn WY
PETF(HFA/ =&/ AA
ol lE welaE HEE A3 4Y sk
# Foged wE gF9E velaE @z ¥
B 54 oY Fold HAA depstuA g
719 A79gE gy 1A% (high precision)?

ol A WUHAEZ ALE3t] AATTOZ o F
EUE g, e vt

AehE ol gsjo] SBE FAs I FA/ DS
g% GFYY mo|AR Yo UAWSE =
Fetud 9t

olmzz Hxo wdg yeld Aot} ofgy
dE= F72 AYA Y= %’—%(cavity)"] 919—”1,

FEI QRS AAo] hAHIES Hei(me-

mbrane) 0.2 Wol i, o} AR ]T: Uz EA
27 wER 3 E(heater)7t vige] FEE o
= olAHo] dFof o]E(actuator) F-Holjt}. 4
FololE 9 o= o) F A (diffuser)9t =Z(nozzle)
Inlet tube i E Outlet tube
NG I
Water Acryl resin
AN B Acetate
: [] Pyrex Glass
Chamber
Membrane Heater
Cavity

Air

Fig. 1 Cross—sectional view of the diffuser-nozzle
based thermopneumatic micropump.
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