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Research on the Influence of Pump Chamber Structure Parameters on the

Performance of Piezoelectric Gas Diaphragm Pumps

HE Chunshan, LI Shenfang, LIU Jinlong, LIN Jiaying, HOU Jun, TIAN Xiaochao
(Institute of Mechanical and Vehicle Engineering, Changchun University, Changchun 130022, China)

Abstract: In order to investigate the influence law of pump chamber structure parameters on the performance of
piezoelectric gas diaphragm pump, a pump chamber structure of piezoelectric gas diaphragm pump was designed.
Firstly, the structural design and working principle of the pump chamber are briefly described, and the expression of
the relationship between the airflow velocity at the outlet of the pump chamber is derived, and the relationship be-
tween the height of the pump chamber and the diameter of the air hole on the instantaneous air pressure, airflow ve-
locity and gas flow in the chamber is obtained through simulation. Finally, a pump cavity is machined and applied to
a piezoelectric gas diaphragm pump, and experimental tests and the theoretical analysis are conducted, and experi-
mental results are consistent with the theoretical analysis. The output flow rate decreases with increasing cavity
height and increases with increasing orifice diameter. Provides a theoretical reference for the design of the cavity of
the piezoelectric gas micropump.

Key words: piezoelectric drive; diaphragm pump; pump cavity; gas pump

2] FE ISR LAAR PR 2 o AT

=

J v, % 2 G B AR % R R RS R B R 1A ik
R H B AR R R AR RN
e 8 A T R BE R AR B i Rk JBE R S G AL AE
ETE7/L pE IR AN IRES IPNN T € IR S8 G ]
BEATIZ Rl TR HR 0 Re

A B T BT A A R G U RN TR A
AT PRI K o PR [ P A2 3 e i T
S T FL RSP R AR 2R M S HLA S5 A S 80 A T

Y fs B #:2021-11-29

Moradi-Dastjerdi 4™ 2 T # 5 & HL % (9 3 2
s H TR 0 R TG U5CR 5 0 I TR B SR A B
5% 23 Mt 1 R S 14 45 4 2 ox s v AR BE 9 B2 IR 3%
WY JIE R T8 B2 A BT T Fit 2% 6 gl 2 ey 7 v e 2 i AR
Al SCRRLL0 T3 2 7 s ri Bl fIRE 5 11 2 i v 5 ) A 1]
U 5 A o B v 1 e A A i o O o O
B ik 196 mL/min, SCHRC 11 Tl i 4520y £ i 8) %
AW 7 #0432 2l 30 IR T WL 2R R T S L 4k

EETE :EHRARPAIES IO H (51705031 5 35 M BHET B SR BHA I 4 B B 0T H (20200201063]C) 5 K 77 7 Bk 22 £ A 5 B By 51 H

(21QC1ID

EE A BB (1969 MR KA B0 B, 3220 S5 5 At 9K 3l 5 17 R B AR B oot M 4 ol 25 D il ) B0F 98 . A A 3% < 1
I (1986-) I3 o i A K AR T N o B L s 22 Ao S 9K 30 5 4 AR AR Ot P42 o 45 0 T A B T



5% 2

B LD A R S5 K 2 RO TR B UR PR RE R TR 265

TR R T P P R UKl AL AR i K O R e R T gk
266 mL/min, SCER[12-13 138 53 AT 5% 5% 1 i 2 T
HL A HH PR RE IR L )R BT T 2RI 2
IR e F 2 8 1 LR B A IR ) MO R
5

N T ARG A A5 H 2 00k s v SR B R 1 g
(R AR SCBETE T — Pl e AL SUOR AR Z5 4 0 A 1
AN TR 2354 2 500k A Bl 5 2 i P R TR B2 T L O
17 RGN, X8 R AR B 1R 3
TR T RIE S
1 At

KL A g R g s . B bR R
B I R T A RO P R . B RRARTR SR T A R
TE MRS IR R O 79 5% B R LR 355 28 I 19 RO
P s b I ASBEAT ATk AL o FL Y L i 3 o 35 40 iR
JEORG F R L HE AL S TSk LAY T S ol 20 S0 IR TS
B W JRR AR o P 1) R P TR B 2 A L O
VR JU 8 £ H I L . 7R B R AR A 5 e A T
AR IR O B B B B E a8 IR T T R
T30 o A AR P G 5 ST AR A

B 1 REEait s g’

P 2 g B AR SR . 2t 5 A T L
HIR 72 AR YR BN TR SR RS K Eh R Gk
AR B S 2 1 G 4 A AR T AR G Y [ AR
ARG 2 RAESR IF R I BAR T 54R I ROR AR
PR L AR — AR A A R
B8 i) T R Bl B A A RS A T AR ) PN R DK
INANFUER TN BRI AR
Ao 4R IR ) ARSI AR A BN R
PN AU R R R T A U A
TEJR R o bl s O A Hh 1R A2 S B
g 2l

%ézzzz@z@ L
Wyl

) ST %) )

1 or

(a) BARES (b) HEHPRRE
Bl 2 R T/EREAE
2 REERSNEHE
21 REER
3 e R S HOR BEL BE Ly po 5
SRR I FE 380 oy 3 10 9 RS S
KRR OB ) A 5 AR BUE 6V,
O R T R
d A
o AR» OR7a
! A Vi
A S— ‘_'/
r ~ ‘/2
A/,
41 ~ AV
B 3 AR P ER A A S B
SRR T BV, 7

Vo BRI ETR N piZE R po s I

»V _ AL
Tl TZ

Ao T o FE 40 10 A SR B 5 T2 o R 46 I 19 SR

PR AL T TARAR S I SR 38

»V = uRT (2)
K p NV AR 0 g P ot i) i 5
R N SR FHG T R4 R e

T A DY I I A B BT AR SR SR
L0

nR = p[ V), —bsin(x — A1) |— Awp At (3)
K Ao AR B s ¢ = (d/2)*0on BFFH
B b 4 e R 1 I R IR 5 bsin(e — A & &
[ 7 B & IF 5% A5 5 9K gl i (R FR A2 4k

mp= %,VZVl — bsin x AJ 1§

[m)

@)

p = {plV, —bsin(x — A ] — AucpAt}/
(V —bsin x) 4
IG5 R J5 2 -

P+ pgh, +%pv? = p.+ ps +pgh +

Jov + (5)



266 B B 5

= 2022 4F

Kb IR ; p IR UER T 500 A
Hh I 38 5 00 =0 SR SR ) 46 U 3, DR U R A A Ak
b AHEE

Bear 20 (4) L (5) 45,

pa+pgfp:f%pvz (6)

HE AR Y Iy

e

2.2 fFESH
2.2.1  JEED AR I
15 B 36 BB R 2E 42 4 25 mm, 9] 4R K 3N
10 100 Pa, S4&% M 1. 293 kg/m*, iH i Matlab
=N T e N A= R N A R 74 e W SN W1
R VAR R A W 4~6 Fis .
105.1 -~ [N FR 3 —— AR
105.0
i
§104.7 \
=104.6 \
%104.5

104.4
104.3
0

i 2 3 4 5 6 7 8
i i /mm

P4 J T Ik I SR S

JtE ¥ /mm

PRS0 AL I I L 1Y R

w »
/ .

i s/(L-min™")
N
<

*
7/

J6s R /mm
Bl 6 Jfi s o A H B I
f & 4 A B 1~6 mm B, & P A AT
KEN TR S A (105 000 Pa), &S50 % TR,
M KT 6 mm, A N IR ISR B 0N N T
WIS SR REAREIE W T/E. B 5 nl A, 24

s 1~7 mm B JFs 5 5 B O R R,
A I B 3 B Y o S IR RN . 2 R
F 7 mm BRI E 0. REARRIE R TAE.
B6 R, Y i oy 1~7 mm B 5 & 5 SR
SR OC R AR I B T R B IS IR
2.2.2 AL AR X IE AR 15

AN TR) HE - AL AR R s R P 1 I B S AU
R AR S L A 7 ~9 TR

107.5
107.0+ o RHAUR
<
% 1063 o FERAUR
glos.o
= 105.5
23
10505 - .~
104.5|
0 2 4 6 8 10 12
S fLE R /mm
R TSR P B B
90
R
10
g 60
= 50
= 40
£ 30
204
10f
0 2 4 6 8 10 12
[EHEA/mm
B8 A AL HE A XA I B R 5
25

= N
w o
S
/

¢

|

)

P/ (L-min™")
>

=)
W

4 6 8 10 12
SALEA/mm

B9 AL B AR X I Y R R
HIE 7 np AL AL EARAE D2 mm Al A AL I S
B S JEEAR N I ) T Bt AL AR 10 3 T i)
Ha & FIF A UH (105 000 Pa), R G0 IE# TAE.
YA ERRT D2 mm J5 . AN TR
Hi & 8 AT AL AL B AR W I R L e S AR LU
W N 3l 38 i AL AR ) 0 A B/ B i B
HEBEIET 0. mIE 9 AL R R E LA
PRGN A AL AR/ T J2 mm I3 &
WAL B AR AR RO AL ER R T I 2 mm
I 3 i A A R L e AR

(=}
N



5% 2 B LG A S5 A0 2 00 T R R RE R 267

3 E iR
et SRS RS HIET 5 FA
[) fias A 25 4 S E R R B T AS ) i i 5 AL B R
XA R I e R A T AR e ) 3
AU 10 iR, R EESMSEME 1R,

P10 s v A o A a2 A
k1 REZEHMEH

A2 J¥E 75 /mm SFLEF/mm
1 3 a2
2 4 4
3 5 6
4 6 a8
5 7 10

3 %5 5 A [l BT B £ 1 F <A R 5 3

A7 b o B L A5 R A 11 s,
4.0

35

T30

‘E 25

220

15
K10

0.5

~ R
~ iyt

4
i i /mm
. (@ AN [ v S B 5 BB WA C R AT L i 2k

- S RO A
1.6} —= B

2 4 6 8 10 12
[ALEFA/mm
(b) AR FLEAR L Br -5 BR Wiit C RXT L ih 2%

BT BRI 5 52 P O 4 X EE 2%
Hy P11 AT, S PR - PR R R A it 2 A )
o AH S R U (/N T BE U (E  th TAEAL
TERAE RSB0 PR BT P AP AR R 22 . o PRl A AT B

B, s H A AR A O B 2 RO 3 mm
I A O B R OO 3 400 mL/min) o A i 3 i A9
R/INFEAE AL AR 1S R4 B L AR R,
iy L D BN

4 BRIE
T PRSI G5 K 2 B0 s v AR R R e

FRORE R BT T — Tl Tl vl A ol I 52 ) R S 5 4

3 ok By R g I A v S AL AR X R

SEPERE RS MR o AT AS [] S oo A AL AR 9 T U

e v AT I, A SR S O A R AR & 0

UE 7 HIS M A B . AR AR AU A

Ry HCPERE B R R R A G AR AR P

J TR B [ 25 A K gl A5 R AR L IE T R AT R A Y

PSS 5 F 5T

SEHK:

[1] ZHANG A, ZHA Y, ZHANG J. A surface acoustic
wave micropump to pump fluids from a droplet into a
closed microchannel using evaporation and capillary
effects[ J]. Aip Advances,2014,4(12):885-895.

(2] TR, XA AR . B2 500 T Wl 2R 0K g 1A 2K v [T i 5

BmF eI 5 08,2020,42(5) :663-667.
WEI Lingjiao, ZHAO Yanan, LIANG Jingtao. Experi-
mental study of piezoelectric pump-driven closed water
cooling circuit [ ] ]. Piezoelectrics & Acoustooptics,
2020,42(5) :663-667.

[3] WANG]J T, YANG Z G.LIU Y,et al. The effect of
surface wettability on the performance of a piezoelec-
tric membrane pump [ J]. AIP Advances, 2018, 8
(4):045010.

(4] ARJEBT, 5K 5, 25, 45, F& o 1 ob (09 800 3 i R ALY

()], M 54 56,2021,43(1) : 134-141.
HUA Shunming,ZHANG Yu,PENG Yu,et al. Micro-
displacement amplification mechanism in piezoelectric
valve[]]. Piezoelectrics & Acoustooptics,2021,43(1);
134-141.

[5] WANG Y N,FU L M. Micropumps and biomedical ap-
plications: A review[ ] ]. Microelectronic Engineering,
2018.,195:121-138.

(6] FBweks, LULE A, 45, s IR 2l 4% 19 P 58 4 B 5 0
L] R 508, 2018(1) : 30-33.

ZHENG Xiaopei, WANG Hongchen, YANG Li, et al.

Performance analysis and testing of piezoelectric actua-

tors[J]. Hydraulics and Pneumatics,2018(1): 30-33.
(F#% 272 1)



