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Abstract To increase the quantity of flow for the piezoelectric pump with single input channel and single output channel of Y type, a
valveless piezoelectric pump with double input channels and double output channels in Y type is presented. The design and working
principle of the pump are described. The central displacement of the actuator and the volume variation for the pump are analyzed
according to the dimensions, coordinates and the mechanical model of the piezoelectric vibrator. The quantity of flow for the double Y
channel piezo— pump is calculated and contrast experiments for the single and double Y channel piezo—pumps are presented. Both
theoretic and experimental results have shown that the efficiency and flow rate of the double Y channel piezo—pump are greater than those
of the Y single channel pump.
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Fig. 1 Structure of Y—type double inflow double outflow
valveless piezoelectric pump
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Fig. 2 Physical piezoelectric vibrator
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Fig. 3 Structure size, coordinates and mechanical
model of the piezoelectric vibrator

X TR R T 1 OO EE BN < a, BOFR 23 AT LA
1 52, A8 Sy 2l W ARTE | ey A it B8 T 7 B R A
B A SRR N

()= .

2071 +u7)
L, D" N =R ERNEREMNE, 0" =R ERNF
HOARALE , MBI AVEITE =252 NI GRS ST, a0 R
LB AR

X =2 AE R R SEROSR E GRS LE p” SRR i
D" A

(alz_rlz) 0=r<=gq, (D)

CLCEE, (i -,y

R o I F o T
a CWE(-p)+Cou E (1-p7) (3)
CE(1-p)+C.E (1-p")
. B+ 2t22)3 ()
12(1 =)



—t

S 2015,33(11)

www.kjdb.org

. _t .t N .
Itqj,cl_t vCZ:t] staII:2t1+t27t:t1+t2,tl 79J*%F@%
all all

FJEERE , o SRR A JEERE | B O BRI R f P 28 11 A3
Bt w' SRR EIARA L, m, R BB BTAAA L
AW

= CE, + C,, + — G bt ~th)

CE(=pi)+ CE,(1-p)
! C]MPEP(I _/‘L:_)n)+ CZMmEm(l _,Uflz,)
K= 2 2 (6)
CE( -+ CE,(1-1)
AU H FL B W T A P 5
-2d,U/

(5)

MO:DHIH 2 2 1 2D D (7)
7+T“ Et +Emz2 ( ot )
J HL B B K EE D, Sy
p =l (8)
"0 )
IR MR D, Ny
_ E.n
“T a0 )

Kb, E, N R BB s s i, B, AR AR ) S
U RERS R He o XA IR TERS 7, B S AL 3
M BRI A

M,al(r; - 2a; lng -al)

2D [+ e + ()]
FOH, L, AR BEMIARS F, M, A HE HR B A A AR A B
AT

<r,<a, (10)

a,x=xr<

w,(ry)

M,=M,-M, (11)

@,,, = ",(0) +,(a,) (12)
XA LIRS T 0, BIPRIE A

o (r)=o'(r)+o,a,)

’
M,a}(a; - 243 lnafl —-a3)

M,

= " Y af - r12 * :
2D"(1+p 3( ) 2D, [(1 +p,)ai +(1 —p,)aj]
0<r =<q
(13)
M,al(r; - 2a; In’2 - a;)
w,(r,)= . % 5 @ sn<a, (14)
2Dm[(1 +u,)a; +(1 —,LLm)(lz]
HZELE T R
dw,(r) _ dw,(r,)
dr, T dr, (15)

D, |(1 -, )a; +(1 ~p,)a>
Ml:MO 2[( ) : 2 ” ]H 2 2 (16)
D,[(1-p,)a; +(1 -p,)ai]+ D'(1 +p")a’ - a})

SCIENCE & TECHNOLOGY REVIEW

MO|:(a§ —a))(a; —r)+ af(af -2a; Ind - aiﬂ

a,

2{D,[(1 +p,)al +(1 =g, )ad]+ D"+ - )}

w,(r)=

gﬁ—uﬁwﬁﬂﬁ+a{¢—zann&)—¢

a,

K
(17)

’
Moaf(rz2 -2a;In—=> - aij
2y

w,(r,)=
2{D[(1=p,)ai +1 = )] + D"+ = )}

-
aj(r: - 2a; hﬂa—2 -a3)

— 2
K

(18)
X
2D, [(1+4,)a; +( =, )a] + D"(1 +p") (a2 = a))|
M()
B RRR TR

w(r)={w'(rl) 0<r, $<al (19)

w,(r,) a <r,<a,

K:

PR AR A BV AN

4

AV, = —;Ia{l (af -4da; ln% - aij
2

2 (20)

Ta,

+
2K

a
|:8a§ -8a,a—(a; - a}) +8a,a; lnj:i

3 RmEitHE
H 4 Singhal SR ERIS ) SRR Z8 5 TiAE 5 2 T i
SRR I G —Fom
Ap=&pv' /2 (21)
A, &M A TIE R AR AR L, v M AR S 34
BE, p MRS WA IE K7 A b sh R SR AR Ok, 4
B
Py=2p, +patp, (22)
P.=2p,+p,*p., (23)
K, po AT A SR B, p. A A TIE Y R SR
Ty e Pen TR TE 2T 1)L PR SZIRTE T SAAL A e 5 45 2K
2 (22) (3 (23) X%} LA H IE 1) 3 8 5 10 3 3 ad R
Wi 2 TR IR 2 3T AR I s A R AN ], 3k
TR T LSEERIE )3 85 5 sl
BT TR 45, A A =S 28 , =t (21) AT 75 i
PRAEEIE PN L shsE A IR L

s [ [Ty
0=Sv=S ) E AE (24)

b, SR TIE BT AR, v ST ATE TIE P AL
20 s L IR 1 o P 7 B B AR 0 e A R HH KR



—t

www.kjdb.org

FHE B4R 2015,33(11)

SCIENCE & TECHNOLOGY REVIEW

5 A KT AL T A TR , B R A A AQ ik
B2
AQ=0Q +Q =, +€") (25)
A, Q. Q.53 FEHLIR T i P 7 A BRI 7 B 1 3o 7
IR 5 SRR P8 . €, MR I i S
RHL, €, D9 S I FRARAR 2K REL
AFEURYE 224 1 L4 T R 4R 37 5 80 2T o 5 i A
KL A K T8 A A T 1 AR , SIS A ki AQ!

AQ'=0Q -0, =AE"-£") (26)
Fh SCHER[4TRT 20, 20 (25) (2 (26) T A By FIAEHN
A=mw R2(E," +€,7)] (27)

M F— AN, R R T MIE R 2 8, AR T 1
PREIARN f, B S T LIRS
_ 2 f_ 1
Q—TerR fﬁ (28)
AR AR K SCA K G IE S5, o T4 1 I 1 5k

H,HE B AQ , AQ" ¥ B /K B A K UIE /Y 24, W Hie
iR L K AR R LAY 248

4 FPACH

Pl 4 531 25 1 SR AR P B A K O B S A I H
AT 1B XL K it 8 FE 2R, AR SR 7], Y R IE 1)
B R 30 mm, S HRIE K A 15 mm, 568 1.6 mm, 5 338 %
128 60°, 524 1.2 mm , SCACE AT A0E A S 250 1.5 mm.

(a) BRI IE B HKiiE

(b) TNKiRE R H K iE
B4 BNKRESHKRERY BWNKRENH KGR
BERR
Fig. 4 (a) Y type single inflow single outflow water

piezoelectric pump, (b) Y type double inflow double
outflow water piezoelectric pump
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Fig. 5 Schematic diagram of flow resistance test
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Table 1 Flow resistance experiment results
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Fig. 7 Two kinds of pump flow test results
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