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Abstract: In order to meet the demands of transmitting mixed micro-fluidics and micro-fluid media in
the fields of biology, chemistry, medicine, aviation, etc. , a compositedrag-reducing fluid and avalve-
less pump that integrates fluid mixing and pumping was proposed. It enabled simultaneous vortex
inducing and mixing by using a bluff body. A new interpretation and expression of flow resistance was
established based on fluid flow theory. Aresistance analysis of the vortex-inducing composite bluff
body was carried out by a "comparative method of pressure around the wake flow" and a "fluid unit
momentum analysis", which revealed the essential mechanisms of the composite bluff body-causing
valve and pump. The structure of a traditional valve-less pump was modified, and swirl mixing was
realized while the pump-back flow was reduced by introducing a shunt ring and a composite bluff body
group. A pump prototype was developed, and the pump flow and fluid mixing tests were carried out
at a driving frequency of 11 Hz and avoltage of 180 V. The instantaneous flow rate reached 40. 1 ml/
min and the fluid was well mixed by the motions of the fluid vortex. These tests verify that the new
type of pump can mix and transmit fluidsbetter than other types. It improves the structure and

function of the valve-less pump, and at the same time. lays a foundation for the useof valve-less
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pumps in the field of micro-fluid transmission.

Key words: valve-less; piezoelectric pump; bluff body; floe resistance; micro mixer
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(b) Cross-sectional view of pump body parallel to outlet flow tube
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Fig. 2 Piezoelectric vibrator deformation simulation

2.3.1 RENAKEANNK

i 2 s, M4k 5 10 LB s, B R
FRUBE R L HE s /) o 58 Ak F W A T AR B B, B A
I IF 1) 3 30 RN R 1) 3 B () B g e A S L L )
W 3Ca) fron ., (B H T 5 2l By I A 2 5 i
H & By ) SRe , Al B 0 2 5 AR (5 ) 4 5 4 A
Y 6 A~ HE I B L S 180 65 3t A4 0% BEL 7 B g 9 A4 i
Tia] 3t )l 2 W A [0 o /b, B A T RO TR
A B BEAZ AL AR ] 378 149 52 il 58 /0N AR A ] 9 3 AT
il S ARA B A
2.3.2 FBEARARAKRHEDHBR

WE 2(b) frzs, 44k 7 11 T iz sy, B N
PRI /N R 5 3 A, Z A 1 HE Hh O A o B L BRI R
T T 1] 052 1) [ B o 2 s LR ) &1 3 (b
R BT UK B ) S HE B T S8 A R v
[T 1 A T i /NG o 2 A S AN R 2N B I s
He s, HAE AN U Bl i AR 1 U 2l BH ) 8 2 K T i AR
1F W] S8 3 0 ' ¥ R A BR i L VO B R O AR g
JEEG YT £ BEL 7 5 BT AR 1 HE O AR A AR A A, RS
Ak T HE AR B B A2 U A [l 3 1 5 e A /)N, DR G



2642

5 27 &

A T 1] 3 8l T LA A0 A A e ) A e

Lt 7EAR 7 — A R RSB A v th A 0
W AR BEAR 22, by A B G AR D 5 e R
AR A2 5 A T HE A AR /D T ik 1 A S 30
by B0 VM R B U oY S B N L B RN E )
AE s[RI Tl AZ HE SR, SOk T &5
W s P 2R 2 [ 7 52 ) )™ ) i O

(a) W RR A SRR I

(a) Fluid flow during suction

(b) HEREIT A 17
(b) Fluid flow during scheduling

&3 % AR 3 P A It AR O 1l s T I
Fig. 3 Schematic diagram of fluid flow during pump
duty cycle

AT 4 BEL O P TC IR A 5 1 5 T TR A T 1L
B AESEH T a 2 THEIE (Y ) S 2
A 2 T 04 B T 8 0 P 11 25 L T
e Hh B 4 22 4 T AN R T B A
WA A 520 BR B BEL 97 1A G A HL B (1) 3
DT 4R HFR L A0 3 1 R B B T e A
AR, SR IME VR AT AR LA A
I [ B 39 A 25 6, L 261 L 94 K 39 0 0 kA 1
[ A5 L 3K A5 B 1 37 BEL 22 119 T8 i 0k 2 [ 97 0
(2) Bl A8 T 5 55 6 1 454 R BEL O MR 45 , 5 T 5
PURECHE A . WM 0 A 3 0 A R I R0
SR T P9 5 T S B 1A 42 1k 1 2R 9
B R AR s R BNF  E 11 4 T I £
A RS 10 TT AT AR S5 [ 4 1 A, 2
o A A BT 1 7 43 0 B0 0 98 o 8 00 &
2L BEL A AU 450 4 7 2 G 18 L 7 R 0 4 L i
STBRFE AR AR A . TR A AR L
A [0 37 B R R T AR A Th B R T R
i s P 52 11 I 4T
3 A ATARAREE R R EHI G
AR 12 BE L 80 B ) 2 FE R I ) 5
FE 22 B 3 22 A AR ph T 300 40 10 5 2 o DR A 1 7
B LR B AT 55— 0 370 37 5o ok AT B AR
IR ZE AL Sy . TR BESE & e R B R 5
BEARBLIE . AR SO IR R R A LR A
WEE SR AT G5 TR A B LU 3
S 4 BELORE R Ok B 9 6 L 43 T S IE 48 0 BEL g 1Y
T B IR AR R IS f T 52 BEL O 1A
T ) FE Ha, 5 i 0 2 1 2 2 R 0K 10 BT
3.1 SEREAMLFRBERRX

55 (9 28 B H7 19 38 22 FBE BB ) 15 1R
P20y 2 Rk o AR R 22 L1 5 9 1k 1 % IR
RRAE B TR 2, 1 6 35— 5 5 T IR 9 4 L 22
BEL 9 9 V15508 4 5 — R e A X

o 7 6 4 BT 458 0 45 T 1 22 ) B ) A 3
B A SCIR AT S8R ) S L T R T 48
B B A S, A 7 R O LSS B R 7
] FE B3 40 L 5 A 45 . (1 W AT 500 T 1 el
T2 B PR 1 K PR S A L AE W Lk 1
(9 7 5 (2 By A 3 5 D B 37 A 28 47 % 3 43 0 7
THE 07 5 (3) M0 V5 3045 7 1L 52 0 40 16 i e



% 12 4]

K T T 45 < 7 28 T IR 2 ML B 5 1 6 6 2643

J1. BB B4 e ) R e R U R U ik & G BHLIA
TR G BE 1 T 2R R
Fp. = F.+P,,—P.+ F.. (D
Fpp = Fy+ Py — Py + Fy, 2)

Horp Fro, Fo M IE ] R 10 B8 30 0 BEHEBH ) 5 Py s
P, R TE ] | 52 1) 58 3t 1 o 17 A 38 TR ) BoF ) 3L 4K e
FEJ15 P s Py SN IE 18] R[] 58 i S ity 18T CEF 9 1T
I 4 A Y 30 TR HE S35 By Fop R IE 18] L B2 1) 883
T it T I TR B R B AR B e B Jg 5 Fo
Fop R 1E R 1) S8 5 52 4 BEL Uit 1A B 64 S8 G B

AR (D A (2) G2 BH ) 2635 0] 40 43
SRy VEE 482 T3 0 VA IS 1 DA AR R T ) AR i Y
JE A 3 RO PR AR B B Ty 4 AR Ay . i
VARG A BT . WK R 38R A ) R
B LR A VR 5 SO AR & W I S 7 A R SR AR
R I R H 2 B SR ARBH T - 3 5 AR T
P SR A A 32 1) 1 T 3h BEL 7 2 FBE 48 BHL g A
FEZB I Z M7 R —30 . 28 b RS 2
77 FH LA 1 T 9 AR T T L e B D0 R S A
WA R TR O S BRAE B SR R ) 09 4 B
AR T —Fh Y] ST AT IR .

K1 AR Ry BA 17 i
R R N SN 2 =le S N i S
WAME, BUAE Fin.<Fy. HTHRYE300
ANFaE Mk AT SR R A g 2 RS X 3
J1 Po P, MBS Foy FypdE A7 0 A A EL A2, 2
P TR SE 1) . T S0 DN B30 R0 B AR R R
I 13 X 28 3 BH 7 4208 09 ) 2R 43 B AN Gk
XF 52 A B AR 2 47 3 43 B o BE 0T L 388 OE 1] | R 1)
LR 2 A B AR B 58 3 B T 1) KN
3.2 EmRESRESHERENGHEALEE

HH R

WA LUK U 283 ad i 1k 9 & A LA
MR A 125 3 0 AR 6 P D B, A 24 A B I AR AR
WU R ATz g, B4 R IE R R SR
A ML AR 6 M S Py Py B MR B A,

IE M SE it 2 A BT AARTE At BRI 1] 42
Hi 7 B 3 — B vINER RS A H R 3 19 7 i [&]
A4 Ca) B 2R T 75, 3X B 52 BEL A A 1 T o 2 KO
AL T[] 2 HEFF T efghije 25 B N B AR Z G
BH 378 14 5 o Ak A9 < D A 1 B2 /1000 D) % 118 T w ABb
A DUAH G (0 PR R s [ 2223 ) R 4 7 AR DX, B s

(a) IE [FISEIAER ] A Y3 77 [
(a) Direction of velocity when sphere is moving in forward
direction

AL

(b) [ A1 GRIA AR TR ST TP P 138U 77 18

(b) Speed direction when rectangular plane is reversely flown

Bl 4 IE I S8 A A B i A ) 4 b
Fig. 4 Forward and reverse flow combined flow

resistance back pressure thrust analysis

AR V. 238 = (3) i 7 5 11— BB X
R RRUAS [ ) T O e 2 3 R 1T S, TR
B A V. =S [0 N {1225 [8) A fY TR 5 e ] 7t
HEEAR S, i (4) Pros (KA BH A i JL A 2
BRWED .

Ve=acbe AL =8X 4+ A =324, (3)

Sc=asbt+asAL+2bs AL =32+ 16A,.
D

S GE v R B, B S A B AR TE A i)
W I ZE i 07 7% 8 — BN IR B AL, BT 4 (b)
A B A RS 3 B i R L e, 52 A B A
T i 1) B O A ) 22 U HE FF T RUmn 25 TH) Y Y R
T, s b B9 1/4 2 BRAG R Sh O RS T
ACBbcaA BT B A] LR R R 2 1]V, H
BAEN Ry 1/4 BRIKRIRERYS 1/4 BRI 22
{H, an = (5) fir R 5 1 — &8 i Vo R FLZS [, JA [
ARt 2 8 i 1/4 3K1H « ACBb i AV %5 [H]
WL PR E AR S, 2955 T ERIEARAY 1/4, 3R ik
A= (6) i

V,=(V, =V, /4 =
Urr/3— = (r— A Q2r+ A1 /3)/4 =
nr' /6 + Arnr’ /12 = 33.51 + Ani? /12, (5)



2644 e K TR

5 27 &

Horp e AERIREAR LV R 1/4 BRIRBIRRL V. N
1/4 BRELAARF,
S; & So/4 = mr’ = 50. 27. (6)
P A S EE B AL B/, =R (3) At
YA, V> Vo A A () FI 2 6) i, Sy~
S.. BIFE A BT, G 10 G890 & A B A B, K
J5 R I 0BT s s g A FR =S ] VL d e /N TR
li1] 25837 52 A BELV AR ISE A4 1 /4 BR 100 FF J 13 0 AR AR 23
LTV 10 = T S 61 5 T A 1 A e 1
[T A
3f P 23 W) 9 1Y TR T 5 30 A5 8] YA A
FNZ A G 23 [ R RUA G, B 4 o, 35 i 2
— W A R AS (/] V., V2028 8] B2 8k
A1 FL 8 Y0 A T T S Al 2 AT A ) o 1 R ) (R
ST, H T O 1) S8 G R R ) S8 Y I 1 A
T T AR U AH B L T % P AR FR 2 /] V> VL
FEAH R B TE) PN, BV 28 8] N I 45 800 R T E
BV, 2SS SR JE sk E A W R V.
Z3 [A] N 3 HE ) dm e K F V), A5 RN R i
#ET7,
D3 6] B I A IAD D R Y ER R e T
W AE S B RN AR R 2598 . IEm S AR AR
LA B 900 T AR 7 A ) 3 R AR ) P R TR
] 5% 3 52 A BEL U 1A 75 U I AL 7 A 0 a4k )
P ASCHE A FHE T R/NBY 7 e 24 0 e
LA [A) 5 AR
3.3 Em.RE%RE S PR A ET 05 Em
A5
FE A R ORT S A T A 2 6 R 7 A R
T IO e B N O I R b U i B AP 7 e A
TR R] () PG 465 3 AR BT i B it L BRI
MU = pAU?, (7N
Horp o MR EE; U WAKKZ S AN
U R (%) 300 3 T TR
FI I 28 20 1 43 B 3 A4 T 1) | S ) S i 2
A BEL 8 A 200 0 T S T AZ 20 A P 3l L SE T B A SR
DL BR AT 340 3 T R T ST T8I 3 T B 3R AR 4 3
RN
P&l 5 & IE ) L ) 5% 9 & A BEL I A B A 79
I D T 1 R R T Cad R IE ) K R DA
AKEEEE U ARSI akim b, D) 0 R i

[] (4 3 B 2 Usin 00 9 1 A 7E R _E AT 5 A5 00
JE 97 1) 5532 J5 VTR 5 1) B9 5 £ 5 18 () H Bz i) R
W ER B R F R U 2 E TR
f4 . PRLIE AT 3T 4R IE 6] 58 30 B TAT 348 3 T FF e o
205 Ui A B0 A S JRE A A 2 1) 8 I R JE 3 T AL YA T
(9 1/ sin 0, RIVER 187X 9 A B9 B 8 32 Jog 3 /s 7 B
FKi .

(a) IEFISERIREN EETT  (b) RS TEI#Y
I HE T

(a) Direction of velocity when (b) Speed direction when re-

sphere is moving in forward ctangular plane is revers-
direction ely flown

Bl5 I T ST 48 3k 2 - BEL It 1A 300 3 AT 3 B[] 7
=y G

Fig. 5  Schematic diagram of velocity direction of

reverse flow

forward and

bluff body

composite

X BRI 3 T . ST PR 6 T s A A AR AR
CRATITTHSE D7 A 1/4 BRI K OFJ7 ) 858 1/
2 BER B GRITR AR AN 1/2) b BRob A
MR 0 AR AR

&1 6 23K I AE Ay 300 3 T P AR AR AR R OR R
Fig. 6 Schematic diagram of polar coordinate system

of hemispherical surface as upstream surface

UNTEL 6 BT 7 o B 5 ER T I A T AR AT
WIS ds W I8 A T3 LAY R £ T AR 0 /Y AR



% 12 4]

K T T 45 < 7 28 T IR 2 ML B 5 1 6 6 2645

S ARAT AR (7)), 1/2 Bk X R 89 4 3 B

H:MUq = [ pU'dA= p| (Usind)*2rreosfds—p |

(Usin®?2mrcosd  V(rsin®?+ (reos®?®  di =
2mpr U? /3, ) 1/4 BRX AR ML FoR -

F.= MUq/2 = npr2U2/3 = 16. 76pU2. (8)

A I A T D o N7 W [
F,

F;, = MU= pU’A = pU’a+ b= 32pU%. (9)

i 5 e (8) VA (O AT S 1] 8 U I )
T 360 TR R A 1) 2 2l KT T[] 58 g 1 2K T 340
DAL TR i A B I Bl £

DL b i 23 B i AR BT Y B i e T S
JIEY RN AF B NE G548 . 1F ) 2890 52 A B A i
T S 100 AR B4 B i F o/ T 5 1) 58 3 2 6 B
LA T S AL AR R PR i F . AR SR 3 BT A
By i 1Y 05 A 44 8 AR T Bl i A
3.4 ER.RASRESHERENERNMER

N

i AR IE ) 8 52 BEL UL AR 1) AR 307 9 e 7 O
T8 BR BH 7 1 TR AR B Gz gl ) R 4 RE ) (8
BN R S BE 7 (5 e AT L 2 K T AL
JEIE TR I AE 5 B2 1 58 3 52 - BEL A AR 1 R 4
JE 5 TR 300 A T A R T L DR EE 4 B ) AR K
- J7 1) B B85 B O %, MORE 30 R 52 2R
WIEE I VE .

Pl 7 S TE 18] S 1) S8 3t 52 A BH I AR 1) T o T

P_y _\
£ P

_>
Pt
(a) IEASERERAR ZEE S (b) KSR ER RN ZEE
RE TR

(a) Positive pressure state when (b) Positive pressure state when
ball is moving in forward
direction

reversing rectangular surface
in reverse

B 7 I R S8 i A A BRI A i i T A2 0E R R
=y G

Fig. 7 Schematic diagram of positive pressure on

front end surface of forward and reverse

flow rectifying fluids

ZIEE S E R R ZIE . B AR ) w E
JESE A P.0 R E IR 5. 0 IE [ 8 37 B AR A 2
1/4 Bk _F A IE 7 40 =8 (100 B 7 = 1) 48 3 B
YE R B8 21 b 1E R 3 =8 (1D Fiw .

P, = J psin 0dA = = p/3 = 16. 76 p, (10)

Py=a+«be p=232p. an

e (10) (A LD AT, TF [ 283 52 & B
A 3 BB TE TR S P /N T T 48 3 B i S
mEMIERES Py
3.5 ER.REERESHEREERENLE

TCE LA Eardr g R, 456 (D 22O A

Fp~Fy
Jer <,

P.< P,
F.<F,

R IE 01 B8 3 52 A B IR AR A BE R ) Fo. d 3
INF R Be G 2 A LR AR I S B 1 F oy (Fpe<<
Fup) o WA R E0E X Ax02) .

Ch = 2F,/pU* A, (12)
WA Coe<<Cpy. HHILFTHN, R IaFIE M S8 E &
BHL i A B AETERH ) REZE M, HA Coy — Co. >0,
ENTIH S N S I R S BRGNS W S oy 1 e R )
TCR% B A 1 T R L T L G T
14 JE 1132 3, SO0 ) B I A 3L K R ) e o O O
A PR RS G5 9K Bl 45 T 1 1) 1) 2R 3%
3.5 ERBASHREABRENRBEHESH

S UG AIE bR o A 45 5 IR A Ak
2 123 CFD 4Bt S0 52 & BRI A& ) 1E L 1]
WBTBH S B 1 &% Cop £, Hl B & Ak
PRTFHIBE FBCN 11 Hz(ZR R 11 Hz N
AR B AR A %) (PR IE w M 0. 294 mm (£
CCD T B AL A5 Mk R A5, s D& o A
At O AR R 998, 2 kg/m® L TR 1 2% HE
HH T T 389 0 R I 359 e AR AL i AR R s R
5. T UL 05 B M IE 1) R SR A BT
HBE S R85y 9 M - Cp. =19, 3, Cpy = 43. 2, B]
Coy— Cpe=>0 BT, 5 B A5 90 UE T B8 i M 45
FIEER .

LK LTk S5 A RGeS NSz T
B &, X SE U B 1 0 B SCHEAT AR 1A R R R

<




2646 b

K% T

5 27 &

BT ALl g 30 A g | AR T g 4
J 2 B 9 P B R A 5 938 e ™ R 25 1) B s
PE A A U A BT Bl 2R AT B 7 i B IE T IE
I6] S5 173) 58 U 523 BEL U A7 IR 5 3 BEL o A 452 ) D IR
ST TR I N D = N
B

4 FATRRALE R FiE KRR R I
I 4E

O

4.1 TR HE

Pl 8 St S B il = 19 52 6 BEL VA 1A G g 2 A AL
HRSFSHOLE 1. ARV IBE K I7 R ER A
W5 I AR L 1/4 BRUACR AN R i 2k D)
T,

P8 A BH A TG IR R AL

Fig. 8 Composite fluid-resistant valveless pump

prototype
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Tab.1 Experimental pump prototype geometric parameters
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8 5 70 8X4X4 50 6 60
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Fig. 9 Composite bluff body valveless pump

test photo
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Fig. 10  Test flow. theoretical flow and deviation

versus frequency
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Fig. 11 Back pressure with drive frequency curve
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