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NUMERICAL INVESTIGATION ON THE VELOCITY OF UNSTEADY
FLOW FIELD INDUCED BY PIEZOELECTRIC FAN

KONG Yue, LI Min, WU Meng-meng

(School of Aeronautical Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: Piezoelectric fans make use of the property of the piezoelectric material. The material functions as an
actuator to move the plate so as to make the air around it flow. It can be an active cooling technique for
electronics. The software Fluent was used with the moving-grid technique to simulate unsteady flow. The
frequency of the vibrating plate, length of the piezoelectric fan (flow field’s length) and the ratio of vibrating
plate’s length to the piezoelectric fan’s are investigated to study their influence on the wind velocity at the outlet
of piezoelectric fans. The results are as follows: increasing the vibrating plate’s frequency, the piezoelectric fan’s
length, or the ratio of vibrating plate’s length to piezoelectric fan’s in a certain range can improve the wind
velocity at the outlet. There is a linear relationship between frequency and wind velocity at the outlet. The wind
velocity at the outlet improves more and more slowly with the increase of piezoelectric fan’s length. There is a
critical value beyond which further increase in the ratio of vibrating plate’s length to the piezoelectric fan’s
decreases the wind velocity at the outlet.
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B X RO RSDE T IARBIAR, Y Jiov i b
ERpEEPIE . H 2T DUE SRR X
HEA PR RLIERR, PR A 20Hz, HH
ML SR 1 m/se BT M Il A R ], JRATHE
P ESCUE TR /N T 100 Hz I XU BES R

MARIE DL s b, 2D 1T 53R B 2 4R s A
KT 100 Hz B, ezl g 5 i 0 XG4 B A 2t
KR
22 EHRXEKE

AT T XU KB Lt 1 XU (R R
N 5B 45 AT L, B XU K (R
KEE)L=50.0 mm, #RINHHKSE [=40.0 mm A
DNARERERY o 3G H e R e AR v B K P 1
14y 1/2+ 3/4. 2. 3. 4 f51 6 Ay, 505
PLEN/MERL, 4 HARSh# L 25 Hz. 50 Hz,
75 Hz. 100 Hz DYANHRBNATZEIR S INF 1) H XU
VT 2 5 b oA 2 7R AH R R 20 AT T 1
SERAXTEL, W 7 Fion. SRR, AN
s T A BT R Y, RN K B AR H
JABR K FE B LA A2 4/5 .

12,

—O0— 1/4

—0— 172

9 A 34
2 |1
\\g —+2
B 6| —— 3
p

w2

4
. géi%éé%ééé

0 20 40 60 80 100 120
A2 /MHz

Bl 7 AR A s v X A3 5 1 XU ]
Fig.7 Wind velocity at the outlet versus frequency for
piezoelectric fans with different lengths

Bl 7 T LLE Y T AN A BE 1R F XU B AR R
RS H O KGE SRR, X5 B4t
Mo SUCER, X TAERIBEAL, R a2 ) 3
KT 8 s PR 38 5 7 R0 26 - Tl P AT 4R R Rt e AN )« A
BURRA, R BE AT R 38 K P2 i AR . E IR
5, PRENE — I, O R SRR R &,
WK 8 fir.

12
—O0— 50 Hz

9L |—O0—100 Hz
£ 6l
Y
®

3 L

0 1 1 1 1

0 50 100 150 200 250

RV A B2 /mm
K8 PR IRENIAR T s B KUB3 5 XU [
Fig.8 Wind velocity at the outlet versus piezoelectric fan’s
length for two frequencies



T &

71 & 213

P 8 HH i 26 AT 2k AU AR AL AR AR . S R XU A
BRI, WU EE St . Bl R A FE 3
K PR A 2R P PR 398 KT 2 o (1 3 B a2, 7
BP9 26 B AL 1848 /N
23 #RepERKESESBXBKENLE

AR BN KR X K RE () e AE X
H XGRS sZ A . BT, [ e XU KB ()
KFE)L=50.0 mm, @SR RANE A 1 AR
SRR B K S R XU KB I A, R T
F AR e F XU H T RGP 52 . 2 Sl T SR 20 v
F K AR 4 FRBLBYAE A RIR A TAE I H
FOXGE I B, a9 frow.

5
n ——10 mm
—0—20 mm

— ——30 mm
g 31 | =v—40 mm
l
27

1k

0

0 2‘0 40 60 8b 1 60 120
SR/ Hz,
K19 HRBNM K BEAS R Hs LR A0 5 Y 10 XU ]
Fig.9 Wind velocity at the outlet versus frequency for
piezoelectric fans with different vibrating plates

B9 mTLUE H, [F— AR, HAE SN
PATH IR 1 R o B IR B K K,
TN EP R 2N K B 5 e F XURR K B A 3 K, R
TR AR (10 18 DT B s R B AR TR TR AR BN
W TR — AR T HRBNET, O RGE SR A
FERIRFR, WE 10 s,

5 T
4L [~o—100Hz
—O0—50 Hz
23/
&
" 2r
A @/O/O/Q/@A
0 L L L L
0 10 20 30 40 50

PR B /mm
K10 PIRPRBIEER T HR3) M K X
Fig.10 Wind velocity at the outlet versus vibrating plate’
length for two frequencies

TESRBINE A 50 Hz G T, MR A K
FE/NF 40.0 mm B, H 0 RGE BE AR 30 3 5K B2 138
Kiidem, 4¥Rs1E K E KT 40.0 mm B, H

R B R 2 K B 3 — 2D 3G K N . EIRS)
BiE Ay 100 Hz FITESL T, s EH SRS N
50 Hz - AH R

BRI R R, KodEdEE S R SR
XN AR BN B FE AR P 40 mm A 41 mm. B
IERT LAS g 10 UIREhw KRS R o XU K
IELAE/N T 0.8 B, HY F1XUE B A LR A 3G K 52
i, KT 0.8 I H 1 RGE BE A bUAE gk — 25 38 K
TR,
3 HEERDH

WA KRR, W—MEEES T W 74,
T2, 3T/4. T[] 4 A2 82037 i e B . DA
JE HEXUBR K P £=50.0 mm, 32207 F K& 1=40.0 mm
IR RLAE 50 Hz FUAIR R TAERITHE S R oAE,
Bl 11 Fis. WRERHIE, AEEERER
TRk B 38 DR P R B WAL, S T /s

lllll*%l [ [ T

05 1.0 1.5 20 35 4.0 45 50 55 6.0 6.5

(a) =T/4

05 10 1.5 20 25 3.0 35 40 45 50 55 6.0 65

(b) =172

BT T [ ] [

05 1.0 1.5 20 25 3.0 3.5 40 45 5.0 55 6.0 65

(c) =3T/4

|

05 1.0 1.5 20 2.5 3.0 3.5 4.0 45 50 55 60 6.5

(@ =T
BT 1A 00 Py o P Ok
Fig.11 Velocity vectors in one cycle
FE— RSN, A0 212 7/4 1 Z1, B
ERa Fr 1A Bisgh, EIREhM A B i T A



214 T /s

o

— AN, AN T/A I ZI 2 3774 W2, SR AR
B85y, BYEIRBNE PR 7 e A SER ] X 4
EJ7IEEs. TRLFER, fERE0 A A him i -7
FEA S —ANIER . AN 3TV4 B ZI B TR %, REhE A
kA Biggh, SESRANE R U7 (e A X ks
JiRIEE . YRR L R IRE, AW
(g X TEORS 7 A Al s A 17 Xl 175 1 AT 7
AT XORHAETT TR B SR AN .

B 12 JRoR T AN AN 4 AN 2R G
ATl ISR AL Pao KEE 11 518 12 AR %)
PR B2 M1 8 A BEREDO TR T DA L, i R L
BRI A A 23— 7 RIS, FEH R T A
TARIEIX, AR X 5 8 DX 2R 7 22, T
Xt B A A T IR R X I
AT A o
________JdEmmmeme

-50 —45 —40 -35 -30 25 20 -15-10 =5 0 5 10

(a) =T/4

1 i [ W

—50 —45 -40 =35 =30 25 20 -15-10 =5 0 5 10

(b) =172

1 |

-50 45 —40 -35 -30 25 20 -15-10 -5 0 5 10

(c) =3T/4

T B [

-50 —45 -40 35 -30 -25 20 -15-10 -5 0 5 10

(d) =T
12 AR AU S A
Fig.12 Pressure contours in one cycle
X R, BRIk Y
VERIEI BRI BA 1 I 2 o AR X (5) s
ARG PE D I RR R 7 R 22, TER % 18 7 5 10
N AR I B He s R R L . AH A

o JESRALARRIZL, % S R I R,
AT 8D A B O R B . B s v w
RFARTE xo yo 2 FTFIITERE, p 9K, p J9oRE,
fin fi R S)

—+ +V—FW—=——— (5)
o Ox Oy oz poy 7

ow ow  Oow ow 1 op
—tU—+V—+W—=———+ [,

ot ox oy oz p 0z

A R EER IR, BT WERIERERE, R
BEEE S A AR MR R
3.1 #REDSRER

THREGRER, RIS H O RGEBIEL .

B IR s A R AR ()X ] £ 3R 515 a0
(6), BIYRBhHEHTE Y J5 1A ERia s .

v, = IfAY(x) cos(2mft) (0)

H(6)E H, RIS S n £, RN Y
77 1) A58 2138 P R A IR A s 3. S8 B3l B 142
AR R X T B DA B AR X1 o e B B A
BRI, A F] 04 e A XU B E A R R B AR
AR, T2 B2 s AT B 13 B, ook

B Pa.
[ 1T
1~6—5-4-3-2-10 1 2 3

—200-180 —160-140-120-100 -80 —-60 —-40 -20 0 20 40

|
|

(b) /<100 Hz
K13 772 23 s 5 Ao L
Fig.13 Comparison of pressure contours at 7/2
B 13(a). B 13(0)5E 12(b)EIXT I, ATELE
ARSI T Y J7 8 IS S BRI —f%, s
AL AL — A AR R I 22, ISR A 483

MR PE R . FRI, AR X 5 e 1t &
SR E I KM v, ORI T B R B AT R I 4 v
AR BN TR AR S 3R
32 EHEMNEKE

TR R RN, SRR, H ORI,



71 e 215

{HE, BEEBIKERIE R, O XU SE & sk
e,

TESRBINF A 50 Hz HIEHL T, X b s H XUBR
K-PEK L=25.0 mm FI L=100.0 mm PFHEAEILE 774
I 2 0 R 38 0 A, Wil 14 Fis, KSR AL Pa.

EE [ T 77T .
-12-11-10 9 -8 -7 -6 -5 —4 -3 2 -1 0 1 2 3 4
=
| - |
(a) L=25.0 mm
I O (3

(b) L=100.0 mm
Bl 14 174 I 203037 s 38 53 A B

Fig.14 Comparison of pressure contours at 7/4

PR BB, IRBNHE T IR 307 A AR X
TR FEERSIM R Es), BRI
I, 2 AN RE AR AL AR S DX M T 5 B s DX s
SRt N EE, XA RSN E YR, 2
A 7 . SR, REE R K R —
FEOR, BARMRIE X B R st — P BRI, (H2 i T
R, FEIREE A S ARSI AT, P ) E H A
FORALIRARIE X, 5200 7 B ACR, Bk
R FREIE R, R 8 e A T E 152
33 ITERKESERNBEKERNLE

TR S R B OR IR K5 T i XU KR
B A/, XS B E AR P3G KT v, ke
R T— N S, XU B A B2 — 2D
PN N

2PN Tl S, XU B LR P08 K T
e AR A 3.2 7 v IRk i e R K R PR 8 KT 6 v
AR RIAR A 2 LEAE K Tl S, XU B B AE Y
$E R R B0 SR R 5 e o 7 A A Ok o ol H AR
RKEEFN L=50.0 mm, {RBNEHKESHN 1=
35.0mm Fl /=45.0 mm (¥ P AL LE SR BN AT Ny
50 Hz IIEOLS , T/4 I 203 37 s 70 An Ok 2 I
K15 Bros, AL mys.
[T T T T

05 1.0 1.5 2.0 2.5 3.0 3.5 40 45 55 5.5 6.0

(a) I=35.0 mm

B T TT 7 7 7 .

05 1.0 1.5 2.0 25 3.0 3.5 40 45 55 55 6.0 6.5

(b) I=45.0 mm
Bl 1S 774 i 213 B o A1 LA

Fig.15 Comparison of velocity vectors at 7/4

Bl 15(a)s B 15(0) RIS B 11 (@) xS ]
DA Y, 24 <40 mm I, FEGRI N AT LU AR 52 BE
e i I BE R e IR B R HE R X B OET . 2
1>40 mm I, FEF N TGVE AR S B HER e
PRAEALE PR A O, AL T, iR LE
PR RE R 2 R DA S S T RAAR ) SAA, AT
SR P X IE T R AT A R R

4 5

(1) L XURS H 1RG50 8 P IR 3 4004 1Y
BEORTMI S, I HE IR R FE—EEH A,
J L KU ARG, RSN E F < 5 s F KU R E (1 B
EBROR,  H I T B I 2 A0 (1 48 KT $2 v A
R

(2) PREFIRBNH A K 5 e XU AR AS
A2, HARSNHE P AR R IR BN N IR, R H
R FERAG,  H H RGE R . (H P R AR b
KFo B AR BG4 58
TR o

(3) fE— VRN, I XGERE RSN A K
5 1 XU R A 3 K 3R i, F BARAE— A
I S, 2 PR T S, KGR R B A
RPN

EEP S

[1] Kim Y H, Wereley S T, Chun C H. Phase-resolved flow
field produced by a vibrating cantilever plate between
two endplates [J]. Physics of Fluids (1994-present), 2003,
16(1): 145—162.

[2] Kimber M, Suzuki K, Kitsunai N, et al. Pressure and flow
rate performance of piezoelectric fans [J]. Components
and Packaging Technologies, IEEE Transactions on, 2009,
32(4): 766—1775.

[3] Kimber M, Garimella S V, Raman A. Local heat transfer
coefficients induced by piezoelectrically actuated
vibrating cantilevers [J]. Journal of Heat Transfer, 2007,
129(9): 1168—1176.

[4] Yoo JH, Hong J I, Cao W. Piezoelectric ceramic bimorph
coupled to thin metal plate as cooling fan for electronic



216

T &

2
F

(8]

(9]

[10]

[14]

[15]

devices [J]. Sensors and Actuators A: Physical, 2000,
79(1): 8—12.

Acikalin T, Wait S M, Garimella S V, et al. Experimental
investigation of the thermal performance of piezoelectric
fans [J]. Heat Transfer Engineering, 2004, 25(1): 4—14.
Agikalin T, Raman A, Garimella S V. Two-dimensional
streaming flows induced by resonating, thin beams [J].
The Journal of the Acoustical Society of America, 2003,
114(4): 1785—1795.

Thara A, Watanabe H. On the flow around flexible plates,
oscillating with large amplitude [J]. Journal of Fluids and
Structures, 1994, 8(6): 601 —619.

Schmidt R R. Local and average transfer coefficients on a
vertical surface due to convection from a piezoelectric
fan [C]// Thermal Phenomena in Electronic Systems,
1994. I-THERM 1IV. Concurrent Engineering and
Thermal Phenomena, InterSociety Conference on IEEE,
1994: 41 —49.

Wait S M, Basak S, Garimella S V, et al. Piezoelectric
fans using higher flexural modes for electronics cooling
applications [J]. IEEE Transactions on Components and
Packaging Technologies, 2007, 30(1): 119—128.

Lin C N. Analysis of three-dimensional heat and fluid
flow induced by piezoelectric fan [J]. International
Journal of Heat and Mass Transfer, 2012, 55(11): 3043 —
3053.

Lin C N. Heat transfer enhancement analysis of a
cylindrical surface by a piezoelectric fan [J]. Applied
Thermal Engineering, 2013, 50(1): 693—703.

Gilson G M, Pickering S J, Hann D B, et al. Piezoelectric
fan cooling: A novel high reliability electric machine
thermal management solution [J]. IEEE Transactions on
Industrial Electronics, 2013, 60(11): 4841 —4851.

Li HY, Chao S M, Chen J W, et al. Thermal performance
of plate-fin heat sinks with piezoelectric cooling fan [J].
International Journal of Heat and Mass Transfer, 2013,
57(2): 722—732.

Burmann P, Raman A, Garimella S V. Dynamic and
IEEE
Packaging

topology optimization of piezoelectric fans [J].
Transactions on  Components  and
Technologies, 2002, 25(4): 592—600.

Basak S, Raman A, Garimella S V. Dynamic response

optimization of piezoelectrically excited thin resonant

[17]

[18]

[19]

[21]

beams [J]. Journal of Vibration and Acoustics, 2005,
127(1): 18—27.

SN, 28, PREGIS. K AR ds N AR AL R 7 by
[7]. THREF1%, 2010, 27(8): 205—210.

Jia Lijie, Li Min, Chen Weimin. The model analysis of
strain transfer in the application of piezoelectric actuators
[J]. Engineering Mechanics, 2010, 27(8): 205—210. (in
Chinese)

EH, THR, A% FT Sugeno BUEHIMNZE M
28 1K) 3 (AU AT 22 45 40 1 T P BB s Esh bl [0]. TR
22013, 30(8): 272—277.

Zhu Xiyu, Wang Sheliang, Zhu Junqiang. Sugeno-type
fuzzy neural network active control of space frame
structure based on piezoelectric actuator [J]. Engineering
Mechanics, 2013, 30(8): 272—277. (in Chinese)

BRER, AR SRR SR I R Y IS KB s B A
FRAERT [T, LRSI, 2011, 28(6): 249—256.

Lv Shiliang, Guo Shaohua. Dynamic behavior study on
electrically excited thickness-shear piezoelectric actuator
on the surface of an elastic structure [J]. Engineering
Mechanics, 2011, 28(6): 249 —256. (in Chinese)

Hu H, Clemons L, Igarashi H. An experimental study of
the unsteady vortex structures in the wake of a root-fixed
flapping wing [J]. Experiments in Fluids, 2011, 51(2):
347—359.

R, e, TR AL KU SR AR E R SN A
WA ERUE R T[], WA 54, 2013, 34(6): 1277 —
1284.

Tan Lei, Tan Xiaoming, Zhang Jingzhou. Numerical
investigation on unsteady flow and heat transfer
characteristics of piezoelectric fan [J]. Acta Aeronautica
et Astronautica Sinica, 2013, 34(6): 1277 —1284. (in
Chinese)

TSI, 2. TRERAIEAL [M]. 26 2 hR. dbat: db
U HURK S AL, 2011: 136— 144,

Xing Yufeng, Li Min. Engineering Vibration [M]. 2nd ed.
Beijing: Beihang University Press, 2011: 136—144. (in
Chinese)

BRER. A3 %ML st AEE SR R
fikt:, 2004: 36—39.

Qian Yiji. Aerodynamics [M]. Beijing: Beihang
University Press, 2004: 36—39. (in Chinese)



