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RESEARCH ON FLOW-INDUCED VIBRATION
ENERGY HARVESTER BASED ON BIONIC
SURFACE

ABSTRACT

With the rapid development of wireless sensor networks, energy
harvesting technology has become a crucial means to ensure the continuous
power supply of sensor nodes. However, traditional wind energy
harvesting devices are often bulky and susceptible to electromagnetic
interference, limiting their application in micro-scale sensor systems.
Flow-induced vibration (FIV) energy harvesting technology, characterized
by its compact size and low sensitivity to electromagnetic interference,
offers promising application prospects.

In this study, a novel flow-induced vibration energy harvester based
on biomimetic surface structures is proposed. A comprehensive
mathematical model encompassing fluid dynamics, structural dynamics,
and electromechanical coupling is first derived to analyze the effects of lift
and drag coefficients on flow-induced forces and vibration characteristics.
Inspired by the microstructures of natural shells, four types of biomimetic
bluff bodies — corrugated, straight stripe, oblique stripe, and folded stripe
designs — are developed to optimize aerodynamic performance and
enhance energy harvesting capability. Three-dimensional finite element
simulations are conducted to systematically evaluate the influence of
biomimetic structures on flow field characteristics and aerodynamic forces,
followed by experimental validation through wind tunnel tests.

The experimental results demonstrate that the biomimetic bluft bodies

significantly improve output voltage and broaden the operational
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frequency bandwidth. Specifically, the folded-striped bluff body achieves
a 396.86% increase in output voltage compared to the conventional
cylindrical design at a wind speed of 4 m/s, while other biomimetic designs
exhibit voltage improvements ranging from 94.24% to 287.75% across
various wind speeds. Furthermore, all biomimetic designs effectively
expand the working frequency bands, enhancing adaptability under
medium-to-high wind speed conditions.

This research provides new insights into the miniaturized and high-
efficiency design of flow-induced vibration energy harvesters, offering
theoretical and practical support for the sustainable powering of low-power

wireless devices.

Yuan Yikai (Mechanical Engineering)
Supervised by Prof.Wang Hai
Keywords: energy harvesting, flow-induced vibration, biomimetic

metasurface, bluff body, wind tunnel
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0.6
—— Corrugated (R o — Corrugated \
0.4
— __05¢
2 02 \“ 2
(5]
£ 00 £ 00
() I °
s | 2
02 05t
-0.4
1 1 1 1 L -10 1 L 1 1 1
00 05 10 15 20 25 30 00 05 10_15 20 25 30
Time () Time (s)
(a)0.5m/s (b)1.5m/s
s A
2 12'
S » 10¢
= 3 08t
20 ga@
-1 < 04f
-2 0.2
3 0.0
L L L L L _02 ! ! ! ! ! ! ! ! !
00 05 10_15 20 25 30 0 2 4 6 8 1012 14 16 18 20
Time (s) Frequency (Hz)
(c)3.5m/s ()X} L

P 5-2 AN [A] XU T RV SO BE R AR A H PR I 38 P R ek 1)

W 52 FoR, ERKGE 0.5m/s F, SIEERNE, KRUEARLDABER
B IIRBNA R, o LI, SIREIT I SER THIN R T R ZNR IR, 5 EER R
ANMREEEUN, ARG H BERAR, 0y 043948V, BEELRAERCREAL, &
SPIEAYIE.

HRGEFA R 15m/s B, SRAESCR TR 8, IR IS
PRz, R THACRGETEE . B =, BSERE A /ANE BRI, JR3)
TEEESE N, RS TR 0.89938V. ILi, IRshIERE TR e, HHLIETLE
A, AR RERCEA it .

MRGEE 3.5 m/s B, SRR SURAR IO AR R R R R, TSN
Jill, A SR TR B IR FE B ARt — 485t S 8UE bRl v 225 1 2
2.84638V. I, IR E Hiai E3Z, AEERENFERESL R, KIX
R E— AR T T AR S R T A M 1 s ZUAE FLAE R T 5 SRR B 4 T
H HL
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MBS ] DL, A AR [ A7 4505 5 S SRR ) I e 5 T Tf 2 2 T
RRGER, FRIEEN, X9 0.05, KW AIEIERAR. BEEXEETT, Ik
MG 0.46, WBURBNNITAG BRI, -5 PR AR ELAF G5 . 2 KOk it —
AN R, JRIGIESR] 1.38, LU RERsIRN L% , I=sh fe EAR RN .
BT, MR T 522 1 08 1 SUR AR ARSI B, X I [ 4% A A S 5
FaE T B AT LR

5.2.2 BYHAREE R E M B ENR

FEARTTH, IR BACRER BE RS ASAE AN [F) G 2 A T A Bt H R A
EABEAAE R LI O R S, DRI R AR 2 DU M BRI RS, fEA
VERITN BENE 7 AR 52 A IR B N, o AR S 56388 1 7 XU Y [l 0-10 m/s 2 [AJ I BT
Fasg  HARGRVER LA WG ., 72— 25 70 Hr XGRS0 B AURE A e R e A
tH FEL AR

55 A 015 A2 S5 A8 (an i SCPEAR BB AR AR AE L, LAV R i BT B A
SRS R, R AE R IE L I, AT RE 2RI 5 W7 R AH R4 2 PRah X
FEM B, G U G AR T AN FRIRBDIRZS T i 2R  H F Ipe, J E S k
G55 P S 22 R RO AR o T e B i fg A SR R R 2 8L, B N
BT H SR L BUIR 3h AE B R SR A AE AN R XGE R B3RS AR AR S 1 RE SR I 1
KA -

AR P R RO 8 75 XU 0 m/s B 10 my/s S L P9 1) — SRS OG0 8 4
LIS 2 52 B L SR AAR AE 12 XEE X T P ) R E i SR, ANMOR RE R AR 3 1 X
THEE T ER SR, ONJE SRR T IR BT FUBE5E 1 kA

(o]

Straight stripe bluff boqy‘ 15 ‘

Straight stripe bluff body‘

Voltage (V)
o -
Voltage (V)

1
IS

-10

8l
L L L L L _15 L L L L L
00 05 10 15 20 25 30 00 05 10 15 20 25 30
Time (s) Time (s)

(a)6bm/s (b)7.5m/s
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I
ol
T

[E
(62 BN e]
T

Voltage (V)
o
Amplitude

= 1
o o
T

_1?).»0 05 1foTi r%és(s)zfo 25 30 02 4 érec?ueﬁZylszl;l 16 18 20
(c)8m/s (YA FXT L
5-3 ANTF] RGH S B ELSURE A e B R i L F s P e AT S

WE 53 frox, MRGEN 6 m/s B, B SURER I s 06 1 IE 3
7.36141V, BURKXGERTBA BT, RPN BER KRS EhIZ D 58 . fEIE
PUHSE B, AN RE O A2 BLSUK IR RSN B, (H B 5K AR 28 AR HE 5 2L
TARIRES, favth R4S 2V K.

MRGEIG A 7.5 m/s, fH R IGE R E SR 13.78662V, BT — R A
KMEFRTE, 2B R A BV F B B 1G 0, IRBNM RN YR ZY . X —AR AT g
VT SIBTYIBON T i e e SRS A 2 T A AR A B Al . SR XGE T,
Tl Be I I RO BT B, A B R T M peAe e WO IR BN 0, W It KRR v
M NGHEAE BRI 8 m/s, it B IEE /IR 2 13.83183V, (HAR{LIESL
‘TP, RURSMEK CREATEE, RB RN EGE . phy, sEERAE
ST R RCTARIRAS, KUB A 3E— 25 5210 H F s ) R T D 55 o

MR T AL R, (EFEA A IR T, E SRR IR FE S K 850
B TRE, AR EMEER . KR ZMBIEE N, KEPRANE
SRR IR B NS R, AT e TR S A BAE ] 2k 2R e IR,
T L KR AT BT A7) g ()3 — A 38 iR R e S 2 WO SE R IR BNME - DRI, 7R X
T, FUARRSE TR E, RIS CRIFEAXHE E KK P

X R, fE SR RE E RS BT SR A, UGS TR B U
MR RAERCRR R | EH . 07 A 3R i vt S Az il KR e [, 7T A
A RARTT e ER AR HOVE AR, HE I £E SEBR N H ool B e e AL BCER .
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5.2.3 PSR REE R R M B ENK

FEARTTH, AGRIT RSO fE B R AR L X 0-10 my/s i A (1 Y A IRy
ko 5 HAYAER T RERAR, RISBEACRA T — P B AT WURRR QU A 2 T B
it RHEEEIR SN B LR SCR R S AR IRk R, AR AR Sl
RONE,  INTH 8 SR 50 0 2 7 vt R R AR KR

NUER PP RIS AR SR AR PR RE . A ST SRS k£ 1 KGEM 0m/s F 10
m/s 25 KGR, B R B AR RN RGN, i SR BLBON AR E B EAAR
RUEMPAEE . B8, W A S RURMSCR v X oy i B R 52,
It — AR T TR AR g R R AR AR TR RE M BARAE

15¢ 15¢ \ Qbligue stripe hluff bogy\
10 10+
S 5 S 5
go go
S -5t S 5
-10+ -10+
-15+ -15+
00 05 10 15 20 25 30 00 05 10 15 20 25 30
Time (s) Time (s)
(a)om/s (b)6.5m/s
15 | Oplique stripe bjuff body|
10
e 2 5
S S 5
- -10+
-15+
00 05 10 15 20 25 30 00 05 10 15 20 25 30
Time () Time ()
(c)7m/s (d)7.5m/s
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10+
8t
[}
g ol
£ 4
<
2+
N=
0 2 4 6 8 1012 14 16 18 20
Frequency (Hz)
()AL

5-4 ANTR] RGH S R SURE AR i B i L P P L AT Sk &

il 54 s, ERGE 6 m/s B, REGUEIR BE B R AR 2 I LR O
13.81109V, LI XE C 2 LR B E RS, (HMRIAB R, WK, <
T BRI P ENE FHIZ A8 B, AR S RISCR AR EAEREE TROE, EHARIE
B AEFEARIRES

MRGEIEE 6.5 m/s, FHHEE FTEE 13.88722V, ULHASBNREHE— D1
SR, HESIARBNNRE I IN, BlARER AR B R E PRSI N R BT — E A,
AIRBUIN RSO IZ TG 58 /£ Tm/s KURT, fi BEIRS] 13.91415V, IRBNIEEE
GRERIK, (AR TRuE, RGN T ENIR, BRIEIERLE . AT
£ 7.5 m/s, KAy 13.92545V, KRBV, RRINEE B
K, RRBIREC BT, R T RuE.

MBI 346 Rev] W, AEREAREAT AT, RESUAA IR 3]0 B LA R KGR
FA TR FRRRE, RPN, XRY, MR ZIMRTEE N ARk
APHPIRAS, SIS BAAERA L LS R IR IE I — 2D K Bl G R (13
0, ARB R A I B G SR B R S, U BRI SUEAR 130 ) SR A
FEAZ AT AN BAT R IAE TE, AN 5 52 B R AL 1 20

MU XGRS 73BT LAE S BEE KGR ARG, RSB 1%
W BT, R BB INA RO AR S TR IR BN Y 5 B A e R ARG . AR
TEIE B — 52 KI5, % HU R R SG IR IZ AR 22, Ui B R Ge AR B B L
PR BR B ALRES o« RESUA I BT HRAL TS R I AR 175 20, (45X
G KIS R G RO R IR BN R AT e KR, (AIEm KU T, RS Re 2 B3E
PRI PEYE ) R H AR BERR M A0 52w, 3 B R B s TP AR

72



TR R A2 18

5.2.4 s REER AR B ENK

FEARTTH, A H R PR SUREAR e R AR AR A XU 0-10 my/s 1 [ P4 A9 4t HE
JEAFE . BARGEREE IR B8R DL B SRR B R AR AR AN, IratilifAR
F T — R B AR R LT AR IR 2R 45 4, L3l SURIAF A RENS 5k 25 U SR Bl A
R ARAIRE, Wi iR SR N BE BREERCR

N T HER AL L T A SCRE AR BUIR B RE B R SR AR PR RE , AR SCIRIEHE 1 KU
M Om/s 210 m/s ()2 MRURERGEAE, FFicsk TR KGE NIRRT . R4
IR E A4, R HE 1R WG T BB BN R E A B, s 1A A X
SRAE N I SRR R oy PR I e S RS

8

| Folded stripe bluff body| 15.0F | Folded stripe bluff body

Voltage (V)
o ~

Voltage (V)

: o~
o (631

I
-
5

-15.0

_8 1 1 1 1 1 1 1 1 1 1
00 05 10 15 20 25 30 00 05 10 15 20 25 30
Time () Time (s)

(a)3.5m/s (d)Sm/s

I ——3.5m/s
A ———5m/s

Amplitude

|'—\O|—\|\.>oo.l>o'|m\|oo
L e

0 2 4 6 8 1‘0 1‘2 1‘4 1‘6 1‘8 20
Frequency (Hz)
(C)BZXT L
B 5-5 ANR]XUIE T [ 4 SUBEAAR e B R B i H H s I da e A A ]
W 5-5 B, HRGEK 3.5 m/s I, BT ST 1) B R A A L g
N 6.13975V, RHIRR CREMUR SRR TNV IRS), (HIRIERD, Remi il
HIAG, MRS BB AE TARRES . IO, SRR ER IR E 4G BB, (AR
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AN A AL T F5EUBII B . M RGEIE 2 S m/s, fir i HUE KIESRE T2 13.8314V,
RWIRBNEAFRNA BRI A, SRR IR B0 B 25 0, Al B RO KR 2

1o FEIZRGE T, Hracilifh nl i Ctk NBET SEHRIRAS , 3 — 2D a1 RBhma B,
T T H FL S

WIS T a3, AESEARRE AR T, FECiRfRIEERGEE 3.5 m/s
WINE Sm/s B, REBEEFERI, M 3.1 HINE 7.3, HIFAT] 135.48%. X—
AR, FEZ R X [R]Y, ARUR AR 1 ah RN 35 i, S EIR BN R
MR PTRRMA IR RITE T, 12 RGN 4 SUeli R O3 sk NEHRIRAS, (6735030
IR EERIRIVE R SE Y 2, I B 7 40 5 B O [ A A3 T UL G, TR
ROBOR T RN S FFFRTE T R R RR o IX — B R R W S A AR 58 AT X
[B] 92 % RIF IR BURBIICR R, A — SR AR 3 R 4L T BRI .

5.3 2T AEFEAREIRGEEREFAMEBEN T

FERTIREATH, FEADE A RSRBBIR (B S R BAA  eaBliAk
BAUREAR . QO RRIECREAR ) FEAS R KGR 261 fO S Y i s AR A & HL R [
B o XS SR SR B M, CtBios R IR B R DAL e B
MR IR FZM o PRI, B FX) i Y P T i A B S R i R SR AR AR R — I %
RIPERER DL, 8 AR Ze T Fo 7 A5 SPU A e R AR A5 A AN 7] XU [y 1 E 1 22 57

PRI, AR AE B F 3t — 2D HEAT AN RIS i Bk 3h e R R AR 45 1 4 Hh g
J153 Mo ST EE A SRR AL A [R] AT 2% A T PR L a1 A 5 RE R ALK
ZEESRIR AR, IRV AN [ T 45 F R e R R AR RE T AL R . Ry, Hg o)
BT 2% BRI SCEE S KURE A AL A R 18] W47 2 65 A G o e S A [R] R I s A A
TRBNRFIE, o A XURE A TR AN L AL o

X M AN Bl T3 — 0 PR 25 SR B R AR S A2 S B L A 1
R, MR T SR I A SR Ot 1 AR KA S Eds

FEEAT BT A RIS BEIR 0 RE R AR 4% 10 1 BE /1 0TI, A SCE SEXT L
T ARG A AR SRS it B R SRt 5 IR AU R Sk sh s R SR s A Mk g, L
TBARBNFFPEAEA R TR T 2B i 2 57
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14
-|—=— Traditional cylindrical bluff body
12 H—=— Corrugated bluff body /
~ 10+
a i
B} 8
g L
= 6
=) i
> 4l
oL
O 1 1 1 1 1
0 2 4 6 8 10

Wind (m/s)

Kl 5-6 KUk 0-10m/s I 5 T-4% 4 [ A Bl A4 5 U5 SURT A BE B SRAR 2% 4 HH HL R x6) LE

A 5 R B AR ) 7 B LA R ASE AR KGR 7 AR IR B AR O LN, Bl X
RPN, PRBNEEEIZHTIG S, SR B R . SR, WA T
HAR MM RFRR T, BRRS LRI XU N 7= AR B R RS B, kg4 7t 1
TEHEAS KTH G A 100 %t EL

Hi P& 5-6 A1, FERGEA 0.5 m/s I, AL SR AR SR 3 A R AR 2 1Y
i H R IR AE D 0.23 V, IR SUBIAR SR B2 28 10 HH B R IR 0.44 v, SR TFHIRFE
Ik 94.24%. X —RENERRY, WA RE T B BRI A R
RE /7. WA KGRI, 7E 1.5 m/s B, JBCSCEIA (R F AR Ll A% Gt [0 A: e A
P T 60.73%. M 24 XTEIE ] 3.5 m/s I, U SUEIAR 1 o R AT SR R R o A%
GERERIR, EF] 59.24% K93 TF. £ 0.5 m/s & 5 m/s [ RGETE BN, SRR
AT i P A O A e (A R A, R R AR (0.5 my/s) I, it
PRE I H B B

SR, FERGEN 6.5 m/s 22 10 m/s (4L RUR X B Y, IR SUBE AR ) far H FRLE
e % T e A A it U, L HAE RGE D 9.5 my/s AT 10 my/s B, i H H
JEA3 A TR T 41.81%1 31.06%. XKH, (EmRGHEFM T, BEHAR e EX
SRR A WL S A B, ELA ML R 5538 . IX— LRI R R mT RE S U
SUBEAA R T ¥ 52 2% T LT TS IRAE v AU R 3 B T 3K 25 SRt 8 BEL g, kT s
LI SR B 1 5 B AR T
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M EREGRATLE K, AR FXGEZEAF T, SR A BRI E
Ptk Fpil2AE 0.5 m/s & 3.5 m/s [ XTRTEH A, REUREAR L 1 B i P Re 1
AL A A B T L8] B R T 254, AR P 1 R R B AEIR,
PR BARRGE N RIAEAE . M, grei s HRr kR m it aevsfie
BRI AR B, §R TARKGE T I IL S X, AT e Tt 1

SR, R KGR IR, JUHR I Smy/s 5, JRAUEA TR o R R iE T
AR, JRAERNXGE N IZHT RIS . XA R T XGER I, PSR xR
PR T PUAE R o, 3 80w B R ARG R A B AT (3, 3k i) 1
PRENHIR L ANAEE L, 5Em 1 BE AR

EAAERIE, EaXIE (Bl 8.5m/s) T, JHAIZHIMRE T Al gl
A R TR 0 8 s I A S HEINT 77 XA B Fy A et
ARG BT i SUREAR A Y L, (ELSE PR s B B R W, IR SRR A RCR A
WGEIE R B 5 VR R I BB PR A E S . L, ESChrp o, 2R
A8 KU ) ARV B RGE B S I AR TR, AR KA RE R R AR R .

LREKRAE, WOBUAARNIE R T, JCHALE 0.5 m/s % 3.5 m/s JEFEA,
FATWI R AP, ey th L o I Jd iy AR SR AR A 8170, AE 3 e XU (6.5 m/s
CAED I, A% G AL AR A R DU TR A SO AR, iy DAAE BE U R AR 2RI
i EARIEAS A U SR AT AL R B, DIIRIS I LR BE E A AL RO

18
16-4—-—71Tmﬁﬁonalcyﬁndﬁcalbhﬁfbody
|| —a— Straight stripe bluff body
14}
S12r
@ 10}
[@))
g g}
S 6}
41
2l
O 1 1 1 1 1
0 2 4 6 8 10

Wind (m/s)

B 5-7 X 0-10m/s 361 4 A A4 5 B S0 A RE F RS o it HL XS B
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FLR, ARSONEE T B TA4% G2 [ A AR SR B e B R AR A 5 4 T B GV AR
PRz R RS I AR ) TESEEG . RUEVEELERE T 0-10m/s, DARALREE
78 55 AN R AU N B PERER I, FF HOEHL T A AR i KU B SR AT 140 40 AT

TEE 5-7 1, AT DA ER BNTEA [A] KU 25 T B SRR B R BN e B R AR AR 5
PR GE E AR B 4 H F X L 76 XUECN 6.0 mi/s B, B SUBIAAR 1A e 2 0 1 PR
N 7136V, BAEGEAEAR 3.56 V & 106.64%. 4 RGEEINE] 7.5 m/s B,
HSRRIEE RS2 13.79 V, IR G IAFE AR 5.65 V B 144.11%.
[FIRE, FERGE Y 8.0 m/s B, BELSUEAN I HES 13.83 V, AHELERE B4k 1
6.94V, BN TIE—fE, BH T 99.16%. WEFEWTLLEH, BEIEEALEH E R R
H (6.0 m/s £ 8.5 m/s) X [H] A 2RI B AR T4 0 1 R A Al

SRT, FERARRGE (B 1.0 m/s 25 2.0 m/s) T, ELSUElAA A H H s B SR A
TEFERAAR, JCHAERGER 2.0 my/s I, FCIEE BRI T 12.42%. XK
B, 8 B SUBARTE RS XU T 1R 1 B A0 4 [ A S A A, (L o RS ) 4 1,
BABAAR LS Z 8 I, IFAE b KU N R L 2 IR AR R T . R R
TEXGHE N 3.5 m/s &5 8.5 m/s JEHIN, BESUCEIAN RS RAEMRRIR M .

BLAUBAR BENEAE WOV A R FEAL S, B B R T R T SO e AT
S TEE SRV (4 T F o 5 T ) A S ASE A3 I A2 15 AR S T ) 0 A LA O
INFR5Y, MG T PRSI 5 Bk 2 b [ A 2 A1 FD [0 o TR I [R] 20 1k
AR IR EURE R E R AR — AN EER R, G0 R BRI R E AR

BeAh, BEE K ARG N, B SRR 1 2R I SORA B TR SR A B T SR 1
RIS, SR T IR AR E M. B AR E IR T R, ELSUBR BE S R0
TARBE s, e TR RWEERCE . LR mXE T, BLE
R A% T I S 2 R A AR T B8, DT 942 v AR P it HRL

R, EAERNE, ERGEER 7m/s I, BEEUAR T fE 2 H LR
Pzl (VIV) ARl g . RG4S 3 I, e i B v 4005 v g 5 45 440 1)
G SRR FE R, X — IR R KBS 2 5 EUR IR R T 4,
MR R SRR . TERILR T, AR IRANIAEAE, (H TR A VLAL,
IR, SRR UEERE S T .

ST &, ELSUERTE e KU X[ P 7 P B R R R R AR R R T
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G ERE AR, JUHRAE 6.0 m/s % 8.5 m/s IIRGETERIA, HEERRHITAR
o E A BB T veit, Bevp PR THELAE e XGE T R RE R ISR AR
SR, AEARH R KGR A PE R, BE T BT AR 5 Sl A [ A 3R (X R i vl e & 22X
AE R RCR I B AL, B AN F RV, T BEINE & iR 25 AR
AU, TR Z XS T SR B AL I RE R IR R

B3, AW T BTGRP R R 3h BE R S A% 5 2k TR U A
BRBIREE RS R B8 /7. X B0 TR, B RO 1 RIEURE RS
FEANTR] KGR % BE B WACAR BE 0 BB THRICR » RESUBEAR 128 T SUH B THE A3 AR U
PR B T RO AR AR R R A 7 2R AN R (i AR 3, DA ITT M o e 3 ) A 2

I B 28 M RE R AR RICR

[ |—=— Traditional cylindrical bluff body
| |—— Oblique stripe bluff body

el e
o N

Voltage (V)

0 2 4 6 8 10
Wind (m/s)
] 5-8 KUk 0-10m/s I 5 T-4% 45 [ A Bl A 5 RESURE A BE B R AR 28 4 HH HL R X6 L

W 5-8 FioR, fERGETLEN 5.0m/s & 7.5m/s Z (AR, JETRISUEIA R E
PRB)) RE B R AR 2% B % tH Fi 4B 239 5.01V, 8.01V, 13.81V. 13.89V. 13.91V
A113.93V, L TAE G FEAFERA, 7375 m 1 70.27%-117.93%-287.75%+ 159.00%-
157.45%41 146.57%. WX —E i m] W, £EXGEN 6.0 m/s 2 7.5 m/s B KU E H
N, RESCRR R L R R s TR SR A A, RIS BRI

SR1M, EAEEAR, ERRGEXE (1.0m/s 2 2.0m/s), RS RHH
LA TAE SRR B, AT RIS, X — LG ] B2t TR SUi A i 2R T 4L
T SCIRT IR 43 B8 R M ZE AR XGE N AR BE 78 70 UK, AT 3 BUH R B R RO BN A
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PR. XRH, RIGUBARRIBTHERRGE SO T HAR RE A R THRE BRIk RE

REGUAAR AL IR ZAE P S m/s 2 7.5 m/s Z[H. X—IRH
JRARAE T, RESCBIARR I SO AR R N 1 R B R B 2, TAE R
TR PR T 2 A T SRR T IR g o X AR BRI AR, AR RSB
FE v KOG X [8] A BE % A5 80 o BE B R AR AR, JUHAE RUEVE ] 5 m/s 2 7.5m/s
P I H A A P o S A 1

SRSRT, RESUBIAR BB om 2T XU S, JUHAE A WG T eI H
B, Him it i s S st E SR BRI ST R AR R B 7. BEARAEARIX
N AR RER NG, (EAE XOER B s A B b, RISV e A 2 — b 5 9 R
RE B R AR TT % -

By ARSNGB AR G A B AR RN 2 T R U A IR Bk Bl R R AR
W th B /1o A1z, BRI SR R RE B R SR AR AE AN R sl 5610 1
IVEREZE 5t o

\

\

16 [ —=— Traditional cylindrical bluff body
Folded stripe bluff body

= B
oON
T T

Voltage (V)

O N B~ OO 0
T

0 2 4 6 8 10
Wind (m/s)
Bl 5-9 XU 0-10my/s T 5 T-% 43 [ Sl 5 4 SOl A4 i 2R AR 4 i Hh P 0T Tl

N 5-9 fiim, MRGETEEAE 3.5m/s & 5.0 m/s Z 8, FEFIracsiimii
FR B HE R A B 5 HL R B 73008 6.14V. 13.11V. 11.78V # 13.83V. i
A 435 [FA AR () B ) R TR WEABL 4 0N 179V 2,62V, 2.90V AT 2.94V . Frarififk
A H R WEARL R EUA%: e R A T AR 73 il S v 1 243.51%- 399.86%- 306.70%AM
369.84%. #E— R Y], PR RIS X T B AE KUK 3.5 m/s 2 6.0
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m/s HVEHIN . EZXEEE P, Jracei i t i T 525 m T gt R A,
PRI H TR I VEREOL S o Rl AERUE Y 4.0 m/s 2 5.5 m/s I, T SUREAA ) it
HL s PEAR G [ AR A ORI 270%,  JoR T s RIRE R IR . IX— L%
T B T SRR T 2544 A RARF LT, BT A RO 0 1 e i 7 AR
JiER AT (I N3t — 2P 3R T T RBIAA AT L At (8453 SUREAR £ Hh 25 XU A
PE N ORI R R RE AR AR, HEMARAL 1 AR XUBE RS N K R B

S A5 RAGAE T 0~ 10 m/s RGHE T FIBLAE R o R % S BAE PR 1 Bk
ZhREECR A Ay, o th o s 08 B G G InIZ AT K 28T, FEIEL. AL
FECNITECR AR FIV fERUCER S, MR T AR &S .

FARARAE, R SRR i Bk 3h e R R AR SR AE AR TR 25 1 B R B ey
FivkRe, EREEXGERIEM, HIEREITIa . Mk, RABESONMBEBIRT R
EORER AL P i WOV A — B IR B A e P I o 7R R 5 XU VL T A
Ir UK (IR BER B A B R AR 4 ) o R (PR REL 3

AR A R R T AN KGR, SR A BT R Sk ah AE BR AR s P RE 1Y &
FROM o X R B P smi TARYE R € N /RO AR T R B, DAL
Hug N, K 5-10 fon 1A R EURSh AE R R AR S 104 H HLUR I AE 5 X
HZ AR o I, T BB P MR AR T R GO FLIRAR . SR, B R XU
BEN, e T08 AR BT AR BT K o i ol Y SR 10 AR G SRR R I, B2
JSL PRI EL G O, AT 3 500 ) P R T B AR . Bz, eIt I B Y MR it R 4
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Voltage (V)

Wind (m/s)
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FARSRL, BAR T E R 3D FT AR KRR 5 BUE A L0 v oA R 5% 31 B
RBUE XIS o RO KGR I N3G 5 1 RSN, (H 7R ek s XU Y
W, FERIZFIFEIRORA  X—RRR I A g0 i W T &, WA AR
SE B X 3

M 5-10 AT RAE ARS8 1 BT A 35 a2 R AR 48 5 H A A4 R 2
FARLL, E BRI HAEBRRGE G A e . R B EA T 1 ms
B 2.5 m/s Z 18], FEXVEHE MR ELFIVERE, JEARER T HAh ik s it AA —
SE RS

BSHAAR AR XIRA 0.5 m/s F R 3.5 m/s. HAEG AR R 1X
e (Im/s 2] 2.5m/s) HEL, BSBIRRIILSE XY & T 1.5m/s, HKIE L2
200%. W SUAARTEAR IR F IR, BEEK T AR TAEVEE, HAt T
B EE . BAUEEANTE 3.5 m/s F 10 m/s FIRGETEE PRI R 3, A
FAEGRAER, HIRAXY IR T 6.5m/s, HKMFEE EIE 433.33%. RISEAL
A XALT 5m/s B 7.5 my/s Z[8], TSR RILH X A FE 3.5 m/s £ 6 m/s
MYE R . SEGRMBEARLL, ERE MRS XY KT 2.5m/s, HKIERE
N 166.67%.
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Kl 5-11 feoR 1A [FBAR BT IR EUIR 50 e f R SR 4 OB R, e 1 4%
GAKRE PHE BB RO S 2 PR 2540 o A% 48 B A AR SR AR 38 1A AL
T AR %N 2.33-3.33 Hz. 5.33-6.33 Hz 1 13.33-14.33 Hz, H 3 SEH MK 7
N 3Hz. 6 Hz M 13.67 Hz, W&{EH73 70 4.616. 1.099 1 1.156.
FECZ T, WS AR 38 I 7 BN FE ISR, HAT AR B K
1.67-4 Hz. 4.33-5 Hz 11 10.33-12 Hz, [EAHiZN 2.33 Hz (1RFE 3.17). 4.67 Hz
(& 0.47) F111.33 Hz (IE/F 1.85), HLEIARERE R HERRR %, i
RIGE G 2.66-4.33 Hz. 6-8 Hz. 8-11 Hz. 11-13.3 Hz LA % 14.66-17 Hz, £%
#i N 3.33 Hz. 6.33 Hz. 9.66 Hz. 12.66 Hz Al 15.33 Hz, XN ITEAE 7351 7.3+
1.89. 0.79. 1.33 £l 1.45.
RESUPAA R A48 PRI R Ay 1 5, Foti %i 8 6 3 ~3.66 Hzy 5.3 ~7 Hz.
9.3 ~10.3 Hz. 11.3 ~ 14 Hz LA % 15.66 ~ 17 Hz, [EHHH575N 3.33 Hz (IE{H
9.17). 6.67 Hz (ME{H 2.49). 10 Hz (fEfH 0.87). 13.33 Hz (RE{E 1.8) F116.33
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Rk Z, ARSI BRI 7 RCHE .
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BESRE
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RN T U A A, I BT AR R T AR, B s SR ahRe
BSERRIRCR O T AT T BRI B RR I, A SCRESTE | — AN IR B,
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FETH I RIBE et BB A 2 AR, R AR 7T, RESCRT Bl 2 2 R
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Febk . BACkUL, 7EXGETEE U=0.5~3.5 m/s PN, SR SUEIR R BE R4 28t
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RN I 2 (RS B o 5 SCRARAE L, B SRR R B 5 5 (1 1k
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BT 287.75%- 159.00%- 157.45%F1 146.57%, Zon HESRIENBE 1, HFH1E
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