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Development of fluid-Induced energy harvesting system
using resonance
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* School of Mechanical Engineering, Pusan Natational University
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Abstract: The purpose of this design is to develop a system EL that amplifies and harves the energy of
tunnel wind in a tunnel where continuous flow occurs. To do this, a string is installed inside the burrow.
Vortical vibration is generated by the tunnel wind, and resonance is generated in accordance with the natural
frequency of the prefecture. It is designed with appropriate parameters to effectively collect this through
Stockbridge Damper, a type of dynamic absorber. In addition, FEM analysis using ANSYS is performed for
effective power generation calculation

. M &
AAA T SAFZAZE 7 Fo7 ZAE He @ AR, v vlEEs Eol7] 98 AAA R AA
A, 71sA9 wmgo] olojxaL Ut} AR AR HAE AT HET ANUAEEE, T Sl B
FAE o] Fo A AL Qlt}. S AEets SR AAA S5 X3 Al F3etaat st
FH SN 2= e dE ‘5 AUAZF HeAlE EEs 21 4 9laL, ol2fdt oyAE &8 sk
o] o] W ow o]folAaL k. o] o ® WA= dUAE Xﬂﬁ}ﬁo}b ARto 2 SEA 7H
Hol| Jate = 2= 91S ot gﬂa o} -Eubatel 2021 7)% 364570471 EAlEkE U ElgeA B

t Corresponding Author, ccheong@ pusan.ac.kr
© 2022 The Korean Society of Mechanical Engineers




el olUA7}h wAsla M)

A MEAAE oUAT shaY Fhe Axue 8

Z Selt HaFd o@ ouAE B8 Wetel glal Az mah web s o
) FA AU Sz she AR ARetadt B,

=
ik
ot
i}
ra
=
il
Mo
=
ry
XN
s
o
o
et
o x
%0,

2.1 A A9
HY WollA WA= duAE a4 oR s~y sb7] 9, 7159 AF7]

g w Adlo] okl F1
ol gate] AT shl2g sk Asue AAR J1Ee) P e v

1l

Z2 AAse WS A

=
Fehan, A0S A7) St k. @A) B wsle] A stk Ame wyoz Apgstad o

g,

32 o

Fig. 1 A large wind generator Fig. 2 A small wind generator

o)

=

4 Gt oldel We] Washn, Zv] MA ¥4 g At
o 9l F&o] fAHE Fat ATHo]

ojf g T ZAHE Bt A2 FE] oA shlAE AlARRE Jdstala) o). olel ut
A

&AL, AUAE Fuis & + Y WA AUZ] Bastch webd HY Fo o @ A5 @9
B ABRS DANA FABYS Fusha, FADY) dJste] FEH AFAUAS spzFeke AUS
2 AAw)
= = pul

FRAYo Andte 289 BHS
Sl Fag A7



AR, AnsysE S-83F AlEHoA
Ansys Workbench& A&-3Fo] 4
g,

A% AP A mee] AFEYS selstu BAYS Fel R A=

2.2 A o]&
HY ol geZolgls A58 Fa f5o] 2HAst. g oduA=

N
Aol e ddE &8k Karman Vortex Sheddingol €13+ @of a9k @9 a3l

N A7 TAE AT AAIE f18ke], Damper R P Az} AX] QA& AR oF $r.
Hy sl 2" wAYSS T4 »~ES AL o] EU)E PTC CREO % 3D =9

AL&-ste] 2dlgd el Ansys WorkbenchE A8-3}¢] Harmonic Resoponse 314 Z13Jsle] 5 5448 vkt
o] N AdAle] Rakae 7|zt FAX R At AA EAE Zds7] 93 Wi o

ME R
e AR grAor FIAFE LT TAELE T AL duAE SFHo] T
AFs T7M71e 54 0] 9l

TS oSl HY v SFEANTE olE 7 gle, | kAol & wAVE 2 5 AT
el dHPS Frsty] A 530719 ¥ FFU Stockbridge Dampers AR&8laLzar vk R @
Wes B F5% Damperol A clUA& adA o shlag & 4 9l& Ao

A Awet S

I

iy
rlr
>,

o
[
1z
roh
=

A1A, Karman Vortex sheddings ©]-83 W wWAYSS S},
B U AE5AQ0 -5 o8] A2 ool sl MsshA dot. ol A= sl el do i
S5 A AAE). Fdo] Gk oUX|E FEE Ao|n| I oUAE 8% o R S| AE

A} gt

rok

_.,_/”\_,7/3 y O
U' P :_H O )/}-\-ﬁ\_)\/__;j):\\_—

——

XE =

Fig. 3 Karman Vortex Shedding in Fluid

A, @Al bl wHdS 93] Stockbridge Dampers A 7| $Hc},

(<3

S o3l TEFE HAE duA= dol PAE XM, 11 Aol 72 afHQl olluA] S aEo] ofH
t}. wEbA Stockbridge DamperE ARE-sle] do] oHHAd S ShH ol NI AE Dampers §3l 3
BRI dyA] sp~go] 7hse lojth, wepA] 9] olvAE avAoR F38HE Damperd o] H A4

o
)
off

>~

X

M



2.3 Aok =4
A7, Karman Vortex sheddings ©]-&3F ¥4 wAYSS
Karman Vortex Sheddingoﬂ ol st XJ%% S|~ gl 2L

=4, Stockbridge Dampers 27| Ale] A|eFx712 th5-3) ),

E==asd

CaCH
.
’_\\ T Cif kl} G
”HHlfHHHH”HHHHIHfJH”l”f””f””””ﬂ””HHI”HI‘JHHH
[

K l *

\ L v

Fig. 4 A schematic diagram of Stockbridge Damper
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2.6 Stockbridge Damper Z}2}v|E| X7

2.6.1 Stockbridge Damper

AAZ] ATB el AR 4 (2),(3),(4)F 53 Stockbridge Damper] I+
(D)2 HA487F 71 22> 4k 2b= Storckbridge Damper-/] Parameter 2% m,
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mi? 05 h+a\’®
)‘1,2 2 ( ) (2)
I, + ml 2m
Io+ml®\  4kL®  4kL
h = 4k|1 + + — 3
( mil? 312 l )
272 ([, + ml?
31 m
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2.6.2 Stockbridge Damper 73/
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Aol= Z40[(m) Young's Modulus(Gpa)
0.276 Ud20E 69
Al & (m) >H 105
0.0025
AR CE B =
0.0038 19.2891

Fig. 6 Sheet for calculation of Stiffness
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Table 1 Determined final parameters
L(m) 1(m) m(kg) J(kgm?) k(N/m) d(m) o
0.276 0.08 0.45 0.0038 19.2891 0.0025 12.2774
2.7 3 223
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ZAog o e,

Fig. 8 An enlarged photograph
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2.7.2 Stockbridge Damper

Fig. 9 An early model of Stockbridge Damper
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Fig. 10 The final model of Stockbridge Damper
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Fig. 11 Piezoelectric filament
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Case - II Cast-Iron Damper 22
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Fig. 14 y-direction deformation with cast-iron Stockbridge Damper
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Case - III Non-optimal Stockbridge Damper
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Fig. 15 y-direction deformation with non-optimal Stockbridge Damper
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Table. 2 Specifications of piezoelectric adopted
Piezoelectric specifications
W (Width) 23.44mm e —12.73 C/m?
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1
&= ¢ (damping ratio) , g: (resistance ratio)
w

N 2muw,, RC,w
2tp . . . ’ . .
k, = = (the piezoelectric material s thickness ratio)

2
0r= Wiie? (— 1k, )2(%) (coupling factor) ,

@2
2 _ . .
K, O (coupling coef ficient)

p

2 AFol M= 7 parameter®] #ES thad AUt

& e _ B

w, = \/5—6.5471, £= 2mwn—o.1697, o= Rc},w,,_61‘4379
2
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,_ 07
k= o 28.6417
k?

A, 2 A A9 AR & = ! =0.2261 (22.61% ) 0. &2 AALATE,

§ ~2 2
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Fig. 20 y-direction deformation of Stockbridge Damper
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Fig. 21 3D printed Stockbridge Damper
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