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Development and prospect of study on the energy harness of flow induced motion
LIAN Jijian, YAN Xiang, LIU Fang
(StateK ey Laboratory of Hydraulic Engineering Simul ation and Saf ety, Tianjin University, Tianjin 300072, China)
Abstract: Flow- induced motion ( FIM) is a typical fluid structure interaction (FSI) phenomenon, and is involved in aerodynanr
ics, hydrodynamics, and ocean dynamics. Recently, as lots of FIM power convertors emerged, the study on FIM thrived again.
Until now,there are lots of unsystematic directions in the research of FIM and its energy conversion. Thus, it is necessary to
systematically analyze and discuss the situation and the problems in this research field. T o this end,four parts are summarized
and discussed in this study. First, the current situation of the study on the FIM for circular and norr circular cylinders is summa
rized. This paper points out that capturing the energy from FIM greatly benefits the utilization of current and wind energy.
Then, it introduces the types, working principles, and applications of the main FIM power convertors in recent decades. Further
more, based on the theories of FIM, it introduces and analyzes the current situation of FIM energy conversion research, and dis
cusses the problems in the research. At last,some suggestions are proposed on the future study of FIM energy conversion.
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Fig. 5 Paddle current turbinesl5r52]
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Tab. 1 he parameters of typical

horizontat axis current convertorsl 51l
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Fig. 8 Typical FIM piezoelectric energy harvestersl 33 576l
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Fig. 10 The FIM energy convertor proposed by Wang

R, 13 TR R e v R R LV or
vex) R — R 1 R SR B R e R, L
1o AL B ak [RIRE A S8 1A% T I WA eshe L AR B
IS, EL e FX) Hs LA RHES R T HL A UL
FUTE B AT F) #5504 3 s D) ek 2 gk 1t
FHL o JARB I AL D JoREAR A (- 1 [ 4
W, MR B AT 4 B 4T 4 B A APRL AT R
PR AT IR 8GR T D) B G JRE L. Vortex 1)
BV AN A 5 AR B AR AL ) 32 3 5
P, TR ORI B T RS, AT TH T REE N

11 ? [s6]
Fig. 11 Vortex Bladeless!>%

8K, Vortex T H Frbib T 2L &Fr B, H
RIR B fE AR T 2 4+l Voortex RS
ANERE 20 H 2z, b8 Y, TR 7T fe 32 5 08 12
MK H . Vortex H A4S B 7E I AEHL 1 BF
FUb B, HAABEAT R I R, ROEETBOR S B9 R 1t
L EII e ) 1T BEIAE )R AL ROR, X RCH
Ryt — vl

R T BRSO Bk Ak, I, e E WA D
FHAARR T AR SRR R SR SR AR E .
RSN R T AR IR S T R A
R, TSN BT I B ARk SR 2 42
T BRI IE80 B A VR HR 2 AR PR )k
JoA AN IR B 2k B RE ST R T Tl
TR AR BRI PRERS) R . dE A T
VU EB T M P TR 2 O Bt AR F) ] i 0
A dRs) & e E . AL E, R e T AT
AT HRE R SR, fe m AL, HOEAT B3 mr g
JEE 55 RAEE, PoACHT S N R, 4R, Bk

o2 TR ERER 30 A T 0T SR ARk B, FLE 2k
FAET FABE B . % T &1 RE R PIRES)
LI IR BT RET) 5 BBk PR R

3

T TR RE) I G ) 52 2 M5 R ik, 3 8T
L B s B WTFUAAE BOR BBk et o A
X1, A Hs FOA R AR T FRAH X L, HAH D)
WFFTE B 7 T R R =X B U R 3l SR eI 5. H
7, s A RS Bhie & e A B 4T AT 9T
J& M uhanmood'™ \Dai 25 N7 (BF 9%, AbAT] IS
el VTN G =R WP o SATI R RS TS & 2]
Fs FEAFRE AL BIREAT TR AT, IR A A FELRE 5
AT RERGHT T itie, 43 7 ialim 8tk sh
e AR AR

48R, K 28 U B e ) A s o AR O 3k
B A R XGEE, ik B Ae RS9, Al E M
BT e AHEETI , T R PR At ik 3 3k g 1
& H A RN 3RAE AE ) b Re O, AR T ORI
R HUBE T A o AN I BT BE, W1 X i Bk 3 3k
REWT LI AL TR LB B, DN AT = Ber
nitsas M1 BAFE T HIFR I VIVACE, #8177 [ A3 44
AR A IR 3 5 R0, SR U] T D) S ORI
YT YR T IR SR A R

P= 8T (me+ ma) YAfwc) fn (2)
e PO R mae R I THREN TR ma B
hp; ¢ N BHJE by A Il 9 MR £ o 4 4 B0
Ko f . WRGMHIRMER. T, Zdkd s N 8
ARG TR IAE T R S A R ER v, BE— D4R
1T 2 2) 38 T A A A (R FR AR AT
M 45 R ARk 2 B - T IR EBRs) Rl v, 3R
TR MR A oA A T 2R GER s AT

P T el e 20 F e A (e i A0 4FF) B ke
TR FINSH, J TR BB 75, Ber
nitsas ] BAEEAT T Wi R JLASJ7 IR CAE: (1) 35 KA
PRI, 2% %4 o W 80T B9 PR B a5 Th R 3L
RIHB(2) PR T S B R 28 ( Virtual
damping and stiffness system, VCK)'""™ 43 #7Fl
JE~ WL K J s i sl 2R 505 (3) JTR PTC 2
OO s (A AR L, 38 R 3 B g, B
PRz IR 5 I F. Hgh Bk =TT IRE ST
2, AL S B MR A A (1) B WL A
B4 4L T TrSL3 A1 TeBL X i), T} )45 DL &%
TE, NI IR T 4 Sl s, g A i K fiik
FRELL AT = 1.9, WE 12 Fror; (2) B B2

MEEHR -+ 183



F16% KE o4 mAIESG AKFIFH + 20184 2

BEOK, Yl AN Wi /N, HD) 3R 5 e S L H S 1Y
KT IN B A (B 13), BRI AR — N IR AR 1
BELJE A5 203 45K (3) PT C L 1 38 A 7514 A
AN [ R A AR (W& 14) , MOEAS TE R AR
K, Bl BETH im, foe A8 A R AL e ibadd PRl FA I
FeAe Jodinhe, g A IS 21 T BOK T

12 (=]

Fig. 12 The variations of am plitude

under different Reynolds Numbers! >/

13 (24
Fig.13 The varations of harness pow er under different damping ratiod 2!

A PR RIS St e T [RIAT: SR I 0 i ) e 9

14 PTC

AT FCI . B A Ui B0 3 R 1 U 5T 1 A B I
N, FEA VTGS, R ) 8 T 17 B3R 2,
HAEAE— B3GR LB IR 3l ks AH L
2N, S dens FETE K, HUE TR AR H PR30, B R
TR K Pl 5 P AN . A A, &7 B4k fE
WETFHMA AT = M, Barrero Gil X Alorr
sol %8 A\ BT UEHS B T IS T R IE
FIH PR R N A R ALK . R 2,
TR Z RSG5 B A%, JF A B HEN 1K)
AR, KA T R MR O 1 AR IR 2R BHLJE LS
JT bE A BRI S

T DS R g 4R Ak AE R I R ) R R,
ik gl K 72 R N S IR VX b
FER U BUHR 3l WL BE ) JEAT T R G VEAN, T
PR R A A3 B R T T RS
BT SR AR 45 R R W, A5 IS K
J£ s (BB BIRC L 441 T, At IR 45 F T
(R AR B BT 40% 5 T M) IR B0 v 530000 F
Hh, M AR TP 55K R AR R (st A Bt i 454
Y IR BT AT 45% , ik TR AR PTC AR =
BAE BOE PURK K, 4R B2 H A1t 29k 8) it &2 F)
FHRIE 04 s B f5mn 0%

{HASE B2, 7F Park 5 Kumar' ™ (9%} PTC
FERIR SR RE R BT, I T A4 Pl
ANTRN ) Bt A5 0t R( Soft Galloping, SG) 15 fifigih
PR(Hard Galloping, HG), WL 15. Prifiibd, B4
B THE PRI K, R4 T 15 8l e s A At
s MR RS0, W2 BE A5 s (3K, AEARA AT
WAl B AR AR DB, (R ] RO o N i
RIS SRS bR . TR A = b R T
FPWERI T X IR, IR T 1 A
P 5 11 BAE B4R, WK 16, IR 45 ik 5 0: b
RELJE I3 R, =M A )4 3 5 2 i e 2 th 4 T A
DR Gt , I 2 AL AR RS .

[33]

Fig. 14 T he applications of circular cylinders with PTC
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15 PTC (SG) (HG) (B
Fig. 15 The SG and HG responses of circular cylinders with PTCL78
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Fig. 16 The SG and HG responses of trianglular prism!8!
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