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Energy harvesting based on bio-inspired fluid-structure interaction
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(1) For the case of a single flag, modelled as a thin plate, it has been
shown that a proper inclusion of vortex shedding from the trailing edge of the flag lowers the
critical flow speed. Furthermore, it has been shown that the inclusion of Coriolis and centrifugal
forces is essential for a correct modelling of the flag dynamics. (2) An infinite array of flapping
flags has been analyzed using Weihs' s (1973, 1975) model of an infinite school of fish. Just as
fish benefit energetically from swimming in a diamond pattern-type school formation, it has been
shown that one benefits energetically by placing energy-harvesting flags in such a pattern. (3) For
a vortex array that corresponds to flags fluttering in anti-phase it is know that this pattern is
stable by certain conditions. For a vortex array that corresponds to flags fluttering in phase (or
fish swimming in phase) the stability was not known. It has been shown in the present work that such

a vortex array is always unstable.

V?rtgx street Vortex array Flutter Flapping flag Stability Energy harvesting Energy an
alysis



B X C—19, F—19—1, Z—19 ({3@)

1. WFZERRME LD 5
FEEBEHZFE2HATEOMI-EXENO DT RN F—"—_Z ML DENRERLEINT
Ele, LILens, ZOFIFENZ ERHBENTND,

F iz, OO 2 O, AFEORIZ L > TER Szt b =3 L F—pIc B
BZTDHZERMBITWS,

COMREOHENL., ZOMBEFAL TR X —N—_R2AY DR ELESTDHZ LT
H5,

2. MO HEY

(1) FF, B—DOPLT-ZWEDOX A F I 7 R L REREHOICT S, BT, DO
RO T ) o TR EMIC ED X )BT 02O 5,

(2) WIZ. 7T VDERRINNS DT = A 7 DEAF I 7 AL LHEMEZIAREICT S, AR
ETNVEEHT 5,

(3) 3FEBHIZ, WS OO AENEATH 777Dy Ialb—va 2R 775,

(4) 4F/BIC, EBRIORIEEZIT ),

3. WD ik

M—DT7 7 v 77T 705, 77 713N L— e RREND, kI, 74
Fat oozt L CRHMEiT 5, IFEEOBIE, 77 v X — R8O 2 1 = X LA OYELH)
IRPR AR T, WEE T VLIRS, BT A Fee U BRI LTRSS NDE
BT DA O R ENIRERFGET HZ & Th 5,

2 % HOEIE, RO FIB X O 3L X —R S 2 BRET 5 720 S b
EF LR E LT Weihs (1973, 19752 L » THEA Sz “HMERBESICEGET 5 T
%, Weihs I% 2 DD R 5 KUKE— REMFHTZ, 1 DITAPVMAHTIKSE—F, 91
OIELFNIAR T < E— R TY, KIKDOENARE— RIZHINT 2 IWECY O 2 E Rtk L < #
RSN TWD, 72771, ZHIEFEMEE— RIS TTE SRV, T DimEcs oEsho 2
—< /LB — NENT N EIT S5,

Vialb—valUETIE. 77 BT OVIZERERTT VT, WIvET VI, BERUS
mETLET D,

4. WFIEEE

H—DP X7 X EOL A TEO =RV X— 3T 2 25011, 7k < 9 2 T 0EhE L RIERIC,
BI7TV— b DRI T HAT DT T A —F—a BRI THINERNHDLZEERLT
W5, T Ret B/ S A, BREE S EE T IMIE D b ENE NI E
R CARZEDIREEZ LT, INHO TN, BAEE AT X > TREES A, B
7T F (FREERR) 2 R L—AT 5 EOEFEMENEFHIN TN D,

50

-50
? -100
-150

-200

- : -250
0 02 04 06 08 1 0.2 0.4 06 08 1

3 3
(a) (b)

M 1. (a) KIAEHAOHE—OEOPNTIZZEBOF,  (b) xhhid D AAH A BEEL,



B2 (a) X, WA TIKSRDOEENLZRL TS, M2 (b) X, 72— X TEKSHOR

NERLTWD,
X 31X, ST HFHEHESGZ R L TEY ., W FHAKKIZEE/RBWERE 525 2 &2

bod, R TOKKIIHEZ G2 5, 208, BEEOMDFEME TKALWER TT,

, [V ot (U - .
- ~y ~ (a) Ny ~y ™y (b)

X 2. (a) WA TUK SROREN, (b)) WA Tk SROFEN,

(a)

X 3.
(a) WA TIR SCRDOBENIC L 2B EEEY (b)) [FF Tk SROBEINIC L 2 EHES

X 4 1%, BNFHTT7 T v T L TWDHLE
DELTWS, LN T HEEHRA LW
BT b,

DOFEERELZ R L TEBY . 5BRERA )N
VAR R T AN YIVE S e = B N Vi

Induced flow velocity field (i, v)

§
J
o
(S
iy
-

X 4. WNAHTT 7 v © 7357 T 7 OERESN 3 2 55 5T



513, WA O RO DAL 1OD 7 7t 8 SOMANENT 27 7 7 £ TOxE
THMET 4 — L RERLTND,

Distribution of point vortices Vorticity contours
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