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Fluid-Structure Interaction Modeling of Insect Flight

(1st Report, Investigation of Automatic Wing Rotation and
Lift Force Generation by Two-Dimensional Numerical Analysis)
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In this paper, a novel insect flight model based on fluid-structure interaction is proposed.
“Incorporating the high compliance of the wing base, which is observed in Diptera, the proposed model
can express the automatic control of the wing rotation via fluid-structure interaction and can
generate the adequate aerodynamic forces for the insect flight. The fluid-structure interaction is
simulated by a monolithic method based on the finite element method. The result given by the
proposed model is investigated by comparison with experimental results of the dynamically scaled
model of the fruit fly given by Dickinson et al.
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Fig. 1 Schematic view of insect flight.
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TFig. 2 Diagram of wing chord motion employed by Dickinson et al.
Lines indicate the instantaneous position of the wing chord. Small
circdles mark the leading edge.
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Fig. 3 Schematic view of the proposed fluid-structure interaction
model of insect flight.
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Fig. 4 Comparison of the present translational velocity with that
employed by Dickinson et al.
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Fig. 6 Employed finite element meshes. Number of fluid nodes is
6834, number of fluid elements is 19800, and number of shell nodes
is 22, number of shell elements is 10.

BB AEEICLZbB0% mesh B & Lz —HRiith
& UTEBLODIEEE DR AR L 5 x BIEAED
—KERAL K 5 DEMIZE 2D, TOMRE, mesh AL
mesh B B LNZRIAERT 587 LHUIDORZIED
IHE—H LT 16> C, BafaOREmyRe T Ot
DY, AR T NSWEEZ BN,

4-2 WHEOEE EFERERANOBEFROESS
TMEDESEEL Vi = 02335 mbee & LIAKER
DI ORSZIFEE SR Q) O advanced DIFEDH & &
HIORT. 3ER O ERBLZRURER TE—72V4ED
BH00, 25HE TS RO —7 ZRO T
FTIDWVINELFNTNA, FZ TR @ DLA VR
DHARE HBL LRV ETET, Vi=02335mkec LV BE
DEFREZ NV 02458 mbee (Be=143) , 02568 mibee
(Be=150), 02774 mbec (Re=162), 02935 mibkec (Re=17D 12
DT AAT o7, B 8 IZ&¥A hu—2 2R3 2
SDE—IEE LA ) VABOBGR YT~ K 8ITRT
9z, WHEEEEE 2 >D v —7Eiiisis L7 Bl
RIZHDHZ e, K9 (W EDRKEESY V=
02985 mkec & UIZAFEROB ORI SR @ O
advanced DPEDHTH L & BITRT. ZOHEHIWER
O rBEBIFRILEKETE—IPELELOD, 28
F & Hlet 5 L BHIO Y7 BERNTEIIVINE KB
TWA, L LERLEErbREEUI L 5851%
B V=D S HEEN L B L Q0D Z ZTREA
MO, WEOBSSHFHES Vi =0295 mbee & LIS
WD TRETEAT S .

05

lift (N)

0.2

cycle

present
—— Dickinson et.al. (without delayed stall)
------- Dickinson et.al. (total)

Fig. 7 Time histories of the lift force. The present result, when the
maximum translational velocity Vi =0.2335 m/sec is employed, is
shown with the results in the advanced case by Dickinson et al.
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Fig. 8 Relation between Reynolds number Reand peak values of
the Lift.

0.5

lift (N)

0.2

cycle

—Dpresent
—— Dickinson et.al. (without delayed stall)
------ Dickinson et.al. (total)

Fig. 9 Time histories of the lift force. The present result, when the
maximum translational velocity V; =0.2935 m/secis employed, is
shown with the results in the advanced case by Dickinson et al.
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Fig. 10 Time histories of wing motion.
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Fig. 12 Time histories of the rotational angular velocity of the wing.
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Fig. 14 Fluid velocity fields around the wing chord, which show the Fig. 15 Fluid velocity fields around the wing chord, which show
wake capture. generation and disappearance of the vortices.
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TFig. 16 Time histories of the lift force. The present result, when the
maximum translational velocity Vi =0.2935 m/sec is employed, is
shown with the results in the advanced and symmetrical cases by

Dickinson et al.
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