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NUMERICAL SIMULATION ON FLUID-STRUCTURE INTERACTION
OF A TWO-DIMENSIONAL ORBITING FLEXIBLE FOIL

Sangmook Shin™

The hybrid Cartesian/immersed boundary method is applied to simulate fluid-structure interaction of a
two-dimensional orbiting flexible foil. The elastic deformation of the flexible foil is modelled based on the dynamic
equation of a thin-plate. At each time step, the locations and velocities of the Lagrangian control points on the flexible
foil are used to reconstruct the boundary conditions for the flow solver based on the hybrid staggerednon-staggered grid.
To fest the developed code, the flow fields around a flapping elliptical wing are calculated. The time history of the
vertical force component and the evolution of the vorticity fields are compared with recent other computations and good
agreement is achieved. For the orbiting flexible foil, the vorticity flelds are compared with those of the case without the
deformation. The combined effects of the angle of attack and the orbit on the deformation are investigated. The grid
independency study is carried out for the computed time history of the deformation at the tip.
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Fig. 1 Comparison of vertical force components of the flapping
elliptical foil, =0.
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Fig. 2 Time histories of horizontal and vertical force components
of the flapping elliptical foil.
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Fig. 4 Time evolution of vorticity and pressure fields of the
flapping elliptical foil, &=m/4.
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Fig. 5 Vorticity distribution near the immersed boundary nodes, &
=n/4, t/ T=3.

Fig. 33} 4= 4 671 03 7/49) ASo thel 571 T
= Bzl Alzlol 29F 3 Ajol9) 3 FvlEqlel Bl &
N FSle oF 2 bele] BY wslE HojErth difo ¥
AEEY FAEEon e Fdola welHe 9gise
w@r)e] ojei o et} o8l olejF oz fE9 &
AR Gl dAEhe 403 ko) 3 Awdich Ak o
FOEEY AREYstEe T U fadelrie Holg x3ke)
o] Eldredge[7]2} Az} £ YXE Hol 9tk

A FA 909 o REE ANG agelrt 2 AAW
7tEA2E edgedl] AAE 7MIEA ARAME Suvt
1 ohre AR 47) gl Sordel ¥
o ohi7t AdEE fA BREAAME EA Al
7k AHEANAE o BIF FEA A28 3 9

i

o
i)
do L 2
to oX 32 Y o

9
74
7P A S £33 U4 non-boundary conforming 7]HE
o] Ff 43} ol TR FA daiiE ius) 8%
9 )

<
]

R

olA W7 wms} 2ol ofed Eug 2 e W)
Al oleas 4R ED Q) B Aol 4 2o
Ao el glrk HCB 7ol dlal oldd 42e 7

Esaat 37} 10°0) NACAMI2 9 9o) ota A4 By s
Axdsta o A Aol vl Gl Holg 714
& Reynolds & 5000)t}. Az} Z7]o) st A3} wge 7
B3] Asted i AA 2Hdo]l 247} 0.001, 0.002 2 0.004
1 7ol ozt Ajate] sk

o



42 / 3=FMFH S SHEIA

——e———— ~ Fine
~~~~~~~~ — Medium
Coarse
o
(8]
o
(8]
L b b ARV RS s i
OO 5 10 15

Time

Fig. 6 Time histories of drag and lift coefficients of NACA0012.
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Fig. 10 Vorticity field around the orbiting flexible foil at ¢=20.
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Fig. 11 Comparison of calculated displacements of the tip of the
orbiting flexible foil.
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