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Assessment of Aerodynamic Derivatives of the Ideal Flat Plate
Based on the Moving Grid Method
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Abstract Numerical simulation of the flow field around the oscillating ideal flat plate is presented to assess the aerodynamic deriva-
tives. The time-dependent incompressible Navier-Stokes equations are decoupled using Projection-2 method. The second order semi-im-
plicit scheme is employed in temporal and spatial discretization for the momentum equations of intermediate velocities while the Possion’s
equation for pressure is solved efficiently by using the multigrids method. Unsteady aerodynamic force on the heaving or pitching oscillat-
ed flat plate are computed and the motion of the plate is accounted by the moving grid method. The aerodynamic derivatives are extracted
with the Least Square Method. The computed aerodynamic derivatives are in better agreement with Theodorsen’s theoretic solutions.

Key words flat plate incompressible N-S equation moving grids method Projection-2 scheme aerodynamic derivatives

Nomura ! 2 — H
90 ~130 900 ~ 3000 Fujiwara
2100 ~ 4000 Okajima *
1000 1~3 Tamura °
5 Inamuro  ©
Walther © N-S
Larsen ’ 5
1
1.1
OXY oxy
* 2002-02-28
59895410

1968—



14 2002 3
ox oY
Uy 1t Vy t (0).0% w ¢t =da t /dt
v v p N-S
ou, ou, ou, 1ap_ (2%u, du
o u’8x+v’8y+paxzu(8x2 az) @ !
@+u@+v@+i@£=u(aizv 8721))+wu 2
ot "ox "oy p ox n? oy’
S gr=0 3
u v ox oy o v u,
ox oy
u, = u— Uycos a + Vysin a — wy 4
v, =v — Uysin a — Vycos a + wx
1.2
N-S Pro-
jection
Possion
Possion
Possion Projec-
tion-1 Projection-2 Projection-2
bt -4t WP eett ekt 1 ot o’u't! ottt il
201 T Ty TP ey T ax:U( on’ oy° )"“”’ 6
ottt o) (&t @) | 3p (entr! oitt!
(8X2+8y2)_(axz+8yz)_2At(8x+8y) 8
uErl = gkl 2At(§ﬁ_§&k) 9
3p ox ox
. W_@(M_@f) 10
3o\ 9y oy
u v k+1
1.3
6 ~ 10
2 Adams — Bashforth u

aﬁk+l_l( aiuk aukfl) aak+]_l(3aiuk aukfl)
-V = > =5 -

ox ox o oy oy oy
Helmholtz
TDMA
oy oxy

)¢

Projection



15

Dirichlet
Neumann Neumann
Possion
A4 4
206 b
0.01b
1
82 x 82 Fig.1 Mesh around the ideal plate
60 300 ~ 600
1.4
Scanlan  Tomko ' 8
1 « h « ba x « h
Lzszz 2b (/chl TR F+k2H3 a+ k*H, ?) 11
M :Epw 262 (kAl TR A5 a + K*A, ;) 12
U k=wb/U w h «a
H' i=1 4 A i=1 4 k
v,=u/fb f=w/ 27
0.05b 3°
1~ 12
11 ~ 12
2
2
4
1.25
4
T/4
o 0.9 o0 :::
0. . 03 0.8
0. S o 00 auo
S ¢ .3 ::Iﬂ
. ——— 0 ", -0.18 .
s wa s L]
2 3
Fig.2  History of aerodynamic coefficients of heaving Fig.3  History of aerodynamic coefficients of pitching

movement movement



16 2002 3

5 6
7
180°
90° 90°
180°
__,—-———W J— ————
_ e

4
Fig.4 Streamlines around the ideal plate
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Fig.5 Velocities contours around the heaving plate
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Fig.6  Velocities contours around the pitching plate
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Fig.7 Pressure contours around the plate
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