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Numercal Simulation of Unsteady Performance for 2-D Surface Effect Airfoils
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Abstract

A numerical model capable of simulating a 2-D airfoil flying over in the vicinity of the
waves is discussed. Instead of treating the problem as a heaving oscillation one above the
rigid flat wall, sources are distributed on the prescribed wave profilee The wave
deformation due to the airfoil is assumed to be negligible and treated as a rigid undulated
wall. The source and vortex are distributed on the surface of the foil. It is found that the

variation of C; with wave steepness is severe and that the lift variation due to waves
decreases as the wing height above the water surface increases.

.M B

AL 1 TptelelA wlshe A ¥ F
7t} 82 Zrae) $HEFNE o)Lld 3y o
+9] £3(100~400 km/h)3 A< H]4o2
3 £ gle WIGH R el & WAle) o
T 3tk WIGAIS) 7% 2le Asaiade] =8
3 oA Fo) shieA A ot N A
* diAel dest e $EAINE FEE
RE FHY gAY Aste JARAZ o

R L EERL DL
o AT ZARGTUS, FA7)E AFE A7

Fol sieh 22u AAle dte shEel e
AAE Bl mekd YR FAe] ohud
Besk e Hgeolae WIGHS) A%
42 Age WIGHS sl 3449
AFHALT AAD. $AEAE wRY Wl
g el A Asade A g 7
Aoz AT A £ Arel HaEs
sho} oty BAZ Aot A7 A%} @
_EE] ?dc}.'l).Z)

2 EEANE ol B st

rrE ¥



254 o -

FE3}ed 2} s AAZALE HEATE TAR
HAFstg o, o] af Glle 2T FoldA] 4
Ao u| 53‘}5}3’_ ¥4 stedch AHf-ie] My gk
73g-ole AAEAZ FAFHAT 515 3% o

ol dN e HEEES &4 &7 WElsie 8lA
A EAZ AZEAA 9l o] o ) AziEA|
olx12] EF-(free vortex)dF &sle] AARAE
tEAZ 2 A T I WPHE AT
2-D ool gt v Gl fEel o dEE
AA8E B Ao £33 A & 5 7]
o Fol| ot AT m=e A¥Aele vaF
7% A et

2. Mo AE

2D Wk wlAshE S5 WA, NS
4, vHAAe fEez s, vt AAe
wo) o) HEAE Fig 15 ek ) A%
& $540 5545 Og ARSER 19
g £ glen), ® EEANE FE3RY $E U
S ST Wohel @ ARSRE WEol g
Aoz Qe Sl FHE zAW &
o thge] AAA EAE DEsheo} Aot

ojt o}‘_, o

pA

T

s e

- X

Fig. 1 Coordinates system
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v = 0, in the fluid domain (1)
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¢, = 0, on the foil surface
& on the free surface(rigid wall) (2)
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Kutta =4 :
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circulation, g =source strength(on free surface)
Sie jaas WA, 7 AR jR 24ke)e)
7iglelo], NF : ¥709] 824 4, NS A4 &
& 7F vEpdh A Bely e Zxe A4
A Al o] AL B 4A TNz
Vo WA #7435 2Y92E 8N &
719 g oA 9 S8 el o3 %
F BdAe) Axe Az DA T Gl
A w718 B2 =g AHE3A "ok
dAE & o] AYL g3t 3

£ = Losin [ 25 (x—UD)] @
o714, ¢, : amplitude, L, : wave length

AR e AAfrA-g AP sHslige.
28 aHAAE ¥4 AGPRe] AFFHEA
228 FEAHA, AAYe) AARA, EARAx
7, Kutta 27, <8RR EZPH L AFZAAZFL
24 HE ¢ & sk

208 FHAS Cpe #UFF U a3 &
= 94 ¢'(r, DZ5E Bernouillid] & A}1-4-31
BA =5, FHAS Cr& ofaisl o] &AL

‘. 2
Crp=1- i V(U(XJ;“I’)_] (8)
Co=~ [ Cenys ©

4. AMZEn g EE

e AAELR A Wil A
o] AArddE AstAde] B QYL FA
2 e 2 Aldbdde -7< x/c £ 10
o) 8474 L 0.1cE ZASHATHAZIAM cE 2
r7o]). A4tel] A" GAH-S NACAG4090]
I gabt 4 ° 9 Fn=3¢] disld & e e}
AE HAZH Bghet

A £ e 834 A5 sle 399
A5 H4E Fn=322 wiglal= A5 time step
(4t = 0.02)2.2 A4 #7} dokFele Al

2 $%5< Fig. 244 2o} Haleel Ax
9 5L F2Ed 3ollA Falslddcl Fig. 2014
BojFFoe]l 27l £/ d%e] ehiris}
A|Zke] Z3gtell whel oleigt F-F2o] Aol T A
Hol A £3HES &+ Uk

13097 Cu
1.20
Unsteady
o e Steady
1.00
NACA6409, alpha = 4, h/c = 0.2, Fn = 3.0
0.90

0.80
Q.70

Fig. 2 Variation of C. after running impulsively
from rest
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Fig. 3 Circulation strength in the wake field
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Fig. 4 C. variation due to wake path treatinents
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Fig. 5 Cv variation with h/c change
(Fn=3.0, Lw=amplitude=0.05c)
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Fig. 6 Ci. variation with wave length
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Fig. 7 C. variation with wave amplitude
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