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A Study on the Aerodynamic Interaction of Wings and the Aerodynamic Propertieé
of a Canard-Configuration WISES Flying over Still Water and Waves (Part 2)

by Hidetsugu Iwashita, Member

Summary

The aerodynamic properties of a canard-configuration WISES (Wing In Surface Effect

Ship) flying over waves are predicted by applying the time-domain computation method based

on the BEM, and the nonlinear characteristics of unsteady aerodynamic exciting forces acting

on the WISES are studied through the comparison with experimental results and with linear:

computations reported in Part 1.

Through the study it is confirmed that the presented tlme-domam computation consid-

ering the nonlinearity caused by the finite amplitude of waves can predict measured results

more precisely compared with the linear method shown in Part 1, especially for the phase

of exciting forces. The nonlinear phenomenon due to unsteady exciting forces remarkably

appears in the center-of-pressure coefficient, but the amplitude of its fluctuation itself is small
and not so serious for the stable flight of WISES above waves.
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Fig. 1 Coordinate system
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Fig. 2 Computation grids at t = 0 sec.
restricted wavy-plate (U = 2.5 m/s, A/c = 2.0, x = 180 degs., A = 0.01 m, At = 0.005
sec., Az = 0.025 m)
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Table 1 Principal dimensions of wings

Front wing | Main wing
Wing section NACA0012 Clark-Y
Chord length (m) 0.04 0.2
Span length (m) 0.3 0.3
Aspect ratio 7.5 1.5

£, BRS LITETEIX Me = 2.0 (¢; Ba—F
£), x = 180 degs., A = 0.0l m THY, BROFITHE

and t = 0.2 sec. for the main wing flying above

EiX Vg = (U,0,0), U = 25 m/s ThHb. RfTeE
B h RBEOVHNLEN O EREGE TORS LERL,
h/c = 0.15, 0.25, 0.35 DFAIZOWTELLHE LT
7. UT, ThoDFRHEAEL CGHEFIEERTZ &
275,

£, Fig. 2t =0sec. DD L HICEKE, %
Fiid, HBRXEZARMEOERCYE 5. AmKE
OFERRIIRGRIC L Y, FEOTHE Y e +45y
WNEL BB EITHRHLTHDO L S ITHREL TW5.
0 y @EmA~OSERIL y > 0 12oWT 14 HE
&L, =z @AM~ OSBICEL T, HEEE~ORE
DRED 2 12720 HBD L 9 12 O D4yEEIz o
THRHNET> T3, B t = 0 IZBWLTEDOREDS
z=0 OhBICHDEL, BT

N 0 (:E < wo)
C(-'L'a y,t) = { Asin[k(iIT —zo) + wot] (x > Zo)
(10)

TEZTWS. SEIOFHETIE, zo =) ThD. BN
BEE LB EATRITS DA OHETIE (10) Rick
WT wp =0 &FRUTLV. 2B, BEROERESENT
Part 1 @ Table 2 LFEHETH 5.
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HERAFIET 52 LR ADT, BEIITHKE LEDOE
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TWADT, EALEEROZEIEETEX5. UTD
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7-BEEE t =0 L LT, FO®%EE E~m»> TRITL
T EWVWHI U F Y AFIET D, 299528 T, B
ZRMEEEY o OInE S MENRRL 2, HEHE
WO, FHEREOERII O 5.

ZH LTHELNEERITIRBOMEOIHESL LT,
ZDO#%i3 Appendix (R TEHEREICL Y KRR T »
TICBWTHESFHER (6) 2, FiHE2RkDTNL.
Bonf- 0T —* v FORKE% Fourier 5 Z
LIZEVIEEFEZES R ED 0 KRS, 1 Kk %R
DHZENTED. 0 KGNS t =0 TOEFHITH
DHEZELUBILK LD TE 5 & Z ADEGUEM
PELNDZ LB,

3. tEER

3.1 BRAHLUEESE

9, HEHEICRBOTEMAS At CEE LD ¢
I HRIOERESBZAS Axr ZRET DDV O
DRFE LT > THI=. Fig. 3 1213, BMEERRKR L
(wo = 0) ZFITLI=BADHER 4 BREDORRDEMN
TIT» THONHUHRE, B80S JOVEA 0%
BOBZBEOHERER LT LTS, U - B0

-R F3

Ca= g ©= Ju2s)3

TEREENTVWS. FHEAPOREL, ROERET
BIERTAE— AL "B r b miikd, FOR
g OO AED chord RTRLIAETH A.
BORTHEE U = 2.5 m/s, BHROER X\ =2c=
04m 2#Ez25L, At = 0.01 sec., Az = 0.025 =
UAt OBAITIE, BEidERAs Ac Bk EE 13
FINVAIREST D Z L2/ D. At = 0.005 sec., Az =
0.025 = 2UAt OHAITIE, Rit 1/2 /38053 LHHT
LAV, EHEREND, ZOXHRIBAEITE, B
TEICESR L= & 218, B5N- /10N eiRie CiREx
FTHRBETTZ ENDND. SEIOHENS—EERIC
LBHETHDZ 0D, BREOEERT v LD
DADPEER A TH D Z LITERA L TWS EE X b

5. ZOBRBIBEHE LD LD TH Y WEHRARICED
AERLRREETIIRVA, R R A—XREE S
BHDITE, BRO = SiFmoORA A 2R A
At BITECEH LS LT LI &30 D.

FIT, ZO&XESEY Az = UAt #HRTD
At = 0.01 sec., Az = 0.025 m & At = 0.005 sec.,
Az = 0.0125 m BLU At = 0.0025 sec., Az =
0.00625 m ZH#E LT, HERERIIKITT At ORE
BRRTHBE, BAAENELT 5 LRAIBOEEHR
R/ NEL 2D O L WK ERFERER T H &0
T&5. HUh, BT TENRLEREIE At 120
BHINRDPRLBN L D THDH. FiEFHEIZBWTIXARE
REFE T At #EATHRETHHH, SEIOFH
BIZBWCIEEEEN ORI D At = 0.005 sec.,
Az = 0.0125 28AL, —EOHELERTHZ LI
WE L.
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MR EDFENRE N ERM5E. FRIEST
DFRETIE 1 Ry L RRRED 2 RGBTV 5.
TS EICRICERT D E— A v FOFEREEEIC L D
HLOTHD. LvL, FTOEEMEREB KIIMNETH
v, ZOESHRORERTICHELRITT LIIEZD
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U & (10) RCERINHSEH M HE X T, Fig. 2
DFERDOLHIIZ t = 0.2 sec. D& XREZTI—FHD
WIEICBEET S, Fig. 3 (ORLIERZER RS L, R
YRR 2B Z ORI THITR L T
4. 2T, BEIED Fourier ST Z OBFAING 1 8
B EE - TITH Z &t L
3.2 MEEKRLERTTHIEEDIEEEE

Figs. 4,5 \CEEEK L% EED h/c = 0.15, 0.25,
0.35 OBEETHRIT LB A ERIH/ERTS o, 2 #5
B0 EBEZ T DY OF— A NOEBRy O R
Baart. ZITELNAEENGE, BHAE0ER%
PR SN TRIT T 2B HIREEOREIC L Y BRICH
BENEEENDTHY, AMOMHHETSE > L A0
RIRIEHITHYS 5. Fig. 4 (33K L, Fig. 5 1%
RIS ) OBEOBERTHY, |Kiut, HUh -85
FILHBTE B L DD EEHRIC LTV A,

Figs. 4,5 X Part 1 ® Figs. 17,18 (I3 5T
H5H, Figs. 17,18 (R LI ERICE SRR L
HAT, SEOIFEHEORRIIERANC O EMHMIC
HEBRRERLEFICRS B L TN D I NG D. K
(ORI ERRR 3\ CHEBRME L O BEE DD - T
ML THEOESIEETHS. SRIOHEIZRBVTU,
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Fig. 3 Time histories of drag, lift and center-of-pressure coefficients of the main wing flying

above restricted wavy-plate (with end-plates, A\/c = 2.0, A =0.01 m, h/c =0.15, a =14

degs.)
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Fig. 4 Exciting forces and moment acting on the main wing flying above restricted wavy-plate
(without end-plates, A/c = 2.0, A =0.01 m)
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Fig. 5 Exciting forces and moment acting on the main wing flying above restricted wavy-plate
(with end-plates, A/c = 2.0, A = 0.01 m)
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Fig. 6 Time histories of drag, lift and center-of-pressure coefficients of the main wing flying above
restricted wavy-plate and above progressive head waves (with end-plates, A\/c = 2.0,
A = 0.01 m, x = 180 degs., h/c = 0.15, a = 4 degs.)
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Fig. 7 Exciting forces and moment acting on the main wing flying above progressive head wave
(with end-plates, A\/c = 2.0, A = 0.01 m, x = 180 degs.)
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Fig. 8 2nd-order forces and moment acting on the main wing flying above progressive head wave
(with end-plates, A/c = 2.0, A = 0.01 m, x = 180 degs.)
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[ starting point of { =sinfi(x-x)] |

(PoP)/(p U72)

main wing only

y/B/2)= 0.033
........... y/(B/2)= 0.500
------ y/B/2)= 0.900

Fig. 9 Pressure distribution on the main wing flying above restricted wavy-plate (with end-
plates, A\/c = 2.0, A= 0.0lm, h/c = 0.15, & = 4 degs., t = 0.2 sec.)
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Fig. 10 Pressure distribution on the main wing flying above progressive head wave (with end-
plates, A\/c = 2.0, A = 0.01m, x = 180 degs., h/c = 0.15, o = 4 degs., t = 0.2 sec.)
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Fig. 11 Computation grids at ¢t = 0 sec. for the WISES flying above progressive head waves
(U =25 m/s, AJc = 2.0, x = 180 degs., A = 0.01 m, At = 0.005 sec., Az = 0.0125 m,

h/c=0.15, ay = a =4 degs.)
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Fig. 12 Time histories of drag, lift and center-of-pressure coefficients of the main wing of WISES
flying above progressive head waves (U=125m/s, A\/c = 2.0, x = 180 degs., A = 0.01

m, h/c=0.15, ay = a = 4 degs.)
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Fig. 13 Time histories of drag, lift and center-of-pressure coefficients of the front wing of WISES
flying above progressive head waves (U = 2.5 m/s, A\/c = 2.0, x = 180 degs., A = 0.01

m, h/c=0.15, ay = a = 4 degs.)
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7z, Fig. 5 & Fig. 7 L&HET D LT, KEIE8<
TS BEEBARD I ENTE, Part 1 FHRIC, BEE
ENT-ER EEFITT 556 L ETEE LA RITT 5%
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THEHEL RHENPLOEEHRBIIBEC Fig. 6 IIRE
=X 5iZ chord BD 5% FRETLMR.
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Table 2 Aerodynamic interaction between front and main wings of WISES

—Cgq (o} Cp

amp. I phase | Oth-order amp. l phase l Oth-order amp. [ phase l Oth-order
main wing only 0.00271 111 0.00104 0.138 -132 -0.0101 0.0287 -173 -0.00431
main wing with front wing 0.00319 101 0.00111 0.134 -131 -0.00963 0.0277 -180 -0.00372
difference +18% -9% +7% -3% +1% +5% -3% -4% +14%
front wing only 0.00227 -8 0.000194 0.0421 26 -0.000291 0.00864 i -0.000296
front wing with main wing 0.00356 -1 -0.000051 0.0416 30 -0.00400 0.00604 87 -0.000200
difference +57% -88% -127% -1% +15% -1275% -30% +13% +32%

DFBUCRITD F;(0) & Fj(t) OREFEHE L DD
DREHEND. Wl LERITT 52 Ik 0 EIRHS
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3.4 [N
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Appendix

WE, BBIVEHRRZ FRERTHEIL, TOER
mEEekEy N, BBIUHIRE?D span Hkl~D
NEEE Nw &5 BRZAR%E At &L, m FB
DOFEIRT v THEZDH. FEENT ¢, ¢ B—ET
D LT D ERRAT v 7 m BT AR FHER
(6) IFKKD L 5 IZBEb L TRbT 2 L TE 5.

ZG (i, 5)0™ (g>+ZG G k)™ () — 6™ ()]

= Z G* (i, 5)¢m (4)

Jj=1

m—1 Nw
Y3 GG kwl,k)I'(k) G=1~N) (A1)

=1 k=1
¢™(j) IIEERIRT v 7 m IZBIT B § BHOEROE
BERTF v x N, jF, 6p 1k BEOEFEEIES S
Rk EFOBROES j 2B T2, FRIC ¢7()
X BEIRT 7 m B3 j FEOEROTERE
ThDd. kw(l, k) ITEERT v 7 | (ZBWTREFE
BIZAE U IR X D% AT LIV T span FTAENC
k ZBEHOMBICHDBEROBESERDL TS, I'(k)
ZEOBMIRT v LB 5 k BEOBREEROER
T, BEAT v 7 m BV CEERRTHS ((A3)) .
¥7=, G*(i,7), Grn(i,j) BERERDLTWA.

G*(4,49) | _ Glr™(i),v™]
G;(l,J)} B /Asm(j) {Gn[rm(i)),,.m] } czi2)
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AS™(4) iX BIAT v m k5 j EROER
i, r™(i) 13 i BROERORKRROME~Z b,
™ X AS™(5) NOEBROMENZ MrEaRDLT
V5. (A2) Rt Newman® OFiEx AW CHERESR
AS™(j) N ORERS 21T

T (j) & LTHEREHE (2), (3) REAWT (A1) @
N TENHREREFEEOIENT ¢™(5) PRED L,
Part 1 ORLIEZA T F 4 U53EEE RO TERE L TO
HoHE Vo™(j) MEEEND.

I'™k)=¢™(Gy) - ¢"Ue), (k=1~ Nw)
(A3)
L%, IEREEN

U =P — ()~ V™) V6" G) (A9)

FEHEL, REGTOEHNELZRNTS. 67 ()) 3aE
=R

= =20

WXVEETH. FEOHETIEI m >3 BT 2K
F—F—DEBENRE RNV, (A3) Xod I' (k)
EZOBME L U T OEEMINE LS B2 bR

N N
Y G(i:0)e™() = ) G (i,)$7 (4)

i=1

Nw
=Y " Gali, )™ (k)
k=1
m—1 Ny
=N N G kw k) (R) (=1~ N)(A6)
=1 k=1
PBREHN, 7 (Ad) RIC L HRERCOEHEN+
MRS 2B EIIT ¢™(), T™(k) ZEHFL L.
T OWHREHEIZIE Kerwin b * DR L= Newton-
Raphson #Ex A5, DERGHEIIFFFEIZHELS, 1 BR
BEO# Y I LIC & 0 2 -5 2o ClURIc E 5.
ZDEHIZLT ™), I™(k), p™(5) PRENIT,
(9) RICEVRIIEAT B HEHEL, ZhbofEs
P(5) BB LI, KROBBRT v 7 ~EEATHL.
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