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Abstract

A potential-based panel method has been developed for numerical computation of
wave resistance on a hybrid hydrofoil. Hybrid hydrofoil is composed of a main body,
two struts and two hydrofoils. The main body, which is assumed to be an
axisymmetric body for the present analysis, is normally used to support displacement of
a body with its buoyancy. Normal dipoles and the sources are distributed on the
body(main body, struts, hydrofoils) and the sources are distributed on the free surface.
Linearized free surface and the radiation conditions are satisfied using the fourth order
finite difference operator and the semi-linear pressure Kutta condition is used for the
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numerical computation of the hydrofoils. Poisson type free surface condition has been
used for the numerical computation and hyperboloidal panel method has been used for
better numerical accuracy. To verify this numeric method, model tests are performed in
circulation water channel. From the comparison of experimental results with numeric
ones, the present method can be used as a useful tool for the design of high speed

vessels.

.M

V=E oJFe) TEHE ult £F £59) ¥
Jlsh @d AF 259 Ad Al gaEg ng
¥ 5 Yt 38 44 FuozAY WL 7
Aoz T 1 Age NFeT dY. 2
Aoz WA JgE e T wRE B
Axog wadle] SoN cAxes AdRwy)
Aggom, Haols £39 seniRdo] A8
ssjo] S0xES) o2 4 Fhsw Aol 7)
7ol olz3th Aol AAHY &4
A $HE 215 A4 TS} tiol
W) BB £ho] P 204 FBAE AP
I Qe FAolm, YR s, wzgol, ol
Hel, 59, 202 5 BE Yeld 1008e)
se-e AL S0xE ol4e] &oz o9 7}
Satel, 6uIE] ool MnE e WY A 4
HlHE AF 3ol 5@ dyaE 244
o Thgel BRE A7E PFekn Uk

TEA9] di¥sle] me 7H 8 FAE 49
F7Hl w2}t F43] 718 wige] ksl Rolh
olg A7 AAME A FFE A A
I Zo] 7Y o3 dd Axjste wHoRE
e FFool A% Folt g g%
FYes AAshke ERAAY A ol
Holof @t a2mE 1&4Mo] gEMeg A
43157] f3iMe BRAAY d¥ AL F o
o} #EY AY, 2 EAHY o] dasojop
gt B oA 2FAAHY nEA s
SA vwA dFset udslel ojyo] B Ao
2 7M1 gl w3¥ BN 4% &
A 54L Hekake 712 A%e SRS

TEUY EAAAY L REE e EF
339 @A E FEe] FHI FHo] g3 A
AdE nHMe ouigtt olfd Hupe I
T AA He A A% F 23 oOF AFHE
o] xAgh= HlFo] wig 7] Wi HY¥Y &
HLE 4} AAE AdiME 2o A%etn A
4 e #AY R 23AF FA =239 )
do] $AdHojel . £ B HAE A
He 4 BEEL 7] 9§ Bold fEdNe
Tl 7tge 4 544 B FAY Aol
ZastA Ho, 39 Hzpa HAE AAe
BastA 7Y de FHs TRE A 4
F FAEe 2 R A4S T 2 9Ye T
Ashe 32k @i fEside 919 Kuttaz
A Fol A z=d FAANYY &wrt gesd}t
22

B ERoNE ¥TUde SR st Bas
& Argsiel Afsuslly 9A =2 Ase
= BYAAY nE580] g AAAFANE 4
Paigch BHAAY DEHE B Lol HA 3
= BAS g AN A% TN L B2
Wl a2ln $ue BEs U e 7z
23} 4o HAYE 97 AXse 2EER
T ok FA AE 99 BAEA, ¢
AN 2 ~EHE)EHS] W4 holE34 Rankine 2
228 PESHI NS0 A FAALEE
Agstdl ARsE AHe EW 2Ae VIAES
sideh. o) WEe AHEFo2H Dawsonl2le) A
MolN AHED FAZAE 7] 98 "o
Y AeFEe] f4 2 Aol BULs
Ho} 2 ANE ta foldA T & ANTh
olm W AEXPHL 7B 5 TYR} AA

Transactions of SNAK, Vol 33, No. 1, February 1996



EEAAY 1549 Zubig ALt

of o3ty uPHE= uIFEARS] FoB T
e Aoz 7HESEY  olE 7]¥ Rankine &
22 XYl Dawsonol o|FEd Xeldg 7)
5oz "3 g g, H&oxw FHLo|
7Fs % Dawson®| AlbHaE 2] va3d 1411
AS-oE Hgol bt LAHE oo B F
At

B =RddMe 24 B9 238" 2ex0t o
ol F ARFAV Y £EE 2029 e o
AP Aoz JMEded, o2 I Arle o
e |eLTte] Ado] FE=YA ¢ FA7
HAEA HE leakageRAE FEY & UEF
wesol ugwigol zad B=W BlLY
(Hyperboloidal panel method)& AME-SFSTE  ©]
e A2 CSLeel3]ol 9J3te] Mdutg 2
4ol H g0} F2 ZAE FE Ao] HAYHNU
on, B =%iME FE Wt A% 33l €
Aol g AMYEE o7l AT FHo= o
WS AR

FEE ASE PEe FF AN FUT
w27 Stgeld frdol FRshthE KuttaZ
AL EQiselor shev, e 22 A4 A
Hlel ZeBe F9io) {5 Aol Hgstod o
¥ A Qeu b FHY 4 Kua 208

AHEEFITHAL

A2E 2 AN 24 ol 8she] YA 2
BEAAY DHA) 2HAY ANE FRRFL
W, 4doz BEd A%E AU o dde
fRszolAe] 4Y Agsh wmse] Ak A
B A AW AEs mgkom ok
449 A% 71¥e] 28 e YL A=
= stk

2. AN 2H2 ZA3
21.J12 0 R 3H =4
HEAE Bxlol AT o]F3E $F AW
- BFAE YRtk AL AAY Fdd Hx

AN axE AW, AF PR 2F B

KBEWEGHRE £ 3346 F 1 ¢ 199%F 28

o FHatm z=09 HHEEL AR FHo= H}
At 93 £ U2 33t 254 F949
A fEIME FYsied 1WA, Xz
(spray)Z #3H(wave breaking)®] d¢E FA|3t
o, v AEA, ngAA, uigEAdY FMAEE =Yt
A fA9 §52 Jvehiie d £ ¥dEL o
S A3 o] el 4

O = ¢otd = Un-x + & o)

aA7ld, ¢ Ao i nTE FEE BA
e IPSEE XHdE A fAl JH00N A
BE Y o] AYstoz zju) WA 0% Laplace
e RAR A L

vip = 0 )

EE ApEA2)E

¢ £/ 93 2 AAB
neT ge BA 20e F

Hapr12 Pk

A BA EREA 9 2 AEZER)Y &
3t A =71
9 _ _ . h @®)

on - n on Sp

B. E%, AFEHAAE ofehel 22 7I5etA

ZAkinematic  condition)®  F498d =
{dynamic condition)& wtEsledop gich

DF  _ -
DE = 0 onz=h 4

gh+—§—(v¢-vm—Ui) =0 onz=h ©

9 AL AFEAY 718717} 2Atke 7 8t
o 133} sy,

St bk, = 0 onz=0 (6)

st A7k, (= g/UL) & F(wave
nummber)ol i, g¥ EH/EEE Ughdg.



C. A3 FA=xA

=t
8
s
N
i
<

(D

ol -L ®
0(—17;),x>L/2 ,as r=V x’+y*—o0

E. %9 g7 EoA9 KuttaZzz
| vé | ¢ .o at Trailing Edge )]

F. $8udAe $E84 AA=7
(VT -V) =90 (10)
G FEUcINe T8y AAzA

Pt — PT =9 (1

2.2. M= W™

Green?] Ml WA A= HE A|w
UE3E 2P £ XdAE 45 FETS
1 = AAH disld Uro] FEIE o} g
2. F

¢ = [ [ (-o&as+ [ [ 9 cas

+ [ [~ a0z ds+ [ [ oxGas

==
o
o,
a2
8
iy

Bt okt

(12)

71A,

1 1
G = S
47 R(# q)

Hx,y,2) = field point
. (13)
g(&, 9, ©) = singular point

REe =\p—1d

aME, DG/, AR

o7l S Sy 2L S; © 4 24 A
o AT Y 34 uEE 91 ARERES
oujsla BA AAY S A, AF 4 2
2l ~EYER FAE k. EF (dé)y=
2le] 4 viFHAMY HA tolEe] AR
A gl Rgell A Kutta2 g B3I E Hog
o, oy AHFEHA BEXE XX AYE ®
F} Kutta 278 37 el Aggoan
et oz o EAY s tig FA8E g
A 5o, BYlFozE @i g 29 Bo)
& 458 sk 3= 2FoE o JHA] 4
23o] AgkE nu} vk B AFolM ey 9l
v XS Az 3 A3 dxe zdds
n2g42 st glom, e £33 3
Mg B3, 7l EHoNAY Xeld gg A
T3 thgol ol2¥E dARHAAM nEE HE
o2x tEe AAgith webd Xdd glo] A
A dojFHG FHeEts, ol YA wEdhe
FAA 27} s A "ok weld Kutta
Aol g wet gje] ¢HFAo] dF¢FS FA €
o B =RdME o3 9He Hdtd A
H HE FE= Aol ¥ F4Y dFKuttaRd
< AMgEETH4L A2 EHAS JAZ F
HIEE AHEse] EAF99 458 43T
AIA oif- F-83 Qo2 EANIFW U AF
Holl ) AAZNE HEIH BAEH X
d tholZo] A 2 AFEEAL BXE 2eA
o A71E 7 £ Je HE PHYE 4 F
QA dot B =FeA dg sidyolres B4
Ty HA tho]E @ Ao AE B¥EA Hx|vt
232 FA zAcERE EA qHd EXHe
QA9 A7|E ol gho] HlEE B B
£ tolEe] Al7|wte] viR|E7) H, z2hg ¥
Ao e tholES BX T Heut glo] ReA A
7)gto] O)R7h @y 9, AR W AAZRA
26y TEATIZ] HeidE RHr ZEAdelAe]
THMS Aozt 24 nES F3to UEAE
S glen B dAqtoA Dawson[2]9] ALPHE
el 2Hr BEAY &% did 14 nlEEs ot
of A BH 2AE HEATE PES 9tk
webd 2R EE 279 H8s 9% HE WA
Al the¥ o] 33 Jbedlth F,

Transactions of SNAK, Vol 33, No. 1, February 1996



SEAAE 1&HY ZoAE AL

(¢x)x + ko¢z 1 ooF

[ [ (=052 ,an a5

+ ffs——*‘— 296G s

on, on,

+ [ f- A¢)wa,‘zqa€, ds

+ fsta,.-g—fpdS ]

2159 £ dig 14 ¥ Dawson[2]o]
ojstd AtE 44 FF AL ARSI

3. &X At 24 % 0@
3.1. 25 HIAEMQ TS ALt

B 5A Aol g AN A FAs)
sisted AfRstel A e A A o
@ ZAAY AL FdEgch =AHY AL
Cwt A Eoie] SX® 7 Bateld g9

A I AREE HEsle] AT 1/20SU 2

2 B8 s5ick oI S EAlY A5 ER
g FIH, F5olst BFA ZHolstel v
(H/L)=0.16, HNA A= Hole] v] (D/L)=02%)
3 AetdAe] i3 AXrE FASAT EHA
EH B0x10070, AH-EH (60X20)719] #a
2§ B¥sio A A3E Farelll5)e) AALrd
o} g4 Fig. 1o Btk

£ ubhgel & ANl Ak giAZ A&7z
& Farelld] 34389} v)&d ARE Heolx ¢
t}. 3 FeAE B g o3 At o
A 2 gL ¥9Fa Jed ot AREH
Az G3og HoxH ol diFt Fr] B
A7t a3t Az

3.2. SEINXE I&MO| KAt 2 AE

2 =R BE FA AN 2L JFSz

REUEMEBE&HRE 5 33 8 £ 1 & 1996£F 2H

A EYAEE g5y fa HE TP d¥e
Z Fig. 29 2 33& Byt

10} o
Farell(5] o
o Present
5 -
.o L 1 ) 1 ]
%.2 03 0.4 0.5 0.6 0.7 0.8

Fig. 1 Wave resistance of a submerged
spheroid

8
2> 5 je
] L
i
10 *

20 60 20

Fig. 2 Geometry of model
(unit: centimeter)

HASEE S0xEold, F5A] o 30% o4
FHe HHERE & e FHE UYL &
Aol dole 34 gUAS] A% 1082 W3l
3, Agu] HAAe Aol 20% A e
o] HEE gt FeMte A ehA FYol
ul-___z}

BERdle 237 07 /HHES dAs
ggq_ FA R mEdle FeE ol &



A Zolo 10%, 5%E g, A#He Zol:
2%, 5%2 Yty FEE BEEe LEIEE
6 FAE JHAE o}lmEAAE HEYy =Heo

Aol Zhzh BA| Holo 5%=2 k¥t

2 =RellAM 3t B ARy nHHE HYA)A
F A gFEo] Bo] A JA HH, oF
FFEE0 olg Wrlx]e] A EAL digd] B
e e By Aoz oadn, ey B
=AM ole} 22 uAY AdHe 2 AL
RN Asly, AT I £z dEis
B e uig A4S Fsict Fig 3ole
FRA ] A" AR gEAe] des BIE
B BA o 1000788 #eAE BIAR
on, 94F dilel 407), HEY BRIl 120
N, ¥F 2EIE 2007, HF 2EZE] 100
He] BRAE 7bz B¥AZTL

v}

&S 5
\‘55:\\\‘??\\‘\};\9,'““
Wi g
8 72
AN N

e
SO AN
ose sy il
s

Fig. 3 Panel arrangement for calcu-
lations

EZRAFE AN AeidE ARreddels
H_AE EIXAACE 319, B At M= 30007H
o] #e4E FEAIFL Fg 4ol 25 Zolot
Ziolskel HI(H/L)7F 0.08%) “defellA HAL%E 50
=ER 9 o AA g9l Fgeks e &
Eo} £5 HEE BASINT. Fig. 48 ¥¥BY,
A FoAe B39 ¥ FEXE Holopt &
g7l Edol ol2d A ™ol Hele AL
¢ den, =¥ FdQY E 9E Ad #7F
< 3L A $RE AsETEA A fEH
ZAgeted B 522 JEhgE ATE 5 9
o o2y BT fF AL SRIETAME
VAL 5 glen, add yehd A EHClA
9] 75& HAHBEY, FENE A fFEol Bx

d7el o2 HY Akt AHFEBY JPgos
Adste] wAY HEF A YoM H B
o Pe o 4 Ak REGA BRelA By,
e 29 WweHoR §50 AYSA o
0, olgEelds F2 Fusll o8 ofrld F

S EE 7 paoME U B
& 4 RES oA HE AL 4NE & Yok
SJel% 45 AYoE Astel nEWHE g9 ¥
qe Wil S, ok AA FHel &4 ¥ A
go] 3748 2T ¥ okl Trim Moment
wyAgoRn 239 PPYIE B EAHE
oY F le a%lew 28 4 ok ol
g 2ok AR A A F el wEE
3 NS APgoEH 2oja
S 9g o, Foz AL A7 Bas
o}

ut
W
BN
aw

ox
fllo
N
2
o
o

Water Surface

Tt

IR RN ]

Fig. 4 Distribution of pressure and
velocity vectors (calculated)

Fig. 5 Oblique view of free surface
elevation (calculated)

Fig. 5 o= #& oA Afause §
Bk F¥e] ARl 258 HuRd

rir dlo ofl ox
tlo ox o
0
=
=
oY
off
>
123
<
rr
)
i
i
2,
o
[
o
k=
20,

Transactions of SNAK, 1ol 33, No. 1, February 1996



XX AH49] ZobAE AL

gdgoz Yehhs 3] 7 Holx givh. £
welol AAk Atz gdoid f-% 4L ML
2 B33 Aeg g AXl di FENR
g djgge] oF 30%e #PEe dEHE du
glo} AdA o] TELHT U&S ¢ F U
o, 2 A ahgel o Fd 2 Bxevle
Azl 2 Az 94, &g A9 Fo] e
o 4= 9itk. Fig. 6 o= AlibA dojd |59
oz %y FHL FAEIHoH, 3Fezd
Ao A48e S8 oA ;e vlE E=AEETH
zao] o3 At Z grlelA fdEE 33
f71 ¥ez FAEE Ao A HEX F
2 YAE Holx &S ¢ F Utk Y &
o] ZA$E APA g ¥ #E Z1 U
o o= 4 ol E IS nAE BFEY
Faro] AAl Az zlolr} 7] WFEolH, ole
Z o g2 A7E oo uRd P4s HE)
NRgo R A= & F Uk F ol§
MMe 2y AP 5L Add] #FE F 4
E feRisigel sigsloizel 3, IDV(Laser
Dopder Veocity meter) 50l 913 A4 #Fde
Ho] o]Fojzof & Aolth, EF HY =1 U
At z70] 7HN 3 Y& Zeldl M= H9
2o ezt vehd Aoz ddEn F Agd
A oz AZHoAE Fol W ¥ A
A7} 92 7188 e EY RUE AHEol ¥
gxlo] UeRd o]fel Ae® HoxH, o]zl
AY eab= AZFHAL XS Ho] W B
HE FAog olFAIH HEE F US HAo=
Azttt Ay Aol AL A vlug A
AREQ Bge FEE i lod, AF
Hel oy HH HAE 94 712 AMe=EE
TEE 7 Ao grise] Ao

4.8 ¢

EAE JIAZ s AL ol gste} B4,
) 2L sEglER FHE 2EHe) Y e
Aol zIAge Avsigon, oge =olg ¥
3 theel ARe A % 9tk

KBEREBGHRE 55 33 F F 1 4t 19%6F 28

Drag & Lift
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Fig. 6 Hydrodynamic forces (drag and
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