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(Hammerhead Shark Bow HSB)

2 aEYH A(Hammerhead Shark)
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YAT L OEBOYE

BBC program on wave-powered boats
https://www.youtube.com/watch?v=UWpxtfmpVD4
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02r
v
Qlr
Z
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0 5 | 15 20
Hw (cm)
RMALVEF D EEEER
ERANBEALEIZEEDOMRDOIETE
MODEL SHIP
LENGTH (PP) (m)| 2.000 80.000 —
L (H=V s ]
N BREADTH (MLR} (m)[ Q.290 | 1.608 LXBXd=80mX11,6X7
= | DEPTH  (MLR) (m)| 0.176 7.040
“ | prarFT (m| 0129 | 5.144
BLOCK COEFFICIENT | 0.5658 0.5658
SECTION OF FOIL |NACAQQI5|NACA QOIS
— | CHORD LENGTH (m)| 0.100 4,000
8 SPAN LENGTH (m)| 0.680 27.200
A
bl (W] 0195 | 776 || g xpepmTALE

wave period (sec)

—__| 40| 60 | 80 |10.0] 120
wave |(P$/m)[594|15.9 |280|125 | 603
POWer | (kw/m)| 4.37|11.7|206 | 9.19| 444
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15000 2000 WAVE
T =8sec. Hu=3.13M
18001
©—0 in calm water
1600 . s .
&—a in a wave (without foil)
L 1400 +—+ + (with foil)
1000
— | -
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= =
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2001
0= [o] L L i i ' f i
s} 6 7 8

o | 2 3 A
ﬁ,_ﬁ/ Vv (m/s)

ADEA(EHP)DLLE

SEMD BXREMIEEGFHEREHE
(Bi&EM-HEBKE, 1987—1989)
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Heaving pick-up

Counter weight

Surging pick-up
Pitching pick-up (foil)

o
- Guide rod

l— Heaving rod Guide rod

Foil Pitching pick-up
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RERERICKDEER (REE)
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BIER

l.6r Exp
o—e without foil
14 o——o with foil
(stand. spring)
1.2+ - do.
(weak spring)

10+ = do.
= (strong spring)
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o ———with foll
% 06 (stand. spring)
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\ e
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0 | 2 3
A/Lpp
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Item Unit] Value [tem Unitl Value
Length Lpp o 3.5 Cross Section = | NACA
0015
Breadth B n 0.847
Chord Length / Lpp - |1/15
Depth D 334
P o 0.33 Span / B - |0.5%x2
Draft d R 0.245 Submergence / d = 1.5
Block Coefft. Ch - 0.562 || pivot Pt. / Liw = 0.081d
iti bef FP
Pos. of Centrt of Gravity CG| m | -0.076 {pesttive before:FF)
(positive toward bow) Pos. of Leading Edge / Chord| - |-0.25
(positive after pivot)
Displacement A kgf | 408.6
Radius of Gyration / Lpp = 0.3
(hull without foil)
foil d}'ive motor
ontenna
- ontenna
PPN I ontenna
rodio steering | ecever for ‘motion il
controller 0qing | racho conk sensor v
(gyro+accelerometer) receiver
‘mafor,
power | [computer HO/AY driver
= £ = Home
1! ¥
prapeler Irlél;usl.lurque. ,D
A /J \l;grﬂ sonic wave hydrofoil w%e height
posifion
megsurement mexr

SUar BMER (MPtAKIE, REME, R,
BRFEEET)
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REMICEREGL
TEEIMEREICREGL
BURHREETLAL
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(LXxBxd=15. 7mXx3.8x1. 1.19. 9fak>)

BORYMFTIRR (cXxbxdf=1. 056mXx 3. 8% 1. 65)

ERIED ETOMER

RAOHEEZTHANET HE, FREICKE
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ROBNEEZITKPLYEIE EIFRIEE
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STEOBEAEN CRRPERBINS
FUEDHEN)

1.3. RRAHRE—FET OMIEREER
78t

*xt &M : Handymax B/C

(L=178m; Beaufort 10)
4T #a : SR108a> T+

(L=80m; 7=8s, H,=3.13m)
BREZEDEDS

ML, H,;/L #ZEPHES = T=8s, H,~4.04m
HEEZKRDD
JIL—FRITEEZEHES

Handymax B/C&REILHRE DSR108fi: D Beaufort10
DBERTTOHRREEZRD . ARMOHEEEZRDS,
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131 BIRIILTOLRK

£=—i g H exp(—iKx) = Aexp(-iKx)

H=iZA
(4]

#(X, 7) = H exp(Kz —iKx) =i 2 Aexp(Kz — iKx)

Kzai 122772' o= K = 27Z'g _\/7_ 27Z'g
g K “TVIR T T @TNeR =T

E =PE+KE =%|A|2 +%|A|2 =%|A|2 (per unit area)

9 P92 _ P9’ A2
P=c E="2F2|p =£Z_|p
3 A7 =L |

20 2

@

o4 32 g2

4(2x)

A

12

1.3.2. Sea State

Pows = (¢, +V)E =[2ga)+v]/’ng2 =[

2427

ot +V]ngA2

1.3.3. Results in ISOPE paper

H. Isshiki, "Wave Energy Utilization into ship Propulsion by Fins
Attached to a Ship", ISOPE, Osaka, Japan (April, 1994)

MODEL SHIP
LENGTH (PP) (m)| 2.000 80.000
BREADTH (MLR) (m)| 0230 | 1.608
= [oeptH (M=) (m)| Q176 | 7.040
@ DRAFT (m)| 0.129 5.144
BLOCK COEFFICIENT | 0.5658 0.5658
SECTION OF FOIL |NACA OQI5|NACA 0015
— | CHORD LENGTH (m)| 0.100 4.000 gf{ﬂ;ﬁgjﬂ;ﬁg
L(E SPAN LENGTH (m)| 0.680 27.200 =£H
Wnieksion) (M) 0193 | 7.716

Beaufort | | Tome .y | Pt s
6 3.0 | 6.69 | 69.82 | 58.964 149.369 12.35
7 4.0 | 7.72 192.97 | 120.963 281.683 15.55
8 5.5 1 9.05 | 127.8 | 268.095 571.956 19.0
9 7.0 | 10.2 | 162.3 | 489.453 981.658 22.65
10 9.0 | 11.5 |206.3 | 912.216 1725.861 26.5
*) 1kNms1 = 0.9807kW = 1.333PS
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| HEAD SEA

“ " e FREQUENCY
/ 04 H

BERAEBRTE R, +AR=T: (A1)
ST Ry KA ARBURAIEHUEM;

Tr BDIEKRHES
R, . ARZFE T, T, =X (AL) TR &Fig. AZ1ER,

Fig. A > TRIRP B AFEZI HHE:
BELUMIBORP FHP - RELMTFE KD EHP

= RELMIBCRAPEHEM x fok (A2)
RELMBCRY FHP -EEHYMIBIRT EHP
= BOEREND x &V (A3)

Fig. AkYTKEIEILR, R hIEFIEMAR, T
WA TAREL. DEBH T ERDS:

R, +AR-T, =Tq, (A4)

[e]
e 05 ¢
o 06 +
. 07+
a 08 *
A 09
+ 1.0+
1 J
15 20
Hw (cm)
RMVERTOBERE
- WAVE
1500 n
00T 7 gsec, Hy=3.13M
1800
O—0 in calm water
1600
a—a in a wave (without foil)
1000l 1400F +—+ 4 (with foil)
5 |5 120 .
=z |8 «Fig. A. EHP
= < 1000 -
= |5 () ad 13
800)
500 600 5.87™s(1 .41kts)
y____490(s)
L 365™s 205
400 /(T.Iokts) (1208kts) ZORE DS
200 B%45ME0
ol 00 I L L 1 L ! J ’7'-1(:%

I 2 3 <5 & 1 8
4_4,/ Vv (m/s) TlEH3

5 EIDO*® &M : Handymax B/C

33K TIZHITAHIEMBFRIZEAT
4772 . Handymax B/C

1/61.18 R — )LETFTI)L{ER (L &S Eh =)

full ballast
Lyg(mm) 178.0 2.9001
B (m) 3226 0.5273
D(m) 21.14 0.3455
d; (m) 11.57 5304
d, (m) 11.57 7.843
DWT (ton) 47500
MCR(EW) 7930
D, (m) 551 0.09
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Speed of the ship
Handymax B/C ---

V=8ms™, -+ Fn=8/(9.8%178)%% = 0.192,
SR108 ---

Fn= V/(9.8%80)%° = 0.192 --- V=5.38ms™"

SR108MSea Statel&REMELEA1.25T,
Handymax B/C®Beaufort 10 GE R &L AY1.16)
[CIFIFEZ S,

#L<E5&. Handymax B/C MBeaufort 101,
SR108(M H, 3 23.13mMi54.04mIZ, 72051296
(TS &I S,

Sea state® LLER

7(s) [Hys (m) [L/Hys |A (m) [ML
gH)andymaX B/C (Beaufort| oo | 70 | 954 | 162 |0.91
Ifof;ﬂ‘i{max B/C (Beaufort| ) <1 o4 | 198 | 206 |1.16
SR108 8.0 | 3.13 | 25.6 |99.8|1.25
SR108 with the wave height
increased to 1.29 times 8.0 | 404 | 19.8 |99.8|1.25

Fig. A, X (A2), (A3)&Y. FKFiEH, BIRPEHIE
MEFVERENEHEL. X (AM)TREFEHNZHTE.

FKFIER. BORPIEHRIBMNE SV IERKHE S (SR108)

Vv
(m/s)

ARV TV
RV |ARV | TV ©1.292 | +1.292
(cm) [(cm) |(cm) R,V | ARV | TV [(PS) (PS)
(From |[(From |(From | (PS) | (PS) (PS) |(Adjust (Adjust
Fig. A) |Fig. A) |Fig. A) of wave |of wave

hight) _ |hight)

2| 015 0.5 15| 26.85| 89.5| 268.5| 148.937| 446.8109
3 0.3 1 2| 53.7| 179 358| 297.8739| 595.7478
4 0.6 21 3| 107.4| 3759 537| 625.5352| 893.6217
5 1.2 4 48| 214.8| 716| 859.2| 1191.496| 1429.795
6 25 6.5 7| 447.5 11635' 1253| 1936.18| 2085.117

1400
1200 ,
g 1000 /
= 200
%4 —+—RH"V (PS)
£ 600
N —B—DItR*V(PS)
I 400 =
TEV(PS)
200 ‘ =
0
0 2 a 6 ]
V (m/s)

%) 1000Ps=5.6cm, 1em=179PS 7, V= R,V + (ARV—1.0X T,V) X1.292

FKFIERR,  BERPEHIEMARS KO IERHE N 7,

( 7=8s, H,=3.13m)
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RH*V, DItR*V, TF*V (PS)

2500

2000

1500

1000

500

\
/
//

—4#—=RH"V [PS)

—-DItR*V*1.29**2(PS)

TFV*1.29"*2(PS)

2. EOKRES, K. RYMFITOEKRE

BANVDRT—ILT7VT

FEKPIEIMR, BB PIEIIEMARS KU IERRHE S 7,
( 7=8s, H,=4.04m )

WEBRHDHETE
TriV= R,V + (ARV —Ratio x T,V) X 1.292

B/ DFE (SR108; 7=8s, H,~=4.04m)
vV | R,V | EHP EHP EHP EHP EHP EHP
(m/s)| (PS) 0) 1/12) (1/6) 1/3) (1/2) /1)
2 [26.85| 175.787 | 138.5527 | 101.3185| 26.85 |-47.6185| —271.024
3 | 53.7 | 351.574 | 301.9283 | 252.2826 | 152.9913 | 53.7 | —244.174
4 |107.4| 732.935 | 658.4667 | 583.9982 | 435.0613 | 286.1243 | —160.687
5 [214.8(1406.296 | 1287.146 | 1167.996 | 929.6974 | 691.3982 | —23.4991
6 |447.5| 2383.68 | 2209.921 | 2036.161 | 1688.641 | 1341.122 | 298.5631

. 1/12 1/6 1/3 1/2 1/1
Ratio
span span span span span
SR 108 2.27m 453 9.07 13.6 27.2
Handymax
B/C 5.05 10.08 | 20.18 | 30.26 | 60.52
3000
2500
2000 -—-Rh*V (PS)
_ 4 -=-EHP(0)
& 1500 —EHP(1/12)
T 1000 ~<EHP(1/6)
“ ~~EHP(1/3)
500 --EHP(1/2)
EHP(1/1)
O T
2 71 6 8
-500
V (m/s)

)
]

RN D& (SR108; 7=8s, H,=4.04m)

2015/8/3
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R T HERNDFEE
(Beaufort 10 for Handymax B/C)

0 /12| 1/6 | 1/3 | 1/2 | 1/1
span | span | span | span | span | span

SR108 (34 m/s| 3.6 | 3.8 | 415 | 46 | 63

6 7/ /A

V (m/s), (V/V0)**3

Handymax
B/C 51 | 54 | 57 | 623 | 69 |945
(V/V,)? 1 1.19 | 1.40 | 1.82 | 248 | 6.36
BEOY/4X(1/6H)

AR D RKEE =M+
= 178mx11.57x2+32.26x178 = 9861m?

EM;RKETE = 10.09mx89x%x2 =
13.8mx6.51x2 = 179.6 m?

mEfEL = 179.6/9861 = 0.0182 ... KZE /ML
oo FKEFISKPMNSEIZLIFHBLELL

MENLTE—KRIET S

Hammerhead Shark B
ow (HSB)

4 A ——V (m/s)
)/ —B—(V/V0)**3
2 rr.,r
0 -
0 20 40 60 20
Foil span (m)
RIS T DER/NDELE
(Handymax B/C , Beaufort 10)
=5
T < g
/’\" - - - :
£ A £
r/ o %
%@
. Hammerhead Shark
Bow (HSB)
. — A
e — BE
2

2015/8/3
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FEIRILFERIRILEDLLLE
\/_ }Pg |A|

RIMLVED/INT Pea wave —
head (2\/_

T
ﬁb\b\ﬁl‘@/{)q : Phead wind Z_Dwindz p;” (Uwind +V)3

4
- p=1000kgm"
o H,"” =9m 4=206.3m
5 10000 ::‘::‘: - B =32.26m
20000 Puwind B
: (:—__._5_.__.?(; 15 p air: 125kg m_3
v own Uying =26.5ms™"
=B/2,B

I FAAT R i/ 8D ERD /D O LE & Duna =

Wind Propeller
B Wind Vel. V+U

/
5| .
| Drag D S}up
Ship Res. Ry / Ship Vel. =0
e I / Water Surface
i Water vel. V'

Thrust T’

EMVED RO REMSE M

"~ Water Turbine

jjt/\°'70)/§5>;(
TWat A|r R\Nat + RAlr + AI:\>Wav

P + P PWat + PLOSS

Air Eng
REDE EUEEE
=1- Alr
A|r V + U

Dair =2Pm5 V +U = Uy Ui Anir

PAir = 2IOAir (V +U _uAir)uAirzAAir = DAiruAir
7°D’\°7035§§JJ§IE?§:

Aar = % -1

Twar = 2 Pvar (Uniat =V )Uiat A

I:)Wat = 2ANat (uWat _V)uWatzANat :TWatuWat

KELUVZER

n— ﬁuu.q:' Iz }-3 H’éﬂln @*ﬁ*ﬂ.

1
RWat = 5 p\NatCDWatV ZAWat

— PairComir (V +U )2 S air

u 2
i _TAr  _1_a_= =]
'd ThHb ViU =1-a 3 ZRETHE

1

RAir = 2

%iﬁ%{#a/&u -

uWaﬁ _l!+ 4 U
u 2U

PEng + PLoss pAir
2ANatU ANat ANal

2 2/3
l(!) +@[X+l uAlrjuAlr AAlr e 1 CDWal[!J Aya
ANaI U U ANaI 4 U ANat
1 Pair v ’ S ir 1 A av
[ S LBy
ey

ANal 4 % ANatU : ANat

2 2
!H_h Unie | Aar [ Uwa V) Y
u  u)luja, \u Ulu

U
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SR108: Lx B xd=80m x 11.6 X 5.144,
Cb=0.5658, V=2700m3
T=8s, H,/3=4.04m, U=15.6, 26.5m/s

FEkehiEdr: R, =1.817V? kN
FUR SRR AR, =6.946V° kN

BAE—ELDRESLME
(SR108, T=8s, Hy3, U=26.5m/s)

Ry (m) 1.45| 29| 4.35| 5.8 83| 11.6

V (m/s), 2.8/ 29| 29| 30| 32 34
when U=15.6

V (m/s), 2.9 3.1| 35| 38 44| 5.0
when U=26.5

|
e

W oW

——U 156(m/s
—W=U=265m/fs

RA

BAZ—ELDRESLME
(SR108, T=8s, Hy*3=4.04m, U=15.6, 26.5m/s)

BIRILFOFADANZIFANLGADLTL,
RIFLTRAOANBEHNREVSETHLER,

4. BURPIEmMISMERHENHEREL

Ordinary Strip Method (OSM)

... Y. Watanabe, J. Fukuda and F. Tasai
Munk®D RITHR D IEGEMIZER .

2R FTErEB DR EZEEL,
ATZDHEEZEEFATELNEES (X, ERETHL,

Unified Theory (UT)

... ). N. Newman and P. Sclavounos

Slender body theoryzB AL T, RFARDHEE
FEEWMY ANt

BrE E L AER THDIEDRNR,
NERENBEDIYF T IZKYREETET S,

Enhanced Unified Theory (EUT)

... M. Kashiwagi
EFAROEHSLVEETEREMIIFEEDK
FLERDDRBRENDLSIICHERAEFHEHR,
BEERMICIE. REBOBEREHITEROAIR AR
BaEL. NEBE2RTRAERETRDS,
NERERIFUTERIC,
NERERENERFED Ty F U T IZKYBREHEET B,
Super Enhanced Unified Theory (SEUT)

... H. Isshiki

BEAEE S ICEUTRYEBRIICIRITHEA,
NERIS R EZEA,

IZEUTERIC,

2015/8/3
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Unified Theory (Newman, Sclavounos, 1980)
mER: o =0, +C 000 +4)
NEREE: 9= 4, (O6(X-E,y.2)d¢
NEBFEDETTEUIEREHLiRSE g ELT
¢j :O'szDa ¢Tj = EjEZD
NEREEOREH LA g, ICETHERARER:
1 (o )
qj<x)—2—7ﬂ{5—j+1Jqu,-<§)f(x—f)def:aj(x)+u6,-<x)

o BRENE G, BRES, ¢ DRE L0, [TEHS
B, LEAoT, 0, & BB DB LA,

EEEELAES TROERAE QR

y
— U

b X ®1. AR
a AYnin

FEGFERE 0 v N u_

ﬁi?ét &4_5 - Y aX ay
BEREREOEREHE: un, +vn, =0
BEETRTOEHE: u=U

(1) Solution SB: x & EDMEH Lo HEHARATEL
TKRDS:

ow
u, =un, +vn, =U—
OX

(2) Solution SFC: ffARREANDREREHEHET
BESITKDB:
(3) Solution SBSFC: SBESFCOMEHLDES S

SFCTIF. BREMN U EvEUTDELIIRE:

N-1
u(x, y)=U +Zai%lnw/(x—xi)2+y2
N-1 I:06
V(X, y):Zai—lnv(X—Xi)2+y2
o Oy

BEARRAOERFHIYREHLARSIZRDD
(U +§o¢i E%ln,/(x—xi)2 + sznx +(Eaiéillnw/(><—xi)z + yzjny =0

UTOHIESECTHERT I ELRM/NTA—A:
a=1 b=0.25 N=20 M=72
M IZF¥EM#RE L DCollocation Point®#4%k

2015/8/3
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(a) Source distribution (b) U,, u;, C,on the surface
2. Solution SB (N=20)

(a) SB and SFC (b) SFC and SBSFC

ol 15
s * T

os
k,_ o {
—_— Z o !
= p H L]
a5

|

L 1w iy 200 T
. E . fllf -
~__ 17

—asrc

1

15

theta idegl

(a) Source distribution (b) U,, u., C,on the surface
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4.2.1. HILLVBEFE % (GIRM)
WMAHREREE S HERICETRT L —RER

(a) BEX7Z4T7

B8 FHRAEF TRIERERESIRDOS

W TR — TR
BRI - —BE R
Generalized Integral Representation Method
(GIRM)

BEE A& B (D BE#RER % - %:mx) 1)

ZOMEE:
f(X)=¢(x) : IEAM...forward, (2a)
f(X) < 4(x) : #FM...backward. (2b)
—EEIRTR
(Generalized Integral Representation (GIR)):
0= fidf ) —¢(x)} G(x, &)dx
~[fosmal [ fx )aG(X ) ax- [ p00G(x, )k
3)

xEEFKHL.ETET L KD DGIREF
[C 06 xde

[ 1@ LN g CLE(L0+ FELEELX)
—L ag

(5)
HEKGE ) PEIRTROUEERET 5.
G(&,x)=regular = (5 )=Integral Eq. for @(x)

9G(g, X) =singular = =(5)=Integral Eq. for fx)

oG,
BIZIE G, (x, 5)——|x £l (X ©) l sgn(x—-¢) (6)
HoIERTE

(b) N [IRE%E — FEEH 2 B T A~ DI

2
Burgers Eq.: u+u8_u:V6_2 in—w<x<+mo, t>0 (8)
OX X

u(x,0)=g(x), u(xeo,t)—>U,  (9ab)
—REEARBIEGFS:

~ 1
Harmonic GFS:Gf(X,e‘):EIX—il (10a)

Gaussian GFS: éf(X,cf):\/%yeXp(— (Xz_;:) J(lOb)

j L5U(§ Dea

6(3 "l 5G
G, (i = [ W (& (;f D gz v un f 2 g
E=+L

. Vau;i?t)éf(z:,x)fvu(é,no f(é’X)*;“Z@’t)éf(éx)} (12)
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