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Second-Order Wave Resistance Calculation of Thin-Ship

Shin-Hyoung Kang

Abstract

Wave resistance of a parabolic thin ship, with its boundary layer and wake taken into ac-

count, was calculated up to second order. In addition to the double-model source distribution

on the centerplane, image sources of the wave potential were calculated to keep the body in-

troduced boundary condition undisturbed. Boundary layer and wake effects on the wave-making

resistance were included by generating an irrotational flow which matches that exterior to

the boundary layer and wake. For this purpose, the boundary layer and wake were calculated.

The wave resistance refined with second-order corrections were compared with available ex-

perimental results for parabolic struts. These corrections are found to be very important for

wave resistance calculations even at moderate Froude numbers (Fr=0.2—0.3). Wave-potential

corrections are dominant around the bow. On the other hand, viscosity plays an important role

at the stern with its boundary layer and wake development.

Iz4Y
B : beam-length ratio
E1() : complex exponential function
f(x, 2) * y-coordinate of ship hull
FO : fmep
f*: displaced ship surface (f+6&*)
Fo : undisturbed free surface
F, : Froude number (=V/gL)
Glz,y,2; & 90 : Green’s function
H(z,y,z; &30 : Havelock wave potential
H : draft of ship
K,k k' : coordinates in complex plane
ko : non-dimensional wave number (=gL/U?)
L : ship length
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M : Michell source strength

M* : Michell source strength of the displaced ship

R, R’ : distance between source point and field point

R, : wave resistance

P,Q : wave amplitude function

Py, Qo : amplitude function according to M

P4, Qs ¢ amplitude function according to g

Py, Qu : amplitude function according to ow

Pg*, Q¢* : amplitude function according to M*

Pg* Qg : amplitude function according to o4*

So : projected area of the hull surface on the cen-
terplane

(u, v, w) : disturbed velocity components

ug + disturbed velocity component (double model)
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uw, ww : disturbed velocity components(wave poten-
tial)

U : velocity of ship

(z,y,2) : coordinates of a field point
(20, 0, 20)

o* : displacement thickness of the boundary layer

: coordinates of a source point

and wake
¢ : expansion paramcter
6 : wave angle
2 : parameter (=sec 6)
0,04, 00,04 : second-order source strength on the

centerplane

IT : second-order source strength on the free-surface
L : wave height
6 ¢ disturbed velocity potential

#M, 6? : first- and second-order component of ¢
o : total velocity potential
(&,7,0) : coordinates of a source point
1. M ]

dutA el o] 4 G Aol gl Fo] e A
P ol BH o FAY] 2 TE FAU, A
A Abeldl Eeld @4E A4std AAAAA S&
etz Shed A FA4e] gg ddd. AAb
Wi AAAFL A e AAAGH zadAge
2 el A Bdl 29432 potential flowe] 71 E &
Fa a7 gl

MichellVo] &) 2zl zdAg o &o] 752

Weinblum@eo] & d}¢] Al Eokd 285 o] Michell
theoryel g34% %32 F4d 2 a7 A8

22 glov A RygAY Adgst vF Holst
ol gt thin shipg A$d = =8 9tEE¢q
‘!A] 2otz gleh. ohebA Michell theory
-5 4 Xohx gl
% 2ok @A HE 10493
2ol e st Addgn = o#
=} o 2.4 o 2 Wehausen®,
, Eggers® £o 2] 3ho] 7ibg
ol AAZAF #
] A3 gt A ]#wqo{ A mabygs F
2 parameter e(becam-length ratio)% o]-&3ged, A4
272 second order7tA wEEHA sk o] A
Michell theory¥ first-order solutionel &) wdre]

ey A4

tio
r—im
=

B e St §%
w8 W
7w
28y
o L o
AR rqm
L K o
Y,
2
Lo
t
r\«'lo
rf
BONEEIY

o
=
=
o

second-order

=
o
o
a3
=
o

thin-ship theory% £ & 9
R R )

center plane® free-surfaceod] 50]

34

20

- ¥ A4l e 24 second-order potential flowE
1 <& 3 b, o 714 Maruool &3 ¥
=4 7& line integralo] ¢l 2t Dagan'®, Miloh &
Landweber™, Kitazawa & Takagi® 59 A+ZA3,
Wehausens} Eggerse] $27F e o] uha]zlict
3 itol o] Aol H3te] AjEe] =t o %“’*017‘]
ot Biefd A G S ol o] ER
AA AL A Fol AA B HEsle] A
A#7b wA eyl W el ol o] FE A AEA4
el Al A et

= &E AA fAle Aol glr] W Eel
o Ael g dbe AlA ZEelA
Wake(BLW) 7} 345 =4 o] ) £ potential theory
o gt A4 FEHAE A4 dEA 2 f7d
Aulo] 4l wslE Sy B2 ALY JFT wA”
t}. o] BLW @4o] 54 e} vl A& o gl o t}e]
e a7 gdglet ofg stEsul g AZESE 24
Zalz 9o, #HT AARPE Weinblum, Kendrick,
and Todd®®o] A} 2123 thin bodyel ©lde BLWE
A D 2439 body 9]¢ potential flowd =t
A &3 A AL =46 second-orderd <L Al
B og sy gt govh A zskARY F3

= 9.4?'5}4 second-orderdz BLWE 4 3& FAl

o
1
i

¢
1

b glgel

oo

#433]
A5 R

Boundary Layer}

2. Second-order thin-ship theory

WA QAo wdsA e AfEEst T A4

Aol A% cartesian coordinate system 0—zyz
(0—£&70)% 871 &ct.
o A Em 2Fe $4 Ao, RE S o

Zzob o] Aol g3td F

%o uniform stream®] 3

= uniform stream]

FE gek 2 dFefA uE dASER FAdH
5 ¥ sinkage$) trime 4=k A4 GEe. 2
2 A} W] & uniform streame] F%= o] etz ot

A Tl

y==+f(z,2) 4D
2 EAH L AREAHLE

2=L(x, ¥) @)

= gAdgn S oA §A7 W4, g

Journal of SNAK Vol. 16, No. 3, September, 1979



e ool Hd ma 2o G A4

——d

Fig. 1. Coordinate system

Aoleteta 4 %% irrotationale] 2 &= velocity
potential ¢7} £ 2tz Laplace Equation? gk 37|

3 .

z
o=z+¢ 3
7*$=0 @
Velocity potential ¢7} wtF 3 of dl: AA ZAL

ohg3t zoh

(A4 ¢=)frFdy+¢zfz=0 ;on the hull surface (5)

(14 ¢:)8x+¢5y—¢:=0 ;on the free-surface (6)

Srt b (B2 + 652 +8:2) + Rl =0 )
A 714 ky=gL/U]n] 34

Ao 2 ¢ 4FAA wavest gloloF e ra-
diation condition® w&3}ejof §het,

Wehausen® 2 Green’s functiond o] &3t o] &
Af w217 AAELl 48] g% T F beam-
length ratio eo] d &t

wave numbero] =},

F=eftt ©)
Pp=epV D 4 oree €)]
Qe 20D feenne (100

# o] AAAF =z, ¢4 ARRdelA FAFEHLZ,
AA Ewdd A vo] oA o (centerplane) . 29| analy-
tic continuationg ©]£3% = Green’s functiono &
Havelock potential& =g13to] ¢, @& F3Lg
2 A ¢PE A", ArEdd A A2 water-
lineg W& A4 &% (line integral) o3 T A = o},

o714 Kitazawa & Takagi®7} A 2 23« i3}
o £33 A=E A&t e g5 2o

¢(1>:21;rfsof‘§'Gdedc an
¢12):lf GV 0) 4 ($FD)IGAEAL

f ((grad ¢M)2— k¢m<¢m+ko¢“’)d

47rk
Gdedy 12)
g =—itew at z=0 a3)

KEEMBEE F16% FE35 1979%F 9f

37

(P=—z ¢(2’ koqi‘” —é]'}jo(gradqs‘”)z at z=(0
4

714 Sz AAE S9 centerplanes] 4 EA =
o] & Fy&= undisturbed free surfaceo] e}.

& FelA AAS AFHFoun g0z gox=
Green’s function Gol & Fx oz A 44
Aol B o]#go] @dErl. G unit sourced] o3
velocity potentiale] = 2] (11) 5} 4] (12)] A] centerplan
3t free surfaces] -z oo} =
T O A Ay o) F R WAy £2 ALS
B AAF 0 Z Ve gm ulFo.

source strength

MZ@%— on S, (15)
Uh—r(th) +(¢zf) ] on So (]6)

n_—-dgradgﬁ)z i¢x<¢,,+ko¢,>,j on Fy  (17)

Mg # <& A Michell solutione] v, 7] 4 Green’s
functione] Fo1A source$} image source =7 3 wa-
ve potential 2 o] AAuln g pox o] 2
T glth
$=u+gu (18)
% ¢at double modeldl & 2=+ potentialo] Z gt
wave potentiale] oh. 4] (18)% o] &3t 4 (16)6] 4]

o 53 2] YE F Yot

0=04+0w (19
7] A

=5 (Baf) et ($af)e) (20)

Uw:é’];’r[?sw.f)x'f'(iﬁwlf)z] (21)
w2tA] g4 double model solution®] second-order

correction@ <] ¥ ¢, double model solution®] wave
potentialel 2§ correctiond e}t ¥t M= 443
AfFEH AAzA vl 4T
distributione] ot. & k@& T8tz 97 =) o &
7} F7etd (Frest FolA ") o o o) Z¥°}%l"'}—l—
4 vk 28 A Fr=0.2—0.320 A$ k=10—25
ol o] A% 5,9 Gl Hxrt velocity potentialel]
oA & d el 2l AAHAG. T Aldogan W2
Frob A deleds FAE ¢ gz 3890
StA g ofdl FAA AL F o AAd $3AQd zgo]
2aF A

weha] 2 ol 7o 4 = double models] A 8] second-

order correction®l ¢4, wave-potential®] A€ 7AA

2.8 & source



# 3 0w, T2 2 boundary layer
oF waked] J @& ZF e 2HAFL second-
order7tA] Al4bsle] HEd = Ag Ass vz
a2z geh o] E A4S FHstE AAd A Green’s
function G(z,y,2:&, 7, 0% A Ao ok g ofd F
Wol 4l ool et AF7F A9 ddz = AAE T

A4z e nitz 94 $e A 27 AFe
1

9] O

) K5
1

AAA Gz g el Wy mgAe

FEZel A e wa e

_,.

o
L

3. Green’s function2| H| Ak

AF AL 2+= steady uniform flow o 913
unit sourceo]| &t mFE = A9 FEFL A o
212 9 & Havelock potential® c}-&5} z-ch.

G(z,y, 2370, yo, zo):A‘Ié—ﬁ*I—H(x,y,z;zo,yg, z0)

(22)
7] 4

A= a—20)+ (y—y0)" + (2 —20)23

= (=20 + (y—3)+ (2 +20) 712

2 fz/2 f ek[(..+zaHz x-xzg)cosf+ily—y,) smﬂ] kdkd{}
T k—kosec?s

~xs2

x/2
+R. zlf ZkoseCZOekns ec?f [z bz, +i(x—xpdcosb+ily~y,))si nﬂ)de
-/

kg:‘gL/U2

olx Rei= AFHFEL on i

2 (22)9) ] FA Ee kol 3} principal-value in-
tegral® o] = ko] B4 l=le] 4] contour integra-
tiond o] L3te] A acl. Fdol = half-real axissh
half-imaginary axis% who} 2 H-3tgld o« ¢lo
Ag ol FA L FAA R A4e 4 FEn
A 7te] o8] Azl X dFo)Al = Smith et. al.?
9 Aok A} 298 Shen and Farell®9] ZAn1& o

o

Q3712 k. k]l & principal-value integral$
g3t o] 24
fy= [T AT g 2

—kgsec?d
A7) 4 w=(x—xo)cosd+ (y—yo)sin &.
w#0d B4 K=k+ik'd g Fdels 292
9} 2 contourS A ztgtcl. o= path 5& A2
imaginary part7} $lolAEE §oz k7b #A A= os-
cillatory integrand® A 78 b w>0%=] path 5
of 4]

—(k+ik’) (| 2+ 20|l —iw]=0
G ko—k|z+2] =057 Sl A =

= -1 ,{u,,,_,,,
f=tan |2+ 2l
7} #3
Ro(—(k+ik) |zt 20| —iw))=—}kQ
_lztzelitef o K htib! = kQ
Q |2+ 2l -0, + [z+zol —iw

7} "} Contour® wat & ued g9 AxE
A "

Ipy=R,mi(kosec?§) e tsec’? (Latzol —iv) I 24
o] 7] 4]
£Q —
= (e n =)0 4O a2 )
’ lm(~ _RQ ) kosec?d 2+ 20| —iw
lz2+25] —iw v

— 1 f”" kQ exp(—£Q) Q)

{2+ 20l —iw J 0kQ —kosec?([z+ 20| — i)
— 1 - Te t
T lztzol —iwfo r—kosec( [z -+ 2o — dr (25)

<02 7%l & half-residue?] signat B}iﬂ?ﬂ = o}

= ; 1 Te "
T 20) et +
I, (sgnw)zr(/eosec ) e et ool =7 fo pm C

(26)
where (= —kysec®0(|z+ 20| —iw)
w=03] @%h Al(23)ell 4 A e

Te~'dr
L= Iz—{-zol fo T —Fosec?0| z - 20] @n

99 AshE FREY e 2ol AT 4 Ak

I.
I,=(sgnw)iz(kpsec®d) et 4+ —— Tainl=ia) (28)
o] 7] 4]
f“”—' dr;w+0
B o 7+

fo pdrio=0

v

-

\\
Y -

Fig. 2. K-complex plane

Journal of SNAK Vol. 16, No. 8, September, 1979



L 23 z2RAR A4

83 I,= o235} o] complex exponential integral
2 bed § el A B FAA Abe] A d A

I,—f:r+cd7— J‘u e’de*CJ-O :+C»dr

=1-Cet f ——fdy 1—CeSEa (D) (29)
AN E(Q= ezt o] AeE
B©=[-Zdr largll<x 30)

w=0 A = o] AT YLy ol
El(x):fzit-dt, <0 &30

olch. ol A9 AT Aslw 4 (22)¢ T ol
=] o
___1___1_ —2_ x/2
G=—% R,+”f_m
(2
+R2i[ "
wt2} 2] double ingteral® single integralo] = g7+
Tl E(Q9 A A wat FAAAY $x7t 25"
o},
o] 7)o 4] {—00] = Ei(Q)+ logarithmic singularity

£ A ="

kosec?6[— “é‘ +etEr(0)1do

(1+sgnw)kesec?feldd 32

o}, ol AHEeel ¢l unit sourced] =
ote] field point7t @A & 7]z 3o} source dis-
tributione] 9&le A RY A L= 2T A3 F
A7 HA Fe Aol
rithmic singularity® ZtEc s g A& +3
ok AR Eol o

ol=} unit sourceo] &3 & X (u, v, w)i 2] (32)0 A
(Gz, Gy, Gl A 5ted A48l &d Gi, Gy, G2 A4S
918k Z*’&l'f‘iila“ o] #4=5gvh.  webA sourced]

728k A (2o, yo, z)7F FolA A A2 AA A A (z,

y;z) FI"]"C" u}'ﬂ' 47-11:—-'5 ]/9:7% & 9&1”] zﬂ’»\ T

o] = ¥ & integrand~} loga-

4. Wave Resistance

B A A o] & A»15),(20), 2Dl Eh
9= source M, o4, ou7t Al AE T o] Eof 93 =
A ge 2 43z Lunde™e] A5 o] &3le] wave
amplitude function P, Q7} A 4d = oh&= o] =
FA4 e A4 F Aot

Ru =160k f 2 P2(6) + QH(8) )secHbdl (33)

P8)+iQ(®) = | s.[M(z,2) +0a(z. )
+0'w<1‘ z)]eknseéﬂ[zhxcoso ds (34)
G714 1=secdz A Folz FAA LS ite] 2 (33)
5 WA H® f g Zo] Helh
KE®ERBEGIE FI6R EIR 19794 9H

39

Ru— 1670k f (P4 Q) __._._I,

e
Ja2=
+ P2+ QD) Y] (35)
7] 4
P +QM) = [ s.M+aatau)ers’ =0 dS

—‘P2(1)+Q2(1)}

]d,{

4H wave amplitude functione 27+ sourceol
o shef vpE =g el ®h

P+iQ=(Po+Pus+Pu)+i(QotQa+Qu) (36)
A7 A (Po Qo) (Pa» Qa)y (Pu» Qu)e A4 M, aa,
ool ¢ & amplitude functiongld =&¥ 3t

(50)= f s.MCa, zyeres((92 Jhorzds (7
(gf)=J Sevte e s((horeas @
(5:) =f Swowlz, z)e"«iz’c?;)kolxds (39)

29 Kang®ol4 $=3 boundary layers} wake
5 3837 98l E double modelel 4 boundary
layers} wakeZ A Atdlx o] 2 5¢€] displaced double
model?] potential lowE & 4 3= sourced
Ak ske] oF gk}, Al Ab=l displaced shipg f*(z,2) & X
A sk 4 (156)e] 3] 2= = Michell sources

M* frrs 40
2n
7} 53 A1(20)0] vrebd 049 B 2 H = source:
=L gart £0)at (Bas* £9)) D

2 ZARG. 94714 gate Mraie AAd & velo-
city potentiale] =}, o)< 4] (37)3 (38)] 4 ¢} w3t~}
A 2 o] 5] ¥ amplitude function® #7 (Po¥,

Qct), (Pt Qa*)ehx & =83 o] o

(52:) :f «M*(z, z)ek.xu(z?S)kolldS (42)
(Qd*) f 0¥ (z, 2)eht (cos)k 1zdS (43)

ol 4(39)2 et (Puw, Qu)e BLWY 9%
& RA%z iz AHSs=, AA amplitude func-
tion&

P+iQ=(P*+Pa*+Pu)+i(Qo*+Qua*+Quw) (44)
2 vehdeh A P, Q% 4 (35 At A
#-3t5 second-order(double-model®] 2=, wave-
potential®] < &, boundary layer®} wake® d%-&
28 38F) wave resistance® T 4 A



40

5. Parabolic Ship0l| thst =nlx s H At

second-order wave-resistance
il FEE Ao k@ A
ol °T'°4 3‘4 o=
terline% zZtw Zo] Wako R 7o strutdl 4]94 uf} o
Hgatddet. o)= ol % S ]
2A wx m ol A HAZ Ak °] 3 4 4
7} = Fol ch

e AA Aol z FAH S A e
% B, T4% Hela 35l 40w o

f(I)ZZBx(l —z) (45)
2 FelAct 2 (15)¢] ¢ glo] Michell source strengh

r
L

Wai

ol 4 °ﬂ ]

8413 o 2 parabolic wa-
o)

_"ﬁ

M@= (1-20) (46)
2 FolAdt. ol & 4(37)d w9
(Po Qo) =t 7o) "ot
1
ko

Py B sin kpd-F—=S—(1—
(o)=%

k22
A4 E@=12 .

A A (20) o2 F9A = g4 double:model?] se-

cond-order correction®@ vl H7l v a4 F #A$i=

Shel A Ao

Ly

- cos koA) |

E(D)

47
—-L (1+ cos ko2) ——-

——sin koA

lz’/l‘ /

two dimension o 2 A4 7 3}le]
gy wotm Feh. zeju Hob A8 Afd3
o7 Aaate ok szl o} o] 7 o=

FA G L) F% w=0
= 349
potential flow

£ boundary layer and waked] 334 5 cdge

o] Ggo] AArz ATl Gef. whapA o 1
g3 Folxz 443t sccond-orderd]

07 ul'~ 'T] 1]»
deel A &

71 §138te] H7} 0.1 o] A9 5.8 o)
Wotm AQAT Y Mol o2l 2k ol

=5k fua). (48)
A see o3 AGRe A9l ik A Lan £(0)
=f(1)=092 o] 18w (P Qu)i= w+23} 7o) H ek,
A7 A ug=g¢a, °| =

Q;) SE(D ke f Fua® "“ )ko zdzx (49)

Michell sources]

A7) 4 uas 234
BEAH 78 £ 9=y

;{‘fx(x)f‘?i: cen-
terlmeoﬂ
g === [2 (1—2z) lnf————xf— (50)

ol Ak 2 oz DY ouF A G A4

A4 3
|
o r1
(SZ): _ f [(fuw)x+(fww)ze]kni“z
(55 V torzdrdz -
b =l AN uv=ge, 2T T wu=gu0l k. o] A4
7k ghr] §1ete] xs)h ze] A WGlE e oo
# zre] e
Pw Pw N Puz
(Qw wa T <Qw~> (52)
FE pien B AL Se] Aoy ek 2
=}

()= T reannlipanss o

1L ot oo s

(54)

A A wulz,—H)=0%tz 7FB AT wad 2=00] 4
wadl e WA AUD, (49), 63, GHE FolA

3= amplitude functionZe] A wtA 2 =4 = wave-
potential correction® §1 & A 4ko] A A A 7le] o]
ZAelz o]z §- Fgloleh, Kang®e] g Foi: o=
37§18t wust we7t 2T AFHon W l

Al

e
otz 7134 e} short-cut calculation& & Oi ]

Az AdTe] =g E 947 ded B ¥
vl ale] ek

19 AL King™el Al =gl dghe] g4 7
AL TG AgAAL vmeAgH(B=0.1, H=

0.125). 2% AAZ H=0.630] J& 29L& A5
Ste] 7 R} Fgs B A5 sy &
AL JAAAGE FAGE AHLEe] 29448 A
a9 e. Lrlde Adlelst AZAE Tz = ok dF
stup H=0.63¢]7] #lFe $ul T il

edge?] < @-% A WA 7] #Eel L AFASE

SR EEEEEEE T

SRR

£ 4 Michell source distributiond} 2] wave velo-
city ue® wal F,=0.29} F,=0.34}0]o] 4 7] ket
th o] HEALT E(OF LY AL A4
A zke] -3 gro] AelAw b (x, z)ol vl ghxk
3 )7 « ol interpolation- W&l o] X-glo] A A
of =il ¥ ¢leh. =3 Greens function?) # A% |2+
Zy] 09 ¢] singularity® ¥ g}7] §1%le] 2=—0.0057}

= A

A A AZE Fo] z—-00 % extrapolationtlglivh. ol &
o+a] ol T @} single source®] A $off = FaebA
source distributiond] &gFe] 3 H AL wuSt we

9] 2—0%2] extrapolation& z2] Azt3r Fast =

Journal of SNAK Vol. 15, Neo. 3, September, 1979



gk o] ME =} zubA G A AL

A & Aolv AAE do weF 2=—0.005 A F,=
0.39] A% 28 3ol Yl AT wast vlasideh. A
AR ue® weT waBvt FE G F o Az
Z wave potentialo] AAlel A AAzAEL A3
2FAL AL 4 4 A 4 st we?t Kang®
o] 7?%1?&‘ 3} o] FA Y gGo T etz W m
. BE Ce FolA AAAA ky 2o whet =27
o olrg—.— C=1.022 & & (Pu Qu)ll % 10~20%
ol o7 dgRch A FFEE AYRH0.1<
2<0.9) C51.001 Y EREA A= C>1.00 =

Hol A dF=HA et EFE wdt wett Pust Qo
o £ 4 FL 44 4 F o FelAq short-cut
method® A7 % F4a7t glAd.

Amplitude function®] FAA ALY 232 Fo]7] 9
A 04 0uF source strengthr} Aoz o] &5
Ae gstovt E8lAe oA E F7 Ao AR
source distribution 6,5 F,=0.3, z=—0.005% 2%
2g4e] debdo] M, oo ¥ mE Ak 954 cuE
Izl7} Zoed dEF AeH R FAsI b F FF

1 wrel Zr)9 Aol 2ebAch 244 Beupet
7.=}°1 wave potential®] o & = #H ] ot At
Zo] 7& sink distributiono] d 237 H 49 ¥
=8 wW A4 B4 wave potential®] < o] A
o Zo%E ¢ 4 gich. Middle bodyel A= o] &
I (wf)F (wf)oF AE A= A gelr] =@l &
23 AzeA s gok 2y Al EZdA = oS
vl g Ao FFE 2w glon AnfZdAs

Fe 7 o

u

O

Z boundary layer and wake9] < 3o}
A sl Aol

o] spzto]l A4 wft wwt ©]&3te 4 (52), (53),
GHRTH (Pu Qw) AT £ ged F47 0.2
9 0.39 wWselA AAE ANEF AEAA AFE 2
g 5ol A 8] ‘/}b ek Pust Quie 12277 &
traverse ship-waved eol|A & 43S T3 g A
2 344 integrand® ko7 A A w2k AEA R
To = @7t =7 W Eol Filond A& Y& o &
delet. Puot Quiy oA oA Fatubst zto] Bl w]q)
7] el Brb wisteete HAb vl s2d Sl A g
o] Bet melge] 2z o] 33 & o+t

ol FA Ste] A A Pust Qul A AH (Po Qo) (Pa,
Qo) 2k Fhete] A (35)9 A (36) o2 ie] 25A G A
A% g vk 28 9o FnE F=0.3d 23$(Po
Qo) (Pa Q)9 (Puy Qu)E Aol vld] 7bulA
P24-Q%e) wistetE s e gle (Po, Qa)oly

K@ B et Fle% F 38 19794 94

4]

3ol P24+Q%: i Frlste] Al 49 A $A & Michell
integralw =t §A 3o ol Ao ATFAAWY X
et 28 (Pu, Pu)E EFAHY 22 PHO'E 49
3 ZasA He Aoz 29 AR A
d B%E F32 e A" 2943y AgE 29
109 vt ol F o] AgAAo) v wE gl HF
Aoz THIH (AFFTAHL least square 7jd oz =
Aoz EA8Y L #) Michell integrale =3 zs}
A e v 3t oF 100%9 247t glort ol shte] ga
too.E 2PAYP LR 23E F 0% 9 F At

TH A9 mgd Hete] KangWoj Ao} e 34
2 2 boundary layer$} waker} A 4t= olx 4 (40)¢]
Al A0 Aoz oed A JFE nAEg
g 2 A%4F 2§ 9% =¥ 109 org dehgld
2" 99l A Heutsl o] P24+Q= v adld o3
1004 T2 AHAE RAFa o 2 ez F
AE = o3 o 15%°] ¢

2y AgFAAA etz e 49 wEe
A9 %-ﬂrg}t ubel ko] H gk, wave-potential
o dFE Ve & oue Fgo] ore #dlr] = o
A J‘fr*d tol Sl 4& WA= 98 Aol o]
4’6‘1/‘1 o ATt AP H ok et At &

2 AAANL A r Ad Aol gz EX 7 &
D}- dutd oz 2AAFY LS FATFE A2 o

Z o FEe) A4 AgdA 449 254 &9 hump

—t— ol Al At et Fert Foktts dEoez 4o W
gk},

2d A E dTol A& Sharma"®e] A A e vja
7] 9 dte] B=0.05, H=0.15¢] ©l st A 45 9.
Boundary layer and waked] < &=t A= & 7
2 yeor z3AGE A4y o

Slel A ol F3tul oml A" (Pu, Qu)E B9 # 3l

Zo] A Faed 4022 vre] o] &% 4 At Mi-
chell theoryel 9% 24 Fa 2 AT A 43t
] ¥ & 5

sccond-order wave resistancer} 2 # 11¢} »
o

AgAGst cba dEAH R FA AAAL de] B
t} AL85 form factor(®) 0.15% 0.12& $FA Tt} =
A 110 ob-ge velidleh oA S $13 FolE se-
cond’-order wave resistance®] A A A§A st

A el ARz ek
6. 2 B

B o Fo] A second-order thin-ship theoryE &7



42

gt3 o] & o] &3le] parabolic thin shipe] @dte] =
}AGE Adddt. ol & B gt 2 AE
< 48 ¥ dAsh

i) Beam-length ratio”} 0.1¢]%}<l thin shipd = =+
% wave potentialZ olg mats = M Tl Ae
FEANE A nae] AAzAd nygdor A=
Aol IFE AT F 0,9 E22(2Y 4FE)7) B
Fdtel oAl Py QuE (252 AA zvHA
Fol HlA e T a2 9ol FBF F Aot g9
wave potential effectts F+& A3 Fol A A gL 3=
3ogleh whobAl AlFRETY fFEAA L 254G o
B9 #7del H.

ii) A4l 938 boundary layer and wake® o &
= zoA g 43d dFL F2 gl oy FE
Av] 2o A Fasteh oeby dub AgdAl el
T 25bAY o] B9 mohE Aol

iii) o] 8}zto] AMA AA z7 2 ship potential flow
A A 7AF Fadte A4 Agd A L0 H5d
thin-ship theory9 #+3%o]u low-speed theoryell 4 4
ARAzAE n8ste 77 A o] T nhatAa gy
ol e}, o}%] wave potential®] FT-&A ¢l A A4

Fel A% AT olok Ae
# 10 82

(1) Michell, J.H., “The Wave Resistance of a Ship,”
The London Edinburgh and Dublin Philosophi-
cal Magazine and Journal of Science, Jan.-June,
1889.

(2) Weinblum, G, “Anwendungen der Michellschen
Widerstands Theorie,” J.S. T.G., pp. 389, 1930.

(3) Wehausen, J.V., “An Approach to Thin ship
Theory,” Int. Seminar on Theoretical Wave
Resistance, Ann Arbor, pp. 1-21, 1963.

(4) Maruo, H., “A Note on the Higher Order
Theory of Thin Ship,” Bulletin of the Faculty
of Engineering, Yokohama N. Univ., 1966.

(5) Eggers, K.W.H., “Second-Order Contribution
to Ship Waves and Wave Resistance,” Proc.

of the Gth Symposium on Naval Hydrodynamics,

PP

Washington D.C., 1966, pp. 647-679.

(6) Dagan, G., “A Note on Line Intergral Terms
in the Solution of Flow Past a Ship Hull,”
Unpublished Paper, 1975.

(7) Miloh, T. & Landweber, L., “Ship Centerplane
Source Distributions,” Unpublished Paper, 1978.

(8) Kitazawa, T. & Takagi, M., “On the Second
Order Velocity Potentials of the Thin Ship,”
Int. Seminar on Wave Resistance, Japan, 1976,
pp. 255-261.

(9) Kang, S.H., “Viscous Effects on the Wave Re-
sistance of a Thin Ship,” Ph. D. Thesis, Uni-
versity of lowa, lowa City, Iowa, 1978.

(10) Weinblum, G., Kendrick, J. & Todd, M., “In-
vestigation of Wave Effects Produced by a
Thin Body-TMB Model 4215”, The David W.
Taylor Model Basin Report 840, Nov. 1952.

(11) Aldogan, A.L, “A Nonlinear Wave Resistance
Theory and its Application,” Schiffstechnik Bd.
26, pp. 79-116, 1979.

(12) Smith, A.M.O., Giesing, J.P., and Hess, J.L.,
“Calculation of Waves and Wave Resistance
of Bodies Moving on the Surface of the Sea,”
Daglas Aircraft Co, Report 31488 A, 1963.

(13) Shen, H.T. and Farell, C., “Numerical Cal-
culation of the Wave Integrals in the Lineari-
zed Theory of Water Waves,” J S.R., Vol. 21,
No. 1. pp. 1-10, 1977.

(14) Lunde, J.K., “On the Linearized Theory of
Wave Resistance for Displacement Ships in
Steady and Accelerated Motion,” Trans. of
SNAME, Vol. 59, pp. 25-85, 1951.

(15) King, E. “Development and Evaluation of a
sccond-order Wave-Resistance Theory,” R-1400
Stevens Institute of Technology, 1960.

(16) Sharma, S.D., “Some Results Concerning the
Wavemaking of a Thin Ship,” Journal of Ship
Research, pp. 72-81, March 1969.

Journal of SNAK Vol. 16, No. 3, September, 1979



o el W o =AY AL

NTI®
~
E—
Q00
og;‘
[=]
]

Fig. 3. Disturbed velocity component (F,=0.30, Z=-—0.005)

0.3 I~
-
<
.
c
o
o
€
o
o
et
]
2
s
-
.
-
3
2
a
~03
0.03
002
-
S
5y OO
°
»
p 00
o
<
-
>
- 0.01
-0.02
~-0.03

AmERES

B
Bh

Fig. 4. Source distributions on the centerplane (paraboric ship)

#16% £ 35 19794 9A

43



44

x 10"
1.0
=z
=)
-
k9
oL
~ 0.5
w
prad
o
—
—
()
=
pun]
wog.g
[0
jon]
oD
—
—
|
a.
pay
T 0.5
-1.0
x 1o
1.0
=z
jes)
=4
Q.
~- 0.5
wn
P
[wn]
b
(9]
=
)
LES
ol
il
Pt
-4
[
¥z
egln
-1.0

7+ Al
T — _
I FR =32.20 -
. \‘/\—’\ N . ]
T RS S RS e s
- ‘ 0 *T LamBpA
L - Pu §
= Ow -
Fig. 5. Amplitude functions P,, Q, at F,=0.20

i 1
L FR = 0.30 N
- L

4

i N e

1.0 %g‘ e ﬂ“‘\ s at"" T 5!‘" TR S =
2. 9 e - ¢ 3 =

i AMBL= 4

— —
;
- 0 4
!
! = P
b -
‘/
T e a -
- .

Fig. 6. Amplitude functions P,, Q. at F,=0.25

Journal of SNAK Vol. 16, No. 3, September,

1979



HE el A 22 294G A4

x ot ] ]
. FR = 0.28 -
- | J
o} - <
=z - -
O
= 0.5 —//\ —
o | B
z
= r 1
— - -t
o ——
= - el T - ST 1
Z oo ot M\#” - peo T sspTIITItaeoemcioces
B \M/—\_._
- 1o 2.0 3-0 >9 L AMBOA ]
&
=] - A
fous
= L i
(S - -
T oo -
..."' 7
W — Pu i
S Gu _
Fig. 7. Amplitude functions P., Q. at F,=(.28
X 10" L ]
FR = 30.25
1.0+ - =
~ | A
(=] . -
=z ._ -
(e W
— 0.5 |~ n
w - -
=
= I —
— [ -+
© ™
=z - ™~ . PO . e .
> 0.0 i r“rrf‘\\‘»,f\}\ --------- o i [tmeosT e e
W 1.0 /\‘_, 2.0 3.0 4-0 LAMBDA R
=
o S h
—_ J
3 - -
o . =
b3
& -g.5 -
b PH 7
T au -

- Fig. 8. Amplitude functions P., Qu F,=0.3(
KB G B16% FIN 1979 9A

45



46

(P + @)

Wave resistonce Coﬂhcun'(R/'/zF\fS)

i [ T T I T T T
8 « 01 e+ QL
Frs: 0.3
K = 0.125

—————— (Pt Pols (ag+ 0,
—-—— (e Rl et

R N X TR R s

/ ~ -
1.5 LAMEDA ( sac 8) To

Fig. 9. Wave spectrum (P?+0Q2) with second-order corrections

-2
xio

——————— Michell Theory (M)
125
Smmmmemmmseses Double Model (M+Od)
—_— Double Model w/ Wave Potenhal( M+ 0y* O}
-
——— Dispiaced Ocuble Modet w/Woie Polunﬂa/l/’
-

(W 03+ 0, o0 7

d
Experiments ( King {i5)) // /-

1 L
0.21 022 0.23 024 .28 Q.2¢ o.27 028 0.2% 0.3¢

Flouds rnumber (U E)
Fig. 10. Wave resistance coefficient of a parabolic ship

Journal of SNAK Vol. 16, No. 8, Septemver, 1979



47

4k

t 2ot A

¥

H

di o] o 3

Ao
on

digs orjogeied ® je SIUSIONJR0D

{18/ n) dsquny  eproay
s 4] 20

Joueisisal aaep 11 *3id

Ll T [ T L T

Zi

(2000 W04 S

Dz /M [330) g
)

AT wignoq)
STRID ~ PUODBS —
AU BE L BN — e e -

o=y

{ D] DRUDYG ) CeawiadXy Y e

i
O

[

Gix

BAUA

9oUEL;TI130Y

JUB101)5000

(86 €/ u)

#1168 H 35%% 1979% 94

=
wts

KHBERES



