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On the Wave Making Lateral Force
Acting on the Obliquing Ship Hull
—A Non-linear Effect on the Drift Angle—

by Tsutomu HORI*, Member
Ichiro TANAKA**, Member

Summary

This paper describes the characteristics of the wave making lateral force and the
resistance acting on the obliquing ship hull, with attention to their dependency on the drift
angle.

Firstly, the behavior of a solution of the low speed wave making theory for the body
with small slenderness ratio is studied in the two dimensional problem for a floating
horizontal elliptic cylinder as an example. The effects of the lifting flow with circulation on
the wave generation are discussed supposing a flow field in which the circulation is attached
around a obliquing vertical elliptic cylinder as an example.

Next, a numerical solution of the wave making lateral force and the resistance are
obtained under the formulation of the low speed wave making theory for the floating prolate
spheroid in the case that slenderness ratio is 0.25.

It is pointed out that a new non-linear effect on the drift angle, which is not explained
by an asymptotic solution showed in the authors’ previous paper'®, appears in the phenom-
ena that the phases of the hump-hollow of the curves of the wave making lateral force and
the resistance plotted on the base of the Froude’s number are shifted toward the low speed
side as the drift angle increases.
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Fig. 2 Coordinate system and definitions of some basic
quantities for two-dimensional case.
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w= X cos @+ Y sin & (58)
THb, X7 VEHOLARERAVLZ L2k, 67) RiZ

1

H(6) = - 87y

f ‘ Vzo{eiroUSCCZG(l;qg)qr}dA+ 1 f/ (1_qg)(qrovz)enomeczsdA (59)
o 87yo /%0

CEEEEN, B9 AOBI1HCAVADORBER*HEAT 52 T,

— 1 ivowsec2O(1 __ .2 o _L 2 irowsec?O(1 _ 2 °
H(®) = Fyw ﬁoﬂm e (1—g¢¥qrondl + 5, Sec 1) /L e (1—g)(qr°V)wdA(60)

B, T Lo lZMMOBIAKER, L. 3MEHETIMOMOHAHRTH D, S idmBCHE N LFRERT, £
7o nZREER 2 WICm O BATHERAN 7 PV TH B, (60) ik (57) RICHABBOPEEAED oL oEM L
o TWw5H, EBICIZIOBRBAEIHET 2, Bb, Lo ECORAPR_EHEARE Y OFnic T 2 MERESR
8 qon=0Thsro¥atid, —#, Lo ECORBEIHBRISBPBWELSOFEEFER r T 2L (1
—gH) D 7 > o TOEE L > THHI T o, BEOZRITWETIE 0(1/r?) T, FEREKO ZRTAHERET b
O(l/r) THERT o3 ¥otiksd, BRRE2EDAED, RIEMEIZ

,AZ_ 2 iYowsec?6 — 2 °
H(O) = = sec @fﬁo e (1—¢2)(qr*V)wdA (61)

THHETE2I LR, BROBTROLE»SE ST Ly b & 5 buemseBeisd, 270, Zo8RICE
2k, RELOESHTRBL (67) REEHEREED T 201N, FEOMIEE £ 2 o HEHSBEED
HEAKBICHS LS W K, E5 TORRIBEROBEFLET r (E70FL 220 THRMEREL L L 2 LE
DEL, BCEEOBFOERED & 2123 EEELLS LELH B,
FECOHENRBEEEAGE CH 2 2 Lo, KEFETOELEZ T (61) X2HE 3D XTHALLIE
MEEERWTEET T, ZOBERIR, &= 1BBAKKRECIHEL, BEBAHTIR, £>VI- (=c ! ¥HEHR
WIHERE) THB0S, EXBELL 2 2 RALTHMAEEBECHENET 5, 20k 2BEERTTAL, BHAGO X
S HIBAEENHRZMOBY ORT >y v LFIBTIRIREE o' 2k RAMED 7 BT 2 BsEE, &
i3 7 THd I e rrERTNL, RIERK H(O) o3 2R RRiE»k o iiigban

H(®) = _ sect ©
4
(1—g3(ur cos 0+ v sin 8)t*(E, p) cos (yow sec’ O)dy  (62)

® & /2
X/; W 5 .[nIZ
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Eixb, ZZiZ

(&, 7) = Vsin? 7+ (1— c?/€?) cos? 7

w = &(cos p cos 8+ +1—c?/E% sin 7 sin @)
w, =+ (gev'1—c?/E% cos n—qy sin 7) (63)
T

vr = %(q; sin 7+ g,v1— c?/€% cos p)

q} = uitvi = qi+q;
THY, ur, Ury qe» IZENFhx, v, & 7 FAOZEBEAREEZERL, 0 IMEFM x 2HBICH -0 F
BEDEBARTH D

0=0+3 (64)

EFIRCEBRBLICODTH S, LIzH3> T, RIS CIIREREEIGMELR L 20 sin (Q#) 2XKTH»5,
Wb cosi (P BEURW,

%k, REOBEHRECBVTIE, » ORASRMENHEO XY o THOVEL, 0= 7 = 1/2 BOBSCEBRL T
(62) =AW,

4,2, ZEMHZx37 3 Fillon o222

AIEI TR RO R RN, —ERI TH 5 L, HEIBBUC sin, cos B2 &%, » DAAHBES 1/F7 ©
Fotcd, 7Vv—FBWNE 2D, IhS5OBBBERL S EET 5, EEBNE2KD5HE, EEEBRHIVE
K—HEEEOFE2ERs N o, EHBAKCHL TERARP Simpson OARZHERIEE L THAY
5Zrid, 2ESHECRY BHEORMELX B TE Y, -0 < T5L, FEEBOHMAREBEMESD
%, DD EAEMIIEAARE LT, MK Tik Fillon 0 AEBHES TV 5, ZOFETHHES
R %=2EL, XIWCKRET 2 2t BERARLEEEEDLDIdR v, LiL, Fillon OAEIZHERESBEDS sin,
cos B & O RAEBBEK L BEHEBOBOFE OHE, MABEE E XM 2 REK TEM L, K872 HE55%
PRI RIT T 2 72, BARKMOSE LA CL->T
EEEECEERSEITY e TE R, FITHAHMT
i, BOXMOSELEIECBETLEBEEOHS
RRIETE B &>, BB 3 Fillon 0 5% —&
BOMCHER L TRV 2o T ZOHEOBBICOLT  yprhen.n..... XY
B3,

(62) RORBEEKL DX TA % —MILL 725

— <

(X}, YI+)

j~Upper y=aj X+bj

X8 Ys X
I = /);A dx /;A O(x, y)e*¥dy (65)

WDOWT#22%, TNEX_ERSTHLroEIHEEE
EABCHEIL TRETZ ZcThid

j—Lower

* I J c;( y
7= 2 ]j _ 2 / Jet dx /ynl w](x y)e,'_(),(x,y)dy (XJ_yJ ); s XJ+1,Y)
7 7 Jx; Vs ’

>X

(66) o X X

LEfEns, 0, 21, REPBOFTR (62) 6 Fig. 6 [Illustration of divided integral domain.
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I3 BB O, Thrh, RE, HCHEST KT, RONSBESERTY —RcHmE e 45, JOME
DRRNCITELEZ oND D, (66)AD [ #FTNCETT 2 LTR, HE2 —ENCFETRT LN TES L
MEBRV, 22T, ROWLRAFREER, Fig.6 WRTILIRKELZ2 DO=ZARERCIEIL, 0, 2%, %
NEZENO=AEOELACNET 5 3 m%E 25 FHIC L > GAML, BRAFEHEENTORSME I, % Lower, Upper #
NENO ZHFEBRN THERICRO LTEY 2 it T 5, Fig.6 X3 uRARBEEE2E 2 25BE, & (v,
V) EB (X, vie) ZEAEENDER Y =ax+bi(a; >0 WX E->T2 20 =ZABERICHEL Ty —Bitrk
biwumns

I; = Ii_towert+ Li-upper

Xj+1 a;x+b; X X+l Vi .
= /;, dx ,/;,- @J,fl_(x’ y)ezD;-L(x.y)dy+/;i dx /;).,Hb, wj-u(X, y)ez.m-u(x,y)dy (67)
& Tﬂ‘f, [j-Lower, ]j-Upper 0:%?‘5%%% t LT, %n%’n@fﬁﬁ}%@ﬁﬂ‘ﬂi?— 5 : t II: ; D »
Xj+1 a;x+b; .
I tower = /; dx ./_v (Aj—L'x+Bj—L'y+ Cj~L)e'(a"L'X+ﬁ’-L'y+7j‘L)dy

_ 1 (@111 — @, 0]

ﬂj—l.(a’j—L + 8- aj)

[ 2541541 i2;;
- B (2t B a)) {(Bi-c(Asr+Bj-r-a)+ By-slas 1+ B-r-a,)}[ e+ — ']
-\t Bi-rva;
1 iRjv1.5 ;.5
+ (@js1e 7 — @, 5¢"7]
Bj—l.’dj—l.

: i2jer 24,5
" m('8"%°A"“"+BJ‘L'0J7L)[€ 2ieti — 1] (68)

Xjis Vi s o )
Ij—Upper = l dx ./a.’x R (A,--u°x-+-B,-_u-y+Cj_u)e"“““ XHBi-y y”’“"a’y
J iX+bj

_ 1
© Bicvlas-ut Bi-veas)

2501 i2;,
[@j+].j+le rt—Q; e “]

" B u(e :—,3 -a,)? {Bi—v(As-v+ Bi—va;)+ Bi—vlaj-v+ Bi-v-a))e™ ™7 — "]
o u(a-utBi-v-a;

1

- ﬁ (D1 e — @, 0™
j-vdi-u

- B3 Za"- (Bi-v+Ai v+ Bj-va;-v)e 7 — '] (69)
J-u* G-y

/5, 72720,

_ Yix1T Y
Xji+1— Xj

a;
(70)
b = Xi+1° Vi~ X YVj+1
7

Xj+17™ Xj

THY,

D, = O(x,, yj)} (71)

255 = 2« y,-)

z‘:éﬂbf:o
ZOHEERCT, (2)ATREINZHHIEEBEHEORBEEKE, x T &%, yiZ g 2GS ¥ TERBLI L
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Fig. 7 Picture of divided integral domain on

the elliptic coordinates. Fig. 8 Picture of divided integral domain on

the physical plane.

A5, BIzIE0=0DLE,y= g D ERRIC—3T% b D=ZAFAEE THAEEK Q O x ARIOAE e DIk 5,

Z DB TIE, Li-towers Li—vpper WX T 2 RRA(68), (69)DFEIH, FAHIBEBEEZCI>THRHBLTLE S,
FNEEET L0, a2 a0 Taylor BB L 2 RICESL TELBIORRAEZUTICRT,

[j*Lowcr 0)% 3 gﬁ; @% 4 ﬁ‘ia Q-1 0 T
|[3rd & 4th term of ;_rower(Eq. 68) ]| ~ = KIS By )

@10 Bi-t
ijl. : * * * % ~Bj—ll
X 3 — (A x}+ B v+ Cio) s xf A xf*+ By, + Ciop +i
I

(72)

J—L

tﬁﬁﬁén, Eﬁb: [jfUpper @%3@5&0%4%6, ai-y > 07T

[{Brd & 4th term of I—upper(Eq. 69)]' ~ KTH syt 0

e
=0 By
X [—Bj

B —_ “i(Aj_u’x,*+BjAU'y.f+1+ Cj—u)+aj—u'.x_;‘k{Aj—U'xj**‘{'BjAU'yj*]+Cj—u+l’h}:| (73)
Ji-U

J-U

b, 2L, xf, xfrix

x _ Xin1tx;
xf ===
2

. (74)
x;*:l' xf+1+x,-+l°x,+xf
3 X+ X5

EEBRLIZBDTH D,

EEE, QURTEZESNAHEMAEE (§,7) LTFig 70X CRAVOEOMESELEA=ZARD A v 2128]-
TR EIT 10, IhrVEERECHIEEI 2L Fig 8D i oAy v afl) CHERIT> T &tk %,
FEENE, AR < 7 <90° D 1/4 A% 3° %A 30 %45, A EMERX 1 LT, 1= £<11/

PROUTE T S EF TR, THUERIC 36 2F L 7-HR, KOs RAFEE 36 x30 = 1,080 HEFEAE
L, #hx 5L C=AFHEE 2 2,160 EER L 72,

BEESH SN TOLERROEHBEFABR TR E2MA L2, BEAEBR =11 BEEX T, SWiiz3
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EMED S SR CTERALETS R XS THD, SEMEL InUEMe < (BIZIE, 7 %90 F5S, £EMOLEERE
ZHID K 97T AENLTH, FEXROXMEBATORMEI/NS KR D BEMICHES 2B E, #Ho THEMEL &
52L5TH5,

BB, REWSRTEREIRE > OERBIUREIX, —75° < 0 < 75 OfM% 0.5 &I 300 FSLIET
IRIEEE H(O) 23 EL, T2 SRS L TRKDbDTH B3, LIRE(Fr, B) D Cxus Cr. #EROZDICET
% CPU Time 23 65sec TH 27,

4.3, BB HBRE tDER

FHEE, IBRMBORES L LT L/B =4 OF&EEHEHEIC DV TITo 7, fiffiAR 8 = 07,57, 107, 15°, 20° D
EXfZ SO REBIZDOWVWT, MERZ7LV—FEEF, T0.2~0.4 DEFE T, EBRITER KL(=27) BEHIET
6~25 ¥ TOHIZ, HETD 6.5, 7.5, 8.5 %HA7 23 DIRAEIZOVTEML, RHMA, MEEZE 2 T 115 K
THb,

4L 1LETRES 7y y PRELLRERN (62) %, 4.2, i TR ZERES TS 3 Fillon 0 %% Ay THIE
HEXITY, HHEORIEBEK H(O) = FIH(0) 5K 5 &, FBSENKTH->TH, AHOAR

Cro = a3 [ |H(O)sec’ 0d0 BC_X v
(75) 2L
»oEHEEBEHLE SN S, Fig.9 37 6l
V— R R — 2 DB RENHE S FHLA 5t
BUEONTELT 2HFERLIZHDT al
52, EFH L =00EEFOZKIEN 3t
HETH Y, ZhrEECRBTADEM 2t
WZONT, N7 e ko —DOAHEIMER 1
BLCBEENL T DORRF0 5,772, OL .
ERTRT B =5 Ol L BRERBOE HTES B * KL
BEODERIEECEH»TH B, Fig. 9 Calculated wave making resistance Cx, for the

prolate spheroid with the various drift angle 5.

wiz, BHACT SIS OKE

HrEAND DI, 8515, 10°, 157, 20° o Cyy
X
D 4 BRI ICRIG L 72 7 1 — K — T /
2 DRGSR, BHLA B 12Dh T g 5 /
T 3 8F % Fig 10107 T, 24, i —— E 38 /
Cy, = 7FR :/
2l /
/2 ~
X/ |H(O)|? tan O sec® OdO L~ / /
-2 /' \\ / /
4 \ ; -,
(76) /oo .
' [~ /Sy
. o~ ,/ ‘/‘ __\;._\ ; _/" //
% B AR5, RREDEESE O 1M - VNN /{/ o
¥ ,n’\i;‘ ; ’ 4 _.-°""'°‘"'-~‘,_ N'D// - "-“"
TERMREC L > TROHDTH S o BN TN F,
o) go“ 025"~ 030 W 0.35 0.40
S, ZOMHIDBRE, BROBELDE 25 20 15 16 % KL
Vi, BRELCEIC tan @ #EL T ’
. . ) Fig. 10 Calculated lateral force Cy, for the prolate sphe-
22ETHB. 8B 0DEERICIE, F roid with the various drift angle 3.
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BN TH D05, BHoLTENRELCE L, IO L3, ERCKEFELT-> THEEREEEOMERS
CHAXTY, BEHEROELY b ErOoNE I LB, 20 Fig.10 #R % &, Fig.9 OEJOHE AT
BEIOFBEACEL TBIRRIEKIGL TW3 2 0300 558" TRUCENEE TR, e /& ko7c & &3
BREA 2 EFEMECERIBIE L T L7, BEROBHET ¢ = 025 L BRI/ 2EC LS 3, EERTH
S % 10 REORENLEL RS, WL AHOBEHERER L OEV I, BhMERHLHBOEERERKORK
WHIZHZEEZONSE S, FROBEIGEERKS - BHlE 12, MERAETER SN BERHERLO TS
ERBIZEDEIREZEERLTWE EEZONDE, /2, N7« RO —HEKAR L L TRKEVWLOD, HHAET
FRISHIZIEEBL DT T RV, 7272, Fig. 10 D "SR TRT 8 = 200 DRSO BE 2 ¥, Ko —DE
WK 7L — FRTIHERBENSAICZ2 IO Z2BRIEI - TED, fHA - HFIC L > TIBEEOB L ik
WHEEICETIAREMENH B2 Z L 2R LTS, UL, EEENOMMIB T 2 KEHI, SfiASENT A
L RMNT 2 L WIS BMLERCRZ-TELST, 70— FEICL > TER{WA 3 3N TH, ik
MR Cr BBALT 2 L5 0T bEI > T D,

BHCRIZTRMABOEES ST 272012, Fig. 11 0RT L5112, BEEHMEE FhFhoffifm s Zk
W, 7= BT BN ek u—DEKERD» S, TOFUROMETH 2 FIELIES CY) &, ZDOEEIRK
SOWAE CVL BTz, Fig 11 272 &, RSO FIEF, 230.2 55 0.4 OEWEATIE B = 200 DRFHLD
BE LR THRBRRICHEINL Ty 20t L, ZEIKHME £ 2815 F TIRIZIZRBWE RS2 L TH, A0
20° TS »ICIERBIBENEN TV S, L L, ZOREIZZAEBAS QL L, §iY TRLAZEI I, B2
L TREMEL TEIT T 2 2 L Ic 2 B ERIER 2V X O cBbh 3, L, —SEBRAOMEREICIE A
3 &, AR TIIEEBIMROBIE F 2ICEKFEL, Z2ORESIH B L THREMICELT A2 20T, il

boTFEMNMHETH--DWHL, Fig.10 © 8 T L O
Cy

w . WKWEB T2 L, #RoD(FE 8 oI E & & IEEAN
S T R % A A

BETs2e08005, 2O ki3, H5B7L— Kokt
L TEBRBNEHEL XD &3 58B51C, B DIERAUZNR
ELTHN, BHRULECHEEEOET28<, Fig.9 ®
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Fig. 11 Averaged part of lateral force CY{) and Fig. 12 Averaged part of wave resistance CY,

amplitude of the fluctuating part Ci2.
from the numerical results.

and amplitude of the fluctuating part
C$% from the numerical results.
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Fig. 13 Calculated amplitude function for the 4
prolate spheroid in the case of ¢ = .25, _ o NN o
Fn — 0258, K()L — 15 -60 -50 -40 -30 -20 -10 10 20 30 40 50 60 (deg.)

Fig. 15 Calculated amplitude function for the
[Fcent? prolate spheroid in the case of ¢ = 0.25,
F, = 0408, K,L = 6.

EHIETIHRIC b Z OMES R 0 BHEACEEHT 5

) ERERREBO S50 TH 0, Fig. 10 0577k

Claer  BEFA—D BEHNUTEE—D FalZ/ny 7« ko~

Fig. 14 Calculated amplitude function for the BB S I evo, B BHE b AHECNT 3

iﬁffﬁforgw“*“E:“%' B DIBBEMBIIFA—THB L EZL5NB,

Fig. 12 iz, @SHIEH 2 FHR S CL t BB

CEXZHITITRT, MRS L BB =0 05DER,

B =5 TRALRsn?, #h B2 HFL THML Twvw3, Zhid, fiES OFEB TR & 512, R
BRA L ORBSEZ S TLIBEATHERELWI LS, HIBEFRIALILTH 5,

Fig. 13, 14, 15 i2ix, FENFRFUGIC BT 2 IRBEAKOFI L LT, T ZNERTER KL =15 (&), 8 (H
#H), 6 (FH) DIRETORY—V >/ UiREER H(O) = HO)/F; DERETT. BEOBSIRY, KB
BBOEFIBL <, HO) DEIZAEL BoTW3, 2D L d, RIBEEKOEEIIHTRS 1%L Fi kD
HIEWKRECHRT 2 Z LA D, —F, BEEOREIC DOV TR, RIEBKOAHEL 8 OMWINCE->T 0 OF
DR~BETE2HRRBFBFDOSNZ, 2D i, RCERLIEEME %2 S CCBHMROMHED 4 OBIN v
BB T 2 L LIFERBR L VBRL TR eEZ oY, RIBEAKOMHELIBET 2 2 L BFIIEHA
Y THLERCERO o N METH 5, WL TEERETHROBESH2HHL B r -0, Hl2iE (40) R
D &S IZH/ONIRBEKD S 5 sin ORHEREE (-} T, OB ODEEFL LBIEATZ2 D LEZ N
%, LIdi> T, BRICED AN 2HLRFBETKD 28I, BECHEET 2 DEK%: f CRET 2 CED
LRETHB LI CBbR DB,

UEF e L, RIBEBOMAEIINT 5 8 OEKFHES, BEHENIOFHES, RHKS L bBRRA B K
BIKCHREE S B 2 L2 &, EHARS, BEEHICRIZT 8 OREIRERNC RIIIRY TR UBATHLS Z EH
S olze EIBUERRZ, Fo R—ADEEE % o CICEFIBHLOBRSS, SA 8 oMInE & b i {BEAICEE
TEH2EOIFIRIERBEBELIRFAL T3 ahol,

5 & )

EHFT 2MEICERT 2 EEM NI 2 BEEEHERCE SO THET 2MEICB LT, MREWNEWLIFEED
BOEE L ERFNSERCRZTRECONT, BHELBEC OV TTFHIZRE M 7RER,

i) AR TRUCELGIRR, MR e L7V —FEF EOBIC Fo K e DIREDB TR VRD I L2V &
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%, 2IRCAEBEHAEOEFENOBALSRT L LD, e< K1 OREDS ETid e WM& L EHE
B fBEN/J oS Z LR,

i) BHERET IHRVBPEKICRIZT THREOREL2RE T 2/7:0, KE*EETSECHEAEORD
KERSECTOIBEC DL TN 2ITo/2 £ 2%, BEMNB X UEFIERICNT 2 BBHEAORER,
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Bz H o BEBMI L2000, BISEEENIIHL TR ZABAE LI LB ER 5T,

INoDZEns, MIBLEOD/NESZMHHBEHRT 28881013, —EHAFBEL L TR RF vy vy LHLEEET 2

bOD, FBHANNEVLEVLIRER ERITS I L RECRBEK YR 2 LE»H2 &2, IR 1/40
FREEAEIECOL T EFEEHEEROERMEO b L EEHE % S5 NIOERHBHIOKER KD 2 2 L 25 AT,

Z DK,

iil) BERIFOBEZRIET 272010, WS L TRIEMS 2 Eba WBICE L BB ZETLI,
e, RO L TEBLULEH T 2B L CTEREP2TOLEN D /-9, BiES T 5 Fillon 0
SR ZERAOBEICHIRL THEFEL2T . ZOEI R TROER, +ouBETCHEBICE I HEN
PEMERDBZ Z L3 o7,

iv) BUESHEER T b &, fA L Z L OBEBNIMERE 7 L — PRI T 50> 7« R a— 2L L 72
SFEZFDOEHMBPFCHELIEZ S, ZULEFLORDIL L DO TIZITRBEAIINT 2 Z L8590 072,

wRe LT,

v) fHA B BT 2 IERAEE S, T — FEICH L TEBALERBIHERS & NICERHIET#ERD >~
7 e wu—OfAHDS, B OEINIH > TEHENCKEEI T2 L WO TEHNS 2 L 21/ L 72,
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