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On the Wave Pattern Analysis by Means of Transverse Cut Method
for Asymmetrical Ship Waves*

—A Proposition of the Fourier Transform Method
by Means of a Sheet of Transverse Wave Profile—

By Tsutomu HORI** (Member)

In this paper, a new transverse cut method in the type of Fourier transform is
proposed on the field of wave pattern analysis. If this new method is applied for the
analysis of asymmetrical ship waves, the amplitude functions of free wave is able to
determine by use of only a sheet of transverse wave profile. That is to say, the amplitude
function of elementary waves propagated toward the opposite side of each measured
side are obtained in asymmetrical wavy flow field, when we transform a sheet of
wave profile measured along the transverse cut perpendicular to ship’s cource from
centre line to infinity sideways both port and starboard sides by means of Fourier
integral.

The present methed of asymmetrical wave pattern analysis is applied to theoretical
wave pattern generated by a submerged point doublet with oblique axis in order to
confirm the reasonableness of present method. The effects of radiation condition of
ship waves on the equation of wave pattern analysis are also mathematically studied
in the case that the longitudinal position of transverse cut goes to infinity rearwards.
Furthermore, the relationship between the newly proposed method and the ordinary
method is theoretically showed on the transverse cutting wave pattern analysis in the
form of Fourier transformm and is numerically illustrated on the base of analysis for
theoretical wave pattern generated by a submerged point source.
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Fig.2 Integral domain on the Fourier transform
of transverse wave profile in y—direction
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REBTh, BRUNMNESR» ORSHITTH S &
LCxe UK AHHAETH T AR, B—0E#H
BEMRS.
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FoE, B ToRIERKelvink OTHA 0 =+19°
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EDO LS AT E L -Tcdb D LRI N L.
st UTRTINEE OB A, v D 1oEHET -
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H—oflDoublet AR 4 A HHREHCHEHEL, *
DFYUHEL RIS 5. F 1, SRR T
WNBx DB oOWTh, BEEINLH.

NI | -El ectronic Library Service



The Japan Society of Naval Architects and Ccean Engi neers

3.1 f#Doublet

FTEORFRE L1-Point Doubletid, 2% & m4ic
HECIREE I3 A BIEER IS A L b oTh v,
R BRoDI/KHE Fz=—fILE D, R B #Fig. 112
AT LD IACPFENOME TRICE S & %, % OIRIE
BEFE,

2 «
S() = — T2 e oS,

% (cosf—sinf-tand) - sec*d

C(0)=0

DEHEMAETEL bR, Z ok, ERIKE
B—HRwwkT, BoFARZ Y (U, mn) kl=
—cos B, m=sinB u=0LEX, FLMI s B-—-14)
Kb p =L UDE i L1t & ODoublet hE 1
R OBERDE HECERT/LLTEL R
TebDTHY, ZOHECHEIFELT, SEOARTE
BB IR E T\ 5.

3.2 HEYIERTE

AETIE, HlETDoubleth AR X % WAL O BT
R T~ 5.

Xe=40 |
3300
Yo =1

Fig.4 Calculated transverse wave profiles genrated
by a point doublet with oblique axis at the
cut of x.=40

Fig. 413, x. =403 7ch bE & & Tl EER
DEFOOFRETEERE COBIMEL 2R L
LDTH Y, x PLUCHTAHLEME LTEDRLHT
H(15), AN HROBGES £IHIZE T, ZOL9ic
AU 2 T BT CRATH A, ZoL &, Rlimm
i B =307, Wil b IR AKEE LK yo=f=17T
# Y, Point DoubletidE RO ER 57213 7KME Fic
WATRIET 2 Z LK, s Ltk
SR EORABRB T 510, & B
IRREZ FEATH 5.

ZOMEERE, 25)RTEHE 2 5N IREBEK A,
v> 07 2 AR LTz (DR, y<07s A R4
XL TIEAORERAL, BAODEEAEE Lt
DEHBELTHWI-LIDTH L. 7L, FTHTO

WEMBEEOSE, BA%YO0>0THEZE LKelvin
PatternDERRANAD ZHWTHELIT-TDH, +#0
ZENF BRI ETH D, RAQLERTBIE
BT TEL, 2.385T1T - & x > LRI 3
HEUMABEMTLHEDTH Y, HOWETLE Tk
WEEARCTAEATHBY. FHEILY- T,
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ELTroe®a,yINKEL e THBESBEROTE) H
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FillonDo AR E H VT - .

Fig. 4Dtk & By OFEERIIZL/100TH b, B
FHECFMHE L THERIN TV S DB NR - g
R BN, BECIIECHBEREETH L. MR,
SR TR O E#EDoublet ( (25) R4 BV Teos B
PEP AT L E ULERNRLEER A, Th
CROAFRIE S ( sin B 20 )RR L5 &9 5 C
LI L 5T, ROERTRT L5 ERIERHT Y
DAEREINSZ &I27 Y, Doubletd il AR AIC
B=30"RIR-TcZ Lt kD, GREAGy>0)DEH
DHBEM(y<O L v FEBELNEL, BENLERL
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B ERNTEL, BRE S 2 &4 DK g
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BEEnsors L, BEIMEHEcE BBk %
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2B E L ABREE 2 DR, TiE~D
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—7, MPD&KAT 2, Kelvinlk DIEFA19°28" ©
R SHEB( 18RO BNAIEDSLN [tand |<1/V 8
ELTEHE2ZBNS. )ERLIZADTHY, +x/2/2
DB HEETS. ChxR% &, EBIiZDoublet
DEBED, 0L CMHEPHYLIEHE LT TH - T
bELIIIREOFFHNICIIMNE > THE ST, Kelvin
Angle & D 5 AMUICIEN 0 R - TER S B E
TG b, i, KEDOAY I, FhKelvinlo
cusp lineDMECHET S &2 bh, ZORFETD
R OMFEZEE) I Hognerl M 750(1/% %) TH 0,
PRI 0> KR 23 D $E IR A 7= 9 Kelving OO0 (1/4 %)
LD BPEENT D, KEABEEEELIZLDTH
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3.3 IRIREIE

AE T, BIETFig.40 X 5 B b n i BEIRE
Wi, ThZnEAmEE cHMcFourierZB# % 1 L,
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S,C
—90 60 90
“\ C ( Wave Analysis ) ! (deg~>
\\ S ( ditto )

S ( Exact Solution }
S ( Symmetrical Component )-—

T ;om0
S S
\“\\ to=f-1|

——0.2

Fig.5 Analyzed wave amplitude functions of a
point doublet with obligue axis at the cut
of x. =40

oo (15), 17) R THRE LU BE 2 HIRIEREE L #
BLThbZEdD, BB LLFEOZUELBGE
9 5.

Fig.5(F, + o0& 512 LTx =401 BT % B EIWK
o bRdRESNHIREBEAKOERTH D, TR
SHBicEs & LTh, KimTHF LIk Lh
i, BED IR OB OFourierd i b, &%
R A IRIERE R A KOG D LGB,

ok, AR FourierEI ALY 5 T, viC
B4 2% 4% 4y=0.1& LT, LKA EDOFillond
BOAREBECTT k. 1, EUOMEROBE,
Fig 4 BN A Lo, FEikKelvinfio g L 0
BIHTEER P CHEST 505, BRIk 15), A7)
XMFET &5 Ry=00H 0 HEBMTT E TOF
X I E A Fourier B LEL T 50 hED,
SR PR X EOFourierfi THEED A, Lichi-
T, WEEOSE, b BREHCE L TTLY,
BFTOWENOL/YVX) LoD ITHY D ALY
#IF T o RAERRX I B A 5D % NewmanfE [F 10 L -
TEA LT b » e DX L, BOEED
BEZOBOBEIRETHY, ZOEIFMmTLR
Nl L H IO &I Tw 5.

Fig. 5128\, v ERTRF opn25)Rick
T B =30, yo=r=1& LTIt~ DIREMAK
S(O)THD, BipE, TORNBEDTEZRTIDTH
L. —F, KRWEHTRTON, Fig.diigfkIni
O FourierE#ih H1E L NS e b U CHETH
b, o, 8<07AEMOEERKS,CiE, (15)
&N LTy >07c A HEMOBIMEE» 5B LR
LA DTH Y, W 0 >07 A AMORERELE, A7)
AN L TCy<0h 5 ERBOBEHrHHB LTV,
DX O, &a DRI ERE S A BRI KIS L

T, IERFRBC B0 ARIERBDIRESI NS T L,
KGR Lo BEo K nBlch s, th%
ROk g nwhis s s, EOBVWEARKOEE
wFourierZ¥ LB b i ¢ AEBORIBEK DS
B, WEOEWEROWE» 1B bR § EHEO X
nEvd, MAEIAAKE<KBLRELYTHS.

XT, S0BAx.=40& LT E2 BT
BATWADZ EL BT, BIFENLSER 6 =15
R D HRUER % 8101 OIERIBRME & & 6 Tt 4 DIRIE
S ERErEHTTE WA, —,CRIE2WT
O =0DMERBRIEERE LR L TLELE
2 WEBEDOKRE X LAELTE BT, T4 Doublet
VAT CE DR Lia\ &\ 5 BRI O T 2w
THRIFIEHETETCWA LS THD. DT EMD,
KR cBAZE L1 (16), (017 O BARAL, x. > 17 5 i
L LTIE LW C ENFER SN Liis b, el
L, IR bns &5 Sk, Cllioils &b, BiE
kR 0 B LTl S BFT RN E L TR
D, BEGME OB AV (2D b R b BET
H5.

o5, KRCREST H\ITFER, —kk
WS MBS 5 0 = 03185 O KRB HRIE O HEE RS
CREEABRLTEY, Fhictkos CFig. bt AbNR 5
kow, 0 =0DKFELECIMEAfloREREEK
CETORBEFENET B L b, ok, ZORE
13, $EOWHE L ABITRERICLELTVWIELDTS
pImess GBI OB E, |y LG L THER
VAR S NP IRAT R E 0D 4 VB 090D 93 g = O3 35T I
BOZE3, M2 T O Y ORBEREIFTHEI 0 &
S 0B A L f- Newmani o &G LicIE Tk
¥ 50 LEE LW B, 2 RTEYIE
BOBE G, BITRBAER 0 =0 ORI T
B(2.28(10)KR—>0DR ). #-T, 015,07 RAD
LB LN x> 1k A B LEEE T
BHIEMD, EOEHBRICETHETE- AR
FENCD I =0CREOEBCHFS LTS EELbN,
AT T 0O Bl s FourierZB ik &\ 5 KR DOF K
KO FEIRNBEHC bR LS, T TERRELR
MU LR B ETE &\ 5 B THIT BT LUE %
BOLBINLELEbND

— 7,4 < FEEICIRBE O FH#liDoubletic & L, S ic R
LR 084, Uy, = 220/ BT LR
SRR A T LB EREE B 2 b B P,

A0S EZT A, XL, SEENTORRE Lic
DB ARBEREC I HWPETH Y, —BICRAEDER
T AW N C &, BREIMTRT I S e
hotel EdBEZ bR, EEOKEMOEE &R
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BERRLD, Fig. 5OFBRIKLTS » T, HYUBEx O
BRI O WCEIE A T3 S ITERRHY, T4
oW TIKRE CRMEREOE S B & LT OEKEK
POEER IO VAV TRERITO LT 5. L
Lishi s, BREIBE & ONCRETIEEY O RN, 2K
R I 215 B W idy. > 17 5RO T i i
HEHEESR TV 00, Kig TR L - HMIknE
Dx X LT, METIRE Dy I TRBRICK & 7x
EX BT RETH L L, LK EBOBET
BoTHRMEHELILNTHHD. LIEL, AETESE
5 BEME O MK TEZx L, REBERDAEER
2 Z ®DoubletWE IR AKEOBERLE ~TkYH, —
BomeERg s LTRZABE8 T, ZODERIES
HHCEHRRBEDOERBCRICT 50bH, COx. %
BEOMELICN T 5EBRTAr —VicEE 2 T
x./(L/B) &7 v, B2 3L/ B=1012E MM % %t
BB NE, UNMEOXEBEL I TEIx.L0 %
1THIR/NE L e b, Fig.5lkx. =40DWHE T DOk
RTHoH, Th&THER» HURRLET THRM T
DR LS Rine, BonBE2 B 5.

Lichi» T, BHEOBEMAED L > LRI CHART
BEOR K TR OB & RiET 556
HAERUEE D & O REHFEHOE - TL 5 LRI ORI T o
R, Bic LTRSS CEEEREEEY ROE L0 E S m
ZoWTIE, SHECERITIC S BERIIC TR %
DEREMETHY, ThHUEZZTRIIHALR.

3.4 ERER RS CISEREN

RETTE, HOWEEAHI LICERE LTBLR
TCIRIBBIE D &, BEEHSCEEEN2EE LR

CX\V 9 CY\V
0.06 -
Xc =40
3= 30°
f=1
0.04 -
_— Cx. ( Wave Asnallys.is ))
0.02 - \ /C,\', ( Exact Solution
o Fu
l\\C ( Wave Analysi
Yo av alysis )
-0.02~ \ Cy. ( Exact Solution )

Fig.6 Analyzed wave making resistance Cx, and
the lateral force Cy, versus Froude's number
for a point doublet with oblique axis at the
cut of x. =40

ZOWTHR~NAS.

Fig.6l%, BIEITHRN L ciRBEISFig. 5 & [B— kT
X =40 TN 2T > b DTH Y, FHE =30,
BIKEE =1 084 O Point Doublet 1= %4~ % /&I
B C v (ZX./ & 0 UL D) 1o b OIS BB
Cwl=Y./ b 0 UD?) %Froude$ ( F, =U./V gD=
LV 7o )R—ABALLBEREER LTS, K,
KWEFTRTON, BFOFourierB#amn bE L
TIRIEBES %, (A—25), (A—20) MR ( AR
CEBEERC L OEM ) ->To B L THS L
TELhEADOTHL. —F, HOFERIE, Cuw,Cu
BT AR YR L, WEBTEV 1 (B—15),
B—16)HARIFE T, [=—cos B ,m=sinB ,n=0&
BNCHELLODOTHD, CRIESBROZ LD
Fig.51C RS IRIEBIBUIC X3 5 BIAES (0) % (A—25)
(A—24) R PE - THREMCED LItRRE—FKL
TWwhb., TR, B ICh B Froudel o 4,
CEVAMELTEBLRTVWAI Enb, BRCES
SENPERBRSCHEHI BN FEREAE LTS
LERGMY, KEEMBOEELY RLNE L, Z0
BE CME 2 B - 1 5E, B 2uw Tk
RTOMNER - MERIBBET—RLTW5. ¥
Tz, BEPCkw DWW TE, T OX R B — OB KSR
RECS#b B3, TR R SR B OB
BB his Y T e R =D bNE H DD,
TN RS BRI EI TETL B LD TH S,
IO DB E B OB I EN AT S0,
BiffiFig. 5k R b B Lo, KHETHELLFER
6 =05 OIRMBEARS 7o b LRB X 2 TR
A RS CLeRE L TR, BT nciRiEE
B HFig. 50 & 5 0 =00 D THATH D Wi BA
it Crw IR DB DO EHY L, M MREDRKEA
e ET5&EEZB2bnA. T RIEX LENC
OBEE, (A—200XPRT L5 (A-25RNo&EH
B L RAY, BERELTCERtan 2R U THES T
BT &b, 0 =0(EDOBITRECEE SN TFig.6
DEHIRBITFIEHELELLDTHA.

—7}, Fig.7i}E—DDoubleticxt UK LW HE % Al
HeHFEx=0DMNE CHET AT -TcbDThy,
HCrule DT, AERBEFT TOBIHLEL N
Fig. 61 b NIEBE R E DESEL B BE L TR
WELDD, ZOREOME TEN AT - TH EBD
Hih b EAMCE TS EE THRERLHBATES
otchsr. Ll, BEHCLIE 2V TEEDR=40
D& X Y Froudeic BT AV S« ku—REC
WL BoRTEY, BHAPHNTT 5 3 EHRmE
Doubleticiif@ ¥ 5 L 5> TH 5.
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C Xw 9 W Yw

0.,08_(
“ Xe=10 |
0.06- B =30°
f=1 |
0.04r Cx ( Wave Analysis )
Cx. ( Exact Solution )
0.02 -
0 3 3 I
P
_ L Cv. ( Exact Solution )
0.02 Cv. ( Wave Analysis )
Fig.7 Analyzed wave making resistabce Cx, and the

lateral force Cy, versus Froude's number for
a point doublet with oblique axis at the cut

of x.=10
CXW 9 & _Yw
0.10
/ Cx. ( Wave Analysis ) = 30°
‘ Vo=f=1
0.08 %
0.06
0.04
8.02 'Q.,”Z _____
/ ™~ —Cy. ( Wave Analysis )
0 23 5 w0 2 50 100 200 Xe

Fig.8 Dependence
resistance Cx, and the lateral force Cy, upon
the transverse cutting position x. for a point
doublet with oblique axis

of analyzed wave making

Cyw ORETIMIAL B x. X3 AIEREM R —D /T 2 2
®DDoublet® M RICHFHE L b DHFig.8TH Y, 1
B X DA — NV ER - Tnb. ZORMD,
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SNTWLBEFRBERTV S, ik, 8% crextit
T AHBMEx. KRBT Ay=00E&ET b b0 E
ORELIWTE I % T il LTk Wi N 4o F IR
LT, ZOFEMC =D IUE & EHIECre Dx B3
BV S e sko— L OMICIE, ST - B4 RITEE
HhhEWE D Thy, x KT IEBENL Rk
Db, LR TOREIEE OWLS 5 B OME
THEF AT 21T, EECGEVCEBELERES L
BEWVH X PR WL S TH A, B, B
Cro CPWTR T I TDRGEDLDHEEES ¢
TRLTWAHR, FOEREROBHRICEYD 6 =03
BEORBEKCEAVERE LW TELRLZ EnD,
YIlitEix. OO HIC & - TET LEBLEHO L5
WHIT, RSB T 2T T,
FELIBIIOMERED ZERHRD LY THS.
LEoZ &b, KETHFE LI BHEIME H e o
BCFETCHZ D, BEROEFER LV LT L
BB OB OB CE L FETh B L4 E
Z .

4. RERDEYIELE(CH S DHREY

278 CB%E L IoFourier £ O BEEIMEE L, +
B, AN R L o2, Mokt
LI I B8 % y=0D HR LR B 3 1c 258l L,
TN NEAEECK LB Fourier £ # % fi ¢
T eI X - TR IRETE A E LTHELATY
5. KETH, fEROBYMENT->TWB L5,
BONIHEERERS EAWGICE » T—E i Fourier
AR LI BE2 > ThRET 5 & b, &
HTRE LGS OB > W T ERT 5.

4.1 RERBEIOREYIRTE I BTk

AHTIE, REETHhRTWA Lo ICEREH S h
TR C (%, V) %

Yoo .
w=lim [ (e, e et gy
Yogrood =Y o

(rzz L, ¢>0)

DX 5, FERES»DAERES $ T, vRICHER
KW E » CFourier B4 5% = L &z, ThiH2
HETIT - P ERXEOFourierE# § & K4 % -

DIZ, WEBLZ T A., 22k, 2.3HOEEM
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—DRERBET L LRS- TWBDT, KETO
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ARE L TRACH L Tx P1ELEHH L2 (19)K %
BHET 5z L1035,
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__l . g s W olToxcsect .
ar—zylm@mf_g{cw) iS(6)}-e” d6
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Xﬁ e’’’ dy

L : g . o a—iTox sech
+2g1£gﬁxm+wwﬁe r do-
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oo

ElY, TOBOLBHEICERTTEBI 00, R
FourierZ# A L LT,

1R C®—is®)
= }L@mfvg tanfsecl + tangsece

Xeiroxcsew B Sin{royw( tanfsect + tan¢S€C¢)}d‘9

—ir % secd

1 f% C0)+1iS(0)

+= .
70 pr z tanfsec — tangsece

xsin{yoY. (tanfsectd — tangsece) }dl-----(28)

BLIENTES, 22, (28)RDOBS Yoo
DRBEIEL LS 25, 28 (11) AR 3" Riemann-
Lebesgue DHEIER OB MABHTHZ Lt L »T
BBEFHETE 5. 4, FourierB¥DL | 5% ¢ >0
LTWBZ&nb, (2AXDEIHIL I =—¢ T, B2
EHi0=¢ THIEHENER LR, K2 FOFED
ADBEMMECEET B L bbb, (260X TES
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=0T HLEL R, ¢ DEfEIK LT
—kw,
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DEHSWEFHEENS. ZoORIE, WEDFourierd#

FEFT 5 DR EFHEERERD, Q)RS (15)
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x
}
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Ca( S (31)
Sl(ﬁ)}zﬁ)ﬁ(Aa)
S2(6) 2

DURT &5 IRIEBIEC, St 3 A/ # L  (ClL, S
75 b O RRBRE S (Co, S BT LT 5.

*ZC, (B0 LT DR & Fils £ 4%
B3 hE, BEIEEY OFourierd# & B OIRIE
B & DM ET BBIRR & LT, MBS L
T3,

Ci(0)cos(roxcsectd) +81(0)sin(roxesech)

:%%c(ﬁ,xe)secﬁ@seczé)~1) ........ (32)

%, BORFRBC s LT
S2(B)cos(rox.sectd) —Co(8) sin(yox.sech)

:% A(0, z.)sech(2sec?f—1) cooeeres (33)

E/DLTENTEEI® o, Yol ,x ) RO
2O ADEMEBEHABHRL, K4 % BAEHCEET
&,

A0, x,)= j::((xc, y)cos(roytanﬁsecﬁ)dy}

A0, x)= f:((xc,y)sin(roytanﬁsecﬁ)dy

DEDRIL>TED, BEYMEN OcosE#in b U
sSinBE¥AERTLDOTH 5.

ETAHT, (32), (3D FANES 4 FMPHCLS, DB 5
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WAHZ EILX 5T, (32),33)R» b ikEE2H4ED
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)
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Fig.11 Comparison of wave making resistance Cx,
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Fig.12 Comparison on dependence of wave making
resistance Cx, analyzed by between present
and ordinary method upon the transverse
cutting position x. & x& for a point source
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