[(AEMITEMBRBIE IR X OEER]

39

(B 35 £ 11 fF BRBEURZEEACRVTER)
ERRABE @ 15 B h-R B A KB B

FR B £ X ER BE®HE™
EA f& B 4™

Wave Profile Measurements on the Wave-Making Characteristics of the Bulbous Bow
By Takao Inui, Member, Tetsuo Takahei, Member,

Michio Kumano, Member.
Summary '

As to the wave-interference phenomena connected with the bulb there have been presented two
kinds of explanations : one being theoretical, and the other practical.

Following the theoretical explanation, which is largely indebted to Havelock and Wigley, we
may assume that the wave-making characterististics of the bulbous bow can be safely represented
by an isolated point doublet. If admitted, this goes at once to the conclusion that the free wave
patterns due to the fitted bulb can be intentionally put Sust in inverse phase of with strictly half
wave-length difference against the main hull waves. This is nothing but the most desirable
situation for us in view of promoting the maximum interfering merits of the bulb.

On the contrary, the other explanation enforces, rather practically, too much importaﬁce of the
virtual increment in the wave-making length of the hull which is caused by the bulb waves. In
this way, it has long been believed that the reduced wave-making resistance accompanying the.
bulbous bow has much to do with its increased ‘‘effective wave-making length’’. From this standpoint
of view, it is suggested that, when any amount of bulb merit observed, the bulb waves must
proceed by some intermediate fraction between !/4;~!/s of ship wave length against the main hull
waves. This means that from the bulbous bow we can expect only an incomplete interfering
merit at the best.

This report is aimed for the experimental determination of the existing conflict, mentioned above,
with regard to the ‘actual’ phase-difference between the bulb waves and the hull waves. The
wave analysis procedure is applied for the first time. The conclusion is that the theoretical
treatment of the bulb which is introduced by Havelock and Wigley can be practically approved.
A few remarks are also made on the two different phases of the hydrodynamical characteristics of
the bulbous bow. Its corresponding system of singularities is represented by the combination of an
isolated doublet with a continuous source distribution.

The former has a positive and therefore the same sense with the latter in hull form characteristics,
but has a negative and therefore the reverse sense in wave-making characteristics. This is the
true reason why the wavemaking resistance is sometimes' reduced remarkably with the bulbous

form whose displacement is larger by its bulb than the original form.
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Fig. 1-Body Plans For Tested Model Series

Table 2-Particulars for Series Models with Bulbs

[¢D) (2)
l\g?del Proi.f Area Ly;, T B 4 54/4 ’ S l 35/S ’ Iy Trim | G
0.
BB 2 2% 1.630 m | 0.0851 m | 0.2290 m | 24.897kg 0% 0.5430m2 0% —1.90% 0 0.800
BB 6 6 1.630 0.0851 0.2290 24,916 0.156 0.5433 0.06 —1.93 0 0.801
BB 10 10 1.630 0.0851 0. 2290 24.946 0.269 0.5492 1.14 —1.99 0 0.802
BB 15 15 1.630 0.0851 0.2290 24.978 0.325 0.5500 1.29 —2.05 0 0.803

(1) f=Ajys/An where As=sectional area at F.P., A,=midship-sectional area.
(2) S=wetted surface
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L transverse wave D[ENIC diverging wave % JH|ET
Fig. 2-Bulb Series (from left to right : BUERELMN, LU CFIIMNHEO AT ETHL,M
Model BB2, BB6, BB10, & BB15) = | +-\»0> ¢, BIEORSLBRARYO Y REBHBEC X
DTREARDBZ LR Lo £ DR B WL AT ORI X BB EMBEL KD, T h2HEHFRC doublet
DOPWITED, BB Z DIENIC source RSN B2 Tw Bk, ThbOBEBRER & HEk L
HETRELIS LW DThB, ZOLDRIEH LA USEHBEHMB LI ETREENLAAGREL T
E, EROFMIAE Ly Z Y TR ERAUENTHE LRI b Te¥ir ITERBMRIIEEN R
NEBEOME bIRIE SEMC R LT, EEC L OMENRELLDTH Do ok LIRS 2 BROTS
3, ThEEEOHRCHATSZ L2 T 52, WERORMCHERERY, BRERCTHUNERS
hTWBHE, ARFOERCIENTERVED, BEEEC IAMBAOBEIRTE LD, ¥IHE LK
BrOBMRIEEOBAL LCE#TH S, KR: LT, ENBEVHERIHFSEEREEERCOMECRIIL
EBEDSDDORYRATHONEBETHLOT, ZOPBAOHFFTEEHEL LT 0.5%7AN DL dEEL
, 0.5~1.0% FTRAWMELVS—HEATE, LOZULOEEREIBN W BT HUNELDH D, SH
BELCENIFEIRCRTEY 6 ETH Y, ROoOTRKHCRAIhENEVIROK 4x6=24 2TH5
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2R, ERIT ST 2EEEL EoEEkE DA Table 3-Model & Corresponding Ship Speeds for Wave
FieoTWwb, SENMD B b5 2T Profile Measurements
EEERERFCIOLT, FECFH O 2% . Model ‘Model & ghip Ship
chemical film XA\ ot diC, RO Van/e) | Kol(=UFY| F=VIvEG | Vilkw
DTE L EEIEART L% - BEE 0 S0 1 0.730 30 ” 0.1826 15.87
b b AT b O Choto SEORTIER, » 2 0.799 2% 0. 2000 15.39

: Co J 3 0.850 22 0.2132 18.53
STHRKED & 5 CEBIRRE LDOER & 4 0.894 20 0.2236 19.44
5 s 5 0.942 18 0. 2457 20.49
THKMECORERY, SETELBHINE 4 0.999 16 | 0.250 21.73

&@ AR ik~ binl} 4y s Praliel el Z:%Eﬁ%%ﬂ# % .}{_—gAl:)Vﬁ é;L/;\n (Ao=wave length) -
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BODLEL B, HIEAINE 24 BOMAED > bREEEE 0.5% UTo 40 12 @, 0.5~1.0% 0408
El, 1.0~1.5% %D 4E & 7c2> T\ 5,
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Fig. 3-Observed Wave Profiles (F=0.2000; KoL =25)
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Fig. 4-Differential Wave Profiles
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Fig. 5 Wave-Making Resistance Coefficient with One Row of Studs
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2, Bz bREERKE y.=Asinks L, L Asin Kx
2% 8 FEFEA T B il O TERKE y,=Bsin (ka+ el m
. e 2 L ~ /
3) REROLBAOEN LOBHEY, REL B/A X
BIOPIMEE 8 DERL LTELTHZS, WESR L—‘/n \/\
. Qmm Kxrd)
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Fig. A-1

Y=y, +y,=Asinkx+Bsin(kx+8) = (A+Bcos§)sin kx+Bsind-coskx
=Csia(kz+e),
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-2 Bsin g
(S tane:_A_—}-_I_?C_OS—S—-
C?=(A+Bcos8)2+B?sin?§=A%+2 ABcos §+ B?
= (B+ A cos §)2+A?sin?$, (1-1)
; — R B F) = RV F —RIBO BRI T B0, F
A< BRHRYBERTTME CA* DRE I TEDLLTAHR %,
iy QDAL ZE =n/2~37/2(1/4~3/4 TRZE), EE
S e B/A=0~2 ORTCHEL, TOSEMREHETH
= 5L A2ROMRIR%, CJA2<1 DE|FBTEIT
= I2BHE LRV RO 2 HETH B, BHELFHER
w EoC, A=—R et L, BEHELGRBEROEBIX
g (a) B/A=—%T 8§ OZETIHAE: 8=n,
s ZDr g (ClA)*min=(1—BJA)?,
o (b) 8=—WETB/ADKZET 554 : BJA=—cos
W e — 8, COLE (ClA) min=sin?s,
%% % % 1 % % U % (¢c) RO (BA, §) DRAHRES LTI : 8=
2 w, BJA=1, ZDL % (ClA)*nin=0
Fig. A—Z—Contofx}:? ifr SQKZEREQI (I;{Eesultant E7BE LhMBo UEh DRAOKNE LARERET
Amplitude in C?/A? Dlcdiiy, FTRAHEZE § & #(1)2 TRE) ©ioT

T2, BICZh LAMRCIRIB B/A 2 1T ¥ TEDSZ L OLENNERRCINBTCE 5, ¥ -fifE

N2 BREHLAND EERITL, (b) KRTILFEHE LOBRIZEECEL Y, 22%FD&H S%n)

OFCORBREL (RPHEETRT) X1 L0 /DXL 0 TFL T b5,

f1$% 2 17 % Point Source, Point Doublet % &7 Continuous Source Distribution (= J % 11D
(2-A) #1779 % Point Source [Tk DR  ETHALXE A-1 MLFEK v« BOADHRIC L 5, .

Es(@, y) =Cws(e, ¥)+{u(®, v), ‘ (2-1)
RIELEHF w, | ZEhChiiRE ik (free wave patterns) 35 XOVREIEELEE (local disturbance) %&b
To BRHENCEEHROL 5 DIXHIEDORTH S,

Cws (2, )~ 7;];" /_Tg_g sec®0-exp(—Ko fsec?f)-cos (Kop sec?#)do, (2-2)
st el =xcosf+ysinb,

? y sin } 2-3)

Ko=g]V?,

TZR m ix Source DX (HIRFMHIRE), V ILETHED, f IBRKEETH %, L ETH (y=0)
JEEE,

Ews(x, 0)= 'ZI;O ,/-__2:;2 sec®0-exp(— Ko fsec? ) cqs (Kox sec0)do, (x> 0)‘ @4

Cws (2, 0)=0, (x<0)
Gus(a, 0)=—-—2—m*I1, (2>0)

zVf :
2m (2-5)
us (2, 0)=—7;W11. (2<<0)
- o 7 *;i ® exp(—n|=z|cos 0) (Ko sec? § sin nf—n cos nf) ndn
EEIE; L= 27[/0 secﬂdﬁfo Ko sock O ) (2-6)

(2-B) #1793 Point Doublet (Zk B  point doublet DE— 2 v b% M (FO8 O FEITEFTH
H, Thbb ¢ BOADHHME—B) & T5, FAR +m O point source %%, IbLIE DT {FEE
2=8(>0) DOHLEWR —m D point sink kX, WEOBESHEL lim(as-;ﬁ)=M DBRIT B\ TE 2 U
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Tle HBEICEHANC 2.4 B @5) % 2 L, m—M X34, 0¥ point doublet D
BAOEBRNRDOND, Tk 2if » i EOHBERMT,

ME? [+

Swn(x, 0)=— o . Sect0-exp(—Ko f sec?0)sin(Kox sec §)df, (x>>0)
)

27
$wpn(z, 0)=0, (2<0),

(2-C) Continuous Source Distribution (= & 3 A7 % i\ BN OMENTE LA & h 2 B RO
i LD #ER e source [ TEIHTZ LNTE B, & source element 2 bix (2-A) WAL 5 HhiEne
&, ThoOMSMHEL UTIREY - RE (PRPGHOL 2 L 2RI ORMCHTFEYE - BERE) 2 CT
{ %o \W¥ source element ® « % & L L, 2'=2/L, &=¢/L (L 3MDOEX), source DHHFEMER
Bx mf) LT5, QOROBBRHID, m(E) B ROLEE ¥=0~1 ChbloTEOBABEEL L
HFETHD LREL, BIWRSLERTLI,

/: m(E)cos [K,L(2' —E£')sec §)dE’ = —m{m(é”)sin [KoL(z'—¢E')sec 0]]

1
0
o f " (&)sin[KoL(2'—&")sec 01d¢’

KoLsecf / o

. S ; —_ B
= KiLsech {mp sin(Kox sec 0) —m4 sin[Ko(x—L)sec 01}

1

e ] U !/ ’ 7 A 1 1 ’” , ' g ¥
+ (KoLsec8)? [m (§')cos[KeL(2'—€ )seco]]o— (KoL sec 0)zf°’" (§)cos[KoL(z'—§')sec 0]d§

DX CEHTE Bo 1L mp=m(0), ma=m(l) ZERERMERBMICIT S source DRIk EDTo
& CAREERICBRT 2 HOZBIE, me'=m'(0), mz''=m"(0), ¥ LT

mr mp'’ mplV } .
{ KoLsecl (KoLsec8)® * (KoLsec s sin (Kox sec )

0L

Frees Wae PATTERN CALCULATED FOR Marnemaricat.  MobeL
20
o }
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Fig. A-3 Calculated Wave Profiles for Continuous Source, Point Source & Point Doublet
(F=0.2500 ; Kol=16)
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mp' myp'" mp’
"{ (KoLsec0)?  (KeLsecB): ' (KoLsec)® }°°S(K°“e°0)' (2-8)

ritho ThIC XD E—BRICIZMETEIT sin O L cos DPE L AR INICIDTH BN, KiL=1/F2 ¢h%
b F<0.250(K0L >16) OE FEIKTix ERPEE 15 (sin F)OHNRKEL, 25 (cos ) gL AY
WMBTE D, FRIVEETIIE 2HOBENE W TE T mp' >0(hollow water line) CIXMEE OUNTHER
(R CHBEREOILITHE) L, mp<0(full water line) TIXME P OILIZAIE REEOUNIER) T5, L
ML F<0.35 OEF 7V — FEIRCIIEICE 13 sin FOHRXEHTHOT, ohk (2:B) TahRE(2:7)
ROKR L AR LTAHNE, MEFK L point doublet (FRfE) D & ML IZIE ERMIC/LD>TWH T &
Nbhrbo COZ LIXFEEL b point source DAL LT, HiFZLORES, BEILOWSBIFC LD
THTEREOTHY, X<MbAL [Tcosada=sing, ——cosz=—sing \-3 WELHLEFLIEL, U
LAMRDZ & 22T Xy,

16l LT F=0.250(KoL=16) D EDEFE (2-A), (2'B), (2:C) DPEOHEXZ DG & kICE A-3
Rk L (2:A), (2:B) OFHIIX Wigley'™ 23{E$l Ll point source B 5HF L N-P-L-19 D%
K BIOZhEd L UTHEAKE CER L point doublet OO EABERLMHH L,

% 3 FRROEEERB L &N (2:C) BN Z &, “BREBEORBEE BT 2 255X 4 =20
TRYERD DI Do ThHOLDOLDDERIE, ThrBAR LIARBER L &bk, —ic

LA
. 1\

Ew(2, y)~/ : P A(0):0:[Ko sec? @ (x—xocos @4y sin )] db, (3-1)
~Tz

DY BT B 22 A(0) RERB*ORBEE CHOTHEDOHIREEN L2152 bhild¥ ¥ 5,

Hx OPFREDONTD A(0) X 0 oW THA CGEREN) TH2H, Thb2aR Licefdk s LToO
A0) TEMTIEDHNEERZ I TV S, FRIDI LA O ERENCOWT XL M5 T\w5 hump-hollow
DERE L2 T\ 5,

T, (3'1) TELINAEREBAELSLD L E, TOREVESLHOEN, TihbbERERIKRATEL
bha (RESER 17) - 20) 2).

"
Ru=moV? /  {A(0)}2cos®0d6, (3-2)
0

WEREROZCERL, 3'1), (B:2) ® A(0) X InFEMHF 5 HIOEMEOREFEORIBEREK cHB LT
Bo TRERLTANT R IDOTHMBOWEEYEY B LT, LORERNY B(ﬂ‘) THEHLT, Thb22oD
BOFHC X 5 HAMEROBBEERBITEE DZE A(0)—B(0) THL LI, ¥ kBREERTOZT & OBHEK
ENES

Ru=r0 V3 [ * {A(6)—B(6)}* cos* 040, (3-3)

Thx bbb, & ORBFRIIR 1 TR 2 RTEEDTHOBE LBUL TS, Ticbb, T TUMMEOBRYE
B BT, RICEEL B(O)/AG) TN TOREECH LTI 2T E, REERRISESTHEL,
Fhic X 2 BBEROZRHS RECRL 0 b BRMACETI2RD, RBRECOVWTLRAKRTLDT, &N
¥ LT, BRIl O3 T RIBEIZAE B(0)/A(0) =1 ZHILE L5 BMEIRBOW FRURT, waveless
hull form EBEOTEMEINEROCTFRTE 5, —RECBOBET F e L HCHEATEHR, ~A70E (X
DR D L BH) EXCRAMEL R LPEMETE FRELICEITE, chhbd, ZLENLOREY
EEXEHICIE, BEBRIY SEEROFTNERS THLDLZ Libh b, Elol ZIBNICHER VT OF R
BREDEHLTH, BHEAOENSTY, ARCEFRNCEL bhEZ Ly, A7 ORHFeE 0 1Ko
WTOBDERERNL, ThDTHEWLNTFLE A0)=B(0) TR ZeNTEBHAPLZOELVHR TS,
K LTSk A(0) & LTHREERDOB DLW TOIRIBER 2 L b, I br {A0)—B(6)}=A%0)—
24(0)B(0)+B2(0) 2 W LT—2A(0)B(0) wHMTBHEE VS I HTFHH, BHO) RXAEHEEZ VT D
BEHERL L, Jlathfh 0 ROVWTHES LTRD TV, ShTRBRFENEFCH2B1ED T

* FRWOERF LV (3:1) ROYBEMHMBIC 2V TR XA 17) - 20) - 21) - 22) B
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T2, "NTREOLAYWEBAZOTE LNMEBRX T 28 Th b5 L EL bhvb,

4187 4 ECRBCETIEREREOBROFES —RCBOBBESIIF BT U CRERINC RIS
DEAEL FACERTATEELOM: LTEBTES (XM1) - 23) 2. BERB NI HEHE
B LA O 7 % o) 1B & OBFIEN OBV EY, MREAEDOZR OV TEL TS LRESEL
T bo »INVT DEAHBFIRC 0TV B L ¥, ThR X5EFHENEVERL AR I—Ric Z OBE T4
Thb, FTRRLEFEYE LOBE (OoWHBEENRVEE) RIIEARCTEHHELEL, REEEDG OBHA KRS0
Ui LARELEY LOBERIR, BBV ETHHOELE S, ThbbEOREA IV D&k 1L
LT |Av—DBollAe Dot BT 5, T2 Ao, By 1T E dic 6=0 TkiF5 A(0), B(H) Ol
“Th b, MEENSNIT 4 20WEROMIC 6 2 OFBERSLD, 5 bRERCEROL % 3BOTHENLLE
350 \W¥ B/L=1/7, T/L=0.05 HREFIEOEX 40%, entrance X run DFRA, EIFHICHE
B, BUKFRIC—#ET source FMTREIND X5 eRHHRE (Lo T Michell JEHl IR 2 &
DRIEFT, 532 Cp=0.800 L 72 5%) OWT, MEMEIC point doublet » Fs\ 7o & & DEWIBHFPABES,
FRHEOPETEL T (BRRACH LT) HELTAOE 6 Kb or LcERigcbs GHER
(TEHE OF A LB T 5)0




