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MRERREYE, WEFEE, SMBREE,

JIS anefn s MRF A EeRiR HE

ASKR 106E k88 250F9(F24F3)
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R #HE® B &
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—i O #® ZF—

kAR O—-FEE 14

25 fEER S EEE

AT O—EE U TRPEHEE LN 2 MERRHS
T le B b DOMhEVI T LEIEELTELZ LI, o
lines drawings, propeller designs i X ¥® horse
power curves EHRF L - A 52 BB
&HTh, SMTHEEL L TRMETEL<EHD
rExbNBL, F EIRORRNET T 3RICHYA
BOHBEESRI L TR REFUGIH 500, B
FTCHICEETHZ LT B, D lines iZEIL T
13, HEHORER CIIRERIERO tank experts 2L
7- model test results ¥R TILEHIZEL TR Z &
H—HFE LWV L THB2, &% CEslilciszresy b
BT Patent forms (Maier-form. Yourkevitch~
form, Arc-form, Straight line form &) o> demon-
strations ¥ WA TR, HAEEOEMGEDD L TH
SRVWERYEZLDONAZ L b H B LB, model
test TZi b Patent forms X B 3 B RIEF Ikl
EBOND lines ¥R TELLDTHBINb,
N model basin o experts D BT 2 DAESE
cHhDLBTS. I TREEHIE (R) & hull form,
speed, fluid properties @ function CRbHb LEGN,

Re=fChull form, speed, fluid properties)

LB 2L TE S, Hull form i+ L/B, B/d, Cs, Cn,

Cr,Cw, L/ P (BB Dshiz, KETF O OES
R i (longitudinal center of buoyancy for-
ward(—)or aft(+) from midship in%of Ler==x@))
r load water plane & bow form ¥ % 2 half
entrance angle(e) ¥ CHRRTE, lines Y VED BN el
& curve of sectional area Ej% prismatic curve
3 10 7203 20 square stations CfEY, [FEHC load
water plane % prismatic curve ¢ square stations
i*\j}:ﬁb(i&ﬂﬂ'ﬁ‘néi’ hull form 3—F38Ed3,
L ED form ¥ RE T B HERHIIE non dimensional
values C, unit ICHEBIRT H 25 6 7y, 79 750000

#ZTEbL, roughness of surface % ry =%

(L BRORE, « i3 rough surface DIEBOEHD
#x) TFKHENT non dimensional T3, D ¥z

p: 3 # E B

fluid properties ¥RHOTHDITAkD density(p),
viscosity(u)C, kinematic viscosity v=ufp DEFGRH
%Y, %7: ship’s length(L), speed(s), acceleration
of gravity (g) 4% dimensional values Thsdh
Bs ERE Re=F (L. 0. p. e @. 70, 7y Fgrerereernannns )
LWEPD, ROMMD dimensions 2% identical ¢
HBE\v35 law of dimensional similarity (2t - T
Rz Lizts,

ZDOXDOHEE F51T Buckingham - Riabouchinski’s
Theorem % 7:{3 m-theorem L LTHEIbH, FDreal
originator {345y Lord Rayleigh LBbh 3z, 18
9248{Z M. Vaschye, 191447, 1915423 k 7x 1921480
Dr. Buckingham = } S>TRIREOLN, Mg

2 td
Tt'=v '(I?'p; M= @;}g‘g ;

F(my, zg)=p(”_”-l§’4’ ®3-2 g )=0

€8D3XT model ¢ ship o corresponding speeds (=
#UF % resistance 13 @ (midship area) ¥ o {ZLHB
F5%L\v 35 Continental BRThorn, HERizEs
® dimensional solution THBET 2,

W% flat plates, aerofoils ¥ 724t ship shaped
forms 23 real fluid FICBYIBE, THROL S Hovad
WA®D influence ¥ETBA0n, Fo influencing fac-
tors @ dimensions ¥ length unit=L, mass unit
=M, time unit=T ’Eﬁb?tTﬂ)ﬁU‘C‘%%o

Factors Dimensions
(a) Length as determining sizes(L) L

(b) Area(L?, ®, A§, wetted surface S) L2
(c) Speed(v)

LT
(d) Density(p) ML-3
(e) Gravity(g) LT~
() Viscosity(y) ML-1T=
(8) Resistance (R) MLT-2

(h) Form factors T, 73, etc; as affecting the

character and type of the stream-flow pattern,
non dimensional,

(i) Roughness ot surface 7o =L » affecting

{rictional drag, non dimensional,
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—h 0 B %¥—

Total resistance, Re=f(L.v.p. p.g. 70. 71.72:-) D
R B/BEEHL T, Re==K. L2 p% ut. g%, SKiZan
experimental constant, a, b, ¢, &, ¢ (X unknown
indices £ L, Z® R. ® formula {Z dimensions ¥
insert 3 i,

MLT-2=sK.Ls (LT—)". (ML-3)¢. (ML-1T-1)4,

(LT-2)°
=3K. Ls. L T-® Me, L-%, Md¢, L4, T-4,

Le. T-2
Equating indices o'(L) 1 =a4-b—3c—d-+e--- (1)
” v .2 (M) l=c+d¥ zite=1—-d(2)

v 4 Y (T) =2==b—d—2¢ F¥7:ix
B=2— —22-csresrracsrns ©
(2)35 L ()% (1)C substitute §3&,
1 =e+2—-d—2¢c—34+3d—d+e
=a-14+d—e ¥7:i3 a=2—d+e
R;=SKLs, 2% p¢ po. g°
=3K (L) =¥ (v) 2792 (p)'=?(u)(g)°

Se———

=<KL? '-’p(v’il) g];

=LK ”_L)'“( Y

¢ BE e (R, HiC— =G,

0. L2, 22
v.L 0
=r(5=, op 7o T e e bET B,
% 7- gravity term % omit -$ii¥, rictional
resistance (Ry) DALY, mf—v?‘=Cf
=f7 (LEmr 7y7a e ) Xe@Bbh, i
viscosity term ¥ omit FTHIT, residual resistance
R
(RT) @?ﬁtf&'), T, =C,
ép. V§ vt
fr( , to, Ty 7o JEELND,
B
Foy TipToeress %(1_%.’ wll;f’ -4 Cr, Cm, Cw, @
C A
By EXbTIOTHY, CP=—- =y T.B.d

B

1 - PBIFRbHB. <X

<o CE )

wetted surtace ¢ mean roughness height T,

L s R, icgzns, E72 R S wave
K

making resistance R, 233 C, eddy making resis-

tance 35 L 7F form resistance (I TCiEdH 3, &

B E Ry & Ry LICBBRRH BTN E D, FESOHE
TR hiZE&E B Z LIZ78 Y, Ry 2% over estimate
ENBZ LTI BDCTRETIIIERICAESEL 7 Ry DR
BRERFINC X - THENICEWE BN SRMEEEH L,
Zh¥* model test HHE LNz Re hH5[&FE - TR
RO Ry HLBbhAEXHLC, REkORMEEH X

5 & BREREENSAL LN TV, Ry st 2oL

iz Reynold’s number G, R,

”2
gL

~/ gL

p DRDIZ 3p & L7013 National Advisary Com-
mittee lor Aeronautics & [FBHEIR-7: 72 TH
60

\ % total resistance coefficient(C,)D3 % Mgz T

C=— R _p(Lt o L L,

3p. L2 02 ( v gLl I3 B

B

r Cs, Cu, Cw, d, :!:@)

L L, BEHICHHSLC minimum resistance (% 7:
it C: ) #EHhp ship hull form #Higed 228
W FSRH HETH B, LrL, function(f )FD
variables %7:< XA RSB Z LITFHE B E { s
ADT, D.W. Toylorkit @, CM, =@ #I{bXx ¥

—EEE L, %uz.zsasﬂse_a) 2{EE L, %@R

m:——L——‘&i?Eﬁll,'CZG 60,53.20, 79.81, 133.02
100
199.5205(E # v+, -—-—CP {#120.48, 0.52, 0.56,

0.60, 0.64, 0.68, 0.74, 0.800 8 {fis B\ T, #9504
BN IRS I AN ¥ 65N T\ % standard resis-

\'
tance charts ¥ fF» 72938, ———
v

<1.0 @ range Ti§

IZ single screw ship form (23 L 85 REAH ~7- &

%, 4@ F.H. Toddgas ? =2.5, 3.0, 3.503(H

& L, Taylor © Cp, L
el
parameters ¥ 3L CTFIED & 5 cHEA F5 T single
screw merchant ships ¢ resistance s X 7% propul-
sion test charts ¥z L T rower prediction D5

BEIL:,

D L_C,—-ﬁ
o B BO)
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Cs 0.60 | 0.65 (0.70 | 0.75 | 0.80
LEe/Lsp 0.5 0.475 | 0.420 | 0.350 | 0.290
Lum/Lep 0 0.035 | 0.119 ] 0.210 ( 0.300
Lr/Lbp 0.5 0.490 | 0.461 | 0.440 | 0.410

Cu 0.977 | 0.982 | 0.986 | 0.990 | 0.994

Cr 0.614 | 0.661 | 0.710 | 0.758 | 0.805

Cer 0.581 | 0.628 | 0.70 | 0.792 | 0.861

Cpa 0.646 | 0.694 | 0.721 | 0.724 | 0.750

Cre 0.581 | 0.609 | 0.642 | 0.704 | 0.761

Crr 0.646 | 0.688 | 0.698 | 0.686 | 0.695

Cv 0.850 | 0.874 | 0.890 | 0.907 | 0.920

Cvr 0.910 | 0.924 { 0.940 | 0.961 | 0.971

Cva 0.802 | 0.832 | 0.846 | 0.856 | 0.867

Cw 0.706 | 0.744 | 0.787 | 0.827 | 0.871

Cwr 0.624 | 0.668 | 0.734 | 0.817 | 0.881

Cwa 0.788 | 0.819 | 0.841 | 0.838 | 0.860

Cir 0.543 § 0.593 | 0.651 | 0.711 | 0.776

+@® +1.5| +1.54f 4+0.55 —1.50 —2.50

Le=Length of entrance, Ln=Length of parallel
middle body,
Lr=Length of Run,
A=Aft body from @
LLEDEED combinations T 45 models ¥#{EY),

model groups 2L Y& DERIIHIHN, L
~Lww

=0.35~1, 15 oOfif< model tests ¥52EL L, resis-
tance charts #}Z model groups @ test results

PEETIRL, FOhIC Cx105 ®, ©, V, N,

wr, t, WH, 7P, TR, ggg » S.H.P. &%a%

LT v, resistant test {3 Lep=400ft. , Lwr=406.7

F=Fore body from (®,

it. @ ships (ZxfL, propulsion test results {3 Lep=
600ft. » ships I 2B HFMIRRL T 200

@ Nomograph lor-BS—f— computation,

10x S
@ Contours of ;S%- and KSW’

@ Contours of residuary resistance in lbs per

ton of o,

@ Contours ot @ for LspP 400 ft. ship,

® Contours of wake fraction and thrust deduc.

tion,

® Contours of relative rotative efficiency (nr).
@z charts p3LicFEHICTERICEHER LS, F.H
Todd EFTNT £ DEHHFHRAKRSEMORE 25

BRETH 5,

—B o B F—

HeBELEZ LT TROIEREBITFLE LNV,

(1) Some further experiments on single-screw
merchant ship forms-series 60. Dr.F.H. Todd,
Trans.S. N. A. M. E. Vol. 61, 1953.

(2) Propulsion experiments on single screw
merchant ship forms-series 60. Mr.J.B. Hadler,
Mr.G.R. Stunts and Dr.P.C.Pien. Trans.S. N. A.
M. E. Vol. 62,1954.

(8) Series 60—The effect upon resistance and
power of variation in L. C.B. position. Dr.F.
H. Todd and Dr P.C.Pien. Trans. S.N.A.M.E.

Vol. 64, 1956.

(4) Series 60—The effect upon resistance and
power of variation in ship proportions. Dr. F.
H. Todd, Mr.G.R.Stunts and Dr. P. C. Pien,

Trans. S.N.A.M.E.Vol.65, 1957.

X T§¥3k twin, triple, quadruple, quinta
ships (ZXfLBHAD single screw ships @ model test
results tﬁﬁﬁ@%@ﬁﬁﬁ?%#&ﬁmm%%ab
TIEFETERVID multiple screw ships toxfL
iz D. W. Taylor’s charts & Lindbrand’s test

results &2 & BHHTIEV

ble screw

26. Hollows & Humps of Cw-Curves.

riz Cw-curves @O hollow point
 BRREC S2ERL T ROBEX LR

Z iz kEeZ

v
AT B Nars

WAL RRETHI LA Do i |
resistance curve OUIEHEL o) =Y =Uaed jC-i;L:EE
1= 80 fEgic W. FroudelXas model ¥HRTZTL,
FOFEICEEORD parallel middle body *IEA

> > i
LT model tests #°Y, R, & Rr LICHTT, Ry
direct proportional R

KB, ThESEANLEIERT R, ® curves X
model DOFEZX &m@ﬁd\’fﬁg‘iﬁéﬂ;ﬁxﬁﬁﬂ
vETrLERALT. R. E. Froude i Z DHRAD
%+ Rw-curve @ hollow(£)% hump(HDIZ bow :ind
stern transverse waves @ crest(UD & trough(4%)

L @ interference »roEsbOELT Z - theory %

FH#L, &@FvﬂﬁﬁBakerE, Kent & 2@ theory
PRELT W FroudeEﬂi-Si:I'_f:BZI'z”vd:@-values ¥
ﬁ?kﬂt@ﬁ(#&@%ﬂm)t%%btﬁ,W%g
% hollow 3k ¢¢ hump ORI KRR OFERE 5
%, BEo®IRFIC Cr RHBHNb, HEHLLLTO

> wave making

i3 wetted surface =
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FEIRERERAHIIZTIE L W28, %ﬁa)v—_ ¥ ©ODF
BEHZ B, rLAEH EIELY Froude’s number

L DFH T ,
Wars FHagEthe UTHERLEL J_aw

B S RHTH BN, HEEIEC JZI_— ® English

unit O HDOIZENTI Y, metric unit @JL;:
L

English unit ‘D‘\/ll.— i 181 ¥T/FhIBELNS

b, metric system OFERLL TVW34H Citdh 24
RO data & HTHET HBIEN D, WECIBEY
FRL TV 2 Z & L ETEABG 2,

S THEHIIVE E TDLM|D model test results A
HHEEXL THR7: Cw-curves @ hollow resistanse o

FiRIEAEE Vol.9, No.4o page 610):2&';[:( v )
v L

DOETHENA, ZORERIIMO hull shape gt
L.C.B. ORI X » THDE(ILH B2, REROEER
HHORBIENSDEFETZHDOT, BEOHILRER
BEDOEWMIH D ZHAL VI REDDL, FIgE
DEPAEHE R HRIE b7z Hollow and Hump

fETRLTE L,

points ¢ %

v
~/ gL
=ECT)) Hollow:/—”:LﬁﬁO. 566, 0. 326, 0. 253, 0, 214,

g

0.188, 0. 171+++vr0eemeersenese
v Hump 7 0. 400, 0. 283, 0.231, 0. 200,
0. 179 ccceeererrnrocercrrcansans
)13 Hollow—2_{#0. 354, 0. 265, 0, 221, 0, 193
/gL ?
0,174 ve0erereccsosrsancianee
4 Hump 7  0.454,0.240, 0. 206, 0. 183---

TR SR DA T 2RISR e o 7o
#io Hollow and Hump points @ chart 333 2 56

W23ETIB, RPiCH B2 DRTEIC OV TSI B
By T3 LT 5, 2 OXIIHER displacement ships

mm(\/vf =0.526 ~ 2.70 IZSL CHRBIL 72 % 0
v i z
T, ——=3.0~25.0 ¢ planing boats {Zi1/mEH6E
~ L
<, EFEROEREIZeS bow and stern ¢ trans-
verse waves, divergent waves, shoulder waves s

OWET S #x 5 E 73N, transverse waves DIsf

— 0 B %

DI RO EIEBMTH 206, bow transverse wave
EROEX L DBMEDOAIZFR L, bottom effect Dig
\» deep sea condition (DT~ 3,

ROHF] v (foot/sec ¥ 7=1X meter/sec)D L &, #i

DETHEOKEY A L ThiE,
A —--—2£119*0 64 v
g
(g \ZEFIDOIMMEET foot/sec® F /=12 meter/sec?

= «/—g"—*l' 2505
2T

moEX¥LLETSL,
Z = L L .U 1 .. 0.40
A2 VgL ~ 2zZ VN Z
g
¥ 7-3@A% V knots, fpOEI ¥ L feet & THiL,

v L3 ppgsmsitie s,

NI VT Z
SFICRERD first crest LFEEIRD first
trough & DFERE%E wave making length (Lw) &

#L, R.E.Froude izzh#% Z THFbL T Z-theory
k &L, k=0’1,2’3’ ............ DYE-2 4

EHL, —=

1
Y hollow & 759, —=—=k +—5—

hump ¢ 753 & EEL 2D, EIUREOZL BEAT
20T, Lw 25 eROREL L ORI ROBIRS

#%. Lw=g.L £ L, La=n—tFhid, Lv=n.=

DA

LedgBib, =0T,

.

g. L
&, 2k=n¢ LT ntﬂib\i’bli, nﬂ‘ﬁﬁﬂﬂ‘b 2,4,6, -
......... Db & EWESDS hollow L78Y, n2HHEADL
1,3,5,ceceees Db FREPES A hump L BDTHS
L -
2%, WIS DZER T Z——;—z: L, Cw ghffic,

=0. 566,

- 5, 3.5, 4.5, 5.5, - Hlb—2—
Z=0.5, 1.5, 2.5, 3 VaL

0.326, 0.253, 0.214, 0. 188, 0.171 fff5FC hollow

v =
Points ﬂ;%bn, Z=1’2’ 3, 4,5, ceeeee Eﬂ'b‘\/ gL =

0. 400, 0.283, 0.231, 0. 200, 0.179 fif5k < hump points
HEHN B L5 OTIRIERELES, ik o BB 57 BE
Cr & L p3ticifHL7: @® @i Froude’s number

» VU BTROMER L D R
(,\/?‘ JIJTt "

Hci Lo e B3 TRES, Cw HFRORKA hump
=2.0 DL XITEBRETHBDIT, KEUC

point %%
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—/ 0 B %—

1z all ship formsizxfL ®=1.5~1.6Ti#2Y, Bakerit
2% Ship Design th€, Z DI % page T1~T2IZHH
LT3, DM Cr DFE(LIZHT %5 Cw g Hb
% hollow, hump ADHEEEDIE(LAS low speed T
IISHERE L FFL Tk 0, BoEHITASS Vol.9 No. 5

© page 57 1c® & —v— & OBEERRLBAL TH

~ L
v v .
= b, Y —— o ——=FRHV3ERN
ihEd, R D\/ T ~/ng g Hiil=A

¢k, Z @ Hollow-Hump [RFEE23E Tt ©FR
(3323, R.E.Froude’s Z-Theory Efi% Lw - ¥R
e Eo Z - HER(miRmIEiRi Hollow and Hump
positions {ZXf L RIERDOFER Y E2 5 .) ¥ 6L, D
RETEREORI A BRORI L L —BT 2 #EECHNST

;“,‘\/V =1.34 % TD range ¥ THEZ bR /-dACHE

4 2Lw {% logarismic scale ¥\ T Lw=>50ft, ~

600't. DENEE CHEMR CHRIAEEL L, H hollow &

_V__ 134 0,52; 0.572; 0.632; 0.717; 0.848;

VAR PRV A/

1.095; hump £{1.340 (A=L); last maximum hump
\' 1.34

— =" _=1.895(a=2L

~ L 4/70.50

728 hollow destroyer range DIEE¥ AR T, ZhkY

%ﬁ:{ﬁti’é L THRERETHOLE L Cw 25 T

\'% \'%

33 =2.33 (A=3L);

27 ¢ Vo

£11.60 (A=1.43L);

=2.68 (a=4L)

SoEALHEICT 3 - HEERYEE,

points (ZXfL Tk -I;—=5-0, 4.0, 3.0, 2.0, 1.0

73 hump

A% n=9,7,5,3,1 (ZHHMTZHEAUCH hollow AR
B, MEMEHEEo profiles ¥ EVW-TES ¥OMEHH
HiC LTV 2o BoKEOFEEN E- i Hollow
and Hump A CFEXEL Tk o7ch b, FHIZ W.
Froude®o T. I. N. A.1877 & Relation between
speed and length (ZB33 2 AEDERB LNz wave
making resistance curves DL HFE DEEH 2 g
CRL7L BN TREZA FHlL hollow point

lines 1% AMs——=0.63, 0.72, 0.85, .10 &7gh
VL
v
(LIgf% hump point lines Gik%ﬁ=0- 67,0.79,

0.96 &icoT\3Z L AVHEAL, & ELEC-ERMTL
o THEBICE L b oy £\ 5 REERICEL 7. iR

V__— 0.63 BIFE 0.72 BEETIE
~Lwr
Cw-curve DFLINE RV KA TR T 72D, FD
v

~ Lws
=0.85~1.15 fffiEiC s EIEFICHHREC H2 B & 51T

%9, — V__=1.20 ##8+ ¢ Cw-curve 1287 >t

Lwr

slow speed G

amount % /DETCH 3 M, medium speed D

iz EHL, v =1.60 3£ C last maximum hump
~ Lws

point IZ&ET 5%, ZFhhb speed REALARILT
FToTHBEAZTEL T, HELD destroyer range
CABZDTHD. ZOESROT(IIHES L R4 TH
o 72 A RESEE DG CEMIBSSEES8E) ¥+
HEOLNBZ L EET B2, JRRAKIIERED model
basin Ff£r LTCELN:EEICNTI2H5ETHBITH
ED, FEGERHEACHICEBE SN T -5,

B AR L TIREE L ER L KICE< 2450
ThAL EisA BEBIE T 253N oL FE+ 3,

2. R R

- Ship hull forms (ZBAL TiE, HWH DT, G. S.
BakergEodZ#3Ship Design vol. 1iZ Cr=above 0.78
5; 0.78~0.75; 0.75~0.70;0.70~0.65; below 0.65;
Channel steamers; Destroyers; High-speed motor
boats, Coaster ve;sels, Trawlers, etc. (Z DTUL EIZ
F.H. Todd® D ##7e % 51D ; Restricted waters, River
steamers and Barges, (Z430H CTHEMBERIC S~ Ty
28, bolb@®-EBIEFERILTHNEDC, ST
L LARED F.H. ToddRREROHIL#IASL, [
\'

Efi:J_L_ (English unit) % base & L -U@Hidsizss

FEEHERBZEIZT B,
v

(1) ‘Slow speed cargo ships (__
~ LwL

HEW (&) 0.46, 0.489, 0.526, 0.572, 0.632 &
@ range O slow economical cargo ships ¢, Rya%
R @ 80%J EdH Y, Rw 8 negligible (25810

G, Cs =0.74~0.80; Cx=0.987~0.992; I]; = 5.5

<0.632 )

~ 7.0; _13__=2_ 0~2.25%0> form coefficients % Fi

WA E—f¥D single screw trampers % mammoth
tankerDHARRFIZ IR TR & range T 3 2%, fullest
ship & |LC small form resistance ¥18Hh 2 Lk 3ic
large bow angle(32°~35°)C parallel middle body
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43 30~352% & 3 %D TLLERA short entrance ¢ 78 Y,
L.C.B. 3 %1ck Y&k 1.5 ~2.5% of Lee DIEE
{Zf\ T convex waterlines forward &4 ~&Th
%, Entrance X 9% run 23384 fine iZ7c22%, #8
3 stern ) eddy-making DRIEEIENH B0, FLER
&y revolutions D&\~ small diameter ¢ propeller
% BT deep cruiser stern (27 5&, full water
line #% fair up XN T eddy-making #EWDbE ¥ HH
2. Length of parallel middle body 3@\ i,

bow 35 J TF stern shoulders D7s\ & 5 iZ entrance
L run k OFEREATEE U-form XY V-form (Z3F
VIR IRY, propeller HEIT U-form (234230518
{, bow iz V-form ¥ L forecastle & flare ¢

forward sheer ¥ k& L, stem 3545 rake L3

BEENREEND, WEDOREEN HOEETIE— V.
v

= 0.63 HPEXIRAETHZ LAt tramper ;qiﬁﬂLXﬁ
REBONS 0B, Amos Ayerld Co-curves T3,
FrBEEORESED CE(= z.gl) —curves ¥ RT3
AREHIBACE 5 & 512, BEEMRMA O HE 0By ipi
wEHIEVHEMR LV E B 5, Mammoth tankers 34 3
HneE L, fAERTHED full form KLY, s
straight line form Js&#FAL THIHEE shoulder
wave D interference T Rw OHRIZE LTz 413
DEBLIEVERS,

(2) Medium speed cargo ships ( v
'~/ Lwtr
=0.640 and 0. 72)
\% _ .
=0.64 )} 0.72 @ hollow points * Fus,

~/Lwr

Cs=0.730 ¢ 0.710x L, Cp=10.74 ¢ 0.72p L T,
rough weather (ZxfL service speed ¥{Riscx 2
I o Lizv. BHEI main engine cost DETHHA
1T B.H.P. ¥&@fT5B8T Cs ¥ 0.7155 5%
oS LT 0.683 FTCICLA, IR Norway o
5 hemmmE Tz Y C8=0.717 ¥RML, cargo

bale capacity ¥ I3 2HHER>TW20DT, xE

. N \'
@ Mariner ¥ %7 552 T——=x=0.848 ] |
~ Lwr 8

o cargo liners ¥ EsIIHIIE Co=0. 70Tz &L,
EX#imedic B. Ho P & 9,000 T 17 knots o
mean service speed ¥fBHN % cargo liners (=
L, B.H.P. 12,500 % THEKLTh, ELIZET T
hump speed (HEHET 5T LT85 D TR EH

—/ o B ¥

B 7w, o region TIIHEREMEES ~&T,

entrance wave making hump # V =1.094/1TE

(LE:-eeeeees Length of entrance) TiEY, _vV__
~ LTwr

~0.632 & 0.717 & HREID hump & ———— =0.80
~ Lwo

BEIcAE s hump KEBT<ETHB, Bow% angle

3 27° BITFEL, forward water line (I straight
¢, Le=LRr (LR-->e- length of run) & 7¢lL, stern
water lines & 18°~20° ¢ limiting slope {83
RETCHbBo

(3) Cargo liners (¢ wa. =0.73~0.75 )

V0717 e 43z
Lwr

weather 3 J UF foul bottom effects ¥#3%2 T, Cw
o hollow point XY DHLITRVESI T, B.H.P.
=0.73~0.75 &

Mean service speed T

X,
curve

. . \4
YT B RENH HOT e

L, #hicasLe Cp=0.70~0.685 ¥\ %, (2)
istance effects

o case rYH wave making resi
Rk iednb, bow water line ¥ straight {ZL,

bow -;- angle

3 16° EA L L short entrance

length DEEEZ hollow line T bow angle ¥ 12°

R THIER
754 cargo line
IZRED “‘Mariner”
BT RE ﬁ%ﬁiﬁ*ﬁﬂﬂ
hed, FRSELSO case
BY, Mf%ﬁ%&iﬁbfﬁﬁﬂﬂ
peE o T S HWEHEBLD.

rs i3 trampers @D speed up k3%
Fiu |23 U F-3 intermediate liners
J:@%fﬁ'ftﬁﬁl,f\/‘éb‘}'
CILR LR - T
22 A FREE T

i v _
4) Intermeliate liners. ( 7 T‘;L_-O. 848 )

ﬁ%@ﬁé‘ﬂﬁ(iﬁﬂﬁ@)@ﬁ%@ L DT, MEREHT
~# Atlantic liner [2]1=} «Mauretania” 2 HESHD
« Queen Elizabeth” (o Z0 5 ¥ CATUCHEST B AT

=0.85% %Y, FDE

¢ i diZ
73—&{. design speeé b "/___.__
n service speed T

i TR Her ¢ TRERD med
V0,90 & foCH Y, BECEEOMEY 155 7:

~ Lwo
TheEd, SEEEOHFD > Cdh » 7e EFIERRIBO

Eﬁi’l :Oﬁﬁ%t&jff’ ﬁ@&ﬁ“l\lelson” “Rodney”
D@0 160 r.p.m- < trial &=35,000ts » §ui3
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—fir 0 B F—

Ca=347 L ic3 DXL, FERHMIOEERE  Queen
Elizabeth” %3 300r.p. m. CCa=198ChH -7-Z &3, L

P EEUC DT, ——— =1.00 hump = ESEL
~ Lwr

rEEEL BB RETHDB. L LITHPERRE “Hood” 2
Lwr=_850ft ¢ triala % FHE &2 HE £ 5, 000tons 1§
% T 36,000tons b 41,000tons 275 T b BIFEIE

$132knots # FIETEIELES 144,000,210 r. p. m. (trial

. A\ 32
.H.P.=151,000) TH{LE -t ii—=—""—
S-H ~ Lwr /850

=1.10 o hollow point {ZFAX24 L, Ca=260 DiFis5R
B b L BB, KENEIEC———— =110

~/ Lwr
~1.15 ¥ #EFAL, Atlantic liner ‘“ United States”
DAY CHAEFSHS) 35 knots HHL-Z LD,

AL v =1.10 @ hollow point ¥R L 7-s58C
~/ Lwr
ship form % propeller DBEH KENEH, BHERLET

Iz T hollow points # W3 Z » s34nfa -

ICREITCH DD, LWIZLERVELRLESZRE
Thd. HBABOMEME DEXONBIREAR, &

Rt FEASC S, BEEAC——  =0.85~
~ Lwy,

0.90% 3% Y, SEEEEZEICIIASTEEITORET B L
B4, LrdIE LEROEERICEA T2V
WP, KEFEEZEOSHEY EHIEWIFEHET, K%
R O—BEHTEETH 5.

SIRDIDOVWEEL 15072208, SEF IS IEATRE Lo
£ L IR & OCEHEBENOFERS RO
(KN L DHUAFERCERT 384 T35,

XCAERZIZIEE DN Z Y, D region Tl¥ Cp=0.625
~0.600 23\ 25, cargo ¥ E& THHEIE Cp=0.65
FHEWBZERHB, Ll “Mariner” DX 5

Loe > 7.0 oRgz, Ca<0.62 LT BOBIV

Parallel middle body=0 & L, straight bow line 23
Bk fenns,EskiE 4 %0 bulbous bow “C hollow
line =42 = & BT LIED TV D.

=0.90and 1. 10)

v
liners(———
(5) Fast passenger ( i
Cs <0.60 ¢ wave making resistance il

%7-3, entrance angle>6° &L, bulbous bow %

£7C hollow water line {Z L, transverse section
¢ maximum area % midship X 9 DAEHILT,

long fine entrance & L, sharp shoulder # 3§} 3%

ZLICXVOfEE 2~3 %IRDTE S, FEHIE model
basin OXFAZRCicv v B bulbous bow € bow trans-
verse wave O crest NHIFFHHHAEY, *Conte
di Savoia” ¢ Lwr=800ft. % 834ft. L L TiiEZIL%
HLTWAHLIREL TV 54, —7 bulbous bow %
sphere BNEDBFETCHHdDEHE %, D sphere d
T bow ¢ water surface |Z trough Ci5% 3
wave ¥iEL, fEK transverse bow wave o first
crest ¢ interfere LT wave height ML, wave
making resistance 2383 & FET B EWARH DD T,
3k model tests CHFEEONBZZ L ¥ HFHES 2,

(6) Crannel ships and coast guard vessels
=1.10 ~ 1.40)

( v
v Lwr
v
v LTwe
0.57C best results #1E64,

=1.1o;:&qu%=s.s L+hiE, Ce=

v

=1.4 |Z%
~ Lwr s
Lsr

L, —5—=8.5 L T, Cp=0.54 THEHH-FE

¥Boh3TheED, (6 HOMMIIS E H KBRSz

¢, stabilitydpSEEs B b BIR Lé“’ PUNE B E,

least resistance ##B6HNT 5L 5 Cs=0.525~ 0.510

ELTRy —t
Lwr

=1.10 ‘Gt fine ended water

line ¢ L, %entrance angle 3 6°~7° r 42 2,

HhEHLT V__ —1.25~1.34 2> hump speeds
~ Lwr

EEUELTJ_X__=1-40 L 7c#uig ends i3 fuller

Lwr

line {zL, bulbous bow #*H\W32DAE\v\, Water
line % staighten L, §C stern & squat M
& 3 fuller water line & L, cruiser stern % %0
destroyer ¥ 7-i% high speed motor boat form¥ i
RL, R propellers 2% air % suck in ¥k 3
stern OIFF RH3, F4r propellers D EF5% cover
THRBENRH .

¥7- long fine entrance ¥#%7:% maximum
area section #% midships 225 3 % < By aft (o2&

CzEbR. YV —1.40 Hi5ED highest speed

WL

ships It last maximum hump @

———=1.6 ifiF

WL
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LwL
o3

£7.5~8.0 ir L—c%oﬂ:m@xm% ZricfEr

IZIEVD T, length-displacement ratio

EThs,
(7) Fast cruisers v
~ Lwr
Z 0 class I3BERIZIBVTIE heavy cruisers, light
cruisers, aero-plane carriers SOOI S TR
FZL > TIFHICHEBREEE & D2 o728, nuclear
submarines, rockets, missiles s E DI TR
ATV 2253 b DT, K57, EEEL Y B hsh
I frigates X, (8) {TH~<2 destroyer types o
transverse waves O interference DNOEID L class
T, BRI LC a=1,000~5,000tons DEEEL T
THDTIRVHEBbh 3, ENILTED class 1338
BIEh BB X THGEED 6) T class ¢ kKRR CH S
2%, WROBEBS CEHENIYEA AR, last maxi-
\'2

mum hump p— __=1.6 TERREL-MLMEL,
~ Lws

=1.15~1. 45)

Y AER” 13 Lwn=442.5ft. € V. trial=34. 55knots,

v _1.645, trial A=3,462tons, S.H.P. trial
~ Lwi

=58, 700, -S;%-E’—-=16.95'c-, ®=1.55 B

7 ZWL =1.65 @ last maximum hump o light
cruisers L 78 7-DC, HMEHAEFIIEEDOZ L 1IN
THILAA, EEARHODEN S, EHE, KEEen
FERE Y R O WTRER A D BUEEH 1% W AT 0 1855
2,600 (ELEE L BHEOFARSOBFREDORDIZESL,

RO E O BAR 202 B1TBIRL, 7ricfBskDTEHK
eI T & =28,500tons, Lwr=828ft, V. trial=36knots
LT RLEFELAZERD 72, Zhiie<{ Lwn
*¥HLC ©@—curve @O last maximum hump 0,

—V__—1.15 o hollow ®F~IcB~<< shift ¢4
~ Lww

L LARACBEES, -8NP, XEOBEKS a=
28,000tons & 75 Y, ESERLHMEREOMS1H135knots
Wl o2 b A AIRROBESI ORI DD & e E 4
%, Form 2894 2 EBIVEITOIEE R TH 20 50
Bdiiang, BIBOMRRILOND L5 EVT3,

vV —1.80~2.20 )
+ Lwr

(8) Destroyers (

—R O B %

Y _1.60

Lwr
~1.70 ©» ©—curve @ last maximum hump ¥#FL
T speed ¥IHME L TH ©—curve RRFIZTFET 5
region DHEEIL#IRKIT AT, planing motor
boats % nuclear submarines 3BJ¢ LT, surface
displacement ships } U CEFHSRALD SIS D
RESEBEL light alloys & OIS THis b EREII2t
#oh, HEY ko destroyers LS OEMEMOHIE D
WHETE Z8BRH S class THB, FRTH a=1,000
~1,500tons -C V. trial=30~35knots, a =2, 000tons
CV. trial=38~40knots, & =3,000tons ¢ V. trial=
45knots, & =>5,000tons ¢ V. trial=50knots (3755
NBETHBN, Ig"’
@ r.p. m. ¥¥I g\ propellers o disc area &
fRfRe 0 clearance IZEESR M3 - T, 45knots @ des-
troyers (IR L 7243, 50knots ¢ destroyers IR
MR DOFREL LTHRIN T2,

L:l.GOO.é(*Eiibowtransverse wave system

~ Lwr
@ first trough k stern wave system o first trough
LOTEIIERE D0, EH LY speed HBIFTIZT
\» stern D squat RFEEEIZIL B DT, FREE destroyer
stern {Z LC midship Dif% stern fiF % CHEFEL
%, stern @ cut up ¥#HEL LT slow slunt o fair
buttock line ¢33, Cy #0.82~0.84 + LT Cr ¥
0.658F5F2 L, B full ends ¢ amidships fine @
destroyers EAH®D form ¥IRHT AAFEINH B, ZD
maximum hump ##L T speed #HILTFH< &,
bow wave trough MREBIZEE HIZEBEIL T stern
wave crest % cancel T3XL 5178306, wave
making resistance ¥ reduce 3+ ZfERE s Y, speed
HRECHIL THIRFE hump position (& © —curve
ici26 eV, Ends % full iIZ 3 2448, forward water
lines ¥ straight MirlL A canvex &7g9, é ent-
rance angle on the load water line % 10°~12° ¢ _,
stern 3Bk D L 542 long easy slant (LT, pro-
pellerizgood water flow ¥4 %, water line breadth
# sterm ¥ C full ship width icF 3z 41220,
propeller #3853 cover L C propellers 33 racing
L EESRETVRAERLSERTRETH S,

Bl 3k~ - BT % 88 62 & ship form for minimum
resistance (ZFIEEL, 3523 MOEEHFE B LEL

L(ﬁ‘/‘f;o

Z D class {3, ®=1.50~1.60, 0%

=9,0~10.0 DBIET, LIS




—R O B FE—

B FHHOR— D

EBOBFHIS2F

RBEORETFEE I— AT — R —ABIVIBAT 58
C—SERBL TV A Y, MFAOETRIZE OBXERE
SOV L TEERENE B R T 7
W, TRPET A YA OEKERIIUD L THEBOESE,
#HEBEDOETFAERE RO TV 3 IRERY /<5
i, 7o —o DS THBEKEY — U L7 BITHW
B> 1 7= MRS RS E T TR 2B 3 R TR RIR
FETH DI, 5% TMEREIFHRBETFELLTH
EChBHEEEESNTE T3, BEBETFORXD
BT M o T RO BEIRTD\CHE2 DFEEED b LBk
RIS T Hig\ s, 6 OHERESRO—
L LTSSy D LN TED, Rkl
28D FHEZE RZ 8 RO EFFIC W TEN H ORI
RO RN A N T DT, ZIIRFEHEEL
C DS T BRI AN S D TIXISW A, BATD
ZEiZTs,

Hc g X N - FEET R TREIDH S S D) HH
SORHERIZ D L HTHEBEINTWS, ENHLDOKET
FERIR T H T RFRIRDOIAL TH S,

BTFHRORR (BEHR) =4

1. #kk® (BWR) EBWR(Argonne)

2. mEKE (PWR) PWR(Shippingport)

Bl FEFH7 5 ok *

. HIE (HR) HRE-2(Ork Ridge)
F b Y ¥ L -B4RSGR) SGR(Hallam)
. HEHEER(OMR)  OMR(Piqua)
. WHSERIEFI(LMFR) LMFR(Brookhavan)
. $#5E% (BR) EBR-2(Idaho)
. H RE&HF(Gas-cooled) Calder Hall
otk

EFAD a2 FRREEEBHATEbA SR, KB
FFZ T B BN TV 5 <& C, FRBLEEIC BT
ARIAHERL il biev, ZhF172iC biET
BT EAH DB RIEHFETFE O T, 28R
WHTEFE AR BB, KBHED 5 b Tl BBk ENFE R
BV, BEmEEEECET RN T
€3 % ,LMFRPEBR-2I3 BRI NI £ B B4 % %,
BB OBEWERE - T B0 £ ORI ERE
DI=HTHB, A RBHFRD TN T —h—NENTTEL S
GHEL BN Y S BT 5O TROEFNE,
BEVA1 o=

KEHBFEFE, 2% bH, PWR, EBWR, HRE—2
CRICENT, SfESICL 3 LEFL-, OMR (24
BESICEIDH00 5 LbCIXRIPEHTH B, £/-0
MR DZEKEHEEL T2 L ¥BETIERIIMA b
v, WHREESER, Ait SGR, LMFR, EBR—2 {11
NLHERF 77 F LRBEOHRLIL - T3,

ooqcs:n.pw

HAES | BROEE RUIMN| 2 — ¢ v BURN AYHH |77 PRERE | 2z
‘ (psig) CF) (Mw) (103Btu/kwh) (%) (103Btu/kwh) (%)
EBR—2 1,265 gs0 | 1117 9.2 10.5 10.3 33.1
LMFR 1,265 80 | 112.5 9.1 12.5 10.4 32.8
SGR 865 825 | 106.7 9.6 8 10.4 32.8
EBWR 600 486 92.1 1.1 5 1.7 29.8
HRE—2 600 486 92.1 11.1 6 11.8 28.9
PWR 600 486 92.1 11.1 9 12.2 28.0
OMR 420 550 89.8 11.4 11.5 12.9 26.4
Calder Hall 2 809 74.7 13.7 17 16.5 20.7

fii%* oML —HE 57 HHEBEO SO0 LET

FEOMEINE 300Mw, HkRE3E, TV Y
Y —FES 1.5 W/7keR, 3 BrigiReRzI—3, 600rpm ¥
—EICTEEL THh D,

o — € VRIMBRRIERY 1 7 A BROMET, BT
POREBRY I —C Vv HATHEI 723D THD, ¥
—~EVDREE, avFvH—ES, HBARIMMER,
¥ — ¢ VEEREE, #SKBESHENENE - T3
DT, ERERIEBE b gV,

— 96 —



H ZAGHINIESGE L BEEL TS IR EHE D
REMN 3 B 2%, RESERO T X FAHMAT BIEALNS
%,

THENEh

BTF O 553 285 MBIBITNC vtz el
EEHAbhIg. UL, BREMOBEER KR
7EORY FTRBAIOHEME 7L, SHEECEER
B 07 VBRI IR BT 5. B2 RIEHMETHFO

— O B -

HEVEL LIWESR L DD, ¥ IBADEEN LS
HH OBREEC SRR DB, & D7 dROTELHIAT
3 f:bi::%iﬂﬁﬂ)m&—%lt LTHELOY {4 I RE
THHENH DM, BHAOADBEIEFLT, O
WTREREAYRUESY 1 7 LHRETH 3, o
L HFE ORI G SEH OTREEE ¥ D BT LI X -
THD LN, R ITRIFINHATHOT, HxiiE
IZsbisvs, 83 EIFAKEBEDOHERT.

W RERTH S, .
W3k 88 Kk B B
il FRE EKEB BB BERE
EFE REB® % B4 5. B DR KEE
BHRYT kA7 Bt (psig) (°F) CF)
_ PWR 620  (fF1) 3 325
51\341}2?}12 é 32 }‘2’ g EBWR 615 (£3F) 0 110
SGR 15 3.5 3 HRE—2 520 (fIFM) 1 180
EBWR 0 2 5 SGR 815 825 3 300
HRE—2 1 2 6 OMR 430 550 3 337
PWR 4 2 9 LMFR 1,265 900 6 475
EBR—2 1,265 850 5 450
OMR 7 1.5 11.5 00 5% o -
Calder Hall 13 1 17 Calder Hall 53 340

5 * bORMBRBIC SV TRW TN OBE S HAID
3%¥HETHLEFEL:.

BWR 33y Fy4—Ry 7238 HR Y 7 bl
FLico T3 O THEBIARRDEL KV, HEHTE
3% BWR T3 0.5% X5, KSHBHFRTF R
PWR 2 b4 < RBBIAEXEE 3548, BE ke
1B 2N H B D THD, OMR 12540 ORME
FRRNBVOTHHR Y 7RICEROBIYEST S, &
R b YT LIBHRE LTEWERY S 5 T35
BAUNI VWO TE L EBEL T3, ¥ ISHENL COH
ROWEEHVIE {, HOMEERBBWIHELLELE

Bhghy e LT3,
BEAEE

W E ORMEY, BNERICLS7 7Y MClimL
TEGH 1 7 VORYHBEZTHIZ LT bh T
3, FO—RERETEROML THS, ZOHEI—K

v EERREICI T RRESE ORI b &,
TS BRESR
EKEH (psig) 600 600
wm&EE CF) 486 825
B F (Mw) 92.1  104.1

57— v BNRH(10°Btu/kwh) 11.1 9.8
L L7 bRz s - T, WiE OZEKBREGE
BT 3 = L SRV EHMET AR5,

(=97 1*=y7 X 1958—6 BEMH]

EBWR [C L 3E)HAX FOET

7T HBTHHHEIGELEL ST, T AV HERSE,
Argonne ENTIHIFERTORERFHEEEAEF FHF(EBWR)
BEESSOXBEERHFR I 2 L, REFNwEEL -
W30 3 &L DRI X 2 REERIC R L7z BlS
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