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Table 213 %Eﬁﬁ:%ﬁ
BwaElad WY, B U)

a
2.0 4.0 6.0 8.0 10.0
{cm)
T 1.5 2.0 3.0 L.0
[ sec)
e U 0.0 0.4 0.6 0.8 1.2
i [mIS]
a—Cd, h/(’., (g —b ),/,qu,2 relations of
Tebhle 220 4 pybouchinsky model,
h o= 1
a Cd T pql,‘
0 0.880 C
10 1.252 17.524 0.210
20 1.810 3.926 0.520
30 2.690 1.483 1.000
40 4.183 0.667 1.800
50 6.989 0.315 3.274
60 13.163 0.143 6.464
70 31.079 0.055 15.582
. 80 128.952 0.012 64.824
90 )
' Table 2.1 5 s i i
femila), SN, M)
a 6.0 8.0  10.0
{cm)
T 1.5 2.0 2.5
{ sec)
U
0.0 0.2 0.4 0.6 0.8
{m/s) -




Table 2. 1. &

A E B

6 BRI & H - TTF -4 ¥ ¥ 0
#3 B Lpp (m) 300 300 300 300
fic ] B (m) 0493 0.4719 04354 047826
2 7K a (m 0194 61828 01628 019565
B Kk & a kg 2334 22057 121608 19984
Cp 08243 0.8519 05717 07119
Cp 08564 0.589 4 07189
Cy 09975 0.9946 0.97 00 0L9%05
Cw 09031 07108 08109
AZEvA~Lh GM (m) 0.050 0.66077 00170 002174
o8 (m) 0.089 009930 —0.0425 -0025
8F (m) 0048
KB (m) 0.102 6
fBEEEF FE KL () 0.2354Lpp 0249 4Lpp U.25-9Lpp G217 2Lpp
HMEBE¥E Kg (m 024028 0.2513B 03828 0.3240B
A% —NE  DB.K{(m) 00070 00076
Casx-af {B.K(m) 0.25Lpp U.25Lp-p 0.25Lpp 0.25 Lpp
Lpp/B 6085 6357 6890 6272
B/d 2541 2581 2674 2444
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Table 2. 1. 7 ARSI O N

8.8.N, 8,/ 8, B, /B, T, /d
- 0217 G oeos 0.00001 0.0022
~0.109 o142 0.1626 01554
0.0 coz27¢9 0.2191 02111
0.25 0.06453 0.3340 10000
0.50 0.1632 0.4399 '
0.75 0.2560 0.5353 z
100 0.3489 0.622¢ .
1.50 0.5314 0.7753 .
2.00 0.6972 0.8944 ’
2.50 0.8297 0.9681 "
300 0.9217 0.9981 ’
4.00 09952 1000 .
500 1. 0000 1.000 ’
600 10000 1000 ”
7.00 1. 0006 1. 000 ’
750 0.9443 tooaQ '
800 0.8110 0.9234 "
850 05953 0.7236 ”
%.00 0.3586 0.4538 .
9.25 0.2521 0.3243 "
.50 016650 0.2058 ’
10.00 0.0432 0.0 0.9363
10,065 0.0278 Co 0.8714
10,130 0.0 0.0 0.0

23—




Table 2.1 8 ORI e B @ (Rt

BHOF R R FIPE I E S et it o &8
Fy COER 1‘5“‘\____\
é\] 000308 9.06209 0.00082 000061
0 i 003262 0.odat1e8 L3450 L04908
§\3 012170 0.03877 0.08474 0.08 994
’f‘; 0.90359 000316
0.10 '1'3\2 0.04110 0.04453
B 0077853 0.03581
8 0.003%44 0.00374 600242
045 é\z 004254 0.02531 G 03755
i 0.05524 009835 2.08755
i 900332
020 i 003551
1/3.\3 0.05226
ﬁ\l 000628 0.00389
025 'ﬁ\z 0.02125 0.04033
& 0.03567 9.02206
é\l 0.0067 1
0275 B 0.01402
& 0.05097
Table 2. 1. % Zraitlo e ok
FIERT L 3 P R a7 F - oo e
Fn N cowrr,
A 0001953 0.00161 0.00006 0
’ Y 0.05667 0 05180 005563 006999
I 000281 0.00272
e B 005975 005387
B 0.002756 0.00286 000156
e B C.05696 0.04702 0.05785
By 0.00282
020 By 0.04752
B 000571 L00348
b2s i 90321 0.04548
B 0.0059 6
b7 8y 0.02851

—74-—




Series60,Cg 0.6
~ Ss 3/4 8, =10deg
Bg
0.1 4 ’
. o]
| 5
o O
o
]
0.0 T T T T T T
”~~,
0.0 0.5 w

Fig 2.1.1 Damping Coefficient ﬁ;
(Eddy making component)

e N
BE &
A model
O o
0.03 . Bo=10deg o &
O
© o
0.02 o 9
0.01
0.0
0.0 0.5

Fig 2.1.2 Damping Coefficient EE
(Eddy making component)

£y



0.005 - Series60,Cqa0.6
88 5

8o =10deg

0.0 , 0.

£

”~~
Fig 2.1.3 Damping Coefficient Bj
{Eddy making component)

a& A model
0.03 | R = 0.0 "o
o
°
0.02 A /o/
0.014 o ;©=0.507
=~ . a ;{5=0.751
< _ B +Bg
L e Tx ok
0.0 - _ BF+BW ' . P
. 0.0 0.1 0.2 - 8 (rad)
Fig 2.1.4

Damping Coefficient Bz



8, (rad)

™~
Baa
0
-
0.02 A L B model
- R=1lcm
.4
. 0.01
0.0
| .
. .. . . . /\*
Fig 2.1.5 Damping Coefficient B,
Bia
0.005] &=0.938
©=0.751
i‘ ©=0.625
) C model J
_____ R=2cm
BME
0.0 : y v
0 0.1 0.2 0.3
Fig 2.1.6 Damping Coefficient §:4



g;_ I D model "I

R=3cm

0.0 0.1 0.2 0.3 8, (rad)

Fig 2.1.7 Damping Coefficient Bjy

Series60,Cz30.6
Tk SSs § 1/2
By
&3 =0.814
0.1 - o o o . Q
O o 0
e N ° 5 o o o}
By +By
0.0
L[| )
0.0 - 0.1 ' 0.2 8, (rad)
Fig 2.1.8 Damping Coefficient E:g



Series60,Ca0.6 f
. ss 7 lss 7
By
0.003 A
0.002 |
0.001 {
0.0 : . .
0.0 0.1 0.2 0.3 8, (rad)
Fig 2.1.9 Damping Coefficient /B:;‘
B Series60, Cg0.6
0.005
0.0 ' .
0.0 0.1 0.2 0, (rad)
Fig 2.1.10 Damping Coefficient BX



Series60,Ca 0.6
Ss 1 1/2
(0]
B2 .
0.005
0.0
0.0 0.1 0.2 8o (rad)
Fig 2.1.11 Damping Coefficient af
Series60,Cg0.6
‘]'3‘* s 1 1/4
44
0.02
0.0
0.0 0.1 0.2 0.3 8, (rad)
Fig 2.1.12 Damping Coefficient Bg
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Seriesb0,Cs 0.6
~x SSs 3/4
Bgs
le}
~~
o ;w=0.551
o
0.1 1
————— BX+BJ
0.0 r . .
0.0 0.1 0.2 0.3 8
(rad}
Fig 2.1.13 Damping Coefficient E;
Hg“O(l) Hex 1
= (V)
@ (I) @ T=1
©/
M )
] (I)
. ]
S N ¥
. Hel Hel, = ¥4  Hpol

Cdm

Fig 2.1.14 Eddies near hull
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Fig 2.1.15 Location of separation
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press.

positive

negati
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[Tree 5 e
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negative press.

Fig 2.1.16 Pressure Distribution at 8=0deg



Cr

Cp=0.5(0.878xp(-r)-4exp(—0.187r)+3)

5]
&
0]
a4 ; Flat plate {-0.7<0G/d<-3.8)
a ; Flat plate (0G/d=0,Press.dif.)
o ; 2 dim. Cyinder (0G/d=0})
< ; A model (0G/d=0)
5 n ; B medel (0G/d=0)
o]
0 ¢ T T T
0.0 10 20 30 g
{=Vmax/Vmean}
Fig 2.1.17 CP—P(Vmax/Vmean) Curve
Series60,Cg 0.6
01 —0— ; estimated
’ a ; measured (2 dim.cylinder) a

A
3,//9//// c///é{
-0 o P —n
. e . : : . : : r

Fp CD AP

Fig 2.1.18 Cr Distribution {series60,Cp0.6)



Cr

1.0 4

Series60,Cy0.7
0G/d=0

AP

Series60,Ca0.8
—~ ; 0G/d=0
; OG/d=0.18

——e -

Cr
SR108B Container ship (single
1.0 1 0G/d=0D screw)
0.0 K _/\. . .
FP m AP
Cr Kasagisan—-Maru 0G/4d=0
3.0
2.0 4
1.0 1 /
0.0 j h K
FP 2 AP
Fig 2.1.19 Cp Distribution

SR108 Container ship (single screw}
F.=0.0 without B.X.

~y n
Bgs

® :w=0.894

s 16 =0.596 measured

O i@ =0.397
0.01 1
0.0

Fig 2.1.20

Damping Coefficient BJ



Series60, Cg0.7 without B.K.
6p=10deqg ,Fp=0.0
%
Bag
0 : measured
estimated
0.005 § ‘
_-Wave making
-~ component (OSM)
B /// . -/ -~
- s
y /’(
. Eddy making component
(Cg=0.37 }
/’ . R
.’/»’-‘_'O____.'_-—----;—‘{ T .
T e Frictional component
0.0 = t T
0.0 0.5 1.0 D
Fig 2.1.21 Damping coefficient‘a&

Series60 Cp0.6
ss 7

Fig 2.1.22 - Pressure sSensors arrangement



At Cl-‘ in front of B.K. 8, =1l6.%9deg o CP behind B.K. B.=16.%deg
A rno\jel A . ¢ in front of B.K. B,=11.4deqg ® : C_ behind B.%. 6, =11.4dey
bak=0.9 cm P P
C o
A P D P G
2 2
& a4 a8 s o8 a %a 4 4 a 2o aa s s a
e A Bp— O : 0 e
o 0.6 0.9 0.3, 0.6 0.9 .3 0.5 0.9
- -2 o
w =2 o 8 Q fe ) 8 a Pu 3. c’ [
o 84 % Fo
-
c E Cp
& 2 a 2 s 4
A
ﬂ% a» A A LY &b ?\ A &
r
—ade—tmo S e o ls . & ol L%, *
. .6 0. | 0.3¢ 0.5 0.9 0.3% 4 8 Qo @ 0.9
- '™ '+ B L.}
oz ¢ L ¢ 9 g v @ G
M .
3
C C
P - g
C 2 A F 1
ad
£, 80 2 T
_“%W 0 ta — o_,_._p.*_g_m_d-.-n-v—ﬁl«
. 0.6 ° 0.9 0.3 o6 0.9 .10 @ S0 o % 2a
w -2 Q o ) o5 -2 o
) ) .
-4 -4
L J [ ] .
L] . .
. | I
Fig 2.1.23 Pressure Coefficient Cp on ship surface { A model )
|
!
Series60 Cp0.6 58 7 a5 c in front cf B.K.
= = i
ba =0.4 cm Ay=10deg o o behind B.K.
°, E
A D
1
a a a a &
: 35 9
0.4 1.0 3 0.4 1.0 43
-1
[e] Q
° o
B Cp a & E
P Pl
LA & 1
A
4 o L I )
81 o0 Loy : 0B
o -1
[
Q
A p B a A o0
e e ey ———— ‘s s a2 2
0.4 1.0 -~
< v F
1
o [}
0 ¥ - -
0.4 1.0
-1 o o
-~ o
8]
Fig 2.1.24 Pressure Coefficient Cp on ship surface (Seriestd Cg0.6 55 7)



e 3 P o
AQ \i/'
I3
/{ A4 model l
A0
é
A
SN .
- U 0
Hl{q‘ ‘
. /%;\
O ;B =21,4deqg
A :  8,=16.%degy measured

Fig 2.1.25% Pressure distribution due to B.K.
(A mode) , bge=0.9 cm )

Series60 Cp0.6
55 7
bee =0.8 cm
B8 =17deg

Fig 2.1.26 Pressure distribution due to B.K.
(series6} Cg0.6 SS 7 , bge =0.8 cm)



(o I A model
T—IT§?T?%%) 0o i Rectangle model
ML 2
Jv'. D ~ x
P——

; Ellipsecid model

; Seriesb0 Cg0.6 8S 7
5/bw|
10 [u]
0 o 8
o o
5 =0.4{(nrd.)+2.6bm 8 ) o
5 A
gt s/b“=u“4(1§%”
L (1%
0 s
o 5 10 15 E%%
Fig 2.1.27 Distribution length of negative pressure
A ; A model
x 3 Ellipsoid model
ct O ;: Series60 Cp0.6 SS 7
P
2 4 A
O
al »
A %
- - 1 -__{% .
. A LEa \
| o cr=1.2
. ; P
O T T L]
0.0 0.005 0.01 0.015 bg. (m)

Fig 2.1.28 Pressure Coefficient -c?

in front of B.K.



[o

8=0, sinwt
at f=0
* negative
c* _ positive
c. /- S '
p o
P
Fig 2.1.29 Pressure distribution
Ho=1.25
8. =10deg
% =0.4
/]:J;Bk Roll axis ; O g:ggg;
¢=0.970
g=0.950
0.05 a=0.920
0.0

0.0 0.05 bgy /B

Fig 2.1.30(a) Damping Coefficient g,.pf B.K. {(estimated)



H, =1.25

8, =10deg

© =0.4

Rell axis ; ©
o~~~
Bpy
0.05
0.0

Fig 2.1.30(b) Normal force & Surface pressure effect of B.K.
{estimated}

g*
Bk B model

bege =0.5 cm
005 8, =10 degy

O 1 measured

estimated (with £,)

estimated (without £,)

~
Fig 2.1.31 Damping Ccoefficient B;{of B.K-




g
Bpy

estimated (with f,)

estimated (without )

measured

Fig 2.1.32

Damping Coefficient ﬁa:of B.K.

estimated (with f,}
estimated (without f,)

Fig 2.1.33

~~
Damping Coefficient BE of B.K.



Tk

Bg Series60 Cs 0.6 55 5
({ E model )
0.05 -
bage = 1 cm (o)
8o=10 deg O O
O
estimated (with fa)
estimated (without fg)
00
0.0 .
0.0 0.5 1.0 B
fig 2.1.34 Damping Coefficient 'ﬁ,*. of B.K.
Series60 Cp0.6 88 7 (F model) 4
By O ; & =0.689
A ¢+ w=0.560
by =0.8 cm
.05
estimated { 3 =0.689)
estimated ( » =0.560)
0.0 . .
0 0.1 0.2 0.3 B,

Fig 2.1.35 Damping Coefficient B of B.K.
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Series6d Cg0.7 1.8m Model
%k
Bpi
Fn=0.0
B, =10 deg
0.01 4 O ; measured
C
o o
estimated
0.0 i ,
P
6.0 0.2 0.4 0.6 [N
~
Fig 2.1.36 Damping Coefficient Bg of B.K.
- Series60 Cg0.7 1.8m Model
Bew
Fn=0.0
€.01 1 A ; measured & =0.599
o ;i measured {3 =0.4%6
estimated (m=0.496)
estimated {{3=0.599)
0.005 1
0.0 , ‘
0.0 0.1 0.2 G.3 6, (rad)

-~
Fig 2.1.37 Damping CocEficient Bgp of B.K.



Flow chart cf measurement

L_Strain gauge 1 ’ Strain gauge 2 | l Signal _]

| ]

| Bridge box 1 Bridge box 2 l

| |

‘ Strain amplifier l I Strain amplifier |

,—_I

Analogue calculator
{ add & subtract }

- 1

Potentiometer

[

|

veice

’ Data recorder

T
1

l A.D. converter J

T
n

Least=-sguares

approximation

Fg 2.1. 38

TLME HIsTORY |
‘)

o o
F=-0312 sinwt+0.71% coswt
+0.060 cos 3wt
WE2XT , T=23.0503%ec)
a =0.08Im) U=1.21mi/s)
: : ! : it

IR B

t

Fig 2.1. 39
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Cd

10

Cm

A.R. 10.04 |0.06 [(0.08

Experimental Data < Q a

e VApplied Riabouchinsky Model
—-— Ex Data{by Keulegan etal.)

Fg 2.1 40 U=0 Cd - asb

A.R. |0.04 ]0O.06 |0.08

Experimental Data & o o

—-- Ex. Date { by Keulegan et ol.)

8 o
..B <
° ,;"'/6‘— \\\__ o]
,O/‘j \\ I}
o \\ .
— I

X 1 I 1 "

1 2

Fg 2141 U=2Q Cm—~ a/b a/b

— 45—



AR.0.04 | 006|008

Expeyimental Data] ¢ o o

Cdt

Fg2142 ab=105 Cat -1k

AR oo4s ;006 |008

Bperimen‘tﬂl Data FoS o o
Cat
Cat 0 e A8 &
<
& ° o o Q a®
o
o g 8 o & o §
s L g Dg° o g

PPIRIPEY. ¢ B

 Canwel

0.5 . 1.0

k.

Fg2143% as b=10 Cat -1k
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A FECE R EANS P A—E0, +HCRIIOEVBERNEROBEICE, 6 =0(w, t)LLT

ag, 0 = (B, +B,101)0 (2221)

FELNE a AT LD 0 LERIC, SERENI

8 B
A BY + BY @ (kfc‘LBzv=; 60'52'\/2—g‘) (2222)

ERBTELLDEELbNA,
=T,
B, (0, t) fe— (BY+ Bzva)') P {222%)
LFEL BT ENTED,
(c) HAUBFEEO>ETLHE
SR-108 #IVFRIAOEBRENT RO AEE NMEE Fg 2 249103, ChiCIhid SR-108
25 ¥ TIEITHEMOMEFIEY & o8, FARUALIEREEOBLBREEZ > TWE,
R BIE IR &
Bao 0= (k,+k, 6°)8 (2224)
LEbL, k, k, HelTBrzETeL LELNE, (2216 )21,
a,, 0+ Bgg" 6 = m- By, 0
m-( k, 8 +k,6°)
-m’ (2.2.25)

ZAEE4 LR M) - FTOBET T THLHBALERe- 2 v  ORBRKE L > TEFLLA, FR
LT ag, ARDHOEN, ag, b
8, = Be{M' (@0)/ 6 () )/ & (2226)
L hkE B,
L, mlt) er M (w)
F (2224 ) AP HESRE TN, BEM~-xOEREIID

o=k 2k

CIA 6,° (2227)

3 "o

X, MR- ROFRLICLD

agy =k, + 2 Ky 0] (2.228)

23565, EE—FORBEEHBEOBEC LALEFITLL,
d) AR RiBEHIERE O @R
BEM IR - A D2 aRARZ P F2% Sem () L1252 L, RAEHH( a; Y
H(w) = Sgm(w)/ sg(@) (5g(w) EHREMA~2 L5 4)
ThEi LA, I - THIAREFBICESEROEE, PIUFARELIBTTLERI D, FEHEIINA
EHRTORBRET KDL ENTE S,
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Fg2250~51C Exp1, Exp 2 0EBRET I, ¢4 2252 KRB TRE Lf%TT,
{BLEBETEMidship flF102mITHBE L33,
(a) HAEKIHHEERIC 2\~
Fig 2. 2.5 3 VORIERERIRIE &L OB %RT . 36 ( Exp 2 ) WHW THBHIEE L b R MEEHRE
By, TR b LT, CALE—EROF~ 2% LD, 7- ) TEBEHAT AT LT L b RO,
37 LY RTUHWEA—FO L s ORERITHEERC L h RoxBER L, HABSRBEERL b X
B b OOEO—HKEIVESITHE,
) EREBISHEHERIC DN T
(i) Sweep Time ¥4 (SR-108)

BEEEIEETRBEE TELOT Sweep Time DEBRHE2 L LEL LN LA, Sweep Time (3,
44, 85, 138 )OESLARL, BT Tork, ChlhRE HERTHRERK a, (=ag,-
AB7Zg - 1,/(87B)) t A x - AKE(Fg 2254~55 ) KoWnwTRt, *TOTICERTR
BEE 6, (= ag,-1/0VB) #53, ThLUBBAORKE 15 THALADT, g XA~7 b
NERIEREAE L (Fg 2.2.54(8) ),

ARG PAPIGTE LR o T ARNMER (0 =03 ~12, U=wa/B/2g ) Tlt, vroe—
rdE L (Fig 2255 )ITi Sweep Time DNITI 5T, 8, KARRZEAEDLNAVGA, Ea
YHR-—atbh (Fg 2254 JOFRSGCEBELAENRLELTHELOTEL, L LFg2256(a ©FHET
H4!L Sweep Time IBD 30, EREAHOMEELCR L EBFENAEHMO Sweep Time D D
by EIKEnIHICBbhd, WoShiE L, #HEXS P HRBOEEZEICICL THEE{THZ W
Lbhi kg, F—2~2 b AEET Sweep Time ORBBICE VL O, HEAOKRMHEAD O
LHAKE ¢ BOT, WREOHSELOLE, REBELE MO sweep Timed § D& BE o
(CBOT, INLOBHRELHEEC AL O EELLNL,

BEDT E LY, a,, OffiICO Tit Sweep Time DEBZARHFNIELIKE(ENWISTHYD,
TN RN P A OERELBHE DI EFTRLTWAIOTERARR TS S, Lo THERORES
FUOREEILEDORE T b Sweep Time 13#HO%3O% ( Exp?2 )“C’TE.FH LTwnB,

T AEXTREEREC Sweep Time HBCHL T, vavr—- @ (Bg 2255 ) @K 4&icit
w (= w«/g) < 07 TOHLDERAARC, Sweep Time IBOEAKE N, @ > 07 Kon
TH, EAry - LOFEICHpdb LT —-F LA 5 Tinb,

(i) HEAEE

HRIEAEE L SR108HE, FRUAKLOWTEN, SR-108REDN THERY 2BICHT T
ofto ( EXp1 )T SR-108, h# ) vAEo10 (Fg2.2.57 )15 (Fg 2256 ) b b gK ff
10°(Fig2259 )15 (Fg2 260 ) pKEL ( Exp2 ) THASBED15 (Fg 2261 )20 (Fa
2262)25 (Fg226% Yo bk pK4, (Fg22464 )07 FEUODLEDYALIF— LOH
I X MR OB e, EhostaEd R D L b,

EARIA DT, 15° (Fg2265), 207 (R 2.2.66 ) 2Rd, A% LARARILICH ey
AR AT E Ny

Fg 2264 b enis—namnills, BEEFESOANINWCENb2E, 2LCAKOT LD,
YAk — ADEABEOHATERE TERTEAER a,, CAEEGS AL (DT Exbab,



& > 08 THAEEAKEL LD a4, VNI X AERHRDOR TS,

ik, Fig 2267, Fig2268, Fig 224695 ~5 &, CAPF— T2 ORSIEMRAENKE
RBICHEN 8y, KR (DO XDRS,

(Exp1)DFg2258& (Exp2 )DFg2261® a,, DK IRELRE HOTEBRE R
A(Table 225 ) k&, YR Z P LABK I ZEEREDh AL EBEbR A, La-L, (Fg
2258 ) (Fg2241 )0 a,, Do CHTAAREALLEL I SKBHRADT, HHTOWBTFY
AW, FlwneEg bh b,

T LW (Exp 2 ) TiToAFTARUA DN TOEBOBEA DR~ baid, Fg 22560 KREEH
LW 03 <@ <12 TRIT--ETHHC LD SR-108 SIHBAED a,, XA T b MM
EZ 5 Tnh,

7L, AUl 2 0 SRR BRI K EAREET B 5 2,

Giy # & & B

Fig 2261, Fig 2262, Fig 2.2 63 CHRBEA—FOREOSRI 08 BBO 7 ~— VEERET T T, Th
L RIS, Ay AT A T ERb B,

FARLANC DT Fg 2.2.65, g 2 26 6 TR . SRI 0B MBNCH~FNZED - & b LAGHERE
MIEELNE N,

#7 (Exp 1) ®Fg 2270, g 2. 2.711C Free Roll bR MEEML, 40 —=a 0y +b Om
bR AR L CHEREREES a, BEm LA,

v #8Esg

thETOFATHLL LS CHBERBERNECL s TKECEY, ERLATEIETICHERME R T
wa,

(c) BEMEBIGEE L 2REEK ST

Fig 2252 TR+ X091, 3WEEFTAVI08MBRBK 2 LEFWT, BEPREBLIb103m da2h ik
PeARABESTREL, RE 227201 2B ER2 154t h, REBEORTTER OBHEREL
fivy, £ I BEREEEROEREENTRGODIFg 2273 Th b,

BCFEAND L 510, REFRFECO.8. M, LI HEHBEFRR LA LE DL 2HT Om D 3O
BT b —H L TWBO L RER Y,

Chib, BEBERCS HERELELLZCLEOTEDERBEEICOWTIWLAE, © > 04 T Sweep
Time QBT SITANEELDLENTELH TR A,

(d FHRAEGHEEERIT DWW T

THRAGEHIBAFEC I SERNT - A2 57452 Fg 2.274(, Fg2 274D TR T, AE2ZMME
AT SR— BRBICRBET D TP PEIH L, $ARbLI DT, BE—ELE2-TnE LE
2 bhd,

Fig 2.2.74(a), Fig 2275 Ciliam@B 13 11 ¥ Fg 227 4(h TR£M 20 BEORBRFEAL LD,

ﬁk,M22J6KﬁéhéxﬁKKﬁ%ﬁﬁﬁ%Komfﬁz»w*~»€ﬁwx&%§ﬁké<®b
DN Fig 2.2.75 QHEI $ A Tin b,

THRETIRE L RAEEHREORKERE (Fg2.2.61 ) (FRz 277 ) e HRBRLTA2 DL, BEA7~ 1) X
NP PAENT - ZR2 P T AGEBEBTE D L OTE A A, BEHE 1S OMERBEEIT SR
BIHEE (HEME15) O LIRIGEETR LTA LATH b, BANKEI—ET 530 LBbh A,
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Table 2.2.1 Principal dimensions of model

Series60 Cp0.7 SR108 (single)
L 1.8 m 1.75 m
B 0.257 m 0.254 m
a 0.1028 m 0.095 m
A 0.0331 o 0.0241 n®
Ca 0.7 0.572
Cux 0.986 0.970
B.K. 0.0054mX0.63m 0.0045mX0.4375m
Roll Axis O 0

Table 2.2.2 Lift Coefficient ky

Model 2L/d Cop Cp Ky k
(estimated) (measured)
Series60 Cs 0.6 0.1067 0.977 0.6 0.483 0.343
Series6d Ce0.7 0.114 0.986 0.7 0.520 0.440
Series6d Cg0.8. 0.1231 0.9594 0.8 0.562 0.574
SR108 (single)™ 0.1086 8.970 0.572 0.506 0.493
' 5R108 (twin)™ 0.0333 0.980 G.5613 0,400 0.413
| 3R93 tanker ™ 0.1183 0.9948 1 0.3021 0.583 0.680
SR153 tanker 0.1208 0.9903 ] 0.8019 0.571 0.603
X' With bulbus bow.
Table 2.2. 5 H#HEOTEE

Model Container |Mathematic)

Length L{m)| 4.5 4.5

Breadth B (m) 0.653 0.4%0

Draft T {m) 0-244 0.2405

Displt.  (m)| 0-4103 0.2886

L/B 6891 10-0

L/T 18.443 18.711
Cph 0.5723 0.5926
Cp 0-5900 | 0.6667
Cr 0.9700 0.8889

*
Roll freq. (Hz)}{ 0.348

#) in the free running condition

—Bé&—




Table 2.2 4

(1) Container model

Hr - =

Amp.  |FniFroude no.  t:Freqof roll.(Hz)
Fn Q0.0 10 5 20 2% 30 .38
10deg | § 05 0 )5 20 .25 .30 35 .40
L5 80 B0 70 .80 .90
15deg Fr (010) Jo .20 .30
f JO 20 .30 400 80 B0 70
« LFn 1 0.0 0 .20 .30
W0deg” ™t 7T 0 20 .0 .40 .50 .60 .70 .80
¥ naked hull (appendages removed)
(2) Mathematical model
draft T (m)] Roll Amp=10deg.
Fn | 0.0 0 a5 20 .25 .30 .35
0.2405 p J0 .20 30 .40 80 .60 .70
.80 .90
Frn_ | 0.0 JoJ5 .20 25 .30 .35
0-2405 £ 0 .20 .30 .40 80 .60 .70
80 90
Fn | 0.0 10 J5 20 .25 .30 .35
03405 ™Y 10020 .30 40 .50 60 70 .80
Table 2.25 HHARBOoES
SR -108 (23 30 | TALA it a
Lpp 2 poo™ 2 000"
B 0.290" 0.329"
m m
D 0.176 0.186
g Q.097" 0.130™
Trim 0.0 0.0
Cy 0.559 0 . 825
3
v 0.035T 0 .07041"
_-Exp i Exp 2
Rolling s8¢ seg sec
periodi 1.287 ) 1.243 3,250
KM | onis7 " | omsr™ | o . 1328™
oM 00216 | 0.028" 0 -0053"
K /3 | 0.325 0.313 0 . 358
K/p 10202 | 0.2 0.319
APPEND BILGE KFEL
AGE Breadih 0.00514M K o X Z 4
: Koo Fere 2B @ oty
; Total m
= length  0.500 Koo o Aevsa 4815 4,4
Length
Fore 0.275
Length
i ent?n c2rs M
! | BUDDES

—~B7--




/'\* )
1%4 Series60, Cg0.7 o
Roll Amp. 8,=10degqg o)
Fn=0-0
0.01 A1
(o]
O
[ ]
o ° °
®
¢ ; with B.K.
Py o ¢ : without B.K.
0.0 ¢
T L]
0.0 0.5 1.0 o

~~
Fig 2.2.1 Damping Coefficient By at F,=0.0

Tk Series60, Cg0.7
B44_ Oo
Roll Amp. f8,=10deg
Fnh=0.2
o
0 o
O
0
0.01 J ©
o 0
®
[ ]
&
[ ] .
o ; with B.K.
& ; without B.K.
..
®
0.0 , Y
0.0 0.5 1.0 )
Fig 2.2.2

Damping Coefficient Bjgat F,=0.2



Seriess0 Cp0.7

Fn=0.0
Fa¥
~ A3 W =0.60 (with B.K.)
Big A 5=0.60 (without B.K.) A
measured | . 5 _0,496 (with B.K.) S
e ; 05 =0.496 (without B.K.) A
o]
0.01 A
o C
A ¢
A e}
- o
C
A A A
A A
‘ ® [ ]
L4 »
L J ® ®
0.0 : . ‘
0.0 . 0.1 0.2 " 8, (rad)
~
Fig 2.2.3 Damping Coefficient 8:4 at Fp=0.0
%;4 Series60,Cg0.7 without B.K.
0.01 T * .
{%) x
o
® " x a
() ) o
l © o [e]
<o
o o 8
o fa]
0.005 4 ° ) 5 a] ] A
o sal
| Mark]
1 o = |0.899
8 2 a 10.719
) & |0.600
g o 5 N T 2 c |p.496
" (&) 4 |0.360
& % |0.327
y ‘1‘ Dbk + t0.288
)
0-0 T T
0.0 0.1 0.2 0.3 Fpn
Fig 2.2.4 Damping Coefficient E.L.at forward speed.



Py

Bag Bl |
0.01 | 0.014
Fny=0.00 o Fnp=0.10
5=0.594 o 5 =0.594 o
o - : 7
3
o < o ¢
<! o]
0.0 . . 0.0 ‘ . .
10 20 30 9, ] 10 20 30 84
o~ ~
By By o
0.01 | Fp=0.20 o 0.01 | Fp=0.30 °
oo N (.
Z -
[#] Q C =
&=0.594 o =0.594
0.0 : : : 0.0 , - .
10 20 30 8, (deg) 0 10 20 30 8jdeg}
Fig 2.2.5 Damping Coefficient B at large Amp.
SR108 Container ship (single) with B.K.
Jay
: : ; FaY
3R108 container ship (single screw) A
with B.K. 2
o
Bqa fa)
&
Jay
C
0.01 A
o x o v
T ox ox % v
Ok
& . o
7 O
G [u]
3 o & =0.394
X
&3 8.,=30.87deg
0.005] O ; B8.=24.21deg
¥ ¥, : 8.=21.49deg
¥ < ¢ 8.=15.53deg
D 0O 8.=10.22deg
0.0
T T T
0.0 0.1 0.2 0.3 F
Fig 2.2.6 Damping Coefficient By, at large roll amp.



Doublet

Y
Ve COSwt
~
o
N~ ,
Doubletnagé,,a
« X
v, CoSwt Q§{>

Fig 2.2.7 Coordinate system

Byg w= 4 Interference term
7’ Data of cal.,
- . a=20.1,b=20.1
T S f=0.17 , h=0.4
0.0001 o ) /
Basic term
0.0 J—/ 1T . T
0.9 0.5 1.0 {1
w= 5 Interference term
Ba4
0.0001 4 ’ - ’
Aii_'//,’ Basic term
0.0 r T
0.0 0.5 l.o £
Bag w= 5
Interference term
0.0002
0.0001 4 Basic term
0.0

T T

.0 0.5 1.0 19]

Fig 2.2.8 Example of present calculation
wave making damping.
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Seriestd C,0.7

~ w =0.60
B /B Bu/Bee o flp =0. 0008796
4 > =0.899 4 [
o - I . 3 @
5] Brp=0.003754 o measured 3 . o
present cal.
| ‘ ¥
(o]
1 o o
0
5 1,02
' 0.4 F,
R B =0.496
B/ Bue By =0.0003228
4] @ =0.719 ] e
By =0.002018
3
2 “_//(*‘-(-\0 8]
< [e] Q
1
[o]
0 T — 0 T
0 0.5 1.00Q  |o © 0.5 ° 1.0 82
0 0.1 0.2 0.3 F, 9 ' 5.2 ' 6.4 F
Fig 2.2.15 Wave damping coefficient /ﬁw
2Mp . .
—_— Series 60 Cg0.7 without B.K.
pLa*v®
Attack angle = 0.0698rad
0.0l§§
0.0 T T T T
0.1 0.2 0.3\ 0.4 0G/d
-0.01 |
FPig 2.2.16

Heel moment in oblique towing
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0.0067 Series6f0 Ca 0.7 without B.K.
0G/d= 0 , G =0.360 , 8= 10 deg

Q : measured

0.004

estimated {(Lift + Friction)

Friction (Kato-Tamiya's method)

v

0.0 0.1 0.2 0.3 F

Fig 2.2.19 Damping Coefficient §44at low frequency.

(2) Math. model I l

|u

A nI Ml e

Fig 2220 48R BEH
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15,85
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02405

Fig 2221 #HAMHFEO Body plan

Fig 2222 BEEELERE
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Table 3 11 Principal particulars of model

Items

‘ l‘.ehg.'tyh .betw.-'é.P Lpp ) 3,500 ™
- Breadth m.ld.l B | s08.0 ™
praft S d 190.0 ™
Creim t o

.Eiis;p.l'ucemeﬁ-ti : . Aa -1 193:57 kg

Block coeff. Cb 0.5725

Midship coeff. Cm 0.9700

- Water plane coeff. . . Cw. . |.0.7107
Pos'iiion of- CG | - teb | 51454 %
Height of CG KG 190.3 ™"

'Metocentric 'heright - oM |19 ™M

Radius of gyration Kyy/ﬂ'Lp;lO.IZI,
Radius .of gyration . Kxx/B | 0.34

Rolling period T¢ 2.62 €€

Appendages giulgze}:eels

Table 512 Principal particulurs of propellet
ltems
- Diameter - ' D 130.00 ™M
"Pi.tch - p 130.00 MM

"Expanded ..area ratio Ae/Ad | 0.652
" Number of "blades z. 5.

Direction of rotation Right
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Tab e

313 Rango of test io rogular waves [Wave Tength Sltl'ilfh)

. Speed in '
Kind of : wave height Wave Wave length
control still water direction
Fr hw/ L Jn AL
Constant o
revolution 180 05 ~ 2.0
0.25 1/50
Constant 180° 0.5 ~ 2.0
_ _,CMm )
torque |¥m=1465Ts)| (hw=7""7)
90° 0.5 ~ 2.0
“'I‘;lhli’ I 1 4 Hange of test in regular waves (Wave height series)
- Speed in Wave Wave
Kind of .
still water | direction length Wave height
control .
Fn m AL hw/ L
1/30
0.5 (hy=11.7M)
Constant 0.25 180° 1 /70 c
torgque 1.0 {h,=5.0¢mM)
(Vm=1.465TY) w
1/100
1.5 ( hy=3.5°™)
Table 215 Range of test in irregular waves
Kind of Speed i )Ncwe_
control still water direction Beaufort number
Fn
Constant 150° 5 (Hw= 4" Tw=0755e¢)
revolution 6 (Hws= M. Tw = 0.99 S€C)
0.25 . 7 (Hw= 8™ Tw=1.24 5¢¢)
Constant 180 . _yicm _ sec
tor e (Vm=1.465m/5) 8 ( r{W_H TW—].S] )
4 g (Hw=14M Tw -1.815°¢)
[+]
90 |19 (Hw=18" Tw =2.115€¢ )
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3.2 HRPOREMECHTIERLRE
3.2.1 FHRHEFICHTIEEET
MR R BT B30 Nominal Speed Loss i, Sfolbih &icss {IHEAMC T o RiEsd &
5, MIPEMOEHEI Y o T Speed Loss OAE TRV LH, S0, BHFESTV LWL ZEITHEE
PLHERTRE S 2WTHENEMA THe, &5, BEH—EWFHAIRE P17 —EHEIE 0B GO T
W, IO SEEETTT, BVE S Hg LT A AR G i THS T B,
(1) piBHE
PSR, SR125 o, BUFHEREOREKRIWCHER Lic lpp=4m @1 ThEE s » FHiRET, #
Fiou~xz, EED=015n, . Fp=100 © M)t‘:f;égﬂ EEEW, EAh T Fo= 02503
BECAET A CIAER LS, HAWE P2 LT, KO3 BHEOERE To %,
a) EHBEFFOAMEES &g, A/L=05~25 ofifkaide, E&, L/50 =8m
—SE T By
b) SRk ICET ABAR R BATE 0R, &, 0.2ks~1 6k (OR, /R, =014~111,
R, @ SEskPHER ) 2 TEAL S i,
) IE THAREN G AR 0 B ATEUER | AL O S B MR, FE 1258 e & —ECER D, FEEREHL{ T
dem~1 Tem@ETE{L S, WANS b AEE UEID $ ©TdH &
REROAEREFE, g, K, baz, @, BHEEH L/ R rSEoFE BRI LAORELAE
TR AT S IS ohl B RS T g 3. 2.1 itim T,
m EHowEk
FTERSOBEERENE LI, FOFINSOREHEE IERICT - THE A0 b, HIEEEV,,
& BN, THEBLTWAROIEN, trsz T, (V,, NyJ, Q, (V,, N, &T5, &afd
WL OV, BOBERLLIN 2idbor &T A, TOMOES T (V +08V,, N +ON), b
2Q{V +0V,, N +6N) %, SWOEEERL TROLSWCERDT,

x & T

5 N . . aT
T(VS—}-GVS, Nn+oN):-To(\'s:Nn)+3§'ON+aV'OVs ...... (5.21)
. N N i aQ o 0Q N
Q(V,+8V,, N,+0N)=q, (Vg N")+G-ﬁ . ON+S_{? SOV, e (32.2)

A, ®2, BW3EO TSN, 9T/0V, FQIN, 8Q0V 1, Fu-tFEIMEHE 5 G E DERT
HHROLHTER Lild, |

8T ot : P (2 DN
av 8N PD (bDNy+2¢Vy ) PUP (22PN, +bVy )
e (O R (32.3)
8 9Q !
5% L PDT{eDN, +2£Vy) PD! (2dDN,+eVy )—

o, a,b,c,d,e,f @, YuFEEMEOK,, K, 08T, fEFRIO20RT,
I(T:a+bJ+CJ2, KQ=d+e_J+fJ2 ............................................. (3249
ST LR EORETH D, ‘
WSk OREGRE W, , IR FRE t, 1, HEOABHIERTIEREZNEFHF LD, BORETL
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