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Free Surface Effect on the Force and Moment Acting on a
Ship in Maneurvering Motion

Koji Nonaka

Abstract

Free surface effect on the force and moment acting on a ship is usually neglected as little
in maneuvering motion. But, in the case of a high speed ship, this effect cannot be neglected.

Free surface effect is composed of component due to attitude change and that due to wave
making. This paper deals with the free surface effect in aspect of wave making.

Simplifying the usual linear theory, Michell integral, by slenderness approximation, formulas
were obtained for the force and moment acting on a fhip in oblique towing and a ship in turning,

these formulas are very easy to calculate.

By comparison with experiment results, it was ascertained that this simple method was ureful

on the estimation of free surface effect.
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Crarw=Ma /——pUZLzT——S Cri€)eds

_ o P(axl )
= 2aCSMw+ P S =1
2w (*® sin2x2 .
" S V=T P(alcl Yd A
2w (= cos 2k2 .
r S =1 P(a;:l Y (34)

Double model ¢ iz X %% ITD side force Crro &
yaw moment Cryo ¥, HIEHRONEC LD KDL S
hzbhb,

CTLO=§'H(U ) Crm=-g~aw (35)

PlEick b, ERPOMRECHE L side force & yaw
moment DMIRICEITIRD L DI Do

1
Crr =F/"2—,DU2L T=Crro+Criw

/1
Cry= M/ —2—pU2L2T= Cruo+Crayw
(36)

L2 (o
F=g S (ps—p-)dzds
—Lj2)-1

L/2

—I/2

m={" V' (pemporzdzda

-6, 7, 8 & Cri(§), Cri/Crro, Crm/Crmo DFE:

HiEZRT, Fv=0.4 BE X CTOiEILE, Criw &
Crygw &L TIIROEREILL AR TESTHS S,

2 2
Cszw+ wS {‘:—a‘

Criw=—




Cra(§)/w
a=0.2

01571

0.10

0.05

-0.051

-010r

-0.15

B1-6 Side force 47#7 (KE[E])

20
| Cwn
18 Crio /
16 = e a=0f
14 — ——— —
VR
1.2
/
1.0 \
N
08
0 ol 02 03 04 05
Fn
B-7 Side force (fE[RE)
18 ) ~
Cm /

0.2 0.3 0.4

Fn

-8 Yaw moment (fE[E])

Cwe [ FONV T ser_ peajery TET
K'( )}IC (1-e )1/2'2—}-1

72
20(_ i @y
+ o {—«/1+a +&/1+< 2>
~Linla+VITa
a a\?
S+ (3)
L) Sl P(axa?)
K2 ) 18/ 1—22

—|—£ In
a

E

da

0.5
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—-%P(alz) cos (2,;—%) (37)
Cosw — - Comu+ ::’3 Sj%%%da
——Y—P(ax) {sin <2x+%)
+% cos <2x+§)} (38)
T. MERBEHE
fRtrEiEM A R B T v, K-, [F-9 WiR

THEAME VTR % T\, side force & yaw
moment Z{fl5E L7z, BARIT 2 IR DOKIRE Lewis
form WTTE 2 F5O8T #xt #i Zx #R AT, FEBRE, ol
heave, pitch #[HEL T{T - 7o ®-10, 11 X OFs
RarT. AR RIESRY 10 FooTED, #
BEHLCLELEZONRLDT, HETEHLT
SR & o 7ohs, [M-10, 11 2R %80, side force
F 3, yaw moment M 40/ o Zxf L CEN WIS
iz "L TR DT, EREADILLRIESDSVTED
EBREELDEVALAVERZRLTWSS, BEE
BEEOMHEN &+ D4 — & — & D) LI TSR
2L Ebhb,

F-1 HAMMEH

Lyp 2.0000 m
B 0.2000 m
d 0.1333m
w 32.0 kg
Cy 0.6000
Cp 0.6667
Cx 0.9000
Cw 0.6000
0 2 4 8
20 18 16 12 _
-9 #Hpm

(421)
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F/u? )Y% °

N AN

0.4

.0

i
0.2 . qu
A
vyl
g e

i a
.'.I-l

-37

’ m/sec

B1-10 Side force (AR

0 MUt J
PR ENGA
oo S

o~

oo
[+]
— 9

<
N
02 [—==
ks o\ real
0 1.0 2
Seroshop 198 g |
_.!- [ ]
-0.2 Oy

Exp.

00i=6.8"
o 48°
a2 28°
s 08°
o -1.2°
" -32°
Cal,

.0 m/sec

El-11 Yaw moment (¥zARAY)

®-2 HYRNER

Lyp 4.0000 m
B 0.5757 m
d 0.2046 m
w 288.6 kg
Co 0.6125
Cp 0.6246
Cx 0.9807
Cw 0.7236

DIVCHRFRABE IR VT, -2, F-12 KR
fEo& T r T L OBRMIROBEE % Vv TR
B1T o7 AWEERTIX roll, heave, pitch THBEEL
720 [X-13, 14 iz side force & yaw moment %, [X[-
15, 16, 17 KRB OROEALILE R T,

SPEAS T, ®-10, 11, 13, 14 FRERTRLT
Wdo

BRBE Iz OWTIiE, Fy=0 wkiF % side force
F|U?, yaw moment MjU? D & U CERE» S EY
iz E b, zhic (27) *r5EE L 72 Csr/Csio,
Csu/Csmo DEZ»FTHLIZbDT, side force &
moment OEEIC X BMNOF — % —, R, K&k
hump, hollow OBV TIEAEE - TWDE XD
Tdhdo

BIROBEE, BBHEILEZEL TWEDT, L5
Z(LDIEIER 5 T, side force F & yaw moment M
KR D XS KRbINB EHEL 7

F_ Csz
F, Csro

= S5y Ma - Me-0+ Mg

h, 6, ¢ 1% heave, pitch, roll DB, Fg & Mg T

DWTHE, TANRY ML EAEBROELEERL T,

Fg=Mg=—-2/T XL, Fp, Fr, Mp, Mg 13{K%Er}

DEB L DK, FEHECHRE—EELMEL .
[X]-13, 14 FROBEEREHRELT 2F 2 L HOE,

+FE‘h+FP'0+FE'gD
(39)

(422)
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H-12 1§ % f 2
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n J L
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8o foﬁ(; i R
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BJ-13 Side force (fXMARAL)

(%5‘&; E%@&“ft&i‘éi&@?ﬁgEﬁ&)k%‘fﬁfﬁ)
BEER: BHE(LRT 2FE 2 RO HE

0.006 ] I l

>

0.004 — AT 1
LA N

0.002 o

NN

o0ot-=— 1

0.1 0.2 0.3 04
Fn

B-14 Yaw moment (Ei7#5%Y)
<£5‘~$; %%?Tt&f&?&@%%‘%‘é‘bt%ﬁﬁ)
B BB T BE 2 RO T EIE

ERPEBE(L L B OEE L ZDI2D DT, Fo, Mo
DiEE LTt V=0.6m/sec (Fxy=0.95) TDEERE
ZHW, zhiz (39) RELFTHLTWS,
ERETHABA LR TFELE hump-hollow 237
{7r>THD, Fv OREVEZATENZENRSL
ELOBRXLBETH S, side force iITHIL TIT,
B=3° ZRRWTCIEEEMEE» RV AE BTV 5,
yaw moment M4 }¥, hump-hollow Z 723, Hawk

63

1ér Relt
o B=0"
A + 8
S ° e
os'h . oy

0

5 ho ¥ 20 25
N o A'A\l%"’]

W

E-15 Roll (E#mfpi)

» Paked,
°© @= o°
a « 3
o+ 6
o5 ° + 9
0 |- os »o Iz 20 s (Ve
) , N i1 FN
ot 0.2 0.3 0.4
-0
=lo*
E-16 Pitch (EimApml)

XM ERREE > TVWDH X5 TH %,
FEEZBI L TIEERIE T - TWwinwvgs, X-4, 5, 7,
8 TR% L, BHlDEET side force & yaw moment

(423)
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H cawe

g0t

08 lo 5 20 25 (ac)

-3

B-17 Heave (H4#R%)

Ti¥ hump-hollow DEIEMHEEL CHWBDIHTL,
REOEEIT—FHL Tw5, ThiZERT&pPIZE T
LHEEDIEMS I, S OBERETFR~D%
BIE, REOHEINHE~ORPHEL, BieRic
b o> TORXFR~DO—RRMIEL R 505T, Zh
Iz X-2, 6 D dw iTX% side force 5z i=LEb
®TCH %2 5 &, hump-hollow OfE D ilx 2 —FH D
RIS TH B,

¥, BEWiRD side force (2B 2 EER{E ([F-13)
T, EEBICR VT, B=3° TRIELEHLNT, B
=6° T T, B=9° TIXMH LT HE T IT
2T side force P L TWB, ZD X S TnfkiE
T, BER X SRENOEEOEILITEEANTIZIE
WINSWEEZDRDBL, ¥h, FEREEIT (39)
A THEIL LA & IEOERERL T3, Th
ER XD BBRPB LV I —RBITOVWTHHESH
72B1® 23 %, ZERCEHbRA XS SEEBIC I T
LIAENOZEIE, ES5VSERERIZXLD DD,
FIY, 20X3BBEERI—BEPEE T2 0L
DPEShEVS B, SHREERShAEED 12T

(424)

H5,
8. # =

BRREEMECERT 5BV, WA
EAEER/NEL, BiETEL, 2U5K0ES L/
T l, MERILICXY, SEARCLRES
[A]~® side force 437, 3 X UHRL&KICH < side force
& yaw moment ZxFL, fliMZERIRABEHL 2,

i, BEMER XOCEMIRAZ WA R R
T\, side force & yaw moment ~ B8 % TGN,
BTINE & ERIE DB ZTTV, FHEMSERBERC X
LIMAENEILOKR L L DHEECHILPEER L o

AEHEORMIZ, <V ELFELEIFEALLE
LT, B b AEfS TRV VI oMY
ICHY, TORM, EEE OHE X D7 hump-
hollow R & T FBHORMA DEO2, HAER
HEORX X4 — & — LM E2» LI ENTH
595,

DI, APIFCH LEHRE W 22 W 2o BE B AiE
ERIERIZE ML (RERSAEEE), EHRchiv
RRCEREARE, SHEECES VL2, &k,
FIRL AR L ET B TOSBAC 5600 %A L 7.
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