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On the Shippping Water in Head Waves
By Ryo. Tasaki, Member

Abstract

The author carried out an experiment on the shipping water during the experiment of the pro-
pulsive performance of tanker models in regular head waves. The amount of shipping water
per one cycle was measured and presented in Fig.4 versus model speed. After the- calculation of
relative motion of the bow fo waves, it was found that water shipped on the forcastle deck even
when the bow did not submerge into free ocean waves. This fact and further consideration show
-that when the free board at the bow is regarded as an allowance for shipping water, it must be red-
“uced by the height of the statical swell-up of bow wave due to forward speed of the ship and the
relative submergence of the bow must be increased by the height of the dynamical swell-up of
“water surface due to relative vertical velocity of the bow and waves.

The amount of shipping water at the beginning is approximately proportional to forward speed,
vencounter period and to square of wave height and to 2.5 th power of the ratio of excess of water
“surface over the top of bowchock to the free board at the bow.

Then he shows a method to calculate the cumulative energy of the bow submergence in irregular
‘heading seas and gives the time proportion of wet deck for a tanker of length L=190.5 m as an

-example,
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Fig.1 Photographs of apparatus for collecting shipping water
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Fo ME O flare DE(EIMHEKDITLRAR B XFTHER 257201 S. S. No. 8%/, s LEjH 0 flare % 3 Brfic
i, LALBRERCTIDRMED profile (2B X @7 h o, Fig. 3BT BREEOH TS Y,
ABITCIRERER flare #E LI DOBIVCERLCLOTHS, BMEMIMACHRELA-EHERC L Y E

LiQuiD MEASURE Table 1 Characteristics of Model and Ship
Pump ; Model
Model number 1320
PLATFORM | Length between perpendiculars, Lpp, m 4.500
@ ___ Breadth, B, m 0.643
e Depth, D, m 0.352
2 1 7 Draft, d, m 0.261

@ FORE GUIDE Displacement, v, m3 0.604
¥ Wetted surface area, SM, m3 4.467
Eg Block coefficient, Cp 0.800
FiexiaLe %E Water plane coefhicient, Cy 0.8€8
PIPE o Longitudinal centre of buoyancy, % of Lpp
. from F.P. 48.50
L Distance between L.W.L. and
bowchock top line at bow, f,m 0.202
Radius of gyration in air, ka ’ 0.25Lpp
Natural pitching period afloat, Tpo, s 1.19
Ship
i Length between perpendiculars, Lpp, m 190. 50
S NHSSS Breadth, B, m 21.21
CONNECTING PIPE Depth, D, m 14.89
Draft, d, m 11.05

Fig.2 General arrangement of appratus
for colleting shipping water
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Fig.3 Body plan and forms of stern and stem of model (M. No. 1320)

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

BCEBL BT 2FRENDHEKOITHRALZI DT 49

I, FOEEHEIT 1S 1.60m/s FTTHot,

2-3 K

KRB OFEIER Hr 2 10cm 0—F L L, BE A ¥EHEBPOES L 050, 75, 100, 125, 150,
200 35 X O° 25040 7 BRI L IR HAUE L VAV B TH O, RBHK LB E OMRSER L EET 5 72010
AUEEOMBORECIIFCEE YO0

3 ¥ B B R

LIRE BT ) DT L AARKELHEMOEE L HECB A Lt 0N Fig.d Thr, AFRCIEE - BE
e A/L=100, 125 35 X 0% 150%DBAMMHIITS
RHRITE Z BIh Otz Bbbihbns X 5 IKiTbiA
ZOFEIC 8\ TIT flare DANS X BET L B

h
LY
]

AL % | 100125 {150

Bow A [ A o
v KEDITHRALD B of A/L=100%1> e T te

—_

WAVE HEIGHT Hw »0.107™

Wi flare 23k EWIR Y, 3D A B C DR
CATHARKEIDL o T2 L, A/L=
1252 DOV TR Z DIEF MR I 70T B, L

MEASURED

------ CALCULATED A

LY
T

AMGUNT OF SHIPPING WATER PER ONE CYCLE, T w ¥/c

.
Py x -C
% -
5 r v
2 MOOEL sSPEED, W W m/s
Fig.5 Coordinate system and marks. Fig.4 Amount of shipping water per one cycle
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Fig.6 Bow submergence and phase
relation between bow motion and wave
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Fig.7 Vector representation of
bow motion.
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Fig.8 Relative speed of bow to wave
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BB IFRY L Bbhs—Ths L, ZhEFBROMEERA B(L[2) Tinzicd o,
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v=c[ V-put (13)
p>0
Lich, HEYRZ/L L

U=C.V-Ta-h? {(1+2cosz?)¢—~—g-sin2fp}
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fro C.G. KB 2EEEZ AN, AE LIEE & OENESH YN L 27w 13 % 0 BEFISEERE (9) o
H(L[2) THEZbID, Lo T Er(w) 7% energy spectrum % & oUFEEE OFOME LI & OHEMNE
BjD energy spectrum Ep(w) X

En(w) =[H(L/2) |*- Er(0) = E;(0) + (L/2)*E¢(0) + LE:¢ (0) + Er(0) +2 Exr (0) +LE¢r(0) (15)
TExbhB, 22T
E;w)=|Z* Er(0w) : LTI D energy spectrum,
E¢(0)=|¥ 2 Er(0) : LD energy spectrum,
Ew(0)=|Z||V |cos &t Er(w) : ETiEh LHEEN D co-spectrum,
Ex(0)=—|Z|cos8r Er(w) : LTI LB L D co-spectrum,
E¢r(0)=—|¥ |cos8¢r Er(w) : MEBN LPEL D co-spectrum,
Sep =8s—8¢, Ser=8:—"(L[2), S¢r=28¢p—q’'(L/2).
uioﬁwBTﬁwﬁmrmﬁérT%h,ﬁ%hxxoﬁowﬁ&lkﬁféwm@t%%a_aﬁw%
%o operator DWHEH D IDIZE D 16% Fig. 9 WKk, ¥ Fig.10 & |H(L/2) |2 OB%RT, WWFh
b EEIREINC T T 2 O RER Ch 5, 2EDLDREE Ur=15m/s i3t % Neuman spectrum %
MRLUTRAL TR W, ChbHORINbhbndZ ki, HEROERANEZTHY, HETHR X 2/l
B A PRORS L 0 130% U E/s? L EBRTHHET I 50D L Tthbh, ZHRGD weight Rt
DL HLOEED 1% Table2 KRT, T7#EA L operator MERE CIXTHE TH B, FHEOBME &
bRBECH SLEL, FFHIC sharp ¢ filter OMBELRT, LidtoT AL it L CHFECHEETH S0
TR BABINC DO\ T operator ¢ peak IAEEBI ORFAIC—HK L T\ 5,
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EBERTc bR E LB L OEREBIC X 2B 05N hy 1k L 180° OfkEY B, FDEIEIL h=va
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Fig.9 Components of square of response amplitude operator of bow submergence

- Vo 10 ™ Table 2 Components of cumulative energy of
§ T bow submergence
I o Wind velocity, Uy, m/s 15.0
we K Cumulative enery of waves, E,, m?2 4.80
2| fumey socreus orames I Ship speed, V, kts 12,7
RO Lpp)s/ Clpp oy = 92573 3 .
§ ” “CL'_L_"\, E Cumulative energy of bow submergence
. Y la e due to heave, E;, m? 1.25 8.4%
) g due to pitch, (L/2)2 E¢, m2 6.63 44.6%
§ s 3§ due to heave and pitch, LEz¢, m?2 0.55 3.7%
W « : due to wave, E,, m? 4.80 32.4%
§ . g due to heave and wave, 2 E,,, m2 1.98  13.4%
¢ - b due to pitch and wave, LE¢r, m? —(.38 f2.5%
NS total, Ej, m 14,83 100.0%
v’ Cumlative energy of bow submergence
§ e L e due to pitch, wave and combination
L o ’ z > - 5 I3 of pitch and wave,
CIRCULAR FREQUENCY , &) m i (L/2)2E¢+Er+ LE¢,, m? 11.05 74.5%
”g/l_ m’w% ®
Fig.10 Square of response amplitude DIFBCHAT b0 TS, Thebb
operator of bow submergence hog=kwrh. an
orx (10) CEHEINBBELLBRESRA B OFRRMEHC KT % energy spectrum Fr' (0) 1XKK
ThH 2 b,
Ep(w)=A+kw)?Ep(w). (18)
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