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Pressure Fluctuation on the Ship Hull
Oscillating in Beam Seas

By Fukuzo TASAI

Abstract

The calculation method of the pressure fluctuation on the ship hull oscillating in the
beam sea condition was given in this paper. And also, a numerical example for the ship
model, Todd 60 series C;=0.70, was shown.

We have taken into consideration the hydrostatic pressure, hydrodynamic pressure
caused by heaving, swaying and rolling motion in still water, pressure in the incident
wave and hydrodynamic one due to the reflection of waves from the restrained hull.

The symmetric distribution of the pressure is mainly due to the heaving motion and
the large asymmetric distribution is caused by the rolling hydrostatic pressure.

Lastly we discussed on the wave measurements by means of the * Shipborne Wave

Recorder .
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BWRFOMEREIZES < EAL, BKEIZEATOSE, BI—TEEETHREL TOABIZATIEBEES
DINT, FREENTEeY 2 EIfmEn s,
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midship WrEiO RiE LIS < EBEN L 72, FISHEEKIEIZ>WTIE,  strip method -CFHE L7 Fiy
HEDERBMEE R —HTHI L 2R LT

RBEDB G, EHENEEY 258813 & L<Theave & pitchTh 3,

FEEIL, BEERCEST M0 midship WiE 1285 < LB 1%, heaving motion > % E# L TR IZ
HHEY A HEERLAEL2D,

ZOrRCEO R0 FTI, ST B heaving motion MMM E < L% 60° X+ EESO FIEET
Plpgh (P= KBENIRME, h=WIRIE) 13, BIETOS, M LHTL MO order 122228 % Rlr, =
DX RELFEEL, A (1) 25757k 5 L RREER L i+ 2 Lo THHfiE N, XEEE AT
NI o @S,

MUBEBRRE 1 T (L IRV BREES WD 012 k. heave 7213 T2 { sway, yaw 5 L I8 roll OEB O HE
EHBULERSS D,

3T, KEEZFATOMESEHES B8, WERECES < BEEMCE LTI, 2 REHEIZOWT
i, BRBEREBAOCIEECHEI N L0852 (3], (42, (5], (6],

K 2 N5 OKEEE BT, Beam Sea RIETEL LT heave, sway 5 L 0F roll + 2 BAOEBE O
BEERLELNTHD,
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1. &EEICRATING 2 XTT4EHS heaving, swaying 513 rolling motion § 3812433

hydrodynamic pressure

AT Y S 2 kT AO ML, Lewis form (4] TH2ET 5, £
-CEOKIA O — ¥ _EIZIRA TWA Lewis form wcylinder #% §=&,coswl T
heaving motion 24, EiEikEog (9s, Z:) 125 { hydrodynamic
pressute 1333 U3 D IR L Ao & 302, KAD L HITELT 2 LASTES,

Py =pglo(P"oycoswl+ PYgpysinet) oo coinenirn .12

{HAL b P.By+P.A, ( PsAo—P.B
Prag= — &a( iyt B, Py =—gp( ) pemiehass e (2.2)

o 4 ©

R Ep=w'B/2g
(2.2) DEBITLH (212G L ¢ D~BH N TV, heaving motion 12 1.5 BXKEDLELE pglocoset % ERK

4L, #AKI_ET heaving motion AR AF S ERE S Py’ it
Py"=pgtol(1+ P uyy) cosot + Py ysinat} SR G
Bl EIzEmRITTELT

Py =Py'/pgto= (1+P"5)coswl+ Py ysinet

=\/(1+ P",111)2+P"¢‘112005(wl—311) B i 0 croeg Sl <)o & (2_ 4)

Lewis Form section

Ho=1-0, 0=09404

a0

807

Fig. !

Fig.1 13 H,=B/2d=1.0, ¢ (Wi @EER) =0.9404 @ Lewis form Wi TH 5%, [Qrhe ¢ =0°, 10°
90°12, MAIABO %S5 EE W IET %5 Lewis form section contour FDAIE 2 5RT,

Fig. 1 ¢ section # 44 % cylinder #% heaving § 20 DP oy, P'yn% Fig. 2 B LU Fig. 312, 1+Pun %
Figd 12RT. 20 5h 52 L5912 PYg b inertiaeffect |3 £5 2.0 T 6 60° ofTiifac, 8 70°
THELE>T\%, Fig.542 | Pyl = \/(1+P"a"_)-2+P"d,.,2%n‘<% 2RSS OHRIRI,
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Es ONEVEITIE L OISV, £3 HHINT B I ONTRIESF TN E <A, BEETLO X KREL
2B LiHB, R Fig 1| OWEOHE, 6=60° REICEVTI, £<L0 T [Py’ + 10 &#iY
hydrodynamic pressure @81/ X\,

W12 7=27, coswl T swaying motion ¥ 2K hydrodynamic pressure #

P, = pgno (P, costut + P,.sinot) e (2.5)
LB

Pa’; =EB($;)I:;$S:’%)’ P,;;=—§B(£}%;—;—%§o ) 200000 90000000 00 (B )
LB,

$e, 85 WYL (6] FOREFTEROEE,

Fe=@ot SPom fom(m, 6, £5)

20000000 (B,
Be=,+ 33Qum Som (.6, £5)
2.5) 75
F,'=P,/pgvo'.~=\/mcos(wf—5;) e (2.8)
Fig. 1 OMiEIZ>V'CD Po”, Pa” % Fig. 6, 712, | B =y Pot+Pu? % Fig. 8127%, | B/ 14

0=0° TIXETHDH0nmE4IZ, Kx{ b, 6 =90 Load water line LTRALLS,
Heaving motion |2 kL 2 EBIENL, EEFERBNKOLE CRESTHh S 4 swaying motion &1 NEE

Ehb,
HKIZOENDEY I p=g¢.coswt T rolling motion ¥ 585 hydrodynamic pressure %

Pr=pgBg,/2 (Pag" cosot+P;p" sinot) 20 @000 a0a00a0aee (EE)

EBITE, Pur', Par” X (6] oA TEALNS,
" £ BcPo+ 6,0 " Epf 3.Q0— &P,

Pur =_TB(JP03+6020 ), Pyr =-—*z§< ;,0204_0;7" )w ~6 00 0 e en a0 caso (5 1)
L (2.9 5

— T

PR'=PR/PgB¢n/?=\/ P,,,% + Py cos(wt—38g) e (2.11)

Fig. 1 @ cylinder ®I2%49 2 P'ur, P'ar B | Pp'| % Fig. 9, 10, 11,274,
—7%, rolling BHLIZEE BRENPE X, UMKk TEbENS,

B _
pg?j(o(,yCOSwt N ¢ VA

BL F=»/B/2

L Go DAY @ rolling motion MIFHIL, WHFLUZ L ST sway L 0 EoBh o roll oA EbYE L
LCHEFLI EATE S,

0G,/B/2=a, £ LT, 8,=0.1, 0. —0.1 (AL G, #00 LHIH2HA) oz, | PR | #E0
BIeE3 2R LU0 Fig 12 Tk 3, Fig 1 oM TIE, 0>40°06#Tld, G 0D EHIZH2EE
OFB PR | 1EkEV, 0>40°DRIETIE, >0nE4lt, swaying & 0 ®E Y » rolling motion M
DRI NIEEAZH D45 (<0 DB FIHEMENS 28 TH 5, rolling DHSIL swaying motion DHF 4
LRI, EEETEBENORS LML kD,
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I. Beam Sea Condition (CHIFEZMBBREOEHESH

EET O —m& 132, 0—g 1k

B
—— wave 3 BARELT 5, m HEAISETT 3 5D
e /ﬁ N i
I/ @\y % Lp=he XS cos(Km—wt) oo (3.1)
: B U k=PRI, K=27/x, A=, o=
. < 2 27/ T, Tw= HER

BEpaoBa, 0 —mb LREBEO —yz LIE—ET 30T 5,

Beam Sea Condition —Ti%, #ifkiz 7 F&1 drift L4455, heaving, swaying ¥ X 7f rolling motion %
795, RE-THHAEEOLBLIL, heaving By £, swaying 5, rolling ¢ ¥ LUF drifting velocity vg %
TRLT I EHTED, L L, SARTRBUERNRHBE T 255, G oEORL. £ 7, ¢ OERIE
BAIWELT, 20oPELEHL T, MALETEEMmIIRbEIE

E o~ he EZcos (Ky— w,t) ceieees el (3.2)

BL we=w—Kty

Beam Sea NHf wo=0 LBV TLRELBERLVOT, (3.2) GEIZKD LI N 2 EHTES,
£ w+he~KZcos(Ky— ot) B R - X))

TIZKEIF 7. orbital velocity 33 % 7X acceleration %R lf, %@ downward F4ld
¢w=hwe EZsin(Ky—ot)

.- (3.4
€= —ho'e KZcos(Ky—wt)

g HEOETIE,
7= —hoe KZcos(Ky—ot) | - (3.5)
Tw= — hoe"KZsin(Ky—ot) !

X T, b heave, sway #5178 roll @I L > THETFEEBENIROERT» SRS,
heave, sway, roll » &% kD IEIZEKHT,

heave : ¢=¢,cos(wt—&)
sway g =7cos(wt— &) l - (3.6)
roll  :  p=gycos(wi—Ep) !
1. heave ¥ X 7f roll o EEN < BKRKENE (L
@) ‘heaving : Piy=pglocos(at—&) e (B.T)
b) rolling Y < #pggzpoycos(wt—éw) SHEISEEREEERRE, o ) (5, (1)
2. #KE LT heave, sway ¥ LI¢ roll oEB) % T ABIZAETEEEBES
IHTRUA2KRTEHESAVSN D LRET 4L
Poyy = pglo Pari"cos(wt—&c) + Pyp''sin(wf— &) .
Pys=pgnol Pas"'cos(wt— &) + Pys"'sin(of — &) JOEEEAROCIED oo oM((2, )
Pun=pg 5 ol Par''c0s(0t =€) + Par'Sin(af &)
3. Froude—Krilov B#HiZE < ENH
Py= — pghe~KZcos(Ky,— wf) BRaBEBBB0RE 5 8t (ah (1))
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EULLG BT ABICE, & 9, 0 BEU va 2B LIHEFNT<ETHBAS, MR LML, ZNED
WAL —i X VO THIRT 5,
A BHEE i S e e 5 R E NS WIS D)

DBEIL, BRI EVTRACE B O RAOHEEIER Th Do fTKETF > orbital velocity £ #a ft
RTINS - DV LEBRRER T v o TARSRDOENDE LOTH B, 2 KEMEIZIS ¢ sway force, roll
moment % JLo> HECHA (73 48 BLTVS, Ll, EASHICHL TR, EEROSNLLO24EVD

T, AT &) AT RS,
(3.4), (3.5) ¢ orbital velocity, acceleration (X. Hi(A&#E (e 2) ETRBZKEXZEFT 3, ALY
125 25 EHBEEETE &N A B MB ETHERTIZ2VTIE

. SE =d.o - et ne (3.11)

e BT TY = 013513 BRI, IHIEEXEZ D, Hib
2= —hoe Kisinot | |
¢ = —hwle Kdcoswt } - (8.12)
HoTHBIL, AIRHIOIE —Cws —%y O heaving motion & LTWB 2 LIZA ), Z0weiis ¢ ER I (2.2)
PHRBTBHIETED, G (3] OitHib, Z0FECEI OBERATHS ).
BIZACPIAIS SV T d/2 T 9 =0 ORfIZ BT 3l
= — hoe K172 cosat |
o= hote Ki/2 sinot ! w3, 13)
EEA, WAL — 1wy — 7 O Swaying motion T BIFDELIZE LWL FET 2, oML
<, @1 ~ (26) FACTENEHET B baTES, Hb

P,= — pghe K4 (Pyy" coswl+ Pyy' sinot)
+pghe Kd/2(P," sinwt— Pg/" coswl) . e (G
HEDEHNELELT, £EHPIL
P_Py+Ppt+Pig+Ps+Pig+ P+ P, Lizhh%, % heave, sway, roll \Tk2FE)) Po. Py, P, Bk
DI £ B4 D Py 125703 Tiritid,
P =P+ P+ P+ P, SO : c~d [3.15)
Py =pght [ Arcosot + Brsinet )
Ar= 1+ Py )cosé;—Pyy''sinée,
Br= (14 Py )sinéc+ Py ' 'cosés, Co={olh
Py=pghi Acosel + Bysinot) 319
Ay=(P,"cos€y— Py,l'sinéy)

By = (Pys"sinéy+ Py,''coséy), 0o="7oll

=3y

Pp= pghp,  Agcosol+ Bysinot )

A= (J+ Par")cosép—Pyg"siné,

WEED
* x=%, Sinwt THE)T 5D hydrodynamic pressure 3 P=pgx, (Pg'sinel—P,"coswt) * g5,
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B¢= (i+PaR”)sin6¢ +PdR”COS€¢

@0=Bpo/2h=Eppo/Ow, Oy= K HIH (3. 16)
(BHE8 p=Tevg/B ¥ &5 L OB, F5=27YD")
L P =pghl Aycoswt + B sinet ]

A, = — (e KZscosKy, + e KaP gy + e~ K4/ 2Py
By, = — (e KZssinKy, + e KdP"; y — e~ Kd/2p”,

&Iz Ay Db CEARKES SR LRHRTMOE% Aysy IRFRGHOIE%E Aua tTan

A= — (e KZ%cosKy;+ e KapP, ;'
} oL O
Apg=—e R&1PG" 4
A By i2owWwT Y
Buys= —€KeP" gy, Biyq=€ K&/2P, ¥ —e KZssinKy, et e (3.18)
LT, ENOWKTAE Plegh=1 e B19)

YL, P ORKEE P, JRKREE P L35, MisE, (3.16) ~ (3.18) s P, Plae P/ Uk
FARKXD L YTz b,

P’ o= Aycosol + Bgsinot =Cgcos (wf — v) "
EBL As=Ar-Cot+ Awe RSN w2 (3.20)
By=B;- Lo+ Bys

P g0 = Agcosot + Besinet = Cocos(wf —v, )

BL  Ai=AriotAp gotAua -~ am i wmne - (3,21)
B,=By-ijo+Bygpot Bua
R P'=Ccos(wt—v) e eame e ne e (3,22),
EBPIE, 3> 0120 LT,
C =V (A+A)+(B,+B,)? u=tah-1( %iﬁz—) V
<0 125 L Tids. ;L - (3.23)
C =V (A,—A)'+(B,—B,)! , v=tan" (f::B—;) ‘

I HiEs %e|
Todd 60 series Cgz=0.70 @I~ >\ T Beam Sea Condition -T4EHki% fTVY, 'heave, sway, Toll 7 ¥
OEBEFHIIL . JEENCBIT SRR L, RERREMSEGICRLTVW XSS (8],
ZOMBOR RS, Hy=10, 0=0.9 OS5, ZOMiss, Fig 10 Hy=1.0, ¢=0.9404 0
WO CELMINE R &I B L £ X, Fig 2~12 offi2 W TENG G2HET 2,
BRIMOEESEE L CERINERROBY TH 5,
Lypx Bx D xd=3.00,, x0. 428,, x 0. 261, x 0. 171,,, L/B=7.0, C=0.70
C,=0.71, Cx=0.985, C,,=0.785, W=153.7kg
BT (pitch) =0.24L,,, Bilge Keel 7 L.
EEIRNE : G,M=2.T8m, KG,=14.166cm, 0G,=2.44cm
a,='0G,/d=0.142
EAEEINE, Rolling 45 1.61%, heaving 1.03f: T pitching 7% 1. 00 TH 2,
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A, heave M & ¢ roll AAREIZSVWTHT ). XOHOEBHREBIREDOEY THD,

B Ty 1. 03§ 1. 61f)
B 0. 649 0, 266
i Lok 1.21 1,07
heave i
& 74° 6.5°
70l b2 0.58 0. 82
Sway {
L &y 264° 269°
<Po/®w 0.35 7.5
roll z
&p 176°

Sway B LF0DEY @ roll DEEAVT, @=0.142 1Z%¥3 G, DAY ® roll @ (F+P"r) BLY
P'4p % Fig 13, 14 127, 2o 5613 X 512 roll 12X % hydrodynamic pressure | #KEZE(IZ
IZHETIEFITE W,

»=1.038 oE&I3 rolling motion X\ X WA THMEL, heave, sway OB LBENEIHET %,
Fig 15 \22 0fERZRT, WEBY OFNMEBIL 012 > TR » 4 BH5DT, heaving B2 RAELD
WEME, Hib of=6E=T4° OBFOENFAi% Fig 16 12RT, MHIE G, 13 6=0° TH0.6, 6=90"THLEE X
D, (3) OBENHEEL, FIZAUKE X L7/45, Steepness 2b/x=38, & BIFIE, h/d=n8,/Ea> #2T Tw
=1. 038, £4=0.649 T, 8,=1/20NPDIBE h/d=0242, HuZ $o/d=0.290 123, DT ot=T4"ORf
DEBHEHKEIMETH 0.13¢, R EHERT 0.24d, £T 0.48¢ L7 5,

IOENDKE XXRBEORAEOM ((3)BM) Ly hEvoid, AAFOERIBENPHENHINE
WirbHTh>S,

iz roll AH (Tw=L1611) oHa3 roll, sway, X1 heave ® 3 >DEIIZL ZENZEHHEL /o
Fig. 1112 2D #ERE 7T, EHORKEA C 3/h &<, IBFHH Co BIFEFIZREV,

heave KX sway DB IEC, ENFMAEEIT S L0, BIBEMIIECHRKECELTS S,

8,=1/50 DE D THRIFEAAT 285 ot=176° OO LENDREL Fig 18 OhORBTTRT . XX
thoy AN, BKE ETEMDRECTEA TV AROBKED T A TH S,

V. Shipborne Wave Recorder {Z (T
M. J. Tucker ¢ Shipborne Wave Recorder U 9] |3, #iARH EN—ESIZBS CEN Pr L0 LTI
WEEL ZETEIL, MEEE% 2 MY L Theaving 7 & 2Kkw Pr & ¢ OEED» L SRHBE2TVBED
XRHB LT BLOTHE,
ERCARE, BKEHICEATOIRERZTL, ZEBHOKRS
% T, 42, EL, HoFT heave downl 72BEOIREETXIE
Mo 2T E L, ZOROIHNENE Pr &35,
Pp=pg{T—he KTcos(Ky,—wt)} +Fp G.D
(5.1) T Pp 1340 & i & o #EXEH)2# < hydrodynamic pressure
Thbe T=Tot+i THHMSH, ZhE 6. 1) AT
Pr=pg{To+&qcos(wt — &) —heKTo(1— KE)cos(Ky,—wt)} + Pp

11T KE i —iichavoT, EiZ
Pr=pg{To+ocos(wt— &) —he KTocos(Ky,—wt)} +Pp crwn e eaeaees (5,.2)
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LB EMTES,
EWEH%EP E5iUE P=Pr—pgT, ThbHirb
P=pgt ,cos(wt—&;) — pghe KTocos( Ky, —wt) +Pp (5.3)
ZIT Pp=0LkBiNE
P/pg—¢,cos(wt— &)= — ke~ KTocos(Kys— ot) e - (5.-4)
Tucker DR (93 1%, (5.4) #5 Kys, KTo p/PE V. T e K= L0 ok 5 A RPEIIHL
TE, AR RKELEERELLRDONDZ Litkd, (5.4) 2hdabdiE
P/ pgh=P'={qcos(wt — &) — e KTocos(Ky;— wt) - : (5l 5y
MOIERE R BIE T L B 2EE R 2007, SEBEELAK 2 rAHIZRT, 260 BEIENEFT 2 2
Ly niE Kys a3/ XL, (6.5) 1 (320) 2RlVB KDL IIZRESB,

Cicos(ot —v;) = Coc0s(wf — &) — e~ KTocoswt e (5. 6%
RoT (5.6) EWITHATD LS5 AIBIZRELZRIIL Pp=02 ) 2 xitisd, (5.6) 1.
Eo( P g pycos(wt— &) + Py ysin(wt — &) 1=~ Kd( Py ysinet+ Py jyeoswt) - - e - (5.7)

iy, B.7) BECiERE LB X I 0 OB —HITIRFEL AV, MIBFEIZ Pp=0 THD L 5%
ZHEHOMEIL 2,

KT,, Ky, /NE2WHLEL Wb THD 45, Shipborne Wave Recorder 13, #19 heaving (7 4 p
X<, NIRRT H B R, EEEFME Pr ORI (o THET AT 2 E08TED,

U- #& #

Beam Sea ‘Condition < heaving, swaying 5 X 7¢ rolling motion ¥ 2 ERES) 2 S AMGIZ L >TEFE
T3 ERT £, —oORUSEREN M TIERDKE X £ 207 MREEZH B Lz, ZORBLN:
I kn LI bDOTHS,

1 leaving FITHEFOZEIE 1L, heaving motion 12 k BB HAME O /HZ, swaying motion =
X BRI HE LT D, AMSHEERO R AL, Load Water kine RIZAEL. %o KIHIL, JiRIED
L5ENDREX LIS,

2. rolling FIMHITIE, MBTHILNE <, FMTNED s D KTV, EHERIENE, E& LTHM
Bz X 2 REBIIZZRE X H, £ AN E VT hydrodynamic effect dd/n&Z

3. Shipborne Wave Recorder 12 &> THEITMNE T HE, i heaving [HHMWIZ M KL LT E<
LT, heaving 42 ¢ hydrodynamic pressure Pp M #ps. HISkD 213/ X W RFEKIZIES & 5129 <& T
HB, Pp=0Lr7id L I ROMEIL—HINIIIEE 522\ 4, heaving FIFFFIZ, I HhsiNI 7222 AE
B, KBOSFHTHEELI D LEbLND,

IS, BT R AL ARSI &S 5 R TH B, (45. 10.10)
- S
C1) % | EH & @ “EEDo#EZIe AR >V B SRE, 1215, HA2E

C2) ¥ ¥ #& % © “An Approximater Calculation of Hydrodynamic Pressure on the Midship

Section Contour of a Ship Heaving and Pitching in Regular Head Waves™
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JURICF DM, ¥4 Vol XIV, No. 48, 1966.
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C4) # ¥ & #& . *“On the Damping Force ard Added Mass of Ships Heaving and Pitching
RIS Fys- wrFerr #2350 Vol VIL, No. 26, 1959,
£5J) W. R. Porter “Pressure distribution, added mass and damping coefficient for cylinder
oscillating in a free surfuce”” 1960

63 @ ¥

“Hydrodynamic force and monrent produced by swaying and rolfing oscillation,

{fé

of cylinders. on the free surface '
ILKRIGRREFEATES @ Vol IX. No. 35, 196L.
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Two-dimensional Body”
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(Go=060/8s2 = 0)

Beam Sea Condition |2 & 2 #3ME121815 { LBIFE /]

&g
Fig. 8
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i ol

f_gﬁ =C Cosbwit -y Tw =4:03sec -_;
2 |o
'90’
-8012:0
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- Oufdegread Fig. k5
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2h/X = /50
wt=176°
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