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Oblique Water Entry of a Slender Body

By Michiharu HISATOME
Toshiaki MIZUNOQ
Masatoshi BESSHOQ

. Summary

There has been studied the water entry of a bhody especially on the phenomena
arising at the instant when it touches on the water surface, However, it seems to
be few studies published with regard to the motion transient from air to water,
The present report gives a contribution to this problem, The equation of motion
to this case will be written down and solved by the computer and compared with
the experiment which is carried out for the present purpose by a model with four
various head shape,

- The law of comparison with regard to the model experiment is Froude's law,
that is, the enirance speed devided by the root of its length is to be the same

- between the actual body “and the corresponding model, The correspondence bet-
ween the calculated path and inclination and the experimental ones is fairly good,
Conclusively, thus, the equation of motion taken for the present study will be suf-
ficient with the accuracy for the present purpose, especially for a sharp pointed
siender body,
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Table 2 Test and Conditions
weap wo &~ )l
N} Series 1 2 3 4
; Items
pacx] ¥ | & .“M oo n
LA B Entrance vel, Vo* (m/s)4.0, 5.0| 4.5 4.5 4.5
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Drift, Angle g (deg) 0 +4.0 | 4.0 0
Model head No, 4 4 1,2,4,5(1,2 4,5

Table 3 Axial added mass coefficient
me=my/,p

Model head No, 1 2 3

Added_ mass coef, m’, | 0,.0699 | 0.0788 | 0,0554 | 0.0517
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Oblique Water Entry of a Slender Body

By Michiharu HISATOME
Toshiaki MIZUNO
Masatoshi BESSHO

Summary

There has been studied the water entry of a body especially on the phenomena
arising at the instant when it touches on the water surface, However, it seems to
be few studies published with tegard to the motion transient from air to water,
The present report gives a contribution to this problem, The equation of motion
to this case will be written down and solved by the computer and compared with
the experiment which is carried out for the present purpose by a model with four
various head shape,

The law of comparison with regard to the model experiment is Froude’s law,
that is, the entrance speed devided by the root of its length is to be the same
between the actual body "and the corresponding model, The correspondence het-
ween the calculated path and inclination and the experimental ones is fairly good,
Conclusively, thus, the equation of motion taken for the present study will be snf-
ficient with the accuracy for the present purpose, especially for a sharp pointed
slender body.

1. * -]

mawwwﬁ,mﬁﬁﬂbmﬁktéaﬁﬁﬁiﬁ%mﬂDﬁﬁxﬁémdﬁvmﬁtmmvmbrxa&E
5ﬁ§ﬁab%®;5ﬁﬁ§%éwaamﬁﬁ§$t<r5aﬁha§bnrh%,

meéuﬁﬁﬂﬁAﬁﬁﬁxﬁkéwﬁﬁQﬁﬁ&%ﬁkcDﬁﬂ%ﬁkﬁﬁﬁmﬁof%%ﬁhf%nﬂ
5&0*%<manw7»—P&&éb&tﬁ&ﬁ&&ﬁasﬁmﬁxéc

*m%mmaﬂﬁmwﬁﬁfmﬁmﬁAt5ﬁémomrzmﬁﬁﬁégaMEwﬂﬁmxb%m%ﬁ%mu
%n%ﬁﬁbfﬁﬁéﬁﬁb.Eﬂﬁﬁé&&&ﬁL&ﬁ&T%B@?iéo

mﬁ&km%ﬂ§¢sL<mm¢ﬁﬁeﬁuaﬁu%®ﬁﬁf%ﬁwmm¢m55awxéwmoﬂﬂ%§w.
X—Heoistric ¢ ROMMERIC & SAFVIIBEREZ I 38 TH 3,

SELE=Tob el =1 LT E T SRESERICE>THE DR IMPHLRE 2 THL 5,

TRERB: AT ARBERML, KEEARNUHED 2 HEEITo BUBHEFE % + o dtigy
_—
B R
** BEMRAE



56 HEERe g w3

LTRITURRRR & s L7,

2 ZWHFSER

*Wﬁﬂﬂﬁﬁﬁ¢#5*¢Kﬁk?5%ﬁ®ﬂ§%ﬁﬁ%ﬁt&5&?56®T55o
%C?%émQ¢Xﬂ$¢miﬂfﬁﬁféééﬂtC?H%ifﬁ%ﬁKﬁm%LtﬁﬁmB%iégmb
L5,

Cmﬁﬁ&ﬁmxﬁw@¢ﬁﬁ#§§ﬂmﬁwéaiﬁﬁwﬂm<r,E¢ﬁﬁﬂﬁ¢<réakﬁ®§§%
RESEETIOTRRT <& TE %

R—&mﬁ§m§3&iﬁﬂﬁét%é%iéh5

HEE B ORI kSR ETERT 2 RICHBS %

/ TERADBEL3MES 2,
e VAR I Ty LTTRA
L \ Vi R AR IT DR TIL8S 4 ] L HPY T L oo
g /\\\ﬂ 7o
g / vV Lo LD OFTRBATNEBEL B0k, ©
7 g DI HAMTRERAKPILRL T 3 0 ThhER
DEL LTSLEREh B LEETH 3,
y % 1RO KA BILAE i D x 2k Tic
Fig. 1 Co-ordenate system YREBETHCHA S L OO BUHAEL KD ¢
JiLEF B,
mis = —}, +x’, C
mo=—M,+Y'{W—B, l

@O
1= — My My—Mu— Mg+ N, ]
TZicmidER, | 3EEREE—4v 1, W BES, BUREh My ltewe—xy Fe Mo, M, M, 11
REOHAOHMBRICL 2 EHRTH 3,
BRI EE L BRI B A B S 3 1 KDkdic & 7 8% &oT (1) ELOEBRICONTEL >
Je
HRAKDL B,

Cn+m)U+-Umy = (m4-m,) Vé+(W—B)sing, @
(m+-m)V+Vin, = —(mt-mUs-+(W—B) cos 6—R,, 6
U+DE+18 = Ome—m DUV —My—M, | @

tucfﬁﬂ@ﬁﬁmxaﬁﬁ§ﬁ%ﬁbnﬁﬂﬁ—ﬂv@Eﬁﬁmﬁﬁ%—fyHi—Mz&Ltc

Mem, J BRA2DFEOMNERTS Da

M,ﬂmm%éiﬂémﬁEﬂ%3E?$9ﬁ %G%QMKKﬁATBKﬁﬂfwmﬁﬂﬁﬁmLTﬁ(®
?%mﬁﬁﬂﬁﬂﬁﬁbcmﬁﬂﬁkﬁﬁmE%Kkﬁ?%&ﬁ&LTMB<°

LHhoDFENE: WmENE&L LT ERENCRS 5 LMD X 5 ic4-~T YHEDF 7 2 b n(E) pisz shth
Ak,

ELTEOS RN SRS NE M 0T KADRABEE Htitn sy » 7y Bk DR




MEDSED KEEAERIC DT 57

kD,
TG E LTI DS, B8M o, WA &L,
STRERBET > ACBURAIE RGBT CLENSZ0T () (D) () SEKEAELTEE S,
ERRIELTER L, B LTELOBKAR U, BREELT 7, (7 RHIKR SEORBRINTH
m i —REETHE) 2LV RRTRCELE () W28 2L
V=tU/L, U'=U/Us, V' =V/Ut, 0'=8, §' =§L/Ut

m' =mfoy, F=1I/opL?, W'=W/ogr, B'=EB_

'12 &)
y=Ms = LRy ap Mg
Mo= ey R= oo Mi= oy
VRO RO
o +m U+ Uit = e mpy vrdp B gin g, - ®
(V¥ = — () U8Ryt BB g g, 1
U+ = (g mOU Y M- M ®
zeic '
F=U/V3eL , )

BZ2r—YETH3, EAD No. 4
2 NBEARRC T 5 7 2 BT G & RITEAL L {EEEE% ™
RRR—RRCICN S, ffﬁfﬁ?f%
Red7v— FRICHT SRRENCRET 5HO5TE> |l ;}f
TT N FROFARE BT h 5 OEORSEAR & : ] gkﬂﬂy/)yf

{155, 4
HMEBRANFNTRIDIZ 74— FEDPME I TH 2,
H2EAkoBRTEHELTREATH 27— PRI L)
B ETS B E KRR & A EE S B b B,
RCOMKMBE B2 REHM o HEE TS5 b0 s LUK
ERARET 3L

a8

Ur=v'2gH nzsy F=VvIHJL ,
10
LRBHIDRE H/L 27 0 — FROPD D REAT I,
ORI LTAEADL S B LAz 70— ik
AU TERTNITHES XA 3, THOBBRES 1L Fig. 2 Effect o‘t' entrance velocity
(calculation)
TIALIFRER

l. = Il’ » (11)

THRE m 3#%, p 3EHET 2,
B Tit




58 EHREMRS 48 B35

th=vV'11,, a2
AR, k%

Ou =18y, bu=08,VT, Ue=Vv72U,, U.=0,, as
Lz,
3 = B
M THO AR AR S OB : i il
BEERL ARTINEMbD2 A ' o B ]
i, XRASERIC X OBEREY © t:iL?U:=r=——J '

wEESD B MIRBA SEL I v o]
o :.r cT 123 1ed

B2 2% 00mm & |, mHe

AF (mS, 8 & DBEILDE Fig. 3 Model with No, 4 head
BRL %,

FERRE LCRTBITHE, —

CORBE LR 2 m O @Y B 3 = S 1
EDHA FL— e > THAOH 1 |

ﬁﬂ%ﬂﬁtﬁs,ﬁ.ﬁéﬁmﬁ
LSm DABMBIKET s, = to

D I S Y PR

FERBETIHE L, ‘[ - J
COBHS b RENUEROBLY | ]
o EBAEHLLZ, P ST
FREBROKER D & REdL —n Fig. 4 Model head shape
ERENBOK 10cm o BheR
SHCBNRELBE L E Table 1  Particulars of Model
Tiﬁé%ﬂibﬂ"—?,ﬁ@'ﬁﬁq’ﬁiﬁ% | Model head No, 1 2
F L s & HAR . | DIA, 34.0 | 340
FRULHKE L'T*’_é ﬁ‘?}(ﬂ#iCka : %vengih EEE% gOO. 0 400.0
= ‘Weight 15.0 312.0
TRLARARRS L5 IcBAIOR 5, ¢ oy e 177.3
BEBES 3B L, Radius of GYR, {mm)| 125.8 134.9

EIEIRTERT ~ 20 A
FRELESOEDLEES>TH T2,

co$ﬁ§ﬁiﬁk£kwu3?5?T¥mtumﬁ®&5ﬁEmﬁﬁiﬂ§¢ﬁﬁﬂgwﬁﬂfﬂmﬁﬁn
BN THES 5,

o§b§¢mﬁﬁmxotgmﬁoﬁﬁ.§ﬁ.ﬁmﬁzibcowﬁmﬁﬁﬁéﬁﬁmxorm¢ommﬁ
BEROTLEI LT IR CLOBREETS 2,

THETLOERE LTy 2 5 HaEdicg b%ﬁﬂi?kﬂhlczs50)'ejtmmﬁccﬁ-§-:sﬁz5ﬁ;,gg-e5 Z,

R O—FEE 5 iRY, ‘

cnamzoﬁﬁmﬁmtaiﬁfaoramﬁamﬁm&ﬁtsmfabﬁmwm#x&x<eérwaa



HEEEREDOKEEAERICSWT 59

Table 2 Test and Conditions
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< ozl aerlees] Entrance vel, ¥o* (m/s)4.0, 5.0 4.5 4.5 4.5

Entr, Angle ¢ (deg)| 45 |47,51.61 51 90
Drift. Angle # (deg)| © | £4.0 | +4.0 0
Model head No, 4 4 1,2,4,5(1,24,5

Table3 Axial added mass coefficient
'y =my/,p
Model head No. 1 2 3 4

Addedr mass coef, m’y | 0.0699 | 0. 0788 | 0, 0554 0.0517
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Table 4 Drift angle at which model does not change its inclination

Model head No, 1 2 4 4 4 5
Entrance ang, ¢ (deg) 50 50 47 50 61 51
Drift angle § = (deg) L0 L0 —5.8 4.0 —3.0 —4.0
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