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ABSTRACT

The water entry problem of spherical projectile is simulated numerically and
experimentally in this study. An explicit dynamic analysis method is employed to
model the fluid-structure interaction using a Coupled Eulerian-Lagrangian (CEL)
formulation that is available in finite element code Abaqus. The comparison of the
numerical simulation results including displacement and velocity variations of
spherical projectile in water depth as a function of time, with the theoretical results,
indicates a good match between these results and the precision and applicability of the
numerical algorithm used. The results reveal that pinch-off time is a very weak
function of projectile mass and impact velocity on free water surface; while the pinch-
off depth significantly increases along with increased this parameters. Additionally,
the projectile mass has a subtle effect on viscous dissipation energy, while increasing
the impact velocity on free water surface leads to decrese in dissipation energy.

Yo


https://dor.isc.ac/dor/20.1001.1.17357608.1397.14.27.10.7
http://marine-eng.ir/article-1-662-fa.html

[ Downloaded from marine-eng.ir on 2026-05-27 ]

[ DOR: 20.1001.1.17357608.1397.14.27.10.7 ]

Sl Gl B g oloj 53,555 e 5 oz Sl e 5 0l 4 55T Wl S 09y Al LT 5 e axlllas [, Sen 5 s 00l (B (e oz

wgazme Glall (il o 5 om0 (55 Slall LB, (g
[N =8y Lo g calRenlos b by o] sy ooty aculoxe
5 S, cassges caaliv awlie Bl 5 anslie VY] Klgo 4
JUDV-S VU O PR IUNCIPSSY R BN FSAE SO O R f IRCERSC QU
Sl Gy 5l ook Jle Jlade ar (258 cnl il (3 2
er]a})_:.éol)']@a.w.‘a.l‘}& 588 Ll o b as J o cils
o i plen o T il 5 sl aile Bgame Jolos o
b o)liie s g )l (Gom 99 e S o8 29,9 (g0 (o)
Jls 10 P0msSgl g 509,05 IVE] anisls y OT @ olgsds St
DLl Jacs (Sl i SulisS (55, oingiy Yoo F
asals plssl Of as 0,55 1 ali e (gl ;i5T5 (6,5 b dg0me
Sledl g, peitons Sy sS a5l LIS ol 5l o [10]
3 90 40 51y (65,055 5l e L slojlw cond (gl y 900w
s 4 Sl e S 3,5 e (Selidg s sl
|) s_:T 4 99,9 FYCSWON (R JL» o U‘)M 9 M Y u_:—‘
- el oYolse = UL IS slaslgiwl g slog S f:Lw.?‘ &ly
‘_;)L»M5 JL».»A T S w5) )I sslazul L:5 g)ﬁﬁsj—l-w‘
NS gy Gmgd Dygo 4y ol (3,5 ASS (59, DYl
Sl ol a sgpgalive Yoo ¥ Jlo o ol e g o5 [VF]
Woges Judod 0,8 Salnsg,aus g, 5l eolatwl by lae sl
sloaa s Ol asog,g VooV Jlow 1o 5 o Ko g KL [yv]
P oVl ) o5 (B 09)9 bl L1y o)l s 5 o lite
g g SN J b DAL wols 13 sy Oy90 (4230
S8 slogS slaghaie 9,95 5 (pgas 3 1) chegh Jlo Glea
5 LesT aadllaa yo [VA] asls ploml O mhaw 45 ol e puo b
P C,SP o)"..b" ) 6‘)—.’ o.:L..wL?m SVl Sslins J.».l:u
Ol an g, ol il 5 @l 51 g b, &S o5lail oo aslsl
oL a0 ¥ 00 y—0 4_351) L: 9 wl.: CE L> Jiw d‘o; 'aLw.>‘
30 oL g By )TV Ve Jlo yo ol oo ooliiwl a0
l, cilisee JB&> b sloe,S (s0g0e Ol a0 89,9 caals Gubizs SO
B s 205 8555 5 (2EalesT slais, ) ool L
alaz 10 0,5 3485 Gee g ol Loz Ges g oloj Ll .asols
A0 gad duwlore ‘Smli_x.iLo)‘—l Slaalie 5l ool wl b1y iolas
o asly o o)ly sleg, YT Jlu joVeS o SSL V-]
J> LT IN T wles )8 Jdow soue & 90 40 0T 4 3959 o>
Ko o ‘) alsvs Sy uLo.” o&.uuil L u“‘sﬁ"““" - ).'jl; Y oleo
99 5JL~¢ ULA.Q o sols )‘)3 IR O swl) w).s)ls Slaise
L os5 955 5 oy (3l 40 (5550 (el g 5l ooliusl b
oS So Y Y Jlw yo ol vyl cslsy Of maw

e

doddio — )
S o ol waw b sl plaat Sealinsgjaun 3,95 1 asllas
@l slols plhb 6l Globiy coesl jlas conl JLu A
el Lrojssn slog s gumo (St 23ls 510,55 2
Sy9 sloansS (2loys (ol Mg dabye 5 Sk
e 3 aS plaojlu g L) e (Seslus o515 5o colinal
s 3 el 1593 (65l Commnl Slilo 13 O Ly (59,5
ey p & alizee o g, 5l eslaiul b Jlglyé diss 5 ans
et Sy30 50 45 gty (sl ilaSlo O 4 995 alinns
ST Jlo @ sl oad piiie O 4y 0,55 5 glog i Lo
L pgmen loslw Jo—al jloslainl L (p0) LSS5 05,5 o0
4o aS 1) 0,05 sleg i coad LSl o pogia g pyiiage
D] sges il wois oo Jlosl ST 4y 39,9 plEn o Lo gl
350 1y 2l L by plowarl )55 5 Talilly AT Lo o
—el )l 5l g aile alide slayjs aS labog e ols |l )3 axlllas
S oslasl S A jamme wiad o bay T U3 4 glae sla
Slyeis S GBS B oy iwplog 4 Jate S xSl
oz IV Y1 sl asls 052y ST b o j95 5 5l Jol> (55,
S a8yl Ldos Laulg 5 bt awb e afibel mbs
gy oo plodl slo gt pien VA0 Lo b og ke
ooy bawgi ool adl)) (oS58 pgal (S 4 pdioe
00g,F sl ¥ Loty laogs LT s male (65,0 45 Wlazsls
L, o slao,S Of 4 89,9 altns sls 129Y Jlo o [F] el
33 905055 Ly e sl el S S gl 05 (o)
Jluw olen ,o .08 0] ols anug T 4y 0,5 Jloaygly 89,9 >
Lo gon 99 plul 9,95 10 3550 50 40238 (Llow mullis (ygumse
Jlw o alBiulesl sla oy p [V] sls (358 1) O mlan
Syt plazl 5,55 1 anlllas b (lSo 5 55 Lasi 23 12AY
51 oolitnl b plus! JAL 5,5 oy aslsl O 40 cgliie slaacles b
bl QUlg a5 parbline 1ol Sy g 00,88 (slge alaioe SO
oled s s ol J3 s 4 wusls |y calises 34,9 blg;
285 Sl 5 e bt S vy e
- ol okl b wnlb e e b sl sl eizen
00— pga & g Sl S 90 Lyl 98 Ol (65
Sl gy ) eoliial L 1380 Jlos 4 TS sl 5 (6 ezl o
=y 2 g 59) 2 1y o 0 Sy (g350e 895 5 wgae
O 0)S Sld Slpds 00,51 sy (sl plagiales] g wo S
woliiwl 3,50 (g30e by, (rmwiiono Cax Iy ol Lo,y
o, Lsd ol Luded g JSul Yoo ¥ Jlo o [a] wols sl
gh bl e G s3908 393 5 5l Jol> Salusg oee
d iy o alor jlcalizie oy iz 5l ool b &S


https://dor.isc.ac/dor/20.1001.1.17357608.1397.14.27.10.7
http://marine-eng.ir/article-1-662-fa.html

[ Downloaded from marine-eng.ir on 2026-05-27 ]

[ DOR: 20.1001.1.17357608.1397.14.27.10.7 ]

(FA-YD) QY Hleasl 5 )l «(YY)p20,lkz Jlo o oo 45,5 /)], Sen 5 (sl 005 (& (yun> dazeo

JORSEXVRVIPE ORI | 7N IRV K SRR SR RN NeS
Golwd i jolate dy (g dw (go0e Joo S YV Lo
Camas ¢ Jgbo olml aile cilises (sla yiol )b ol 31 LT .aioges
Ival asols )8 w390 | dilgzul 5,65 5 Cac o g o515
el SO aS o Sluogas YNV Jl yo o) Ken 5 S
ool Joo 33l 18 sy 0550 T 3955wl 3 Jsbo o
o5 S Lol o iy o8 > Glo Sy S5 Lol 409y
ailbe (o) e slo sl )l L conds J,=uS 8 bl o0
99,9 wJLA)T ;S_u O R \bl.')u‘ ool adlsl Sedl] 6)3L-AJ
Shocs b o sloy!l Jow cisu 3l ool jebate & Ol @
534S 30,5 alaxde ouds (g3lwdnd 5 BEisle;] gl dslio
U s Gy BB jsb 4 aly oS > ol 4 ag)9 wnl 8
4 0959 o8 50 ()T 055 Al 50 il Sl el oo
S S sogee 5 Bl slaolulr 5l CS > e O
4 o ol L aslip 0,55 0 dangly by Bliosil uiomed 090
5 [V 00,8 e S Bl Glaglonle 5 S5 soges
slaasss Ol 4 0g,9 alius Y VA Jlo yo o)) Ken 9 alg 00l;
0,5 cilgiwl ionSe Jolds caliee cwain JICGI L gon 4w
o3 g0 4 byo J (Soalind o515 S |y by e g 050
2ol Sy g bl a IS5 50 Ll S (sleas
) ‘L_.e)] Sllas )‘ RV )|)5 R Sy |) UT éo.c
e 53t S Y — sl LS g, el
W"")}jﬂ B 9 u.;jflfl )‘)5‘ l°f )| oolaw! Li 'aLw.>| s_:] 4 0949
oe 5 ol [¥V] 05y Plas g5 ol J> (sl oolitl 590
Sl YU ey b (5w sloalip 5,55 5 50 VA Lo o
ALE) (55,5 - oo osl )i 0 pitianiy g, dhms & |,
Pr 9 09 p Sy el 93 s OIS 13 (2 3550
o 0590 el 135,50 0,95 0 b s s 0 aS by
39,9 dayl pd Cm aS ol lis goue giluans mmls eS8
S jpione b sl Ly ailiy St ol & 4l so90e
STl o5 plSim 1o aliyy o7 (g b sl 5 9,55

Lyl e
Gl (8,5 18 () 9,50 a5 ale Laghy des o
Lol sl ooy plowl ool (g dw 5 (g0 90 ‘nl_w_?‘ &lp gas
L 5 ISt e oLy cslag 5 LT 8 o8 sy il sl
Jdo YL sl g, (25 w)lo 592 Al oaory slrawain
S2alS o i 1S (slags o b lnlona ol 4230
Sl el 9,509, SHLIY = okl ladelod WS oo oy

Yy

3955 Ploe 3lwaned jolate 4y 1) Sgaome 2 )l » S e
e T STy 63l 50 bume S o ol Sl s ol
Sk L ablie sl ol 0 o (B9, Sl e ys Sl Gl oS
aS ols lisd zols oges oo oolaiwl e w5 Lid slayloe
J.‘:l_m.a ‘_g)LwA.u_w 6‘)‘.’ ‘5:? @U}.’ 9 CBS oud 45‘)‘ [‘,.»4)95”
slmosls L awslio o 1) o5l g ol tas 8 280l
o e 5 > (loand el (Solo 4 g o)l ol
Lo S s iluand (2Ul (hg) (al 5o wleioo w2l 1,
Oley 4zl g sl sla)l =85 arulxe jodle S )5
Sl pled 5o o5 g 455 [VY] ol avg L6 oS >
)\}_é‘r:)_S Al g dy goue lagiluad (6 mw Sl oolanul
S0 oo a8 ol lis mlis ais,S slpiiay Fge g oole Jow
Olli8l At 4l G ol adgl oy b e leiSs sk 4
Gilwa s YV F Lo o o, 5 esljoas! [YF] ab oo
= ksl isS Goey ) S gl boyS G ol3T 095 5 goue
Jile s g g5lwand gl [YO] sssls plowl 3,5
L s il jl (Slo 0,5 wglis sl JBz (sl oosSL]
TV 0 Jlow o plasie g oLild,e 045 35290 Gmli..whj =l
Loty oS atlos L som aw by o Ol 99 alinns
&l sols 1,8 axdllas 5 g0 (g30e g GmLis,.iLaﬂ ooy 3l ealatu!
19 9 69,S e atles Ll 51 sow d Joo G go0e >
ol dlio 5l e ol a8 5L o goliT a0 pd Lol
e g 00 JS25 glge Ol JSG Jelds (g00e (g5lua
5 o8 Ll o s il g (bl mli b iy oS >
OS5 B 50 Gl &S LSY -kl hsS e )esdl o )8
Lvsl s 5ol s oud solail 4l 5 Jlow o 23S w0
4&»_..) 009) uj_> )‘ ool L» Ye\fF JLM: )° u‘)&o& 9 Ak).’}i:
LIy ol as 68g,9 plawal e8> a8ly lej Sae oS e
5 @ll ez (L5 llpd o o e <5 Joe Sl (oS 5
Jms5 Pl g a8 lal> e iz b2 Gl (o0 e
Lyvl 058,5 (min wal Cewd A > CS > g (S gS g
“Jse a5 wis S ol 0yl S VNS L o LS 5 ol e
O b e oS juil g2 ge 0ald (i yaelip 95 slo
g 03l i el 5 0iS o il 1 55 5 o el slasle
Sl oyl as e s cS > Joe SO Ll akias ol
o (3 yaeliy (595 Sozme Ly b (055 g S e ol
@bt bl 3 (25 5 U5 b o g 0,8 sbml ol
Solaaly Gralydl cel as oo )5 slonl ool (65,40l (5950


https://dor.isc.ac/dor/20.1001.1.17357608.1397.14.27.10.7
http://marine-eng.ir/article-1-662-fa.html

[ Downloaded from marine-eng.ir on 2026-05-27 ]

[ DOR: 20.1001.1.17357608.1397.14.27.10.7 ]

Sl Gl B g oloj 53,555 e 5 oz Sl e 5 0l 4 55T Wl S 09y Al LT 5 e axlllas [, Sen 5 s 00l (B (e oz

Gl 0 oole a4 s o )T (Bl Y g,y 0gd ascie
o IS s oole a5 jobjlen baloll 5 aiie cob 04>
s & oY slaglall g e S e s S o
)4‘5...]4.’.0 wolo Sy Ja;‘).us Sl 00 J.»S.m) ools &)‘ J.alf
ol US4 Ygare ,bsl (gomased .ol lodl o3gae
g oole B do 0 0gd oo el A wiis phaie Jlaas CoSe
Sl oole yo 51005 atin polul Gldl Gy ol e
DL 7 Sl ansls jl sl g)l> 6 5hgl ganased L
aS al wled ;o 631,3Y oole L wilgs o (5,bsl 0ol 00,5 0
e @bailuand Caal Bgpae nF1SY = Cnhsl eles &
= ookl bsS slerbl S e soliiul wles g5 oyl
sbul 1y Gl ) aied a8 Il ol gl oo oael 3l SY
o)’L...: u.:l.o.’i 4l.o.>)| LS}Lé K J.SL..M.Q )’l Lg)L:.w.g 0\51.3 as A-'S(S"
583, le Gl oglate Sl dolee (paiz 55 J> 1y Jlew b
w2l dales ol 352y usSLI 3le 5 40 Slge (Sealiyog o
5P 9 B 5l smb Oyae a ) L a5 cul il Aol S
Ivel oS o Gy yms U5l

o 03850 Sy JKE e s (0D Sl s onl o
(b ) o o Lol el cnlio 5T (sl o5kl (ga0aSts
e 1) el sl Jhw 4 Cas S>eS b IS s
ol glwesly (glp il ansls il SY goanaSll a5 Cal
2 Okl edle CuaBse &S S9dioe Jeo oS nl 4 Gy,
QLO-” BB Q‘l)lt’ﬁ‘ = J..S dwls b (G o NEYERIN
Wil oad p ooole I JelS yeb 4 gladl I 048 o et
w5518 o1 50 lesle ST SO o)1 cpbgl (coze S laie
ol 5SS e bl ez S S il cole SOl i Jelis
75 el ggezme ST sl e drnle Sloj ol o )0 Sl
st oile (Bl jlade il S5l e (ledl SO eyl (go>
Sl ehe) Crl )3 sdee 35 Ao (plSoeial 5 ey 9)
Slo aman SO 5l oolawl b oosle 90 12 s 50 Slej o5k 2
aw splell slp ks ksl (he) coy nl 5l gt os At
odle y2 (slp (on B S0 So (B2 (nl O9doe 00 )15 4 un
O ((Soluor j0 a5 oo slosle 511, eole o] g 0,5 o a5 5o
Ghgy @ b uuaSd Giplh WS e SSE gl 18
Iro] sl slace SLlS ases S sl oo bl

Sl ool Y

Gguigd gd S g (656l Aol —)-Y

©En ez axly (L2 6550 GBI L pln 550 sl alslas
3 el Lo aalidl #05 g aiais 51 230 eals olowl I8 &5

YA

5 ooe aalllas 4y adlie ool ,o YY) el Bl ol J>
Gos g ol b ol ol mh b o105 5 Co s g )2 S
gode il o Holaie o pmled o (o) 2 Sl Gl
ol s jo Lz o8l it ogmmi 5 ol po iy 25 >
et by g ool o oslial 3, sl s S0 5
ez < oosS Ll 58l 5 50 a5 SY — s bigl el 3l
Ao sl Sl n leioe SR 2 kgl o3l b 315
0ad slzul il SY O ygo an o] aASils g ool 48,5 Ll o
l_) U] dS.._w 9 Csl 00 00)5).'&)[‘,5‘).‘ JL».....: & )...t u—l o
Hobel 5 550 Sypo 4 Jow oal ool oad adgi o sligl s,
S o2 o Slwlre Sl Saliss gl sloyogy 4 Cand
S e Jae ly ol 5 iy ol

9 dgu—xo yladl g, 3l eoliiwl b woyboy Jluw Jo—Y
R FSY = lel by Jss

Sl Y 5 Gkl Ghe) 99 ingn Glalaone Sl o
09y 5o el ouds @l awgy o S 0 OS> aiogd
oals & s Oi L ol o coolo (59, oo oloul aSlils o331 3Y
g odbe 4z 51 gy (nl 0gdiee glagsl 5 S e plell
U5 i it 5y S eais oS Sloy Ll el gy
ol yglice dezg 4 o slp 1) oW lagledl auas
I8 s oagaome o apledl olaws yiol3dl L o> oS
"5‘5/5«5“3 ‘é)J’ﬁ o j)}?

i 45 30 55 a3 SV ganaSd 5l eolitad b il >
oolazwl 1) «asl (5.85 5 48 0 4y (9,00 dls ol Lo yladl JSCo
Lol Joinn g pous o s el (guaSid sl Ghey onl
OISie gy ol 5l eolawl il Shp bSs s ST L
L lapldl 0,55 2 5 4l o o gl o515 51 26 sl
Gy w5l Ll > 50 calple o)l Jlis 4 ly [Kuse
Oyl 8smg Ty s b G s &5 Slael 5 oYL
My og 280 g oad oy jlews S5 ot s 3ISY b
GaRaSed by, 3l Olgies Jlaw 450l slp dms e Sad
Shls 56 Sy cnl Ll oged colaiul alize slasls ;o sue
ol &8y sla g, 5l (SO awl ol gley BT asle VS
sl oy igl (guinaSills 5l eolasnl S

L 00,5 &S, sl 4o oole g aiwd s oo ,S ¢ ligl g, 5o
gloll 9gd o Lai a5 o5 ol il owd o UK s
ol g onts St oole S 31 el jab 4 Cansl (Sae 52,k
osle ;o (gjm bl plply aaily JB glas b g ools o
odle y2 50 g ol arulre o Jo Sloj o3k o 50 Wb cn skl


https://dor.isc.ac/dor/20.1001.1.17357608.1397.14.27.10.7
http://marine-eng.ir/article-1-662-fa.html

[ Downloaded from marine-eng.ir on 2026-05-27 ]

[ DOR: 20.1001.1.17357608.1397.14.27.10.7 ]

(FA-YD) QY Hleasl 5 )l «(YY)p20,lkz Jlo o oo 45,5 /)], Sen 5 (sl 005 (& (yun> dazeo

onts oolitnl > alslee Sy 5l gykgl oole L, e (gl

p—pu =I'p(Ey — Ey) %)

D559 (555 5 DadsSen JLad iy 4 By 9 py ol o a8
g se iy 5 (O) ) Gl oS

r=rn= ©®)

&5 el gz e dedls Py g esle ol Ty ol o &S
o & () abl, @b ) Py isSen 23 L By SgeisSyn

__pHn

= *)
2po

H

(V) alaly Syg0 a0 g ol oz WS15 2,5 N ol jo a8

D oo By
Po
n=1-— )
p
I;
p="ru (1 - 077’) + IypoEm »

Us-Up ks SgnigSan o8 -Y-Y

5 Lid ol gloads JsS ¥oles «giyl dolas 5 b alolas
2 laren s & ST s s 4] SIS 5,
J> e G0y b habi ja 0 1) SVolae a1 S
abul, O)go & DgisSee sbesls sl Jsens alal, oS
el (1)

poCE 1
- “)
PH =1 =sn)?

WS o i (V) alal UL U pgases
Us=Co+sUp )
(V) alaly b UsUp a3 GsssSen 0,8 (359 Slo,d L

g 50 Ayl

PoCi N Ion
P = a1 ) * fopokim o

jLoare Q‘B'.'.s“ I, &5yl doleo “S{UL..;) sbo,S colos ole
g (\)4.@‘)

J0E,, 1dp ) .
PW=(P—PM);E+S-€+PQ M
- SURONCRRIR 1 OVE St N S -LIESt ) R Ly
Gl 5 Ppy (I8 P ez wly 5 B o9 o
136 S 5 e 0l 5 LS 25 Q (e Syl 4 by
Cpo () G )S F 5 emdli ;0 (03 Ojg0 4 aS Wb oo
Slsie 4 lid gl o alolis 45 Sgdise b el odh
Woasl B gy w2ly 2 S 6550 5 p JB 5 (o

eils wanlgs (V) alal, gillas

p = f(p,Em) )

O Slabal, b o, B (V) dolee 51 (lgs o |y (A2l (655l
Jol> JBz oSe b (Gl adgl oz V aS) V on 5 P L
olae 0] Cuss & 1/p 5 P o slabaly Jolao Sj50 4 05
NIPP VR PRI PV -SRPS S | ESSPU R PO FRPL SR WEE SR RS SNV
wsll Godefer (e pboay LSy aluly (plceul ataly LS,
a8 x> b ol i ofSe Sy 5 55500
Sl kS P Sedstee Jlid il Sel S iy o
Syiige Jole o2 slaosls et 5l Logae 5 ool JIS5
@ Al o g ool a8 S ol o s Ohgo 4 S Aol

D g (V) alal, o

p=f+9En )

ol olae 4 atusly g siies JK> 5 b ks 9(p) 5 f(p)
woue 5l Sled o VO USS o aiee > ol
[rol cosl onss @l SgioSsn

1/p

SrpeisSap simie | Soilasd ol ) U

S — oo Aolao —Y-Y


https://dor.isc.ac/dor/20.1001.1.17357608.1397.14.27.10.7
http://marine-eng.ir/article-1-662-fa.html

[ Downloaded from marine-eng.ir on 2026-05-27 ]

[ DOR: 20.1001.1.17357608.1397.14.27.10.7 ]

Sl Gl B g oloj 53,555 e 5 oz Sl e 5 0l 4 55T Wl S 09y Al LT 5 e axlllas [, Sen 5 s 00l (B (e oz

43999 adimo A5l 23395 9 (6530 das] pd «(F lewlnoe dols - Y YLl
G955 4y of

o2l Joe (58 Oloogas ) Joua

5953 e s IS sl &s

M) (Seolzs (Co) g0 () Jbes Jbes
(kgs/m?) (mfs) (kg/m3) (C%

ofe e VFO - Yooo Y. ol

Aolee ;o ol o g (1) (p3l,S cdl dolee jo oole ol

L 00 L)DJSJM)“)" (S) Jy.n e

ot gl gaaie g lall e jlasl -Y-F

5 pliite SalS” loaslons sloJolos 51 skl Jaa soie sl
S &9) L: L‘DL)““' o)"JJ‘ sl 00 oolazul R ML) ULQ)LM:
el ol ocs Sas T L as col sads Gl 5,5k Uas 4
Vo Ss o as e biles ail el il gSls s goue
A op il Jome gun e a0l malS L ogd o alax>de
S 85,5 wlin Gloy = (ol Hloged e sl VB I yieS
—u,.._n GLQQLA.” o)’L.\S‘ ‘}:JLST QLA)’ é)).u.\) o> R\ .\.\.S)L) ‘_;)...>b
L as conload ad 3 a5 o o 6l VO plp (o ol (gu
G dew Joe (gt gl Ll YOYAYY slaws wlal ol
Lol 0uls ool o bl

ool S Sy o StV ez sy Jole poCE a5
Slade SO plplo 09 Jre Wi Q) Aol 75w ol S8

gl ge s (V) 5 (V) Ly, & yg0 077 5 P 6l 0

1

Nim = S av)
SPo

Piim s—1 av)

D9l o8 s 45 3510 09>y miS Pl S oogase pl o
Us- bt clls dolre 058 awle oole gl p aie slace ju
5 o515 J st el slagl > siledse slp wlg oo Uy
gl 09l eolatnl uSgwl - ol oS > SYslee b 23 8
Slp ez Jull o plpie 4 pem> Jge &5 Sloj o>
o S Sl Wolas Lawgs S gn Jae o155 B e 03

Irol sgs

03 g olge —F

o2 hgl Joo iy —)-F

beoe o 5 ) dulpd (Glislre Gl ¥ IS 0
o Gley o el ool eols las Al ST 4y 0959 00 >

Caa 8. ¢‘ W)

B ol s Vb Coond 90 @y (sl 4l
» OSbe ol glaie 4 bl Send g JIB slad e 4 VL
S SUS oslala Slawle aels olul .ol ool a8 37 a3
Sl s goue mls o) (i8I b s ol ous sl
o (YL et gl )| 5l Al badw g3le Joe gz 35l
Al Sy g 0 005 13 el lee Lids s o]
0 ol 15T Lo alslas o ol s b 395 alid o
ol s b o puzr 3,55 5 s5lodse 0 00,5 oo Jlasl ()]
e Sll ol A Bla s 0ol ol sgass el Jos sl
Ol dasre (gam dw (g3le Jow ol o 1A all cuiiSy o5
Gl sl oals LS YXYXY olal b Judatis CaSo & a0 @
Us- el adoles 51 o3l SY = oo bl (g, 50 o sole iy ya5
ol Gilwan i glp Cl dolee opl .l ous solawl Up
@S il 5zl gl (Sasl a8 Gloy (pSgnal = 5
@l = o ez 5l (BU a0 0,95 5 SlasT (Dl 501
ool (65188 Oy @ e 2 3l S5 odes 33,5 o0 ()
1 i gz |y Sl Wolas el 55 n ks g 1
Sleogas A Jgaz ;0 0l 13 solatwl 0,90 ol p plul a0
sl oo &l e gl Jae (S 58


https://dor.isc.ac/dor/20.1001.1.17357608.1397.14.27.10.7
http://marine-eng.ir/article-1-662-fa.html

[ Downloaded from marine-eng.ir on 2026-05-27 ]

[ DOR: 20.1001.1.17357608.1397.14.27.10.7 ]

(FA-YD) AY Ll 5 5l (Y20l Jlo b )o (owaige 425 /)] ) Ko g (g5 00l) (& (s dozs

mh @YU 5l s Ly alasd s ali s adsl cepus Vo o] o oS
GlS ols g ol mhw b aby 0,55 ceyw Vool ol
el O b 5l 4l bgis glis )l D g YA M/S? 5y e
35T bgis &5 > e 5l Jiiens alobes ,Sily a5 (18) abayl, 4o
5 boin el oz 2led Sy g adgl S pu il ol
Gl 3 edies e e a4 gl Sl 3 ey JB LS
YL o e adls Ay aS) ade 4 (goae gile Jow
2 e ko pl ol (Vo) adsl e s 13 05 0 o) O o
ably 5ol s b iy 0)55 5 Syl 03l oo 436
.%T‘_,’_A Cewd 4 (VYY)

V =+2gh Ov)

ol ol s b iy 9,55 1 o g 5 02 ST gy 5o 4y
LpSekS P L) 2 as5,8 abn S ol 4 og)s alies lu]
Sl o 0as Sygo 4 ol oyl maw e V bghuw glas )
9 2l ol Gee g Gl p Wl 2 (Il 36 g sl
L oF s Gillae e 995 00 et O 6551 SOl
Ch ) 0SS TN o 4 53,5 4l bgia glis) il
ool ol e b by 0js5 e il b o o
Sy o Joazr 3 025 o0 H13 oy 390 H55de sl ally
33l gl b 995 p alad ;o Soglite bgi eI L (59,5 4y

Ll oaus ools olad u."

. S abiy

bghw gl
o7 3T adaw

ST 3157 s 31 (59,5 4y bgias gl ) 51 Soila —F S5

iliseo baiuw glai )l b (59,5 Al 995 » ey - Joux
(M) ol mlows 51l bgh glas )l

YV A
YIY 1D
YIAY <IVO
f/fY \

/10 VYO
AR VD
OIAG VIVD
7IVE Y

Al

(4:6) ol
0 005 01 015 02 025 03 035
0 ; ; t
1.5cm
----- 1.75cm

ssscccel oM

-0.2 \
"

0.4
A.
K ~
3 s %
08 \ ..
-1 ot
1.2

— il jloge p o gl (gusa e 0311 3l duuy Lo - Y S
by oo

Siyo byl gl —Y-¥

g 2z e g5 5l cp gl (gom aw Jow 8,k sl ye
R g Slowbre aisls 4 lom e ol & Goww, 31w
Laly) bawgi cs)ye byb (nl 09l iz o) ye (nl Lawgs 5 09,5
Avel oo e e (V) 5 (V)

dp—pcdu=0 O\ f)
dx

== (\0)
ac - ¢

u c)m p ‘JLH-J )J R_Jjao u.C).w C “;l§.> p Ja;‘s) u.i‘ )&

Y S iy P
Giloterd Caz 555 by gllae Slasis ¥ Jyuz 5o
o9 iz 5l Al ool el oo ools (ylis ol o yo &S >

4l g mlao wlasin - Jgus

W) Howlyy Comd (BE) Kb Jgoe P) 2 S ez
(kg/m?) (kg/m?) ()
.Y YA x Ve YAD- \AN

UT é‘chJa.ngd.gUﬁ Syg5 y Caf pw —O-F
abaz )5 ol mhaw YL N glas)) 51 ol b, 51 e b ey
o&;u’_au.u.u(\?) AJan)‘ oéLM‘Lu]c'a‘abé)?f

V2 —-VE =2gh O%)


https://dor.isc.ac/dor/20.1001.1.17357608.1397.14.27.10.7
http://marine-eng.ir/article-1-662-fa.html

[ Downloaded from marine-eng.ir on 2026-05-27 ]

[ DOR: 20.1001.1.17357608.1397.14.27.10.7 ]

Sl Gl B g oloj 53,555 e 5 oz Sl e 5 0l 4 55T Wl S 09y Al LT 5 e axlllas [, Sen 5 s 00l (B (e oz

S8 SO laans ojlas 5l caslin alols o Ce sy (410
Od=d Syl ey 00,5 (oo JLad pld Lo 2l g w88
S 9S aliy (o Slw el & o, 5 SSB 1o Ol b
daleioe bgiu 456 p 5 jho adgl s b oS oy am 0
ol ol s Ly oj5 55 ol o iy OV el ik 5
Sy 5 ol U3 as ali 09,9 adamd oy o FIFY M/S e
“oked (290 brwgs (lalojl SO i 4 sy B T Gos 0
oad b pgbai ialejl plal 5l Gy 5 99,5 o0 band 5l
bore Glam B G 93,5 o0 Jie FomalS 4 (hlop S
Sty ol SlEl ol J2ls po lee Ol S 5 (8 5S @
o a4l pglal ©j50 ool (Bbs b caled o 5 aliy
Palojl silwand ul o le Sl Glalar Bos 5 0l
A USCs 5000, 5 e dwlin (59,5 Al g0 gilu e b
Sl Lol 4 ol o 0l Lt Ltales] Sligs ) Sleds
Y0 oy Ly (o905 00iS oy a0 o5, 4l ool

S955 soYed aliy -V ISl

s 31 (§10 piedd o9 — A S

Y

Losls 55318y 5 P bojT s —0
Sl b g caSe S8 4 Lialejl 06 S, B JSE gl
w5 s oo az 3l a8 sl ond b g ysb e VYXY/TX)
shea T 5958 (535 5 S S 5 b b sl i il 302
mhe Ve ated 5l ol Sl Sl g abbgs (6,80 b sy
0900 ol s pae )l liebl g sl sal il (6 ke
Ll @ asts Jlasl 5 go¥s8 lagsyy ) Kbgr Jome «SOL
o9 Cewl 00l ools U’“‘“"?" k_A.uJLA.A )5.19 O Lgd..uu] [ Ja...uy
Uinleyl b KT & JSs 0 el 08,5 A (59,0

Sl 00 s0ls ul-“*-'

Gialasl S 5847 -7 U

Bl ol s aliy 099 aie Bislej] (g5loans Cox
0395 Fasilo Vo Sl8 a4 ng (s3¥gh 0F oA 5V sl S
Chronos g5 5l ey (6 10 ppled (o y99 SO g o5 5kS T/
O Boe 0 &85 g ol aliy 059 51 ol pglai ol g
Wé)jw)‘ﬁoouwl é)yo&:bwbo)y).\djazjb
S asly goas o ol 5l e il A0 el )l b ioleyl SSU
~obed 9 Db ga ool 515 Ol ol e (VL (g0 ) glis)|


https://dor.isc.ac/dor/20.1001.1.17357608.1397.14.27.10.7
http://marine-eng.ir/article-1-662-fa.html

[ Downloaded from marine-eng.ir on 2026-05-27 ]

[ DOR: 20.1001.1.17357608.1397.14.27.10.7 ]

(FA-YD) QY Hleasl 5 )l «(YY)p20,lkz Jlo o oo 45,5 /)], Sen 5 (sl 005 (& (yun> dazeo

7, = '[1—gln(1 )

L ojs5 5 aliod o iy Ceyu Vg 5 (2Lly <ol BT o o8

¥

108,50 s (V) alaly ollas £ ciliee slagyle) ;0 O Gos
Vp _ 1

= AR))
vy 14 Byt

e g @bs -7
3 oobite lgn ol S ol J31o 4 (69,5 alip 9959 5
> o sz Jolis I Dl (6,05 IS5 05 o S o ety
29 ey cty Ol Ll ol LSas 5 (b s el
e ok ol Ges o iy &5 jsboles Ol (L35 8 coly
90355 3)ly gy (St Sz 59 355 (gl Sl 4 009
Englio Uy blacsl (ol Lol i o Jite )] 4y 1, 555 pstioge
Ol St o 095000 9,09, Sl (Silivlg i jLas
Sl 0l cnled )0 5 ALl G 5 0l (ugSine (ola
935 e St ol Gulia a b 5 (o 8hy 8 00 5 oo
P9 o ol om0 Ceond 90 4 Sl alamdd (ol )5 ploxil
Ol s o 4y g 00 i Hlizren oYL oo lo> Ol
S ol L g odz alip 4 (Gl ol Ll gy oo i
sy 3 ke ol s b 3,55 5 5l e 5955 Al S 0
Lol anles s 5l ol ag 09,5 plool alldaxd (o 1) 095
2 el L Ol S0 (555 Joo s Comns 4 iy (595
Ol 9 998se iy Sy (m po8 Sl & e ) 25
YYO 5los yo ol bl jl ol Gilazr abd b e s talS
Golw o gmlos annlin 51V s jo 0 )ls aslol a gl Lo
955 4l ol s 09,5 aliws 2l 2alojl pslai Ly (s00s
Of Gl 5028y «olom (65T USS 052 a5 03,5 oo ali>dle
s aBlislejl g so0e Joe 30, ;0 (oLl 5 blul)

s S0y b s>

fv

bmu)@)é
[—]

sSalis @

1<

1 T

o g 33 (o 499

i3] Olras 5 (Sileds -4 Y5

ol yo Al y oSy -5

3959 31 o Vo gl oo b i 28 > 5l Jol> S35 (5958
055 30 gl bt Wl o O] Gae o Gl 5 ol &
I¥V] sss )l VA) alayl,y 3sllas

dvp

1
_ _ 2
F=m, Tl EPonCde A

o B Pw oy B SS g @l oz My ol )3 &S
ey Up 5 0l 530 coyo Cg sy Slany colus Ag oo
ol O jo iy Sgis

2ol Gos )3 658 aliy oS5 > ce sy bl s sl
Of emain S8 ool 3 aliyy B L3Ll5 b wilises slagle;
L¥Y] 00,8 o s (1) alal) Gollas

— ﬂprng (09)

Zmp

Sy Cg iy ot Ry w0l (o2 S8z Py ] 50 &5
G5 Sls Gl )8 S Spo bl aliy pyr iy 5 O
e e abn @lp ol Sy cuyo 85 I 05 )
Galiy e g plas Ve KGIM L1 OT oo JISe o /FY
Sl Goe o (Zp) aliy olml> SNV KG g0 CM 4l o5

Wl oo Cows @ (V) alaly Gollas b cilisee slagylej 5o


https://dor.isc.ac/dor/20.1001.1.17357608.1397.14.27.10.7
http://marine-eng.ir/article-1-662-fa.html

[ Downloaded from marine-eng.ir on 2026-05-27 ]

[ DOR: 20.1001.1.17357608.1397.14.27.10.7 ]

Sl Gl B g oloj 53,555 e 5 oz Sl e 5 0l 4 55T Wl S 09y Al LT 5 e axlllas [, Sen 5 s 00l (B (e oz

t=Yd6 ms

8+ ms

O+ ms

Yee ms

©ous gilw oo s

Vb+ ms

ol las
YV& ms

Y&+ ms

Yoo mMS

BB bojT (g3l s

&+ ms

ol las

Yeems Y&+ ms YvY& ms

955 4y o 40959 (A Lo3T 3 glai b goue 3ludao 30 o Giulua loj 3 192 Gl (6 8 S dumglio Ve S

(40) ol
0 0.05 0.1 0.15 0.2 0.25 0.3
0 t t
_05 (Gode
. - = - Legal]
cereee o
1, -15
3o
4
x 25
2 3 eSS
-35 e
. o
4 a
-4.5
-5

5 ol T o 35 4533 o — St o 515905 dumylia 1Y S
6o b b 2iulejl g goae (olwand gl

2Bl 5 soue gilwan i s Y 5 VY la JSs jo
2l Bee )0 55,8 Al ey 5 olulr Dlds 4 by e
58S Heboles cunl 00y0 )5 anglis 5595 o bl o
Silbwtd g i Jo s wgd oo alixde Jloges ol

)3 655 @l b seslie Slstran (pIRLLS

rale by aibioe SR O B 595 i o2 SRl L
30 g4l e Sl [2alS 4 e O Syo (59,0
Jos i Ly 0y5 5 akid (0 ()T Glo oo il 4z
9 Obey Slets Jogad i i 4 A 5 VW Gla IS0 000 5 s

¥F

(a58) ol
0 0.05 0.1 0.15 0.2 0.25 0.3
0 ; ;
&dae
0.2 ; - = = skl
5 ceseeen
-0.4 N
A >
3
Y -0.6 »
4 \
-0.38 \\
4 N
-1.2

3 ol T Gos 0 aili s olo)— bl 515905 dunliia 1) JSb
G @ b il g goue (g3lwamd gl


https://dor.isc.ac/dor/20.1001.1.17357608.1397.14.27.10.7
http://marine-eng.ir/article-1-662-fa.html

[ Downloaded from marine-eng.ir on 2026-05-27 ]

[ DOR: 20.1001.1.17357608.1397.14.27.10.7 ]

(FA-YD) QY Hleasl 5 )l «(YY)p20,lkz Jlo o oo 45,5 /)], Sen 5 (sl 005 (& (yun> dazeo

0.007
0.006 e,
5 * o+ 0
;‘L 0.005
Y
-5,
G 0004
‘.;a 0.003
7
5 0002
0.001
0

(PSS pr>

Al g 32 s 3 4§98 g (55 51 Sl Ol puts —10 S

OF 9555 2 2 w0l ol a5l iy bsis glis )| ial38l L
s el 0955 5l G Lol salyoo al38l O o
NP USs lae gy ol 5l el weler anuls 4l ce e
oo s b 093 p alad jo by oled Sae s Jloges Ol s
Lol yoS Ol ol e b 9,93 5 S loged 4y S
pos oo 4 05800 oy Ol mhas (YL o el )l el (28
25955 039 Al e ol a9y 5l Gy by Sy (it
Gl Gll e 0 T S 5 wleies 285 O (Bee
(o e b oye3p abixd po Al ey Galply b
g w2lys Ol ol mha b 0,55 5 alad s e 5| iy
Ol ool &y 0959 alam) 1o aliyy o Sy Sde ) Grizren
5 wle Gl O 5l (oS Bas 5 oloy o ol el 5l Sl
@ o) U 03 Sy 625 gl @ ol Gialoz 5l e 4l
v 5l aly bedw glay )l ioli8l b aws go aslsl o> ce pus
DU 5 ayleige 0555 o J1o 4 (65t Copu bl o]
a 8l valss alil ol ol ce 5 9,55 0 S
ety SNl ol o b aliy 5,95 God il ade
3939 3| g - dalss i (ol 4 05 lanl wllaxd o ]
ol o1 eleml o Tsn ol alolidly wol J3ls 4 by olS
a4 Jsb Gl b 5 ol ol Ges o by o8 > b ogd e
Sl @ i balpd cpl olo vales dalol by ol
3o b s ol Gl 5l Gl Gialas alasd B 4l ce
G Oy B plomes aliy o gl ol Gl
sy byt gl gl 5l Hee bl o dnlsl gu> Ce p
O el e Lol 4Bl ial38l ol o] e b sl 0,95 5
M 1Al amlys malS (Joe i b 0,55 alisd o

Jlade g odgs i Ay oled Sy g 0,95 S pw

Yo

sdls (Lt ol pyz e Al bl ol Sl Ges
S obe ulas lo 95d oo alaxdo a5 job lan ol 00l
ez ORI L g sl 4l py Sl (herd iy et
Lo 50 omliaboe GRalS (o5 ke 4 Sl iz ol
J=B ek @iy oy RIEIL b (ulaa Ges o5 Cul

il sl I s

0.3
0.25 o e P P
% 0.2
—3.
3
0.15
A
].
3 0.1
0.05
0

(55 e

Py s el Gl 3l Ole Glala (loj Ol poii VY Ko

(PSS 5kS) oy

-0.1
-0.2

-0.3

-0.4

0.5
0.6
-0.7 'S
N *

0.8 7y
0.9 Q ¢

-1

() ol alaz 3es

32 e 1 4 1 ! 5| Dl gl Bas Sl i —VF S

P2 >y ALy (§55 Sl Jloges VO ISS e
oz 00,5 n alisMe 45 joborlen el oad ool i 4l
by o)ls ajsumy 55 Sesal p (gugmonal 136 by
sl o lS an Sy (555 Sl oz Gl

Casls


https://dor.isc.ac/dor/20.1001.1.17357608.1397.14.27.10.7
http://marine-eng.ir/article-1-662-fa.html

[ Downloaded from marine-eng.ir on 2026-05-27 ]

[ DOR: 20.1001.1.17357608.1397.14.27.10.7 ]

Sl Gl B g oloj 53,555 e 5 oz Sl e 5 0l 4 55T Wl S 09y Al LT 5 e axlllas [, Sen 5 s 00l (B (e oz

(46 y0) 0595 gy

-0.1

-0.2

-0.3
-04

-0.5

-0.6

() ol Gl s

0.7 *
0.8 2 2

09 L 3
1

‘e

2 ealy Gkl ole gulae Gos g ploj Ol pdd -IA S
ol ..>|}Tcda.w b o g8 3 Gk o o

by baaw gyl o5 oo alaxde VA Sy a5 joblen
iyl gzl glalide BB L6 OT T pdaw
ol cde @l bodu gli)l Gali3l by ols i jeans
551 Sl ol Sl mhas 055 5y alad jo iy oy
oI L &8l b oo Rl 6 eSetin job 4 A jeSuns
gl b ol oyssy copm ol Sl mhaus jlaly bsiu elas)l
ms0 ol plel ST bgis o 5| Jins alaly 5l o]
G ool 49555 5 2l o] s b iy 9,55 5l o Ll sy
5 005 o0 Shete o lasgi assS ey 5l (slalimdle LS

g os 4 joSmmg (55 5] SOl 4 e

0.014

0.012
- 2
% 0.01 ¢
-,
% 0.008 *
i .
5 0.006 *
5 0004

0.002 nd

' 2

0

(a6 2 ) )95 0 Sy

o s gy Ay S8t 9 (55 1 SMegw! Ol i 1] S
ST ol b b 4l 3 2,595 5

\s

e 39 2l e b oys5p alisd 5o iy Sy il gloses
.QO;GAWQT‘}QL)&QSP

() by lis)|
0 025 05 075 1 125 15 175 2 225
0 1 1 } }
1 O ey
= ol e e
-2
y 3
1
N
3
~ 5
6
o
-7 :

bohuw el b alip ol Coepw 9995 5 e pw -7 S
s

Bos g ooy Sld lo loged oy 4 VA 5 VY Glo IS o
L ol 05555 S s o 1 4l Sl 5l ol aloer
s 4o a S b len el oud ools ylis ol olsl v
eyl s ab by letl 3l Ol Gialas ley 0eh
Lol ol oo ialS oS jlade a4 ol sl loj )55
gho L aly 0,65 n Sopu jl (b3 ol (ol o Gee
Gl i el a5 1 s Gl b 5 el
[YA] o) San 5 (I so0e 5 bows gl jo s, cnl b oo

el 00 oo lie %

0.25 ;
*
0.2 MR ; ®oe
_~3’\
o)
4y 015
3
j)l 0.1
3
0.05
0

(a6 y0) 9595 p gy

2l p sl 3l ole Gulaa Goe g lo) Ol i VY S0
ST o131 s by 3,595 51 ek s o>


https://dor.isc.ac/dor/20.1001.1.17357608.1397.14.27.10.7
http://marine-eng.ir/article-1-662-fa.html

[ Downloaded from marine-eng.ir on 2026-05-27 ]

[ DOR: 20.1001.1.17357608.1397.14.27.10.7 ]

(FA-YD) QY Hleasl 5 )l «(YY)p20,lkz Jlo o oo 45,5 /)], Sen 5 (sl 005 (& (yun> dazeo

6. Fairlie-Clarke and Tveitnes
7. Yang and Qiu
8. Nguyen

&lp-1
1- Von-Karman, T., (1929), The impact of seaplane
floats during landing, National Advisory Committee
for Aeronautics, NACA TN 321, USA.
2- Watanabe, S., (1930), Resistance of impact on
water surface, part I-cone, Institute of Physical and
Chemical Research, Tokyo 12, p. 251-267.
3- Watanabe, S., (1930), Resistance of impact on
water surface, part Il-cone (continued), Institute of
Physical and Chemical Research, Tokyo 14, p. 153-
168.
4- Szebehely, V.G., (1959), Hydrodynamic impact,
Journal of Applied Mechanics, Vol. 12, p. 297-300.
5- Miloh, T., (1991), On the initial stage slamming of
a rigid sphere in a vertical water entry, Journal of
Applied Ocean Research, Vol. 8, p. 13-43.
6- Miloh, T., (1991), On the oblique water entry
problem of a rigid sphere, Journal of Engineering
Mathematics, Vol. 25, p. 77-92.
7- Howison, S.D., Ockendon, J.R. and Wilson, S.K.,
(1991), Incompressible water-entry problems at
small deadrise angles, Journal of Fluid Mechanics,
Vol. 222, p. 215-230.
8- New, AP., Lee, T.S. and Low, H.T., (1993),
Impact loading and water entrance characteristics of

prismatic bodies, Proceedings of the third
international  offshore and polar engineering
conference, National University of Singapore,

Singapore, p. 282-287.

9- Anghileri, M. and Spizzica, A., (1995),
Experimental validation of finite element models for
water impacts, Proceedings of the second
international crash users’ seminar, Cranfield Impact
Centre Ltd, England.

10- Engle, A. and Lewis, R., (2003), A comparison of
hydrodynamic impacts prediction methods with two
dimensional drop test data, Journal of Marine
Structures, Vol. 16, p. 175-182.

11- Wagner, H., (1932), Phenomena associated with
impacts and sliding on liquid surfaces, Journal of
Applied Mathematics and Mechanics, Vol. 12, p.
193-215.

12- Chaung, S., (1966), Slamming of rigid wedge
shaped bodies with various deadrise angles,
Structural Mechanics Laboratory Research and
development, report n. 2268.

13- Park, M., Jung, Y. and Park, W., (2003),
Numerical study of the impact force and ricochet
behaviour of high speed water entry bodies,
Computer Fluids Journal, Vol. 51, p. 932-939.

14- Battistin, D. and lafrati, A., (2003),
Hydrodynamic loads during water entry of two-

A

& dois -V
wbip S ol @ g)9 alias s30e (silooe b allin cpl yo
Pl oS5 ogm 5 Ol Ges p0 iy o8 > a5l 5,8
Skl 5l ol Gl Ges 5 oloy eizmen 5 ol ity o Iga
CS 2 goue giludae jsbiie 43 285 15 ) 950 by
sl 5l ol s 5o Bl @l i 092 5 o Jo aliy
it b g sl b oolitl 3,8V — ookl usS
SHSY pmz osSLl 38105 50 sl SY — Gyl les
31 Lt s e se SRS e () ykgl oole b (alsyy)
slys ol S ol J3ls 4 (55,8 Ay sy 5l e &S
ol Gas o aliy S8y b opS e S8 ol cuty o )l
iy g ond 3y gy slad Cazr 0 O Ol S @
Saaglio b blucsl cpl Lol .aiS' o Jitio Jlow 411 355 pgtinge
Obr Shx e Ogbior 9)m9) Jlw Slivlyyaes LaS
Sl Shgd ol 50 5 AL o 5 00l GusSas slad
2 b ikl g oue (gilwand @l awlio 51005
eS0T 5 2o 5 SeaSu b mls (nl s Bl s 95
ol b as ols lis bl ol alasde wslaiul 8,50 (go0e
s g Sy g5, b LT o 1 aliy boiu glis)|
Ol S i sl I Lye i booyesp alaxd o
@wlp ksl sl ol Gl gloy oIy (usSae azis i)
Ll el S0l s b T )55 5 s s 5 2 5l (e
Liabn 0,650 Copm g oz Bl L Ol (lalax Goe
P eizmen b oo Gl slazgs LB ok 4 ol of3T s
Lo o)ls anjeSns 55 Sl (qwgaimal 256 4l
Al jsny 5l Sl Ho Sl rels by gy il
L aly o) p oy a5 ol Jb jo ol 098 o0 cnnlice
il Szl |y el B 8t OT ol b
labn Lo el Galbl b @ly 5o ams oo lis 4 )8
Sl boyes paasd jo o) Cepu iolidl cle 4 O o1 dan
ol g S Cepu jl glalide BB i Sl

305 o0 Spine (5 50dzr job 4 45955 655

S15yad g ;i - A
4O L;al{l,q,o Lg.; £S5 L;Lm@ﬁo.ml) 5 &5 3l dilosos Qlfd“.“*"ﬂsi

RESIE
1. Watanabe
2. Szebehely
3. Anghileri and Spizzica
4, Battistin and lafrati
5. Korobkin and Ohkusu


https://dor.isc.ac/dor/20.1001.1.17357608.1397.14.27.10.7
http://marine-eng.ir/article-1-662-fa.html

[ Downloaded from marine-eng.ir on 2026-05-27 ]

[ DOR: 20.1001.1.17357608.1397.14.27.10.7 ]

Sl Gl B g oloj 53,555 e 5 oz Sl e 5 0l 4 55T Wl S 09y Al LT 5 e axlllas [, Sen 5 s 00l (B (e oz

Journal of Modares Mechanical Engineering, Vol. 15,
p. 53-60.

27- Nguyen, V.T., Vu, D.T., Park, W.G. and Jung,
C.M., (2016), Navier-Stokes solver for water entry
bodies with moving Chimera grid method in 6DOF
motions, Computers and Fluids, Vol. 140, p. 19-38.
28- Mirzaei, M., Eghtesad, M. and Alishahi, M.M.,
(2016), Planing force identification in high-speed
underwater vehicles, Journal of Vibration and
Control, Vol. 22, p. 4176-4191.

29- Iranmanesh, A. and Passandideh-Fard, M.,
(2017), A three-dimensional numerical approach on
water entry of a horizontal circular cylinder using
the volume of fluid technique, Journal of Ocean
Engineering, Vol. 130, p. 557-566.

30- Yang, J., Li, Y., Feng, J., Hu, J. and Liu, A,
(2017), Simulation and experimental research on
trans-media vehicle water-entry motion
characteristics at low speed, PLOS ONE, Vol. 12, p.
1-29.

31- Taghizadeh-Valdi, M.H., Atrechian, M.R., Jafary
Shalkoohy, A. and Chavoshi E., (2018), Numerical
Investigation of Water Entry Problem of Pounders
with Different Geometric Shapes and Drop Heights
for Dynamic Compaction of Seabed, Geofluids, Vol.
4,p. 1-18.

32- Sun, Y.S., Zhou, S.H., Zhang, X.B. and Xiang,
Y.L., (2018), Study on the high speed water impact
load of hemispherical-nosed heavy projectiles,
Vibroengineering PROCEDIA, Vol. 17, p. 137-141.
33- Nair, P. and Tomar, G., (2017), A study of energy
transfer during water entry of solids using
incompressible SPH simulations, Journal of the
Indian Academy of Sciences, Sadhana, Vol. 42, p.
517-531.

34- Belden, J., Hurd, R.C., Jandron, M.A., Bower,
A.F. and Truscott T.T., (2016), Elastic spheres can
walk on water, Nature Communications 7.

35- Erfanian, M.R., Anbarsooz, M., Rahimi, N., Zare,
M. and Moghiman, M., (2015), Numerical and
experimental investigation of a three dimensional
spherical-nose projectile water entry problem,
Journal of Ocean Engineering, VVol. 104, p. 397-404.
36- Forouzani, H., Saranjam, B., Kamali, R. and
Abdollahi-far, A., (2016), Elasto-plastic time
dependent impact analysis of high speed projectile on
water surface, Journal of Solid and Fluid Mechanics,
Vol. 3, p. 281-298.

37- Yao, E., Wang, H., Pan, L, Wang, X. and
Woding, R., (2014), Vertical Water-Entry of Bullet-
Shaped Projectiles, Journal of Applied Mathematics
and Physics, Vol. 2, p. 323-334.

38- Lee, M., Longoria, R.G. and Wilson, D.E.,
(1997), Cavity dynamics in high-speed water entry,
Physics of Fluids, Vol. 9, p. 541-550.

A

dimensional and axisymmetric bodies, Journal of
Fluids and Structure. Vol. 17, p. 643-664.

15- Korobkin, A. and Ohkusu, M., (2004), Impact of
two circular plates one of which is floating on a thin
layer of liquid, Journal of Engineering Mathematics.
Vol. 50, p. 343-358, 2004.

16- Kleefsman, K.M.T., Fekken, G., Veldmen,
A.E.P., Lwanowski, B. and Buchner, B., (2005), A
volume-of-fluid based simulation method for wave
impact problems, Journal of Computational Physics.
Vol. 206, p. 363-393.

17- Kim, Y.W,, Kim, Y., Liu, Y.M. and Yue, D.,
(2007), On the water-entry impact problem of
asymmetric  bodies,  Proceedings of  Ninth
International Conference on Numerical Ship
Hydrodynamics, USA.

18- Yang, Q. and Qiu, W., (2007), Numerical
solution of 2D slamming problem with a CIP method,
International Conference on Violent Flows, Research
Institute for Applied Mechanics, Kyushu University,
Japan.

19- Fairlie-Clarke, A.C. and Tveitnes, T., (2007),
Momentum and gravity effects during the constant
velocity water entry of wedge-shaped sections,
Journal of Ocean Engineering, Vol. 35, p. 706-716.
20- Aristoff, J.M., Truscott, T.T., Techet, A.H. and
Bush, JW.M., (2010), The water entry of
decelerating spheres, Physics of Fluids Journal, Vol.
22, p. 1-8.

21- Yang, Q. and Qiu, W., (2012), Numerical
simulation of water impact for 2D and 3D bodies,
Journal of Ocean Engineering, Vol. 43, p. 82-89.

22- Wu, G., (2012), Numerical simulation for water
entry of a wedge at varying speed by a high order
boundary element method, Journal of Marine Science
and Application, Vol. 11, p. 143-149.

23- Panahi, R., (2012), Simulation of water-entry and
water exit problems using a moving mesh algorithm,
Journal of Theoretical and Applied Mechanics, Vol.
42, p. 79-92.

24- Guo, Z., Zhang, W., Wei, G. and Ren. P., (2012),
Numerical study on the high-speed water-entry of
hemispherical and ogival projectiles, AIP
Conference Proceedings, 1426, 64.

25- Ahmadzadeh, M., Saranjam, B., Hoseini-Fard, A.
and Binesh, A.R., (2014), Numerical simulation of
sphere water entry problem using Eulerian—
Lagrangian method, Journal of Applied Matheatical
Modelling, Vol. 38, p. 1673-1684.

26- Erfanian, M.R. and Moghiman, M., (2015),

Numerical and Experimental Investigation of a
Projectile Water Entry Problem and Study of
Velocity Effect on Time and Depth of Pinch-off,


https://dor.isc.ac/dor/20.1001.1.17357608.1397.14.27.10.7
http://marine-eng.ir/article-1-662-fa.html
http://www.tcpdf.org

