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ABSTRACT

The wave pattern generated by motion of autonomous underwater vehicle (AUV) near the water
free surface is one of the significant factors in order to identify the AUV. In this research, firstly
simulating the flow with constant velocity around the Wigley hull body by using Flow 3D
computational fluid dynamics software has been carried out. In this stage, the numerical
simulation results were compared with experimental datasets. The validity of Flow 3D software
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in estimating of wave pattern generated by the rigid obstacle which sets in the flow path was
investigated. Then, the wave pattern due to the motion of Suboff 5470 AUV at different depths,
moreover, the lift and drag forces applied on the AUV body were investigated. The results
reveal that in constant depth of AUV motion, when the speed of AUV is increasing from 1.3 to
6.5 m/s, the drag and lift forces are increasing up to 57.17 and 48.97 percent respectively. Also
the wave pattern generated by motion of autonomous underwater vehicle (AUV) near the water
free surface is kelvin wave pattern with divergent and transverse waves system.

70


https://dor.isc.ac/dor/20.1001.1.17357608.1397.14.28.6.5
http://marine-eng.ir/article-1-659-fa.html

[ Downloaded from marine-eng.ir on 2026-02-06 ]

[ DOR: 20.1001.1.17357608.1397.14.28.6.5 ]

Flow 3D l53ls 5 51 soliwl b ofj] mlans o035 SUDOFF 5470 1,5 g5 by o8 o 51 26 oo adgi zge 665! (Seolinagyaud (soae 5JUT /], Ken g ke i pne

ol 5 e o (Yo ) 0) Sl 5 o, IY] el
slaig,y 5l ool wl L olyj oe j0 S yoxie Soluog ue
OLSes 5 ool S TA] sz ls  Slaslbee SVl Seslis
LTy S oie Sealung ous culys 65, o1 mhaw 36 (Y2 ) +)
(VN ) s, [A] sSges ) 0 Fluent l53ls 5 51 ool
SUDOTF S joxte 530 (59,05 2 Boe 53 (59, (allesl 1S
Giloars LYoV o) o )5as 5 gomsld [V o] wols plouil 5470
o9y 5l el b Ol ofsT mlaws o Wigley owas sains o5 >
Gy |y S ol Bkl T ol aw Olyass (550 Lol
Sg->g0 LSQ[LMAJLQ)T C.ul_..u l_| ‘) 095 Gods U"j) oo g 00)3]
G Blbl b (V) oSKes 5 gl [NV ] Woges (o)
5 Wdgad (5ilund g0 5 (2alesT s, 4]y 2lny L,
235 2 )ly S0 55 5 psled Bl Jhws Sl o i
51y I35 o 3l VoY) ey VY] Wiges aslina |,
D] cilools 8 wyp 090 |, 095 15 @by SO
Comas 580 6l (g0ue Sldllas (YY) o) Kee g yguds
ol moeslyg S anasg Ll S oo aiygy yhd 4 Job
OS5 g9y 5 (im i [VE] asols plosl o] mlaw Sooy
S0y SUDOff 5470 S, e &S > (g5l L (YY)
W@gdme > g, 5l eolitul b coll ey b oyl oI5l v
ol a1y S oo oS > 31 0 L > O‘)']a.‘a_‘.u&b:.#xm
Sg3 (533 gy gull g Wdgesd dwle I i 4y 3)lg (slog 5l
J._)"oo?_aoi ‘éJu_.qu 9 d._.w.:l.u Sg> g0 Gﬁ:l.i..ul.n)] C.:L..: L: ‘)
S Bl bl p3abieST s Gl (VWA (fo,8 g olads [V0]
by el sl g el a9 o eaigd S ol o sl
Ol 5o 50ges Jdos goae &ye0 as Fluent |l5éls 5 S
etolas 3l oolistal Ly (Sealiyog,un (5355 ol (83l
Al Q] Godds iy slalS > (sodguse 4o YQ}‘*‘%)}"
Ol 5 sole NV el Glis gam 5 labid &y
S o Bl bl L > S > goue gilwan i L «(VYAA)
= )l 5 69, Fluent ,l; 8ls, 5 5l eolawl L, DREA
OLSe 5 5,9 IV Y] Woges aslons | 85T o 511 S oo
Suboff 1,5 @b, BLbl b ,> sose g5lwans L (ITAY)
3 o ml )o aaged aule sl (nl gl Sles 5o
59,86, Lal [NA] el oays 5 soliwl Fluent 5-sls
Albl 5L oS > gooe gilwa i L (IYAY) oK
9y « Flow 3D 15 8ls 5 51 eolaasl b Suboff 5470 5 =ie
IVal aSsges abore 1y olyT gl 151 S yomie 8)ly S0
Slbl L e goas gileans L OYAY) o )Ken 5 SBYoLS

55

doddio — )

@l )5 L ol dilos 45l i ousildl mlie (YL Coonl
Lol oo oy cbliz g s yily dy o iy SLEST L
Osed )L sleo )5 g Lays yi 5l g )lo el
Sl ools ol dl ) J>lld slaojlw jasd 5 (5,135 dls)
Loy S E8S (cyp g Lo e 2L 35 (nlnl
S5 slo e ;5 2l Galisy Ay p o)y (Sealnogyun
o5 Hhn cenl Jds a4 el cenl Sl ol w4
)y slog s samlns (rizmen 5 Jlow Gl plp )0 lajglid
58,5 0, Ll sl 5l (B s sl jo a8 wilassls Ll
Sl alEiles] ojlmard bV AAY) o) Kan 5 Sluals
o1 o &l s cWigley oeas Glbl ol ey b )by
50ges adl)l e lizee sl )b, Ce sl 1y S Sl bl ol
ol 5 i liel sl o ) s a5 ol 1,3 aslllas
Lo ldla s 5l ool L (Y- %) S V] el a3 )13
Al S e SO g0 1 34le B0 (59,0 e A (goas
liss Madlinn 35 50 50 (Y 0) oLKes 5 gl [¥] el
skis SLb b > FIUENt Jl5sle 5 (So8 4y oobl adlol oskiges
aw 58,5 , b o b Ll i S s |, DARPA-2 T 55
b Gial3dl il acilizee Job ans b jglids ol olyy Sogliie (g dusaia
L1 a8 (o 0T = 0)l5 slogys 2 1y ylad Jsbo tals
oo S 59y 2 Slogs slogile ookl LY+ ) L )3
S)ly (Sealizs slog s dajgile (025 il 5 (rban ) (S0
o Saoliys Luly, 5 oolizasl b g 3503 o Lo 4y Carnd | 039, 52
as ol ul—Mo\) 9 .))j o\.\_§9) uj_;.ol.ué w‘)_»a C‘)M‘ L rb‘.\B‘
oy 5 sl | SLSs cul s lagy) calises Saliys sla gl
Seolins i, 5l eolatwl L oY+ +9) SSb [o] aias sos 43l
1#] Sg—oi gl Pl |, ' Swlusg pl e sawain L Sog5
s_JL_.:) Ldoges u_i_> Lg‘)" uf)é w),‘a RN (Y- +9) (>
Sl 5 wFloy gous 5 BRleT By, 4 5055 2l
2GS 5 g5l o jl o slaclsz (0,5l Cony
5 2lBinlej] bl aizren g3 oola Wl ANSYS 15 8l 5
Ol 5o aleacel Casdy EiS gazog ,0 ol Joe ol
Gos oyt a5 (Al 5o (2lny Dby 6l S S G
03 d.a_..ul?bo @mu)] 005) 4 .A_leSA uslﬁ.uo ‘5)54.’99.6
st stk syl 5 Holid &S o it 3l aizren
oo e (2 tlel gy 4 (2ls Dby S50 o5


https://dor.isc.ac/dor/20.1001.1.17357608.1397.14.28.6.5
http://marine-eng.ir/article-1-659-fa.html

[ Downloaded from marine-eng.ir on 2026-02-06 ]

[ DOR: 20.1001.1.17357608.1397.14.28.6.5 ]

(YB-$0) AV s 5 5sly WTAY 0 e Jlo oo (oot 0,25 oy {500 5 e y20 g

3~ ! — Specified velocity ¢;,» b o o« 90 4 a35,5
Jlm 8051 oo 550 (6l SYMMETY (5550 by by oy
Sire Ly 5 bz s 3 e oo lpWall (550 Ly

il e ;500 zokaw sadS sl Outflow

ol il 5 goue giluand gl Gamlio ¥
Wigley guis Gl,bl

Ol s paess 50 FIOW 3D 15800 5 ol oviwcons it 4
Sy b ol s by & (gloand ollin O ol il
Sl bvgsa s b Gulael 5lacdo gz g ol
S ol L3 L ilesl ol ol s solaiwl (VAAY)
oyl mlaw ol s woli ey b b y> bilas ;0 Wigley
0d (6 S oslosl calizee sloyl > ey gl S Jeb o
Ol gy aS iS5l cend sl Wigley s sasas ool
Al se (V) salaly &0 4 sladolas sllo 0,5 o )8

— B e Ay D!
y=+-0-C)Ii-G)]

N g 5 YL 515y iS sainy S aiores il oo
b olollmba w5l 5 o as i ) ahbe 4l in ol
5 Somdw O yg0 4 Wigley aS sains (gudios opl ,o 1]
a4 iS gy AULOCAD 3D 15810 5 o duls g & j50 4
ﬁj.’.n FIOW 3D )‘)_‘Bha)_) 4 Stl L9>9)'> )| oolawl l.a 9 Cl
OVAAY) SLials olesl (soue (gjlwand Ca .l 0ags 5
6l oo (6,5 )18 oo ol o 4 (g00e (g 5lwacds glad olal
Flow )‘)_.9|r=).:d..:oM ‘59)4.9 Sy h‘ﬂwgum
P L p=lOOO% lr JE lade ¢l 5
Ol Gilwands cga iloas axs 5 Lk o = 0.001Pa.s
Ui (e olawi a4y obicews jelaie 4y Lluly jo o e olaws
Ll g goae gilwan i mlo cewlin JSlgspo Jlie jo
bl o o Vo ee dlaws 3l gz Gmlis..il,oﬂ Solwands
oolewl Z gliwly o o Veore g Y sliwl) ;o e Voo v g X
uL—’J’)—’ .»\,SL_> Yol J_> S (oo el o.)%o)f
Jo—ere (g Sl eiind I 58y lag s p 5lid slag

] oA.;.o)f oolawl k—€‘_go\>l.w )

44

5 o=y il b (Ges ol o Suboff 5470 _T,; ol
olasige [V ] aisges aaloe yolini ol (sl 1, 0593810 >
S8 syt 50 1y THSS Sl oTs5 Sl (6 ym 4 O YAT)
Sl Syoeie diged dw cwdis slal 4 Gdow cpl Ho .l oold
ol sl it lacee w13 S50 cupo sl olen 4
63lwars LOYAF) o5 5 el [VV] ol 00y 5 o L
g s ol o SUbOff 5470 1.5 b, Blbl b > soae
o=l sl Glwg soile p3 1) Holid al p3)ly (Seslsgaee
L «(VY0) o )LSen g ol55g 15 Lyy] A0 g0 duwilre jali i
Remus 1,5 ob, GLbl ol sove (gloars 5l ooli]
L1y Seelsg,oen cal, o ANSYS 5 8la s 5l oolizl L 100
SLSen o L e [YY] asges dlre 28 cons ) oolin]
5 500 slagy 55y 2 08 tid 08 b gy p 4 (1TA0)
o=l @b ozl (s Sass by sndyysile s i
Sagly 9 5 Jobo 45 0,5 o)Ll 90 (i Bl (o0 $eBS
Soms oo LS g Gl g pdyyele i S by e
Codl s a g5 by )5 al)| coad ol o ass] e [V
J=lie jo jLS0e3 (b s slayglids SB35 (o) 2 0l Sl
L 5 Bedos nl po iz lo (o) 2 Gl @0 0l oLk >
55 FIoW 3D lwloe o¥lis Sealiss 33l 5 51 onlicd
5470 S orie &S > 5150 by ol mbaw ;o s0 ol 740
=y S yg ol O3] mhaw oo alises slacie yu L SubOFT
R

FIOW L1331 5 55 Jls 32 59 o5 (swolaol ¥olza - ¥
3D

sidsbe ols SVl ol 2 o oS S¥oles IS s 4o
Sty saloles ALil o T S sl - sl SVolre 5 Siasgns
Ivo] 0050 ol 25 90

% 1 54p9) =0 M

e T
o s ISz 5 e p e U=(UV W) ala ol o
20,5 o0 Ol
DU

e R ey )
Dt p

Sloi S il 0eSG fegi LS @8 &b p akal, cnl o
Lo Los 5l Jlw ldi) h g e (2,5 Ol g e Sl
SYolas (gilodind cpz oolaiul 0,90 (go0e g, bl oo
a8l pots sosiledl JBla> 3o, FIOW 3D 133l 6 5 j0 oS>
Lol Gomaw slagjlwad @Sl (55,0 byl o ail o


https://dor.isc.ac/dor/20.1001.1.17357608.1397.14.28.6.5
http://marine-eng.ir/article-1-659-fa.html

[ Downloaded from marine-eng.ir on 2026-02-06 ]

[ DOR: 20.1001.1.17357608.1397.14.28.6.5 ]

Flow 3D l53ls i 31 eoliiusl b ol;T gelas 03 SUbOTF 5470 15 5055 by o8 1 5l (o6 o0 algs zge (553 (Seolindgonn goae LT /o), Kan 5 die id e

0.2L Specified velocity

symmetry

Outflow

T=0.0625
wall e

SL

0.2L
Outflow T

L2

L2 5L

symmetry

T=0.0625m
> = B=0.Im
I wall
&

Outflow |

' z

-

S

5B

#
‘B2

7 7
B2 5B

58 bl (0 5 (bl (158005 53 (6550 Ll g Wigley (2t Blybol b 2 53w sLsd ) JSi

bug @85 Sge BuLGT Gileans @l Grzes
Joleo g +/FoA 5 +/VAY 55,3 sae 9 (sly ((VAAY) Slials
S5 59 g 4l e VIVVY 5 21310 s 5 4 by slacee o
Spso & VD) Slirls Lwg Ol o> 6ly ond 43,8
4 () iS5 sk o ol o5l mhans Sl an o S jloges
31X jgme (59, ahabi e galols 4y cos (/L) a5 Jsb
O ESIESG Sl (8ST Job saloll s Slate fae
IMLES aeglie 53050 b g 4288wy o0z JUS o >
s w0, o alisde (1) IS (glaloged 5l 45 wisS len
werge Al @l b ey g goae giluand
wwee Gl (Sl nl g Wl ol e SliSee
il gl b 0z siloansd )3 (VL Sl Uy 5 15300 5

el 1o 95 0

free surface elevation
0.030
0.023
0.015
0.007
0.000
-0.007

Time Frame:

-0.015

27.25

Gy (F) cabyl, Sygo 4 9958 sae Llaies JUIS o
Sl obs g ok, e U alal, ol o IVF] 05
Sygo slagiloans o asb e JU 0 Ol Gee d g e
oV plp a8 2iS Jsb plp Of Ges oo ool o 4 S
Vosoae ool JLE L plply cwl oals 48,5 Glas o wbl
(F) sabal; ooy G5 Clis slp VAN sse 5 Of Goe sl
.QQ;GA LY
U L»Fnzi L:lm.g:s.msﬂZ o U )
Jot 3.132
bz o (1) galal) Gllae 98 dae 0 gl calple
(V) IS5 50 00,5 oo (Bymo Jl38ln 0 & g o dmslna )] HBLs
&ly Flow 3D SBle s 58 ead gileand s 5l (5 pgal

30 Gmizmed Sl ol 00ld iuled +/FeA 098 vue b L >
g FIow 3D ,l58ls 5 lawgs so0e (g5lwand bl « (V) JSo

Wigley eias Bl oyl y2 sl FIOW 3D 53816 55 55 (63 Luduis banzes ¥ S50

A


https://dor.isc.ac/dor/20.1001.1.17357608.1397.14.28.6.5
http://marine-eng.ir/article-1-659-fa.html

[ Downloaded from marine-eng.ir on 2026-02-06 ]

[ DOR: 20.1001.1.17357608.1397.14.28.6.5 ]

(VO-£0) QY ol 5 5mb (YA 20,z Jlo Lo (e Ay o), 50 g dine i Tomne

Fn=0.289
0015
001
0.005
A ——Flow 3D
Lol o Kajitani (1983)
-0.005
-0.01
06 05 04 03 02 01 0 01 02 03 04 05 06
x (m)

Fn=0.408

——TFlow 3D

© Kajitani (1983)

06 05 04 03 02 -1 0 01 02 03 04 05 06
x (m)

Wigley is Slbl by (6l 93290 (B LT g goue (5lwamd gl - ¥ Jsi

Slade 5 p:looo% Alp & lade ldle s 4 Of Slasie
Ghwdin wloas a8 5 L o n=0.001Pass l, ol ey
AUOCAD l38lp 3 )3 o gz )50 4 5 e (l gaioy
Ll 00 ools Lles (F) IS8 50 5 0008 ey 3D

Gﬂﬁ)‘ Sy BLbl gan e glad () IS 0 ioren
Sl 00 s0ls isles Suboff 5470

31381055 3 SUDOFF 5470 S yoxio G4y s i —F JSCb

bl 00,5 oo alaxde (V) UKo sl logad 5l a5 aisS lan
3575 rolin Sl Slo>ed 0oz se alliales @l 5 Jlidle s
@b ol QU Sl 1Rl 5 aas e las SloSea cal 5 0l

Zel 51095 ol s b ()l 2 (g3land 5o

Suboff 5470 & e eS y> (G00— (g jlwdiis — F

o ol3T adaw S35
GoaSiagh ;o Y44+ Jlu o Suboff 5470 S .
BB S nlad a3l g (b Al e sile i
sl les oS > o ol5l v g Sy OFYe Gee U ol
Jsb aloz ) (mtua 5 o polia (sTJs oS e (] sy
e AYV] ssb o jie /00N S8 cp i 9 e FIVOP
ol ey b SUDOFF 5470 S i o5 1> (s00e (3lwads

Jze ol jep 4 (g00e (gjlwants slas slul (ol ol3T maw o035

AUtoCAD 3D 0dd (Syre 550 Ll (rizmen 5 Dlaite glojgme 555,18
symmetry
1{_
D=0508 bdpy &5 > Sz z
0.2L ‘Outflow L=4356 11:11 Outflow

L
ik ¥ ¥ ¥ ¥
" 251 * L ? 5L g
Outflow
30D
551
30D

z
L3

")
Ly

25L

I AL

YU 310 (o0 U8 a0 (133005 50 (550 Lyl 9 SUDOT 5470 S o & o (5 sdpncs (51— JSi


https://dor.isc.ac/dor/20.1001.1.17357608.1397.14.28.6.5
http://marine-eng.ir/article-1-659-fa.html

[ Downloaded from marine-eng.ir on 2026-02-06 ]

[ DOR: 20.1001.1.17357608.1397.14.28.6.5 ]

Flow 3D l53ls 5 51 soliwl b ofj] mlans o035 SUDOFF 5470 1,5 g5 by o8 o 51 26 oo adgi zge 665! (Seolinagyaud (soae 5JUT /], Ken g ke i pne

oo oo Sl aud (0 LS 51y (I

S Sy (B) el Bl 093 due o lp cnlplo
12985 o e Bl 4 o e ] JBlite 5 2
sae b Sl S b Bliie S e 05 o S (1) gz

ol 0030, 8 5155 ol a8 5 Jlas o aline 0g,8

b @ilao SUDOFF 5470 S youio &8 o cas yoo ) Jga>
of alie 39,8 sae b gl 2 <as pu

S e IS o Sk pu 39,8 dae

U (m/s?)) Fn)
VY-V <Y
YIEVE ¥
¥/av) .15
BIYYA -IA
slovs \

ol adg zge ool ol aid I L o b O Ao slp
wol oliT a5l xe o8 Ges j0 Sy S, 4l V5 e
50395 sl ,S3 s oY Ll sl Cwsy (B) S Billae
2ol ol mhe Jdsy oog Srdly S 4 mls Ghaled
Sitled (8 lant SLES 51 5SS (el oS e 1,0
YIEVE ey b S ymie &5 > gilwacss (gl ol ool ools
Gl (605 S g, (V) USS lo loged Billae cadl » e

loads el u,uJLA) u] olj GE.»J S99y TH

WL i e

SUbOTF 5470 o yoxiio G bl guds siee gLkS —F S

Sl58ls 5,0 SUbOff 5470 ') =i oS 1> (gjlmd i S
4o by o 0 e dlaws mwdgwles 5l « Flow 3D
S (2l Sen e )3 (e (S Slas 4y (phitwes jolate
Sl 50 G VYoo e sl i asin goue 4 (gileans
5 X b)) ;0 Syie a2l )3 (e Y04+ 9 S i g4l
Gae>l )3 e VAe e 5 S e a5l )5 o e ¥l e
V0 g Jhw gl jo e Yoo e 5 Y sl jo S e
izt ol 080 5 oolaiwl Z glisly o lgn gaml jo e
Cpile 4SSl Jds @ Ghgtio plyz oSl S¥oles o o
Slogrm o 6,Ld lagy g Sl Jounily (b2 95 5l atns
oY el 0an0 5 solatwl K —e g, 5l e Ll 558
O3l e s 428 5 & a0 o lodcd Gdon 0 ol S3a
5045 a5 les ol sad ools 15 an glas,l o T syl
O ygmo du 89,8 ode Lt UL 0008 ST Celd
2 a8 S S0 slagiluancd ;3 05,5 oo iy (B) sala,
e SIYOP il a8 Sy Jobo ol O Gos el o
@oae ole 3L cplplay caul ool a3 )3 s o il 0
ey Ll S ol gl UMY vace g Ol Goe I p FIVOS

235 o0 Jol> (8) sakail,

L—4.356m,9-9.817
Fl=——=——Fn=—« B Y ®

Jod Jot " 6.536



https://dor.isc.ac/dor/20.1001.1.17357608.1397.14.28.6.5
http://marine-eng.ir/article-1-659-fa.html

[ Downloaded from marine-eng.ir on 2026-02-06 ]

[ DOR: 20.1001.1.17357608.1397.14.28.6.5 ]

(VO-£0) QY ol 5 5mb (YA 20,z Jlo Lo (e Ay 15 )8 5 die yi o

Free Surface Elevation Contours (m)

0.000E+00 0.000E+00

100 T
y
0.0
-10.0 L
300 224  -148 « 72 0.4 8.0
Free Surface Elevation Contours (1)
-0.057 -0.038 0.019 0.000 0.019 0.038 0.057
10.0
y
0.0
-10.0
-30.0 -22.4 -14.8 % 7.2 04 8.0
Free Surface Elevation Contours (m)
-0.083 -0.051 £0.018 0.014 0.046 0.079 0.111
10.0
y
0.0
-10.0
300 224 48 72 0.4 8.0
Free Surface Elevation Contours (m)
-0.083 -0.054 -0.024 0.005 0.034 0.064 0.093
100 T
y
0.0
-10.0 1

-30.0 -22.4 -14.8 -7.2 0.4 8.0
X

4l 5y YIFVF ol s puw b SUDOTF 5470 S yoxio &Sy (g jlwaamd 30 ST o131 o (69 oo ol g Zgo (oI -V St
\Al


https://dor.isc.ac/dor/20.1001.1.17357608.1397.14.28.6.5
http://marine-eng.ir/article-1-659-fa.html

[ Downloaded from marine-eng.ir on 2026-02-06 ]

[ DOR: 20.1001.1.17357608.1397.14.28.6.5 ]

Flow 3D l53ls i 31 eoliiusl b ol;T gelas 03 SUbOTF 5470 15 5055 by o8 1 5l (o6 o0 algs zge (553 (Seolindgonn goae LT /o), Kan 5 die id e

Ty Gl &g a4y oads ol o ey ‘b.))f‘sa ala>o Gl walie oo, b S e &S5 > gloans iy
Sleli)l b g 0 @ Sise & o205 1SNy Eloel bnsls ST ol a5 50 s xS USE (A) S sle loged
IYAl sisl o siin 5 o oS WS len wloads sols iules S ymie &8 > 4V e

Free Surface Elevation Contours (m)

-0.0217 -0.0110 -0.0003 0.0105 0.0212

70 T
¥
00
-7.0
20 130 60 10 80 150
X
Free Surface Elevation Contours (m)
-0.083 -0.054 -0.024 0.005 0.034 0.064 0.093
100 T
y
00 t
-10.0 L
300 224 148 72 04 80
X
Free Surface Elevation Contours (m)
-0.142 -0.099 -0.057 -0.014 0.028 0.070 0.113
120 1
40 +
y
4.0 +

<120 L

\Al


https://dor.isc.ac/dor/20.1001.1.17357608.1397.14.28.6.5
http://marine-eng.ir/article-1-659-fa.html

[ Downloaded from marine-eng.ir on 2026-02-06 ]

[ DOR: 20.1001.1.17357608.1397.14.28.6.5 ]

(VO-£0) QY ol 5 5mb (YA 20,z Jlo Lo (e Ay 15 )8 5 die yi o

Free Surface Elevation Contours (m)

0.125 -0.090 -0.055

15.0 7 1

50 T

5.0 T

-15.0 1

-0.019

0.016 0.051 0.086

46.4

328

192 56 80
X

Free Surface Elevation Contours (m)

-0.092 -0.062 -0.033
150 7
50 T

5.0 T

-15.0 L

-0.003

0.027 0.056 0.086

58.4

-75.0

252 86 80

ol sy b SUDOFT 5470 S yzmsie &S 52 (6 5 lwdamids 30 O 3T b g9y oo Idgi Z g0 (oI —A S

SIS (V) 5 () gla S o s 4 Flow 3D jlisle 5 5o
S e Cafyw 4212 30,5 o A aS W5T les Lailoays I
ML*@

H/D =1.181

0 0.2 0.4 0.6 0.8 1 1.2
Fn

0958 BUE A S 530 (59 0 Wl i Hlogd -4 ST
Suboff 5470 S yxio &S 3> g b s o o2 by

Yy

2 TS Gy Jolis S 0 ls slag e () S5 Gillas
S g dgee sliwly 0 i (55,5 5 S yoie S > b,
&lp Jle olsie a0l o ozl L SUbOff 5470 57y >s
Syin Gas g 4l p yie FIOYE ol S e OS5 > Sy
Ao BB s 2l jlew S gan p ols o
Sepop 3l S g S50 69 ke Grizmes il
Jle Glore 4 il oo 5>l jlews 55 Suboff 5470 S e
5 P OF S p o)l Ip0 g9y ke e fF S e
FB oy 22l e S gan p 3)ly o 4 Cud
48,5 O o sogluas saen sl Suboff 5470 S e


https://dor.isc.ac/dor/20.1001.1.17357608.1397.14.28.6.5
http://marine-eng.ir/article-1-659-fa.html

[ Downloaded from marine-eng.ir on 2026-02-06 ]

[ DOR: 20.1001.1.17357608.1397.14.28.6.5 ]

Flow 3D l53ls 5 51 soliwl b ofj] mlans o035 SUDOFF 5470 1,5 g5 by o8 o 51 26 oo adgi zge 665! (Seolinagyaud (soae 5JUT /], Ken g ke i pne

el g 59 2 Sipe 4 o250 5 15T gl b nolS zoe
il oo (hie g Cute

Sige Sy AN Sls S0 g Cdd ey eiaes
5 S0 gy Sliesd loged a5l ey 28,5 58 o)
by o 0lyz 95,8 sl a4y Cod Symie oo jly cid
iy Az pp A5 Opb o0 4B AxL S e LS oy
3 S e p3)ly Sl g S50 lag b e Rl S e
Goe (O Sl g o s (oo s @l b oo (I
IO 4 WY 51 S e S o ety Lial3hl b oS e &S >
FAIAY Cid o, 5 dops OV 5,5 (o, i 5 yio
il oo Gl a0

P& olEee GRegh ol 4zl BB ojlse el S5 4 0
Pz 5l (AL 0> S sl o e OlLS S i85 Sl
Je gl Sl ol Billao 0503 0,1 Elslms 4o 00938l
slal o @il 5 e VIV ol S o5 > Caeyus 6l
5 Wibier o TVOA plp e S50 oy o S5 >
20,5 o 1,50 5 alS (3 YT/ 0g0s jlade 4 e

O3l wuls -#
1-Aerodynamic
2-Morison
3-Navier — Stokes
4-Drag
5-Lift
&g -V

1- Kajitani, H., Miyata, H., Ikehata, M., Tanaka, H. &
Adachi, H., (1983), Summary of the cooperative
experiment on Wigley parabolic model in Japan,
Proceegings of the Workshop on Ship Wave
Resistance Computations, pp.5-35.

2- Crook, T., (1994), an initial assessment of free
surface effects on submerged bodies, naval
postgraduate school, United States Naval Academy.
3- Baker, C., (2004), Estimating Drag Forces on
Submarine Hulls, University of New Brunswick,
Canada, Atlantic.

4- Ayub, A. M., Sohaib, M., Bilal, S., Zahir, S., and
Khan, M. A., (2005), Estimation of Hydrodynamic
Coefficient of DARPA-2 and their Geometry
Dependence, National Engineering and Scientific
Commision Magazine, No. 43.

5- Azarsina, F., (2009), Experimental hydrodynamics
and simulation of manoeuvering of an axisymmetric
underwater vehicle, Doctor of Philosophy Thesis,
Memorial University, Canada.

6- Tang, S., Ura, T., Nakatani, T., Thornton, B., Jiang,
T., (2009), Estimation of the Hydrodynamic
Coefficients of the Complex-Shaped Autonomous

\Al

H/D =1.181
70

60
50
40

F (Lift) (N)

30
20
10

0 0.2 0.4 0.6 0.8 1 1.2
Fn

0938 BUE A Lo Sl (69 3o O i Hl0 g0 — Vo S
Suboff 5470 S yzio <8y sy b sy o (31 5>

S35 i g Sy -0
Se35 5555 s Sy S8 > 5l b e sl 50 555
bold ;o )‘*’fr‘b 5 e slo)gSl 5l (S Jlws o] b
6o 5B (samslome (Jods (e 4 5 Wl jled 4 pslid
Slag s imen .l Coenl Sl of5] b 50 00l bl zge
oS o il g (S035 0 eS Sl o pslid n ol
Ll 00l (Sl Syl o ld s 5EES
S92y (Sealudg et by Garulre sy e slasss,
YU ey sl G332 sla g, s o yiege o 4 syls
baslie ;o goae o b, o9 ol))l iz 5 canlie &l
il 093lisy ool el Ll 5 lRall slags,
& Flow 3D slawle oVl Siwliss l5800 5 51 solil
SUboff S yeie &S > i1 ,0 ST oljl mlaw ;8 suds sl 740
g ol e 4 Ol 05T mhaw o050 ol e L 5470
ol 0 S B ey p 090 ol i 0)ly Syo g il
2 Sl S b Ol S5 il @l bl s gk
=l sawlas slojloges b ol jon « Wigley oiS saiay Gl,bl
2Bablejl (loand @i b ad)F g0 goue iluand
el g eolatl 5 50 1380 5 bl Coro gwyy jekaie 4 e g0
o @le 3525 51 (U oad obnl zoe 95 e j0 Ghagn
laloged govalice L Wlowys 5 5155 (b e o
WDg>ga Gmli::.il.oﬂ i g goue gilead mmls sanlis
O3S 5 kgt cpl jo colaiwl 550 Ll38le 3 0l o cnalice
Ol e )0 o @ile 929 5l (LU oad sl zoe 95!
90y 5 ol ceyw L Suboff 5470 S e oS > I o
L Sye S, ilotnd wiged 0 slp O o1
aJgi zge G gonwline 5l o .0 T &) Calize glacis o

65Nl O g0 s oals Sl T 6 e ams 01556“ 0


https://dor.isc.ac/dor/20.1001.1.17357608.1397.14.28.6.5
http://marine-eng.ir/article-1-659-fa.html

[ Downloaded from marine-eng.ir on 2026-02-06 ]

[ DOR: 20.1001.1.17357608.1397.14.28.6.5 ]

(VB-F0) AY plinss 5 el TAYRS e JLo o (e 025 S0 5 e 20 o

17- Abedi, K., Ghasemi, M., Ghiasi, M., (2011),
Numerical Method For Calculating Submarine Drag
With Free Surface Effect, 11" Marine Industries
Conference, Iran, Kish Island. (In Persian)

18- Nuri, A., Ashtari, A., Khodabandeh, A., (2013),
Calculation of the Hydrodynamic Coefficients of a
Floating Subsurface Using Computational Fluid
Dynamic, 15" Marine Industries Conference, Iran,
Kish Island. (In Persian)

19- Ansarifard, N., Kianejad, S., Mousavizadegan, H.,
(2013), Investigating the Effect of Free Surface on
Substructure body Using Computational Fluid
Dynamic, 15" Marine Industries Conference, Iran,
Kish Island. (In Persian)

20- Shadlaghani, A., Mansourzadeh, S., Badri, M. A.,
(2014), Numerical Simulation of Damping and
Gravity Damping Coeficients of a Floating
Subsurface in Deep Water, Numerical Methods in
Engineering Journal, Vol 2. (In Persian)

21- Moonesun, M., (2014), Introduction to the Iranian
Hydrodynamic Series of Submarine (IHSS), 16™
Marine Industries Conference, Iran, Bandar Abbas. (In
Persian)

22- Amini, J., Paknejad, A., Norouzi, H., Zamani, H.,
(2016), Extracting the Dynamic Coefficients of a
Subsurface Flow Using Computational Fluid
Dynamic, 17" Marine Industries Conference, Iran,
Kish Island. (In Persian)

23- Zarenejad, S., Enferadi, J., Shurian, V., (2017),
Numerical Analysis around an AUV Sample to
Calculate Hydrodynamic Coefficient Using Tensile
Test, 18" Marine Industries Conference, Iran, Kish
Island. (In Persian)

24- Honaryar, A., Ghiasi, M., Mousavizadegan, S. M,
(2017), Investigation on the Effect of Tail Form on
Autonomous Underwater Vehicle (AUV)
Maneuverability, Marine Engineering Journal. (In
Persian)

25- FLOW-3D uTser manual (Version 9.3), Flow
Science Inc, 2008.

26- Hosseini, S. M., Abrishami, (2010), Open-
Channel Hydraulics, Astan Ghods Razavi Press. (In
Persian)

27- Roddy, R., (1990), investigation of the stability
and control characteristics of several configurations
of the darpa suboff model (dtrc model 5470) from
captive-model experiments, Ship Hydromechanics
Department, Bethesda, Maryland, September.

28- Moonesun, M., (2012), Handbook of Naval
Architecture Engineering. (In Persian)

Yo

Underwater Vehicle TUNA-SAND,
10.1007/s00773-009-005-4, 29 April.

7- Husaini, M., Samad, Z., Arshad, M. R., (2009),
CFD simulation of cooperative AUV motion, Indian
Journal of Marine Sciences, Vol. 38(3), pp. 346-351.
8- Zhang, H., Xu, Y., (2010), Using CFD Software to
Calculate Hydrodynamic Coefficients of Autonomous
Underwater Vehicle, Key Laboratory of Science and
Technology for National Defense, Harbin Engineering
University, Harbin 150001, China, J. Marine. Sci.
Appl.

9- Jagadeesh, P., (2010), RANS prediction of free
surface effect on axisymmetric underwater body,
Engineering Application of Computational Fluid
Mechanics, India.

10- Renilson, M., (2010), an experimental
investigation into the effects of near-surface type
submarines, University of OPERATION ON THE
WAVE-MAKING  RESISTANCE OF  SSK,
Tasmania, Australia.

11- Ghassemi, H., Iranmanesh, M., Ardeshir, A.,
(2010), simulation of free surface wave pattern due to
the moving bodies, Iranian Journal of Science and
Technology, Transaction B: Engineering, Vol. 34, No.
B2, pp. 117-134.

12- Saout, O., Ananthakrishnan, P., (2011),
Hydrodynamic and dynamic analysis to determine the
directional stability of an underwater vehicle near a
free surface, Applied Ocean Research, Vol. 33, pp.
158-167.

13- Jinxin, Z., Yumin, S., Lei, J., and Jain, C., (2011),
Hydrodynamic Performance Calculation and Motion
Simulation of an AUV with Appendages, International
Conference on Electronic & Mechanical Engineering
and Information Technology, Vol. 2, pp. 657-660.

14- Renilson, M., Ranmuthugala, D., (2012), The
effect of proximity to free surface on the optimum
length/diameter ratio for a submarine, International
Conference on Submarine Technology and Marine
Robotics, ISBN 978-93-80689-08-1, University of
Tasmania, Australia.

15- Shariati, S. K., Mousavizadegan, H., (2017), The
effect of appendages on the hydrodynamic
characteristics of an underwater vehicle near the free
surface, Applied Ocean Research, Vol. 67, pp. 31-43.
16- Saghafian, M., Foroughi Mehr, B., Madhkhan, M.,
(2008), Numerical Simulation of Flow Around
Floating  Submarine  and  Calculation  of
Hydrodynamic Forces Coefficient Using the Morrison
Equation, Mechanic and Aerospace Emgineering
Journal, Vol 2, No, 3. (In Persian)

DOl.


https://dor.isc.ac/dor/20.1001.1.17357608.1397.14.28.6.5
http://marine-eng.ir/article-1-659-fa.html
http://www.tcpdf.org

