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ARTICLE INFO ABSTRACT

Article History: Studying the behaviour of supercavitation from the energy aspect can be divided

Received: 26 May. 2016 into two sections. Studying the behavior of supercavitation in the flow field and

Accepted: 11 Dec. 2016 in vicinity of the flow field. A large portion of field energy is kept in the field,

and the rest of it distributed as noise (sound) out of the field. In this paper,
harmonious structures of the field which are flowing as energy sources are

gﬁﬂigﬁmon decomposed by POD method (Proper Orthogonal Decomposition) and presented
nearby area as spatial modes. The behavior of each mode and therefore behavior of
Proper Orthogonal Decomposition supercavitation can be estimated by studying behavior of supercavitation in
(POD) nearby area by decomposing the spatial modes via Helmholz decomposition to
spatial mode vectorial and Scalar potential function and then modelling of potential section of
spherical harmonics scalar to spherical harmonics. By investigating spatial modes, the first mode

which has the highest energy is known as mean flow and by studying the
intensity of spherical harmonic modes it can be shown that dipole source is an
appropriate representative for field behavior in the nearby area and as a result
supercavitation behavior in far feild.

Yo


https://dor.isc.ac/dor/20.1001.1.17357608.1396.13.25.5.1
http://marine-eng.ir/article-1-494-fa.html

[ Downloaded from marine-eng.ir on 2025-11-04 ]

[ DOR: 20.1001.1.17357608.1396.13.25.5.1 ]

@IS R Ol (Seolins 18 (plulid oS 5 Codgans Lo,

Ol Ol
or Ok Ol o 1, Skl éﬂb° B, OlFee ol
L1y ssbee g2l 5o STl JB3, (g (oo e 9 95
wlaleadl jo Jhe el plsie ay a5 (55,0 556 (0,5 Ll

10 O93ge prmain la,lEle 0,9l cawas b

‘456.)[.’)) uLC)rUa‘ ‘wbﬁsmd)bﬁo)@g«@‘}
2l nl STl JE8) Julo 5 sl go Gty plae (55le 4
o9 M‘P ).nb - ol 9w)‘\>).» o &f‘fu}‘ 3 solazwl .lawy
55))464.7[.4)..» ‘PM&W‘&&‘M[JM‘Q‘)OM‘
Aol e 0ol plodl Slawlxs 6l

POD (g, 5l Slolspl [li8, gy Caz pol> Gubos o
sl sl (g kel 0,505, o wlal 5 POD oS o oolaiwl
zlpenl el anily (g a4 4 Slawe G5l Gl e
a3l delete sloae b POD slaae lsie a5 4 &l co s
Sleome (bl 5 delaie slaaw aws by 5l Jdius g 950 0
Q?M‘SAW |M‘5~u}f‘bmu~@)1‘5¢§o|mclwl
Sl eyl VY)Y LY g b gl by, o0l
aS ol cagas g, SOPOD .[2] wis oolawl wi¥iye8 oL >
B8 sk o 3 gl Al ead ooy eme osled . )
3,590 Cawds Hlg3 oo Slool cpl 5 Gl > pae sl sl
u_i..»_i: U”‘ eﬁ)lf ‘_g‘); ULO.W ) L‘)"‘)é )N s.,\.‘)).w.».: l)
).:\.\.:L:pf\f5).:..\4 WS‘ > l’)’wmﬁﬁ‘ ‘cSL“ Lpé‘f
Lreial 3o POD & bgyye Bl g Sligions o 31 aiload 32545
Bl G BLST Ol oo o9y cl Sleslinal b o9l oo (sl
el 5,5 5 1y i i 2 a5 s
g 20,5 sl I, POD IS Cliogaz 1448 Jlo,s il SKan
LSen 5 Yl [B]aisls S8 oy 50 1y gy cnl 0 )8
Y595 Gl Jol s B s pe AalS (e, 51V L o
Liwg oL, games [4]ais,g) cawss |y o)l oo sab
Lol els jlael a8 oS o gl Seial Yoo Jlo j0 Y pgog
0 LS gl sl S ale Sy ol ol I8 050
wiliss o)lgs So3 sle Y el o 5l Jes jsloly 5 g
295 Oz o $ln | POD (rizmen 2l ioled 40 )
b @il i &S plase 7o) sl (om0 s 0
[Blesls, wjls Jlubl ooy sbay a5 glaae 5 &b
bl slba¥ lp POD () x50 ol adllas
e o [6] (V32%) il S 5 ")yl Slidss o (uiVg )68

e

doddio— )

oy Gl Dygo 0 grmb SISl esias ST
"o S8 e b JLid a5 L g (Sl )0 per &S >
5 SRl xS U8 Lulpd 5l e slace w0 0y
Slgls” b ST Lyl b o 0,10 0925 SlglS ol £48g (1Sl
Mol STolS sanml (3, Losd 58 5,55 b oad sl
L.S)"fdi“” ‘5“549—“-"5“ 6955 L \OJ.:J Gbé)lf la ‘SC&HM Jljlffl
halS el olp; adis alewy Jo oad ao3l5 STl
alis aloy olrte Cop IRl el Wle 5 S 5950
Vg9 Lagas GLSTgS ol b olpon slagl > 008 oo 225
ls,lbl ades el Ol il cpl a5 aiie  Swliys Gals 4
0092 g 9 SLALG| gzmen (SIST ls bl cnl ogd oo
A3l 518 Canl Jolaz o 50 ol alwy olulls o a8

@ bgpe slas o 5l i 2SI A 5o adsl Slalllas o
©oue sl oo I eolatwl 5 ol po eolawl Jusly oL~
Bo ol BV 51 3y pge b SIS Salizsg i
Lo ol SIS 8 59 ol sloSums & Sl
2 Sllre SVl Sealins aba>dle J slacsd iy 4 axg5
1o ans 5l doailyl, Slsbe Uls ialsil o cilisee ylas J>
230,551 65, 2519 sy (soae (gilw Jowe (ol (ubizme
L osloplz slp oSgtulnst OYoles go0e J> slasss,
by sl g, V] wigs o s S aiis g0 a4 LI5STolS
Tofen (ol ol sl gy o TS ey

Ol by, o @S Seels goue o Joe JolSS o
Ll ap by Tl ol e glode (Sen ol
JEsl Wobee Xy 51 by, ol o [1]cwsl sais @1, (TEM)
doiiz alox ol pon 4 ((bu L) mbe oy b oz S (sl
ololp bole (JBa 5 9580 o 02 JS! 55le e sl
S ildse oKl a5 cwl o1 26 pd sl coale (Joaw o)
-“5@ w2l 2, @‘}5‘95 » w;’u‘

i b 4 Sl wl ._x.;,p Sas i G@l&@u)" cla s
il @ Oloyer &b 3l cn Saa |y Wllas K58 I iae
3 oolaiwl b puzmen o)l az gy calizie (glo Joo ool ial58l 4
Gyt 0,5 o3l STglS il 1) Ll g lgice ledlol oyl
B0 5l olgs o Hloue (6 lwacds 5l ool sy SleMol o
) 0,5 el Ceand 90 @y ) ST o> U8, 655
sobme gl )0 Sl pl JL8, Log ol ol jo ST,

2 SIS, (y )0 055 G e Lz Ol


https://dor.isc.ac/dor/20.1001.1.17357608.1396.13.25.5.1
http://marine-eng.ir/article-1-494-fa.html

[ Downloaded from marine-eng.ir on 2025-11-04 ]

[ DOR: 20.1001.1.17357608.1396.13.25.5.1 ]

(FP-Y0) AF Ll g )ler (Y02 jaw Jloo o0 s &y 23 /o)) Kad g Codgans Lo,

Sl sloae 43 MKl e ol 50,5 oo b 0,8 S5 o
o B by jolre samb o STolS ol jlis, s oo 59,5
55 e ol olaladl

Sogs =Y

POD-)-Y

-0 Al SIS POD & jgas oY lawgs L dsl POD
oolizul 5,50 [YI VA8V Jlo o iV, ol sl a5 09
Sy cr alis NOliciwl POD lgie 4y aS Jbg, 8,5 18
ol 5o VPl a8 18 eoliial 8550 (VAAY) Tamigg o banwgs
3 aS 3 o0 7% |, POD saly OYolas aods jglay Coond
el 00l oolaiwl g, cpl Glp sob, Gl peplie oSy
9 b SUS @ Gl hyy nl e S b Gl
[¥]0,5 aezl e (VAAA ) il Ko

» 0)49 JAQLG.A 9 o).:j e‘}: S| GLN )Ja.: uuLu‘ B 5S) SYoles

jR(x,x')@(x Ndx ' = AD(x) ()

(X ={X,y,2}€Q) o ok cule [l 5)50 >l Q
iy Dy Aasl o glahat g0 (Ko jeuil R wil oo

il o POD o5 &lss g 0529 polie
Cond (Sanled & plgiee 0l 0o denenl 4 axgi L

15 0 s e Jle sz ay |, Sledbl il (> Sblulgs

NP IEY

u" =u(x,t"), n=1..,N y
(M)
co i Glgie p Syge | Glahi g0 Suen gl

(el S50 BB a8 4 ) saegomme aSl 5,8 L).0;5
ROKX )= U (X U (X ') )
) N n:1 i) i)

Ay sleey ey 1) bae galy Glyige ! » ede
N

(D(X):ZA(t”)U (X t" (%)
n=1

Sygo d Coled 5o w@olre gilwosls g V0 F g ¥ (6105 L

(g Glise 2

Z(NijQuT (X "tMydX '}A(t”) =2A(") ()

n=1

Yy

- Sl B8, gl e asl s S e 1) Ol S
5 T 0sixd 978 eed & 0, il 2SasS sadye b sl
sl lisle sanllae sl |, POD Yeo) Jlo o il S
Thsls 5 9,00 [8]0i0 )5 (V)5 550 Y 50 g
Y ol S Sllag po 1y Jsb jlad gjes S (Ve )
b9y by Dgo Gle Cor S SLbl s (Vg Ay
POD (6,5, ol o a5 shailan [9]053,5 ous) s POD
33 S5 orl g eslitul el 039) (3390 Lol 5l 6ok 5o
Slp &5 5k 00 Gige Jlows p2 o] slapl > oIS
Gl 5l S 0y (GusS e ol Sleogas gl
|, POD (Y +¥) Lol (Sam 5 ¥ lodl ol o solicis] K3
) Ol iS5l Ly 45 ko Mol Gl ol
POD Lawys plase 5lasl 5l Jol> slallas 5 00,5 55kl
il slajalys ) 4 lalls onl Sty 50325 5 ckin Joo
S50 dw 4 (553 LAVIY 5l o oS ol las 9 Wo,S oy )
JL0] ol azigs ol

sdal Cawds slode lawg 2l Ken 5 0 ps lawg o)l b,
3gR, Ol 9% 5l liSe @l 9S85 5 () 3590
wilizee slosagys b ol b,z sly [L1]0 5] Camas oyl
Oeizme 5 08,5 4z |, POD slade (yog IS 2 Vi),
Lo [12]6sS o oo oS> SYolas ;o baae cpl 45 5,5 cunlice
Gon d 0lyz 638 JlE, e Fr s b Y GeSTalo )
P Sl 838 s Y 9 VA lasalen; jo gl s>
S sz v P G bt a ks okl IS
YooV Jlo yo [13]Jaisg as S L 0 Soogp (g0 )yl
sallss o)l b, ;0 POD 5l eslawl b (23], Ko g0l
Slbl 345 g ol oo bLs | LT 6s 5] cwas |, Bloff body
B o S L) oSSy Sl 5 St (S5 54
Sledbl (55, » POD (6,515 L Molys [14]0is S (s
@b 5l &S algal Js> gun g0 ol Gl xbe i
5 9] Cewny 1) b,z i slo sl Wlos gl cewasCFD
1y sgmains 5565 )18 oo Cendly bl cnl 0,87 5JUT L
[15]s 551 cowss

2l Ol ey Sl 6l 1, POD (B ol Gadios 5o
Jleel b gl mpies S0 Sl atuly ploj 4 a5 SIS
(S lade @ Zepn Gl 05 SSE L gy al 095
Ol 009l St bojsl o 1) b pomeite sl il
@l ol B myp yee | ST R L3, g5 oo Lyl Lo
bas 51 S5 5o lgiee glre @zl jo SISl L8, w)
T s S g el s 551 ke ol 5
S5 LI Gl o g e il bl plaee SO


https://dor.isc.ac/dor/20.1001.1.17357608.1396.13.25.5.1
http://marine-eng.ir/article-1-494-fa.html

[ Downloaded from marine-eng.ir on 2025-11-04 ]

[ DOR: 20.1001.1.17357608.1396.13.25.5.1 ]

@IS R Ol (Seolins 18 (plulid oS 5 Codgans Lo,

P2 Jgore sk o5l Cesds POD slas 5 oo &j50 0l 5o
lies ) D)par 99 p 5 SAnS

||Z||:\/le+222+.“+222M—1+222M oY)

w,lo dalol o

N 1 n
@i(X):Zlg-l—”_ i =1,...N
> AL

n=1 "

%)
Sy ol oo a5 Canl (I POD gy Lol Cluogas 5l S
Iy Jo ol POD olpo gdmulne 3l amy |, eslaoal
2355 o 25 yge & b 3gh oo aSlis
by ) Oyga |y Ghse Glgiee Lulal

N -
U"=>a'd' =va" (Vo)

i=1

il slojloy W =@ D7 O DN | woles ol 0

Syhie pateia 5 bugiPOD
a" =[a” (tl) a" (tz)...a“ (t“’l) a" (t” )]

1, POD (gl ouslsi so g dslins POD (sloos 45 olSim

Q1)

sl Sy oy sabal,y &b )

a" Z\PTUH av)

Slad 1y ae po (65,50 Cad a5 g ol 5IPOD Colps S5
Sty POD ol Lawgs a8 (slojlasl .l mpe sl a0 oo
-oo Jl e Lt 1) ble we ja el Lo W oo
4 by colpd Guizen 5 Sl s oyl Cewny b ol

255 Gleil 1y Ol Glaes e

G955 slwmod oo -Y-Y

3 b Ol sy car PIA] sl G L
(SO dw A 4B SO o ) plae (b Gl g,
aslsl jo aS w@id 5 a5 o i3 o pl pdy o158 b, O e
Sy Olae So ]y (b plaee Joele SIS 1 ool b
S oo SIS Hao 5L Glae SO g o Ludlyeo b

U=Vg+VxA aA

YA

a5 9k 4
R J.
C :C(u,J)an(u (X U (X 1)) )
i,j=1..N
9
A=At")  n=1..N v)

0,5 AN 5 O jsar Gl ee | 0 OVl pinew
CA = 1A (A)
slass les 4 Sl A saloles 059 olie 53,80 Coway b
O0y5) Gy Gl Gl e 45 5ls gy delaie oy slajloy
4 S slade 0,5 eolatwl ¥ sdlolas ulul i Sl sloas
kol Cldbl acgoze 3l asliie slaasl fols b Jeere ob

gl o 05dle i

S ATEU (X ")

' (X ) ==
> AU (X ")

i=1..,.N (%)

Sl acgozma (g, cnl 5l osliinl gl S5 Sy Glye @
58 b olsze anlin Sy g3ae o b bl s 5l oS
5 pols saslllas o oS oo dienS (V] 7Ty Giou
Se ol 4 e Gloy o 5o sl plaee Sledbl cg30e o
Gl S oo ooliiul 3gb 0 i8S Sl e lae I Slagil
g @ aSG sk M XN Lol SO | aledlbl
Slas XX, Xy, bl ales sl bl G U Gy yile

.Mosc
u; u?ou )
1 2 N-1 /N
u, u u u
Uz[uluz uN]: 2 2 2. 2 (\)
1 2 N-1 /N

25 Sppa € G ile N XN T 15055 sl 18 Shlie
S oo S5

CZUTU (\\)

JERRCT o)ﬂ Cewdy daleie polie ol oo A gadolee J> L
g oo 0 e ojlail el

ﬂ,l> /12 >“.>//{‘N—l>ﬂ‘N =O (\Y)


https://dor.isc.ac/dor/20.1001.1.17357608.1396.13.25.5.1
http://marine-eng.ir/article-1-494-fa.html

[ Downloaded from marine-eng.ir on 2025-11-04 ]

[ DOR: 20.1001.1.17357608.1396.13.25.5.1 ]

(FP-Y0) AF Ll g )ler (Y02 jaw Jloo o0 s &y 23 /o)) Kad g Codgans Lo,

1 m
c=——[VgrdA =—-—
47[;[ P, 4x
1
i 47Z'A1( it ¢ 1l¢) ( )
1 1 .
i :EA (—EX|XJn1'V¢+X|nll¢)dA

st € glab oS S () sanb sosins s sy ol
stiod 2 ol ol (s oy 3 b iy 51 S jm il
g dib oo ST galail G goaips Hlid g Wad oS 5 e b

g ge a1 )S L 50 aie S Glgie &

19

Facli) )
riox, \r) ox;ox, \r)"

CELh (69,5 e lose Glyie 4 6m ex 5l Sy e
4 Gl on S o Moz 51 S e 5 S L ogd e
oxadlis i 5 4 p)lez g pom pd Galox &5 05 (55

2lios (b oz 5 (orbagdiolad ST e S

(Yo)

-y

Ol Olawe 5o STl ol )L, () o —)-F

S oy g deia Joo 5l STl il 6l o
Joo ol 51 eolizal b [18] (i, Kad g 598 ol oy oliciul
Odd aan sl (SllS pl Al He5 4 a5 wisls las
slesl yo dlis 4l 5 a5k co 65 S8 ST
wodls b Sllogs aizen Jdo ol S e o |, STyl
IS o ol 3 1, STlS ol Glad 550 5 STolS ol o,lgyo

Jo5is STl oy 5 Jelod @ SIS Rl (55ldane jslaie oy
JUs Jsls o
S ol g daiir 5y aloosgy STolS l ol el 0 4zl
aolz) HPlugls Sy 5l &S Ojge (nl @ @RS e JSS
9 909 en ooliw ;8 (Gluslme (o s &y ) Ly (Sugd
2 (Sed olz) (S5 50 S Sl ol at axb sl
Gl ol J2s o b casl oo ools 1,8 195k olS Caws ol
a0 SIS ) Sy S5 el ol pl S 1S 555 5o
S Syt (2led 0gbion ol (Sund 5 g sellS G
VS 5o Glale plass 5 (S5d olx e (Sosd dni
Shgo a4 pol> dlas ;o 281 sae cwl oul ool sl
A b il =024y 5 allios U:—Ei/m;pl_fz
sl o0 425 8 135 5 aala VVIY il 15STols

Gt Pl SO Cwwd b 0 el

YA

L Mbsn LS)‘*))‘. le...; A P )JlS..,J J...WLQ ¢ dJolas C)‘i‘ 49
malolae 4 ax g b g olee Bl 90 j0 Luili e 58l nl (65,15
oY gdolee VU =0 30 o515 ol > lp (Sws

D oo AT

24 _
Vig=0 0

sbte s eyl ey B(XE) ke STl Wb s
S oo S 5o 1y py ols B

oS o B 0 AL ey b S5l o b

I8 Ol 0 a5 X S50 b S b gl L glo ST, A,
S 0 S )0 055 ey o 1y B sl e pled g 0l
odds dgaome A, g Al g a5 glasl lawgs i 550 o>
s 5 L] JUL il G F moligs oo S oo kaiyo |y conl
Ald (5l ST g dgdote iwgn i 0500 gal o aS
B o a5 5SS b Y sdskes S sl Jlo

j(FVZG ~GV?F)dv =I(FVG ~GVF).AdA
v A ¥+
as
1
F=¢,G= A
¢ X —X, V)

@ opl S bwgs X (5055 (galas 0,5 J1,S0] dslme g
Gale 5l o oS oo lax Sl 0500 el 5l & gl
Gl 5o ity Jlde ()5 698 bawsi LY salolee
Slise Sy 25 @50 @ e 2
#(X,)=C —ij(FVG ~GVF)AdA,
A7 A
(¥v)

Syl Gy gloas aslils slo o5 Sjgar § et ST sl p
)T o Sl 6w Oygo a0 @ (22) aoles 3l ooliul b wb

9 03551 s Cansl i oo o5 gl 3 ST =X |
¢(X )=C +%+ci i(l}r

ox. \r
0* (1
C, — 1+
box, 0, \r

' (YY)
aSiiwd by ol s C,C,C Cjreen yolie (ym ol o

Dlor Gy 5 SVolae lawgs


https://dor.isc.ac/dor/20.1001.1.17357608.1396.13.25.5.1
http://marine-eng.ir/article-1-494-fa.html

[ Downloaded from marine-eng.ir on 2025-11-04 ]

[ DOR: 20.1001.1.17357608.1396.13.25.5.1 ]

@IS R Ol (Solins J18) (olulid [ Sen 5 Codgans Lo,

'l [e E‘l{pﬁmm.
[ = Curr\u-n'la.irmlalim‘

-
i

=

Cavity length/Cavitator width
2

-] =1 o 0as L Q% 23 [LE -

o (canitation number)

Slr 2155155 due wlul 2 S ar (2 Job Ol et Y Yo
[Y-]ssatew £95 slolsTols

sl as ol sl Sledbl 5l caslio g oudo (5,05 0,80
A 5l A Caeyw SlMbl (59, POD S5 5l eolatal
P dm Ol IS 5 e ledbl jslate oy 9,5 om)
‘5‘).’ G PR e_:l.‘?r.:." C:”LA) 'nlf Yooo 9 Mb‘/Y L5’L") J}b
b ol asb slezel LB POD Jlael 5l sanl Cowsy zulis Sl
Slagnl e Sl alald 51 Pl 5 Sbey Jsb 51 I
Sy Job als (oglis 13, a5 oo (b2 sl 0gd (o p o
o9 )5 gl 098 (e 3l (o o Wlgi o0 POD Jlosl sl
Job «Shosd Gosny @ axgi b ol> gudsd o allb by
)J‘): as w‘ oD g_AL?w‘ d.ul.: ‘/Y ))‘).: POD JLQ.C‘ 6‘).: @La)
J)'Lﬂ.u.ul wr 6‘)) J.M:Lx‘so s_iud“.w 60&.:&.) g_;jl.u L5°)9‘> 5&
Sges (easlinaw! slawd) boliawl o gley alold 5l mls
olawi o 1y asl /Y Sbey Jeb jo aw ol (65,50 o
‘54.1.»4[3 Q.w‘ L fdim Sl 00 oa)ﬂ Cowds el g.,\...w‘
s sl sae 000 5l ey bols cal sl 31 Sb;

Dy aplgz lnls Cawl slass 51 et POD ;| ol
d> 5 o blid @ arg L SISl olbyr sileans o
@) gz jgme SLly)0 Gl 45 05 (558 Glsiee )] Gz
—adl3e 4 POD Jlael b g5 o o 1) asets ol sl (o, liie
o 0ysl ey lyr Caz g ges Stz o ey gl
30 Sty soadie b ABlas Siso @ |, POD g, elaie
Gl b a0l (55,10 (Y 5 X)) Olyz 2 950 gz
Sl L5 a8 vl Canay slods 51 S5 5o Jsl de (65580 s
ilbise g il by 45 S8 S i oe Sl o
ool 4L falS adliegs 53, 2 1) Sl £9090 @ axgi L

| -
Symmalry wall
I
& | Intat—=— (‘.\ "l A
Parabolic | Sank
Cavitator Source
Cuithal — =
| Symmemedry wall
| L
Ol 9 (523 ol 530 (59 jud ol § 50 cGgatew 3 (2L -V IS
e

Gl @Sl gildas ol alewgy STl ul ioles 4 Y USS
ol 35p-ti0 00iS Ty D jgo a4y g ST ol J2ls 50 b 518 0e>g
Jlasil azs )0 g ol SLLI (L > pleg 4 azgi b (e
Sl 1o 4 mabe 56 55,5 SISl >lgs cnl o STl 0l 55
3925 5 Slolpl 50 cemlio (G5 KL & a5 b 09 d (oo e
Py 3 S ] ol Al 3 Bt b e S
4l ol g pe codlid 5 e caul sanlin BB olx GILLI

el 00 g ol 55 Ol s Slull A emie g anuls

b gt 595l gl S Slybl jo 4,8 Sl STgls ol - ¥ S
(5032 35 wlwl 3 Gloso)doudzr g ol (5595 31 oolisuwl

2 gve Jo 5l Jols enel cessy @l (i lsl pslaie &
I ol oz leesls mls b S s Jsb el
[V-] Golse oy Cario g ple oliils Salng 000 olfiglo)]
a5 oo dnlio wiwl somlie BB Y SE 0 5 ol sdel s

b oo odel ey @l Coo Sl
sy e 45 wilge st olr S B ) ol
L glgiee |y Kol Guils b ol bz 50 TSl oy
il o (Jlste claplSe 5 aalisd o e puo oSl o
UVES ol sile s cpl 5o aS 8yl cavny STlS ol s

Db e 3,0


https://dor.isc.ac/dor/20.1001.1.17357608.1396.13.25.5.1
http://marine-eng.ir/article-1-494-fa.html

[ Downloaded from marine-eng.ir on 2025-11-04 ]

[ DOR: 20.1001.1.17357608.1396.13.25.5.1 ]

(FP-Y0) AF Ll g )l (Y028 jaw Sl d 0 (s & 23 /)], Kap g Codgans Lo,

el Ol 5o an slave (nlply .l (Gloy wulpd (o2
Ol 1y SISl i 3l ol 2 oS ail e Sllugs 4y by ye
25 297y (2l bz Loy g wims e

et lgiee e 5l Sy 5e 50 by 8 4 i e L
e L8, 4 and )8, G lase 51 G e a5 288
IS lges E9ge (nl @ Az L aS Wl (695 Slas
odls 7% aalsl ;0).0 )5 Jow (59,5 luod o 4 laoe oyl
(dbanles

335 Sy Olien Sloj cars S e e 2 Sl 4 >
do B (Fig &l &5 Ngdioe aSld Jloj slase Glyie 4 &5
"0 A Gadg 0 (Gloy e pp oy p bl S
2 Sy el by Gl o sy Slazg B mls g
ol 4 7SS j0 g 0ad 00 )) Cewny oS8 sass>
RO PRAPVRIN S

S 4 S o Jsl de  bgype Gl cupe W E saels
Jsl e S (lgioe Jodo oo 4 ol 5 Spo B 0
oo ;o bl sl bugie G godmolis S
ol peiin wi FUSE 13 a5 o) cslyd e LuilS 3 csan
aes oo slid 1y 35,8 AVEP

(<)

@ Ol (g 99 50 e sloadlie 65, 2 POD 5510 L
PO 50 ae o (65,0 .l o0l S8 dwleie oo

ROW PRV EDRY RE:

098} :
5
£ 096} 1
4]
=
© 094r -

092t -

0 100 200 300 400 500

mode number

o e (S0 b s 43 el Bgdoro (65 o —F S

W51 ot Loy ol e Sz 550 lpiome oSl & 4z L

@l dsl e ke gseme Ol Wilbise Glae S5 5l oo

53 SRl Seals H8, (o p lp e sosiled plgae

o8

Ao by o Jsl de Cewl [aseine a5 jghailen O S 4 a5 b

L) bsie olyr godilel CaS Slgice 45 dms e obii |,
()

(s)

Lok 90 1(0) pgw H(Z) pgd v (@) Jgl v :(dﬁ‘) s@&o Jol s )z sylop IS0 - O Sl

Al


https://dor.isc.ac/dor/20.1001.1.17357608.1396.13.25.5.1
http://marine-eng.ir/article-1-494-fa.html

[ Downloaded from marine-eng.ir on 2025-11-04 ]

[ DOR: 20.1001.1.17357608.1396.13.25.5.1 ]

@IS R Ol (Solins J18) (olulid [ Sen 5 Codgans Lo,

lin 31 SO He Gald gdwle Sy ol oud (g5l Jow Wl
o> plod &5 JyS mhe glype 4 S5 can ghe S
3eolaiwl b g cenl oal a3 3 dais 0,5 o o |y STolS
b b 0gd oo Al il 51 G e Gal (YY) dloles
jhaed slo we 4 POD (il slas ol 51 S5y s
Bed s siledoe 55,5

Cordye 4y Cod (Job (b8 oz aie Dol Sl @ azg
3 0k by poodle aie I WS walys ss il
CroboyS I8 WlE oo (L Sges slayge sliul,
o sler a4y by Gloy ooy milin 51 SO e al goue
VO USs j0 aSwlce cawds ploj Jsb 5o mlie opl S ¢ SIS
ol oo aLBldS poled 4

Sdat slode &y S | (5551 e Jsl e 4K & e |
lio Sl 5l s Cole 4y sl e ;0 95250 ailie s 8 )ls
odalice V' IS (o lgi oo 1) 4l cpl 4 cnl gom slaas o
sbwly jo a8 b ¥V S5 0 Ceond 4 4z g8 b (pizmen 05
Sy )l by Seg Jdw wls 18 byr p sgee
Al HlSs DS L3, (Syls

ol plas e g ol Slug L8, ladls plas jo b ol
POD s y2 4 Lbgipe Gloy culpd @ bgppe i 8 L wlie
Sz gl 5l Sy g e (Jol de po 2B b S e )3,
Slaoe )3 @S Jbo o w8 (oo et lej Job o jLasil o5l
el (nl g S oo LS Ghe 9 Cude Jlade mlie Dud gum
2 ol b ol Jdo osiie Jlasil @ofl oz e
Sl & baye J3l e 55 52 5 Gz loas 51 S o 5L
2 w3 ol 555 bl U8, Loy o able bt
Ol slaSiadl 5 Sllug 4 by som gloas a5 Jl>
Sy o st it B i1 8, 4S5 4y i 5 25l e
P Sk s el ol ol 5 s S 055 ) LS,
D se 551 L]

2 bl S e g oot LAl il alie Lo
o8 gz e a5 culon i d s o Bl bl
el o J—b ol ]l yo

L 3,

Y

8§ 8 8 8

1¥in1
g

8

g

(=)

Fraguency (Hzl

30 o yb S8 4 POD Jlee! 1 ool gilo culpis — 5 JSio
il sase

ol Sl oy K K s 4 L s o5 slailen
Oezed 5 Sl ploszg Lo 4ol (glo 4l (L o a5
boospSee JS0 SRl el o saS5k slacer 352y
p9d e 5l plaSye 4 gy pe (Si9 wlpl g (Se slose 4 4z
o Ogdee ool sl 1) Slols ol J3ls b ,> ladd w4
..\Ju_n Cowdy o 4 pod slade Gl culypo I aS wsls 8
Sloy el po ulS 3 anlie ball Sl (Wl 8 plp Wb
el 5l Jeols oaal Canss Gl 3 L a4 pgs de 4 bgsye
Cawdy doel Covo 4 lei oo « STl oty o e s Slilogs
b il glase Gloj calpe (oonp b Geimen s ool
Ol o 45wl oo alS Lo puils )8 (satels we (g0 lois il
ae o)leds Liali8l sl sl e (65,5] Cad 8L malS o )
25 97 S (o

Ol olaae Holme Garli -Y-Y

SSE S lase & POD (b9, bawss (655l co 2 Gloe
Cewdy S slave Jspele Sy galwy Jb el oul
ISl Jolty el 5 o bty o5 S 4 1, o]
Slote & ISl iy oo 535 Jaa L 5 03,5 S
Sl ,o STyl Rl )13, ame )3 5 a0 L8, (55,5 Lo
Gl & ey S 50 S (o0 B ez 3590 laee pole
TVl Ol egezme oy STolS o (Boe
S 5 SIS S e 4 45 b o e 5 ™A s


https://dor.isc.ac/dor/20.1001.1.17357608.1396.13.25.5.1
http://marine-eng.ir/article-1-494-fa.html

[ Downloaded from marine-eng.ir on 2025-11-04 ]

[ DOR: 20.1001.1.17357608.1396.13.25.5.1 ]

(FP-Y0) AF Ll g )l (Y028 jaw Sl d 0 (s & 23 /)], Kap g Codgans Lo,

() (&
x10’ x10"
s e e GM%
05
P———rTr ! ===mode 1
Sl 4 e mode 2
3 ~=~mode 2
.5} st all o -—-mode 3
o o d 2r mode 4
28l 2o [ st )
szWW ? Mf'j g w‘t;rﬁ-\"-/m
3085 308 3085 31 3105 9085 209 3095 3 31.05
time time
() @
7
x10 X‘O‘G ' : '
6 ;ﬁﬂwwr‘u\ .
A ~==mode 1
Mo 4“ -~ -mode 2
. vz’ ‘ -==mode 3
2 :2 L ,r-\‘\ . mode 4
i R 2 TR SR AV T S T
mode 1 : L /,MQ. L A /]
- ~mode 2 ) IU/ v - H‘/ v
~~mode 3 Bl i
V
. ) . —mode 4 i g %
30.85 309 3095 31 31.05 30.85 309 10.95 31 31.05
time e

y ‘SLAAM‘) J° ‘5h."> @Jﬁﬁ )LP (6) Z ‘5L~w|) ) ‘;'d.‘; @M}L@P (t) &;@53 (b-’) &;g-hﬁ &5 (6.&-") iz ‘SLQM ) (_al.».o Ol =Y J&{b

o5 olos s 55 St S pesls Slain 5 o 5 5,5 el
dggeien Hlan ol de yo adaiigns [0 Cas e WS 04l 0
porsSle ke ey Jsb 3 5 sloe 5| aar 5o o
ebed SO Ll Hul S e S0 4 a5 0ed e 0dd Ce
N S35 o5 e (5855 s Bl gn e 50 10 ool 59 5
Q4 pgd o load Wl Ce s lade a5 conl el o le o
2 Soenl g oe g Wboed RalS s o (5551 Jlade bl
edle (o Ealed (250 Gl (o) sl Lo 0l 5SS

&b Ol 4 a8 o 51 Sy e Gloy alp 85 Sl o
5 08,5 aom Lfgise ol 00 4,5 L5 3 s S s
o5 ol s 5 0o 33 5o a9 o ] iy g
RJUREAPES

\al

S Slpess b jslre gaxl o SIS ol JLS8, o) S
Slpss ol a5 00l a8 F s o Slols pl Gkl gamsl ol
azgi b b oS oy delol Cawn 90 U zge &g Wilgs oo jlid
g L) e Sl L, L8 Sl o 454 &
et s Sl |y 5 55 5 el iy i
Slade 0] eesd jole gaml o 1) Jlid Ol s calads g0 o
S S 3 3 a5 (595 jleer lave bwg | oy
5o a8 aladi g 40 lawe jalme gaml Ho sl ol 0045l iy
50 00wl Gy yiewlo V0 9 ) galols jo o a g L), SO
S8 Glo) cans p Olss Cpl il onls anglie A S

el 00 03,51 S y0 S o
Job 0 Sy Olyss 090 o0 ovmlice A IS5 j0 a5 jshailen
bbb oo lad Ol s gosmoylis a5 cuol ol Jles oo


https://dor.isc.ac/dor/20.1001.1.17357608.1396.13.25.5.1
http://marine-eng.ir/article-1-494-fa.html

[ Downloaded from marine-eng.ir on 2025-11-04 ]

[ DOR: 20.1001.1.17357608.1396.13.25.5.1 ]

SIS Ol (Sealis 18, oluled [ Sen 5 Sudgane Lo,

(<)

20t —benchmark 1 ||
bench mark 2

30,85 309 30.95 31 31,05
time:
()
35 ,
al ——bench mark 1
bench mark2
£25! 1
o
s 2
Sy s
3
2 1} ]
go.s- ’/
0
30.85 309 30.95 31 31.05
time

(&
x10°
7
Iy
E B ]
H
= 5k —bench mark 1
) bench mark 2
2 4
&
)
2 3
3085 09 3085 3 31.05
tirme
@
x10"
i —— bench mark 1
bench mark 2
£ 3
o
@
-
S 2t
L
el
2
g, 1
0-
3085 308 3095 31 31.05
time

) 298 9w () (Jgl v :(A) caliro S s Jawgd (53kw 3l ylowe 50 ;ST 5 yeudiln VO gakold &y alads 90 50 ey (g0 jlail = A JSCi

Pl 90 :(3) cpgmw 9o (T

lyo oy p bl Ko Sllug Lol ase goaimslis
Sl 35290 oo 0 45 (ola il ples (i oe e 2 Sl
ol A S5 S L s rien 5,5 sanlia
P85 A ) Shoaed G5 B Gl oo Oliee il 2

2 Ol 5,5 nd slote 4 iSe sloa 53,5 Joo b
okid ez g 5 5 osd g0 (a5 lia 1) S o
il sals 5 oS3y Sy o L Ak S e
S o B shamlia b sl Sl ae len b Bl b
2 5 oads boia 65, lake 4 lgi oo 1y T Jdo o5 ail oo
@ B b eizen )8 oy Glae IS (6550 4 e SIS e
)L.i‘..’;.;‘ 655'” S FUIRVRY ngssa (v:;L;.a Q.;.l )L.i‘...';.'al (59i” §097
1285 sl I o ol 5 AiS a yeas S 3l e, polie
Sl 5l lgime | kb, ol e S o ek (sa (slanke
e 5 Olgiee crl yogdle 285 s SIS lavs 1 S5 50
55 5 Gy 5 o

S b o 1, S RIS, Gl o jLid Slpts (w2 b

Oeed A0S (owyp Sl e pAe Dgo Do 4 4S50

¥F

Ol sy Sz SIS Olgiee ool oy @bl & axgi
oS (hBed are S i85 0 L lgiee ST
a0 5 yebme al 5 Sl Gl L3, sl (el
Cewdy Alie pl jo a5 ol ol iy Cewsyge saml o
J Eard Caz Sealiysgyaes > plsie 4 ol e Sl o0l

355 8 Gl StsSTg 0

& 35 4 -F
I R S S O R
Loy STl Glae SIS Ll oals asls y Slgls il
L 0,0l Caw 1) lowe s slo Lele les o POD g,
A a5 45 POD 51 Jolo Jgl ae Jlez 85 155 5o
eslie B b plgiee oaile bgdoma plage S (655 oo
S dole Sl slase B S5 55 0 ilust |y > ol
bz 4 baye Jol ae esl o0 ools lis POD (S5
e S @laBle plpe 4 a5 wilioe Gl vt
Slae 0ed o bl wils Glize slagle; o 1) 5,50k

oS was e olis ) SISl oy 5l by Loy sow


https://dor.isc.ac/dor/20.1001.1.17357608.1396.13.25.5.1
http://marine-eng.ir/article-1-494-fa.html

[ Downloaded from marine-eng.ir on 2025-11-04 ]

[ DOR: 20.1001.1.17357608.1396.13.25.5.1 ]

(FF-T0) AF Ll 5 5l VD)0 s Jlo tlyd (smoikiten 4325 11 Sen 5 Cdguna Lo,

3-Holmes P, Lumley JL, Berkooz G., (1996)
Turbulence, coherent structures, dynamic systems,
and symmetry. Cambridge University  Press,
Cambridge

4- Aubry, N., Holmes, P., Lumley, J.L., Stone, E.,
(1988)., The dynamics of coherent structures in the
wall region of the wall boundary layer. Jurnal Fluid
Mech. 192 (15).

5- Podvin, B., (2001)., On the adequacy of the ten-
dimensional model for the wall layer. Phys. Fluids 13
(1), 210-224.

6- Delville, J., Ukeiley, L., Cordier, L., Bonnet, J.P.,
Glauser, M., (1999),. Examination of large-scale
structures in a turbulent plane mixing layer, Part 1—
proper orthogonal decomposition. Jurnal Fluid
Mech.391, 91-122.

7- Ukeiley, L., Cordier, L., Manceau, R., Delville, J.,
Glauser, M.,Bonnet, J.P., (2001)., Examination of
large-scale structures in a turbulent plane mixing
layer, Part 2—Dynamical systems model. Jurnal Fluid
Mech. 441, 67-108.

8- Liberzon, A., Gurka, R., Hetsroni, G., (2001),
Vorticity characterization in a turbulent boundary
layer using PIV and POD analysis, In: 4th
International ~ Symposium on  Particle  Image
Velocimetry, Gottingen,Germany, Paper 1184.

9- Picard, C., Delville, J., (2000), Pressure—velocity
coupling in a subsonic round je, Int Jurnal Heat Fluid
Flow 21, 359-364.

10- Ahlman, D., Soderlund, F., Jackson, J., Kurdilla,
A., Shyy, W.,  (2002), Proper orthogonal
decomposition for time-dependent lid-driven cavity
flows. Numer. Heat Transfer, Part B 42, 285-306.

11- Deane,A.E., Kevrekidis, I. G., Karniadakis, G. E.,
and Orszag, S. A., (1991), Low-Dimensional Models
for Complex Geometry Flows: Application toGrooved
Channels and Circular Cylinders, Physics of Fluids
A, 3 (10), pp. 2337-2354

12-Ravindran, S. S., (2002), Control of Flow
Separation Over a Forward-Facing Step by Model
Reduction, Computer Methods in Applied Mechanics
and Engineering, 191 pp.1924-1942.

13- Ma, X. and Karniadakis, G. E., (2002), A Low-
Dimensional  Model for  Simulating  Three-
Dimensional Cylinder Flows, Journal of Fluid
Mechanics, 458 pp. 181-190.

14- Bernardo,G., Alessandro,B., Charles-Henri,B.,
Angelo,l,.(2007), Accurate model reduction of
transient and forced wakes,. European Journal of
Mechanics B/Fluids 354-366

15- Buryan,A.,Akin,P,.Selin,A,.(2008), Cfd analysis
and reduced order modeling of uncontrolledand
controlled laminar flow over a circuler cylinder
.engineering of computational fluid mechanice.vol.
5,no .1pp.67-82

o

bog ool Wl e pu Sl 0y5] Cowy b gl e jslate
Loojsl oy 1) jlad Slnss o801 glme 4l 0 mlie
S yp 0 Gl 6 g0 0 ey jlaiie Slpds g
Slgme Hlade aSul 4 4z b w4 pgd de 5l a5 b ala>dle

ey ladie (g b o Sl ae g0 leds Siol38l Sl 4 (555

Gl 0 ae yo L8, sy 30 g WS ped e ol W

510595 35 So ) Ly ey
2 STl [, 5l ey o lsre a4 plgioe e o
b9 g So L) STl ol e Sewd 90 sl
A SeiesSTgpne Jo 999, S Olye a5 0 e

=

JOCK S

RESE
1- artificial or ventilated supercavitation
2- Surface Tracking Methods
3- Homogenous Equilibrium Flow Models
4- Transport Based Equation Model
5- convective
6- Post-processing
7- Lumley
8- Holmes
9- Aubry
10- Podvin
11- Delville
12- Liberzon
13- Picard and Delville
14- Ahlman
15- Deane
16- Ravindran
17- Ma and Karniadakis
18- Bernardo
19- Buryan
20- helmholz
21- snapshot
22- Sirovich
23- Pedersen
24- auto-covariance
25- Batchelor
26- shedding
27- Monopole
28- Dipole
29- Longitudinal Quadrupole

&bw
1- Wang, G., Senocak, 1., Shyy, W., lkohagi, T., and
Cao, S.,(2001), Dynamics of attached turbulent
cavitating flows, Progress in Aerospace Sciences, Vol.
37, pp. 551-581.
2-Lumley, J.L.,(1967), The structure of
inhomogeneous turbulent flows.Atmos. Turbu. Radio
Wave Propagat., 166-178.


https://dor.isc.ac/dor/20.1001.1.17357608.1396.13.25.5.1
http://marine-eng.ir/article-1-494-fa.html

[ Downloaded from marine-eng.ir on 2025-11-04 ]

[ DOR: 20.1001.1.17357608.1396.13.25.5.1 ]

@IS R Ol (Seolins 18 (plulid oS 5 Codgans Lo,

19- N.M. Nouri, M. Moghimi, S. M.
Mirsaeedi.,(2009), Unsteady Modeling of Cavitating
Flow with Artificial Viscosity, IMECHE Journal of
Mechanical Engineering, part C, in press. (In Persian)
20- Molavi, E,. (2011), Experimental and theoretical
analysis artificial supercavitation, A thesis submitted
to the IUST for the degree of Master of Science in
Mechanical Engineering. (In Persian)

\Ta

16- Sirovich, L., (1987), Turbulence and the dynamics
of coherent structures. Part |. coherent structures.
Quarterly of Applied Mathematics 45 (2), 561-571.
17-Pedersen, J.M., (2003), Analyses of Planar
Measurements of Turbulent Flows. Ph.D.Thesis,
Technical University of Denmark, DTU.

18-Batchelor G., (2000), Introduction To Fluid
Dynamics. (Cup, 2000)(T)(Isbn 0521663962)(631S)


https://dor.isc.ac/dor/20.1001.1.17357608.1396.13.25.5.1
http://marine-eng.ir/article-1-494-fa.html
http://www.tcpdf.org

