S Ol 33 (o S S (SRET (G5lde 53 URANS Cdlay (b3

r.\j.e ‘_JL‘){ a.,a\)
rkamali@ari.ac.ir (Ol g5 (Lablsn oKt ys Lablgn wdige skl

A0/ A/YY sl b

\YAP/Y/NE sy @)\5

oS>

4

Seasl cdba, ) ol b LLL axadl ol Giludus demgi ,ol> Alis e

5,90 Saadl Jas ol Sgo 3g8le ila bm 8 Jee Co SO (goae gjludnds

B dgupn glp adbios Lehledl @ YLl Saanl Joo wdla, g0 a0 solitul

Sslos bn gy 5l Slesloes gy sl 5 Oloslaly (Sobaiz (ganaSed j Slewlorw

URANS cila, 55 50 5 oS5 aids, Il calie ol 55 .cansl o0 oolitd OMP g

2 Gamde S S ooz oS Gl aiBlanegs 0T e 9 95800 72 225 RANS
Lad s Ol e eSas 1o Ll s 5 9,65 oo 18 eslitl 0,50 (ilr (s>

AL oo RANS ais] gildos 4 cod 2 Obyz 5 Fee S by gildas

Souls” O 319

Silse 3o« Sobsiz by ooy Oy 0 c RANS gURANS  Suasl Jow LLL oL, (so0e (g jlwars

5 Cas oloj 5l 21U Ll Slascie hwgie s oS ol
g o 0dsel Ll oS o> g5 ol ) el cBlgSy
('RANS & ¥sles) il odds pSlawgis <¥oles jl 3gi o
S Ky aly oge oolitdl (Suadl gildse

o ¥ .
Oloj 3l (b 38 Ol bawgte lajyite (>l bl
Sildie (gl RANS c¥olze I le5 cod oplplis 055 dinlgs
yShwgio L RANS & ¥oleo adly ) 23903 e3litwl  Suad]
oby ol laylidle Slej cilypuss sias o plgl &5 Sloj

ly Saasl ablog loj wlywss JUT ks g Bpee ol 1,

Yo

dodds L)
390 (sako SIS )3 (g yebd (Sl b o
Ol 2959 5l 8 &b > Jle plgiear 35 o0 )3 eolisl
bWS gl e gl 5156 G lpe] datoss 4 (Lo
sblaglon JiU (295 )0 b g 9850 odlitul )5 dige
Calyi Hlp ) Bl bl )y (poye co Syl 0K
38> (o218 (il b odlital ol S8 5 Laglen
iohe (o33 lagsbyy I ekl egMe (b (uix
Glongy BB Sasl o) e (Fuadl gjludie dinjls
slaigSa bl (S g bl gaman 5 @by

WWAZ Hlimo) 9 jusly 09 & )losh' ikt Julb


www.sid.ir

[V 57 ] aalye )3 gy 0 slodey uwlio L) aanbLl
;> URANS wasl b, 5 edlatwl a5 canl o ool L
hey & G ) @l €8> (e gl ca iludae
Sy duslis b 35 [VF] zoye .Cuwl 00y 340 RANS
5 blie (oops co ol iloand > LES 5 URANS
lronny ) lawslio i cul 03 sy 1) Sy culse

DANY] canl o plog] e laws 55,50

J> Olasuin g diuwe &y p23 .Y
S 298 5330 Joow Jold dlie (pl 53 (g2 )90 Al
<l agol Al chp b se oo o cbp
Ol 90 sl 0ad A Y Jgds 40 45 0550 b s Glasuie
calay jl ealate) b b ol sLLL Gi.n.w] Sildse s
L ol gl 5 48,5 g0 UL ol J> sl URANS
2 ol 0l duglie RANS &¥oleo jo by (sbl 2,00,
N u‘*il‘” adlas dyg0 > ub)> I Sl U.:Lu VS

Sl 603

gi

-
-

-
- I B
Y
Supereanie ;
Free Stream L
Fonic Injector

gl 0L 53 G L Ol i sl Y S

Saasl Jae wwdlag 93 pm 5 ool 3,90  Saasl Jue

e o Sl oS cll el &Yl dladsles S
@ pols 3d0 > OYolie (gjludiunS sl oas o35l [V]
Sygo AUSM (29, & byl (s g 39300 o2 (g,
b Sobais ganass 5l luslbre 8y dqu (¢l (ol a28)S
b9 & Silge GBI ) Slwle gy sl g lejle
Uhey 3l e edy il gl uioreds g o0 odlizul OMP
Se ok b sl aBlidnngs & 5 A5 Salg g i3
@l 5 485 )1)5 oolitl 3)00 (oSl by > Simdw o
oot S 95l @ig g ol Jlsle S ) Ll

Ladlgd (5y9Ud 9 sl Ay 3y (poke &5 s

e (Sl gl Jae S oo Jao (Sl (giludse Lo
by e Sllog HBT (¢5ludie 4 B RANS & ¥ole p
&S a0l e gSa WL RANS &¥olre gyl aiiuns
ls ® sl Sllogs 5 1) Tammute cllog sla)lile algy
A8

Slwed 5 (LES) S5 sloals )5 (gjloand slagds,
Pl Lo o5 azin (olats) (DNS) medies (g30¢
bl a8 oo dmle |y oS 3l 1 3505 by llug
Sloj Slpas (oilwds 4 B ) RANS @Yol o5 8l
L3l e TURANS &¥sleo atiS o sbys pomane sl ylisles
L slagse b LIS &3l claglys iloans [¥-)]
[F-¥] dalyen lallas b g 5)hs o3 8> Ygone (RANS)
05> V] el (Lol > sLLL cunle bliey bss oS
bl Gl 3 o Wiyt oy B Suasl
5 Slloy Sy ahus wwVl Ll Sasl o o«
RANS (gjludie 5 $gd oo cumal plo Sass lagsdl
wlaojl L URANS c¥ole 23,5 axles s L Wi oo
P> b Jr 3 pSess Sl g Sl S sS
lo)ble By 6pSISS il 5o L) LaST clagl x>
A e b e |y Koo clacol HBT g ool 1 axas]
ol ¢l 59 URANS Jus ymen LES  Szail Jao
6yl ol sl ol o codl o0l oly dusgs LLL L]
dgje 4l b (el Jao ol 5Ll ol 1) loj a4y azls
bl il (slagly (sjloded sy @)y Vb Sluslxe
Do o 03l

gl slp LES (g, @ (ool lidos sl dad 5
Sy w8ye C by Silodnd  (Saaidl Jloj oy
Ok ilwand Slides ol plad > [W-A] cul a8
lye 3 Ll wloas o3)g] LES by & oy co &iid]
LLES 4 RANS _Suasl gjlulie by, 90 gl [YF-)Y]
LES gy wad oo lid a0 3 ya 45 Wlodd duolie oa
Sl ildie 4ol b o)ls RANS & cans (6 5YL edd
g wiige o5 3l LI oyl e cds LES ioy a4
J Gmeaar o)l Gloj By Bg) cul I edlid (b
olesily sl (Sl i jl o &S URANS (3, 51 9058
wasl e o 0 wlbe cBd Ll oa g cwl oYU

Y7

e ol s so e ca LU QS/\M\ $ildas ;3 URANS céla bl


www.sid.ir

pode JUS sl

6_p+_8pui =0

o o ()

BB p olid p ey Jop up ol 3 &Sgydbey
Giladas gl il Slase x; 9 loj t o Sweld co )
5 7 bwgie dilge 9 @ 1] Glie e ya widl b
ssbaiad; olyr bwsia (Slaailpe 335 0 o 1] Slags
Higdie 03 4 glyr Sy pelie 3 Clhogad gjludie
n=n+n (")
SrSlsgie by 95 4l ) 1] lawgie oS
o J S dged asbs (aer 5pShugs 5 ' Lj
e wbdl by sildia > (9,9 4 lags S lawge
5 RANS ¥l (Jloj (opSlawgie Liles 45 340
Wi o doe |y URANS c¥oleo o e (68 lawgio

(RANS ©¥slee) Gloj (538 bawgio V-
ol el S Vol Sy (6,8 lwste sl ol
oSl gl Vol Salgny (pShwgie L LSy,
5 s By K U Suaal syl b ogd s anlis
255 &S Sl ST Sl (S Seid Lol ol (eandu
3 ol C31655 g Cans o 5 b Ll Slasutie bawgie
SYoles O|93‘5,o WLgud o 0duals L] a8 ol g O:’.l
odlazwl  Szasl (5ldis gl RANS jSloj s (¢S lawgre
Shee polie ialeil 5 (el RANS (¢ Shawgia )3 3905
G Ll jl g 03905 (6505101 iolojl calisee wllasd )3 1y

950 (6365 bagie (o

1 et

7] =T_L ndt (f)
Sy by b aulie 3 T (Sloj dialy (3gd oy
Slyts o ptel)] oy ol b dunlio 3 Jileay b g axad]
b bl (085 jpa> daulgyy &5 77 cels
@ bl Sl gyShwgie dly cdds ) cawl 15)5 e
ool 9 Lgte palie &8 15 takae b A5l 55 IS 5l

darly (655,54 4 dagr b (Y US) slies s Sloj ol

Y

opu,  OpuM; _ op | 0 | fou Uy
a o ox x, ox,|Tlax,  ax (v)

Je byl pegad )3 (glod S Glides dg2g b LD dales
&S amd o s Oldlae wilie (claosyy ,> 1,35 Saasl
ooy (sjlodnnd sl LES (Sl Jao 5l olaioes 1,51
LRANS ig; 5l 565 dunlis jlxe j3 g Wilos S adlezwl LLL
Oeizmes Wlod o0 K- g Kog asle (gldlaleogd (sla oo
5 olojlors anaSed 5 eolimad b 1y 355 (slalulos 1,9
B ) ol s o a Jb 0 el plsl (Sl
lp SP bt Saasl Jw g olojlul Sobis
@ g bcwl oad ol 0oyl 3 o giludnd
D9 g0 M0l e (slajye ] laodl S5 g Saasl aSo)
ol Bl (giludss g gl €83 ) 0)led S5 A cukS
walyd 1y ISl pul gl elp plosle b &8s 51 eolitul ool
59355 5y o hye S5 |y 45 oliS 15 b 5 15 e
e S Sahiy gl s |y sl ol
oWl ) cgilse gl 5l sl (ISl o lojls b 4
e oEzen e Rl ) Sl loj g 038
@ by alie clllas & cons pob s oy
9 9 2 e ) gpdee ol el Slasbee lord
4 SP clabslancSs  Szasl Jao 5l oolizul S ) goius
ol ) Slusbre floj @i & dsles 90 sla Jdo b Jolde o
Judog (¢l URANS cadbany 5 0p0 00 <6590 5 d23 o0
Wlo (2labyy Jlde 53 &5 (Aly slalej 3 LLE slagl >
oalazwl aSol b oyly 5268 cluslre by ply cpai> LES
oialS LES g, 4 cuws |y Ol cés o jbgy oyl
099y 5 Lol ults by dulie 5 pols Dlie gl Lol wand e
ey &5 Sloj pddpe Jlis ) &S aa3 e glis LES
&ly 03,5 o gl wle glacdy oys URANS
;» URANS g, 5l (oS5 oolatel 0 pols dlis (c)olgs
3l e Sl 300 g (Sebiiz g lejl b anasd
2 RANS 5,05, b anslis 3 oliya jl3 L 2L 5 lse
obie Do o5 Wil b @Y slos, LS

] oM uﬁ)])‘f

PUIERGH eV IR
25 JSba Bl piieSTs ol sl oSl - gl SVl

W7 yluno) 9 jasbs 29 & plosb' phitild Jtin


www.sid.ir

otloil ey tdasd oMl gl olie 4 oud
23,5 50 el ¥ Aty 51 ) gro2 baugio 298 (550311
N

()= 2 v

izl (225 slagilef] 3 Mee (gShngie £55 o)
d9bice By (3 (it 53 ol Bolisl (gl Lol g oo
p ol b Sadgeyy Sy ooe LU (slayllo o
S 2 3 85 laodly ggemme gyl 3 (Y JS) w8
odlizal B (55 lamgia €55 ol sl Hpdim S5 (lus
b S5l » @y (T @pSlawg) s
Dyden (e $pShawgie I (ol g9 (56 S hawgte
e (e (6pSlangle (dlp (5 bt & 29800 U]
3105 gag3) g 1Bl g )S5 Il lea Sk polie T ol
3 i jeiza o iyl ) b V] a2l Sazge Loz o
o ez busie gsame Sygar Gliee ) (0 25l) ol
g (1) ol (Ssadl plugs lads o ()
n(xiat):<77>(xi9t)+77l(xi’t) )

ol S Sl U glabad e F S0 5 e e
Sllogh s g <U > o hwgle Cus s Sloj B93> Sy
it 4555 05,84 b 03,5 o eaaline U Suasl
o1 g S lawgio CYolro gjluol | oy 5 (A dal) (>
matlgep Ve % @¥oleo p b ay St - gl (grax
olo) olplu) _,

o ax, ®)
op)u)  AlPNuNu,) _ap)
ot o] o
\ o)
6%] /{%l?ﬂL%x:q—P@iU)

0ol julgiy A Hguas p<uiuj> Hade 55 g8 dlal, o
iladie Saasl cla Jae bawgs g canl oloj 5l ol a5 o
P A Al g by gpShuwgne o Y dal, Coles el o
b Jol & cunlydl lawgie Judo (grax 6y lawsio
Ol pj daly b sl ploj @l (093 13 5 0358 o)loj
5 oloj 4 Ay pé bawgio o3 S 4 ]y (e hawgie polie
903 4235 loj 4 duly p 3
<77>(Xi>t):77(xi)+ﬁ(xiat) (V)

Ladlgd (5y9Ud 9 sl Ay 3y (poke &5 s

Yoo (gilwedle 31 w9 by slagate gl Y
py8 & (RANS c¥olro) (oS gl gl Jloj i (5 S lawgie

2l g0y 2
op Opu
I Wt sl B
o ox @)
. Opu.u.
ala'll + PU; J ap +
ot OX oX;,
(%)

o fou ) o
x| Mlax, T )

oo Ll bl 0 OYole o Cww o Sbj po
Sy g sibre ooy plests ol 3l o L e
py Cuslodd baas aWole 3 wgel edliwl > oK
Jebday g8 oo @B LS jusi, AT pp el @ &5 puy
o 90,5 oo e @oles )y Canws &y ) (05 cunle
Sasl clare bwg uL RANS &¥olse > lp oy
@)Wl (labsles S (hg) Jl GaS ol )3 45 298 (5jludaa
Ll o olatwl uol)Lo.ﬂ

(URANS &¥sles) sroa (6 a5 baagio Y-V
Gt 9 LG By S BB Kuasl s ol 45 5 len
busgia glajeiie sl Luolyed by g aoliy ool
SYalse | olgsised culpli g wialss gloj 5l (6 5 pb>
Sl gl (RANS  @Wolre)  Jloj odis s pS lawgie
$Shwgia L RANS & ¥oles gdly ;5 3905 odlitl Szl
ol ol clajlisle Sl oy Las o plodl &5 Jlo;
) (Saadl Sblog Gloj Slpis )BT ks g Spise o 1)
e (Saadl sledae WS e Juo (Sihil (3ldie by
ol eomaie Sblogs HBT (gjlse 4,38 RANS @Yol
Wlgn 45 A0k e gygk Wb SVl ol gyl )
S e Kadl cllog 1) pomeis cblog bbb
plos Lo a5 DNS 5 LES  Siidl slaJis p ogds
Sla) WS (o delons |y 4B bl I 255 ol ULy
Sy ahus gileands 4 pB |, RANS oYolw o
25l o URANS &¥oles oS o s aoanio colaylisles
SrShwge sbba ub URANS @Yol gzl (6lp
olalej] S bz g0d ealitl mex (5yShawgie Sl
plsl )b N el 3 S5 SIS ol ulyd 5 axisl ol

YA

e ol s so e ca LU QS/\M\ $ildas ;3 URANS céla bl


www.sid.ir

pode JUS sl

S5 lwgie g lapite pod 4o (5S4 b oS Sy
] > JSS 4 S gl gl & Yleo ¢ Sloj

op Opu,

—+——1=0 Y
ot Ox ()
Opu, , OpuY; _ op |

ot OX; OX;

(%)

+i %4_% pU_ — ou'a’

axj an GXi i7j pl J

A

time

(@)

&Sl bya pomaie Sllugs yuate Jlds d dlaly ol 45

S 8511 1L 77 oS hawgie oy asald )l axasl sl
rSlagie  (Siid] wonia 5lo Slug plos b asl
» URANS 5 RANS ool gl il Judo
T (65 baogin sl o ) 2, s oS has
S MEe 4 b ol (R URANS (g, 3 cdids >

wois Sllugs b 1y il cllog laykslo ole b asl

time

(<)

U (SeisT Sl o (5 (U) oz o g2e o (S 0 laj 853 60 53 ol &S5 (51 U (slabad o (Ll 51 olos ¥ S

by 5l ole e 1y Aol pl ) s 3 Jol g3

3ol o ) 95y 048) po> 5 5 2y5) cussa; URANS
Llg) 0V (050l b oges duwlxe (Siaisl calisee slodse
550 poranie Sllwg (ol sl gl gl &S @gles pl b
oo J ySesS sl 1L URANS (g, SU,Sl Slej
iy culply 235 Cbal eanute Slugs sba)lisle Sle
23] 0y 25 pyd 4 URANS & ¥slee il pl o515 oly>

9 oYU _, (\a)
ot oX

- dpuu.
O oPUM; P, (15)
ot oX, oX,
¥4

5 porade Sllogh (Jloj lawgie ﬂ'j:lu:j gy cnl

5 iy ol sty B e oy bgte p(UTTT} )
S 5 S5 (¥ ) L) Ssidgb ol Yok
9b gl el Cllugs oalad a5 igysboas 29 (g S lawgio 3L
22 baye ] (2ol p5 a8 40T o Candty £ g 0 SYolas
plos )31 plplt sl e wad] § pomate la)ldls 9
Sblags 5 aomeis loylisls blog Lol obys cblug
b Ay g5 oo sl W U] 1) sy il sl

PO = pii U _p<u_ilu_]' > ()

W7 yluno) 9 jasbs 29 &)lash ‘ruu.m  Jul


www.sid.ir

Q’=Q" (V)
Q" =Q"+a AtRes@Q*™), k=1,2,...m (»3)
dn+1 =dm (Y.)

Sl il B 5 o oy By Q Ly, ol 3
Syp0 655 S,y Lpe 4 g b Ll sy ol 5 s
093 ol Sloj ol Byre Al piseen A5 oy o3l
g Jhai dyg0 il cdls > RANS  Suasl gjldae po
ol (e (Sloj P gy Jl S lSen 3 @y Gl
Wlls jebay Sloy pl5 d J,uS oo 2 0 ol sl
Dol o duols
Q
(A + AT+ AR, +C (A + A +AD),
Al 32j Cjgods dn dw ) g3l s la)ld Ak glad

At =CFL

()

Figud o0
AL = ' [+o)as! (YY)
A =V | +c)as? (¥v)
AS = €| +0)as (vf)

d‘l!b)].)).grl cJ9l~: P &'a.w S S )I.)).g AY U‘ » LY
Lyﬂl)bd\fwlﬁu)lﬁnCQDQ%JW@aﬂ)ﬁﬁéw
Cl)ﬁa«»‘ ly 09> Gl odd ad)S s > ¥ jlade (B85S
loj 5L URANS s, 55 poade ciblug (slajlisl
Sl ol s oolis 3 b (oSS
S oolie &ye il o e 3] slej 5
LS ol ol sl o i3l o iSeeS
P8 Sily Slej P S s die 3 45l & g
Sloj P8 el sl & g ol (Bl o > o by
5525yl 5 ol s S 5l ol
Do o (e > u].\.ua JS 50 edddwlone loj pl8
At = min(At;) (vo)

=W 05 bwgin K-V
7 @l 25 85 URANS & RANS céla, J5 )
Ohey 4 Sildnd Sl 4 oy bcwl are b
Sgdin (§ e (Bly Sujd ploj P o (il L URANS
@by i ol @l S o 0 Sl @l
Res @l b ol o b )3 o lawgze by

Ladlgd (5y9Ud 9 sl Ay 3y (poke &5 s

+ 0 aui +auj — o
x|\ “lax, T, T

] I

opH _a£+6pHUj :i(iﬂ_p
o ot ox, oX.  OX;

] ] ]

+i u aui +8uij _N’LT"
oX| ‘ﬂﬁxj X, ' J

slecasS 51 Joe pd Lol wlonds ol > ySlwgie
d)l"] bld 5 a8 Sl dl)‘. 235 oo odlal Sloj uwsis

HO) +

(\Y)

By Ol s Slej g e GpSlawgie witme L]
LS clagle gl BT asl o asslis cplply oS o
2355 03latwl URANS @ Yalss jl b edgai salis

Sloj o 5 5348 Jo (g, YT
Ol b 148l 1 by ilwand gly ol Al )
EYolee (6 jlsdiunS Cuwl o odlitwl (Ssbaia o liee 52
Sge AUSM. gy @ bayls (sl 5 358000 o2 (JBg) &
9> asye (o) JlJe €8 (Rl oemen Ll a8 )S
Ay 84 gl by Sliss .ol s sdlazul MUSCL
Sloj 5 Gl 3l ons SH[V] a2y 3 pogad iy
Blaw 3 a5 el loj 15 ) 3929 IS 3,509, 93
Coonl Bl Slo slad> g 039 5lai 3550 (2l Sl o Sl
e Sloj pB oy Sl S 2hSen 5> @ ol it
P e Slulre Jobo j2 sy oS ©pp00nds pdise odlital
e SWYolee )3 5 0l drwlxe Jolo lon 4 bgye Sl
Jolye 3 odal canday lacles o, cpl b dgd e 0dp
5 0 ibre (Sloj slapls 1 il (3] 86 e
o cwl ol oy ool Caje Sl aliue S L s
g audly 5,5 Sloj pB Wl 155 w5 (ol ol
o San @y Plus 3 Ll g oo LRen gy ol
Cawd 3 ol ol Jl e Olgx daxd ja )5 oS cul
b las o330 o slapls plos o ol o3V cplpliy il
Sl ol B Ngp Gl (Sly ol g SO
Sy gl posiz mpe S Sy Sloj xSl

Dy o odlitwl 55 p 8 as UgS

e ol s so e ca LU QS/\M\ $ildas ;3 URANS céla bl


www.sid.ir

pode JUS sl

il sladSis sl ol lojlo b Sl b )3 ey
Jokw J5 ol .l oad a3 Y Join 0 Ssb pa (ol
o)l 5 aSud gl Aols 5 o3 Jobo VIVYH+ b, lSu,
izl g (oriwyliel con (B JS3) 2dloe yiogSue VIF
b g conlosd 03yl [Vo] g2y > Jualh & 4 I >
Al pol gl Jilos 0 aSd el b
(A JSo) pols clads ) odel Conday Y7 lade piomen
clia polo Lo (el aiy Sy 45 oS ol o) il
03)5] pol> Jo o &) Sy (50 by 5SS ) Al o
jyo 9 Wodly Jlaml 1 eslawl b aS'aly s jpe Cuslond
oSl Ogody dascin bald | edliiel b cuwssyed
5 Spold (639)5 byd 0l 93909 50 sy 23,500 Jloe!
ool oas @B)S Jlai 3 B3 e S50 LS gl s
ol 035l ¥ JSi 1> RANS (gjldie clp J> (o, 5en &5
Chlay 0 e Caol 0ald Fy ST Sl YV o S
£y 11 gbe J> LLL &ygods <¥oke URANS
e 8l loy > Vol g 3)l8 Slxe Jo o ,Sen
oloa J> olus )3 adsl jolie LLL ply> > )5 )l eey
L jl Sy co gl g 0392 (5399 g2l Ly Ll
ol 3 eadodlatal (Sloj pl5 S o I 39)57 b > e sl
SBLSS a8 cud JISS el Glej B Lilos
Jss ] oadawlxe Hlade o yieS el e ccalisce
Ol Bl e 4l 0%V T e i g adli Ve ol
b asby lpl lp GYbigle; bl a5 8394
Wia gl 5 S ool el olym ol il 6,8 Sl
Sol b aibs abde Yo i ) e ond o)
Se3d ogr bl o)l olas URANS g, 3 o (2,5
bugie Slyt wdle ba) SGjd Sy 39
ool ooy Vo0 ay jsShe oy SIS 5l s baoslegdl
HB oS S S ca jl amlie 13l Gloj ol Bl
ols > 3 bl o RANS b, 5l ol zulss |y dulio
ojly b ponels G by (Jloj p5 2 sl p)Y ol
piysdl 5l edlsiwl 4 Intel(R) core i5, CPU 3.4 GHz
ol 4B O D90 awnr ¥ g OpenMp gy 45 (gjlae 0005
Saasl elagiludis jl edliis] Como 3 ote )l YU g
RANS cila) 93 ¢lp Y7 jlade auolie A JS3 55 clily o

"

I o @t RANS (2g) 3wl Job JB oLy osd
@295 Jlesa (alSen Jlre 4 ) 9 paie S
el 4l @bt lpd o bl Wede e ol 2l
Sl 4 2298 b pizpen adloe dixd ja 3 gl slaosls
4y Col basgio gl 0350 (Al Sipd > 4
alie (sl csldand (295 ogMe (il clalaxd ol >
4 jlo RANS ) @l 5 (08 @l b hugte gLy
05 Al qulie Sloj Bl S bosly (S lawgie
o 5l 53 ol gron 5y Slasgia URANS (g, slio
oad ol (grex (s pShawgle jl jo w295 lp 3
35 jslaie dy (g it cdiBlidnwgs 473 polate ol (gl e
GreSlawsie (ol Ll 51 Lolata 4 03 iy ya3 0l 0,33 o3l
ool Voo 01l sl ade ol g e odlitul Lsex
i B oli¥er ojlsen ls glsl ol clple

3950 03l Y7 by B (rer (6365 hawgis
1 300

(7 =555 27 \fg

=L
RANS g, 4 cuws URANS  Szasl Jao obj)) sy
Spold Sl gl b s o ca gl S o
olale] Aot (3o ol )3 bl lr )5 0 ()2
A )90 ol Slasuie cwl [MV] g o Slails )29
bogie by Sjd 4l bl oad aods Y Joar
N N X S
o9 Ll Cpe )3 g ol aadl Gada wb g dges by 9
Olej & dly T lasl JMores) 3 S5 dawgte o>
ok P b 5 pad Suadl @ aeg b gyl Il
SSadl giludie Sl ey Ban b dies ol 8l
b duslio > oby> s sloylislo gl5cul ,» URANS
asl 5 onl > 2550 )8 oS 3,50 RANS cdlia,
5 6y S),S5) 5SasS claojl L URANS c¥sles oS 5, 0
Sr S dSS skl by de ) Ses Sl pB
ot e |y Koo claced) BT g ool 1y axas] ol sl
¥ JSS o ol o j0 ad, [ Sels slaws g > &by oS
s &S oad JuSis Sl V0 51 > Ay 0,5 e odaliie

W7 yluno) 9 jasbs 29 & plosb' phitild Jtin


www.sid.ir

@y S L] o)less M sy 5l oozl gy |, Y <25

ol cowlio azas] by >

3
2 ——a—— Density
~———a—— Velocity
1 ——e— Enengy
0
o -1
=]
]
% )
€ 3
&
-

1 ; . 1
0 10000 . 20000 30000
Iteration

RANS (s5ldie 53 Jo aliSen g5V S

3 oS 6eSilens .l 0ad 03,91 0)lg2d Su35 ;5 URANS 4
by oS (eainaSds V] ol ons o)lsl Saadl (ojludse molio

¥4
X ¥

220D

:m\

s Lm0l gl g kals ¥ S

Farfield

Supersonic Inlet
Farfield

all ( o slip) Wall
Sonic Jet

o S e b Jo 534y 8w 50l 5 8 S

Sgol p O o 53 5 g S Ob o SOliaseiin ) g

= olm s s2e o LU ;1“‘ sildas 53 URANS cila, b5

S el
\/§ Jljj ubp éLo

VXY o b gle p ol by 5950,
o/o Mol J 4 Jib ahie JSo o
Nt I ol 28 4y b eidone L o
Y M ol & o potioge L Cans

5 odel Cands e gyl L) wisl clagly
b Pgremlie Slo 56 4 U3 > URANS i)
ol Hdle dlis gly cwl oylad (Sod5 sadeslaral
Gl gblis )3 ol st 5 5515 ilon, 9 0 Jobs
5 ol fle sae ,plS Auslie eSS 3 et e
5 co LBl el sad o)) Y0 dxio  pols gl s

Lasdlgd (59Ud 9 Hinild g s (sole &g s

Loyl by cpl by g3 ,a lp ad e Ui A S

Casnss (6505 Y 3 URANS g, 5l ookiza | Lol 295 o
byl Dy 0 el g 39 o dusle RANS g, 4
s dusloms 1S (g3ldto yigg |y o)lgss 5l oasa)ys Sead]
9y & Cuws URANS g, 5l oolizl b ol Y

> P wasl clacdla, jl edli cuenl Sl RANS

www. b D.ir


www.sid.ir

pode JUS sl

P A Sss LS5 5 URANS s, Laws il claashs S

‘)9‘»\}‘_;0 odalio Ve &w

@l 3 wpad Sed g SlS Sed ol Lyt n e
gzl Jl (pomen Ngde omd Jo 93 2l Jol>

,,;b-&l;d);af}l{,n&,bl.\,&.\‘;]j.@-

J9L 5lows X sbuoly po lzadlojl dlass Y sbeoly g lzadlojl slass Z sbusly Lmdlo.]l Sl Lmoldl JS oluws
\ ¥y v sY YEAYA
Al ¥y Yy sY FYYYY
Y ¥y Yy sY FYYYY
¥ 4 v I4% VFAVE
o \td vy I4% Y-ANF
4 \rd Yy Y Y+-AAS
\s VoY ¥ Y FY-vay
A VoY AR} Y VYV
a ¥ Yy sY ARAFARY
Ve AR ¥ sY INZZN
AR AR ¥ Y INZZN
Y AN} ¥ sY Yev\V
Y AN} ¥ sY Yev\V
VY 4 ¥ £Y VFYAY
VO 4 ¥y I4% \SFAY

L palyb cpl 5B s Cawl 0ad 03,9] VF SS
ol CandVl g cawd b o)l (oo > URANS Jas
3 el cpl ipy duslie (gly ol dopuio g3 4 G
ool 0ds &1 VD IS 33 X/D=2 4 y=0 doxibs plais Joxo
Sl cay e URANS by, &5 dgb e odalie
I oliabl jslaiads Wi ress RANS. (29 5l 6 5L
sbad> jl Jols U e Jidgp tJ> €83 Glie 5 oo
2l b X alises locio by y=0 aomiisgbolis Joeo )3 ,sl>
» [WWILES  Sasl Juo oode o wwls o [VV] o
aSs eyl xS il duslis VA LV gla IS
polo o & o 6558 ol S LES o s o, S
gblie o Sl @ a2y b adbie Jobo g VY )b
I azdly & plee wal (020 Cand 93 gl x/D=5 4 x/D=3
G R g0 g o228 @l Cualad pue I 2B
Jo s 8, o5 wad e lis gls [VV] ool ond o3yl
5 coul alis Ly,5 RANS 5 URANS cila, o 5 Juols
sl e s an )81 aiil o owlie cdd Gl p5bs sl
Com olr layel)l @95 s o LES g DNS  Ssasl
Oy &S dg 8D Wb Lol «uwl iy URANS céla, 4
T b ol 5 Yl 4555 s 2iafls ol 52 4

Y

dblie 3 ol bshad by JlSle 3 2oy Sl

2 dbBle Cjasa by bolad Cpl il sid puy calise
9 o e WY Kb pZ Y X dise s
iy aw o ah 5 lsle  SeSs lods duslie cila,
2 a3 jsle dwlie ed 0 00 e Z 3 Y X
Shol sladls )T cdlay 90 o oS dad o slis VY S
&S S8 olen Lol wilosges zlsawl 1) co gl )3 oad JuSlis
sl slaaly 5y > URANS cVoleo «cidy o il
Cond iy 050 9 cor S5 LS aje ) e B &S
By cpod VW USG50 5y 65V <8y RANS cYolas 4
ablie 0 > g 09 o odbline X Ciloths (il gblds ;o
RANS céla, 45 548 0 oaalin (X=4D, 6D dxio sile)
Jio oSl b adlei asl slaahS glsadl o 6
Y ol ke a4l cusd shiie ol 4 URANS
ol odas cde URANS g, 53 olasd (Kid5 ol dpwloxo
o e s o Sl Jlas 53 39y 0 Hladas M|
) 5905y SOis dawloxe )3 euians b o8 Sait] o)
Jao b padoaseie (sl Al o Cueal Bl sl 3
SSiasl cajl jlien bolad duglie el ol > Seadl
y=0 axiw > RANS  URANS Jis buwg o anwle

W7 yluno) 9 jasbs 29 & plosb' phitild Jtin



www.sid.ir

Ml plply sl ol we jle W5 IS8 51 e
cdla) g Ll gy jlal bl 95 mli gm ob;
Sy 5D odel dg3gdy S8 clagenl Ul 5 JolS ,gkas RANS
Ll 5l (S ST URANS cdla) g 008 (cdgpde co
ol 1y a8 S IS clayldle )0 dame (J> @l Wiy e
I dels y=0 axdo )3 0)les o g9y jlid Cond gl
duglio Vo S5 )3 [Vo] (228 @l L céla) 93 (6,5,
URANS céla, jl Jols o wad o ol bt (cusloss
@ Comd (gyubo Cd gl co g Loy» by Ay 0
@ o o cde b o LES 39, b Jslee s RANS cila,
s 4ail gl S gl sl .0 URANS s, iy colil8

(VY J5) 900 ey

Dlej 3 oS oS S by 2l gy o Sl 3 Al
Cuods LLU (sldlya Joow )3 (crlie @lid ol b J>
4 Cons URANS 2g, glacs iy j (o ly o e
Ysle o lubre slodl 5 YU LES (glacglulue
g b calie By e 0 LLL clagbys o asasl
E5S 0 Sloj 85L o 1y polie (6,808l RANS oYoles
LLL Blwe o cuims o plosl URANS c¥olee & Cuns
& e PB g Npe ol chr cljlsle Sy
3 oolinad Vool s opped &y S glpal 1) o Ko
S 5l a8 S’ o Llsd 1) 595 6T Dlue > URANS & Yoleo
L ity Yl g L sl o 5 208l LG (S
ol o gl Kb el )l RANS ciéla,
Oles b ol Sl g 39500 sloudy liwsl dlie S dye

a;lﬁ:é:)});Y+[)L_ﬁJ¢ﬂa"-\.ﬁ&e/\J§$

0.006 f~
0.004 [
N =) T
i
0.002 ¥F = i
d B
& = & =4
& > & e
2 ! -
0 1 1 1 1
-0.042 -0.04 -0.038 -0.036

a)lxzs‘.gié‘};@ﬂ)‘)ﬁ.q‘)g

RANS o¥slee 1> gl bl 25 b Jobs mls

s b s o Sewdl Jae ol 1 sl BT g awglio

Laslgd (5)9Uid 9 (yiuild (a9 Je ok &y i

g -0
u“"’ ()Ll)‘.’ P Pye C& (s LS).L“’M s Qil 5
485 90 URANS  Suas] (gjludse ) oolinul b gl

= olm s s2e o LU u.g:-’-w‘ sildas 53 URANS cila, b5

wWwWw. St D.ir


www.sid.ir

r.Lla JL«f C’.:.A‘J

b ol 0 gy a9 )33 @i ol Jlle S
Lld 1) 345 ,bT  Jlus ;> URANS &¥oleo ookl S|
Lol b Ll Blas )5 5 223L LU (o358 5l jl &8 08 o
ST flaulge, Ll oyl RANS cdla L lus ook
cila, oS o s g ol )0 odal dgzgds SooS claodl
o 39a00 URANS 3,555, oS o g LSl jI RANS

sl eyl o5 slaashh S gl sl 4o pr =W

3 et ol > sl oad o9l (> wre oyl e
Jo g Slubre €85 dge gl glojlo b (Sobar &
2= by ) Co ilwdnd lp SP (ldolaecss Sl
gy 5l Glubre Mey ;0 mpd gy cwl ol ool
yalate cpl .l oud 03lazwl OMP sy &5 (gilae (53155
ci5lis s RANS 5 URANS cila, g5 5o 5 oSl Loy,
o K gl S sl w35 5 i )
2l gl g 4S8 eolitl )00 ole Gl ) (A

Y=0 dio )3 C J g Ob > bshes duolie MY S

» URANS g, cpiomen .43l o RANS 3,50, axasl
4 s VL Sluwbe lasll) wcalio gl y5ud (e
LLL aisl sl eoae J> o LES Gﬁ:wi &ildie

5,0

Yo

Szl S 65 lan (Y5 ey Al o RANS 51 550l

ildia & G o2 b O Sye o bk il

A7 Hlimo) 9 jusls 9 S)Lom'ﬂ D.ir


www.sid.ir

Z dombo Az 33 S g 0Lz bglast olis Y S

Ladlgt (59U8 9 (S a9 Sy pole &y puiss

BRI
T

[EEgsEnsERRRRARAND
B EABEARABRCERERBRAR

www. S D.ir

= olm s s2e o LU J<3-°~‘ sildas 53 URANS cila, b5


www.sid.ir

pode JUS sl

0.28412
0.25764

0.494883
0.28412
0.25764

1 1 1 1
-0.005 0 0.005 0.01
X

M T TTTTTTTTTTITTTTTT
g

Y20 dois 53 SaisT o J 3l en bl lin NP S

Present Solution (RANS)
——— Present Solution (URANS)
Q Experimental Data [21]
o LES Solution [22]

XD =2 53 a3 w5 5 duglin NP S

w
1

1)
I

05

Present Solution (RANS)
—— Present Solution (URANS)
(o] Experimental Data [21]
o LES Solution [22]

Y'Y

XD =4 )3 sy 5l3 p 55 dlin A JSC

001 Present Solution (RANS)
i ————— Present Solution (URANS)
|
-
0.008 ~ |}
[ |z
I B
B!
0006 |}
a [ |i
N ||
- N,
0.004 i Sz
0002 Tl
= =,
s \'\‘
.o
ol _S_ ............... i e et
[ 1 1 - 1 .
0 20 40 60 80

35

2
wn
T

ZD

Present Solution (RANS)
———— Present Solution (URANS)
(o] Experimental Data [21]
O LES Solution [22]

-0.5

XD =3 )3 s sl3p 055 dmlin NV JSC

A7 Hlwo) 9 jusls 9 &)lasds ‘Pauu‘u Juo



www.sid.ir

6
- @ Experimental Data [21]

55k o LES Solution [22]
s Present Solution (RANS)
Sk —————— Present Solution (URANS)

o5 gl (655 5L w55 amglie Y JS

[1] D. C. Wilcox, Turbulence modeling for CFD,
DCW industries, Second edition, 2004.

[2] W. J. Richard, Modeling strategies for unsteady
turbulent flows in the lower plenum of the VHTR,
OECD/NEA/IAEA, Workshop on the
Benchmarking of CFD Codes for Application to
Nuclear Reactor Safety (CFD4NRS), Sep. 2006.

[3] L. Ge, F. Sotiropoulos, 3D unsteady RANS
modeling of complex hydraulic engineering
flows. Part I: Numerical model, Journal of
Hydraulic Engineering, vol. 131, no.9, pp. 800-
808, 2005.

[4] J. Alvarez, W. P. Jones, R. Seoud, Predictions of
momentum and scalar fields in a jet in cross-flow
using first and second order turbulence closures,
AGARD Conf. Proc. = Computational and
Experiment Assessment of Jets in Cross Flow,
pp. 24-10, April 1993.

[5] A. T. Hsu, G. He, Y. Guo, Unsteady simulation
of jet in crossflow, Int. Journal of Computational
Fluid Dynamics, vol. 14, pp. 41 - 53, 2000.

[6] E. Ivanova, B. Noll, M. Aigner, Computational
modelling of turbulent mixing of a transverse jet,
Proc. ASME Turbo Expo 2010: Power for Land,
Sea and Air, Glasgow, UK, GT2010-22764, June
2010.

[7] T. Fric, A. Roshko, Vortical structure in the wake
of a transverse jet, J. Fluid Mech., vol. 279, pp. 1-
47, 1994.

Ladlgd (5)9Ud 9 Linild (a9 33 (Soke &g yuini

35
Present Solution (RANS) e
P —mmm Present Solution (URANS) . ‘a
| (o] Experimental Data [21] 8 8
o LES Solution [22] 00 °
251 0
&
&)
N
15
I -
05k
. v = o
(-)0,5 (0] 0.5 1
U/U,
X/D=5;>g;&ﬂ)|>,3@j}:fu{uﬁ.ﬁ Jgo:l
Ml

[8] L. L. Yuan, R: L. Street, J. H. Ferziger, Large-
eddy simulations of a round jet in crossflow, J.
Fluid Mech,wol. 379, pp. 71-104, 1999.

[9] 7. U. Schluter, T. Schonfeld, LES of jets in cross
flow and its application to a gas turbine burner,
Flow, Turbulence and Combustion, vol. 65, pp.
177-203, 2000.

[10] P. Majander, T.
simulation of a round jet in a crossflow, Int. J.
Heat and Fluid Flow, vol. 27, pp. 402-415, 2006.

[11] M. Salewski, D. Stankovic, L. Fuchs, mixing in
circular and non-circular jets in crossflow, Flow
Turbulence Combust, vol. 80, pp. 255-283, 2008.

[12] B. Wegner, Y. Huai, A. Sadiki, Comparative
study of turbulent mixing in jet in cross-flow

Siikonen, Large-eddy

configurations using LES, International Journal
of Heat and Fluid Flow, vol. 25, pp. 767-775,
2004.

[13] F. C. C. Galeazzo, G. Donnert, P. Habisreuther,
N. Zarzalis, R. J. Valdes, W. Krebs, Measurement
and simulation of turbulent mixing in a jet in
crossflow, Proc. ASME Turbo Expo 2010: Power
for Land, Sea and Air, Glasgow, UK, GT2010-
22709, 2010.

[14] J. C. Jouhaud, L. Y. M. Gicquel, B. Enaux,
Large-eddy-simulation modeling for aerothermal
predictions behind a jet in crossflow, AIAA
Journal, vol. 45, no. 10, pp. 2438-2447, 2007.

[15] E. Ivanova, B. Noll, M. D. Domenico, M.
Aigner, Unsteady simulations of flow field and

A

e ol s so e ca LU L_;M‘ $ildas ;3 URANS céla bl


www.sid.ir

pode JUS sl

scalar mixing in transverse jets, Proc. ASME
Turbo Expo 2009: Power for Land, Sea and Air,
Orlando, Florida, USA, GT2009-59147, June
20009.

[16] E. Ivanova, B. Noll, M. Aigner, Unsteady
simulations of turbulent mixing in jet in
crossflow, AIAA, 2010-4724, 2010.

[17] S. M. Salim, K. C. Ong, S. C. Cheah,
Comparison of RANS, URANS and LES in the
prediction of airflow and pollutant dispersion,
World Congress on Engineering and Computer
Science (WCECS), San Francisco, USA, 2011.

[18] L. A. Schiavetta, K. J. Badcock, R. M.
Cummings, Comparison of DES and URANS for
unsteady vortical flows over delta wings, AIAA
2007-1085, 2007.

[19] S. E. Kim, D. Cokljat, Evaluation of an
URANS-LES Hybrid approach for turbulent free

. stationary

. Reynolds averaged Navier Stokes

. nonstationary

. coherent fluctuation

. turbulent fluctuation

. unsteady Reynolds averaged Navier Stokes
. Spalart almaras

. time averaging

O 00 N N L B W N =

. ensemble averaging
. diffusive
. coherent unsteadiness

—_
N = O

. phase average

—
W

. local time step

—_
~

. instantaneous flow

—
W

. mean flow

r4

surface flows around surface-piercing bodies, 9"
International Conference on Numerical Ship
Hydrodynamics, Michigan, USA, August 5-8,
2007.

[20] M. Sheida, Numerical simulation of a sonic jet
in supersonic cross flow wusing parallel
processing, MSc thesis, Sharif University of
Technology, Aerospace Department, 2009 (in
Persian _..,5).

[21] J. G. Santiago, J. C. Dutton, Velocity
measurements of a jet injected into a supersonic
crossbow, Journal of Propultion Power, vol. 13,
no.2, pp. 264-273. 1997.

[22] S. Kawali, S. K.Lele, Mechanisms of jet mixing
in a supersonic crossow: a study using large-
eddy simulation, Technical report, Center for
Turbulence Research, Annual Research Briefs,
2007.

Y42 Ylino) 9 usly (9 8 los oty Jlw


www.sid.ir

