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Abstract

To increase the performance of a gas centrifuge, it is necessary to stabilize an axial flow inside the rotor.
For this purpose, computer simulation is an effective method. In the present work, a specific solver
(ICDB) was developed in OpenFOAM to simulate the gas flow in the rotor. Creating a solver is
important because OpenFOAM is free and open-source software. According to a study carried out by a
research group, high-speed airflow is considered on a flat plate to assess the accuracy of this solver. To
validate the ICDB, the results are compared with those of Fluent software and other researchers. It is
found that the results corresponding to ICDB solver are in good agreement with other effects. Moreover,
using the ICDB solver and the fluent software, the uranium hexafluoride gas flow inside the
axisymmetric rotor was simulated considering different drives such as the thermal drive (wall and caps)
and the mechanical drive (scoop). The obtained results show that the developed solver in OpenFOAM
can simulate the uranium hexafluoride gas flow inside the rotor.

Keywords: Gas centrifuge, Gas flow simulation, OpenFOAM, Uranium hexafluoride

Journal of Nuclear Science and Technology Sl (538 g psle aloee y@,
Vol. 99, No 2, 2022, P 96-105 V028 Lo 1 FY ) oLt A8 ol ‘L',.-



eSS Lo e o o ST e s yanad all Js

ay

Ol Joo S o bogisnl gilular g ek il
Dvlslasts s 970

wilioe Tegdonl e Sleslre oyl Gl 5l (S
J38le 5 50 99290 CFD sla S> sl Ll Y Y Jlo o
e 5 plaopd s (Geolp slagl > lr psden!
2l b alio [0 odel Cavody mls 285 |13 vy 0590
Y] g o Ko ol oo g s 5l S alKisles]

s e 2Sen 5 el gan,S YN Sl o
St file Gedle jo clile Jlgn (peni johiteds Lo
S5 p ol A e apae G St Gl 68
adlle ol jo aiols alsl DSMC g, 5l eoliwl b JalS
Ok g 4z, Ve e gles LalS Ll g o il
IV ws 3 anslie s Lol,S

2595 09,0 38,8, uhlles g (g TN Lo o
5 b S e Jold S e sl Jleel L,
ol dsmeFoam [ Sl> 5 dsme oS 5l eolaw! L Sl

7 )Lw u‘).....u dsllao U‘ Bl sols )‘)3 SR S)90 W)
5o Gkl 5l Sl mls g ol all copn 5 ,Lid (55
Dol sg RS b i,

S8le 5 slaca bl il e 5 (g amae ¥V Jlo o
39 oz e Joe L) 553s; gye 0l sl e
ol po isls JE pwypm 0)se JulS S Gl
00,5 oolaiul (6,95 b,z bl sl (ples S e addllas
oy ol wns alul Slilas plo b gl duglie b g
D] s, olsl s pgsepl 58l

py 2 °ICDB Sl> oxiw licl ol> gy 5l Baa
3 olyz @ileand 5o T 51 oslinul jslaieds pgdonl I3
Gk 5l S cnl ool 5,00l 51 allios 559, 0950
dlin Gl Lawgs oads ploxl gla )5 b )] @l anlie
2L sss 55,0 ol @olednd e VY] cl ous
5 ICDB el ai3,5 ool S e Jalse da 35,5 Lai
15 ol o5 el IS slise i pinoSTy Sl
2 SVolee ] 0 a5 0,5 o plwl AUSMT UD g, @ )]
"o J Oleies Sogens 5 dguze w39 gy el
Slp ez S plpea cagld ey Guzee isd
] o0 4..3; )Lu 5o )935) )‘ o..\.,o] Cowddy @Lu Ml&a
o el b cils i 51 el b liiacun
Cewddy Gl.u ML‘LA 6‘)4 U 9 035 W)L...C‘ Ql}U’“
55,8 ool 15 5635, 59,0 b, (5 5leands 5l ol

4. OpenFOAM
5. Implicit Coupled Density-Based

Journal of Nuclear Science and Technology

doddo )
Jole Lo a5 58 Gomd yiiler 5o Laoginl (silulaz Gl
e 5l ool b ezl 3550 51 5258 908 0 o ilulor
5551 duloe (6l 095 oo et sl (lalaz S
el S 4T ssde oyd sl oslulas
e e b 55 il eled g ails 0529 ol > dilgil
el E8 5 50 e olal b g s DLz e s Ol

gl adlie slls kb Lo JoSge &5 515 o (25 2 50
WM 97e 5 (Slad S slaadlie 5 00 oy
are gl sk Cwl ol Sl illar oyl
Ol e &5 poedle 5 a5 col o3Y (silulax
L 59 09° e Ol sbml sl atils 55 s e
D ams o Lialial 1) s5lulaz cuopo wads

3$9 090 S8 bz een il B 5 sba
Sibela slp oollae )97 Gl 4 (plitws Gond il
Sl Gosb 5l el cnl &5 Sl 5 5500 slacgig]
Ol Sl 6r978 550! 5 dlise RSl P eelS
L as S plxl Sldllae 03,5 giload 5 silodae 55
0$9 090 B ol Jls 4 S sleeged
s DNl 555, U @ Olgiee 45 wlassloy joniy il
ceog @ p3Y 08 o)lal [0-Y] (Slsgh V(550 4 U
Silwosle g bbars 3 (3,5 Sl 10 b 5550 sla ) ol
VAVE Jlo o wilads Jo el & ypotr o556sS sl
&5 amle slp go0e g, Sl e 5 LT
Sl 59 Seat yile 959, JEIs )0 ailysl w5l cale
Sl 6T e bl S sl (5 )s5me o)lie Joo
JE ol Ko Vb jalen; b oolael gl alaly o S8pen
18] el ool sy J= o Jed

hgsas @RSl gy b8 NAVE L s
Judos 256 VY Jlo o dV] S gial sl o Ysles
Ol Jae Sl 58 5aein yiile rdle (silulaz o5 g30e
3ot VAT Jlo 53 (3)l5en 5 oM 5 [A] (5520
Lalsslosls ol 1 5emiy il cpeiile 4o 55 ol sous

do Siluodard )en 9 S35 Yoo F o jo rizes
sagby, 5l osliinl b ) 5o il 09)0 55 by som
SV Y Jlo e peial [V ]T Slonle oYL Sslis
095y Seeludgyad Slalre glp Cslite Juo g0
dalie @0 L 1) Joo 99 e g 00,5 oolitul joudy il
L olSan g oflsSsr oYY Jlo o 5 [ el oo )8

%9 e 35 ok R N8N sy, 3 eolau!

1. Long Rotor
2. Boundary Layer
3. Computational Fluid Dynamic

Slatad (98 5 psle ale

Vol. 99, No 2, 2022, P 96-105

Vo0-9F o A F) Sl ) oyled A8 als

'A‘
19;?



aA

0 59595 0958 eyl wlyslliSe S b (o slwans

@ > LSS gy elel S onl e @Vl Jo el
DS s bl el 5 lajes )50

Biws S Sygots baly; o] 0 & LS5 sy
3,15 L "(GMRE) wighs oo J> lojpe jsbas 5 Yolas
ol 5l K> onl e s DAl sass plwl olols alwgay a5
oobely SYoles Jo ol ol 0 0gdle 09 oo oolaiu]
Sl 055" g3lwosly pgdinl Jli8ley )0 1, TLU-SG (s,
aalsl s lawgs ond alowl LIS Lol aslllas o [Y-]
oS Wlal g xS e b plal Sl okl 5 oud ool
gy Ll 00,5 1oy Sgupe g a8l 5 ,] AUSMT Up jos,
Looysmp o Vb cds L3l placyie AUSM o
@Yl Slele (235h 5 o5 s30e lallas da Syl
&yl osae wluly AUSM la g, 5o IV W)l
@ boke Sl aS gysbar wigh oo 4SS Glakexr Wi
5 Sposp sbolyr wlp fowaVl 5 TS e )
olelr 6550 Shole by dgdee colinal Dgol )
Jobw zhw jalxe bl )0 59290 SleMbl 5l S)lae pass
oo @ ol ) Sledbl &5 e amis (o 9 WS (0 Joo
520 4 axg b Grizes ogdioed 485 B 50 e
O O 5l ekieds 5 (35 pe GR9) 50 S92 g0 DM (3
Moz 5 (omwlin oy Cambigo oJ> 50 09250 Slilulys
@ & egias S lsieds o(gjludinns s ool B>
LS oo Wl Jo 8o )0 oo (i 4S 09 adlol O¥oles
el Ll L Al oVl gla by, 450yl 4 axgs
S5 b ogyonl 5 e)lgiul aatiie Sl sluial s by
) (293 Bl Glare pl e 55 by

AUSM™* up _sg,V.0.Y

Lol oglis g AUSMTUD b9, 2 oS> Lails; eesss sl
Sl p 5 s5Smgné Yol AUSM sla s, ol
] 00 AL ) O ygods

¢p+V.F=- ()
F=[pu pu" Poue], @=[p pu p&] i s o5
Lol (g SG HL sl

Sygods jeamgpd L AUSM (lo g, a0
965 oo oot ke gs’l'>4"l'> sl (e

F=F°+P *)

1. Implicit

2. Generalized Minimal Residual

3. Lower-Upper Symmetric Gauss-Seidel
4. Central

5. Upwind

6. Artificial Dissipation

Journal of Nuclear Science and Technology

AL 55 oLy p oSl w¥olee Y

5 rbSl? SYoles ey EYCINS ey (5‘)" S ﬁ@
b 50 s bl cdle o bz oS Vol sl G,
el 00l Lo 3 Q)yo@gslf

f sy dolas

ViV H)=- QD)
55 doles

V(oVV )=-Vp +V.r + pg )
165, olas

V. Ne)=-VKVT)=V.(pV )+ V.(zV) ")

:Jloasl 55 @ bgspe Lo 8,90 SYolas

O

p=¢-Vpl,y=—1=CT %)
C:V
Mg 8 I e p s T @V pVolas ol o

C

Sl Cad b s }/:C g Gl SOlan &l > el

R L-w‘ ol a9 ,Lid )0 ohug
6 Olreas 55 Jbews 58,5 5l 30 Jolds ol aslllas o
sl 5 ol Colan i joSany 38,550 j0 <ol (JalS
e GRS Qb (18,5 a5 )0 2l Gizes 5 55 ok
g0ty By Geizpd 2l aiile 38 50 5l 5,5 Olls

el oas o8 gl

J> ey ¥

JA dd 090 ol p0 bz & Sllre slad
pb aSs oS cpwain Glodl ool olaws 4y (285 sales
G b ol g el SYslie s 098 o0 e )l
oyls g bpbol S olF ] isd oo (glwdinns cwleo
alio cuwlio a5 (g0, lulinl (sl yog, b g ool (g jlwdiwns
Aigd oo (5,5 DY olre [0 g dwlxe wiiie Al 540
2 SYgeeme g 0ad Jo LSS g, 5l eoliiul b alis L-"-ér'
Sl 5l a¥olee ool > 6lp ol oo cavoas J> 4>t JS
el sl ool ICDB

ICDB &> .Y

9y b ol 0 a8 (I sl p Sl> o Cond ol o
oas 03ld Aragi 318 0, (g5lwauns 4 AUSMT Up

Slatad (58 5 psle aloe

Vol. 99, No 2, 2022, P 96-105

Vo0-9F o A F) Sl ) oyled A8 als

'A‘
19;?



eSS Lo e o o ST e s yanad all Js

a4

Mp:—KpmaX(\—aM‘,-)pR—_pvL
P¢Cy
o<\, o =(p P Y QYY)
max(\—oM ", >.
S Gz '“ZL‘@‘SKPS\“J@‘) ol &S

AM alyl, b gjlwosles shiiea, MAX(O—0oM 7,02+
D9 5o &,

Am =[m*_ (Ma_-m" (Ma )]-

.5
(Ma_ )—-m~ ,(Ma, =

QRY)

[m 7<\°,/>’>

ey oS alsl Lo led e AUSMT up oy, o

Pr = p+<a,a>(Ma|_)pL 0 o Mag)Pe £y ™
QT o as
P, =K, P o0 (MR P, (Mag )+ )

(P +PCr Ug —U)

J3dle s 5o o etysSl sl et SKG SV ) ol o
el ol 3 ) USE s psiy

JOITPSWRRRL X

65, 150 Siges e Ol > (ICDB) Sl e Lzel (61
Ll ol oads a8 L o Swbbol o amio S
Sypeds ol g Cewd g @Y axmio 8 65
k)i“’) Gl oy Ll oo 9 S ‘)L."Lé 6‘); ‘)M ula\)‘)f
VoS Bllae sl jlsle aSin 5l ganased lp (Y
Olgies |y oledl o 4zl sl < 4o sl o oolizl
Glp bl el oud ady Giye g plaie Sl S L
ool 5l e8!l eaiel sl Jdoas sl fea 4
“ObalS S syn Sl 0s walss iy Sel Mae 20
A S5 daxbe Suo5 ok (sipe Y 50 wad sl
Slaws 45 00,5 st S anlllao b .ol 00 55, s>
6 dmio & ke 505 olad g Yo oxYe o Lo Jsbe
K sles HFY Flo sae L co6 axmio (g9, 5 youe >
Aib e PFAN Pa jlis o YEY 0

Journal of Nuclear Science and Technology

Oygods b sk o Sl amio o Lo dYY] g2 e gl
Dgu o0 Allgl )

\
F, :ﬂchaf (@, +®p)-C, |Ma, |((I)L_(DR)}r pnj

f
“Sf""“'“ Ao 30 Gy Cspw

\
C, =?(CL+CR) ()

Ma, =—- QY]
Cf

Ma, == ()
Cf

Hlid 5 Sl axao o

Ma, =m*, , (Ma)+m", , (Ma,) OV

pf = p+(a,a>(MaL)pL + pi(a,a)(MaR)pR (\Y)

25 Dogehs jLid g El sae uizea g oud w8F Ll o

:bb;so LS
+ \
m*,, (Ma)=(Ma+|Mal) on
m*,(Ma) if [Ma[>)
mfh(Ma): +) ‘ . Qhp)
?(Mai\) otherwise
s m* (Ma) if [Ma[>)
m(;’ﬂ)(M =9 . (\)_ i | | .
m* MapFispm*, (Ma)] otherwise
\ .
—m* (Ma) if [Map\
p:’;m(M a)= M a (w)( ) I | (\;)
tm*, (MafyFisam® (Ma)] otherwise

osssli AUSMY UD jbs, ol wis oo 4ol YU ¥ole
D9 52

+

Ma =mm(MaL)+m‘ (MaR)+Mp Y

5,5

Slbors )| (sl a8 conl s,Lid 395 5 M T s a5

Dgd o0 iy g Oyg0d omb Flosae b b sl

Slatad (98 5 psle ale

Vol. 99, No 2, 2022, P 96-105

Vo0-9F o A F) Sl ) oyled A8 als

'A‘
(9}’



35595 0950 plygl wlysllSe 518 L (o sleanl

s sl oad ools HLas Y 4 F o IS0 jo Cod asan
L ol mls o w2y BB OB a5 s o lis
Sl 092 g oyl dslllas

ICDB > ;l oowl Cawods aicion laie & JSo 0
o A oot Jo el Casody aiinn ke 4y o
S 3 059 Sades Alie 5 4oy MalS gl Lol wily
Cawddy mls ¥ Sy sl dsye £ osgas jo OLS
ShpS Sllwg Gl olcps > a4 cons ICDB 5l sl
ooy ol adllas o ICDB s B o 5 s ]
ddlos 2oy ¥ 3ga> )35 ol (295

S50 &5 20,5 pasuie @lS (ow)n bnl 2 odle
Ol adllae 5 ICDB L spolis s a1y 5 cigld
Slr ez S Olsea Glgis o 5l nlaln 5 oty
15 350l 51055 oolizl Slalllas plo s Anglis 5 sy
csls 5l Jol> mls L ICDB Sl mls o Cood
Golwands glp joSie Sl> Como g Cdd g ol dwslio

DBl oo sz BB 59, B9y 55 Bl

Ao Vg Yf.- Yy
|
N P (Pa)

[

p[Pﬂ] Ae- \§. YE.. Yy. .

YT pgh ol

LERA

oot asdllas 5 cussls ACDB Sl> Lid sla,guls anylie F S
Iyl

Journal of Nuclear Science and Technology

=

‘ okt 45 g tin =7 ‘

}

Lo giie s bib el padil g g po dadd 5l | pommmmmmmm oo '
| A e

N R e s e A 5 s i

: (ausMy

1

Slojas o

L an e M- -- I
w3 ‘f‘““gﬁ‘ lhy o tales GMRE = Yakes Siun jon!
IV o 3 0o st 3

I

| L-5G o fle g |

I

LSS amino 5o Jlow aiels (g9, a8l Lsle ganasin ) S

upper
E
. Inlet outlet
o
T
plane
Yeomm

LSS amho S5 g S0 hulrd g Sleelre aals ¥ S

WS dzmas 0 Jlew aals (g9, 4Bl LSl goaSln Y S

Ao (i lasl U YLY
5ol Cewow mls > slael oy Glp
5 S5l )l ey 4 bae mls L ICDB Sl
L oolod adlhe oedoe aulio VY] olos aslias
S5 85 5 pshinl 2 ISz slias Sl 5 oslis
3 Les g jlad gla,gnls ol oui ploul [YY] Fastran
alie 0 5 ¥ sl S8 50 oot i b ol adllas
5 ICDB Sl> sowl cuwoty mls uzps Sl odd
Slos g ,Lid a0 568 .l ouls A lde ol dnlllas o CuSsld
S9y » oo adllas g casels ICDB > 5l sl cowsa

Slatn (95 5 psle alono

Vol. 99, No 2, 2022, P 96-105

Vo0-95 o N FY) Ll o)les A8 uls

'»‘
c‘i@?



eSS Lo e o lo ST e s yhnié 4l Js

ol abimo gy ¥
095> milsl whsldliSe 5B (L= gl jol alinse
VYoo MM glas,l g 80 MM glad b Jow 5o il SO
Sy (e Sl 0 dax 0 F o glhad SO O gody a5 Col
alivs Jo 0oty Jdoas dslllas (] )0 0gd o a8 5 a5 (o
Gl 0956 00,5 oo oolaiwl a8l LSl sunasl
Slpess a5 glacosdas (o a5 ol oald ploil Cud i p
Py sldske jlwasee &) ol Slhogas jo swad
S g oylge LS 0SSl 4 axgi b 005 e ool
sadshe 51 SThes 39)9 5 Jar wogSl ol 5 Vb o
30 (60aSll g dwdid A Sy el al solainl (5 55,
o oanlive a5 jsbolan ool ot ool il 12 (olas
o iy oyl a4 a8 Sy35 b ool ol 3.
S99 oJiy Bkl >lg ganaSid e Gl slp ool
oads ooy las (655 olul b ailewy oSl 5 STye>

]
Silwdeed sl ead adS s sleyull
ond ALY Jouzr 5o wilysl wlysldlSe 557 sl 5euis ol

]
5 TV Kles (sl i Sy (o sl adsl Ll
abl, & axg Lol ool a8 5 L 0 V0. Pa jlus ol
pyz oad a8 5 las o adgl Lid g Lo g Jlowsl 518 <>
Lo 50 dulpd 00,5 oo alne /7 G 55, 09y ads
3T K e e Kl o8 Y- KL oSl
YV KB Y Sl s (bolS &jaoa 555, 0)lss &l
o gloelors gl e ghpe Ll el o Jlac!
SN Jgame 5 wlowy 55l sl HFO MST L
Ll 0l Jlosl G5 pi5 > e 4 Cond o0 Y
bosSul 5l (25,5 Oz 5 Y MYST Ll Sss (o0
Shgods 35 aSl SYolre el oals Jlesl < F0 S L
ol oad aid Sl 5o gy )l <l 0 5 LL
S50 5l e le polo aslllas jo oud i8S Sl s Blis )
GBS sl a5 ey o Sl o558
320 iz 9 58 oy sl S 5 ale)S Calus i jeSan
Sl pS ol plp e WIS ol (35
o bl oads (58 6l @yg0n Gl Geizes oeble
Sl WS (Kol e (Sl SVl lojes
ok Sleogas mig Jlowl 55 el doles 5 (55l
ol odel Cavody > aials plad o Cae g Lo L 3

FI1SAN ¢
e iy Sl olelad 5 g5 bl Jhel b
JLad Heils 4 S o wloe Cansay He8g; (950 Gl
° odalive a5 )#uw w‘ W) o.)‘b QL““ )935) 05)\)

Journal of Nuclear Science and Technology

(w,lf) Loo

ICDB sl

LERR N

YoV o yls

olins asllas 5 cussls CDB Sl Les slo,sils avslin .0 JSUb

Il
- —
: i 1 — sl
5 A
¥yeod vV O YYyeel ICDB,il;
s ) YTl
i | —YY g
VFoe E N
3" Ny —
B P .
é I \l s
—\9‘ 1 [ BT ¢ I3 A \
IARESA:
$ee
Voo
i . LTS SEEIEE SENRIEY SRS S A BRI ¢ N F cNE NN i

Olros adlllas b o598 asio slael o jLid Slss anlie F S
vl

\O- -
Toussld
V. ~~|CDB Sl>
S s
| YN g8 oy
5. | £98 O
| o ) AT Y
i v
} R g
1 LARIRIES SERTES SRPPPY S \WoONE N8 NA Y

Ol asdllae b Cou axao slael jo Led @lyss awglie ¥ JSCS
Iyl

Slein (95 5 psle alono

Vol. 99, No 2, 2022, P 96-105

Vo0-95 o N FY) Ll ) o)les A8 uls

'»‘
1'9;',’



35595 0950 plygl wlysllSe 518 L (o sleanl

el 00 00le las 5959, 9,0 Les HenlS Ve S o

Blowy oSl o3 50 Led 0,5 0 cnnlice 4 jsbjlon
bosSor )3 @ Glagly copm b Gl (o )0 She
$5P 4 Sl @l ol 4 piS i (b 0y
loo el oals Lo aoli8l cely oS ol baws Fgyo
aS 09l o oddlive dusy oo YV K sgus a4y adl iolsdl
35 09,9 pe ol 4l ol STjes GBlbl L > sles
o baie Joa 959, 09)0 4 She> 3959 e
sanlie b Lo Lzals pl a5 Wb oo 2ol o] oo 5
F9 09 S Sepw el V) SE e adlee
@ ey bojluisgzy (elad (b o5g) b ST )3 e
a8 A Sligs 0958 Jome j0 a5 Cewl asrine VY S
A ol Ce g 0ad 5 e g a0l g5y, S50

cield UICDB Sl gos s duas i 1., F
)‘)S‘ﬁ)" )| J..al} C.al...a La ICDB )ﬂb )| ol Cawddy eL..»
ol oal plowl 5 (LaSy (pwsin 9 550 Ll o0 jo oS5l
iy 3 ekl by (JBa aly p Sl wogame pa )
3 el oal plxil SVolee Jo> g (gjlwains (FOB) o,

» ‘apuﬂ )‘)S‘ﬁ)" )| oolazwl La ].al} GO J.’> 45@)5..9

)| obLﬂ...w‘ la 9 lelfo =bl.a 5 )ﬂ> s\)jm [“” V.uj) V.uLu‘
ons ol c¥olee > 5 (gjldiacs AUSMTUD s,

A0 alie Ojgoa Vg @lae by, 90,0 adyl
w‘ 0 4.._9;

\

|

L AF

—.v

[ - £
< OA

Loo [asin Lo

il 58l 5 STg5 305 e iy BT Lo S ,52ilS Ve JS

Journal of Nuclear Science and Technology

o)lg2d LS 50 sl wlysldliSa S 1 ol ey w098
Ol Babay jeme 4y Cad o)lgn0 (LS g oals pex 509,
o YA Paaolgs LS o jLad aS s sbay ol aisly
SS9y odle j5is; 05y S S92y e )
ool Jay i o lad EalS el gyeme Oz n sSul
Sda ey bl plpy Voogas jo jlud cos ol a5l

Sloads Jlo 5 ol sy jLid ascion b slael el

- -
T gyl
Rl Hyafes
’ e
)
//
. ’/
2Py e
H=-¥ s
I &
1152 i
kil F sl _..J!»“"-“:‘!L‘
S S

F-Z sl jo Al (guuaSis 5 dwdin A S0

gl 58158 515 slo gl ) g

e sally

rar (g/ mol) M) S5 Jsssa o

VA (j/kg.K) ©Cp) oy slo S 2
C

i (7 =) ohysbof cs
CV

ooV (W/mLK) K) pleF ol oo

.-+ VA (pa.sec) () 439509

o BLbl g 59ni il 55, (9,3 LA o Huils A S5

Slatn (95 5 psle alono

Vol. 99, No 2, 2022, P 96-105

Vo0-95 o N FY) Ll o)les A8 uls

'»‘
c’iﬁ,‘f,’



eSS Lo e o lo ST e s yhnié 4l Js

ICDB

<

o
|
|
|
T

=

S/ (i) 5LS
;}’ <

(%) e

2gld g ICDB Sl 6l oelads slinl) jo jLad a9 NY S

)

9
3
3
3

2

3

3

3

() &lats
5 ICDB > glp olai bl 1o Lo mje dawlio Y JSCO

JERENE

99y 0olmd Bt VM gl 51 Jlgtie o ST 95 5925

o aibios 59y 09 B2 ok 9 Sbml I S
5 0ylen gles Lol T docs Sles S e 3929 ol Jdo
FeS oS S cnl )3 adlbioe oSl (Sl Sy
@los OLlS )l o)lgs 5 all o 305w S mly &5
S L wles o 58 sl oals (5,8 Lo g (pl e o>
Jedoas 5 alioo Gal¥l O I8z s ) 5 00 350 0y
@ 059y Ohed 3l A6 ok Sl 50 5l )5 SLd S92
& oSen QWYL oS )0 0gboe 000l 0)l900 Ceoms
3 g ol Heig; S pe Ceem 4 FSew B g ool
(wbos Rl Lo i)l Al L aS) 55 5589, so)lmd
L oo ooled 5o Jes Vb oS5 5Sh03 5 slasSUge

Journal of Nuclear Science and Technology

Sy g olad Cepn

STgs 35,5 Blbl olad s s ,55ls VY S

5o el glisly jo jlad ol s Jloges VY USS o

g (Z= <0 M) @Lw bla.u (Z= <Y m) U’:"L’ bla.u LW
Oloa Zuwl 0ad pay 559y (90 @= 0 A M) (VL elade
el 438, 53l ol gty (L el e a5 y5bo
S glas sbewly 5o 559, o)lens (g, Hlad Slyess
i) bl o las DSl ol Jade 5 oyl Sul
D49 99 5l el Cawdds sla,loged duslie ol o V¢ ¢ Pa
o3 V¥ S5 55 el 1500 b gl g3 31 51 LS
) 359y 090 gale dw yo (elad sliwl) 5o Les Dl i
S o 5 ¥V K YL S sloo aSyl @ a9 b .ol 00l
3979 o)lpd $9y Led (b LalS 5 wdbee Y0
el ol L= M o a4 cul asin opluly o)l
Lo o oo G oo Y glad o ol poogdle il ol53l Leo

K b

@ Olgsr )59y 090 Lo Gl Bl Jle el aidly 2l
a5 slaad 5 35Sy S 5 s pieeSTi
g GBS (g, 90 5 edel Cavods slajloges duslie b 0,8
» ICDB Sl> L a5 plnil giluans @b coo
JB g patine Culsls b ad S plonil (giluand b avslie
Cowddy slod aicin b odal Cowsds slales ail oo JouB
Sloads Jlo 5 ool
PUA) 5970 (o7 )L @95 sl loges 1F JS0 5o

PSS by wl)l e Job alaie aw jo gl sy
30 Goge ooy i polie aSyl Jdody Lailoads anslie

Slp wbbos yho 4 Sep g b ey, 5 e 4l
Al vy ot Y M bl 5l o jloges g sioled

Slein (95 5 psle alono

Vol. 99, No 2, 2022, P 96-105

Vo0-9F o A F) Sl ) oyled A8 als

'».
c’iﬁjf-.’



0 59595 0958 eyl wlyslliSe S b (o slwans

G Al g Sy B

ol ;0 ICDB adbanwg K> 5l oolaiwl b aslllas ol 5o
A0 b eyl wlsllSe S Gl ileand g
S wo)lps slos bolS) S e Jelse dan 1,5
(255l Sl Spme 5 5 zo> 9 o9y oS sled
Slml 1559, 09,8 Gas7e Sl S e Jlesl b o plox]
Silalaz 3 Shoe gy 0 I35 3T 5yl oS 05 s
5 Como o, addlas cpl 5l GBas 0 walys e il
050 38 olr Gileas ¢l ICDB Sl s Ll
polde slp om0 loosls aSyl 4 axgi L .ol oo 509,
Siorel SUBGI L g 35l 3529 959, 09,8 Gl Sleogas
Ol Gl plis s 6 S o3Il BB 5559, (59,0 polie
e e wBlboed e (225 Glaosls b anlie
S92 10 Sigemle by il S Gl (o Ll
itgls 5l Grizen 5 ICDB b b o ambe 5,
i liel g anslie Bon Loyl Sledbl g ai gjloas
A duslie Glpd Slalllas 5l o] Cavsts gl b i
Silwamd slp S ool Glaolls ) n Sl e
g5 owie Lla b (Joe 59 qeuslysl sl )oldliSe 515 (b~
dnglio b ool i85 a5 )5 cleld 5 podinl o alie (5550
Slessls b oaslie ;0 ICDB Sl> w5 asiin mlo
Silwad )3 S cnl 5l cnlple cal o5 5 (S Lael
oolail les oo 559y 09)0 il wligllSe S L >
J2) ponl lBle s 50 sszge Slaclll 4 azg LS
SaS 38le 5 ol 5l ol (DSMC ig, b JsSUge >l
Seeiayile H59, S 09y B L, Jdod 4 e JB
2,5 2l

19508 g LS
slagld cSps Joy (8 glacoles boadlas o)l

L opl jo il a8 5 slxl ol ] sl (6550 ylojler azd iy
ol g 5000 ;158 GBI Gl aies )l slwl 5l sl o3V

S8 5 S5 50 lacyles LS o 3l S5 B
Y DN
o2

&=y

1.  S. Bogovalov, V. kislov and 1. Tronin, Impact of
the pulsed braking force on the axial circulation in
a gas centrifuge, Applied mathematics and
computation. 272, 670 (2016).

2. J. Hu, C. Ying and S. Zeng, Overall Separation
Factor in a Gas Centrifuge Using a Purely Axial
Flow Model, Separation Science and Technology.
40, 2139 (2005).

3. D.R. Olander, The Theory of Uranium Enrichment
by the Gas Centrifuge, Progress in Nuclear
Energy. 8, 1 (1981).

Journal of Nuclear Science and Technology

JB sl g oud onlaS (53, 35 pe Caew Pk sled
Sgdise p (0550 & Su33) oy clodsse by lag]
2 9 Vb S @ ol Suop 3 S e gn! )
Oled S oo &8 > (il Cee B g8y, S50 Ceem
853 gy 99 b siludnnd gl 03,5 o0 cdalin o5 sk
G5 ooy Le (gl odnl Cuvody polae aS aas o ol
S 50aSs b sol; Dl

e Jol> w5 al) gly col S5 LB w5 oy
el psdcnl 5 cadsld b (siluaned 5o (sl oSt 51 il
03,8 QLS UM L ply 0l JLS 5o Jobo nlo 5 oud
R

B Ol ileand @l anlie il saslin 4oL
J> ey 90 b G ile 9ig) (9y0 eyl sl plélSe
OO Dgliie ) e oS slo Glas cudsls g podienl b soue
g 03 S35 Sy & @l dapl e il o,
o Sl 51093 5 (295 B3 5l pedinl byl addllas )
2 odle pgdinl JlBle 5 a5 Cenl (55900 4SS (nl SO i
5 Vs 4l Jo cobl os G, 5 Gos ko
ol c3gls JlBle 5 y0 a5 b 3 adloo Llo 1) S dnngs
Lgyonl 5ol anwgi 1) of plyiend 5 a2l o7y colils
il o ol allbarng Sl oo Ol g oLl
5 sl wlslelSe [ by gleand Gl mee S8
By H959) 09s° Py Al Sileaned 5 989, JS

3 \ Il
&‘; A —=H=-x 2 ICDB S1t> |I|
Y| [ —Hees 1
3 F o[ Hea s l
h l:;]'.
2 s H
N [
3 f
s RN
3 ¥ il
'T Sy :._\\_\‘ .]'
y; T L .:|| I:'.I.'I
z HY.LV Yo s "/\A“E -9 :\A\-\\".,'ll’ \
1 v VI
3 . () &las v
3" " ,
lr; A ——H= Yo “"'“"9'15 |
By ]| Hee
(1 el L H= A e
:o‘ ’
}: 'sf P
‘ \
: s
- ., \
= v // 0 /
3 L M |
l:; ——TTT T T T L '{‘.-I T I\!;- ——
A N IS AL SERTLTN [
P 4 “‘—__‘__Jf \ 1
g \j
G -F
() g las
Mo lp ol slowly 5o gy9me (o JLo Slpnas NF JSCS
o3els 4 ICDB

Slatn (95 5 psle alono

Vol. 99, No 2, 2022, P 96-105

Vo0-9F o A F) Sl ) oyled A8 als

'»‘
(9}’


https://www.google.com/search?q=S.+Bogovalov%2C+V.+kislov+and+I.+Tronin%2C+Impact+of+the+pulsed+braking+force+on+the+axial+circulation+in+a+gas+centrifuge%2C+Applied+mathematics+and+computation.+272%2C+670+(2016).&rlz=1C1GCEA_enIR903IR903&oq=S.+Bogovalov%2C+V.+kislov+and+I.+Tronin%2C+Impact+of+the+pulsed+braking+force+on+the+axial+circulation+in+a+gas+centrifuge%2C+Applied+mathematics+and+computation.+272%2C+670+(2016).&aqs=chrome..69i57j35i39i362l8...8.14j0j15&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=S.+Bogovalov%2C+V.+kislov+and+I.+Tronin%2C+Impact+of+the+pulsed+braking+force+on+the+axial+circulation+in+a+gas+centrifuge%2C+Applied+mathematics+and+computation.+272%2C+670+(2016).&rlz=1C1GCEA_enIR903IR903&oq=S.+Bogovalov%2C+V.+kislov+and+I.+Tronin%2C+Impact+of+the+pulsed+braking+force+on+the+axial+circulation+in+a+gas+centrifuge%2C+Applied+mathematics+and+computation.+272%2C+670+(2016).&aqs=chrome..69i57j35i39i362l8...8.14j0j15&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=J.+Hu%2C+C.+Ying+and+S.+Zeng%2C+Overall+Separation+Factor+in+a+Gas+Centrifuge+Using+a+Purely+Axial+Flow+Model%2C+Separation+Science+and+Technology.+40%2C+2139+%282005%29.&rlz=1C1GCEA_enIR903IR903&sxsrf=AOaemvIO4pR_4Q33ku7ey3m542nZI345ig%3A1634978302613&ei=_slzYYvoJNHBlAaku7_ABA&ved=0ahUKEwiL38TnkODzAhXRIMUKHaTdD0gQ4dUDCA4&uact=5&oq=J.+Hu%2C+C.+Ying+and+S.+Zeng%2C+Overall+Separation+Factor+in+a+Gas+Centrifuge+Using+a+Purely+Axial+Flow+Model%2C+Separation+Science+and+Technology.+40%2C+2139+%282005%29.&gs_lcp=Cgdnd3Mtd2l6EAMyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECdKBAhBGABQw5oBWMOaAWCioAFoAXAAeACAAQCIAQCSAQCYAQCgAQGgAQKwAQrAAQE&sclient=gws-wiz
https://www.google.com/search?q=D.+R.+Olander%2C+The+Theory+of+Uranium+Enrichment+by+the+Gas+Centrifuge%2C+Progress+in+Nuclear+Energy.+8%2C+1+%281981%29.&rlz=1C1GCEA_enIR903IR903&sxsrf=AOaemvJTwIuprbBi9JWMhclo2g9mSUtzWQ%3A1634978324558&ei=FMpzYb2rIc2ZkwXFwZ7oBw&ved=0ahUKEwi9hYDykODzAhXNzKQKHcWgB30Q4dUDCA4&uact=5&oq=D.+R.+Olander%2C+The+Theory+of+Uranium+Enrichment+by+the+Gas+Centrifuge%2C+Progress+in+Nuclear+Energy.+8%2C+1+%281981%29.&gs_lcp=Cgdnd3Mtd2l6EAMyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECdKBAhBGABQhnJYhnJgrndoAXAAeACAAQCIAQCSAQCYAQCgAQGgAQKwAQrAAQE&sclient=gws-wiz
https://www.google.com/search?q=D.+R.+Olander%2C+The+Theory+of+Uranium+Enrichment+by+the+Gas+Centrifuge%2C+Progress+in+Nuclear+Energy.+8%2C+1+%281981%29.&rlz=1C1GCEA_enIR903IR903&sxsrf=AOaemvJTwIuprbBi9JWMhclo2g9mSUtzWQ%3A1634978324558&ei=FMpzYb2rIc2ZkwXFwZ7oBw&ved=0ahUKEwi9hYDykODzAhXNzKQKHcWgB30Q4dUDCA4&uact=5&oq=D.+R.+Olander%2C+The+Theory+of+Uranium+Enrichment+by+the+Gas+Centrifuge%2C+Progress+in+Nuclear+Energy.+8%2C+1+%281981%29.&gs_lcp=Cgdnd3Mtd2l6EAMyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECdKBAhBGABQhnJYhnJgrndoAXAAeACAAQCIAQCSAQCYAQCgAQGgAQKwAQrAAQE&sclient=gws-wiz

eSS Lo e o lo ST e s yhnié 4l Js Vo

4. J. Brouwers, On Compressible Flow in a Gas 15. S. Yousefi nasab, and et al., Investigation Gas
Centrifuge and its Effect on the Maximum Behavior Inside a Gas Centrifuge Using DSMC
Separative Power, Nuclear Technology. 39, Code Developed And dsmcFOAM Solver, Journal
(1978). of Nuclear Science and Technology, (2019) (In

5. P. Migliorini, PhD. thesis, University of Virginia, Persian).

2013. 16. V. Ghazanfari, and et al., OpenFoam application

6. T. Nakayama and W. Takuji, Numerical Analysis for numerical simulation of thermal drive effect on
of Separative Power of Isotope Centrifuges, gas flow in a gas centrifuge for total reflux,
Journal of Nuclear Science and Technology. 11, Journal of Nuclear Science and Technology,
495 (1974). (2019) (In Persian).

7. T. Kai, Basic Characteristics of Centrifuges, (I11) 17. S. Chun, S. Fengxian and X. Xinlin, Analysis on
Analysis of Fluid Flow in Centrifuges, Journal of capabilities of density-based solvers within
Nuclear Science and Technology. 14, 267 (1976). OpenFOAM to distinguish aerothermal variables

8.  T. Takuji, Numerical Analysis of Separative Power in diffusion boundary layer, Chinese Journal of
of Isotope Centrifuges, (II), Journal of Nuclear Aeronautics. 26, 1370 (2013).

Science and Technology. 14, 901 (1977). 18. J. Blazek, Computational Fluid Dynamic Principle

9. L. Cloutman, Numerical simulation of the And Application, (Elsevier, 2001).
countercurrent in a gas centrifuge, Los Alamos 19. S. Ye, W. Yang and X. Xu, in: Computing
National Laborator. 8972 (1983). Machinery, (Wuhan, China, 2017) .

10. D.lJiang and S. Zeng, in: International Conference 20. S. Chun, and et al., Implementation of density
on Nuclear Engineering ,(Miami, Florida, USA, based implicit LU-SGS solver in the framework of
2006). OpenFOAM, Advances in Engineering Software.

11. P. Omnes, Numerical and physical comparisons of 91, 80 (2016).
two models of a gas centrifuge, Computers & 21. K. Kitamura and A. Hashimoto, Reduced
Fluids. 36, 1028 (2007). dissipation AUSM-family fluxes: HR-SLAU2 and

12. S. Bogovalov, and et al., Verification of numerical HR-AUSM+-up for high resolution unsteady flow
codes for modeling of the flow and isotope simulations, Computers & Fluids. 126, 41 (2016).
separation in gas centrifuges, Computers & 22. M. Liou, A sequel to AUSM, Partll:AUSM+-up for
Fluids. 86, 177 (2013). all speeds, Journal of Computational Physics. 214,

13. S. Chen, S. Feng Xiao and X. Xinlin, Analysis on 137 (2006).
capabilities of density-based solvers within 23. E. Blosch, and et al., Development and validation
OpenFOAM to distinguish aerothermal variables of transonic flutter prediction methodology using
in diffusion boundary layer, Chinese Journal of CFD-FASTRAN, AIAA. 2006 (2007).

Aeronautics. 26, 1370 (2013).

14. J. Karimi Sabet, and et al., Simulation to determine
the concentration profile for a three-component
gas of a gas centrifuge machine under total reflux
flow conditions by using the DSMC method,
Journal of Nuclear Science and Technology,
(2019) (In Persian).

COPYRIGHTS @ @

©2021 The author(s). This is an open access article distributed under the terms of the Creative Commons —
Attribution (CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, —
as long as the original authors and source are cited. No permission is required from the authors or the publishers.

Ao oy 4 sl
S 50 55595 5958 palysl wlslaliSe 515 L > (iluand (VT 1) Glesld (gage demme (6 Sue (> e ISUES Lo e ( Al ST e (g janad Al g
V- 0-97 A% pgdcnl l53la 5l ooliiul b (5 97 Lo
DOR: 20.1001.1.17351871.1401.43.1.11.4
Url: https://jonsat.nstri.ir/article_1354.html

Journal of Nuclear Science and Technology Slaen 58 g pole alme
Vol. 99, No 2, 2022, P 96-105 Ve0-28 o ) L ) o)l AR Al

'A‘
19;?


https://www.google.com/search?q=J.+Brouwers%2C+On+Compressible+Flow+in+a+Gas+Centrifuge+and+its+Effect+on+the+Maximum+Separative+Power%2C+Nuclear+Technology.+39%2C+%281978%29.&rlz=1C1GCEA_enIR903IR903&sxsrf=AOaemvJF5EMVBQujCgm-DkmaglVCSXLBqA%3A1634978341102&ei=JcpzYbq3BcyZkwW2tLfoAg&ved=0ahUKEwj63fH5kODzAhXMzKQKHTbaDS0Q4dUDCA4&uact=5&oq=J.+Brouwers%2C+On+Compressible+Flow+in+a+Gas+Centrifuge+and+its+Effect+on+the+Maximum+Separative+Power%2C+Nuclear+Technology.+39%2C+%281978%29.&gs_lcp=Cgdnd3Mtd2l6EAMyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECdKBAhBGABQ2JIBWNiSAWDimAFoAXAAeACAAQCIAQCSAQCYAQCgAQGgAQKwAQrAAQE&sclient=gws-wiz
https://www.google.com/search?q=P.+Migliorini%2C+PhD.+thesis%2C+University+of+Virginia%2C+2013.&rlz=1C1GCEA_enIR903IR903&sxsrf=AOaemvKBn5vZyvh55BYE4LB2cc0Fi2XQJw%3A1634978362001&ei=OcpzYcKUPI2zsAfl-qmQCQ&ved=0ahUKEwiCle2DkeDzAhWNGewKHWV9CpIQ4dUDCA4&uact=5&oq=P.+Migliorini%2C+PhD.+thesis%2C+University+of+Virginia%2C+2013.&gs_lcp=Cgdnd3Mtd2l6EAM6BwgjEOoCECdKBAhBGABQxKkOWMSpDmCLrg5oAXAAeACAAdMCiAHTApIBAzMtMZgBAKABAaABArABCsABAQ&sclient=gws-wiz
https://www.google.com/search?q=T.+Nakayama+and+W.+Takuji%2C+Numerical+Analysis+of+Separative+Power+of+Isotope+Centrifuges%2C++Journal+of+Nuclear+Science+and+Technology.+11%2C+495+%281974%29.&rlz=1C1GCEA_enIR903IR903&sxsrf=AOaemvLYrFmocAdoyQIlYJocFGWL1cZh_A%3A1634978598351&ei=JstzYdfFFM3jsAea_Y-ABQ&ved=0ahUKEwjX8Mb0keDzAhXNMewKHZr-A1AQ4dUDCA4&uact=5&oq=T.+Nakayama+and+W.+Takuji%2C+Numerical+Analysis+of+Separative+Power+of+Isotope+Centrifuges%2C++Journal+of+Nuclear+Science+and+Technology.+11%2C+495+%281974%29.&gs_lcp=Cgdnd3Mtd2l6EAMyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECdKBAhBGABQioQBWIqEAWDoiAFoAXACeACAAQCIAQCSAQCYAQCgAQGgAQKwAQrAAQE&sclient=gws-wiz
https://www.google.com/search?q=T.+Kai%2C+Basic+Characteristics+of+Centrifuges%2C+%28III%29+Analysis+of+Fluid+Flow+in+Centrifuges%2C+Journal+of+Nuclear+Science+and+Technology.+14%2C+267+%281976%29.&rlz=1C1GCEA_enIR903IR903&sxsrf=AOaemvKii3zgJdPM_bWkRuY9vOB3jAbZQA%3A1634978616893&ei=OMtzYbDJNYu1sAe2vLSoAw&ved=0ahUKEwiwxbL9keDzAhWLGuwKHTYeDTUQ4dUDCA4&uact=5&oq=T.+Kai%2C+Basic+Characteristics+of+Centrifuges%2C+%28III%29+Analysis+of+Fluid+Flow+in+Centrifuges%2C+Journal+of+Nuclear+Science+and+Technology.+14%2C+267+%281976%29.&gs_lcp=Cgdnd3Mtd2l6EAMyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECdKBAhBGABQ2nVY2nVgrXpoAXAAeACAAQCIAQCSAQCYAQCgAQGgAQKwAQrAAQE&sclient=gws-wiz
https://www.google.com/search?q=T.+Kai%2C+Basic+Characteristics+of+Centrifuges%2C+%28III%29+Analysis+of+Fluid+Flow+in+Centrifuges%2C+Journal+of+Nuclear+Science+and+Technology.+14%2C+267+%281976%29.&rlz=1C1GCEA_enIR903IR903&sxsrf=AOaemvKii3zgJdPM_bWkRuY9vOB3jAbZQA%3A1634978616893&ei=OMtzYbDJNYu1sAe2vLSoAw&ved=0ahUKEwiwxbL9keDzAhWLGuwKHTYeDTUQ4dUDCA4&uact=5&oq=T.+Kai%2C+Basic+Characteristics+of+Centrifuges%2C+%28III%29+Analysis+of+Fluid+Flow+in+Centrifuges%2C+Journal+of+Nuclear+Science+and+Technology.+14%2C+267+%281976%29.&gs_lcp=Cgdnd3Mtd2l6EAMyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECdKBAhBGABQ2nVY2nVgrXpoAXAAeACAAQCIAQCSAQCYAQCgAQGgAQKwAQrAAQE&sclient=gws-wiz
https://www.google.com/search?q=T.+Takuji%2C+Numerical+Analysis+of+Separative+Power+of+Isotope+Centrifuges%2C+%28II%29%2C+Journal+of+Nuclear+Science+and+Technology.+14%2C+901+%281977%29.&rlz=1C1GCEA_enIR903IR903&sxsrf=AOaemvLx45EqRe5bx3_8Y888qVtmcQeXvg%3A1634978633526&ei=SctzYf6_H6XpsAfBq7agBQ&ved=0ahUKEwi-iKqFkuDzAhWlNOwKHcGVDVQQ4dUDCA4&uact=5&oq=T.+Takuji%2C+Numerical+Analysis+of+Separative+Power+of+Isotope+Centrifuges%2C+%28II%29%2C+Journal+of+Nuclear+Science+and+Technology.+14%2C+901+%281977%29.&gs_lcp=Cgdnd3Mtd2l6EAMyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECdKBAhBGABQpJ4BWKSeAWDbogFoAXAAeACAAQCIAQCSAQCYAQCgAQGgAQKwAQrAAQE&sclient=gws-wiz
https://www.google.com/search?q=T.+Takuji%2C+Numerical+Analysis+of+Separative+Power+of+Isotope+Centrifuges%2C+%28II%29%2C+Journal+of+Nuclear+Science+and+Technology.+14%2C+901+%281977%29.&rlz=1C1GCEA_enIR903IR903&sxsrf=AOaemvLx45EqRe5bx3_8Y888qVtmcQeXvg%3A1634978633526&ei=SctzYf6_H6XpsAfBq7agBQ&ved=0ahUKEwi-iKqFkuDzAhWlNOwKHcGVDVQQ4dUDCA4&uact=5&oq=T.+Takuji%2C+Numerical+Analysis+of+Separative+Power+of+Isotope+Centrifuges%2C+%28II%29%2C+Journal+of+Nuclear+Science+and+Technology.+14%2C+901+%281977%29.&gs_lcp=Cgdnd3Mtd2l6EAMyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECdKBAhBGABQpJ4BWKSeAWDbogFoAXAAeACAAQCIAQCSAQCYAQCgAQGgAQKwAQrAAQE&sclient=gws-wiz
https://www.google.com/search?q=L.+Cloutman%2C+Numerical+simulation+of+the+countercurrent+in+a+gas+centrifuge%2C+Los+Alamos+National+Laborator.+8972+%281983%29.+&rlz=1C1GCEA_enIR903IR903&sxsrf=AOaemvLsGAwDgHVosnatETOe8ryINK3S7g%3A1634978655489&ei=X8tzYc6XHY6zsAfb4Yj4Cg&ved=0ahUKEwiOw-aPkuDzAhWOGewKHdswAq8Q4dUDCA4&uact=5&oq=L.+Cloutman%2C+Numerical+simulation+of+the+countercurrent+in+a+gas+centrifuge%2C+Los+Alamos+National+Laborator.+8972+%281983%29.+&gs_lcp=Cgdnd3Mtd2l6EAMyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECdKBAhBGABQi3lYi3lgiYEBaAFwAHgAgAEAiAEAkgEAmAEAoAEBoAECsAEKwAEB&sclient=gws-wiz
https://www.google.com/search?q=L.+Cloutman%2C+Numerical+simulation+of+the+countercurrent+in+a+gas+centrifuge%2C+Los+Alamos+National+Laborator.+8972+%281983%29.+&rlz=1C1GCEA_enIR903IR903&sxsrf=AOaemvLsGAwDgHVosnatETOe8ryINK3S7g%3A1634978655489&ei=X8tzYc6XHY6zsAfb4Yj4Cg&ved=0ahUKEwiOw-aPkuDzAhWOGewKHdswAq8Q4dUDCA4&uact=5&oq=L.+Cloutman%2C+Numerical+simulation+of+the+countercurrent+in+a+gas+centrifuge%2C+Los+Alamos+National+Laborator.+8972+%281983%29.+&gs_lcp=Cgdnd3Mtd2l6EAMyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECdKBAhBGABQi3lYi3lgiYEBaAFwAHgAgAEAiAEAkgEAmAEAoAEBoAECsAEKwAEB&sclient=gws-wiz
https://www.google.com/search?q=D.+Jiang+and+S.+Zeng%2C+in%3A+International+Conference+on+Nuclear+Engineering+%2C%28Miami%2C+Florida%2C+USA%2C+2006%29.&rlz=1C1GCEA_enIR903IR903&sxsrf=AOaemvLoFxMRURvOK-59qaBDDXFXJC5n9w%3A1634978673158&ei=cctzYb6OCc_xkwW8z6XQCA&ved=0ahUKEwj-ip2YkuDzAhXP-KQKHbxnCYoQ4dUDCA4&uact=5&oq=D.+Jiang+and+S.+Zeng%2C+in%3A+International+Conference+on+Nuclear+Engineering+%2C%28Miami%2C+Florida%2C+USA%2C+2006%29.&gs_lcp=Cgdnd3Mtd2l6EAMyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECdKBAhBGABQ8r4FWPK-BWDDwgVoAXAAeACAAQCIAQCSAQCYAQCgAQGgAQKwAQrAAQE&sclient=gws-wiz
https://www.google.com/search?q=P.+Omnes%2C+Numerical+and+physical+comparisons+of+two+models+of+a+gas+centrifuge%2C+Computers+%26+Fluids.+36%2C+1028+%282007%29.&rlz=1C1GCEA_enIR903IR903&sxsrf=AOaemvLSZOA4rgppBsZijgF3-KRw_I8xIA%3A1634978764528&ei=zMtzYffYH4f0sAeQt4WgDg&ved=0ahUKEwj37uXDkuDzAhUHOuwKHZBbAeQQ4dUDCA4&uact=5&oq=P.+Omnes%2C+Numerical+and+physical+comparisons+of+two+models+of+a+gas+centrifuge%2C+Computers+%26+Fluids.+36%2C+1028+%282007%29.&gs_lcp=Cgdnd3Mtd2l6EAMyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECdKBAhBGABQ44cOWOOHDmCMjA5oAXAAeACAAQCIAQCSAQCYAQCgAQGgAQKwAQrAAQE&sclient=gws-wiz
https://www.google.com/search?q=P.+Omnes%2C+Numerical+and+physical+comparisons+of+two+models+of+a+gas+centrifuge%2C+Computers+%26+Fluids.+36%2C+1028+%282007%29.&rlz=1C1GCEA_enIR903IR903&sxsrf=AOaemvLSZOA4rgppBsZijgF3-KRw_I8xIA%3A1634978764528&ei=zMtzYffYH4f0sAeQt4WgDg&ved=0ahUKEwj37uXDkuDzAhUHOuwKHZBbAeQQ4dUDCA4&uact=5&oq=P.+Omnes%2C+Numerical+and+physical+comparisons+of+two+models+of+a+gas+centrifuge%2C+Computers+%26+Fluids.+36%2C+1028+%282007%29.&gs_lcp=Cgdnd3Mtd2l6EAMyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECdKBAhBGABQ44cOWOOHDmCMjA5oAXAAeACAAQCIAQCSAQCYAQCgAQGgAQKwAQrAAQE&sclient=gws-wiz
https://www.google.com/search?q=S.+Bogovalov%2C+V.+Borisevich%2C+V.+Borman+and+V.+Tronin%2C+Verification+of+numerical+codes+for+modeling+of+the+flow+and+isotope+separation+in+gas+centrifuges%2C+Computers+%26+Fluids.+86%2C+177+%282013%29.&rlz=1C1GCEA_enIR903IR903&sxsrf=AOaemvKQbYFwvkFg8GsMMHv4LTKTnVurhw%3A1634978996609&ei=tMxzYdCjJNL5kwXJoq2QDw&ved=0ahUKEwjQzbqyk-DzAhXS_KQKHUlRC_IQ4dUDCA4&uact=5&oq=S.+Bogovalov%2C+V.+Borisevich%2C+V.+Borman+and+V.+Tronin%2C+Verification+of+numerical+codes+for+modeling+of+the+flow+and+isotope+separation+in+gas+centrifuges%2C+Computers+%26+Fluids.+86%2C+177+%282013%29.&gs_lcp=Cgdnd3Mtd2l6EAMyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECdKBAhBGABQwYEBWMGBAWCvhgFoAXAAeACAAQCIAQCSAQCYAQCgAQGgAQKwAQrAAQE&sclient=gws-wiz
https://www.google.com/search?q=S.+Bogovalov%2C+V.+Borisevich%2C+V.+Borman+and+V.+Tronin%2C+Verification+of+numerical+codes+for+modeling+of+the+flow+and+isotope+separation+in+gas+centrifuges%2C+Computers+%26+Fluids.+86%2C+177+%282013%29.&rlz=1C1GCEA_enIR903IR903&sxsrf=AOaemvKQbYFwvkFg8GsMMHv4LTKTnVurhw%3A1634978996609&ei=tMxzYdCjJNL5kwXJoq2QDw&ved=0ahUKEwjQzbqyk-DzAhXS_KQKHUlRC_IQ4dUDCA4&uact=5&oq=S.+Bogovalov%2C+V.+Borisevich%2C+V.+Borman+and+V.+Tronin%2C+Verification+of+numerical+codes+for+modeling+of+the+flow+and+isotope+separation+in+gas+centrifuges%2C+Computers+%26+Fluids.+86%2C+177+%282013%29.&gs_lcp=Cgdnd3Mtd2l6EAMyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECdKBAhBGABQwYEBWMGBAWCvhgFoAXAAeACAAQCIAQCSAQCYAQCgAQGgAQKwAQrAAQE&sclient=gws-wiz
https://www.google.com/search?q=S.+Chun%2C+S.+Fengxian+and+X.+Xinlin%2C+Analysis+on+capabilities+of+density-based+solvers+within+OpenFOAM+to+distinguish+aerothermal+variables+in+diffusion+boundary+layer%2C+Chinese+Journal+of+Aeronautics.+26%2C++1370+%282013%29.&rlz=1C1GCEA_enIR903IR903&sxsrf=AOaemvJjGhyH1FHvM6c9bzHwyObmp01PsA%3A1634979049252&ei=6cxzYcK9DsPUkwWxpoL4BQ&ved=0ahUKEwiC1sfLk-DzAhVD6qQKHTGTAF8Q4dUDCA4&uact=5&oq=S.+Chun%2C+S.+Fengxian+and+X.+Xinlin%2C+Analysis+on+capabilities+of+density-based+solvers+within+OpenFOAM+to+distinguish+aerothermal+variables+in+diffusion+boundary+layer%2C+Chinese+Journal+of+Aeronautics.+26%2C++1370+%282013%29.&gs_lcp=Cgdnd3Mtd2l6EAMyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECdKBAhBGABQvZwBWL2cAWCHoAFoAXAAeACAAQCIAQCSAQCYAQCgAQGgAQKwAQrAAQE&sclient=gws-wiz
https://www.google.com/search?q=S.+Chun%2C+S.+Fengxian+and+X.+Xinlin%2C+Analysis+on+capabilities+of+density-based+solvers+within+OpenFOAM+to+distinguish+aerothermal+variables+in+diffusion+boundary+layer%2C+Chinese+Journal+of+Aeronautics.+26%2C++1370+%282013%29.&rlz=1C1GCEA_enIR903IR903&sxsrf=AOaemvJjGhyH1FHvM6c9bzHwyObmp01PsA%3A1634979049252&ei=6cxzYcK9DsPUkwWxpoL4BQ&ved=0ahUKEwiC1sfLk-DzAhVD6qQKHTGTAF8Q4dUDCA4&uact=5&oq=S.+Chun%2C+S.+Fengxian+and+X.+Xinlin%2C+Analysis+on+capabilities+of+density-based+solvers+within+OpenFOAM+to+distinguish+aerothermal+variables+in+diffusion+boundary+layer%2C+Chinese+Journal+of+Aeronautics.+26%2C++1370+%282013%29.&gs_lcp=Cgdnd3Mtd2l6EAMyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECdKBAhBGABQvZwBWL2cAWCHoAFoAXAAeACAAQCIAQCSAQCYAQCgAQGgAQKwAQrAAQE&sclient=gws-wiz
https://www.google.com/search?q=J.+Karimi+Sabet%2C+and+et+al.%2C+Simulation+to+determine+the+concentration+profile+for+a+three-component+gas+of+a+gas+centrifuge+machine+under+total+reflux+flow+conditions+by+using+the+DSMC+method%2C+Journal+of+Nuclear+Science+and+Technology%2C+%282019%29+%28In+Persian%29.&rlz=1C1GCEA_enIR903IR903&sxsrf=AOaemvLkbKdAA9ffG1e-hFKa_wMACl6UDA%3A1634979226269&ei=ms1zYeLjD4GZsAfIhIKIAg&ved=0ahUKEwjimPyflODzAhWBDOwKHUiCACEQ4dUDCA4&uact=5&oq=J.+Karimi+Sabet%2C+and+et+al.%2C+Simulation+to+determine+the+concentration+profile+for+a+three-component+gas+of+a+gas+centrifuge+machine+under+total+reflux+flow+conditions+by+using+the+DSMC+method%2C+Journal+of+Nuclear+Science+and+Technology%2C+%282019%29+%28In+Persian%29.&gs_lcp=Cgdnd3Mtd2l6EAMyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECdKBAhBGABQv_4BWL_-AWCBggJoAXAAeACAAQCIAQCSAQCYAQCgAQGgAQKwAQrAAQE&sclient=gws-wiz
https://www.google.com/search?q=V.+Ghazanfari%2C+and+et+al.%2C+OpenFoam+application+for+numerical+simulation+of+thermal+drive+effect+on+gas+flow+in+a+gas+centrifuge+for+total+reflux%2C+Journal+of+Nuclear+Science+and+Technology%2C+%282019%29+%28In+Persian%29.&rlz=1C1GCEA_enIR903IR903&sxsrf=AOaemvK-VuMPUvykAOTjs_p-oX6LLWvPVA%3A1634979260379&ei=vM1zYfKdFsGzkwXB2IP4DA&ved=0ahUKEwjy652wlODzAhXB2aQKHUHsAM8Q4dUDCA4&uact=5&oq=V.+Ghazanfari%2C+and+et+al.%2C+OpenFoam+application+for+numerical+simulation+of+thermal+drive+effect+on+gas+flow+in+a+gas+centrifuge+for+total+reflux%2C+Journal+of+Nuclear+Science+and+Technology%2C+%282019%29+%28In+Persian%29.&gs_lcp=Cgdnd3Mtd2l6EAMyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECdKBAhBGABQ088BWNPPAWD80wFoAXAAeACAAQCIAQCSAQCYAQCgAQGgAQKwAQrAAQE&sclient=gws-wiz
https://www.google.com/search?q=S.+Chun%2C+S.+Fengxian+and+X.+Xinlin%2C+Analysis+on+capabilities+of+density-based+solvers+within+OpenFOAM+to+distinguish+aerothermal+variables+in+diffusion+boundary+layer%2C+Chinese+Journal+of+Aeronautics.+26%2C+1370+%282013%29.&rlz=1C1GCEA_enIR903IR903&sxsrf=AOaemvIo7klYKcSIUfRQHasUcwgY2t2gnQ%3A1634979288770&ei=2M1zYdKkLreAi-gPtt-4oAQ&ved=0ahUKEwjS8OK9lODzAhU3wAIHHbYvDkQQ4dUDCA4&uact=5&oq=S.+Chun%2C+S.+Fengxian+and+X.+Xinlin%2C+Analysis+on+capabilities+of+density-based+solvers+within+OpenFOAM+to+distinguish+aerothermal+variables+in+diffusion+boundary+layer%2C+Chinese+Journal+of+Aeronautics.+26%2C+1370+%282013%29.&gs_lcp=Cgdnd3Mtd2l6EAMyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECdKBAhBGABQ4oABWOKAAWDUhQFoAXAAeACAAQCIAQCSAQCYAQCgAQGgAQKwAQrAAQE&sclient=gws-wiz
https://www.google.com/search?q=S.+Chun%2C+S.+Fengxian+and+X.+Xinlin%2C+Analysis+on+capabilities+of+density-based+solvers+within+OpenFOAM+to+distinguish+aerothermal+variables+in+diffusion+boundary+layer%2C+Chinese+Journal+of+Aeronautics.+26%2C+1370+%282013%29.&rlz=1C1GCEA_enIR903IR903&sxsrf=AOaemvIo7klYKcSIUfRQHasUcwgY2t2gnQ%3A1634979288770&ei=2M1zYdKkLreAi-gPtt-4oAQ&ved=0ahUKEwjS8OK9lODzAhU3wAIHHbYvDkQQ4dUDCA4&uact=5&oq=S.+Chun%2C+S.+Fengxian+and+X.+Xinlin%2C+Analysis+on+capabilities+of+density-based+solvers+within+OpenFOAM+to+distinguish+aerothermal+variables+in+diffusion+boundary+layer%2C+Chinese+Journal+of+Aeronautics.+26%2C+1370+%282013%29.&gs_lcp=Cgdnd3Mtd2l6EAMyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECdKBAhBGABQ4oABWOKAAWDUhQFoAXAAeACAAQCIAQCSAQCYAQCgAQGgAQKwAQrAAQE&sclient=gws-wiz
https://www.google.com/search?q=J.+Blazek%2C+Computational+Fluid+Dynamic+Principle+And+Application%2C+%28Elsevier%2C+2001%29.&rlz=1C1GCEA_enIR903IR903&sxsrf=AOaemvLXKPrge1q_d-jnA6WV3Hhid1lFLA%3A1634979307251&ei=681zYZbODs_jsAfkxKPgDQ&ved=0ahUKEwjW78rGlODzAhXPMewKHWTiCNwQ4dUDCA4&uact=5&oq=J.+Blazek%2C+Computational+Fluid+Dynamic+Principle+And+Application%2C+%28Elsevier%2C+2001%29.&gs_lcp=Cgdnd3Mtd2l6EAM6BwgjEOoCECdKBAhBGABQ3qwBWN6sAWDmsAFoAXAAeACAAb4BiAG-AZIBAzAuMZgBAKABAaABArABCsABAQ&sclient=gws-wiz
https://scholar.google.com/scholar?q=S.+Ye,+W.+Yang+and+X.+Xu,+in:+Computing+Machinery,+(Wuhan,+China,+2017)+.&hl=en&as_sdt=0&as_vis=1&oi=scholart
https://www.google.com/search?q=S.+Chun%2C+and+et+al.%2C+Implementation+of+density+based+implicit+LU-SGS+solver+in+the+framework+of+OpenFOAM%2C+Advances+in+Engineering+Software.+91%2C++80+%282016%29.&rlz=1C1GCEA_enIR903IR903&sxsrf=AOaemvLa_hG9fAokHRDddfZ0h-26IYQA9g%3A1634979353136&ei=Gc5zYcXSB4T8kwWjnbuwAw&ved=0ahUKEwiFw7vclODzAhUE_qQKHaPODjYQ4dUDCA4&uact=5&oq=S.+Chun%2C+and+et+al.%2C+Implementation+of+density+based+implicit+LU-SGS+solver+in+the+framework+of+OpenFOAM%2C+Advances+in+Engineering+Software.+91%2C++80+%282016%29.&gs_lcp=Cgdnd3Mtd2l6EAMyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECdKBAhBGABQiQhYiQhgowxoAXAAeACAAQCIAQCSAQCYAQCgAQGgAQKwAQrAAQE&sclient=gws-wiz
https://www.google.com/search?q=K.+Kitamura+and+A.+Hashimoto%2C+Reduced+dissipation+AUSM-family+fluxes%3A+HR-SLAU2+and+HR-AUSM%2B-up+for+high+resolution+unsteady+flow+simulations%2C+Computers+%26+Fluids.+126%2C+41+%282016%29.+&rlz=1C1GCEA_enIR903IR903&sxsrf=AOaemvJqS3K0KdF3arpGJz8gtQCiTywWRQ%3A1634979408233&ei=UM5zYZTKDYfmkgXPnYTACg&ved=0ahUKEwiUst72lODzAhUHs6QKHc8OAagQ4dUDCA4&oq=K.+Kitamura+and+A.+Hashimoto%2C+Reduced+dissipation+AUSM-family+fluxes%3A+HR-SLAU2+and+HR-AUSM%2B-up+for+high+resolution+unsteady+flow+simulations%2C+Computers+%26+Fluids.+126%2C+41+%282016%29.+&gs_lcp=Cgdnd3Mtd2l6EAwyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECdKBAhBGABQ1_QQWNf0EGD2-RBoAXAAeACAAQCIAQCSAQCYAQCgAQGgAQKwAQrAAQE&sclient=gws-wiz
https://www.google.com/search?q=M.+Liou%2C+A+sequel+to+AUSM%2C+PartII%3AAUSM%2B-up+for+all+speeds%2C+Journal+of+Computational+Physics.+214%2C+137+%282006%29.&rlz=1C1GCEA_enIR903IR903&sxsrf=AOaemvJehiSp2EDA_qfuCVUdXuWSccRRTA%3A1634979686984&ei=Zs9zYceyO6LlgweG0ZroBQ&ved=0ahUKEwjH_dP7leDzAhWi8uAKHYaoBl0Q4dUDCA4&oq=M.+Liou%2C+A+sequel+to+AUSM%2C+PartII%3AAUSM%2B-up+for+all+speeds%2C+Journal+of+Computational+Physics.+214%2C+137+%282006%29.&gs_lcp=Cgdnd3Mtd2l6EAwyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECdKBAhBGABQ0qIBWNKiAWC0pgFoAXAAeACAAQCIAQCSAQCYAQCgAQGgAQKwAQrAAQE&sclient=gws-wiz
https://www.google.com/search?q=E.+Blosch%2C+and+et+al.%2C+Development+and+validation+of+transonic+flutter+prediction+methodology+using+CFD-FASTRAN%2C+AIAA.+2006+%282007%29.&rlz=1C1GCEA_enIR903IR903&sxsrf=AOaemvLcsqf5l8konEBGv0EMzmodxnl-Hg%3A1634979709627&ei=fc9zYbnNJeqBjLsPpJa-sAo&ved=0ahUKEwj5_7mGluDzAhXqAGMBHSSLD6YQ4dUDCA4&oq=E.+Blosch%2C+and+et+al.%2C+Development+and+validation+of+transonic+flutter+prediction+methodology+using+CFD-FASTRAN%2C+AIAA.+2006+%282007%29.&gs_lcp=Cgdnd3Mtd2l6EAwyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECdKBAhBGABQpusCWKbrAmDG8AJoAXAAeACAAQCIAQCSAQCYAQCgAQGgAQKwAQrAAQE&sclient=gws-wiz
https://jonsat.nstri.ir/article_1354.html

	مجله علوم و فنون هستهای، جلد 99، شماره 1، بهار 1401
	1.     S. Bogovalov, V. kislov and I. Tronin, Impact of the pulsed braking force on the axial circulation in a gas centrifuge, Applied mathematics and computation. 272, 670 (2016).
	2.   J. Hu, C. Ying and S. Zeng, Overall Separation Factor in a Gas Centrifuge Using a Purely Axial Flow Model, Separation Science and Technology. 40, 2139 (2005).
	3.     D. R. Olander, The Theory of Uranium Enrichment by the Gas Centrifuge, Progress in Nuclear Energy. 8, 1 (1981).
	4.  J. Brouwers, On Compressible Flow in a Gas Centrifuge and its Effect on the Maximum Separative Power, Nuclear Technology. 39, (1978).
	5.   P. Migliorini, PhD. thesis, University of Virginia, 2013.
	6.     T. Nakayama and W. Takuji, Numerical Analysis of Separative Power of Isotope Centrifuges,  Journal of Nuclear Science and Technology. 11, 495 (1974).
	7.   T. Kai, Basic Characteristics of Centrifuges, (III) Analysis of Fluid Flow in Centrifuges, Journal of Nuclear Science and Technology. 14, 267 (1976).
	8.     T. Takuji, Numerical Analysis of Separative Power of Isotope Centrifuges, (II), Journal of Nuclear Science and Technology. 14, 901 (1977).
	9.  L. Cloutman, Numerical simulation of the countercurrent in a gas centrifuge, Los Alamos National Laborator. 8972 (1983).
	10.   D. Jiang and S. Zeng, in: International Conference on Nuclear Engineering ,(Miami, Florida, USA, 2006).
	11.   P. Omnes, Numerical and physical comparisons of two models of a gas centrifuge, Computers & Fluids. 36, 1028 (2007).
	12.   S. Bogovalov, and et al., Verification of numerical codes for modeling of the flow and isotope separation in gas centrifuges, Computers & Fluids. 86, 177 (2013).
	13.  S. Chen, S. Feng Xiao and X. Xinlin, Analysis on capabilities of density-based solvers within OpenFOAM to distinguish aerothermal variables in diffusion boundary layer, Chinese Journal of Aeronautics. 26,  1370 (2013).
	14.   J. Karimi Sabet, and et al., Simulation to determine the concentration profile for a three-component gas of a gas centrifuge machine under total reflux flow conditions by using the DSMC method, Journal of Nuclear Science and Technology, (2019) (...
	15.  S. Yousefi nasab, and et al., Investigation Gas Behavior Inside a Gas Centrifuge Using DSMC Code Developed And dsmcFOAM Solver, Journal of Nuclear Science and Technology, (2019) (In Persian).
	16.  V. Ghazanfari, and et al., OpenFoam application for numerical simulation of thermal drive effect on gas flow in a gas centrifuge for total reflux, Journal of Nuclear Science and Technology, (2019) (In Persian).
	17.  S. Chun, S. Fengxian and X. Xinlin, Analysis on capabilities of density-based solvers within OpenFOAM to distinguish aerothermal variables in diffusion boundary layer, Chinese Journal of Aeronautics. 26, 1370 (2013).
	18.   J. Blazek, Computational Fluid Dynamic Principle And Application, (Elsevier, 2001).
	19.  S. Ye, W. Yang and X. Xu, in: Computing Machinery, (Wuhan, China, 2017) .
	20.   S. Chun, and et al., Implementation of density based implicit LU-SGS solver in the framework of OpenFOAM, Advances in Engineering Software. 91,  80 (2016).
	21. K. Kitamura and A. Hashimoto, Reduced dissipation AUSM-family fluxes: HR-SLAU2 and HR-AUSM+-up for high resolution unsteady flow simulations, Computers & Fluids. 126, 41 (2016).
	22.   M. Liou, A sequel to AUSM, PartII:AUSM+-up for all speeds, Journal of Computational Physics. 214, 137 (2006).
	23.   E. Blosch, and et al., Development and validation of transonic flutter prediction methodology using CFD-FASTRAN, AIAA. 2006 (2007).

	11.pdf
	4.  J. Brouwers, On Compressible Flow in a Gas Centrifuge and its Effect on the Maximum Separative Power, Nuclear Technology. 39, (1978).
	5.   P. Migliorini, PhD. thesis, University of Virginia, 2013.
	6.     T. Nakayama and W. Takuji, Numerical Analysis of Separative Power of Isotope Centrifuges,  Journal of Nuclear Science and Technology. 11, 495 (1974).
	7.   T. Kai, Basic Characteristics of Centrifuges, (III) Analysis of Fluid Flow in Centrifuges, Journal of Nuclear Science and Technology. 14, 267 (1976).
	8.     T. Takuji, Numerical Analysis of Separative Power of Isotope Centrifuges, (II), Journal of Nuclear Science and Technology. 14, 901 (1977).
	9.  L. Cloutman, Numerical simulation of the countercurrent in a gas centrifuge, Los Alamos National Laborator. 8972 (1983).
	10.   D. Jiang and S. Zeng, in: International Conference on Nuclear Engineering ,(Miami, Florida, USA, 2006).
	11.   P. Omnes, Numerical and physical comparisons of two models of a gas centrifuge, Computers & Fluids. 36, 1028 (2007).
	12.   S. Bogovalov, and et al., Verification of numerical codes for modeling of the flow and isotope separation in gas centrifuges, Computers & Fluids. 86, 177 (2013).
	13.  S. Chen, S. Feng Xiao and X. Xinlin, Analysis on capabilities of density-based solvers within OpenFOAM to distinguish aerothermal variables in diffusion boundary layer, Chinese Journal of Aeronautics. 26,  1370 (2013).
	14.   J. Karimi Sabet, and et al., Simulation to determine the concentration profile for a three-component gas of a gas centrifuge machine under total reflux flow conditions by using the DSMC method, Journal of Nuclear Science and Technology, (2019) (...
	15.  S. Yousefi nasab, and et al., Investigation Gas Behavior Inside a Gas Centrifuge Using DSMC Code Developed And dsmcFOAM Solver, Journal of Nuclear Science and Technology, (2019) (In Persian).
	16.  V. Ghazanfari, and et al., OpenFoam application for numerical simulation of thermal drive effect on gas flow in a gas centrifuge for total reflux, Journal of Nuclear Science and Technology, (2019) (In Persian).
	17.  S. Chun, S. Fengxian and X. Xinlin, Analysis on capabilities of density-based solvers within OpenFOAM to distinguish aerothermal variables in diffusion boundary layer, Chinese Journal of Aeronautics. 26, 1370 (2013).
	18.   J. Blazek, Computational Fluid Dynamic Principle And Application, (Elsevier, 2001).
	19.  S. Ye, W. Yang and X. Xu, in: Computing Machinery, (Wuhan, China, 2017) .
	20.   S. Chun, and et al., Implementation of density based implicit LU-SGS solver in the framework of OpenFOAM, Advances in Engineering Software. 91,  80 (2016).
	21. K. Kitamura and A. Hashimoto, Reduced dissipation AUSM-family fluxes: HR-SLAU2 and HR-AUSM+-up for high resolution unsteady flow simulations, Computers & Fluids. 126, 41 (2016).
	22.   M. Liou, A sequel to AUSM, PartII:AUSM+-up for all speeds, Journal of Computational Physics. 214, 137 (2006).
	23.   E. Blosch, and et al., Development and validation of transonic flutter prediction methodology using CFD-FASTRAN, AIAA. 2006 (2007).


