[ Downloaded from jeed.dezful.iau.ir on 2025-04-04 ]

[ DOR: 20.1001.1.20089813.1389.1.2.6.7 ]

093 0y Laus — Jgl LJlw— 16 43l 1225 apuihi

K] Gl sla Jos b E-asls saniSTas slSis oy 0 Shas gl yiolly o)y

woly oMol ST oSty SilSe 0,5~ 0

Ot
Pouyan _Mohseni@yahoo.com

252> s el &S > ll oS O 50 (pl @ 0 (pu)p allar &0
S o ol gl Sl esliiul b e 9 99000 (o) 2 Bl sl 25
I¥] 55 oo o5les s L3 1 3l slag s 05T Camdds (sl Blae 13
£ lapan ey byl lats, Sl esliil L oo slagts, 5
wd S ol lacyslSen jo ©l)S (SaSTy mje SN g e
ooVl Sl oo Ll a5 55085l log Gl 5l ooliinl &5 wigd oo
Dype e 5 las bues @y o)E slagiluans sl (Y]
@S Ol awain (35 (Samgd 4 baiye Cudgame Cle 4y a5 C8S
2 ok S gy p Sl [P0l e slael B Ll
So7g 4 Ol 35 50 50 kil gy S sl (2 a5 oyl
slogiegh 4 ol Slidiss ol alex Gl cul 48,5 S p0 il
RNG k-1 slaJow ol 5 [F] o, Ken 5 15085 Lawgs a13,8 & )90
5 oS B Sy uimen 0,8 oyl 55 [V oLs g st k=TT
Loy lad cod e g YU glos ;o YU leddl) slSs S (69, » go0e
a3 ol Gy mls 4 axgl b Cd S Oge [A] o len 5 s
o33l il el Los Ll g oslSi (iluloz onjl Liglpdl el jLis
e lad g Leo oljdlas ad eols lias cpiored 00,5 oo el (g5lulas
S )88 (on hagSan Ve 5l eSS dsgas 033k 59, 1) U (n e
LSe35 pul B bawgi 55970 JLd 5 3,5 4l 5 (oules (53955 S
o Ol el LB NS 008 25 Dygem [V ] Sl (4]
dlie ol 55 b 55 ol wone L5 @l anlie glie 20
G A el 4 )3 Z Sz 0 Sy 9 Y Cuz 50 Sy laidy
amlie (0 @l b (Sasl @bide glajus bug goue slagts;
o33l 2 olyd Jlab g lSs JLad S8l ey yelil 36 Griores 0l

28,5 8 sy 50 sl

Impact Tubes ¥
Laser Doppler £
Mi-Soo Shin-¢

(96T 05 LSy ol

u/),Q} olSCiils Sl 05 5= ,bole]

A.R.Noghrehabadi@scu.ac.ir

!
29 (>

ool ool Ol T olEzils SCilSCo 09,5 e’

Hassan.Davar@gmail.com

PR S

o3l p )3 Slad g (yelS JLaS Sl e el 36 gl cal o
Glp el oo 4y Hlojle b &jgar Gladl VYo ee Sga> b el
oads oolaiwl Juopw 0i3s8l 5l paiten § (Siwgm SYolro oyl 155 ol
b OslS gl 99 50 0lyx Z 5 Y slacez 0 Ses ladidsn ool
k-ge 5 Vio)lubl k-e RNG k-g  Suasl slajoe i oolawul
S8 aclie 5590 Sz g0 2,28 gl ol andy g Wloads dwlons YY 1y 3ass
Ol [liad il (60g,5 Cep ilEl L al ool lis ores il S
ol 558 i slagl > ol o (Srasl Gad Gas i clde o
45,0 RNG K-8 Jow a5 0y aseiie odel Cowddy gulis 4 a5 b il e
ladas 4y 4 Cund 5V 280 5l e Sladidgn (S 50 e

o )|$)55)4 k-S

L 28— 5 st kog = RNG ko€ - (6315 1l 1s0lS’ Lol

5ol s ehig 4 bz Sl b gilelae 050 50 ez g axlllae
S 09,50 sled 4 ake Slaan T g Ak 0 sage sl I Ol
by glSms 025 o0 )18 ooliiul 9,50 yolaia pl 4 &5 (hluy (n Foses |l
Wl e oS wload S oS wlabs slaws I lapyslSims il oo
g lp aaize g (aBl b pe o Sgpm dlgiul G (295 B 53959
@ G5l e o0 g o P sl 3y S5 LS 5 95 sl
Coowo a4 1y 58w Slge iy o 0 58 ans o aslol 055 oS >
SBhol 92y cle @ olps S35 WS oo Slin GslSen slao I
S 5o wloads by o)lgnd Caomw 4y a5 (0lge 5 il o o 55 S
Srow &y () @3l (59500 U Sow g Wil e plo @ oS See b L2
Croms 43 g o yrane S50 a3lal slge g0y 58 V] Wik o 00t ol
Sl S ez cdile cle 4 09doo il (el ) g 008 <S> VL
35 2 lab>de BB 56 Blae S 08 > (ol B a4 S Blee
@ ol 1) sl sl plaS e oS e cplply lls walyss Jlw &S

Standard )
Realizable Y


https://dor.isc.ac/dor/20.1001.1.20089813.1389.1.2.6.7
https://jeed.dezful.iau.ir/article-1-32-fa.html

[ Downloaded from jeed.dezful.iau.ir on 2025-04-04 ]

[ DOR: 20.1001.1.20089813.1389.1.2.6.7 ]

Siyo bl yd g (olSom A Y

Ol el sad eols las (V) S jo sy S5 el Siled
G Dpgo 4 L 5 05 Al g wles (0555 o b elSw
el b g e Voo pln elSin (63955 50 50 Jlew Sl
P ol eyl s sl e ey e SeLS AVYYO Ly e JIRx
Como 5l plebl jshaiea, abbioe adliye p e SslS VYA
T aSed 4 Send Lol (Sl pas g Bl 8 (g5 slacle>
Sz 50 S g LS Anlie I Gy E3F 8 () 090 S 4SS
ol a5 008 asin waline slaaSiin (o el Voo ) ablis o0 Z
3 Jeee Ll VYoo e S b glaslis o jlad 5 cepu sl il il
Ol ghale 93 3 Z a3 Sep ) Jouz 50 adloe 4l Sl
LSt sl ) Sl sl o o0l i ilie loaSd g
039s Loy pas o,le0 (g9, Jaslpd el ool ooy lid (V) JSKo jo (el
28 5le @y 3 olz sl Lad LalS BT (8,8 Sy jslaie 4y
bl ey onl o el Cavody s peled sl ouls oslail « Jolas
SYolee mle hoS sbml Gl g oo p0 4z ileainS o)

ol 0 0] s 50550 5 i 5 e

PLANTIT s N IS TN - e

L gl Slones ) adadio Y zhio
(4l 1 yo) (4l 5 yo)

AARRERS YV ¥+ ANY
YOeooo ATNAREIN AEVARRA
Yooonnn VY/vay fo,var
YWeeooo VY/AYY TOAYY
YVeoooo YV/A-Y fOAYY

@lisee sloaSl hwg sl alaio 90 10 Z gz j0 Sy i) Joo

093 0y Laus — Jgl LJlw— 16 43l 1225 apuihi

S ool -
S 5o Gl e lp Gl e Glaise piues Sy a5 s

Wigd (g0 dlbyl Oyg0 oy o515 g ol

i(ui)=0 M

oot
J

g b a5 e puSgul ol OYsle (A5 ISE glhls Vol (4l
aolre ol o 4 jlgin ) o iis Slal alex S¥olre (pl Sloj (6,5
@ jalen; s Wl §e8 OYolee oiws s gl el cals 00438l
T Sz b 5 ool Jghita g, S S Jan e i,
Ol & g WS (oo bgipe bawgie S (LIS @ 1) alen) Slagrs &S
D] ol oas 0olazwl RNG k-1 Jaw ;0 090 ol Jlie

—pulu’ = au"+% _2 k+6u" 1)
puitty = ox. Ox; 3 P ox, | Y

Sl

/ ! / D]
Slp ) Jemdlyins dolae 4 e RNG k=01 Jow o wlidie i g,

129 (g8 oo 4l jeSms

) A
Pk v - 9]
d =1.72 dv
lgs yo aloles (ol ol ~ - Py

oo Wbl el il ¢ =100 5 009 V=, Ju
3 g e e ol k-l a0 cows Gre 2lez ol jWen, L
Ol 50 aS Jue g el ply o lasbinl s bl 55 YU slejadsn,
sgd Jaw cnl DIY] cal pd g kel Jow oS oo oolitul alis
Szed b Sanlan o5 wSge Jlael Jloy slois g |y ools 2L,
oo ool S8 e b Jow cpl 0 a5 e cpoy ol azad] slagl >
v . ee |- 2 . . P

s b s o)l g u? Jlop gletis pad e 56l L
29550 G s I chvgie Gl S a5 Sy (o st sl
wlie a5 (Jow ol ,o ooliiwl 0yge (Siadl oyl dlal, o Cyz o
50055 bl CHL g po sl o k=€ 5 lailisl Jow jo (Suail eyl alail
o Plesl g5 5 (Saasl iz 550 dawgio Glyz (155 5 b

Boussinesq 1
Schwarz inequality Y


https://dor.isc.ac/dor/20.1001.1.20089813.1389.1.2.6.7
https://jeed.dezful.iau.ir/article-1-32-fa.html

[ Downloaded from jeed.dezful.iau.ir on 2025-04-04 ]

[ DOR: 20.1001.1.20089813.1389.1.2.6.7 ]

bl oo g S VB B yieg Ko o B 5l eads 3,55 ilyd lad

=L -f

29y Sy & pw 2 j9 -)-F

& L;V.a.w'I Joe dw glp Z=V e 0-MM jo 5 Z Sz 0 Sy (V) S5 50
o ools lis 4l e Yo (53555 copw sl [A] oy @S ol e
R0 (6 ygmme a0 o V) ISS j0 0 el 4 az g bl
Cop Gt RNG oo ailioe 05lSem 5550 53 5 (599)9 ey
WS oo (St O S )0 9 6995 ey pln T AD 1) (5 97
S 3l glad asys 0) alols 5 1) gyeme Sy Jho aBe (rizes
S 45 9300 Ol (020 @l b amlie S oo Sy ol

el 10,95 6 5YL s 5l Ko Jow 90 4 Cans RNG Jos

15
B A Experimental
|- |= = = k-epsilon(RNG)
125 it k-epsilon(Standard)
- k-epsilon(R %
1 AA
B A
B -~ A
075 L)
£ - ¥ % 4
> 5 LV Y
= bbp T \\\ AA
> - {r_',-"‘ \‘-\_:\\
- ;7 AN
025 . N
- rd Yy &
0 - «f" \W‘?\
o !;..-7 ':': "5.’7;-.3‘
- Ve !
-0.25
ek i | L
09 -0.5 0 05
riR
s b (Kuas] Jos aw lp Z=) -0 MM ;0 Z Cao po dunsliio ¥ JSCi

Sias] o dw @lp Z =V 0MM 0 5y Caz 5o ey (F) S 0
s 00ld Hlid 4l e Vo (68959 ey slp [A] )20 ol oy 4
Y Stz ) Sy sl G e o(F) S8 50 ()28 il 4 az g Lol
dloo glSom 35 50 5l Elad oy YE aAlols )3 g (53959 ey 2l V/F
569909 Sy plp VYO 1Y gz 5o ey o iy RNG e

O S p0 4 (605 alolh o Ko Joe g0 @ ced 1) ol G

093 0y Laais - gl Ylw— (7 kil 24T oy paiki

e ([

' : 4
P ff‘.l
v_‘? . Vit
ii z=1F0- mm

1

z=1:3 mm

AR T

ol g i

R T
|

(2] (abn fraichos con 2 olasl aled) plSions i jI Sl ) S

Sl polis (i (S50 Ly eSS 50 5l 090 oyl Koo
A8 g ok ud laadlge oS Sl At (295 9 s39p9 50
el 0 oslatnl (St 0

Qo ye ViF = Wb cud

St MY = (Sg e s

Bgd (0 32,5 055 A Sd et 4 ] 0959 (K5 g SIy3 0550 50
Jhw S Sy g e b Ol)S S p Sz g laie Ayl (639)9 50 &5


https://dor.isc.ac/dor/20.1001.1.20089813.1389.1.2.6.7
https://jeed.dezful.iau.ir/article-1-32-fa.html

[ Downloaded from jeed.dezful.iau.ir on 2025-04-04 ]

[ DOR: 20.1001.1.20089813.1389.1.2.6.7 ]

0l S ZEVFO-MM [0 Y Sz j Sy o didgn (F) S0 0
50 Y ghis ol ghaie )1 5 (5lSms a8 3550 Silas jho Jlake ol
O3S (oS Ayl Sy lad 5 (el (g > Algd (9,0 slad i
gl (2,5 o)l Gl slad pao iz 5l jslaie a5 el ad JuSiS
Aibor ol lallgiul Cwnd S ol B GolS 2,5
O 5 (59559 ey 2l VOB Y oz 50 S p 55t RNG oo
Ay s aml g0 el 3350 5 glad doye VA Al o 1
[y sy jlEe 0 iy pRy 3RS Joe O3S o0 b O3S 575
S sl et aoys AD alols o ) ol (e s 699)5 e 2l VEY
e WS (oo (Gt OofSe (295 Ay b 4l g5 el
O (2o W lad Sl g o ) e utie sl
095° Seomd 0¥ Sy (e 2 PVL AT (nl 4 Az i b oS e (S
Joe el Cawoay gl Gub (rizeen 5 08l o il (olSas (29,5 Ay
Ay Jb cope sldidsn oRes (SRS Jos 5o 4 oo RNG
RNG Joo bug mls ads adsl o s aen 4 0 o uniin

25

- k- d)

2H = = = keepsilon(RNG) P
At

Vy/Vin

$iai] Jow dw 51y ¥ e 10 Y e pou sl £ JS05
O HLES S8l (69959 sy yiolyly SI-V-F

Sl anl e JLad Bl 555 SoslSem (Hb 53 mee sloyell (S
Sl rimen 5 (29 9 83959 Seyye o Sl LU el o Lid
28 b (609)9 ,Lad ol Dl i aBb oo Jlow (2552 S8 S0 55
Sty i8] Ll 0al ool lis (V) USSE o by (69958 S
Sl Gl Cnl Sedioe 5955 Olz Lid Bl sl Lz 699)

Al os oS (195 5l (pam 50 598 (252 slagl >

093 0y Laus — Jgl LJlw— 16 43l 1225 apuihi

2 -
I A Experimental
[| = = = k-epsilon(RNG)
1.5 || ==+==+==s k-epsilon(Standard) f o
g K & - L
1F s o a Y
I 14-
I / Wa
g &
05k h 4
£ s A 1
i |
;1 r
05F yﬁ
r 7
C / £
1= /
| ="
I =2 L
- \.:\:;\- - -
1.5
2 E M T R | I P

0
r/R
[A] oy mlo b SaslZ=)-0-mm [0y Joo aw ly Cae por dslie :F S5

bug Z=\F0-mMM 0 Z Sy o Cepw sbodden () JSS
090 ¥ adaie aSl Jdoas sl sads sols ylis (Sas] calise slaJoe
ot Sl Sy Ll 50 0005 (0 18 939,5 JUIS 5 5 (slailinl caond
ssbilen Sl 52U Z Sz )3 S e g Sonl (L2502 5 Y Sz o
o)lss 5158 (2o Ay () ojlms Gl (Slad )5 gl s snmlin oS
Sae (i 30 g Conl 32l Z Gz 0 Sy slailginl caadd Il
3o (29> Ay (99,0 Ceond )3 ABlsa Igp (6399 S Pl oV 095
e oo jlade (n i 4 Wl 550 50 9 WS (o0 b I S
S 5 @9y el YYF | yeme ey (nyit RNG
Sy Cep ke i olalial Jae S go i 09l
RGBS Jee WS St 3959 S plp VAL g dld
St 39,9 Sy plp VAV g ) S50 0 1) S jlade o i

35
| |== == == k-epsilon (RNG)
|| k-gpsilon (Realizable)
3F k-epsilon
25F
i -
2F ,' \
= b 7N
> | ¥ .~
~15F AR\
N I o ‘R
> I
1 g \
05 :
0 :E w"—.’-"‘ o8 Y ey “N
P "'"\. A
nebE i gt g g 1 AT i
W 1 -0.5 0 0.5 1
riR

o JMM‘S|)%V&E_&Q)OZ“}M)ML&A :QJS.ZZ:


https://dor.isc.ac/dor/20.1001.1.20089813.1389.1.2.6.7
https://jeed.dezful.iau.ir/article-1-32-fa.html

[ Downloaded from jeed.dezful.iau.ir on 2025-04-04 ]

[ DOR: 20.1001.1.20089813.1389.1.2.6.7 ]

A8 Dglis ) 45 0T e Sty o0 B+ a9 S VIF B L o)d 55

ol 10555 0y s A Cad a0 VIV gl 5l6)d
GAge 9 (§ 5 A=

RNG k-11 £2251 slaJos bgs by ol o 5l ooy lie o) 5o
ot RNG k-1 Joae <blss k-0 pdgiss g k-0 ol
5 K-l o)l slagoe 4 Cond Z 5 Y gz 0 Sy sladdgn
Slad cél p Cepw sielb Sb cisen s sols lis K-[1 4 gass
o 2590 RNG K- o lasg (9l 003l 0 ) b 5 (sl
o Oz Bl (599)9 S pu gl (sl jo jlid ZdlLes S 8
s 8l Al cel lyz (6999 S SRalEl Al pasiine g 485 18
lophd b DS 80,5 5l G 09dn Ol (29 5 $390s sl Ol
Vo OleSy (539y5 Sy 55 3 S8 (3l L a5 398 e dmlive sslie
Jds @ el Jleg 05 alaizme 0 03 ilalaz 035l (liee el 2 e
Joe Loy eal sy mls @ azgi bl oo Gl38l SLS SYL o3
Fo9See VE Gtalaz SR8 bo)d 55 ln sl silulaz 003l «RNG
S (530,0 VY sllaz 510,38 (had chglas ) a5 oyl so Cawday woy0 B¢
el 093 0 (9578 gl @

(el Dl
Pa. L3 p
m/s .« clas liwly 0 Copw ailge U
M/s «lss slivl, )5 sy ailga Y
m yelSow g gles R
mM/S Y Cu> j3 Seypm Vo
M/S Z Cyz o Cepw V,
M/S (39,5 e yan Vi
m/s” . Sasl i g3 K
mY/s® sl SSeal gy €

g oMe

kg/m{(_,’.llfq P

m/s o Seiloiw (S ¥
Nos/m® ( Seolos Soens #

OWP )
3 Slaie wias ;o a8l dilge
J

093 0y Laus — Jgl LJlw— 16 43l 1225 apuihi

400
350
300
250

200

(JIS) LS il

150 F
100

50

1) SESEINEI EYSTRTEE ST EATETT SRR R
0 5 10 15 20 25 30

(43U 5 20) 53459 <r e

[V (399 ety com 2 (y3lSams 5, 2l Y IS
Ol g3lwlaz 033l p wiyd s SI-Y-F

Glo,kd L old 5,5 5l e el oals ool lis (M) JSKs jo oS jghailes
A el e 50,8 alaiss o Ol (gilulaz 003l e sl o Y-
ol Gilelaz 033l a5 (gloyd o yrage lise Gl SO YL 055 S
O gilwlaz 03l 3,5 Sldos 5l Ly a5 sl glo,d cianl Coenl (gl )lo

L sl o ilulaz o> Sl 4l covny ol 6l 0o)e
2 el & 4 b S e e s gl il b oS L5
el 2oy B0 el (gLl 003l eg e VY S8 Loyd 3,55 sl

1

08

06

0.4

Sikald 025l

<= k-epsilon(RNG) | ...
Experimental

A

02f i

i il i i iiiil i il
T

107 10 10 10*
(J-'-ﬂ) 033_,&5

w8 s g olyd jhl s g elSn o S (glulas es3l A las A S
[l


https://dor.isc.ac/dor/20.1001.1.20089813.1389.1.2.6.7
https://jeed.dezful.iau.ir/article-1-32-fa.html

[ Downloaded from jeed.dezful.iau.ir on 2025-04-04 ]

[ DOR: 20.1001.1.20089813.1389.1.2.6.7 ]

093 0y Laus — Jgl LJlw— 16 43l 1225 apuihi

[1] Schmidt, p., “New results in cyclone-design, especially for
high-pressure and temperature application”, IChemE
Symposium series, No. 99, pp. 67-72, 1986.

[2] Ma, L., Ingham, D.B., “Numerical modeling of the fluid
and particle penetration through small sampling cyclones”,
Journal of Aerosol Sci, Vol. 31, No. 9, pp. 1097-1119, 2000.
[3] Smagorinsky, J., “General circulation experiments with the
primitive equations”, Month. Wea. Rev., Vol. 91, pp. 99-164,
1963.

[4] Boysan, F., Ayers, W.H., Swithenbank, J., “Fundamental
mathematical modeling approach to cyclone design”, Trans,
Inst, Chem, Eng., Vol. 60, No. 4, pp. 222-230, 1982.

[5] Boysan, F., Swithenbank, J., Ayers, W.H., “Mathematical
modeling of gas particle flows in cyclone separators”,
Encyclopedia of Fluid Mechanics, Vol. 4, pp. 1307-1329,
1996.

[6] Hoekstra, A., Derksen, J., Akker, H.V.D., “An
experimental and numerical study of turbulent swirling flow
in gas cyclones”, Chem, Eng, Science, Vol. 86, pp. 2055-
2065, 1999.

[7] Shalaby, H.H., “On the potential of large eddy simulation
to simulate cyclone separators”, Ph.D Thesis, Chemnitz
university of technology, 2007.

[8] Shin, M.S., Kim, H.S., Jang, D.S., Chung, J.D., Bohnet,
M., “A numerical and experimental study on a high efficiency
cyclone dust separator for high temperature and pressurized
environments”, Jour, Applied Thermal Engineering, Vol. 43,
No. 25, pp. 1821-1835, 2005.

[9] Fraser, S.M., Abdel Razek, A.M., Abdullah, M.Z.,
“Computational and experimental investigations in a cyclone
dust separator”, Jour, Process Mechanical Engineering, Vol.
211, pp. 247-257, 1997.

[10] Konig, C., “Studies on the deposition behavior in
geometry similar cyclones”, Ph.D Thesis, University of
Kaiserslautern, 1990.

[11] Hinze, J.O., “Turbulence”, McGraw-Hill Publishing Co.,
New Yourk, 1975.

[12] Shih, T. H., Liou, W. W, Shabbir, A., Yang, A. Z., Zhu,
J., “A New k-¢ Eddy-Viscosity Model for High Reynolds
Number Turbulent Flows-Model Development and
Validation”, Computers Fluids, Vol. 24, pp. 227-238, 1995.


https://dor.isc.ac/dor/20.1001.1.20089813.1389.1.2.6.7
https://jeed.dezful.iau.ir/article-1-32-fa.html
http://www.tcpdf.org

