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Numerical study on dispersion and deposition of nano and micro spherical
particles in turbulent incompressible gas flow inside a channel with
artificial roughness
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ARTICLE INFORMATION ABSTRACT

Original Research Paper Phenomenon of dispersion and deposition of nano- and micro-particles in turbulent flows have
Received 15 April 2015 been focused on in the past decades. In this paper, particle dispersion and deposition in gas-
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particle two-phase turbulent flow inside a two-dimensional channel with rectangular artificial
roughness is studied using an Eulerian-Lagrangian method. The RSM turbulence model with
enhanced wall treatment was used to simulate the anisotropic turbulent gas phase flow. The gas
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Keywords: .. ;i . . . .

Twyz,l\fphase Flow phase flow predictions were validated by comparing the results with available experimental data
Artificial Roughness for a fully developed asymmetric turbulent channel flow. In discrete phase, Lagrangian approach
Particle deposition was applied for particle tracking. The Lagrangian equation of particle motion includes drag,

Discrete Phase Model gravity, Saffman lift, and Brownian forces. The particle phase simulation results were validated by

comparing the present work with available equations and valid data for a gas particles turbulent
flow inside a two-dimensional smooth channel. The gas phase simulation results show that by
increasing the artificial roughness height, a recirculation region that is created in the space
between two ribs, becomes larger. The particle phase results show that the rate of deposition in
the channel with artificial roughness is a function of gravity force and flow pattern in the
mentioned space. The rate of deposition for small particle is affected significantly by gas flow
pattern in the space between two ribs. However, for large particles the gravity force is more
dominant.
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- Energy Spectral Method

- Direct Numerical Simulation

- Anisotropy

- Large Eddy Simulation

- Discrete Particle Simulation

- FLUENT Code

- Gaussian-Filtered White-Noise Model
- Reynolds Stress Model
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- Gambit

- Track

- Fluent

- Enhanced Wall Treatment
- Discrete Phase Model

- Mach Number

- Diffusion Coefficient

10- Source Term

11- Enhanced Wall Treatment

©O©oo~NOOUbhW

107

1:\.3}!9o Joae sl eolainl yizmen cdlad oo @l ke Jow 4 Coed g,
Cgw, polie ;0 (6,558 39l a4 e ‘Zo)lﬁo o laibinl &b 4y o
D9 s

RSM sl Jow aw <80 g Uy cwyp @ [12] ) 5o 4 95
J3ls wanl fbys 0 Old Ggw,y gwiies 40 SST k-w 3 RNG k-g
oo o b st Seasl Jae aw izl goges 5 (B sl JUIS
ames (ol oyl .aid 5 )18 ) 0,50 0l Soop  Siad] Gl
g Mled L 297 A1) Cay polie ol OB RSM Jaw a5 wioew,
SLS Ty Gy bl gl oo oS 5 o)lens oy wlbdal L as LK
'MQLSQ

2 gobe Gy 2 LS IS sy S p oy 2 4 Glae 5l (S
3 sipes aallle g5 ol @ s JBIS U315 13 5 olall g5 e sl
Blo sl JUI 51 i s p5 Gl JUIS 1o Ggawy e s a5 iy Lis
S Cgaoy 00y SGd flinn ood (6l A5 Wdges oSt ol ool
sleglell (o055 50 ol @iludae 5 e lagtalejl »5 zohe 5
el (55950 (Slwle DYl Solus SS 4 65

@ Ol 2 aeb Boy R OLS Doy die) e Slalllae oo
dw gitdd Sy ] 40 S 0,5 o)Ll [14] ) See g Loy anlllas
e IS b ek 59,5 slaid ) cilize sla i b ol 5l atws
adllas o5 j5k 2 gsb S35 2 (055 sd (ombow Sy g olatis
JEls 58 58 85 90 5 e &5 «)lpes AU izl Dlko (59,
2Eislosl &g 119,500 5 5 0/03 Ll &l)d (gl o abrazs S
50 ] 358,5 duslie  caguinegll Blo Slio L, LS 5 Qoged oy
gy olul g g0y SLbl o by 6o Sl 3T o lil 5,50 ladlas
el 0B (a2 gy S (Egan

g bsyy Shbl o ol e8> 5 55 by ol iluad

oty (b wd 50 S g 35 jeue lo s (o plate sl S
il sla JUIS ;5 oads alowl la 5 5 Gan sl mge s S5 i
5 8 sose iloans 5 [11] uenl 5 ol soue sjlotnd e
Comy ol Sim e Hekite 4 celie slaJae (Byme [12] ol S
5o o ploil Oldllas )0 pizmen . Cowl 0090 (5 05 g Blo sl JUIS ,o
558 ([9] Cigonms 5 ool o00e (3luaness wiile) 15 sla JUS
Slul 5 5525 9979 ISl 5 0)le0 (g9) p (K S (lsie 4 (55 9929
war oy 2l s bz ol (bspy oo Jle Glye ) O]
Dy Sy Al gl 0ud ) slagerd S0 S 3 Cunl st
S 25 bawgie el Gl Bl L a5 aiS 0 St (b ) Sl LS o
sry b slil jo &5 Jb o abiee GalBl ojlgen g, lade
gl yiion Gl b ogd oo (g p Alie (pl o a5 jshailen o coiae
S dlie nl 53 bood GRI Legy) gmy it Sl (55
Ol » hliue (foias o) ol o powd b OlS Cais S p
o2 SHSY = kol (g 5 eoliinl b samgs JUI 3ol sl
Sy Sl B 5 (egian sl ry G Ol Ol PSSl oags S
gy Sy polie p egian pj U o (o] el 5 (o ye yulal)

1- Two-Layer Zonal
2- Standard Wall Function

8 oloub 15 093 1394 LT (w30 Sulse wiise


www.sid.ir

uaé)dlcg)guinb-_ﬁm%

GEHHa0 (5 33) Sld JUU S (JAls o WT):‘_%UP.\'I)S)'@QQ»)AQ)S“,QUojl.\.‘;ll.g._sg).f-bl);\ s 9 it (sdAc dsllbs

Re, = M (13)

oolitl b 530 oy cplpliy iloads a8 5 L5 10 (59,5 &g 4
g g i o5 [18] (15) 5 (14) Ll 5

24
= —_— <
Co Re, wep=1 )
c, =22 (1+0.15Rep®®”) 1 <Rep <400
o= o (1015 : (15)
D9 oo dumoloes [16] (16) alasl, 51 oslisiasl b cpadlos oYU (g9
2k v%d--
L TR (16)
Sdyp (dyedi)*

dyj 3 [19] Sdﬂél*” 2L g ol ook, =2.594 {(16) akyly 5o
D90 ol 1T alarly b g ol Jlow IS0 s 25 550l

dy; = 1iow oy (17)
4 2 ax] axi

b s s g ol anlp S ol 4 m(e) (Ssly oS >
g oo Jae [20] (18) alat, b sollas Sy ks K>
216vk,, T
S0 = 5 s~ (18)
T pfdpS CC

[20] (19) ablaly 1y 5 cro3der <ol kpy 5 Blae sloo T (18) abal, 5o
]
ky, = 1.38 x 1022 (J/K) (19)

5 Sl e G Sk b s Jlw @ 08 JBy Cos S
Ol pllge lawgs oal bl Glagsluand ool a0 LB sl
Shiz 5100 pl )0 gilwands 5l edls 5,8 Bd> Ol 3l aSiaes
L3 ly 038 Gap 0 Ol 3w o o a5 jabilen bl Lo s

ol I35 5T SLlS gy s sy 5y

S 56 Jow =42

alyly Sygo U 4528 b 0,8 &8 o Shd] heainS B Jos o
Dgd oo osls oLzs (20)

u, =u; +u'; (20)
Volee dawg a5 Canl Jlw oby> lawgie el ol o &S
85 ol (F2asl 5l (56 Glogh Co st 5 998 00 Al (S gl sl
308 45 5 55,5 Dypo @ Mels 25 51.(33532 Lulg ) 058 Jae il
alsly 058 4 0)0 LS > dolre gl 48,5 a5 0 Fy0 (59,0 Ll 1 0)lg
D oo 4 (21)

d, _ (i — ) (21)
dt T

D o s a5 (22) alasly bo,d corl il oy &y ol 0

_4  ppdp
S (21) dolas sl (sihsl et il wanS Bg, 5l eolial b
Al o (23) abfy Gl n+1 ol 50,8

(22)

T
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9- Deformation Rate Tensor of the Fluid

10- Gaussian white noise random process
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