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Investigation of Rheological Behavior of Suspensions Included Power-Law Fluid by
Combined Lattice-Boltezmann Method with Smoothed Profile Method
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Abstract

In the present study, a novel numerical algorithm based on combination of lattice Boltzmann method (LBM)
and smoothed profile method is used to investigate the motion of suspense circular particles in non-
Newtonian power law fluid in shear flow. At first, the fluid velocity profile at different power law fluid
indexes was analyzed and the results were compared with the numerical results of the previous works. In the
present study, the rheological behavior of suspension with circular particles of same and different sizes
randomly placed between parallel plates in shear flow was investigated in shear thinning and shear
thickening medimum on the LBM framework and the effective viscosity was calculated for various Reynolds
number and solid volume fraction (¢). For validation, the results of the relative viscosity were compared
with the ones of previously works for Newtonian fluid and good agreement was observed.

Keywords: Power-Law Fluid; Couette Flow; Lattice-Boltezmann Method; Smoothed Profile Method;
Rheology.
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¢ Aharonov and Rothman

7 Power-Law Model

¥ No Slip Boundary Condition
° Standard Bounce Back Method
' Feng

"' Immersed Boundary

2 Eulerian Nodes

" Lagrangian Nodes

' Immersed Boundary Method
!> Nakayama and Yamamoto

' Smoothed Profile Method

oo —Y

(Y] o3 (Ssslser Jlow iy 5 DI 5 e ol
S5 UsS Dllllae (g SVl 5)50 ;0 W55l 08

a5 WHls 092y Canb o (ee Yl 3l gob glyl

OYlow goiste o5 sgzgl Ll el oals pll
ol oiws 48 gyl 85508 oS OleMbl « SSgu e
Oz sl SRy 5 edzm dwais e 4 piges
sldls o 0yl sgzs Wil gl SLlow o (s
Jolis @Yl asllas sly (555065 (go0e slo g, s
©oas by, oy oolaiwl  iloads ools drwgr Blee )3
b 9 dels> lyd 5l ISise slabglre (o5lwands 5ly
oog [ TSl Salus' o35 obye Luls o
5 Ll claseilivss @l o] 5l eslinul Ll sl
9 Sl JSae S8 (59,5 e S el (slag gemilnsges
[0 01" W 29F Jlo o o)l 6l oawmmn (ol JLsle
. Y ¥ . &3 &
Sed (53l et sl (LBM) ey a8t (2
Sygo 4 |y Jlaw 8, oy cnl 0,8 eolinl Jlawm el
e b 45t S 3 sy olan psSos Se Joo
@ ey @9 @bl S e il At Sy dnnS
ale sl Gl oo eyde Aol Jo PRVSIRCIS
JLid g ey iy wiile Jlow (q55s Sle o Shs
4 Ol ey 4Sed gy sblze Sl o) eolin
3as 0,8 ojlal cdl> doles jl colawl b jlid acwloe
WS e olizl Sl dolie @Y Sleuls aue
2 ol 5 el 5 ol ool Jlws Slawle w2 ,55]
I¥e sl cadl Haulsel Slol 4 5lse Slawle 5,8
ade w a5 cul opl ey aSill by, S0 Lol
4 Wl e (An 5 by nl (St b
Crlply 093 apulme Co g lage Sl B0 b Sl

9 Bg,] el (e Sl Jo slp e 2B,

' Creeping Flow

? Stokesian Dynamics

’ Ladd

* Lattice-Boltzmann Method
* Poisson’s Equation
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! Krieger and Dougherty

Y o loi /R 0,590 /1WA Jlu /las )L g Lo jlu Silso

Glos oy, Syie gl Shy de 4 ojla ciwles
St Syl eslital (e el S gy g e
Jlo 535k Gdsl sln Ghg) 99 Cnl S5 el B8
M L] ws plmil o 5es g (syan> Lawgs Ye))
FU I I I ECNE RN
Comb 098 00 g0 (5,luLl el o cwl L8 s
8Ly p g5 e ey &b gy (St
Jbw lp S Jo Cepn el Jie 50 4y
el oS ol b g5 3 o GalT o (sl
5B JSia il o sl Sphe 5098 (sl
Sy ool oVl Glp wlie by, V] ) Ken
Sletig A Sy Gl 5 Vo o> s L Toad ol
S5TLsS Slnlno slagts, «nl slalo Jobo 5o ol
shavae o gl o8B DYl gile Al glp
walizee lrdwaie Hleys cwl oal oolazul eSLsS
A 395 @ oob; 4z TS e gy b oy by
S Jw b Y] e 5 P gane .l 03,5
oolitul b 1) Sote gy o 50 b oji So 5o Sl g
S gy slie g5 S Slile s
O3B el 510550 50 bapl wisS il and eiils
Dblogs 5" 559 Conndye S ye (55 silyn 202 5 S
Silo ad Qliime (Fp Mo Cou Jlw ey
Ll e ol b (B Sl il gl
lagygmilomgu aisls plonil (rajiley dd g, 3l sl
5 queSagS bsi By ol 3 03 ez g o b
USSR RN TR TSR RV SR R} AR J IRNNCOVS
S S (oo et )3 jalsny sae b (LB 0l eSS
b 4 Jols Glagseilioss 3 pge Sl
e Db (st o)l 0 4 Cewl 5o 4 jeSs
sy w0,y ISE g ojlul (e gousie slo,eiSE

! Relaxation Time

> Gabbanelli

® Truncated Power-Law Fluids

* Lid-Driven Cavity

* Mendu

® Bhatnagar-Gross-Krook (BGK) Approximation
7 vortex

8 Couette Flow

? Kromkamp
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* Pseud-Plastic
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° Dilatant
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7 Strain Rate Tensor
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