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INTRODUCTION

- Wide aplicatiorof fluidizedoedsin industrial
processes

- Complermultiphaskowneedobemodeled
- Gassolidandsolidsolidnteractions
- Theoricahodels
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OBJECTIVES

- Studythreedifferentapproachesn the fluid
dynamicefagassolidilow

- Gidaspowragaw
- LatticdBoltzmanbasediragaw

- Kinetid heorpfGranulaFlow
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STUDY CASE

Experimental Apparatus: Gas outlet

Cyclone

Riser /

Secondary gas inlet

Main gas inlet T LII il
A Figure 1. Laboratory scale CFB work of Sametedd(£966)
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STUDY CASE

Operational Conditions:

—

0.36ms?
- Maingasinletvelocity 4 0.71ms?
142ms?

—

- Secondamyasinlet=0.05ms*
-Allsolidsrecicled

- Ambientemperature
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STUDY CASE

Geometry : @
48 cm
32cﬁ
16 cm

“a¥ Figure Zseometrysed for the simulations
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STUDY CASE

Mesh :
1 Hexahedral
T ~279.000 c.v.
1y~ 11-30
i {. fu
(a)
B | -
| © @
A,

= Figure 3. Details of the mesh at: (a) exit; (b) secondary entry; (c) and (d) r
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MATHEMATICAL MODELING

Main Caracteristics

Elow Multiphase Flow Model:

T Tridimensional 1 EuleriairEulerian

Turbulence Model:

I Transient
_ . I Gasxk-¢
I Gassolid
1 Particulatetone (laminar)
1 Turbulent |
Drag correlations:
1 Gidaspow
- IBenyahidyamlaD o Br | e n
A
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MATHEMATICAL MODELIN@sport Equations

Continuity

: d )
Gasphase: 2 (£,0,) 47 (f,0,7,) = 0

d
Particulate phase E(fgps) + V- (fspsvs) =0

Momentum

a =+ - = — -
Gas phase: a(fgpgl{g) +V- (fgpgt{gl{g) = _fgvp _V. T, _Sg +fgpg,g

: d o,
Particulate phas o (fupss) + V- (fapsBsts) = —fsVP — V. %5 — S5 + fpsg

where: S.=pB@E—17)
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MATHEMATICAL MODELICléastitutive Equations

Drag correlatie®idaspow
The drag coeficient (Cd):

3 |1_55_E’) |55P —2,65
s = 2c, et g > 0.8
2 = =2
=150 =2 + 1,75 (%5 Polespo fflg“‘pg £g <08
g-p (4
Where:
Cd = g(l +0,15Re587) Re < 1000
Cd = 0,44 Re > 1000
g,
¥
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MATHEMATICAL MODELICléastitutive Equations

Drag correlatiorLattice Boltzmann based
The drag coeficient (Cd):

_3cd — 9oy |y — ¥l where Cd =12 a _qb)z;:
4 d Repg

The dimensionless drag force is given by:

3
( 1—I—§Re para ¢ = 0.0leRe = a

F={F,+ F,Re’para ¢ > 001le Re=bh
0 1 P

¢ =0.01 eRe > a
¢ =001 eRe>Db

kFg + F3Re para {

with: _EB-D , et JF; —4F,(Fy — F)
: ' (3 N 2F
AN (5-F) 1
4
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MATHEMATICAL MODELICléastitutive Equations

And the coefficients:

-

1+3\E (135) In(¢) + 17.14¢

¢
o A=W 0681 —8.48¢7 +8.169° | wllO m] 001 < ¢ <04
=
¢
k Wa—gs¢=04
2
F, { 4—?,0.01{:;.4) <0.1
0.11 + 0.00051e'%? , ¢ = 0.4
( ¢ (135
(1_W)1+3\g +(Z2) 0 n(qb)+1?89¢+ [1 l .
. 1+ 0.681¢ — 11.03¢2 + 15.416° (1- ¢)3 ¢
=
¢
> 0.4
L Na—gi?=

\\"I: 0.0673 + 0.212¢ + ({1) {123; ¢ = 0.0953
«f.-\
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MATHEMATICAL MODELICléastitutive Equations

KTGF

The solid phase pressure:
pstt =pses[1+2(1+e)éesgo] O (Lunetal. 198}

ps = ptt + p! where

[ = = n
s = Es,min) . (JohnsoandJacksorn 98}

i

[
pl =F r(
Esomax — €5

Granulafemperatui@ingandGidaspow 1984

1 D0 . JU 7V -
0 = d2 s> where s2 — l) (5“’ N i”‘f)

15(1—e) 77U L ox;  0x;
TheradiabistributioftunandSavagd 989: Solidoulkviscosit{Lunetal. 198}
—2,5&5 max 4 I,'?
Es _\,:_CE],;{' (1+e)./—
go=1|{1- E:PsApgo N
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MATHEMATICAL MODELIM{Eal and Boundary Conditions

Initial Condition

- Initiabedheight0.05m

Boundary Condition

- Main inlet: Constant gas velocity

Constant gas velocity

- Secondary inlet: , _
Solid entry function

_Exit: Opening

‘ Gasi noslip

-Walk Solid' freesli
W P
¥
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RESULTS AND DISCUSSIONS

Vsup:
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RESULTS AND DISCUSSIONS CFDs.0IL

Vgup= 0.36 m’s- Particulate Volume Fraction

KTGF
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h=0.16 m h=0.32m h=0.48 m
Extended HKL

g% h=0.16 m h=0.32m h=0.48m
¥
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