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TWO-FLUID GRANULAR MODEL OF A FLUIDIZED BED**

The basic and constitutive equations of the two-fluid granular model of a
fluidized bed are given in Supplementary material to this paper. could be
described by the following set of expressions:1
Continuity equation of the gas phase:

2 (agpo) +V(egpylg) =0 ®
Continuity equation of the solid phase:
2 (a5pe) + V(spets) =0 @
Momentum conservation eguation of the gas phase:
%(agpgﬁg) +V(agpyliglg) =—agVp+V - Ty + g pgd + Kgs (g —Us)  (3)
Momentum conservation equation of the solid phase:
2 (aspse)+ V (aspts) =

(4)

= —OJSVp + V 2:-5 + aspsg + Kgs (l_jg - Us)

* Corresponding author. E-mail: snemoda@vincars
** Nomenclature is given in the basic paper.
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where: Ugand Usare the instantaneous velocity vectors for the gas and solid
phase, respectively; ag and o5 are the void fraction of the gas and solid phase,
respectively.

The stress tensor of the gas and the granular phases are given by Egs. (5) and
(6), respectively:

= = 2 _ =
— = —_— 2 . =
Ts=—psl +20(sﬂsss+0(s(ﬂs—§ﬂs)vus| (6)
The strain rate tensor is defined as:
— 1 _ _
Sc=5 (Vi +(Va)T ) k=gs (7)
The pressure of the granular phase is:2
Ps = 20505 (1+ €5) 8 os (8)
The radial distribution function, g, for the Syamlal model is equal to:
3
Jo(as) = > 9)

+
1-os 2(1-as)?

where g is the restitution coefficient and ©sis the granular temperature.

The viscosity of the granular phase consists of the solids shear viscosity us
and the bulk viscosity Js. The solids bulk viscosity As is a measure of resistance of
solid particles to expansion/compression and, according to the Lun et al. model,
itisdefined as:

4 o5 \/?
As= gaspsdsgos(l"' &) (fj (10)

The shear viscosity is the result of trandlator motion (kinetic viscosity, sskin),
mutual particle collisions (collision viscosity, uscoi) and frictional viscosity (usg):

HUskin = Uskin T Uscoll + Usfr-
According to the Syamlal model,2 the kinetic viscosity is:

“sdsps(@sn)ﬂz{ 8 3 }
12(2_77) 1+577(377 2)055903

Hskin = (11)

(1+es)
2
and for the collision viscosity, the following expression is applied:
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8 o5 \?
Us,coll == 0lsPsUsQoslt| —
5 b

According to the Schaeffer model ,3 the frictional viscosity is defined as:

where ps is the granular phase (solids) pressure, ¢ is the angle of internal friction
for the particle and 1,5 is the second invariant of the deviator of the strain rate
tensor.

The last term in Egs. (3) and (4) is a consequence of the inter-phase inter-
action drag force, where the coefficient between the fluid and solid (granular)
phase, according to the Syamlal—-O'Brien model 4 is:

2
3o
9%sP9 ~ |5 _ 4.8
=——Cpl|ls—Ug|, Cp =| 0.63+ ——
S D |Ys
g 4Ur2,sds ‘ g‘ P ( JRes/ur s J
ds|Us —0
Reg =975 7Tl 5|~y (12)
Mg

The terminal velocity coefficient for the solid phase, u, s, was determined as:

Ups = O.S(A— 0.06Res+ \/(O.OGReS)z +0.12Reg(2B— A) + A2j

=0.80§%®  y<0.85

_ ~4.14 _
A=ag 18_{: g% ay>085 (13

The granular temperature, starting from the equations of conservation of
fluctuating granular energy, is:

3 a _, = = _,
E[g(psas@s) + V(Psasus@s)} = (_ps| + T)S Vs +
+V(kosV 0s) - vos +dgs

The diffusion coefficient or conductivity of the granular temperature,
according to Syamlal 2 is:

(14)

150t pcder/ Ot 12
, = —osPsBeV O \'s{1+—“sgos772(477—3)} (15)
4(41—3377) 5

The granular energy dissipation due to the inelastic collisions was defined by
Lun et al.,1 asfollows:
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12(1-es)Jos 3
Yo, = ds—\/EpSaS@S 2 (16)
The exchange of kinetic energy between the phases was determined as:
¢gs = _BKQSQS (17)
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