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03?355‘332’??5““’ Equations of Change

An Eulerian-Eulerian modelling approach based on the
Foscolo & Gibilaro Particle Bed Model (1987).

Mass conservation — Fluid phase

%(g'pf )+§.(8.pf.(7f ) =0

Mass conservation — Solid phase

S(awp, )+Velap,-U,) =0
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Linear momentum conservation — Fluid phase

%(‘9'/’/"(7/‘ )+V.[‘9°pf'((_jf®(7f )] =

= +§ozf—§P+8-pf'§—(ﬁ5,V +ﬁK,V+ﬁE,V)

Linear momentum conservation — Solid phase
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 QOriginal PBM: buoyancy proportional to the pressure

gradient present in the bed.

FS,V = —(1-¢)-VP

» Revised PBM: buoyancy equal to the weight of the

fluidizing fluid displaced by the solid particles.

FS,V = _(1_5 )'pf g
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The relevant constitutive equation has been modified
introducing a revised “corrective” function which
accounts for the presence of the dispersed solid phase.

Drag Force:  Fc, = +p-(0,-0, )

Original PBM: ,B_+%  (Re) 1227l o

Revised PBM: g - +%CD (Re)- | o -#(are)
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Exponent of the corrective function
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 The relevant constitutive equation has been derived
without using any equilibrium-based relations. The force
IS no longer constant in direction and parallel to the
gravitational field, but is proportional to the drag force.

_ o ~ A 1 _
» Original PBM:  Fpy = +E-—k ; k=+—:¢
0z g
. Revised PBM: F,, = +E-(Veoiy, )i,
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- Original PBM: E =+32-D,-(1-5)-(p,-p, )- &

« Revised PBM: E =-=-D,-Q(¢&,Re )
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A stability analysis has been performed to
predict the minimum bubbling voidage for
homogeneous fluidized beds.

 The theoretical results have been compared to
experimental data obtained at different
operating temperatures.

M b cPSRC
i'”‘: p e e



The Royal Academy
of Engineering

Stability Analysis

h

5
=

1.0
—Revised PBM

0.9 A ||
N \ — - Foscolo & Gibilaro PBM
— N\
£ 08 o 4o Experimental —
S \\
a .
g’ 0.7 ‘\
§ A ‘\
@ 06 S
E \ -~ -
) ~4 ~
S 05 A
R T~ .
o - — A
> T N

0.4 e — -

FCC Catalysts - Ambient Temperature
0.3 ‘ T
20 40 60 80 100 120 140

Particle Diameter [ um ]

bp

EPSRC

Engineering and Physical Sciences
Research Council



The Royal Academy
of Engineering

Stability Analysis

h

5
=

e
-~ 07 /// ///
' ¢ Revised PBM g prad
= o . /// L 2 ///
o ® Foscolo & Gibilaro PBM - _ e
"Q‘) // // //
(=} A P -
S 0.6 7 - _
o - . -
(=] // - -
Q - * /// /// o
| /// * /// < /// ////
-~ - _-
E 05 *20% -~ e Pt -
° n -~
a ’ /// /// ///
g // /// // ///
-~ -
:_a /// /// /// el
o ad /// ’/// u ///
g /// // //0/ ////
= 04 .7 e o T . s
o P g /// ///
- o +5% .7 - . _-"-20%
()] r // // [ | -~
-~ -
n) 5% -
- - - .

S Yo - FCC Catalysts - Ambient Temperature

0.3 < = ‘

0.3 04 05 0.6 0.7

Voidage at Bubbling Point - Measured [ - ]

EPSRC

Engineering and Physical Sciences
Research Council



The Royal Academy
of Engineering

Stability Analysis

h

5
=

0.7 P
-~ -~
' ¢ Revised PBM -7
[ ] // //
T ® Foscolo & Gibilaro PBM 7 -7
- -
o -
] -7
o -
C] Ead
S 06 —
| P -

// //
E e - 5% )
o // //
a e -
- P

.g'b /// ///
a e -7 /’/:20 %
8 051~ e —=
@ - e -
4+ -7
o -7 _
” /// // [ |
()} - g e .
S 7 o FCC Catalysts & Ballotini
2 g -7 Ambient Temperature

0.4 = ‘

0.4 05 0.6 0.7

Voidage at Bubbling Point - Measured [ - ]

EPSRC

Engineering and Physical Sciences
Research Council



The Royal Academy
of Engineering

h

Stability Analysis

5
=

.
.|
0.6 -
-~ /// ///
' ¢ Revised PBM g e
o // -
. . 7 -~
b ® Foscolo & Gibilaro PBM - e
7 - -
"6 ,// /// A4 ///
= R -7 -7
3 - // ///
8 // //‘ ///
+20% // -7 -

| // /// ///
E // // //
= 7 e g
S 05- R - . .
a. // // //
o - - o -
-S // +5% /// .// -
3 -7 /// -7
5 - e
@ Pie - -
+— /// /// u /// '20%
[« ] e - -
Q // /// -5% -
o -7 e n -7

- P o o
S g 7 - Ballotini
3 - //
S e - Temperature: 20 - 300 °C

0.4 - ~
04 05 0.6

Voidage at Bubbling Point - Measured [ - ]

EPSRC

Engineering and Physical Sciences
Research Council



h

5
=

The Royal Academy
of Engineering

CFD modelling of a bubbling fluidized bed

based on the

“Revised Particle Bed Model”
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UCL

* The fluidization dynamics of a Geldart Group B

powder has been simulated using the revised
Particle Bed Model.

» Ballotini : D, =350um - p,=2500kg/m’

* Air ; U, =025m/s
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* Model validation by means of experiments.

* Investigation of the dynamics of different
fluidizing regimes.

« Development of solid-viscosity models for
turbulent fluidization.
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