Knudsen regime in vibro-fluidized granular beds
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1-D hydrodynamic model of vibro-fluidized bed

[to appear in J. Fluid Mech.]

Force balance (zis vertical): Energy flux:
dP dT dn
= - J = —K - R
dz P9 dz H dz
Equation of state: Energy dissipation:
_ 6 n+n+n°-n’ a__ 2
(Carnahan and Starling 1967) [ \

grain-grain grain-wall

Hence set of 3 coupled first order ODEs
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Transport coefficients
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For large zwe require J — 0, and hence:
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(See als0: Brey JJ& Ruiz-Montero M J, Europhys. Lett. 66, 805-811 (2004))

Comparison of numerical solutions with experiment

N

Temperature ( T*)
ok N WA O N ® o &

Packing Fraction
o o o7 o o o
o ©o o o 2 b
S 8 8 8 v B &

o

Temperature
o s 115 2 25w

10 15
Height (z*)

Packing fraction

—Model 0.74
—+—Real 0.74

0 5 0 15 20 25 30
Height (z*)

=

Temperature (T*)
ok, MW A OO N ®© &

Packing Fraction
o o o7 o o o
2 o o o © b P
S 8 8 8 v B K

o

=)

10 15 20
Height (z*)

25 30

——Model 1.14
—+—Real 1.14

o

15 20 25 30
Height (z*)

N

Temperature ( T*)
S N R )

Packing Fraction
o o oYo o o
S 5 2 g © b &
S 8§ 8 8 F & &

o

—— Model
7 [—*—Real 1.54
0 5 10 15 20 25 30
Height (z*)
——Model 1.54
—e—Real 1.54
5

20 25 30

o

10 15
Height (z*)

SMO|H Je|nue .l JequinN usspnuy YbiH Joj Alosy 1 d1lBuly (S0-2T-G d.L1M) Alun ybnoogybno T ‘Asjiuny ueyreuor

2 abed




Explanation for non-physical temperature profiles

Hydrodynamic description breaks down at high altitudes

Two possible criteriafor onset of Knudsen regime:

h,, — mean collision time large enough for grain to traverse the cell

* h, —mean collision time large enough for gravity to reverse particle motion
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