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Abstract

The seminar is about modelling sound waves in a fluidized bed using CFD-DEM numerical
simulations. The presented case includes the application of appropriate initial and boundary
conditions to reproduce bed phenomena and the effect of varying the bed height. The results of the
simulations matched those from the literature. The pressure and particle velocity profiles obtained
feature oscillatory behaviour to which functions (based on a damped standing wave) were fitted,
enabling an explicit dependence on time and space variables to be established. These fitted functions
were substituted into the linearised governing equations for the two-phase flow. These solutions
enabled a new relationship to be derived for the speed of sound and damping in the system. The
conclusion drawn is that the damping in the system is governed by the effective bulk viscosity of the
solid phase, which arises from the particle viscosity.
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ABOUT US
®  UIT The Arctic University of Norway, Tromsg, Norway
®  Presenter’s Biography & Research Interests

INTRODUCTION

®  Fluidized Bed

®  CFD-DEM Simulations
®  Governing Equations
®  Demonstration

WAVES
®  Sound Waves in Fluidized Bed

®  Sound Waves in Fluidized Bed (CFD-DEM)

SUMMARY & CONCLUSION
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LUIDIZED BED

Fixed bed
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*Uniform thermal
distribution!
*Control chemical
process!



CFD-DEM is the Eulerian-Lagrangian method
of solution for two phase systems.

Computational Fluid Dynamics (CFD) Model

comprised of:

» Volume Averaged Navier-Stokes Equations

*VVolume Averaged Continuity Equation

*VVolume Averaged Energy Equation

Discrete Element Model (DEM) comprised of:

* Newton’s Laws of mechanics
*Contact mechanics

CFD and DEM are coupled by Drag Law
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ISR S04 ons GoverninG EQUATIONS

CFD Model is solved in staggered grid using Eulerian method:

*VVolume Averaged Navier-Stokes Equation

I(pewy)  O(peuin) _ 0 J

9 & |
ot 9, dxg P T ox T NIt PES

*\VVolume Averaged Continuity Equation

0 0
(pe)  9lpewr) _
dt axk

DEM is solved for each particles using Lagrangian method:

 Newton’s Second Law of Mechanics

mpdp = fi + Z feontacts T mpg

contacts

CFD and DEM are coupled using a Drag Equation.
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Fluid Inlet
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A Figure is not to scale

™~ Rubber Plug

Perspex® Tube
| P

109 cm
80 cm*

Alumina silicate particles
(diameter = 0.05 mm)

*Length is about 80 cm after fluidization
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EIESURBWAVES I FLuibizeD BED (CFD-DEM)

Data
recording
Packed bed Fluidized bed Disturbance Fluidized bed
Fluidization velocity = Particles displacement in under oscillations
1.1 Umf y-direction = 10 times particle
diameter
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Standing sound waves in open-ended tubes
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EIESURBWAVES I FLuibizeD BED (CFD-DEM)

t
p'(y,t) = Pye Tcos(cy)cos(wt + ¢p)
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_ = 4XTube Height
us = fA = Time Period
RT,
" = Pgt’eg
e(ps(1

—€)+ pge)
t=0.0s t=0.033s t=0.266s t=0.300s t=0.566s t=0.600s

" w2U ¢ us = 11.2 m/s

Roy et al. (1990)*
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N FLUIDIZED BED (CFD-DEM)
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Khawaja et al. (2018)*
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BT ARY CoNcLUs o & FUTURE WORK

0 Summary:
% CFD-DEM is the Eulerian-Lagrangian method of solution for two
phase systems (such as fluidized bed).
% CFD-DEM simulations can modelled sound waves provided correct

boundary conditions are applies.

0 Conclusion:
% CFD-DEM models sound waves within reasonable accuracy.
% CFD-DEM results allowed to derive analytical correlation for damping

in sound waves in fluidized beds.

O Future Work:

% CFD-DEM model can be employed to study particle viscosity.
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