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Objectives

Study on the hydrodynamics of gas and solid particle flows in a
pilot-scale dual fluidized bed (DFB) gasifier using a
computational fluid dynamics (CFD) code (Fluent, USA).

Examine the effects of operating conditions on the solid holdup
and solid circulation rate of the bed materials from the both
experiment and simulation.

Examine the performance of the loop-seal at various operating
conditions

Predict the solid holdup and solid circulation rate of the particle
flow for the hot rigs in the DFB gasifier.
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‘ Gastfication in a DFB gasifier
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‘ Multiphase models (1/2)

Disctrete Phase Model

-Useful for dilute flows

-Particle volume fraction should be less

than 10%

-Traces all particles and has detailed
particle information

-Relatively fast (steady state flow) with
reasonable particle number

-Easy to handle different particle
|_diameters

Eulerian-Eulerian (E-E) model

-More general and sophisticated
multiphase model

-Can handle both dilute and dense

flows
-Relatively slower (unsteady flow)

-Relatively difficult to handle
different particle diameter




‘ Multiphase models (2/2)

Governing equations of Two-phase E-E model:
Mass conservations

%(agpg) +V.(a,p,V,) =0 (gas phase) %(asps) +V.(a,pV,) =0 (solid phase)

. gas/solid momentum exchange coefficient
Momentum conservations =7

-
- /
-

8 _ ) = — :.’ - !
a(agpgvg) +V.(ty pV) = —a,Vp + V.rg + ayp,V, vg _\fs’j (gas phase)

/

0 _ _ = _ S :
a(asPsVs) +V.(a,p V) =-aVp-Vp, +V.rs +a.pV, vg —V,) (solid phase)

Fluctuation energy conservation of solid particles

§|:£t (psas®s) + v'(103055\7s®5):| - (_ psT + ;3) : v\75 + V(k®8v®5) ~Yos T gs

used as a drag function
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‘ Simulation setup

Simulation parameters

Parameters Walue
Initial solid packing, £ 0.51%
Festitution coefficient 0.9

Inlet boundary condition type
Ctlet boundary condition type
Time step

Wlamimum number of tterations

Convergence criteria

Inlet-velocity
Pressure-outlet
0.001 =

100

10-3




'Results and discussion (1/9)

Solid/gas flow pattern: start up flow
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'Results and discussion (2/9)

Solid/gas flow pattern: bed expansion
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Results and discussion (3/9)

Solid circulation rate: Efect of recycle aeration
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'Results and discussion (4/9)

Solid circulation rate: Effect of supply chamber aeration
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Solid circulation rate, G, [kg/m?s]

'Results and discussion (5/9)

Solid circulation rate: Effect of vertical aeration position
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Solid circulation rate, G [kg/m®s]

Results and discussion (6/9)

Solid circulation rate:Effect of gas velocity in the riser
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'Results and discussion (7/9)

Solid circulation rate:Pressure profile across the loop-seal
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Results and discussion (8/9)

Solid holdup along the riser
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'Results and discussion (9/9)

Prediction for the hot bed rig
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Conclusions

A two-dimensional CFD simulation with the multiphase Eulerian
model incorporating the kinetic theory of solid particles is applied
to investigate hydrodynamics of a pilot-scale DFB gasifier in the
cold mode.

Hydrodynamic characteristics of the cold DFB gasifier are
examined by both computational simulation and experiment.

The simulation results show a similar trend compared to the
experiment data and other studies on the fluidized beds from the
literature.

The CFD model used in this study predicts well the solid
circulation rate in the cold DFB gasifier.

Optimum vertical aeration position on the loop-seal is obtained
from both experiment and CFD simulation.

Hydrodynamic similarity is obtained from simulation for both cold
and hot rigs.
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