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Numerical Sudy on Bubbling Fluidized Bed Reactor for Fast
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Abstract : New and renewable energy sources have drawn attention because of climate change. Many studies have been carried out
in waste-to-energy field. Fast pyrolysis of waste lignocelluosic biomass is one of the waste-to-energy technologies. Bubbling fluidized
bed (BFB) reactor is widely used for fast pyrolysis of the biomass. In BFB pyrolyzer, bubble behavior influences on the chemical
reaction. Accordingly, in the present study, hydrodynamic characteristics and fast pyrolysis reaction of waste lignocellulosic biomass
occurring in a BFB pyrolyzer are scrutinized. The computational fluid dynamics (CFD) simulation of the fast pyrolysis reactor is
carried out by using Eulerian-Granular approach. And two-stage semi-global kinetics is applied for modeling the fast pyrolysis
reaction of waste lignocellulosic biomass. To summarize, generation and ascendant motion of bubbles in the bed affect particle behavior.
Thus biomass particles are well mixed with hot sand and consequent rapid heat transfer occurs from sand to biomass particles. As
a result, primary reaction is observed throughout the bed. And reaction rate of tar formation is the highest. Consequently, tar accounts
for 66wt.% of the product gas. However, secondary reaction occurs mostly in the freeboard. Therefore, it is considered that bubble
behavior and particle motions hardly influences on the secondary reaction.
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Table 1. Calculation conditions

Computational domains

Primary Reaction

W@ Tar
Biomass =— Non-condensable gas 1
&, Char 1

Secondary Reaction

Rg Non-condensable gas 2
Tar <
Rsz Char 2

Fig. 2. Two-stage semi-global reaction mechanism,

Table 2. Kinetics data

Pre-exponential factor (s") Activation energy (cal/mol)

Agi 20 x 10° = 31787.763
Ag 13 x 10° Eg 33460803
Ast 108 x 10 = 28919694
Ag 26 x 10° Egs 25812 619
Ag 10 x 10° Ee 25812 619

Grid allocation
40 x 10 x 100

X (cm) Y (cm) Z (cm)
200 50 50.0
Boundary conditions

Gas inlet Dirichlet (Vo = 12.0 cm/s)
Temperature of N, 753 K

Biomass inlet Dirichlet (rhgiomss = 100 g/hr)
Temperature of biomass 300K

Walls No-slip
Temperature of walls 753 K

Outlet Neumann

Product gas
Outlet

Biomass

Inlet
f Nitrogen Gas

Inlet

Fig. 1. Computational domain and calculation conditions,
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