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Numerical Investigation of Non-homogeneity and Specific Area in Porous Media
on Packed Bed Reactor Performance, Using Lattice Boltzmann Method

Mohammad Taeibi-Rahni!*, Mojtaba Sheida!, Vahid Esfahanian?

1- Department of Aerospace Engineering, Sharif University, Tehran, Iran.
2- Vehicle, Fuel, and Environment Research Institute, Tehran University, Tehran, Iran.
*P.0.B. 11365-11155 Tehran, Iran, taeibi@sharif.edu

ARTICLE INFORMATION ABSTRACT
Original Research Paper In current research, surface reaction phenomena in several packed bed reactors have been considered.
Received 11 October 2017 Flow field through several fractal Sierpinski carpet porous media have been simulate, using LBM. The
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ndothermic Isopropanol dehydrogenization reaction h n considert ic reaction mechanism
Available Online 22 December 2017 endothermic Isopropanol dehydrogenization reaction has been considered as basic reaction mechanisi

and two major parameters: non-homogeneity and specific area in catalytic surface reaction have been
investigated. To validate our numerical method, our results have been compared to a recent benchmark

Keywords:

Specific Area study, which adopted very well. In both cases, the porosity factor retained constant (¢=0.79). The results
Non- homogeneity Arrangement show that, by three times increase in specific area, the reactant conversion rate is increased significantly
Porous Media (approximately one order of magnitude) and the pressure drop is increased (nearly 5 times). Also, to

Surface Chemical Reaction

) consider non-homogeneity arrangement, the particle arrangements from small to large and from large to
Lattice Boltzmann Method 9 Yy g p 9 g g

small have been considered. In both cases, the pressure drop is approximately the same. At low Re,
reactant conversion of both arrangement are the same, but by increasing Re, the packed bed reactor with
large to small arrangement has a little more reactant conversion.
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Fig. 9 Flow field streamline of same porosity 0.79 with a- specific area
1.47m* and b- specific area 0.59 m™,
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Fig. 10 X-component velocity contour of two porous media in same
porosity 0.79 with a- specific area 1.47m™* and b- specific area 0.59 m™.
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Fig. 12 Isopropanol mass fraction contour of two porous media in
same porosity 0.79 with a- specific area 1.47m™ and b- specific area
0.59 m?
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Fig. 11 Temperature (K) contour of two porous media in same porosity
0.79 with a- specific area 1.47m™ and b- specific area 0.59 m™.
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Fig. 14 Dimensionless pressure drop across packed bed reactor in
respect to Rey, variation from 25 to 157.
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Fig. 17 X-component velocity (m/s) contour with specific area 0.56m*
in a- small to large and b- large to small arrangements
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Fig. 18 Temperature (K) contour with specific area 0.56m™ in a- small
to large and b- large to small arrangements.
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Fig. 15 Dimensionless permeability coefficient across packed bed

reactor in respect to Rey, variation from 25 to 157
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Fig. 16 physical domain of same porosity 0.79 with a- specific area
0.56m* in small to large and b- large to small arrangements.
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Fig. 21 Dimensionless pressure drop across packed bed reactor in
respect to Rey, variation from 25 to 157.
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Fig. 22 Dimensionless permeability coefficient across packed bed
reactor in respect to Rey, variation from 25 to 157
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Fig. 19 Isopropanol mass fraction contour with specific area 0.56m™ in
a- small to large and b- large to small arrangements.
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