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Why: micro-fabrication?

e rgnineat anaimass tianster rates possibie i micre=Huidic
systems allow reactions, terlae: performed Under nmore aggressive
conaitienswitnrnIgheryields tham canbe achieveawith
conventional reactors

INew reaction patnways deemed tee difficult i cenventienal
MICrescopic equipment, e.g., direct fltuerination off arematic
compoundsi (Chambers & Spink, 1999), couldie pursted.

Scale-uprto production ny replication el mICre-reactor UnIts Usea
I thie laler eliminates costly: redesign: and prioet plant experments,
therehy shertening the development time




Why micro-fabrication? (contd.)

Iihe presence offintegrated senser and contrel units could
allew therfianledireactor (e e 1selated and replaced Wille ether
parallelfunits continued preduction.

Ilese sysiems;are capanle oft integranngall stages of a
complete analysis; Including sampling;, sample pretieatment,
chemicallreaction), separation, detection, and data processing 1n
a nighly autematediand erficient manner:

Ref: Jakeway, S. C.; de'Mello, A. Ji; Russell; E. L., Miniaturized total analysis systems for biological analysis.
Eresenius” Jourmal off Analyticall Chemistry 2000, 366, (6-7), 525-539.




\Wihat IS this pronlem?

AW0e-phase (0asi& solid) transient catalyiic compusior model
using a simplified fiow fiela insice a single chiannelito test the
advantages off CONMSOILE IVIultiphysIcs soltware:

Ref: R. E. Hayes and S. T. Kolaczkowski,
Introduction to Catalytic Combustion.
Amsterdam: Gordon and Breach Science
Publ., 1997




Catalytic Combustion

The complete oxidation of a combustible compound on the surface
of a catalyst.

A flameless process occurring at lower temperatures and, therefore,
emitting less nitrogen oxides (Hayes et al. 1997)

Catalysed combustion offers fewer constraints concerning
flammability limits and reactor design.

The design of the catalytic combustion stage typically calls for
monolith systems that offer high surface area but low-pressure drop.
The monolith honeycombs are often made of cordierite coated with
catalytically active material, whereby a washcoat, mostly alumina, is
frequently used to enlarge the surface area.

CH4+202—>CO

+2H,0
AH _ =802368 +0.0133T * —14.625T

2




\Why COMSOL?

[t has aniintegrated modeling envirenment.

[t takes a semi-analyiic approach: Y.ou Specliy equations,
CONISOIL symbolically assembles EEMImatrices and
Organizes the heekkeeping.

COMSOILL 1s bullt enitep off MATILLAB), se) uUser defined
programming| fer the'moedeling), eraanizing the:computatioen; or
e post=precessing has full functionality:

b provides pre-hunlttemplates asiApplication Viedes

i providesimulti-physicsimodeling linking well' known
“application mooes™ transparently.

CONISOL innovated extendedi multi=physics=coupling:
petween! logically distinct demains and models that permits
Simultaneous selution.




Assumptions

The channel is cylindrical and the flow is axisymmetric and
Laminar

The porous medium is homogeneous and isotropic

The Interactions between the porous medium and the clear
fluid Is simulated by the Brinkman formulation [13]

The solid matrix and the fluid are assumed to be at local
thermal and concentration equilibrium with each other

Homogeneous reaction and heat radiation in the bulk phase are
Ignored.




Mathematical Presentation
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Mathematical Presentation (conta)
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Boundany conaitions

At the Inlet off the channel:
Iniialfvaltesifior Vel ocity, llemperature: and Concentration

At the axisymmetric line off the channel:
Axial symmetry for all parameters

At the outiet off the channel:
Convective filtx IS assumed

At the wall:
INoisliprcondition IS assumed




Simulation parameters fior the bulk
phase

Conditions Bulk Phase

Reaction
0

rate

5><(T1'75/P)

Diffusivity b, 999 10

Thermal 5 :
_ k 16/9<10 f50/3-10 71
conductivity

7.701 x 10'6 + 4,166 x 10_8T

~7.531x 10_12T -

Viscosity




Simulation parameters for the perous
|ay/er

Conditions Porous layer

90000 J

Reaction ¥
RT

5 |

Diffusivity D, x(e/7)

Thermal k [k j0.280.757logg0.057log(ks /Kq)
g

conductivity  k; | k4

+4.166 x 10"‘81"

—7.531 x 10'12T =

7.701x 10""6

Viscosity




Simulation conditions

Geometrical Conditions
Channel length (m)

Porous layer thickness (mm)
Catalyst support materials
Tortuosity, t

Porosity,

Permeability, K m*

Thermal conductivity, ks W / mK
Heat capacity, Cps J /kg.K

Density, ps kg /m’




Temperatuire
profileralong the
channel




Concentration
profileralong the

channel




Velocity profile In
the bulk phase




\/elocity profile in
e perous layer




Summeary. of conditions In the
Simulatiens

:
1
2
3
4
5
6
7
8
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{ Convective heat transfer
u =

Conductive heat transfer




Concentration profile for cases 1 (Up)
and 2 (down)
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Tremperature profile fior cases 1 (Up) anad
4 (dewn)
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\/elocity profile for cases 1 (Up) and 4
(@own)
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