Femlab Tutorial: A first Example: Note

Spring 2006

Open Comsol Multiphysics 3.2, Select the Model Library tab, Then select any model within the
chemical engineering Module library as shown below. Then press the documentation button.

Then select Go to the Chemical Engineering Module
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A First Example

For a quick introduction to modeling in the Chemi
convection-reaction process. Although this model
such as those in the Chemical Engineering Mode!

Consider the study of a mass balance of a dilutec
caleulating the concentration profile of this specie
structure. In a first step, we will evaluate the tim
species reduction within the reactor at this stage
as well as the time it takes before steady-state, .
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@ Energy Balances .
@ Mass Balances OVCI HCW,
QThe Materials/Coefficients Lib .
@Appl\:atinn Mode Implemental A FlrSt
@ Glossary

Chermical Engneering tosel | EX@Mple

structure consists of hundreds of repetitive u
w gas to flow freely within a porous catalyst =
sion and chemical reactions take place in the
ing through a channel and the porous catalys

(3 tntroduction
E Model Library Guide
@ Typographical Conventions
([ Momenturn Balances
QPressure Recovery in a Diverging Duct
%Fluw in a Fuel Cell Stack
QR\sing Bubble Modeled with the Level Set
@ Energy Balances
QMass Transport
@ Electrochemical Engineering
@ nicrafluidics
mchemlca\ Reaction Engineering =
@ Fized-Bed Reactor for Catalytic Hydrocarl

a Model Definition

% Axisyrmmetric 2D Model

a Results

a References

@Mndeling Using the Graphical User Inte
a Model MavigataR

a Options and Settings

% Geometry Madeling

a Physics Settings

a Mesh generation

% cormputing the solution

a PostProcessing and Visualization

2] Parametric Study ud
¥ &

|l

outlet

I A
T .

e
poraus catalyst
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The resulting modelling domain consists of two su
formulation of mass halances for the gas, both in
the different subdomains and boundaries appear
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Figure 2: All 3 shapes together
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Submit at the end of the period:

1. Turn in 3-D slice plot with 5 z-level slices
2. Compute the average concentration at the inlet and outlet boundaries. The average

concentration is given by

_ ”(C *w_vel )dxdy
T ”w_vel dxdy

first calculate the average velocity
and then calculate the integral of
c*w_vel. Dividing these two
numbers gives you the average
velocity at a surface. Try the inlet
surface first to make sure that you
get cin=3 mol/m’. Use
Postprocessing, boundary
integration. Surface 3 should be
your inlet and 4 should be your

. To do this
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outlet. (e.g. for the inlet I get the average velocity as 0.098175m/s and the average
concentration c*w_vel/0.098175=2.9999) From these values of average concentration
you will be able to calculate a conversion (assume dilute gas).

3. Increase the flowrate by a factor of 2 and 10 times the initial flowrate. Describe what
happens giving the minimum outlet concentration, average outlet concentration, and

conversion for each of the three cases.

4. Compute the average concentration

5. Vary the reaction rate constant, k, as suggested in the tutorial. Use values of the base
case, 1 and 10 s™. Explain what happens to the outlet concentration.




