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Objective Background Results Conclusions

Reactor Modeling

General

Evaluate the technical feasibility of using a Catalytic Wall Catalytic Wall 
Reactor (CWR)Reactor (CWR) to perform Steam Reforming of EthanolSteam Reforming of Ethanol under 
conditions of high thermal efficiency

Specific Objectives

1.1. Conceptual analysisConceptual analysis using multi‐physics simulation

2. Anticipate possible operational regime on the CWR beforebefore
performing the experiments
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Some strategies in Reactor Engineering
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CWR: a type of Structured Reactor

4

Packed Bed Reactor Catalytic Wall Reactor

Radiation

Conduction

Conduction Convection

Radiation

Conduction

Convection

Conduction



Objective Background Results Conclusions

Steam Reforming of Ethanol

CC22HH55OH+3HOH+3H22O       2COO       2CO22+6H+6H22

Global reaction

Final Products
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Main reaction mechanisms
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Possible reaction pathsDecomposition reactions

Cracking
Dehydrogenation
Dehydration

C2H5OH C2H4O + H2 CO + CH4

C2H4 + H20 C + …

CO + CH4 + H2

Reforming reactions

Ethanol

Acetaldehyde

Ethylene

C2H5OH + H2O

2CO + 3H2

2CO + 4H2

2CO + 4H2

C2H4O + H2O

C2H4 + 2H2O

CO + H2O CO2 + H2

Water Gas Shift

Methanation

CO + 3H2CH4 + H2O

Operational 
conditions MUST BE 
carefully controlled 
to avoid undesired 

products
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Mathematical Model
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The Chemical Engineering Module facilitated the coupling of 
transport phenomena and chemical reaction kinetics 

Conservation equations
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Catalytic Wall Reactor model

Main assumptions

• Linear expression for the 
reaction rate

• Balances
1.Momentum
2.Mass 
3.Heat

•Heater delivers the 
energy required by the 
reaction

•No heat losses
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H

Length scale orders:
H(10-1m)>>h(10-3m)>>δ(10-5m)
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Temperature on the block

ΔTblock ~ 5°C
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Reforming channel
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Ethanol concentration

Feed Products

ΔTchannel ~ 0.1°C

Temperature
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Concentration and temperature profiles
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Ko=100 s-1

Ko=0.1 s-1
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Dimensionless numbers
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Conclusions

1. The Catalytic Wall Reactor model can be solved 
using COMSOL Multiphysics

2. CWR maintains a thermal performance adequate 
for evaluating catalysts under a uniform 
temperature profile at the studied conditions

3. CWR performance is mainly affected by mass flow 
rate and reaction kinetic parameters.
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Future Work

1. Obtain a reliable kinetic for the endothermic SRE 
reaction for improving  the reactor design

2. Include heat losses in the model  Is it a more 
realistic model?

3. Modeling of a 3D geometry to verify possible influence 
of end‐effects Computationally more expensive  Is 
it a more realistic model?

4. Define the catalytic plate as a domain instead of a 
boundary condition  Computationally more 
expensive  Is it a more realistic model?

14



Objective Background Results Conclusions

Thanks…

• Audience

• Dr. Daniel Montané

• Universitat Rovira i Virgili

• CHLOE

• Colleagues, Friends, and Family 

15


