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COMSOL Multiphysics

» Space and time-dependent systems
— Fluid dynamics
— Heat transfer
— Mass transport and reaction
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Reaction Engineering Lab

» Perfectly mixed and plug-flow systems

— Mass and energy balances for perfectly mixed batch, semibatch, CSTR
and plug-flow reactors
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The COMSOL/CAPE-OPEN Interface

» A socket for thermodymics and physical property packages
— CAPE-OPEN Thermo 1.0 and 1.1 compliant

* Interface coding
— COMSOL

— Jasper van Baten, AmsterChem
« Compliancy testing
— AmsterChem, CO-LaN
- TEA
* Infochem Multiflash
* ProSim Simulis
* VMG Thermo

« TUV NEL PPDS
» Aspen Properties
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The COMSOL/CAPE-OPEN Interface

« Command line interface (25 commands)
— Inspect and select property packages
— Inspect and select properties
— Call property function evaluations for use in simulation
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Inspecting and selecting property packages

e capepackmanagers
— lists available CAPE-OPEN property packages and managers

[managers index]=capepackmanagers

index =

'OATS (CAPE-OPEN 1.0) Q)
'‘OATS.PropertyPackageManager (2)'
'‘COCO_TEA.ThermoPack (3)
'‘COCO_TEA.PropertyPackManager (4)'
'‘CCOTS (CAPE-OPEN 1.0) (5)

'CCOTS.PropertyPackageManager  (6)'
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Inspecting and selecting property packages

capepacks

— gets list of property packages supported by a selected package
manager

packageNames=capepacks(myManager)

packageNames =

'Cl_C2'

'C1l_C2 (EOS)
'n-depropropanizer
‘alkanes'

'HDA'
‘Water-nButanol-UNIQUAC'
‘ethane production’
'toluene_hda'’
'steam_reformer’
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Inspecting and selecting property packages

» capecreatepack

— sets up a connection to a property package, allowing you to use it
from the command line

capecreatepack(myManager,'steam_reformer','myPackag e")
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Inspecting and selecting properties

capepackdata

— returns compounds, phases and properties that can be obtained from
a property package

[info,compounds,phases,constantProps, TdepProps,Pdep Prop
S,

singlePhaseProps,twoPhaseProps] =
capepackdata('myPackage’);

capecompids(compounds)
ans =

‘Propane’

"Water'

'Hydrogen'

‘Carbon dioxide'

‘Air'
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Inspecting and selecting properties

singlePhaseProps 'logFugacityCoefficient. DmolFraction’
singlePhaseProps = 'logFugacityCoefficient.Dpressure'
‘density’ 'logFugacityCoefficient. Dtemperature'
‘density.Dmoles' 'thermalConductivity'
‘density.DmolFraction’ 'thermalConductivity.Dmoles'
‘density.Dpressure"density.Dtemperature’ 'thermalConductivity.DmolFraction'
‘enthalpy’ 'thermalConductivity.Dpressure'
‘enthalpy.Dmoles' 'thermalConductivity.Dtemperature'
‘enthalpy.DmolFraction’ 'viscosity'

‘enthalpy.Dpressure’ 'viscosity.Dmoles'
‘enthalpy.Dtemperature’ 'viscosity.DmolFraction'
'heatCapacityCp' 'viscosity.Dpressure'
'heatCapacityCp.Dmoles’ 'viscosity.Dtemperature’

'heatCapacityCp.DmolFraction’
'heatCapacityCp.Dpressure'
'heatCapacityCp.Dtemperature’
'logFugacityCoefficient'

'logFugacityCoefficient. Dmoles' H COMSOL
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Inspecting and selecting properties

« capefunclphase
— create the function object for a single-phase property

« capefunc2phase
— create the function object for a two-phase property

o capefuncequilibrium
— create the function object for a equilibrium calculations

» capefuncpdep
— create the function object for a pressure-dependent property

« capefunctdep
— create the function object for a temperature-dependent property
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Inspecting and selecting properties

capefunclphase

capefunclphase('Cp_ht','myPackage’,'heatcapacitycp’ ,va
por','air)
ans =

'‘Functor name: Cp_ht'

'‘Property package: myPackage'

‘Type: Single phase property calculation'
‘Compounds: Air'

‘Arguments: [Temperature/[K], Pressure/[Pa]]'
'‘Phase: Vapor (type: Vapor)'

'‘Properties: heatcapacitycp/[J/(mol*K)]’
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Evaluate property functions

e capeeval

T=[300:50:1000];
p=1e5*ones(15,1)
cp=capeeval('Cp_ht',T,p);
plot(T,cp)
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Reaction Engineering Lab

* Hydrodealkylation of Toluene in a Membrane Reactor



Model Equations

Plug-flow reactor

Membrane reactor
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Property Calculations

e Species heat capacities

- Cp,HZ(T’p)

- Cp,CH4(Tvp)

— Cpcene(T.P)

- Cp,C6H5CH3(T!p)
- Cp,ClZHlO(T’p)

» Species enthalpies

- Hp,HZ(T’p)

— Hp cra(T.p)

— Hp cene(T.P)

- Hp,C6H5CH3(T’p)
- Hp,ClZHlO(T’p)



Reaction Engineering Lab GUI
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COMSOL Multiphysics

« Steam reformer unit for a stationary fuel cell



Model Equations — Fluid flow

« Darcy flow in the porous catalytic bed

~ K ~
Nxr - —N =0
h p



Model Equations — Fluid flow

* Free flow in the heating tubes

A= Rix - pl+ AR+ RuT)- 2_?:7 k., (Ri=u)

Nx{ru)=0



Model equations — Mass transport and
reaction

 Reformation chemistry in the porous catalytic bed

Nx rwu- rw, D, I<1x1.+(xj-wj)|\l—|;O - DI$ =R
j=1



Model equations — Energy transport

« Convection and conduction in the bed, heating tubes, and
jacket

N>(- kNT)+ rCpusNT = Q



Property Calculations

» Reformer bed

— Density; r(T,P, Weangs Wi2os Wiz Weop)
— Viscosity; h(T.,p, Weang: Wii2os Wiizs Weo2)

* Heating tubes
— Density; r(T,p)
—  Viscosity; h(T,p)
— Thermal conductivity; k(T,p)
— Heat capacity; C,(T,p)
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Results

e Temperature distribution



Results

 Temperature at the reactor centerline



Results

» Density distribution



Results

e Species weight fraction at the centerline



Concluding Remarks

« COMSOL 3.5 features an interface supporting CAPE-OPEN 1.0
and Thermo 1.1 standards

— Accurate property calculations in space and time-dependent chemical
engineering simulations

e Continued CAPE-OPEN work

— Extended GUI support for the Thermo interface
— Unit operations plug
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