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COMSOL is a Fully Integrated Software Suite

Based upon the finite element method, COMSOL is designed from the
ground up to address arbitrary combinations of physical equations

* All modeling steps are il

available fromone andthe — " — =" -
same environment: B | [—
— CAD Import = |E /ﬁ
— Geometry Modeling i | — :
— Meshing ;.i;—-' s —— b %
— Multiphysics problem [ —

setup =
— Solving
— Visualization
— Postprocessing
— Export/Import of data
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why COMSOL Multiphysics?

Inherently Multiphysics
— Solve single physics
— Couple as many physics as you want

Easy to use
— COMSOL Desktop

— Same user-interface for all physics

Adaptable

— Custom materials and interpolation functions

— Parameterize anything
— Option to add equations

High-Performance Computing (HPC)
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— Multicore & Multiprocessor: for all license types

— Clusters: for floating network licenses

Structural
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Finite Element Modeling

ements

|. Decompose or Discretize the Problem
ll.  Approximate the Solution for each elements/Nodes
lll. Assemble the Element Equations & Solve
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COMSOL Multiphysics® 4.3b Product Suite

COMSOL Multiphysics®

AC/DC Heat Transfer CFO Chemical Reaction
Module Module Modula Enginoering Module
L — T emmsmmssss—————
1 1
RF | Structural Mechanies | | Microfluidics Batteries &
Module : Module : Module Fuel Cells Module
1
—— T ——
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Wave Optics Nonlinear Structural : Subsurface Flow Electrodeposition

Module Materials Module : Module Module
1
e o e e e e
MEMS Geomechanies Pipe Flow Corrosion
Module Module Module Module
" |
Plasma Fatgue Malecular Flow Bectrochemistry
Module Module Module Module
_ w
Semiconductor Multibody Dynamics
Module Module
Acoustics
Module

LiveLink™
for MATLAB™

CAD Import
Module

LiveLink™
for SobdWWorks®

Livelink™
fov bwvestor®

LiveLink™

for Cred™ Parametric

LiveLink™
for Solid Edge*

Al Al

LiveLink™
for Excel®

ECAD Import
Module

LiveLink™
for SpaceClim®

LiveLink™
for AutoCAD*

LiveLink™
for Pro/ENGINEER®

Filo Import
for CATIA*WS

COMSOL



=

Physics Interfaces for Porous Media Flow

* Richard’s equation: Variably « Brinkman equation: Fast flow
saturated porous media In porous media

« Darcy’s law: Slow flow in « Navier-Stokes equation: Free
porous media flow

Fracture Flow: Flow along
surfaces

| —— Richard’s equation

Darcy’s law

D e

|
| — Navier Stokes

_ land surface

surfacgwater

| Brinkman equations

Fracture Flow
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Brinkman Equations

« Fast flow in saturated porous
media

« Convective term
* Forchheimer drag

° CompreSSible or inCOmpreSSible Porous reactor with coupled Navier-

ﬂUld Stokes, Brinkman Equation and multiple
species transport

0
= EpP) V-(pu) = @

p (Ou u) _ 1 T, 2 | a _
s_p(b_t +(u'V)€)) ——VP+V'L—I){H(VU+(VH) )—3L1(V°U)IJ}—(K+Q)U 9F‘“|“

Convective term Forchheimer drag

Non-linear effects N COMSOL



Darcy’'s Law

« Slow flow in saturated porous
media

« Subsurface Flow Module
Includes Pressure Head and
Hydraulic Head formulations,
iIntended for hydrology problems

« Compressible or incompressible
flow, variable density and
VISCOsity, anisotropic

permeab”ity 3D simulation of a Perforated Well
with Darcy’s law
o K
sP v —V(p+p9D) |=Q
ot n
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Fracture Flow

Slow flow in thin shells and
fractures (Darcy’s Law)

Available only in Subsurface
Flow Module

0
dfa(sfp) = VT g (qu) = dem

K¢
qs = —;df(VTp +pgVrD)

Darcy’s law with Fracture flow
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Richard’s Equation — Variably Saturated Flow

« Slow flow for variably
saturated porous media

« Available only in
Subsurface Flow
Module

« Van Genuchten and
Brooks & Corey
retention models

* Normally coupled to
Solute Transport

S = Storage effects at
(compressibility)

C= Specific moisture 5 _| P kS
capacity (C+S£S) _|_V kaV(Hp —+ D) :Q
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Free and Porous Media Flow

Laminar flow coupled to flow in
porous media
— Navier-Stokes and Brinkmann Equation

Joint stabilization scheme

Convective term in Porous Media
Flow

Forchheimer drag in Porous Media
Flow

Qutlet

No slip = < No slip

0

Navier-Stokes ——p
' Brinkman boundary

Inlet

Free Flow

-

Porous Media
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Solute Transport

« Transport of mass, but in
Porous media for Subsurface
Flow applications

* Multiphysics

— Darcy’s Law, Richards’ or
Brinkman Equations
* Interface features

. . . . . Concentration (rainbow) and velocity
— Sorption, .D'lsp.ers[on, Diffusion, | (streamlines) plot
and Volatilization in porous media

R COMSOL




Heat Transfer

« Heat transfer in Solids and Fluids s |\l Heat Transfer

o . . B Heat Transfer in Solids (ht)
Heat Transfer in Porous Media  Heat Transfer in Fluids (ht

 Extended version in Subsurface Flow ® Heat Transfer in Porous Media (ht)
MOdUle /! Electromagnetic Heating

— Add up to 5 different Immobile Fluids
— Geothermal Heating
— Thermal Dispersion
« Multiphysics
— Darcy’s Law, Richards’ or Brinkman
Equations

Temperature
(Thermal) and
velocity (rainbow)
plot
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Poroelasticity Interface

* Biot's theory for poroelasticity

« Deformation in porous matrix due to changes
In pore pressure

« Poroelasticity uses Solid Mechanics and
Darcy’s Law

* |t can model anisotropic porous media if used
together to Solid Mechanics Module

« Application in hydrology, Oil&Gas, food,
pulp&paper, pharmaceutical industries,
biomechanics

Failure analysis of a
multilateral well
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Multiphysics Applications

R COMSOL



) A T NS SR S DU S S B
0 10 20 30 40 50 60 70 80 90 100

Pesticide DeToxification In Groundwater

Ring r=25m .
= '
' i)
Permeable Soil Layer A =
X ——a o
T o9m | asn aldicarb aldicarb sulfoxide
P 5 ——
% | [CarCasx¥C asn| after 10 days after 10 days
| AN Amostimperious Rocks =

Time (days)

Effective Water Saturation + Pressure Contours of
Variably Saturated Soil after 0.3 days + 1 day
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Density Driven flow in Porous Media

« Elder Problem: Density variations can initiate flow even in a still fluid.

« Fluid movement in salt-lake systems, saline-disposal basins, dense
contaminant and leachate plumes, and geothermal reservoirs.

« 2-way coupling of two physics interfaces: Darcy’s Law and Solute
Transport.

20 Years

1 Year B COMSOL

10 Years y
5 Years




Chemical Reactor Design

Species A

Species B

Species C

Flow and reactions in a porous
reactor

Plots indicate flow field and
reaction A+B—C

Physics involved

1. Flow (both free and porous)
2. Chemical reactions
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Pore Scale Flow

Creeping Flow

Image import for calculation of porosity and permeability
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Natural Convection in Porous Media

« Conduction and convection
« Both include diffusion and mechanical spreading

Temperature Velocity
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Demo: Vapor Intrusion Modeling

Darcy’s law _
Mass Flux of Contaminant through Crack

V ) (pU) = Qm Y. Yao et al. / Building and Environment 59 (2013)

K
u=—X(Vp+ pgvD) Q. exp( stdckj

ILI J _ ACk D Ack
Mass Transfer * Q.d,,
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Getting started...

This Meeting
Work through the quick-start booklet

Webinars & tutorials: http://www.comsol.com/events/webinars/

Browse the Model Library Examples & Documentation

a b 0 D E

Browse Models: http://www.comsol.com/showroom/product/
These are continuously being updated

6. Browse User Papers: http://www.comsol.com/papers/
Over 2000 papers & presentations

R COMSOL
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COMSOL
CONFERENCE

BOSTON

October 9-11 Join the Leaders in Multiphysics Simulation
Boston Marriott Newton

Newton. MA. USA at the COMSOL Conference 2013.

Xz

Hands-on Minicourses
Keynote Talks and User Presentations
Exhibition and Poster Session

¥ ¥

Demo Stations

N
'

> Panel Discussions

>~ O~

» Awards Banquet and Networking Events

www.comsol.com/conference
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