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The geometric
sequence allows
you to run
geometry
parameter sweeps
with full
associativity
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Management of Materials
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Physics Interfaces
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Set up studies:

* Analysis types

* Solver sequences
* Parametric sweeps
[

Cluster computing

Analyze, visualize, and
compare several
solutions
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Context
dependent help
makes it easy to
browse and
search

Dynamic Help
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To extrude objects from a work plane,
right-click on a geometry or a work plane
feature, and select Extrude. Then enter
the properties of the extrude operation in
the following sections:
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that you want to extrude in the Graphics
window. They will appear in the Input
objects list.
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several layers, you can keep the interior
boundaries by selecting the Keep cross-
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New Geometry Functionality

Geometry parameter sweeps with full associativity

The Parasolid kernel replaces the COMSOL kernel when the CAD Import
Module is installed; 3D geometry operations can be applied to imported
geometries.

— This makes it the possible to manually repair imported CAD
geometries

LiveLinks™ for CAD Systems:
= LiveLink for SolidWorks®

= LiveLink for Inventor ®
= LiveLink for Pro/E®
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More Physics Interfaces

e Additional Physics Interfaces
e Additional Predefined Multiphysics Interfaces
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New Solvers

MUMPS and SPOOLES for cluster computing

Modal solver for frequency response and time domain (for structural and
acoustics simulations for example).

AWVE solver for harmonical electromagnetics simulations

Predefined analysis combination: non-linear + frequency-response solver
(for small signal analysis and pre-stressed structures simulations for
example)

Non-linear least squares solver for parameter estimation

“E COMSO0OL



Each node in the tree
is a database record.

Data such as author,
create date,
comments, etc. can
be stored with each
node.

Nodes with or
without subnodes
can be saved
separately to disk and
become parts of user
libraries.
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The Upcoming CFD Module

Traditional CFD

— Efficient computation of traditional fluid
flow problems

Multiphysics
— Fluid flow with arbitrary physics
combinations

The CFD Module combines the best
qualities of dedicated CFD packages

with the Multiphysics capabilities of
COMSOL

YE COMSOL




Capabilities in the CFD Module

Time=0

Slices minfU_chns,0.05) [mJs] Boundary: Pressure

[Pa]

* Interface for rotating machinery

— Laminar and turbulent models

e Turbuient flow
— k-g turbulence model,
including low Re

— k- turbulence model,
including lOW Re ;LT;EUM Max: 2,038

— Spalart-Allmaras |-Eq model

— SST turbulence model* y

— Large Eddy Simulations*

e Compressible flow

— Comepressible Navier-Stokes

— Compressible Euler*

Min: 1.826e-3

* Not in first version “E COnMSOL



Capabilities in the CFD Module

Time=0
Isosurface: Phase field function  Subdomain: von Mises stress [Pa] Boundary: Phase feld function Edge: 1

Viscoelastic flow

—  User interfaces for generalized Maxwell models and
Oldroyed-B models

% 1e-3

—  Extended with the Euler-Euler model for heavy
particles in fluids

Porous media flow

—  Coupled turbulent flow and porous media flow

Pipe-flow / Bernoulli-flow
—  Automatic laminar-turbulent friction factor calculations

—  Surface roughness for turbulent flows

Laminar flow

—  Shell Navier-Stokes for flow in thin layers
(applications in lubrication, earth science, fractured
media)
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Solver Capabilities in the CFD Module

Cluster computing

—  Performance

Discontinuous Galerkin

—  First Order:Accuracy, performance

Fully segregated solver for flow equations

—  Performance (memory)

Improved meshing (boundary layer mesh, mesh
control in domain interior)

—  Accuracy, usability

Numerical stabilization

—  Performance, robustness

Ton o vew smamon o e
OPE XaMes AQHE SOBORC
=8)3 h ~a

Fluid dynamics simulations require cluster
computing for reasonable computational time
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The Electrochemical Engineering Module

Specialized tool:

— Models and simulates all types of
electrochemical applications

— First of its kind on market

Tailored functionality/interfaces for:

— Primary, secondary and tertiary current
density distribution

— Porous and gas diffusion electrodes

— Dilute and concentrated electrolytes

Multiphysics
— Flow, electromagnetics and heat transfer with
electrochemical reactions

% heat sink_Lmph - COMSOL Multiphysics

= =
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Applications Covered

Batteries

Fuel Cells

Metal Winning and Deposition
General Electrolysis

Corrosion

tasman

Concentration Distribution in a Solid Oxide Fuel Cell
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Physics Interfaces

Primary Current Density Distribution

Secondary Current Density Distribution

Tertiary Current Density Distribution

Porous Electrodes

Copper deposition in an electronics device

H COMSOL



Supporting Capabilities in COMSOL Multiphysics®

Charge Balance

Fluid Flow capabilities
. . &50?5 L‘\n«* " Gsa%
B o
Material Properties &0  NY
,?A ‘Fé‘ b L b
L g % %
S//E % %
N1 Di : Affects heat capacity
Uth e r Phys | C S Mass Balance Energy Balance
= Affects electrachemical kinetics
& £
€ 3 3
oo, & o 5_&' b5
CAD capabilities ) o, i/f
% e, &
-%‘,(’5 !«@6 g, 2 v&’;‘ &
Fluid Flow Structural Analysis and
Electrode Geometry

P
"essure forces

\
Electrolyte chan™®

Multiphysics involved in the electrochemical
machining of an electric razor head
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The Plasma Module

» Specialized tool to:
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Applications Covered by the Plasma Module

* Industries that have a need for modeling plasmas:

B Semiconductor
m To fabricate microchips.
Electrical breakdown.
B Reactive gas generators.

Lighting

d Long life, energy efficient bulbs.
Wl Plasma and LCD TV's.

Plasma lamps.

B COMSOL



Applications Covered by the Plasma Module

* Industries that have a need for modeling plasmas:

+ Medical

Fast and potent sterilization of syringes, etc.
- Kill bacteria embedded in teeth.
‘ Wound treatment.

_ 3 Other

n Space thrusters.
E Impermeable coatings.

% Plasma torches.
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Predefined Couplings

e The Plasma Module will include predefined couplings for the
most common types of reactors:

— Inductively Coupled Plasma (ICP)

— Capacitively Coupled Plasma (CCP)

— Microwave plasmas

— DC discharges

H COMSOL



Supporting Capabilities in COMSOL Multiphysics®

RF and AC/DC Modules:

RF Module to model plasmas sustained
by electromagnetic waves

AC/DC Module to model plasmas

ctm i~ L PP mim o

P : R P
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Other Physics:

Heat transfer, structural mechanics and
fluid flow

Arbitrary equations for flexibility

CAD capabilities:

Include designs with the CAD Import
Module
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Coming up next

V4 to be released in December
Three new modules in March 2010
Application Programming Interface (API) 2010

Physics Interfaces with built-in Optimization
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