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Comsol Multiphysics is an integrated environment for sodvsystems of time-
dependent or stationary second order in space partiakelifal equations in one,
two, and three dimensions. Moreover, such equations maybgled in an almost
arbitrary way. Comsol Multiphysics provides sophistichtand convenient) tools for
geometric modeling. Therefore, for many standard probjehese exist predefined
so-called application modes which act like templates ireotd hide much of the
complex details of modeling by equations. The applicatiasdas make use of the
language used in the respective engineering discipline.

For our purposes, it is sufficient to work with the core equatnodel because we
do not need to use the advanced features of Comsol MultiphiyEhere are two forms
of the partial differential equations available, tteefficient forrand thegeneral form.
They read
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respectively. We will stick to the coefficient form. It canlprbe used for mildly
nonlinear problems. For most nonlinear problems, the ge¢f@m needs to be used.

The coefficients of the coefficient form may depend bothepoty andu. Observe
that a dependence anis not recommended.

Example. As arunning example take the one-dimensional heat equation
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Here we havel, = 1,c =1, f = @, and all other coefficients are vanishing.

Starting Comsol Multiphysics

Comsol Multiphysics is available at NADA on all supportedffbrms. Under Solaris
or Linux, issue the command



> nodul e add consol

in order to get access to the system. If you are using ComsdtipMysics in other
installations, please follow the instructions coming wttle installation CD. In order
to invoke Comsol Multiphysics, go to a directory of your at®and run the command:

> consol &

You will be confronted with theModel Navigator Here you can select the space
dimension of the problem (1, 2, or 3), the application moke rtame of the dependent
variable(s) (this may be more than one if you have a systerquatéons), and the type
of the finite element to be used. | recommend that you do natgdn¢he name of the
application mode. Th&ul ti physi cs button leads to the more advanced features
of Comsol Multiphysics. If you want to load your own model, pre€X without
selecting a new application mode.

Example. Letus continue with our heat equation. We set the space diimeto 1D.
Even if there is a predefined application mode for the heaatigu, we will use the
coefficient form for demonstration purposes. So select

Conmsol Mul tiphysics --> PDE Mbdes -->
PDE, Coefficient Form--> Ti ne-Dependent Analysis

On the right-hand side of the window, the form of the equatidlhbe displayed. Do
not touch all other parameters. The name of the unknownifumetill be « while the
independent variables areand:t.

Define your problem

After you have accepted your choice in the Model Navigatog, main window of
Comsol Multiphysics will appear. Its main contents is theapfpics window display-
ing the domain under construction (of course, it is emptyhalieginning). The menu
contains the main steps to be taken in obtaining a soluticglovidthe main menu,
there is a button line providing shortcuts to the most imguarsubmenu items. If you
stop with the mouse over a button, a bubble help will appeara Aule of thumb, you
have to traverse the main menu (or the button line) from tefight.

In theFi | e menu, you can save your project at any time, and reload itifwant
to continue.

lindeed, multiphysics is one of the main strengths of Comadltighysics!



Options

In the Opt i ons menu, you can define some global settings. The most important
points are probably

e Axes/ Grid Setting: Here you can define the area to be displayed in the
graphics window.

e Const ant s: Very often, a problem contains a lot of parameters. Here,ogm
define them. They are later available in the physics modgling

Example. Define the strength of our heat source:
Options --> Constants

In the Name field, ente®. In the respective Expression field, entex2. Now, choose
Options --> Axes/Grid Settings

Enterxm n andxmax as- 0. 1 andl. 1.

Draw
In the 1D case, this menu contains only a few entries. | recentto define the
domain by hand rather than using the mouse.

Example. In oder to obtain the domain = [0, 1], choose
Draw --> Specify Object --> Line

InsertO and1l into the dialog box.

Physics

This is the place where you define the equation as well as thedaoy conditions.
For all coefficients and initial guesses, you can use mathieah@xpressions with a
MATLAB-like syntax. Many mathematical standard functicare available. Use sim-
ply their MATLAB name. If you should obtain an error about amdefined function,
you should try to replace it by equivalent expressions ifsgae. Otherwise you to
have to run Comsol Multiphysics in a MATLAB environmeht.

°These constants are not accessible in the graphics moHeling
3Please consult the online help system or the user guide.



The first menu item is the definition of the boundary condgiorYou have the
choice of Dirichlet and Neumann-type boundary conditioRebin boundary condi-
tions may be inserted using the Neumann boundary condiiea.df you started the
dialog, you will find a numbered set of boundary pieces. If gelect one of it, it will
be highlighted in the graphics window. Specify the boundaogdition for that part
of the boundary on the right-hand side. Cycle over all bouwngéeces until you are
done. The denotation used is specified in the headline.

The next step consists of defining the differential equatieiect the&Subdomai n
Set t i ng dialog box. Again, a list of subdomians is preserfte8elect it, and you
can assign the expressions for the coefficients. A remindeuatathe denotation can
be found in the headline. Note that there are different taladlable. Besides the
Physi cs tab, you will need thd ni t tab. For time dependent problems, the ini-
tial value must be defined. If you have a nonlinear probleminéral guess for the
nonlinear solver should be provided here, too.

Example. Assume that we have Dirichlet boundary conditiong at 0 and Neu-
mann boundary conditions at= 1. After selecting

Physics --> Boundary Settings

select boundaryl by clicking on it. The left boundary point will be highlighden
red. Choose Dirichlet boundary conditions. Do the same Wwithndary2 but use
Neumann boundary conditions.

The next step consists of

Physics --> Subdomain Settings

Select subdomaid (there is only one), and the line will be indicated in red ie th
graph. In tab Physics, all coefficients have already theteod values with the excep-
tion of the right-hand side. Inse@into the dialog box nedr. Remember tha®was
a constant defined in the options setting.

Go to the Init tab. You may insert an expression for the ihg¢@ndition. Let the
proposal 0 alone, this is equivalentit@ = 0, z) = 0.

Mesh

Click on the mesh button to create an initial mesh. It is oftgher coarse. Use the
refine button until the mesh is sufficiently fine. Note that, $tationary problems,
you have the possibility to choose an adaptive solver whidhgenerate a problem-
adapted mesh according to your criteria.

4If you are in luck, only one subdomain is presented.



Solve

Here, you can select the solver to be used and the solver pteenThis is accessible
under the menu entriyar anmet er s. Usually, all parameters have already reasonable
values. The only exception may be the time-dependent swlkere you have to ad-
just the interval for solving the problem as well as the otfpaints. Then solve the
problem! Some output of the solvers is available in the logdeiwv. After a shorter or
longer while you wilP be switched automatically into tiRost pr ocessi ng mode.

If you are interested in knowing what is going on, cho®ew | og from the
Solve menu.

Example. Select
Sol ve --> Sol ver Paraneters

Enter the values where you want to have the output in the Tirales It is convenient
to use MATLAB'’s colon notation, for exampl€: 0. 01: 1. 5. This will provide
solutions for times between 0 and 1.5 with an increment af.0Save it and solve the
system.

Postprocessing

ThePost pr ocessi ng menu contains a lot of graphical output routines. Moreover,
derived quantities can easily be computed, an example heiegrals over surfaces
and subdomains. Unfortunately, the function values of thet®n are not accessible
via dialog boxes. Instead, one has to rely on the solutioh glioyou are moving
the cursor over the solution graph, values of the solutiendisplayed in the lower
left corner. If SNAP is set toon, only values on the grid defined xes/ Gri d

Set t i ngs are accessible. So either you switch 8NAP by double clicking on it, or
you include the coordinates of the point you are interestento the grid definitior?.

Help

Not really surprising, in this menu you will find a lot of helpsources. | recommend
that you read through the quick introduction. The user gisdather long...

SHopefully!
81f you are more experienced, you can use Comsol Multiphyfsizs within MATLAB. Here, you
have immediate access to solution values.



DONE

If you are ready or you want to interrupt your Comsol Multigigs session, you can
save your model using the File menu. | recommend to save indd dile. The
experienced user is probably more satisfied withrdile because it is human readable.

Then you can reload it at any time later modifying your modeyau need.



