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Preface

The typical user of a simulation package is someone who holds a PhD or an MSc,
has several years of experience in modeling and simulation, and underwent
thorough training to use the specific package. He or she typically works as a
scientist in the R&D department of a big organization or as an academic
researcher. Because the theory of simulation is complicated and the typical
simulation package presents many options, it is up to the user to employ his or her
expertise to validate the model and the simulation.

This means that a small group of simulation experts is serving a much larger group
of people working in product development, production, or as students studying
physics effects. Simulation models are oftentimes so complicated that the person
who implemented the model is the only one who can safely provide input data to
get useful output. Hence the use of computer modeling and simulation creates a
bottleneck in product development, production, and education.

In order to make it possible for this small group to service the much larger group,
the Application Builder offers a solution. It makes it possible for simulation experts
to create an intuitive and very specific user interface for his or her otherwise
general simulation model — a ready-to-use application. The general model can
serve as a starting point for several different applications, with each application
presenting the user with input and output options relevant only to the specific task
at hand. The application can include user documentation, checks for “inputs
within bounds”, and predefined reports at the click of a button.

Creating an application often requires a collaborative effort by experts within the
areas of physics, numerical analysis, programming, user-interface design, and
graphic design.

To a reasonable extent, COMSOL’s Technical Support team can recommend
physics and numerical analysis settings for your application. In addition, the
COMSOL documentation and online resources can be of great help. For
programming and design, the Technical Support team can provide very limited
help. These are areas where your own development efforts are critical.

The Application Builder makes it easy for a team to create well-crafted applications
that avoid accidental user input errors while keeping the focus on relevant output
details.

We at COMSOL are convinced that this is the way to spread the successtul use of
simulation in the world and we are fully committed to helping make this possible.



Introduction

A COMSOL® application is an intuitive and efficient way of interacting with a
COMSOL Multiphysics® model through a highly specialized user interface. This
book gives a quick overview of the Application Builder desktop environment with
examples that show you how to use the Form Editor, Main Window Editor, and
the Method Editor. Reference materials are also included in this book, featuring a
list of the built-in methods and functions that are available. For detailed
information on how to use the Model Builder, see the book Introduction to
COMSOL Multiphysics.

If you want to check out an example application before reading this book,
open and explore one of the applications from the Application Libraries in
one of the Applications folders. Keep it open while reading this book to
try things out. Only the Applications folders contain applications with user
interfaces. The other folders in the Application Libraries are tutorial
models with no user interfaces.
The Application Builder is included in the Windows® version of COMSOL
Multiphysics and is accessible from the COMSOL Desktop® environment.
COMSOL Multiphysics and its add-on products are used to develop applications.
A license for these add-ons is required to run the applications from the COMSOL
Multiphysics or COMSOL Server™ products.
Additional resources, including video tutorials, are available online at
www.comsol.com /videos.

RUNNING APPLICATIONS WITH COMSOL MULTIPHYSICS

With a COMSOL Multiphysics license, applications can be run from the
COMSOL Desktop in Windows®, macOS, and Linux®.

RUNNING COMPILED APPLICATIONS

By using COMSOL Compiler™ you can compile your application to an
executable file for Windows®, Linux®, and macOS. You can freely distribute the
executable and it can be run without any license file.

RUNNING APPLICATIONS WITH COMSOL SERVER

With a COMSOL Server license, a web implementation of an application can be
run in major web browsers on platforms such as Windows®, macOS, i0S, Linux®,
and Android™. In Windows®, you can also run COMSOL applications by
connecting to a COMSOL Server with an easy-to-install COMSOL Client,
available for download from www.comsol.com/client-download. COMSOL Server
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does not include the Application Builder, Physics Builder, or Model Builder tools
that come with the COMSOL Desktop environment. Any application created
with the Application Builder will automatically work with a web browser or any
client.

GUIDELINES FOR BUILDING APPLICATIONS

If you are not experienced in building a graphical user interface or programming,
you may want to read “Appendix F — Guidelines for Building Applications” on
page 390.

ADDITIONAL DOCUMENTATION

Additional documentation with information relevant to building applications can
be found in the books: Application Programming Guide, Application Builder
Reference Manual, and Programming Reference Manual.



The Application Builder Desktop Environment

MODEL BUILDER, APPLICATION BUILDER, and MODEL
MANAGER—Switch between the Model Builder, the Appli-
cation Builder, and the Model Manager.

COMSOL DESKTOP ENVIRONMENT —
The COMSOL Desktop environment provides access to the Ap-
plication Builder, including the Form, Main Window, and Method

Editors, as well as the Model Builder and the Model Manager.
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SETTINGS and EDITOR TOOLS WINDOWS — Click any application
tree node or form object to see its associated Settings window.
The Editor Tools window is used to quickly create form objects.

APPLICATION BUILDER WINDOW —
The Application Builder window with the
application tree.

The screenshot above is representative of what you will see when you are working
with the Application Builder. The main components of the Application Builder
desktop environment are:

» Application Builder window and ribbon tab
+ COMSOL Desktop environment

« Form Editor (sce page 58)

* Main Window Editor (see page 142)

* Method Editor (see page 191)
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The Application Builder desktop environment is also sometimes referred to as the

Application Builder workspace.

THE APPLICATION TREE

The application tree consists of the
following nodes:

¢ Inputs

¢ Themes

¢ Main Window
* Forms

¢ Events

¢ Declarations
¢ Methods

e Libraries

The Inputs node contains subnodes that
are of the type Application Argument. These
can be used for input arguments to the
application when starting it from the
command line of the operating system.

The Themes node has a Settings window
with choices for the desktop color themes,
as well as font, text color, and other
settings that will affect the general
appearance of an application.

The Main Window node represents the main
window of an application and is also the
top-level node for the user interface. It
contains the window layout, the main
menu specification, and an optional ribbon
specification.

The Forms node contains subnodes that are
forms or folders containing local forms,
methods, and declarations. Each form may
contain a number of form objects such as

input fields, graphics objects, and buttons.

The Events node contains subnodes that
are global events. These include all events
that are triggered by changes to the various
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[#] Images
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data entities, such as global parameters or string variables. Global events can also
be associated with the startup and shutdown of the application. Timer events can
be used to operate an app as a digital twin, enabling automated actions to be
performed at regular intervals.

The Declarations node is used to declare global variables, which are used in
addition to the global parameters and variables defined in the model.

The Methods node contains subnodes that are global methods. Methods contain
code for actions not included among the standard run commands of the model
tree nodes in the Model Builder. The methods may, for example, execute loops,
process inputs and outputs, and send messages and alerts to the user of the
application. Methods can modify the model object of a running application or the
model object represented by the Model Builder in the current session. The latter
being utilized when building an add-in.

The Libraries node contains images, sounds, and files to be embedded in an
MPH file so that you do not have to distribute them along with the application.
In addition, the Libraries node may contain Java® utility class nodes and nodes for
external ]ava® and C libraries.
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THE FORM EDITOR

FORM TAB — The Form tab in the ribbon
gives easy access to the Form Editor.
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by dragging. Click an object to edit its settings.
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SETTINGS and EDITOR TOOLS WINDOWS —
Click any application tree node or form object to see

its associated Settings window. The Editor Tools

window is used to quickly create form objects.

Use the Form Editor for user interface layout by creating forms with form objects
such as input fields, graphics, and buttons.

The main components of the Form Editor are:

e Form ribbon tab

» Application Builder window with the application tree

e Form window
« Editor Tools window

* Settings window
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Creating a New Form

To create a new form, right-click the Forms node of the application tree and select
New Form. You can also click New Form in the ribbon. Creating a new form will
automatically open the Form Wizard with a number of layout templates.

If your application already has a form, for example forml, and you would like to
edit it, you can open the Form Editor in either of two ways:

 In the application tree, double-click the forml node.

 In the application tree, right-click the forml node and select Edit.

Note: Single-clicking a form node in the application tree displays a preview of the
form’s layout definition, whereas double-clicking allows you to edit the form.

You can also add forms that are local to other forms. When applicable, this option
is available as a menu option from the New Form button or the application tree.
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THE MAIN WINDOW EDITOR

MAIN WINDOW TAB — The Main MAIN WINDOW EDITOR — The Main Window Editor allows you to
Window tab in the ribbon gives easy ac- design menus, menu items, ribbon tabs, ribbon items, and subwindows.
cess to the Main Window Editor. You can move items around by dragging. Click an object to edit its set-
tings.
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Use the Main Window Editor for menu and ribbon layout by creating menus with
menu items and ribbon tabs with ribbon items. In addition, the Main Window
Editor, available directly from the Main Window node, is used for subwindow
layout.

The main components of the Main Window Editor are:
* Menu editor

+ File menu editor

» Ribbon tab editor

* Subwindow editor

| 17
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THE METHOD EDITOR

METHOD TAB — The Method METHOD WINDOW — The tabbed SETTINGS WINDOW — Click any
tab in the rllb:non gives easdy ;C' Method Window allows you to switch application tree node to see its asso-
cess to tools for writing and de- between editing different methods. ciated Settings window.
bugging code.
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MODEL EXPRESSIONS, LANGUAGE ELEMENTS, and EDITOR TOOLS WINDOWS — These win-
dows display tools for writing code. The Model Expressions window shows all constants, parameters,
variables, and functions available in the model. The Language Elements window is used to insert template
code for built-in methods. The Editor Tools window is used to extract code for editing and running mod-
el tree nodes.

Use the Method Editor to write methods for actions not covered by the standard
use of the model tree nodes. A method is another name for what is known in other
programming languages as a subroutine, function, or procedure.

The main components of the Method Editor are:

¢ Method ribbon tab

+ Application Builder window with the application tree
¢ Method window

* Model Expressions, Language Elements, Editor Tools, and Settings
windows (these are stacked together in the figure above)
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Creating a New Method

To create a new global method, right-click the Methods node in the application
tree and select New Method. You can also click New Method in the ribbon Home tab.
In the New Method dialog you can change the name of the method.

3 Mew Method *

MName:  method]

oK Cancel

Creating a new method will automatically open the Method Editor. Methods
created under the main Methods node in the application tree are global methods
and accessible from all methods, form objects, and from the Developer tab in the
Model Builder ribbon.

You can also add methods that are local to a form, also known as form methods.
When applicable, the option to create local form methods is available from the New
Method button's menu or by first clicking a form node in the application tree.

Furthermore, you can add methods that are local to individual form objects, also
known as local methods (see “Using Local Methods” on page 164 and “Local
Methods” on page 214).

A sequence of commands associated with, for example, a button or menu item can
be automatically converted to a new method by clicking Convert to Method. Open
the new method by clicking Go to Method. You can also create a method that is
local to a form or form object by clicking Convert to Form Method or Convert to
Local Method, respectively. These options are shown in the figure below.

~ Choose Commands to Run B Edit Node Run Plot Set Value Show
Show as Dislog T Import File (&) Enable () Disable
» gt Study 1
~ [ Results W zemems lcon | Arguments
> B Derived Values method1 Bl
> B Tables
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& volume 1
> il Electric Field (ec)
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.a \?umma b -
_ I Max,’Min.VDIumE1 + Dialog A[
> W@ Current Density
S¢ EditNode » Run &8 Plot ¥ SetValue [ | Show [ Close dialog
Show as Dislog T Import File @) Enable () Disable [] Store changes
> trmm lcon | Arguments
Compute Study 1 =
Plot Electric Potential (ec) graphics/graphics!
Plot Temperature (ht) graphics/graphics1

* SE bR @

+ Dialog Actia i Convert to Method
i Convert to Form Method

[] Close diglog -

#  Convert te Local Method
[[] Store changes
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If a method already exists, say with the name method1, then you can open the
Method Editor in any of these ways:

 In the application tree, double-click the methoedl node.
 In the application tree, right-click the methodl node and select Edit.

* Below the command sequence in the Settings window of a form object, menu
item, ribbon item, or an event, click Go to Method.

 In the Events section of a form object, click Go to Source.

APPLICATION BUILDER PREFERENCES

To access Preferences for the Application Builder, choose Preferences from the File
menu and select the Application Builder node.

| O Preferences X

Et

Application Builder
[] Use separate desktop windou for Application Builder

~  Application Builder Maximum number of editors before closing: 15
~ Forms
o Mode Show editer preview
Sketch Mode
v Methods
Syntax Highlighting
Chatbot
Client-Server
> Computing
> Email
> Files
> Geometry
> Graphics
> Help
> Libraries
> Livelink Connections
Mesh
> Model Builder
Model Manager
> Physics Builder
> Results
Save
> Security
Updates
> Userinterface
Factory Settings
Factory Settings for Al Import.. | Export.. oK Cancel

You can configure the COMSOL Desktop environment to display the Application
Builder in a separate desktop window. To do this, select the Use separate desktop
window for Application Builder checkbox. This configuration is particularly useful
if you are using multiple displays.

You can use the keyboard shortcuts Ctrl+Shift+M and Ctrl+Shift+A to switch
between the Model Builder and Application Builder, respectively.

You can set an upper limit to the number of open Form Editor or Method Editor
window tabs. Select the Maximum number of editors before closing checkbox and
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edit the number (default 15). Keeping this number low can speed up the loading
of applications that contain a large number of forms.
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The Application Builder and the Model Builder

Use the Application Builder to create an application based on a model built with
the Model Builder. The Application Builder provides three important tools for
creating applications: Form Editor, Main Window Editor, and Method Editor.

e The Form Editor includes drag-and-drop capabilities for user interface
components such as input fields, graphics objects, and buttons.

* The Main Window Editor lets you design a menu bar or a ribbon, as well as
a desktop environment consisting of subwindows.

e The Method Editor is a programming environment that allows you to
modify the data structures that represent the different parts of a model or
application.

The figures below show the Model Builder and Application Builder windows.
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When creating an application, you typically start from an existing model.
However, you can just as well build an application user interface and the
underlying model simultaneously.

You can easily, at any time, switch between the Model Builder and Application
Builder. The model part of an application, as represented by the model tree, is
sometimes called an embedded model.

The tools in the Application Builder can access and manipulate the settings in the
embedded model in several ways; For example:

e If the model makes use of parameters and variables, you link these directly
to input fields in the application by using the Form Wizard or Editor Tools.
In this way, the user of an application can directly edit the values of the
parameters and variables that affect the model. For more information, see
pages 68 and 100.

* By using the Form Wizard or Editor Tools, you can include a button in your
application that runs a study node and thereby starts the solver. In addition,
you can use this wizard to include graphics, numerical outputs, checkboxes,
and combo boxes. For more information, see pages 50 and 68.

» The Data Access tool and the Editor Tools window can be used to directly
access low-level settings in the model for use with form objects or in
methods. For more information, see pages 68, 111, and 197.

* By using the Record Code and Record Method tools, you can record the
commands that are executed when you perform operations within the model
tree and its nodes. These will then be available in a method for further
editing. For more information, see page 201.
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Parameters, Variables, and Scope

The model tree may contain both parameters and variables that are used to control
the settings of a model. The figure below shows the model tree of an application
with nodes for both Parameters and Variables.
~ @ helical_static_mixer.mph (root)
v () Global Definitions
Fi Parameters 1
™ Step 1 (step1)
> (%) Geometry Parts
s Default Model Inputs
Materials
v [l Component 1 {comp1)
v = Definitions
2= Variables 1
» g Selections
|5 Boundary Systemn 1 (sys1)
> [ View 1
Parameters are defined under the Global Definitions node in the model tree and are
user-defined constant scalars that are usable throughout the Model Builder. That

is to say, they are “global” in nature. Important uses are:
e Parameterizing geometric dimensions
e Specifying mesh element sizes

* Defining parametric sweeps

Variables can be defined in either the Global Definitions node or in the Definitions
subnode of any model Component node. A globally defined variable can be used
throughout a model, whereas a model component variable can only be used within
that component. Variables can be used for spatially or time-varying expressions,
including dependent field variables for which you are solving.

In the Model Builder, a parameter or variable is a string with the additional
restriction that its value is a valid model expression. For more information on the
use of parameters and variables in a model, see the book Introduction to
COMSOL Multiphysics.

An application may need additional global variables for use in the Form Editor and
the Method Editor. Such variables are declared in the Application Builder under

24 |



the Declarations node in the application tree. The figure below shows the
application tree of an application with multiple declarations.
v [&] helical_static_mixer.mph (root)
ﬁ Inputs
% Themes

¥ D Main Window

> [ Forms
Events

v = Declarations
abe String 1 {string 1}
8.5 Double 1 {double1}
& Boolean 1 {boolean}
<> Mumber of Blades List {numberOf8ladesChoicelist]
,@ Shortcuts

¥ % Methods

» [ Libraries

You can also declare variables that are local to forms, also known as form
declarations. When applicable, the option to create local form declarations is
available by right-clicking a form node in the application tree.

The declared variables in the Application Builder are typed variables, including
scalars, arrays, Booleans, strings, integers, and doubles. Before using a variable,
you have to declare its type.

The fact that these variables are typed means that they can be used directly in
methods without first being converted using one of the built-in methods. This
makes it easier to write code with typed variables than with parameters and
variables representing model expressions. However, there are several tools
available in the Application Builder for converting between the different kinds of
variables. For more information, see pages 165 and 372. For more information on
typed variables, see the Application Programming Guide.
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Running Applications

With a COMSOL Multiphysics license, applications can be run from the
COMSOL Desktop environment. With a COMSOL Server license, applications
can be run in major web browsers on a variety of operating systems and hardware
platforms. In addition, you can run applications by connecting to COMSOL
Server with a dedicated client for Windows®.

By using COMSOL Compiler™, you can compile your application to an
executable file that can be run in the Windows®, Linux®, and macOS operating
systems.

The following two sections explain how to run applications in these different
settings. The third section, “Publishing COMSOL Applications” on page 48,
describes your rights to publish applications.

Running Applications in COMSOL Multiphysics

In COMSOL Multiphysics, you run an application using any of these ways:
* Click Test Application in the ribbon or in the Quick Access Toolbar.

+ Seclect Run Application in the File menu or in the Quick Access Toolbar.
« Double-click an MPH file icon on the Windows® Desktop.

» Seclect Test in Web Browser in the ribbon.

TESTING AN APPLICATION

Test Application is used for testing an application during development. It opens a
separate window with the application user interface while keeping the Application
Builder desktop environment running. The figure below shows the Test section as
it appears in the Form tab of the ribbon.

> B ®

Test Apply Preview  Testin Web

Application  Changes Form Browser ~
Test

While testing an application, you can apply changes to forms, methods, and the
embedded model at run time by clicking the Apply Changes button. Not all

changes can be applied at run time, and in such a case, you are prompted to close
the application and click Test Application again.

To preview the layout of a form without running the application, click Preview
Form in the ribbon.
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When Test Application is used, all methods are automatically compiled with the
built-in Java® compiler. Any syntax errors will generate error messages and the
process of testing the application will be stopped. To check for syntax errors before
testing an application, click the Check Syntax button in the Method tab.

Language Elements  [2EC] =t B+C n 8=

- _ v Z] @ Ur
eRiecelpisso Check Goto Record Use Create Local

E‘. Record Method Syntax Mode  Code  Shortcut Variable

Code

Check Syntax finds syntax errors by compiling the methods using the built-in Java®
compiler. Any syntax errors will, in this case, be displayed in the Method Errors and
Warnings window in the Method Editor. For more information, see “The Method
Editor” on page 191.

RUNNING AN APPLICATION

Run Application starts the application in the COMSOL Desktop environment.
Select Run Application to use an application for production purposes. For example,
you can run an application that was created by someone else that is password
protected from editing, but not from running. On macOS and Linux®, this is also
the only way to run an application from the user interface.

e O = ® » v
File Home Form

E Mew T

@ Run Application

& Open..
= Open From...

DOUBLE-CLICKING AN MPH FILE

When you double-click an MPH-file icon on the Windows® Desktop, the
application opens in COMSOL Multiphysics, provided the MPH-file extension is
associated with COMSOL Multiphysics. The application may either be opened for
editing or for running. You control this behavior from the root node of the
application tree. The Settings window for this node has a section titled Application
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in which you can select either Edit application or Run application. A change in this
setting will be applied when you save the MPH file.

~ Application

[[] Ask to save application when closing

When starting with COMSOL Multiphysics:
Edit application -

|Edit application |

Run application |

If the MPH file was saved with the Edit application option, the application will
open in either the Application Builder or the Model Builder, depending on which
workspace was active at the time of saving.

If the MPH file was saved with the Run application option, the application will
open in runtime mode for production use. This option is similar to selecting Run
Application in the File menu with the difference that double-clicking an MPH file
will start a new COMSOL Multiphysics session.

Ifyou have installed the COMSOL Client for Windows®, the MPH-file extension
may instead be associated with the COMSOL Client, and double-clicking an
MPH file will prompt you to log in to a COMSOL Server.

IGNORING LICENSE ERRORS

In the Settings window for the application tree root node, the Ignore license errors
during launch checkbox is used to control the behavior with respect to licensed
products when running applications.

~ Application

[[] Ask to save application when closing

When starting with COMSOL Multiphysics:
Run application =

Ignore license errors during launch

When this option is selected, an application can still be launched even if some
required licenses are unavailable. Although you cannot use the functionality
associated with missing licenses, you can write methods that dynamically adapt the
application’s features to the licenses that are available. For an example of how to
implement this, open the Installation Verification application from the Application
Libraries under COMSOL Multiphysics > Applications.
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TESTING AN APPLICATION IN A WEB BROWSER

Test in Web Browser is used for testing the application in a web browser. This
functionality makes it easy to test the look and feel of the application when it is
accessed from a web browser connected to a COMSOL Server installation.

P

= ®
Main Test Apply Test in Web
Window Application  Changes = Browser
Main Window E-' Test in Chrome™ Browser
E-' Test in Firefox ® Browser

E-' Test in Microsoft Edge® Browser

You can choose which of the installed web browsers you would like the application
to launch in. Test in Web Browser opens a separate browser window with the
application user interface while keeping the Application Builder desktop
environment running.

TEST APPLICATION VS. TEST IN WEB BROWSER

Test Application launches the application with a user interface based on Microsoft®.
NET Framework components, whereas Test in Web Browser launches the
application with a user interface based on HTML5 components. Test Application
will display the user interface as it would appear as a standalone app, compiled
using COMSOL Compiler, or when the application is run with COMSOL
Multiphysics or COMSOL Server, provided the COMSOL Client for Windows®
is used to connect with the COMSOL Server installation. Test in Web Browser will
display the user interface as it would appear when the application is run with
COMSOL Server, provided a web browser is used to connect with the COMSOL
Server installation.

For testing the appearance and function of an application user interface in web
browsers for macOS, i0S, Linux®, and Android™, a COMSOL Server installation
is required.

The table below summarizes the different options for running an application.

SERVER SOFTWARE CLIENT SOFTWARE TOOL OR COMPONENT
COMSOL Multiphysics Test Application

COMSOL Multiphysics Test in Web Browser

COMSOL Multiphysics Run Application

COMSOL Server COMSOL Client for Windows®
COMSOL Server Web Browser
COMSOL Runtime Executable file compiled with COMSOL Compiler
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The Server column represents the software components that perform the
CPU-heavy computations. The Client column represents the software tool or
component used to present the application user interface. In the case of executable
files, all computations are done locally in the COMSOL Runtime™ environment.
For more information on compiled applications, see “Compiling and Running
Standalone Applications” on page 41.

SAVING A RUNNING APPLICATION

When you test an application, it is assigned the name Untitled.mph and is a copy
of the original MPH file. This is not the case when using the Run application
option.

By default, when using the Run application option, the user of an application will
not be prompted to save changes when exiting the application. You control this
behavior from the root node of the application tree. The Settings window for this
node has a section titled Application in which you can select the Ask to save
application when closing checkbox, as shown in the figure below.

~ Application

7] Ask to save application when closing

As an alternative, you can add a button or menu item with a command to save the
application. For more information, see page 148.
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APPLICATION LIBRARIES

From the File menu, select Application Libraries to run and explore the example

applications that are included in the COMSOL installation. Many of the
screenshots in this book are taken from these examples.

(s ]

NN aw

o R =

2 ® »
File

MNew

Run Application
Open...

Open From...
Recent

Application Libraries
Save

Save As..

Save To..

Revert to Saved

=) Compact History

COMSOL Multiphysics Server

Help

Licensed and Used Products...
Preferences...
Exit

Ctrl+N

Ctrl+0

Ctrl+Shift+ 0

Ctrl+5

Ctrl+Shift+5
Ctrl+Shift+R
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You run an application, or open it for editing, by clicking the corresponding
buttons below the Application Libraries tree.

O = = > v v S Untitled.mph - COMSOL Multiphysics - O

File

Application Libraries hichcalSlatigMixed

(3 Refresh [F] Update COMSOL Application Libraries ) Application Gallery
| Search
~ [3 COMSOL Multiphysics
v [l Applications

® cluster_setup_validation
curve_digitizer
helical static_mixer
installation_verification
thermal_actuator_surragate 4
transmission_line_calculator
O tubular_reactor o
O tubular_reactor_surrogate
O tuning_fork

(s]fe]

This app demonstrates the following:

> [l Acoustics
> [l Chemical Engineering « Geometry parts and parameterized geometries
> [l Clusterand Batch Tuterials « Dark theme
> [ Diffusien « Material appezrance visualization with environment reflections
« Report generation for both Microsoft® Word and Microsoft® PowerPoint
> [l Electromagnetics .
- Options for setting different mesh sizes
> [l Equation Based « Improved graphics visualization by showing/hiding different geometry objects
> [ Fluid Dynamics « Enabling and disabling ribbon items based on the solution state.
> [l Geometry Tutorials
> il Geophysics Helical static mixers are often used to mix monomers and initiators which then react during a polymerization
process. The concentration field is included in the znalysis in order to compute the extent of mixing between two
> [l Heat Transfer | :
streams injected into the static mixer through semicircle-shaped inlets.
> [l Meshing Tutorizls
> [l Muttiphysics The app can be used to estimate the degree of mixing in a system including one to five helical blades whose
> Structural Mechanics dimensions can also be varied. The monemers' liquid properties and inlet velocity can also be varied

> % AC/DC Module
> 1)) Acoustics Module

+ & Battery Design Module Name helical_static_mixer
> = CAD Import Module Used products COMSOL Muttiphysics
> [ CFD Module Physics interfaces  Laminar Flow
> #sf Chemical Reaction Engineering Module Transport of Diluted Species
il Created in COMSOL Multiphysics 6.4 (Build: 137)
P> Run Application E Open Computstion time 8 minutes
1] Open POF Document Authag COoMsOL
Last medified Apr 12, 2025, 136:12AM
Created Apr 12,2025, 336:12AM
Help e Close
3268137168

Applications that contain a model, but no additional forms or methods, cannot be
run and only opened for editing. Applications that contain forms and methods are
collected in folders named Applications.

The applications in the Application Libraries are continuously improved and
updated. You can update the Application Libraries by clicking Update COMSOL
Application Libraries.

Additional applications that are not part of the Application Libraries may be
available from the COMSOL website in the Application Gallery. To find these
applications, click the Application Gallery button. This will open a browser with
the web page for the Application Gallery.

Each application has an associated thumbnail image that is displayed in the
Application Libraries. In the COMSOL Server web interface, the thumbnail image
is displayed on the Application Library page.
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To set the thumbnail image, click the root node of the application tree. The
Settings window has two options for choosing the image: Set from Graphics
Window and Load from File. You can also Clear the image.

The Load from File option allows you to load images in the PNG or JPG file
formats. Choose an image size from 280-by-210 to 1024-by-768 pixels to ensure
that the image displays properly as a thumbnail in COMSOL Multiphysics and
COMSOL Server.

Settings

helical_static_mixer.mph
~ Protection

Editing not protected Set Password

Running not protected ~ Set Password
~ Used Products

COMSOL Multiphysics
~ Unit System

sl -

~ Presentation

Title: Helical Static Mixer

Description:  This app demenstrates the following:
» Geometry parts and parameterized geometries
= Dark theme

« Material appearance visualization with
environment reflections

Author: COMSOL
Cemputation time
Expected: 8 minutes
Last: Imindds

Thumbnail

Set from Graphics Window Load from File... Clear

The Set from Graphics Window option automatically creates two thumbnail images:

* An image of size 280-by-210 pixels shown in the Settings window of the
application tree root node and in the Application Libraries.

* Animage of size 1024-by-768 used as the default title page image in reports
and in the Application Libraries in COMSOL Server.
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PASSWORD PROTECTION

An application can be password protected to manage permissions. You assign
separate passwords for editing and running in the Settings window, accessible by
clicking the root node of the application tree in the Application Builder window.
You must have permission to edit an application in order to create passwords for
running it.

Settings

elical_static e

~ Protection

Editing not protected Set Password
Running not protected  Set Password

~ Used Products| |3

COMSOL Multiphysit o yprent password

~ Unit System Mew password: sasses

Retype new password: ssssss
sl
MNote: Lost passwords cannot be recovered.

~ Presentation OK Cancel

Title: Helical Static Mixer

When you open a password-protected MPH file, for editing or running, a dialog
prompts you for the password:

2

Enter password:

OK Cancel

To remove password protection, create an empty password.

The password protection is used to encrypt all model and application settings,
including methods. However, binary data, such as the finalized geometry
including embedded CAD files, mesh data, and solution data, is not encrypted.
Note that for add-ins the password is set in the Add-in Definition window. For more
information, see “Creating Add-ins” on page 236.

SECURITY SETTINGS

When creating an application with the Application Builder, it is important to
consider the security of the computer hosting the application. Both COMSOL
Multiphysics and COMSOL Server provide a very similar set of security settings
for controlling whether or not an application should be allowed to perform

34 |



external function calls, contain links to C libraries, run MATLAB functions, access
external processes, and more.

The security settings in COMSOL Multiphysics can be found in the Security page
in the Preferences window accessed from the File menu. In COMSOL Server, they
are available in the Preferences page in the COMSOL Server web interface if you
are logged in as an administrator. If you are not sure what security settings to use,
contact your systems administrator.

Running Applications with COMSOL Server

COMSOL applications can be run by connecting to COMSOL Server from a web
browser or a COMSOL Client for Windows®. The COMSOL Client for
Windows® allows a user to run applications that require a LiveLink™ product for
CAD, as described in “Running Applications in the COMSOL Client” on page
38.

Running applications in a web browser does not require any installation or web
browser plug-ins. Running an application in a web browser supports interactive
graphics in 1D, 2D, and 3D. In a web browser, graphics rendering in 3D is based
on WebGL™ technology, which is included with all major web browsers.

RUNNING APPLICATIONS IN A WEB BROWSER

Using a web browser, you can point directly to the computer name and port
number of a COMSOL Server web interface — for example,
http://comsol-server-machine-url.com:2036, assuming that port number
2036 is used by your COMSOL Server installation. You need to provide a
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username and password to log in. If you are running COMSOL Server locally, the
address field will typically be localhost:2036.

O LgntcousLsener x|

€ > C @D nhitpy/comsol-server-machine-urlcom2036 o 2 % 0O & ¢

COMSOL
SERVER

Username

paul

Password
wed

O Remember me (uses cookies)

Log in to COMSOL Server

Powered by COMSOL Muliphysics® About COMSOL Server™

When logged in, the Application Library page displays a list of applications to run.

v - o x
¥ Notify Widget X @ Application Library | COMSOLS: X 4

€ > C  ©® localhost2036/app-lio e % » 02 :
YW COMSOL Notifications  Log Out

COMSOL Server / Application Library

paul
odministrator Library
_ fsearch X Filter: All  SortBy:Name T 40/40
[OR+4 [0+ ® ®

0 upload B-H Curve Checker Beam Section Calculator Beam Section Calculator Bike Frame Analyzer
(Using LiveLink™ for

A Administration < [
i
1
LI
p Licensed and Used i)
Products, H
0 B )
Msetcfam A
@ Your Settings <
Run in browser - Run in browser - Run in browser - Runin browser <
® [0+ ® [O+4
Charge Exchange Cell Cluster Setup Validation Concentric Tube Heat Corrugated Circular Horn
Simulator Exchanger Antenna

=2 4
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Click Run in browser to run an application. Applications are run in separate tabs in
the browser.

O Application Lirary | COMSOLS= X @ Cor

C @ localhost2036/app/library

@

Aperture
poiarization I

¢-®-e@o

@ Geometryview is pdted

Limitations When Running Applications in Web Browsers

When you create applications to run in a web browser, make sure you use the grid
layout mode in the Application Builder; See “Sketch and Grid Layout” on page
117. This will ensure that the user interface layout adapts to the size and aspect
ratio of the browser window. For low-resolution displays, make sure to test the
user interface layout in the target platform to check that all form objects are visible.
Applications that contain resizable graphics forms may not fit in low-resolution
displays. In such cases, use graphics with fixed width and height to make sure all
form objects fit in the target browser window. Depending on the type of web
browser and the graphics card, there may be restrictions on how many graphics
objects can be used in an application. You can get around such limitations by,
instead of using multiple graphics objects, reuse the same graphics object by
switching its source.

When running in a web browser, the LiveLink™ products for CAD software
packages are not supported.

When running COMSOL applications in web browsers for smartphones and
certain tablets, not all functionality is supported. Typical limitations include the
ability to play sounds or open documents. In addition, file upload and download
may not be supported.
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If the application allows the user to make selections, such as clicking on boundaries
to set boundary conditions, running in a web browser is different from running in
COMSOL Multiphysics or the COMSOL Client for Windows®. In a web
browser, boundaries are not automatically highlighted when hovering. Instead, it
is required to click once to highlight a boundary. A second click will make the
selection. A third click will highlight for deselection and a fourth click will deselect.
The process is similar for domains, edges, and points.

Note that file browsing functionality is slightly different depending on the web
browser and depending on the version of the web browser. This may impact the
user experience when running an application that has functionality for saving files
to the client computer. For example, the location of the downloads folder can be
changed in the settings of many web browsers. A web browser may also allow the
user to manually specify the download location for each file. Please refer to the
documentation of your target web browsers for details.

RUNNING APPLICATIONS IN THE COMSOL CLIENT

As an alternative to using a web browser for running applications, the COMSOL
Client for Windows® can be used to connect to COMSOL Server for running
applications natively in the Windows® operating system. This typically gives better
graphics performance and supports more sophisticated graphics rendering in 1D,
2D, and 3D. In addition, the COMSOL Client for Windows® allows running
applications that require a LiveLink™ product for CAD, provided that the

38 |



COMSOL Server you connect to has the required licenses. You can open an
application with the COMSOL Client for Windows® in two different ways:

e The COMSOL Server web interface will allow
you to choose between running an application ® %
in a web browser or with the COMSOL
Client for Windows®.

If you try to run an application with the
COMSOL Client in this way, but it is not yet
installed, you will be prompted to download
and install it.

Biosensor Design

Run in browser hd
Run in browser

Run in COMSOL Client

* Ifyou have the COMSOL
Client f_‘or WlndOWS® 3 Connect to COMSOL Multiphysics Server =
already installed, a desktop
shortcut will be available.
You can double-click its
desktop icon and before
you can use the COMSOL ——
Client to run applications,
you will be prompted to log into a COMSOL Server with a valid username
and password. After login, the COMSOL Client displays a COMSOL Server
web interface identical to that seen when logging in from a web browser.

Server User
Server: | comsol-server-machine Username: | paul
Port: Default - Password: aessssasene

Remember username and password

Using the COMSOL Client, applications run as native Windows® applications in
separate windows. For example, applications run in the COMSOL Client may
have a Windows® ribbon with tabs. When run in a web browser, ribbons are
represented by a toolbar.
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In the figure below, the COMSOL Server web interface is shown (top) with an
application launched in the COMSOL Client for Windows® (bottom).

& comsoL crent - o x
W COMSOL Noticatons &
COMSOL Server  Appicaton Library
| paul
S Library
Searcn X | FiteAll SortBy:Name T 4040
31 Application Library ‘
[6R+4 [6R+4 [6R+4 [6R+4
[3 Upload B-H Curve Checker Beam Section Calculator  Beam Section Calculator | Bike Frame Analyzer
(Using LiveLink™ for ...
A Administration | = ’: ——
i
i
i
 Licsnsed and Usea i
Products A
@ vour setings <
Run Run Run Run
° Comugated Circular Hor Antenna - o x
[oR4 e
Charge Excl p
Simulator = S « £ D ® @ =
Compute | et Reor | Geomey UM GUUG, oilion  eomaten | W He
&> Design Parameters QA LrizkziEn - @Ne@BO @8
o) m
sa0 b
12 e

0105
0155
05
Horn length: 4
Waveguide length: 1
Matching corrugation length: 025
E| Result Analysis
Output cross-polarzation ratio target: s %
Sparameter 511): 2% &8
Input waveguide cross-polaization rati: 62 %
Output aperture cross-polarzation raio: 300 %

> Torget crteion: passed.

@ information

o o be round 9 s viththe
default parometersexcluding postrocesing.  may vary
oased o the iz of he geometysnd the equency.

@ Lostcomputaton time 17

@ Geometry view s updated.

RUNNING COMSOL SERVER ON MULTIPLE COMPUTERS OR A CLUSTER

COMSOL applications can be run on multiple computers or clusters in two main

ways:

* By installing COMSOL Server with primary and secondary instances.

» By configuring one of the study nodes in the Model Builder for a particular
cluster.
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Primary and Secondary Instances

Running COMSOL Server on multiple computers using primary and secondary
instances allows for more concurrent users and applications than a single computer
instance (or installation). The main COMSOL Server instance is called primary
and the other instances are called secondary. The primary server is used for all
incoming connections — for example, to show the web interface or to run
applications in a web browser or with COMSOL Client. The actual computations
are offloaded to the secondary server computers. This type of installation has a
major benefit: Applications do not need to be custom-built for a particular cluster.
Load balancing is managed automatically by the primary server, which distributes
the work load between the secondary servers. A COMSOL Server installation can
consist of multiple primary and secondary server installations without additional
license requirements. You can perform administrative tasks using the COMSOL
Server web interface without checking out license keys for users running
applications. License keys are only checked out when running applications.

Configuring a Study Node for Cluster Sweep or Cluster Computing

If you want to utilize a cluster for applications that require large parametric sweeps
or high-performance computing power, then you can configure the Model
Builder study nodes of an application using the Cluster Sweep and Cluster
Computing options. Note that for building such applications, you will need a
Floating Network License. You can find more information on configuring a study
node for clusters in the Introduction to COMSOL Multiphysics and COMSOL
Multiphysics Reference Manual books. For running such cluster-enabled
applications, you can use either COMSOL Server or a Floating Network License
of COMSOL Multiphysics. Cluster system configurations are available from the
COMSOL Server web interface.

For more information on COMSOL Server, see the COMSOL Server Manual
available with a COMSOL Server installation or from
www.comsol.com/documentation.

Compiling and Running Standalone Applications

If you have a license for COMSOL Compiler™, there will be a Compiler button in
the ribbon section Main, as shown below.

D "5 Data Access E settings

Mew New E‘- Record Method Editor Tools

Form ~  Method ~ 2] Compiler
=

Main
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Clicking this button will add a Compiler node to the application tree, shown in the
figure below.

Application Builder
- Sty Elv P [E

v [&] tuning_fork.mph (root)
[EA Compiler
ﬁ Inputs

% Themes

The corresponding Settings window is shown below.

Settings
Compiler
= Compile Application

~ Qutput

Directory:  CACOMSOL & Browse

Runtime: Download =
Platforms

Windows

[ Linux

[] Linux, ARM

[] macOs, Intel

[] macOs, Apple silicon

~ Appearance

lcon for Windows: Default ~| |4
Splash: Default ~| |4
Preview

COMPILING APPLICATIONS

To compile an application, you need to make a few selections in this window.
Specify an output Directory, where the executable files will be saved after
compilation.

The Runtime option can be left at Download for most situations. COMSOL
Runtime contains all the COMSOL Multiphysics software components needed to
run the application as a standalone program. The Runtime setting specifies how the
COMSOL Runtime environment will be acquired from the compiled application.
If this setting is Download then the first time a user starts the compiled application
the COMSOL Runtime environment files will be downloaded (a service provided
by COMSOL). If the COMSOL Runtime environment already exists on the
computer, with a matching version number, then no download will be performed.
The option Embed will bundle the COMSOL Runtime files in the executable file.
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Note that with this option, the file size may be around 1 GB even for smaller
applications.

You also have the option to preinstall COMSOL Runtime by downloading and
installing from www.comsol.com/runtime-download.

The Platforms settings determine which target-platform executables should be
generated at compilation. The extensions of the executables for the Windows®
and Linux® operating systems will be .exe and . sh, respectively. For macOS, a
.tar archive is created; unpack this archive on macOS to extract the app.

The lcon for Windows lets you specity the desktop icon. The Splash setting lets you
specify a BMP-image file to be displayed at startup.

After compilation, in the Windows® operating system, the executable file will be
available in the output directory, as shown in the figure below.

COMSOL X +
T c ) > ThisPC > Local Disk(C) > COMSOL

@ New T Sort O View

% Home
A Gallery
> @ OneDrive
tuning_fork.exe

As a next step, you can, for example, right-click the EXE file and create a shortcut
that you then place on the Windows® desktop. Note that the . exe file extension
might not be shown, depending on the operating system settings.

You can also compile an application from the operating system command line. For
more information, see the COMSOL Multiphysics Reference Manual.

RUNNING COMPILED APPLICATIONS

When running a compiled application, for example, by double-clicking the .exe
file in the Windows® operating system, a splash screen is shown and the
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application will start. If the application has the Splash option set to Default, then a
neutral-looking built-in splash screen will be shown.

It is recommended that you replace this with your own splash screen.

If this is the first time you are running an application on a particular computer,
then, in addition, an Initializing Installer progress window will be displayed. The
initialization progress window is shown below.

Initializing Installer
Starting COMSOL Runtime Installer

Downleading runtime components,

This may take a minute or two.
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After a short moment, the COMSOL Runtime Installer window is displayed, as
shown below.

O COMSOL Runtime 6.4 Installer -

COMSOL Runtime™ 6.4 Installer wcoMsOoL
S IS

License Options Instal Finish

COMSOL Runtime License Agreement 6.4

YOU ARE USING (

RUNTIME (THE "RUNTIME") LICENSED BY COMSOL.

If you or your organization cbtained the Runtime as part of thi L
Compiler, then the Safrwar= License Agreement that was D =d upon
installation of the L Compiler add-on to COMSOL Multiphysics softwars
(www. comsol.com/sla) shall apply.

If neither you nor your organization obtained the Runtime as part of the
c ompiler, then the following terms and conditions of this COMSOL
Runtime License Agreement ("CRLA™) shall apply.

IF ¥YOU DO NOT ACCEPT THE APPLICABLE TERMS AND CONDITIONS, DO NOT USE THE
RUNTIME.

1. Definivions. The following words and phrases shall have the definitions
set forth below throughout this CRLE, regardless of whether or not such
words or phrases are capitalized:

a. The term "Application” shall mean (i) the output that is produced by
using the Application Builder feature of the COMSOL Multiphysics softwars
(with or without modification using the application programming interface
for such softwars) or (ii) the outout that iz produced by using the

© 1 accept the terms of the license agreement and understand and acknowledge that with this acceptance al other terms are rejected

() 1 do ot accept the terms of the license agreement

COMSOL Runtime information Cancel

The COMSOL Runtime Installer and its click-through agreement are only shown
once, and the next time you start the same application, it will not be shown. The
click-through agreement and initialization progress window will also not be
shown if you run another application on the same computer that was generated
with the same COMSOL Compiler version (having the same version of the
COMSOL Runtime).
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Click Next to proceed to the Options page, as shown in the figure

below.

O COMSOL Runtime 6.4 Installer

COMSOL Runtime™ 6.4 Installer wm coMSsOL

R

License Options Instal  Finish

Destination folder:

:\Program Files |{COMSOL {COMSOL&4\Runtime]

Browse...

File system: [

Space required during installation: 4529 MB
Space required after instalaton: 4053 MB
Free disk space: 54610 MB

{8 Check for updates after installation
(] Ask to update the installed COMSOL Runtime for applications compiled with a newer version

() Configure CUDA

COMSOL Runtime information < Back Install Cancel

On this page, you can set the destination folder for the COMSOL Runtime files,
choose to register LiveLink™ products (if included), and control how updates for
the COMSOL Runtime are handled. Click Install to continue. The installation

takes a few minutes and, when finished, the installer will prompt the user to start

the application.

If you selected the Ask to update the installed COMSOL Runtime for applications
compiled with a newer version checkbox while installing the COMSOL Runtime,
running an application compiled with a newer version of COMSOL Multiphysics
will give you the option to either run anyway or to download an update. An

example of this is shown in the figure below.

Tuning Fork

J

User interface sized for.

3 COMSOL Update Available X

The COMSOL Runtime version is older than the version the app was compiled for,
App Version: 5.4.0.251
COMSOL Runtime version: 6.4.0.250

[[] De not show this dialog again
Run Anyway Download
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An option for showing the COMSOL About dialog is always available in a
compiled application. The author of the application controls how this information
is available from the Settings of the Main Window; see “About Dialog” on page 144.
The figure below shows the About dialog.

About X

COMSOL Multiphysics 6.4 (snapshot] (Build: 238)

Products used:  COMSOL Multiphysics

COMSOL [ )
MULTIPHYSICS®

Acknowledgments ~ »  Show Information

»

this Application, you agree to be bound by version 6.4 of the COMSOL Application License, see
w.comsol.com/sla.

This Application is run by technology supplied by COMSOL under version 6.4 of the COMSOL Software License Agreement,
see https: w.comsol.com/sla. © 1998-2024 COMSOL AB, Protected by U.5., European (valid in DE, FR, and UK),
Chinese, Japanese, and Indian patents listed on hitps:/; .comsel.com/patents. Patents pending. Certain technology
components are made available under terms found at https: msol.com/legal/about. Portions of this software are
owned by Siemens Product Lifecycle Management Software Inc. © 1986-2024. All Rights Reserved. Portions of this software
are owned by Spatial Corp. @ 198%-2024. All Rights Reserved. COMSOL, the COMSOL logo, COMSOL Compiler, COMSOL
Runtime, COMSOL Server, COMSOL Multiphysics, COMSOL Desktop, and LiveLink are either registered trademarks or
trademarks of COMSOL AB. For a list of other trademarks and their owners, see https: comsol.com/tm.

COMSOL installation folder: C\Program Files\COMSOL\COMSOLE4\Runtime

<

Preferences 0K
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In the About dialog, the user of a compiled application can access the Preferences
by clicking the corresponding button. The Preferences window for a compiled
application is shown below.

Preferences *

Visualization

Rendering: OpenGL =

Optimize for  Quality =

Antialiasing: Medium

Detail: Normal
Maouse

3Dconnexion space mouse
Temporary files

Faolder for temporary files (temp:///):  Ch\Users\paul\AppDatatLocal\Ternp' W& Browse
Recovery

Folder for recovery files:  C:\Users\paul\.comsol\wBdruntime\recoveries [l Browse
Multicore

Mumber of coress []
Livelink™ for MATLAB®

MATLAB® installation folder: W& Browse
Product updates

[] Ask to update the installed COMSOL Runtime for applications compiled with a newer version

Factory Settings oK Cancel

Here, the user can change settings for Visualization, Mouse, Temporary files,
Recovery, Multicore, GPU acceleration, LiveLink™ for MATLAB®, and Product updates.
These settings represent a subset of the Preferences available in COMSOL
Multiphysics and more information can be found in the COMSOL Multiphysics
Reference Manual.

If the compiled application detects that OpenGL® graphics hardware
acceleration is not supported, then the application will automatically
switch to software rendering and exit. The next time the application starts,
software rendering will be used.

Publishing COMSOL Applications

The COMSOL Software License Agreement (SLA) gives you permission to
publish your COMSOL applications for others to use, including commercially,
with certain restrictions spelled out in the SLA available at www.comsol.com/sla.
This permission enables you to share your applications with others and to charge
them for using your applications through three different mechanisms.

First, you can make an application available to others to be run by a COMSOL
Multiphysics installation. For using an application with COMSOL Multiphysics,

48 |


https://www.comsol.com/sla

the user needs to belong to the same organization that purchased the COMSOL
Multiphysics license.

Second, you can make an application available to others to be run by a COMSOL
Server installation. This approach allows for greater flexibility, as it allows you to
set up a COMSOL Server installation and let users from around the world access
your Application. You just need to provide them with the address, a username, and
password to your COMSOL Server installation. Alternatively, users can purchase
their own COMSOL Server license. If you use COMSOL Server to host and run
applications, the SLA also gives you permission to make time on your COMSOL
Server License (CSL) available to persons outside your organization to host and
run applications that you are publishing to others, subject to certain restrictions.

Third, you can use COMSOL Compiler to compile your application into a
standalone program that contains all of the functionality required to make it run.
This approach gives you the greatest flexibility, as the end user of your application
will not need a license for COMSOL Multiphysics or COMSOL Server to run the
Application. The compiled application can then be run by that user and anyone
else to whom you allow the user to publish the compiled application, around the
world, inside or outside of your organization.

The COMSOL Application License, also available at www.comsol.com/sla, further
lets you modify applications available in the Application Libraries and publish
those modified applications for others to use, including commercially, with certain
restrictions spelled out in the Application License. This allows you to, for example,
use one of the applications in the Application Libraries as a starting point for your
own applications by adding or removing your own features.

If you wish to apply the Application License to applications that you create, the
Application License contains instructions on how to do so. The Application
License also addresses how you can use terms that you choose for modifications
you make to applications available in the Application Libraries, while the original
portions of those applications remain available under the Application License.

The results from a simulation software such as COMSOL Multiphysics can
shorten design times dramatically by, for example, reducing the number of
experiments or product tests. However, simulation software is not a substitute for
real-world testing. This is especially important if there are risks for physical or
environmental damage.
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Getting Started with the Application Builder

STARTING FROM A COMSOL MULTIPHYSICS MODEL

If you do not have a model already loaded to the COMSOL Desktop
environment, select File > Open to select an MPH file from your file system or
select a file from the Application Libraries. Note that, in the Application Libraries,
the files in the Applications folders are ready-to-use applications. All other files in
the Application Libraries contain a model and documentation, but not an
application user interface.

Once the model is loaded, click the Application Builder button on the ribbon Home
tab. This will take you to the Application Builder workspace.

o DB ER > v

File Home  Definitions Geometry  Materials P

A n >

Application Model Component Add

Builder Manager 1+ Component ~
Waorkspace Maodel
Model Builder
- S St~ Elv Siv v

CREATING A NEW FORM USING TEMPLATES AND THE FORM WIZARD

To start working on the user interface layout, click the New Form button in the
Home tab. This will launch the Form Wizard.

e D BR » ovc- WO R
File Home  Main Window
i : =] " Data Access | Settings
® & [ -
= " Edi
Model Model i N G Record Method Editor Tools
Builder  Manager Form v Method v @8 Compiler
Waorkspace Main

The Form Wizard assists you with adding the most common user interface
components, so-called form objects, to the first draft of your application.
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In the Form Wizard, the first page is the Select Template page.

e e OE » el

File

Select Template

{[E3] iank form
Single form
] sk

[ subwindows, sections. and graphics
[ subwindows, tabs, and graphics
M Toolbar, sections, and graphics

Ml Buttons, sections, and graphics

[EM Compact layout for tablets

M Advanced compact layout for tablets
M Compact layout for smartphones

M Advanced compact layout for smartphones

Content

The different templates listed here will help you quickly create an organized
application with different levels of sophistication and user-interface layouts for
desktop, table, and smartphone use.

For this example, you can load the busbar.mph model from the Application
Libraries at COMSOL Multiphysics > Multiphysics. This is one of the models used in
the Introduction to COMSOL Multiphysics manual.

Select the Basic layout template and click Content. The Select Content page has four
tabs:

¢ Inputs

e Outputs
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¢ Graphics
¢ Ribbon buttons

Select Content

[] Labels on top
Inputs  Qutputs = Graphics = Ribbon buttons
Available: Selected:

~ < Model (root) —+
v () Global Definitions

~ P Parameters 1 Add Selected

25 Length (L)

8.5 Bolt radius (rad_1)

8.5 Thickness (tbb)

8.5 Width (wbhb)

8.5 Maximum element size (mh)
8.5 Heat transfer coefficient (htc)
e5 Applied voltage (Viot)

Double-click a node or click the Add Selected = button to move a node from the
Available area to the Selected area. The selected nodes will become form objects in
the application and a preview of the form will be shown in the Preview area to the
right.

The size as well as other settings for form objects can be edited after exiting the
wizard. You can also choose to exit the wizard at this stage by clicking Done, and
then manually add form objects.

The Inputs and Outputs Tabs

The Inputs and Outputs tab display the model tree nodes that can serve as an input
field, data display object, checkbox, or combo box. Input fields added by the
wizard will be accompanied by a text label and a unit, when applicable. You can
make other parts of the model available for input and output by using Data Access
(see page 111). Checkbox and combo-box objects are, for example, only available
in this way. For example, you can make the Predefined combo box for Element Size
under the Mesh node available in the wizard by enabling it with the Data Access
feature.
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In the figure below, three parameters, including Length, Width, and Applied
voltage, have been selected to serve as input fields.

Select Content

[] Lebels ontop

Inputs  Qutputs  Graphics  Ribbon buttons.
Available:
v & Model (root)
~ () Global Definitions
v i Parameters |
== Bolt radius (rad_1)
== Thickness (tbb)
=5 Maximum element size (mh}
5 Heat transfer coefficient (hte)

eTEmp\a(E
[ 2 B ecan:e\ [V pone

Selected:

puts
@ Model (root)
~ (@ Global Definitions
v Pi Parameters 1
=5 Length (L}
== Width (wbb)
2= Applied voltage (Vtot)

+ Add Form i Edit Form — Remove Form

Preview
File Home
Main
_—
I~ Inputs
I Length 9 m
| Width: 5 cm
| Applied voltage: 20 mV

In the figure below, a Derived Values node representing the maximum temperature
has been selected from the Outputs tab to act as a data display object. Note that
the temperature value shown is a placeholder intended solely to demonstrate the

formatting, not an actual computed temperature.

Select Content

[] Labels on top

Inputs  Outputs Graphics Ribbon buttons
Available:
v % Model (root)
~ (@ Global Definitions
v Pi Parameters 1
a5 Length (L)
== Bolt radius (rad_1)
&= Thickness (tbb)
2= Width (wbb)
o5 Maximum element size (mh)
o5 Heat transfer coefficient (htc)
== Applied voltage (Viof)
v [E Results
~ [ Tables

FE Maximum and Minimurn Values

Ff Teble 1

GTemplate
Help 0 Cancel [ Done

Selected:

utputs
~ % Model (root)
~ [E Results
~ B% Derived Values
st Yolume Maximum 1

+ Add Form ¢ Edit Form — Remove Form

Preview

File  Home

=
!V Inputs
! Length: 9 a
! Width: 5 a
| Applied voltage: |20 v
! v Outputs

Temperature: 0.001235K

After exiting the wizard, you can edit the size and font color as well as other

settings for input fields and data display objects.
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The Graphics Tab

The Graphics tab displays the model tree nodes that can serve as graphics objects:
Geometry, Selection, Mesh, and Results. In the figure below, a Temperature plot
node has been selected. When using the Basic layout template, this selection
determines the default plot shown when the app is started.

LI = c v 2

busbar.mph - COMSOL Muliphysics

File

Select Content
[ Labels on top
Inputs  Outputs Graphics _Ribbon buttons
Available: Selected:
v % Model (root) — v @ Model (root)
v [ Component 1 (comp1) ~ & Results
~ = Definitions @l Temperature (ht)

Wl Electric Potential (ec)
Wl Electric Field (ec)
Vil Current Density

Q) rempiete
Help che\ [ one

The Ribbon Buttons Tab

Preview

File  Home

Main
~ Inputs

Length: s m
Width: H m

Applied voltage: 20 my

~ Outputs

Temperature: 0.001235 K

aQa- v b

The Ribbon buttons tab displays the model and application tree nodes that can be
run by clicking a button in the ribbon in the application user interface. Examples
of such tree nodes are Plot Geometry, Plot Mesh, Compute Study, and each of the
different plot groups under Results. In addition, you can add buttons for GUI
Commands, Forms, and Methods. Note that in this example no Forms or Methods are

available yet.
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In the figure below, buttons have been added corresponding to the actions: Plot
Geometry, Plot Mesh, Compute Study, Plot Electric Potential, Plot Temperature, Plot
Current Density, and Reset Window Layout.

Select Content Preview

[ Labels on top

Inputs | Outputs _ Graphics Ribbon buttons

2]

Current  Res
en

Auailable: Selected:

O 6UI Commands v @ GUI Commands | Geomety Meh Compute  Electic  Temperature
> [ File Commands ~ [ Main Window Commands { Euteniclie) (bt)
raphics Commands Reset Window Layout

A\ Plot Mesh 1 Length: 9 em

© [ Results s Compute Study 1 Width: s m
W Plot Electric Field (Ec) v [@ Results Applied voltage: | 20 mv
Wl Plot Electric Potential (Ec)
Nl Plot Temperature (Ht) ~ Outputs

Bl Plot Current Density

Temperature: 0.001235K

@ el
B e a[an:e\ [ pone

The Reset Window Layout option is available under GUI Commands > Main Window
Commands > Reset Window Layout. The application consists of two subwindows,
one for the inputs and outputs and one for the graphics. The Reset Window Layout
button will reset the two subwindows in the application to their original size. The
Subwindows templates are similar to the Basic template but additionally enable you
to detach, move around, and dock the subwindows. In this case, the Reset Window
Layout operation will rearrange all subwindows to their original position and size.
Using the Form Editor, you can add buttons that run your own custom command
sequences or methods.

For an example of using the Single form template, see the Introduction to
COMSOL Multiphysics manual.

EXITING THE WIZARD

Click Done to exit the wizard. This automatically takes you to the Form Editor.

TESTING THE APPLICATION

You can now click Test Application in the Test section of the ribbon.

Test pp Test in Web
Application  C s Browser ~

Test
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The figure below shows the running application.

@ Untitled.mph - Electrical Heating in a Busbar - o X

File  Home

A =
Geometry  Mesh  Compute Temperature
®0
~ Inputs. aaR@~-@FLr-zkznr c- (<o BHO @8
Length: 9 m Volume: Temperature (K) Max/Min Volume: Temperature (K) L
Width s
Applied voltage: 20 m 324
~ outputs
Temperature: 304K
323
2 ,7

SAVING AN APPLICATION

To save an application, from the File menu, select File > Save As. Browse to a folder
where you have write permissions, and save the file in the MPH-file format. The
MPH file contains all of the information about the application, including
information about the embedded model created with the Model Builder.
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Themes

The Settings window for Themes is displayed when you click the Themes node in
the application tree. It lets you change the overall appearance of the user interface
and forms with settings for Application theme, Image export theme, Text color,

Background color, Font, Font size, Bold, Italic, and Underline.

Application Builder

ERE NS

w E] tubular_reactor.mph (root)
ﬁ Inputs
% Themes
» D Main Window
~ [ Forms
D main
D input
D description
D information
¥ D simulationEvents
» D emailServer
> 2| Graphics
Events
» = Declarations
¥ % Methods
» [ Libraries

Settings

Themes

~ Themes

Application theme: Default
Image export theme: Default

~ Appearance

Text color: Systemn
Background color: Systemn
Font: Systemn
Font size: Systemn

Applies to new form objects

[] Bold
[] Italic
[] Underline

pt

The default is that all new forms and new form objects inherit these settings when

applicable.
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The Form Editor

Use the Form Editor to design user interfaces by creating forms with various form
objects, including input fields, graphics, buttons, and more. This section covers
the use of forms and form objects, along with related topics such as the objects
used in ribbons, menus, and toolbars.

The Individual Form Settings Windows

The figure below shows the application tree node and Settings window for a form.

Application Builder v B % Settings v (53 e
“— | Et~ El~ ¥~ = Form
= (2 Mame:  main =
w E] tubular_reactor.mph (root) Title: Main
E Inputs
%Themes lcon: Default ~ | |+
¥ D Main Window [] Show in Model Builder
~ [ Forms
[ main v Size
™ input . .
D description Initial size:  Automatic -
D information -
¥ D simulationEvents argins
> [ emailserver Horizontal: 0
> | Graphics
Efents i Vertical: 0
» = Declarations
v Dialog Settings
¥ % Methods
> [l Libraries Store changes: On request -
[] Resizable

Vertically scrollable

» Grid Layout for Contained Form Objects

~ Appearance

Text color: Inherit -
Background color: Transparent -
Background image: Mone ~| |+

v Events

On load: initializeApplication  + =7 + ¥

On close: Mone - P =
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Each form has its own Settings window with settings for:

* Name used to reference the form in other form objects and methods.

» Form Title that is used in applications with several forms.

¢ leon shown in the upper-left corner of a dialog.

* Initial size of the form when used as a dialog or when the Main Window is set
to have its size determined by the form.

* Margins with respect to the upper-left corner (Horizontal and Vertical).

» Choices of when to store changes in dialogs (Store changes), sce also
“Showing a Form as a Dialog” on page 79.

» Choices of whether the form should be Resizable or not and Vertically
scrollable or not when used as a dialog.

» Table with the formatting of all columns and rows included in the form (Grid
Layout for Contained Form Objects).

» Appearance with settings for Text color, Background color, and Background
image.

* Events that are triggered when a form is loaded or closed. (On load and On
close.)

Double-click a form node to open its window in the Form Editor. Alternatively,
you can right-click a form node and select Edit. Right-click a form window tab to
see its context menu with options for closing, floating, and tiling form windows.

@ Preview D main D input X

v Close Ctrl+F4

> Close Others
Activation energy: 75362
Close Tab Group

Thermal conductivity: 0,559

Heat of reaction: -84666

Close All
Float
Float All
Pin Tab

== Tile Vertically

DD Tile Horizontally

SKETCH AND GRID LAYOUT MODES

When adding a form using the Blank or Single form layout templates, the
Application Builder defaults to sketch layout mode, which lets you use fixed object
positions and size. The other layout templates use the grid layout mode. Sketch
layout mode is useful when you want control over the absolute positioning of form
objects, such as when creating dialogs. Many, but not all, of the instructions in the
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“The Form Editor” on page 58 assume that the Form Editor is in sketch layout
mode unless otherwise specified. For information on grid layout mode, see
“Sketch and Grid Layout” on page 117.

If you use the Single form template and follow the same steps as for the earlier
example using the Basic template, then the Form Editor will result in an form as
shown in the figure below, after dragging to reorganize the buttons.

[@ Preview  [Jform1 x

v

Length: : o laa@r @l i
Width: 5 cm

Applied voltage: 20 mv

Temperature: 0.001235K

A

¥ A
\ A58,
Geometry Mesh
=

Compute TEmp[:;]ature

Current Electric
Density Potential eq)

In this case, no ribbon is created and you can freely position form objects, such as
buttons and edit fields, by dragging them. This is beneficial in some cases,
however, the size of the graphics object will be fixed when using the Single form
layout template. This is because for this template the sketch layout mode is used
and automatic resizing of an app is only supported with the grid layout mode. To
learn how to create resizable graphics objects, see “Automatic Resizing of
Graphics Objects” on page 128.

Note that any type of application that you create using templates can also be built
using manual steps by starting from a Blank form or Single form template, however,
using templates accelerates this process.

INITIAL SIZE OF A FORM
There are two options for the initial size of a form:
* Manual lets you enter the pixel size for the width and height.

* Automatic determines the size based on the form objects that the form
contains. If you are using grid layout mode and there are columns or rows
set to Grow, then the size is not defined by the form objects. In this case, the
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size is estimated using the Form Editor grid size as a base point. (It will
typically be slightly larger.) You can change the grid size by dragging the
right or bottom border of the grid. For more information on grid layout
mode, see “Grid Layout” on page 120.

Settings v (53 5
Form

Mame:  main =
Title: Main

lcon: Default ~| &=

[] Show in Madel Builder
v Size

Initial size: Automatic

Automatic
v Margin panyal

Local Forms

Forms can be local to other forms, which enables you to create a better structure
when developing your applications. For instance, a complicated global form made
up of many different subforms can have the auxiliary forms as local forms,
displayed as children in the application tree.

v [&] finned_pipe.mph [root)
ﬁ Inputs
% Themes
¥ D Main Window
~ [ Forms
D main
~ D geometry
~ [ Forms
E] innerMone
E] innerStraightGrooves
E] outerMone
E] outerDiskStackedBlades
E] outerCircularGrooves
E] outerHelicalBlades
E] outerHelicalGrooves
D operatingConditions
D solverSettings
D information
» % Group 1
Events
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You can add a local form by, for example, right-clicking a global form and
selecting Local Form. A global form always appears directly under the Forms node
in the application tree.

Form Editor Preferences

To access Preferences for the Form Editor, choosc Preferences from the File menu
and select the Forms node in the tree.

| |3 Preferences X

1

Forms
Default layout mode:  Sketch v
v Application Builder Show COMSOL layout templates in the Form Wizard
v Forms
Grid Mode
Sketch Mode
> Methods
Chatbot
Client-Server
Computing
Email
Files
Geometry
Graphics
Help
Libraries

LiveLink Connections
Mesh

Model Builder
Model Manager
Physics Builder
Results

Save
Security
Updates
User Interface

Factory Settings

Factory Settings for Al Import Export. oK Cancel

The Forms node and its child nodes, Grid Mode and Sketch Mode, includes settings
for changing the defaults for layout mode, margins, sketch grid, and layout
templates.
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Form Objects

POSITIONING FORM OBJECTS

You can easily change the positioning of form objects such as input fields, graphics
objects, and buttons in one of the following ways (which methods are applicable
depends on which layout mode you are using):

Click an object to select it. A selected object is highlighted with a blue

frame.

To select multiple objects, use Ctrl+click. You v

can also click and drag to create a selection =T o T
box in the form window to select all objects Width: -5 « cm
Within it. Applied voltage: 20 mi

Temperature: 0.001235K

Hold and drag to move to the new position.
In sketch layout mode, blue guidelines will aid in the positioning relative to

other objects.

In sketch layout mode, you can also use the keyboard arrow keys to move
objects. Use Ctrl+arrow keys to fine tune the position.

In the figures below, a Plet button is being moved from its original position. Blue
guide lines show its alignment relative to the unit objects and the Compute button.

v

Length: 9 cm
Width: 5 m
Applied voltage: 20 mV

Temperature: 0.001235K

Compute

Temperature

iht)

aaQ@A~-F LrrEEk| ¢y e-BBHO @8
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RESIZING FORM OBJECTS
In sketch layout mode, to resize an object:
 Click an object to select it.

* Hold and drag one of the handles, shown as blue dots, of the highlighted
blue frame. If there are no handles, this type of form object cannot be
resized.

Note that some form objects that cannot be resized in grid mode can be resized
in sketch mode.

COPYING, PASTING, DUPLICATING, AND DELETING AN OBJECT

To delete an object, click to select it and then press Delete on your keyboard. You
can also click the Delete button in the Quick Access Toolbar.

You can copy-paste an object by pressing Ctrl+C and Ctrl+V. Alternatively, you
can right-click an object to get menu options for Copy, Duplicate, Delete, and more.

@Pre.-‘iew D"c-"‘" X
v

>
ength: E cm Qa@- Lov bz
Width: =5

. Create Local Method
Applied voltage: 20

Ternperature: 0.007235 K Copy as Code to Clipboard 3
SooCut Ctrl+X
E] Copy Ctrl+C
[F] Duplicate Ctrl+Shift+D
M Delete Del
5 Settings
B Hep Fl

To paste an already copied object, right-click an empty area in the form and
right-click again. Depending on the copied object, a Paste menu option will be
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shown. In the figure below, an Input Field has previously been copied and as a
result, a Paste Input Field option is shown.

E’ Local Form
New Method
Form Objects
Scalar

Array 1D
Array 2D
Choice List

E’ Preview Form

Zoom 100% r
Copy as Code to Clipboard »
W Cut Crl+X
[z] Copy Ctrl+C
[T Paste Input Field Ctrl+V
[F] Duplicate Ctrl+Shift+D
i Group Ctrl+G
M Delete Del
E|] Rename F2
E Settings
B Hep F1

ADJUSTING POSITION AND SIZE BY THE NUMBER OF PIXELS

When in sketch layout mode, you can adjust the position and size of an object by
typing the number of pixels in the Position and Size section of its Settings window:

Click an object to select it. Make sure its Settings window is shown. If not,
double-click the object or click the Settings button in the Form tab.

Edit the numbers in the Position and Size section.

~ Position and Size

Width: Manual -
20

Height: Manual -
20

Positionx: 180

Positiony: 240

The Position and Size section will have different options depending on the type of
form object. For grid layout mode, there are additional settings for the position of
the object with respect to rows and columns. For details, see “Sketch and Grid
Layout” on page 117.
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CHANGING THE APPEARANCE OF DISPLAYED TEXT

For form objects that display text, the Appearance section in the Settings window
lets you change properties such as the text displayed, font, font color, and font
size. For some form objects, such as a button, the size of the object will adapt to
the length of the text string.

In the figure below, the Settings window for a text label object is shown.

@Pr:‘.-iﬁw Dmam X Se.t.tlngs

Text Label

[
Name: inputAndDescription ,%

[] Multiline text

Input and Description

v Input
P Text: Input_and_description

Activation energy: 75362 Jimoel
Thermal conductivity:  0.559 WilmeK)
Heat of reaction: -84666 Jimol

» Position and Size
~ Appearance

~ Reactor Description fJextcolor: TSR T

Background color: ~ Transparent =
Font: Default font >

Font size: 12 > | pt
[ Bold
[ ltalic
[] Underline
State
Visible
Enabled

Inlet: A, B

By using grid layout mode (see “Sketch and Grid Layout” on page 117) you can
gain further control over the size of form objects, such as setting an arbitrary size
for a button.

SELECTING MULTIPLE FORM OBJECTS

If you select more than one form object, for example, by using Ctrl+click, then the
Settings window will contain a set of properties that can be shared between the
selected objects. Shared properties will always originate from the Appearance
section, the Position and Size section, or the Events section.

THE NAME OF A FORM OBJECT

A form object has a Name, which is a text string without spaces. The string can
contain letters, numbers, and underscore, but the reserved names root and
parent are not allowed. The Name string is used by other form objects and
methods to reference the object as part of its path. The object’s path is displayed
as a tooltip when hovering over the Name field in the Settings window.
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INSERTING FORM OBJECTS

You can insert form objects in addition to those created by the Form Wizard. In
the Form ribbon tab, in the Form Objects section, you can quickly select some of
the most common form objects: Input Field, Button, Checkbox, Text Label, Data
Display, and Graphics.

e O @& » e ERBDRER
File Home  Form
3 Input Field [T Text Label ] Grid
(2K Button Data Display More 1 Sketch Show Arrange
[ Checkbox [ Graphics Objects ~ Grid Lines v
Form Objects Layout Sketch

Additional form objects are available from the More Objects menu button.

3 Input Field Text Label E’ @ Grid Row Settings ~
] =3 i U] ingele
5K Button Data Display More 1 Sketch Show Arrange ‘_[l_‘ Column Settings o
[ Checkbox [ Graphics Objects ~ Grid Lines v v
Form Objects Input
Toggle Button [&7] Combo Box

Application Builder
Etv Elv W Labels

pe filter text Unit Equation — Line
~ E| tubular_reactormph (root) Display
ﬁ Inputs
% Themes [5] Web Page [2] Image O Video
> 7] Main Window
v B Forms == Progress Bar £ Gauge Log
D main [ Message Log Results Table
D input
D description Subforms
D information - =
Form Form Collection = Card Stack
> D simulationEvents E‘ )
> D email Server Composite
> %] Graphics
Events P & File Import Information Card Stack El Array Input
> = Declarations 8 Radio Button & Selection Input
> [ Methods
» [ Libraries Miscellaneous
[T] Text S List Box EEE Table
=¥ Slider # Knob T Hyperlink
i Toolbar A% Form Toolbar Spacer

The remainder of this section, The Form Editor, only describes the types of form
objects that are added by the Form Wizard. The form objects and ribbon features
added by using the wizard may include:

¢ Button and Ribbon Button
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¢ Graphics

* Input Field

 Text Label (typically associated with Input Field)
* Unit (typically associated with Input Field)

¢ Data Display

However, when using Data Access (see page 111), the additional form objects may
be added by the wizard, including:

¢ Checkbox

¢ Combo box

For more information on the checkbox, combo box, and other form objects, see
“Appendix A — Form Objects, Ribbon, Menu, and Toolbar Items” on page 247.

EVENTS AND ACTIONS ASSOCIATED WITH FORMS AND FORM OBJECTS

You can associate objects such as buttons, menu items, ribbon buttons, forms, and
form objects with actions triggered by an event. An action can be a sequence of
commands including global methods, form methods, or local methods. Local
methods are not accessible or visible outside of the forms or objects where they
are defined. The events that can be associated with an object depend on the type
of object and include: button click, keyboard shortcut, load of a form (On load),
close of'a form (On close), change of the value of a variable (On data change), and
focus gained.

Using Ctrl+Alt+click on a form object opens any associated method in the
Method Editor. If there is no method associated with the form object, a new local
method will be created, associated with the form object, and opened in the
Method Editor. If the form object has an associated command sequence, this
sequence is converted to code and inserted in the local method.

Editor Tools in the Form Editor

The Editor Tools window is an important complement to the Form Wizard and the
Insert Object menu for quickly creating composite form objects. To display the
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Editor Tools window, click the corresponding button in the Main group in the
Home tab.

~dh

o Data Access = settings
Eﬁ Record Method Editor Tools
[EA Compiler

Main

You can right-click the nodes in the editor tree to add the same set of form objects
available with the Form Wizard.

Editor Tools

S EditNode =t v El ~

% Themes
D Main Window
¥ % Forms
» @ GUI Commands
» [ Libraries
~ < Model (root)
v () Global Definitions
~ P; Parameters 1
25 Length (L)
Bolt radius (rad_1)
5.5 Thickness “--*
Width (w Input
Maximur Output

Heat tran .
as Applied v » Edit Node

45 Default Model Inputs
i) Materials

a.

n

a.

n

a.

n

a.

n

Component 1 (compl)
= Definitions
WA Geometry 1
22 Materials
+\_ Electric Currents (ec)
) Heat Transfer in Solids (ht)
.{;3. Multiphysics
> A Mesh 1
» ~db Study 1

> [El Results

€
v v v v il

Input Output Graphics Button

When a node is selected, the toolbar below the editor tree shows the available
options for inserting an object. You can also right-click for a list of these options.
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Depending on the node, the following options are available:
e Input
An Input Field, Checkbox, Combo Box, or File Import object is inserted as follows:

- Inserts an Input Field using the selected node as Source. It is accompanied by
a Text Label and a Unit object, when applicable.

- Inserts a Checkbox using the selected node as Source.

- Inserts a Combo Box using the selected node as Source. A choice list is
automatically created, corresponding to the list in the node. This option is
only available when used with Data Access (sce page 111) to make the
corresponding node available in the editor tree.

- Inserts a File Import object using the selected node as File Destination.
¢ Output

- Inserts a Data Display object accompanied by a Text Label when applicable.

- Inserts a Results Table object when the selected node is a Table.
e Button

- Inserts a Button object with a command sequence running the selected node.
¢ Graphics

- Inserts a Graphics object using the selected node as Source for Initial Graphics

Content.

* Edit Node

- Brings you to the Settings window for the corresponding model tree node.
The Editor Tools window is also an important tool when working with the
Method Editor. In the Method Editor, it is used to generate code associated with

the nodes of the editor tree. For more information, see “Editor Tools in the
Method Editor” on page 197.

Button and Item

Clicking on a Button, ribbon, menu, or toolbar Item is an event that triggers an
action defined by its command sequence. The main section of the Settings window
for a button or item allows you to:

+ Edit the form object Name of the button.
» Edit the Text displayed on the button.
» Use an lcon instead of the default rendering of a button.

» Set the button Size to Large, Small, or Use icon size.
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» Set the button Style to Flat, Raised, or Outlined.
* Add a Tooltip with text that is shown when hovering over the button.

* Add a Keyboard shortcut by clicking the input field and entering a
combination of the modifier keys Shift, Ctrl, and Alt together with another
keyboard key. Alt must be accompanied by at least one additional modifier.

Settings

MNarne: button1 =
Text: Compute

lcon: = compute 32 ~ + [=
Size: Large =
Style: Flat =
Tooltip: Run simulation

Keyboard shortcut:  CTRL+S

The settings for a ribbon button, defined as Item in a Ribbon Section, are very
similar to those of a button form object. However, in their respective settings
windows, the sections and settings for Dialog Actions, Position and Size, and
Appearance are available only for the button form object. Similarly, the settings
windows for menu and toolbar items are also closely aligned with those of a button
form object.
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CHOOSING COMMANDS TO RUN

The section Choose Commands to Run lets you control the action associated with a
button-click event. The figure below shows the Settings window for a button that
triggers a sequence of four commands.

~ Choose Commands to Run B

> [ Forms

B GUl Commands
~ % Methods

method1

method2
[fifi Libraries
v 4% Model (root)
¥ Global Definitions
> [l Compenent 1 (comp1) {comp1}
w oo Study 1 {std1}

[= Stationary {stat}

w

w

Edit Node Run [aE| Plot Set Value Show

Show as Dialog Import File Enable Disable

" Command lcon | Arguments
Compute Study 1 {std1} =

Plot Electric Potential (ec) {pg1} form1/graphics1
Plot Temperature (ht) {pg3} form1/graphics2
method1 @

bg BE -

A menu, ribbon, or toolbar item will also provide a Choose Commands to Run
section in its Settings window, and the functionality described in this section
applies. For more information on using menu, ribbon, and toolbar items, see
“Graphics Toolbar” on page 89, “The Main Window Editor” on page 142,
“Table” on page 332, and “Toolbar and Form Toolbar” on page 344.

To define a sequence of commands, in the Choose Commands to Run section, select
anode in the editor tree. Then click one of the highlighted buttons under the tree.
Alternatively, right-click in the tree and select the command or double-click. In

the figure below, the Geometry node is selected and the available commands Run
and Plot are highlighted. Click Run to add a geometry-building command to the
command sequence. Click Plot to add a command that first builds and then plots

72|



the geometry. The option Edit Node will take you to the corresponding node in
the model tree or the application tree.

~ Choose Commands to Run "5

¥ % Forms

» @ GUI Commands

> g Methods

» [ Libraries

~ < Model (root)

() Global Definitions
Component 1 (compl)
= Definitions

A Geometry 1

22 Materials

&

»
w

v viviv il

A

Electric Currents (ec)

=g Edit Node » Run [Z3 Plot Set Value Show

Show as Dialog Import File Enable Disable

You do not need to precede a Plot Geometry command with a Build
Geometry command (that you get by clicking Run). The Plot Geometry
command will first build and then plot the geometry. In a similar way, the
Plot Mesh command will first build and then plot the mesh.

The command icons highlighted for selection are those applicable to the particular
tree node. This is a list of the command icons that may be available, depending
upon the node:

* Run

¢ Plot

¢ Set Value

e Show

¢ Show as Dialog
e Import File

¢ Enable

¢ Disable

Some commands, such as the various plot commands, require an argument. The
argument to a plot command, for example, defines which of the different graphics
objects the plot should be rendered in.
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The example below shows the Settings window and command sequence for a
Compute button as created by the Form Wizard. This button has a command
sequence with two commands: Compute Study | and Plot Temperature.

~ Choose Commands to Run =

3 Forms

B GUl Commands

EE Methods

[fifi Libraries

& Model (root)

» () Global Definitions

L5l

v v v v

> [ Component 1 (compl)
v oo Study 1
[= Stationary
> [fre Solver Configurations
v {E| Results
Edit Node Run [ca| Plot Set Value Show
Show as Dialog Import File Enable Disable

L
Command lcon | Arguments

Compute Study 1 =
Plot Temperature (ht) form1/graphicsi

tLEEE-#

The Plot Temperature command has one argument, form1/graphicsi.
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To add or edit an input argument, click the Edit Argument button below the
command sequence, as shown in the figure below.

L i
Command lcon | Arguments O Edit Argument x
Compute Study 1 = v B Forms
Plot Temperature (ht) form1/graphicsi v [ form1
graphicsl

t L REEr

Edit Argument

i @_‘ Use as Argument
| selected argument:
[ graphics1
OK Cancel

[

To reference graphics objects in a specific form, the following syntax is used:
formi/graphics2, form3/graphicsi,and so on. Ifa specific form is not specified,
for example, graphicsi, then the form where the button is located is used.

To control the order and contents of the sequence of commands, use the Move Up,
Move Down, and Delete buttons located below the command sequence table.
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CONVERTING A COMMAND SEQUENCE TO A METHOD

A sequence of commands can be automatically converted to a new method, and
further edited in the Method Editor, by clicking Convert to Method.

~ Choose Commands to Run kS
» ~db Study 1
v {E| Results
> 2% Derived Values
> E Tables
~ I‘i Electric Potential (ec)
0 volume 1
> §@ Electric Field (ec)
~ | Temperature (ht)
0 volume 1
25 Max/Min Volume 1
> §@ Current Density
=# Edit Node Run Plot Set Value Show
Show as Dialog Import File (8 Enable () Disable
' Command lcon | Arguments
Compute Study 1

Plot Electric Potential (ec) graphics/graphics]

&l & n

Plot Temperature (ht) graphics/graphics]

t s @
« Dialog Actio SE Convert to Methed

‘ Convert to Form Method
[[] Close dialog

st h ‘ Convert to Local Method
ore changes

Open the new method by clicking Go to Method.

Edit Node Run Plot Set Value Show
Show as Dialog Import File Enable Disable

L
Command lcon | Arguments

method1 @

b BE -
~ Dialog Ac Go to Method

You can also create a method that is local to a form or form object by
clicking Convert to Form Method or Convert to Local Method, respectively.
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The method contains calls to built-in methods corresponding to the commands in
the commend sequence, as shown in the figure below.

@ Preview Dform‘l method1 X
model.study("stdl").run();
useGrophics(model.result("pg3"), "fo

526!
3 useGraphics(model.result("pgl"), "forml

In this example, the first line:
model.study("std1").run()
runs Study | corresponding to the model tree node containing the first study with

tag std1 (the first study node is called Study 1 unless changed by the user). The
second and third lines:

useGraphics(model.result("pg3"), "formi/graphicsi");
useGraphics(model.result("pg1"), "formi/graphics2");

use the built-in method useGraphics to display plots corresponding to plot
groups pg3 and pg1, respectively. In this example, the plots are displayed in two
different graphics objects, graphics1 and graphics2, respectively.

For more information on methods, see “The Method Editor” on page 191.

SETTING VALUES OF PARAMETERS AND VARIABLES

The Set Value command allows you to set values of parameters and variables that
are available in the Parameters, Variables, and Declarations nodes. In addition, Set
Value can be used to set the values of properties made accessible by Data Access (see
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page 111). The figure below shows a command sequence used to initialize a set of
model parameters and a string variable.

~ Choose Commands to Run “db

~ 4 Model (root)
7 Global Definitions
~ P Parameters 1 {default}

s.5 Activation energy (E)

s Frequency factor (A)

=5 Thermal conductivity (ke)

.5 Diffusion coefficient (Diff)

=5 QOverall heat-transfer coefficient (Uk)
2.5 Heat of reaction (dHrx)

=5 Inlet temperature (T0)

Edit Node Run [za] Plot Set Value Show

Show as Dialog Import File Enable Disable

* Command lcon | Arguments
Set E of Parameters 1 {default} 75352

Set ke of Parameters 1 {default} 0.559

Set dHrx of Parameters 1 {default} -84666

Set activePlot of String temperature

B~

To learn how to perform the same sequence of operations from a method, select
Convert to Method under the command table.

CHANGING WHICH FORM IS VISIBLE

A button on a form can also be used to display a new form. This can be done in
two ways. The first is to use the Show command, which will replace the original
form with the new form. The second is to use the Show as Dialog command. In this
case, the new form will pop up as a dialog over the current form, and will usually
request input from the user.
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In the section Choose Commands to Run, you can select the Show command. The
figure below shows the command sequence for a button with a command Show
form3.

[er

~ Choose Commands to Run

~ [ Forms
D form1
D form2
D form3

B GUl Commands
= Declarations
EE Methods

» [ Libraries

» < Model (root)

»
»
»

=y EditNode » Run [ Plot 57 SetValue [ Show
Show as Dialog Import File Enable Disable

L
Command lcon | Arguments
Show form3 as dialog
=% . v

This command will leave the form associated with the button and make the
specified form visible to the user.

SHOWING A FORM AS A DIALOG

In order to use the Show as Dialog command, begin with the Choose Commands to
Run scction and select the form that you would like to show. The figure below
shows an example of the settings for a button with the command Show form2 as
dialog.

~ Choose Commands to Run =

~ [ Forms
D form1
D form2

» @ GUI Commands
» = Declarations

> [ Methods

» [ Libraries

» < Model (root)

=y EditNode » Run [ Plot 57 SetValue [ Show
Show as Dialog Import File Enable Disable

L
Command lcon | Arguments
Show forma2 as dialog
=% . v
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With these settings, clicking the button in the application will launch the following
dialog corresponding to form2:

3 Help X

You are running version 2.1
of this application. For help
please call 123-456-7890.

OK

The form2 window in this example contains a text label object and an OK button,
as shown in the figure below.

@ Preview chrm‘l chrmZ x Settings

= Button
i Name: button1 =
You are running version 2.1 | ame Hren =
of this application. For help | Text: QK
please call 123-456-7830. |
i lcon: Mone ~| |+
| Size: Small -
oK i
! Style: Raised -
Tooltip:

Keyboard shortcut:
> Choose Commands to Run B
~ Dialog Actions

Close dialog
Store changes

In the Settings window, the Dialog Actions section has two checkboxes:

¢ Close dialog

¢ Store changes

In the example above, the Close dialog checkbox is selected, ensuring that the

form2 window closes when the OK button is clicked. Since form2 has no user
inputs, the Store changes checkbox does not have any effect.

Typical dialog buttons and their associated dialog actions are:

BUTTON DIALOG ACTIONS

oK Close dialog and Store changes
Cancel Close dialog

Apply Store changes
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A dialog blocks any other user interaction with the application until it is closed.
In order to control when data entered in a dialog is stored, there is a list in the
Dialog Settings scction of the Settings window of a form where you can select
whether to store data On request or Immediately when the change occurs, as shown
in the figure below.

Settings

Mame: form1 ,@

Title: Form 1

lcon: Default ~| &
Show in Maodel Builder

> Size

> Margins

~ Dialog Settings

Store changes: On request -

[] Resizable ~ On request
Vertically scr|| Immediately |

When the Store changes option On request is sclected, the variables that have been
changed by the user in the dialog will not be updated until the OK button (or
similar) in the dialog has been clicked. This requires that the Store changes
checkbox is selected, in the Settings window of the OK button. When the option
Immediately is sclected, variables changed by the user in the dialog is updated
immediately including while the dialog is still open.

When Vertically scrollable is cleared, the form will never get any vertical scrollbar.
Instead, the scrollbar will appear on the form objects inside the form, if possible.
To obtain a satisfactory result, the form has to be created in grid mode. The form
object which should get the scrollbar must be in a row with setting Grow Row and
its alignment set to Fill Vertically.
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APPEARANCE

In the Settings window for a button, the Appearance scction contains font settings
as well as settings that control the state of the button object.

~ Appearance

Text color: Inherit =
Background color: Default =
Font: Default font =
Font size: Default size > pt
[] Bold
] Kalic

State
Visible
Enabled

Changing the Enabled and Visible State of a Form Object

Whether or not the button object should be Visible or Enabled is controlled from
the checkboxes under the State subsection. The Appearance section for most form
objects has similar settings, but some have additional options; for example, input
field objects.

A button, or another form object, with the Visible checkbox cleared will not be
shown in the user interface of the running application. A form object with the
Enabled checkbox cleared will be disabled, or “grayed out”, but still visible. The
state of a form object can also be controlled using built-in methods. For example,
assume that a Boolean variable enabled is used to determine the enabled /disabled
state of a button with Name button3. In this case, you can control the state of the
button as follows:

setFormObjectEnabled("button3", enabled);

In a similar way, the call
setFormObjectVisible("button3", visible);

lets a Boolean variable visible control whether the button is shown to the user
or not.

For more information, see “GUI-Related Methods” on page 378 and the
Application Programming Guide.

Graphics

Each Graphics object gets a default name such as graphics1, graphics2, and so
on, when it is created. These names are used to reference graphics objects in
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command sequences for buttons, menu items, and in methods. To reference
graphics objects in a specific form, use the syntax: form1/graphics2,
form3/graphics1, and so on.

SELECTING THE SOURCE FOR INITIAL GRAPHICS CONTENT

In the Settings window for a graphics object, use the section Source for Initial
Graphics Content to set the plot group or animation to be displayed as default. To
select, click Use as Source or double-click a node in the tree. If a solution exists for
the displayed plot group, the corresponding solution will be visualized when the
application starts. The figure below shows the Settings window for a graphics
object with a Temperature plot selected as the source.

Settings
MName: graphicsl =5

Zoom to extents on first plot
~ Source for Initial Graphics Content

v & Model (root)
> [ Component 1 (compl)

v {E| Results

Nl Electric Potential (ec)
V@ Electric Field (ec)

Iﬁ Temperature (ht)

V@ Current Density

@_‘Use as Source %, Clear Source =# Edit Node

Selected source:

VB Temperature (ht)

In addition to Results plot nodes, you can also use Animation, Selection, Geometry,
and Mesh nodes as the Selected source.

Selecting the Zoom to extents on first plot checkbox ensures that the first plot that
appears in the graphics canvas shows the entire model (zoom extents). This action
is triggered once the first time that graphics content is sent to the graphics object.

In the section Data Picking, below Source for Initial Graphics Content, selecting the
Enable data picking checkbox makes the graphics object interactive so that you can,
for example, click on a plot at a particular point and retrieve a numerical value for
the temperature at that coordinate. For more information, see “Data Picking” on
page 98.
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APPEARANCE

For a graphics object, the Appearance section of the Settings window has the
following options:

 Include an leon, such as a logo image, in the upper-right corner.

» Set the background Color for 2D plots.

 Set a flat or graded background color for 3D plots by choosing a Top color
and Bottom color.
v Appearance

lcon: o logo_graphics.png - + =
Background for 2D plots

Color: Use default -
Background for 3D plots

Top color: Use default -

Bottom color: Use default -
State

Visible

Enabled

In addition, the subsection State contains settings for the visible and enabled state
of the graphics object. For more information, see “Changing the Enabled and
Visible State of a Form Object” on page 82.

84 |



The figure below shows an application where the background Top color is set to
white and the Bottom color to gray. In addition, the standard plot toolbar is not

included.

@ Untitled. mph - Electrieal Heating in a Bushar

Length: 9 m
Width, 5 = yj\ =
Applied voltage: 120 my Geometry Compute

Temperature:  3304K

Surface: Current density norm (Afm?)

GRAPHICS COMMANDS

x10°
10

x

About

v Appearance

lcon: o logo_graphics.png

Background for 2D plots
Color: Use default
Background for 3D plots
Top color: White
Bottom color: Gray

State
Visible
Enabled

~ Toolbar
Position:
Icon size:

Background color:

Standard toolbar

Include standard toolbar items:

Custom toolbar items

Above
Small

Default

None

il

In the editor tree used in a command sequence of, for example, a button, the
Graphics Commands folder contains commands to process or modity a graphics
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object. The figure below shows a command sequence with one command for
printing the contents of a graphics object.

~ Choose Commands to Run "5

> [ Forms
~ @ GUI Commands
¥ File Commands
v [‘u Graphics Commands
Zoom Extents
Zoom to Selection
[@ Reset Current View
= Scene Light
@ Environment Reflections
(& Show Skybox
[#2 Rotate Environment
[ Transparency
B0 Orthographic Projection
@ Print
5 Select All
10 Clear Selection

. Show Selection Colors
= Show Material Color and Texture
Edit Node P Run [za| Plot Set Value Show

Show as Dialog Import File Enable Disable

L
Command lcon | Arguments
Print lgl form1/graphicsi

The available Graphics Commands include:
e Zoom Extents

- Makes the entire model visible.
¢ Reset Current View

- Resets the currently active view to the state it had when the application was
launched; also see “Views” on page 92.

¢ Scene Light
- Toggles the scene light (on or off).
¢ Transparency
- Toggles the transparency setting (on or off).
* Orthographic projection
- Enable orthographic projection (as opposed to perspective projection).
e Print
- Prints the contents of the graphics object.
e Select All

- Selects all objects.

86 |



¢ Clear Selection
- Clear the selection of all objects.
¢ Show Selection Colors
- Enable visualization of selection colors.
¢ Show Material Color and Texture
- Enable visualization of material color and texture.

Note that the many of these commands have corresponding toolbar buttons in the
standard graphics toolbar. See the next section “Graphics Toolbar”.

Plot While Solving

To let the user monitor convergence, you can plot the results while solving. In this
example, assume that the Plot option is enabled for Results While Solving. This
option is available in the Settings window of a Study node in the model tree, as
shown in the figure below.

Settings “ Bl
Time Dependent

= Compute

il

Label: Time Dependent

> Study Settings

~ Results While Solving

Plot
L4 -
Plot group Plot window
Velocity (spf) = Graphics =
=
Updateat:  Times stored in output =
Probes: All -
Update at:  Time steps taken by solver =

You can include a method that calls the built-in sleep method for briefly
displaying graphics information before switching to displaying other types of
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graphics. Insert it in a command sequence after a plot command, as shown in the
figure below.

" Command lcon | Arguments
Plot Mesh 1 form1/graphics1
Plot Velocity (spf) form1/graphics1
sleepABit @

Compute Study 1 =

td =bgbE- 4

In this example, the sleepABit method contains one line of code:
sleep(1000); // sleep for 1000 ms

For more information on the method sleep, see “sleep” on page 383.

In the command sequence above, the Plot Velocity command comes before the
Compute Study command. This ensures that the graphics object displays the
velocity plot while solving.

USING MULTIPLE GRAPHICS OBJECTS

Due to potential graphics hardware limitations on the platforms where your
application will be running, you should strive to minimize the number of graphics
objects used. This is to ensure maximum portability of your applications. In
addition, if you intend to run an application in a web browser, there may be
additional restrictions on how many graphics objects can be used. Different
combinations of hardware, operating systems, and web browsers have different
limitations.

In this context, two graphics objects with the same name but in different forms
count as two different graphics objects. For example, form1/graphics1 and
form2/graphics2 represent two different graphics objects. In addition, if a
graphics object is used in a subform (see “Form” on page 302), then each use of
that subform counts as a different graphics object.

To display many different plots in an application, you can, for example, create
buttons, toggle buttons, or radio buttons that simply plot to the same graphics
object in a form that does not use subforms.

If you need to use methods to change a plot, use the useGraphics method. For
more information on writing methods, see “The Method Editor” on page 191.
The example code below switches plot groups by reusing the same graphics object,
based on the value of a Boolean variable.

if (my_boolean) {
useGraphics(model.result("pg1"), "formi/graphicsi");
} else {
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useGraphics(model.result("pg2"), "formi/graphicsi");
}

CLEARING THE CONTENTS OF A GRAPHICS OBJECT

You can clear the contents of a graphics object by a call to the useGraphics
method, such as:

useGraphics(null, "/formi/graphicsi");

which clears the contents of the graphics object graphics1 in the form form1.

GRAPHICS TOOLBAR

The type of tree node used in the Source for Initial Graphics Content determines the
type of toolbar that is shown. The toolbar will be different depending on the space
dimension and whether the referenced source is a Geometry, Mesh, Selection, or
Plot Group node. For example, the Plot Group node displays an additional Show
Legends button.

In the Settings window of a graphics object, in the Toolbar section, you can control
whether or not to include the graphics toolbar, as well as its position (Below,
Above, Left, Right). In addition, you can choose between the options Small or Large
for Icon size, Background color, and whether to Include standard toolbar items or
not.

v Toolbar

Position: Above =
lcon size: Small =
Background color: White =

Standard toclbar
Include standard toolbar items: Default =
Place standard toclbar before custom items

Custom toolbar items

L
MName lcon | Text Tooltip

Graphics Toolbar for Geometry and Mesh

The figure below shows the standard graphics toolbar as it appears when the
Geometry or Mesh node, for a 3D model, is used as a Source for Initial Graphics
Content.

ufl|

RAA-@ L-izkn ¢~ |[<-a- a@: @
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Graphics Toolbar for Selection

When the Source for Initial Graphics Content is sct to a Selection, the graphics
toolbar will contain three additional items: Zoom to Selection, Select Box, and
Deselect Box. This is shown in the figure below.

RQR~ 2l Lrkn G- - O-<-a-aE+- @8
For more information on selections, see “Selections” on page 94.

Graphics Toolbar for Plot Groups

The figure below shows the standard graphics toolbar as it appears when a 3D Plot
Group node is used as a Source for Initial Graphics Content.

RAQA~H L nk=n ¢ < ey @+ O as

If the Source for Initial Graphics Content is set to an Animation node, then additional
buttons for playing the animation are added to the graphics toolbar, as shown in
the figure below.

HEHEEF QR H Lk d < B B0 @

Custom Graphics Toolbar Buttons

In the Toolbar section, you can also add custom buttons to the graphics toolbar.
Use the buttons under the table to add or remove custom toolbar buttons (items).
You can also move toolbar buttons up or down, add a Separator, and Edit a button.
The figure below shows a standard graphics toolbar for results with four additional
buttons to the right.

RAAB-H Lrykkn ¢y @ a- @O0 a8 Ad =3
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The figure below shows the corresponding settings and table of graphics toolbar
items.

~ Toolbar

Position: Above =
Icon size: Small =
Background color: Default =

Standard toolbar

Include standard toolbar items: Custom =
[*] Player MNormal =
& Zoom: MNormal =
<L~ Goto view: MNormal =
% Rotate: Normal -
W Select box: Mormal -
{0} Deselect box: Hidden =
View: Mormal -
&l Image MNormal -

Place standard toolbar before custom items

Custom toolbar items

" MName lcon | Text Tooltip
geometry A Geometry
optimize @. Optimize
compute = Compute
settings ‘::'} Settings

BEE
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To edit the command sequence for a toolbar item, click the Edit button to open
the Edit Custom Toolbar Item dialog.

3 Edit Custem Toolbar ltem

General ' Choose commands to run

Mame: outlet
Text: Qutlet
Icon: i select_boundaries.png
Tooltip: Outlet

Keyboard shorteut:  CTRL+C|
State

Visible

Enabled

0K

Cancel

3 Edit Custem Toolbar ltem

General Choose commands to run

B Forms
b @ GUI Commands
b [l Libraries
4 % Model (root)

b @ Global Definitions

4 [ Compenent 1 (compl)

4 = Definitions
4 "y, Selections

& Inlet
& Outlet
b el View 1
Run [ Plot 7 Set Value || Show || Show as Dialog | ImportFile () Enable
Disable
"
Command Icon | Arguments
Plot Outlet form1/graphics1
SafE-
oK Cancel

This dialog has settings that are similar to those of a button or a toolbar item with

the contents divided into two or three tabs depending on if the item is a toggle
item or not. For details, see “Button and Item” on page 70 and “Toolbar and

Form Toolbar” on page 344.

Views

In the graphics toolbar of an application, the Go to Default View button (for 3D

graphics only) will reset the current view to the default view. If you click the arrow

& [ [ by 1z b2 ke

Go to Default View

92 |




next to this button, a menu will be displayed with all applicable views. The
currently active view is indicated with a check mark.

vzl S [
Go to View 1
Go to View 5

<

Go to View 6
Reset Current View

Go to VX View
Go to ZV View

FERF R

Go to ZX View

In addition to a list of all views, there is an option Reset Current View that will reset
the currently active view to the state it had when the application was launched.

ANIMATIONS

You can display animations in an application by using a Results > Animation node
as the Source for Initial Graphics Content.

Settings

Graphics

MName: graphicsl 5
Zoom to extents on first plot

~ Source for Initial Graphics Content

~ & Model (root)
> [ Component 1 (compl)
v {E| Results
Nl Electric Potential (ec)
V@ Electric Field (ec)
VB Temperature (ht)
V@ Current Density
] Export
Animation 1

@_‘Use as Source %, Clear Source =# Edit Node

Selected source:

[# Animation 1
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To run the animation, use the Form Wizard or the Editor Tools window to create
a command from, for example, a button that runs a Results > Animation node.

Settings

Button

MName: button3 =
Text: Play Animation

lcon: “LL animate_32.png - + =
Size: Large =
Style: Flat =
Tooltip:

Keyboard shortcut:
~ Choose Commands to Run ]

v {E| Results
> 2% Derived Values

EH Tables

W@ Electric Potential (ec)
Ii Electric Field (ec)

I'i Temperature (ht)

V@ Current Density

~ {& Export

[# Animation 1

oW W W v

= Edit Node Run Plot Set Value Show

Show as Dialeg Import File Enable Disable

L1
Command lcon | Arguments

Export Animation 1 = form‘l_."rahics‘l

:

==

When using the Form Wizard or Editor Tools, the animation button will have the
following default appearance:

[LT

Play
Animation

SELECTIONS

Selections in the Model Builder

In the Model Builder, named selections let you group domains, boundaries,
edges, or points when assigning material properties, boundary conditions, and
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other model settings. You can create different types of selections, for example, by
adding subnodes under the Component > Definitions node, as shown in the figure
below. You can also create selections generated by geometry or mesh sequences.

These can be reused throughout a model component.

ML |
v

Component 1 {comp 1)

= Definitions
> g Selectic 2= Variables
['.[3] Bounda Functions
> [ View 1
» D Geometry 1 Selections = Explicit
> iz Materials Probes ¥ Ball
» X Electric Cur -
+= ysics Utilities
> B Heat Transf Physics Utilities fa] Box
> .y Multiphysic Nonlocal Couplings & Cylinder
> A Mesh 1 irs a -
£ e Pairs = Union
» ~db Study 1 Coordi S ~
N @ Results cordinate Systems = Intersection
Infinite Element Demain 'El: Difference

=0

8i

i (£t

Perfectly Matched Layer
Shared Properties

Control Variables
Surrogate Model Sampling
View

Show More Options...
Mede Group

Group by Type

Update Probes

Send to Chatbot

Help F1

Complement

Adjacent

Logical Expression
Selection List

Color Selections

Reset Colors from Theme

Remove Selection Colors

As an example of how selections can be used, consider selections for boundary

conditions. When you select which boundaries should be associated with a certain
boundary condition, you can click directly on those boundaries in the graphics
window of the COMSOL Desktop environment. This is the default option called
Manual selection (see below). These boundaries will then be added to a selection
that is local to that boundary condition. Named selections instead let you define
sclections that can be reused for several different kinds of boundary conditions
within a Component by just selecting from a drop-down list. The figure below
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shows an Explicit selection given the name Inlet Boundaries with an associated
boundary (1).

Model Builder Settings

l & Et~ Explicit

.

)
%
l'l'ﬂ]

C Label: Inlet Boundaries
~ @ micromixer.mph (root)
» () Global Definitions v Input Entities
~ [l Component 1 {comp1)

v = Definitions Geometric entity level: Boundary
2= Variables 1 1 =l
_I” Step 1(step1) E =
v ' Selections o= &
= Inlet Boundaries T
% Outlet Boundaries
= All Fluid Domains
= All Fluid Boundaries
ﬁ Fluid Walls [] All boundaries
av Average 1 {aveop_inlet) ["] Group by continuous tangent
av Average 2 (aveop_outlet)
[ Boundary System 1 (sys1) ~ Qutput Entities
> [ view1
> Geometry 1 Selected boundaries ~
> iza Materials
~ =% Laminar Flow (spf] v Color
Dm H 1
wmw Fluid Properties 1 oo e =

B2 Initial Values 1

The figure below shows the Settings window for an Inlet boundary condition
where the Inlet Boundaries sclection is used. In this example, there are also
selections for Outlet Boundaries, All Fluid Boundaries, and Fluid Walls.

Settings
Inlet
Label: Inlet1 =

~ Boundary Selection

Selection: &= Inlet Boundaries {sel1} -

1
m Manual
m All boundaries
v g Selections
Inlet Boundaries {=el1}
Qutlet Boundaries {zel2}
All Fluid Boundaries {zeld}

Fluid Walls {dif1}

O

il

> Overrit
For convenience, in addition to the Manual option, there is also a shortcut for All
boundaries. The example above is available for download from this link:
www.comsol.com/model /app-with-cad-import-and-selections-86621. It
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demonstrates the use of ribbon buttons (items) for interactively selecting inlet and
outlet boundaries in a microfluidics model.

Selections in the Application Builder

The Explicit selections, created under Definitions, or by geometry or mesh
sequences, let you group domains, boundaries, edges, or points based on entity
number, and the example below illustrates how to work with this type of selection.
Explicit selections can be made interactive in an application, but other types of
selections, such as a coordinate-based Box selection, are shown in read-only mode.

You can allow the user of an application to interactively change which entities
belong to an Explicit selection with a Selection Input object or a Graphics object. In
the example below, the embedded model has a boundary condition defined with
an Explicit sclection. Both a Selection Input object and a Graphics object are used
to let the user select boundaries to be excited by an incoming wave.

0.1

-0.47]

-0.57]

-0.67]

-0.77]

T T T T
1.4 1.6 1.8 2 2.2
= B —
=3 .
7 &

The user can here select boundaries by clicking directly in the graphics window,
corresponding to the Graphics object, or by adding geometric entity numbers in a
list of boundary numbers corresponding to a Selection Input object.

To make it possible to directly select a boundary by clicking on it, you can link a
graphics object to an Explicit selection, as shown in the figure below. Select the
Explicit selection and click Use as Source. In the figure below, there are two Explicit
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selections, Excitation Boundary and Exit Boundary, and the graphics object
graphics2 is linked to the sclection Excitation Boundary.

Settings vERX
Graphics
Mame: graphics2 =

Zoom to extents on first plot

~ Source for Initial Graphics Content

¥ Declarations
v & Model (root)
~ [l Compenent 1 (comp1)
v = Definitions
v g Selections
w Exit Boundary
5| Excitation Boundary

@_‘Use as Source %, Clear Source =# Edit Node

Selected source:

+ Excitation Boundary

When a graphics object is linked directly to a selection in this way, the graphics
object displays the geometry and the user can interact with it by clicking on the
boundaries. The boundaries will then be added (or removed) to the
corresponding selection.

To make it possible to select by number, you can link a Selection Input object to
an explicit selection. For more information, see “Selection Input” on page 323.

The Editor Tools window provides a quick way of adding a Graphics object or a
Selection Input object that is linked to an Explicit selection. To get these options,
right-click an Explicit selection node in the editor tree.

You can also let a global Event be triggered by an Explicit selection by selecting it
as the Source for Data Change Event. This allows a command sequence or method
to be run when the user clicks a geometry object, domain, face, edge, or point.
For more information on using global events, see “Events” on page 155 and
“Source For Data Change Event” on page 157.

For an example of how to use selections in an add-in, see the Application
Programming Guide.

DATA PICKING

In the Settings window for a graphics object, select the Data picking checkbox to
make the graphics object interactive so that you can, for example, click on a plot
at a particular point and retrieve a numerical value for the temperature at that
coordinate. In the figure below, in the section Target for Data Picking, a scalar
double variable Tvalue is selected. This variable is declared under the Declarations
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node. In the running application, the value of the temperature at the pointer
position will be stored in the variable Tvalue.

Settings vaRX
Graphics
MName: graphicsl =

Zoom to extents on first plot
~ Source for Initial Graphics Content

v & Model (root)
> [ Component 1 (compl)

v {E| Results

Nl Electric Potential (ec)
V@ Electric Field (ec)

| Temperature (ht)

V@ Current Density

@_‘Use as Source %, Clear Source =# Edit Node

Selected source:

VB Temperature (ht)
~ Data Picking @+ "3
[] Enable data picking

Target for data picking

v = Declarations
v 25 Double
sl Tvalue

@_‘Use asTarget ', Clear Target Sp Edit Node
Selected target:

25 Double=TValue

If the Target for Data Picking is a 1D double array, then the stored value will instead
correspond to the x,y (2D) or x, ¥, and z coordinates at the clicked position.

The Target for Data Picking can be any one of the following:
 Scalar double variable

* 1D double array

e Domain Point Probe

* Boundary Point Probe

» Graphics Data declaration

For more information on Graphics Data declaration, see “Graphics Data” on page
187.
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Input Field

An Input Field allows a user to change the value of a parameter or variable. In the
Form Wizard, when a parameter or variable is selected, three form objects are
created:

+ A Text Label object for the parameter or variable description.

* An Input Field object for the value.

* A Unit object (if applicable) that carries the unit of measure.

By selecting a parameter or variable using the Editor Tools window, the same three
form objects are created.

Assuming you do not use the Editor Tools window: To insert an input field as a

separate form object, click the Input Field button in the Form Objects section of the
ribbon Form tab. In the Form Editor, you link an input field to a certain parameter
or variable by selecting it from the tree in the Source section and click Use as Source.
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In the Source section of the Settings window, you can also set an Initial value. The
figure below shows the Settings window for an input field.

Settings vaRX
nput Field

MName:  inputfieldl =
[/] Editable

Tooltip:

~ Source @+ "B
» = Declarations

~ < Model (root)
v () Global Definitions
~ P; Parameters 1
a3 Length (L)
8.5 Bolt radius (rad_1)

@_‘ Use as Source =g Edit Node
Selected source:

=5 Parameters 1=Length (L)

Initial value: From data source -

Value: 9
~ Data Validation

Unit dimension check: ~ Append unitto number
Unit expression: cm

Mumerical validation
Filter: Double -
[] Lower bound

Comparison type: Greater than or equal

Value: 0

[] Upper bound

Comparison type: Less than or equal

Value: 1000

Error message:

Invalid input

In addition to parameters and variables, input fields can use an Information node
variable as a source, provided the Editable checkbox for the input field is cleared.

The default setting for the Initial value is From data source. This means that if the
source is a parameter, then the initial value displayed in the input field is the same
as the value of the parameter as specified in the Parameters node in the Model

Builder. The other Initial value option is Custom value, which allows an initial value
different from that of the source. If the Editable checkbox is cleared, then the Initial

| 101



value will be displayed by the application and cannot be changed. This makes it
possible to use an Input Field an alternative to, for example, a Text Label object for
displaying text or a Data Display object for displaying numerical values.

You can add a Tooltip with text that is shown when hovering the mouse pointer
over the input field.

The header of the Source section contains buttons for easy access to tools that are

used to make additional properties and variables available as sources to the input
field.

~ Source B + B

» = Declarat| Create New Declaration and Use It as Source

v & Model (root)  cource D+ =
» = De

— . 1= J Switch to Model Builder and Activate Data Access
~ Source @+ B ~ M

w

= D% Create New Form Declaration and Use It as Source
@ Model (root)

<

The Create New Declaration and Use It as Source button can be used to add new
variables under the Declarations node. For more information, see “Declarations”
on page 165. The Create New Form Declaration and Use It as Source button can be
used to add new variables under the Declarations nodes local to forms, as shown
below.

¥ D Main Window
~ [ Forms
v D form1

v = Declarations

abe String
Events

The Switch to Model Builder and Activate Data Access button can be used to access

low-level model properties as described in the next section. For more information
on Data Access, see “Data Access in the Form Editor” on page 111.
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DATA VALIDATION

The Data Validation section of the Settings window for an input field allows you to
validate user inputs with respect to units and values.

~ Data Validation

Unit dimension check: ~ Append unitto number
Unit expression: my
MNumerical validation
Filter: Double -
Lower bound
Comparison type: Greater than or equal -
Value: 0
Upper bound
Comparison type: Less than or equal -
Value: 1000

Error message:

Invalid input

When creating an input field in the Form Wizard, the setting Append unit to
number is used when applicable. This setting assumes that a user enters a number
into the input field, but it can also handle a number followed by a unit using the
COMSOL square bracket [ ] unit syntax. If the Unit expression is mm, then 1[mm]
is allowed, as well as any length unit, for example, 0.1[cm]. An incompatible unit
type will display the Error message. A parameter that has the expression 1.23[mm],
and that is used as a source, will get the appended unit mm and the initial value
displayed in the edit field will be 1.23.

The Unit dimension check list has the following options:

* None

¢ Compatible with physical quantity

¢ Compatible with unit expression

* Append unit to number (default)

¢ Append unit from unit set

A yellow squiggly underline indicates a warning when a user enters an
incompatible unit, which is a unit that cannot be converted to the units specified
in the Data Validation settings. Enable this feature by selecting Compatible with
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physical quantity or Compatible with unit expression. In addition, the user will sce
a tooltip explaining the unit mismatch, as shown in the figure below.

Length: 9lkal m
Width: 5lem] | Deduced unit is [kg], expected is [m] |
Applied voltage:  20[mV] v

Temperature: 3304 K

If there is a unit mismatch, and if no further error control is performed by the
application, the numeric value of the entered expression will be converted to the
default unit. In the above figure, 9[kg] will be converted to 9[m].

A button Add Unit Label is available to the right of the Unit dimension check list.

~ Data Validation

Unit dimension check: ~ Append unitto number v |-

Unit expression: m Add Unit Label

Clicking this button will add a unit label to the right of the input field if there is
not already a unit label placed there.

The None option does not provide unit validation.

Numerical Validation
The options Append unit to number, Append unit from unit set, and None allow you
to use a filter for numerical validation of the input numbers.

~ Data Validation

Unit dimension check: Mone -

MNumerical validation

Filter: Double -
Lower bound None
Comparison type: ( izutilz
Integer
alue 0 Regular expression

The Filter list for the option None has the following options:
* None

¢ Double

* Integer

¢ Regular expression

The Filter list for the options Append unit to number and Append unit from unit set
only allows for the Double and Integer options.

104 |



The Double and Integer options filter the input based on the Lower bound and
Upper bound values. If the input is outside of these values, the Error message is
displayed. You can use global parameters in these fields. If global parameters are
used, you can define such parameters with or without units. If you use global
parameters without a unit, then only the numerical value of these parameters is
considered. For example, consider data validation of an input field for a length
parameter L with unit cm. Further, assume that a global parameter Lmax is used as
the Upper bound value. If you would like the maximum value of L to be 15 cm,
then the following values for the parameter Lmax will work: 15 (with no unit),
15[cm],0.15[m], 150[mm], and so on. In the Lower bound and Upper bound ficlds,
you can use Ctrl+Space to browse available parameters and for autocompletion.

For the Append unit from unit set option, the Lower bound and Upper bound values
are always with respect to the Initial value for the unit set by the unit set. For more
information on unit sets, see “Unit Set” on page 179.

The Regular expression option, available when the Unit dimension check is set to
None, allows you to use a regular expression for matching the input string. For
more information on regular expressions, see the dynamic help. Click the help
icon in the upper-right corner of a window and search for “regular expression”.
For more advanced requirements, note that virtually any kind of validation of the
contents of an input field can be made by calling a method using the Events section
in the Settings window of an input field.

For additional information on how to use more advanced Data Validation features
and how to use method code to perform data validation, see the Application
Programming Guide.

Error Message

You can customize the text displayed by the Error message. During the
development and debugging of an application, it can sometimes be hard to deduce
from where such errors originate. Therefore, when using Test Application,
additional debugging information is displayed, as shown in the figure below.

& Error x

Prong length must be 10 to 2500 mm.

@ Details

- Form object: Input field
- Path: mainComputer/pronglengthlnput
Must be a number: 10 = x = 2500

The debugging information typically consists of the type of form object, the path
to the form object, and the reason for the failure; for example, 10<=x<=2500.
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No debugging information is added when launching an application by using the
Run Application option or COMSOL Server.

NUMBER FORMAT

The Number Format section contains a Use input display formatting checkbox. If

selected, it enables the same type of display formatting as a Data Display object.
~ MNumber Format

Use input display formatting

Precision: 4
MNotation: Automatic -

Exponent: Power of 10 -
For more information, see “Data Display” on page 108.

APPEARANCE

In addition to color and font settings, the Appearance section for an input field
contains a Text alignment setting that allows the text to be Left, Center, or Right
aligned.

~ Appearance

Text color: Inherit =
Background color:  White =
Text alignment: Left -
Font: Lt
Center

Font size: Right pt
[] Bold
[] Italic

State
Visible
Enabled

Whether the input field should be Visible or Enabled is controlled from the
checkboxes under the State subsection. For more information, see “Changing the
Enabled and Visible State of a Form Object” on page 82.
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Unit

In the Settings window for a Unit object, you can set the unit to a fixed string, or
link it to an source, such as an input field. The figure below shows the Settings
window for a unit object.

Settings vaRXx
Unit

MName:  unitl =
Label: From reference -

[] LaTeX markup

~ Source for Label

~ [ Forms

v D mainComputer
[ targetFrequencylnput
1 frequencyTolerancelnput
prenglengthinput
3 radiuslnput
1 inputfieldl

¥ D mainSmartphone

& Model (root)

w

Use as Source Edit Mode
Selected source:

[ pronglengthlnput

When adding an input field using the Form Wizard, a unit object is automatically
added when applicable. By default, the unit is displayed using Unicode rendering.
As an alternative, you can use LaTeX rendering by selecting the LaTeX markup
checkbox. Then, the display of units will not depend upon the selected font.

For centralized handling of units, you can use a Unit Set. For more details, refer to
“Unit Set” on page 179.

Text Label

A Text Label object simply displays text in a form. When adding an input field using
the Form Wizard, a Text Label object is automatically added for the description
text of the associated parameter or variable. There is a checkbox allowing for
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Multiline text. If selected, the Wrap text checkbox is enabled. The figure below
shows the Settings window for a Text Label object.

Settings v (58 e
Text Label

MName: textlabelPronglength 5
[] Multiline text

Text: Prong length:
v Position and Size

Harizontal alignment: Left -
Vertical alignment: Middle -
Width:
Height: 20

Row:

6
Column: 1
Row span: 1

1

Column span:

Cell margin

Cell margin: From parent form -

~ Appearance

Text color: Inherit -
Background color:  Transparent =
Font: Default font -
Font size: 1l > pt
[] Bold

[] Italic

[] Underline

To insert an additional Text Label, click the Text Label button in the ribbon Form
tab, in the Form Objects section. The contents of the section Pesition and Size will
change depending on if you are working in sketch layout mode or grid layout
mode.

Data Display

A Data Display object is used to display the numerical values of scalars and arrays.
If there is an associated unit, it will be displayed as part of the Data Display object.
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The figure below shows an example with data display objects for the Derived Values
quantities Point Evaluation and Volume Maximum. A formatted unit label is
automatically displayed as part of the object if applicable.

D inputsResults: inputsResultsSection2 X

Settings w2 B a3 o
= =
Displacernent magnitude: 1235 um Mame:  datadisplay? =
Temperature: 0.001235K [] LaTeX markup
Tooltip:
v Source D+ B
» = Declarations
v 4% Model (root)
» (i) Information
» Global Definitions

» ~db Study 1{std1}
~ {E| Results
» P; Parameters

B8.85

~ &2 Derived Values
2% Point Evaluation 1 {pevl}
max Yolume Maximum 1 {max1}

E‘l Use as Source =g Edit Node
Selected source:

2% Point Evaluation 1 {pevl}

~ Number Format
Precision: 4
Motation: Automatic =

Exponent: Power of 10 =
Append unit to number
Unit: Default -

In many cases, the Editor Tools window can be used to insert a Data Display object

accompanied by a Text Label. Right-click a node in the editor tree and select the
Output option, if available.

SOURCE

To add a Data Display object without using the Editor Tools window, open the
Settings window for a data display object. In the Source section, select a node from
the model tree. Then click the Use as Source button shown below. Valid
parameters, variables, and properties include:

e The output from a Derived Values node, such as a Global Evaluation, Point
Evaluation, or a Volume Maximum node
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» Variables declared under the Declarations > Scalar, ID Array, and 2D Array
nodes

+ Properties made available by using the Data Access tool; See “Data Access in
the Form Editor” on page 111

* One of the following Information node variables, which are under the root
node and under each Study node:

- Expected Computation Time

Under the root node, this value is specified in the Expected ficld in the Settings
window of the root node.

- Last Computation Time

Under the root node: Displays the last measured computation time for the
most recently computed study.

Under a study node: Displays the last measured computation time specific to
that study.

- Computed in Version

Under the root node: Indicates the version of COMSOL Multiphysics used
for the last computed study (for example, COMSOL 6.4.0.271).

Under a study node: Indicates the version of COMSOL Multiphysics used for
the last computation of that particular study.

When you start an application for the first time, the last measured times are
reset, displaying Not available yet.

USING THE FORM WIZARD FOR GENERATING DATA DISPLAY OBJECTS

In the Form Wizard, nodes under Derived Values, as well as variables under
Declarations and constants made available through Data Access, will automatically
generate Data Display form objects to present their values and Text Label form
objects to display their descriptions.

The settings for these form objects can subsequently be edited. To insert
additional data display objects, use the Insert Object menu in the ribbon and select
Data Display.

NUMBER FORMAT

The Number Format section lets you set the Precision, Notation, Exponent, and Unit.

RENDERING METHOD

By default, the unit of a data display object is displayed using Unicode rendering.
As an alternative, you can use LaTeX rendering by selecting the LaTeX markup
checkbox. Then, the data display does not rely on the selected font.
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A formatted display of arrays and matrices is only supported with LaTeX
rendering. The figure below shows a 2D double array (see page 174) displayed
using a Data Display object with LaTeX markup selected.

0 0 08 08 07 1 1 1 1 1 1 1
0 1 05 07 15 08 06 03 02 01 01 01
0 0 08 08 07 1 1 1 1 1 1 1

You can add a Teeltip with text that is shown when hovering over the data display
object.

Data Access in the Form Editor

The Settings window of many types of form objects has a section that allows you
to select a node in a tree structure that includes the model tree, or parts of the
model tree, and parts of the application tree. Examples include the Source section
of an input field or the Choose Commands to Run section of a button. There are
many properties in the model and application trees that are not made available by
default, because there may be hundreds or even thousands of properties, and the
full list would be unwieldy. However, these “hidden” properties may be made
available to your application by a technique called Data Access.

The remainder of this section gives an introduction to using Data Access, with
examples for input fields and buttons.

DATA ACCESS FOR INPUT FIELDS

By default, you can link input fields to parameters and variables defined in the
model tree under the Parameters or Variables nodes and to variables declared in
the application tree under the Declarations node. To access additional model tree
node properties, click the Switch to Model Builder and Activate Data Access button
in the header of the Source section of the input field Settings window, as shown in
the figure below.

~ Source @+ B

D ; : . -
MEJ Switch to Model Builder and Activate Data Access

en




You can also access it from the Application group of the Developer tab in the Model
Builder workspace

A % Data Access
Application P Test Application
Builder

Application

or from the Home tab in the Application Builder workspace.

D " Data Access = settings
MNew MNew

E. Record Method Editor Tools
Form v Method v @3 Compiler

Main

Then, when you click on a model tree node, checkboxes appear next to the
individual settings. In the figure below, the checkbox for an Electric potential
boundary condition is selected:

File Home  Definitions Geometry Materials  Physics Mesh  Study Results  Deve

22 Materials
+\_ Electric Currents {ec)

A % Data Access MNew Method
Application Fe-CArplicabion E’ Record Method Method Run Run Stop B
Builder Call ~ Method ~  Method Call ~
Application Create Methods Method Calls Run Code
Model Builder Settings @ Bl
-~ } & =t~ > W~ Electric Potential
Type filter text c Label: |Electric Potential 1 E
~ < busbar.mph (root)
v (@ Global Definitions ~ Boundary Selection
Fi Parameters 1 .
(Q' Default Model Inputs Selechion: B Mgl M
2 Materials 43 N
~ [l Component 1 {comp1) B —
» = Definitions El &
» Geomnetry 1 &
N t

> B Current Conservation 1

D Electric Insulation 1 ) i :
D= Initial Values 1 > Override and Contribution

mw Electric Potential 1 > Equation
= Ground 1
> |BE) Heat Transfer in Solids (ht) ~ Electric Potential
i .“:} Multiphysics Electric potential:
A5 Mesh 1
> o Study 1 Vo 05 v
> [El Results
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The figure below shows the Settings window for an input field. The list of possible
sources for this field now contains the Electric potential.

Settings Al
MName:  inputfield3 =5
[ ] VI Editable

Tooltip: l:‘

v Source @+ B
» = Declarations

w

& Model (root)
() Global Definitions

W Busbar (comp1)
~ +\_ Electric Currents (ec)
~ (m Electric Potential 1
iz Electric potential (VO]

@_‘ Use as Source =g Edit Node

Selected source:
abe Electric Potential 1=Electric potential (V0)

Initial value: From data source -

Value: Vot

In addition, as shown in the figure above, Data Access allows you to access the
Editable checkbox and the Tooltip text of the input field form object. This follows
a general pattern: Beyond the settings in the Model Builder, Data Access provides
access to certain properties within the Application Builder.

Data Access can be used for buttons to set the value of a parameter, variable, or a
model property. For example, you can create buttons for predefined mesh element
sizes. The settings shown in the figure below are available when, in the Settings

window of the Mesh node, the Sequence type is set to User-controlled mesh. In this
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example, the Predefined property for Element Size has been made available and then
selected.

Model Builder Settings
— =+ 1t | & =t L A4 Size

Type filter text ¢ ¥ Build Selected [E§ Build All

~ @ busbar.mph (root) Label:  Size =
» () Global Definitions
~ [l Component 1 {comp1) Element Size

Definitions
Geometry 1 Calibrate for:

>
> igs Materials l:‘ General physics =
> *%_ Electric Currents (ec) _

il (®) Predefined -
> |l Heat Transfer in Solids (ht] * rredeiine Nermal
¥ .{E Multiphysics O Custom

~ A Mesh 1 .
> Element Size Parameters

Free Tetrahedral 1
» ~db Study 1

> [El Results
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The figure below shows the Settings window for a button used to create a mesh
with Element Size > Predefined set to Fine.

Settings v B R X
Button
MName: button3 E
Text: l:‘ Fine
lcon: l:‘ /& mesh 32png + + =
* - ' Size: Large "
_,f_\\ Style: Outlined -
. S .
Fine Tooltip: l:‘
- - - Keyboard shortecut:
v Choose Commands to Run e

» W Geometry 1

» iz Materials

> 3 Electric Currents (ec)

» |IE) Heat Transfer in Solids (ht)

> .y Multiphysics

~ A Mesh1

[ size

8.5 Predefined size (hauto)

% Free Tetrahedral 1

» ~db Study 1

> [E Results

=y Edit Node Run [Z@ Plot Z# Set Value Show
Show as Dialog Import File Enable Disable

L
Command lcon | Arguments
Set hauto of Size i |4
Plot Mesh 1 graphics1
-

In the above example, a Set Value command is used to set the value of the
Predefined mesh size (hauto) property. The property Predefined mesh size (hauto)
corresponds to the following settings in the Size node shown earlier:

PREDEFINED MESH SIZE VALUE
Extremely fine 1
Extra fine - Extra coarse 2-8
Extremely coarse 9

The value of the hauto property is a double and can take any non-negative value.
For non-integer values, linear interpolation is used for the custom mesh
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parameters. You can, for example, let a slider object adjust the predefined mesh
size. For more information on the slider object, see “Slider” on page 338.

In general, for individual model tree properties, you can quickly learn about their
allowed values by recording code while changing their values and then reviewing
the automatically generated code. For more information, see “Recording Code”
on page 201.

You can also use a combo box object to give direct access to all of the options from
Extremely fine through Extremely coarse. For more information, see “Combo Box”
on page 255.

SUMMARY OF DATA ACCESS

The table below summarizes the availability of Data Access for form objects and
events, as well as menu, toolbar, and ribbon items.

FORM OBJECT, EVENT, OR ITEM SECTION IN SETTINGS WINDOW

Input Field Source
Button Choose Commands to Run

Toggle Button, Menu Toggle ltem,  Source and Choose Commands to Run
and Ribbon Toggle Item

Checkbox Source
Combo Box Source
Data Display Source

Graphics (Graphics Toolbar Item)  Choose Commands to Run

Form Collection

Card Stack
Information Card Stack
Radio Button

Text

List Box

Slider

Toolbar and Form Toolbar
(Toolbar Item)

Menu ltem
Ribbon Item
Event (Global)

Active Pane Selector
Tiled or Tabbed

Active Card Selector

Active Information Card Selector
Source

Source

Source

Source

Choose Commands to Run

Choose Commands to Run
Choose Commands to Run

Choose Commands to Run

Source for Data Change Event
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A global event, menu, ribbon, or toolbar item provides a Choose Commands to Run
section in its Settings window, to which the functionality described above in the
section on buttons also applies. Global events and many form objects provide a
Source section in its Settings window, and the functionality described above in the
section on input fields applies. For information on global events, menus, ribbons,
and toolbar items, see “Graphics Toolbar” on page 89, “The Main Window
Editor” on page 142, “Events” on page 155, “Table” on page 332, and “Toolbar
and Form Toolbar” on page 344.

Sketch and Grid Layout

The Form Editor provides two layout modes for positioning form objects: sketch
layout mode and grid layout mode:

+ Sketch layout mode allows you to define fixed positions and sizes for objects
in pixels. This mode is typically used for simpler layouts, such as dialog
windows.

* Grid layout mode positions and sizes objects based on a background grid
with cells. In this mode, a form is divided into intersecting rows and
columns, with at most one form object per intersection. This layout mode is
recommended for designing resizable user interfaces, especially for
applications intended to run in web browsers across multiple platforms.

SKETCH LAYOUT
Switch between sketch and grid layout mode by clicking Sketch or Grid in the

Layout group in the ribbon Form tab.

Grid = [@]a]
=

£ Sketch Show Arrange

Grid Lines v

Layout Sketch
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The Sketch section in the Form tab has two options: Show Grid Lines and Arrange.

The Arrange menu allows you to align groups of form objects relative to each
other.

— [o]a] Row Settings ~
on
Show s Column Settings ~

Grid Lines v

ket |7 Align Left
jform‘l |:[| Align Center
[1 align Right

O Align Top
i align Middle
| Align Bottom

Sketch Grid

The Show Grid Lines option displays a sketch grid to which objects are snapped.
Note that the grid used in sketch layout mode is different from the grid used in
grid layout mode. The default setting for sketch layout mode is to show no grid
lines. Without grid lines visible, a form object being dragged is snapped relative to
the position of the other form objects.

If the Show Grid Lines option is selected, the upper left corner of a form object
being dragged is snapped to the grid line intersection points.

[ Grid e [o[4] Ro o [—|
& >
St Show | Amange e Al Show Test P Preview

Grid Lines - - - =

Errors Application  Cha Form

Layout Sketch Grid Editor Errors Test

Q) Preview  [Jforml x
v

>

QQ@-H Lk ¢y - B BEHO @8
Length: 9 cm
Width: 5 em
Applied voltage: 20 iV
bt 0.001235 K

Compute



In the Settings window of the form, you can change the settings for the sketch
grid:

Column width

Row height

Align grid to margin

Snap zone

- Aslider allows you to change the snap zone size from Small to Large

Snap only to grid

- Clear this checkbox to snap both to the grid and the position of other form
objects

v Sketch Grid

Column width: 100
Row height: 20
[] Align grid te margin

Snap zone:
o .

Small Large

Snap only to grid

Position and Size

The sketch layout mode is pixel based, and the positioning of form objects is
indicated as the coordinates of the top-left corner of the form object measured
from the top-left corner of the screen. The x-coordinate increases as the object
moves to the right, and the y-coordinate increases as the object moves from the
top of the screen to the bottom. You can set the absolute position of a form object
in the Position and Size scction of its Settings window.

~ Position and Size

Width: Manual A
20

Height: Manual A
20

Positionx: 180

Positiony: 240

Form objects are allotted as much space as required or as specified by their Width

and Height values. Form objects are allowed to overlap, when working in sketch
layout mode.
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Button and toggle button form objects, with their Size setting set to Large, have
an Automatic and Manual option for the Width and Height values. The Manual
option allows for pixel-based input and the Automatic option adapts the size of the
button to the size of the Text string.

GRID LAYOUT
Switch to grid layout mode by clicking Grid in the Layout group in the ribbon.
] Grid

1 Sketch - N Column Settings ~ Remove ~

n@j Rows & Columns

Layout Sketch Grid

The buttons and menus in the ribbon Grid group give you easy access to
commands for:

+ Changing the row and column growth rules between Fit, Grow, and Fixed,
which determine the layout when the user interface is resized (Row Settings
and Column Settings).

 Inserting or removing rows and columns (Insert and Remove).
» Aligning form objects within grid cells (Align).
* Merging and splitting cells (Merge Cells and Split Cells).

» Extracting a rectangular array of cells as a subform and inserting it into a new
form (Extract Subform).

e Defining the number of rows and columns (Rows & Columns).
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The Form Settings Window and the Grid

After switching to grid layout mode, the form window shows blue grid lines.

[&] Preview [ mainComputer X
v -

e
Form 1
: = o ) Eg S 7] 0|
| Geometry ~ Compute Plot Sound Report Reset Help Home |
Geometry & Material @a@- LrEEl|[Cr o B @ o=
Find prong lengt
Target freguency: 440 Hz
Frequency tolerance: 01 Hz
Prang length: L, 75 mm
Radius: ro 25 mm
Material: Steel B

Lp

L

o ]
r
Tr

Sound
Play sound when computed
Sound duration: 1 s
Computed frequency: 0 Hz

To review the example shown here, open the Tuning Fork application from the
Application Libraries under COMSOL Multiphysics > Applications.

To define the number of rows and columns, click the Rows & Columns button in
the ribbon.

O3 Rows & Columns *

Rows: 15
Columns: &

oK Cancel
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The section Grid Layout for Contained Form Objects in the Settings window shows
column widths and row heights.

~ (Grid Layout for Contained Form Objects

" Column | Width Size
1 Fit v |N/A
2 Fit v [ N/A
3 Fit v |[N/A
4 Fit v |N/A
5 Fixed ~ |96

6 Fit v |N/A
7 Grow v [ N/A
" Row Height Size
1 Fit v | N/A
2 Fit v |N/A
3 Fit v [ N/A

To interactively select a form, as displayed in the Form Editor, click the top-left
corner of the form, or select the form in the application tree.

Georr

A blue frame is now shown. To interactively change the overall size of a form, you
can drag its right and bottom border. The form does not need to be selected for
this to work.

Note that if you switch from sketch to grid layout mode, all rows and columns will
have the setting Fit and the handles for the frame will not be displayed. If any of
the rows and columns have the Height or Width sctting set to Grow, then the frame
will display handles for resizing in the vertical or horizontal direction, respectively.
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The size of the interactively resized frame will affect the initial size of the form only
if the Initial size setting is set to Automatic. The size of the frame will also affect the
initial size of the Main Window if its Initial size setting is set to Use main form’s size.

Settings

Form

Marme:
Title:

lcon:

main

Main

Default

[] Show in Madel Builder

~ Size

Initial size: Automatic

Automatic

v Margin panyal

»vO1 X

=

Rows and Columns
Click the leftmost cell of a row to select it. The leftmost cells are only used for

selecting rows; form objects cannot be inserted there. When a row is selected, the
Row Settings menu as well as the Insert and Remove commands are enabled in the

ribbon tab. The figure below shows the fourth row highlighted.

Geometry  Compute

Geometry & Material

Find prong Ieng
Target frequency:

Frequency tolerance:

Prong length:

Radius:

lcon: tuning_fork_main_BZ.png -

Settings

Main Window

~ General

Title: Tuning Fork

[] Show filename in title

Menu type: Classic menu
Main window type: Single window
Status bar: None

~ Main Form

Form: main

Prefer inner scrollbars
v Size

Initial size: Maximized

[] Center o Maximized

Use main form's size

v About Manual

»vO 1 X

+ B
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Similarly, to select a column, click the cell at the top. This cell cannot contain any
form objects. The figure below shows the third column highlighted. In this case,
the Column Settings menu is enabled in the ribbon tab.

The Row Settings and the Column Settings have the same three options:

* Fit sets the row height or column width to the smallest possible value given
the size of the form objects in that row or column.

* Grow scts the row height or column width to grow proportionally to the
overall size of the form.

* Fixed scts a fixed value for the number of pixels for the row height or column
width.

You can interactively change the row height and column width by dragging the
grid lines.

In this case, the number of pixels will be displayed and the Row Settings or Column
Settings growth policy will be changed automatically to Fixed.
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