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Documentation

Search expression: | Search | (3 Home #= Back =+ Forward

Search scope:
All documents

« il comsoL
Selected only <>
i coms{ a5 plication libra
[§ comsOT Tieense Xgreer
(] COMSOL® Release Notes COMSOL Documentation and Help
4 [l COMSOL Muitiphysics® Reference Manual
4 [ introduction .
#fll About COMSOL Multiphysics About the Documentation Set
[l COMSOL Documentation and Help
(] Overview of the Reference Manual The full documentation set that ships with COMSOL Multiphysics consists of the following

[l The COMSOL Modeling Environment
[l Building 2 COMSOL Model

[l Customizing the COMSOL Desktop
[l Global and Local Definitions

[ visualization and Selection Tools

* Introduction to COMSOL Multiphysics—information about version 5.1 and how to buil
incduding quick references to keyboard shortcuts and common commands and funct

COMSOL License Agreement.

COMSOL Multiphysics Installation Guide—besides covering various installation option

[] Geometry Modeling and CAD Tools configure and run the COMSOL software on different platforms, including client/serv
(i Meshing distributed (cluster) paralle! versions.
[ Materiats

COMSOL Multiphysics Reference Manual—this book, which covers the functionality of
from geometry modeling to results evaluation and visualization, including the physic
modeling. It serves as a tutorial and a reference guide to use COMSOL Multiphysics

results functionality and provides detailed information about the settings and option:

[} AC/DC Intesfaces E
[l Pressure Acoustics Interface i
[l Chemical Species Transport Interface

lusd B
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COMSOL Multiphysics

& Installation Guide [ HIML | POF ]
* COMSOL Software License Agreament [ HTML | BDE ]
s COMSOL Release Notes HTML | BDFE ]
¢ [ntroduction to COMS0L Multiphysics [ PDF ]
# Intreduction to Apphcation Builder [ PDE ]
& Essentials of Postprocessing and Visualization [EDE]
* Reference Manual [ | BDF ]
# Applcation Library Manual [ PDE ]
= Physics Builder Manual [ HTML | BDE ]
= PFrogramming Reference Manual HTML | FDF ]
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Documentation

Search expression:  Parametric Search | @ Home 4= Back =+ Forward
Search scope: Selected only -
i . -
« il comsoL Muktiphysics COMSOL Multiphysics
i COMSOL Multiphysics® Installation Guide
[l COMSOL License Agreement Inputs for Parametric Solver and Parametric Sweep Studies
[ comsoLe R".“‘e _N°'=5 This information 15 useful when defining plots or denved values for Parametric S
« [ PMW Reference Manual section in the Parameter values list, the associated parameter values are listed. ¢
‘ ] introduction studies in a node under Results, the available settings depend on the problem ty
[ The COMSOL Modeling Environment example, you can select both time st
[i] Building a COMSOL Model
[¥| Customizing the COMSOL Desktop Parametric Extrusion 1D and Parametric Extrusion 20
[l Giobal and Local Definitions Use a Parametnc Extrusion 1D ( ) or Parametric Extrusion 2D ( ) data set to exte
[ Visuakization and Selection Tools time, as a dimension. Select these from the More Data Sets submenu, Settings ©
(] Geometry Modeling and CAD Tools default) to use no transformation of the extrusion level, or select Expression to «
[ifi] Meshing field. The default expression is le
[ Materials ] :
[l AC/DC interfaces The Parametric Solver Algorithm
[l Pressure Acoustics Interface The Parametric solver performs a loop around the usual stationary solver in wh)
[ Chemical Species Transport Interface the previous parameter value. If the nonlinear solver does not converge and yo
(¥ Fluid Flow Interface parameter step; COMSOL determines the size of this step from the convergence

m

[ Heat Transfer Interfaces criteria based on work in Ref, 14 .

[ Structural Mechanics Interface

i Equation-Based Modeling About the Parametric Solver
M| Sensitivity Analysis The parametric solver supports two algorithms, continuation and no continuatior
Deformed Geometry and Moving Mesh | || select ¢ & Auxiliary Sweep check box as well 33 select ane of the paramete
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Documentation b

Search expression:  combustion

Search scope: Application library

[{if} comsoL Multiphysics

[iif] Material Library

[iffl AC/DC Meodule

[ifl] Acoustics Medule

[{ll} Batteries and Fuel Cells Module
[iill cap Import Medule

[{il} cFD Medule

[l Chemical Reaction Engineering Module
[{ll} corrosion Module

i} Design Module

[fffl ECAD Import Module

i} Electrochemistry Module

[fff] Electrodeposition Module

i} Fatigue Module

[{ll} Geomechanics Module

[ifl] Heat Transfer Module

[{il} MEMS Module

[ifl] Microfluidics Madule

[{ll} Mixer Medule

[fff] Meolecular Flow Maodule

3 Home 4= Back =+ Forward
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50 Hz-1500 Hz. See also Eigenmodes
CFD Module
Application: Syngas Combustion in a Round-Jet Burner

Introduction This example simulates turbulent combustion of syngas (synthesis gas) in a simple round jet |
mixture, primarily composed of hydrogen, carbon monoxide and carbon dioxide. The name syngas relates
synthetic natural gas. The model set up corresponds to the one studied by Couci et al. in Ref. 1 . The temg
resulting from the nonpremixed combustion in the

Chemical Reaction Engineering Module

Application: Homogeneous Charge Compression Ignition of Methane

Introduction Homogeneous Charge Compression Ignition (HCCI) engines are being considered as an alter
and compression-ignition engines. As the name implies, 8 homogeneous fuel/oxidant mixture is auto-ignite
simultaneous combustion occurring throughout the cylinder volume. Combustion temperatures under lean

m

low, resulting in low levels of NOx emission. Furthermaor

Application: Syngas Combustion in a Round-Jet Burner

Introduction This model simulates turbulent combustion of syngas (synthesiz gas) in a simple round jet bui
mixture, primarily composed of hydrogen, carbon monoxide and carbon dioxide. The name syngas relates

o oaplin 580 0 5 e yo |, combustion & ,le L, 5,90 Jow Gl g gmine | o Slol 4 dese

Ly

P Documentation - —- | |

Search expression: | combustion
Search scope: Application library -
[{fff ComMSOL Multiphysics

[[flf Material Library

Il AC/DC Module

[lll} Acoustics Madule

[llll Batteries and Fuel Cells Module
[ifff CAD Import Module

[l CFD Module

[iflf Chemical Reaction Engineering Module
[l Corrasion Madule

[ifff Design Module

[ffff ECAD Impert Module

1111} Electrochemistry Medule

[ Electrodeposition Medule

[Illf Fatigue Medule

[l Geemechanics Module

[llll Heat Transfer Module

[[Iff MEMS Module

[} Microfluidics Module

[l Mixer Madule

[llll Malecular Flow Module

[ifff Muttibody Dynamics Medule
[ifff Monlinear Structural Materials Medule
1111} Optimization Module

[ Particle Tracing Module

[iflf Pipe Flow Module

[lll} Plasma Module

[ifff Ray Optics Module

[T} RF Module

[lll} semicenducter Module

[} Structural Mechanics Medule
[l Subsurface Flow Module

[ifff wave Optics Madule

[lll} LiveLink™ for MATLAB®

[l LiveLink™ for Excel®

[TTTF 1 el ink™ for AutaCAD®

D@ Home 4= Back =+ Forward

|

Syngas Combustion in a Round-Jet Burner

Introduction

This example simulates turbulent combustion of syngas (synthesis gas) in a simple round jet burner. Syngas is a gas mixture, primaril

composed of hydrogen, carbon monoxide and carbon dioxide. The name syngas relates to its use in creating synthetic natural gas.

The model set up corresponds to the one studied by Couci et al. in Ref. 1. The temperature and composition resulting from the

nonpremixed combustion in the burner setup have also been experimentally investigated by Barlow and coworkers (Ref. 2 and Ref. 3)

The model is

as a part of the International Workshop on Measurement and Computation of Turbulent Nonpremixed Flames (Ref.

solved in COM30L Multiphysics by combining a Reacting Flow and a Heat Transfer in Fluids interface.

Model Definition

The burner studied in this example consists of a straight pipe placed in a slight co-flow. The gas phase fuel is fed through the pipe usin
an inlet velocity of 76 m/s, while the co-flow velocity outside of pipe is 0.7 m/s. At the pipe exit, the fuel gas mixes with the co-flow,
creating an unconfined circular jet. The gas fed through the tube consists of three compounds typical of syngas; carbon monoxide (CO
hydrogen (Hz) and nitrogen (M:2). The co-flow gas consists of air. At the pipe exit, the fuel is ignited. Since the fuel and oxidizer enter th
reaction zone separately, the resulting combustion is of the non-premixed type. A continuous reaction reguires that the reactants and
the oxidizer are mixed to stoichiometric conditions. In this set-up the turbulent flow of the jet effectively mixes the fuel from the pipe
with the co-flowing oxygen. Furthermore the mixture needs to be continuously ignited. In this burner the small recirculation zones
generated by the pipe wall thickness provide the means to decelerate hot product gas. The recirculation zones hereby promote

continuous ignition of the oncoming mixture and stabilizes the flame at the pipe orifice. In experiments (Ref. 4) no lift-off or localized

extinction of the flame has been observed.
In the current model, the syngas combustion is modeled using two irreversible reactions:
CO+0505 - COy

1) Ha+0.505 5 Hy0
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Search expression:  "reaction” 3 Home 4= Back =+ Forward
Search scope: All documents =
4 [} COMSOL Multiphysics < (<]>]

1 [fff} COMSOL Multiphysics® Installation Guide
I [fffl COMSOL License Agreement
I [fflf COMSOL® Release Notes
4 [[l COMSOL Multiphysics® Reference Manual
a [ffff Introduction
i [iff About COMSOL Multiphysics
4 [{iff COMSOL Documentation and Help
|] About the Documentation Set
[i] The Help Window and Topic-Based He
[i] The Documentation Windaw
[i] Searching Help and Documentation Cc
[F] The About COMSOL Multiphysics Box
| ] Checking for Product Software Update:
] Typographical Conventions
[F] Overview of the Reference Manual
[ifff The COMSOL Modeling Environment
[iff Building a COMSOL Model
iffl Customizing the COMSOL Desktop
[iffl Global and Local Definitiens
[iff} Visualization and Selection Tools
[iff Geometry Modeling and CAD Tools
f] Meshing
[fllf Materials
[ilfl The AC/DC Interfaces
[illi The Pressure Acoustics Interface

Reaction

To add a Reaction node ( _ ) either right-click the Reaction Engineering node or on the Reaction Engineering toolbar click Reaction.

REACTION FORMULA

Formula

Enter a chemical reaction Formula. Click Apply to make the interface examine the species taking part in the model's reactions and automatically add the a
Species features to the Model Builder.

Reaction Type

Select the Reaction type—Reversible, Irreversible, or Equilibrium—or edit the expression directly in the Formula field. In the latter case, specify the

type with a delimiter separating the two sides of the equation:

* <=>denotes a Reversible reaction
* => denotes an Irreversible reaction

* =denotes a reaction at chemical Equilibrium
Each Reaction type has its own set of reaction kinetics:

s If the reaction is Reversible or Irreversible, the reaction rate for a species becomes:

[fffi The Chemical Species Transport Interfaces
[fffl The Fluid Flow Interface

[flfl The Heat Transfer Interfaces

[ffli Solid Mechanics

de;
A

= If it is an Equilibrium reaction, the equilibrium expression is equal to the equilibrium constant:

[ilfl Equatien-Based Medeling K, =K,
[illl sensitivity Analysis 4 q
[illl Deformed Geometry and Moving Mesh REACTION RATE

[fllf Studies and Solvers
[flil Results Analysis and Plots
[ilfl Running COMSOL .

This sectien is available when the Reaction type is either Reversible or Irreversible.

The Automatic Reaction rate expression is set up according to the mass action law:
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Documentation

Search expression:  1d plot i3 Home 4= Back =+ Forward
Search scope: All documents -
A .
4 [[ll cOMSOL Multiphysics Index

1 i comsoL Multiphysics® Installation Guide
1+ [lf coMSOL License Agreement
- [{fll COMSOL® Release Motes
4 ([l COMSOL Multiphysics® Reference Manual
4 [fiff introduction
1 [iiff About COMSOL Multiphysics
4 [fffi cOMSOL Documentation and Help
[] About the Documentation Set
[*] The Help Window and Topic-Based He
[*] The Documentation Window
[
[
[
[

1D Plot Group and Polar Plot Group

Use a 1D Plot Group ( ) to plot graphs of, for example, a value that varies with time or a frequency spectrum, using options to use FFT with 3+
You can also use 1D plot groups to create cross-section plots for solutions in 2D and 3D medels. Normally the plot axes (x-axis and y-axis) us
depending on the plotted data it might be beneficial to display the graphs using a log scale on the x-axis or y-axis.

Particle (Plot)
Use the Particle ( ) plot in 1D to plot a particle variable versus time for all particles, or to plot one particle property versus another at a set of

particle properties wersus time it is also possible to perform data series operations on the particle data. Go to Common Results Node Settings
about these sections: Data, Title, Coloring and

| Searching Help and Documentation Cc
| The About COMSOL Multiphysics Box
| Checking for Product Software Update:
| Typographical Conventions
[] Overview of the Reference Manual
& [{iff The COMSOL Medeling Envirenment
& [iiff Building a COMSOL Medel
& [fiff Customizing the COMSOL Desktop
4 [fiif Glebal and Lacal Definitions
I [liif Global Definitions, Geemetry, and Material
4 [l Pefinitinne

API: Table (plot

Plot data from a table in a graph plot. Syntax model.result{ <pgtag=).create(<ftag=,"Table"); model.result( <pgtag=>).feature(<ftag=).set(prc
model.result{ <pgtag>).feature(=<ftag>).run(); Description model.result{ <pgtag=).create(<ftag>,"Table") creates a graph table plot feature r
graphs can be added to 1D and polar plot groups and displays data from a table.

API: Global (plot)
Create a global plot for 1D plot groups and polar plot groups. Syntax model.result{ <pgtag=).create{<ftag=,"Global"); model.result{ <pgtag=>

(property, <value=); model.result( <pgtag=>).feature{<ftag=).run(); Description model.result{ <pgtag=).create{<ftag>,"Global") creates a pl
belonging to the plot group <pgtag>. Global plot is used to visualize define
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Searching Help and Documentation Content

After you open
content. Search results are shown sorted by product.

click the Search button (@l ) to open the search engine and search the HTML
an also search in the contents of

SEARCHING THE DOCUMENTATION

0On the Decumentation window, you can adjust the Search’scope (see Figure 1-1). Enter éearch term in the Search expression
field and then select All documents, Selected only, or Application library from the list to narrow or expand the search scope as

needed. For Selected only (Fiqure 1-3), first click a branch in the tree (for example, COMSOL Multiphysics Reference Manual) an
then the search includes all the documents below the selected node until the beginning of the next branch. In this example it searches
until the end of the Troubleshooting License Errors section.
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About Parameters, Variables, and Expressions e—‘

PARAMETERS AND VARIABLES

Parameters and variables are used to parameterize and organize your model. These are available for the Global Definitions node.
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oolitul 590 b g 0o 8,1y )5 Lawgs a5 wil oo b b 5l tewd 5 Lol saums las cags ol | Italic code
(monospace)

JOMPCER S E o

Arrow brackets <> following the code (monospace) or code (italic) fonts

5 Alas 51 aloliT wlgs co )5 5 0,0 0I5 cwng aslp slo Wged g o Jlie gl cigd
Jbe (lgie acdlae b ol (S5 asile aiS 0)ls b olel 1) calizes sla as,

where <label> is the geometry’s label
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Variables defined in a Component but with Geometric entity level set to Entire component are in fact global;
- they can be used anywhere using their full name. For example, if you define variable a in Companent 1 in this way,

) “ you can refer to it in another Component as compl. a.

b e sl 1) 095 Slaling g pils slaadS g IS8 Sledbl adS 460 ! Tip z
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The Equation View subnode is available for all physics nodes and contains a table with the names, expressions,
units, and descriptions for the physics variables that the node defines. To display the Equation View subnodes, click
¢ “ the Show button ('® ) and select Equation View from the Model Builder.
w4 peiiae NYPEIINK 6o, 5 SIS L e 15 > 50 oo & j0 40 ST See Also Q
.Js) ° ULC)UO‘
* Abhout Selecting Geometric Entities
R * Named Selections
b diges g b Jliodgd o oolitul JomalS 13 sg2ge sbiwl 5l solitl sl oys50T ool 51 | AN example i
et Lo £y ol sile o ol 5o b cpuia Luch 45 ik mdlic ol G Lo | TOM the
Application
For an example of global variables, see Effective Diffusivity in Porous Materials: Application Library path L| braries
COMSOL_Multiphysics/ Diffusion/effective_diffusivity
For examples of local variables see:
ﬂ.‘ + Automative Muffler: Application Library path COMSOL_Multiphysics/Acoustics/automotive_muffler
+ Tubular Reactor with Nonisothermal Cooling Jacket: Application Library path
COMSOL_Multiphysics/Chemical_Engineering/tubular_reactor
* Fluid Valve: Application Library path COMSOL_Multiphysics/ Fluid_Dynamics/fluid_valve
Slogd o oolitul som A gam 50— gam S glad yo Jaw i3l cyx el ol ) Space
Ao Sl 5 e S350 L eliie syl g5 s oliiad Yomne (siny 5y slis | DIMENSION
S ol e
1D axial symmetry 2D 9 2D axial “symmetry, and 3D '@
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|
Aib oo S ele g (aie Sledlbl a5 amans lis Mac
_ |
2l oo S g Jule piaw aiBie Sledbl aS aas o Hlis Linux
Linux
]

(Overview of the Reference Manual) leal,y azulis’ » JS 50

(ENVIRONMENT) lasw

b oy oS a5 e o g Seiig e 5o Loty 5 bl b JgenslS liSCws o5k 5l o] S
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, Predefined and Built-In Variables, Mass Properties, Operators, Functions, and Constants
Functions, Component Couplings and Coupling Operators, Coordinate Systems, Identity and
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http://localhost:8090/doc/com.comsol.help.comsol/comsol_ref_environment.09.02.html
http://localhost:8090/doc/com.comsol.help.comsol/comsol_ref_environment.09.17.html
http://localhost:8090/doc/com.comsol.help.comsol/comsol_ref_definitions.12.11.html
http://localhost:8090/doc/com.comsol.help.comsol/comsol_ref_definitions.12.11.html
http://localhost:8090/doc/com.comsol.help.comsol/comsol_ref_definitions.12.17.html
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http://localhost:8090/doc/com.comsol.help.comsol/comsol_ref_definitions.12.30.html
http://localhost:8090/doc/com.comsol.help.comsol/comsol_ref_definitions.12.50.html
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http://localhost:8090/doc/com.comsol.help.comsol/comsol_ref_definitions.12.72.html
http://localhost:8090/doc/com.comsol.help.comsol/comsol_ref_definitions.12.72.html
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http://localhost:8090/doc/com.comsol.help.comsol/comsol_ref_mesh.15.02.html
http://localhost:8090/doc/com.comsol.help.comsol/comsol_ref_mesh.15.12.html
http://localhost:8090/doc/com.comsol.help.comsol/comsol_ref_mesh.15.18.html
http://localhost:8090/doc/com.comsol.help.comsol/comsol_ref_mesh.15.42.html
http://localhost:8090/doc/com.comsol.help.comsol/comsol_ref_materials.16.05.html
http://localhost:8090/doc/com.comsol.help.comsol/comsol_ref_materials.16.12.html
http://localhost:8090/doc/com.comsol.help.comsol/comsol_ref_materials.16.12.html
http://localhost:8090/doc/com.comsol.help.comsol/comsol_ref_materials.16.12.html
http://localhost:8090/doc/com.comsol.help.comsol/comsol_ref_materials.16.27.html
http://localhost:8090/doc/com.comsol.help.comsol/comsol_ref_materials.16.31.html
http://localhost:8090/doc/com.comsol.help.comsol/comsol_ref_materials.16.34.html
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http://localhost:8090/doc/com.comsol.help.comsol/comsol_ref_materials.16.34.html

(") Acoustics SouimwgST

Pressure ) SeitwsST jLad jo o] 0p)l5 (Sia g SeitwsST Josle 8y90 ,0 Sbwdy (idu ool o
e sl ool &l)l Sleusgs (Frequency Domain interface) owilS 5 cyols Lul; ((Acoustics
e plosl 1, oLl ) § StwsST elail (3lo 4t 5 3ladae (So38 Laly ) 5l ooliinl b Wilgs o )15

(“* 'y Chemical Species Transport ey Jis! Josle

5 d9k Guyb ez JU le cnsy il ad 5 ildus glgil Wl e )5 iR cal adlae
aws wll 1y (FICK) 06 eils ulul s o alml>

() Fluid Flow Jbuws oL ,> Jo5be

glyil Wilg oo it (plealllas b )5 ams o s ) Jlow by Loy 5l eolin) (SeSe Cand ol
s sl | b b > SVl Sl (g3le 4 5 s 3Ludoe

(') Heat Transfer & ,l,»> Jsl Jojb

5 Sl o oyl Jll) ol JUl (Sosd gl Lyly iz glyil 3,90 40 Slbredg Gl onl o

ol 00 81 Jgs 5,y Ll 5 (&Yl

( © ) Solid mechanics wlawols Sl Jgjke

Sl o Sased daly ol adllae b l5e ans e g8 |y Slhiely Sl Lulyo S (SisSr i ol
ams el ) (2 Judow asile Slael> Sl gla LT gll g5l a5 g5l

30

—
| —



(") Equation-based modeling g jlwdowe w¥oleo Jgjlo

@ oite ol addllae b p)Siams co 20 |y Volee wil o giladon jo Lol by 00018 ise opl o
ple 9 (QDES) sl a0 Joudlyans &¥olse «(PDES) Ji> cliiise oYolre gyl 5li s Wlgs

Wled Jog giladan b g o0g38l 09> Jow ay |, Lol , &Yoles

(@) Sensitivity analysis Camwlus 3JGT

A Hokaie 4 (Senstivity interface) Coawbus> Lty 05 5 Caslus IG5l oolatul 5o idu

AR oo 7y Iy sl

(4 ) Deformed Meshes L oo S5 puts Jg3le

Jyol Albe 5l> izmen w00 (o0 g8 1) (iladio o Ll pts S50 (Su5d L) 005 25w Gl o
~SHISY elods wie (sl (amVeep nl Coz ke 9 Jol = BISY (S5 Ge¥se b 6 o)k (ol

A3l oo (ALE) s,k
N

POWEREN.IR (Studies and solver) J> g oldlao

ol g ail oo JomalS 1581 035 (6 a0 Oladllas 5 b ousS J> caliee gloil Joli coond )l
batch jobs, :ledas ¢ (major solvers) Lol sle ouisS J> (yuiored b coiS Jo (g00,S0 ¢ dslllas

Sl 00y o0ls i cluster computing s parametric sweeps

(Results and Visuallzation) gty 3ls y g guas

5 G0 p pgal Cax Al la Il g es,S SWS Comsol 55l 65 0 ol 5 JIUT o L a4 o o]

5 Sledbl jioles g adig gl SC81S 5w jle baylpl cplwes o 3 5)l5 Lastis mls obj)l

A3l (oo ) S A b5 sl Ceond ol 5 e b |y Wl (0 (295 &y

31

—
| —



Plot Groups and ) 24,5 sl loges « (Data Sets) b ools wlas(Results Overview) gls asds
Exporting ) ,olas 5 >3,5 slo ools «(Derived Values and Tables) Jslua> g polie 3w «(Plots
Printing and Capturing ) sl axas I WSe g ca 5 (Reports) .5 5,155 «(Data and Images

(Screenshots

(Running Comsol) 1,51 Jl> 35 J guuols

FeslS $9y 2 25 Ly s ode 4 JomalS 1581 0 5(RUN) o S 1] il sla gy Jolds Cond (]
il o 6] Sloaslono g aliils (g laxe g yppm fdS bt sols olazs]

ﬂ

POWEREN.IR

32

—
| —


http://localhost:8090/doc/com.comsol.help.comsol/comsol_ref_results.27.002.html
http://localhost:8090/doc/com.comsol.help.comsol/comsol_ref_results.27.026.html
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S5 sl 0,5 walgs saalie | JgmnslS o)l 5o Sledlbl )15 435 ol bl b | About COMSOL =]
sl oy ,0 HEIP 92e 3,1 51 (platform users) o el
Model Builder 3! ,lg
Vioael Builder o
5 - B E -
Sloend i pb oSl
Ay Sy 5l g s 0,5 b oads GO oS (gl 6,8 4y Cylan o | PrEViOUs Node |
(Alt+Left)Next
Node(Alt+Right)
—_—
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Show

D98 oo ooliiwl Model BUilder ;o sg>go sla 435 landats 5 009581 5 Lioled g -
5oamlice (510,55 &ygo d 5,0 0,5 4 fate sle Caondd 4lS 43S ol sl s | Collapse All | =1
09 < oslo u,wLo.; 6L.a| LSLQ o)f las b Expand All =

Model

035 2 &S ale caz g 895 b g (oo )5 S Gl 0 09290 lo 4 T Bl
B 5 Sl ) Gl ez ol asla Alal ] s ls S50 sla Al j0 95240

Builder Node
Label

Undo, Redo, Copy, Paste, Dupllcate and Delete

> = BTG

i [P

Rt S

i T TIWN

B |

loepd 3 pb oSl

oo ooliiul a3 ol 5l ot plosl Slikee (3T (g Al yo 4 28, b 5 wls S5k sl | Undo (Ctrl+2Z) A

Ol el o yisd 53 @ s i I3lles 50 Cand cpl 9oty G151y 295 | Redo (Ctrl+Y) c
ol g yws BB ol g oo 3L Lol Jnlle o ceand ol o aili-ais

o 98y Gl slpasd (oo ealitul (T cnl Sl o)le oL an S S oS o5 sl Copy =
2 Cead ol (ooyitlimaiz 5 gl pnl oyt 50 @ g oy lnble o e
o g s BB Gl a3 g5 31 b Lol S5
UJ‘ )9..\.».:9 ul).,)lf ‘5‘)4 09....: 0 oolawl k)Sui U"‘ )‘ u)L& sS.: lJ 9 4...:; ‘S; u\.\.:l...m? 6‘)"

' Paste [T

2 ool soyiilimaiz )5 (ol Canl s 5o @ s lRDlg o Cad U
Lol (g s BB ialpg g5 5L (ol lnle

39 Joe 5 o walss o Jlie sl 05 oo ooliinl 0T opl 5l laen 43S olw! sl | Duplicate =

I, Js! INTIAL VALUE a5,3% S5 ol ansl azsls INTIAL VALUE a5
e 03538l 5o Jloges 4,503 INTIAL VALUE S, 50T ol ol L 5 03,8 ol
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el o yiws BB ol g g9ie 5L Lol Jlles jo Ceand ) oo aily-ais

L, Del S S0 opols JLid b yoren . o G ol Job o o) 5l can 0,5 S|

Delete (Del)

ulf)lf 6‘).'.)....5 ul.?u." .))‘3.0 65—&@ )l ‘) d...i)f U”‘ .A...v‘y <° o)f gSJ K9y wl) M
) oridim sz )5 gl sl o yiws 50 @ s o yiws lllel o Sl jeang
| Lo yrd FB Golpg 50 3l L t;va‘ Splyeh 3o Coonnd
& oyt ;0 JEOMELry oo bl slo caand dan 3,5 Sb L den bl o1, | Select All R
Sl sl s s Clear Selection  Select All s, » o35 4 Graphics Clear
ol o idimaiz Gl gl el o 10 & s (s HlRlle o Cend (] 90y Selection
G Ceond b ams o |y el il )l a5 058 oo 5L sl oymny 4u3F ol Sl b | Find E2
Spblg anilgs oo cuiomen jeoing o)l pyl8 awes JLzd |, CUIHF LS gocn )58 05 caliza
2l
Olens g pb oS
Ol oMLl b Jsese b (ase ambio Sllo &) JoudlS 5500 il 5 0 sl 435 00l 5] Reset
Desktop

Layout see ;s NOME Jl5llsi jo s ol 53005 Oln)lS 6lp - 22 G Slacas &,
o S G3le (gl |y g e (ot llle 0l se (reigres Ledh el o s o
oo 5l ol Jlnhg )0 e ol (o pith-aiz Gl sl S SS e s,

el o s o8 Windows>Desktop Layout

m & [ fc

Mode Shape Add Plot Windows  Reset

(=olid) - Group - “’;? Desktop -~
Results ayout
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L@-AG:\:\ o -V
amin_1986@live.com : Ssq xS g (eobane el 0aisS ags

om0 Dledbl adS ooy (pl 0 gl e edls ialed B8 iy Djgar () leslig oy
.%Losoaatiwl)omcﬁ;lecsaglssgoogw)gf@ljwﬁ)lfs‘os&@@LgL:.Lo.c).afaL?u’l

el o ooy Lis o ol oy JSKG j0

Messages Progress Log Table
.

COMSOL 51,0180

Opened file: wrench.mph

Avoided 48 inverted elements by using linear geometry shape order.
Avoided 48 inverted elements by using linear geometry shape order.
Mumber of degrees of freedom solved for: 127959,

Solution time (Study 1): 28 s, .

m

MPH (sleylé ol Ledoa (3,5 0,053 55k o)y Sl ¥
CAD (sl o8 b oss 5,1y GeOmetry Silegoge 8,90 40 Sledlol v/

p3 el ais; o Sledbl b ous SIS measure (' ') 4SS (59, ,» Geometry sMesh Iyl les o v
) geometric entities slass 5,90 ,0 o (@ssembly L union :yols S ) geometry sl :osS sowlic
Joe j0 ol sl ax 0 g e slesledl slaws . geometry jaile, (bb a0 (e g o) ye caialo

calias > ey Sue v

.o;oA@Uu\)LQJTO@GAsMSﬁS)S Q)&*@L‘bf&ﬁ(ﬁ‘-bdbﬁ%‘/
3,5 Jos py Oyge a4 ply o i slo el i j3 b plig 0y 0,55 sl

WINndows>>messages ,ww (j3iz9 ol 2,8 ) Home I3l lg 51 v
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WINdOWS>>MESSages yuuo (S sid 5 (ilinSe ()1,0,57) Lol (5500 3

oS SIS () clear anS's ¢ Lsbig ales 0, 9,8 SL sl

JguolS Juo (sl Cuoy8 0550
sl L deapplication g Llos sl MPH  sle LU g 8L JomnlS slo Coo)d 5l cid 53 50

VBA (sl Joo sledlé 5 oo gl Joo sl gl (sl Ja

root o ,§

Sl 5 s alais iVl o () 100t 05 S e sll b 5L |, aas Jas o Il o a5 35,
el Jao 5,15 aSile . wisds oo axzlis Untitled.mph & jaas ob jaas sl b o 53 i &g
ST oy TOOL 0,5 YL el ol S 0,33 oL S L 1y ous

Model Builder

~ - % - StEE .

4 < wrench.mph (root)
4 () Global Definitions
Fi Parameters
.2 Materials
4 il Componentl (compl)

Jewmols MPH sl L
9 &b Sledbl Jolis b LB pl gl oo 0,53 MPN Wign b (58 in O o ailbsl oLl
e Dygeas Oledbl Lo eIl 0 isd (o0 0,53 (6l Dhgar o g e Sledlol il oo e

File name: m

Save as type: [ COMSOL Application (*.mph)
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5 JamnalS ailolis” jo s application sles .ouS bk g 0,3 |, MPH sLLl oy co e oo 4 Lo

a3l Wged 9o aiilgie wlbolsS s MPH (sl .ol ou 0,55 MPH (slebls &g Ldsilo

Syl ¢ ol b bl ol application «bulS o, jo o J> g lie sled Jolis a5 MPH lolils
Soles aSiley L o3lail g "large file" yie L tooltip G «asS jolos 25MB 5l bl e 3T aigie

Sgd oo b oy o application Gbulis” co o jo i 5590 0,5 (g9, |, 095
oS MPH slbii)o 53 jolaie 4y > Sledbl 5 o g Lol clowkas ales Jolis 00,8 MPH slebils
o ohie 4 ) Ll wilg oo Lad ol sl aslu Lad (W)l 6,500 bYs 4 |y Jo oad s,
Ll 351 o 5 Gt b JulST 035 95l (ISl (pimas S 5L ol same o 5 50 e 3 Slalas
ooalie o9l SO L oyl application 4lulsS o .sls 84>9 Application abelsS Sle,js,
NO ol G w0 application wbulis oz j0 00,8 LB (59, p 1) 0> Slis Lad Slogie
Sblie 0,5 e (oo il 09290 obils (gl JMPH L G 51 0siue  ,alls solutions stored

U
b o () Download File With Solution ,eST el

Application Libraries
([ Search |

4 3@ COMSOL Multiphysics
4 [fifl Demo Applications
C}, beamn subjected to traveling load
C}, tubular reactor
), tuning fork
Fl ﬁj]] Acoustics
O automotive muffler

O eigenmodes of room
4 [fifl Chemical Engineering
® tubular reactor
ﬁj]] Diffusion

B 0,5 Jas
B S5 b 08 oo GO L 518 alg 55k |, MPH LB oS e 53 50 ilsiee )15 o, Lakd

s ai3F 4 Lo g ol ooy Ja8 MPH LG T 08 5L 1) casl 00djl (6,550 aseds Lawgs a5 MPH

55

—
| —



Slgine Loy a5 Cawline oyl ol .o ls (click Open As Read-Only) read only ae & j0a o1 0,5 50
Ja3 MPH L1 S 385 20,05 8925 il 500 ol S0 L aSile; b 0,53 86l Lol oS ialng 1y Joe
Oled 5o a5 3jlese LOCK wiguy oMy MPH LB loins aslice wul b limee Ji3 L1 S JgmnalSeaisl
slo session ads’ sledl 51w ool Ja8 LB 51 ogie 5 leS oo Ja8 MPH LU g w0l
Sl aslyiee L wile (Bl (398 aiey o lailin] jue IS5 4y JgunolS a5 w8l o 351 Sloj) JomolS

.reset lock and open (g, » SIS L oS ob3L 1, Jad aiSo 3L (guw dsxl e o 1) LB

COMSOL 50

-

"-.I The file was locked by user behzad at 7/10,/2015 3:38:11 PM.
¥ What do you want to do?

Open as read-only | Reset lock and open | Cancel ‘

L% A

ssbite & (50,8 a8 Ll 5o S g Sl |y Jale s J35 slebl (BSe 5 (Sd
Bl g Jl Ja8 (50,50, el Lol 09 (oo (Sl (LaSG diges L1 (ialng 5l 6590 ln )8 4SS

Sl o 570 lels Jas

gl sl Joo sles 8
Gt ol ilss oo Lot aiied lglo 08 Ly JomuolS &l gis allis ol a8 2ylys LG SCTipt sla 6
text ) e Kimlpg jo |y LB Lialpg oS 1>l > application <G g g 00,51 p00,5 1) lgl>

S8 oo bl Sl jgiws 40,5 ddlal jslaie 4y (editor

File name: ~ | All COMSOL Files (*.mph; *.mp 'I
All Files ()

Al COMSOL Files (*.mph; *.mphapp; *.class)
COMSOL Applicatien (*.mph; *.mphapp)
Compiled Model File for Java (*.class)
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o gl Joo slo o8
sslitd sl 5l (sl Jao slehls arlie - (MFiles) ilg BB o sl B i sl Joto sl
Lot sl MAfile S5 sy JgacelS lygind a5 sl cdie (sl digad o oS it lis
b bl aslgie fuioes bod oS Lzl Ko M-file [bisle o sl clie )0 1) dgad slobld ) alsie

S Gl e 00 Slygtes b JoeolS Dljgiws (9,5 alal gl ge Siulng o,

Adlae cdie gl LiveLink™ s sls M-file Ceoyd (0 diges bl sl

VBA ¢l Jao sl

L} oolaul Lg\).g “51.?- Lg‘).g Jq.o LgLe,l,{lé 4.31..5’.@ TS WO ui"»‘)%ﬁ J.»lﬁ o 6L?(L.‘.b VBA Lg‘).g Jq.o LgLQ,l,{lé
Olygiws 51 oS5 g9l VBA (gl diges bl S . ST 4o (visual basic for application) VBA

DS oolaiwl ST 51 JomnolS slodoe jo LB

ddlase ST gl LiveLink™ a3l VBA CJB o diges sleble 5l solaul

Jguol5 sl o pusd
&z application SO o 3
Canyd g pbog ools W, 1, o aunlys o bS53 |, application <G aales o b sl sl ST

22,10 3939 oo 0,53 sl 15 sledl) loges S Laas 15T b
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DS ST Lol Snble b g g e (o iws Hl5lle 59, 2 ( = ) oy 4aSS 59, 2 V
oo s |, Ctri+S oS5 aaSs v

oS bl | file>>save e v

save as jl sl b o5 S ol

b Gle Cwyd 5l SO adly oo il Al S SG adg dal Ll g g 0dl 0 L8 5 o S
SAVE 8S  Cawad 3l g Oguie 5L SAVE 0z oS Sl | file>>save as an T osS Ol ], JgeelS
S ol p sle a3 51 (S file

COMSOL Application (*.mph) (the default)
Application (*.mphapp)

Model file for Java (*.java)

Model file for MATLAB (*.m)

w&lfo)oow 69)).390)‘9 ‘) JJL‘B rsbcd.lé))ﬁd)ﬁ.c w)oic\go).:}:) 6‘).3 u))b.o 'al.oa")d

File name: heat transfer

Save as type: | COMSOL Application (*.mphj

COMSOL Application (*.mp
_ Madel File for Java (*.java)
* Hide Folders Model File for MATLAR (*.m)

Model File for VBA (*.wba)

The Preferences oS aSlsl cdie g lgl> (gl p dged bl S ppw 0 1) oo aslgie Lok

4S8 ol | Include author 4 35 <G5 (general>>history export .5 4 05,5 3L 1, Dialog Box
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http://localhost:8090/doc/com.comsol.help.comsol/comsol_ref_customizing.11.09.html#964909
http://localhost:8090/doc/com.comsol.help.comsol/comsol_ref_customizing.11.09.html#964909
http://localhost:8090/doc/com.comsol.help.comsol/comsol_ref_customizing.11.09.html#964909

oo 0 pu5d b op 5T & Sl

bl 1( i'='.) file>>revert to saved 4o ;5 GUI soze 20 oo g bl aseas 31 0,550 &l
FEVEITIO 4eSs g 03,5 (il (pased |) @ pw (o yss Sl Jlgs dlgine (izmad oty 0l 25 (lppatS
A4S SIS saved

azms )b g5l 00 8

Sz e &S Sledas Leli @pplication oo, g0 caws assu )b g9l> e g lsl> (sl JounalS slolsls
Wit (5935 o 5l pidu o5 Slealais Jolis Laid Lebls azulin azsu )b (55lw 00,88 (gl aitans ol
o rd Il g algie rizred Geaing Gl sl st Sl |, file>>compact history a5

DS S 1 () compact hiStory 4sSs g 03,8 (s5le @t |y go

3k Sk 59,53l 5 053
Sloas (oS ()l S (o0 9,0 1) o Lel a5 5L 2 1) b5k Slehl Wl so JgualS 1381 05
I, file>>open recovery file ay;5 ( oLL JB 0,5 5L lp cwl Jud 58 in &hea lal (o
OPEN 4aS5 5 03,5 (55l (ool ) gy (g s Il s ailes (oo Cmizmed jgaig ()lp)l5 oS Sl
S SIS, () recovery file

10,5 o0 plxl py OV jo b5 BB Sl e,

parametric ) oloj; 4 atwsly (g5le sl S Glp oads Lastin Jbej o3 o lp J> Lb 5las v
DS Ol b ley oogase o >9,5 lle) oleixs (simulation

(parametric simulation) (s el (g5l ad o Jel)b al> o o LG 5o v
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nonlinear stationary ) s ¢ lub gjle and SO 50 (Se S, 5o el Cudge LL 1o v

(simulation

LT 3l 53 Sl S il 0 0235 o s (a5 (haly SSibled Jgmals MPH (slehs 3L

el gl L Yok Slej (SKiwls sl Logase ailys (oo a5« il 92 SOIVEr (slas S
Oles s b pyd a4 bl S o Sy Oyea |y SLsL sle LB sles Open recovery files o
0K (59, JonolS 58 o3 59,53 sl w05 oo Dbl obsh bl S a5 Sloj il sl i pe (o 0 03
SIS show/hidden details s, Sb3L b 0,00 o in Sl 0,5 e b Gl glp oS SIS
Al 2k BB po 5 Bde sl wdl o L3k il pm g BB e Jald iz Glaled S

A8 SIS delete all gs, ob3L sl b6 slas i (gly o delete g, ol

3’ Open Recovery File ﬁ
Recovery files found:
Sep b 2015 8:52 PM s
Aug 25 2015 §:22 PM D

Aug 252015 4:17 PM

Aug 10 2015 8:50 PM

Aug 9 201511:56 PM rmovernent
Aug 9 201511:48 PM rovernent
Aug 92015 10:20 PM rnovernent
Nec11 20141110 AR

Delete All || Delete || Show/HideDetails || OK || Cancel |

v

(recovery file) oLiL bl o 1) yelb Jolw L oosd aculre Sy Jolpe JomwlS 53l 65
a8 study 0,5 5l conds 6 IS bk LB o a5 ol alad l Olawlre dalol gl S o (5,0 S
595 S5 AT S e o 1l el e dls o Led ST oS St |, (77) continue

.L:.L‘J.m LJ"‘ )‘ J> aslol da‘s.: s ).3)[5 continue M; g.:l.‘?b." L> Jg.w < of.>~> LS’L.{)L J.al.‘i 59 J.b) 3,90

D20 r:bu‘ Iy 00l 0,ud
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o5 1) file o3 ;o The Preferences Dialog Box ,o |, 6,8 (i Slendas nl 0y o )5 :aiSS

dle plin )0 s (g9) Bl opmd jslate @y (58 iy &5 sAVE TecOVery file 4y F S5 v
Sl 0ads ©ll (time-dependent, parametric, and nonlinear solvers) calicee bl i gl >
WJie gl p S Ol (58 o 5l Gglate aligy SO Wil o S« Tolder for recovery files ,» v/

S99 S50 w2 b (Bee slo bl 6)lS lp (BB slad &Sl 5w 59, Ay So ) eslil
S S browse (gs, Cdge sl gl p adg S Ol gl ol axils

ly adigy S5 adlys oo S (o |2l client-server gon S g5y 2 |y JsdelS S8 05 Lad STV

Cdgo sl gl algs S 4 (Folder for temporary files on client) ccoMS™ (59, » g0 slebsls

A janass (Folder for temporary files on server) g,. (53,

(o]

-
3 Preferences

Application Libraries

Ermail

Files

Forms

General

Geometry

Graphics and Plot Windows
Graphics Window Selections
Help

Livelink Connections
Methods

Model Builder

Multicore and Cluster Computing
Parametric Sweep

Part Libraries

Physics Builder

Quick Access Toolbar
Remote Computing
Results

Security

Updates

Factory Settings for All |
\

Recovery
Save recovery file

Folder for recovery files:  C:\Users\behzad\.comsol\w51\recoveries

Browse... |

Temporary files

Folder for temporary files (temp:///):  C\Users\behzad\AppData'Local\Temp'cs57072

Browse.. |

Application files

Folder for user files (user///: Ch\Users\behzad'.comsol\w51\applications\files\user

Browse... |
Folder for common files (common:///):  ChlUsers\behzad'.comsol\w51\applications\files\common Browse.. |
Libraries>Files (embedded:///): Use embedded:///data.bt to refer to the file data.bd.

Declarations=>File (upload:///}: Use upload:///data.txt to refer to the file data.tat.

Factory Settings |

(o]
)
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http://localhost:8090/doc/com.comsol.help.comsol/comsol_ref_customizing.11.09.html#964909

(RDOL ) 4y, cilalal g ady W (KJ5-A

h.azizakram@gmail.com: S5 =SJ) Cas 233139 36 Do 10daSS A

L .o,k 41,8 Application Builder ,s Explorer 3 Model Builder sl =0 mlaw o YL ,o 100t 0 5
30,5 5L Gl cl Jaw o,bjs Sledlsl Jolds a5 04 o 3L 10O (g, SEHING 0, 0,5 (] (59, SUS

3,5 Sl 5T abogs po gio 5l g 08,5 SUUS cewl, TOOL ,SG1 (69, Wb abogs 10 Properties o e

viodel Builder Seftings  Properties b |
-+ T - SEE- S
4 48 wrench.mph (root) & —— .
4 (] Global Definitions ]
Fi Parameters Used Products
= Materials

= P tat]
{l Component1 (compl} ¥ Presentation

b Study 1

B Resul Title: Stresses and Strains in a Wrench

- esults
Z: Data Sets Description:  This example of a combination wrench and a bolt
283 Derived Values dernonstrates how to set up a simple static

A Tables structural analysis.
f-“ Stress (solid)
Tﬁ First Principal Strain

& Export
5 Reports Author: ComsoL
Computation time
Expected:
Last: 25 =
Thumbnail

Nl
POWEREN.IR

:(root setting) oleas g0,

AA‘yGA)J)lSMMJJlBASMQGAJuLu GJLC)‘UG‘JQO_‘BJU&O)?M)JL» dy}).) 0 iy u.a‘)o
lpg ozt cnl 59 peiitas job 1) 058 (oo Jloel Jao JS 50 o] puss a5 Sl L e ald S

Sl 0als w105 0 iy ) el o Ceond oy @ 13,0 kel

Iy olgsds 5 50 5 ygun yle5 oo SET PASSWOrd aslsl ;o 4 editing not protected ¢, ,» SIS L :protection

3,5 5,y protect edit with password ,sl5 ;s

—
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* Protection

Editing not protected Set Password e

Running not protected

Used Produg™ — 3
3 Protect Edit with Password

¥ Presentatio
Mo previous password

1t 3 St Mew password:
Description: i
d Z:I Retype new password:
str 0K ][ Cancel |

28 oo 418 5 LS o 1l Jg5le cads (5las 5 i Y o0,L 0 Sledlsl :Used Products

Gt D90 & Seaagh heogi g Oloie So 395 Jae sl aly (e el (230l 5o prresentation
Aslg oo Ll ccOmputation time ;o .ogd o atiy "title page " o 048 o colinwl a5 uglie 5,8

Ghamwle log o >l last ald jo S o g expected als o |y dwlxe (gl p U, 0,00 o, o

Ol aeay 18 Cleld pl 0 S oS paal SO Wl e 8 Jae S ool plid glp o o S

D ooy yisles . application libraries o ey oy guas

¥ Presentation

Title: Stresses and Strains in a Wrench

Description:  This example of a combination wrench and a bolt
demonstrates how to set up a simple static
structural analysis.

Author: COMSOL
Computation time

Expected:

Last: 225
Thumbnail
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s (UNit system) aslg oivw

w  Unit System

b
British engineering units
CG5A

MPa

EMU

EsU

FPS

IPs

Gravitational IPS

Maone

395 ,la3 8 )50 Cgd Connd (pl yo Wil o I8 :(fONt in graphics) (S8l ,S o iy jo by Wgd vl
o & il (0 Rl bS8 (B2 e Do 4 aiS OBl (SIS o 5o laled sl T,
oo ookl a5 Jele i 4 d> g5 b auS 0lg Cend ol j0 1) 0g5 Al 0500 (slo Cdgd il jlade wilgs
S5 a¥ oS Sbal family cad 51, caslie Cdgd aly oo Wl 0,5 cal a5 Sle Cogd b asS
oy, )8 Dygo 4 | dlacl hadd g ians (Bgy>) ow)B slo Cogd isled 4y o8 JauwlS aS ol

» Font in Graphics

Family:

Vera -

Sizes

9 pt

:(ROOT PROPERTIES) b S519 (5 6,24

I, properties au 35 abg e oo 3l g 05,5 Cowl, SIS 100t 0,5 (59,0 Properties o cowlive iy

Bl (oo 2 slge Jeld oy cnl o)l v92s alng Ol e,y (nl o oS bl
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A 0D WA e S5 0 BB By el ool ools lid ced cpl jo BB 0,33 e (File) o
g (o0 el 5095 yob 4

RIW)

A g e 9> Jawgl b cwand pl :(Created and Last modified) olpmg o9 51 g ol & 4,6
A5l (K FgualS i (yloj 9 7o )b A g 0gd oo b HS045 (ol

oyl 50 Sl o oolatwl cua Jole jo a5 Jb e o Ll (Saved with license) suls o msd JU pw

Sl )13 o

o sbs; jekaie 4 1) Sledlbl Wil co )5 Cend ol o :(Application version) Slisodl ¢3 59

Internal Draft V1, Sales Demonstration V2, or Version B : Jis sl oS o)lg

I a=lalaiaBasla s

* Node Properties

File: ChProgram Files\COMSOLNVCOMSOLS1N Multig
COMSOL version:  COMSOL 5.1 (Build: 124)
Created: Mar 29 20151:12:01 AR
Last modified: Mar 29, 2015 1:12:01 A

Saved with license: 1016561

Application version:

(Unit Systems) K5 b ol&uws

S = oolau! 2 Lgls.s Lngb olKws )‘ lef )‘)5‘ IAJ"
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e

Sl uxlg
BASE QUANTITY UNIT NAME SYMBOL
length meter, metre* m
mass kilogram kg
time second 5
electric current ampere A
temperature kelvin** K
amount of substance mole mol
luminous intensity candela cd

WJob sle yamilosd oy 4y aS Sl 4l g 0,5 e ke cadse CGS oKiws :CGSA 1S oiws

il Gurblineg iSUl (glagy b g SrsS (wlibe S5 59y p By 920 (o0 295 @ S5 b (55

CGSAKws o ergq barye dyne :3l o le oy 4 (65, 9 ,Lid (g (6 atnly (LIS oS o0 L,

ol (S 5SI by sl aly axly el asl

CGSA asls
BASE QUANTITY UNIT NAME SYMBOL
length centimeter cm
mass gram g
( ]
(G




b SoSIl b, axly o jo a8 el el gl 6 al p oKws opl (EMU) pucdolineg 2SIl slaosl
i e gmmblise OISITL dxlae sl 4 00 oo (i )5 B,k 5l C ol gl canlin e S Sl

ool a3y gl (ygemilogs Bl (el CGS oliws asmiliz [51 oS bl |, ) luie C (gl a5
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Select Physics = Turbulent Flow, k-

9 Recently Used .
¥ Ac/C

1)) Acoustics

:.': Chemical Species Transport
U Electrochemistry

Fluid Flow

d ==

m

Single-Phase Flow

= Creeping Flow (spf)

aminar Flow (spf)

4 52 Turbulent Flow

_"]: Turbulent Flow, Algebraic yPlus (spf)
=} Turbulent Flow, L-VEL (spf)

% Turbulent Flow, k-£ (spf)

2 Turbulent Flow, k- (spf) K
= Turbulent Flow, SST (spf)

E Turbulent Flow, Low Re k-z (spf)

= Turbulent Flow, Spalart-Allmaras (spf)

Add
Added physics interfaces:

Ge Turbulent Flow, k- interface is used for simulating single-phase flows at high Reynolds \
numbers, The physics interface is suitable for incompressible flows, and compressible flows at
low Mach number (typically less than 0.3),

The equations solved by the Turbulent Flow, k-2 interface are the Navier-Stokes equations for
conservation of momentum and the continuity equation for conservation of mass,
Turbulence effects are modeled using the standard two-equation k- model with realizability
constraints. Flow close to walls is modeled using wall functions.

The Turbulent Flow, k-¢ interface can be used for stationary and time-dependent analysis.

y
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2 Heat Transfer in Porous Media (ht)
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| Electromagnetic Heating
= —. . P—

Add |
Added physics interfaces:

== Larninar Flow (spf)
Heat Transfer in Fluids (ht)
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4 wuled adlsl Model Builder o,oxy o 1) 5ls 0,50 Jsile Wlgs co (giladowe 3l al> e 10 0 )8

S8 399380 0,z Add physics a3 Gl b g 00,5 cuwl, SIS Component o5 (g5, » jskae oyl

5 Add to component sle as3s Jojle il b )5 e oo ol OLSwd JouolS Canl) Cos o

89

—
| —



@1y 095 5L 0,90 Joile Wil oo b 438 nl 51 SO o Ol L oS 0ed o Jled Add to selection

4 3 Untitled.mph root
4 ) Global Definitons
i Matenals

il Component 1 (compd]

= Definitions
\ﬂ (eometry 1
15 Matenals

4 == [ aminar How

1 Fluid Prop
18 Intal Valu
Wl
¥ Equation
4 1= Heat Transfer
9 Heat Tran
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Settings
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Physics
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:I:EI Transport of Concentrated Species (tcs) |2
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£ Reaction Engineering (re)
gfﬁf Mernst-Planck Equations (npe)

gﬁ Transport of Diluted Species in Porous Mes
7%= Reacting Flow

8 Reacting Flow in Parous Media

_==_L_ Rotating Machinery, Reacting Flow

2|e Surface Reactions (sr)

% Transport of Diluted Species in Pipes (dsp)
8 Reacting Pipe Flow (rpfl)
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| Search

Physics interfaces in study

Studies Solve

Dependent Variables

Ol 50 09> ge Studies Cuend jo il 00,5 oolatwl 595 (g3ldow o Studies pais ) S axls
v . .
2Solve fyeiw ;o () Cedle Study o Gl Oy 40 g (oo 00l isles LaStUY e 0,

Dol gn0ols las ( X ) cedle Codle Study o Ll pos g0 09 35 (o

iYala S I - B x

Add Stuay
Add Study
Studies
4 ~o Preset Studies

@ Boundary Mode Analysis

IL-I‘ Eigenfrequency
Frequency Domain
m Frequency-Domain Maodal
o] Mode Analysis
~ Custorn Studies

Physics interfaces in study

Physics Solve
é. Semiconductor (semi) lZl
Il |Electrornagnetic Wawves, Frequency Domai.. |«

91

—
| —



anly Gloyesite (oolul ooy cnl Gl 5o WS (o0 QLI Ll 5550 (S8 Ll )5 oS S

Dl o odls islesDependent variables cod o

Add Physics - X

WOl

=+ Addto Component =+ Add to Selection
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%% Chemical Species Transport
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== Fluid Flow
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@ Plasma
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Physics interfaces in study

Studies Solve

Study 1 '
Dependent Variable

Electric 3 w2
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Heat Transfer
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) ) all dimensions i Heat
Transfer in
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“ ' Electromagnetic Heating
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' Heating1,
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* ' Electromagnetic Heating
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Distance
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Coordinates
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PDE Interfaces
eigenvalue , (time dependent) ,la,LU «stationary) jlab cJl>
) ) all dimensions c Coefficient
Form PDE
eigenvalue , time dependent) ,la,LU «stationary) jlab cJl>
) ) all dimensions g General
Form PDE
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) all dimensions | wahw Wave Form
PDE
eigenvalue , time dependent) ,la,LU «stationary) jlab cJl>
) ) all dimensions w Weak Form
PDE
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