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COMSOL MULTIPHYSICS m COMSOL

Finite element analysis and simulation software package for
various physics and engineering applications

Founded by Savante Littmarck and Farhad Saeidi in 1986
FEMLAB: Early version of COMSOL (before 2005)

Dr. h.c. Svante Littmarck Mr. Farhad Saeidi
CEQ of the COMSOL Group President of COMSOL AB
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COMSOL BACKGROUND

Before the 1980's, Germund Dahlquist pioneered the use of personal computers to solving a system of
partial differential equations using numerical operations.

In 1986, Two of his students at the time, Svante Littmarck and Farhad Saeidi began to work on such a
software package outside of the work already required by their graduate program. Littmarck and Saeidi
made the decision to forgo their studies and begin building a software company under the name
COMSOL.

Dahlquist provided administrative advice and even went so far as to put the two budding entrepreneurs
into contact with MathWorks, who had already built their empire around successful software package
MATLAB.

COMSOL released their first software package on September 1%, 1998 with a structural mechanics
model that included CAD optimization, material models, thermal stresses, waves, and much more.

On April 12, 2001 the Chemical Engineering Module was added and nine years later on April 20, 2010,
software integration with products such as Solidworks and MATLAB were introduced.

COMSOL ran into a near crippling lawsuit from MathWorks for copyright infringement in 2006.

Nonetheless, the company rebounded and continues to draw in large profits. Today, COMSOL has about
50,000 users and boasts NASA as its largest consumer.

Reference—COMSOL Background = COMSOL Testosterone Transport Project

Cobvriaht © 2021 Combutational Desian Lab. All riahts reserved.


https://sites.google.com/site/comsoltestosterone/home/comsol

www.comsol.com
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AC/DC MODULE

ELECTRICAL

AC/DC
Maodule

RF
Module

MEMS
Module

Flasma
Module

Dynamics of a Generator

This example shows how the circular motion of a The plot on the left shows the magnetic flux

rotor with permanent magnets in a generator density along with a contour plot of the magnetic
results in an induced EMF in the stator winding. potential. Mote the brighter regions, which indicate
The generated voltage is calculated as a function of the position of the permanent magnets in the rotor.
time during the rotation. The figure on the right shows the geometry and a

simulation of the generator in 3D0.
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HEAT TRANSFER MODULE

MECHAMICAL

Heat Transfer
Module

Structural
Mechanics Module

MNonlinear Structural
Materials Module

Geomechanics
Module

Fatlgue
Module

Acoustics
Module

Deformation of a Thermomechanical Microvalve

Thermomechanical microvalves are common flow control components
in microfluidics systems. Here, an electric current generates movement
by resistively heating the actuator structure, thereby causing

mechanical stress and deformation.

In this example, a parametric study shows how an increasing voltage
applied to each of the legs leads fo temperature rise causing more and

maore deformation.
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CFD MODULE

FLUID

CFD
Module

Microfluidics
Module

Subsurface Flow
Module

Fipe Flow
Module

Boiling Water

This model studies the film boiling of
water. A heat flux above the Leidenfrost
point is applied at the surface of two
cavities. A layer of vapor is maintained at
the hot surface - liquid interface where
film-boiling results.

The animation shows the fluids volume
fraction over time as a surface and

contour plot.
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COMSOL Multiphysics®
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« COMSOL desktop
v" Toolbars & Ribbon tabs
v" Windows
v" Physics
v Study types
v Setting flow

v' Setting result
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« Mathematics module

v Coefficient form PDE

v PDE Interfaces
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COEFFICIENT FORM PDE
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PDE INTERFACES
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« ODE examples

v' Example 25.5

v Example 28.2: predator-prey model
v Example 25.14

v Example 27.10

v" Previous case study |

v" Previous case study Il
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EXAMPLE 25.5

@ ODE &<~ Of X

@ ordinary differential equation
y'=4e"* —-0.5y
initial condition
t=0,y=2

analytic solution

4 - _
(eo.& _e 0‘5’)+2e 0.51

y:E
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ANALYSIS FLOW

N Setting . iD= . Solving ] Post-process -

definition

v" Dimension selection
v Physics selection
v Study type selection
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ANALYSIS FLOW

I ODE ] : e :
definition Post-process [ d

v' Geometry creation
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v' Initial value input

O Setting
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GEOMETRY CREATION
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GEOMETRY CREATION
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COEFFICIENT INPUT
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INITIAL VALUE INPUT
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Finalized gecmetry is empty.

Finalized geometry has 1 domain and 2 boundaries

849 MB | 928 MB
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ANALYSIS FLOW

N Setting . iD= . Solving ] Post-process -

definition

v" Mesh creation
v' Time range input
v’ Compute
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MESH CREATION

Mesh 1 M7 2&

2 e EHR » HIEER- Untitled.mph - COMSOL Multiphysics - [} e
Home Definitions Geometry Materials Physics Mesh Study Results I
~an | . - g = . ) - .
A = Component 1 (comp1) :/E\: E— . ﬁ.-u Coefficient Form PDE (c) &8 Build Mesh Compute @ B ||d A” = E-l
"' ® & Add Component - = = 2 Add Physics A Mesh 1 ~ ~mStudy 1 - | & Add Plot Group - u = T
Apgl{lliclggron ~ Definitions Georvnetry Matﬁrials "% Add Study Layvout
Application Madel Physics Mesh Study Results
Model Builder ~ 4| Graphics
= v ZtE Q Q@R & Lo B—x| == =

e

-

@ Untitled.mph goot)
4 () Global Definitions

i) Materials ~ Mesh Settings
4 — Component 1 fcomp?)
= Definitions Sequence typs:
WA
4 7\ Geometry 1 Physics-controlled mesh -

=—= Interval 1 77} -
Form Union (finy Element size:

=5 Materials MNormal =

4 Ay Ceefficient Form PDE ¢/
B— Coeffic~552srm PDE 1
B Zero F

D i)y 1

4~ -
[X Step 1: Time Dependent
Il Results

Messages Progress Log

\
[+

COMSOL 5.2.0.166

Finalized gecmetry is empty.

Finalized gecmetry is empty.

Finalized geometry has 1 domain and 2 boundaries
Complete mesh consists of 15 domain elements.

851 MB | 931 MB
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TIME RANGE INPUT

Study 1 — Step 1: Time

o L =g
2 N HEBrocEiHIEER- Untitled.mph - COMSOL Multiphysics - o X Dependent I}"'II = 7
T
Home Definitions Geometry Materials Physics Mesh Study Results :
A "& | — Component 1 (comp1) - = E_ Au Coefficient Form PDE (¢) ~ | [B Build Mesh = Compute @ |
Aoolicat ® | & Add Component - =y - Add Physics AMesh1 - | ~»study1 - | {EAdd Plot Group -
pplication pp— - - .
Builder > DEfInltanS Georvnetry Matgnals % Add Study Lay.DUt TlmeS g_o_”
Application Madel Physics Mesh Study Results . ol E_=|
n n
_ range(0,1,4)" &5
Model Builder - 9 r
- v BB c RN PN R
i - O @E
\ % Untited.mph (oot o S S S ST ST ST ST ST ST SR
4 () Global Definitions Label |Time Dependent
=) Materials « Study Settings
4 — Compenent 1 fcompe?)
= Definitions Time unit s -
4 % Geometry 1
e Interval 1 (%) I Timas: range(0,1,4) s Ilw
Form Union {fin) Relative tolerance: [|  0.07
== Materials

4 Au Coefficient Form PDE (&)
B— Coefficient Form PDE 1
B Zerg Flux 1 « Physics and Variables Selection

Results While Solving

E— |nitial Values 1

Madify physics tree and variables for study step

" Study 1 o R
[\ Step 1: Time Dependent Physics interface Solve f Discretization

Coefficient Form PDE (c) £ Fhysics settings »

Mesh Selection

Study Extensions

Messages  Progress Log

A
%

COMSOL 5.2.0.166

Finalized geometry is empty.

Finalized geometry is empty.

Finalized geometry has 1 domain and 2 boundaries.

[
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
Values of Dependent Variables |
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
Complete mesh consists of 15 domain elements. :
|
843 MB | 936 MB |
|
|
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Study 1 O 41X

2 I MNeEHEB > 6 IEsR- Untitled mph - COMSOL Multiphysics - O X
T
Home Definitions Geometry Materials Physics Mesh Study Results :
A ‘GE,'-' — Compenent 1 {comp1) - = E— AuCoefficient Form PDE (c) - | [E8 Build Mesh = Compute @ |
| ® | ¢ Add Component - = - Add Physics AMesh 1+ | ~oStudy 1~ | B Add Plot Group -
Application o :
Builder  » DEfInltlDﬂS Georvnetry Matgna\s ~% Add Study La)erUt Com pute % g!
Application Viodel hysics Mesh Study esults
Applicati Madel Physi Mest Stud Result:
Model Builder Settings
- ‘= v =t & s

P

« & Untitled.mph (roof)

Label: Study 1
4 () Global Definitions ucy
=) Materials ~ Study Settings
4 — Component 1 fcome?)
= Definitions Generate default plots

a5 Geometry 1
=—= Interval 1 &7}
Form Union ¥in) [ store selution for all intermediate study steps
28 Materials
4 Au Coefficient Form PDE (&) + Information
2— Coefficient Form PDE 1

Generate convergence plots

B Zerp hv Last computation time:
B Initi s 1
npecc on ol ependent
E Results

Messages Progress Log - i X

AN
[+

COMSOL 5.2.0.166

Finalized geometry is empty]

Finalized geometry is empty.

Finalized geometry has 1 domain and 2 boundaries.
Complete mesh consists of 15 domain elements.

850 MB | 944 MB
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ANALYSIS FLOW

N Setting . iD= . Solving ] Post-process -

definition

v' Result plot

34

Cobvriaht © 2021 Combutational Desian Lab. All riahts reserved.



RESULT PLOT

1D Plot Group 1 28

x-coordinate (m)
 Grid

Messages Progress Log
[ Manual spacing

1
by

ing:

' g ERa e
Finalized geometry is empty.
Finalized geometry has 1 demain and 2 boundaries.

Complete mesh consists of 15 domain elements.
Extra x: bed MNurnber of degrees of freedom solved for: 31 (plus 2 internal DOFs)
Selution time (Study 1): 1 5.

Cubre ur (I

887 MB | 958 MB

S e HBE » HDENR- Untitled.mph - COMSOL Multiphysics - O X
T
Home Definitions Geometry Materials Physics Mesh Study Results 1D Plot Group 1 |
|
— F8
EE M ;" \ il m E |
3
Plot  Plot Line ist  Far Octave  Mesh 1D Animation .
In- Graph t  Field Band Plot Image - POl nt Gra h ==l
Plot ] Attributes Export p = 1
o Point Graph
Model Builder Graphics | Convergence Plot 1 :
- = v =| [@ Table Graph Q a | 1l |
£ lih, Histogram :
« 4 Untitled mph 008 © Ray Line Graph: Dependent variable u (1) i
4 () Global Definitions ) 75 i i i i 3
= Materials (B e s 70 :
4 — Compenent 1 corj ™, Far Field W i |
= Definitions | 1, octave Band Plot n1 (soll) M= 65| 4
4 7% Geometry 1 [ I
= Interval 1 | B Mesh | - 60 |- 4
Farm Unicn Add Image to Export 55 |
=i Materials B 7 I
4 Ay Coeefficient Forn Copy as Code to Clipboard 3 - . I
2— Coefficient = I T
- 3 I
B Zero Flux 1 IE__‘:E Buplcale (m) @ a5 L - |
2 nitial Valuet [ Delete Del 32 |
£ Mesh 1 @ Disable F3 g aor 7 |
4 ~db Study 1 = |
[L Step 1: Time D¢ =} Rename F2 g o 1 I
[tr. Solver Configur Settings = 0L | I
4 B Results ] b |
B Data Sets E Properties o Pyl i I
&3 Derived Values F1 I
- 20 i |
~ 1D Plot Group 1 26568 I
—r - ran 15 I
c.losu
E_@ Reports 10 |
[ Preserve aspect ratio |
[ x-axis log scale 5 T :
O y-axis log scale 0 0.2 0.4 0.6 0.8 1 :
|
|
|
|
|
|
|
|
|
|
|
|
|
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RESULT PLOT

2 e dR» v S| B0 EER- Untitled.rmph - COMSOL Multiphysics - [} X
T
Home Definitions Geometry Materials Physics Mesh Study Results 1D Plot Group 1 :
. N Ny /) Color Expression |

= fg Eg (k) B (b, 2= [C N, |w rY 4 [T
Plot  Plot Line Point Global Table Histogram Ray Myguist Far  Octave  Mesh 1D Animation . -
In- Graph Graph Graph Blet  Field Band Plot Image - Se | ect|o n O‘” “1 " %Il' OI_I
Plot Add Plot Attributes Export
Model Builder Graphics | Convergence Plot 1 -x

=t 1=~z

P

1 @ Untitled. mph oot

4 () Global Definitions Label:  Point Graph 1 P|Ot Z g
i) Materials « Data =
4 — Component 1 fcompi)
= Definitions Data set: | From parent -| |E
4 5 Geometry 1
= Interval 1 {77} selaction
Form Union (fir)
25 Materials Selection: Manual =

4 Au Coefficient Form PDE (&)
. Cpefficient Form PDE 1 1
B Zero Flux 1
2 |nitial Walues 1 Active
A Mesh 1
4 b Study 1 B
[\ Step 1: Time Dependent
s Solver Configurations

4 [E| Results -
-Axis Data + v L
i Data Sets S Y =
&3 Derived Values Expression:
B Tables
4 ~% 1D Plot Group 1 u
b Line Graph 1 Unit:
k2 point Graph 1 p .
Export
=3 Reports O Description:
Dependent variable u
Title '5 IO 2 IO 4 |0.6 b 8 I].
A - By
v BRSSP + = Messages Progress Log
Parameter:
= up Sl il i o
Time hd Finalized geometry is empty.
Unit: Finalized geometry has 1 domain and 2 boundaries.
Complete mesh consists of 15 domain elements.
s = MNumber of degrees of freedom sclved for: 31 (plus 2 intemal DOFs).

Solution time (Study 13:1 s

902 MB | 980 MB
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RESULT PLOT

Solution time (Study 13:1 s

905 MB | 965 MB

=
—
o =2| CC
2 e HE > EOmTEER- Untitled.mph - COMSCL Multiphysics - o X : (T == — Delete &L=
o~
Home Definitions Geometry Materials Physics Mesh Study Results 1D Plot Group 1 : AI_ E_IIII _?_ " Del" ? |)
. AN s /) Color Expression |
M ®BE W ¥ N w K2 )
Plot  Plot Line Point Global Table Histogram Ray Myguist Far  Octave  Mesh 1D Animation _—
In~  Graph Graph Graph Pcllot Field Band Plot Image - 7E:|J_|_|' l E_H 1L %II- Ol_l
Plot Add Plot Attributes Export
Model Builder v Sett'r“gg Graphics ~ Convergence Plot 1 :
= = v Paint Graph Q@ Q M HED @ |
A Plot :
« % Untitled.mph (ro0® bt [P G Point Graph: Dependent variable u (1) |
4 (7 Global Definitions : P 7S5 I ' I I
i) Materials v Data 70k |
4 — Component 1 fcompi) |
= Definitions Data set: | From parent ~| |Z 65 - |
4 5\ Geometry 1 |
=—= Interval 1 77} Selection 60 - |
Form Union (fir) I
&= Materials Selsction: | Manual - 551 I
4 Au Coefficient Form PDE (&) = 50 |
2 Coefficient Form PDE 1| |[E95] | | 1 R b=t I
B Zero Flux 1 SR o a5 L I
B Initial Values 1 Active | & |
£ Mesh 1 & g 40+ I
4 b Study 1 o |
[L Step 1: Time Dependent 9 351 |
s Solver Configurations S |
4 [E| Results : o 301
w y-Axis Data +r B~ @ |
i Data Sets o a5 L |
&3 Derived Values Expression: |
20 |
4 " 1D Flot Group 1 u I
b Point Graph 1 Unit: 15F |
= 1 v L |
[55 Reports 1o I
) Description: s| |
Dependent variable u 1 1 1 1 I
0 1 2 3 a I
Title Time (s) I
|
- A v G-
~ X-Axis Data + - Messages Progress Log :
Parameter: |
= up Sl il i o
Time hd Finalized geometry is empty. I
Unit: Finalized geometry has 1 domain and 2 boundaries. I
Complete mesh consists of 15 domain elements. |
s = MNumber of degrees of freedom sclved for: 31 (plus 2 intemal DOFs). |
|
|
|
|
|
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« ODE examples

v Example 25.5

v Example 28.2: predator-prey model

v Example 25.14
v Example 27.10
v" Previous case study |

v" Previous case study Il
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CAE

EXAMPLE 28.2

@ Predator-prey model
developed by the Italian

mathematician Vito
Volterra and the American
biologist Alfred J. Lotka.

HO[A=Of 2ot D=2

Al
a1

predator — prey model
[ ]

nonlinear ordinary differential equations

a = the prey growth rate
dy,

=1 —ay, —by,y, ¢ = the predator death

dt rate

@__c o d b=d= the rate

dr Y2 TANY, characterizing the effect of

the predator-prey
interaction on prey death
and predator growth

a=12,b=0.6,c=0.8,d =0.3
initial condition

t=0,y,=2,y,=1
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EXAMPLE 28.2

gk X, prey
v, predator

0 10 20 30 1

Parameters: change of magnitudes of peaks, lags, period

s
4 T .
[state-space representation |
dx d
— E 205 (xy)=(0,0)and | ==
. dt dt d b
Critical
oint 0.8 1.2 : . .
2 0‘/ Po! — ,—— | populations will remain constant
0.3 0.6
0 | | |,
0 2 4 GVx
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1D — Coefficient form PDE

2 e EHE 09_25p5.mph - COMSOL Multiphysics - O X . A|_-| E—I.|I — Add % él
Home Deefinitions Geometry Materials Physics Mesh Study Results 1D Plot Group 1 :
|
Select Physics Review Physics Interface

Number of dependent

Search Ceefficient Form PDE (c) . LY Ae) E.=|
T ( variables: "2" &5
X AC/DC Dependent Variables :
.'\l Acous.tics ) Field name: U |
22 Chemical Species Transport re— -
Heat Transfar Murnber of dependent variables: 2 [
Plasma Dependent variables: ul = E_l
Ao Mathematics u2 StUdy = "1
4 Au PDE Interfaces H A EH
Au Coefficient Form PDE () — Tlme Dependent |_-| =/

T Cene o PO
A Wave Form PDE (wahw)
Jdu Weak Form PDE (w) +
A Lower Dimensicns

4 ODE and DAE Interfaces

@& Optimization and Sensitivity Units

72 Classical PDEs

47 Deformed Mesh

— Done &

=

Dependent variable quantity

= Wwall Distance (wd) Dimensionless (1) -
Source term quantity
MNone -
Unit:
Add A2

Added physics interfaces:
Au Coefficient Form PDE (c)

Remove

° Space Dimension e St
Help 9 Cancel El/ Done

899 MB | 929 MB
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COEFFICIENT INPUT

e heHdBE » oo BEMOHE

2R o

W N ER-

Definitions Geometry Materials Physics Mesh

Untitled. mph - COMSOL Multiphysics

Study Results

A "% | — Component 1 (comp1) - = E— Au Coefficient Form PDE (¢) ~ | [B8 Build Mesh = Compute
I 4 Add Component - = > ¢ Add Physics AMesh 1+ | ~ooStudy 1+ | B Add Plot Group -
Application = . !
pguilder > Deﬂnltmns Georvnetry Matgnals ~Add Study
Application Madel Physics Mesh Study Results
Model Builder ~ & Graphics Convergence Plot 1
- CA 3 Qa@e@E L- B -\
T 10 1 S Eae
+ % Untitled mph (roof) c e —
4 (7 Global Definitions 0 10 1
i) Materials . -
4 — Compenent 1 fcomp1} v Absorption Coefficient
= Definitions
= : g H
4 5 Geometry 1 a i) i)
== Interval 1 (1) 0 1m? O 1/m?
Form Union (fir)
%2 Materials « Source Term
4 Ay Coetficient Form POF .
2 Coefficient Form PDE1 J§ , = =UUES Lim
= b 1 0.8 3rutru2 1jm?
2~ Initial Values 1
A Mesh 1 ~ Mass Coefficient
4 b Study 1
[VL Step 1: Time Depend: 8 o s¥m? 0 s%m?
3
& Results s&m? [0 s2ym?
+ Damping or Mass Coefficient
d 1 sim? 0 sfm?
) s/m? 1 s/m?
~ Conservative Flux Convection Coefficient
Iim 0O m
[
/m 0 1/m
w Convection Coefficient B IO CT IO 2' T |0.4' T IO 6I T ‘0.8‘
5 A Wi Messages Progress Log
1/m 1/m v

w Conservative Flux Source
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|

B L

Solution time (Study 1): 1 s
Saved file: 09_25p2.mph
1jm Saved file: 09_25p5.mph
Um Finalized geometry has 1 domain and 2 boundaries.

892 MB | 929 MB

e ST

r

M oAt 5ot PAle2
geometry 4

Coefficient Form PDE 10
A A E

SEHLIL 270 0|22
Hl - s

EERIERS

10 1
1.2u, —0.6u,u,
—0.8u, +0.3u,u,
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INITIAL VALUE INPUT

Initial Values 1 28 =
[=;

Messages  Progress Log

g

B

Solution time (Study 1): 1 s
Saved file: 09_25p2.mph
Saved file: 09_25p5.mph
Finalized geometry has 1 domain and 2 boundaries.

909 MB | 941 MB

- . . ol 24
B DeHBE>»S9cBEMOET E®ES Untitled.mph - COMSOL Multiphysics - o X | ul: 2, u2: 1 &4
Home Definitions Geometry Materials Physics Mesh Study Results :
A "% | — Component 1 (comp1) - = E— Au Coefficient Form PDE (¢) ~ | [B8 Build Mesh = Compute @ I
. =) - .
o > Add Compenent - = - 21 Add Physics A Mesh 1 - ~mStudy 1 - | {® Add Plot Group - |
Apﬁﬁggfn 5 Definitions | Geometry | Materials ~Add Study Layout :
Application Madel Physics Mesh Study Results |
Model Builder ~ & Graphics Convergence Plot 1 :
- = v = Wl v E > = :
I - —
. Label: Initial Walues 1 = .!. P R S T S S . . |
1 @ Untitled. mph oot I
4 () Global Definitions Domain Selection I
i) Materials |
4 — Component 1 fcompi) Selection: | All domains |
= Definitions |
4 5\ Geometry 1 ] 1 L: |
“— Interval 1 (1) E |
Form Union (i) Active |
22 Materials B I
4 Au Coefficient Form PDE (&) |
— Cosfficient Form PDE 1 I
o
D, 7aro |
Initial Values 1 Override and Contribution |
4~ Study 1 w Initial Values :
Vo Step 1: T D dent
@I;:‘su\tip ime Liependen Initial value for ut: :
ul 2 1 I
Initial value for u2: |
: |
|
1= :
Initial time derivative of u2: |
du2 '
=~ 0 1is
at :
|
|
|
|
|
|
|
|
|
|
|
|
|
|
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TIME RANGE INPUT

Step 1: Time Dependent 0|

T

Messages  Progress Log
\

VIS S o U -
Solutmn time (Study 1): 1 s,
Saved file: 09_25p2.mph
Saved file: 09_25p5.mph
Finalized geometry has 1 domain and 2 boundaries.

894 MB | 919 MB

e BB rocEOEIEER- Untitled.mph - COMSOL Multiphysics - o x | -
O | oefinfions  Geomelry  Meter . . - a T . ola
Home Definitions Geometry Ivaterials Physics Mesh Study Results 7] | Tlmes. raﬂge(o,o.1 ,20) = _:|I
A "% | — Component 1 (comp1) - = E— Au Coefficient Form PDE (c) ~ | [§8 Build Mesh = Compute @ I
I 4 Add Component - = - Add Physics AMesh1+ | ~eStudy1 - | B Add Plot Group - |
Application e : . —_
Builder P Deﬂnltmns Georvnetry Matgnals ~SAdd Study La)rvout : Ol Study AI_-I EH O
Application Madel Physics Mesh Study Results | Er
Model Builder ~ & Graphics Convergence Plot 1 : CO pUte 1
- = . Lo = |
i @ = :
@ Untitied.mph 008 . AT R R S H i S S SO ST ST S . .
Label: Time Dependent |
4 () Global Definitions ime Liependen I
%) Materials ~  Study Settings |
4 — Component 1 fcompi) |
= Definitions Time unit: < = I
4 A\ Geometry 1 - |
e Interval 1 (77 Times: range(0,0.1,20) s [k ) |
Form Union fin) Relative tolerance: [ 0.01 |
25 Materials |
4 Au Coefficient Form PDE (&) Results While Solving |
2— Coefficient Form PDE 1 I
0. Zerg Flux 1 ¥ Physics and Variables Selection I
2 Initial Values 1 I
A Mash 1 [ modify physics tree and variables for study step |
Fl s [Ty I
! [\ Step 1: Time Dependent I Physics interface Solve f Discretization |
Coefficient Form PDE (c) ™ Physics setting: « I
|
Values of Dependent Variables |
Mesh Selection :
Study Extensions |
|
|
|
|
|
T T T T T T T T T T T T T T T T T T T 4 I
o 0.2 0.4 0.6 0.8 § :
|
|
|
|
|
|
|
|
|
|
|
|
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RESULT PLOT

E .
= 709| Point Graph 244
: (@)
e e HE » EOHTEER- Untitled.mph - COMSOL Multiphysics - o x (EXpreSSIOnOﬂ U1, u2 |=} E—':||)
Home Definitions Geometl Materials Physics Mesh Study Results 1D Plot Group 1

) Color Expression

o fTm B ' e 3

G N e [

~

Plot  Plot Line Point Global Table Histogram Ray
In- Graph Graph raph
Plot Add Plot
Mode ~ ¥ Settings
- Point Graph
: - Plot
1 <@ Untitled. mph root) .
4 () Global %efinitions Label. Point Graph 1
=) Materials « Data
4 — Component 1 jcomp?)
= Definitions Data set From parent
4 ¥\ Geometry 1
=—= Interval 1 77} selaction
Form Union i)
25 Materials Selection: | Manual
4 Ay Coeefficient Form PDE (¢
2 Coefficient Form pDE 1 | |[Eo%] | 1
B Zerg Flux 1
2 |nitial Values 1 Active
A Mesh 1
4 ~db Study 1

[ Step 1: Time Dependent
e Solver Configurations
4 {8 Results
Data Sets
22 Derived Values

1D Plot Group 1
ko Peint Graph 1
b paint Graph 2

~ y-Axis Data

O Description

Dependent variable u1
Title

» x-Axis Data

Parameter:
Time
Unit:

5

Ny?uist Far Octave  Mesh 1D Animation
Plot  Field Band Plot Image
Attributes Export
Graphics ~ Convergence Plot 1
Q Q | 1
Point Graph: Dependent variable ul (1)
Point Graph: Dependent variable uz (1)
T T T T T
5 -
4.5 —
4 4
-
B
E:“EI 3.5 -
‘.
3 -
+- % 25 .
2 -
v 1.5 -
g 1 1 1 1l
0 5 10 15 20
Time (s)
- -
-5 Messages Progress Log
\
Y
T —
hd Saved file: 09_25p5.mph
Finalized geometry has 1 demain and 2 boundariss.
Mumber of degrees of freedom selved for: 62 (plus 4 internal DOFs).
hd Solution time (Study 1): 1 s.

883 MB | 937 MB
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« ODE examples

v Example 25.5
v Example 28.2: predator-prey model

v' Example 25.14

v Example 27.10
v" Previous case study |

v" Previous case study Il
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EXAMPLE 25.14

ordinary differential equation

dy . (2] /[2(0.075
dt

initial condition
t=0,y=0.5

10e

®Coefficient Input

d%u du - _
e""ﬁ-'_daﬁ-'_? (~eVu-au+y)+f-Vutau=r

~ Absorption Coefficient
a 0& 1/m?2
* Source Term

£ [10%expl-({t-2)22)/(2*(0.075)"2 1/m?

~ Damping or Mass Coefficient

dy 1 s/m?

Cobvriaht © 2021 Combutational Desian Lab. All riahts reserved.

]—O.6y @

Initial Value Input

* Initial Values

Initial value for u:
u 0.5

Time Range Input

« Study Settings

Time unit: g

Times: range(d,1,4)

CAE

Adaptive ODE solver & &

7] 9lgh 0|2 A

ciz| olgd
2o -

0Ok

=2
=
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RANGE INPUT

e M B » EOHDEER- Untitled.mph - COMSOL Multiphysics - O X
Home Definitions Geometry Materials Physics Mesh Study Results
A “EI‘ — Compenent 1 {comp1) - = E— Au Coefficient Form PDE (c) - | [&8 Build Mesh = Compute ~1D Plot Group 1 - @
I ® & Add Component - = - s Add Physics AMesh1~ | ~wStudy1~ | & Add Plot Group ~
Application P - )
pgui\der > Deflnltlons Georlwetry Matsnals "% Add Study La)rvout
Application Model Physics Mesh Study Results
Model Builder A ) Sett'ﬁgg Graphics Convergence Plot 1
- S o 4 Time Dependent @ QR E | ¢ =
E - = Compute C' Update Solution
« 4 Untitled.mph (000 s ohoke [T Dot Point Graph: Dependent variable u (1)
4 (7)) Global Definitions Pel L1SH ! f g
iz Materials udy Settings 11
4 — Component 1 jcomp?) 1.05
= Definitions nit: 5 - '
4 2 Geometry 1 1
= Interval 1 77 ITimes: range(0,1,4) S |l 0.05
Form Union ¢fin) Relative tolerance: [ 0.01 I
25 Materials 0.9
4 Ao Coefficient Form PDE (@) Results While Solvin —
o - 9 =) 0.85
“— Coefficient Form PDE 1 3
B Zero Flux 1 w Physics and Variables Selection o 0.8
B |nitial Values 1 = 0.75
A Mesh 1 [ modify physics tree and variables for study step s '
4~ Study 1 ) ) ) z 0.7
4L Step 1: Time Dependent Physics interface Solve f Discretization é 0.65
[Pr- Solver Configurations Coefficient Form PDE (c) =4 Physics settings « 5
4 {8 Results & 0.6
Values of Dependent Variables e 0.55
&3 Derived Values
EE Tables Mesh Selection 0.5
study Extensions 0.45
0.4
0.35
0.3
1 1 1 1
0 1 2 3 4
Time (s)
Messages Progress Log
\

[+

L e T

Murnber of degrees of freedom solved for: 31 (plus 2 internal DOFs).
Selution time (Study 1): 1 5.
Mumber of degrees of freedom selved for: 31 (plus 2 internal DOFs).
Solution time (Study 1): 1 s.

918 MB | 1002 MB
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range(0,1,4) 2 YT F2
step size 7t &U{E¥ 2 2

A1 J2f oM HolH =
step size 1 2 AF0| &
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ADAPTIVE OPTION SELECTION

Time-Dependent Solver 1
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EXAMPLE 27.10

@ [Van der Pol equation |

2
i —u(1-y; )%wl =0

dt’
initial condition
dy
t=0,y =1, =L=1
N = dt
D _
. convert process d { >
Dependent Variables ap
o p(1-37 )y, -y
Dependent Variables dt ! 2 !
Field name: u
Mumber of dependent variables: 2 Initial Value |nput
Dependent variables: U
uz w Initial Values
. o Initial value for ul:
Coefficient Input 2
E'ag tza' +d g_t;'+ V.e(-cVu-au+y)+f-Vut+au=rf Initial value for u2:

L2 1

Time Range Input

2

L 1/m
Fyg )
L 1fm v Study Settings
= Damping or Mass Coefficient Time unit: 5
1 sm? |0 s/m? Times: rangeid,0.1,20)
da
a s/m? 1 s/m?
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CAE

stiff o8 D=7 mu 240]
2tA| BSH= van der Pol
equation.
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TIME DEPENDENT OPTION
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ADAPTIVE OPTION SELECTION
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CASE STUDY |

Electric circuits where the current is time-variable rather than constant are
common. A transient current is established in the right-hand loop of the c¢ircuit shown in
Fig. 28.11 when the switch is suddenly closed.

Equations that describe the transient behavior of the circuit in Fig. 28.11 are based on
Kirchhoff’s law, which states that the algebraic sum of the voltage drops around a closed
loop is zero (recall Sec. 8.3). Thus,

di oy

L— + Ri + =

dr C

E(t) =10 (28.9)

where L(di/dt) = voltage drop across the inductor, L = inductance (H), R = resistance
(£2), g = charge on the capacitor (C), C = capacitance (F), E(7) = time-variable voltage
source (V). and
dg

;= (28.10)

dt

Equations (28.9) and (28.10) are a pair of first-order linear differential equations that can
be solved analytically. For example, if E(r) = Eq sin wi and R = (),

) En [£3 E(, . .
git) = ————-—smpt + ———— sinwi (28.11)

Lips—w) p L(ps — w*)
An electric circuit where the current varies with time.

E(1)

. e

Switch ®
Battery = V, Capacitor = Inductor
+ +

Resistor
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E = E, sin(wt)
L=1H

E, =1V
C=025C

@’ =3.5 rad/s’
R=0

i(0)=0

q(0)=0
t:(O,lOO)At =0.1
qg=

_da _dy _

1

dt dt
di . q
L—+Ri+=—E(t)=0
dt C

SO Mpgyrio2
dt L C

(dy

Jr V)
dy, _

Y @) -ri-2
dt L C
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CASE STUDY I

Background. Mechanical engineers (as well as all other engineers) are frequently faced

with problems concerning the periodic motion of free bodies, The engineering approach to
such problems ultimately requires that the position and velocity of the body be known as a
function of time. These functions of time invariably are the solution of ordinary differen-
tial equations. The differential equations are usually based on Newton's laws of motion,

As an example, consider the simple pendulum shown previously in Fig. PT7.1. The
particle of weight Wis suspended on a weightless rod of length I. The only forces acting on
the particle are its weight and the tension R in the rod. The position of the particle at any
time is completely specified in terms of the angle & and /.

The free-body diagram in Fig. 28.16 shows the forces on the particle and the acceler-
ation. It is convenient to apply Newton’s laws of motion in the x direction tangent to the
path of the particle:

. W

YXF=—-Wsint = —a

g

where ¢ = the gravitational constant (32.2 ft/s*) and ¢ = the acceleration in the x direction.
The angular acceleration of the particle («) becomes - —

FIGURE

Therefore, in polar coordinates (o = d’6/dt?),
Wi Wi d*0 \
o = -
¢ T g ar e

or Ijr

(fﬁ,i) > W .
+%ainé‘:() (28.13)

Wsind =

di’®

This apparently simple equation is a second-order nonlinear differential equation. In gen-
eral, such equations are difficult or impossible to solve analytically. You have two choices
regarding further progress. First, the differential equation might be reduced to a form that
can be solved analytically (recall Sec. PT7.1.1), or second, a numerical approximation

technique can be used to solve the differential equation directly. We will examine both of

these alternatives in this examnle.

sinf ~ 6
2 =9.81 m/s’
6, =n/4
[ =0.6096 m

0=y,
40 _ dy,
dt dt
d*0
—+
dt’

d :
BN/ —%smy1

2

%siné’zo

dy g
— =% = -
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CASE STUDY II: RESULT
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ASSIGNMENT(3RP WEEK: ODE)

2-DOF system

l.._._m,. F5(t) = 3 cos 2t m, = 9kg, m, = lkg

k,
L AAMAA k, = 24N/ m,k, =3N/m

B TN ¢, =2.4Ns/m,c, =0.3Ns/m

| Bk € L F,(t)=3cos 2t

X) Xy X Ref. : Daniel J. Inman, “Engineering Vibration”,

Prentice Hall International, Inc., pp 296-298, 2001
=5 & o 7 4| disp. |—|—|—J':'

leI - _k2 (Xl _Xz)_cz (Xl _Xz)_k1xl _clxl ElI:I plools View  Simulation Help - -EET
mziz = kz(xl _Xz)'l'cz(ﬁl _X2)+F(t) v sore = B Fa

X Analytic Solution (Steady State)

x,(£) = 0.2451cos(2¢ —0.1974) —0.6249 sin 2¢
x,(¢) = 0.7354 cos(2t —0.1974) +1.8749 sin 2¢

F

2 =
@—h‘ E-FIZE-S{E'IJ:I Fi Lﬂead‘f Offset=0 | T=100.000 ]
Clodk
Fen 2
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ASSIGNMENT(3RP WEEK: ODE)
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