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1) Model Wizard / 2D
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Model
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Blank Model
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Mesh
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a9 | T | —
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2) Fluid Flow / Single-Phase Flow / Rotating Machinery, Fluid Flow /
Rotating Machinery, Laminar Flow

Y [ =2 =1 O & B B

Home Definitions Geometry Materials Physics Mesh

Select Physics

Search

Fluid Flow
= Single-Phase Flow

Creeping Flow (spf)
Laminar Flow {spf)

Rotating Machinery, Laminar Flow
1Y Rotating Machinery, Turbulent Flow, Algebraic yPlus.
2J¢ Rotating Machinery, Turbulent Flow, L-VEL
2} Rotating Machinery, Turbulent Flow, k-&
¥ Rotating Machinery, Turbulent Flow, Realizable k-z
2J¢ Rotating Machinery, Turbulent Flow, k-t
2} Rotating Machinery, Turbulent Flow, 55T
¥ Rotating Machinery, Turbulent Flow, Low Re k-&
f¥ Rotating Machinery, Turbulent Flow, Spalart-Allmara
Rotating Machinery, Turbulent Flow, v2-f

= Pipe Flow (pfl)

@ Water Hammer (whtc) . , , ,
g Prsriics Fyzikalni rozhrani se
b fe Multiphase Flow y
b @8 Porous Media and Subsurface Flow
3 MNonisothermal Flow

L5 o v o _— prida kliknutim na ,, Add“

reod

Added physics interfaces:

Laminar Flow (spf)
4 = Definitions

@ Rotating Domain W COMSOL




3) Fluid Flow / Particle Tracing / Particle Tracing for Fluid Flow (fpt

Select Physics

| Search

O Recently Used

3} AC/DC

Acoustics

Chemical Species Transport
1T Electrochemistry

A vy v W

luid Flow

== Single-Phase Flow

[ Thin-Film Flow

= Multiphase Flow

@ Porous Media and Subsurface Flow
Nonisothermal Flow

High Mach Number Flow

%% Rarefied Flow

¢ Particle Tracing

24 Particle Tracing for Fluid Flow (fpt)
32 Droplet Sprays in Fluid Flow (fpt)

=2 Fluid-Particle Interaction

3
13
13
3
13
13
b
4

Fluid-Structure Interaction, Fixed Geametry
Fluid-Structure Interaction
b |l Heat Transfer
b i Optics
» @ Plasma
¥ Radio Frequency
b £ Semiconductor
b €22 Structural Mechanics
¥ Au Mathematics

Fyzikalni rozhrani se
prida kliknutim na ,,Add“

| Add
Added physics interfaces:

amninar Flow (spf)
24, Particle Tracing for Fluid Flow (fpt)
4 = Definitions
@ Rotating Domain

K vybéru studie se prejde stiskem , Study“

© sy

W COMSOL
° Space Dimension
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Select Stud
4) Select Study -> Time Dependent ... y

ttttttttt

4L Time Dependent
b~ Custom Studies
<& Empty Study

Studie se vybere oznacenim

Added study:
[V, Time Dependent

Added physics interfaces:
== Bubbly Flow, Laminar Flow (bf)

Dokoncit zakladni nastaveni
Model Wizard

W COMSOL
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5) Global Definitions / Functions / Step 1

Model Builder ~ 1 Settings

- Sl X Global Definitions

4 & Untitled.mph (root)
4 (F) Glohal Definition

F| a=  Variables

Functions E

Iﬁ Thermodynamics

Analytic

Interpolation

Load Group Piecewise

Constraint Group Gaussian Pulse

i
N
Geometry Parts v | /7 Ramp
Mesh Parts b | Il Rectangle
“ Reduced Models b | I Step
Group by Type /\ Triangle
Help E w Waveform
W Random
I W Initial Values 1
b B Wall 1 bg Eeml
5 Equation View OF MATLAB
4 3 nPart\c\ETracmg for Fluid Flow (fpt) ) Elevation (DEM)
I B wall 1 Bl
b %< Particle Properties 1 4 Image
2 Equation View 1 Switch

Settings
step
Plot Create Plot

Label: Step 1

Function name:  stepl

~ Parameters

Location: 20
From: -0.5
Ton 0.5

¥ Smoothing

Size of transition zone: 10

MNurnber of continuous derivatives: | 2

Sablona funkce ,,Step”

stepl

05F T T T

0.4

031

14 16 18 20 22 24 26

Nastaveni
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6) Component 1 / Geometry 1/ Length unit: cm

Model Builder
- =, =
4 & Untitled.mph (root)
e Global Definitions
Fi Parameters
™ Step 1 (step)
=38 Materials

4 ©) Component 1 (comp 1)
b
4

= Definitions
}*5\ Geormetry 1

* Form Union (fin)
55 Materials
Laminar Flow {spf)
& Fluid Properties 1
& Initial Values 1
25 Wall 1
3 Equation View

4
4
4

[

b B wall 1
b 2 Particle Properties 1

2% Particle Tracing for Fluid Flow (fot)

Settings M
Geometry
22 Build All

Label: Geometry 1 |E|

* Units

[] Scale values when changing units

Length unit:

|cm \

Angular unit:

| Degrees = |

¥ Advanced

Default repair tolerance:

| Automatic =

Automatic rebuild

Budou se uvazovat centimetry

W COMSOL



B e
7) Component 1 / Geometry 1/ Circle 1

PR

[ Build Al Fe Settings -
= Import Circle
[ Build Selected ~ [E8 Build All Objects
© Circle -
@ Ellipse Label: Circle1 |E|
_ . ’ . o
E O Rectangi - ObjectType Stisknutim ,,Build Selected” se provede
at
4 g°§ Pa = Square Type: | Solid v| ljkol .
b E A Bézier Polygon - . TTmn } ! ! ¥ ¥
|21 ~ Size and Shape 2] -
auy ¢ Interpolation Curve 251 E
L PR Radius: 4 3] F
,ﬁk Mt~ Line Segment
. 360 257 F
A M " Parametric Curve Seciofangi . L
b .-
I,S!,_i:ld;tr *  Point ~ Position 4 CI | l 157 F
A9 1_ L
[T So £1 Palygon Base: | Center - o L
2 0ol # Edit Object : o o o] L
[ Result 0.5 F
Parts 4 ¥ 0 cm A L
Programming 3 ~ Rotation Angle 1‘57 i
— 2
M s
| eastlE Rotation: 0 deg 2.5
E‘E] Insert Sequence ES r
I+ Layers 357 =
Copy as Code to Clipboard L4 4 R L
¥ Selections of Resulting Entities I I ! ; I ; u ! ! u rem
EI:I Rename F2 5 4 3 2 1 0 1 2 3 4 5
- Contribute to: | None - |N+ew|
@ Settings
Resulti bjects selecti
promETics [] Resulting objects selection
Show in physics: | Domain selection
B Hep Fi N COMSOL
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8) Component 1 / Geometry 1 / Circle 2

Crew L onap

C\rclé1 fc1) ;l:‘tt.'n g -n
* Form Union (fin)| ] Build Selected F7 i 9
Materials & Build Preceding F6 Circle
Laminar Flow (5pf) [ Build Selected ~ [ Build All Objects
& Fluid Properties 1 Add Before 4
B Initial Values 1 Add After N Label: Circle2
B wall1 ,
224 Equation View Copy as Code to Clipboard v [ — St' k t B H I d S | t d o d
. Eauation ject Typ ISKNUtIM ul electea se provede
article Tracing for Fl 5 Copy ”
5 wall 1 31 Dust e Type: | Solid -] ’
2o Particle Propertie] ] Duplicate HEE u ko I : ) . . . . .
E2d Equation View I Delete Del ~ Size and Shape A L
Multiphysics Disable =1 47 L
Iesh 1 I Radius: 3.75 35
=1 Rename F2 u r
idy 1 = 3
. |3
Step 1: Time Depend Settings SRdiolanae 2 257 r
Solver Configuration B: Properties — EasiEn 3 . 75 CI I I 27 L
Job Configurations 157 F
sults Help Base | Center - . L
0.57 [
X 0 cm o L
¥ 0 cm 057 E
- 1] r
~ Rotation Angle 157 £
Rotation: 0 deg 2] i
257 [
I Layers El P
=357 [
¥ Selections of Resulting Entities . L
cm

Contributeto: | Mone v|| New |

[] Resulting objects selection

Show in physics: | Domain selection
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9) Component 1 / Geometry 1 / Booleans and Partitions / Difference

4 (%) Global Definitions
P Parameters
I Step1 (stepl) = Import
S8 Materials

& Build All Fg

Settings

Virtual Operations » Difference

4 ) Component 1 (comp) . — e )
b = Defiritions @ cirde [® Build Selected + [E8 Build All Objects
4 A Geometry 1 B
& Circle1 (c1) = Label: Difference 1
Cirdle 2 (c2) o |
* Form Union (fin) | [ ] Square ~ Difference . s . o
s ot - P Stisknutim ,,Build Selected” se provede

= Laminar Flow (spf)
1 S Fluid Properties 1

Interpolation Curve

B V4
! - cl &
> B nital Values 1 .~ Line Segment [ar3 u kOI .
b 85 wall1 ' Parametric Curve B - . | .
24 Equation View . b .
. ) & 1
4 5% Particle Tracing for Flui e Active By 4
I BS Wall1 /1 Polygon 257
Union Booleans and Partitions » 3]
Intersection Transforms » 257
[ Difference Conversions » 1 2
22 Compose Y1 Chamfer X 15
Objects to subtract: 1,
£ Partition Objects 1 Fillet
0.57
B Partition Domains @y Tangent ]
- . o
[} Partition Edges [l Delete Entities ]
#  Edit Object 05
17
Parts [ 4
15
Programming v :
Selections » 4
. . 2.5
= | [] Keep input objects .
ER) | insert Sequence Keep intarior boundaries 357
= Export Repairtoleranke: | Automatic 27 H
T T T T T
[ Delete Sequence ) . A A .

7

Copy as Code to Clipbeard

=0 Rename

F2

Settings
[= Properties

Help

F1

Objects to add:

Nejprve se zapne oznacovaci rezim (ON) a poté
se primo v geometrii klikne na doménu ,,c2“
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10) Component 1 / Geometry 1/ Circle 3 — zcela duplikovat Circle 2

(i) Circle 2 {cz) Dacliise 375
Difference 1 (dif1) ® Build Selected F7
* . .
Form Unien {fin) @l Build Preceding F6 p v o t ., tei , 3.75
Materials I
s B , olomér zUstava stejny, 3.75 cm
& Fluid Properties 1 Add After e . k V4 . I d | d Y7; d
& Il Vlucs Stisknutim ,,Build Selected” se provede
B3 Wall 1 Copy as Code te Clipboard 3 , ” p
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1:F’eart‘:“clrle”'l'1rac|r1g for Fluid Flow (fot) 1 | Move Down Ctrl+ Down . b
é E 3.57 =
25 Particle Properties 1 IE—‘E| Copy + L
5 Equation View [+5 Duplicate Ctrl+ Shift+D 257 E
m”':pr"s'“ [ Delete Del 7] r
= 1.57 E
dy 1 @ Disable F3 e L
Step 1: Time Dependent =[1 Rename F2 057 F
Solver Configurations - 0] r
Job Configurations settings -0.57 r
iults Properties 17 r
157 F
E Help F1 . r
.L___________________________________________.n 2.5 [
37 r
357 F
4] (m7
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11) Component 1 / Geometry 1/ Circle 4

Settings g
Circle

¥ Build Selected ~ [E Build All Objects

Label: Circle4

Stisknutim ,,Build Selected” se provede
ukol:

* Object Type

Type: | Solid v |

¥ Size and Shape JET
4
Radius: 2 3.57
Sector angle: 360 37
2.5
¥ Position 2 Cl N 2]
1.57
Base: | Center - 1
x 0 cm 0.57
o
¥ 0 C 0.5
~ Rotation Angle ]
1.5
Rotation: 0 27
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37
257

4 om
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12) Component 1 / Geometry 1 / Booleans and Partitions / Difference

Settings ~a

[ Build Selected = [E8 Build All Objects

Label: Difference 2 I . , . "
Stisknutim ,,Build Selected

+ Difference ) se provede
Ohbjects to add: i L,j kol :
— . :
Active EZ:
Objects to subtract: N ﬂ:i
] oFF e E‘@ . v , 'li
@ - Nejprve se zapne oznacovaci
Active e \ECI: . , v e
rezim (ON) a poté se primo 7
v geometrii klikne na doménu ,,c3“ 4+

[] Keep input ohjects
Keep interior boundaries

Repair tolerance: | Automatic =
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13) Component 1 / Geometry 1 / Form an assembly

Model Builder Settings wr
= = - ErELE - Form Union/Assembly
4 & Untitled.mph (root) ® Build Selected & Build All
el Global Definitions
Pi Parameters
™ Step 1 (step )
=a= Materials

Label: Form Assembly

~ Form Union/Assembly

4 T Component 1 (comp1) Action:
I = Definitions
4 )j\ Geometry 1 | Form an assembly /
() Circle1 c1) [] Create imprints
© Circle2 (c2 Create pairs

E] Difference 1 (dif )
(%) Circle3 (c3) .
@ Circled (cd) Bait/pe:
Difference 2 (dif2) | Identity pair |
* Form Assembly (fin)
22 Materials
Laminar Flow (spf) | Automatic vl
I» &l Fluid Properties 1
> Sl Initial Values 1
b ES wall1
5 Equation View
%< Particle Tracing for Fluid Flow fot]
b B3 Wall1
I 24 Particle Properties 1
e Equation View
.{f:‘. Multiphysics
A5 Mesh 1

[] Split disconnected pairs

Repair tolerance:

8

Z defaultniho Form Union se vybere

moznost ,Form an assembly“

Stisknutim zavrSime tvorbu geometrie
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14) Component 1 / Materials / Add Material from Library

“z= Material . . o = -
4 L § ?rla SFI "i1  Add Material from Library Add Materia LS
== Laminar Flow| e s ]
- . Add to Ci hd Add to Sel
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=55 Glycerol

=i= Heptane

235 Mercury

222 Toluene

=z& Transformer oil
S35 Water
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15) Component 1 / Definitions / Moving Mesh / Rotating Domain 1

Madel Builder Settings

- = - =t

iy
-
4

Rotating Domain

4 < Untitled.mph (root . . A
2 & Giotel permons Labet Rotating Dorin O Vybrat pouze doménu 2
Pi Parameters
I Step 1 (step1)
28 Materials Selection:
4 % Component 1 {comp ) 5 Y . , , ’ s , .
+ = Denmiions | - Zvolit zadani pomoci uhlové rychlosti
D'] Identity Boundary Pair 1 {ap ) =
I & Boundary System 1 (sys1) Active [l
Ll ﬁ" Maoving Mesh "
I* (@) Rotating Domain 1
S+ Equation View
b [ view 1
PRy Geometry 1 I+ Qverride

« Rotaton / Zvolit proménnou uhlovou rychlost

Rotation type:

Domain Selection

Manual

: Specified rotational velocity
Difference 2 (dif2) Rotational velocity expression: 7 7 . v 7
Form Assembly (fin) General angular velocity - / HOd nota Uh Iove ry(:h Iostl Se men I

25 Materials Angular velocity: / v o v .
I* == Laminar Flow (spf)
O Pk o sl s v Case ,t“ dle predpisu funkce stepl

-ﬁ} Multiphysics Initial angle:

A Mesh 1 a0 fad
I ~on Study 1
I dE Results = e

Rotation axis base point:
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16) Component 1 / Laminar Flow / Pairs / Flow continuity

@ Fluid Properties
® VolumeForce .
& Initial Values Settings ~ & Graphics Function Plot
= wal Flow Continuity Q MR @ - 2aeBsin @ @
= Inlet — — 1 1 1 1 1 1 1 | | |
Label:  Flow Continuity 1 |E |em ol
= Outlet 4
= Symmetry ¥ Boundary Selection 3.5 —
£ Open Boundary
S Boundary Stress Selection: | All boundaries | 3 L
= Fan 1 (not applicable) ~ T 2,57 -
= aille 2 (not applicable) . |
= Vacuum Pump Active 3 (src) Fl i I
3 Periodic Flow Candition Al B 1.5
) Interior Wall 5 (not applicable) 1 |
6 (src) v
5 Interior Fan 0.57] I
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3 Free Surface = =
£ Stationary Free Surface - Bal Seleinn 0.5 -
Pairs r Pairs: 17 B
Points 4 ldentity Boundary Pair 1 (ap1) 1.5 B
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Copy as Code to Clipboard 3
l» Move Down Ctrl+Down
Copy
T Delete Del
@ Disable F3
=[ Rename F2
E Settings
5 Properie v/ . . Vs 7 .
8 Oznacime jediny par hranic N COMSOL



17) Component 1 / Laminar Flow / Points / Pressure Point Constraint

Il e P <l @ Flid Properties . r—
n Home  Definiions | Geometry | @ Volume Force Settings Graphics | |Funchion Plot —— 2.
N = Import ~ Snap o Gri| @ Initial Values Pressure Paint Constraint | |
(] = =
o Eflnsert Sequence | [| SnaptoGet — Label: Pressure Point Constraint 1 (=) e o
il [= Export /15alid o 4
¥ =T Dra il S Inlet ~ Point Selection 3571 L|
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. Selection: - | u
Sdel Builder S symmety election: lanual 3
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I Step 1 (stepl) S Grille 1| I
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4 € Component 1 (comp) ) ) . o
4 = Definitions ) Periedic Flow Condition I» Override and Contribution g+ n
(] Identity Boundary Pair 1 (ap1)| & Interior Wall I Equation 0.5 N
b (= Boundary System 1 (557 | & interiorFan ) i L
4 :ﬁ Maving Mesh . ¥ Pressure Constraint 1
b @ Rotating Domain 1 Sos Pressure: 157 F
2 Equation View & Free Surface o o .
0 a 27 [
b View 1 & Stationary Free Surface 2
4 %A Geometry 1 7 .
@ Circle 1 (ci) s
@ Circle2 (2) Points »
Difference 1 (if1) J— R
@ Circle 3 (3) oba
® Circled (¢4 | Group by Space Dimension
[Th Difference 2 (dif2)
Form Assembly (fin) Copy as Code to Clipboard v
Materials 4 Move Down Ctrl+Down
) ;’”F""E;FP'W (spf) . 5 Copy v . s . . Ve s
=t o Oznacime libovolny bod a def me pro nej rozdil
2B it Ve | D oeee b Znacime l1ibovolin erinuje o nej rozdal
b ES Walll @ Disable F3
v 7 ’ . 7 . 4
> 2@ Flow Continuity 1 b Rename P2
5 Equation View )’
b % Particle Tracing for Fluid Flow (fot Settings
<y Multiphysics Properties
A Mesh 1
b~ Study 1 Help F1

b & Results
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18) Particle Tracing for Fluid Flow/ Particle Properties 1

Model Builder =4 C

atinmc -
- = - ST EL S~ ett gs 1

‘S o Vybrat zadani hmotnosti a hustoty

L

Fi Parameters

I Step1 (stepl) Label: Particle Properties 1
3 St o "+ Equation Hustotu pfebere z definice materialu 1

()] \dentity Boundary Pair 1 fap1}
I [ Boundary System 1 (sys1)
4 E{' Moving Mesh

= Particle Properties

.

/ konkrétné z funkce pro hustotu pri

b (B Ratating Domain 1 Particle property specification: .
b T;L,Sjuatmv'ew Specify particle mass and density - teplote 293.15 K
“ A Geometry | Particle mass:
(=) Circlel )
@ ;‘;IEE rdi (i) Mo 1E-Blkg] kg
ITterence ) X LIAY4 .
S rartle denaly L Vybrat kapicky kapaliny
I Difference 2 (dif2) Pp  matl.def.rho(293.15) kg/m®
4z tz:::kﬁmmy i Particle type:
b 252 Glycerol (mat1) —
Y Lamm);zzw”;‘:m Liquid droplets/bubbles

I &l Fluid Properties 1
I Wl Initial Values 1

b ES wall1 Ky matl.def.eta(293.15) as
I 5 Flow Continuity 1
I €3 Pressure Point Constraint 1 Particle surface tension:

Dynamickou viskozitu prebere
~—__ zdefinice materialu 1 konkrétne
£ 2 s T o ) % [00T2S(N/m] N/ z funkce pro viskozitu pfi

=RUEI B

5 ™ charge Number teplote 293.15 K

&y Multiphysics
E Meshp1 g Charge number:

Particle dynamic viscosity:

i

b~ Study 1 Z 0 1
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19) Particle Tracing for Fluid Flow/ Drag Force 1

4 § Component 1 (comp )

b = Definitions
b YA Geometry 1
bz Materials

Laminar Flow (spf)
W Fluid Properties 1
& ol Initial Values 1

Force
Rotating Frame

Drag Force

Lift Force

Brownian Force

Gravity Force
Acoustaphoretic Force
Electric Ferce

Magnetic Force
Dielectrophoretic Force

Magnetophoretic Force

Thermophoretic Force

1

(=1

53
2]

' Release from Grid

Release

Accumulator

Velocity Reinitialization
Particle Counter

Volume Force Calculation

Particle-Particle Interaction

Forces 3
Thermal »
Wall
Inlet

Particle Counter
Qutlet

Symmetry
Periodic Condition

Pairs »

Paints. »

Ausiliary Dependent Variable

Release from Data File

Weak Contribution

Particle Properties

Settings
Drag Force

Label: Drag Force 1

¥ Domain Selection

Selection: | All domains

Active

I Qverride and Contribution

> Equation

~ Model Inputs #

Temperature:

T | User defined v
293.15[K] K

~ Coordinate System Selection

Coordinate system:

Group by Space Dimension
Copy as Code to Clipboard »
Move Up Ctrl+Up
Copy

Delete Del
Disable 3
Rename F2
Settings

Properties

Help Fl

| Global coordinate system

~ Drag Force

Drag law:

| Stokes

Velocity field:

u | Velocity field (spf] Mk

Dynamic viscosity:

K| From material

Density:

£ | From material

~ Wall Corrections

[] Include wall corrections

Vybereme vSechny domény

Misto nulového rychlostniho
pole oznacime rychlost
prebranou z vypoctu

,Spf —laminar flow"
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20) Particle Tracing for Fluid Flow/ Pairs / Particle Continuity

Release

Accumulator

Velocity Reinitialization
Particle Counter

Volume Force Calculation

Particle-Particle Interaction
Forces

Thermal

Wall

Inlet

Particle Counter
Outlet
Symmetry

Perindic Condition

0C0O0DODODO

Pairs

Settings
Particle Continuity

Label: Particle Continuity 1

* Boundary Selection

Selection: | All boundaries

1 (not applicable)
[on D) P

2 (not applicable)

Paints

Jds Auxiliary Dependent Variable
Eg; Release from Grid

'—-?;: Release from Data File

Weak Contribution

Particle Properties

LA A

| Group by Space Dimension

Copy as Code to Clipboard

Move Up

Copy
Delete

[ =Nl

Disable

EIJ Rename

Ctrl+Up

[l Settings
E Properties

Help

Active 3 (src)
4 {src)
5 (not applicable)
B (src)
I Owerride and Contribution
T Pair Selection
Pairs:

Identity Boundary Pair 1 (ap1)

& 0 &

Oznacime jediny par hranic
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21) Particle Tracing for Fluid Flow/ Release From Grid

O0ODDDOD

Release

Accumulator

Velocity Reinitialization
Particle Counter

Volume Force Calculation

Particle-Particle Interaction

Forces b
Thermal r
Wall
Inlet

Particle Counter
Outlet

Syrmmetry
Periodic Condition

Pairs 3

Points 3

@5 Ausiliary Dependent Variable
i Release from Grid

= Release from Data File

" Wesak Contribution

Particle Properties

Group by Space Dimension

Copy as Code to Clipboard 3

Move Up Ctrl+Up
Copy

Delete Del
Disable F3

Rename F2

Settings

Properties

Help

Settings

Release from Grid
Label: Release from Grid 1
I Equation

¥ Release Times

Distribution function:

| List of values

Release times:

]

~ Initial Coordinates

Grid type:

| All combinations

Gxp  range(-5,1,5) [mm]
Gyp  range(-36,1,-26) [mm]
¥ Initial Velocity

Initial velocity:

| Expression

Initial particle velocity:
0

Vo o | | m/s
I Released Particle Properties

w |Initial Particle Temperature

Initial particle temperature:

Ton  293.15(K] K

w |Initial Value of Auxiliary Dependent Variables

I Advanced Settings

Pocatecni souradnice c¢astic

W COMSOL



B e

22) Particle Tracing for Fluid Flow/ Wall 1

Model Builder

- ‘= v =t

4

4 & Model-vraceni-casu.mph (root)
4 Global Definitions
Fi  Parameters
I Step 1 (step?)
cai Materials
4 % Component 1 (comp1)
4 = Definitions
(] 1dentity Boundary Pair 1 (ap1)
[ [ t=| Boundary System 1 (sys1)
4 }.E Moving Mesh
I @ Rotating Domain 1
5 Equation View
View 1
4 }2\ Geometry 1

() Circle1 {cT)

() Circle 2 {c2)

Difference 1 (dif 1)

(=) Circle 3 (¢3)

(=) Circle 4 (cd)
Difference 2 (dif2)
Form Assembly (fin}
Materials

-

25 Glycerol {mat)
Laminar Flow (spf)
I & Fluid Properties 1
I W Initial Values 1

b B wall1
3
3

&7 Flow Continuity 1

£ Pressure Point Constraint 1

24 Equation View

Particle Tracing for Fluid Flow (fpt)
B wall1

= Particle Properties 1

@ Drag Force 1

Su% Particle Continuity 1

3% Release from Grid 1

[N
8

v v v w8

24 Equation View
Multiphysics
A Mesh 1

=3

Label: Wall 1

~ Boundary Selection

Selection: | All boundaries

1 ~
2

Active 3 (overridden)

4 {overridden)

5

& (overridden) w

b &

I~ Override and Contribution
I Equation
~ Wall Condition

Wall condition:

| Bounce

« Primary Particle Condition

Primary particle condition:

| Mone

[ New Value of Auxiliary Dependent Variables

Vybereme podminku ,Bounce”
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23) Mesh 1 / Physics-controlled mesh

Settings
Mesh
{E Build All

Label: Mesh1

* Mesh Settings

i)

¥

=
Wy

A =
AV
< RAORT
- S

Vi,
A
[

Sequence type:

| Physics-controlled mesh

s
N7

POAX
S

R e
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N

T

Element size:

//v

| Mermal

Automaticka sit
velikosti ,Norma

III
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. as

24) Study 1 / Step1:

Settings

= Compute
Label: Time Dependent

* Study Settings

Time Dependent

- Chceme znat
vysledky od ¢asu

Time unit: s - v
Times: range(0,0.1,40) 5 |bed O S d O Ca S u 40 S
Tolerance: | Physics controlled -
I Results While Solving S kro ke m 0' 1 S
= Physics and Variables Selection
[ Madify model configuration for study step
" Physics interface Solve for  Discretization
Laminar Flow 4 Physics settings A

Particle Tracing for Fluid Flow

* Values of Dependent Variables

Initial values of variables solved for

Settings:
Values of variables not solved for

Physics controlled

Settings: | Physics controlled

Store fields in cutput
Settings: | All
I Mesh Selection

I Study Extensions

O Physics settings -

-

-

nezaskrtnuty

Nyni se spocita pouze
rychlostni pole. Particle
. Tracing for Fluid Flow je

W COMSOL
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25) Add Study / Time Dependent

Model Builder

- I TR

4 G Mod :
PR Add Component

Insert Components from Model

Add Study

w3 G

Copy as Code to Clipboard

Settings

Properties

8 G E

Help

S =)
35F Equation View

Pravym tlacCitkem
na prvni uzel se
vyvola nabidka, ze
které lze vlozit
dalsi studie

== Laminar Flow (spf)

Add Study <3
=+ Add Study

Studies
4 ~db Preset Studies
I Bidirectionally Coupled Particle Tr
& Time Dependent
[+~ Custom Studies
~dn Empty Study

Vybere se opét
nestacionarni
vypocet

Zde se urci, ze se bude
pocitat pohyb castic.
Studie se prida kliknutim
na ,Add Study”

Physics interfaces in study

Physics

%< | Particle Tracing for Fluid Flow (...
Multiphysics couplings in study

Multiphysics couplings
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26) Study 2 / Stepl: Time Dependent

Chceme znat vysledky od ¢asu 0 s do
Casu 40 s s krokem 0.1 s

Zde nastavime ,,coupling®. Proménné hodnoty (pole
rychlosti), které se pocitaji mimo Particle Tracing,
chceme prevzit ze studie €. 1 — konkrétné ze vSech
tam uvedenych casu.

Label: Time Dependent
* Study Settings

Time unit: | s

Times: range((0,0.1,40)

Tolerance: | Physics controlled

I Results While Solving
¥ Physics and Variables Selection

[[] Modify model configuration for study step

»
Physics interface Solve for Discretizati

Laminar Flow O
Particle Tracing for Fluid Flow ™

+ Values of Dependent Variables

Initial values of variables solved for
Settings: Physics controlled
Values of variables not solved for

Settings: User controlled
Method: Solution
Study: Study 1, Time Dependent

Selection: | All

Store fields in output
Settings: All
I* Mesh Selection

I+ Stucly Extensions

= L

=

-

s |kl

=

ion

setting -
setting! -
-

-

=

=

=
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27) Nyni Ize sloucit vypocty do jedné studie pretazenim:

A Study 1
@ Step 1: Time Dependent
M. Solver Configurations
-EJ Job Configurations

4 ~dn Study 2
@ Step 1: Time Dependent

I e Solver Configurations

-EJ Job Configurations

A oo Study
@ Step 1: Time Dependent
@ Step 2 Tirne Dependent 1
[ Solver Configurations
-EJ lob Configurations

A oo Study 2

I [re. Solver Configurations
-EJ lob Configurations
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28) Study 1 / Show Default Solver

<y MIUITIpRYSICS LdsL LUTTIPULALIUN LIFTES

sy | = Come . Timto se ukaze, ja
o t jak COMSOL
& Step 1: Time Depe Parametric Sweep V4
@ Step 2: Time Depe Brrefn &y v o] V_Vev
p
[tr Solver Configurati pred nastavll reSICe-
. . =z=  Material Sweep
5 Job Configuration
4 ~do Study 2 53 Study Reference
[T Solver Configurati B Combine Solutions
#} Job Configuration L
4 (Bl Results @ Optimization
Data Sets E Parameter Estimation
8.85
ez Derived Values IIIh Sensitivity
EH Tables i
odel Reduction
B Export Model Reduct
=rf Reports Study Steps
Batch
ET Batch Sweep
% Cluster Computing
BT Cluster Sweep
4
[P Show Default Solver
i Get Initial Value
v Statistics
Copy as Code to Clipboard
* Move Down Ctrl+ Down
M Delete Del
IEIZI Rename F2
@ Settings
E Properties
Help

W COMSOL
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29) Study 1 / Solver Configurations / Solution / Time Dependent

Solver 2

[Val

ettings

me-Dependent Solver

A~y Stl..ld}" 1 ampute

@ Step 1: Time Dependent o

@ Step 2 Time Dependent 1
4 [Fa, Solver Configurations

4 Solution 1 (sol1)

2_':; Compile Equations: Time Dependent

[+ www Dependent Variables 1

B Ek Time-Dependent Solver 1
Solution Store 1 (s0i2)
2_':;; Compile Equations: Time Dependent 1

[+ uww Dependent Variables 2

P ]S_i} Time-Dependent Salver 2

Steps taken by solver:
Initial step:
Maxirum step:
Time-step increase delay:
Amplification for high frequency:

Predictor:
Algebraic variable settings

Singular mass matrix:

Consistent initialization:

Fraction of initial step for Backward Euler:  0.001

Error estimation:

‘ Generalized alpha

O o001
ot
o1
075

‘ Linear '|

‘ Maybe '|
‘ Backward Euler 'l

‘ Exclude algebraic v|

Metoda reseni nestacionarnich ¢lenu,
snizime maximalni krok na 0.01 s.

Pozn.:
C:\Program Files\COMSOL\COMSOL53a\Multiphysics\
doc\pdf\COMSOL_Multiphysics\COMSOL_ReferenceManual:

The generalized-a (alpha) solver has properties similar to the second-order BDF solver but the underlying
technology is different. It contains a parameter, called o in the literamure, to conmol the degree of damping of high
frequencies. Compared to BDF (with maximum order two), generalized- o causes much less damping and is chereby
more sccurate. For the same reason ic is also less suable.

The implementation of the generalized-o method in COMSOL Muldphysics detecrs which variables are first order
in dme and which variables are second order in time and applies the correct formulas o the variables.

In most cases, generalized-o is an accurate method with good enough sability properties. Many physics interfaces
in COMSOL Muldphysics — for transport problems, for example — use generalized-o as the default cransienc
solver. Some complicated problems, however, need the exra robusmess provided by the BDF mechod.
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30) Study 1 - Compute

Y
-

od i

Coempute

Parametric Sweep

#

Function Sweep
Material Sweep
Study Reference
Combine Solutions

Optimization

FIR§ &£

Parameter Estimation

[ &

Sensitivity

Model Reduction
Study Steps

Batch

Batch Sweep
Cluster Computing
Cluster Sweep

=7 £ a8 g

Show Default Solver

Get Initial Value

Statistics.

Copy a5 Code to Clipboard

1 Move Down
E Delete

=h Rename

Ctrl+Down

Settings
B Properties

n Help
4

¥
|- Step 1: Time Dependent
[L Step 2: Time Dependent 1

Pozn.:

Provede se nejprve ,Step 1
a po jeho skonceni ,Step 2“.
Pokud nejsou kroky
sloucené do jedné studie,
musi se po skonceni Study 1
rucné spustit jesté vypocet
Study 2.
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31) Results / Export / Animation / Player

v v v
PPN E:

w3
=

rall T

m|

Data
Plot
Mesh
Table

3D Image
2D Image
1D Image

Animation

v | 0 Player

Export All

[ File

Copy as Code to Clipboard

Settings

Properties

F1

Settings
Animation
[ show Frame

Label: Animation 1

~ Scene

Subject: | Welocity (spf)

MNone
¥ Targe velocity (spf)

Target: [ Pressure (spf)

Particle Trajectories (fpt)

¥ Animation Editing

Sequence type: | Stored solutions

Loop over | Time -
Time selection: | All B
¥ Frames

Frame selection: | Number of frames -

Number of frames: 25

Frame number: 1

¥ Playing

Display each frame for: 0.1
[] Repeat

I Advanced

Animaci provedeme z

defaultniho grafu

Particle Trajectories

Stiskneme Show Frame
pro vytvoreni videa,
které se spusti skiskem

Play

Graphics

Convergence Plot 1 Convergence Plot 2 Convergence Plot 3
D aa@ad -B ae

Time=40 s Particle trajectories
T T T

em T
S‘Sﬁ

P

T
j %107
]
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