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Width: 20
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Depth: 100

Height: 5

+ Position

fim
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Now, rotate the model and select one of the sides of length 5. Next, click on + button on the toolbox
at the side.
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This makes the diagram colored
A strip tells the amount of stress and the details on that.
Which figure has the max stress - we get to know from the figure
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Note:

We can know the properties of material we are using. Here we are using copper. So, click on it to see

its properties.
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Boundary Selection

Selection: | Manual
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(>»=~> Click on plot g

- Data 9

Data set: [From parent
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Parameters

m
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solidrefpntc 0 Reference point for mement comput...
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The total displacement is, as shown in the diagram.
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By observation, it is lesser, as compared to point load.

Save the file again.
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Changes

Now,

Change 1

Changing the values in geometry and seeing the deflection in that case.

Width: 10 fim

Depth: 100 pm

Height: 3 fim

~ Positi

Ed Meshl | I”

= Compute F8
2 Update Selution Fo

- ii§ Parametric Sweep
“@&  Optimization
Study Steps 3
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Change 2
Now, change the thickness (height) of the model and for small values, check which is the smallest
value, giving the maximum deflection and is able to tolerate as well.

[VSZGI'I‘IM |

Width: 10 ftm
Depth: 100 prn
Height 03 prn

WO DR M| N TR DT | |

— R R TEFAe A=A i =
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EXTRA

Displaying moving details of how the figure was getting modified

FIOT
Mesh
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3D Image
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Export
Rename
Properties
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Go to Export>
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Joule Heating Method for Actuator

We want to see how the temperature varies in our work piece when it is made as per the
specifications.

Idea:
S1) Make a 3d Figure. For that, make a workplane under geometry tab. Then, add rectangles as per
the dimension. Next, go to Work plane option and click on Extrude. That makes it 3D.
S2) Add Material. Go to Material library and select Poly-Si.
MEMS>Semiconductor>Poly-Si
S3) Select Joule Heating in Physics.
Model 1 - Right Click> Add Physics
Heat Transfer> Electromagnetic Heating> Joule Heating (jh)
S4) Now, start adding the properties to the work piece.
S5) Do meshing of the object
S6) Compute

Objective - To model Joule heating of a micro actuator using COMSOL Joule heating module

w mr e e e e B v e e g M e ———

lect Space Dimension G

L__,.‘F’?

B axisymmetric
20

1D axisyrmmetric

1D +
0D

COMSOL: MEMS Notes — Akshansh Chaudhary



a S - - - =
8 N, Model Wizard [0 Model L|brarﬂ & Material E‘»rowser} m ] e N
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== Fluid Flow
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\.[f] Heat Transfer in Thin Shells (htsh)
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Electromagnetic Heating
ji, Induction Heating (ih) |
/_’?\ Joule Heating (jh]|
|EE Microwave Heating (mh)
|\ Bicheat Transfer (ht)
|2 Heat Transfer in Fluids (ht)
5 Heat Tranefer in Dinec (htn

+ % |

Selected physics

m

Ar

4 % Preset Studies
lily Eigenfrequency

[~ Stationary|
[, Time Dependent
[» % Custom Studies

* Units

[T Scale values when changing units

Length unit:
[igm ']
Angular unit:
’Degre&: VI
~ Advanced

Geometry representation:

’CAD Import Module kernel V]

Default relative repair tolerance:
1.0E-6

Automatic rebuild:

On -
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@ Rotate 1 {i
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. #B Materials ,‘ Fillet
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- g app

Type: |Solid -
~ Size

Width: 100 Hm
Height: 10 ftm
~ Position

Base: | Corner -

ow <50 ftm
yw: 0 ftm

~ Rotation Angle

Rotation: 0 deg
b Layers

~ Object Type

Type: | Solid -
~ Size

Width: 20 fim
Height: 10 fm
~ Position

Base: | Corner A

o <50 fm
yw 10 ftm

= Rotation Angle

Rotation: 0 deg
b Layers

~ Object Type

Type: | Solid -
~ Size

Width: 100 Jm
Height: 10 fim
~ Position

Base: | Corner hd

ww: <50 Hm
yw: 20 fim

~ Rotation Angle

Rotation: 0 deg

b Layers
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Then, go to Union and click Buld all.
Next, Extrude the 2D image we made.

P Sy pseenn s 15yaay

b @ Viewl Planetype:
a A Geometry1 Quick
a i Work Plane 2 (wp2) Pla
A, Plane Geometry e
b 1y View3 y-plane
4 ‘Waork P1: 14 11 2
2 APl Build Selected Work Flane
= § Build Preceding
- Extrude
= t“g rude
| T Revolve
E *
b by vid L View
Biud 4 Moveup CteUp
E‘;'ﬂ:e J+  Move Down Ctrl+Down
o 8 Materials | &) Copy
4 | JouleHea{ [ Duplicate
P JouleH 3¢ Delete Delete
-
T Electr @ Disable =3
5 Bound
" Hlecti| o Rename R
5 Therm N—
perties
T2 Initial &
(5 HeatF [ZL Help F1

@ Electric Potential T

@ Ground 1
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[ =0 Batteries and Fuel Cells -

4= Liguids and Gases .
|3 VEMS Go to Material

I Metals

It SemicunductulB rOWSe r

& Silicon (single-crystal) -

Phase: [ .

(|| rEcometne Entity Selection
Geometric entity level: | Domain

Selection: All demains

1
2

% 4
3 iy =
m b

Add the value of Electrical Con

b Override

"'» Material Properties

|+ Material Contents
Property Name  Value Unit
+/ Heat capacity at constant pr.. Cp 6780/(..  J/(kg...
Sour! ~ Relative permittivity epsil.. 43 1
|/ Density tho 2320[k... kgl
+ Thermal conductivity k 0.04 W,
« Electrical conductivity sigma @ S/m o 50
Coefficient of thermal expan.. alpha  ¥e-6l.. 17K
Young's modulus E 160€9[... Pa
Poisson's ratio nu 0.22 1 z
L
[+ 4 il
3 -
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(=]
> ]i; View #
By Extrude
> @ Rotate ]

4 38 Materials
## Poly-Si
oule Heati
! Joule H

T Electro
"% Bounda
"5 Electric
"5 Therma
P2 Tnitial V.
' Heat FI
! Electric
! Ground

el
el
el
el

el

! Convec|
! Temper

5 Mesh1

a f@g Study 1

» Equation

* Heat Flux

L IINHLE CIETTIETNILY
i Initial Values
Heat Transfer
Electric Currents
= Boundary Electromagnetic Heat Source
' Periodic Condition

—SHeat Transfer

Electric Currents

Pairs
Edges

Paoints

ia  Sort by Space Dimension
¥ Delete

@ Disable

< Rename

= Properties

@ General inward heat flux

o

0.04

) Inward heat flux

qg=h{Tey-T)

() Total heat flux

1 Rectanglel (rI)

.

=
=]
=

Wim?

Delete
F3
F2

Temperature

Thermal Insulation

Outflow

Symmetry

Convective Cooling

Heat Flux

Surface-to-Ambient Radiation
Open Boundary

Inflow Heat Flux

Boundary Heat Source
Electrochemical Reaction Heat Flux

Reaction Heat Flux

> 12y View
By Extrude
» % Rotate]

a4 #8 Materials
. B Poly-Si
. Joule Heati
P Joule H
¥ Electro

% Bounda

Form U

"5 Electric

5 Therma

£ Initial V'
w Heat Fl
! Electric

yel
=
pul
pel

! Groun

1 Conve|

d

| Tempe
55 Mesh 1
4 t&? Study 1

*

*

‘ |H SEIECTION: | All GOMAINS T
[a
¥
0 Joule Heating Model e
[F =
0 Electromagnetic Heat Source ﬁ .
) Infinite Elements -
. Initial Values -
Heat Transfer

Electric Currents

©'  Boundary Electromagnetic Heat Source
w  Periodic Condition

Heat Transfer

Electric Currents

Pairs
Edges

Points

Sert by Space Dimension

¥ Delete

@ Disable
<# Rename
PE  Properties

Delete

Add elec

Potential

5 Boundary Current Source
5 Ground

Electric Potential

MNormal Current Density
m' Distributed Impedance
g Electric Shielding

= Terminal

1w Electric Insulation

m  Contact Impedance

' Floating Potential

tric
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DULNUATY IEIELLIUN

'E Global Definitions
4 U Model1 (mod) Selection: |\Menal 7
- = Definitions
4 A Geometry 1
) Block 1 (blkl)
) Block 2 (bik2)
U1 Block 3 (blk3)
Form Union (fin)
4 5 Materials
(- Polysilicon (matl)
4 l? Joule Heating and Therr "'» Override and Contribution
T Thermal Linear Elast, i -
2 Joule Heating Mode IRt
P2 Electromagnetic Hei |« Hectric Potential I
25 Boundary Electroma
5 Freel
I8 Electric Insulation 1 Vo 5 W
25 Thermal Insulation 1
T Initial Values 1
) Thermal Linear Visce
‘@ Ground 1

eDEF
=1 &

Electric potential:

o' Electric Potential 1

4 E Studyl
|7 Step 1: Stationary
4 [Fp. Solver Configurations
Pl m Solverl
3—';; Compile Equatio

: h o ' @,I@o(:"EIZ.'E'|é’.e‘l—iﬁl‘g}-@|.\b'ﬁmlﬁk|‘é"&@@;3@\Q@
3| (Brantary Sclection =
5“'“‘“"@\
17 N |
EE =
[ afly-}
|§|
"'} Override and Contribution
"'y Equation
Similar to Electric Potential,
Go to
Joule Heating> Electric Curren
Ground
Add the other side to the select
N
=
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ur

. @8 Polysilicon (matl,

4 [== Joule Heating and Th

) Thermal Linear El
T2 Joule Heating Ma

Solid Mechanics
Electric Currents
Heat Transfer

£ Electromagneticl * 5 Boundary Electromagnetic Heat Source

I

:ﬁ Boundary Electro| + ‘& Periodic Condition

o Freel .

Solid Mecha

P51 Electric Insulation nes .

5 Thermal Insulatiof Electric Currents @ Boundary Current Source

P2 Initial Values 1 Heat Transfer | *& Ground |

(J Thermal Linear Vi Pairs * & Electric Potential

@ Ground 1 " .
@' Mormal Current Dens

(5 Electric Potential Edges o Yy

a4 “ 5 Distributed Impedance

= Qwud venmuns
4 W Model1 (modi)
» = Definitions
a A Geometry 1
) Block1 (bik1)
) Block2 (blk2)
) Block 3 (blk3)
Ferm Union (fin)
Pl Q Materials
1 &8 Polysilicon (mat1)
4 iﬂ Joule Heating and Therr
T Thermal Linear Elast

20 Joule Heating Mode|™

2 Electromagnetic Hei
Bl Boundary Electromal
£ Freel

Y5 Electric Insulation 1
£ Thermal Insulation 1

T2 Initial Values 1

() Thermal Linear Viscc
] @ Ground1

@ Electric Potential 1

&5 Mesh1

4 52 Studyl
|7 Step 1: Stationary
4 Fr, Solver Configurations
« FE] Gahart

Selection: | Manual

-

"'» Override and Contribution

[DE i

Click on Ground.

Click on one of the boundarie

Click on + Button.

Ay

Boundary Selection

Selection: | Manual

9 (overridden)

10 (not applicable)
11 {overridden)

12 (overridden)

13 (overridden)

14 (overridden)

15 (overridden)

16 ( idden)

"'+ Override and Contribution

rbﬁpil'lm

1} [ Y
vnaer vo

'~ Heat Flux

Heat transfer coefficient:

(Joule Hea

User defined

(‘.nn\lecq

External temperature:

W/im2.K)

Remove the sic

T 29315[K]

Add this value.

from thelis
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| Boundary Selection

Selection:

= Temperature
Temperature:

To 29315[K]

K

Again, go to Joule Heating>
Heat Transfer> Temperature.

4l Similarly, remove the sides 1/
and 18 from the list. .

<
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© Mode! Builder = 8% Mesh [l Model Library| 8 Material Browser| = 5[ Messages = Progress [ Log b Graphics Results|
a0 E'E EE ] Build Al xec@-l@aaRé@ L -biklcao@e® | [Fu bl @
+ 19 Untitled.mph (root) C | e ettings
= Global Definitions
4 U Model1 (modl) Sequnce type:
» E Definitions [Phygics-controlled mesh S -]
4 /A Geometryl Elemgnt size: S
¥ Block1 (blk)
Q) Block2 (blk2) [Neral ]
© Block3 (blk3) w
/—‘

@I Form Unien (fin)
a & Materials
> @8 Polysilicon (matl)
a == Joule Heating and Therr
£ Thermal Linear Elast
2 Joule Heating Mode

) Electromagnetic He:
"5 Boundary Electroma)
g Freel

&) Electric Insulation 1
5 Thermal Insulation 1

2 Initial Values 1
) Thermal Linear Vi

= 1: Stationary |
4 [fr, Selver Configurations
4[] Solver1
;—:'.‘j Compile Equatio
» usw Dependent Varia

EZ5 Mesh 1

4 % St ‘ ‘
= = Compute
4 [fs.| & Update Solution
4

“iZ=  Parametric Sweep

* m" Nntirmizatinn

Qa @ vl || @

Surface: Temperature (K)

A 2828.4

¥ 293.15

F5
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Messages Progress Log | ¢l Graphics =| Results| "5 External Process
@ Q | v by bz ]| @
Surface: Temperature (k)
The circled areas
clearly depict the
application of
a potential
difference and

the way the
material __ |
behaves. 50
., Tells temp.
N range.
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Analysis of Circular diaphragm in micro
pressure sensor and find the deflection

We have to make a disk (or a thin cylinder)
Now, apply pressure at its top and analyze the figure we get.

Initial steps - 3D > Solid Mechanics (solid) > Stationary

Select cylinder in Geometry and take the following dimensions -

¥ Untitled.mph (root) - N
£ Global Definitions Object Type 15
A) Model 1 {modl) Type: | Solid -
= Definitin
: cometry 1 ~ Size arifl
# Form Union @)
& Materials Heig HAm

& Poly-Si (mati)
== Solid Mechanics (soiid)

P Linear Elastic Material 1 e 0
"5 Freel
P2 Initizl Values 1 ¥ |0
# Fixed Constraint 1 = 0
& Boundary Load 1
£ Mesh 1 - Aas
=2 Studyl

Posis type: | z-anis

. Step 1: Stationary

-, Solver Configurations
&1 Results

i Data Sets Rotation: 0

~ Rotation Angle

E2° Derived Values
Tables b Layers
[F} Stress (solid)
[T Surfacel
Export Create selections

EQ Reports

~ Selections of Resulting Entities

-lodon

Now,
Select the material -
Poly-Si

Next,

Click on Solid Mechanics.
Right click and add -
Fixed Constraint.
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= Global Definitions
4 v Modell {modl)
b =

Mare

Free

Definitions |
5 E&:aﬁ

F }5\ Geometry 1

Fixed Caonstraint

- Cylinder1 (1] + 5
Form Union (fi + G

4 #E Materials .
b #B Poly-Si(mat)| &

_,;:ﬁ! Solid Mechanics (1 &

P Linear Elastic N * &

o
| Frfe;_e 1 +
B Initial Values1
m Fixed Constrai
+
@ Boundary Loa G2
55 Mesh1 *
4 % Study1 *m
|7~ Step 1: Stationary | . o

Prescribed Displacernent
Prescribed Velocity
Prescribed Acceleration
Symmetry
Antisymmetry

Roller

Boundary Load
Low-Reflecting Boundary
Pericdic Conditicn
Rigid Connector

Spring Foundation

fmg e

| Boundary Selection

Selection: @9”4«‘%

Y

» Override and Contribution

:DEquaﬁnn

|dea -

We have to add the constrainfs
to the edges so that the
diagram doesn't move.

Now, once the base is set, we need to add load over the top or bottom.
For that use Boundary load option.
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Prescribed Velocity

Prescribed Acceleration

Symmetry
| " Antisymmetry Solid Mechanics>
- Roller

Boundary Load Boundary LOE d

Low-Reflecting Boundary

Periodic Condition

)

4 o Stug + Rigid Connector pt Behavior

e s - -

. Spring Foundaticn havior:

[ : :
: Thin Elastic Layer
4 [ Resy
= o UOUI"IGEI'_‘,I’ Load s rModel LIDI’EI’yl gE Maternal Browser Lol | ) ME;;EQE;'M Progre;s |u Lﬂg |(1\ hrapmc; l;l HE;LI"I;'“V—E External PI’OCE;S' =
Blxeocm-laane@ld -kl eoo@e e F. B
Boundary Selection 1]

ion: [Menual - X
:ij :S :W Now, add 2M Pa to the z axis (2e6) as
s shown.

» Override and Contribution
b Equation
+ Coordinate System Selection

Coordinate system:

Global coordinate system v]
~ Force

Load type:

[ Load defined as force per unit area v]

Load:

Fa [User defined v

0
! y Nfm
S

Next, go to Mesh and Build All.

Finally, Study 1 > Compute.
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50

r_fal:lg-.-P re;.‘;um_,wm :

ok
A 7,347x107
x107
6
4
2

00
3
-4
-6

¥ 7.4477x107

Now, to see the total displacement,

Stress>ISu rface

L e e ey | s e — | v o ey e e
oo = o Plot Z | by gz O |
4 '3 Untitled mph (root) ~ Data = Surface: Pressure (W/im?)
£ Global Definitions
4 \) Model 1 (mod1) Data set: From parent

= = Definitions
4 A\ Geometry1
I Cylinder1 (gl
| Form Uniion (fin)
a #8 Materials
b 88 Poly-Si (mat1)
4 %= Solid Mechanics (solid)
) Linear Elastic Material 1
5 Freel
2 Initial Values 1
@ Fixed Constraint 1
= Boundary Load 1
€5 Mesh1
4 22 Studyl
|7 Step1: Stationary
&> e Solver Configurations
4 Results

E2¢ Derived Values
Ff Tables
r] Stress (solid)
Surface 1/
=% Deformation
Export
[ Reports

~ Expression

Expression:
selid.pm

Unit:

Pdrameters

Pressure (solid.pm)

Total displacement {solid.disp)
Definitions

Selid Mechanics

3 Acceleration and velocity

Curl of displacement (Material)

Displacement field (Material)
E Total displacement {solid.disp)

Name Value
solidrefpnt 0
solid.refpnty 0

solidrefpntz 0

Description
Reference point for moment co..
Reference point for moment co...

Reference point for moment co...

v Title
» Range

~ Coloring and Style

Coloring: [Color table

Color table: [Rainbow

[¥] Color legend

[71 Reverse color table

| g

3 Displacement

3 Energy and power

Geometry

Global

Load

Meaterial properties
Reactions

Strain

Stress

Stress (Gauss points)

S
105 oo

Then, Click on Plot.
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A 0225

0.2

013

0.03

Similarly, the dimensions of the disk can be changed and we can see for different values.
Done!
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Making a Capacitor

Select Space Dimension

@ 3D
(01 2D axisymmetric
02D
(711D axisymmetric
10
oo

B 'ﬁ' Radic Frequency

4 5= Structural Mechanics
== Solid Mechanics (solid)
% Thermal Stress (ts)
= Thermuoelasticity (te)
&1 Poroelasticity (poro)
[ Shell (shell

[, Modal Reduced Order

|- Prestressed Analysis, E

= Prestressed Analysis, F

|~ Stationary

[, Time Dependent

I, Time-Dependent Med
5 % Custom Studies

[ 5cale values when changing units

Length unit:

[ B

Angular unit:

’Degrees v]

+ Advanced
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4 %' Modell {modl)

[ 5cale values when changing units

‘ ‘ Length unit:

» = Definitions
s [ G T3 =
S N Build Al F8
4 $DS & Import
;J el jnk Interfaces 3
o b ldea:
BN
A%Stud . _ Add 3 bIOCkS
=5 I Cylinder
. & Resu *@  Sphere end to end
Mare Primitives -l
&L Work Plane
= Measurements Then }
[#Z Insert Sequence from File take the mlddIEE
s block as air ®
P Properties
" and other two
[zl Help : F1
aterial.
hat will make 2
arallel plates.

~ Size and Shape

Width: 177 Jim
Depth: 177 fm
Height: 10 fm
~ Position

Base: | Carner -

x® 0 Hm
¥ 0 fm
z 0 fm
v Axis

Auxis type: |z-axis -
~ Rotation Angle

Rotation: 0 deg
b Layers

« Selections of Resulting Entities

[ Create selections
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J[% Block [l Model Library | & Material Browser| = B[ ¢h Graphics . ¢h Convergence Plot1| S
|| i Build Selected [] Build All Bleoecs~-aaRed -z cgRfeeee|[Fu B
|~ Object Type &
Type: (Soid 7
|« Size and Shape
Width: 177 pm
Depth: 177 - Hm
Height: 10 ~pim
|~ Position
Base: |Coper ... 7
x 0 pm
w0 - Hm
=z 10 pim
> s
Hors P | ——
|~ Rotation Angle
Rotation: 0 deg
™ Layers
|+ Selections of Resulting Entities
[ Create selections
= O Block [l Model Library| %8 Material Erowser| = O [ ¢h Graphics "_ch Convergence Plot 1| =0

| Build Selected ] Build All

Depth: 177

[Dlayas

'+ Selections of Resulting Entities

[7] Create selections

® ® C @ QR g @ Doyl |
=

=] S [=R=X:=Re:1 L [Sl=]
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Model Builder = O/ # Finalize Wml&owser =
2 "E'E EtEL {1 Build Seigfted | [] Build All | 3 3 @

3 Untitled.mph (root)
= Global Definitions
4 4 Modell {modl)
> = Definitions
4 YA Geometry1l
iU Block1 (bik1)
[ Block 3 (bik3)

IE Farm Union (fin)

T2 Linear Elastic Material 1
P Freel
P20 Initial Values1
8 Mesh1
4 :g"g Study 1
|~ Step 1: Stationary

~ Finalize

L o
Finalization rist i

lForm a un}ﬂ{/

B Results

) Block 3 (blk3)
Form Union (fin)

v
Rela repair tolerance:
OE-6

| &8 Materials| —
d Material

4 == Soli
I

e FI
o

B

#E  Open Material Browse
o Irl

55 Mesh 1
28 Study 1

[/ Step1: Staticnary
&1 Results

Add materials.
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JEUIIELNIL CHULY SEIeULon

Geometric entity level: I Domain

Selection: [ Manual
2
» Override
» Material Properties
* Material Contents
Property MName  Value
+ Density rho rho(pA.. kg/.
+ Young's modulus E Pa
+ Poisson's ratio nu 1
Relative permeability mur 1 1 (=
Relative permittivity epsil.. 1 1
Dynamic viscosity mu eta(T[1... Pa*
Ratic of specific heats gam.. 14 1
Electrical conductivity sigma  0[S/m] S/m
Heat capacity at constant pr...  Cp Cp(T[L.. Mk
= . L . [ e

CE T T TP

Model 1 (modl)

= Definitions

}5\ Geometry 1
i) Blockl (bik1)
i) Block 2 (blk2)
i) Block 3 (blk3)
Form Union (fin)

ﬁ Materials
& Air (matl)

%= Solid Mechanics (solid)
P Linear Elastic Material 1
5 Freel
P Initial Values 1

55 Mesh 1

Study 1

[ Step 1: Stationary

Results

L,

Add the values of oo
Young's Modulus and Poisson's ratio
Also, add the middle layer as air.

=

Search

W Metals

&8 C[100]
#8 Gahs
#E Ge

#E InSh
&8 Siq)

—pl & Poly-5i|

,—E—? 4 I Semicenductors

& Silicor| 4

Add Material to Model w_

[ W Insulators
[» L Polymers

:X

Remowve Selected

> *,p. Piezoelectric

Phase: [

Crientation/variation: ’
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| Geometric Entity Selection | £

Geometric entity level: ’Dnmain v] (== V=T
MULTIPHYSICS
Selection: ’ Manual - ]
; vt
I% =
m s
‘a.
b Override

b Material Properties

|'» Material Contents

Property MName  Value Unit
~/ Density rtho 2320[k...  kg/..
+~/ Young's modulus E 160e8[... Pa
v Poison's mtio S0z B to the Poly-Si material.
Coefficient of thermal expan... alpha  26e-6[.. 1/K
Heat capacity at constant pr...  Cp 6780/(..  J(kg...
Relative permittivity epsil.. 45 1 ,
Thermal conductivity k AW/ W
YKL}{
& o TE 'F EtEL
PR Untitled.mph (root) (= ifier
= Global Defipitions ™\, Model Identifie
4 [Mp(@; Add Physics
= Def —
y Mesh
a }5\ Ged
| % Delete Delete
ﬁ .
<%l Rename F2
@ L
Properties —
a BB Ma —
b 6 [Zl Help F1 rd{!
[ ﬁ Poly-5i (mat2) | X ¥
4 5= Solid Mechanics (solid) Geometry shape order:
P Linear Elastic Material 1 r
il
= B [*X Model Wizard [l Model Lihm-ﬂ & Material Bmwse;] = O|[ch Grap

|| Add Physics a2

Fl % Recently Used

X ®
]

5= Solid Mechanics (solid)

% Electrostatics (es)

1% Joule Heating (jh)

I:E Joule Heating and Thermal Expansion (tem)

— b % acnc

%< Charged Particle Tracing (cpt)

. Electric Currents (ec)

‘:@. Electric Currents, Shell (ecs)

F Electrical Circuit (cir)

—\#\ Electrostatics (es)

P Magnetic Fields (mf]

M Magnetic Fields, No Currents (mfnc) M

n Magnetic and Electric Fields (mef)

@ Rotating Machinery, Magnetic (rmm)

> 1)) Acoustics
&+ §2% Chemical Species Transport
v lell Flertrarh
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|| Select Study Type @ 2

— Studies

4 % Preset Studies
lily Eigenfrequency
[M Frequency Demain
[M} Frequency-Domain Modal
|5 Linear Buckling
[, Modal Reduced Order Model
|- Prestressed Analysis, Eigenfrequency
[ Prestressed Analysis, Frequency Domain
[, Time Dependent
[, Time-Dependent Modal
[ % Custom Studies

| Add study -

Qileecm-laQa&@i-yizkzlcoo@e e [Fe B

'Ekundirysdeclinn | &
Selection: | Manual 'l (==
MULTIPHISIC
3 % gk
) =
ma
L
|'» Override and Contribution
Ty Equation

Under electrostatics>
Ground

Now, add the lower layer to ground.
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e e T e —
[T Model Builder *(J Charge Conservation
@ o TE'E EE *(J Space Charge Density
4 13 Untitled.mph (root) *( Force Calculation
,= Global Definitions +— Initial Values
a4 v Modell (modl)
- = Definitions Ground
4 A Geometry1 © Electric Potential
Block1 (blkl
g Blzzkz Ebb‘(?} *5  Surface Charge Density
) Block3 (blk3 *5 Surface Charge Accumulation
Ferm Unien (| “ & External Surface Charge Accumulation
4 %@ Materials * 5 Dielectric Shielding
v & Air (matl) @ Terminal
b 8 Poly-Sifmatz , )
4 == Solid Mechanics| | 5 Distributed Capacitance
) Linear Elastic| ~ 8 Zero Charge
"5 Freel 'm  Electric Displacement Field
P
| ) Initial Values] + 5 periodic Condition
a i Electrostatics (es, N . o
ngecons ' Thin Low Permittivity Gap
"5 Zero Charge Floating Potential
T Initial Values Pairs
@ Ground1
5 Mesh 1 Edges
4 % Study 1 Points
17 Step 1: Statienary
4 % Study 3 Sort by Space Dimension
17 Step 1: Statienary
N Recults i Move Up Ctrl+Up
¥ Delete Delete
@ Disable =]
Boundary Selection

Selection: | Manual

10

» Equation
= Electric Potential

Electric potential:

» Override and Contribution

Vo
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" Graphics ¥ Convergence Plot 1 ‘ L

Q a R @ L by bl

Model Builder ™. L || N SV Plot Group Y Model Llhlaly‘ % Matenal Blmsel| o
o Plat &l
4 Form Union (fin) = D
4 48 Materials
» &8 Air (matl) Data set: Solution 2
& &8 Poly-Si (mat2)
4 %= Solid Mechanics (solid) -
P Linear Elastic Material 1
"5 Freel '~ Plot Settings
B e L
T Initial Values 1
4 ¥ Electrostatics fes) View: | Automatic
o -
; ;“3'9&:"“‘;"’“"““1 Show hidden ohjects
ero rge
£ Initial Values 1 Plot data set edges
& Ground1 Color: [Biack -
( Electric Potential 1
Mesh 1 Frame: Material -
4 2 Study1
|7 Step1: Stationary ‘
& [Fpa Solver Configurations PRCeaTey
4 52 Study 3 "} Window Settings

|7 Step1: Stationary
&> [Fpa Solver Configurations
T ults
Data Sets
825 Derived Values
[ Tables
a [EJ Stress (solid)
» (7] Surface1
»r{ ] Stress (5ot
.

B Multislice

3

After computing,

Go to electric potential
to know the value of the

potential.

00 1
E 0.5
i
0

¥ 5.1772x107!

r = F
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® [| 5 pret Blla s @il Fo @
Form Union (fin) [l =p |-
a 8 Materials
> 8 Air (matl) Data set: From parent
& #8 Poly-Si (mat2)
4 %= Solid Mechanics (solid) f N
ression B
= Linear Flastic Material 1 ™ Bxpr @t
o -
:ii F'Ff 1 Expression: Definitio ’
f §
- = Initial Values 1 <olicmises | Electrostatics ’ Cufents and charge

a Electrostatics (es) Solid Mechanic 4 Elect
I Charge Conservation 1 Unit: nies i
5 Zero Chargel N/m~2 / and Mesh D Energy and power
S
P Initial Values 1 Global

| Description:
@ Ground 1 e Material properties
& Electric Potential 1 [von Mises stress / 3 Mechanical
53 Mesh1 B
4 228 Studyl ~P Normal vector (Spatial)

(7 Step 1: Stationary
& [Fr,. Solver Canfigurations
4 228 Study 3
(7 Step 1: Stationary
& [Fr,. Solver Canfigurations

Description

Reference point for moment ...
Reference peint for moment c..
Reference point for moment c...

Electric energy density (es.\We)
Energy |ﬁ|y(5.w}

Total;EaTéenelgy (es.intWe)

Description:

| es.intWe*2/25
Mame Value Description
4 solidrefpnte 0 Reference point for moment c...
1 solidrefpnty 0 Reference point for moment ..
solidrefpntz 0 Reference point for moment ..
") Title
"> Range
|+ Caloring and Style
Coloring: [ color table -
Colortable: [Rainbow -

Color legend
. |”| Reverse color table

Z

ood o

This gives us valu
of capacitance.

Value of
Capacitance.

/
e |
5% Derived Values / . oo
FH Tables + Range
4 Stress (solid] = Coloring and Style | L8 2
Coloring: [olor table - y.\L,x
! Coler table: [Rainbow - vo
B Multislice Color legend
= = -
] @ Surface w Model Lihlarﬂ 5 Material Bmwseq ] ﬁ Graphics ﬂ Convergence Phtl]
»f Plot @aa B4 ~bybs
ool | =
Data set: From parent
»
+ - -
esintWe*2/25 )/"_f_
-

1,9204x1071 j
!

ua']
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Microgripper

— - - e g—-—

4 % Recently Used
== Solid Mechanics (solid)|
kil Magnetic and Electric Fields {mef)
% Electrostatics (es)
1% Joule Heating (jh)

== lnule Heatina and Thermal Fynancinn frem

[~ Prestressed Analysis, Eigenfrequency
[ Prestressed Analysis, Frequency Domi
|7 Stationary,

[, Time Dependent

[, Time-Dependent Modal

Type: [Solid -

|~ Size and Shape

Width: 20 fim

Depth: 100 fim

Height: 2 fim
|~ Position

Base: @ ']

x 0 fim

¥ 0 fim

z 0 Hm
|~ Axis

fuis type: |z-axis -

|+ Rotation Angle

Rotation: 0 deg 0o

IbLayers
|+ Selections of Resulting Entities

Create selections y\I/'}{
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G @ e a|[FuB|@m

@ — @ om

['hﬂgm |
Width: 20 ~pm =
Depth: 100 ~pm
Height: 2 - pm '
[ Poston |

7

Rotation: 0 | deg

[Dl.ayas
|+ Selections of Resulting Entities

[7] Create celections

EToetre efe@e @ |[Fu &|m

Width: 20 - pm
Depth: 100 - pm
Height: 2 - pm
|+ Position |

w0  Hm
w0 - Hm
= 4 |.um
(= s |

57
:

" Layers
|~ Selections of Resulting Entities

[ Create selections

[ Form Union (fin)
4 8 Materials

- #8 Si(c) (matl)

- &8 Air (mat2)
4 %= Solid Mechanics (solid)
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" Boundary Selection leeccoc@e«|[F. B|@

Add fixed constraint
under Solid Mechani

&= Solid Mechanics (solid)
n Magnetic and Electric Fields {mef)
% Electrostatics (es)
1% Joule Heating (jh)
I:ﬂ Joule Heating and Thermal Expansicn (tem)
» X AC/DC
0 Acoustics
1 %% Chemical Species Transport

& Il Electrochemistry Ad d P h‘}fSlCS

i === Fluid Flow .
> 1} Heat Transfer - Electrostatic
& @) Plasma

[» "’é"] Radioc Frequency

[ * Structural Mechanics
[ Ao Mathematics
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Sl | Y

10

BB S

b= 1 4

b Override and Contribution

rD'Elpaliun

ff

~ Hectric Potential

Electric potential:

Vo 5
Give electric potential at the top.
F =
[ -}
—
Add ground on the o
side of the voltage.

s B B Ly =

W

|Li|na.ﬂ & Material Bmmeﬂ

Force Calculaﬁ;‘lh}

o TRtk

Ground
Electric Potential

Go to Electrostatics=
Force Calculation.

Surface Charge Density Then, gIVe Sow

Surface Charge Accumulation
External Surface Charge Accumulation
Dielectric Shielding

Terminal

Distributed Capacitance

Zero Charge

Electric Displacement Field

Periodic Condition

Thin Low Permittivity Gap

Floating Potential

Pairs
Edges

Points

COMSOL
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4 %7 Electrostatics (e5) MNon-solid

T Charge Conservation 1

U5 Zero Chargel "+ Force Calculation
P Initial Values 1

F
Electric Potential 1 o Orce name:
(@ Ground1 T Fes
| Force Calculation 1| Torque ads:

Swepl A 0
fantn]
a g5 Study 1 r 0
[/ Step 1: Stationary =
4 22 Study 2 !
|7 Step 1: Stationary Torque rotation point:

Note: Force also has to be given only at the top and bottom. Not in the middle.

- g T

* 5 Symmetry
& Antisymmetry

ad

4 ¥ Elect| Rigid Connector
i o gt - .
@ Spring Foundation
n .| “rm  Thin Elastic Layer *

Ly et =
Selection: | Manual v]

; R

9 & =

10 A

11 i

3

14

16 >

"'» Override and Contribution
"y Equation
|+ Coordinate System Selection

Coordinate system:

[Global coordinate system -
"'~ Force

Load type: oad at all suraces

[Load defined as force per unit area -] except the center (air part)

Load:

Fa [User defined -
es.nTx Fes x o~
es.nTy_Fes y N/m?2 z
es.nTz_Fes z y\L'}{
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In Force calculation, the force has to be added in the specified part:
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Volume Total displacement
v %

A 7.1422x107"
%1071t

70

e T SN Y SR It L2 St P P f 1 |

Volume Total displacerment

v %

A 7.1422x1071°
w1 0111

70
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T Initial Values 1
m Electric Potential 1 [l Description:
& Ground1 Displacernent field (Material)
i) Force Calculation 1
4 5= Solid Mechanics (solid)
T Linear Elastic Material 1
& Freel Scale

P Initial Values 1
Scale factor 038746502611403E9

o Fixed Constraint 1

w

Title

m

! Boundary Load 1
£55 Mesh 1

22 Study 1 .
‘ @E”S{Ep 1 Stationary In order to make the gripping take place
4 TFr. Solver Configurations atthe corner (edge) change the scaling.
s Solver 1

4 lgi Results
. i Data Sets v

EES Do .,

Tables
4 [ Electric potential
4 5] Volume1

¥ component:
v
Z component:
w
[} Description:

Displacement field (Material)

Title

ScaleXacton 4000000099

Note that gripping
is taking place
atthe edge.

Z

2
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MICROGRIPPER: Scale Changing

Micro gripper was used in Micro scale.

Now, change it to different scales and measure the difference in deflection.
We see that the only change needs to be done in the scaling factor.

The scaling needs to be increased to see the same effect of gripping.

Original Scale : um

Case 1:
Changing scale to mm

X component: A 6.0617x107
x1074

u
¥ component:
v
Z component:
w
[F] Description:

Displacement field (Material)

» Title
Scale

Scale factor: [¥] 4e12

Case 2:
Changing the scale to cm

X compenent: A 65,0617 x1
x107%

u
60

¥ component:
v
7 component:
w
[] Description:

Displacement field (Material)

Title

~ Scale
Scale factor: (/]

On changing from mm to cm,

scaling factor was changed from

4e12to 4e13.

Note that the amount of scaling

canvary. Do it as per the .

requirement to observe the effect. L
¥ 3

Yo
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Case 3:
Changing scale to inch

X component: A 2.3865x107}
%1071

u

¥ component:

v
Z component:
=

@] Description:

Displacement field (Material)
v Title

- Scale

Scale factor: [¥] 9e13

Note: Displacement is independent of scaling.

OBSERVATION 1:

Constant:
e Material - Si(c)

Table 1: Shows the amount of scaling that needs to be done in order to get the gripping action at the
corner.

Dimension |Scaling |Displacement (m)

Mm 4el2 6.0617*107-13
Cm 4el3 6.0614*10"-14
In 9el3 2.3865*10"-14

OBSERVATION 2:
Now, keeping um as standard displacement, changing the values of voltage to get the same
displacement at other scales.
Constant:
e Material: Silicon
e Reference - um
O Scaling - 4e9
O Displacement - 6.0617*107-10 m
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Table 2: Shows the value of the voltage for each scale, giving the same displacement as in
micrometer scale.

Dimension |Displacement (m) | Voltage value (V)

Mm 6.0617*107-13 5
6.0617*107-11 50
1.3639*107-10 75

6.053*107-10 158
Cm 6.0614*107-14 5
6.0617*107-12 50
5.455*107-11 150
6.0617*107-10 500
In 2.3865*107-14 5
9.546*107-12 100

8.5914*107-11 300
6.03333*107-10 795

OBSERVATION 3:
Now changing the material of the micro gripper and observing the displacement.
Constant:

e Dimension: um

e Middle layer: Air

Table 3: Shows the displacement of the micro gripper with different materials.

Material Displacement (m)
Si(c) 6.0617*107-10
Poly-Si 5.1787*107-10
Glass (quartz) | 1.0616*107-9
GaAs 1.189*107-9
Si02 1.1665*107-9
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Sca I I ng P o b I €M . We have a cylinder (tube) and fluid flowing through it.
Now, when the dimensions of the tube is changed, note the pressure drop.

X AC/DC
) Acoustics
2% Chemical Species Transport
[ Electrochemistry
\_:!;.5555;; Fluid Flow
‘f;_%i”QL'E'P_h“EHF'D‘*‘; . Add Physics: Laminar
=== Laminar Flow (5
=% Turbulent Flow ’ FlCIW (SPf)
== Creeping Flow (spf) M
iL Rotating Machinery, Fluid Flow
&2 Pipe Flow (pfl)
1200 Water Hammer (whtd)
E] Thin-Film Flow
= Multiphase Flow
= Prrnne Media and Suhenrfare Floe 2L

+

m

a % Preset Studies
|7~ Stationary
., Time Dependent
- =2 Custom Studies

Length unit:

’Eum v]
Angular unit:

’Degrees v]
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4 A Modell (modl) H || 5cale values when changing

- = Definiticns Length unit:
’ ‘-\-pﬁ Geometry 1 L
# Materials Build All F8
4 === Laminar Flo|
I rt
) Fluidpe © IMPO
T Walll LiveLink Interfaces »
o e g
\; Initial Ve +* ﬂ Elock
£ Mesh1
i “#= Cone
4 o7 Studyl
[ Step I:GETI:?E Cylinder Make a tube (CY“naerﬂ
B Results *& Sphere nce:
More Primitives *
8L Work Plane
2 Measurements
[E=  TIncert Senuenrce fram File
| = Object Type || o
Type: [Sold z)
= Size and Shape |
Radius: 20 Jim
Height: 100 Hm
| i P -.l. |
x 0 Hm
v 0 Hm
= |0 Hm
| i a’n! |
Ais type: |z-axis -
| = Rotation Angle '
Rotation: 0 deg
| ’ I |
= omeof 5 S .
Create selections
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T"v{[?’

|~ Size amt-ohegS

Radius: 10 pm
Height: 100 pm
|+ Position

© 0 pm
v 0 Hm
z 0 pm
|+ Avis

o
Layer name Thickness (pm)

Layerl 5
Layer2

i & e
[¥] Layers on side
[T Layers on bottom

Surface option. (instead of Solid)
|+ Size and Shape |

Radius: 5 pm
Height: 100 pm
e l
x 0 pm
v 0 pm
z 0 |_um
(o o |

Layer name | Thickness (um)

T & e
[¥] Layers on side
[]Layers on bottom
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Selection: et ]

1
2
4
5
» Override |
» Material Properties |
~ Material Contents |
Property Mame  Value Unit
+ Density rtho 2320[k...  kg/..
+" Dynamic viscosity mu 1 Pa*s

Coefficient of thermal expan... alpha  2.6e-6[.. 1/K
Heat capacity at constant pr...  Cp 678[)/ (.. W (kg...

Relative permittivity epsil.. 45 1
Thermal conductivity k 3A[W/L. WL
Young's modulus E 160e9[... Pa
Poisson's ratic nu 0.22 1
Selection: (Menuart . .7
3 By, o
& =
m s
"> Override
"'} Material Properties
|~ Material Contents
Property Name  Value Unit
+ Dynamic viscosity mu eta(T[1l.. Pa*'s
+ Density tho tho(Tl..  kg/..
Ratio of specific heats gam.. 1.0 1
Electrical conductivity sigma  5.5e-6[. S/m
Heat capacity at constant pr..  Cp Cp(Tl..  W(kg..
Thermal conductivity k k(T e WA
Speed of sound < cs(T[1/..  mfs
¥
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1 ¥8 Scaling Laminar Flow (8.4.2014).mph (root)
'E Global Definitions
4 U Model1 (modl)
» = Definitions
4 A\ Geometry1
I Cylinder1 (gpl1)
I Cylinder2 (gyl2)
Form Union (fin)
a B Materials
» 8 Water (mat2)
» %8 Poly-5i (mat3)
53 Laminar Flow (spf)
) Fluid Properties 1
25 Wall1

& Outlet1
55 Mesh1
4 S5 Study 1
|7 Step L: Stationary
4 [Tp. Solver Configurations

] »

a ] Solver1

:—'{'; Compile Equations: Stalionalyi

1» uww Dependent Variables 1
& 75 Stetionary Solver1
Results

| Boundary Selection

Selection: | Manual

10

@ Average velocity
© Flow rate

) Entrance pressure

Average velocity:

Data Sets
355 Derived Values Vay 00015 mfs
4 Tabl§ Entrance length:
4 [ velocity (spf) .
) Slice v|| femer [0
| Model 1 {mod1) Selection: | Manual
= Definitions
A Geometry 1 @
I Cylinder1 (gpll)
I Cylinder 2 gyl

B Materials
- 3B Water (mat2)
» 38 Poly-Si (mat3)
== Laminar Flow (5pf)
T Fluid Properties 1
25 Wall1
£ Initial Values 1

2 Study 1
|7 Step 1: Stationary
[Pe. Solver Configurations
Fl m Sohverl L]
%‘:3 Compile Equations: Stationary
[ uww Dependent Variables 1
> |7 Statienary Solver 1
i Results
Data Sets
2% Derived Values
EH Tables
Velocity (spf)
() Slice1 -

T s

» Override and Contribution

‘)Epnlim

~ Boundary Condition

Boundary condition:

Laminar outflow

@ Average velocity
) Flow rate

() Exit pressure
Average velocity:

Usy 00015
Exit length:
Loxir 01

Censtrain cuter edges to zero

Form Union (fin)
4 &8 Materials
» #8 Water (mat2)
¢ %8 Poly-Si (mat3)
.
) Fluid Properties 1
TE Walll
2 Initial Values 1
& Inlet1
& Outlet1
(& Mesh1
1558 Study 1
17 Step 1: Stationary
4 [*, Solver Configurations
a [E] Solver1
24 Compile Equations: Stationary
1 uw Dependent Variables 1
b [7 Stationary Sohver 1

2% Derived Values
& HE Tables
4 WVelocity (spf)
() Shice1

Arrow Surface 1

Arrow Volume 1
242 Streamline 1
Volume1
Arrow Volume 2
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Identifier. spf

| Domain Selection

Selection: | Manual

= Physical Model
Compressibility:

Compressible flow (Ma<0.3)

Turbulence model type:

[nene

Turbulence model:

[ice

Neglect inertial term (Stokes flow)

"'+ Dependent Variables




Note: In case you get the error saying, "Error: Maximum number of Newtonian Iterations
reached" change the mesh amount from NORMAL TO EXTREMEMLY COARSE.

Element size;

Bxremelycoarse

Extremely fine
Extra fine
Finer

Fine

Mormal
Coarse
Coarser

Extra coarse
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Radius is 5um
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On changing the dimensions to 10um and 20um, we have this pressure.
(it decreases, as expected)

Radius is doubled (10um now)

So, by formula, Pressure is inversely proportional to the square of radius.
So, as radius is doubled, pressure is becoming 1/4 times.
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¥ 5.0747

4 rr, Solver Configurations
4 [&] solver1
24 Compile Equations: Stationary
» ww Dependent Variables 1
» |75 Stationary Solver 1
Results
Data Sets
[T Surface1
Solution 1
) Surface 2
22 Derived Values

» EH Tables
4 T Velocity (spf)
Arrow Surface 1
Arrow Volume 1
7 Streamline1
Y Volume1
Arrow Volume 2

T Surfacel
4 TE) Pressure (spf)

) Surfacel

) Pressure

& Arrow Surface 1

[T Arrow Line1

= 1D Plot Group 3

St LineGraph1

o I G

o

Add one of the centre lineg

Solution time (Study 1) 151 5, (2 minu
Mumber of degrees of freedom solved
Nurmber of degrees of freedom solved
Solution time (Study 1): 146 5. (2 minu
Saved file: Scaling Laminar Flow (8.4.2(
of freedom solved
mber of degrees of freedom solv?
Solution time (Study 1): 39 5.

Complete mesh consists of 114315 ele
Mumber of degrees of freedom solved
Solution time (Study 1): 82 =, (1 minuts

"'+ y-Axis Data

Mumber of degrees of freedom solved
Coemplete mesh consists of 9833 elem:
MNumber of degrees of freedom solved

b Title

Complete mesh consists of 3937 eler:
Complete mesh consists of 3544 elem:

| = x-Axis Data 4:./.%
= all A
Select Pressure

Parameter:

Expression

Expression:

Description:

[ Pressure

Number of degrees of freedom solved
Geometry error (cyl1): Invalid property
Complete mesh consists of 2037 elen:
MNumber of degrees of freedom solved
Solution time (Study 1):9 5.

Complete mesh consists of 2037 elem:
Number of degrees of freedom solved

Nurnber of degrees of freedom solved
Solution time (Study 16 5.
Complete mesh consists of 3727 elem:
MNumber of degrees of freedom solved
Solution time (Study 1): 2 5.

‘4

Pressure (Pa)
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2F Pt s aaRF e m
i Inlet1 v Dat | * ||Complete mesh consists of 90305 elen Line Graph: Pressure (Pa) 3
@ Outlet1 Number of degrees of freedom solved ¥
€3 Mesh1 Dsta set: Complete mesh consists of 181516 ele
4 59 Sty 1 Number of degrees of freedom solved
5 Study Solution time (Study 1): 217 s, (3 minu
|7 Step 1: Stationary ‘ ‘ . . 20
= Number of degrees of freedom solved

15

10

-10 10 20

Pressure (?a)



MICRO MIXER

Model - 3D
Physics - Laminar Flow
Property - Stationary

Make the model.

'~ Object Type
Type:|S0fd T
'+ Size and Shape |
Width: 100 [aul
Depth: 10 i
Height: § fm
[~ Position |

x 0 Jim

¥ 0 ftm

= 0 Hm
= s |

Rotation: 0 deg

"y Layers
|+ Selections of Resulting Entities
[7] Create selections
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'~ Ubject Iype | - ovsoL gy

EMHSDQE(M Prognﬂs( Log ( Rﬁuhs(qg ErlemaIProcﬂsrﬂ Graphics =E

Width: 100 millsec@g-laQaaée@ -k cfe@e @ |F. &
Depth: 10 i @

Height: 5 Hm
< Position |

Base: |Comer 7

X 55 fim

y 45 pm

z 0 fim
(s |

" Layers |
|+ Selections of Resulting Entities |

[ Create selections

Type:|ofid = %
[vﬁzeaulﬂqm ] ([EMEsagE(m ngrﬂs( Log ( Rﬁuhs(ﬂg External Pmcmsf.* Graphics
Width: | 100 I s ecce@m-laQaaeld -zl cgffoa®a@|[F)u
Depth: 10 |
Height 5 Hm
"+ Position I
Base: |Cooper =
X 50 fm
¥ 0 pm
z 50 fim
E=yrees |

Rotation: 90 deg

[Dlayers |
|+ Selections of Resulting Entities |

[] Create selections
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Geometric entity level: | Domain = <
Selection: Alldomains

I (E Messages (H:l Progress If Log ( Results (@g External Process (ﬂ Graphics
2 xeC@E - QAQARE@ Lrykzleo@ee e FuoB
3
4 &
5
"'+ Override |

b Material Properties |

|~ Material Contents A
Property Mame  Value Unit
+ Dynamic viscosity mu eta(T[l... Pa*s
+/ Density the  rtho(Tl.  kgfu
Ratio of specific heats gam.. 1.0 1
Electrical conductivity sigma  5.5e-6[.. 5/m
Heat capacity at constant pr..  Cp Cp(TL... W(kg...
Thermal conductivity k k(T[1/.. W/
Speed of sound < cs(T[L/.. m/s
R — o
=G e — ’
1 Model 1 (mod1) Selection: [Manual
¢ = Definitions I

a ¥\ Geometryl
{1 Block 1 (bikl)
i1 Block 2 (bik2)
| Ferm Unien (fin)
4 %8 Materials
» @8 Water (matl)
4 == Laminar Flow (spf)

T Fluid Properties1
Lm0 walll

‘@JI"S]

@ Outletl

€59 Mesh 1
2 Study 1

|7 Step L: Stationary
i> [T Selver Configurations
Results
# Data Sets
L2 Derived Values

FE Tables
- [EJ Velocity (spf)
Pressure (spf)
Export
B Reports

"'+ Override and Contribution

rbl':lpnﬁun

"= Boundary Condition

Boundary condition:

— ]

'~ Laminar Inflow

® Average velocity
©) Flow rate

() Entrance pressure

Average velocity:
(U.v 2

Entrance length:

inlet 1.
z MNow, give it velocity 2m/s
AN

mis

Lener 1

F
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¥ Untitled.mph (root) [ . : : : —
Boundary Selection
'E Global Definitions
+ U Model1 (mod?) Selection: | —
> = Definitions
4 A Geometry 1 l\lf_ % +
) Block1 (btk) B =
) Block 2 (bik2) [y}
Form Union (fin) e
4 B Materials
1 #B Water (matl)
4 == Laminar Flow (spf)
£ Fluid Properties 1 |'b Override and Contribution
D& Wall1
e i Equation
v Boundary Condition
Boundary condition:
[ =
|2 Study 1
|7 Step 1: Stationary
& [Ppa Solver Configurations = inar Infl
| Results
(@ Average velocity
2% Derived Values () Flow rate
Tables (7) Entrance pressure
» NEJ Velocity (spf)
[ Pressure (spf)
@ Export mis
@ Reports
m
o & T
| Boundary Selection |

é

?
;

Beundary condition:
|Pressure, noviscousstress -]

Pressure:

Po 0
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ONLY CREEPING FLOW

- S IVILDUET ¥R LLdTa \\_‘_- IMIoeEn Lluldlyl HEE IVIdLENIdD DT UWSED |

_|| Add Physics = h
I\j -

3

&= Solid Mechanics (solid)

% Electrostatics (es)

k) Magnetic and Electric Fields (mef)
> ¥ AC/DC
> 1)) Acoustics i
5 8% Chemical Species Transport  INOWY, see for creepi

i I Electrachemistry flow.

L,,-g Fluid Flow
F

ingle-Phase Flow
== Laminar Flow (spf)
I+ %% Turbul
== Creeping Flow (spf)
> T ~Fluid Flow
55 Pipe Flow (pfl)
I Water Harmmer (whtd)
& [ Thin-Film Flow
b = Multiphase Flow
. [F Parnne Media and Suhenface Floe

&

— Selerted nhvsics
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" b Override and Contribution

[Dﬁlnlinn

['m,cmﬂhl

Boundary condition:

’ Changing |
as 2000 m/!

mjfs

CREEPING FLO
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ONE FLOW LAMINAR, ONE FLOW CREEPING

lodel Builder ™. B ||%= Laminar Flow [l Model Library | 8 Material Browser

" DI||E1 Messages | == Progress | 1 Log | |=] Results | “%5 External Process | ¢f Graphics =
Qleeca~-aamée@| -k eaoeea|Fu ol
) Block2 (bk2) N = e ace lacte e

Do Walll
T2 Tnitial Values 1
m Inletl
o Inlet2

‘p Outletl
= Creeping Flow 2 (5pf2)
£ Fluid Properties 1
o Wall1
T Initial Values 1
m Inlet1
o Inlet2
‘g Outlet1
o Outlet 2
S Mesh1
# 52 Study 1
7 Step 1: Stationary
i» [fr. Solver Configurations
o T2 Study 2
|7 Step 1: Stationary
i> [Fre Solver Configurations
Results

25 Derived Values
5 Tables
Velocity (spf)

& W1 Pressure (sof)
2] Form Union (fin)

4 B Materials
i 8 Water (matl)
4 3= Laminar Flow (spf)
¥ Fluid Properties 1
5 Walll
P Initial Values 1

-

7@ Inletl

5 Walll
P Initial Values 1
oo Inlet1
o Inlet 2
& Outlet1
0" Outlet 2
5 Mesh1
4 E2 Studyl
17 Step L: Stationary
I» [Fr. Solver Configurations
4 52 Study 2
|7 Step 1: Stationary
1> [fr. Solver Configurations
4 Results

2% Derived Values
B Tables
& I=i Velncity fsnfl

Identifier: spf

Détraip Selection

Selection: [M}i’nﬂ

2
3
4

|'» Equation

 Physical Model

Compressibility:

[compressible flow (Ma<03)

Turbulence model type:

[Mone

Turbulence model:

=

MNeglect inertial term (Stokes flow)

v Dependent Variables

Identifier. spf2

| Domain Selection

Selection: | Manual

1
3
5

%
&l
Lnl

» Equation

~ Physical Model
Compressibility:

Compressible flow (Ma<0.3)

Turbulence model type:

[Nona

Turbulence model:

Ik-z

Neglect inertial term (Stokes flow)

» Dependent Variables

Deselect this.side.
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4 Materials
i % Water (matl)
4 == Laminar Flow (spf)
5 Wall
) Initial Values 1
o Inlet 2 —
& Outlet1
= Creeping Flow 2 (spf2)
“:rnm
5 Walll
™ Initial Values 1

ey s

Selection: | ———

18

T T

"+ Override and Contribution
rDEl’nl'lm
v Boundary Condition

& Tnlet1
7 Tnlet2 —
& Outletl

B Outlet 2

5 Mesh1
4 E5 Studyl

/. Step 1: Stational

7~ Step 1: Stationary

» [t Solver Configurations

o 2 Study2

/- Step L: Stationar

7~ Step 1: Stationary
» [Fre Solver Configurations
{51 Results

Boun itjon:

'+ Velocity
@ Normal inflow velocity
() Velocity field
Up 5

1% Derived Values
 Tables
» I®1 Velarity fenfl
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USING TWO FLUIDS, WATER AND ETHANOL
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