COMSOL Multiphysics®
Laminar Flow Modeling




Y\ COMSOL

Laminar Flow



Y\ COMSOL

Demo



W COMSOL

Model Definition

= Laminar flow in water

Fully developed flow at the inlet

Pressure condition at the outlet

No-slip conditions at walls

Symmetry conditions at the two
lateral surfaces
Why?

— Typical expansion found in many
systems, e.g. in medtech

Symmetry

Symmetry

— Benchmark with flow separation

Due to symmetry, we only have to model one eight of the model domain, provided that the flow is steady and
that the inlet flow is perpendicular to the inlet boundary.
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New Select Space Dimension 3 Select Phy5|c5 < Select Study
i Search 4 ~fo General Studies
‘xi‘;:rﬂ M‘!v;[']"etﬂc ® AX\!Y'L[']netHc b (D Recently Used E Stationary
b % AC/DC & Time Dependent
b)) Acoustics ~do Empty Study
[ :": Chemical Species Transport
b 1 [ Electrochemistry
4 == Fluid Flow
THE FIRST STEP 4 == Single-Phase Flow
° — Creeping Flow (spf)
Laminar Flow (spf)
The Model Wizard S e
I o Large Eddy Simulation
[ [ Retating Machinery, Fluid Flow
= S8 Pipe Flow (pfl)
When creating a new model, the € Vs Fom (e
o . . o 01 Water Hammer (whtd)
Model Wizard assists with selecting: b i Mukiphese Flow |
> @ Porous Media and Subsurface Flow Added study:
I+ == Nonisothermal Flow E Stationary

b &5 High Mach Number Flow

] Dimension (SD, 2D’ 1D’ or OD) b =5 Particle Tracing Added physics interfaces:

I =} Fluid-Structure Interaction == Laminar Flow (spf)

[ %4 Rarefied Flow

b & Thin-Film Flow
B Heat Transfer
b i Optics
= Study for the physics interfaces > @ Plasma

[ :ﬁ Radio Frequency

[ % Semiconductor
b B3 Structural Mechanics

[N Y PR PR S

= Physics interface(s) from the physics list

Add
Added physics interfaces:

== Laminar Flow (spf)
1. Select Model Wizard.
2. Select space dimension.
3. Select physics interfaces.
4. Select study.

Remove
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Application Builder and
Model Manager
Buttons to switch to the
Application Builder or
Model Manager.

Model Builder Window
The model tree, together
with the associated
toolbar buttons, provides
an overview of the model.
The modeling process can
be controlled from
context-sensitive menus.

Settings Window
Shows the settings for the
node that is selected in
the model tree.

Ribbon

Includes controls for all steps of the modeling process.

e hedR BE&E-
Home  Definitions  Geometry  Materials  Physics Mesh  Study  Results  Developer

A i )

Application  Model Component Add
Builder ~ Manager 1-

2y, Variable Utilities -

P; 2= Variables - [ Import

]
fi) Functions -

Parameters Build
Component ~ - All

Workspace Model Definitions Geometry

Model B

+~— ® St E

uilder ~ #| Settings
backstep.mph
4 & backstep.mph (root) Pratection
4 (7} Global Definitions
Pi Parameters 1
4 Default Model Inputs
= Materials
4 [§ Component1 {compl)
Definitions
74| Geometry 1 Sl
() Cylinder 1 g1
[T Black 1 (blk?)
Union 1 {unii)
& Work Plane 1 (wp1)
[E] Extrude 1 fext1)
Intersection 1 {int 1)
Form Union (fin)
Materials
::mma.r Flow (spf) Computation time
wmw Fluid Properties 1
W= Initial Values 1 Expected:
S Wall 1 Last: 17s

= Inlet 1 Thumbnail

¥ Used Products
COMSOL Multiphysics

> Unit System

™ Presentation

Title: Stationary Incompressible Flow over a Backstep

Description:  This example solves the incompressible Navier-Stokes
equations in a backstep geometry. The visualization shows

the size of the recirculation region.

Author: COMSOL

= Symmetry 1
3 Outlet 1
/A Mesh 1
4 o Study 1
[= Step 1: Stationary
I [fre Solver Configurations
B Joh Configurations
4 [E Results
b Hi Datasets
2 Derived Values
[ Tables
I\ Velocity (spf)
I N Pressure (spf)
I\ Velocity, Streamlines
Export
[# Reports

Set from Graphics Window Load from File... Clear
¥ Save

Built, computed, and plotted data

On file:
Include
In database:

Include in reqular and draft versions

Graphics

Graphics Window Toolbar COMSOL Desktop®

Model Builder

backstep.mph - COMSOL Multiphysics

3 s i = = ~& \0* n @, Ei =

Add Laminar  Add Build  Mesh Compute Study  Add Velocity, Add Plot Add Windows Reset
Material Flow » Physics = Mesh 1~ 1+ Study  Streamlines = |Group - Predefined Plat - Desktop -

Materials Physics Mesh Study Results Layout

~ | Graphics

aa@r@H Lrkkn/ ¢ B EEe-BEG- @8

Streamline: Velocity field Surface: Velocity magnitude (m/s)

Graphics Window
Presents interactive
graphics for geometry,
mesh, and results.

ot

Meszages

3\ |E

Progress

Information Window Shows messages, progress, and log.

325GB|3.31GB
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Ribbon tabs for all steps in
the modeling process

Definitions Geometry  Materials Physics Mesh Study Results

ALY A =hE] [ backstepmph—COMSOL Multiphysics
Home  Definitions  Geometry  Materials  Physics Mesh  Study  Results  Developer

A r. <<> Pi 2= Variables - 2y, Variable Utilities - i [ Import H '_‘i ] = ~f \)i ri @I Ei %

f= Functions -
Application  Model  Component  Add Parameters Build Add  laminar Add | Build Mesh | Compute Study Add Velocity,  Add Plet Add Windows _ Reset

Builder ~ Manager 1= Component ~ - All Material Flow ~ Physics =~ Mesh 1~ 1~ Study  Streamlines = Group - Predefined Plot - Desktop ~

Model tree shows
sequences of
operations

Workspace Model Definitions Geometry Materials Physics Mesh Study Results Layout

- 4| Settings = *| Graphics
backstep.mph Q aa- Lrmzzh/ - B €8 | G-@g

4 & backstep.mph (root)
\‘ & Glo:al Dpefmitions PR Streamline: Velocity field Surface: Velocity magnitude (m/s)

D€finiti0n5 i Parameters 1 e e i

.
G Default Model Inputs COMSOL Multiphysics
= Materials

4 [§ Component1 {compl) ~  Unit System
Definitions
Geometry Geomety :
() Cylinder 1 (g1}
[T) Block 1 (blk) ~ Presentation
Union 1 {unil)
. Work Plane 1 {wp 1)
M ate rl a | S Extrude 1 {ext]) Description:  This ai.cample solves the incompressible F.*.Iawgr—S.tokes
Intersection 1 int1) equations in a hafkstep.geume.try.Thevlsuallzatlun shows
the size of the recirculation region.
Form Union (fin)
Materials Author: COMSOL
. ::mma.r Flow (spf} Computation time
PhySICS v Fluid Properties 1 ;
2 Initial Values 1 Expected:
S Wall 1 Last: 17s

= Inlet 1 Thumbnail
= Symmetry 1

 Outlet 1
M eS h £ Mesh 1

4~ Study 1
[= Step 1: Stationary
I [fre Solver Configurations
B Joh Configurations

Study 4 [E Results

2 Derived Values
[ Tables
I\ Velocity (spf)
I N Pressure (spf)

Res u |tS Velocity, Streamlines Set from Graphics Window Load from File... Clear

¥ Save

Title: Stationary Incompressible Flow over a Backstep

Built, computed, and plotted data

On file: Messages Progress Log

Include \ =
3=

In database:

Include in reqular and draft versions

Graphics

325GB|3.31GB
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Home tab with the most

Definitions Geometry Materials Physics Mesh Study Results common commands in the
modeling process

e I0hE =4 B RE- backstep.rmph - COMSOL Multiphysics

Home  Definitions  Geometry  Materials  Physics |Mesh  Study Results Developer

A r. <<> Pi 2= Variables - 2y, Variable Utilities - i [ Import H H = ~f \)i ri @I Ei %

f= Functions - h
Application  Model  Component  Add Parameters Build Add  laminar Add | Build Mesh | Compute Study Add Velocity,  Add Plet Add Windows _ Reset

Builder ~ Manager 1= Component ~ - All Material Flow ~ Physics =~ Mesh 1~ 1~ Study  Streamlines = Group - Predefined Plot - Desktop ~

Model tree shows
sequences of
operations

Workspace Model Definitions Geometry Materials Physics Mesh Study Results Layout

- 4| Settings = *| Graphics
backstep.mph Q aa- Lrmzzh/ - B €8 | G-@g

4 & backstep.mph (root)
\‘ & Glo:al Dpefmitions PR Streamline: Velocity field Surface: Velocity magnitude (m/s)

D€finiti0n5 i Parameters 1 e e i

.
G Default Model Inputs COMSOL Multiphysics
= Materials

4 [§ Component1 {compl) ~  Unit System
Definitions
Geometry Geomety :
() Cylinder 1 (g1}
[T) Block 1 (blk) ~ Presentation
Union 1 {unil)
. Work Plane 1 {wp 1)
M ate rl a | S Extrude 1 {ext]) Description:  This ai.cample solves the incompressible F.*.Iawgr—S.tokes
Intersection 1 int1) equations in a hafkstep.geume.try.Thevlsuallzatlun shows
the size of the recirculation region.
Form Union (fin)
Materials Author: COMSOL
. ::mma.r Flow (spf} Computation time
PhySICS v Fluid Properties 1 ;
2 Initial Values 1 Expected:
S Wall 1 Last: 17s

= Inlet 1 Thumbnail
= Symmetry 1

 Outlet 1
M eS h £ Mesh 1

4~ Study 1
[= Step 1: Stationary
I [fre Solver Configurations
B Joh Configurations

Study 4 [E Results

2 Derived Values
[ Tables
I\ Velocity (spf)
I N Pressure (spf)

Res u |tS Velocity, Streamlines Set from Graphics Window Load from File... Clear

¥ Save

Title: Stationary Incompressible Flow over a Backstep

Built, computed, and plotted data

On file: Messages Progress Log

Include \ =
3=

In database:

Include in reqular and draft versions

Graphics

325GB|3.31GB
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Model
Implementation
First model example:

= Define the model and solve the
problem in a minimum of steps

= Once solved, we will go back and
briefly review the procedure

Definitions:

- Load parameters from file

Geometry:
- Import sequence

4 % backstep_basic.mph (root)
4 () Global Definitions

Pi

Parameters 1

& Default Madel Inputs
2 Materials

4 [ Component1 (comp 1)
[ = Definitions

Materials:

- Load from Material Library T 4w
[

4 == Laminar Flow {spf)

Physics:
- Define inlet, symmetry, and outlet —

Mesh:

- Select mesh

l

[4 % Geornetry 1

) Cylinder 1 [gyif)

ET_] Block 1 (blkT)

Union 1 {unil)

. Work Plane 1 fwp1)

@D Extrude 1 {ext?)

Intersection 1 {int?)
Farm Union (fin)

Materials

s2n Water, liquid (mat?)

i Fluid Properties 1
I Initial Values 1
B wall1

w Inlet 1

m Symmetry 1

= Outlet 1

A5 Mesh 1

4~ Study 1

Study:
- Select compute

Results:
- Plot streamlines

E Step 1: Stationary

I [Tre Sobver Configurations

4 [® Results

b
w2 Views

Datasets

I &5 Derived Values

> BB Tables

I N Velocity (spf)

I Nl Pressure (spf)

I Nl Velocity, Streamlines

Overview of procedure for first model example

I* Nl Recirculation Zone

= Export
[# Reports
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Demo: Model Wizard

1. Select Model Wizard 2. Select space dimension 3. Select physics interfaces 4. Select study
New Select Space Dimension Select Physics Select Study
Mm:;el ii - T = Q _.T B - - E ‘i) i:{?cﬂy Used @ Time Depryendent
G =y Misyi?netric 2u Axis;r:n?netric LE e b)) Acoustics " Empty Study

I ¥af Chemical Species Transport

b el Electrochemistry

mph 4 == Fluid Flow
Elank Model 4 == Single-Phase Flow
Creeping Flow (spf)
Laminar Flow (spf)
Turbulent Flow
Large Eddy Simulation
Rotating Machinery, Fluid Flow
Pipe Flow (pfl)
= Viscoelastic Flow (vef)

1l I Water Hammer (whtd)

ih @bt 8o 355 0 1

I e Multiphase Flow
b @ Porous Media and Subsurface Flow Added study:
[» == Monisothermal Flow
b 55 High Mach Number Flow [~ stationary
b e, Particle Tracing Added physics interfaces:
Add == Laminar Flow (spf)
Added physics interfaces:
== Laminar Flow (spf)
Remave

e Space Dimensicn e Stucly e Physics
Help (9 Cancel [ Done Help (9 Cancel [~/ Done
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Model Builder

- s =R
4 b Untitled.mph (roct)
4 IF Global Definitions
Fi Parameters 1
T Taterals
4 [§ Component1 (comp1)
[ = Definitions
I )f\ Geometry 1
=5a Materials
= Laminar Flow {spf}

4

i Fluid Properties 1
i= Initial Values 1
B wall1
A Mesh 1
4 b Study 1
E Step 1: Stationary
b @ Results

Demo: Parameters & Geometry

Settings
Parameters

Label: Parameters 1

* Parameters

L] . = <
Mame Expression Value Description

MName:
Expression:

Description:

b Visibility

Navigate the course material and choose

“backstep_parameters.txt”

2! Model Builder ¥ & Settings
- ® ETELE - Geometry
4 4 Untitled.mph [root) [E8 Build Al
= 4 () Global Definitions
P Parameters 1 Label: Geometry 1
) Materials .
4 @ Component 1 {comp1) - T
b = Definitions [] Scale values when changing units
I P E Geometry‘li )
T Mioterans | = Build Al F8
= Laminar Flow & Import
Dmm N
few Fluid Pro - t
B |nitial Val LiveLink Interfaces 3
Bw Walll | [T Block
A Mesh1 = Cone ed
4 ~dn Study 1 .
E Step 1: Statio [ Cylinder epresentation:
I {8 Results @ Sphere el
More Primitives * Module Boolean operations
E Work Plane irtolerance:
Parts [
Programming y :w operations autornatically
. tomnatically when leaving geometry
. Measure
?E] Insert Sequence
Copy as Code to Clipboard 4
EI:I Rename F2
E Settings
Properties
Help F1

Navigate the course material and choose
“backstep_geom_sequence.mph”



W COMSOL Demo: Materials

-~ = =
4 % Untitled. mph (root)
4 ([ Global Definitions
Fi Parameters 1
i Materials
4 @ Compenent 1 (comp 1)
= Definitions

4

Add Materia

(i) Add to Global Materials ~

I> 225 Recent Materials

I {I§ Material Lilbira
y
=2 Air

Acrylic plastic
Alumina

-+ Add to Component ~

Aluminum 3003-H12
Aluminum 8063-T83

1 Aluminum
= Materials Armerican red oak
~Taminar F||L.x_Add Material from Library Beryllium copper UNS C17200
7% Fuid A (& Browse Materials Brick
= Initi = Castiron
'.; ,I.;'::la: i Blank Material P
A5 Mesh 1 Layers 4 Copper
4 ~db Study 1 More Materials » FR4 (Circuit Board)
E Step 1: Sta] Glass (quartz)
I {8l Results = Show More Options... Granite
Node Group High-strength alloy steel
Iron
Help F1 Magnesium AZ31B
= Mica
Molybdenum
Mimanic alley 90
= Mylen

= Perfect vacuum
= Polysilicon

Silica glass

Silicon

= Solder, 605n-40Pb
Steel AISI 4340
Structural steel
Thermal grease
Titanium beta-215
Tungsten

Lead Zirconate Titanate (PZT-5H)

Water, liquid

- L X

Search



W COMSOL Demo: Laminar Flow - Inlet

[ }&\ Geornetry 1 . .
4 35 Materiale 1 s Settings * | Graphics S '
w e Inlet aa@- el LrkEln dr @By @S-G BF 23 B~ @
o e =@ G- @B
. a4 -
. ———
i Fluid Prop ) o
B= |nitial Valyl e Wall ~ Boundary Selection
'].]i Wall 1 = Inlet Selection: Manual -
£ Mesh 1 —
[ 1 Y
4~ Study 1 = Outlet B —
E Step 1: Station| = Symmetry 2 N
b [@ Resul o o o %1073 m
esults = Open Boundary o 4 3,
1
= Boundary Stress 0
= Periodic Flow Condition - —
o |- Override and Contribution
s Interior Wall . Equation
* Boundary Condition
Fully developed flow =

Apply condition on each disjoint selection separately

* Fully Developed Flow

(@) Average velocity
) Flow rate

() Average pressure

Average velocity:
Uy | uld mis
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B >'5\_ Geometry 1

Demo: Laminar Flow - Outlet

Boundary Stress

Periodic Flow Condition

4 5i Materials = Fluid Properties
ID’ ==I= Water, |iiu I= Volume Force
‘ I= Initial Values
fss Fluid Prop
B Initial Valur m Wall
&= Wall1 e Inlet
 Inlet1 |'_
A5 Mesh 1 s Outlet
4 ~dn Study 1 = Symmetry
E Step 1: Station| g Open Boundary
b & Results -
=]
=]

Interior Wall

Settings
Outlet

Label: Outlet1 E

* Boundary Selection

Selection: Manual -
7 B+
[=0]]
(=0 _
o N
det

I Override and Contribution
I Equation

¥ Boundary Condition

Pressure -

T Pressure Conditions

Pressure:

Static -
Pg 0 Pa
[] Normal flow

Suppress backflow

~ & | Graphics

Q@ &@ Lzl S
Be@B® & $-@f

g
= | E-@-FBH 235 @8- | [T
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Demo: Laminar Flow - Symmetry

b )‘\ Geormetry 1

Materials

[» Water, ligu
P I_%- Laminar Flow

i Fluid Prop
= Initial Valu
S Wall 1
™~

4~ Study 1
E Step 1: Station
b {E| Results

Fluid Properties
Yolurme Force

Initial Values

Wall
Inlet

Outlet

Symrnetry

rrDofifooaom

Open Boundary
Boundary Stress
Periodic Flow Condition

Interior Wall

Settings
Symmetry

Label:  Symmetry 1
* Boundary Selection

Selection: Manual

2
=

I Owverride and Contribution

I Equation

0

4
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Model Builder

+—

= =T E

4

4 4 Untitled.mph ({root)

4 ([ Global Definitions

P Parameters 1

{$ Default Model Inputs
= Materials
Component 1 (comp1)
= Definitions

)ﬂ'\ Geometry 1

szs Materials

n
(|

[+ 2z8 Water, liquid (mat1)

4 == Laminar Flow {spf)
i Fluid Properties 1
= Initial Values 1
= Wall 1
 Inlet1
m Outlet 1

= Symmetry 1
A5 Mesh 1

4 ~dn Study 1

E Step 1: Staticnary
4 @ Results

E Datasets

L Views

& Derived Values
B Tables
= Export
[# Reports

Demo: Mesh & Study

Settings

esh

Label: Mesh 1

* Mesh Settings

Sequence type:

v Model Builder

—

= =t =l

4

4 & Untitled.mph (root)

Physics-controlled mesh hd
* Physics-Controlled Mesh
Elernent size:

Coarser -
" Contributor Use

Laminar Flow (spf)

Fi Iﬂb Global Definitions

Fi Parameters 1

{; Default Model Inputs

= Materials
Component 1 (comp 1)

= Definitions

;"\ Geometry 1

sz Materials

[+ Sgi Water, liquid (mat)
4 == Laminar Flow {spf]

- |

i Fluid Properties 1
= Initial Values 1
G Wall 1
a Inlet1
m Dutlet 1
= Symmetry 1

A5 Mesh 1

4 "o Study 1

— Step 1: Stationary

4 [® Results

#: Datasets
== Views
222 Derived Values
B Tables

Export

[# Reports

LA

ettings
tudy

Label: Study 1

LA

¥ Study Settings

Generate default plots

Generate convergence plots

[] Store solution for all intermediate study steps
[] Plot the location of undefined values

* |Information

Last computation time:
5s
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4 rav Study 1
E Step 1: Stationary
er Configurations

4 Results

Demo: Results - Velocity Streamlines

4y Study 1

E Step 1: Stationary

[ |'|'|-|. Solver Configurat

il 3D Plot Group

I 4 {8 Results

[ = Datasets
. 2D Plot Group '\I/" Views
7w 1D Plot Group &35 Derived Values
) Polar Plat Group B Tables
[ Veloci
25 Smith Plot Group b ] peonty (spf)
g [ESSUrE !sgf
@ Evaluation Group => 30 Plot Group 3 .
Fi  Parameters Export
[# Reports
Plot All

) Close All Plot Windows

‘& Show More Options...

Mode Group

Copy as Code to Clipboard

Plot F8
Plot In

Wolume

Arrow Volume

Surface

Slice
Isosurface
Arrow Surface

Image

Line

Contour

Streamline

Help

F1

N2 R

®

o B

Arrow Line
Particle Trajectories
Wesh

Annctation

4 @ Velocity, Streamlines

== Streamline 1
[ Recirculation Zo

B E

[# Reports

port

Plot

Plot In

Color Expression

=3 Deformation
[EZl Export Expressions
% Filter

Settings -
Streamline
Plot
Label: Streamnline 1 S|
* Data
Dataset: From parent E
w Expression + - %
¥ component:
u my's
y component:
v mys
I component:
w my's
Description: [  Velocity field
b Title
* Streamline Pasitioning
Paositioning: Magnitude controlled -
Min distance: 0.04
MWax distance: 0.08
Advanced parameters: Automatic -
* Coloring and Style

Line style
Type: Ribbon v
Width expression: 1 m =
Width scale factor [] 1.2E-4

Paint style
Type: Arrow -
Arrow distribution: Equal arc length v
Number of arrows: [ ] 130
Arrow type: Arrowhead -
Arrow length: MNormalized -

Scale factor: [l
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Results

= Flow and pressure fields
= |Length of recirculation zone
= Total pressure loss

= Extending the model:

— How is the recirculation zone
affected by the inlet velocity?

— When do we need to elongate the
outlet section?

— When do we need to use a
turbulence model?

— How can we create an app?

uO = 1[cm/s]
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Model
Implementation

= Model extension:

Variables for computing
recirculation zone

Parametric sweep of inlet velocity
Mesh convergence study

Create an app

Definitions:
-Variable for evaluation

4 % backstep_extension.mph (root)
I+ ) Global Definitions
4 @ Component 1 [compl)
4 = Definitions
2= Vanables 1

Geometry:

- Unchanged

mex Maximurm 1 (maxop 1)
[£] Boundary System 1 fsys1)
b [ View
[4 }\ Geometry 1
) Cylinder 1 [cpl1)
[T Block 1 (bik1)
Union 1 {unii)

Materials:

- Unchanged

b B WorkPlane 1 fiwp 1)
@n Extrude 1 fexti)
@ Intersection 1 (int1)
Form Union (fin)

4 oop Materials

Physics:
- Unchanged

[* sga Water, liquid (mat1)
4 == Laminar Flow [spf)

f&= Fluid Properties 1
I Initial Values 1

b Wall1

 Inlet 1

Mesh:
- Unchanged

l = Symmetry 1
= Outlet 1

A Mesh 1

4 ~db Study 1

1z3 .
zs2 Parametric Sweep

Study:
- Add a parametric sweep

Results:
- Plot length of recirculation zone

Overview of procedure for extended model example

E Step 1: Stationary
b [Tpe Solver Configurations
4 [® Results
[» #: Datasets
L= Views
b 22% Derived Values
[ EH Tables
I i@ Velocity (spf)
I Ni@ Pressure (spf)
I Wi Velocity, Streamlines
I Ni@ Recirculation Zone
I* ™ Length of Recirculation Zone



Y\ COMSOL

Results

= Flow and pressure fields
= |Length of recirculation zone

= Note:

— Recirculation reaches the outlet
-> elongate the outlet section

(cm)

Length of recirculation zone

26

241

221

181

16

14

12

0.8

0.6

3
2
1o
" a
\‘ 3 .
{ 10"
2 20
‘ 1
0
15
10
uO = 1.5[CIII/S] ;
o
-
. . . . . . . . . ,
0.3 0.4 0.5 0.6 0.7 11 12 13 1.4 15

0.8 0.9
Inlet velocity (cm/s)
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Results

= Flow and pressure fields
= |Length of recirculation zone

= Next possible step:

— Mesh convergence analysis, how
does the length of the zone change
with mesh size?

— Seems to converge around a value
of 1.89cm

(cm)

S 1.874f

Length of recirculation zone

1.886

1.884

18821

1878

1876

18721

1.868

1.866

1.864

1862

Global: Length of recirculation zone

uO = 1[cm/s]

(em)

L
7000

L
8000

L
9000

L
10000
Reciprocal

L L
11000 1
mesh size parameter,

2000
1/h_p (1/m)

L
13000

L
14000

L
15000

L
16000
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Exercise

Reproduce backstep model
with varying inlet velocity
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Model Definition

= Laminar flow in water

Fully developed flow at the inlet

Pressure condition at the outlet

No-slip conditions at walls

Symmetry conditions at the two
lateral surfaces
Why?

— Typical expansion found in many
systems, e.g. in medtech

Symmetry

Symmetry

— Benchmark with flow separation

Due to symmetry, we only have to model one eight of the model domain, provided that the flow is steady and
that the inlet flow is perpendicular to the inlet boundary.
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4 % backstep_basic.mph (root)

4 () Global Definitions
Pi Parameters 1

Definitions: 4 Default Madel Inputs
. 12 Materials
M OdE' - Load parameters fromfile — — | 4 [ Component 1 (comp1)
[ = Definitions
° [4 % Geornetry 1
Implementation Geometry: SR
(7] Block 1 [bik1)
- Import sequence Union 1 (unil)
. . b WorkPlane 1 (wp 1)
= First Step. Y - [5], Extrude 1 (ext?)
. ateﬂa S: Intersection 1 {int?)
— Define the model and solve the L _ Form Union (fin)
- Load from Material Library T et
problem for one parameter value b 58 Water, liquid (mat)
. . 4 == Laminar Flow {spf)
— Variable for computing the length Physics: B Fluid Properties 1
. . . . I Initial Values 1
of the recirculation zone - Define inlet, symmetry, and outlet — B Wall
= Inlet1
. m Symmetry 1
= Second step: Mesh: | @ ouia
. A5 Mesh 1
— Extend the model with a parameter - Select mesh 4~ Study 1
E Step 1: Stationary
Sweep I [Tre Sobver Configurations
. . Stud 4 [® Results
— Plot recirculation zone as a Selgct compute b % Datasets
function of inlet velocity P e
> BB Tables
RGSU|tS I Nl Velocity (spf)
. I Nl Pressure (spf)
- P'Ot Stream“ﬂes I Nl Velocity, Streamlines
I* Nl Recirculation Zone
Export
[# Reports

Overview of procedure for first model example
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