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Steady Simulation of a Blade Passage in StarCCM+
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\

H Import turbo wizard geometry file options

Number of blade rows 1=

Select current blade row 1=

Current blade row is rotating 17200.0 rpm

Hub surface is rotating Note: Turning on any surface rotation automatically turns on the default
|:| Shroud surface is rotating turbulence model settings and cannet be turned off, unless all are off

Select Flow Axis | +Z -

Mesh Arrangement | Annular <

Geometry Meshing Flowpath Grid Settings Boundary Conditions / Turbulence  Initial Conditions

Blade Geometry Definition/Surface Option | Import blade geometry from external file v

Select Blade Grid Type |0-Grid v

Blade geometry file for blade row 1 |'seTurbuIence‘l,sources‘l,SingIeRow\RohorS?.estg | | Browse. ..

[] File geometry in actual location (Mot default +2 flow axis)

Use open bottom of blade surface as hub section
Use open top of blade surface as shroud section

Number of blades around annulus EI

Blade Geometry Units |im | ~

Load Turbo Wizard Settings Save Turbo Wizard Settings

Concel

Help

*

1
2
3
4
5.
6
7
8
9
1

. Make sure that Number of blade rows is set to 1

. Make sure that Select current blade row is set to 1
. Activate Current blade row is rotating

. Change the rotational speed to 17 200 rpm
Activate Hub surface is rotating

. Set Select Flow Axis to +Z

. Import the geometry in estg format

. Select the two options about the BC

. Select the amount of blades

0. Select the units in cm
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H Import turbo wizard geometry file options *
Number of blade rows 1=
Select current blade row 1=
Current blade row is rotating 17200.0 rpm
Hub surface is rotating Note: Turning on any surface rotation automatically turns on the default
|:| Shroud surface is rotating turbulence model settings and cannet be turned off, unless all are off

Select Flow Axis | +Z -
Mesh Arrangement | Annular <

Geometry Meshing Flowpath Grid Settings  Boundary Conditions / Turbulence  Initial Conditions

Mesh generation method |Build 3D volume mesh using elliptical gridder

Load Turbo Wizard Settings Save Turbo Wizard Settings

Cancel Help
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\

Number of blade rows =

Select current blade row 1

Current blade row is rotating
Hub surface is rotating
[] shroud surface is rotating

H Import turbo wizard geometry file options

17200.0 rpm
Note: Turning on any surface rotation automatically turns on the default

turbulence model settings and cannet be turned off, unless all are off

Select Flow Axis | +Z -

Mesh Arrangement | Annular <

Geometry Meshing Flowpath  Grid Settings Boundary Conditions / Turbulence  Initial Conditions

Inlet boundary file for blade row 1 ‘seTurbulencesources\SingleRowlinlet.bndy Browse. ..
Exit boundary file for blade row 1 rseTurbulence\sources\SingleRow\exit.bndy Browse. ..
Generate clearance grid for blade row 1 Shroud dearance grid
Define clearance streamiine by: Setting fixed distance value -
Number of clearance streamlines 5
Clearance distance |0.0356 cm

Hub boundary file cesco'Desktop\CourseTurbulence \sources\SingleRow thub. bndy Browse. ..
Shroud boundary file ncesco'\DesktopCourseTurbulence\sources\SingleRow tip, bndy Browse. ..
Number of total streamlines 33
Continuous streamlines across blade rows O
Initial huk streamline spacing 0.015 cm
Initial shroud streamline spacing

jow is in negative axis direction (Flip boundaries.
D Flow is i ti is direction (Flip boundaries)
Load Turbo Wizard Settings Save Turbo Wizard Settings

Cancel Help

*

\

1.
. Include the boundary file for the outlet
. Select “Shroud clearance grid”

O 0N AWk

Include the boundary file for the inlet

Reduces y* values near the blade tip, which
improves convergence of the turbulence model

Select “Setting fixed distance value”

Set “Number of clearance streamlines” to 5

Set “Clearance distance” to 0.0356 cm

Include the boundary file for the hub

Include the boundary file for the shroud

Set “Number of clearance streamlines” to 33
Controls the number of streamlines from the
inlet to outlet boundaries, on which the mesh
layers between hub and shroud are constructed

10. Set “Initial hub streamline spacing” to 0.015 cm

Defines the thickness of the mesh layers next
to the hub surfaces

11. Set “Initial shroud streamline spacing” to

0.015cm
Defines the thickness of the mesh layers next
to the shroud surfaces
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\

H Import turbo wizard geometry file options

Number of blade rows =

Select current blade row 1

Current blade row is rotating 17200.0 rpm
Hub surface is rotating

[] shroud surface is rotating

Note: Turning on any surface rotation automatically turns on the default
turbulence model settings and cannet be turned off, unless all are off

Select Flow Axis | +Z -

Mesh Arrangement | Annular <

Geometry Meshing Flowpath Grid Settings  Boundary Conditions / Turbulence  Initial Conditions

Distribution  Number Of Points ~ Block Boundary Settings

User Defined

Initial Clustering, Leading Edge (DS_LE) 0.003 cm
Initial Clustering, Trailing Edge (DS_TE) 0.003 cm
Near Wall (Airfoil) Spacing (DS_IN) 0.0015 cm
Periodic Boundary Spacing (DS_0UT) 0.03 cm

D Clearance grid apex point % spacing, leading edge (DS_LECLR)
D Clearance grid apex point % spacing, trailing edge (DS_TECLR)
Allow turbo wizard to move airfoil surface points to preserve grid orthogonality

Number of Dynamic Orthogenality terations. 2

Parameter Information

Load Turbo Wizard Settings Save Turbo Wizard Settings

Cancel

Help

*

\

1. Activate Initial Clustering, Leading Edge and set
it to 0.003 cm

2. Activate Initial Clustering, Trailing Edge and set
it to 0.003 cm

3. Activate Near Wall (Airfoil) Spacing and set it to
0.0015 cm

4. Activate Periodic Boundary Spacing and set it to
0.03cm

5. Activate the grid orthogonality option and set
“Number of Dynamic Orthogonality Iterations”
to 8
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H Import turbo wizard geometry file options X 1 A . . O 1
. Activate ZINO and set it to 0.15
Number of blade rows 1= A . ZEXO d . 5
2. Activate and set it to 0.1
Select current blade row 1=
Current blade row is rotating 17200.0 rpm
Hub surface is rotating Note: Turning on any surface rotation automatically turns on the default
|:| Shroud surface is rotating turbulence model settings and cannet be turned off, unless all are off

Select Flow Axis | +Z -
Mesh Arrangement | Annular <

Geometry Meshing Flowpath Grid Settings  Boundary Conditions / Turbulence  Initial Conditions

Distribution MNumber Of Points  Block Boundary Settings

User Defined
Upstream Cap, Inlet Boundary Spacing Ratio (ZINO) 015
Downstream Cap, Outlet Boundary Spacing Ratio (ZEXO) D.1h

Parameter Information

Load Turbo Wizard Settings Save Turbo Wizard Settings
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H Import turbo wizard geometry file options *
Number of blade rows 1=
Select current blade row 1=
Current blade row is rotating 17200.0 rpm
Hub surface is rotating Note: Turning on any surface rotation automatically turns on the default
|:| Shroud surface is rotating turbulence model settings and cannet be turned off, unless all are off

Select Flow Axis | +Z -
Mesh Arrangement | Annular <

Geometry Meshing Flowpath Grid Settings Boundary Conditions / Turbulence  Injtial Conditions

Automatically set-up default turbulence models?
Default turbulence model uses K-Omega Turbulence with SST (Menter) K-Omega and

All'y+ Wall Treatment

Stagnation Inlet  Pressure Outlet

Constant static pressure 5000.0 Pa

Constant static temperature

Turbulence Intensity 0.0
Turbulent Viscosity Ratio 10.0
Load Turbo Wizard Settings Save Turbo Wizard Settings

H Import turbo wizard geometry file options

Number of blade rows 1=

Select current blade row 1=

Current blade row is rotating 17200.0 rpm

Hub surface is rotating Note: Turning on any surface rotation automatically turns on the default
|:| Shroud surface is rotating turbulence model settings and cannet be turned off, unless all are off

Select Flow Axis | +Z -

Mesh Arrangement | Annular <

Geometry Meshing Flowpath Grid Settings Boundary Conditions / Turbulence  Initial Conditions
Constant static pressure 0.0Pa

Constant static temperature 300.0 K

Initial velocity (misec)

Turbulence Intensity

Turbulent Viscosity Ratio 10.0

Save Turbo Wizard Settings I

Cancel

Help

*
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CFD applied to Turbomachinery

T EH Tools

o [ Annotations

o [ Colormaps

o= @ Coordinate Systems
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I SteadyStateRotorBlade - STAR-CCM-+
File Edit Mesh Solution Tools Window Help
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Empty
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Qutput - SteadyStateRotorBlade X |

Scenes

Scene manager

Reading material property database "C:\Program Files\CD-adapcohl2.0&.012-EE8WS5TRAR-CCHM+13 .06 012-REYstartdata‘\props.mdb™. .

Loading module: CoupledFlowlodel
Loading module: EwTurbModel

Saving: C:\Users'Francesco‘\Desktop'\CourseTurbulence’SteadyStateRotorBlade.sim
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B SteadyStateRotorBlade - STAR-CCM-+
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(= Expert
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Scene
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Y x
&

Output - Steady StateRotorBlade X| _—
Beading material property database "C:‘\Program Files\CD-adapco%13.0€.012-R8\STAR-CCM+13.0€.012-R8\star\data'props.mdb". .. A
Loading module: CoupledFlowModel
Loading module: EwTurbModel
Saving: C:\Usersh\Francesco‘Desktop\CourseTurbulence'\SteadyStateRotorBlade.sim
Object state saved to C:\Users\Francesco‘\Desktop\CourseTurbulence‘\SteadyStateRotorBlade.sim (2€.123ME in 0.177s).
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{ [-B8 Shroud Surface Blade Row 1
Physics Conditions
Physics Values
-G Interfaces
----- Derived Parts
- Solvers
- fx Steady
_f'r Partitioning
-~ fx wall Distance
= fr Coupled Implicit
----- Courant Mumber Ramp
1}}" AMG Linear Solver
Expert Initialization
-[E@ Solution Driver
Convergence Accelerators
_f'r Transition Boundary Distance

¢ L+ 598 Shroud Surface Blade Row 1 ~
Physics Conditions
Physics Values

H- @ Interfaces

----- Derived Parts

= E Solvers

B fx Steady

_:h’ Partitioning

- fr  wall Distance

= fr  Coupled Implicit

----- Courant Mumber Ramp
-[f% AMG Linear Solver
Expert Initialization
Solution Driver

Convergence Accelerators

er Transition Boundary Distance L

Coupled Implicit - Properties X |

[=I Properties

Courant Number 100.0

Freeze Flow ]

= Expert

Pressure Reference Location Automatic Selection
Reconstruction Frozen |:|

Reconstruction Zeroed ]

Temporary Storage Retained |:|

A\ i

Expert Initialization - Properties X | —

=|Properties

Method Hone] -

None
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: I B SNNUULU ouUn ldos Didue fuw L
Physics Conditions
Physics Values
[+ Interfaces
----- Derived Parts

Physics Conditions
Physics Values
- B Interfaces

----- Derived Parts

o= Snl‘uers - & Solvers

e /X Steady i fr Steady

_,‘h’ Partitioning jh'

- fx  Wall Distance .

= fx  Coupled Implicit

----- Courant Mumber R.amp

EEI---E{ AMG Linear Solver

- [ Expert Initislization
L@ Grid seguencing

----- Solution Driver

----- Convergence Accelerators

Partitioning
- fa wall Distance
= fx  Coupled Implicit
----- Courant Mumber Ramp
(- [ AMG Linear Solver
£~ Expert Initislization
‘e @ Grid sequendng
-6 Solution Driver
----- Convergence Accelerators

I+l

Updating mapped interfaces: Finished

Grid sequencing - Properties =

Solution Driver - Properties X |

~IProperties = Properties
Maximum kerations per Level 50
Convergence Tolerance per Level 0.05

CFL Number 100.0
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b Courant Mumber Ramp
?[1{ AMG Linear Solver
EI Expert Initialization
@ Grid sequencing
EI Solution Driver
L@ Expert Driver
- Convergence Accelerators
j‘t Transition Boundary Distance
B fr K-Omega Turbulence
j'r K-Omega Turbulent Viscosity
=& Stopping Criteria
[EL)... Maximum Steps
o, Stop File
----- Solution Histories
- B Solution Views

i [f Reports

i fX Transition Boundary Distance
- fx K-Omega Turbulence

. e fx K-Omega Turbulent Viscosity
- Stopping Criteria

['y_a\ Maximum Steps

to i, Stop File

Maximum Steps - Properties X |

= Properties

Enabled
Maximum Steps 00
Logizal Rule Qr
Criterion Satisfied

Tags 0

A\

C

. Solution Histories
- @@ Solution Views
G- @@ Reports Right click on « Scenes »
[t & Monitors
- Plots
- g Mew Scene i Geornetry
RE Open Al Scenes Mesh
G- T Apply Representation E Scalar
Test Graphics Vector
Em
Scenes Paste Ctrl+V Pty
=I Expert Edit...
Output Ve Refresh
Mew Group
UnGroup
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BN SteadyStateRotorBlade - STAR- CCM+ — *
File Edit Mesh Solution Tools Window Help
PR Edr>ONB N EEFNFAI NALABDQSEFK @ es@ L MEBDODIGELE: > B AIr L] Sh
SteadyStateRotorBlade X| — || Mesh Scene 1 X| Scalar Scene 1 x| O
Simulation Scene/Plot s |~
-[&@ Solution Views ~
Reports
Monitors
Plots
Scenes
(-] Mesh Scene 1
=4l Scalar Scene 1
=3 Displayers
E,_D, Outline 1
= .E Sealar 1
Parts
Scalar Field
Point Size .
s e Click on the dots
(=
Animations
I nim: and select
Shading Angle v
« Relative Mach Number »
Scalar Field - Properties X —_
= Properties
Function <Select Function> £
Auto Min 0.0 . - - -
Auto Max 0.0 Click, or select and press CTRL-SPACE to open custom editor; right click for menu
Auto Range Min and Max Values -
Auto Range Mode Displayer Parts -
Clip Below Min, Above Max - ¥
Units - 7 X <Select Function >
Max 0.0
Tags ]
‘QOutput - SteadyStateRotorBlade X —_
Beading material property database "C:\Program Files“CD-adapco\13_.0€.012-R&8\STAR-CCHM+13.06.012-R3\star‘\data\props.mdb". .. A
Loading module: CoupledFlowModel
Loading module: EwTurbkModel
Scalar Field g Saving: C:\Users\Francesco\Desktop\CourseTurbulence\SteadyStateRotorBlade. sim
Scalar fiekd Cbject state saved to C:\UsershFrancesco‘Desktop'\CourseTurbulence\SteadyStateRotorBlade . sim (2&8.123MBE in 0.177s) .
W
£ >
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H SteadyStateRotorBlade - STAR- CCM+ — it
File Edit Mesh Selution Tools Window Help

P8R hEJrr>ollB N EZdhd@ NAAB SEK  2edr@LimMEBDEEHE > BAD ag-
SteadyStatcRotorBlade X | — || MeshScene 1 x| ScalarScene 1 x| > 0O
Simulation Scene/Plot ?:E |-
i . . ~
=@ Tedks Right click on
G- & Annotations
& Color Maps / « Coordinate Systems »
Custom Trees New Block-Mapped
- [ Data F
& Data Focus Paste Ctrl+V
- [ Data Mappers
- [ Data Set Function: Refresh
[+ [ Environment Maps
[ & Field Functions
- [ Filters
G- B Layouts
[+ [E@ Material Databases
- [ Motions
- [ Parameters
[ [ Reference Frames v
Coordinate Systems - Properties X =
Y
<Ho Properties> z X Relative Mach Number
Qutput - SteadyStateRotorBlade = —_
Beading material property database "C:\Program Files\(CD-adapco\l32.0&6.012-R2\STAR-CCM+13.0€.01l2-Re\star\data‘\props.mdb™... N
Loading module: CoupledFlowHodel
Loading module: EwTurbModel
Coordinate Systems g Sawving: C:\Users\Francesco'\Desktop\CourseTurbulence'\SteadyStateRotorBlade . sim
Coordinate system manager Object state saved to C:\Users\Francesco\Desktop‘CourseTurbulence‘\SteadyStateRotorBlade.sim (2€.123MB in 0.177s).
W
< >
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B & Tools =-E Tools
-- Annotations .. Annatations
" Color Maps -- Color Maps
=8 Coordinate Systems = Coordinate Systems
- Block-Mapped 1 - Block-Mapped 1
- @ Umin - o [
- @ Umax - @ Umax
-~ @ Vmin - @ Wmin
- @ max - @ Vmax
- @ \Wmin - @ Wmin
- @ \Wmax - @ Wmax
- [E Laboratory [+-- [ Laboratory
- [ Custom Trees - [@@ Custom Trees
Data Focus Data Focus
Data Mappers Data Mappers
Data Set Functions Data Set Functions
Block-Mapped 1 - Properties X Umin - Properties = —_
= Properties [=| Properties
Region Turbo Blade Row 1 Boundaries 0
Interpolation Points [20, 20, 24] Tags 0 /
Tags 0 Click on the dots of « Boundaries »
Increases the resolution in the meridional direction and select « Left Blade Cyclic Blade Row 1»

Umax: Right Blade Cyclic Blade Row 1~ Umin: Left Blade Cyclic Blade Row 1
Vmax: Shroud Surface Blade Row 1 Vmin: Hub Surface Blade Row 1
Wmax: Blade Outlet Blade Row 1 Wmin: Blade Inlet Blade Row 1
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B steadyStateRotorBlade - STAR-CCM+ - O X
File Edit Mesh Solution Tools Window Help
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SteadyStateRotorBlade X | =

Simulation 'Eg hd
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[ @@ Geometry
- Continua
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Mew Part E Cell Surface...
Solvers
i Isosurface...
Stopping Paste Ctrl+V
Solution i Probe 4
Soluti Edit... )
oluition Section >
Reports Refresh
Streamline...
Monitors TewE
Flots ER L Constrained Streamline...
Scenes Group By Vortex Core...
Summari UnGroup Separation/Attachment Line...
Representations Threshold...
- E Tools
(m',theta) Warp...
Resampled Volume...
Warp >
Derived Parts - Properties X
- Properties
Derived Parts o
QOutput - SteadyStateRotorBlade = -_
Simulation database saved by:
STAR-CCM+ 13.0€.012 (win€4/intell€.3-r2) Fri Nov 5 17:40:30 UIC 2012 Serial
Loading into:
STAR-CCM+ 13.0€.012 (win€4/intell€.3-r2) Fri Nov 5 17:40:30 UIC 2012 Serial
Object database load completed.
Started default macro:
Derived Parts (7] C:\Users\Francesco\AppData‘\Local\CD-adapco' STAR-CCM+ 13.06.012\var\journalistarell 263380758271 . java
Derived parts manager
£ >
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B3 SteadyStateRotorBlade - STAR-CCM+
File Edit Mesh Solution Tools Window Help
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"-".-":‘fs Block-Mapped 1: Umin to Umax
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-----.-":"5 Boundary Advection Heat Transfer
"'"Jr:ts Boundary Circumferential Bin Coordinate
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