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WS5: Using Moving Reference Frames and Sliding Meshes ANSYS

Introduction [1]

Customer Training Material

» Several solution strategies exist when there are moving parts in the
domain. This workshop will show two such strategies on the same model.

* The application is a vertical axis wind-
turbine. This CFD model is a horizontal
plane cut through the 4 vertical blades.

* To help understand the motion, look in the
project folder and play the included movie
file ‘ws5-mesh-animation.avi’
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WS5: Using Moving Reference Frames and Sliding Meshes

Introduction [2] ANSYS

Customer Training Material

« Part 1: This motion will be simulated using
the steady-state solver, defining the motion
using Moving Reference Frames (MRF)

* Part 2: The same problem will be solved in
a transient manner, moving the mesh using
Sliding Meshes
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Customer Training Material

Part 1 . Using Moving Reference Frames
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NANSYS

Starting FLUENT in Workbench

1. Open the Workbench

Start > Programs > ANSYS 13.0 > ANSYS Workbench

Double click on Setup
Choose 2D and

“Double Precision” under
Options and retain the other
default settings

ok~ WN

ANSYS, Inc. Proprietary
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Customer Training Material

Drag FLUENT (‘Component Systems’) into the project schematic
Change the name to Moving Reference Frame

¥ Unsaved Project - Workbench

File  View Tools Units Help

E] Mew = open... (& save [l save As... ﬁ]lmport... +

L I Al Froject Schematic

Analysis Systems

E Component Systems

@ AuToDYN

% BladeGen

@y CFx

@ Engineering Data

'@ BExplicit Dynamics (LS-DYNA Expart)
& Bxternal Connection

External Data

@ Finite ElementModeler

m FLUENT

@ Geometry

@ Icepak

Mechanical APDL

ﬁ Mechanical Model

@ Mesh

I:x,_ Microsoft Office Excel

= POLYFLOW

= POLYFLOW -Blow Molding

e POLYFLOW - Bxtrusion

& Refresh Project

- A

il “L FLUENT
2| @ setp T,
3 Solution  F 4

Moving Reference Frame
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Import Mesh

Customer Training Material

* This starts a new FLUENT session and the first step is to import the
mesh that has already been created:

1. Under the File menu select Import > Mesh

2. Select the file wsb-simple-wind-turbine.msh and click OK to import the mesh
and check the scaling by using Scale under Problem Setup - General.
The blades are 1m radius from the origin (0,0), with the outer bounding box +/- 5m in all directions.
3. After reading the mesh, check the grid using Mesh > Check option
or by using Check under Problem Setup > General

Problern Setup General

s Mesh The mesh check will fail!

Materils [T PG ey To allow for the motion later in this workshop, there are
- __Dis lay... . . .

ol fond s = intentional non-conformal interfaces (where the mesh

Boundary Conditions
nodes do not match across an interface). These need

Solver

Drwnamic Mesh Tvpe Selocity Formulation

orerence Vakes e D to be paired up in the solver so that interpolation across
sobton e . the interface can occur — so fluid can flow across this
?;:Ltizrnslnitialization 8?:::?& jOin. i . .

Caaation Actvies | [ty More generally, if in DesignModeler you produce several
. different parts, the mesh will also be non-conformal, and
i you will need to perform the next step to make sure the

eRots solver interpolates across the interface.

ANSYS, Inc. Proprietary Release 13.0
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Mesh Interfaces

* Under Problem Setup > Mesh Interfaces
— Click Create/Edit

— For each row in the table below:
1. Enter the name of the mesh interface (column 1)

NANSYS

Customer Training Material

2. Click on the name of Interface Zone 1 (column 2) | Note how the nodes do not

3. Click on the name of Interface Zone 2 (column 3)

4. Click Create
— Repeat the mesh check. It should now pass

= Create/Edit Mesh Interfaces I'XI

in_yneg int-xneg-b

(lomse)) oo (o] [ ] (o] [0 ]

ANSYS, Inc. Proprietary

© 2010 ANSYS, Inc. All rights reserved.

match across the interface.
* The boundary on the
black side is ‘Int-hub-a’
and the red side is ‘Int-
hub-b’

fittees in_hub int-hub-a int-hub-b
Interface Options Boundary Zone 1
[ Periodic Boundary Condition || wall-32 . . .
E::;d;;:s;am iou;}dary Zone 2 | |I|nberfaoe Wall Zone 2 | In_Xneg Int-Xn eg_a Int-Xn eg-b
Interface Interior Zone . 0 .
[err31 | in_Xpos int-xpos-a int-xpos-b
et | o] | in_yneg int-yneg-a int-yneg-b
4 in_ypos int-ypos-a int-ypos-b

e o T ——
~—— I fsrf 1ne ace Zone 2ne ace Zohnhe
in_xn;_g int-huk;-b n e ace
in_xpos
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Setting up the Models

Customer Training Material

- Keep the Pressure Based, Steady State solver
— Problem Setup > General > Solver

» Specify Turbulence model
— Problem Setup > Models > Viscous

— Double click and select k-epsilon (2 eqn) under Model and Realizable under
k-epsilon model and retain the default settings for the other parameters

* For Materials, keep the default

. . [ Model Model Constants
properties of the material air Qe = 4
Larminar T
H . 3 (O spalart-alimaras (1 eqn |1'9 |
density: 1.225 kg/m OE-De;s"to:E;eqn))“ - e
. . -omega (2 eqn
viscosity: 1.7894e-5 kg/(ms) Qe e 6o ] |
() Transition 55T (4 eqn) TOR PrancH Nuriber

() Revnalds Stress (7 eqn) P —
(") Detached Eddy Simulation (DES) ’
() Large Eddy Simulation (LES)

k-epsilon Model

24|

() Standard
CIRNG User-Defined Functions
(@ Realizable Turbulent Yiscosity
Near-wall Treatment : [nane ]
() standard Wall Functions Prandt| Numbers
() Mon-Equilibrium Wall Functions TKE Prandt! Mumbsr i
(_)Enhanced all Treatment G |
() User-Defined Wall Functions
= TCR Prandtl Mumber
vl
=

[ Ok ] [Cancel] [Help ]
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Ce I I Zo n e C o n d iti 0 ns ( 1 ) Customer Training Material

* Under Problem Setup > Cell Zone Conditions
This zone is a stationary

— Select fluid-outer-domain and click Edit .
zone. It is not necessary to
— Observe air is already selected and click OK define a motion.

Zone Name fluid-outer-domain

| Fluid-outer-darmain \\
Material Mame |air Z | Edic . .
(Ede...J fluid-blade-ypos

|:| Frarme Mation |:| Larninar Zone |:| Source Terms

V4
0

A
%)
PR

[IMesh mMation [IFixed Yalues % i
AV Ao K vt Ay
. . SO K IR s AR o e o7
[JParous Zone ﬂ d_ - B B VA S AV o Sy ANy S0t AV e S5 S iV AVA
uid-rotating-core R L DR IO,
SRy S s g
Reference Frame } Mesh Motion | Porous Zone | Embedded LES | Reaction | Source Terms :,f;f;:fi"" 2 };ﬁgg}#}i@"@'ﬁ%&;&é’f "“"“‘Eﬂ:‘g
L Tavava TAVAN G vave)
SkEs 2P A AR PR 4
< vy A ALY AT g
st rotar e A KL
. FERERT (E ks it
: i i — A g e v il
F.okabion-Axis Origin fIU'd'bIade'Xneg - fg’é':;ﬁ ﬁm&%ﬁ%@.«ﬁ o
b, v e e e N S AV AVATAIR e
ORISR B R FAVAYAY o st dharivivscicotle
e T RIS,
AY%‘; vﬁﬂﬂhmlﬁggﬁym%é' D VAN
i T
2

# () | 0 | conskank A ‘

i |:I'ﬂ:| | ] |c|:|n5tant W ‘ ﬂUid'bIade'XpOS //

-

A
Ay

TAY
AT
A
ORI

fluid-blade-yneg —

[ o] ] [Cancel] [Help ]
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Cell Zone Conditions (2)

- Select fluid-rotating-core and click Edit
— QObserve air is already selected
— Click Frame Motion, to activate the Moving Reference Frame model
— Retain the (0 0) as Rotational-Axis Origin
— Select 4 rad/s as Rotational Velocity and click OK

Customer Training Material

Zone Name

|| fluidrotating-core ‘
Qame [ <] (Eac) We can account for the motion of
0;':; e R the parts, even in a steady state
s zone solver by using this technique.
Reference Frame ] Mesh Motion] Porous Zonel Embedded LESI Reaction SourceTermsl Fixed Values] Mult'phase] By Speleylng the rOtatlon Of the
RoTﬁ;’n«mwrigm core, all the grid cells are given
K {m constan w ey
o == | an additional source term to
¥ {m) constan w
== | account for the local
[ s e Transiational Velocity acceleration. This is known as
ed (rad/s e Z (m/s) constan v i H
L= % [onstnt Rk [cnstent | using a moving reference frame.
Relative Specification ¥ (mis) |D |con513nt b |
Relative To Cell Zane |absolute v |
UDF
Zone Motion Function |r10ne v )

[ oK ] [Cancel] [Help ]

ANSYS, Inc. Proprietary Release 13.0
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Ce I I Zo n e C o n d iti o n S (3) Customer Training Material

 Select fluid-blade-xneg and click Edit
— QObserve air is already selected
— Click Frame Motion, to activate the Moving Reference Frame model
— Set the Rotational-Axis Origin to [-1 O]
— Set the Rotational Velocity to 2 rad/s
— Select fluid-rotating-core as Relative Specification and click OK

Zone Name

|| fluid-blade-xneg |

Material Name |air 3 | [Edit... ]

Frame Motion |:| Laminar Zone |:| Source Terms

[IMesh Motion [IFixed Values . . . .

[ porous Zone This zone is rotating about its
Reference Frame l Mesh Moh’on] Porous Zone] Embedded LESI Reaction | Source Terms | Fixed 'u'alues] Mulh’phase] OWn aXiS, WhiCh iS 1 m aWay

~ from the global (hub) axis.
The rotation speed is half
that of the outer hub.

Translational Velocity

% (mfs) (o constant v
Y {mis) g constant v

LDF

Copy To Mesh Motion Zone Motion Function

[ Ok ] [Cancel] [Help ]

ANSYS, Inc. Proprietary Release 13.0
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Cell Zone Conditions (4)

- Repeat the instructions on the previous Slide for the other 3 blades:
— Zone fluid-blade-xpos  Axis [1 0] Speed 2rad/s Relative fluid-rotating-core
— Zone fluid-blade-yneg Axis [0-1] Speed 2rad/s Relative fluid-rotating-core
— Zone fluid-blade-ypos Axis [0 1] Speed 2rad/s Relative fluid-rotating-core

Customer Training Material

Zone Name

|| fluid-blade-xpos |

ializme | gje v | [Ed... ]
Frame Mofion |:| Laminar Zone |:| Source Terms
ion [ Fixed values

|:| Porous Zone

N

Reference Frame l Mesh Motion] Porous Zone l Embedded LES] Reaction | Source Terms | Fixed 'u'aluesl Multiphase]

Axis is different for
each zone

|CDI'1513I’1[ b

Rotatia i Translational Velocity
Speed (rad/s) | 2 |mr1513nt =z | X {mfs) [g |cons13r1t v |
Relative Speafication ¥ {m/s) [ |cons13r1t w |
e ——
Relative To Cell Zorg Auid-rotating-core &
UDF

Copy Ta Mesh Motion Zone Motion Function |none 3

<l

[ OK ] [Cancel] [Help ]

ANSYS, Inc. Proprietary Release 13.0
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Customer Training Material

Boundary Conditions (1)
* Under Problem Setup > Boundary Conditions

— Vel-Inlet-Wind
+ Select vel-inlet-wind, click Edit and set 10 m/s as Velocity Magnitude

» Choose Intensity and Length Scale under Turbulence
« Set Turbulence Intensity to § % and Turbulent Length Scale to 1 m and click OK

— Pressure-Outlet-Wind
« Select pressure-outlet-wind, click Edit and set 0 Pa as Gauge Pressure

» Choose Intensity and Length Scale under Turbulence
« Set Turbulence Intensity to § % and Turbulent Length Scale to 1 m and click OK

= Velocity Inlet E| = Pressure Outlet
Zone Name

|| pressure-outlet-wind

Zone Name
|| velnlet-wind |

Momentum ]Therrnal] Radiaﬁon] Spedes] DPM I Multiphase] ubs ]

Mamentum lThermaI] Radiation] Species] DPM ] Mulﬁphase] ups ]
b | Gauge Pressure (pascal) [ |cor1513r1t v

Velacity Spedification Method |Magnit|..|de, Meormal to Boundary
ol
Backflow Direction Specification Method |Normal to Boundary

Reference Frame |Absolute
Velocity Magnitude (m/s) [ 15 |cor1513r1t 3 | L
|:| Average Pressure Specification
Supersonic/Initial Gauge Pressure (pascal) | ) |cor1513r1t I | [[] Target Mass Flow Rate
Turbulence
Turbul
. o Spedification Method | 1 tangity and Length Scale v |
Specifiation Method |Inhensity Tl em s 4 Backflow Turbulent Intensity (%)
5
Turbulent Intensity (%)
Backflow Turbulent Length Scale {m)

Turbulent Length Scale {m)

[ Ok ] [Cancel] [Help ]

[ [0]4 ] [Cancel] [Help ]

Release 13.0
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Boundary Conditions (2)

NANSYS

Customer Training Material

* Under Problem Setup > Boundary Conditions

— Rotating wall

* Double-click wall-blade-xneg and select Moving Wall under Wall Motion
» Select Rotational under Motion and retain 0 rad/s as Speed relative to cell zone

= Wall

Zone Mame

|| wall-blade-xneg |

Adjacent Cell Zone
|| fluid-blade-xneg |

Maomentum ]Therrnal] Radiaﬁon] Speciesl DPM ] Mulh’phase] ups ]

Wall Motion Motion

> -
T s tationary gl Speed (ra
: Relative to Adjacent Cell Zghe
(%) Moving Wall (O] . 1 2
ADSOoIUTe F

x|

Rotation-Axis Origin
() Translatior™
{J Compongets
Shear Condition
() No 5lip
() specified Shear
Wall Roughness
Roughness Height (m) 5 |con513r1t hd |
Roughness Constant |D.5 |con513r1t » |

[ 0K ] [Cancel] [Help ]

The solver needs to know the speed of
the wall so as to properly account for wall
shear. Since the motion has been set in
the cell zone, we will simply tell the
boundary condition to use the same
conditions (that is, zero velocity with
respect to the cell zone).

Note that this panel will tell you which cell
zone is adjacent to this wall — look at the
greyed-out box on the second line.

ANSYS, Inc. Proprietary

Release 13.0
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Boundary Conditions (3)

Customer Training Material

« Copy the boundary conditions to other zones
1. Select Copy

Boundary Conditions

= Copy Conditions

Zone
grt:sris?_rr-:iuﬂet -wind s From Boundary Zone To Boundary Zanes E] E]
top-bottom-symmetry wall-33 [ T
&l-nlet-wind wall-41 B
To save time, when s nal 2
boundaries have identical iigé ”
parameters, we can copy [iss :“ZEHFE,LE'_“”“ Bl +=1-blade-xpos
from one to (many) T ey g Gu ! blade-ypos
others. .
wall-blade-xneg
i:”ﬂfﬁi:ﬁ:ﬁ B [Copy ] [Clnse] [ Help ]
wall_blade_yneg b
ot ol 2. Select wall-blade-xneg
7\
|_edt.  ([copy... J[Profies.. ] 3. Select the three other blades
[Parameters ]Mﬂondltnns ]
zone (wall-blade-xpos, wall-
blade-yneg, wall-blade-ypos)

4. Click Copy, then OK

ANSYS, Inc. Proprietary Release 13.0

© 2010 ANSYS, Inc. All rights reserved. = December 2010
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Solution Methods

* Under Solution > Solution Methods T —

— Select “Second Order Upwind® for Pressure-Velodity Coupling
Momentum, and the turbulence equations Scheme

SIMPLE W

Customer Training Material

Spatial Discretization

Gradient
Least Squares Cell Based w

Pressure
Standard v

Marmentum

* Under Solution > Solution Controls Second Order Upwind 3
i : urbulent Kinetic Ener
— Retain the default settings Turbulent Kinetic Energy

Second Qrder Upwind W
Turbulent Dissipation Rate

Second Order Upwind w

ANSYS, Inc. Proprietary Release 13.0

© 2010 ANSYS, Inc. All rights reserved. December 2010
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I n Itl a I Izatl o n Customer Training Material

* Under Solution > Solution Initialization
— Select Standard Initialization Solution Initialization

Initialization Methods

— Choose vel-inlet-wind under Compute from O Hybrid Tniiezatin

(¥) Standard Initilization

— Select Absolute under Reference Frame and Compute from

| vel-nlet-wind w

CIle Initialize Reference Frame

(%) Relative to Cell Zone
() Absolute

Initial Values

Gauge Pressure (pascal)
| 0

¥ Velodty {m/s)
| 10

¥ Velodty {m/s)
| 0

Turbulent Kinetic Energy (m2/s2)
| 0,375

Turbulent Dissipation Rate (m2/s3)
| 0.03773364

=

ANSYS, Inc. Proprietary Release 13.0
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Wri te C as e a n d D ata F i I e Customer Training Material

* The model is now ready to run.

* First Save the Project to your normal working directory
— File > Save Project

* Then Run the Calculation
— Set 500 as Number of Iterations
— Click Calculate to start the steady state simulation
— It will reach the default convergence criteria in just over 200 iterations

Generally you should always
; do further checks to determine
***** I convergence. However to

save time in this example we
will simply assume the default
convergence criteria are

PR e s e sufficient.

Iterations

| Scaled Residuals Dec 14, 2010
| ANSYS FLUENT 12.0 (2d, dp, phns, rke)

ANSYS, Inc. Proprietary Release 13.0
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Post Processing

Customer Training Material

* You can post process the results in FLUENT
— Results > Graphics and Animations
— Select Contours and click Set Up
— Select Velocity under Contours of and Velocity Magnitude below that
— Tick the box “Filled”, but do not select any surfaces, then Display
— Zoom in on the hub using the middle mouse button, by drawing a box from top-

Ieft to bottom_rig ht 1: Contours of Velocity Magn +
= Contours E|
Options Contours of
[v]Filled |“'E|°dt¥--- hd | 1.25e+01
[¥] Node values - : 1.48e+01
[v] Global Range |VEI°GW e b | 116401
[#] Auto Range 1.08e+01
omots || | | o
artil e g
default-nterior ~ B9t es00
default-interior:025 = 6.218+00
Levels Setup default-i:nter@or:DZ? . 5.51e+00
= [t Jg Eem—on s not necessary to o
i ermeerd® 1 select a plotting surface
Surface Name Pattern Mew Surface « 0 .
| = B when using FLUENT in - Drag zoom box with middle mouse button.
s 2D. By default the plot - Opposite direction (right to left) will zoom out
exhaust-fan value is shown on all » Use ‘Fit To Window’ to reset if necessary
cells.
[ Display | [compute] [ Close | [ Help | Adapt  Surfage—R(s

+ @ & U
ANSYS, Inc. Proprietary Release 13.0

© 2010 ANSYS, Inc. All rights reserved. = December 2010
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Post Processing [2]

Customer Training Material

* The Velocity contours should look like this:

Without the cell zone
motion (MRF) this would
have looked much more
symmetrical between top
and bottom

1.60e+01
1.53e+01
1.46e+01
1.39e+01

1.32e+01
1.25e+01
1.18e+01
1.11e+01
1.04e+01
9.72e+00

9.02e+00

8.32e+00 _
% il You can save this image
4 rad/s Hub ' from FLUENT for use in a
10 m/s Rotation report:
wind _ S * File > Save Picture
S = - » TIFF, and Colour
yoine - + Resolution 1200 x 1200

» ‘Save’

8 D Ann

ANSYS, Inc. Proprietary Release 13.0
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Write Case and Data File

« Save the project
— File > Save Project

Customer Training Material

* Close FLUENT, and return to the ANSYS Workbench window.

ANSYS, Inc. Proprietary Release 13.0
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Customer Training Material

Part 2 : Using Sliding Meshes

ANSYS, Inc. Proprietary Release 13.0
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Sliding Meshes - Introduction

Customer Training Material

* There are times when the MRF assumption used in Part 1 is an over-
simplification of the problem.

— Only one position of the hub relative to the incoming wind was simulated

— There will also be some vortices that affect each blade from other blades that
have just passed upwind.

* In this next part, we will actually move the relative positions of all the
components within FLUENT, and solve this in a transient (time-dependant)
manner.

ANSYS, Inc. Proprietary Release 13.0

© 2010 ANSYS, Inc. All rights reserved. December 2010
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Preparing Workbench

NANSYS

« On the Workbench Project Page,
right-click on the arrow at the top of
the FLUENT model, and select
‘Duplicate’

- Name the newly created copy ‘Sliding
Mesh Model’

* Drag the results over from the MRF
model (drag a line from cell A3 to B3)

» This is so we can use the steady-
State solution as a starting point
for the new Sliding Mesh
computation.

» Launch FLUENT by double clicking on
the new Solution cell (B3)

ANSYS, Inc. Proprietary

Customer Training Material

Y ws5-wind-turbine-workbench - Workbench

File  %iew Tools Units Help

Toolbox

IMew [ Open... [l save [El save As... glimport... <o

Analysis Systems

B Component Systems

@ AuToDYN

ﬁ BladeGen

@ CFX

@ Engineering Data

[E Bxplicit Dynamics {LS-DYMA Export)
F Bdernal Connection

Bxternal Data

@ Finite ElementModeler

|E FLUENT

i@ Geometry

Mechanical APDL
ﬁ Mechanical Model

ﬁ Mesh

(¥ Microsoft Uffice bxcel

& Refresh Project  # Update Proj

4 U

<|‘=\é‘l Duplicate

=

7| Delete

E:l:! Rename

Properties

Y ws5-wind-turbine-workbench - Workbench
File  Wiew Tools Units Help

D Mew [5 Open... | save [El save As... glimport... <9

Toolbox L Ml FProject Schematic

Analysis Systems

E Component Systems

@ AUTODYN

ﬁ BladeGen

@ CFx

& Engineering Data

[E Bxplicit Dynamics {L5-DYNA Export)
F Bxernal Connection

External Data

/& Refresh Project  # Update Project (3

- A - B
i L FLUENT il L FLUENT
&

2@5&1:_”: v 4
3 (68 souton v

Moving Reference Frame

" eLp
3 Solution & 4
Sliding Mesh Model

Release 13.0
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Model Setup — General Comments

Customer Training Material

« All the model setup values (boundary conditions, etc) are available in the
new FLUENT session.

* You may want to have a look (boundary conditions, plot velocity contours
etc) to observe this for yourself.

 The following slides will show how to change this model to a sliding mesh
case.

* Note that whereas the motion of the hub is easy to define (rotates about a
fixed axis), it is harder to define the motion of the blades because their axis
moves, in addition to the rotation of the blade.

« Supplied with this case is a FLUENT User Defined Function (UDF) to
apply the rotation and translation to each blade.

ANSYS, Inc. Proprietary Release 13.0

© 2010 ANSYS, Inc. All rights reserved. December 2010



WS5: Using Moving Reference Frames and Sliding Meshes

NANSYS

Solver Setup

« Select Transient solver
— Problem Setup > General > Solver

* Read in the supplied UDF

— Copy the UDF ws5 udf for motion.c to the
‘user_ files’ subdirectory of your project

— Define - User Defined - Functions - Interpreted

— Select Browse, and pick this .c file from user files

— Enable ‘Display Assembly Listing’
and ‘Contributed CPP’

— Watch the FLUENT TUI window as you select ‘Interpret’

— If successful, you will see no errors in the TUI window,
just about 700 lines of machine code scroll past.

UDFs will be covered in more detail in their own lecture. There are two
basic approaches, Interpreted or Compiled. We have opted for Interpreted
here because this is a simple and quick to execute UDF (so run speed is not
an issue), and because no additional software is needed on your computer.
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General

Mesh

[ Scale... ] [ Check ] [F‘.eport Quality ]

Solver

Type Velocity Formulation
Pressure-Baszed (%) Absolute
() Density-Based () Relative

Time 2D Space
() Steady () Planar
(3) Transient () Axisymmetric
() Axisymmetric Swirl
[ Gravity Units...

2 [nterpreted UDFs E|

Source File Mame
ing-partz\ws5s_udf_for_motion.d| .
(Bronse..)
Stack Size
10000 [+]
= [*]
q Display Assembly Listing
[¥] Usf Contributed CPP
Interpret [ Close ] [ Help ]
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Setti n g u p C el I Zo n es [1 ] Customer Training Material

* Under Problem Setup > Cell Zone Conditions

- Select fluid-rotating-core and click Edit
— Click Copy to Mesh Motion in the . e

[]Mesh Motion [ IFixed Values
[JPorous Zone

Refe ren Ce Frame Ta b to a Ct i Vate th e Reference Frame | Mesh Mation | Parous Zone | Embedded LES | Reacton | Source Terms | Fixed Values | Multiphase |

Rotation-Axis Origin

Sliding Mesh model T

: . ‘ . y ||| omsint 3]

— The motion type is changed from ‘Frame Motion' | .......

Speed (rad/s) 5 emeT s X{mfs) g constant v

to ‘ M eS h M Oti O n ’ Relative Specification Yohs) [o constant v

Relative To Cell Zone ‘absom& v ‘
— Move to the Mesh Motion Tab and observe the (>
rotation speed has been transferred

— click OK = Fluid x|

aaaaaaaa

[]Frame Motion []Laminar Zone []Source Terms
Mesh Mation [CFixed values

[Crarous Zone

Reference Frige Mesh Motion [Jorous Zunal Embedded LES] Reamun] Source Terms | Fixed Values | Multiphase
Rotation-Axis Origin

Him) [ constant v

¥ {m) g constant v
Rotational Velodity Translational Velacity

Speed (rad/s) 5 constant w| || ¥ constant v
Relative Specification Yis) [0 constant v

UDF
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Setting up Cell Zones [2]

NANSYS

Customer Training Material

* The setup will be slightly different for the 4 blades.

 Select fluid-blade-xneg and click Edit

— The motion will be set maually via the UDF, we do not need to copy values
from the MRF settings (The UDF has hard-coded the axis position and speed)

— Un-select ‘Frame Motion’
— Select ‘Mesh Motion’

— On the Mesh Motion Tab, for UDF St D e D T
SeleCt ‘mOtion_Xneg, ReFe:,::czeo:r:me Mesh Motion ] Porous Zonel Embedded LES] Reaction] Source Terms] Fixed Values | Multiphase
be careful to pick the correct UDF | | e socteston 4
‘ . p Relative To Cell Zone | Jheqlte 3
and only select ‘Mesh Motion’! | '

— Select ‘OK’
- Repeat the above for the other zones:
— fluid-blade-xpos (motion_xpos)
— fluid-blade-yneg (motion_yneq)
— fluid-blade-ypos (motion_ypos)

be careful to pick the correct corresponding UDF. Re-visit each cell zone and

verify the settings are correct

ANSYS, Inc. Proprietary

Zone Mame

|| fluid-blade-xneg |
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=

[ QK ] [Cancel] [Help ]
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S etti n g u p a n A n i m ati O n Customer Training Material

« Solution > Calculation Activities > Solution Animations > Create/Edit
— In the Solution Animation Panel increase the Animation Sequences to 1
— Select Time Step under When and click Define
— In Animation Sequence Panel select Window 2, SET, then Contours

It is very useful with transient simulations to record key-frames of the
solution progress. Not only does this help understand the result, but
also aids de-bugging if the settings are not as intended.

= Animation Sequence

T Solution Animation

Arnimation Sequer 1 {A] Seguence Parameters
-
Storage Type MName
Ackive Name Every WWhen () In Memary | sequence-1
St T
| || = Define. .. !
| | = Storage Directory (%Y Plot
| |ElE Defie... " | O Monitor
|| | || | = Define. .
|| | || | = Define. .. Create «
[ 2K ] [iancel] [ Help ] [ oK ] [Cancel] [ Help ]
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Setting up an Animation [2]

Customer Training Material

On the Contour Panel: Forcing & Max and Min

— Set Contours of Velocity > Velocity Magnitude value will ensure all

— Select ‘Filled’ frames m the animation
are consistent.

— Deselect Global Range, Auto Range and Clip to Range
— Enter Min=0, Max=20

= Contours E|
— Deselect all surfaces ot
\ ptions Contours of
_ I ‘Ni ! illed Velodty... “
CIICk Dlsplay :Iude Values |'l.|'elm:ity Magnitude VI
— Close the Contour Panel wm i) Max (/)
. . [ ]clip to Range
— OK the Animation Sequence Panel Enriwpmﬁés ; 1 :
. . . Draw Mesh Surfaces
— OK the Solution Animation Panel defotnieror ~
Levels Setup dzfaﬂlt:i!ztei:g:gﬂl? B
a0 [=] 4 [«] |default-interior:02&
m——— [~] (=] gEEU:FnEr!DHg%
° H . ieport  Paralle efault-interior: >3
Graphlc IayOUt -] - Surface Name Pattern [m
— Enable 2-window display \@ CE) P Elg
— Use the middle mouse button STp:}urfh -
. . il [E exhaust-fan v
to zoom in on the blades in ! = fen =
. . 4 B
graphlc WlndOW 2 [ Display ] [Cnmpute] [ Close ] [ Help ]
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Write Case and Data File

* The model is now ready to run.

Customer Training Material

* First Save the Project to your normal working directory

— File > Save Project Run Calculation
[ Check Case... ] ’Preview Mesh Motion... ]
Time Stepping Method Time Step Size (s)

|Fixed v| ‘u.uns

EJ

* Then Run the Calculation —
— Set 0.005s as time step size 4 g

Options

— Set 314 as number of time steps Cloropdot v
ata Sampling for Time istics
— 4 rads/sec equates to 1.57secs/rotation. 0.005s x 314 = 1.57s Date Ssmplng for Time Sttt

— Click Calculate to start the transient simulation

| s

| | Sampling Options

Max Iterations,Time Step Reporting Interval

| | )

Profile Update Interval
E &

An Initialization of this case is [ Data Fie Quantites... ]
not necessary because we
want to continue the simulation
with “start condition” of the
Moving Reference Frame

[ Calculate ]
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Reviewing the Solution

Customer Training Material

When the calculation is complete:

« Graphics and Animations > Solution Animation Playback > Setup
— Selecting the ‘Play’ button will let you review the animation

= Playback X
Playback Animation Sequences
o e |

StartFrame  Incremen t End Frame
[] =] (2]
b=t =] [+l

i

Ensnco)s)

£

¥
Slow Replay Speed Fast -
WriteRecord Fcrmat|.ﬂmimation Frames L | Picture Options
[ Write ] [Read... ] [ Close ] [ Help ]

— Alternatively you can select Write/Record Format, and type MPEG.
(this will appear in the folder

working directory\workbench_project_name\de\FLU—l\Fluent)
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Comparing the Results

Customer Training Material

* The images below show a comparison of the result from the MRF and
sliding mesh approaches.

* Although the MRF approach gave a useful early indication of the velocity
field and wake behind the blades, a full Transient approach was needed.

NNSH(S

1.40e+01

1.35e+01 @

I e IRF Result (Part 1)

7.50e+00
7.00e+00

Contours of Velocity Magnitude (m/s) Dec 14, 2010 Contours of Velocity Magnitude (m/s) (Time=1.5700e+00) Dec 14, 2010
ANSYS FLUENT 13.0 (2d, dp, pbns, rke) ANSYS FLUENT 13.0 (2d, dp, pbns, rke, transient)
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Closing Comments

Customer Training Material

- Save the Project
— File > Save Project

* This workshop has shown how the fluid region can be modified by the
solver at every timestep. There is no need to have to go back to the pre-
processor to generate a fresh mesh at each step.

* The key feature needed in the mesh in order to do this was having
different, disconnected (non-conformal) cell zones. Since they are
disconnected, FLUENT could move them as a rigid body

* |f the parts actually change shape, there are further tools available in
FLUENT (the Dynamic Mesh Model) which allow much greater changes to
be made to the mesh, adding and removing grid cells where necessary.
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Optional Extras

Customer Training Material

* |If you have finished early, ahead of the rest of the class, you may want to
investigate reporting the turning moment on the device.

— Use Report 2> Forces > Moments (and set appropriate axes)
— Pick the 4 blades
— Compare the result from the two cases computed.

— The Moment Coefficient can also be plotted as a graph during the solution
process Monitors > Moment.

— Click the ‘Help’ button on this panel and follow the link to ‘Monitoring Force and
Moment Coefficients’ to find out more.

— Note that this reports a coefficient, which uses the values set in
Report - Reference Values (see help pages).

— Once set, if you run the solver on for further timesteps, you will see how the
moment varies sinusoidally as the device rotates.
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