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Abstract

WiththeemergingimportanceofCF Dandfiniteelementanalyses,itisofgreatnecessity that
engineering students get a good base of knowledge on one of the most usedsoftware packages
in the industry of simulation, ANSYS. This brief tutorial states a few simpleexamples of the main
applications of the software package ANSYS and highlights some of thepossibleproblems

studentsmayfaceduringtheirjourney indiscovering thisapplication.

The flow of information is structured that the reader gets an understanding of
howimportant ANSYS is, and how it works and what type of machines are needed for the
studentlevel research expected. Then the tutorial goes on with simple straight forward examples
ofstructuralandfluidphysicssimulatedusingtheANSY Spackage.Eventually,thetutorialaddresses
the most important problems generally faced by the students such as

unsuccessfulmeshing,ordivergentsolutions.

Disclaimer

Itisextremelyimportanttonotetwopointswhilefollowingthistutorial:

- The knowledge contained in this paper is by no means, accepted as mainstream, or
anindustry best practice. It is merely the product of the experience of senior
engineeringstudents who explored the program and desired to share their experience

with thepackage.

- The choices and configurations in every example given are not to be considered as a —
one size fits all — template. As the student grows in experience they are expected to
tryother configurations, commit to trial and error procedures, and develop their
owntroubleshootingskills inordertocreateworkingmodels.
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1. Introduction

ANSYS is a finite element analysis package used widely in industry to simulate
theresponse of a physical system to structural loading, and thermal and electromagnetic
effects.ANSYS uses the finite-element method to solve the underlying governing equations and
theassociatedproblem-specificboundaryconditions.
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Eachoneoftheanalysissystemshasitsownprocedure.However,therearesomecommonstagesi

nall ofthesystems.
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Foreachtypeofproblems,theprocedurecanbecompletedbygoingthroughthetreeone

byoneuntilallthecellsgetmarked with v,

Itishighlyrecommended tosurfonlineandhaveagood ideaaboutthe “mesh”orthe“grid”

=  Theimportanceofthemeshforthecomputer-

aidedengineeringandsimulationsoftwarelikeANSYS.

= Typesofmesh

=  Howtocontrolthemesh sizeandbasedonwhat the meshshouldbe modified

» Howdoesmeshsizeaffectthequalityandreliabilityof the results?

Moreover,itisrecommended touseapcwithminimumspecificationsof:

e Processor:i5ori7

¢ Ram: 32 Gbs
e Harddisk:1TB

e Goodcoolingsystem(Important)

[Type text]

For Te

\ i.'_-:ﬂjl“ \010Y
y \ndia NR {nsiitute OF ! ho”

y

A el

on .
- Panka)

Kumar Per¥?
(P rincipal)

[Type text]



AnsysWorkbenchBasicsGuide

Thegeometryshouldbemadeonexternalmodelingsoftware(Solidworks,CatiaorRhino)andsave
dinanindividualgeometryfilewithrecommendedextensions(Solidpartfile
.sldprt,IGESfile .igsorStepfile.stl).AutodeskAutocadis notcompatiblewith Ansys.

NOTE: This manual provides a very brief idea and introduction the Ansys applications.
Themanual is made for the beginners who are working on the application for the first time. It
shouldguide the student to the basics of Ansys while he can develop himself with more

advancedproblemsfromreal lifeandfromonlinesources.
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2. Exercises

2.1. StaticStructural-CantileverBeam

NOMMNNNNSRNN,
e

2.1.1. ProblemsSpecifications:

Findthestressandthe strainin thecantileverbeamwhere:

= L=1m
= H=0.2m
= Load=1KNDownwards,applied on thetop rightedge.
= The material properties
are:Young's modulus E = 200

GPaPoissonratio=0.3

For T
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2.1.2. Startingandassigningmaterialproperties

**  Before starting, the
geometryfile of the beam
should be

savedinanindividualfile

**InANSYSWorkbench
window:

Drag (Static Structural) to
theProjectSchematicinsidethere
dsquare

**DoubleClickon(EngineeringD
ata) to configure and add
thematerials that would be
used inthe analysis along with
theirproperties.

**Theshownwindowwillappe
ar where a new
materialcanbeadded>>(click
heretoadd a new material)>>
add(materialforthebeam)

3
BeamSLDPR , %

Type: SolidW orks

Size: 85 Kb

Part Document
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**IntheToolbox,thematerialpr
operties can be added
from“Density”or“Isotropic
Elasticity”. Double Clicking
onthementionedoptionswillope
nnew fields in the outline
wherethe fields have to be filled
withthevaluesoftheproperties.

Note: Try to find the
desiredmaterial in the
“EngineeringData Source”

Library
beforeaddinganewmaterial.Cli
ckon

theicon  >> select the type

ofthe material and the
materialswillappearinalist.Ifyo
uwantto add a material to
yourprojectlist,clickon.

** After you are done
withaddingallthematerialsnee
dedin the project, click on
“ReturntoProject”

v
**The Engineering Data
fieldshould be marked with
aindicating that the process
ofadding materials properties

hasbeendone.
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2.1.3. Geometry

**RightClickon(Geometry)>>1
mport Geometry >> Browse
>>Locate the geometry file

Note: Simple geometry can
beconstructedinAnsysGeometr
ywindow itself.
However,complex geometry
should beimported from 3D
modelingsoftware like
Solidworks, as
ithasbeendoneinthisexercise.

** Even though after
locatingthe geometry file, the
field willbemarkedwith ,
it is stillnecessary to do the
followingstep.

**Doubleclickon“Geometry”

>> Chose the units used
whileconstructingthegeometry
files

** On the Tree Outline on
theleft side >> Right Click
on“Import” >> Generate.
Hence,thegeometrywillappeari
nthegraphics window. After

ﬂilssfep, c?ose

.t A
8 77 static Structural
2 & EngneeringData i
| T _
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2.1.4. Model

**Doubleclickon “Model”

** On the outline window,
expandthe “Geometry” tree by
clicking on“+”, this tree should
show you allthe parts in the
project (will beclearwhen
therearemultiplepartsintheproject
).Moreover,thetree helps in
assigning differentmaterial to
different parts ormanaging the
contact typebetween two parts
(Frictional Frictionless,etc).

**Ontheoutlinewindow,click

n“Mesh”. For generating the
meshwiththe defaultsize, clickon
“/ Update from the top bars.
Foradvancedmeshoptions,adjustt
he

$&tCingsfirromddetalle whlkesick
v dosH.
Note:

Thedefaultmeshisusuallyaverybasi

Sapidwis él}i’ tte"“ﬁ/’l‘/mdow
lventot c? tal softhe
eOutIme

t Ri
e ancl'g meshdet
bty
ca ead
940115 tel Si Thelncllckonthe
gggmeteRIdecy e i
ZIn Sltlss W
igurée.domain. Thenc ic “apply”.
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Thedetailscanbechosenusingthe

selectingicons.
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2.1.5. Setup

**Aftersettingthematerialandge
nerating the mesh, close
the“Model” window. As it is
clear,the first 3 stages have

beenmarkedwith  indicating
thatthey are completed. Move
to“Setup”.

**In “Setup”, the loads,
thesupports and the
desiredsolution parameters
should

bedefined. Bymarkingthelocatio
non the geometry and adding
aforce or a support, the
“Setup”stage can be considered
to bedone.

**Choosetheface where
thecantileverbeamisfixedlfpusing

the“Faceselectiontool”

** Add the “Fixed Support”
fromthe“SupportsList”.Hence,ont
he“Outline” tree, the fixed
supportwillbedisplayedunderthe
“StaticStructural’list.
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**Similarly,selectthetoprighted
ge ofthebeamusingthe

“EdgeSelectingTool” Lo}

** Add the force from
the“Loads” list. In the “Details
ofForce” window,
change“DefinedBy”to “Compo
nents”and then set the “Y”
directionforce to be “- 1000
N” as it isshowninthefigure.

Note: The negative sign of
theforce is because the force
isdownwards.Alwaysmakesure
you check the
coordinatesystem defaults
directionsbefore settingthe
forces.

**Fromthe sideview,the
“Graphics window” should
looklikethisafterclickingon “Stat
icStructural” on the
“Outline”window.

Geometry A Print Preview A Report Preview
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Scoping Method i Geometry Selection
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= Definition
:ﬂr;i I Force
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M ¥ Component _ L1000
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** To define the desired
solutionparameters, click on
“Solutions”anddefineallthepara
metersneededtobefound. Thepar
ameters can be chosen fromthe
listsshowninthefigure.

** After defining
theinvestigationparameters,cli

togettheresults.Tos
howtheresultsofthedifferentpar
ameters, use the list
under‘solutions” in the
“Outline”window.

Note: The previous
procedurecan be considered
one of thesimplest static
structuralproblems. Practice
more
byfindingsolvedproblemsonlin
eand comparing your results
tothegiven results.

Solution , Deformation v @ Strain v @ Stress v @ Energy v | %, Linearized Stress »

/&8 Mesh
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2.2. Fluent-2D-Airfoil

2.2.1. Methodology -Air domainandBoundary

In aerospace applications, fluent is usually used to calculate the lift and the drag,
presentthepressuredistribution,vorticity,velocity vectors,streamlines..etc.

Since computer resources management is a critical issue, the easiest and the
leastresourceextensivemethodismentionedinthe manual wherethe propertiesare calculatedusing
only one material (air) without going through the details of the wing material or the

internalstructureofthewing.

Hence, a boundary of air has to be defined where it covers the wing while the gap in
thematerial of the boundary (air) is representing the wing. In other words, the wing has to
besubtracted from the air boundary leaving the air moving inside the boundary avoiding the

gap.Thenextfigureis showingtheairboundaryandthesubtractedairfoil.

r

Velocity Pressure
InIet< >Out|et

»

For the 2D cases, the air domain and the airfoil subtraction should be done from
themodeling software. In the 3D cases, the wing has to be constructed in the 3D modeling

softwarewhilethedomainconstructionandthesubtractionprocessshouldbedoneinAnsysworkbench. n0logy
GV

\ Te
for Tecind \ndia NR \nstitute of
of Techno

24l
Generally, the inlet should be away from the leading edge with a distanﬁau\g{ Wnar Porv®
Dr. Pankd) ™
twiceof the airfoil chord length while the outlet should be 8 — 10 times the chorrd Ieﬂg!ﬁ!?a“
Moreover, thetop and the bottom of the boundary should be 4 — 6 times of the chord length

away from theairfoil
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2.2.2. Geometry

**Thegeometryfileshouldbesa
vedinanindividualfile

**INANSYSWorkbench
window:

Drag (Fluid Flow (Fluent))
totheProjectSchematicinsidethe
redsquare

** Right Click on (Geometry)
>>Import Geometry >> Browse
>>Locate the geometry file

-

Type: SolidWorks Part Document

Last Saved By: Suhail
Size: 85 kb

e |
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** Chose the units used
whileconstructingthegeometry
files

**OntheTreeOutlineonthelef
t side >> Right Click
on“Import”>> Generate

**Afterthegeometryappears,cl
ose the geometry
modelingwindow

[Type text]
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2.2.3. Mesh

**Doubleclickon“Model”

**Togeneratethemesh,click
=} Generate Mesh

Note:Thedefaultmesh
isusuallyaverybasicgridwithno
attentiongiventothedetailsofth
egeometry.Advancedmesh
details can be added as
itisexplainedbellow.

**OntheOutlinepart,Leftclickon
“Mesh”. Then on the “Detailsof
Mesh” window Change
thefollowings:

Relevance>> controls
thedensityofthemeshinregion
scloser tothegeometry.

*

Yslosdvievrad tizelfanbtéoeliskom P
MezhnityandCurvature

- RelevanceCenter>>Fine

- MinSize>>theminimumsize
Qfhe mesfyelementsipmeters,
oMtheftce SieepartiRighkiticin
sizé Meshénreshseletmentfethod

mretartomatic. Thenclickonthe
bodywhichisrepresentingthe
- MaxS ize>>?ﬁualto ”Ma)l(d

ngl%llgly". face izeen’ cie

v A

< rusro uem |
2 ) Geometry “
3[@ mesn |
4 @ setwp ? .
5 |§ sowuton T .
5§ @ Resuts ? .

Fluid Flow (FLUENT)

= Defaults
Physics Preference
' Solver Preference
. Relevance
=] Sizing

| Use Advanced Size Function

|cFD
Fluent
0

On: Proximity and Cur\rature:‘

Relevance Center Fine
Initial Size Seed [ Active Assembly
gmcnthing | Medium
Transition ' Slow
'Span Angle Center 'Fine
IT Curvature Normal Angle -Defaurl (180"
Prox:mltyAccuraqr st bick o
|| Num Cells Across Gap | Default 3)
| Min Size 8.6-004 m
Max Face Size [a0m
Max Size [40m
| Growth Rate | Defautt (1.20)
'Minimum Edge Length 11.6276-004 m
= CutCellMeshing
Actl\re st _'No
#| Advanced ke of Teg'un.u«ﬂ\‘
I=!| Defeaturing —
_.Pinc.h Tolerance _.Defau!‘t [7.22-0@1 mj ai?“ C‘A
::r:‘::::i.cpi::?ho:a?::l.r::;eaturin 'No 'kal \(umaf PCTW
g | Off L3}
| Statistics ' principal)
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**Afterthemeshisgenerated.Ch

oosetheedgechoosingtool.

**Leftclick
oneachedgeoftheboundary>>R
ight click >>Create Named
Selection >>Name each edge
according theorientation of
the model. Makesure that the
inlet is named“inlet”, the outlet
is named“outlet”, and the other
2 sides’names start with
“symmetry —(addname)”.

** After selecting each
edgeseparately and

assigning
anamedselection,changethe
selectiontypeto “Boxselection”a
sshown.

** Hence, select the airfoil as
itis shown. Then right
click>>create named selection
>> callit any name (avoid
calling itinlet, Outlet and
Symmetry),
inthisexampleitiscalled “airfoilf
oreasierreference.

** After doing the
namedselectionstep,thetreeo
utlineshould look like the

Insert
GoTo

@ Isometric View
3 Set

i Restore Default
@) Zoom To Fit

Cursor Mcde
View
P Look At

5 Select All

nt Pr.

(B} Suppress Body
@ Hide Body

[2] Refresh Geometry

| File Edit View Units Tools Help

R¥Y-DRO®@

| = show|| % Single Select l

[P corsee

B symmetry-bottom

Details of "Named Selections™ 2
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shownfigure. Notice all the

namedselectionsarelisted.

' § Techn0log
y \ndia NR nsfitute oF 1B

For T¢ 2 2l
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2.2.4. Setup

** Close the
“MechanicalWindow”>>Ri
ghtclickon“Mesh”>>
Update.

**DoubleClick on“Setup”

**Tick (Double
Precision)>>Chose “Parallel”
and chose thenumber of
processors to be 4unless if
more processors
arelicensed.Inthecaseyourcomp
uter has less than
4processors,selectthemaximum
amountofprocessorsavailable.

- &
Fluid Flow (FLUENT) il

Reset
ﬁE Rename
Properties

Quick Help

- A
b8 & Fluid Flow (FLUENT)
2 @) Geometry v .,
3| @ mesh @ Edit.
4 Se |

@: s 143 Duplicate
5 | @@ Solution

Transfer Data To New »

6 @ Results

Clear Generated Data

- A

= Fsron rumm

2 (i) Geometry v o
3 @ Mesh e
4| @ setwp &,
5 @5 solution .
6 @ Resits &,
Fluid Flow (FLUENT)
[} FLUENT Launcher (Setting Edit Only) ] (5 [
NANSYS FLUENT Launcher
Oplions
4 7| Double Precision
£ (] Uze Job Schedulet
[ Use Remaote Linux Nodes
Dizplay Oplione
[¥] Display Mech After Rreading Processing Oplians
V] Embed Graphics ‘Windows Serial
7] Workbench Color Scheme @ Parallel [Local Machine]
[7] Dornot show this panel again Mumber of Processs y
4 3 )
[ Show More Options
nw
! [k ][ Gored ][ Heo
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**Chosethe“Type”tobe:

- “PressureBased”fori
ncompressibleflow

- “DensityBased”for
compressibleflow

**Goto"“Define”>>0peratingC
onditions.

** Define the Static Pressure
inthe operationaltitude.

**In “Models” Section
>>Doubleclickon “Viscous”an
dchose:

- Model:K-epsilon
- K-epsilonmodel:Realizable

- Near-Wall Treatment: Non-
EquilibriumWallFunctions

File Mesh Define Solve Adapt Surface Display Report Parallel

Problem Setup
Models
Materials
Phases
Cell Zone Conditions
Boundary Conditions
Mesh Interfaces
Dynamic Mesh
Reference Values
Solution
Solution Methods
Solution Controls
Monitors
Solution Initialization
Calculation Activities
Run Calaulation
Results

Plots
Reports

E-d-@e[Gerak s QB0

General

Mesh

[ scale.. |[ check |[ReportQuaiity]
Solver

Type Velodty Formulation
@ Pressure-Based @ Absolute
) Density-Based Relative

Time.
@ Steady
(L) Transient

[l Gravity (i)

Graphics and Animations

File Mesh |Define| Solve Adapt Surface Display

S~ i

Problem Setug
Models
Materials
Phases
Cell Zone C¢
Boundary C|

General...

Models...

Matenals...

Phases...

Cell Zone Conditions...
Boundary Conditions...
Operating Conditions...

Ir
£ Operating Conditions

Pressure

Operating Pressure (pascal) | | [ | Gravity

Gravity

101325 @

K(m)ig

Z (m) [o

r

| OK

Reference Pressure Location

rmo ®

®

] [concel] [(heb ]

= — —

Problem Setup

General
Materials

Phases

| Models

F=gTye

Cell Zone Conditi

Boundary Conditions

Mesh Interfaces

Dynamic Mesh

Reference Values
Solution

Solution Methods

Solution Controls

Monitors

Solution Initiakization

Calculation Activities

Run Calculation
Results

Graphics and Animation|

Plots

Reparts

Viscous Model

=

Model
() Inviscid
() Laminar
() Spalart-Alimaras (1 egn)
® k-epsilon (2 eqn)
(1 k-omega (2 eqgn)
(" Transition k-d-omega (3 egn)
) Transition 55T {4 egn)
() Reynolds Stress (7 eqn)
() Scale-Adaptive Simulation (SAS)
(7 Detached Eddy Simulation (DES)
| ) Large Eddy Simulation (LES)

k-epsion Model

() Standard
(IRNG
(@) Realizable

Near-Wall Treatment

() Standard Wall Functions
@ Non-Equilibrium Wall Functions
(7 Enhanced Wall Treatment

() User-Defined Wal Functions

Tachn0lok \j
s echnoioy
siitute of 18C

a\d\

panka et P
(P rincipal)
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**In “Materials” Section
>>DoubleClickon“air”>>setthe
density and the
viscosityPressure
intheoperationaltitude.

** In “Boundary
Conditions”Section >> Double
Click on“Inlet” >> Change
“VelocitySpecification Method”
to“Components” >> Insert
thevalues of the flow velocity
withrespect to the
coordinatesystem(Noticeitis-
50becausethe free stream is in
thenegativeXdirection.

**In“ReferenceValues”section
>>Chose“Computefrom”tobe”i
nlet” >> Insert the
flowconditions at the
operatingaltitude. Moreover,
insert:

- Area:thereferenceareaofthewi
ng (the projection area
fromthetopview)

Depth:thespanoftheZDwing

- Length:MeanAerodynamic
W

Problem Setup Materials
General Materi
Models TPt
||Fiusd
Fhases (| obd
cell Zone Conditions | ausmioum
Boundy -
Miesh | B0 Create/Edit Materials
Dynian
Referd r:i_ame
Solution | | | &
Solutd | Chemical Formula
Solutig
Monitd
Solutid
Caloulds
Run C{¥ '
Rests Properties
Graphi Density (kg/m3)
pos lconmant,_
Repor | 0.6601
Viscosity (kg/m-s) i—tt
|Tss'5eos
-oblem Setup 7 o == — =
General B VR A __
Mocie's | Zone Name

Materials
Cell Zone Conditions

Dynamic Mesh
Reference Values

Fn]_e t

Momentum | Thermal | Radiation | Species| DPM | Multiphase| uDs |

Velodty Spedfication Method |Cmﬂﬁ'l$

Reference Frame IME

olution
Solution Methods Supersonic/Initial Gauge Pressure (pascal) ’o— |mmt -|
Solution Controls
Monitors X-Velocity (m/s) |ﬁ |cons|mt =
Solution Initialization
Calculation Activities Y-Velocity (m/s) ’o— = =]
Run Calculation |
lecults Turbulence
roblem Setup Reference Values
General Compute from
Models
inlet
Materials
Reference Values

Phases
Cell Zone Conditions
Boundary Conditions

Dynamic Mesh
rolution
Solution Methods
Solution Controls
Monitors
Solution Initialization
Calculation Activities
Run Calaulation

tesults
Graphics and Animations
Plots
Reports

Area (m2) [0.05
Density (ka/m3) | 1.225
Depth (m) 05
Enthalpy (a) [o
Length (m) 0.2
Pressure (pascal)
Temperature (k) [2a3 16

Velodty (m/s) [sg

Viscosity (kg/m-s) [1,7394e.05

Ratio of Spedfic Heats | 14

\ ay
of Tecnnoivald

—
raaL o
Kumar Por
rincipal)
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**In“Solution Methods”Section
>>Chose“Scheme”tobe”
Coupled”.

**In“Solution Controls”Section
>>(Clickon “Limits”>>setthe“M
aximum Turb.

ViscosityRatio tobele+20.

** In “Monitors” section
>>Double click on “Residuals”
>>Tick on (Print, Plot) >> on
theright side, remove the
ticksfromalltheparametersexc
eptcontinuity. Moreover,
changethe absolute criteria of
thecontinuity to be 1e-6 as
showninthefigure.

Problem Setup | Solution Methods
General Pressure-Velodty Coupling
Models :
Materials Scheme :
Phases | Coupled =
Celdl Zone Conditions ——
Boundary Conditions Spatial Discretization
;:.: Interfaces Gradent
kb L
Reference Vahes preustSqaestBﬁcd -]
essure
g | standard .J
Eokiton Methodd | tarches
Sohition Controls HC
Monibors | Frst Order Upwind -
Solution Initiakzation Turbulent iinatic Energy
Caloudation Activities | First Order Upwind ...J
p— Turbulent Disspation Rate
Results First Order Uowind v]
Graphics and Animations :
Plots !
Reports
Problem Setup | Solution Controls
General Courant Number
Models T -
Materials | e
c.epﬂ Zone bons Exphcit Relaxation Factors —
Boundary Conditions Momentum [o. 75
Mesh Interfaces
Dynamic Mesh Pressure W
Reference Values
Solution | Under-Relaxation Factors
Solution Methods [ = —
o tion Conbok] Solution Limits
Monitors i
Sk o Tttty Minimum Absolute Pressure (pascal) ,17
Calculation Activities
Run Calculation faximum Absoiute Pressure (pascal) ['5e 110
Resiits M Tur. Kinetc Eneroy (n262) [1e-13
Graphics and Animations
Plots Minimum Turb. Dissipation Rate (m2/s3) | 20
Reports
Maximum Turb, Viscosity Ratio | fre)
[Loc ] [pefout] [cancel] [ teb ]
Default |
(Equations... | [Limits... | [Advanced... |

E Residual Monitors ~

Options Equations
[7] Print to Console esidual Monitor Check Convergence Absolute Criteria s
(7] Plot | contruity ¥ @] 0.000001
W:‘d“""' -@ x-velocity @] ] [0.001 =
= : : = —
i y-velodty 7 [l I 0.001
Iterations to Plot
wo 3 k B ] [0.001 I
Residual Values Convergence Criterion
Iterations to Store [~ INormalize absolute s
1000 e -
= ¥ S
[V]5cale
|| compute Local Scale
f oK ] [_ Plot ] | Renormalize | [ Cancel | [ Help ]
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**In “Monitors” section
>>Double click on “Drag” >>
Tickon(Printtoconsole,Plot,Wri
te) >> add (.txt) to the endof
the file name >> Adjust
theunitvectorwhichisrepresenti
ngthedirectionofthe Drag force
with respect
tothecoordinatesystem(Noticeit
is -1 in the X direction
becausethe free stream is in
thenegativeXdirection).

**Dothesameprocessfor“Lift"ke
eping in mind that the X
andYforcevectorswillbedifferen
t.

**In“Solutionlnitialization”s
ection >> Chose
“Hybridlnitialization”.

**In“RunCalculations”Section
>>Settherequirednumberofite
rationsand“Calculate”.

Phases

Cell Zone Conditions
Boundary Conditions
Mesh Interfaces
Dynamic Mesh
Reference Values

Solution
Solution Methods

Solution Controls
Maonitors

Phases i/ orag - Frint, Plot, irite , IJ
Cell Zone Conditions r -
Boundary Conditions Drag Monitor e
Mesh Interfaces i —
Dynamic Mesh | Options Wall Zones
Reference vales | || [¥]prnt to Consale F—
olution [¥]mlot
Solution Methods Window
Solution Controls 2 & ——
onitons I (@) |Curves... || AxES...
Salution Initalization [¥] write
Calculation Activities
Run Calculation H::ML; i
istory.
esults | 5
Graphics and Animations | | | [ Per Zone
Plots |
Reports | Force Vector
X 14
|- 1]
[ 1
Problem Setup Solution Initialization
General Initiskization Methods
Models NEE
Materials @ Hybrid Initialization
Standard Initialization

| More Settings... | | Initialize |
| J L

™
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File Mesh Define

Solve Adapt Surface

D

Problem Setup
General
Models
Materials
Phases
Cell Zone Conditions
Boundary Conditions
Dynamic Mesh
Reference Values

Solution

Solution Methods
Solution Controls
Monitors

Solution Initialization
Calculation Activities

G0 [E QR 2

| Run Calculation

IC

| Checkcase..

Lo &

-

Profile Update Interval

1 (

kG

e of Teohiows)
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= ______] rlnfu tiol %
** The solution will 176 9.8003e-8] o ~ B:2n 1905
iter continuit me/iter
completewhen the convergence g Thev coatimidiy
= 176 9.4903e- 34 290680
(error)reachestothepre § o e
definedlimit.The final Ciand 177 8.8553e- 51 1999
iter continuity cl cd time/iter
CdVClIlleS * 177 solution is converged
. . 177 8.8553e-07 1.9518e+00 3.7337e-81 0:02:51 2000
aretheonesinthelastline. t 178 solution is converged
178 8.2625e-07 0:02:17 1999
= B o
b e e
Phases T Contours of
Cell Zone Conditions P;mesm Pressure... -
Boundary Conditions Particle T
**Toviewthegraphicalresults,In oo ![f“ = = }
“ “ . Reference Values 0 .|0
Results”chose“Graphicsand soken e e
Solution Methods
. . ” Solution Controls Animations i foi -
Animations” >> B — oo 242 stweioret |9
Doubleclickon“Contours”or“Vec R Caodotin -
tors” st i e St
>> Chose . e e =
. . . [Loptions.... | [ Scene... ][ views... | m‘h @
therequiredspecificationsofthef (gt ) (coomep. ) 5
igurefrom“Options”>> Display. (Disler ) [Conpute]) (e ) (e )

**Moreresultscanbedisplayedus
ingCFDPostandTecplotasitwill
be demonstrated in the
3Dsection.
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2.2.5. ChangingtheAngleofattack

In aerospace applications, the angle of attack is an important parameter where the
testsusually includeastudyoftheliftandthedragunderdifferentanglesofattack.

There are 2 basic methods of changing the angle of attack where one of them is
moreaccurate and time consuming while the other one is less accurate and less time
consuming. Themost significantdifferencebetweenthetwo methodsis

theshapeoftheenclosureduct.

2.2.5.1. Method1-Changingtheangleofattackusingthe3dmodellingsoftware

Theangleofattackanairfoilcanbechangedusingthe3Dmodellingsoftwareasitis

H
i
|
aology
R \nstitule of Teﬁi
3 ' lﬁdl .
z—l ‘ TPankai Kufnat Porw
N (Pt'mc\pa\)

This method requires starting from the geometry modelling stage going through all
thesteps of Ansys Fluent (Geometry — Mesh — Setup ... etc.). However, the shape of the
containingduct can be rectangular as it is clear from the figure above. This method generates
accurateresults.However,ittakes longersincethewholeprocesshastobedone.
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2.2.5.2. Method2-ChangingtheangleofattackfromAnsysFluentsetup

The second method of changing the angle of attack is by changing the inlet
velocityvectorswherethedefinedvelocitywillhavetherequiredmagnitudeanddirection. Theadvantag
eofthismethodologyisthetimesavedwherethechangingprocesscanbedoneinthe“Setup”stepofAnsy

sFluentwithoutre-doing thepreviousprocesses(GeometryandMesh).

As it is shown in the figure, the velocity with an angle of attack can be resolved to
twocomponents:

e Ydirection:vy=V«Xsina

e XDirection:v,=VXcosa

Hence, the velocity components can be entered to the “Boundary Conditions”

whereansyswillautomaticallycalculatetheresultantvelocityandangle.

Forexample, ifthefree streamvelocityis80 m/sand theangleof attackis15°:
e 1,=80X sin15=20.706

e v,=80Xcos15=77.274
y

' § Techn0log
y \ndia NR nsfitute oF 1B

For T¢ 2 2l
-Gaf‘\,:gnka] Kuma[ PCN.‘
‘ (P rincipal)
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E

Problem Setup Boundary Conditions

General

Models

Materials

Phases

Cell Zone Conditions

Mesh Interfaces

Momentum | Thermal | Rediation | Speces| DPM | Multphase| DS |
Selution Controls Velocity Spedfication Method [cawunls ,.] !
Soution Initialization Reference Frame [absolute -
Calulation mm Supersonic/Initial Gauge Pressure (pascal) |'Q constant. =

B - xveocty () [EEEER constant =

Note:ThevelocityinXdirectioniswitha(-)sign.Thisisduetothefactthatthegeometryhasbeendesignedin

suchorientation wherethefreestreamhastobeinthenegativeXdirection.

Note:Aftereachchangeintheangleofattack,the“ReferenceValues’shouldbeupdatedtocomputefrom®|

nlet’asitisshown.

Problem Setup | Reference Yalues
General =
Models
Materials
Phases Reference Values
Cell Zone Conditions
Area (m2)
Boundary Conditions ) | 0.05
Meszh Interfaces :
Densi
Dynamic Mesh ty (kafm3) | 1225
. Depth () [o.5
Solution
Solution Methods Enthalpy (i/ka) | 0
Solution Controls
Monitors
Length {m)
Solution Initialization | 0.2
Caloulation Activities
Pressure (pasca
Run Calculation ) |0
Results
Temperature (k) |2‘88.16
Graphics and Animations
Plots
Reports
Viscosity (kg/m-=) | 1789405
Ratio of Spedfic Heats | 1.4

Afterupdatingthe“ReferenceValues”itcanbenoticedthatthevelocityhasbeenautomatically

calculatedtobetheresultantvelocity.

| Technolody
- \ndia NR {nslitute of o

For Te S\
o panka Yumer P
o (Pt‘ml:\‘i’a“
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Since the velocity has been defined using the components, the monitors ofthe lift

andthedraghastobesettoreadtherequiredforcecomponents.

Asit is clear from the graph, with the existence ofthe angle of attack, the lift and thedrag
are not exactly the pure forces on one of the Y or X axis. The lift and the drag can
berepresentedbythefollowingequations:

e L=(Yxcosa)—(X Xsina)

e D=(Yxsina)+ (XX cosa)

Hence,thecoefficientsof XandYhaveto beenteredto the“Monitors’sectionwhere:
o  ForlLift:(X:—sina,Y:cosa)
e ForDrag:(X:cosa,Y:sin a)

Forexample,forfreestreamvelocityis80m/sandtheangleof attackis15°:
e For Lift:(X: —sin15=—0.259,Y:c0s15=0.966)
e For Drag:(X:cos15=0.966,Y:sin15=0.259)

\ { [echiul _‘
y \ndia NR |nsfitute of 18T

For Te = Al
(principa!)
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Note:All

the coefficients

Problem Setup MONIors
coem Residuals, Statistic and Force Moritors
Models |Residuals - Print, Plot
Materials ||statistic - Off
Phases ||Drag - Print, Plot, Write
Cell Zone Conditions i Lift - Print, Plot, Write
Boundary Conditions . = o
Mesh Interfaces Drag Monitor
Dynamic Mesh ;
Reference Values Options

Solution (V] Print to Cansole
Solution Methods [¥|Piot
Solution Controls Window
= [ = | 7 |
Monitors 2 =
Solution Initialization I 62 [E]
Calculation Activities (V] Write
Run Calculation Eile Name

Results [ cd-history.txt
Graphics and Animations = __I
Plots | [ZiPer Zone
R ts

aad Force Vector
X Y
0.966) 0,259

Lift Monitor

Options
[¥] Print to Consale
|V Piot
Window
% [curves... || Axes... _|
7] write

File Name

Wall Zones

| d-history. bt
[ Per Zone

Force Vector

X Y
 [0986.

[.259)

in X direction havebeen

inversed since the geometry has

beendesigned in such orientation where the free stream has to be in the negative X direction, as

ithasbeenmentionedpreviously.

For multiple angles of attack, the same process has to be repeated for each angle. It

ispreferredtoconstructatablewiththerequiredvelocityvectorsandthemonitoringcoefficientsonMicros

oftExcel asitisshownbelow.

Monitors
BoundaryConditions>Inlet Drag Lift
Velocitym/s | AOA | inletX inletY Y X Y X
80 -5 79.696 -6.972 -0.087 0.996 0.996 0.087
0 80.000 0.000 0.000 1.000 1.000 0.000
5 79.696 6.972 0.087 0.996 0.996 | -0.087
10 78.785 13.892 0.174 0.985 0.985| -0.174
15 77.274 20.706 0.259 0966 . 9366 12001259
1 IR T —
20 75.175 27.362 0.342 §, 1 0:98% N 3(‘)%9'3‘"@’842
T E
St Par\l'kili\(“’.(W'“PQ
Theprocesswhichhastoberepeatedforeachanglecanbeconcluded infewsteps: B LPr'mc.\pa“
1. BoundaryConditions>>Inlet>>Edit>>Changingthevelocityvectors
2. ReferenceValues>>Computefrom>> Inlet
3. Monitors>>LiftandDragmonitors
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The method saves a lot of time in the case of testing many angles of attack. However,
itis noticed from the figure below that the angles of attack of the flow changes before
approachingthewingwhichcausesinaccurateresults.

1.026+07 o — ———a. g L

9.84e+01
947e+01 4——F— ; 3

=== — 3 4
910e401 4 g F——

D
8366401 4 ae
?,égefm el
7.62e+01
7.25e+01
6.88e+01
6.51e+01
6 14e+01
5 77e+01
5 406401
5.03e+01
4‘666:21 t

Tt a— e, . s —

= ]

3920k R —
BT — s —

3ger0t .

2.81e+01 i T i '

Velocity Vectors Colored By Velocity Magnitude (m/s)

The best way to solve this problem is changing the enclosure duct from a
rectangularshape to a C-duct shape. A circular inlet covering the whole model will insure that

the angle ofattackis maintainedtocoverthewholewingwiththerequiredflowangleof attack.

Note: The most important step while constructing the C shaped inlet is making sure that
thewhole model is included inside the C shaped inlet. It is recommended to keep the model

ascloseraspossibletotheleadingpartoftheC shapedinlet.

| nology
4\

J Pon®
1)
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Hence,itisnoticeablethatthewholemodelisbeingcoveredwiththeflowapproachingwiththerequir

edangleofattack.

. 1 a0g02, T T
_ 1326%9

= —5i7garl
I Forieng
| e
i T ———
2.838%0i
<20%e+01
1.35e+01 %~

&

¢-1.618¥02—_ ¢ g = ) P =
. - S e
; | #mpop T T T

Velocity Vectors Colored By Velocity Magnitude (m/s)

2.2.5.3. Comparisonbetweenthetwomethods
| Method1 Method2
Enclosureshape Rectangular Cduct
Anglechangeusing 3Dmodellingsoftware FluentSetup
Timerequired More Less
Resultsaccuracy More accurate Lessaccurate(Acceptable)
DomainSize Smaller Bigger
Changingsteps Thewholeprocedure Boundaryconditions—
ReferenceValues-Monitors
Calculating Notrequired Required
Velocitycompon
ents
LiftandDragMonitors Lift: (X:0,Y: 1) Lift:
Drag:(X:1,Y:0) (X:—sina,Y:cosa)Dfp? S&%& of Technology
cosa, Y:sina) \ndla‘t a\d\’“
_Ot'\ Pan\kai \(umat porw
- (?r'mdpa“
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2.3. Fluent-3D-FiniteWing

2.3.1. Geometry

**Thegeometryfileshouldbesa
vedinanindividualfile

.pe SolidWorks Part Document
Last Saved By: Suhail
Size: 1.68555 Mb

**INANSYSWorkbench N\ Unsaved Project - Workbench
window: Fle Vienw Tools Units Help

_INew 5 0pen... [l save (Bl savess... | g@limport.. | < Reconnect 2 Refresh pr
Drag (Fluid Flow (Fluent)) [ Toobor R
totheProjectSchematicinsidethe |B AnalysisSystams |+

@ Design Assessment
redsquare | @) lectric

i Explicit Dynamics |

{8 Fluid Flow- BlowMolding (POLYFLOW) |

= Create standalone system
81 Fluid Flow - Bxtrusion (POLYFLOW)

Fluid Flow (CFX)
Wuw{FLUENT} ||
Fluid Flow (POLYFLOW) '
Harmonic Response

m

nath A
- ; & Fuidro
**RightClickon(Geometry)>>1 . o —
mport Geometry >> Browse 51 @ resh > |m New Geometry... | )
: E Import Geometry P llgh] Browse..
i 4| @ sewp ? .
>>Locate the geometry file s = A p = ——
5 @ Results T Transfer DataFromNew  » | @)  config 4.SLOPRT
Fluid Flow (FLUENT) Transfer Data To New b |@ Assembly.SLDASM
#  Update @ Assemd.SLDASM
Refresh
Reset
@ Rename
Propertes
Quick Help
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** Open Geometry by
doubleclicking on “Geometry”.
Chosethe units used

whileconstructingthegeometry
files

**OntheTreeOutlineonthelef
t side >> Right Click
on“Import”>> Generate

**Afterthegeometryappears,g
oto: Tools>> Freeze

**Click on the axis
whichreorientstheviewtothe
sideview. InthiscaseitisXaxis.

ANSYS Workbench ._

Select desired length unit:

® Meter T Foot
" Centimeter T Inch
' Mismeter

r 5
Wicrometer

r Always use project unit
[ Always use selected unit
™ Enable iarge mode! support

——

/&8 A: Fluid Flow (FLUENT)
= X¥Plzne
> ZXPlane

5B 0 Parts, ><’ Delete

File Create Concept | Tools View Help

O

YZPlane - ﬂ- @'U"{'“"*

< Generate W Share

iketching Toolboxes

< o I

@ Named Selection
B Attribute

=

& Mid-Surface

A loint
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** On the Tree Outline, click
onthe side view plane. In this
caseitisYZPlane

**OntheTreeOutlinewindow,Ch
ose “Sketching”>> Draw
>>draw a rectangle
whichrepresents the side view
of thetestdomainorthespace.

** Fix the dimensions

using “Dimensions” option

on
thesketchingtoolbaronthelef
tside. The side view of
thedomain should look like
thefigure.

Note: In the C-Duct case,
thecircle has to be drawn
first,followed by the
rectanglestartingexactlyfromth
emiddleof the circle. The
unwantedpartshavetobe
trimmed.

R Extrude
**Afterfixingthedimensions,

clickon

tosett”e

%] A: Fluid Flow (FLUENT)
5= X¥Plane

& 1 Part, 1 Body

Draw
", Line
# Tangent Line
6 Line by 2 Tangents

D\ Polyline

(=4Polygon

[ClRectangle

{“*Rectangle by 3 Points

{} Owval

(= Circle

’f},’]‘Circ!e by 3 Tangents

“WArc by Tangent
Modify
Dimensions
Constraints

Settings

Sketching | Modeling |

3
H5
PR TR s ... ............................... e
|
& ey
= %
i
10,000 20.000 {m)
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[=I| Details of Extrude2

** Set the directions and oernde |2
Base Object | Sketchl
thedepthofthedomainthenclic |Operation  Add Material
E__T _ Direction Vector | None [Mormal)
F thamE / Direction MNormal
|Extent Type |Fixed

M FO1, Depth (-0) B4
As Thin/Surface? Ho
Merge Topology? Yes

"S- ,8 A: Fluid Flow (FLUENT)
7 X¥Plane
-y 3 THPlane
**Afterthesesteps,theTreeO 'H “’é‘ :z::;
utline should look like ..::a Freezel

theshownfigure. =@ Extrude2

@ Spiroid
_, @ Solid

File Create Concept | Tools View Help
2 E E 1@ 40 Freeze
¥ZPlane - iy Unfreeze

-/ Generate G Share @1 Named Selection
ree Outline B Attribute

**Aftergettingthepreviouso

utline, go to Tools /&) A Fluid Flow (F '@ Mid-Surface
5 X¥Plane 4 Joint

>>Enclosure. T zoue | © EEET

-y S ¥ZPlane | PP Face Split

Sketching  Modeling !

Details View 7
» _y - Details of Enclosurel . e of T achnology
**Changethe“Shape”to“userde Enciosure “Enclosurei —
- ” ks Box "I %{E’“
ﬁned Humber of Planes Box - vymal ponw®
[Cushion Gylinder pankel KT
[ FD1, Cushion +X value (>0} i LP[\(\C\?

FD2, Cushion =¥ value (=0) [1m
FD3, Cushion ~Z value (>0) |1 m
FD4, Cus'hmn -X valu-e (>0 . 1 m.
FI:')S,' c-u.':;i{mn X va.lue [rﬁj [1m
FD-G,- Cushion -Z value (=0 1m
—— — | |Target Bodies | All Bodies
: Merge Parts? | No
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** For the cell “User
DefinedBody”,Chose“solid”fr
omthe

*#(Click 7 St | Theresulted
geometryshouldlooklikethe
shownfigure.

**Goto“Create”>>Boolean.

**Onthedetailsviewontheleftbot
tomcorner,change
“Operation”from“unite”to
“Subtract”.

al Fluid Flow (FLUENT)
o3 X¥Plane
-y ZHPlane
o= YZPlane
& Importl
oy Freezel
=8 Extrude
w3 Sketchl
@ Enclosurel
21, 2 Parts, 2 Bodies
—— @ Spiroid
— oEmH

Sketching  Modeling |

Details View

=1 Details of Enclosurel
| Enclosure | Enclosurel
- Shape | User Defined

I Cancel

User Defined Eody Apply

| Target Bodies | All Bodies
| Merge Parts? | No

| A: Fiuid Flow (FLUENT) - DesignModeler|

| File | Create Concept Tools View He
2] i - New Plane }
VZPi| ﬁ-&trude

<} G G Revolve H

e d ‘ Sweep
=H & Skin/Loft
| [@ Thin/Surface
| @ Fixed Radius Blend

' @ Variable Radius Blend

< Vertex Blend
i 4 Chamfer
B8 Pattern ooy
l‘ﬁ, Body Operation 5 R \nstitute of Teonivivy
GEE— el
ﬁ Slice _Ga{g( g
) panka) \(ufnaf
—  (principd)
Details View
Boolean Booleanl
Operatio Unite =
Tool Bodies Unite
Inters-:ct
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#Click 7 5" | TheTree
Outline
shouldlookliketheshownfigure.
Noticethatthereis only 1 Part,
1 Body while thegeometry
“spiroid” has
beensubtractedfromthe
domain
“solid”.Moreover,“Solid”"doesn
otnecessarilymeanthatitissoli
d body, it is still
thesurroundingair.

However, Ansys calls
thegenerateddomain“solid”.T

2.3.2. Mesh

**CloseGeometry.Doubleclicko
n“Mesh”.

**Inthe“MechanicalWindow”,0
n the Outline part, Right
clickon“Mesh”>>Insert>>Metho
d

>>Automatic. Thenclickonthebo
dy which is representing
thedomain. Thenclick“apply”.

Tree Cutline

7 XYPlane
5= ZXPlane

[+ 5= YZPlane
' B Importl
0 Freezel

| = ,g A: Fluid Flow (FLUENT)

- Extrude2
: 3 Sketchl
— @ Enclosurel
‘,‘ Booleanl
=% 1 Part, 1 Body
& Solid

- A

2 (B Geometry

. T

3| @ Mesh

4| @ senp
5 | @) Solution
£ @ Resuts

Fluid Flow (FLUENT)

o | oif | o) | W] <
e

Q] Project
= g Model (A3)
(Q Geometry
I ,,,-.. Coordinate Systems

</ Update

-/ Generate Mesh

Preview
Details of "Mesh” Show
=/ Defaults | 5/ Create Pinch Controls

Physics Preferend
Solver Preferencd < ] Clear Generated Data

Relevance | &b Rename

ol

gl et O [dves

@, Sizing
¥, Contact Sizing
A Refinement

»
ol 8 Mapped Face Meshing
| i@ Match Control

@3 Pinch
A2 Inflation
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**OntheQOutlinepart,Leftclickon “Mesh”.The

n on the “Details of Mesh”
windowChangethefollowings:

- Relevance>>controlsthe
densityofthemeshinregionscloser
tothegeometry.

- Useadvancedsizefunction>>0nPr
oximityandCurvature

- RelevanceCenter>>Fine

- MinSize>>theminimumsizeofthemeshele
mentsin meters

- MaxfaceSize>>themaximumsizeoftheme
sh elementsinmeters

- MaxSize >>equalto“Maxface Size”

- AutoMesh__l?gsedDe eghturing>>0ﬂfT

enerate Ve

= Defaults
Physics Preference
Solver Preference
Relevance
= Sizing
[
Relevance Center
Initial Size Seed
Smoothing
Transition
Span Angle Center
Curvature Normal Angle
Proximity Accuracy
MNum Cells Across Gap
Min Size
Max Face Size
Max Size
Growth Rate
Minimum Edge Length

¥

Inflation

CutCellMeshing

Active

Advanced

Defeaturing

Pinch Tolerance

Generate Pinch on Refresh

¥

1

CFD
Fluent
0

On: Proximity and Curvature «

Fine

| Active Assembly
.Medrum
.Siow

Fine

| Default (18.0 %)
0.5

| Default 3)
g.e004m
40m

40m

| Default (1.20)
|1.6276e-004 m

Default (7.2e-004 mj
No

Automatic Mesh Based Defeaturing | Off

+

Statistics

henclick D®
refeamas.
LFau:e!
lach ~ I
**Afterthemeshisgenerated.ChoosetheFace
choosingtool. :
**Leftclickoneach ot .
GoTo » G
faceinthegeometry>>Right click >> Create S e oSt 0logy
. <} Preview Surface Mesh On Selected Bodies =
Namedselect10n>>Nam e ) Clear Generated Data On Selected Bodies DA
. . . Parts 4 PCN‘
eachfaceaccordingtheorientation of the Y g i
model. Make sure thatthe inlet is named — % pesore Do 1
. . = @) Zoom To Fit 1
“inlet”, the outlet isnamed “outlet”, and the e N
other 4 sides’namesstartwith“symmetry- 2o '
” @ Select Al
% (§) Suppress Body
@ Hide Body
@ Hide Face(s)
[Type teXt] = Create Coordinate System /pe teXt]
No Messages a5 Creste Named Selection ||
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** After selecting each
faceseparately and

assigning
anamedselection,changethe
selectiontypeto “Boxselection”a
sshown.

** Hence, go to the side
viewand select the model or
thewing as it is shown. Then
rightclick>>createnamedselec
tion

>> call it any name
(avoidcalling it Inlet,
Outlet andSymmetry).

** After doing the
namedselectionstep,thetreeo
utlineshould look like the
shownfigure. Notice all the
namedselectionsarelisted.

** Close the
“MechanicalWindow”>>Ri
ghtclickon“Mesh”>>
Update.

| File Edit View Units Tools Help

RE - BRR®
| 5 Show|| T Single Select rr i |

(Mesh /| N | . M

0.000 7.000 {rm)
3.500

& Project
-
® - A Geometry
- s> Coordinate Systems
..... .{% Mech
= (¥ Named Selections
-~ A symmetry-top
o D symmetry-tip
‘,&l inlat
i symmetry-bottom
AR symmetry-root
L /R outlet
,,a'il wing

1

2 w Geometry v . \e 0‘ TE‘.‘EL\J:J‘JY
3|‘ Mesh © cdit.. md\,‘;\
3 Duplicate

Transfer DataToNew  » ||%8) Kum

(principa)
#  Update

Clear Generated Data
2 Refresh

Fluid Flow (FLUENT]

Reset

@ Rename

Properties

Quick Help
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2.3.3. Setup

**DoubleClick on“Setup”

**Tick (Double
Precision)>>Chose“Parallel”an
dchoosethenumber of
processors to be 4unless if
more processors
arelicensed.Inthe case
yourcomputer
doesnothave4processors,
choose themaximum number
of availableprocessors.

**Chosethe“Type”tobe:

- “PressureBased)fori
ncompressibleflow

- “DensityBased”for
compressibleflow

- A
8 %% Fiuid Flow (FLUENT)
2 ) Geometry v o
3 @ Mesh v o
4| @ sewp &
5 Qjﬂ Solution g
6 @ Results I
Fluid Flow (FLUENT)
[ FLUENT Launcher (Setting Edit Only) e (5 |
FLUENT Launcher
Dimenzion Options
2D ¥ Double Precision
[ Uze Job Scheduler
| Use Remote Linux Nodes
Display Ophionz
| Display Mesh After Reading Processing Dptions

|¥] Embed Graphics Windows | Senal
[ Workberch Color Schems @ Paallel [Local Machire)
[ Do not show this panel again MNumber of Processes

[ Show Mare Options

K | [ Ceneel | [ Hep ]
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File Mesh Define Solve Adapt Surface Display Report Parallel
ls-d-m0lGraa @A EB-0-
| Problem Setup General
Genesal o
Models
Materials [ Scole.. || check |[ReportQualty |
Phases ﬁ
Cell Zone Conditions [7"
coundany Conditons. e
Dynamic Mesh Type Velocity Formulation
Reference Values - PTES?-I'E'BBSEd @ Mm
| solution () Density-Based () Relative "
Solution Methods e N
Solution Controls :
Monitars - i:“d_"' i r
Solution Initialization I
Calculation Activities 7 Gravi -
[ Run Calcutation o (units...
[ Results .
Graphics and Animations Hlb-l
Plots L-’
Reports
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I —
**Goto"Define”>>0peratingC
onditions.

**DefinetheStaticPressureinth
e operationaltitude.

**In “Models” Section
>>Doubleclickon “Viscous”an
dchose:

- Model:K-epsilon
- K-epsilonmodel:Realizable

- Near-Wall Treatment: Non-
EquilibriumWallFunctions

File Mesh iDzﬁﬂEi Solve Adapt Surface Display

'E-id General...
5 Models...
BSehy Materials...
P 5.0
Models hiases
Materials Cell Zone Conditions...
Ceﬁﬁzlmg Ce Boundary Conditions...
Boundary C Operating Conditions...

s Operati Condi‘lions_
perating s 2

Reference Pressure Location
X (m) |i} : ®
Y{m) o @
Z {m) |'G @
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Problem Setup | Models
G |
= o
= Multiphase - Off
Materials Eneray - OFF
" |
Phases | Viscous - Realizable k-, Non-Eg Wall F
Cell Zone Conditions LT =
Boundary Conditions Viscous Model
Mesh Interfaces
Dynamic Mesh Model
Reference Values ) Inviscid
Solution () Laminar
Salution Methads Spalart-Allmaras {1 eqgn)
Sohution Controls @ k-epsilon (2 eqn)
Monitors ) k-omega (2 egn)
Solution Tnitiakization Transition k-+l-omega (3 eqn)
Calculation Activities  Transition SST (4 eqn)
Run Caleulation () Reynolds Stress (7 egn)
Results () Scale-Adaptive Simulation (SAS)

: ) g ") Detached Eddy Simulation (DES) ‘
Graphics and Animation|\| | ) Large Eddy Simulation (LES) Tegh \ology
Plots —
Reports k-epsion Model _ Falod

e umatr Pert
© Realizable hcipal)
Near-Wal Treatment
() Standard Wall Functions
©) Non-Equilibrium Wall Functions
_ Enhanced Wall Treatment
(7) User-Defined Wall Functions
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**In “Materials” Section
>>DoubleClickon“air”>>setthe
density and the
viscosityPressure
intheoperationaltitude.

**In “Boundary
Conditions”Section >> Double
Click on“Inlet” >> Change
“VelocitySpecification
Method” to“Components” >>
Insert
thevaluesoftheflowvelocitywit
hrespect to the
coordinatesystem.

**In“ReferenceValues”section
>>Choose“Computefrom”tob
e “inlet” >> Insert the
flowconditions at the
operatingaltitude.Moreover,
nsert:

- Area: the reference area of
thewing(theprojectionarea)

Problem Setup

Genaral
Models

Phases

Cell Zone Conditions

Malterials

Materials

| ar |

{Solid
aluminum

Solution| | | ¥

Rescts | | Properbes

Bound;
Create/Edit Materials

Drynan
Referd | Name

Solutid | Chemical Formula
Solutiq

Maonity
Solutig
Calouldl
Run ¥

Graphil| | Density (ka/m3) ooy

f’hnrrilpngf'h

Plots —_—
Repor|l | 0.6601
Viscosity (kgfm-s) awAtat
[Lo95e0s |
Problem Setup Boundary Conditions
General Zane
Models — f
Materials |linterior-solid |
Cell Zone Conditions Velocity Inlet
BOUNOan bons
Mesh Interfaces Zone Name
Dynamic Mesh | nlet
Reference Values
Solution Momentum | Thermal | Radiation | Speces| DPM | Multiphase |
Solution Methods . o
Solution Controls Velodity Specification Method | components
Monitors r
Solution Initislization Reference Frame | bsolute
Calculation Activities Supersonic/Initial Gauge Pressure (pascal) o
Run Calculation |
Results Coordinate System [Cartesian (X, Y, 2) |
Graphics and Animations y
Pt X-Velocity (m/s) !D
il V-velodity (/)
Z-Velodity (m/fs) lm
Problem Sehup Reference Yalues
General Compute from
Materials (et E
Phases Rtfef!ﬂt!\'m
Cell Zone Conditions Area (m2) &
Boundary Condi I Tech \ology
Mesh Interfaces - e
"';ull—ll_..'|___ t‘,’mfﬂ\3} /
Dynamic Mesh | 05601 E al QA
- Enthalpy (j/kg) '
Solution | s umart pev
Solution Methods Length (m) | 1 d,pa“
Solution Controls
Monitors Pressure (pascal) [
Solubon Initiakzaton | B
Calculation Activities —
Temperature
Run Caloulation o [249' 2
Results Velocity (m/fs) | 72
Graphics and Animations
Plots Viscosity ﬂﬂg-;‘fﬁﬁ-) | 1,5958-05
Reports

Ratio of Specific Heats 14
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**In“Solution Methods”Section

>>Chose“Scheme”tobe”
Coupled”.

** Change the

“Momentum”, “TurbulentKineti
cEnergy”and“TurbulentDissipa
tionRate”to“SecondOrderUpwi
nd”

**In“Solution Controls”Section
>>(Clickon“Limits”>>setthe“M
aximum Turb.

ViscosityRatio tobele+20.

**In “Monitors” section
>>Double click on “Residuals”
>>Tick on (Print, Plot) >> on
theright side, remove the
ticksfromalltheparametersexc
eptcontinuity. Moreover,
changethe absolute criteria of
thecontinuity to be 1e-6 as
showninthefigure.

Graphics and Animations

Problem Setup Solution Methods
General Pressure Velodity Coupling
Mod 2 A
a terials Scheme )
Phases |Cu.plﬁ.1 x|
Cell Zone Condibons ——
Boundary Conditons | SPatial Disretization
Mesh Interfaces Gracsent
D','namn: M-esh B
Reference Values !‘:mt umces Col = |
BESLPE
Salubion r
|Standard -
ol tion Methee S 4
Solution Controls "“" EHINS
Monftors |Frst Order Upwind -
Solution Initialization Turbulent Kinetic Energy
Calaulation Activities |F"st Order Upwing ,,l
Run Calaudation Turbulent Desspation Rate
Reills [Fm Order Upwind -
Graphics and Animations
Plols
Reports
Problem Setup | Solution Controls
:ez:al Courant Number
O S I
Materials | 0
Phases - "
Cell Zone Conditions Exphcit Relaxation Factors —
Eoundarv cmnons Momentum [o.rs
s '|
D\mamlc Mesah Pressure W
Reference Values
Soluton | Under-Relaxation Factors
%’W Solution Limits
Monitors o
e Minimum Absolute Pressure (pascal) ,17
Calculation Activities
Run Calauation Maximum Absolute Pressure (pascal) [5241p
Results

Minimum Turb. Kinetic Energy (m2/52) | le-14

[

Plots Minimum Turb. Dissipation Rate (m2/s3) | 18-20
Reports
Maximum Turb. Viscosity Ratio
[Cok | [pefautt] [cencel]| [[Heb |
Default |
(Equations... | [Limits... | [Advanced... |
Problem Setup MONIoTs
General Residuals, Statistic and Force Monitors
Modets |
Materials
Monitors — _"" :
Equations Technology
s Residual Monitor Check Convergence Absolute iteria | - _—,
[ continuity @A & [=0d] &\ L“A
—a [-velocty 7] [0.001 mar Pomw:®
& (Crves | Antee | y-velocity il [0.001 ;\pa“
:to it : -
= [z-velodity [0.001
. Residual Values Convergence Crite
Store ] I Ttera | absolute
(=) 5
® I S
V| Scale
| Compute Local Scale
ok | [ Pot | [Renormaize| [ Cancel | | Hep |
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**In “Monitors” section
>>Doubleclickon
“Drag”>>Tickon (Print to
console, Plot,Write) >> add
(-.txt) to the endof the file
name >> Adjust
theunitvectorwhich
isrepresenting the direction
ofthe Drag force with respect
tothe coordinatesystem.

**In“Solutionlnitialization”s
ection >> Chose
“Hybridlnitialization”.

**In“RunCalculations”Section
>>Settherequirednumberofite
rationsand“Calculate”.

**The process can be
paused,stoppedandsaved.Toco
ntinuesolving the problem, the
setupshould be started
from“Solutions” in the main
Ansyswindow.

**Theresultscanbefoundfromth
esamewindowasitwasshown in

the 2D case. Moreoptions can
be found in CFDPost.

[Type text]

Problem Setup Monitors
iy Residuals, Statistc and Force Monitors
Madels Residuzls - Print, Plot i
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_"‘_ | Drag ~ Print. Plot. Wrib
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|
| Wall Zones
| | [#]Pprint to Console :ﬂ-
sq| | [¥]Piot
J Window
e
) |Curves... || Axes.. |
(V] wirite
File Name
[ | cd-history. txt
Rdl| !
| "_|Per Zone
: Force Viector
X Y Z
|U 0 1
|
Problem Setup Solution Initialization
General Initialization Methods
Models ] T
Materials 9! Hybrid Initialization
Phases Standard Initialization
Cell Zone Conditions - =
Boundary Conditions |More Settings... | | Initialize |
fesh Interfaces
Dynamic Mesh
Reference Values
Solution Heb_]
Solution Methods -
Solution Confrols
Monitors
File Mesh Define Solve Adapt Surface D
- = * \
E-d-w@@ Heaq 2
Problem Setup Run Calculation
General
Models |  CheckCase... l
Materls Number of [teration Technology
e of oo™
Cell Zone Conditions SO0 & al OA
Boundary Conditions H e
Mech Interfaces Profile Update Interval | Kumar pon
1 =) [panka) B!
Dynamic Mesh S ™ orincipa)
Reference Values (
Solution Diata File Quanbties., .
Solution Methods
Solution Controls i
Monitors I Chigdase !
Solution Initialization
Calouation Activities
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2.3.4. CFDPost

**Close“Setup”.Doubleclickon“R
esults”.

** From the outline tree,
theparts can be displayed
orhidden.

** In order to display
pressuredistribution or velocity
vectors,aplanehastobeconstruct
edatthe sectionasitisshown.

- A

. T

2 ) Geometry
3 @ Mesh

4 @ setwp

5 | @8 Solution

|

4

e

6| @ Resuits

L RYRAYAYAS

LS

Fluld Flow (FLUENT)

e ()5 O & Platn ~ =2 \PESF &
Outine | Variables | Expressons | Caladators | Turbo |
@ |
4 @ sobd
__ 't inlet ]
1% outet ]
L '-l- symmeltry bottom
P& symmetry root
..... | Ii— Smmh-? m
FI Pt symmetry top
. 1P winp
4 g User Locations and Plots '
THEB@E 9 Boeml SBESSF
Outiine ifhnahles | Emm + G
E1Jc et %+ Point Cloud :
.'t outhet 7 e
..... ': symmetry hl:
= -~ smﬁ'h".rn: ane
T1P% symmetry @ Violums
| PE symmetry tc 0 Isosurface
'J '1— wing ;’.:95 Is0 Cip
4 &l I.Ivs-eancatlmtsand Plots W Vortex Core Region
o B oemttene &) surface of Revolution
7] [}3 Defoult Legend view
A/ Polyine
4} user surface
¥y  Turbo Surface P
| ?/ Turbo Line
o [Type text]
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File Edit Session Insert Tools Help
FH%Dm@ 9 Buon - SARSO FAHEFHO ¥ @ » OF
| Cutine | Verisbies | Bressons [ ¢ || |y S[EHQAQ® @ O 7T
**Selecttheorientationofthepl BB o |

71 P& symmetry root
anewhere: B omervee (1

m

4§ User Locations and Plots

- Method: select which & Default Transform
. ] [}} Default Legend view 1
planewill be parallel to the
| V] & wireframe bl |
newconstructedplane(Inthisc | Detais of Pane 1 :
aseitisYZplane). et uibnal il o
Domas  [AlDonans v) (s
- X:Thedistancefromtheoriginto e
Method |¥Z Plane -
the plane. If the origin set tobe ) e

at the wing root in the Plane Bcunds -None @

3dmodelling geometry, then e e
Xmeans the span wise !
distancefromthewingroot.

| .
Afterfixingthesettings,click” ' — ]
Appl'y”. The plane has I[ Apply ] Resel H Defadls ] 3D Viewer Table Viewsr | Chart Viewer I Comment Views * | *
beenconstructedasitisshown.

&> A6 : Fluid Flow (FLUENT) - CFD-

File Edit Session Insert Tools Help

**Ontheupperbar, s

12

1. Velocityvectors

Details of Vector 1

. Geometry | Color | Symbol | Render | View
2. ContourS[Pressure,Vortectly, e |_ lutes,

Turbulence... etc.) Defirton
| oy ol
3. Streamlines o |7,
isvn'mel:r-s battom
Reduction | symmetry root hology
|symmetry tip 4+
Factor | symmetry top '\A
o - | wing = -
**Todisplaytheproperties,thePl Vaciable |50k (] |qporw
ane has to be selected Boudory pota \
o« * n” F‘mjechm
as“Location”.
—
[ soply | Reset || Defouts |
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** In the condition of the
3Dstreamlines,ithastobedefine
dto start from “Inlet”. In
somecases, a custom plane has
to beconstructed to define it as
astarting plane of
thestreamlines. This is useful
whenit is needed to display
thestreamlines over a
specificregion.

** For example, it is noticed
inthe first figure that
thestreamlines have been

startedfromtheinletwhichledtoc
overupthewholedomainareawit

h thestreamlines.

**Inordertodefinethestartingoft

hestreamlinestobeexactly
projected on the wingarea;

- Location>>UserSurface

- Method>>Transformed
Surface

w1~
1

[ 5563e+001

41720001

27814001

12978001

0.000e+000
[met1]

[A‘L?.‘ES\EFSJ

Paoint
i ",5_4- Paint Cloud
</ Line
@ Plane
© Volume
ﬂﬁ} Isosurface
= IsoCip
? Vortex Core Region
=)
A
4
%

=

Surface of Revolution

Diecaton 5 3 B S
+
:

o

Boundary Intersection
From Contour

Polylne
User Surface
_____ Surface Group
I j.“-.'::'
& 5
Damains | All Domains - | Op
E 8
Method |From Fie -
From File I |
Fie || |

o

Transformed Surface

Offset From Surface
AMNSYS
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**Thesurfaceofthewingwillbe
copied and
transferredforward to use it
as a startingplane
ofthestreamlines:

- SurfaceName:Wing

- Activate“Transition”>>Movet
he plane to the
forwarddirection (In this case
it is Zdirection).

- Activate“Scale”andusefactorof
1.02 (This step is to ensurethat
the starting plane is a
littlewider than the original
wingarea. Hence it will be
ensuredthat the streamlines
will becoveringthe
wholemodelwithoutgapsonthes
ides.

** Create “Streamlines”
usingthe “User Surface” for
“Startfrom”.Itisnoticedthattheli
neshave been refined for a
bettervisualization.

FHEUDE@ 9O Poawn - 2ERID FSHIAO ¥ @ » O
Outine | Variables | Expressions | Calaulators | ¢+ ! |*_Q K SR 5 » T

EF‘ Default Transform Viewl v

v [:[; Default Legend View 1 Uy : :
% Streamline 1 m\m

v Z_E User Surface 1

V| (B wireframe
4 (] Report

/| g Title Page

/| i File Report

/| &8> Mesh Report

J| g> Physics Report >
Details of User Surface 1

Geomeftry Color | Render l View

Domains All Domairs ==
Method Transformed Surface -
Surface Name | wing ||
Rotation
/| Translation =)
Translation 0 i} 5
/| Scale =]
Scale 1.02
0 0.100 (m)
| 1
Ly
Apply | Rere Resst Defaults |

3D Viewer | Table Viewer | ChartViewer | C ¢
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** A plot presenting the
pressurecoefficientdistributionovert
hewingsurfacecanbeplotted:

- Calculators>>MacroCalculators>>M
acro:(CpPolarPlot)

- BoundarylList:theobjectwherethepr
essure distributionhastobe
investigated.Inthiscaseitis“wing”.

- Slice Normal: to calculate
thepressuredestitutionoveranairfoil,th
ewing has to be sliced at a specific
span.The axis going through the span
is thespan wise axis which is normal to
theslice.Inthiscase it isXaxis.

- SlicePosition:thedistanceoftheslicefro
mtheorigin

- Plotaxis:thedirectioninwhichtheCpvar
iation is investigated (the chordwise
direction). In this case it is Zdirection.

**Chose“Calculate”then“ViewR
eport”.

Note: the Y axis is oriented in a
waywhere it shows the upper surface at
thetop which leads to the fact that the
YaxishasnegativevaluesofCpatthetopan
dthepositivevaluesatthebottom.

oe te

Outline ] Variables | Expressions | Calculators | Turbo
[ M Macro Calculator
8] Mesh Calculator

£ Function Calculator

Macro Calculator

Macro
Comfort Factors
LLELETCELE Cp Polar Plot
| Gas Compressor Performance
Boundary List | Gas Turbine Performance
Liquid Pump Performance
Liquid Turbine Performance

Fan Noise
Slice Position UOT T

Slice Mormal

Inlet Region (inlet w) (i)

Ref. Pressure 100000 [Pa]

Plat Axis z - |

|cpupoecpot, 2 &)

=,

Macro Calculator

Macro Cp Polar Plot

This macro generates Cp plot at a spedified location

Boundary List wing = | |_.
Shice Normal _>< -J
shice Position 2[m]
Inlet Region [inlet | |:
Ref. Pressure 100000 [Pa]
Plot Axis ._z - I

[ cauate | [ viewReport |

054

CpPolaronwingatX =2 [m]
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2.3.5. Tecplot

** More results can be presented

using Tecplot.Inordertoimportthesoluti
ondatatotecplot:

- Open‘Solutions”

- As it was explained in Ansys,
planeshave to be constructed to
show theresults. Hence, the plans
have to beconstructed before
exporting thesolutiondata
becauseplanesconstructed using
tecplot
cannotrepresentthesolutiondataimp
ortedfromAnys.

- To construct a new plane: Surface
>>Plane

-In
“Options”:PointandNormal:allowstheus
ertoassignapointandanaxis as
references for creating theplane.

- In“Points”:entertheposition
ofthepoint through which the plan
will bepassing

- In“Normal”:enter thedirectionvector
for the axis which the plane
hastobenormalto.

Note:
Theplanecanbecreatedwithanangle
with respect to the axis byentering the
direction vectors

intomorethanonefield.

- A

1

2 (B Geometry v 4
3| @ Mesh <
4 @ setp v
5 | @ solution v
6 ) Results v

Fluid Flow [FLUENT)

2 Fluid Flow (FLUENT) Parallel FLUENT@Suhail-PC [3d, dp, pbn

Fie Mesh Defne Solve Adapt | Surface Display Report Par
S-d-me|[Sd e k. 1R -
- - . Partibon...
Problem Setup Run € pont...
General c Line/Rake. ...
Materials i
Phases Numbet s orting In
Cell Zone Conditions I 200 Iso-Surface...
Boundary Conditions Iso-Clip...
Mesh Interfaces Profile |
Dynarmic Mesh 1 Transform.
Reference Values
Solution Datz et COUSH

oe text]

]

ix (m)
|

¥0 (m) ri{m vy Iy (m)

|o | 15 | 15 [

20 (m) zim =21 iz (m)

[ fomsr | [ )
New Surface Name 1)
[p{ar\e-&

A
Create | Manage... Clase | W
=t Panrar
(principa)
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- Click“Create”
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** In order to display the
createdplane:

- Display>>Mesh
- Highlight(Plane#)>>Display

Note: All the planes must
becreatedbeforeexportingth
esolutiondata

**Inordertoexportthesolutionda
tatotecplot:

- File>>Export>>SolutionData

Fie Mesh Define Sohve Adapt Surface | Display Report Paralel \ﬁewd
: T = b
Erd-wme|Seaa
= Plots...
Problem Saty Run Calculati
" — Residuals...
General 4
Check Case
Models Options...
Materials Scene
DR eries Number of Tterath
3 Views..,
Cell Zone Conditions 200 Lights...
Boundary Conditions '
sl Trtet faces Profie Update Int  Colormap...
Dynamic Mesh 1 ol
Reference Values
Solution Methods
Solution Controls = Hle<lta
Monitors -
Solution Initialization Mouse Buttons...
R R T S VT T =]

| Fle Mesh Defne Solve Adapt Surface Display R
Fresh Input Data :‘?_’ s8] (F | b
p, EREVIIEE
Read » hun Calculation
Write »
Chedk Case... I i
Import » ]
Data... REHIANg)
Solution Files... -
Interpolate... o uitol AN
EM Mapping k|| PDRE, mat Perv
FSI Mapping » SAT Tahble,, l\pa\)
Flametets;
Data File Quantities. ..
Profile...
W Boundary Mesh...
Coladaton scttes |
Particie History Diata,
T text Results = = T tox
[Type text] Iy —— During Calculation » |[Type text]
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I —
**In“Export”:

- FileTpye:Tecplot

- Surfaces:Chosethe“Wing”andal
[ the plans needed to
betransferredtotecplot.

- In “Quantities”: all the
neededparametersshouldbehighli
ghted.Generally:

- StaticPressure

- PressureCoefficient
- DynamicPressure

- AbsolutePressure

- TotalPressure

- RelativeTotalPressure
- Density

- DensityAll

- VelocityMagnitude
- XVelocity

- YVelocity

- ZVelocity

- VorticityMagnitude
- Helicity

- X-Vorticity

- Y-Vorticity

- Z-Vorticity

- X—Coordinate

- Y-Coordinate

- Z -Coordinate

- Click“Write”.CloseAnsysaftert
heimportisdone.

[Roeor x|

CGNS ﬂ Static Pressure =
ABAQUS Pressure Coeffident
ASCIT Dynamic Pressise
o e by
CGNS :
EnSight Case Gold g!lah\'\e Total Pressure
Fiefdview Unstructured ersity :
I-deas Universal Dlenfut'.' ﬂ
Mechanical APDL Input ;mﬂ agnitude
NASTRAN ;
Teaiot 7 velty

Aodal Velodity

Radial Velocity

Tangential Velocity
Felative Velocty Magnitude
Relative X Velocty

Relative ¥ Vielocity

Relative 7 Velpty

Relative Tangental Velocty
Mesh X-Velooty

Mesh ¥-veloaky

Mesh Z-Velogty

Velocity Angle

Relative Velodty Angle ;l

File Type

|Tecplot

symmetry-bottom
symmeiry-oot
symmetry-tp

write... |

SE meti-boi

Cose |

Radial Velocity

Tangential Velodty
Relative Velodty Magritude
Relative X Velocity

Relative ¥ Velocity

Relative 2 Velocity

Relative Tangential Velogty
Mesh X-Velodity

Mesh Y-Velodty

Mesh Z-Velodity

Velocity Angle

Relative Velodty Angle

[+

Heb |
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Edit View Plot Insert Animate [ |Selectimport Format =™
] hlew Layaut ASYs L WRITE Ut (e =
**— Open Layout.., Ctrl+0 mgg gFX (::_E:\FJEA)
. =}
In Tecp IO t: Save Layout Ctrl+S CGNS Loa;:r 5
DEM Loader
) ) Save Layout as... Ctrl+W DNF Loadar
- File>>LoadDataFile(s)>>T Load Data File(s).. EnSight Loader
Excel Loader
Write Data File... FLOW-3D Loader
ecplotDataLoader FLUENT/FIDAP Neutral (FEA)
Print Preview... Fluent Data Loader
y General Text Loader
Print... Ctrl+P HOF Loadar
Paper Setup... HDF5 Loader
Kiva Loader =
Publish... LSTC/DYNA Input (FEA) 1
LETCOYMA Taurus State Database (FEA)
Export.. MSC/NASTRAN Bulk Data (FEA)
MSC/NASTRAN Output? (FEA)
Preferences r MSC/Patran Neutral (FEA)
. OpenFOAM (FEA)
Exit Ctrl+Q PLOT3D Loader
PLY Palygon File Loader
1..t\Spicid\spiroid.lay PTCiMechanica Design Study (FEA)
2 > & SDRCIDEAS Universal - |
2..twing gric\griday
3 .t\Spioid\spiroid.lay Text Spreadsheet Loader X
4 ...ot\?ase!mﬁ\base.lay l oK ] L Concal J l Help J
5 ..t pics\config 15.lay
St Pt =
“” L n.
- Changethe“InitialPlotType"to:3 Initel Plet Type: [3D Cartesien =

DCartesian [ Show First Zone Only

[7]Use These Settings far All Data Sets

ok | | cencel | [ Help

MuwdD424 # 70000 O &

- The model gets imported in
adifferentorientation.Hence,ithast
o0 be rotated using
thecoordinators controllers
shown inthefigure.
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**Afterreorientingthegeometryto

therequiredposition:

- Chose“Streamtraces”:

- U:X-velocity
- V:Y-velocity
- W:Z-velocity

*¥ Click on the sign showed in
thefigure. This tool allows the user
todrawalinewherethestreamlinesc
overs all the area passed by
thedrawn line. Hence, the user
cancontrolthe densityofthe lines.
Moreover,theconcentrationoftheli
nes can be focused on a
specificregion by drawing more
than onelineat thatregion.

30 Cartesian A
Zone Surfaces
Layers:
"IMesh
Floomow [
" vector
| Scatter
V|Shade .
V|Edge [_]
Effects
Viging [
I Translucency
Derived Objects:
lso-Surfaces
Slices L]

V| Sweamtraces E—j Xn

o - P + M

Snep 1o Paper

Snep to Gd

P Tool Detaits .,

—
Redraw Redraw
AL | | Frame

’30 Cartesian v]
Zone Surfaces
Layers:
[TIMesh
|| Contour
[ ]vector
|| Scatter
Shade
["|Edge
Effects:
[ I Lighting [
[ | Translucency
Derived Objects:
[ Jiso-Surfaces L The vector variables are not defined.
: Choose the vector variables:
| Slices |
[V]sreamtraces D o u: lmlncﬂy v]
Time: 0 V. ’y-velociy v]
18 W [z-\ga_l_a::iy v]
M- » + M
[ ok || cencel || Help |
| Sreamuaces :l T
: Add a single or rake of streamiraces
. c\'\\\‘.)".l‘:j?
R Insiitute of T2
- 2al
eyl e
Ot Pank‘J! K“.ma: 0
o (Pt‘ml:\?a)
Type text Type text
yp yp
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2.4. Fluent-Internalflowthroughpipesandducts

2.4.1. Geometry

L = .
o , d
Thegeometryfileshouldbesa il
VedinanindiVidualfile Type: SolidWorks Part Document
Last Saved By: Suhail
Size: 282.5 Kb
.
**INnANSYSWorkbench I\ Unsaved Project - Workbench
window: R s D
_IMew (25 0pen... [l save [l save as... |g}1rnport < Reconnect 2 Refresh Pr
Drag (Fluid Flow (Fluent)) [ Toobox
totheProjectSchematicinsidethe |ELAnslysis Systama o=
{4 DesignAssessment
redsquare | @) lectric
i Explicit Dynamics |
Fluid Flow- BlowMolding (POLYFLOW) |

Create standalone system
& Fluid Flow - Brusion (POLYFLOW)

Fluid Flow (CFX)

I E Fluid Flow (FLUENT} | .

Fluid Flow (POLYFLOW) =
Harmonic Response

i

- A
. . & Fluid Flow
**RightClickon(Geometry)>>I : = ”‘L”E'"’ .
mport Geometry >> Browse 3| @ Men = @) NewGeometry.. |
" | ) i Import Geometry L] ﬁJ Browss. ..
>>Locate the geometry file : 2 i P = =
Solution % |42 Duplica ! Recenty Open 1
§ @ Rests % |  TransferDataFromNew » | config 4.SLOPRT
Fluid Flow [FLUENT} E Transfer Data To New v @) Assembly.SLDASM
#  Update B Assema.SLDASM
Refresh
Reset
G:E Rename
Properties
Quidk Help
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** Open Geometry by
doubleclicking on “Geometry”.
Chosethe units used
whileconstructingthegeometry
files

**OntheTreeOutlineonthelef
t side >> Right Click
on“Import”>> Generate

**The duct geometry
willappear. The inlets and
theoutletshavetobedefineda
ssurfaces:

- Concepts>>SurfacesfromE
dges

- Choosetheedgesoftheinletan
dtheoutlet

- Click“Apply”>>Generate

[Type text]

ANSYS Workbench .

Select desired length unit:

@ jleter " Foot
" Centimeter ™ inch

" Milmeter |‘I

T Micrometer

— Always use project uni
™ Always use selected unit
I Enable large model suppart

/@8 A: Fluid Flow (FLUENT)
> X¥Plane
= ZXPlane

Concept Tools View Help
27 [l [& > Lines From Points

| xvPiane 25 Lines From Sketches

| ijerate Emmm

B
™ SﬂtEdqes

A:A
ﬂf_ :erj &5 From Edges
,:}.@&rﬁmﬁmm
v & Surfaces From Faces
v Cross Section
I

of Technology

—
e o
\(umal' PCN
nnc'-?a“
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** After defining the
surfaces,thewholeducthastobed
efinedtobefilledwith material:

- Tools>>Fill

**In“DetailsofFill1”:
- Extraction Type:ByCaps
- PreserveSolid:

* Choose“Yes”iftheouters
urface of the duct (the wall
ofthe duct) is needed for
theanalysis. For example, if
there isheat transfer between
the fluidand the wall and then
betweenthe wall and the
environmentlikethecase in
theheatexchanger.

*Chose “No” if the
ductwall is not needed. This
savestheresourcesneededtopro
cessthemesh ofthewall.

In this case, the wall is
notrequired; hence, “No” will
bechosenfor“PreserveSolids”>
>Generate.

** [t can be noticed that
theinternal shape of the duct
hasbeendefinedasthematerial

~Hl FilL
=% 1Part, 18c
@ Sold

g

[ e create concept | Toos vew e

||| ©Feee

|| xvpiane v 3h @ Unfreeze

jj -/ Generate  @PShan &) Named Selection
| @ attrbute

| =@l A: Fiuid Flow (F & Mid-Surface
«i‘ﬂ'ﬁx &4 ot

v DP @ Enclosure
wﬂ‘-mm BFaceSd‘t

/& Import1
O suft Ml Symmetry

v @ 0! bt ¢ rface Extension
B2 Surf
quftﬁ]sﬁumm

& surfoce Fip

Sketching Modeling |
;
| Details of Filll

Fill

Extraction Type
Target Bodies
Preserve Capping Bodies
FLFMVE SﬂhdS

eaic vew LY
5| Details of Body
Body Solid
Volume 0.0057... |
Surface Area |0,3245,.. | ¥
Faces 15
Edges 21 -
ockes & ——
FadiSold | 0.150
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2.4.2. Mesh

**ClosetheGeometryDesignModular>>Do

ubleClickon “Mesh”.

OntheOutlinepart,Rightclickon
“Mesh”.Then on the “Details of Mesh”
windowChangethefollowings:

- Relevance>>controlsthedensityofthem
eshinregionsclosertothegeometry.

- Useadvancedsizefunction>>0nCu
rvature

- Relevance Center >>
FineThencli¢kenerate Mesh |

Note:Sinceboundarylayerisimportantin
theinternalflowcases.Formoreaccuratestu
dy of the boundary layer, whether it
isinternalflowor externalflow(For
Rl b BB by erigperthe
surfﬁe gf thewmg] “Inflation”hastobe

createdwhicharrangesmorerefinedmesh
fortheboundarylayerregion:

- Rightclickon“Mesh”>>Inflation

Thobtise Mashetisatiadnvinolebody

sfgPutlinepart, Rightclick
on“Mesh”>>Insert>>Method

-Ch ot%e rr‘llcllltltgeffﬁecﬁ‘gc Fxc[‘(egttheinletand

Shegsecso el Equndan,>> vy

d&'hmath’é’hapubakfdmﬂjﬁﬂatlon Option
andNumberoflayersareuptotheuser)

- A

2 @) Geometry

= ron e

Fl

3| @ wesh

4

4 a Setup

5 Qj Solution

6 @ Results =
Fluid Flow (FLUENT)

wh | ot R <

o

'©| Project

= (@ Model (a3)
[ & Geometry
#— 4 Coordinate Systems

&% IBFLPM
LAY

ﬁsMe:hod

</ Update @, sizng

-} Generate Mesh ¥, Contact Sizng

2 £ Refinement
Preview L4 =
e < Bl Mapped Face Meshing

-/ Create Pinch Controls e

& @ Pinch

joewcmeneions A MO
.-:EDEfal.llts _alb Renams T
Dhsics Deate I
& Geometry ey : =
4 Coordinate Systems . Inflation
=1 9@ Mesh
2% Inflation

Geomelrv |1 Body’
] | Definition
Suppressed Mo
Bomdary‘ sc..

| In F-a?un_g_pbon_saﬂoc

[Type text]

Scnp.rg  Met... Geome:rv Se

| Geometry Se...
soniery— PECHE
in.

Transition.. Default 0.272}

0.000

ETJ

0.300 (m) \"é

[\ Geometry A Print Preview fapor Prove
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**Thedifferencecanbenoticedw
here the mesh is refined
afterusinginflation(Right).

**Afterthemeshisgenerated.Ch
oosetheFacechoosingtool.

**Leftclick oninletsurface

>>Rightclick>>CreateNamedS Y L-ARAOE & SFPTARAAQAQEAAQR AT
: “ ” 7 show Vertices @@ Wireframe | I8 Edge Coloring » £+ A~ A~ A+ A= I I~IThicken Ao
election>>Type“Inlet — =

)

“« ” -m—n |
-Dothesamefor“Outlet ) Project i
- g Model (A3)
- & Geometry
- 2 Coordinate Systems
- M Meash
Kk 9 = @ Named Selactions
After doing the e
namedselection step, the tree /R outet
outlineshould look like the
. . . 4| |»
shownfigure.Noticetheinletan s S N :I o]
dtheoutletarelistedand =| Display A
| Show Mesh | Yes ] . i
marked. - Worksheet Based Named 5... 0.000 0.300 (m)
|Generate on Refresh [Yes | L
oo T pon
Bl Pan\(al \(‘u,ma
‘ (Pr'mr.\pa“

** Close the
“MechanicalWindow”>>Ri
ghtclickon“Mesh”>>

P
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2.4.3. Setup

**DoubleClick on“Setup”

**Tick (Double
Precision)>>Chose “Parallel”
and chose thenumber of
processors to be 4unless if more
processors
arelicensed.Inthecaseyourcomp
uter does not have 4processors,
then choose
themaximumnumberofprocesso
rsavailable.

**Chosethe“Type”tobe:

- “PressureBased)fori
ncompressibleflow

- “DensityBased”for
compressibleflow

- A
8 %% Fiuid Flow (FLUENT)
2 ) Geometry v o
3 @ Mesh v o
4| @ sewp &
5 Qjﬂ Solution g
6 @ Results I
Fluid Flow (FLUENT)
[ FLUENT Launcher (Setting Edit Only) e (5 |
FLUENT Launcher
Dimenzion Options
2D ¥ Double Precision
[ Uze Job Scheduler
| Use Remote Linux Nodes
Display Ophionz
| Display Mesh After Reading Processing Dptions

|¥] Embed Graphics Windows | Senal
[ Workberch Color Schems @ Paallel [Local Machire)
[ Do not show this panel again MNumber of Processes

[ Show Mare Options

K | [ Ceneel | [ Hep ]

[Type text]

File Mesh Define Solve Adapt Surface Display Report Parallel
ls-d-m0lGraa @A EB-0-
| Problem Setup General
Genesal A
Models
Materials [ Scole.. || check |[ReportQualty |
Phases ﬁ
Cell Zone Conditions [7"
il - -
Dynamic Mesh Type Velocity Formulation
Reference Values - PTES?-"E‘BBT'-" e AbSD{_UtE
| solution () Density-Based | Relative "
Solution Methods e N
Solution Controls :
Monitars - ?“d_"' i
Solution Initialization okl W
Calculation Activities 7 Gravi -
[ Run Calcutation o (units...
[ Results .
Graphics and Animations Hlb-l
Plots L-’
Reports
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**In “Models” Section
>>Doubleclickon “Viscous”an
dchose:

- Model:K-epsilon
- K-epsilonmodel:Realizable

- Near-Wall
Treatment:EnhancedWall
Treatment

** More information
aboutFluentModelscanbefoun
don

<<http://aerojet.engr.ucdavis.edu/fluent

help/html/ug/node1336.htm>>

**In “Materials” Section
>>Double Click on “air” >> set
thedensity and the viscosity.
Morematerials can be added
from“FluentDatabase”.

Problem Setup _MﬂdElS
General
Models o
Multiphase - O
Materials ‘ Energy - Off
Phasas | Viscous - Realizable k-&, Non-Eq Wall F
Cell Zone Conditons Bl £
Boundary Conditions Viscous Model
Mesh Interfaces
Dymamic Mesh Model
Reference Values Irvisod
Solution | Laminar
Salution Methods ) Spalart-Alimaras (1 eqn)
Salution Controls 9 k-epsion (2 eqn)
Monitars () k-omega (2 eqn)
Solution Initalization | Transition k-4d-omega (3 egn)
Caleulation Activites | Transition SST (4 eqn)
Run Calculation _ Reynolds Stress (7 eqn)
s () Scale-Adaptive Simulation (SAS)
e : ) Detached Eddy Smulation (DES)
gﬂmﬂ and Animation|| | ) Large Eddy Simulation {LES)
s
Reports k-epsilon Model
_) Standard |
I RNG
@ Realizable
Near-Wal Treatment
") Standard Wall Functions
@ Non-Equiibrium Wall Functions
_) Enhanced Wall Treatment
User-Defined Wall Functions
E
Name T Order Materidsby
al fluid | | @ Name
ul il i ! = [ " Chemical Formula
i FLUENT Fluid Materials
| |air = FLUENT Database
Miture User-Defined Database... |
Jrone =l
Properties
Density (kam3) [Conctant =] e |
| 1.225
Viscosity (kg/m-s) [t =] et 1
| 1.7894e-05
Change/Create | Delete Close | Help I
(Principa)
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**In “Boundary
Conditions”Section>>DoubleClick
on“Inlet”

>> Change “Velocity
SpecificationMethod”to“Magnitud
e,NormaltoBoundary” >> Insert
the inlet flowvelocity

** In the “Turbulence”
section,enterthe“TurbulentIntensit
y”and“Hydraulic”Diameter”ofthein
let.

Note: Turbulent Intensity
andHydraulic are well
knownparametersinfluiddynamics.
Bothof them can be calculated
usingsimple formulas. The
formulas caneasily foundonline.

<<http://www.cfd-

online.com/Wiki/Turbulence intensity>>

<<http://en.wikipedia.org/wiki/Hydraulic

diameter>>

**In“Solution
Methods”Section>>Choose“Scheme
“tobe“Coupled”.

** Change the
“Momentum”, “TurbulentKineti

. tionRate”to“SecondOrderUpwi

_:

' Zone Name
I Imiet

Momentum | Thermal | Radiation | Speces| DPM | Multiphase| uDs |

Velodity Spedification Method |magritude, Normal to Boundary =]

Reference Frame lmke ]

Velocity Magnitude (m/s) I I [constant |

Supersonic/Initial Gauge Pressure (pascal) l 0 |constant =]
Turbuence

Specification Method | e Ty
Turbuent Intensity (%) o

Hydraulic Diameter {m) ] 1

ok | cancel| Hep |

Problem Setup | Solution Methods

General Pressure-Velocity Coupling

Models

Materials Scheme

Phases [Cw "

Cell Zone Conditions ; —

Boundary Conditions Spalial Discredization

D—.- In '-—M';h:' Gradient

YTamaC (Ve

B efererce Vakses [Lea:st Squares Cell Based '.|

Salution a
Standard -

Eoltion Methods |—, - e

Solution Controls L. L

Mocilors |First Order Upwind -

Solution Initialization Turbulent Kinetic Energy

Calculation Activities [FISI Order Upwind > |

Run Calculation TurbuentDisspationRate
Results |First Order Upwind -

Graphics and Animations

Plots

Reports
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**In“Solution Controls”Section

>>(Clickon“Limits”>>setthe“M
aximum Turb.
ViscosityRatio tobele+20.

**In “Monitors” section
>>Double click on “Residuals”
>>Tick on (Print, Plot) >> on
theright side, remove the
ticksfromalltheparametersexc
eptcontinuity. Moreover,
changethe absolute criteria of
thecontinuity to be 1e-6 as
showninthefigure.

**In“Solutionlnitialization”s
ection >> Chose
“HybridInitialization”,

Problem Setup | Solution Controls
a"o’:’-:a' Courant Number
= i
Materials | 200
o Zore Covirs Ak s
Boundary Conditions Momentum ,0?57
Mesh Interfaces
Dynamic Mesh Pressure ,0'357
Reference Values
Sofii | Under-Relaxation Factors
Selstion Melids Solution Limits
Monitors Vi
Solution Initiakization Shsoute Presare {pescalif
Jeul —
E:ﬁ:nﬁa&wm Maximum Absolute Pressure (pascal) | Se+10
Results Minimum Turb, Kinetic Energy (m2/s2) | 1e-14
Graphics and Animations
Flots Minimum Turb, Dissipation Rate (m2/s3) [ 1.
e urb, Dissipa (m2/s3) [1e-20
Maximum Turb. Viscosity Ratio |
[ ok | [pefaut| [cancel| [ Hep |
Default |
( ] [Limits... | [ Advanced... |
Problem Setup TGNIOTS
m Residuals, Statistic and Force Monitors
o | Residuals - P
Matenals [cimbene o e
Monitors - e
i =i ——u e _
_ Equations
Console Residual Monitor Check Convergence Absolute Criteria
[ continuity @ = [i=08
@ x-velocity B [.001
) |Curves... || Axes...
p.Dm | :] y-velodity B 0 |g.001
5 |
2 z-velocity u 0 [0.001
. Residual Values Convergence Crite}
Store = [T Normalize Hor absolute
| Scale
|| compute Local Scale
o ][ pee ] [re | [ cancel | [ heb |
Problem Setup Solution Initialization
General Inibialization Methods
Materials @ Hybrid Initiaization
Bhaeag Standard Initialization
Cell Zone Conditions - —— e of Technoit gy
Boundary Conditions [I"-'Iore Settings... J [Ir!hahu J —
Mesh Interfaces z a{?\\ C\A
Dynamic Mesh . r ponw®
Reference Values a) \(um a“
Solution (e (Principd
Solution Methods
Solution Controls
Monitors
[Type text] [Type text]



AnsysWorkbenchBasicsGuide

File Mesh Define Solve Adapt Surface D
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TR R R N e ™ RACTHCNE R R OWC WP A
**In“RunCalculations”Section>>Settherequir e

ed number of iterations and“Calculate”, Problem Setup Hun Cajculation
General
Models Check Case..,
** The process can be paused, stopped Materials
. . Mumber of Iterations _
andsaved. Tocontinuesolvingtheproblem,thes Cel Zone Conditions i000] 2
5 ” Boundary Conditions
etup should be started from “Solutions Profile Update Interval
. . . Dynamic Mash |1 :
inthemain Ansyswindow. Reference Values :
Solution
** The results can be found from the Soluton Methods
Solution Controls
5 5 : jculal
samewindowasitwasshowninthe Monitors S
. . . . Solution Initialization
2Dairfoilcase.More options can be found in Calculation Activities =
CFD Post as itwasshownin3D -

Finitewingcase.
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3. CommonProblems

3.1. AutodeskAutocadcompatibilitywithAnsys

The 3d models constructed in Autodesk Autocad can be imported to Ansys if saved
inIGES format. However, in the case of the multiple bodies, Ansys fails to define the contact

typesontheboundaryelements.

This problem has been solved recently in the latest version of Ansys. However, if
olderversions are used,itisbettertoconstructthe models usingSolidworks,Caita

orRhinotoensurethattherewillbenogeometricalimportingproblems insomelaterstep.

3.2. Thesharptrailingedgesoftheairfoils

The airfoils are usually constructed using the airfoil coordinates. The generated
airfoilsusually haveverysharptrailingedgesasitis showninthefigurebelow.

3>

wilt>_Displ

Y
NJR Institute of \; 0y

el
o - ayasl

“Riatht G&\ oankaj Kuma" Pony
(Pr'\nr.'\va“
The sharp trailing edge causes difficulties while meshing which might lead to the

failureof generatinga good quality mesh. Since sharpedges cause sudden bending in the

gridstructure,thequalityhastobesacrificedtogenerateagridwhichfitstheairfoil. Moreover,this
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problemcancausea failureingeneratingtheinflationlayersconstructedtostudytheboundarylayer.

This problem can be solved by trimming a small part of the trailing edge (few
millimeters)and closing the gap with a curve which has a starting portion parallel to at least one

of the top orthebottomsurfaces.

\l T fiee T
] i —

3.3. GeneralMeshingProblems

Most of the meshing problems can be solved using custom sizing. When Ansys shows
amesh failure due to a problematic geometry alert, the geometry can be displayed by (Right
clickonthemessagefromthealertswindow>>ShowproblematicGeometry.Selectingtheproblematic
component whether it is an edge or a face and assigning a cell size which is smallerenough to
cover the details of the problematic geometry is the easiest way to solve the
problemwithoutchangingthegeometry.

In some cases it is recommended to create a refinement for the mesh at certain points
orlocations. For example, the leading edge of a wing if a type of micro vortex generators has
beeninstalled on it. The refinement can be constructed by creating a solid part in the geometry
stage(while drawing the domain). However, it shouldn’t be included in the “Boolean” process.
Later, inthe meshing process, the solid part can be chosen (Right click on mesh >> Insert >>

Sizing >>Type:Bodyofinfluence>> Chosethesolidwhichis coveringthedetailedgeometry).

However,insomecases,whenthegeometrycontainsahighorderofnurbs,thesmoothing has
to be reduced in order to generate a mesh with acceptable quality. Althoughsimplifying thq

-ai \eCInviva
geometry will be a better option since a mesh with low quality mlghtF causemm@?r\%s“ e J\c“”
a,Kuma‘

solving process where the solution will not converge to the required margin oferror. ‘C\'mg(
' \Pr\nc“?a“

porv
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3.4. NamedSelectionProcess

The named selection process (assigning names to the surfaces) is an important
stagewhere the spellings of some words have to be maintained carefully. For example, inlet,
outletand symmetry. These words are keywords where Ansys can define the surface as inlet if it

hasbeennamedinlet.

The walls which are not supposed to have any friction or boundary layers (like the wall
ofa domain for external flow) should be called “Symmetry”. This will direct Ansys to consider

thewallasawall without“noslipcondition”oraboundarylayer.

3.5. SolutionDivergence

Solutiondivergenceisadirectindicatorofthepoorqualityofthemesh.Whendivergenceisdetect

ed,themeshhastoberefined orreconstructedwithnewsetting. Mostly:

- Smaller(MinSize)

- Higher(Relevance)

- Customsizingforedgesandfaces

- Inflationlayerforbetterstudyof the boundarylayer
- Simplifiedgeometry

- Widerdomain

3.6. TemperaturesolutiondivergencewhileusingEnergyequation

When energy equation is being used, an unrealistic exit temperature could force
thesolution to accelerate \ decelerate the flow out of proportion leading to a “temperature
solutiondivergence”. Use common sense and experience when setting the initial guess for inlet

and exittemperatures(only whenenergyequationis on,evenifthereis nocombustion).

o NR e 6T
For T s 2l
3.7. Scaling ﬁ@pan\ka}\( uma:)pcw.‘
(Principd
When the model size is too big and the calculation process is too time consuming, it

isrecommended to scale down the model in order to reduce the needed resources. However,
asper the flow similarity conditions, the boundary conditions have to be calculated to match

thenewscaledmodel.
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Accordingtothetheoryofflowsimilarity, thetwoconditionswhich needtobesatisfiedare:

Geometricsimilarity—Thegeometriesbodiesneedtobesimilar
Dynamicsimilarity—
ThesimilarityparametersbasedonwhichotherflowparameterswillbecalculatedareReynolds

numberandMachnumber.

TheC and Cpvalueswillremain the sameforboth thegeometries.

This is an example if scaling a wing the 1/3 of its original size. Maintaining the

sameMach number and Reynolds number for the two geometries, and also using the initial

parametervaluesfortherealgeometry,theparametersthatwerere-calculatedare:

Density

Velocity
ViscosityCoefficient
Pressure

Temperature

Thefollowingarethe calculationsthatweredone to computethe newparametervalues.

Forconvenience,thetemperatureT,=288.2K. Theothergiven parametersfortherealcase are:

: 0.28852kg/m3
Vi1 237m/S
: 217K
; 288.2K
C1
C2 3
4.7292x10—-°kgm?/sec - chnolody
ul - ‘/diuN\‘.R nstitute of TEGH
For Te T . g{mc“w\
ﬁm panka) Kumar Per
(Pr'mc‘.pa\)
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EquatingMachnumber,

M1=M;

Vi Vo

VT1 VT2

288.2

T, 237 517 73.033m/sec

—
V=vxv 2 _
2 1

_ 237
V(1.4x28x217)

M2>=M1 =0.803

EquatingReynoldsnumber,

Rei=Rez

p1ViCi_paVaCo
H1 H2

C
=1=3C
2

pz ViCi T, 237x3  288.2
_ e X'\/’_ — '\V/ 2
p1 V2C2 Ty 273.033 217

=0

p2=(0.28852)3=0.866kg/m3P;
=p2RT,=71,717.97KPa

piViC; (0.28852x237x2.61)

_ 6
My 0000049272 >:062x10

1 Re=

For Tt

V,C
u:pz 2 2=5.674)(10—5kgm2/sec

2 Re;
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3.8. Hugevaluesofliftanddrag

In some cases, the results show very huge or very small values for lift and drag
eventhough the mesh has been refined and it can be considered as sufficient grid. Hence,

theproblemcanbemostlyin theboundaryconditions,thereferencevaluesorthe monitors.

In the reference values, the area and the length have to be defined accurately. The
areaistheprojectionareaofthemodelwhilethelengthisthelengthofthemodel.Moreover,theinlettempe
raturehastobedoublechecked.

Furthermore, for an altitude different than the sea level, the density and the viscosity
hasto be defined from the “materials” list and the pressure has to be defined in the

“Operatingconditions”(Define>>0OperatingConditions).

Finally, the reference values have to be updated to be computing from the inlet

aftereachchangeinanyoftheparameters.

4. RecommendedTopics

The recommended topics are basically the topics or the problems which has not
beenexplainedorcoveredinthemanual.Sincesometopicscanbeconsideredasadvancedtopics,a lot
of research and troubleshooting will be needed to get the correct and reliable procedure
ofsolvingsuchproblems.

4.1. DynamicandSlidingmesh

Dynamic andsliding meshes are types ofgrids where the geometry canchange itsshape
or condition while running the calculations. For example, a wing flap changing its angle

oracarspoilerchangingitsposition. .-
, \ndia NIR nstitute of foohn® 0y
For Tt i
Gonsl

- pankaj Kuma!
(principa!)
Ansys uses ICEM meshing as a default meshing tool for all its products. However, it

4.2. Meshingtechniques-Gambit pam

isrecommendedtocarryonastudyofcomparingthemeshingtechniquesandthequalitybetweenl CEMa

ndtheothermeshingtools likeGambit.
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4.3. FluentModels

Viscous models are used mostly for the aerospace related studies. However, there
areother models which can be useful like (Multiphase, Energy, Acoustics... etc) which are
related tothe engineering applications. For example, modelling heat exchangers, combustion

chambers,mixingchambers,turbinesandcompressors.

4.4. Combiningthestructuralloadswiththeaerodynamicloads

The aerodynamic loads can be calculated using fluent then transferred to the
structuralanalysis to analyze the structural behavior. This study can be used to optimize the
aerodynamicand the structural performance of an aircraft. However, the study will need very
good computingresources.

4.5. Cables

Modellingcables in Ansys has to be investigated.Since creating an actual cable in the3d
modelling software and generating the mesh for such cable is very resources
consumingmethodology, an alternative way has to be found.For example, replacing the cable
with aspring.

4.6. Composite

ModellingcompositematerialsinAnsysisawelldemandedtopic.Eventhoughthereisa special
library in Ansys for composite materials (ACP), it is not available for all Ansys licenses.Hence,
finding a methodology to model the composite materials in Ansys without using the

ACPIlibraryisaviabletopicofresearch.

y
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5. UsefulLinks

- Brief aboutmesh andgridtypes
http://www.innovative-cfd.com/cfd-grid.html

- AnsysModellingandMeshingGuide

http://www.ewp.rpi.edu/hartford/users/papers/engr/ernesto/hillb2/MEP/Other/Articles/MeshingGuide.pd

f

- Fluent6.3userguide:
http://aerojet.engr.ucdavis.edu/fluenthelp/index.htm

- FluentModelsDetails
http://aerojet.engr.ucdavis.edu/fluenthelp/html/ug/node1336.htm

- CFDanalysisof VehicleAerodynamics
http://www.youtube.com/watch?v=dZR7Wi70Vec

- CFDanalysisofVehicleAerodynamics(CFXnotFluent)
http://www.youtube.com/watch?v=6adO0mv-eWw
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