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Overvian of the CI Process




Introduction

LectureTheme:

All CFDsimulationsfollow the samekey stages Thislecture will explainhow to
go from the originalplanningstageto analyzinghe endresults

LearningAims:

Youwill learn:
AThebasicsof what CFDs and how it works

AThedifferent stepsinvolvedin a successfuCFDproject

LearningObjectives:

Whenyou beginyour own CFDproject, you will know what eachof the steps
requiresand be ableto planaccordingly
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Wha isCG-D?

ComputationalFluid Dynamicg(CFD)s the scienceof predictingfluid flow, heatand
masstransfer, chemicalreactions,and related phenomena.

To predict these phenomena,CFDsolvesequationsfor conservationof mass,
momentum, energyetc..
CFDcanprovide detailed information on CFDis usedin all stagesof the
the fluid flow behavior: engineeringprocess:
Distributionof pressure velocity,temperature, A Corceptual studies of new desins
ec. A Detailed product development =
A ;orceshke Lift, Drag..(externalflows, Aero, A Optimization SRRy
uto..) . o A Troubleshooting
A Distributionof multiple phasegqgasliquid, gas A .
solid..) Redesgn
A Speciesomposition(reactions,combustion,
pollutants..)
Much more
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CFDanalysiscomplementstesting and experimentationby reducing
total effort and costrequired for experimentationand data acquisition
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HowDoes CIb Work?

ANSY SC solversare basedon the finite volume method

A Domanisdiscraizedinto afinite set of control volumes Soln”o' .
olume

A General consevation (transport) equatonsfor mass, momentum, energy,
speges, etc. are sdved on this set of controlvolumes

d
EJ,o::,t:u:;”./+ PPV -dA = MpyVe -dA + | SpdV
v

Equation f
A A 4 Cotinuity 1
/ - / - / N\ J/
Vo Vo Y Y Xmomentum u
Ungteady Cavection Diffusion Gereration Y momentum v
_ _ _ _ _ _ _ _ _ Zmomentum w
A Patial differential equaionsare discreizedinto a system of algebrac equaions Erergy h
A Al algebrac equaionsare then sdved numericallyto renderthe sdution field
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Stepl. Deine YourModeling Goals

A What resultsare you looking for (i.e. pressuredrop, massflow rate),
and how will they be used?

A What are your modelingoptions?
A Whatsimplifyingassumptionsanyou make (i.e. symmetry,periodicity)?
A What simplifyingassumptionslo you haveto make?
A What physicalimodelswill needto be includedin your analysis

A What degreeof accuracyis required?
A How quickly do you needthe results?

A s CI an appropriate tool?
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Step2. Identify the Doman YouWill Model

A Howwill you isolate a pieceof
the complete physicalsystem?

A Wherewill the computationaldomain \
beginand end? Domainof Interestas
b Doyou haveboundaryconditioninformation at Partof a Larger :

theseboundaries? System(not modeled)
b Canthe boundaryconditiontypesaccommodate
that information?

b Canyou extendthe domainto a point where
reasonabledata exists?

Domainof interest
isolatedand meshed
for CFDsimulation.

A Canit be simplified or approximatedas
a 2D or axisymmetricproblem?
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Step3. Creat a SolidModel of the Domalin

A Howwill you obtain a model of the fluid region?
b Make useof existingCADmodels?

b Extractthe fluid regionfrom a solid part?

b Createfrom scratch?

A Canyou simplify the geometry?
b Removeurln(?cessaryeatures}hat would complicatemeshing
*FAEESUKEZ o2fdaxX
b Make useof symmetryor periodicity?

A Areboth the flow and boundaryconditionssymmetric/

periodic?

A Doyou needto split the model sothat boundary
conditionsor domainscanbe created?

Orignal CAD Part

Extracted
Fluid Region

> Introduction > CH Approach > Pre-Procesing ) Solution > Post-Processing > Summary >

© 2016ANSYS Inc. April 12,2016 12



Step4. Design andCreat the Mesh

A What degreeof meshresolutionis requiredin eachregion
of the domain?

b Canyou predictregionsof high gradients?

A Themeshmustresolvegeometricfeaturesof interestand capture
gradientsof concern,e.g.velocity,pressure temperaturegradients

b Will you useadaptionto add resolution?

A What type of meshis most appropriate?
b How complexis the geometry?
b Canyou usea quad/hexmeshor is a tri/ tet or hybrid meshsuitable?

b Are non-conformalinterfacesneeded?

A Doyou have sufficient computer resources?
b Howmanycells/nodesare required?
b Howmanyphysicaimodelswill be used?
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Stepb. SetUp the Solver

A Foragivenproblem, you will needto:

b Definematerial properties
A Fluid
A Solid
A Mixture

b Selectappropriatephysicaimodels
A Turbulencegcombustionmultiphase etc.

b Prescribeoperatingconditions
b Prescribeboundaryconditionsat all boundaryzones

b Provideinitial valuesor a previoussolution

b Setup solvercontrols
b Setup convergencemonitors
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Step6. Conpute the Solution

A Thediscretizedconservationequationsare ) | Rectiual
solvediteratively until convergence T ety

A Convergencés reachedwhen: 1991 - ey

b Changesn solutionvariablesfrom oneiteration to the ez 4 {1 _ zeelen

nextare negligible

A Residuals provide amechanism to help ]
monitor this trend 16-04

b Overallproperty conservationis achieved
Ambalancesneasureglobalconservation

b Quantitiesof interest (e.g.drag, pressuredrop) havereached = 1

1e-03 3

1e-05 o

steadyvalues - | | | | | | |

Avionitor points track quantitiesof interest 0 20 a0 e0 80 100 120 140
A Theaccuracyof a convergedsolution is dependent terations

upon:. A convergedand meshindependent

b Appropriatenessind accuracyof physicaimodels
b Assumptionsnade

b Meshresolutionandindependence

b Numericalerrors
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results!




Step/. Examindghe Results

A Examinethe resultsto review solution and ~ presre wl )
extract usefuldata ’ f
b VisualizatiorToolscanbe usedto answersuch
guestionsas:
A Whatis the overallflow pattern?
A Isthere separation?
A Wheredo shocksshearlayers,etc. form?
A Arekeyflow featuresbeingresolved?
b NumericalReportingToolscanbe usedto calculate
guantitativeresults:
A ForcesandMoments
A Average hea transkr coefficients Examineresultsto ensurecorrectphysicalbehaviorand
A Surfaceand\Volume integrated quantities conservatiorof massenergyand other conserved

guantities. Highresidualsmaybe causedby just a few
A FluBalances poor quality cells.

- ASYS
—
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Step8. Conside Revisiorsto the Model

A Are the physicalmodelsappropriate?
b Isthe flow turbulent?

b Isthe flow unsteady?

b Arethere compressibilityeffects?

b Arethere 3D effects?
A Are the boundaryconditionscorrect?

b Isthe computationaldomainlargeenough?
b Are boundaryconditionsappropriate?

b Are boundaryvaluesreasonable?
A Isthe meshadequate?

b Doesthe solutionchangesignificantlywith a refined mesh,or
Is the solutionmeshindependent?

b Doesthe meshresolutionof the geometryneedto be

improved?
b Doesthe modelcontainpoor quality cells?
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