
SPC 307
Aerodynamics

Lecture 2
Overview of the CFD

February 2, 2016

Sep. 18, 2016



1 © 2016ANSYS, Inc. April 12,2016

Overview of the CFDProcess



LectureTheme:

All CFDsimulationsfollow the samekeystages. Thislecturewill explainhow to
go from the originalplanningstageto analyzingthe end results

LearningAims:

Youwill learn:
ÅThebasicsof what CFDis andhow it works
ÅThedifferent stepsinvolvedin a successfulCFDproject

LearningObjectives:

Whenyou beginyour own CFDproject,you will know what eachof the steps
requiresandbe ableto planaccordingly

Introduction
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What isCFD?

ComputationalFluidDynamics(CFD)is the scienceof predictingfluid flow, heat and
masstransfer, chemicalreactions,and related phenomena.

Topredict thesephenomena,CFDsolvesequationsfor conservationof mass,
momentum, energyetc..

CFDcanprovide detailed information on
the fluid flow behavior:
Å Distributionof pressure,velocity,temperature,

etc.

Å Forceslike Lift, Drag..(externalflows,Aero,
Auto..)

Å Distributionof multiple phases(gas-liquid,gas-
solid..)

Å Speciescomposition(reactions,combustion,

ÅMuch more
pollutants..)

CFDis usedin all stagesof the
engineeringprocess:

Å Conceptual studiesof new designs

Å Detailed product development

ÅOptimization

Å Troubleshooting

Å Redesign

CFDanalysiscomplementstesting andexperimentationby reducing
total effort and costrequired for experimentationanddata acquisition
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CFDApplications
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CFDApplications

Introduction CFDApproach Pre-Processing Solution Post-Processing Summary

6



CFDApplications
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CFDApplications
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HowDoesCFDWork?

ANSYSCFDsolversarebasedon the finite volume method
ÅDomain isdiscretizedinto a finite set of controlvolumes

ÅGeneral conservation (transport) equationsfor mass, momentum,energy,
species, etc.aresolvedon this set of controlvolumes

Unsteady Convection Diffusion Generation

ÅPartial differential equationsarediscretizedinto a system of algebraic equations

ÅAll algebraic equationsarethen solved numericallyto renderthe solution field

Control
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Step1. DefineYourModelingGoals

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

ÅWhat are your modelingoptions?
ÅWhat simplifyingassumptionscanyou make(i.e.symmetry,periodicity)?

ÅWhat simplifyingassumptionsdo you haveto make?

ÅWhat physicalmodelswill needto be includedin your analysis

ÅWhat degreeof accuracyis required?

ÅHow quicklydo you needthe results?

ÅIsCFDanappropriate tool?
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Step2. Identify the Domain YouWill Model

ÅHow will you isolatea pieceof
the completephysicalsystem?

ÅWherewill the computationaldomain
beginand end?

ҍ Doyouhaveboundaryconditioninformationat
theseboundaries?

ҍ Canthe boundaryconditiontypesaccommodate
that information?
ҍ Canyouextendthe domainto a point where

reasonabledataexists?

ÅCanit be simplified or approximatedas
a 2D or axi-symmetricproblem?

Domainof Interestas
Partof a Larger
System(not modeled)

Domainof interest
isolatedandmeshed
for CFDsimulation.

Summary
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Step3. Create a SolidModel of the Domain

ÅHow will you obtain a model of the fluid region?
ҍ Makeuseof existingCADmodels?

ҍ Extractthe fluid regionfrom a solidpart?

ҍ Createfrom scratch?

ÅCanyou simplify the geometry?
ҍ Removeunnecessaryfeaturesthat would complicatemeshing
˟ŦƛƭƭŜǘǎΣ ōƻƭǘǎΧΚ

ҍ Makeuseof symmetryor periodicity?

Å Areboth the flow andboundaryconditionssymmetric/
periodic?

ÅDoyou needto split the model so that boundary
conditionsor domainscanbe created?

Original CAD Part

Extracted
FluidRegion
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Step4. Design andCreate the Mesh

ÅWhat degreeof meshresolution is required in eachregion
of the domain?
ҍ Canyou predict regionsof highgradients?

Å Themeshmust resolvegeometricfeaturesof interestandcapture
gradientsof concern,e.g.velocity,pressure,temperaturegradients

ҍ Will you useadaptionto addresolution?

ÅWhat type of meshis most appropriate?
ҍ Howcomplexis the geometry?

ҍ Canyou usea quad/hexmeshor is a tri/ tet or hybridmeshsuitable?

ҍ Arenon-conformalinterfacesneeded?

ÅDoyou havesufficient computer resources?
ҍ Howmanycells/nodesare required?

ҍ Howmanyphysicalmodelswill be used?
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Step5. SetUp the Solver

ÅFora givenproblem,you will needto:

ҍ Definematerialproperties

Å Fluid

ÅSolid

ÅMixture

ҍ Selectappropriatephysicalmodels

Å Turbulence,combustion,multiphase,etc.

ҍ Prescribeoperatingconditions

ҍ Prescribeboundaryconditionsat all boundaryzones

ҍ Provideinitial valuesor a previoussolution

ҍ Setup solvercontrols

ҍ Setup convergencemonitors

Introduction CFDApproach Pre-Processing     Solution

Forcomplexproblemssolvinga simplified
or 2Dproblemwill providevaluable
experiencewith the modelsandsolver
settingsfor yourproblemin a short
amountof time
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Step6. Compute the Solution
ÅThediscretizedconservationequationsare

solvediteratively until convergence
ÅConvergenceis reachedwhen:
ҍ Changesin solutionvariablesfrom one iteration to the

next arenegligible

ÅResidualsprovide a mechanism to help
monitor this trend

ҍ Overallpropertyconservationis achieved
ÅImbalancesmeasureglobalconservation

ҍ Quantitiesof interest (e.g.drag,pressuredrop)havereached
steadyvalues
ÅMonitor points trackquantitiesof interest

ÅTheaccuracyof a convergedsolution is dependent
upon:

ҍ Appropriatenessandaccuracyof physicalmodels
ҍ Assumptionsmade
ҍ Meshresolutionandindependence
ҍ Numericalerrors

A convergedand mesh-independent
solutionon a well-posedproblem
will provideusefulengineering
results!
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Step7. Examinethe Results

ÅExaminethe resultsto review solution and
extract usefuldata
ҍ VisualizationToolscanbe usedto answersuch
questionsas:

Å What is the overallflow pattern?

Å Is there separation?

Å Wheredo shocks,shearlayers,etc. form?

Å Arekeyflow featuresbeingresolved?

ҍ NumericalReportingToolscanbe usedto calculate
quantitativeresults:

ÅForcesandMoments

ÅAverage heat transfer coefficients

ÅSurfaceandVolumeintegratedquantities

ÅFlux Balances

Examineresultsto ensurecorrectphysicalbehaviorand
conservationof massenergyandother conserved
quantities. Highresidualsmaybe causedby just a few
poor qualitycells.

Post-Processing Summary
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Step8. Consider Revisionsto the Model

ÅAre the physicalmodelsappropriate?
ҍ Is the flow turbulent?
ҍ Is the flow unsteady?
ҍ Are there compressibilityeffects?

ҍ Are there 3D effects?

ÅAre the boundaryconditionscorrect?
ҍ Is the computationaldomainlargeenough?
ҍ Areboundaryconditionsappropriate?

ҍ Areboundaryvaluesreasonable?

Å Is the meshadequate?
ҍ Doesthe solutionchangesignificantlywith a refinedmesh,or

is the solutionmeshindependent?
ҍ Doesthe meshresolutionof the geometryneedto be
improved?
ҍ Doesthe modelcontainpoor quality cells?

Highresidualsmaybecausedby
just a few poorquality cells
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