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What is CFD?

CFD is a Tool for 

Flow Analysis

Flow

Internal, External, Jet

Viscous, Inviscid

Laminar, Turbulent, Transitional

Subsonic, Sonic, Supersonic, 
Hypersonic

HeatTransfer

Radiation

ChemicalReaction

It is a simple statement but it 

has great implications!



CFD must not be the final objective 

CFD Tool

Desings+Projects+Tests+Diagnostics

Parameters+Solutions Understanding+Insight



Overview of CFD Modeling1,2

Physics
ωPhysicalPhenomena

Math
ωMathematicalModelof the PhysicalPhenomena

Numerics
ωNumericalModelof the MathematicalModel

Code
ωComputationalModelof the NumericalModel

User
ωHumanin the Loop

Final ωResultsandPost-processing

(1) Error propagation in the modeling simulation loop; (2) According to SukumarChakravarthy, Metacomp Tecnologies, Inc.

Software 

Developer

Engineer

Nature

Researcher

Industry/Product



Importance of using the CFD tool

Project Needs

VFlow solution over or inside 3D geometries or difficult to 

simulate analytically

VDistribution of velocity, pressure, temperature, mass 

fraction or dispersed phase

VEstimation of heat exchange by radiation between of 

surfaces of 3D bodies

VSolution of conjugate heat transfer (convection and 

conduction) in 3D bodies

VPrediction of interactions between jets ðfree/confined 

or co-axial/cross -flow

General Rules

VCFD is useful to provide ideas, generate knowledge and 

understanding of physical phenomena Ą INSIGHT

VCFD is an excellent tool to compare 

few/critical/selected design alternatives Ą TRADE-OFFS



Examples of situations using CFD tool

When?

VThere are limitations in accuracy due to the 

assumptions of analytical modeling 0 -D or 1-D

VThere are limitations of applicability range or 

geometry of the literature correlations

V It is required to predict behavior at the conceptual or 

design stage before prototype testing 

V It is necessary to compare operational conditions and 

the geometric configurations of design alternatives 

Why?

VEstimation of temperature distribution in a ventilated 

compartment in case of normal operation or failure

VAnalysis of the recovery and flow distortion in RAM Air 

inlets for air conditioning packs, pre -coolers or APUõs

VAssessment of structure maximum temperature due to 

interface with air conditioning and bleed ducts



What to avoid when using CFD in industrial application 

Avoid

VRepeat cases already analyzed by 

analytical models 

VRun cases of CFD  to seek local and 

accurate absolute results as validation

VSimulate cases that does not have 

geometry and/or input data well defined

VGenerating mesh with fabrication  

geometry not simplified

VSimulate taking into account all 

phenomena present in real operation

VRun cases without defined integral or 

mean results 

VValidate turbulence models

a The accuracy is sufficient enough and/or 

the limitations of the model are known

a CFD works well for comparative cases 

a Very few situations require validation

a You can not simulate it in a 

representative way or it will not converge 

due to inconsistent BC's

a The non-important geometry details may 

generate solution difficulties 

a Some phenomena are not relevant but 

generate solution difficulties 

a Integral parameters are used in the 

design or as design criteria

a It is typical  work of the software 

developer and/or researcher

Why



CFD Simulation Cycle

Post-ProcessingCFD ExecutionMeshing

VTo understand the 

industrial problem

VTo collect operational 

data and geometry 

VTo make assumptions and 

to simplify to essential 

VTo simplify geometry 

VTo model it analytically 

VTo define consistent 

boundary conditions 

VTo define integral 

parameters of the design 

and operating values

Problem Definition

VTo clean/repair the 

geometry

VTo mesh each 

boundary condition

VTo eventually define 

prisms layer

VTo apply density 

regions to zones of 

interest/gradient

VTo set maximum 

number of cells 

(RAM/Time)

VNew mesh if 

necessary

VTo solve basic 

equations (eqs 5) 

VTo solve turbulence 

model (eqs 2, for ex.) 

VTo implement BC 

VTo setup Initial 

conditions 

VTo setup numerical 

settings for solve 

VTo monitor residuals 

convergence

VTo monitor 

convergence of fluxes, 

forces and moments

VTo get fields/ 

distributions 

VTo get mean/integral 

results in sections or 

surfaces 

VTom make verification 

(sanity checks) 

VTo remake mesh/run if 

verification fails 

VTo Interpret results for 

project/design 

VTo suggest changes in 

design and/or 

operation

Senior Engineer in Thermo-

Fluids Systems

Analyst with practical and 

theoretical base in CFD

Experience

Analyst with practical and

theoretical base in CFD

Analyst with practical and

theoretical base in CFD

Senior Engineer in Thermo-

Fluids Systems
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Conservation Equation System

Á Conservation of Mass (Continuity) ð1 eq.

Á Conservation of Momentum (Navier-Stokes) ð3 eq.

Á Conservation of Energy (First Law of Thermodynamics) ð1 eq.

Newtonian Fluid Č



Navier Stokes per Reynolds Time Averaging1,2

Á Conservation of Mass (Continuity) ð1 eq.

Á Conservation of Momentum (Navier-Stokes) ð3 eq.

(1)ñReynolds time averaging is a brutal simplification that loses much of the information contained in the turbulence.ò ïWilcox, 2002

(2) Incompressible

(3) See Wilcox 2002

Application of Reynolds Time Averaging to incompressible flow with constant 

properties 3



Turbulence Closure Problem1

V 4 equations

V 10 variables

Á 3 average velocity

Á 1 pressure

Á 6 Reynolds tensor

Navier-
Stokes

Reynolds

Average

Reynolds

Tensors

Turbulence

Model

Does not solve Statistical

Temporal Filter

More variables 

than equations
Several models can 

close the system

(1) Incompressible



Compressible Flow1,2

(1) According to implementation in CFD++ code, Metacomp Technologies Inc, Agoura Hills, CA, USA

(2) Time weighted average for the mass of compressible flows

Energy

Mass

Momentum

Energy

Mass

Momentum

Source



Sample List of Turbulence Models1,2

1. Goldberg'sOne-Equation Rt

2. One-equation Spalart-Almaras (SA) model 

3. Two-equation realizable k -epsilon model

4. Two-equation k -l model

5. Two-equation non-linear (cubic) k -epsilon model 

6. Two-equation Goldberg's realizable q -L model

7. Two-equation SST model 

8. Two-equation R-ƞ transition model 

9. Three-equation Goldberg's k-epsilon-Rt model

10. Three-equation Goldberg's k-epsilon-f_mu model

11. Two-equation k -Ʋ model

12. Two-equation Realizable k-Ʋ model

13. Four-equation Langtry -Menter transition model

14. Seven equation second moment closure model

(1) According to implementation of CFD++, Metacomp Technologies Inc, Agoura Hills, CA, USA

(2) Time weighted average for the mass of compressible flows



CFD System Equations 

Numberof Equations Coments

Conservation of Mass 1

Conservation of Momentum 3

Conservation of Energy 1

Turbulence Model k-e 2 k ðKinetic Energy

eðTurbulence Dissipation

Equations 7

Variables 7 P, u,v,w,T,k, e

System Closed ! It can be solved.



Example of Flow with Several Reynolds/Machs

ωTransonic, Sonic, SupersonicFlow

ωJet expansionregion

ωConvectionnearthe jet

Jet from bleed
leakageor from

piccolo

ωSubsonicand/or verylow Mach

ωRecirculations

ωFlowexhausts

Compartmentor
Leadingedge

D-Bay

ωLowReynolds ςboundarylayer

ωWall functionor solve to wall

ωRoughness

Walls

Regions with different flow regimesĄ the solver needs to be general/unified



Properties for each Component/Substance 1

V Thermodynamics

Á Perfect Gas  ðstate equation and polynomials (NASA)

Á Real Gas     - state equation and polynomials (NASA)

V Transport of Momentum, Heat and Mass (m, k, D)

(1) Second Implementation of CFD++, Metacomp Technologies Inc, Agoura Hills, CA, USA



Conjugate Heat Transfer(solid+fluid )1,2

Computational mesh in the fluid

Solve Convection

Computational mesh in the solid

Solve conduction

Heats solid Coolssolid

(1) Second Implementation of CFD++, Metacomp Technologies Inc, Agoura Hills, CA, USA



Conjugate Heat Transfer1

Flow 280 K

Solid 850 K

CoolsSolid

Heat Flux
Zero-Sum

(1) Second Implementation of CFD++, Metacomp Technologies Inc, Agoura Hills, CA, USA



Conjugate Heat Transfer with Radiation1

Heat Flux
Difference is Radiation

(1) Second Implementation of CFD++, Metacomp Technologies Inc, Agoura Hills, CA, USA
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Typical Results of CFD Simulation

V Specific /Local Results
o Length of the recirculation region

o Location of hot spots

V Integral Results
o Flow, Velocity, Temperature , Pressure in the sections of

input and outputs

o Pressure and Temperatures on surfaces

V Differencial Results
o Field of the variables solved by CFD: velocity, pressure, 

density, temperature , turbulent quantities (k, e)



Expected Results for Product Phases

Design and

Draft

ωTrade-offs with 
various cases

ωDefine Project 
Parameters

ωSimulation 
simpler and faster 
with less 
precision than 
other phases

Project

ωFew Design or 
Critical Cases only

ωPredict and 
Optimize 
Performance

ωMore detailed 
and accurate 
simulation than 
previous step

Tests

Support

ωSome 
representative or 
similar cases

ωSupport the 
definition of Test 
Case Matrix , 
change the scale, 
predict difficulties 
before the test

ωDetailed 
simulation and 
accurate enough 
to represent the 
test

Operation

ωCouple few cases

ωMake Problem 
diagnostics and 
predict 
performance of 
the operational 
condition

ωMore detailed 
simulation than 
other phases but 
it is still simplified  
in order to allow 
solution in 
reasonable time

A CFD model for each phase
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V Preprocessing
o Computational Mesh Generation

V Processing
o Solution of the Flow Equations

V Postprocessing
o View fields/distribution in 1D, 2D, 3D

o Integration of variables

o Extraction of parameters or variables of interest

CFD Packages

Integrated packages vs. Segregated/Independent packages



V Element Mesh Type
o 3D Tetra, Hexa, Prisms, Polygon

o 2D Tria, Quad, Trap

V Mesh Type
o Structured (matrix ij )

o Unstructured

V Other characteristics
o Density Boxes

o Refinement by curvature

o Prisms Layer

o Global and Local mesh sizes

o Chimera

Pre-processing

QUALITY?

Mesh needs 

work for the 

Solver



V Solver RANS
o Euler ðNS inviscid

o Compressible

o Incompressible

o Mixtures of Substances

o Lagrangian or Eulerian multiphase 

V Properties
o Perfect Gas

o Real Gas

V Numerical Methods
o 1st or 2nd Order

o Interpolation

o Preconditioned

o Local/Dual Time Step

o TVD

V Implementation
o Realizable Conditions

Processing

Accuracy,

Robustness, 

Speed in 

various 

regimes



V View
o Contours and Iso-values

o Streamlines

o Cuts and Plans

o Animation

o Mesh and Geometry

V Automation for many cases

o Scripts 

o Macros

o Python

o Add-ons

V Calculations
o Flow variables not measured by the solver 

but obtained from the primitive variables

o Integrals, averages , derivatives, gradients

o Areas and normal vectors

o Forces and Moments

Post-processing

Needs to be 

easy to use 

and automate
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V Outline:
o Experimental Data

o Geometry

o Mesh:

o Prisms Layer

o Density Boxes

o Flow Analysis

o CFD Results

Airfoil - Aerodynamics Coefficients by CFD++

Work by ATS4i with CFD++ licensed by Metacomp Technologies Inc.



Experimental ResultsðNACA RB. L5K02
V Cl vs Alpha and Polar �²Experimental Data

Work by ATS4i with CFD++ licensed by Metacomp Technologies Inc.


