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Exclusive Metacomp Technologies Inc. Distributor in Brazil
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What is CFD»

CFDis a Tool for
Flow Analysis

It is a simple statement but it

has great implications!

Internal, Externa) Jet
Viscouslnviscid

Laminar,Turbulent Transitional

SubsonigcSoni¢ Supersonic
Hypersonic

HeatTransfer
Radiation

ChemicaReaction
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CFD must not be the final objective

CFD Tool

\ 4

Parameters+Solutions Understanding+Insight

\ g

¥ ¥

Desings+Projects+Tests+Diagnostics
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Overview of CFD Modeling2

Nature M wPhysicaPhenomena

~ecoarcher wMathematicalModel of the PhysicaPhenomena

Software
Developer
Engineer :

| wNumericalModel of the MathematicalModel
wComputationaModel of the NumericalModel

wHumanin the Loop

wResultsand Postprocessing

Industry/Product

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

Project Needs

General Rules

V Flow solution over or inside 3D geometries or difficult to
simulate analytically

V Distribution of velocity, pressure, temperature, mass
fraction or dispersed phase

V Estimation of heat exchange by radiation between of
surfaces of 3D bodies

V Solution of conjugate heat transfer (convection and
conduction) in 3D bodies

V Prediction of interactions between jets 0dfree/confined
or co-axial/cross -flow

V CFD is useful to provide ideas, generate knowledge and
understanding of physical phenomena A INSIGHT

V CFD is an excellent tool to compare
few/critical/selected design alternatives A TRADEOFFS
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Examples of situations using CFD tool

V There are limitations in accuracy due to the
assumptions of analytical modeling 0 -D or 1-D

V There are limitations of applicability range or
geometry of the literature correlations

V Itis 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

V Estimation of temperature distribution in a ventilated
compartment in case of normal operation or failure

V Analysis of the recovery and flow distortion in RAM Air
inlets for air conditioning packs,pre -cool er s or A

V Assessment of structure maximum temperature due to
interface with air conditioning and bleed ducts
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What to avoid when using CFD In industrial application

V Repeat cases already analyzed by
analytical models

V Run cases of CFD to seek local and
accurate absolute results as validation

V Simulate cases that does not have
geometry and/or input data well defined

V Generating mesh with fabrication
geometry not simplified

V Simulate taking into account all
phenomena present in real operation

V Run cases without defined integral or
mean results

V Validate 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 Itis typical work of the software
developer and/or researcher
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CFD Simulation Cycle

Problem Definition CFD Execution Post-Processing

V To understand the
industrial problem

V To collect operational
data and geometry

V To make assumptions and

to simplify to essential
V To simplify geometry
V To model it analytically

V To define consistent
boundary conditions

V To define integral

parameters of the design

and operating values

Experience

V To clean/repair the
geometry

V To mesh each
boundary condition

V To eventually define
prisms layer

V To apply density
regions to zones of
interest/gradient

V To set maximum
number of cells
(RAM/Time)

V New mesh if
necessary

V To solve basic
equations (eqgs 5)

V To solve turbulence
model (egs 2, for ex.)

V To implement BC

V To setup Initial
conditions

V To setup numerical
settings for solve

V To monitor residuals

convergence

V To monitor
convergence of fluxes,
forces and moments

Analyst with practical and
theoretical base in CFD

V To get fields/
distributions

V To get mean/integral
results in sections or
surfaces

V Tom make verification
(sanity checks)

V To remake mesh/run if
verification fails

V To Interpret results for
project/design

V To suggest changes in
design and/or
operation

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

A Conservation of Mass (Continuity) 81 eq.

dp | 9(pus)

A Conservation of Momentum (Navier-Stokes) 83 eq.

=0

O(pu;) N 0| puiu,| __Op N 0T
ot O Ox; Oz,

+ pfi

8’&@' 8uj 2
Newtonian Fluid C Tii = + — _5@' Vi,
ewtonian Flui =M (33:‘]- 9z, 309 )

A Conservation of Energy (First Law of Thermodynamics) 81 eq.

d(pe) Ou;  O(mijuy) o 0(g) . 0T
5+ (e +p) o~ ow + pfiu; + el kax%_
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Navier Stokes per Reynolds Time Averaging-

Application of Reynolds Time Averaging to incompressible flow with constant

properties 3
u; = U; + ’U);
A Conservation of Mass (Continuity) 81 eq.
oU; _ 0
8(1)@
A Conservation of Momentum (Navier-Stokes) 33 eq.
oU; 1, — oP 0 1 /oU; 0U;
() ) = — 2 .. o= L J
Por TP, Uit i) = =5 g Budi) 8= (axj ¥ amz-)

(1)f Reynol ds time averaging is a brutal simplificati orn Wild»xa002l os e s
(2) Incompressible
(3) See Wilcox 2002
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Turbulence Closure Problem?

V 4 equations

V 10 variables

r

A 3 average velocity Ug

r

A 1 pressure p

: ! ,,/
A 6 Reynolds tensor uju%-

Navier Reynolds Reynolds Turbulence
Stokes Average Tensors Model
Does not solve Statistical More variables Several models can

Temporal Filter than equations close the system

(1) Incompressible
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Compressible Flow?-2
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(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
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Momentum

—
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Sample List of Turbulence Models"?

Goldberg's One-Equation Rt
One-equation Spalart-Almaras (SA) model
Two-equation realizable k -epsilon model
Two-equation k-l model
Two-equation non-linear (cubic) k -epsilon model
Two-equation Goldberg's realizable q-L model
Two-equation SST model
Two-equationR-n transition model
Three-equation Goldberg's k-epsilon-Rt model
. Three-equation Goldberg's k-epsilon-f_mu model
. Two-equationk-U mo d e |
. Two-equation Realizable k-U mo d e |
Four-equation Langtry -Menter transition model
Seven equation second moment closure model

©o0oNOOhWNE

e el
A WNPFO

(1) According to implementation of CFD++, Metacomp Technologies Inc, Agoura Hills, CA, USA
(2) Time weighted average for the mass of compressible flows ATS I
4



CFD System Equations

Numberof Equations Coments
Conservation of Mass 1
Conservation of Momentum 3
Conservation of Energy 1
Turbulence Model k-e 2 k dKinetic Energy

e d Turbulence Dissipation

\l

Equations

Variables 7 PuvwTk, e

System Closed ! It can be solved.
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Example of Flow with Several Reynolds/Machs

Jetfrom bleed w Transoni¢Soni¢ Supersonid-low
leakageor from wJetexpansiorregion
piccolo wConvectiomearthe jet

Compartmentor wSubsoni@and or verylow Mach
Leadingedge wRecirculations

D-Bay wFlowexhausts

wLowReynolds; boundarylayer
wWallfunction or solveto wall
wRoughness

Regions with different flow regimes A the solver needs to be general/unified
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Properties for each Component/Substance!

V  Thermodynamics

A Perfect Gas &state equation and polynomials (NASA)

A Real Gas - state equation and polynomials (NASA)
V  Transport of Momentum, Heat and Mass (m k, D)

Fukl Properies: Help ' Please choose gas from the following list. You may do so by
double-clicking the left mouse button on the proper entry.
Chosen il rome: Air Wiscesity [ kglim 5] ) = =
P —— fF 400 e Al
e — M- . Ar Ar
Mol, weght, {dimesrsionalj: 28.550000 i ) Meghm
Unrversal gas constand: 5140 (kg M2 N{"2 mole K} 3 4.00e-05 e Rthy;::e
Hase pressure lovel: oo kgi{m 52} or Fa .00 05 C2HE Ethome <
Lasminar Schenidt Humber: 0.T0I000 1000 MO0 3000 AD00 000
Prassirm Mg " Temperatune This gas has the following properties: 3
Suthartand Law (5L} Parmeters: | Dimessiona) Dt L L S Synbol Alr
1 SDe-n FE Mol. Weight = 28.95
Wscasity Thisrssl Corsehic ity : ez Sp. heat ratio =1.4
Reference Visc.: |1 7160000-05 kOi®s)  Refersnce Therm. Cond.: [2410000s-02 ke mijs™3 K} or Wigm K) 3 [ Vi;c. ref. = éﬁ?g;-us
o | K K Ref. Tem. = o
Relerence Temp.: :2-'-111':““" Reference Tempertare: 273110000 A.00e-0¢ cutherland Con. = 111.0
Refermnce Cosst: 101 000000 Reference Comsiant: [T | Thermal Cond. ref.= 0.0241 _I
Sutherland Gon. = 194.0 hd
nchain buoyancy affecis: e Y * Teemy
Accopt and Exil hoose Fukd Detauts | cancel Upeats Poks Help | Close | |

(1) Second Implementation of CFD++, Metacomp Technologies Inc, Agoura Hills, CA, USA
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Conjugate Heat Transfer(solid+fluid )12

Computational meshin the fluid
Solve Convection

Heats solid

Computational meshin the solid
Solve conduction

(1) Second Implementation of CFD++, Metacomp Technologies Inc, Agoura Hills, CA, USA
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Conjugate Heat Transfer?!

T
B.5000e+02
. Flow 280 K
F.3A760e+02
X Flot

6.2520e+02 30728404 1 Py

| GQdot
5-12”&4’0’2 2.048e+04
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L ]
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1 q
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Heat flux

B.A4900e+02
3.072e+04
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BAr00e+02
Zero-Sum
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asoge0z Solid 850 K
(1) Second Implementation of CFD++, Metacomp Technologies Inc, Agoura Hills, CA, USA
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Conjugate Heat Transfer with Radiation

T
f.5000e+02
o
B.46002+02
B.A200e+02
A.3800e+02
B.300e+02
- B.3000e+02
T
B.5000e+02
—
BA800e+02
BAZDDE+D2
B.3800e+02
B3400e+02

- B 3000e+02

With radiation

Without radiation

Heat Flux

2.046e+04 -

1.024e+04 {4

-Z.048e+04 - 4

R AR T R e AT
-6.250e-01 0.000e+00 6.250e-01 1.2508+00 1.675e+00 2.500e+00
X

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
0 Location of hot spots

V Integral Results
o Flow, Velocity, Temperature, Pressure in the sections of
Input and outputs
0 Pressureand Temperatures on surfaces

V Differencial Results
o Field of the variables solved by CFD:velocity, pressure,
density, temperature , turbulent quantities (k, e)
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Expected Results for Product Phases

Desigrand Tests _
Operation
Draft Support
w Tradeoffs with wFew Design or wSome wCouple few cases
various cases Critical Cases only representative or ¢yMake Problem
wDefine Project wPredict and similar cases diagnostics and
Parameters Optimize wSupport the predict
w Simulation Performance definition of Test performance of
simpler and faster wMore detailed Case Matrix , the operational
with less and accurate change the scale, condition
precision than simulation than predict difficulties yMore detailed
other phases previous step before the test simulation than
wDetailed other phases but
simulation and it is still simplified
accurate enough  in order to allow
to represent the solution in
test reasonable time

A CFD model for each phase
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CFD Packages

V Preprocessing
o Computational Mesh Generation

V Processing
o Solution of the Flow Equations

V Postprocessing
o View fields/distribution in 1D, 2D, 3D
0 Integration of variables
0 Extraction of parameters or variables of interest

Integrated packages vs. Segregated/Independent packages

ATS,i




Pre-processing

V Element Mesh Type
o 3D Tetra, Hexa, Prisms, Polygon
o 2DTria, Quad, Trap

V Mesh Type

o Structured (matrix ij)
o Unstructured

QUALITY?
Mesh needs

work for the
Solver

V Other characteristics

o Density Boxes
Refinement by curvature
Prisms Layer
Global and Local mesh sizes
Chimera

© O OO
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Processing

V  Solver RANS
Euler NS inviscid
Compressible
Incompressible
Mixtures of Substances
Lagrangian or Eulerian multiphase
roperties
Perfect Gas
Real Gas
umerical Methods

Accuracy,
Robustness,

Speed in
various

15t or 2nd Order regimes
Interpolation

Preconditioned

Local/Dual Time Step

TVD

O O0OO0O0O0O  ~Z200O TUTOOOOoOOo

V  Implementation
0 Realizable Conditions
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Post-processing

V View
o Contours and Iso-values
o Streamlines

o Cuts and Plans

0 Animation

0 Mesh and Geometry

A

utomation for many cases
Scripts Needs to be

0
0

o Python and automate
o Add-ons
C
0

alculations
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
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Airfoil - Aerodynamics Coefficients by CFD++

V  Outline:
o Experimental Data
o Geometry
o Mesh:
o Prisms Layer
o Density Boxes
Flow Analysis
o CFD Results

o

Work by ATS4i with CFD++ licensed by Metacomp Technologies Inc. ATS I
4



Experimental Results 9NACA RB. L5K02

V Clvs Alpha and Polar 2Experimental Data

Work by ATS4i with CFD++ licensed by Metacomp Technologies Inc. ATS4,




