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What is CFD?

+ Computational Fluid Dynamics (CFD) is the science of predicting
fluid flow, heat transfer, mass transfer, chemical reactions, and related
phenomena by solving mathematical equations that represent physical
laws, using a numerical process.

e Conservation of mass, momentum, energy, species, ...

o The result of CFD analyses is relevant engineering data:
e conceptual studies of new designs
e detailed product development
e troubleshooting
e redesign

+ CFD analysis complements testing and experimentation.
e Reduces the total effort required in the laboratory.
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How does CFD work?

o FLUENT solvers are based on the
finite volume method.

e Domain is discretized into a control
finite set of control volumes volume

or cells.

. . ]
e General conservation (transport) equation

for mass, momentum, energy, etc.,

Fluid region of
pipe flow
discretized into
finite set of
control volumes
(mesh).

2 Eqn.
= j pddV + § PPV -dA = §rv¢-dA+js¢dV continuity
&(_z 4 oE {/—v—' X-mom.
unsteady convection diffusion  generation y-mom.
energy

o< o= =i

are discretized into algebraic equations.

e All equations are solved to render flow field.
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CFD Modeling Overview

Solver
Equations solved on mesh
Pre-Processing
- + Transport Equations + Physical Models
« Solid + Mesh o mass
1 ; . Turbulence
Modeler Generator = species mass fraction .
» phasic volume fraction Combustion

e momentum
e cnergy
+ Equation of State

+ Solver + Supporting Physical Models
Settings

« Material Properties

« Boundary Conditions
Post-Processi o, o,
« Initial Conditions

Radiation

Multiphase

Phase Change
Moving Zones
Moving Mesh
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CFD Analysis: Basic Steps

+ Problem Identification and Pre-Processing
1. Define your modeling goals.
2. Identify the domain you will model.
3. Design and create the grid.
+ Solver Execution
4. Set up the numerical model.
5. Compute and monitor the solution.
+ Post-Processing
6. Examine the results.
7. Consider revisions to the model.
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Define Your Modeling Goals

o Problem Identification and Pre-Processing
1. Define your modeling goals.
2. Identify the domain you will model.
3. Design and create the grid.

+ What results are you looking for, and how will they be used?
e What are your modeling options?
= What physical models will need to be included in your analysis?
= What simplifying assumptions do you Aave to make?
= What simplifying assumptions can you make?
= Do you require a unique modeling capability?
A User-defined functions (written in C) in FLUENT 6
a User-defined subroutines (written in FORTRAN) in FLUENT 4.5
& What degree of accuracy is required?

+ How quickly do you need the results?
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Identify the Domain You Will Model

Gas

+  Problem Identification and Pre-Processing
1. Define your modeling goals. Cvel
2. Identify the domain you will model. yclone

3. Design and create the grid .
€ & Riser

¢ How will you isolate a piece of the
complete physical system?
¢ Where will the computational domain
begin and end?
e Do you have boundary condition
information at these boundaries?

e Can the boundary condition types
accommodate that information? L-valve

e Can you extend the domain to a point
where reasonable data exists? Gas Example: Cyclone Separator

« Can the problem be simplified to 2D?
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Design and Create the Grid

«  Problem Identification and Pre-Processing o Can you benefit from Mixsim, Icepak, or Airpak?
1. Define your modeling goals. .
2. Identify the domain you will model. + Can you use a quad/hex grid or should you
3. Design and ereate the grid. use a tri/tet grid or hybrid grid?

e How complex is the geometry and flow?

e Will you need a non-conformal interface?

& What degree of grid resolution is required in

triangle quadrilateral each region of the domain?
: o Is the resolution sufficient for the geometry?
4‘ N e Can you predict regions with high gradients?
a e Will you use adaption to add resolution?

tetrahedron hexahedron .
+ Do you have sufficient computer memory?

e How many cells are required?

_____ e How many models will be used?
AL

pyramid prism/wedge
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Tri/Tet vs. Quad/Hex Meshes

+ For simple geometries, quad/hex
meshes can provide high-quality
solutions with fewer cells than a
comparable tri/tet mesh.

e Align the gridlines with the flow.

T AR ERTEY
21, ? $

. e NN N0,

+ For complex geometries, quad/hex e

' e fegkos oy
meshes show no numerical ‘

advantage, and you can save meshing
effort by using a tri/tet mesh.
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Hybrid Mesh Example

)

2
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+ Valve port grid

. . tet mesh
e Specific regions can be

meshed with different
cell types.

o Both efficiency and
accuracy are enhanced
relative to a hexahedral
or tetrahedral mesh
alone.

A

%

W
%

wal
N/

"’,’l‘i&‘y

e Tools for hybrid mesh
generation are available
in Gambit and TGrid.

e

Hybrid mesh for an
IC engine valve port
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Non-Conformal Mesh Example

¢ Nonconformal mesh: mesh in which grid nodes do not match up
along an interface.
e Useful for ‘parts-swapping’ for design study, etc.
o Helpful for meshing complex geometries.
+ Example:
e 3D Film Cooling Problem

= Coolant is injected into a duct
from a plenum

A Plenum is meshed with
tetrahedral cells.

A Duct is meshed with
hexahedral cells.

Plenum part can be replaced with new
geometry with reduced meshing effort.
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Set Up the Numerical Model

«  Solver Execution

4. Sct up the numerical model. « For a given problem, you will need to:

5. Compute and monitor the solution.

e Select appropriate physical models.

= Turbulence, combustion, multiphase, etc.
e Define material properties.

» Fluid

= Solid

= Mixture

Solving initially in 2D will e Prescribe operating conditions.
provide valuable experience
with the models and solver
settings for your problem in a
short amount of time. e Provide an initial solution.

e Prescribe boundary conditions at all
boundary zones.

e Set up solver controls.

e Set up convergence monitors.
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Compute the Solution

.

Solver Execution
4. Set up the numerical model.
5. Compute and monitor the solution.

A converged and grid-
independent solution on a
well-posed problem will
provide useful engineering
results!

o The discretized conservation equations are
solved iteratively.

e A number of iterations are usually required to
reach a converged solution.

+ Convergence is reached when:

e Changes in solution variables from one iteration
to the next are negligible.

= Residuals provide a mechanism to help
monitor this trend.

e Overall property conservation is achieved.
o The accuracy of a converged solution is
dependent upon:
e Appropriateness and accuracy of physical models.
e Grid resolution and independence
e Problem setup
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Examine the Results

*

Post-Processing
6. Examine the results.
7. Consider revisions to the model.

Examine results to ensure
property conservation and
correct physical behavior.
High residuals may be
attributable to only a few
cells of poor quality.

+ Examine the results to review solution and
extract useful data.
e Visualization Tools can be used to answer
such questions as:
= What is the overall flow pattern?
u [s there separation?
» Where do shocks, shear layers, etc. form?
» Are key flow features being resolved?
e Numerical Reporting Tools can be used to
calculate quantitative results:
= Forces and Moments
= Average heat transfer coefficients
= Surface and Volume integrated quantities
» Flux Balances
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Consider Revisions to the Model

o Post-Processing + Are physical models appropriate?

6. Exam.mc thc.rcfsults. e Is flow turbulent?
7. Consider revisions to the model.

o Is flow unsteady?

o Are there compressibility effects?
e Are there 3D effects?
+ Are boundary conditions correct?
e Is the computational domain large enough?
e Are boundary conditions appropriate?
e Are boundary values reasonable?
o Is grid adequate?
e Can grid be adapted to improve results?

e Does solution change significantly with
adaption, or is the solution grid independent?

e Does boundary resolution need to be improved?

2-15 © Fluent Inc. 12/26/2001
QVP Fluent User Services Center Introductory FLUENT Notes
%/\§ F LU E NT FLUENT v6.0 Jan 2002
A tweompoRraTEl www.fluentusers.com

FLUENT DEMO

L 4

Startup Gambit (Pre-processing)
e load database
e define boundary zones
e export mesh

*

Startup Fluent (Solver Execution)
e GUI
e Problem Setup
e Solve

*

Post-Processing
Online Documentation

*
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+ Solver Execution:
Menu islaid out such that order of wie 1

Solver Execution

\.\ FLUEMT @cprl_fluent.com [aui, swir, seqreqated, eulenan, she, unsteady]

operation is generally left to right.
= Import and scale mesh file.
= Select physical models.
= Define material properties.
= Prescribe operating conditions.
= Prescribe boundary conditions.
= Provide aninitia solution.
= Set solver controls.
= Set up convergence monitors.
= Compute and monitor solution.

e Post-Processing

= Feedback into Solver
= Engineering Analysis

3-2
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- File  Grid D_e.fﬂne Sobse Adapt Surface Display Plot  Report  Parallel Help
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Initialize -
Expott.. Animake " =
Iﬁﬁ.‘.-rpolate... 3 ; Execute Commands... nlih
_Ha;-d:op-y..._ ¢ Merate. Chrlsl Path Lines...
= Or—T CEELET T Particle Tracks...
Save Lmut EE_EE%E?_“ {water) CTRAR Cirapbics...
EIEI Lain] Sweep Surface...
Eﬂit F it i
= Models = Options,..
EE: Materials... Boik...
irt: Phases.. PR .
E:L' Operating Conditions... Wi,
shE{ iu(. Eoundary Conditions... Lighis,.. J
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Grid Interfaces... Video Control... i
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Injections...
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Mouse Functionality

+ Mouse button functionality depends on solver and can be configured in

the solver.

Display ® Mouse Buttons...

¢ Default Settings:

e 2D Solver
= Left button trandates (dolly)
= Middle button zooms
= Right button selects/probes

e 3D Solver
= Left button rotates about 2-axes
= Middle button zooms

+ Middle click on point in screen centers point in window

= Right button selects/probes

¥ Mouse Buttons

Middle,

Right

Left| mouse-rotate

Probe

QK

mouse-dolly
mouse—zoom
mouse—prohe
mouse-annotate

¥
]‘
|

|5

Cancel | Help |

+ Retrieve detailed flow field information at point with Probe enabled.

e Right click on grid display.
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Reading Mesh: Mesh Components
+ Components are defined in call e node
preprocessor center
e Céll =control volume into which face
domain is broken up

= computational domain is defined by

mesh that represents the fluid and
solid regions of interest.

e Face=Dboundary of acell
e Edge = boundary of aface

e Node = grid point

e Zone = grouping of nodes, faces, and/or

cells

= Boundary data assigned to face zones.

= Materia data and source terms
assigned to cell zones.

3-5

Simple 2D mesh
L
///
L
1 L
L1
~|_t—tnode
///
O e
cell
face
Simple 3D mesh
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Scaling Mesh and Units

¢ All physical dimensionsinitially assumed to be in meters.
e Scale gl’ld 8CCOI’dII’lg|y ¥¢ Scale Grid

.. Scale Factors Units Conversion
¢ Other quantities can also be scaled =l F

independent of other units used. V[ooozms | Change Length Unim
e Fluent defaultsto Sl units. z[0.0254
»¢ Set Units Domain Extents

Quantities Units SetAll To Xmin (in}| 5 Amax (in)| 15

T Y i
particles—conc pascal default Ymin(in)’——Z Vmax(in]’—Z
percentage
pOwLE _si | Zmin (in)| -2 Zmax (in) 2
pressure | it
british
pressure—gradient Ib/ft2 7 TS
resistance J

£gs Scale | UnScaIel Close | Help |
specific-area Factor 6894 .757

soot—formation—constant-unit

soot-limiting—nuclei-rate Offset | 0

soot-linear-termination ’

Mew... List | Closel Help |
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Modelsin Fluent 6 (1)

o Fluid Flow and Heat Transfer
e Momentum, Continuity, and Energy Equations
e Radiation Models N
e Turbulence 3

e RANS based models
Including k-g, k-w, and RSM.

e LES .

. SpeCI es TranSpOI't Pressure contours in near ground l;i_igh_t :_i
e Arrhenius Rate Chemistry
e Turbulent Fast Chemistry =;___
—na—

= Eddy Dissipation, Non-Premixed,
Premixed, Partially premixed

e Turbulent Finite Rate Chemistry —
= EDC, laminar flamelet ' s

e Surface Reactions Temperature contours for kiln burner retrofitting.

FLUENT v6.0 Jan 2002

3-8 © Fluent Inc. 1/29/02



‘QWP FLUE NT Fluent User Services Center Introductory FLUENT Notes

&Nl

FLUENT v6.0 Jan 2002

nnnnnnnnn www. fluentuser s.com

+ Multiple Phase Flows

¢ Flowsinvolving Moving Parts

Modelsin Fluent 6 (2)

Inlet Gas outlet

Discrete Phase Model
V OF modeling of immiscible fluids
Mixture Model

Eulerian-Eulerian and Eulerian- Contours of oil volume fraction ~ Water outlet  Oil outlet
. in three phase separator.
Granular (heat transfer in Fluent 4.5 only) P

Liquid/Solid and Cavitation Phase Change Models

Moving zones
= Rotating/Multiple Reference Frame
= Mixing Plane
= Sliding Mesh Mode
Deforming Mesh (limited capability)
= Specia license needed, exception: Fluent 4.5

P User_ Defl ned Sca| ar Transport Pressure contours for squirrel cage blower.
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Material Types and Property Definition

+ Physical models may require inclusion of additional materials and dictates which properties need
to be defined.

o Material properties defined in Materials Panel. e it _ Ot o
e Single-Phase, Single Species Flows SR s s AT
= Define fluid/solid properties 'l"-vm — SP{V o —I
= Real gas model (NIST's REFPROP) =
o Multiple Species (Single Phase) Flows e EFEEE
= Mixture Material concept employed . l"*r“||-nmng+w |
Mixture properties (composition dependent) ol Conduciy /1K [ i) O
defined separately from constituent’s properties. s i
Constituent properties must be defined. e Coss | e |

= PDF Mixture Material concept
PDF lookup table used for mixture properties.
— Transport properties for mixture defined
Separately.
Constituent properties extracted from database.

e Multiple Phase Flows (Single Species)
= Define propertiesfor al fluids and solids.
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Fluid Density

i Opeialing Condiens

. . Pressure -~ Granity
¢ Forr = constant, incompressible flow: +Fhaaing Oparating Prasure || I ey
. . . Cperating Pressure (pascal) | | Gravitationsl Acceleration
e Select constant in Define ® Materials... 101325 | x|
. . Reference Pressure Location | % {mat] = =
¢ For incompressible flow: xmo s
Boussinesy Paramelers
° r = poperanng/RT . .""'Frll-n 2| Iq:a:u::g Temperature (k]
= Useincompressible-ideal-gas | Variably-Density Paramoturs

7 Specified Operating Denaity
Operating Censiy (kg/ma)

|1.ﬂ"-_'-

= Set Pyperaing Cl0SE t0 Mean pressure in problem.
o For compressible flow use ideal-gas:

o I = pabsolute/ RT
= For low Mach number flows, et pperasing Cl0SE tO
mean pressure in problem to avoid round-off errors.

= Use Floating Operating Pressure for unsteady flows with
large, gradual changesin absolute pressure (seg. only).

¢ Density can also be defined as a function of Temperature
o polynomial or piecewise-polynomial
o boussinesq model discussed in heat transfer lecture.
¢ Dengity can aso be defined using UDF- not to be function of pressure!

oK | Canedd| e |
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»¢ Boundary Conditions

Solver Execution: Other Lectures...

fone Type
internal-3 |M“"

pressure—outlet-7
velocity-inlet-5
velocity-inlet-6
wall-4

wall-8

Phase

| mixture

Set...

»{ Solution Controls

Equations = = Under-Relaxation Factors ‘
i X
LRV A0 Residual Monitors
Energy ] . Options Storage Plottin |
Energ Density I_i p g g .
¥¢ Solution Initialization 7 Print Iterations I 1000 :
Compute From ¥ Plot Time
‘ MNormalization It
{ Mormalize W Seale Time Step Size (s)I .05
Dis Number of Time Steps I 100 ¢
Initial Values Check C . .
Residual Monitor Convergence ¢ | Time Stepping Method
Gauge Pressui .
Pi 3 continuity | I—E 4 Fixed
x Vel ~ Adaptive
#-weloclty | I—E
¥ Vel Options
y-wvelocity = = I—E - - —
Turbulence Kinetic Ener ||-_ Data Sampling for Time Statlstlcsl
0K energy L I- I—ﬂ
Iteration
i = - e
ﬂl M £ I— tax lterations per Time Step I 20 ¢
: A
oK | Plot | AEhoimn | E Reporting Interval | 1 v
UDF Profile Update Interval I il ¢
Iterate Apply | Close | Help |
+ Physical models discussed on Day 2.
3-13 © Fluent Inc. 1/29/02



SV FLUENT

IHN S G EPFPORA

Fluent User Services Center

www. fluentuser s.com

Introductory FLUENT Notes
FLUENT v6.0 Jan 2002

Post-Processing

+ Many post-processing tools are available.

¢ Post-Processing functions typically operate on surfaces.

o Surfaces are automatically created from zones.
e Additiona surfaces can be created.

¢ FLUERT @ dusio. Meenlcom [as, swil, seqegated, subian, she, unsteady]

File Grid Define Sobve Adapt  Surface gi:plgf Elat Heport  Paralled Hedp
Zone,.. \ -
date; - -
sir _ Partition... EUMmary...
interaction =
ZOnes, Paint... ::_:Iune:...
Fluid-5 - (water) Xy Flol.. OFEES.
waLE e ] ot | e Histogram...| Feajrsted s
interior—3 llfn,.la I:Enrél Uy E_, S Histag " i Areag.,
pressure-inlet-4 {wsti = OILOTS.. Fille... Surface Integrals...
Fluid-5 fair) Quadric., i e
wall-1  [air] oSt ¥ealors Rusiduals.. | Wolume Integrals,.,
interior—3 (air) HOTSUMRCE- 1 bath Lines... Histogran.
pressure—inlet-4  (alr oGl = = -
SR e = n:l-n = Particle Tracks... Diserete Phase -
“im— i ral ... e ; =
SF;EEEFEI_?,%.T;T__Q =" DTFM dirphics... Aeference Values...
interior—3 Monage.. Sweep Surface...
wall-1 =
axi=-2 Options...
fluid-5
shell conduction zones, EI:EHE_.

Tore . Animale, .,

Feading "| gunzip -c /nfs/bilboshomes jz=pr nphase jzs-boul .dat .gz

Tore . L, i

Lights... =
[ ] Colarmaps._. ] -
Yideo Conral,.,

Mouse Buttens..

Annotaie.,

3-14

Example: an Iso-Surface of constant

grid coordinate can be created for
viewing data within a plane.

© Fluent Inc. 1/29/02
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Post-Processing: Node Values

¢ Fuent calculatesfield variable data HE=E

a cdl centers.

+ Node values of the grid are either:

e calculated asthe average of
neighboring cell data, or,

o defined explicitly (when available)
with boundary condition data.

o Node vaueson surfaces are
interpolated from grid node data.
o datafiles store:
o dataat cell centers
e node vaue datafor primitive
variables at boundary nodes.

+ Enable Node Values to interpolate
field data to nodes.

3-15

Options Contours Of
7 Filled ‘ Velocity... ‘E
[T Mode Values | ¥l
Fluend bag

| Velocity Magnitude
f Global Rang 5 BupervtEie sl Suserd com [11] Coppeghi 1595
7 Auto Range | !
I S o Bang T
_| Draw Profile
I Draw Grid

Levels Setup
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Reports

¢ Flux Reports

* FI UX Reports Cptions Boundaries = 5 Results
o Net flux is calculated. pai e
-~ Total Heat Transfer Rate 8.6620588
°® Total Heat Transfer Rate -~ Radiation Heat Transfer Rate -8.6620569
0 0 - top
Includes radiation. Foundary Tvpes LE
exhaust-fan Ij
‘ &Jrf me I nt%ra'l S :2:3':_“&“': }.{Suﬂ‘ace Integrals
° g | ghtl y | ess accurate on Boundary N, Compute ?"l%é‘,%{‘? Variabie .
‘ ldass Flow Rate ‘ﬂ ‘ Brogsure... |ﬂ
user-generated surfaces due | Ares = 5
. ) L——— |intearal atie Pressire
to Inter pOl allon error. Alrtea?—:veighted Average Surfaces =<
ow Rate
tass FlowRate | [ BASIAASI
‘ VOl Ume I nt%ra' S asseigtd Average %e%amlt—mterlor_
E::;t Averade

Facet Minimum
Facet Maximum
Vertex Average
Vertex Minimum
Vertex Maximum

/gbdA:ZgbdAd %fgbdfl: %Z@mi
i=1 i=1

ldass Flow Rate (kgfs)
‘8.04662?9—0?

fgf)pﬁ V d:.-il = E‘ﬁ’iﬂéﬁ' , "':I.‘: Compute | Close | Help |

i=1

Examples:
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Solver Enhancements. Grid Adaption

+ Grid adaption adds more cells where needed to

¢ Grodient Adaption

resolve the flow field without pre-processor. e ;
[T Refine Temperature... b
¢ Fluent adapts on cellslisted in register. " st e "
o Registers can be defined based on: ] [ e
= Gradients of flow or user-defined variabl o (O [T
= |so-values of flow or user-defined variables neapt [ [ Wk | coimpuse| ciest | help
= All cellson aboundary
u AI | Cel |S I n a regl On *; Manage Adaption Registers
= Cell volumes or volume changes vy | AEMEETN gradento
= y* in cells adjacent to walls Eorbine feaibey
e To assist adaption process, you can: m;%' Type:scape
= Combine adaption registers Exchange
. . imrest
= Draw contours of adaption function —'”m“ e
= Display cells marked for adaption Fil a—
= Limit adaption based on cdll size adapt | Display| [Close | elp |

and number of cells; controls..|

3-17 © Fluent Inc. 1/29/02
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Adaption Example: 2D Planar Shell

+ Adapt grid in regions of high pressure gradient to better resolve pressure
jump across the shock.

‘\rﬂg‘{ar
P | T
n

PAVATATATNyTavz:
mm’ ‘Z)‘ o ’ ! \ - T
‘_'!4‘> ' . b iy | N ?.'.'_'\'_'\T.____E_Jf" /

2D planar shell - initial grid 2D planar shell - contours of pressure
initial grid
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Adaption Example: Final Grid and Solution
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2D planar shell - final grid 2D planar shell - contours of pressure
final grid
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Boundary Conditions
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Defining Boundary Conditions

+ To define aproblem that results in aunique solution, you must specify
Information on the dependent (flow) variables at the domain
boundaries.

e Specifying fluxes of mass, momentum, energy, etc. into domain.

¢ Defining boundary conditions involves:
e identifying the location of the boundaries (e.g., inlets, walls, symmetry)
e supplying information at the boundaries

¢ Thedatarequired at a boundary depends upon the boundary condition
type and the physical models employed.

¢ You must be aware of the information that is required of the boundary
condition and locate the boundaries where the information on the flow
variables are known or can be reasonably approximated.

e Poorly defined boundary conditions can have a significant impact on your
solution.
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L ocating Boundaries. Example

+ Three possible approachesin Alr
locating inlet boundaries: @ Combustor Wall

e 1. Upstream of manifold
= Canuseuniform profile @ @
= Properly accounts for mixing

= Non-premixed reaction
models

= Requires more cdls |
e 2.Nozzleinlet plane )
= Non-premixed reaction

models \

= Requires accurate profile data @ Nozz
o 3.Nozzleoutlet plane f Manifold
= Premixed reaction model Euel OX

= Requires accurate profile
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Genera Guidelines

Upper pressure boundary modified to ensure that

iddali flow a domain.
+ Generd guidelines: oW aways eniers Omin/\

e If possible, select boundary
location and shape such that flow
either goesin or out. —>
= Not necessary, but will typically
observe better convergence.
e Should not observe large
gradients in direction normal to
boundary.

= Indicatesincorrect set-up.
e Minimize grid skewness near
boundary.

= Introduces error early in 1 2
calculation. O Q
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Avallable Boundary Condition Types

¢ Boundary Condition Types of External Faces
e General: Pressureinlet, Pressure outlet
e Incompressible: Velocity inlet, Outflow

e Compressibleflows: Massflow inlet, interior
Pressure far-field

e Special: Inlet vent, outlet vent, intake fan,
exhaust fan

o Other: Wall, Symmetry, Periodic, Axis mlet
¢ Boundary Condition Types of Cell
‘Boundaries
e Fluid and Solid
+ Boundary Condition Types of Double-Sded Orifice_plate
Face ‘Boundaries and orifice_plate-
shadow
e Fan, Interior, Porous Jump, Radiator, Walls

4-5 © Fluent Inc. 1/29/02



%Vé:_: F LU ENT Fluent User Services Center Introductory FLUENT Notes

"ff-‘\?} I'u www. fluentuser s.com FLUENT V6.0 Jan 2002

Changing Boundary Condition Types

¢ Zonesand zonetypes areinitially defined in  REEEEENEE

Zone Type
pre-procr default-interior inlet-vent 3
. fluid intake—fan
¢ Tochange zonetype for a particular zone: interface
orifice mass—flow-inlet
Define ® Boundary Conditions... orifice_plate outflow
orifice_plate-shadow |outlet—vent
e Choosethe zonein Zone list. outlet pressure—far—field
wall pressure—inlet
= Can also select boundary zone using right s e GULEL
. . . : symmetry
mouse button in Display Grid window.
. ; wa =
e Select new zonetypein Type list. D
3
Set... Copy...l Close | Help
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Setting Boundary Condition Data

\\ Boundary Conditions

¢ Explicitly assign datain BC panels. ZE I
e To set boundary conditions for particular zone: e
= Choose the zone in Zone list. EE:IMW m:]txf“'t”
= Click Set... button o Bressine o Ik
o Boundary condition data can be copied from EI""
one zone to another. o I;a" v
+ Boundary condition data can be stored and ‘ L] E
retrieved from file. Surfaces e e
o file® write-bc and file® read-bc J
«+ Boundary conditions can also be defined by o e s e e
UDFs and Profiles. :
¢ Profiles can be generated by: .
o Writing a profile from another CFD simulation E:&E&Tl‘ﬁg.mq
o Creating an appropriately formatted text file Y, e iz
with boundary condition data. L g S
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Velocity Inlet

¢ Specify Velocity by:

Zone Name

e Magnitude, Normal to Boundary =

° COmpOnentS Velocity Specification Method Magnitude, Normal to Boundary 7]
_ ) ] Reference Frame Absolute [+]

e M agnItUde and Direction Velocity Magnitude (m!s)l 5 constant ‘j

TS Vel OCl ty prOfl | e |S unl form by def aljlt Turbulence Specification Meth0d| Intensity and Hydraulic Diameter |ﬂ

. . Turbulence Intensity (%) | 2
¢ Intended for incompressible flows. |

e Static pressure adjusts to accommodate
prescribed velocity distribution.

e Total (stagnation) properties of flow also varies.
e Using in compressible flows can lead to non-physical results.

+ Can be used as an outlet by specifying negative velocity.
e You must ensure that mass conservation is satisfied if multiple inlets are used.

Hydraulic Diameter (in) I 4

0K | Cancel Help
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Pressure Inlet (1)

¢ Specify:
e Total Gauge Pressure T
= Defines energy to drive flow. L |
. Gauge Total Pr:uurc{pucd]l 101325 constant !'i
= Doublesasback pressure (StatiC gaUJe) | sueumeimmisomsepressaretpasemlsi00 | comm
for cases where back flow occurs. Totol Temperature (k)] 300 R =
: hd
. DI I’eCtI On Of baCk ﬂ OW determl ned Direction Specification Method Mormal to Boundary ﬂ
from | nterl ()r sol ut| On Turbulence Specification Hithn-d'_lnhn'si\,r and Hydraulic Diameter 1I’|
' Turbulence Intensity (%] | =
o Static Gauge Pressure ydeaile Dlamterm)|a
= Static pressure where flow islocally SeT) eodl| HE

supersonic; ignored if subsonic
= Will beused if flow field isinitialized Compressible flows:

from this boundary. _ k/(k-1)
poa, s p atic,a s(l M )
o Total Temperature e TR 2

: k-1
= Used as static temperature for T = StatIC(1+T M ?)
incompressible flow.
. _ 1 5
e Inlet Flow Direction Incompressible flows: P = Paaic + 5TV
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Pressure Inlet (2)

+ Note: Gauge pressure inputs are required.

e pabsolute = pgauge + poperating
e Operating pressure input is set under: Define ® Operating Conditions

+ Suitable for compressible and incompressible flows.

e Pressureinlet boundary istreated as loss-free transition from stagnation to
inlet conditions.

o Fluent calculates static pressure and velocity at inlet

e Mass flux through boundary varies depending on interior solution and
specified flow direction.

¢ Canbeused asa*“free’” boundary in an external or unconfined flow.

4-10 © Fluent Inc. 1/29/02



%Vé:_: F LU ENT Fluent User Services Center Introductory FLUENT Notes

"fr@} I'u www. fluentuser s.com FLUENT V6.0 Jan 2002

Pressure QOutlet

¢ Specify static gauge pressure

e Interpreted as static pressure of S e F
- - . ALFE FTEEEUNe |[FasC (=] comstant
environment into which flow exhausts. e il

° Rad| a| eqUI I | br| um pr re Backflow Total Temperature (k) =00 sonstant ﬂ
. . . . ) Turtulence Fpegifioation Methed| Intensity and Length Scale j
distribution option available. Backlow Turbulence Intensiy (%) 2

o DOUbl es as |n| et pr%gjre (total gauge) Baekfiowr Turbulenee Length Seala (in] | 4
for cases where backflow occurs. ok | [comen] wem |

+ Backflow

e Can occur at pressure outlet during iterations or as part of final solution.

e Backflow direction is assumed to be normal to the boundary.

e Backflow boundary data must be set for all transport variables.

e Convergence difficulties minimized by realistic values for backflow quantities.
¢ Suitable for compressible and incompressible flows

e Pressureisignored if flow islocally supersonic.
¢ Canbeused asa“free’” boundary in an external or unconfined flow.
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Outflow

¢ No pressureor velocity information isrequired. [ Outflow
o Dataat exit planeis extrapolated from interior. Sl
e Mass balance correction is applied at boundary.
+ Flow exiting Outflow boundary exhibits zero
normal diffusive flux for all flow variables.

e Appropriate where exit flow is close to fully
developed condition.

¢ Intended for incompressible flows.
e Cannot be used with a Pressure Inlet; must use velocity inlet.
= Combination does not uniquely set pressure gradient over whole domain.
e Cannot be used for unsteady flows with variable density.
+ Poor rate of convergence when back flow occurs during iteration.
e Cannot be used if back flow is expected in final solution.

| ot low—4

Flow Rate Weighting l 1

OK Cancel | Help
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Modeling Multiple Exits

+ Flowswith multiple exits can be modeled using Pressure Outlet or
Outflow boundaries.

e Pressure Outlets

pressure-outl et
velocity-inlet (v, Ty) (P91

or 5
pressure-inlet (py, To) ]

— , pressure-outlet

(Ps)2

e Outflow:
= Massflow rate fraction determined from Flow Rate Weighting by:
m=rFRwW,/SFRw; Wwhere 0 < FRW < 1.

FRW set to 1 by default
implying equal flow rates FRW,
= Static pressure varies among velocity
exits to accommodate flow nlet -
distribution. 2
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Wall Boundaries

+ Used to bound fluid and solid regions. . cu

o INViSCOUSTIOWS, NO-SIiP CONCIION s o et s stn 5
enforced at walls: o || o i ——
« Tangential fluid velocity equal “coma . ——

to wall velocity. < i e
o Normal velocity component = 0 ] 2 e
e Shear stress can also be specified.
+ Thermal boundary conditions: () gt

o severd typesavailable

e Wall material and thickness can be defined for 1-D or shell conduction heat transfer
calculations.

+ Wall roughness can be defined for turbulent flows.
e Wall shear stress and heat transfer based on local flow field.
+ Trandational or rotational velocity can be assigned to wall.
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Cdl Zones: Fluid

P Fl U|d zone = group Of Ce”Sfor
which all active equations are o .
%I Vm. | Source Terms
TS Fl U| d ma[erl al | nput reCIL" raj I Locai Crardinate System T oy §bed Velorites
e Single species, phase. it
+ Optional inputs allow setting bt i
of source terms; z(m| o 2[1
e Mass, momentum, energy, etc. P — -
o Definefluid zone as laminar flow S e

region if modeling transitional flow.
Can define zone as porous media.
Define axis of rotation for rotationally periodic flows.
Can define motion for fluid zone.
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Cdl Zones. Solid

¢ “Solid” zone = group of cellsfor which only
heat conduction problem solved. [F1uio

® NO .I:IOW equaIIOnS g)Ived tdaterial Name| aluminum ‘ﬂ Edit...l

| Source Terms

o Materia being treated as solid may actually 1 Fixed Values
be ﬂ UI d’ but It |S a$umed that no Convectl On Rotation-Axis Origin Rotation—Axis Direction

Zone Name

ekes place _—r
¢ Only required input is materia type zm[o 2[1
e SO appropriate material properties used. Motion Type Stationary hi

|_I Participates In Radiationl

¢ Optiona inputs allow you to set volumetric
heat generation rate (heat source).

¢ Need to specify rotation axisif rotationally
periodic boundaries adjacent to solid zone.

¢ Can define motion for solid zone

QK | Cancell Help |
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|nternal Face Boundaries

+ Defined on cell faces
e Do not have finite thickness
e Provide means of introducing step change in flow properties.
¢ Used to implement physical models representing:
e Fans
o Radiators
e Porousjump
= Preferable over porous media exhibits better convergence behavior.
e Interior wal
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Summary

2

Zones are used to assign boundary conditions.

+ Widerange of boundary conditions permit flow to enter and exit
solution domain.

Wall boundary conditions used to bound fluid and solid regions.
Repeating boundaries used to reduce computational effort.
Internal cell zones used to specify fluid, solid, and porous regons.

Internal face boundaries provide way to introduce step change in flow
properties.

® & ¢ o
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Solver Settings
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Qutline

¢ Using the Solver
o Setting Solver Parameters
e Convergence
= Definition
= Monitoring
= Stability
= Accelerating Convergence
e Accuracy
= Grid Independence
= Adaption
¢ Appendix: Background
Finite Volume Method
Explicit vs. Implicit
Segregated vs. Coupled
Transient Solutions
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Solution Procedure Overview

o Solution Parameters Set the solution parameters
e Choosing the Solver il
e Discretization Schemes Initialize the solution
¢ Initidization -
Convergence Enable the solution monitors of interest
e Monitoring Convergence ¢
o Stability Calculate.asolution Sy Modify solution
= Setting Under-relaxation l parameters orAg”d
= Setting Courant number Check for convergence
o Accelerating Convergence . (No)
¢ Accuracy Check for accuracy

e Grid Independence \.
o Adaption @
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Choosing a Solver

¢ Choices are Coupled-Implicit, Coupled-Explicit, or Segregated (Implicit)
+ The Coupled solvers are recommended if a strong inter-dependence exists
between density, energy, momentum, and/or Species.
e e.g., high speed compressible flow or finite-rate reaction modeled flows.
e Ingeneral, the Coupled-Implicit solver is recommended over the coupled-explicit
solver.

= Timerequired: Implicit solver runs roughly twice as fast.

= Memory required: Implicit solver requires roughly twice as much memory as coupled-
explicit or segregated-implicit solvers!

o The Coupled-Explicit solver should only be used for unsteady flows when the
characteristic time scale of problem is on same order as that of the acoustics.

= e(., tracking transient shock wave
¢ The Segregated (implicit) solver is preferred in all other cases.
e Lower memory requirements than coupled-implicit solver.
o Segregated approach provides flexibility in solution procedure.
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Initialization
+ lterative procedure requires that al solution variables beinitialized
before calculating a solution.
Solve ® Initialize ® Initialize...
e Redlistic ‘guesses improves solution stability and accel erates convergence.
e |nsome cases, correct initial guessis required:

= Example: high temperature region to initiate chemical reaction.
¢ “Patch” valuesfor individua

variablesin certain regions. p—— e iy ronaa s Bassnl g
Solve ® Initialize ® Patch... o i lTO B N —
e Freejet flows ket « S
(patch high velocity for jet) J Resistes To Patch 5 =
»  Combustion problems Tt vy |
(patch high temperature = =0

for ignition)

Patchl Close Help
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Convergence

+ At convergence:

o All discrete conservation equations (momentum, energy, etc.) are
obeyed in all cellsto a specified tolerance.

e Solution no longer changes with more iterations.
e Overdl mass, momentum, energy, and scalar balances are obtained.

+ Monitoring convergence with residuals:

o Generally, adecreasein residuals by 3 orders of magnitude indicates at
least qualitative convergence.

= Magor flow features established.
o Scaled energy residual must decrease to 106 for segregated solver.

o Scaled speciesresidual may need to decrease to 10 to achieve species
balance.

+ Monitoring quantitative convergence:
e Monitor other variables for changes.
e Ensurethat property conservation is satisfied.
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Convergence Monitors: Residuals

¢ Resdua plots show when the residual values have reached the
specified tolerance.

Solve ® Monitors ® Residual...

»¢ Residual Monitors

Options Storage Plotting
Rezidusls I Print Iterations | 1000 & Windowl o &
—oantinuity i Y
_;::{gg'g 1a+ld I~ Plot I i
—r ! ] . N lizati terations | 1000
b ailon All equations converged. ormatization Y
—enaray | 1ad3 o _I Normalize ™ Scale Axes... | Cunr'es...l
1a+00 5 H\ Check Convergence
1 Residual Monitor Convergence Criterion
la-02 5 [\ rcontinuity | Iﬁ
103 .
la-14 4 = x—velocity = r | 0.001
106 —TTE \ y-velocity ™ _| |0 001
ol A S enerzy - - I 1le-06
I 10 20 2l 41 50 B0
lterations
Y
OK Plot Renorm | Cancel Help |

5-11 © Fluent Inc. 1/29/02



%Vé:_: F LU ENT Fluent User Services Center Introductory FLUENT Notes

"ff-‘\?} I'N & www. fluentuser s.com FLUENT V6.0 Jan 2002

Convergence Monitors: Forces/Surfaces

¢ Inaddition to residuals, you can aso monitor: [ —

e Lift, drag, or moment el — I ':l

Solve ® Monitors ® Force... c:.,::m' ?I; Curvus.

o Variables or functions (e_.g., surface integrals) ;:%E b 2-sat) 5| ’_\

at aboundary or any defined surface: e e —
Solve ® Monitors ® Surface... Pookr| Pot]| Clow] Cbm| Heb

¥¢ Define Surface Monitor

Mame Report Of -2.008+00

| monitor-1 ‘ Temperature... ‘ﬂ o T0eetD o
-B.00a+00

EERe v ‘ Static Temperature ‘ﬂ

Average -8.002400

Averoge Y] g =

dinds internal-3 Ol -L.00sm

ﬂ pressure-outlet—7 -1.208401

velocity—inlet-5

i A -1.40e+01
i Wlndow‘ velogity-inlet-6_ _ _ _ _ _ _ _ _ _ "
|1 v pall-4 | -1.B08401 -
wall-8
-1.80m401
File Name 0 EI 100 160 200 260 300 360 400 AGO0  GOO
Iterations
I monitor-1.out
Rampant 4.2 [2d, ka)
OK Curves... Axes... Cancel Help | CL Tue Jul U8 1887

Fluant [na.
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Checking for Property Conservation

+ Inaddition to monitoring residual and variable histories, you should

also check for overall heat and mass balances.

e At aminimum, the net imbalance should be less than 1% of smallest flux
through domain boundary.

Report ® Fluxes...

»¢ Flux Reports

Options Boundaries = 5 Results
4 Mass Flow Rate bottom
default-interior
-~ Total Heat Transfer Rate C  5.5520588
-~ Radiation Heat Transfer Rate -B8.6620569
top
Boundary Types =4
. Al
axis r
exhaust-fan
fan
inlet—vent i
Boundary Name Pattern
I Match | kgis
|i.99—06
Compute Close | Help |
5-13
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Decreasing the Convergence Tolerance

+ If your monitors indicate that the solution is converged, but the
solution is still changing or has a large mass/heat imbal ance;

%¢ Residual Monitors

Options Storage Plotting

e Reduce Convergence Criterion el e o0 A - 12
or disable Check Convergence. gi e terations [ 1000 |4
e Then calculate until solution | Normalize [~ Seale || Axes... | Curves..|
convergesto the new tolerance. bl Bt e Eriatte
] B [eos |
[cvelocity  F _ lo.001
y-velocity _ [o.001
jereray M [eos

OK Plot Renorml | Cancel I Help
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Convergence Difficulties

+ Numerical instabilities can arise with an ill-posed problem, poor
guality mesh, and/or inappropriate solver settings.
e Exhibited asincreasing (diverging) or “stuck” residuals.
e Diverging residualsimply increasing imbalance in conservation equations.
e Unconverged results can be misleading!
+ Troubleshoot ng: _thlltg; g COntinuity equation convergence
e Ensure problem iswell posed. e ] trouble affects convergence of
N . : al equations.
e Compute aninitial solution with 12102 ;
afirst-order discretization scheme. tertt 'sx M
. la+ll o 'W
o Decrease under-relaxation for 141 R A AR

a+l3 3

[ anargy

equations having convergence o2 f

trouble (segregated). o3 ?W
« Reduce Courant number (coupled).

e Re-mesh or refine grid with high fterations
aspect ratio or highly skewed cells.
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Modifying Under-relaxation Factors

+ Under-relaxation factor, a, is fo=f 44 tabDf
Included to stabilize the iterative
process for the segregated solver. B of Uniet i esnion Facton — N
+ Use default under-relaxation factors dei”; J
to start a calculation. o
Solve ® Controls ® Solution... Turbulence Kinetic Energy 0.5 |,
+ Decreasing under-relaxation for B el
momentum often aids convergence. Pressure-Velocity Coupling| SIMPLE ki J
+ Defaut setings are aggressive but A
suitable for wide range of problems. 4
o ‘Appropriate’ settings best learned e

from experience.

¢ For coupled solvers, under-relaxation factors for equations outside coupled
set are modified as in segregated solver.
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Modifying the Courant Number

¢ Courant number definesa‘time

¢ Solution Controls

step’ size for steady-state Problems. | =
e A transient termisincluded in the Turbulence Kinetic Energy| 0.5 ‘
coupled solver even for steady state Turbulence Dissipation Rate 0.5
problems. Viscosity| 1 ||
« For coupled-explicit solver: i 1T e
o Stability constraintsimpose a S——— . E LT
maximum limit on Courant number. st e ooy
= Cannot be greater than 2. -
+ Default valueis 1. ] e |
= Reduce Courant number when \
having difficulty converging. o - (CFL)Dx

¢ For coupled-implicit solver:
e Courant number is not limited by stability constraints.
= Default isset to 5.

u
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Accelerating Convergence

+ Convergence can be accelerated by:
e Supplying good initial conditions
= Starting from a previous solution.
e Increasing under-relaxation factors or Courant number
= Excessivaly high values can lead to instabilities.
= Recommend saving case and datafiles before continuing iterations.
e Controllingmultigrid solver settings.

= Default settings define robust Multigrid solver and typically do not need
to be changed.
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Accuracy

+ A converged solution is not necessarily an accurate one.
e Solveusing 2nd order discretization.
e Ensure that solution is grid-independent.
= Use adaption to modify grid.
o |If flow features do not seem reasonable:
e Reconsider physical models and boundary conditions.
e Examine grid and re-mesh.
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Mesh Quality and Solution Accuracy

+ Numerical errors are associated with calculation of cell gradients and cell
face interpolations.

¢ These errors can be contained:
e Use higher order discretization schemes.
o Attempt to align grid with flow.
e Refine the mesh.
= Sufficient mesh dengity is necessary to resolve salient features of flow.
+ Interpolation errors decrease with decreasing cell size.
= Minimize variationsin cell size.
. Truncation error is minimized in a uniform mesh.
+ Fluent provides capability to adapt mesh based on cell size variation.
= Minimize cell skewnessand aspect ratio.
+ In general, avoid aspect ratios higher than 5:1 (higher ratios dlowed in b.l.).
Optimal quad/hex cells have bounded angles of 90 degrees
Optimal tri/tet cells are equilateral.
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Determining Grid Independence

+ When solution no longer changes with further grid refinement, you
have a “grid-independent” solution.

+ Procedure:
e Obtain new grid:
= Adapt
Save original mesh before adapting.

— If you know where large gradients are expected, concentrate the
original grid in that region, e.g., boundary layer.

« Adapt grid.
— Datafrom original grid isautomatically interpolated to finer grid.

>

= file ® write-bc and file ® read-bc facilitates set up of new problem
= file ® reread-grid and File ® Interpolate...

o Continue calculation to convergence.
o Compare results obtained w/different grids.
e Repeat procedure if necessary.
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Unsteady Flow Problems

+ Transent solutions are possible with both segregated and coupled solvers.

e Solver iterates to convergence at each time level, E————
then advances automatically. °
o Solution Initialization defines initial condition I
and must be redlistic. AN
o For segregated solver: gt A VI
e Timestep size, D, isinput in Iterate panel. - ;T.“:mpmmgr
= Dt must be small enough to resolve time oy hanbes ofime gl 07|
dependent features and to ensure convergence e
within 20 iterations. ﬂ:lr"“ 1

= May need to start solution with small Dt.
e Number of time steps, N, isalso required. e

= N*Dt = total smulated time. T e
o Toiterate without advancing time step, use ‘0’ time steps. Sl ikt
» PISO may aid in accelerating convergence for each time step.

I Drata Sampling lor Time Statistios

Iteration

b An Ap

lerate | Apply | Close|  Help
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Summary

+ Solution procedure for the segregated and coupled solvers is the same:
e Calculate until you get a converged solution.
e Obtain second-order solution (recommended).
e Refine grid and recalculate until grid-independent solution is obtained.
+ All solvers provide tools for judging and improving convergence and
ensuring stability.
+ All solvers provide tools for checking and improving accuracy.

Solution accuracy will depend on the appropriateness of the physica
models that you choose and the boundary conditions that you specify.
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Modeling Turbulent Flows
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What 1s Turbulence?

¢ Unsteady, irregular (aperiodic) motion in which transported quantities
(mass, momentum, scalar species) fluctuate in time and space

o ldentifiable swirling patterns characterizes turbulent eddies.
e Enhanced mixing (matter, momentum, energy, etc.) results
¢ Fluid properties exhibit random variations

o Statistical averaging results in accountable, turbulence related transport
mechanisms.

e Thischaracteristic allows for Turbulence Modeling.

¢+ Widerange in size of turbulent eddies (scales spectrum).
o Sizelvelocity of large eddies

on order of mean flow. . Injection
= derive energy from TI A e Lo
o | . el
mean ﬂOW [ "*-.___}f" & T Dissipating
irge-scale ux of emergy i -
* |&t'r|l'.f§f£‘j: s 2 eddies |
7 I= L/Re™
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|s the Flow Turbulent?

External Flows
Re35 10°  dongasurface

Re, 3 20,000 around an obstacle

Internal Flows
Re, 3 2,300

Natural Convection
Ra3 10°- 10%

6-3

ruL
where Re °© ——
m
L=x, D, D, etc.

Other factors such as free-stream
turbulence, surface conditions, and
disturbances may cause earlier
transition to turbulent flow.

a0 gbDTLr
ma

where
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Choices to be Made

Flow Computationa
Physics Resources

Turbulence Mode€
&
Near-Wall Treatment

Computational
Grid

Turnaround
Accuracy Time
Required Constraints
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Modeling Turbulence

¢ Direct numerical smulation (DNYS) is the solution of the time-
dependent Navier-Stokes equations without recourse to modeling.

e Mesh must be fine enough to resolve smallest eddies, yet sufficiently
large to encompass compl ete model.

e Solution isinherently unsteady to capture convecting eddies.
e DNSisonly practical for ssimple low-Re flows.
¢ Theneed to resolve the full spectrum of scalesis not necessary for
most engineering applications.
e Mean flow properties are generally sufficient.
e Most turbulence models resolve the mean flow.

+ Many different turbulence models are available and used.

e Thereisno single, universally reliable engineering turbulence model
for wide class of flows.

e Certain models contain more physics that may be better capabl e of
predicting more complex flows including separation, swirl, etc.
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Modeling Approaches

+ ‘Mean’ flow can be determined by solving a set of modified equations.
+ Two modeling approaches:

e (1) Governing equations are ensemble or time averaged (RANS-based
models).

= Transport equations for mean flow quantities are solved.
= All scales of turbulence are modeled.
= If mean flow is unsteady, Dt is set by global unsteadiness.
e (2) Governing equations are spatially averaged (LES).
= Transport equations for ‘resolvable scales!’
= Resolveslarger eddies; models smaller ones.
= |nherently unsteady, Dt set by small eddies.
= Resulting models requires more CPU time/memory and is not practical for
the magority of engineering applications.

+ Both approaches requires modeling of the scales that are averaged out.
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RANS Modeling - Ensemble Averaging

+ |magine how velocity, temperature, pressure, etc. might vary in aturbulent

flow field downstream v - Ul n=2
of avalve that has been MWWMWW
dightly perturbed: t t

vl n=N U| Ensemble Average
n identifies the ‘sample’ 1D WWWMWWW P
t {

¢ Ensemble averaging may be used to extract the mean flow properties from
the instantaneous properties.

u
_ ] 1 Io\l (n) _ uh.,!\."f: u'i$ }-h’,ﬁ:%_ _ A
U.(%.t)=lim—=23 u"(xt WAL T
! ( ) Ne¥ N na:.1 | ( ) iﬂ\q\h » ﬂ%;*ﬁ; \ktw}“
u (%,t)=U. (%,t)+u(x,t) Gl
t
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Turbulence Modds in Fluent

‘One-Equation Models '
. Spalart-Allmaras ;
. Two-Equation Models
. Standard k-e |
RNG k-e
Realizable k-e
Standard k-w
. SST k-w |
‘Reynolds-Stress M odel

L arge-Eddy Simulation

6-13

. Available

RANSbased
-~ models
| ncrease
Computational
Cost
Per [teration
in FLUENT 6
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Large Eddy Smulation (LES)

+ Motivation:
e Largeeddies

= Mainly responsible for transport of momentum, energy, and other scalars,
directly affecting the mean fields.

= Anisotropic, subjected to history effects, and flow-dependent, i.e., strongly
dependent on flow configuration, boundary conditions, and flow parameters.

e 3Small eddiestend to be more isotropic, less flow-dependent, and hence more
amenable to modeling.

¢ Approach:
e LESresolveslarge eddies and models only small eddies.
e Equationsare similar in form to RANS equations
= Dependent variables are now spatially averaged instead of time averaged.
¢ Large computational effort
e Number of grid points, N g1 Re€]
e Unsteady calculation
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Summary: Turbulence Modeling Guidelines

¢ Successful turbulence modeling requires engineering judgement of:
e Flow physics
o Computer resources available
e Project requirements

= Accuracy
= Turnaround time

e Turbulence models & near-wall treatments that are available

+ Modeling Procedure
o Calculate characteristic Re and determine if Turbulence needs modeling.
o Estimate wall-adjacent cell centroid y* first before generating mesh.

e Begin with SKE (standard k-e) and change to RNG, RKE, SKO, or SST if
needed.

e UseRSM for highly swirling flows.

e Usewall functions unless low-Re flow and/or complex near-wall physics are
present.
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