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Chapter 12 How to Use ANSYS FLUENT

12.1 Introduction to NHT software

12.2 NHT Modeling Overview

12.3 Simple Examples of Using ICEM and
FLUENT

12.4 Procedure of Using FLUENT

12.5 Meshing with ICEM for structural grid
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12. 1. Numerical Heat Transfer Software

ANSYS Fluent, CFX, COMSOL, STAR-CD,
ABAQUS, PHOENICS, ADINA, NASTRAN.....

Market share: Fluent>=CFX> others

Accuracy: case-dependent

Technical documentation available:

Fluent>=CFX> others
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Advantage of commercial NHT Software:
Easy to use!

However, it can not solve all the problems!!

Advantage of Self-programming for NHT:

It is rather important for research!
We can understand the basic procedures and

mechanisms in NHT.
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12.1.2 ANSYS Fluent software

Fluid flow

Conduction/Convection/Radiation
Heat Transfer

Turbulence Modeling

Multiphase Flow

Fluid-Structure Interaction

6/130



12.1.3 How Does NHT Software Work?

e ANSYS Fluent solvers are based on the finite
volume method.
1) Domain is discretized into a finite set of control volumes.

2) General conservation equations for mass, momentum,
energy, etc. are solved on this set of volumes.

e

3) Partial differential equations @
are discretized into a system of _—~ §
algebraic equations. Volume”

4) All algebraic equations are cuid redion of T e flow |

then solved numerically to uid region OF pipe Tlow 15
q X ution field discretized into a finite set

render the solution tield. of control volumes 21130
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12.2. NHT Modeling Overview

Solver

Pre-Processing

[0 Modeler]_[o Mesh
Generator )

Equations solved on mesh

/oTransport Equations\
— mass

[»Solver Settings ]_

[ . Post-Processing_]—

— momentum
— energy

e Supporting Physical

k Models /

4 _ _ )
+ Material Properties

+Boundary Conditions

/0 Physical Models\'

e Turbulence
o Combustion
o Radiation

o Multiphase

e Phase
Change

e Moving
Zones

e Moving

¢ Initial Conditions y

\ Mesh /-
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12.2.1 NHT 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.(M#% 4 %)
¢ Solver Execution

4, Set up the numerical model. (G =A% =ik £E)

5. Compute and monitor the solution.(77 23K %)
¢ Post-Processing

6. Examine the results.

/. Consider revisions to the model.

9/130
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1. Define Your Modeling Goals
1) What results are you looking for?

oWhat are your modeling options?

« What physical models will need to be included in your
analysis?
« What simplifying assumptions do you have to/can make?

* Do you want to develop a model which is not included In
FLUENT?

o User-defined functions (written in C) in FLUENT

2) What degree of accuracy is required?

3) How quickly do you need the results?
10/130
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2.1dentify the Domain You Will Model
1) How will you isolate a piece of the

Gas

complete physical system? Srcone
2) Where will the computational R
domain begin and end? N

oAre the boundary condition types
appropriate?

DO you have boundary condition
information at these boundaries?

oIs the domain appropriate?

T L-valve

Gas

3) Can it be simplified or approximated Example: Cyclone

. . 5
as a 2D or axisymmetric problem: Separator
11/130
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3.Design and Create the Grid

1) Can you use a quad/hex (VYiL K/ 7S A R) grid or
should you use a tri/tet (—ff1J/VUH14A) grid or hybrid grid?

eHOw complex is the geometry and flow?

_A 2) What degree of grid resolution is required
Triangle  Quadrilateralin each region of the domain?

= U301 oIs the resolution sufficient for the geometry?

«Can you predict regions with high gradients?

2 oWill you use adaption to add resolution?
Tetrahedron  Hexahedron

IATETRYN VANITRZS ..
‘ <~ 3) Do you have sufficient computer memory?
eHow many cells are required?
Pyramid Prism/wedge eHOw many models will be used?

G T H AR 12/130
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Tri/Tet vs. Quad/Hex Meshes
1) For simple geometries,
quad/hex meshes can provide
higher-quality solutions with

fewer cells than a comparable
tri/tet mesh.
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2) For complex geometries,
quad/hex meshes show no
numerical advantage, and
you can save meshing effort
by using a tri/tet mesh.

g
VRN
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Hybrid Mesh Example
» Valve port grid

1) Specific regions can be et
meshed with different cell , \

hex

typeS. mesh

2) Both efficiency and
accuracy are enhanced relative
to a hexahedral or tetrahedral
mesh alone. wedge mesh

3) Tools for hybrid mesh

generqtion are avallable In Hybrid mesh for an engine valve port
Gambit and ICEM.
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4. Set Up the Numerical Model

+ For a given problem, you will need to:

oSelect appropriate physical models.
= Turbulence, combustion, multiphase, etc.

«Define material properties. Solving initially in

=Fluid/Solid/Mixture 2D  will provide
«Prescribe operating conditions.  z/yah/e

«Prescribe boundary conditions at EXP€” rence With
all boundary zones. the models and

solver settings for
your problem in a
«Set up solver controls. short amount of

«Set up convergence monitors, /€.

eProvide an initial solution.

15/130
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5. Compute the Solution

+ The discretized conservation equations are solved
iteratively.

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

+ Convergence is reached when:

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

Residuals provide a mechanism to help monitor this trend.

Overall property conservation is achieved.

+The accuracy of a converged solution is dependent upon:

Appropriateness and accuracy of physical models.
Grid resolution and independence

Problem setup
16/130
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6. Examine the Results

r_grl CFD-NHT-EHT
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¢ Examine the results to review solution and extract useful data.

1) Visualization Tools can be used to answer such

guestions as:

e What is the overall flow pattern?

» Is there separation?

 Where do shear layers form?

* Are key flow features being resolved?

2) Numerical Reporting Tools can be
used to calculate quantitative results:

* Forces and Moments

« Average heat transfer coefficients

» Surface and Volume integrated quantities
* Flux Balances

Examine results
lo ensure
property
conservation and
correct physical
behavior. High
resiauals may be
attributable to
only a few cells
of poor guality.
17/130
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/. Consider Revisions to the Model

1) Are physical models appropriate?

oIs flow turbulent? Is flow unsteady?

oAre there compressibility effects? Are there 3D effects?
2) Are boundary conditions correct?

oIs the computational domain large enough?
oAre boundary conditions appropriate?
oAre boundary values reasonable?
3) Is grid adequate?
oCan grid be adapted to improve results?

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

eDoes boundary resolution need to be improved?
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12.3.Simple Examples to Using FLUENT
Example 1: Sudden Expansions

&

B Geven

Vin | ©
*53

o
(0, -200)

- 2000 -
600 _ (600, 500) (26005%00)
(600, 200
o
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, o
o
—i
(600, -200)
o |
(600, -500) (2600, -500)
Vin=2m/s
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Example 2: 2D Pipe Junction

~ 1200

Tin1=300K Vini=1m/s Tin2=350K Vin1=bm/s

20/130
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Example 3: Flow over a cylinder

R=50
1200 —

Vin1=0.01m/s

21/130
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Example 4: Natural convection In a slot

~ < 100

Tleft 8 Tright

|

T..=320C, T

=300C

right™ 22/130
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Example 5: Flow In a U turn

5000

1200

Modeling with Solidworks
Uin=2.0m/s
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A FLUENT Launcher

ANSYS FLUENT Launcher

Dimension Options
O Double Precision
® 3D [[] Use Job Scheduler

[[] Use Remote Linux Nodes

Display Options
Display Mesh After Reading

Embed Graphics ‘Windows
workbench Color Scheme

(%) Parallel [Local Machine)
Number of Processes

[=] Show Fewer Options

General Options Parallel Settings Scheduler Erwvironment

Interconnects [ Cache HP-MPI Passward
||:Ie[aulﬂ M

MPI Types

|default v

Run Types

(%) Shared Memary on Local Machine
() Distributed Memary on a Cluster

l 0K I [ Detault ] [ Cancel ] [ Help ']

Fluent launcher interface 241130




€ Parallel Processing (FF4T4ALEE)

FLUENT can readily be run across many processors in
parallel. This will greatly speed up the simulation time.

1) It iIs common for modern computers to have several
processors, or ‘cores’ per processor. Each one of these can
be a ‘node(5 )’ for the FLUENT simulation.

2) The mesh iIs automatically partitioned, and different
blocks of the mesh are assigned to the different compute
nodes.

3) Alternatively a distributed parallel cluster(4£%#f) can be
set up, and the simulation can run across many machines
simultaneously.
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e The FLUENT Graphical User Interface (GUI, B R 1)

IS arranged such that the tasks are generally arrangec
from top to bottom in the project setup tree.

= D:Fluid Flow (FLUENT) FLUENT [3d, pbns, lam] [ANSYS CFD]

File Mesh Define Solve Adapt Surface Display Report Parallel View Help

H W @m0 [SFQA & AME- O

Problem Setup General

=
Models
Materials [ Scale... ] [ Check ] [Report Quality ]

Cell Zone Conditions

Boundary Conditions

Solver

Dynamic Mesh T Velodty Formulation
Reference Values C;E'pli'eressure—ﬁased (&) Absolute
calution () Density-Based ) Relative

Solution Methods

;c::ﬁig:s(:cntrols g-lgteady
() Transient

Solution Initialization

Calculation Activities [ Gravity ;

Run Calculation u
Results

Graphics and Animations

Plots
Reports

Mesh
AMSYS FLUENT 13.0

Done.

Preparing mesh for display...

Done.

Writing Settings file...
writing rp variables ... Done.
writing domain variables ... Done.
writing fluid {(type fluid) (mixture) ... Done.
writing wall-fluid (type wall) (mixture) ... Done.
writing interior-fluid (type interior) {mixture)} ... Done.
writing inlet-y (type velocity-inlet) {mixture} ... Done.
writing inlet-z (type velocity-inlet) {(mixture) ... Done.
writing outlet {(type pressure-outlet) (mixture) ... Done.
writing zones map name-id ... Done

<
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€ Text User Interface
Most GUI commands have a corresponding TUI command.

1) Press the Enter key to display the command set at the current
level.
2) Some advanced commands are only available through the TUI.

= D;:Fluid Flow (FLUENT) FLUENT [3d, pbns, lam] [ANSYS CFD]

File Mesh Define Solve Adapt Surface Display Report Parallel View Help

E-d-@e|[sdaa s - o-
Problem Setup General

AN S
Mesh 10
Models
Materials l Scale... ][ Check ][Rspnrt Qua\ity']
- -
Cell Zone Conditions
Boundary Conditions e
Salver W
Dynamic Mesh Type Velocity Formulation i
Reference Values Pres;ure-Based @Abso\.uhe
Solution ) Density-Based () Relative
Solution Methods
Solution Controls gngbeady u
Manitors 5
Solution Initialization O Transient %
Calculation Activities Gravi y
Run Calculation u &
Mesh Maw 30, 2010
RE(:”"EH R ANSYS FLUENT 13.0 (34, pbns, lam)
rapnics an nimanons HE‘D —
Flots -~
Reports Fsolve>
animate/ iterate set/
execute-commands/ monitors/
7 patch
fsolue> q
TU I > define
gl Jdefine> . )
- cess materials/ profiles/
WI n d OW boundary-conditions/ mesh-interfaces/ solution-strategy/
custom-field-functions/ mixing-planess turbos
dynamic-mesh/ modelsy units
enable-mesh-morpher-optimizer? operating-conditions/  user-defined/
injections/ parametersys
fdefine>

< i 27/130




The TUI offers many very valuable benefits:

1) Journal files can be constructed to automate repetitive
tasks.

2) FLUENT can be run in batch mode(itab## ), with
TUI  journal scripts set to automate the
loading/modification/solver execution and  post
processing.

-
Help
M
fsolue
animate/ iterate setf
execute-commands/ monitors/
: : patch
fsolve> q
TUI > define
Jdefine’
= Pl tn HCCESS materials/ profiles/
WI n d OW boundary-conditions/ mesh-interfacess solution-strateqy/
custom-field-functions/ mixing-planes/ turbo/
dynamic-mesh/ modelsy units
enable-mesh-morpher-optimizer? operating-conditionsf  user-defined/
injections/ parameters/
fdefine>
b
< b
= 30
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e A journal file is a text file which contains TUI
commands which FLUENT will execute sequentially.

e Note that the FLUENT TUI accepts abbreviations of
the commands for example,

—rcd: Reads case and data files

—wcd: Writes case and data files

- Read case file
rc example.cas.gz
. Initialize the solution
/solve/initialize/initialize-flow
; Calculate 50 iterations
it 50

] - Write data file

Sample Journal File wd example50.dat.gz

: Calculate another 50 iterations
it 50
: Write another data file
wd examplel100.dat.gz
: Exit FLUENT
exit

yes 29/130
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« FLUENT 16 GUI Navigation

Selecting an item in the tree opens
the relevant input items in the
center pane.

— General

— Models

— Materials

— Boundary Conditions

— Solver Settings

— Initialization and Calculation

— Post processing

r_grl CFD-NHT-EHT
@EHTER

B expansion Fluent@jiwt [2d, dp, pbns,

:'Evlﬂrﬁ@

File Mesh Define Solve Adapt &

IS

lﬁ, Setup
. B General
ol Models
@& Materials
+E Cell Zone Conditions
+jt Boundary Conditions
- ﬂ Dynamic Mesh
. L.dP Reference Values

HEI Solution

------ %} Solution Methods

. ez’ Solution Controls
+ . Monitors
----- jt. 0 Solution Initialization
+ |:|_| Calculation Activities
P f Run Calculation
= @ Results
. &-53 Graphics
2} m Animations
; . Plots
L@ Q} Reports

- ﬁl Parameters & Customization

30/130



@ ipzxar¥ ) e
1. General setting

expansion Fluent@jiwt [2d, dp, pbns, ske]
File Mesh Define Solve Adapt Surface Display Report Parallel View Help

= e P
g A | M

fles-d-sesHEFaasfaim-O-|fim-M-a-
E‘ ﬁ Setu General

=

~A8 Models Mesh

& Materials [ Scale... ][ Check ][FLEpnrt Quality]

E Cell Zone Conditions

-- + Boundary Conditions [ Display... ]

! Dynamic Mesh

------ @ Reference Values Solver

E Solution Type Velodity Formulation

...... % Solution Methods @) Pressure-Based @ Absolute

.27 Solution Controls ) Density-Based ) Relative

l . Maonitors

..... ]t. .p Solution Initialization Time 2D Space

F;l Calculation Activities @ Steady @) Planar

- _} Run Calculation () Transient () Axisymmetric

() Axisymmetric Swirl

E' @ Results
: . £ Graphics

- XT] Animations .

@ 5 Plots L7 0
-8 Parameters & Customization

31/130
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& Scale Mesh

Domain Extents Scaling
®rnin () [ wmax (rmm) | f | () Convert Units
29.49923 50.53
; || (O specify Scaling Factors
¥min {mm) 31 09979 ¥max (mm) [ 31 gag7q \ Mesh Was Created In
Zmin {mm) g Zmax (mm) [ 25 g772

ViewlengthUnitIn %
mm '

Scale ][ Unscale ]

[Cinse] [ Help ]

* When FLUENT reads a mesh file(.msh), all dimensions are
assumed to be in units of meters.

— If your model was not built in meters, then it must be scaled.
— Always verify that the domain extents are correct.
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Any ‘mixed” units system can be used if desired.

— By default, FLUENT uses the international system
of units (SI).

— Any units can be specified in the Set Units panel,
accessed from the top menu.

& Set Units

Quantities ‘ Set all to

specific-heat
stefan-boltzrmann-constant
surface-density
surface-tension

5urface-tensiun-iraclient
i

temperature-inverse
terperature-difference Factor u i
thermal-conduckivity

thermal-resistivity | Offset
thermophoretic-diffusivity || &Ihis
time ¥

default

[New..‘] [ Lisk ] [Ci-:use] [Help ]

33/130
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2. Setup the Models

expansion Fluent@jmwt [2d, dp, pbns, ske]
File Mesh Define Solve Adapt Surface Display Report Parallel View Help

B s-d-@eSHRA A @ im-O-|i/m-H-a@-

E'ﬁ Setup Models
. B General
=20 Models Models
52 Mudtphase (0f
-8 Energy (On) Energy - On

Viscous - Standard k-e, Standard Wall Fn
= AY Viscous (Standard k-e, Standard Wall F Radiation - OFF

-5 Radiation (Off) Heat Exchanger - Off
+--H8 Heat Exchanger (Off) Species - Off
.9 Spedes (OFF) Discrete Phase - Off

Solidification & Melting - Off

---EE Discrete Phase (Off) Acoustics - OFF

B8 Solidification & Melting (Off)
. L.g8 Acoustics (Off)
. &b Materials
EI = Cell Zone Conditions
- g sur-1 (fluid)
: o = gur—_E{ﬂLJId::
- #-JJ£ Boundary Conditions
! Dynamic Mesh 4
------ @ Reference Values

i | »
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€ Turbulence Models Available in FLUENT(Chapter 9)

- 5
Viscous Maodel ﬁ

o

Model Model Constants

'..:' Inviscid Cmu :

-:::- Laminar ‘D.DEI

() Spalart-Allmaras (1 egn)

i k-epsilon (2 eqgn) C1-Epsilon .

) k-omega (2 eqn) s

(" Transition k+l-omega (3 eqgn) ‘ '

(") Transition 55T (4 egn) _

ey C2 | —

() Reynolds Stress (5 egn) “Epsilon

) Scale-Adaptive Simulation (SAS) 132

") Detached Eddy Simulation {DES

i ! (OES) TKE Prandt Mumber

k-epsilon Model 1

@ Standard s

RMNG User-Defined Functions

el = s Turhulent Viern=ity |

35/130



RANS based
models

Chapter 9

One-Equation Model
Spalart-Allmaras

Two-Equation Models
Standard k—¢

RNG k—¢
Realizable k—¢

Standard k—-w
SST k—-w

4-Equation v2f *

Reynolds Stress Model

k—kl-w Transition Model
SST Transition Model

Detached Eddy Simulation
Large Eddy Simulation

r_glrlj CFD-NHT-EHT

CENTER

1

Increase in
Computational
Cost
Per lteration

—

—
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3. Material Properties

1> Material properties need to be defined for all fluids and
solids to be simulated
2) The parameters depend on the models selected for the

simulation
3) Many common materials are already defined in the

‘FLUENT Database’ and can easily be copied to the model

Note that these values may be either:

e Constants
e Functions of temperature
e Other built in functions following common relationships

e Defined by the user in a UDF.

37/130



CEESENT

Create/Edit Materials

MName

air

Chemical Formula

Material Type

| fuid

Fluent Fluid Materials

[air

CFD-NHT-EHT

[] cENTER

| ..

COrder Materials by

@ Mame
() Chemical Formula

Mixture
none
Properties
Density (kg/m3) [mnmnt -] Edit... 0
1.225
Viscosity (kg/m-s) [mmnt -.-] Edit...
|1.?394e435
[Changej'ﬂreate] [ Delete ] [ Close ] [ Help

38/130



4.Cell Zone Conditions

expansion Fluent@jiwt [2d, dp, pbns, ske]
File Mesh Define Solve Adapt Surface Display Report Parallel View Help

BE-d-@@SHFaQ s/ i@ AM-O-im-B-@-

EI--ﬁ Setup Cell Zone Conditions
----- E General
A9 Models Zaone
& Materials lsgrr
] e zone conaitions -2
#-JlE Boundary Conditions
! Dynamic Mesh

----- & Reference Values
-4z Solution

..... @ Solution Methods

----- #. Solution Controls
-[=] Monitors

-8 Solution Initialization
+-5 Calculation Activities
----- :j Run Calculation
- Results

-G8 Graphics

-ETd Animations

-}, Plots

(|

[ |

+-gj> Reports I Type ID
#-#k Parameters & Customization R [ﬁ“id '] |11
[ Edit... ] [ Copy... ][F‘rnﬁles... ]

[ Parameters... ] [Dperaﬁng Conditions. .. ]
[Displai_.- Mesh.., ]

Porous Forrnulation 39/130
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€ Operating Conditions

(D The Operating Pressure with a Reference Pressure Location
sets the reference value that is used in computing gauge
pressures.

@ The Operating Temperature sets the reference temperature
(used when computing buoyancy forces).

e Specified Operating Density sets the reference value
for flows with widely varying density.

40/130
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[ ] cENTER

Problem Setup Boundary Conditions
General Z0na
Models N
i & Operating Conditions
q | Pressure Gravity
E Operating Pressure (pascal) [v] Gravity
i 101325 Gravitational Acceleration
TI Reference Pressure Location x(mfs2) g
5o -8 Fressure Location
= A {II‘I} o "l"(ITIlI'SE:I -a.81
9 : :
Y{n) (g Z(mis2) [
Z (in) 0
Boussinesq Parameters
Gra - : -
Operating Temperature (k)
288.16
G !
Variable-Density Parameters
Specified Operating Density
Opetating Density (kafm3)
“ 1,225 ‘
=h
[ oK ] [Can:el] [ Help ]
|
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€ Defining Cell Zones and Boundary Conditions
To properly define any NHT problem, you must define:

1> Cell zones

— These relate to the middle of the grid cells

— Typically this always involves setting up which material
(fluid) is in that cell

— Other values (heat sources, etc)

2) Boundary conditions

— Where fluid enters or leaves the domain, the conditions
must be set (velocity/pressure/temperature)

— Other boundaries also need declaring, like walls (smooth
/rough, heat transfer?)

— There may also be symmetry, periodic or axis boundaries.

3) The data required at a boundary depends upon the
boundary condition type and the physical models employeda2/130
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¥ Cell Zones — Fluid

(@ A fluid cell zone is a group of cells for which all active
equations are solved.
@ The material in the cell zone must be declared.

e Optional inputs
@ Moving zones
@ Porous region
3 Source terms
@ Fixed Values

43/130
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[] cENTER

Zone Name

H block1

Material Name | 5

v | |Edit...

[ ]Frame Motion [ | Source Terms
[ ]Mesh Motion
[ ]Porous Zone

[ ]Fixed values

Reference Frame ] Mesh Motion | Porous Zunel Embedded LESI Reaction | Source Ten'nsl Fixed 'u"alues] Multiphase I

X (m)
¥ (m)

Z (m)

Rotaﬁm—h;ds Origin

Rotation-Axis Direction
0 icnnstant v | Xlo ' constant s |
0 !constant IR :ﬁanshnt v
0 icnn-stant v ] Zil4 “r:unstant v

[ OK ] [(:ancel] [Help]
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@ Cell Zones - Porous Media

e Some fluid regions are obviously porous and impossible to
resolve exactly in a mesh:
— Packed beds, metal foam

45/130
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‘5%)\‘-‘-@/{’? [ ] cenver
Fluid, e 4" i

Zone Mame

|S-L.IF

Material Name [air - l [Er.:lit. . ]

|:| Frame Motion |:| Source Terms
Mesh Motion [ Fixed Values
Porous Zone

Reference Framel Mesh Motion Perous Zone | 30 Fan Zone | Embedded LES | Reaction | Source Terms | Fixed Values | Multiphase

-

Relative Velocty Resistance Formulation
Viscous Resistance (Inverse Absolute Permeability)

Direction-1 {1/m2) 2.111e408 [mnsiﬂnt - ] B

Direction-2 (1/m2} [2 {11408 [mnsiﬂnt 7 ]

m

Inertial Resistance

[] Alternative Formulation =
Direction-1 (1/m) [q [mnsbnt .,]

Direction-2 (1/m] [ [mnsiant "]

Power Law Model ® InpUtS are direCtional
viscous and inertial

rhﬁl

Pl =l PN\ NN\ |A|Annl1-‘-
Sistance coerricients.

[ QK ] [Can::el] [Help

J

—
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€ Cell Zones - Solid

1) A solid zone is a group of cells for which only the energy
equation is solved.

2) Only required input is the material name (defined in the
Materials panel).

3) Optional inputs allow you to set volumetric heat generation
rate(heat source).

4) Need to specify rotation axis if rotationally periodic
boundaries adjacent to solid zone.

5) Can define motion for a solid zone
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Boundary Conditions - Available Types

External Boundaries

1) General
e Pressure Inlet e Pressure Qutlet

2) Incompressible
o Velocity Inlet e Outflow

3) Compressible

e Mass Flow Inlet e Pressure Far Field
4) Other
e Wall e Symmetry e AXis e Periodic
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e Internal Boundaries

— Fan |
— Interior ous media outlet

— Radiator orifice

— Wall Wa”_\

Cell (Continuum) zones
— Fluid plate
— Solid plate-shadow

— Porous media inlet
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€ Boundary Conditions — Changing the Types

e Zones and zone types are initially defined in the

preprocessing phase(ICEM).

e To change the boundary condition type for a zone:
— Choose the zone name in the Zone list.
— Select the type you wish to change it to in the
Type pull-down list.
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€ Boundary Conditions - Velocity Inlet

1) Velocity Specification Method
— Magnitude, Normal to Boundary
— Magnitude and Direction

2) Applies a uniform velocity profile at the boundary, unless
UDF or profile is used.

3) Velocity inlets are intended for use in incompressible
flows and are not recommended for compressible flows.

4) Velocity Magnitude input can be negative, implying that

you can prescribe the exit velocity.
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€ Boundary Conditions - Pressure Inlet

1) Pressure inlets are suitable for both compressible and
incompressible flows.

— FLUENT calculates static pressure and velocity at inlet
(Dynamic pressure)

2) Required inputs
— Gauge Total Pressure
— Supersonic/Initial Gauge Pressure
— Inlet flow direction
— Turbulence quantities( if applicable)
— Total temperature (heat transfer or compressible).
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€ Boundary Conditions - Mass Flow Inlet

1)Mass flow inlets are intended for compressible flows;
however, they can be used for incompressible flows.
— Total pressure adjusts to accommodate mass flow inputs.
— More difficult to converge than pressure inlet.

2) Required information
— Mass Flow Rate or Mass Flux
— Supersonic/Initial Gauge Pressure
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€ Boundary Conditions - Pressure Outlet

1) Suitable for compressible and incompressible flows.

2) Required information
—Gauge Pressure (static)—static pressure of the environment

into which the flow exits.
—Backflow quantities—Used as inlet conditions when backflow

occurs (outlet acts like an inlet).
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€ Boundary Conditions - Symmetry and Axis

e Symmetry Boundary Z YT
—_ NO |npUtS are reC|UII‘EC|. Zone Mame
— Flow field and geometry
must be symmetric: ok ] [cancel] [ relp |

‘ symmektry

e Zero normal velocity at symmetry plane
e Zero normal gradients of all variables at
symmetry plane

Symmetry <
Planes

e Axis Boundary

— the center axisymmetric problems Used at line for
problems.

— No user inputs required.
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€ Boundary Conditions - Periodic Boundaries

1) Used to reduce the overall mesh size.

2) Flow field and geometry must contain either rotational or
translational periodicity.

3) Rotational periodicity
e AP=0 across periodic planes.

e Axis of rotation must be defined in fluid zone.

4) Translational periodicity
AP can be finite across periodic planes.

5) Rotationally periodic planes
Models fully developed conditions.
Specify either mean AP per period or net mass flow rate.
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€ Boundary Conditions - Internal Faces

e Defined on the cell faces only:

— Thickness of these internal faces is zero

— These internal faces provide means of introducing step
changes in flow properties.

e Used to implement various physical models including:
— Fans
— Radiators

e Preferable over porous media for its better convergence
behavior.
— Interior walls
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€ Boundary Conditions - Outflow

e No pressure or velocity information is required.
— Data at exit plane is extrapolated from interior.
— Mass balance correction is applied at boundary.

e Flow exiting outflow boundary exhibits zero normal diffusive
flux for all flow variables.
— Appropriate where the exit flow is fully developed.

e The outflow boundary is intended for use with incompressible

flows.
— Cannot be used with a pressure inlet boundary (must use

velocity-inlet).
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€ Boundary Conditions - Outflow

e Cannot be used for unsteady flows with variable density.

e Poor rate of convergence when backflow occurs during
iterations.
— Cannot be used if backflow is expected in the final solution.
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€ Wall Boundary Conditions
e Five thermal conditions

(D Heat Flux

2 Temperature

@ Convection—simulates an external convection
environment which is not modeled (user-prescribed heat
transfer coefficient).

@) Radiation — simulates an external radiation environment
which is not modeled (user-prescribed external emissivity
and radiation temperature).

® Mixed— Combination of Convection and Radiation
boundary conditions.
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Solver Settings

e By modifying the solver settings you can improve
both:

— The rate of convergence of the simulation.
(Chapter 6 Kf#H IR 7 5))
— The accuracy of the computed result.(Chapter

5 Xt-9 U R I = Al 20)

To Consider:

— the choice of solver
— discretisation schemes
— checking convergence

— assessing accuracy
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& Available Solvers
e There are two kinds of solvers available in FLUENT:

— Pressure based
— Density based

The pressure-based solvers take momentum and pressure

(or pressure correction) as the primary variables (such as
SIMPLE Algorithm)

e Two algorithms are available with the pressure-based solvers:

— Segregated solver — Solves for pressure correction and
momentum sequentially.(SIMPLE, SIMPLC,PISO)

— Coupled Solver (PBCS) — Solves pressure and momentum
simultaneously(COUPLED).
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& Available Solvers

e Density-Based Coupled Solver

— Equations for continuity, momentum, energy and
species (if required) are solved in vector form.

— Pressure is obtained through an equation of state.

— Additional scalar equations are solved in a segregated

fashion.

e The Density-Based Coupled Solver can be run either
explicit or implicit.
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€ Choosing a Solver

e The pressure-based solver is applicable for a wide range of
flow regimes from low speed incompressible flow to high-
speed compressible flow.

— Requires less memory (storage).

— Allows flexibility in the solution procedure.

e The pressure-based coupled solver (PBCS) is applicable for
most single phase flows, and yields superior performance to
the standard pressure-based solver.

— Requires 1.5-2 times more memory than the segregated
solver.
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e The density-based coupled solver (DBCS) is applicable
when there is a strong coupling, or interdependence, between
density, energy, momentum, and/or species.

— Examples: High speed compressible flow with combustion,
hypersonic flows, shock interactions.

— The implicit option is generally preferred over explicit since
it has a very strict limit on time step size

— The explicit approach is used for cases where the
characteristic time scale of the flow is on the same order as
the acoustic time scale. (e.g. propagation of high-Ma shock
waves).
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€ Interpolation schemes for the convection term(Chapter 5):

1)First-Order Upwind-Easiest to converge, only first-order
accurate.

2)Power Law — More accurate than first-order for flows when Re,
<5 (typ. low Re flows)

3)Second-Order Upwind — Uses larger stencils for 2nd order
accuracy, essential with tri/tet mesh or when flow is not aligned with
grid; convergence may be slower.

4)Monotone Upstream-Centered Schemes for Conservation
Laws (MUSCL) — Locally 3 order convection discretisation
scheme for unstructured meshes; more accurate in predicting
secondary flows, vortices, forces, etc.

5)Quadratic Upwind Interpolation (QUICK)-Applies to quad/hex
and hybrid meshes, useful for rotating/swirling flows, 3rd-order

accurate on uniform mesh. 79/130
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Interpolation Methods (Gradients)

e Gradients of solution variables are required in order to
evaluate diffusive fluxes, velocity derivatives, and for higher-
order discretisation schemes.

e The gradients of solution variables at cell centers can be
determined using three approaches:

—Green-Gauss Cell-Based— Least computationally
intensive. Solution may have false diffusion.

—Green-Gauss Node-Based—More accurate/computation
-ally intensive; minimizes false diffusion; recommended for
unstructured meshes.

—Least-Squares Cell-Based—-Default method; has the
same accuracy and properties as Node-based Gradients and is
less computationally intensive.
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Interpolation Methods for Pressure

* Interpolation schemes for calculating cell-face pressures when using
the pressure-based solver in FLUENT are available as follows:

1)Standard—-The default scheme; reduced accuracy for flows
exhibiting large surface-normal pressure gradients near boundaries

2) PRESTO! — Use for highly swirling flows, flows involving steep
pressure gradients, or in strongly curved domains

3)Linear — Use when other options result in convergence difficulties
or unphysical behavior

3)Second-Order — Use for compressible flows; not to be used with
porous media, jump, fans, etc. or VOF/Mixture multiphase models
4) Body Force Weighted — Use when body forces are large, e.g.,

high Ra natural convection or highly swirling flows 20



@ Pressure-Velocity Coupling

e Pressure-velocity coupling refers to the numerical algorithm
which uses a combination of continuity and momentum
equations to derive an equation for pressure (or pressure
correction) when using the pressure-based solver.

e Five algorithms are available in FLUENT.

Semi-Implicit Method for Pressure-Linked Equations (SIMPLE)
e The default scheme, robust

SIMPLE-Consistent (SIMPLEC)

o Allows faster convergence for simple problems (e.g., laminar
flows with no physical models employed).

Pressure-Implicit with Splitting of Operators (PISO)

o Useful for unsteady flow problems or for meshes containing
cells with higher than average skewness
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€ Enabling the Transient Solver

e To enable the transient solver, select the Transient button on
the General problem setup form:
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e Before performing iterations, you will need to set some
additional controls.

— Solver settings

— Animations

— Data export/Autosave options

Selecting the Transient Time Step Size

e Time step size, A¢, is set in the Run Calculation form.
— At must be small enough to resolve time-dependent
features; make sure convergence is reached within the
number of Max Iterations per Time Step
— The order or magnitude of an appropriate time step size
can be estimated as:
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Typical cell size
At ~ yP

Characteristic flow velocity

Time step size estimate can also be chosen so that the
transient characteristics of the flow can be resolved (e.g.
flow within a known period of fluctuations)

1) To iterate without advancing in time, specify zero time
steps. This will instruct the solver to converge the current
time step only.
2) The PISO scheme may aid in accelerating convergence
for many transient flows form).
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& Performing lterations

e The most common time advancement scheme is the iterative
scheme.

— The solver converges the current time step and then
advances time.

— Time is advanced when Max Iterations/Time Step is
reached or convergence criteria are satisfied.

— Time steps are converged sequentially until the Number of
Time Steps is reached.

e Solution initialization defines the initial condition and it must
be realistic.

— Sets both the initial mass of fluid in the domain and the
initial state of the flow field.
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€ Convergence Behavior

e Residual plots for transient simulations are not always
indicative of a converged solution.

e You should select the time step size such that the residuals
reduce by around three orders of magnitude within one time
step.

— This will ensure accurate resolution of transient behavior.
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@ Tips for Success in Transient Flow Modeling

e Use PISO scheme for Pressure-Velocity Coupling — this
scheme provides faster convergence for transient flows than
the standard SIMPLE approach.

e Select the time step size so that the solution converges three
orders of magnitude for each time step (of course,
convergence behavior is problem-specific).

e Select the number of iterations per time step to be around
20 — it is better to reduce the time step size than to do too
many iterations per time step.

e Remember that accurate initial conditions are just as
important as boundary conditions for transient problems —
initial condition should always be physically realistic!

e Configure any animations you wish to see before running
the calculations. 91/130
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7.Solution Initialization

. &1 d-b-long Fluent@jiwt [3d, pbns, skw] .,-.z - .—I w .
1)The SOlver Works In an File Mesh Define Solve Adapt Surface Display Report Parallel View Help

iterative manner. S-d-me/Eraasfalm-0-|m-m-

“ﬁ Setup * | Solution Initialization
- B General o
2)Therefore before the | o moes joitenton tethods.
+ Materials I Hybrid Initizlization
. . . - Cell Zone Conditi dard Initializati
very first iteration, a T S ety E———

+-J& Boundary Conditions Compute from

value must exist for | B Dynamic ican .

----- @ Reference Values Reference Frame

eve ry q u a ntity i n eve ry a " Solution @) Relative to Cell Zone

----- 5 Solution Methods ") Absolute

rid Ce” """ P Solution Controls
g : = . Monitors Initial Values

------ Residual -
. Gauge Pressure (pascal)

3)Setting this value is ::::::EE:;:E' 6
------ ~[[=] Moment

called ‘Initialization® | B s oo

------ --[[5] Volume

m

 Solution Initialization | .
1 ¥ Velodty {m/s)

4) The more realistic - |r|_| Calculation Activities |I:|

, Run Calculation

the value, the better @g'w 2 veosty )

b Mesh | 2

m

(q U ICke r) CO nve rgence ; ;;.'* Ec'nt?;"-'rs Turbulent Kinetic Energy (m2fs2)
5 ectors 0.015
- 2= Pathlinesz |
WI I I be ' 1’ Particle Tracks Spedfic Dissipation Rate (1/s)

T- m Animations |HJ32.821
m S-:uluhu:un Animation Playback i
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€ Starting from a Previous Solution
e Convergence rates are dependent on how good the starting
point is.

e Therefore if you already have a similar result from another
simulation, you can save time by interpolating that result into
the new simulation.

e Then use the ‘Read and Inierpolate’ option on the new model.

E d-b-long Fluent@jiwt [3d, phns, skw]

Mesh Define Solve Adapt Surface Display Report Parallel View Help
Read E@l@lf @ A NR ol s A
Write P Il: Scaled
X
e 5 B Interpolate Data J||
Export 4 Options =|[= m
14
Export to CFD-Post.. @ Read and Interpolate Pressure
| | Write Data Spedific Dissipation Rate
Solution Files...
— =1 = |[Temperature
Interpolaty,.. Cell Zones BI5Ie Turbulent Kinetic Energy
L body Velod

FsI Mapping » elodty

Velocity
Save Picture... F Velocity
Data File Quantities...
Batch Options...

Binary File
Cl Help
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8.Run Calculation

expansion Fluent@jwt [2d, dp, pbns, ske]

EFD-NHT-EHT
[ ] cENTER

File Mesh Define Solve Adapt

Display Report Parallel View Help

Bs-Hd-@@

SEeR 2@ nm-0-

MR-l -@-

=@ Setup
- H General

+-F2 Models

Materials

(@ Cell Zone Conditions
"1— Boundary Conditions
! Dynamic Mesh
PR @ Reference Values

El . Solution

------ @ Solution Methods

- 27 Solution Controls
. . Monitors

:""]t .p >0lution Initialization
% |EE| Calculation Actr'.rrtles

g4 . Calculation|
EI fa Results
: [#-E9 Graphics

- 1] Animations

==, Plots
. [-gg> Reports
-5 Parameters & Customization

Run Calculation

[ Check Case... ] Preview Mesh Motion...

Acoustic Signals...

Mumber of Iterations Reporting Interval
0 o] |1 B
(] (]
Profile Update Interval
1 (]
(]
]

[ Data File Quantities...

I

[ Calculate
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& Case Check

e Case Check is a utility in
FLUENT which searches for
common setup errors and
iInconsistencies.

— Provides guidance in
selecting case parameters
and models.

e Contain recommendations
which the user can optionally
apply or ignore.

CFD-NHT-EHT
CENTER

5

Problem Setup Run Calculation

General [
Models
Materials

Check Case... ]

Mumber of Ikerations
‘ 0

Reporting Interval
[«] 1
[~]

Cell Zone Conditions {:}

Boundary Conditions
Profile Update Interwval

[ 1

| Data File Quantities... |

Dynamic Mesh E:}

Reference Yalues

Solution

Solution Methods
Solution Controls

Results
Grapl Apply Recommen dation
Plots Assign L5Q cell-based gradient reconstruction,
Repa {Solution Methads)

Manual Implementation

Recommendation

Consider using higher order discretization For improved accuracy of the final solution. First order
discretization may be used in the initial solution.
(Solution Methods)

[npply] [Clase] [Help]
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€ Convergence

e The solver should be given sufficient iterations so
that the problem is converged.

e At convergence, the following should be satisfied:
— The solution no longer changes with subsequent iterations.

— Overall mass, momentum, energy, and scalar balances are
achieved.

— All equations (momentum, energy, etc.) are obeyed in all
cells to a specified tolerance
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9. Monitoring

expansion Fluent@jiwt [2d, dp, pbns, ske]
File Mesh Define Solve Adapt Surface Display Report Parallel View Help

M E-d-me sFaa s @ LE-O-m-E-~a@-~

=@ Setup Monitors | 1: Scaled Residuals
--H General
#-F9 Models Residuals, Statistic and Force Monitors
- Materials M|
#-&@ Cell Zone Conditions Statistic - Off
-§& Boundary Conditions r Residual Monitors

- Dynamic Mesh

-4 Reference Values B Equations
=45 Solution i i iteri
% %} Solufion Methods Print to Console Fesidual Manitar Check Convergence Absolute Criteria = »
& LI 7 7
i-57 Solution Controls [¥]Plot continuity 0.001
]t. .p Solution Initialization 1 [Eurues ][ Axes
FEI Calculation Activities (=) o 0.001
-2} Run Calculation Iterations to Plot
=8 @ Results 1000 % energy 1e-06
! 'D Graphics -
E Animations Residual Values Convergence Criterion
H-{= Plots .
: Iterati to Sto ] ; absolute
-5 Reports W = [ Normalize Tkerations - ’ -
F
=8k Parameters & Customization| (=] 3 =1
Scale
Compute Local Scale
Ok ] [ Plat ] [Rer'lnrmaﬁze] [ Cancel ] [ Help ]
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< Monitoring convergence using residual history:

— Generally, a decrease in residuals by three orders of
magnitude indicates at least qualitative convergence. At
this point, the major flow features should be established.

— Scaled energy residual should decrease to 10-6 (for the
Pressure-based solver).

— Scaled species residual may need to decrease to 10-5
to achieve species balance.
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€ Convergence Monitors — Residuals

All equations
converged.

Residuals
——continuity
—¥-velocity
——y-velocity
—-velocity

energy
—k
epsilon

1e-07 T T T T T T T 1
0 a0 100 180 200 250 300 350
lterations

Problem Setup
General
Models
Materials

Cell Zone Conditions

Boundary Conditions

Dynamic Mesh

Reference Values
Solution

Solution Methods
Solution Controls

lonitors

Solution Initialization

& Residual Monitors

Options

Print ta Console
Plot
Window

e e (e

Iterations ko Plok

‘ 1000 H:}

Iterations to Store

[a]
‘ 1000 i

Monitors

Residuals, Statistic and Force Monitors

Residuals - Prink, Plok
Statistic - OFf

Equations
Residual Monitor Check Convergence Absolute Criteria &

| continuity ‘ 1e-05 .

|x-velncity ‘ 0,001
|y—veloclty ‘ ‘ 0,001

| z-velocity ‘

Residual Yalues

[ narmalize

L

Scale

‘ 0.001
v
Convergence Criterion

| absolute v

[ o

ot | [Renormalize | [ cancel | [ Hep |

e Residual plots show when the residual values have reached

the specified tolerance.
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€ Convergence Monitors — Forces and Surfaces

If there is a particular value you are interested in (lift
coefficient, average surface temperature etc), it is useful to
plot how that value is converging.

A Surface Monitor @

Marme Report Type

[ monitor-1 Mass-Weighted Average v
Options Field Yariable
Temperature... b
[]Print ko Console : :
Plak Static Temperature v
Window ] Surfaces 00
2 (] [curves... ][ axes... | def ault-interior
Write symmetry
4o Rl= welocity-inlet-5
File Name velocity-inlet-6
‘ maonitor-1,0ut ‘ wall
z=0_outlet
* Bxis
Tteration v
Get Data Every

‘ 3 E } Iteration v ‘

L]
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Checking Overall Flux Conservation

« Another iImportant metric to assess whether the model is converged is
to check the overall heat and mass balance.

 The net flux imbalance (shown in the GUI as Net Results) should be
less than 1% of the smallest flux through the domain boundary

Problem Setup Reports :
General Reports R Flux Reports
Mndet; | Fluxes ,

Materials Edfces Options .
N Projected Areas (%) Mass Flow Rate | default-interior
QU e | P 10
oundary Conditions 3 oot | symmetr
o Disscmﬁe Phase: () Radiation Heat Transfer Rate VE:‘:‘ciEY‘!r':BE'E é g é{géggﬁ
i ample velocity-inlet-6 J

caenermi esh Histogramm Boundary Types 88
Reference Yalues Surnmary - Unavailable laxis A

Solution Heat Exchanger - Unavailable exhaust-fan
Solution Methods ]icr:ztvvent =
Solution Controls !

Monitors

Solution Initialization Boundary Name Pattern

Calculation Activities I— [ Match |
Run Calculation 1 |

Results : Net Results (kafs)
Garaphics and Animations [Set Up... ] [Parameters..' [Save Output Parameter. .. ] ” -0-0001?681?2“
Plots
[Compute ] Write. ., I [ Close ] [ Help ]

101/130



=[ly A 6 B
&) ifRirY 5 G

€ Tightening the Convergence Tolerance

o If solution monitors indicate that the solution is
converged, but the solution is still changing or has a
large mass/heat imbalance, this clearly indicates the
solution is not yet converged.

e In this case, you need to:

— Reduce values of Convergence Criterion or
disable Check Convergence in the Residual Monitors
panel.

— Continue iterations until the solution converges.
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€ Convergence Difficulties

e Sometimes running for further iterations is not the answer:
— Either the solution is diverging
— Or the residuals are ‘stuck (4={£) ’with a large
imbalance still remaining.

e Troubleshooting

Continuity equation convergence trouble affects
convergence of all equations.

— Compute an initial solution using a first-order
discretization scheme.

— Alter the under-relaxation or Courant numbers

— Check the mesh quality. It can only take one very
skewed grid cell to prevent the entire solution converging

UUUUUU
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€ Modifying Under-Relaxation Factors

e Under-relaxation factor, «, is included to stabilize the
iterative process for the pressure-based solver.
e Use default under-relaxation factors to start a calculation.

e If value is too high, the model will be unstable, and may
fail to converge
e If value is much too low, it will take longer (more iterati-
ons) to converge.

— Default settings are suitable for a wide range of
problems, you can reduce the values when necessary.

— Appropriate settings are best learned from experience!
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$p = Ppoid + aAPp

Problem Setup Solution Controls
General Under-Relaxation Factors
Models 2
Materials Pressure =
0.3
Cell Zone Conditions
Boundary Conditions Density ]
1
Dwnamic Mesh
Reference Yalues Body Forces
Solution 1
Solution Methods -
— Momenturm
alution Controls
Monitors 0.7
Solution Initialization 1
Calculation Activities Turbulent Kingtic Energy
Run Calculation 0.8 J
Results -

Graphics and Animations

:h:;irts [Equatinnﬁ. . ] [Limits. y J | Advanced, .,
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Solution Accuracy

e Remember, a converged solution is not necessarily a correct
onel

— Always inspect and evaluate the solution by using available
data, physical principles and so on.

— Use the second-order upwind discretization scheme for
final results.

— Ensure that solution is grid-independent

e If flow features do not seem reasonable:

— Reconsider physical models and boundary conditions

— Examine mesh quality and possibly re-mesh the problem

— Reconsider the choice of the boundaries’ location (or the
domain): inadequate choice of domain (especially the outlet

boundary) can significantly impact solution accuracy.
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€ Grid-Independent Solutions

e It is important to verify that the mesh used was fit-for-

purpose.
— Even if the grid metrics like skewness are showing the
mesh is of a good quality, there may still be too few grid
cells to properly resolve the flow.

e To trust a result, it must be grid-independent. In other
words, if the mesh is refined further, the solution does not

change.

e Typically you should perform this test once for most your
of problems.
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10. Results and Analysis: Graphics, Animation
and Reports

Reporting Heat Flux

e Heat flux report:
— It is recommended that you perform a heat balance check
so to ensure that your solution is truly converged.

e Exporting Heat Flux Data:
— It is possible to export heat flux data on wall zones
(including radiation).
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12.5 Meshing with ICEM for structural grid
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*Mesh

Volume comprised of elements used to discretize
a domain for numerical solution

eHeat Transfer
oFluid dynamics
eQOther

2D — Surface/Shell
—Quads(H i %)
—Tris (=M)
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3D-Volume
~Tetra CPUTHIA)
—Pyramid (F54)
—Prism (F4E)
—Hexa (ZS[HAA)

Formats

—Unstructured (JEZ5HI4LRIRS)
—Block Structured (ZEMHI4LMIEE)

—Nodes
*Point locations of element corners
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GUI and Layout

Utility
Ilcons

»ICEM CFD 12.0.1 : project1

Utility Menu

File Edit ‘iew Info Seftings ‘Windows Hel

p

=X
=

UHPORIE BB

Geametry | Mesh |Blocking Edit Mesh |Pr0perties | Canstraints | Loads |So\ve Options | Qutput | Cart3D | Postpiocessing |

pl LR Y2 )

Function Tabs ‘

Selection Toolbar

Select mesh elements

S OR0N X NTDRYLO2HEHHARNSOIH

= B EEE o
: S Bl 0@2
LI Bl §362
Erfd Model
] Geomety
EHfad Mesh
i Subsets
—L| Points
—{ | Lires
F—ad’ Shells MOdeI
B Walumes
EHrhd Parts
—hd’ FLUID Tree
i’ FLUIDZ
i’ INLET
—id’ INTERFACE
—hd ORFN
e OUTY
—he OUTZ
—hd
—he’ TRANSITION
—’ TUEEH
i TUBET
Smooth Elements @)
Globally =
— Quality -
Smocthing iterations |5 5[
Up to value ID.2
Criterion Im
—5 th Mesh Type
Smooth Freeze Float
TETRA_4 é° | E | L
HEXA_8 0
TRI_3 g Pa ﬁ QI o
Quap4 &
PYRA_D o - o
- th Palls;c h I
Method [All parts | LI
Apply | QK. I Diigmizz |

Z offset iz 2.37036e-005 of total Z range -
Z offset iz 3.16048e-005 of total Z range
Z offset iz 4.21397333333e-005 of total Z range

Z offset iz 561862666667 -005 of total Z range

I~ Log Savel Eleall

Guality metrics criterion: Quality (Min 0. 200732 Max 0.938339)

10000
7500
5000
2500

] —

Message
Window
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File and Directory Structure
* Primary file types:
— Tetin (.tin): Geometry
« Geometry and material points
 Part association

» Global and entity mesh sizes

« Created in Ansys ICEM CFD or Direct Cad
Interface

— Domain file (.uns)
 Unstructured mesh

— Blocking file (.blk)
* Blocking topology

— Attribute file (.fbc, .atr)

« Boundary conditions, local parameters &
element types

— Parameter file (.par)
* solver parameters & element types

— Journal and replay file(.jrf, .rpl)
* Record of performed operations (echo file) 113/130
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Mouse Usage
« ‘Dynamic’ viewing mode (click and drag)

— left: rotate (about a point)
— middle: translate
— right: zoom(up-down)

screen Z-axIs rotation

— Wheel Zoom
» Selection mode (click)
— left: select (click and drag for box select)
— middle: apply operation e
— right: unselect -

*F9 toggles the mouse control to Dynamic
mode while in Select mode

*Spaceball allows for dynamic motion even
while in select mode
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Utility Menus

R icem cro 160 "

File

File Menu

(file i/0)

MHew Project...
Open Project...
Sawe Project...
Save Project Az...
Cloze Project...

Change *orking Dir....

Geometry
Mesh
Blocking
Attributes
Parameters
Cartesian
Results

Import Geometry
Import kesh
E wport Geometny
E wpart begh

Wiorkbench Readers

Replay Scripts
E xit

Edit

v v v vy v v v

v v v

Wiy

|nfo

Edit Menu

Undo
Redo
Clear Unda
Shell

Facets -» Mesh

Mesh > Facets

Struct mesh->CAD Surfaces

Struct mesh-»Unstruct Mesh

Struct mezh->Super Domain
Domain file->Cart30 Tri file

Cart30r Tri file-: Damain file

Cart3D Check point file->Domain file

Remove header linez in tetin file

Sethngs

View Menu

Fit

Box Zoom
Top
Bottorn
Left

Right
Frant
Back
|zometric

Wigw Contral
Save Picture

Mirrarz and Replicates

Anhotation ...
Add Marker
Clear b arkers
kezh Cut Plane

Help

Info Menu

eamety Info
Surface Area
Frontal Area
Curve Length
Curve Direction

Mezh [nfa
Element Infa
Mode [nfa

Settings
Menu
(preferences)

General

Product

Digplay

Speed

b ernony

Lighting
Background Sthyle
bouze Bindings
Selection

Element Type / Froperty [nfo

» Toolbay
Project File
Domain File

2 tezh Report

Remote

b iodel

Geomety Options
kezhing L4
Solver

Restore
Fezet

Help Menu

Help Topics

Tutorial b anual
Jzer Marual
Programmer's Guide

Installation & Licensing Guide
What's Mew

Legal Matices

Show Customer Murmber

About AN5YS ICEM CFD
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File menu *Most common functions
* To open/save/close are duplicated as utility
—Projects e OO
_ Save Project.. File Edit “iew Info  Seftihgs
—All file types can be W
opened/saved/closed
Independently S
, 5::: ::i:iSI:.TeﬁMS;sh he Open Project Save Project
¢ AISO fo . : E?::Z Iildrzihs.?me Mesh fs... E? m
—Read inresults data s,
et Mes_h g : Open/Save/Close
— Import/Export g ﬁ E—
= Blocking
Geometry/MeSh Save frequently! ’ﬁ ? EEE
- L =) P 9
—Invoke scripting «|cons = o
* Exit ~Many menu items =

duplicated by utility icons: 116/130
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Other Commonly Used Utilities —Local Coordinate System
i *Used by:
¢ Edlt > UndO/Redo Fil= Edit ‘iew Info  Seftings ’SeleCt |Ocati0n [5;3/
= B 3 o *Measuring v
&0 fa4s | &2 ‘Node/point
] movement/creation
* View Alignment
— Fit &I Loads
* Fit active entities into screen *Transformation
— Box Zoom £, .
— Standard views ﬁj o B -Surface display
« Measure B *Wireframe
. M Sufaes *Solid _
- Distance ~ J8 T 0" S homsing Transparent 4| G262

— Angle e O Por | Show Simper
— Location ~4 s égﬁ e @0
o 5 Local W @ 6

B S Pats  Solid & Wire

Loc | ‘/ e Grey Scale o
t J FLu
-
o N7 Show Suface Nomals o
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Help « Menu Driven

% Documentation for ANSYS ICEM CFD/AI*Environment 12.0 Help Topicz r_1 - SearCh ab I e
] Eh B ; . .
Hidle Print  Options T torial Mamual

User Manual ) - InCIUdeS tutorials

Programmer's Guide

Contents l Search ]

ANS\% Documentation for ANS

=1 {3 Docurnentation for ANSYS 1l |

- g Ez:;al\::nr\lu;:es E:lomlgt{rznual | Seometiy| Inztallation & Licenszing Guide - P rog ram m e rS

+ [ Main benu \ihat's Mew -
+ 1 Selection Options d f I C E M
g g'Sp'aytTree - Legal Matices g u I e ( Or
eometry
# (1 Create Point Showe Cuztomer Mumber

s D eeerenl || Create Point 4 About ANSYS ICEM CFD p ro Ced u reS)

+ (] Create Body

> 5 Oy o o - ° Hyper-link to SpeCifiC

The different options for creating points are shown below.
+ [ Transform Geaome -

[E] Restore Dormant | to p I C

[E] Delete Paint Create Point @
[2] Delete Curnve
[5] Delete Surface Part | E=
[ Delete Body

[£] Delete Any Entity

5 (1 Mesh Bl Create Point < &) >
PR e + 5]
+ (13 Blocking |z| * _,\’T fiayi e
X¥Z +°4 b e

B

Mame |

+# [ Editkdesh ke N
’ ' Part [GEOM a
+ g Eroonps.tgrr;:iitss \ X \Q' >3/ '@ ar | ﬂ g

+ [ Loads
+ 1 Solve Options

+ 23 Clutput =
+ (] Cart3D =

+ (1 FostProcessing b | Apply | k. I Eancell BT +

[:lUserManuaI ™ |z| a "'I- |' @ | apar
< Bl . Part — xvz +fa

[ Inherit Part

Bubble explanation with cursor ‘5\%\\ /@ L
positioning

[Geametry

Mesh | Blocking | Edit Mesh Lacation W

""" DEES ~|
Apply HTI Dizmizs | 30
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Function Tabs

Geometry ‘Mesh \Blocking |Edil Mesh |0utput |Cart3D |F’os

Geometry AV OETESSERXXE N X Create/Modify geometry

Set mesh sizes, types and methods

Mesh :
7 ei ~ Set options
Mesh %ﬂ“‘—kﬁlﬁ‘ \*Q Autohcreate Shell, Volume, Prism
meshes
Blocking | Initialize a block

Split/modify blocks

Blocking FBALATEC A, IAIL K Generate structured

hexa mesh Check, Smooth
Refine/Coarsen

Edit Mesh ‘
: . . . — = i Merge, Auto
Edit Mesh $F@ASSE LFSB2EN+BEXB cpair
Manual edit
Output | Transform, etc.
Set Boundary Conditions
Output 8@%5 and Parameters

Write mesh for 100+

solvers. 119/130



Primary Function Tabs

Create, read, write out
Geometry | Mesh | Blocking | EditMesh Properties | material properties

Properties ﬁiggv / Apply to geometry/elements

Set constraints,
Constraints | displacements, define
contacts, initial
velocity, rigid walls

‘e %
Y

Constraints “e.® &7,

r‘?""ﬁ

E:a V‘ ' -_:.'—:'—:- -

Loads | gSet force,

Loads ““¥ | Fh pressure and
temperature loads

Solve Options | Set parameters, attributes,

Solve a@ﬂ create subcases, write out

options input file, run solver

Post-processing |

Visualize results: cut
Post @@@QQQAKW_V plane, streams,
Processing animation, calculate

integral and more.
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Selection Toolbar
During select mode, selection toolbar appears
—Some tools are common to all
—Linked to select mode hotkeys
—Filtering of entities Cancel

Select geometry

Geometry |@p|g =X oo xO0% ¢ @@ Y @&u"“’_’_’_’_.

Only visible NFIood fill to Angle
Polygon  "Select all Y J Entity Filter

Flood fill to Curve Mesh on Geom

By Part

Select mesh elements ‘

Mesh gl O 02 XD 22 Y @ AHNEELXLSNOSD
RClrcle )‘\ \ N

Entire/Partial toggle ™ Set FF angle All Shells

Select Blocking-block

Select Blockingbiock KA
Blocks [/ 0 e 24 % |0 @ & Sy 0" | Faceted ‘

¥
Tood 71 Geometry JJ::? % J@ C@ Q@ @ ¥
Dynamic By Subset from Segments
Mode (F9) corners In betwe

segments
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Workflow Typical ICEM Workflow:
{ 1.Create/open new project

2.lmport/Create geometry

3.Build topology/Clean geometry
4. Mesh model (Possibly Hex Blocking)

5. Check/edit mesh

\x utput to Solver
/. Postorocess

» ICEMACFD 12.0.1 : /

File }4 t View Info Settings Windows/ Help

\\ \

) (N

AN

Geometiy | Mesh | Blocking [EdntMesh |Dutput  Post- processmg |

HNETESESERKXKBBX

Workflow >
122/130



@ 7 pxdrd 5 e
Overall Meshing Process:

Open/Create Project — Geometry Import/Creation
}

Geometry Manipulation/Clean Up

Set IParts

| '
Create Mesh Set Mesh Sizes,

Auto sizing Methods and Types
Default method/type

Blocking (Quad/Hexa)

View/Edit “Pre-Mesh”

v
Shell Melsh » Auto Volume,

Melsh
- View/Eciit Mesh «

Solver Setup «

| S —_— .

Output to Solver —— 1 o\ !
Post process *- bommoo 123/130
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Geometry Import CAD from just about any source

'F’ICEM CFD 12.0.1:

File Edit View Info Settngs ‘Windows Help
Mew Project...
Open Project... @‘ ﬂ N
Save Project...
Save Project Az... EI ‘ @ ’f
Cloze Project...
Change *warking Dir...
Geometry 4
tezh 4
Blocking 4
attribute L4
Pararned ters r
Cartesian L4
Fesult 4
Import Geametry 4 A°E Mesh
Import Mesh 4 MHastran
Export Geometry 4 Patran
Export Mesh 4 STL
Wiorkbench Readers WHRkL
Replay Scripts 4 Flot3d
E it Rhino 30M
Az
CATIA V4
DD
COMAK.
WG
GEMS
1Dl
ParaSalid
STEF/IGES

Farmatted paint data

Reference geometry

ProE
Solidwiorks
UG

Direct CAD Interfaces

— Set up ICEM meshing requirements within
CAD environment
 Saved within CAD part

 Retained for parametric geometry changes
— Directly write out ICEM formatted
geometry (tetin file)

« No 3" party exchange (clean!)

- Proe —Catia V4

— Unigraphics  _peas

— SolidWorks ey _STEP/IGES
Direct import _IDEAS (IDI) —Pro/E

— ACIS (.sat) —Parasolid —Unigraphics
— CATIA V4

— DWG/DXF
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Examples to generate structural grid
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Example 1: 2D Pipe Junction
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Example 2: Flow In a U turn
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Example 3: Flow In a “Y” tube
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Example 4: Three pipe junction
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Thanks very much!
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