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Introduction

Lecture Theme:

The purpose of CFD analysis is to obtain quantitative and/or qualitative
information about fluid flow performance of the system. This lecture will
explain how to do this in CFD-Post.

Learning Aims:
You will learn how to perform flow field visualization and quantitative

data analysis on your CFD results

_ Overview D> CFD-Post D> Summary
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Yol Overview

®*  CFD- Post include many tools for
analyzing CFD results

— lIsosurfaces

— Vector plots

— Contour plots (shaded and graded)
— Streamlines and particle tracks

— XY plotting

— Animation creation

> Introduction _ CFD-Post D> Summary
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NSl Viewer Right-click Menus

4

* Right-clicking in the Viewer . Ed:‘"‘:"a'“e

— Right-clicking on an object (e.g. 3 e
Wireframe, Plane) shows options \ S ace o

— Insert new objects based on the current Insert Plane 1
location (e.g. a vector plot on a plane, i reflectimnor | 4 B
contour plot on a surface) e

— Right-clicking in empty space shows B Acimats. .
options for the current View ::la:r

Insert

* (Click on the axes to orient the view

@ set Plane Center

_ﬂ,_._r—"”’”d_f. A Probe Yariabls

Yiew 1
@ Copy ko Mews Figure. ..
Show Object

Copy Camera From

Predefined Camera
Fit Wiew

Auto-Fit Yiew

Projection

Clip Scene

v Defaulk Legend
v Toggle Axis Visibility
Toggle Ruler Visibility

iaf] Sawve Picture. ..

o Viewer Optians. ..

2

2
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Y@ 3D Viewer Files

S
* Save Picture in the CFX Viewer State (3D) file . ( , u/)
format (.cvf file) \‘@5@
®* Can then use the stand-alone Viewer to view the o
file, rotate, pan, zoom, etc
— Unlicensed and free to distribute to your customers '.;wHmmmEﬁmywmpmisin@
— Can embed 3D Viewer files in PowerPoint and HTML s
files i
— Should be in your ANSYS CFX 16.0 installation
— Download from the ANSYS Website (search for “ANSYS gggg?p:wy
CFD Viewer”) e
— Or run ANSYS_CFD-Viewer_160_Setup.exe from your Eitizg';:'i: Type “?” in viewer to see

installation (INSTALL_ROOT\CFX\viewer) all hotkeys

> Introduction > Overview _ Summary >
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FYYS <@ CFD-Post General Workflow

1. Prepare locations where data will
be extracted from or plots
generated

Fresh Liq (1-tracet)

: Mix EFfectiveness ivolumeAvelFresh Ligy@Digester | (tfchangeover Time)
Reference Pressure 1 [atm]

[y E Time

2. Create variables, expressions which
will be used to extract

3. i) Generate qualitative data at locations

L

ii) Generate quantitative data at

locations 5 - e
1 :Verage Velocity | T.maemn [ s-1] E

4. Generate Reports o e —
45 Expressions  »
6 JE  Variables
) B Locations
5 o ot »
> Introduction > Overview Summary >
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Other Graphics Objects

@ B2 : Results - CFD-Post

File Edit Sessionj] BLEZs8 Tocls Help
S : ] e [ B Loceton | wBs=0 wsm
Vectcl)lr PIoIt > can plot any vector variable; o ===
= FLU fs| Contour View1 -
usua y Ve OCIty = & fuid | & streamline 1
E § Particle Track -
Streamlines = forwards and/or backwards o {9 roumeforiens
from a Seed D’ fl» Coordinate Frame
M2 Leaend

ININSH

s an idea of visibility
“though the smoke

Vectors, streamlines and contours can use
any existing object as a base

Volume Rendering

— Shades a series of planes with a transparency
based on a variable e.g. concentration

niroducion > oervew DG sy >
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Other Graphics Objects

| R B | t—t

Text Coord Legend Instance Clip Color
— Auto-text to show time step/values, filenames, etc. Frame Transform Plane Map

Time Value = 1.8[s]

— add own labels to the Viewer

® Coord Frame
— Insert new coordinate frame for use with certain -

-

quantitative functions, e.g. components of force = .

p—

* Legend

— Create additional legends tied to a specific plot
* Instance Transform
— Used to re-create full plots from symmetric/periodic

solution data

> Introduction > Overview _ Summary
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LWSNAE Variables Tab: User Defined Variables

*  Right-click > New... in the top half of the Variables
tab

. There are 3 methods for user defined variables:

— Expression defines a variable via an expression, which
can be a function of any other variable

— Frozen Copy used to plot values of a variable from one
run in the CFD-Post session for another run

— Gradient calculates the gradient of an existing scalar
variable

* Produces a new vector variable

COutline ariables Expressions Calcul: L4

+- (3] Derived -~
+ &] Geonmetric
= (5] iSolution

Density _ =
3¢ Mass Flow
ar Pressure
&1 Force
+- J Welociby
H wall Shear
ax

Eddy Wiscosi all to Consetvative
¥ Turbulence ® gl to Hybrid

T Mew Variable E]@

Mame |User Variable 1]

(o4 Cancel

DelEils of User Yariable 1 (scalar)

Method Expression R
\ Frozen Copy
© Scalar Gradient |
Expression Welocity R

[] Calculate Global Range

> Introduction > Overview _ Summary >
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ANSYS BE bles

1. Create Table
* Insert > Table or use the toolbar E= v Al 70 "EAEk e Omez 7 £ a e
icon 5k % B@ B 7 U S== 526 AL DA OHE
i | 3D Viewer SWitCheS tO the Table Insert: jh Function ~  [fz| Expression = 3¢ variable ~ | §f Location «| € Constant = ®% Annotal

. Default Cpmain
Vle Wer Table 1 Default DRmain Default

Res PT FofSand Fully Coupled

* Display dgta and expressions in a B3 = [zmassFowoe Rees PT Forfsand One Way Coupled |
tabular view W o= | e B |
2 Pressure Drop 3.352e+04 [Pa] symP
* Automatically added to the Report ﬁ' tass o | [2.552ev00 (g1 compots > |
Primitivezd L
* Cells can contain expressions or text 2. Create Text Cells | |
— Begin with “=" to distinguish 5 :
g : & . | 3. Create Expression Cells
— Expressions are evaluated and .
updated when variables and/or 1 2 Use d 4 .
locations they depend on change 12 - US€ drop-aown menus to
* Not dsheet 4 assist expression creation
Ot a spreadsnee 1=

— Cannot reference other cells

Yiewer Table Wiegwer Chart Viewer Comment Yiewer Report Viewesr

> Introduction > Overview Summary >
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1. Create Curves

w

Help

B Location ~

Cutline Yariables Expressions Caloulato

[P% stinlet
[1P% s1 shroud
[IP% 51 to 51 Periodic Side 1
[ P% 51 to 51 Periodic Sids 2

& Mesh Regions

= User Locations and Plots

& Default Transform

[} Defaulk Legend Yiew 1

/ line 1

A Linez2

# Line3

D wireframe

=1 Report

3. Select Chart Typ

e

ey\SupportFiles\testing\Axiallni_001.res

cEES= s A lioa e e

aC

2. Create Chart

=,

LER-E e

Pressure Profile

& Title Page
&> Fils Report
&> Mesh Report

&3> Physics Report
© [] g Solution Repork
User Data

4. Create Data
Series (Lines)

-7,800

-8,000 |

-8,200 oS

-8,400 .‘:\\ /

"
//

\
\
\
\
\

[, velocity Profile
|7, chart 1

Details of Chart 1

+
#

General Data Series ® Aixis ¥
Type @® xv
() ®¥ - Transient or Sequence
() Histogram
Title Pressure Profile
Report
Caption

Fast Fourier Transform

Line Display
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-9,000 —

-9,200

5. Select X and
Y Axis variables

¥Y[m]

—8— x=0 —8— x=1

3D Viewer Table Yiewer Chart Wiewer

Comment Viewer

*=3

Report Yiewer

Summary




12

IWYS'El Reports

®*  CFD-Post has report generation tools for /

" 4 £ Tith
#> File Report Templates. ..

£ Me: Load 'Genetic Report’ Termplate

i.j} Phy .
Refresh Preview
] &> ol

-] -

rapid creation of customized reports e 88 Publsh

+ =, velt Edit

— To view the report, click the Report Viewer tab e pept i Commend

+ Display Properties and Derauics

— Use the check boxes to control what is included 2 pupin Report
in the report

®*  Reports are template based

Refresh M vig Publish Y Format. HTML b

File: \iReport htm

Save images in separate folder
e CFX-Viewer Files (CWF) for Figures

Contents

®  Publish writes out an HTML or Text copy of e

the report

Table 1 File Information For Axialin_001
t

ain Physics For Axiallni_00.
oundary Fhysics for Axiallni_001

1. File Report

Table 1. File Information for Axiallni_001 B
30 Viewer | Table Viewer | Chart Wiewer Comment Viewer ll  Report Viewsr
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Y@ Case Comparison

* When multiple files are loaded
you can select Case
Comparison from the Outline
tree

— Automatically generates
difference variables and plots
* Expression syntax:

— function()@CASE:#.Location

— E.g: areaAve(Pressure)
@CASE:1.Inlet

@ ANSYS CFD-Post: sedan_001, sedan sst_002

File Edit Session Insert Tools Help
G5 G5 e (| 9 O || (B Locetion -

Calculators

HBESE ol »x @BENRNE: OM £ S £]4] g e bl

-

Details of Case Comparison
Definition

Case Comparison Active
Casel |sedan sst
Case 2 sedan_001
Options
Synchr
Use absolute value of Difference

RS S AR ® |6 B -[EeEe)
View1 - Case 1 (sedan sst_002) ~ iew2 - Case 2 (sedan_001) ~

2
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ANSYS Summary and Conclusions

Summary:

e  CFD-Post contains many powerful, sophisticated post-processing
capabilities including 3D-viewer files, user variables, automatic html
report generation and case comparison

. What Next:

. Post-processing is best learned in a hands-on manner. Details of
the operations described in the lecture will be covered during the
completion of Workshop 2

> Introduction > Overview D> CFD-Post _
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Workshop 02 — Multi-species Flow & Post-
processing

. Use of a multi-component mixture to
represent air and combustion gases

. Natural convection
. Momentum source to model a fan

. Charts, user variables, quantitative
functions, volume rendering, reports

You can choose whether to work through the
entire workshop or the post-processing stage
only.

> Introduction > Overview D> CFD-Post _
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Y@ Limitations of CFD Post

Polyhedral mesh case

* All mesh types supported
— Polyhedral, non-conformal, adapted, ...

— 2D FLUENT meshes are extruded to thin 3D
domains

— 2D axisymmetric meshes are converted to 3D
wedges

* Some data may not be in the standard .dat file

— Export through the Data File Quantities or the L
Export to CFD-Post panels

— Note that for particle tracks this must be done
(example in DPM Workshop)

2D to Thin 3D

* CFD-Post is serial, not parallel
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XY@ Creating Locations

Outline “ariables Expressions Calculators Turbo

= &) Cases

* Domain, Subdomain, Boundary and = (@1 asabini_oos
Mesh Regions are always available

[0 P£ r1EBlade
[OPE R1 Hub
i R1 Ouklet
[ #% r1shroud

[0 P£ r1 ko Rl Periodic Side 1
[0 P£ R1 ko R1 Periodic Side 2

[P+ R1tos1 Frozen Rotor Side 1

— Mesh Regions provides all available 5 & s
interior/exterior 2D/3D regions from + ‘sl Mesh Reatons

—I- &3] User Locations and Plots
=
os2 Default Transform
the meSh [F3 pefault Legend wiew 1
T Plane 1
[ wireframe

— Boundary and Mesh Regions can be
edited and coloured by any variable

* All Locations you create are listed L ] Report

under User Locations and Plots O

g5> Mesh Report
&> Physics Report
[1 &8> sSelution Feport

- - -

* All items contained in the Report are
Iisted here + gg ﬁvl-:fnr:;:;es and Defaults

> Introduction > Overview > CFD-Post ) Summary >
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XY@ Location Types

19

* Pla n es Definition =
1 etho oint and Mormal v
— XY Plane, Point and Normal, etc. Mo
Paink Z¥ Plane
— Can define a circle or rectangle to bound the plane, otherwise it’s e ol ‘
o Mormal Three Poinks
bounded only by the domains
Definition
* POint Method nyZ L'
Faint ;\;Zde MNumber
— XYZ: At coordinates. Can pick from Viewer M, ‘
— Node Number: Some solver error messages give a node number
Definition
— Variable Max / Min: Useful to locate where max / min values Locations [Flane 1 Y1)
OCCU r Sampling Equally Spaced L'
# of Points
. Werkex
® POInt CIOUd Eace Edenter
ree Edge
o o Random
— Create multiple points
> Introduction > Overview > CFD-Post > Summary >
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XY@ Location Types

20

* Lines
— Straight line between two points

* Polylines
— Used for Charts
— Read points from a file

— Line of intersection
between a boundary and another location

— Extract a line from a contour plot

Domains |.ﬁ.ll Domains j
Method |Fr0m File j
Fram File
. u
File Boundary Inkersection e
From Contour
Method Boundary Inkerseckion -

EBoundary Lisk |D0main 1 Default|

= L

Intersect With | Plane 2

=1 |

pethad

Contour Mame | Conkour 1

Conkour Level |3

3

3 .|

2

Introduction > Overview >

CFD-Post

Summary
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XY@ Location Types

Isosurface of pressure
behind a flap valve

* lIsosurfaces
— Surface of a variable at a specified value

* IsoClip

— An Iso Clip takes a copy of any existing location
and then clips it using one or more criteria

* e.g. aoutlet boundary plot clipped by
Velocity >= 10 [m/s] and Velocity <= 20 [m/s]

— Can clip using any variable, including geometric
variables

> Introduction > Overview ) CFD-Post )

Summary
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22

Y@ Location Types

Volumes

— Elements are either in or out
* No cut volumes
— From Surface

e A volume is formed from all elements
touching (or above / below) the selected

location

* Useful for mesh checking
— lIsovolume

* Base on a variable at, above below a given

value, or between two values

Details of Yolume 1

Geomektry Calaur Render View
Dormains All Domains w

Elerment Types |amid,'Wedge,Hex, Polyhedron s

Definition
Method Isovolume Iv-
. Sphere
Wariable From Surface [
Isovolumne

ErEumE Ty Bl Surrounding Mode i
Mode Ak value |
Value 0.0 [P

Inclusive

2

Introduction > Overview

2

CFD-Post D>

Summary >
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Y@ Location Types

* Vortex Core Region

— Used to automatically identify vortex
regions

— Best method is case dependent

— See documentation for details on the
different methods

Details of Surface OF Revolution 1

* Surface of Revolution Geametry | colour | Render | view
. - i . Domains all Domains - T
— Predefined options for Cylinder, Cone, Disc - S
and Sphere Mathod Cylinder W o/ J
— From Line is much more general Pairk  (a,ry | Cone ‘ ’“i
. sphere / | ) ;;:-A\
* Any existing Line, Polyline, Streamline, i LT L .ﬁ(\
Particle Track is rotated about an axis T
> Introduction > Overview ) CFD-Post > Summary
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WSS Location Types

24

* User Surface
— Additional surface creation options including:

* From File: reads point data from a text file; usually export

this file from a different case
* From Contour: extract a contour level

* Transformed Surface: rotate, translate, scale an existing

surface

» Offset From Surface: either in the Normal direction or by

Translating *

Details of User Surface 1

taeamektry Colour Render Wiew
Domnains All Domains
Method From Contour

From File
Cantour Mame Boundary Inkersection
From Contour
| | Transfarmed Surface
Offset From Surface
ANSYS

Conktour Leve|

User Surface: From Contour
Method

(Note: It’s generally easier to
use Iso Clips instead)

2

Introduction > Overview

CFD-Post

) Summary >
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WS4 Color, Render and View

. Locations have similar Color, Render and View settings

Details of Surface Group 1
y co I o r Geometry Caolor Render Wiew I
— Select the variable with which to color the location Mode Variable v =

— Set the Range (Global, Local, User Specified) and pick a Color Map

. Render
— Draw Faces: shows solid surface

— Draw Lines: shows mesh edges/intersection lines between mesh and location
— Transparency, Lighting, Texture...

. View
— Apply Rotation, Translation, Reflection, Scaling
— Pick a different Instance Transform

> Introduction > Overview ) CFD-Post ) Summary
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Other Graphics Objects

26

* Insert from the toolbar or the Viewer right-click
menus

* Vectors, Contour and Streamlines use existing
locations as a base

* Vector Plot
— Can plot any vector variable
— Can project Normal or Tangential to the base object

* Streamlines
— Plot forwards and/or backwards from a seeding location
— Surface Streamline to visualise velocity “on” walls

= EE=
A

Vector Contour Streamline Particle Track

Introduction > Overview > CFD-Post

) Summary >
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WA User Defined Variables Example

. Goal: Plot an isosurface at VelRatio = 0.7

] Vel
where VelRatio — V€liocal

Vel

VelRatio =0.7

1.  On the Expressions tab create the expression for Velocity Ratio:

Cetails of YelocityRatio
Definition Flak Evaluate
lebcEy | wolumefwel lebcot ) @Default Domain

Details of Y¥elRatio {scalar)

Method Expression A
2. Onthe Variables tab create a new variable . .
named VelRatio using Method = Expression
Expression WelocibyRatio w
> Introduction > Overview > CFD-Post > Summary
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WA User Defined Variables Example

Create an Isosurface using the variable VelRatio at a value of 0.7

3.

|ﬁLDcatiDn - '*i E
-4 Paink

%% Point Cloud
A Line

'@ Plane

o valum

=
% Isosurface
P

A Polvline

ZE User Surface

"‘ Turbo Surface

i""/ Turba Line

Details of Isosurface 1

Geomekry lCoIour ]Render ]'v'iew ]

Domains |P.II Darnains

Definition
ariable velRatio -

 Hwbrid ¥ Conservative

Value 0.7

Reset | Defaults

VelRatio =0.7

28

Introduction
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CEL

. CEL - CFX Expression Language

— Allows the user to create equations (can be functions of solution/system
variables) that can be used in CFX-Pre and CFD-Post

. Expressions can be:
— algebraic
* Velocityu * X
» tan(X/2)
* log(T/TO)
— integral
* massFlowAve(Total Pressure)@inlet or massFlow()@inlet

29 © 2015 ANSYS, Inc. March 13, 2015 ANSYS Confidential


CFX11_00_TOC.ppt

CEL Rules

*  The syntax rules are the same as those for conventional arithmetic

Operators are written as:
* + (addition) - (subtraction) * (multiplication)
» / (division) A (exponentiation)

 Variables and expressions are case sensitive (example: t vs. T)

. Expressions must be dimensionally consistent for addition and
subtraction operations (example: 1.0 [mm] + 0.45 [yds] is OK)

° You cannot add values with inconsistent dimensions

30 © 2015 ANSYS, Inc. March 13, 2015 ANSYS Confidential



WSS CEL Rules

31

© 2015 ANSYS, Inc.

Fractional and decimal powers are allowed (example: a®1/2) +
1.070.5)

Units of expressions are not declared — they are the result of units
in the expression (example: a [kg m~-3] * b [m s*-1] has units of [kg
mA-2 sh-1]

Some constants are also available in CEL for use in expressions:
e Constant: 2.7182818
g Acceleration due to gravity: 9.806 [m s"-2]

pi Constant: 3.1415927
R Universal Gas Constant: 8314.5 [m/"2 sA-2 KA-1]

March 13, 2015 ANSYS Confidential



Built In Functions

Numerical functions and operators are also available in CEL

* Right-click when creating expressions for a complete list
® Custom functions with User Fortran can also be created

Function Operand’s Dimensions [x] Operand’s Values Result’s Dimensions

sin(x) Angle Any Dimensionless
cos(x) Angle Any Dimensionless
tan(x) *** Angle Any Dimensionless
asin(x) Dimensionless -1<x<1 Angle

acos(x) Dimensionless -1<x<1 Angle

atan(x) Dimensionless Any Angle

exp(x) Dimensionless Any Dimensionless
loge(x) Dimensionless 0<x Dimensionless
log10(x) Dimensionless 0<x Dimensionless
abs(x) Any Any [x]

sqrt(x) Any 0<x [x]*0.5

if(test, res1, res2)*  Any Any Any (res1 and res2 must have the same dimensions)
min(x,y) ¥*** Any Any [x]

max(x,y) ¥*** Any Any [x]

step(x) * Dimensionless Any Dimensionless

*if functions contain a test, and two result outcomes. The first outcome, res1 will be returned if test evaluates to true. If test evaluates to false, res2 is returned. Consider
the following example, where we wish to set volume fraction to 1 when X is greater than 1 [m], and 0 if X is less than 1 [m]:

if (x>1[m], 1, 0)

In this case, if the result is precisely equal to 1[m], the result is (resl+res2)/2 **step(x) is O for negative x, 1 for positive x and 0.5 for x=0. *** note that tan(x) is undefined
for nt/2 where n=1, 3, 5 .. **** both x and y must have the same dimensions.
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WSl Solver Variables

e Solver variables are available for use in any expression

. Below is a partial list of the available system variables:

— When creating expressions, right-click to access a full list v

Direction 1 in Reference Coordinate Frame
Direction 2 in Reference Coordinate Frame theta

Direction 3 in Reference Coordinate Frame
Radial spatial location, r = (x*2+y~2)"0.5 / z X
heta Angle, arctan(y/x)

Time Reference

Velocity in the x coordinate direction Coordinate Frame
Velocity in the y coordinate direction
Velocity in the z coordinate direction
(absolute) Pressure . .
Turbulent kinetic energy Depending on your physics, some

urbulent €duy

Temperature in Varlables W|” nOt be Va||d - e.g. y0u

4 S N < X

s <c -~

A T
cl ™

density Density need to solve heat transfertouse T
rNoDim Non-dimensional radius (rotating frame only)

viscosity Dynamic Viscosity

Cp Specific Heat Capacity at Constant Pressure

cond Thermal Conductivity

AV name Additional Variable name

mf Mass Fraction
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34

ANSYS Variables Tab

Outling

+ 2| Derived
+ &I Geometric
—- (3] Solution

Absolute Pressure

Expressions Calculakors

The Variables Tab shows information about all
available variables

hAspeck Ratio

Courant Mumber
. . Density

De ”VEd Va rlables Crynamic Yiscosity

Mass Flow
Mesh Expansion Factor

RREERARRRE

— Calculated by CFD-Post — not contained in results file

Orthogaonality Angle

EF'r'e-:-;:ur'e
Shear Strain Rate
Specific Yolurme

Geometric variables

— X, Y, Z, Normals , mesh quality data Total Fressure

Walume Porosity
wolure of Finite Yolumes

I BERRR

+ Farce

Solution variable = from the results file

Details of Pressure (scalar)

User Defined variables = create new derived Boundary Data ) Hybrid @ Conservative
variables Lnits P e
Min -78516.5 [Fa]
. ey e . o - 44717 [Pa]
Turbo variables = additional variables automatically )
[] Replace with expressian {write to resulks)

created for turbomachinery cases

© 2015 ANSYS, Inc. March 13, 2015 ANSYS Confidential



ANSYS Variables Tab

* Details pane shows information for selected variable ouiee [ Vs | rprosions | Caeors | B
Mesh Expansion Fackor
— Different options for User Defined variables . ornesenalty Ande
3¢ Shear Strain Rate
. . . 4 Specific Yolume
* You can replace any variable with an expression 3¢ Total Pressure
3¢ wolume Porosity
— New values are stored in the results file, so you can close CFD- L% e cf ke vlmes
Post and the data is retained WAl
N +- A welocity u.Gradient
— Old values can be restored at any time o 3 velocky v.aradient
+- J welocity w,Gradient
— . 1 1 initi + all shear
Example: modifying results for an initial guess e e
It Solver Vplus
J¢ Turbulence Eddy Dissipation

* Switch between Hybrid and Conservative variables S

Details of Yelocity {vector)

— Only applicable to CFX results

Boundary Data ) Hyhbrid () Conservative
— By default CFD-Post uses Conservative values for all calculations | un m -1 v
Min 0.0543158 [m s~-1]

and Hybrid values for all graphics

— 11.5381 [m s-1]

— Can switch between Hybrid and Conservative on the Colour tab L] Replace with expression (write to resuits)
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NS a@ Hybrid vs. Conservative

36

The finite volumes used by the CFX-Solver are
constructed from the mesh, but are not equal to the
mesh elements

— Mesh nodes lie at the centre of control volumes

Values are stored in the results file at nodes and
represent “average” control volume values

Next to wall boundaries you have a half control
volume with some representative non-zero velocity

— This non-zero velocity is stored at the wall node
— But we know that the velocity on a wall is zero

Conservative values = control volume values

Hybrid values = specified boundary condition values

© 2015 ANSYS, Inc. March 13, 2015 ANSYS Confidential
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NS a@ Hybrid vs. Conservative

* For visualization, ANSYS CFD-Post uses hybrid values by
default, because you usually don’t want to see non-zero
wall velocities

* For calculations conservative values are used by default

— This is good! For example mass flow is calculated correctly —
a velocity of zero would produce zero mass flow through the
wall adjacent control volume which is clearly wrong

® So in most cases you don’t need to worry about Hybrid
vs Conservative since CFD-Post does the right thing

— User Defined variables will be derived from conservative
values by default

— Take care when interpreting plots! The range will be different
for hybrid and conservative values
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Cutline wariables Expressions Calculators »

XY@ Expressions Tab o e tast o 5o 17 -

@ Current Time Step 17
@ Reference Pressure 1 [atrn]
V=] Rmax 20 [mm]
@ Sequence Step 17
H H 1 H We=| Timne [s]
* The Expressions tab shows all existing expressions and e o vt
H Wex| hrnax [rin s~-1]
allows you to create new expressions . I
. . . w| atste coumulated Tirme Ste
— Right-click in the top area > New e crent T S
< >
* Enter expressions on the Definition tab in Details view S
— Right-click to select Functions, Variables etc. for building letocity | volumeAvel leioaty)@Default Domain
. +& . Functions 4 CFD-Posk »
your expression Y
Jx  variables > arealnk
* Use the Plot tab to view an XY plot of the expression B Locstons >
C  Consktants 3 coun
— Enter a range for one variable and fixed values for the others Fa , o
™ # g = &00
EnDdu‘;Renge s [m ] u§ 202 ~ i |
Fixed Value 0.0 [m] -6 -4 -2>< [Dm]2 4 &
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XY@ Calculators Tab

39

* Function Calculator

— Extract engineering data from the results

— Many functions, see doc to see how they operate

— Same function used as when creating expressions

* Macro Calculator

— Run predefined Macros
— Write your own Macros and have them appear here
— More in Scripting lecture

* Mesh Calculator

— Mesh quality metrics and stats

— Field variables exist for all the metric and can be

plotted

© 2015 ANSYS, Inc.
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variables

Expressions Calculators Turbo <

N‘:| Macro Calculator
E:l Mesh Calculator
jil Funckion Calculakor

Function Calculator

P

v L]
v L]

- "

Macro Calculator

Function arealnt

Lacation pipe wall

Case Fipevalve_002

‘ariable Pressure

Direction Mone

Fluid All Fluids
Resulks

Area Integral of Pressure

178,724 [N]

. =) ~
Macra Fan Moise hd

Calculates the tonal noise generated by a low speed Fan
(Mach Mumber less than 0.4

Domain Default Domain - E]
Blade Selection Autornatic -
= Cuskom Blade Default Domain Default » | |
Mesh Calculator
Function Minirmum Face Angle e
Maximum Face Angle
Case

Edge Length Ratio
Minimum Fac Connectivity Mumber

Element volume Ratio
Min: 4.78151 [| Mesh Information
Max: 87,2377 [degree]

Ginbal range of lanabie Minimom Face Angle has beean
updared,




WSS Turbo Post Processing

e The Turbo tab contains tools for post-processing turbomachinery
cases.

@ ANSYS CFD-Post

File Edit Session Insert Tools Help

EHE RS | o o || Otocavon v (SR RS W Moot x [@EE W | OmE S £ a]
Outline ] Yariables I Suantikative ] Tools | frurbo
=" e Initialisation

. ¥, rotor (Rotor)

]

Ty 30 View

; "'d Blade-to-Blade

9 Meridional

=- Turbo Charts

Elade Loading Chart

1.5e+005 —f--------------- g

= Circumferential

=, Hub to Shroud

: ¥ Inlet to Outlet

3 Turbo Macros

mas Compressar Performance
Gas Turbine Performance
Liquid Turbine Performance
Purnp Performance

Pressure [ Pa]
mn
m
3
[m]
[m]
E
|

|

Details of Turbo Chart - Blade Loading

I

Specialized turbo charts are ' .
generated automatically 1s

S04 - b

T T T T T T T T T T T E T E T u T u T T 1
¥ Wariable | Pressure | J o oz 0.4 0.5 0.2 1
Streamwise (0-1)
® Elade Loading Chart Line
Apply | Export | 30 Viewer | Table Viewer Chart Yiewer | Camment Viewer | Repork Wiewer |
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INS@@ Charts: Type

General Diaka Series ® Axis ¥ Bis Line Display Chart Display

Type O Xy
() % - Transient or Sequence
* Charts can be one of three types: © retogran
Title: Pressure Profile
— XY: Standard XY plots based on line locators Report
Capkion
- Fast Fourier TransForm
— XY — Transient or Sequence
* Plots an expression (usually Time) versus a variable atl_zzx_J [ seer | [_peset ] [ osfeuks ]
a [!Oint |Ocator o Histogram of Static Gauie Pressure
e Typically used to show the transient variation of a |
variable at a point 7
— Data must be present in the trn files y T n
3 []
— Histogram ] ﬂ L
* Based on a locator that contains multiple data R !
locations — lines, surfaces, planes, domains E | L
* Plots a variable divided into discrete bands on the X [
Axis versus the frequency of occurrence on the Y Axis e | v [ [ oo
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NSl Charts: Data Series and Axes

42

* Each data series corresponds to a location
(line, point, etc.) which corresponds to a

curve on the chart

®* Use the X and Y Axis tabs to set the variables

on the axes

* The remaining tabs are for various display

options
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Details of Chart 1

General DCiata Series = Axis ' Bxis Line Display ch L

Specify data series For locakions, files or expressions

=0 (Line 1)
x=1 {Line )
x=3 (Line 3}

Mame H=3
Daka Source

(%) Location

O File

[ custom Data Selection

Details of Chart 1
General Data Series B Auds Y Axis Ling Dis ~ *

Data Selection
Expression Time v

Axis Range

Determine ranges automatically

Min -1.0 Max 1.0 i

[ Logarithmic scale [ tnvert axis

Axis Labels
Use data for axis labels

Custam Label | % Axis <units>

Refresh chart on Apply [ refresh all charts an apply

Add new
data
series

Details of Chart 1

General Data Series o s W Axis Line Dis ~ *

Data Selection

varlsble Pressure - [I]
Boundary Data O Hybrid () Conservative
[] Take Absclute Value of data points

#ixis Rangs

Determine ranges autamatically

Min -1.0 Mas 1.0 +i
[] Logarithmic scale [ 1rvert axis
fxis Labels

Use data For axis labels

Custom Label | ¥ Axis <units>

Reefresh chart on Apply [] refresh all charts on Apply

[ Apply ][ Export ][ Reset ][ Defaults ]

[_ppty ][ Expat | [ Reset | [ oefaurs |




NANSYS

Fast Fourier Transform

FFT can be applied to signals to extract frequency data

Pressure at point 1

Pressure at Monitor point 1

Details of Chart 1

FFT Of Input Signal

General Daka Series % Axis W Axis Line Display <t
Type O =y
(3 ®¥ - Transient or Sequence
() Histogram
Title Signal Analysis
Repork
Caption
Fast Fourier Transform =
Modify Input Signal Filker Hanrirng L
[] = bbeact mean
Full range of input data
Ly o L =) o F

Reference Walues, ..

Refresh chart on Apply [ refresh all charts on apply

[ Apply ] [ Expork ] [ Reset

] [ Defaulks

]

FFT of Signal Showing

/ Dominant Frequency

1,300 —
LDDD; “““
EUD; N A Chart 1
: 500 —
D_mnﬂﬂﬂn
] vuvw;
= ] ; 400__
Original Signal
WBDD—_
270
2
] =
-1.500 = 1
1 T T T T 200
o1 0.15 0.2 025 0.2 0.z 1
Monitor 1 i
100 —
.
T
o
3D Viewer Table Yiew:

43 © 2015 ANSYS, Inc.

March 13, 2015

T T T T 1
100 200 =00 400 200
Frequency [ Hz ]

Monikar point 1

Chart Wiewer | Commen b Wiewer Report Yiewsr

ANSYS Confidential




NWSCE Reports

- ERepDrt Insert 3 I
&> Tith
£ &> File Report Templates. ..
*  CFD-Post has report generation tools for rapid -G . LosdGenenc Repart Tegeire
%] Refresh Preview
creation of customized reports S e i P
. . A s MR e Ed
— To view the report, click the Report Viewer tab — ¢ BIE O edtin Command Edtor
+- 2] Display Properties and Deraus
— Use the check boxes to control what is included in the
report
& Report Templates
*  Reports are template based @ .
— Depending on the information contained in a results ?é e, x
file, a report template will be selected automatically % S ——
— Right-click on Report to select a different template :

* You can create your own custom templates or
modify existing templates

* E.g.add you company logo, add Charts, Tables, Plots
etc
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INS'<E Reports

= g| Report

&> Title Page
* Use the check boxes to control what is /

included in the report

* Double-click items to edit
— For example, editing the Mesh Report shows

that additional items can be included \

* Tables and Charts are automatically
added to the report. Other items that can
be added are Comments and Figures.

— Right-click > Insert to add new items

® Can also right-click on each item to move
it up or down in the report
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R Mesh Infarmy
EE Mesh Statisti
+ &> Physics Repart
+ [ &> Solution Report
[#] [A] User Data
+ E“' Velocity Profile

Details of Mesh Report
Zonktenk

Information
Modes
Elements
[] Tetrahedra
[ wedges
[ Pyramids
[] Hexahedra
[ Polyvhedra
Skatistics

[ mMinimum Face angle
[] Maximum Face Angle

P S,

Remaove from Report
Add all ko Report

@ Mave Up Crrl+Up

O Morve Down Chrl-Down

B e

[%] Refresh Preview &, chart

Ml Publish |A] Comment
Edit

Edit in Command Editor

[] Maximum Edge Length Ratio

[] rMasirurm Element Yolume Ratio

[] Connectivity Rangs



XY@ Reports: Figures

Figure 3 -

Wiew 2
Wiew 3
Wiew 4

* When you add a new Figure it will be listed in the
drop-down menu in the top corner of the Viewer

Figure 1

Figure 2

* Figures are not static, you can change them after

they have been created e R
— |If you do not want to change a Figure, make sure one of T
View 1 — View 4 is selected from the drop down menu o
* To change the camera position for a figure (i.e. L\/ , \
rotate / pan / zoom) select the figure from the N AR /7
Viewer drop down menu and move as necessary o

— All changes are automatically saved to the Figure
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XY@ Reports: Figures

* When you create a Figure, you have the
option to Make copies of objects

— If you disable this only the camera and object
visibility is stored with the figure

* So changing global objects will always cause the
Figure to change

* Good if you want the Figure to update automatically
— If you enable this a local copy of all the current
objects is created and shown in the Outline tree
* Changing global object will not change the Figure,
you must edit the local objects
— In both cases the camera position and object
visibility can only be changed when the Figure
is active
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B Insert Figure E]
hame |Figure 4

[] Make copies of objects

Only camera and object visibility will
be stored

o | [ el |

)X

@ Insert Figure

Marne |Figure 4

Make copies of objects

All objects shown in the Figure will be
copied

[ Cancel
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Outline Variables

[/ Linez

]/ Line 3

18 Plane 1

18 Plane 2

[] 4= Point 1

{7 wireframe

E] Local Objects for Figure 4
A Line 1 Figure 4
A Line 2 Figure 4
# Line 3 Figure 4
@ Plane 1 Figure 4
-4 Poink 1 Fiqure 4

= g| Report

Expressions

Ce



INS'<E Reports

* To view the report, click the Report
Viewer tab

* After making changes to objects
contained in the report you will
need to Refresh

* Publish writes out an HTML or Text
copy of the report
— You have the option can generate 3D

Viewer files (see below) for all
Figures
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Contents

1. File Report,

Table 1 File Information for Axiallni_001
2. Mesh Report

Table 2 Mesh Information For Axiallni_001
3. Physics Repork

Table 3 Domain Physics For Axiallni_001

Table 4 Boundary Physics For Axiallni_no1
4. User Dats

1. File Report

Table 1. File Information For AxialIni_001

S Publish Report

Format HTML

File: JReport,htm

Save images in separate folder
L- [] Generate CFx-viewer Files (CYF) For Figures

2ong/n3/11 | [ oK

30 Wiewwer Table Viewer Chart Wiewer
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Comment Viewei Report Viewer |




NS a@ Other Tools

* Timestep Selector
— Transient results are post-processed by loading in the end results ?-_) ; {é 5’#

file, then selecting different timesteps from the Timestep Selector ‘

. ) Timestep Animation Quick Probe
* Animation Selector Editor

— Animate objects, create MPEGs

®* Quick Editor

ane 2 4

— Provides a very quick way to change the “primary” value associated
with each object pr—
* Probe y
— Pick a point from the Viewer and probe a variable value at that

point
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Y@ Multi File Mode

B Load Results File

. . R Look in: [ Deusersimptdesitesting v | ) @ @ ) ] B case options
* Post-process multiple files simultaneously by: 0 com | 1245 9 ez | FE—
| mptacley (@] bail.gtm @] InterfaceBC_test.def (o] i i
@] CombustorEDM.cfx @] mpf_kinetic.def

— Multi-select files when loading ) Gt 8] rosbets ) oo

@] CombustorMesh, gk

n "
@ Fipevalve. gtm ional actions

\A] constant_T.crdb

— Load additional results and enable the Keep B o e

[Clear user state before loading

(@] constant_T_sub.def @] PressurefiseSub.def Maintain camera position
current cases loaded toggle ) oo T 8] Qe
gg |@] constank_T_sub_001.res ] Qadefect32663.gtm Load particle track data
@] CurlTest.def @] RadialProfile.cFx
. p N . @] CurlTest_001.res 2] RadialProfile.def €F run histary and multi-cenfiguration options
— Each file is shown separately in the Outline tree Dbt ks bt
p y @] dvleakz.def ] rotating_disk_00z.res | (& Load only the last results
@] dvlsskz.atm @] SolidConductivity.def |~ | od o et history as:

and the Viewer < >

R

Outlne | Warisbles | Expressions | Calculat © » N[ S @ @ @ @ M ealE] i
— = Cases ke ¥iew1 ~ Pipe¥alve_001 - ¥iewZ - Pipe¥alve 002 - (|

* Sync cameras |HB& A

= 3 Pipevalve

. P+ Fipevalve DeFault
— Views move together 0 oy
[ D% outle
—_— O+ pipte :vall
12 Res PT for Sand Fully Coupled
— Syn c 0 bj ects @' | [ == Res PTFor Sand On:WaprD\_lp

Mesh Regions

-8

= & Default Domain

P —
— Visibility of locations and 2B bara b btk
[ % inlet
plots is the same F o
s svwp
[1Z= Res PT For Sand Fully Coupled
[1ZS Res PT for Sand One Way Coup)
Mesh Regions

i -
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WWS'Ell Files

. CFD-Post can interact with a number of different files including:
— Results Files: CFX .res, ANSYS .rst, FLUENT.dat
— Mesh Files: CFX .def., ANSYS .cmmdb, FLUENT .cas,
— Import: Polyline .csv, User Surface .csv, ANSYS surface .cdb

— Export:Profile Data .csv, General Formatted Results .csv, ANSYS load file
.CSV

— Recorded Session Files (.cse)
— State Files (.cst)
— Macros (.cse)
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INSER Files

* Results

— ANSYS

* Read ANSYS results for temperature, velocity, acceleration,
magnetic forces, stress, strain, and mesh deformation

* Import
— Locations: .csv files which contain point data which defines a
polyline or surface

— ANSYS Surface Mesh (.cdb): To allow for export of data on a surface
for use as a boundary condition in ANSYS

* Export
— Profile Boundary Data: for use in CFX-Pre
— General formatted results data
— ANSYS Load Data: Written onto an imported ANSYS .cdb file
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«® Load Results File

tookim: [z -] <= Results file option
) CombustorEDM_00Z
) CombustorFlamelst_001

" Replace current results

f* Add to current results

CombustarFlamelet_002 . S
= " [ Offset in % direction
)CombustorFlamelet_003

Cyjunchox [ Offset in ¥ direction
Imeshes
Smpeei [~ Offset in 2 direction
IMNew Folder
[)UserFortran Additional actions

- valvefsl .
—_'va versl [~ Clear user state before loading
_Jwinnk

. v IMaintain camera position
Fommm [ | |: v Load particle track data

File type: | AllRead « Cancel
Help




INSER Files

53

®* Session

— Session files can be used to quickly reproduce all the actions

performed in a previous CFD-Post session

— Session recording in CFX Command Language (CCL)

* State

— Saves a snap-shot of all objects
— Excludes actions (e.g. file output)

* Macro
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Sessian

Play

Mew

Stark Recording

Insert Tools

Session...

Sessian...

File Edit Session Insert Tools Held
'-_E Load Results. .. Cerl+L
Close Chrl+
g Load State... Chr+0
o save State Chri+s

m,g Save State As...

Macro Calculator

Macro

i
| Compressor Perfarmance - =

Inlek Region
Outlet Region
Rokor Blade(s)
Machine i

F:1 Blade
R1 Blade
R1 Blade




