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Introduction

This handbook contains step-by-step guidance for CFD 15 tutorials which should be followed in sequence to guide you
through the learning outcomes of MECH5770M, Computational Fluid Dynamics Analysis. Note that Tutorial 15 is
optional and it is designed to show you how to use High Performance Computing (HPC) which is not required for the
module, however, it may help if you run larger simulations for project work. Each of the tutorials has been written
using the commercial CFD package, ANSYS. It is important that you complete these tutorials to practice the hands-on
skills required to become a competent CFD engineer.

To support this process, there are 10 tasks for you to complete. As you finish the tasks, a series of online Multiple
Choice Questionnaires (MCQ’s) will be made available at different points in semester 1. These MCQ’s are designed to
test your knowledge of the tutorials by providing you formative feedback. From 2022 onwards, these MCQs do not
contribute to your module grade. More details regarding MCQs will be provided in announcements as the module
progresses.

To complement this tutorial handbook, the module leader has prepared a video recording with commentary for
tutorials 1-14 to help support your progress. In addition, you will have support from the module leader and
demonstrators in online support sessions which will allow you to ask questions if you face difficulties with the content.
You will also have access to the lecture slides and pre-recorded lectures, the latter released gradually on a week-by-
week basis. The module leader will also deliver a weekly lecture and fortnightly problem-solving sessions to help
reinforce the module learning outcomes. Finally, extra supporting material is available on MINERVA. All of the above
information is described in the first set of lecture slides.

Software

As described above, the software you will need access to in order to complete this module is ANSYS. If you have a
Windows laptop/PC you can download ANSYS Student for free which will enable you to complete the tutorials. This is
found at: https://www.ansys.com/en-gb/academic/students/ansys-student. If you do choose to download this, please
make sure that you download ANSYS Student and not Discovery AIM. Unfortunately, ANSYS is not available for MAC
users, but alternative access is available on some University PCs (e.g. 5 floor cluster in School of Mechanical

Engineering) and through virtual clusters. The module leader will describe these alternatives early in semester 1.
This tutorial guide has been written and tested using ANSYS 2020 R2. Some of the images you will see are a legacy
of older versions of the software (e.g. ANSYS V19.2) so please do not be concerned if the appearance of some

menus/images are not identical to what you see on your screen as you complete the exercises. Likewise, if you are

using a later version of ANSYS, there may be some visual differences, however, you should be able to complete the
exercises without difficulty. If there are any obvious errors or problems, please inform the module leader in the first
instance.
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Tutorials/themes

The table below shows the full list of tutorials including the themes they cover. Task numbers are shown here for
clarity, noting that some tutorials do not have tasks. Please complete the tutorials in order. You can use the section
hyperlinks in the content table (page i) to quickly navigate to the tutorials of interest.

Tutorial Title of practical Task 2D or Themes
number number 3D
1 Lid-driven cavity (i) - 2D Geometry creation, meshing schemes/quality
2 Lid-driven cavity (ii) 1 2D Laminar flow simulation, basic postprocessing
- 2nd order turbulent flow simulation,
3 Backward-facing step (i) 2D postprocessing
2 Further post-processing, turbulence model
4 Backward-facing step (ii) 2D comparison
External aerodynamics: - Geometry manipulation, meshing near walls,
5 NACA0012 (i) 2D monitors
External aerodynamics: 3
6 NACAO0012 (ii) 2D Custom field functions, postprocessing
4 Mesh control, turbulence model comparison,
7 Flow over blunt rectangle 2D validation
Flow visualisation around a -
8 3D tower 3D Advanced postprocessing
9 Laminar channel flow 5 2D Mesh control, mesh independence study
Laminar flow through 6 Implement periodic/symmetric boundaries,
10 staggered heat exchanger (i) 2D Text User Interface
Laminar flow through 7 Flow simulations and advanced
11 staggered heat exchanger (ii) 2D postprocessing
Compressible flow (i): 8
12 Prandtl-Meyer expansion 2D Compressible flow simulations
Compressible flow (ii): 9
13 Double-wedge aerofoil 2D Mesh adaption
3D flow in a mechanically 10 Geometry creation, meshing schemes/quality,
14 ventilated room (i) 3D simulations
3D flow in a mechanically -
15 ventilated room (ii) HPC* 3D Script-writing and HPC job submission

* Tutorial 15 is optional and is not required to complete the module

Written by Dr Carl Gilkeson © School of Mechanical of Engineering, University of Leeds, 2020. All rights reserved. iii
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UNIVERSITY OF LEEDS

MECH5770M: Computational Fluid Dynamics Analysis

Tutorial 1: CFD Basics — Lid-Driven Cavity (i)

Introduction

The purpose of this and the subsequent tutorials is to introduce new users to the main concepts of Computational
Fluid Dynamics (CFD). You should have access to the ANSYS suite of CFD software to enable the analysis of fluid flow
problems. These tutorials will guide you through the basics of applied CFD using a series of examples which
progressively increase in complexity. By the end you should be comfortable running basic CFD simulations with an
understanding of what the various schemes and models do. The procedures and techniques which you will learn are
equally as applicable to more complicated problems, including your coursework assessments.

Tutorial 1 Outline:

e Familiarisation with ANSYS software layout and operation
e Create a basic geometry for the lid-driven cavity

e Mesh the geometry using various schemes and sizes

e Export a coarse and a fine mesh for use in Tutorial 2

1) You MUST complete the tutorials in order otherwise you will struggle to complete later exercises.

2) Regularly save your work — programs do crash and you will lose unsaved work!

3) This document is written using ANSYS 2020 R2, however, you may have access to other versions of the
software. If this is the case, some menus and screen outputs may differ slightly but you should still be able to
complete the tutorial.

4) The following acronyms are used throughout this document:

RC = Right mouse button click

LC = Left mouse button click
MC = Middle mouse button click

Written by Dr Carl Gilkeson © School of Mechanical of Engineering, University of Leeds, 2020. All rights reserved. 1
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1)

Open ANSYS Workbench via the Windows start button: In the
“Search programs and files” field, type “Workbench” then LC
on the Workbench 2020 R2 icon (Alternatively you can find
the program in: All Programs — ANSYS 2020 R2 — Click on
the icon for Workbench 2020 R2). (Please do not open
ANSYS AIM, this is not the correct package to complete this
tutorial).

Wait for the program to load and you will see a window like
the one below. Note: If the ANSYS Product Improvement
Program window (shown below) pops up, close the window
so that you can see only the Workbench window which can
be seen in Step 3 below.

“ Unsaved Project - Workbench

File  View Tools Units Extensions Jobs Help

@ Project

lﬁj Import... | Reconnect j Refresh Project Update Project == ACT Start Page
SRR Froject Schemae
[= act

Tutorial Handbook

System Coupling 2020 R2

TurboGrid 2020 R2

New
Uninstall ANSYS 2020 R2

User License Preferences 2020 R2

=]

Workbench 2020 R2

Calculator
Camera
Citrix Workspace

Cortana

Dell

Dell Customer Connect

ANSYS Product Improvement Program

ANSYS Product Improvement Program

ANSYS Product Improvement Program helps improve ANSYS products. Partidpating in this
program is like filing out a survey. Without interrupting your work, the software reports

anonymous usage information such as errors, machine and solver statistics, features used, etc,

to ANSYS, We never use the data to identify or contact you.
The data does NOT contain:

& Any personally identifiable information induding names, IF address, file names, part
names etc,
& Any information about your geometry or design spedific inputs.

You can stop participation at any time. To change your selection go to Help == ANSYS Product
Improvement Program.

% es, I am willing to participate in the ANSYS Product Improvement Program.

Mo, I would not like to participate.

For more information about the ANSYS Privacy Policy, please chedc:

T View Al { Customize, .
@ Ready ﬂ Job Monitor... || Show Progress ||% Show 0 Messages

2) You will see the Toolbox on the left side of this window. Depending on the way ANSYS is configured on
your computer, you should expand Component Systems by clicking on the (+) symbol so that it becomes

(—)ie |E| Component Systems |

3) Similarly, hide the programs under Analysis Systems: |E Analysis Systems | See next page.
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File  View Tools Units
BE8 e
EEIE

Extensions  Jobs  Help

- Project

ﬂ] Import. ..ls.r Reconnect j Refresh Project
————————————

Project Schematic

Analysis Systems

~L
= Component Systems 1
Wiy —)

B AcP(Post)
ACP (Fre)
m Autodyn
m BladeGen
B crx

& Engineering Data
e EnSight (Forte)
External Data
@ External Model

B Fluent -
n Fluent {(with Fluent Meshing)
Forte

O Geometry -

[ cranTa M1
N WMechanical APDL

@ Mesh ~

E Microsoft Office Excel

@ Performance Map

E Polyflow

= Polyflow - Blow Malding

E Polyflow -Extrusion

E Results

System Coupling

@ Turbo Setup

m TurboGrid

B vistaAFD

B vista D v
=== = = = e

; Ready

1
1
1
1
1
1
1
1
1
1
1
1
1
1
@ Mechanical Model :
1
1
1
1
1
1
1
1
1
1
1
1
1

Update Project | == ACT Start Page

= m————— Toolbox

\ Component systems

Fluent (CFD solver)

Geometry (CAD generation)

Mesh (meshing)

"8 3ob Monitor. ..

N0 DPS Connection | 1 Show Progress | |,%1Show 0 Messages | .

4) Workbench is the program which contains all the details of your model including the geometry, the mesh and the
CFD results. There are different ways you can model fluid flow within Workbench. You can use a Fluid Flow System
under Analysis Systems, however, the best way to illustrate the basics is to use the sub-programs. In this tutorial
you will be using the following three sub-programs:

a. Design Modeler —used for geometry creation

b. Ansys Mesh — used to split up the geometry into a mesh of cells or elements upon which to compute

solutions

c. Fluent —the CFD solver which calculates the solution to the engineering problem of interest

5) Under Component Systems LC and hold
the mouse button on the Geometry icon
and drag across into the top left region
of project Schematic (you should see a
red box appear and “Create standalone
system”) then let go of the mouse:

File  View Tools Units

S

Extensions

Jobs  Help

& 1Import... | -+ Reconnect Refresh Project +F Update Project | BB ACT Start Page

i1z ACP (Pre)

@ Autodyn

{34 BladeGen

L] CFX

& Engineering Data
External Data

ﬁ External Model

{33 Finite ElementMaodeler

Fluent

Fluent (with Fluent Meshing)

|_e Geometry L4 |
4 ICEM CFD

Ge

try

1 _' ome
/ 2 | @@ Geometry P

/ Geometry
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6) Onrow 2 of the new geometry box, RC then LC on New DesignModeler Geometry which appears in a menu:

w2
E Mew SpaceClaim Geometry...

BB new DesignModeler Geometry...
Import Geometry 3

EJ

Duplicate

7) This launches Design Modeler. If you are prompted, select metres as the working unit. You should now see a larger
version of this window:

File Creste Concept Tools Units View Help A A
AHB @ | D Greao [seect[n M BRE@ER| ) 0[S+ QR E)A K B+ 6l 12
W~ W~ - fiv S~ S A A7 —

I
I
I
J X¥Plane hd ?‘-l None - & “ }Genelﬂe W Share Topology Paramelels H R Extrude ﬁkwuhe s Sweep & Skin/Loft
I
I
| &

W Thin/Surface QpBlend v 4 Charmfer W Slice H quinl B Conversion
BladeEditor: ﬁglmpunssn f2Load BGD [|Load NDF | S FlowPath f Blade o Splitter —IVistaTFExport "~ ExportPoints WM StageFluidZone g SectorCut |z Throatén

e=13 o | B A Y

Tree Outline & Graphics :
_,@ A: Geometry

<oy ¥ KYPlane

ioony ¥ ZXPlane ANSYS

-y YZPlane 2020 R2

.., M 0 Parts, 0 Bodies

Sketching  Modeling

Details View L 3

0.00 20.00¢rm)
10.00

Model View | Print Preview
0 Ready |NuSeIecticm ‘Metel Degree 0 0 él

Note the geometry selection filters (1), the view manipulation tools (2) and the triad (3) — you will be using
these frequently in this program.
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8) Inthe Tree Outline box on the left of the window, LC on the XYPlane — LC on sketching tab at the bottom of the
Tree Outline box — LC Settings — LC Grid — Tick the boxes: Show in 2D and Snap (This draws a grid in the
graphics window to aid geometry creation) — set Major Grid Spacing to 1m, Minor-Steps per Major to 5.

E....‘( L Geometm, Draw DFEW
« "\ Line Modify
by 7fa ZAPTANE * #% Tangent Line -ﬂ Dimensions

- VZPI i
- . ane . % Line l.:lleangents Constraints
to M 0 Parts, 0 Bodies 2\ Polyline
Settings
[<3Polygon
T"]Rectangle it howin 20: [+ Snap: [«
{“:Rectangle by 2 Points ﬁl"ﬂajur Grid Spacing
& Oval ﬁMinur—Steps per Major
Modify - ﬁSnaps per Minor
Dimensicns

Constraints

m‘ Modeling Sketching | Modeling

9) Youare going to draw a 2D cavity so you need to view the XY plane. LC on the end of the Triad Z-axis in the bottom
right corner of the graphics window. Now zoom in by moving the mouse wheel (middle button on your mouse).

Alternatively you can click on the Zoom Box — LC and hold the mouse button in the top left, drag and drop
in the bottom right. Or, you can use the mouse wheel to zoom in (and out). Keep zooming in until the scale at the
bottom of the graphics window has a range of 0-1m:

............................................ D e e
) .
X
0:000 ¢ 1.000 ()
I 000 )
i 0.500 :
Print Preview
No Selection Meter Degree 0 0

Written by Dr Carl Gilkeson © School of Mechanical of Engineering, University of Leeds, 2020. All rights reserved. 5



MECH5770M

Tutorial Handbook

10) To draw a 1 m? cavity, Return to Sketching tab (step 8 above) and LC Draw — LC Rectangle — Move mouse into
Graphics window and LC on the origin (0,0) to start drawing a square (the cursor should now be a pen) — LC again
for the top right corner at the coordinate (1,1) (Note: in the bottom right hand corner of the program window, the

X and Y coordinates are shown next to meter as you move the cursor). You can LC the rotate button . and LC
in the Graphics window to move the square in 3D to make it easier to see.

Sketching Toclboxes

oM Graphics

Draw

. Line
6 Tangent Line
.ﬁ.. Line by 2 Tangents
[ Polyline
olygo

Auto-Fillet: T
Modify |-
Dimensions
Constraints
Settings

.........................................

Sketching | Modeling |

Details View a
[=I| Details of Sketch1 ~
Sketch Sketchi
Sketch Visibility Show Sketch
Show Constraints? | Na
[-I| Edges: 4
Line Ln7
Line Ln&
Line Lng v

_________________________________________________

................................................

________________________________________________

ANSYS

R18.1

Academic
(1,1)

..................................................

________________________________________________

L0500

Coordinates

Model View I Print Preview I

a Rectangle -- Click, or Press and Held, for first corner of rectangle

Mo Selection

|Metel Degrk ’EIF%
Ss——

11) To make a surface from this wireframe click on the Modelling tab (next to Sketching tab shown in step 8) — LC
on the (+) symbol next to the XYPlane — LC Sketchl under Tree Outline so that the sketch of the cavity turns
yellow — on the top menu LC Concept — Surfaces from Sketches — LC Apply (in Details View) — LC the Generate

button: _

Tree Qutline

=g A: Geom
(D) xupine
R N

by 3 YZPlane
‘... M 0 Parts, 0 Bodies

etry

d  Modeling

Sketchi

)

ANSYS

Concept Tdols Units View Hi

R18.1
Academic

mm Points
& Lines From Sketches

: f Lines From Edges

% 30 Curve

" Split Edges

aces From Edges

ﬂ Surfaces From Sketches

es From Fac
& Detach
Cross Section

Written by Dr Carl Gilkeson © School of Mechanical of Engineering, University of Leeds, 2020. All rights reserved. 6
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E|----‘,,[§| A Geornetry
|‘:"|¢;1. ¥¥Plane
L, Sketchl

- = ZXPlane

- 7= YZPlane

w29 SurfaceSkl

....{. 1Part, 1 Body

sketching  Modeling |

ANSYS

R18.1
Academic

Details View

[=I| Details of SurfaceSk1
Surface From Sketches Surfacesk
Base Objects 1 Sketch
COperation Add Material
Orient With Plane Mormal? | Yes
Thickness [==0) Om

Model View I Print Preview I

9 Drag to scroll view

|ND Selection

|Meter Deg||ﬂ_|ﬂ_/é

12)

You should see a grey square in the Graphics window and the Tree Outline contains more items in the list,
including 1 Part. You now have your cavity. (Note: whenever you make any change to the geometry, a yellow
lighting symbol will appear in the Tree Outline: You must then click the generate button to register the change).

It is recommended that you create a folder called Tutorials to save your work in. LC File — Save Project — Save
the file as cavity ensuring the format is in .wbpj (Workbench Project Files). Close Design modeler.

13) To mesh the square
you have just created,
go back to Workbench
and LC and hold the
Mesh icon
Component Systems,
then drag and drop this

under

onto row 2 of the

Geometry box (circled g Autodyn
BladeGen 3 Mash 5
below) and ensure that [ & cex Geometry @ e & 4
a link is present | @ EngineeringDatz Mesh
External Data
between  Geometry | & saemalmodel
and Mesh: (@ Finite ElementModeler

Written by Dr Carl Gilkeson © School of Mechanical of Engineering, University of Leeds, 2020. All rights reserved.

anical Mod,
< g Mesh
% Microsoft OfficeBucel

ﬂ cavity - Workbench

File  View Tools Units Extensions Jobs Help

[ [&] /T o

ﬁ]lmport... | 0 Reconnect Refresh Project  # Update Project == ACT Start Page
Toolbox Project Schematic
Analysis Systems ~
B Component Systems

iy ACP(Post)
iy ACP {Pre)

Fluent

Fluent {with Fluent Meshin

i@ Geometry
ﬂ Mechanical APDL
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14) RC on row 3 of the new Mesh box — LC Edit... — This will launch Ansys Mesh which is the program for meshing
your geometry as shown below. Note how the layout of Ansys Mesh is similar to Design Modeler with some of
the same buttons:

B: Mesh - Meshing [AMSYS Academic Teaching Introductory] = [} b4

Automation Quick Launch S @ 0'

[« SR Context
Home Model Display Selection

B (& Model (B3)
[/ Geometry
- B Surface Body

= -,/ﬁ Materials
5 Coordinate Systems
_— ._/@ Mesh

Details of "Model (B3)" === 0 O X
[=| Lighting

Ambient | 0.1

Diffuse |0.6

Specular |1
Colar

202

D & Cut X Delete g QNamed Selection @Images' 1—fb - E %Tags IESelection Information ,i;f"‘< Report Preview oo
=
HCD\J,' QFmd sw Coordinate System E.Sectlon Plane i Bshow Errors {5 Unit Converter [ Key Assignments
Duplicate G it Units Waorksheet Ki Li t
'I|J'I : Bipaste Te Tree~ enerate [JComment B Annotation rll : e A:iﬁraat%; T Manage Views & Print Preview ayvou
Outline Mesh Insert Tools

Outline v 30X QA [@w& % T4 Q@ Q@ Select  Mode- PORE D E T ™ FCipbosrd

Mame - o

[0 Project* A"SYS

0 R2

ACADEMIC

cpane Mo Selection a Metric (m, kg, N, 5, V, A} Degrees rad/s C

elsius

15) This step is VERY important. To change Outline o w B0 K
the physics preference from the default © Mame | Search Qutline | ™
of Mechanical to CFD, in the tree outline T Project*

LC on Mesh -> In the Details box click on
Physics Preference and change to CFD:

16) LC on the end of the Triad Z-axis in the
bottom right corner of the graphics
window to view the cavity in 2D.

Details of "Mesh" oemmesisiimee: - I]. O x
17) Ansys Mesh generates a default mesh for = Display
Mesh Display Selection Automation E Defalll'ﬁ
X Delete gllameclﬁl;rti-:n @\mage R
QFmd g s Coordinate System E.Sed:io MEChanfcal hd
?f.Tree' Generate CAcomment ¥ annod] Element Order Mechanical
Mesh Insert : Monlinear Mechanical
Element Size aanetics
o I O] X & @O
i Q Q @V LY ) Elzing O
18) To see the mesh, LC on Mesh in the Quality HHTCICI _
Outline window. You should see a mesh Inflation yarodynamies
of quadrilateral elements covering the Batch Connections
square: Advanced
Statistics

B Model (B3)
E ..... v E& GEDITIEtr}'
o .~ 1 Surface Body

-/ Materials
- ai Coordinate Systems
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E: Mesh - Meshing [ANSYS Academic Teaching Introductony]

Selection Automation Quick Launch

I‘-Jame:l Selection @Images' . |=2, E %Tags IESelectionlnformation

ﬂ [El = Context
Home Mesh

D S cut X Delet

B copy Q Find i Coordinate System [l Section Plane E® show Errors [t Unit Converter
Duplicate B paste T, Tree ™) L1Comment B annotation Urlits Worksheet AKneiﬁr:t%% P Manage Views & Print Preview

Outline Insert Toals
B QQ[@w& % C-% QA& @ Select % Mode~ ERREER®
& Name w | Search Qutline | »
M Project*

B Model (B3)
E| Jﬁ Geometry
H o B Surface Body
‘(@ Materials
n )

Details of "Mesh"

=I| Display
Display Style |Use Geometry ..
[=l| Defaults
Physics Preference CFD
Solver Preference Fluent
Element Crder Linear
Element Size Default (7.071...
Export Format Standard
Export Preview Surface Mesh |No
Sizing
Quality
-
Batch Connections
Advanced
Statistics

0.000 0.500(rr)

0,250

- 0 X

~8 e
ﬁR Report Preview [mi]
=

Ed Key Assignments
Layout

“i* B2 [ Clipboard~

ANSYS

2020 R2
ACADEMIC

19) To change the elements from quad (squares) to tri (triangles) you need to add a method:

Method — LC on volume selection filter ’il — LC on the cavity in the Graphics Window

RC Mesh — Insert —

so that it turns green

— LC once on the yellow box containing the words “No Selection” to the right of Geometry — LC —
To change the elements to Triangles LC on the box next to Method — LC on the drop-down arrow and select
Triangles — LC Generate Mesh — Wait for the mesh to be created — LC Mesh under the Outline (Note, the type
of element can now easily be changed using this Method, but remember to click Generate Mesh after each

change).

Written by Dr Carl Gilkeson © School of Mechanical of Engineering, University of Leeds, 2020. All rights reserved.
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B: Mesh - Meshing [ANSYS Academic Teaching Introductory]

Display

Selection Automation

3% Coordinate Systems
ey B P

Outline |

Insert Method
Ef] update i@ Sizing
Details of "Mesh $#  Generate Mesh {8 Contact Sizing
=1/ Display )
] i Refinement
Display Style evien y A
[=1| Defaults Show 3 @ Face Meshing
= Scope
Scoping Metho
Geometry No Selection
= Definition
Suppressed o
Method J | Automatic
Element Ordeff | Use Global Setting

Details of "Automatic Method" - N+ 1 O X/

0.000

[=l| Scope / | 0.250
Scoping Method Geometry Selection / Messages pane 1 Body Selected: Volume = 0. m?
Geometry 1 Bady /

1| Definition /

Suppressed Mo

/

Quick Launch

%} Sipamed selection  [@)Images~ & |=:¢ E @ Tags [ selection Information 4 Report Preview [0
m — =
*i Coordinate System [J@Section Plane = [E3showErrors & Unit Converter [Ekey Assignments
SENEE | o mment [ Annotation U'l'ts Workshect ,;\K,‘ﬂ'am'n [DManage Views &' Frint Preview Layout
Mesh Insert Took
TAO0X Qa8 &[5 C- 4 Qa a8 S ikt

2020 R2
ACADEMIC

0.500¢m)

Celsius

« Metric (m, kg, N, s, V, A} Degrees rad/s

r'..'1EthC|d Quadri|atera| § mi... - [~ ISR Context B Mesh - Meshing [ANSYS Academic Teaching Introductary]
Quadrilateral Plominant Home. Rl Selection _ Automation

Element Order

%

I Project*
=B Model (B3)
B Geometry
1 Surface Body
8 Materials
3} Coordinate Systems
/%D Mesh
o+ All Triangles Method

Details of "All Triangles Methed" - |~ § O X

=|Scope
Scoping Method | Geametry Selection
Geametry [1B0ay
=] Definition
Suppressed  |No
Method | Triangles
Element Order | Use Global Setting

0000

0250

Quick Launch

: = D &cut X Delete SNamed selection @ Images ™ — = @ Tags [ setection information 7 Repart Preview o
Triangles | T = =
Free Face Mesh Type - - (B copy QFind < Coordinate System [ Section Plane E3show Errors R Unit Converter Eldkey Assignments
{MultiZone Quad,/Tri Duplicate o pte TyTree | O | Ricomment Ehnnotation | Uit Worksheel Kefftame oy e Views gt Print Freview BT
Outline Insert Toak
[P — aa(@ws QA @@ Select kModer FT R [ 0@ | " ® [FClipboard~ ¥
Name ~ | Search W

2020 R2
ACADEMIC

0500¢m)

Messages pane  No Selection & Metric (m, kg, N, 5, V, A} Degrees rad/s

Celsius

20) In addition to type of elements used, their sizes are equally important in CFD analysis. It is crucial to cluster smaller
elements in regions of high flow gradients e.g. resolving the wake behind a vehicle or on the exit of an open jet.

To cluster cells on one corner of the square cavity: RC Mesh — Insert — Sizing — LC vertex selection filter
— LC on one of the four corners of the cavity in the Graphics Window (the vertex at the corner should turn green,

you may need to zoom in to do this) — LC Apply next to Geometry under Details of “Sizing” (a purple
label with Vertex Sizing should appear in the Graphics Window) — LC on Please Define box next to Sphere Radius
and set this to 0.1 then click Enter on the keyboard (note the red sphere appear in the Graphics Window — this
shows where the cells will be refined) — LC on Please Define box next to Element Size and set to 0.02 — Generate
Mesh — Wait for the mesh to be created — You can LC Mesh under the Outline to see the mesh.

Written by Dr Carl Gilkeson © School of Mechanical of Engineering, University of Leeds, 2020. All rights reserved.
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B o= Context B: Mesh - Meshing [ANSYS Academic Teaching Introductory] - O x
Home Mesh Display Selection Automation Quick Launch ~ @ 0'
cut X Delete g @Named Selection @Images' 1—'_: =T E %Tags IESeIection Infarmation -,mg“Report Preview oo
I m |_/, =
LHCopy QFind 5% Coordinate System E.Section Plane @Show Errors {58 Unit Converter EdKey Assignments
Duplicat G t Units Waorksheet K L t
Upvlca & B paste E,_'.Tree' enerate LA Comment EF annotation T : orshee ﬁnﬁﬁraat%% (I Manage Views d:‘Print Preview ay'ou
QOutline Mesh Insert Al
Outline Atk  QQ @, & E O Q@ @ @ Select " Moder

MName w | Search Outline | » _

ANSYS

2020 R2

e B Surface Body ACADEMIC
B Materials
¢ Coordinate Systems

Details of "Vertex Sizing" - Sizing =+ & O X

[=]| Scope
Scoping Method | Geometry Selection
Geometry 1 Vertex

[=I| Definition
Suppressed Mo

Ty & pmmm— e of Influence
Sphere Radius | 0.1m

\ | Element Size |2.e-002 m}

N—

0.000 0.500 (rm)

0250

21) Clustering the elements along edges is also helpful in resolving flow features near to walls. To do this you must
first supress the vertex sizing from step (20) above and then add a new sizing for the edges (note you must be
careful not to use too many mesh controls at once, if you try to use multiple controls which influence the same
vertices/edges/faces simultaneously, often you will see error warnings): In the Outline Tree RC the existing Vertex
Sizing — LC Supress

22) To create edge sizing for all four edges: RC Mesh — LC Insert — LC Sizing — LC edge selection filter — LCtop
edge of the cavity in the Graphics Window (this should turn green) — press and hold the Ctrl key on the keyboard
and click on the remaining three edges one at a time (they should all appear green and be added to the selection)
— LC Apply next to Geometry under Details of “Edge Sizing” — Sizing — LC Element Size under Type
— LC down arrow, LC Number of Divisions — set to 30 in the box immediately below — LC on No Bias under

Bias Type — LC on the down arrow and select the third bias (arrowed below) to cluster cells in the corners — set
the Bias Factor to 3 and click enter on keyboard — Generate Mesh — Wait for the mesh to be created — LC Mesh
under the Outline:
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B o+ Context B: Mesh - Meshing [ANSYS Academic Teaching Introductory] - O x
Home Mesh Display Selection Automation Quick Launch ~ @ 0'
cut X Delete g @Named Selection @Images' — =" H Q)Tags IESeIection Infarmation ,159 Report Preview (i
| | ;, =
L_H Copy Q Find s Coordinate System E.Sectmn Plane mft — @Show Errors =% Unit Converter Ed key Assignments
Duplicat G it Units Worksheet K [E 13
upvlca £ Bipaste Te,Tree = snerate [ Comment [ Annotation Ts orkshee Anﬁraat%; T Manage Views & Print Preview ay'ou
Outline Mesh Insert Took
Outline - 30X%] ¢ @ Qe & Cré Q@ @@ Select kModer FT B[RRI EE B E 2 [ Clipboard~

Mame | Search Outline | % _

~

E-- &) Model (B3)
[/ Geometry
- - B Surface Body
- ,/m Materials
5 Coordinate Systems

Details of "Edge Sizing" - Sizing -+ w LOox

[=l| Scope
Scoping Method | Geometry Selection
Geometry |4Edges
[=]| Definition
Suppressed M
Type Mumber of Divisions
MNumber of Divisi 30 4>
[=/| Advanced
Behavior Soft
Growth Rate Default (1.2}
Capture Cpei—
re Proximity Mo

Now you have more control over the density of elements so
that they are clustered in areas where you would expect to
see notable flow gradients. Try changing the various
parameters in the sizing box and see how it affects the mesh.

0.000

ANSYS

2020 R2
ACADEMIC

0.500(m)

0.250

23) An important aspect of meshing is to check the Details of "Mesh"

s B0

X

quality of the elements. If the elements are over- B Display :
Display Style Use Geometry Setting
stretched then the quality degrades, accuracy is 1| Defaults
. . . Physics Preference CFD
compromised and simulations may not even <olver Preference Fluent
Element Crder Linear

converge, giving no solution at all. To check the

Element Size

Default (7.0711e-002 m)

element quality: LC on the (+) symbol next to Quality

Export Format Standard
in the Details of “Mesh” box — LC on None to the ;“;2: Preview Surtace Mesh | No
right of Mesh Metric — LC the down arrow and 1| Quality
. . Check Mesh Quality Yes, Errors
select Skewness as the quality metric (you may need Target Skewness Default (0,900000]
to use the vertical slider bar to find this option — it is Smaothing Medium
Skewness -
near the bottom) — LC the Controls button and a Min None
|t h t “ Max Element Quality
: Aspect Ratio
qua ! y 1S Ogram wi appear Average Jacobian Ratio [MAPDI
standard Deviation Jacobian Ratio [Cornel
— Jacobian Ratio [Gauss
Inflation Warping Factor
Batch Connections Para_llel Deviation
Advanced Maximum CornerAniI v
Statistics

m)
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12



MECH5770M Tutorial Handbook

™ Bl iesh Metrics
—|| Display
Display Style Use Geometry Setting ~
-l| Defaults
Physics Preference CFD
Solver Preference Fluent
Element Order Linear
Element Size Default (7.07112-002 m) 373.00 T
Export Format Standard
Export Preview Surface Mesh | Mo H H
[ Siing 200,00 Good quality Poor quality
Check Mesh Quality ‘Yes, Errors ‘E 250.00
H
Smoothing Medium .% 200.00
[vish vietric | EEIRR % —
Min 6.26842-005 2
Max 0.28341 H 13000
Average 5.9655e-002 =
Standard Deviation 6.0172e-002 1ea.co
Nt Inflation
+| Batch Connections 50.00 ’_‘
+| Advanced ’_‘
+| Statistics 0.00 [T 1 /M e
0.00 0.04 0.08 012 016 0.20 0.24 0.28
Element Metrics v

Messages pane Mo Selection & Metric (m, kg, M, 5, V, A] Degrees rad/s Celsius

(Note: See how the quality of the elements has a distribution; most of them are good [skewness = 0] whereas the
worst element quality is 0.283 for this particular mesh (your mesh might have a slightly different number — this is

OK!). It is recommended that the maximum skewness should not exceed 0.90; if your mesh fails this criterion,

investigate the size controls to identify where the mesh is being stretched too much; this is the most common
problem when generating meshes e.g. large element spacing on one edge and very small spacing on an adjacent
edge. Another common error is for the physics preference to be set to mechanical instead of CFD — ensure you
have followed step (15) as this fundamentally changes the mesh.

By clicking on Controls you can change the axis ranges and include different types of elements in the statistics (if
you have more than one element type in a mesh). Be careful, some quality criteria are different to skewness — for

example Element Quality criteria are the opposite i.e. poor =0, good = 1).

24) File — Save Project. To change the elements to quad type whilst retaining the edge sizes from step (22) — RC

Mesh — Insert — Face Meshing — LC Face selection filter — LC on the cavity in the Graphics Window —

LC Apply — Generate Mesh — Wait for the mesh to be created — LC Mesh under the Outline — In
the Mesh Metrics window LC the Controls button — set the X-Axis maximum to 1 — Click the cross to return to
the histogram:
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B o= Context B: Mesh - Meshing [ANSYS Academic Teaching Introductory] - [ X
Home Mesh Display Selection Automation Quick Launch Lad @ 0'
D o Cut X Delete g @Named Selection @Images‘ Hft |=:/, E %Tags |E|Selection Infarmation ,ngeport Preview g
=] Copy Q Find s Coordinate System E.Section Plane L = @Show Errors &% Unit Converter Elkey Assignments
DurJIJcate B paste P-E.Tree‘ Generate I Comment B Annotation Urllts Worksheet A(mrﬂatll'r‘lj; ) Manage Views fPrint Preview La):out
Outline Mesh Insert Took
Outline MLl QQ[Bv @ % C-+RQAAQ s kNode- FRREREE®

- Name

* | Search Outline

El-,/% Geometry

........ B0 Surface Body

‘/m Materials

14 Coordinate Systems

ERVA ] csh

- All Triangles Method
B Vertex Sizing
1 Edge Sizing

-------- B Face Meshing v

Details of "Mesh" = cow 1O X
= Display

Display Style Use Geometry Setting
[=]| Defaults

Physics Preference CFD

Solver Preference Fluent

Element Order Linear

Element Size Default (7.0711e-002 m)
Export Format Standard
Export Preview Surface Mesh | No
Sizing
[=I| Quality
Check Mesh Quality Yes, Errors
Target Skewness Default (0.900000)
Smoothing Medium
Mesh Metric Skewness N
Min 1.3057e-010
Max 1.3058e-010
Average 1.3057e-010
Standard Deviation 0. S
—
Batch Connections
Advanced
Statistics

Ready

ANSYS

2020 R2
ACADEMIC

Mesh Metrics

Controls | A

T
0.50
Element Metrics

Messages pane Mo Selection & Metric (m, kg, A) Degrees rad/s Celsius

Notice how the skewness distribution is much better for this quad mesh, this is because the elements are not being

skewed and rotated, all internal angles per element are 90 degrees, therefore the quality is = 0 everywhere. For the

previous triangular mesh, the elements were skewed in the corners due to the edge size controls and so the internal

angles were not equal in some elements.
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14



MECH5770M

Tutorial Handbook

25) Now that you have a mesh, you need to assigh boundary conditions which consist of a moving upper wall and

stationary bottom and side walls. To assign the moving wall — LC edge selection filter — LC on the top edge
so that it turns green — RC on the selected top edge — LC Create Named Selection (near the bottom of the sub-
menu) — Enter the name wall-moving in the Selection Name box — OK. Repeat this step, selecting both side
walls and the bottom wall (whilst pressing the Ctrl key) and name these wall-stationary — LC on the (+) symbol

next to Named Selections in the project Outline to see the list of boundary conditions:

m [El i Context BE: Mesh - Meshing [ANSYS Academic Teaching Introductory] (m] x
Home Geometry Display Selection Automation Quick Launch ~ @ 0'
D b Cut X Delete g @Named Selection @Images‘ Q—fb = H %Tags |£|Se\ect\on Information -,iﬁ%Report Preview g
mit |— :
B Copy Q Find s Coordinate System E.Section Plane @Show Errors 7 Unit Converter EdKey Assignments

Duplicate G it Units Worksheet K
UD'M * [ paste P-|5.Tree‘ enerate [JcComment EAnnotatiun Ts orkshes Aneiﬁ':t';'::_‘ @Manage\iiews &Print Preview
Outline Mesh Insert Tools
Outline w AOX | E @ Q@ |E|., o= O~ @ @ @ @ | Select " Mode~ T
Mame ¥ | Search Outline | %

[ Project*

2] Model (B3)
E-----,ﬁ Geometry
v‘m Materials Clear Generated Data On Selected Bodies

w5 Coordinate Systems

@@ Mesh

Parts

Go To

& Hide Body F9
@  Filter Tree Based On Visible Bodies
Details of "Geometry" = cw IO X @ Suppress Body
= it @ sometric View
Source D:\OneDrive\Carlos\MECH5770M\2 TUTO... 2 set
T DesignMaodel I
ee Sl e i Restore Default H
Length Unit | Meters
Bounding Box Q Zoom To Fit FT
Properties @, Zoom To Selection z
st (8 Image To Clipboard Ctri-C
Update Options
Basic Geometry Options CUCOIOE
Advanced Geometry Options Wiew

Look At

Create Named Selection...

Create a Named Selection for the selected geometry entities in the
‘ graphical interface (bedies, faces, etc.). You can specify a name for th
[ selection and you can specify criteria based on the selected geometry|

ANSYS

2020 R2
vy B Surface Body ACADEMIC

() Press F1 for help.

Create a Named Selection for the selected geometry entities in the graphical interface (bodies, faces, etc.). You can specify a name for the selection and you can specify criteria based on the <

(® Apply selected geometry Mame » | Search Outline
() Apply geometry items of same: 1 Project*
O s [ Model (B3)
1z = T Geometry
O Type b B Surface Body
- /108 Materials
[ tocat y
Location X 5 Coordinate Systems
[ ] LocationY : IV% =)
»E - Q MNamed Selections
[] Location z b B wall-moving
-------- 0 wall-stationary

 |wall-mavin x
farond > Outine v

[l Apply To Corresponding Mesh Modes

] I Cancel
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26) The final step is to export a coarse and a fine mesh for use in Tutorial 2. For the coarse mesh keep the Mapped
Face Meshing scheme — LC the Edge Sizing in the Outline menu — change the Number of Divisions to 8 — keep
the bias factor at 3 — LC Generate Mesh — Wait for the mesh to be created — LC Mesh under the Outline — To
export the mesh click File — Export — Mesh — FLUENT Input File — Export — You will then see the Save As
menu box, set the file name to Idc-8x8 (i.e. lid-driven cavity with 8 by 8 elements) — You may wish to select a
folder to save the file in — Save. Repeat for another (fine) mesh, keeping all settings the same except the number
of elements which should be 32 and the filename should be Idc-32x32. The two meshes are shown below:

Context B: Mesh - Meshing [ANSYS Academic Teaching Introductory] - o x

Mesh Display Selection Automation Quick Launch

Export

m Meshing Database N ANSYS Viewer File (AVZ) Export the mesh as a
ANSYS Fluent (*.msh)
file.

% SEeIELy ﬁ SULHE = The exported mesh file is

suitable for import into ANSYS

Si s base
Fluent, or into ANSYS Fluent
R fresh All Dot &P Mesh n ICEM CFD Input File Meshing outside of ANSYS
Workbench.
C :ar Generated Data
n FLUENT Input File

@@  CGNS InputFile Export

m POLYFLOW Input File

Savein: ||| ANSYS-Tutoriahfles x| « @k Er
i MName ° Status Date modified
i Tutorials_1_and_2_LDC = 16/09/2020 14:39
Quick access
Desktop
"
Libraries
This PC
Network
£ >
File name: IIdc-&E{ j Save I
Save as type: IFLUENT Input Files (*.msh}) LI Cancel |
|

0.000 0.800 (m) 0,000 0.800 (m)
0,400 0,400

Coarse Mesh (8x8) Fine Mesh (32 x 32)

27) In your own time, try experimenting with various mesh schemes and biases.
28) Save the project, then close Mesh and Workbench.
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Tutorial 1 Summary:
You have:

e Followed the basics of geometry creation and meshing

o Implemented structured and unstructured meshes

e Incorporated meshing controls to vary the element density
e Investigated element quality

e Set appropriate boundary conditions

e Thereis no task for this tutorial

End of Tutorial 1
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[

UNIVERSITY OF LEEDS

MECH5770M: Computational Fluid Dynamics Analysis

Tutorial 2: Lid-Driven Cavity (ii) Simulations and

Postprocessing
Tutorial 2 Outline: o
e Requires your two meshes from Tutorial 1 Ao
e Read each one into FLUENT and set up case files Joen
e Run alaminar flow simulation at a Reynolds number of 100 j;f_gg
e Basic post-processing of the results
e Compare both results with benchmark solutions by Ghia et al., 1982 SR,
e Complete TASK 1 e

Prerequisites

1) Ensure that you have completed Tutorial 1 which taught the basics of CFD pre-processing. You will also be

using the two mesh files you created in that tutorial.

1) You MUST complete the tutorials in order otherwise you will struggle to complete later exercises.

2) Regularly save your work — programs do crash and you will lose unsaved work!

3) This document is written using ANSYS 2020 R2, however, you may have access to other versions of the
software. If this is the case, some menus and screen outputs may differ slightly but you should still be able to
complete the tutorial.

4) The following acronyms are used throughout this document:

RC = Right mouse button click

LC = Left mouse button click
MC = Middle mouse button click

Written by Dr Carl Gilkeson © School of Mechanical of Engineering, University of Leeds, 2020. All rights reserved. 18
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1) Now that you have completed the
pre-processing required in Tutorial 1,

Flu

you can use the coarse mesh to set up

ent Launcher

Tutorial Handbook

your first simulation. Open FLUENT
2020 R2 via the Windows start
button: In the “Search programs and
files” field, type “Fluent” then LC on
the 2020 R2 icon
(Alternatively you can find the
program in: All Programs — ANSYS
2020 R2 — Fluent 2020 R2). When
the Fluent Launcher appears, select
Solution, 2D, Double Precision and
Display Mesh After Reading — Start:

Fluent

(O show Beta Workspaces

~ Show More Options

Simulate a wide range of industrial applications using the general-purpose setup, solve,

and post-processing capabilities of ANSYS FI

Get Started With... Di i

( Case I Caseand Data N 20

( Mesh ) ' OF
Options

Double Precision
Display Mesh After Readin

Journal

Recent Files

D Start Server

Parallel (Local Machine)
Solver Processes

IS W solver GPGPUs per Machine | g

4r 1

~ Show Learning Resources

»| start || Reset || cancel |[ Help _|

2)
— OK:

Menus

Physics User-Defined Solution

Zones

Scale...

& Transform

@Cnmhme - EElx Delete...
Ul Separate . g Deactivate

s ad acengy... |:|:|+ Activate...

Check+

4 Units... Quality ~ Make Polyhedra

Results

DI Append

EE@ Replace Mesh...

[m}

Reﬁlace Zane...

Read in the coarse mesh: File — Read — Mesh — Select your mesh file ldc-8x8.msh from your Tutorials folder

<

(@)

Task Page

General

i)

Filter Text

= Setup
B General
+ @ Models
+ L Materials
+) [ cell Zone Conditions
+ [ Boundary Conditions
i;ﬂ Mesh Interfaces
2] Dynamic Mesh
[5] Reference Values
+) 17, Reference Frames
£+ Named Expressions
Solution
% Methods
+% Controls
15! Report Definitions
+ @ Monitors
@ cel Registers
2% Initialization
+ # Calculation Activities
© Run calculation
Results
& surfaces
+) @ Graphics
+ L plots
9 Animations
+ [ Reports
Parameters & Customization

Mesh

@]

G

[ Scale... H Check |[Repor‘tQuaI\ty|

Display... ‘ Units... |

Solver
Type
®' Pressure-Based
Density-Based

Velocity Formulation
@ Absolute
Relative

(=)

Time
&) Steady
Transient

2D Space
@ Planar
Axisymmetric
Axisymmetric Swirl

Gravity

E
=]
B
@

(m)

+

all

Done.

Console

wall-stationary
wall-moving
surface_body

Parallel Design - Q
Interfaces Mesh Models Turbo Model Adapt Surface
£ Mesh... -] Dynamic Mesh... Enable | Refine / Coarsen... | + Create .
Overset... | =4 Mixing Planes... @ Turbo Tapology... /s, Manage...
Turbo Create... 000 More
— w—
Mesh x
2020 R2

~ 0 selected

T -‘

interior-surface_body

parallel,

ACADEMI

c

@<

]

By launching Fluent in double precision mode, all calculations will be made using 16 significant figures instead of
the reduced accuracy of 8 significant figures. Using double precision minimises round-off error.

Now that your mesh file has been read into Fluent, all the models and numerical schemes can be set up by
progressively moving down the Outline View on the left as well as the Task Page which reveals more options for
each item selected in the Outline View. It is also possible to set many options using the menus at the top of the
window. Fluent is a CFD solver and a postprocessor. You will learn more about its capabilities as you complete

these tutorials.
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3) Next you need to check the scale of the mesh to ensure you are solving the flow inside a 1m x 1m square: LC the
Domain menu — LC on the Scale... button in the Mesh sub-menu — Check that the domain extents are 0 -1 m in
the Scale Mesh menu box for both X and Y coordinates:

Domain p o Domain Extents Scaling
et Xmin (m) |0 Xmax (m) |1 @ Convert Units
Ymin (m) 0 Ymax (m) 1 Specify Scaling Factors
Display... E‘Scale... (m) (m) peafy £
® Info B ¥ Transtorm . Mesh Was Created In
<Select> v
. Check« Quality « "
E# units... Make Polyhedra View Length Unit In Scaling Factors
m - X|1
Y1
Scale Unscale
()

o |f the Domain Extents have incorrect units, click on the down arrow under Mesh Was Created In and LC
on the appropriate units (in this case, metres).

e |[f the scale is incorrect, LC on Specify Scaling Factors and set these manually e.g. if your domain extents
are 0 — 1000 m, set scaling factors to 0.001 — LC Scale) (Note: ALWAYS check the scale of your mesh,
incorrect scale selection is a common mistake for new CFD users).

e If the scale is correct, but your origin is in the wrong location (i.e. not 0,0) LC on the Transform button in

the Domain menu — LC Translate... — specify appropriate Translation Offsets — LC Translate.

4) Change the Viscous model to Laminar: Setup — Models — Double click on Viscous — In the Viscous Model menu
LC Laminar — OK:

Filter Text Model

s
@ General

Spalart-Allmaras (1 eqn)

= @ Madels
. Multiphase (Off) k-epsilon (2 eqn)
(¥) Energy (Off) k-omega (2 eqn)
_ Wiscous (55T k-omega) Transition k-kl-omega (3 eqn)
" Radiation (Off) Transition SST (4 eqn)
! Heat Exchanger (Off) Reynolds Stress (5 eqn)
2, species (Off) Scale-Adaptive Simulation (SAS)
*) 4 Discrete Phase (Off) Detached Eddy Simulation (DES)

&) Solidification & Melting (Off)
il acoustics (Off)

) structure (Off) »m | Cancel | @|

[I'Zﬂ Potential/Li-ion Battery (Off)

5) Next, you need to set a translational velocity of 1.4607e-03 m/s to the moving wall (this produces a Reynolds
Number of 100, which represents a laminar flow regime). In the Outline View LC on the (+) symbol next to
Boundary Conditions — LC on the (+) symbol next to Wall — Double-click on wall-moving — when the Wall
boundary condition window appears — select Moving Wall — set Speed = 1.4607e-03 — ensure that the
translational direction x =1 and y = 0 — Apply — Close
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Outline View

Filter Text

- Setup
@ General
+ @ Models
+ L Materials
+ [ cell Zone Conditions
- [ Boundary Conditions
+ [ Internal
=) o wall
=1 wall-moving (wall, id=3)
=t wall-stationary (wall, id=8)
iﬁf Mesh Interfaces
2l Dynamic Mesh
[£] Reference values
+ 17, Reference Frames
fo Named Expressions
Solution
% Methods
Controls
& Report Definitions
+ & Monitors
@ cel Registers
2% Initialization

Zone Name
wall-moving
Adjacent Cell Zone
surface_body

Momentum Thermal Radiation Spedes
wall Motion Motion
Stationary Wall ® Relative to Adjacent Cell Zon
» = Maoving Wall Absolute

®' Translational
Rotational
Components

Shear Condition
®' No Slip
Specified Shear
Specularity Coefficient
Marangoni Stress

Wall Roughness
Roughness Height (m}|p

Roughness Constant|g,5

Tutorial Handbook

<_

DFM Multiphase uns Fotential Structure
Speed (m/s) 0.0014607 -
Direction

X1 hd
Yo -

+ # Calculation Activities
© Run Calculation
- Results
+ @ surfaces
+ & Graphics
| =

@B o0

Note: since the lid-driven cavity problem is governed entirely by the motion of the top surface (the lid) all the other

boundary conditions are defined; by default, the other walls are stationary with the no-slip condition applied.

6) Now that the boundary conditions are
defined, the next step is to initialise the
solution in preparation for running the
simulation. Double-click on Initialization
which is listed under Solution in the
Outline View (you may wish to click on
(-) next to Setup for clarity) — in the
LC Standard

Initialization — LC down arrow next to

adjacent Task Page
Compute From — LC wall-moving — LC
Initialize button at the bottom. If you
see the message “The current data has
not been saved. OK to discard?” LC OK

Now that the simulation is ready to run,
you must save a case file. The case saves
all of the options you have set in Fluent
so that you can come back to your
simulation and change parameters and
models. File — Write — Case — locate
the directory you are saving to (e.g.
Tutorials) under Directories — under
the Case File box enter the name of the
file as Idc-8x8.cas.h5.

Outline View

Filter Text

+ Setup
- Solution
2 Methads
Controls
[ Report Definitions
+ @ Monitors
@ Cell Registers
» 2 Initialization
+ # Calculation Activities
© Run Calculation
-’ Results
+ @ surfaces
+) @ Graphics
+ | plots
2 Scene
L Animations
2 Reports
- frer T TSR

ion

< Task Page

Solution Initialization

Initialization Methods

=)

Compute from

Hybrid Initialization
@' Standard Initialization

wall-moving ¥

Reference Frame

® Relative to Cell Zone
Absolute

Initial Values
Gauge Pressure (pascal)
0
X Velocity (m/s)
0
¥ Velocity (m/s)
0

» nitialize | (Reset| [patch...|

Note: .cas.h5 is the new case file extension format for ANSYS version 2020 or later. This type of extension allows

the data to be read into different post-processing programs such as Ensight, however, Fluent will be used here.

Written by Dr Carl Gilkeson © School of Mechanical of Engineering, University of Leeds, 2020. All rights reserved.

21




MECH5770M

Tutorial Handbook

8) To run the simulation: Double click on Run Calculation... in the Outline View — using the keyboard, set Number
of Iterations to 1000 in the Task Page — Calculate (if the solution converges after 1 iteration, please click the
Calculate button again; this is apparently a bug in ANSYS Fluent V2020 R2). The simulation will take only a few
seconds to run in under 40 iterations and you should see a message indicating that the calculation is complete.
Another message in the console states that the calculation is complete as well:

Physics

User-Defined

Mesh
®

Quality «

@ Display...
® Info

H# units...

©
Check~

Outline View

Filter Text

+ Setup
- Solution
% Methods
Controls
%= Report Definitions
=/ @ Monitors
{ Residual
EY Report Files
L Report Plots
*% Convergence Conditions
& Cell Registers
2% Initialization
+ # Calculation Activities
© Run Calculation
+V Results
+ Parameters & Customization

Scale...

& Transform

&) Combine
Dﬂ Separate .
Make Polyhedra :—o' Adjacency...

< Task Page
Run Calculation

Check Case...

Pseudo Transient Settings
Fluid Time Scale
Time Step Method

Automatic b

Length Scale Method
Conservative b

Parameters

Number of Iterations
1000

Profile Update Interval

A -
Solution Processing
Statistics

Solution

Data Sampling for Steady Statistics

" Data File Quantities... ‘

Solution Advancement

=)

Calculation complete.

Results Parallel
Zones Interfaces Mesh Models Turbo Model Adapt Surface
EEi( Delete... B Append = @ Mesh... ‘:l Dynamic Mesh... Enable I_J Refine / Coarsen... + Create .
£ Deactivate... EE@ Replace Mesh... Overset... | 4 Mixing Planes... @& Turbo Topology... /1\, Manage...
EET Activate... O Replace Zone... Turbo Create... oo More =
< €] Scaled Residuals x
@l Residuals ANSYS
'i u 2020 R2
1e+00 3
A M
Update Dynamic Mesh... ¥ SLLLLILE
B 1e-01
¥
Time Scale Factor
1 - i 1e-02 o
Verbaosity
0 = 1e-03 -
o Calculation complete.
Reporting Interval “ 1e-04 -
1 -
- 1e-05 4
73 1e-06 o
E 1e-07 T T T T T T T 1
0 5 10 15 20 25 30 35 40
p——— ‘ lterations
C
all * |0 selected
Console <
38 1.1198e-03 1.9228e-05 1.8860e-05 0:01:31 963 i - =
! 39 solution is converged
39 ©9.2208e-04 1.5836e-05 1.5523e-05 0:01:13 962

]

The plot shown illustrates the Scaled Residuals which are a measure of the error in the solution. Since an iterative
numerical scheme is employed, the errors progressively reduce in magnitude as the number of iterations
increases and the solution approaches. The box Calculation Complete indicates that the errors have dropped
below the default convergence tolerance of 0.001; this will be discussed in more detail in later tutorials.

9)

Data File box enter the name of the file as Idc-8x8.dat.h5
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10) The next stage is to postprocess the results. To show static pressure contour plots — Expand Graphics under
Results (close to the bottom of the Outline View) and double click on Contours — after the Contours window
appears select Banded under Coloring — LC Colormap Options — In the Colormap menu change the Colormap
Size to 20 — LC Apply then LC Close to close the Colormap menu — LC Save/Display in the Contours window —
The contour plot of static pressure will be visible. You can click on the colourmap and resize it for clarity:

ﬂ Contours of tic Pressure (pascal) x
ANSYS
2020 R2
contour-1 ACADEMIC

N

Static Pressure
1.57e-06

1.35e-06

1.12e-06

9.02e-07

6.81e-07
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2.38e-07

1.60e-08

-2.06e-07
-4.27e-07
-6.49e-07

{ pascal )

Outline View
. Contour Mame
Filter Text e
*) Setup Options Contours of
: mn Filled Pressure...
Node Values B
o 4 surfaces Static Pressure Show Colormap
(=) & Graphics Boundary Values - : ~ I
@ Mesh || Contour Lines in (pascal) ax (pascal) Associated Object
» ) ‘g Contours Clobal Range -4.71382e-07 1.530235e-06 contour-1
::': Vectors Auto Range Surfaces |Filter Text = Labels Colo 5
b :a:[h'hllw?r ks B dip to Range interior-surface_body
“:i Particle Trac - | v ) .
® L plots [ praw profiles surface_body Automatic Skip | | Log Scale
A scene || braw Mesh wa::—mO\_ﬂ'ng Skip Colormap Size
. . -stationa
(+ [-] animations wall-s v 9 a - ry
= - -
(+) [ Reports i
pry Colo -
+ Parameters & Customizati . mgd p Number Format Colormap Alignment
'@ Bande
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exponential ¥ | Currently Defined
Precision bar
.
: =
Delete
[Save,"Display] [Oompute] [Close]
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11) In the Contours window select contours of Velocity... and ensure Velocity Magnitude is selected immediately
below — Save/Display. You should see a contour plot which is the same as the ‘Standard contour plot’ shown
below. This clearly shows that the velocity of the fluid is highest near the top of the cavity (the ‘driven lid’) which
has a sideways translational velocity (you specified this in step 5). Although this looks physical, the interpolation
used by the standard contours disguises a poor solution. LC on the box to the left of Node Values to deselect it in
the Contours menu. Displaying the contours this way shows the actual solution i.e. one numerical value for velocity

per cell:
Contours of
Velocity... hd
|Ve|0c'rty Magnitude v|
Standard contour plot Contours of the actual node values
S N
1.10e-03 111603
9.94e-04 1.00e-03
8.84e-04 5.01e-04
7.73e-04 7 80e-04
6.63e-04 6.68e-04
5.52e-04 5.57e-04
4.42e-04 4.46e-04
3.31e-04 3.34e-04
2.21e-04 2 93e.04
1.11e-04 1.11e-04
9.66e-08 9.66e-08
(mis)

12) Now read in the fine mesh: File — Read — Mesh... — Select the option Discard Data, Replace Mesh (this retains
all the solver settings from the first simulation, but replaces the mesh) — LC Continue... — Locate the fine mesh
file Idc-32x32.msh — OK:

Options

) Dj Read New Mesh
'®) Discard Data, Replace Mesh
[ 1scar dla eplace NMes

Show Scale Mesh Panel after Replacing Mesh

(T (o) v

13) Save a new case file which is the same as the previous one, only with a finer mesh. Name the file Idc-32x32.cas.h5
— Repeat step (6) to initialise the solution for the larger mesh then repeat step (8) to run the fine mesh simulation
which will take about 10 seconds to run in around 32 iterations. Save the data file as ldc-32x32.dat.h5.
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14) Display contours of velocity magnitude using both the standard contours and node values. You may need to change
the number of colormap levels (recall step 10) to 20 because these may default to 100 — feel free to change this
number to see how different the solution looks depending on the number of bands in the colourmap. You should
see the following comparison which illustrates how a much finer mesh resolution resolves the flow field in a more
appropriate level of detail, compared to the 8 x 8 mesh. In later tutorials you will be exploring the concept of grid

independence (also known as mesh independence) which is essential to obtain accurate solutions.

1.18e-03
1.11e-03
1.0de-03
9 F9e-04
9.00e-D4
2.31e-04
7.61e-04
6.02e-04
.23e-04
§.542-04
4 Bde-0d
4.15e-04
3.4Ge-04
2.77e-D4
2 08e-04
1.38e-04
6.022-05

1.58e-05
[mss] [mis]

0 03 {m) 0 03 m)

15) Another way to check the accuracy of a numerical solution is to compare quantitative data against either
experimental or analytical data. The lid-driven cavity is a simple geometry so comparisons can be made between
your CFD results above and benchmark analytical results. In the following steps, you will be plotting velocity
profiles and comparing with the data in: Ghia, U., Ghia, K.N. and Shin, C.T. High-Re Solutions for Incompressible
Flow Using the Navier-Stokes Equations and a Multigrid Method, Journal of Computational Physics, 48, 387-411,
1982. Find a copy of this article online (search using the authors names, they are unique enough to locate the
article) and observe the data in Table | and Il in the paper; in a later task you will need to plot the data at Re = 100.

16) Create a vertical line passing through the centre of the cavity: LC on the Results tab at the top of the window —
under Surface LC Create — Line/Rake... — when the Line/Rake Surface menu box appears set the End Points of
the line to be (0.5,0.0) and (0.5,1.0), as shown below — Also set the New Surface Name to vertical-line — Create:

Domain Physics User-Defined Solution

Surface Graphics

+ Create . Mesh - ﬁ Fathlines - B XY Plot - B Data Sources...
Zone... Contours , i} Particle Tracks . | || Histogram... |y FFT...
Partition... Vectors . [E® HSFF
Imprint...
( ew Surface Malma
l EDINES |vertical-line] ) |
nelReie: Line/Rake mﬂlﬂ/ Number of Points
Plane... Ine/ra
oo te ) Line Type 10 =
uadric... : =
Reset| Line
Iso-Surface... —
Iso-Clip... ions End Points
I X0 (m) 0.5 x1 (m) 0.5
Structural Point... N Gl yl(m) 1
- z0 (m) |0 z1 (m) |0
[Select Points with Mou5e|
» Close| Help |
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17) Repeat for the horizontal line which has coordinates of (0.0,0.5) and (1.0,0.5). Name the surface horizontal-line.

18) To show the horizontal velocity profile: LC on the Results tab — XY Plot — Edit... — when the Solution X Y Plot

menu box appears check that the Plot Direction vectors are set to be X=1 and Y=0 — Select the Y Axis Function
as Velocity and Y Velocity — Highlight horizontal-line (created in step 17) from the list of Surfaces — Plot:

Physics Parallel
Surface Graphics Plots Reports
+ Create . @ Mesh - ;’E Pathlines B Data Sources... |4[ Interpolated Data... Reference Values... 4b Surface Integrals... Zone Motion... Model
¢ af ~ . Animation "
/1%, Manage... &7 Contours | Particle Tracks ., w FFT... E Reacting Channel... —~ Fluxes... ‘t” Volume Integrals... = Projected Areas... Specific
:J.K Vectors . HSF File... E Residuals... E Profile Data... L Cumulative Plot... { ) Forces... f Heat Exchanger... > =
a o Y Velocity »
Options Plot Direction§ Axis Function ANSYS
® horizontalline
+| Node Values X1 Velocity... - 2020 R2
00e-04
A R e vie ¥ Velocity 7 . ACADEMIC
Position on Y Axis Zio e -
Write to File XDAX‘;FWT? - i A 0 © .
Order Points IECIONIVEC) .
.
=\ (= (= Surfaces | Filter Text SIE =5 Jq "
File Data ——| T,‘ = ‘ _L| _‘ _| _| 1.00e-04 . .
— —— " |Load| horizontal-line .
- interior-surface_body
Free Data surface_body 0.00e+00 * .
vertical-line Y .
wall-moving E .
wall-stationary VeIOC}ty _1.00e-04 .
(m/s) ) _
|New Surface | 2 00e-04 .
.
» m Axes... ‘ Curves...‘ Close| Help‘ o
) J -
-3.00e-04 .
H | SumLn Fruvessuy . .
“a Vectors .. A
.
& pathlines CEISES B
2 particle Tracks Data Sampling for Steady Statistics -4.00e-04 T T T T T T T T T 1
+ | Pplots - — @ 0 0.1 02 0.3 04 05 0.6 07 08 09 1
2y Scene [ Data File Quantities... | > Position (m)
o Animations o
Solution Advancement
o Reports ]

19) The plot can be altered to make it easier to see: LC Curves... at the bottom of the Solution X Y Plot menu box —
when the Curves - Solution XY Plot menu box appears, under Line Style change the Pattern to --- — under Marker
Style change the Symbol to o and the Color to foreground — Change the Size to 0.5 — Apply — LC Plot again in
the Solution X Y Plot menu box:

o ¥ Velocity X
== horizontal-line ANSYS
2020 R2
00e-04
Curve #  Line Style Marker Style 290c 0151
- Pattern Symbol
O w i 1.00e-04
Sample - T |le v
- Color Color 0.00e+00 4
foreground v foreground i :
: g Velocity _1.00e-04 4
Weight Size (m/s)
2 \ 0.5 / -2.00e-04
» .Y | Close | Help | 0004
-4.00e-04 - - - . - - - . - )
0 01 02 03 04 05 06 07 08 09 1
Position (m)

Note: You can experiment with the Curves settings to customise your plots and make them easier to interpret;

default settings are not always the best ones to use.
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20) To export the data for use in a spreadsheet, click on the Write to File box under Options in the Solution XY Plot
menu box — Click the Write... button (previously this was the Plot button) — Name the file v-profile-32x32 —
oK.

Opftions Plot Direction Y Axis Function
| Node Values X1 Velocity... hd
| Position on X Axis Y0
¥ Velocity v
Position on Y Axis Z|0 _ _
* v/ Write to File X Axis Function

Direction Vector ~

=|[=][=] Surfaces | Filter Text [% [_;'| E E|
S EAe | horizontal-line =
Gl

—— interior-surface_body

Free Data | surface_body
vertical-line
wall-moving
wall-stationary

New Surface ,l

@KES... | [Curves... | [Close | [Klp|

21) Repeat steps (18) and (20) to plot and the export the X velocity data along the vertical line, being careful to change
the Plot Direction so that X=0 and Y=1. Call the data u-profile-32x32.

Order Points

File Data

<] X Velocity x|

Options Plot Direction]Y Axis Function [—o—ertical-ine ANSYS
V| Node Values X0 Velocity... e 6003 ) Ac:gzt?::
| Position on X Axis Y1 X Velacity « - 1.40e-03
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Write to File RS F“”moﬂ 1.20e-03 o
Order Points Direction Vector v —
— = = Surfaces |Filter Text '=O| —='| = | = ‘ 8.00e-04
File Data = | = ‘ '_x| el I W0 WP I
— " |Load File...| harizantal-line .)( 6.006-04
- " interior-surface_body Velocity

Free “ surface_body (m/s) 400604
vertical-line 00604 -

wall-moving —]

wall-stationary

New Sygfaee
X X X ) 0.1 02 03 04 05 06 07 08 09 1
] |(curves...| [ close] | neip Position (m)

0.00e+00 <o,

-2.00e-04

-4.00e-04

22) Save the case file again, over-writing ldc-32x32.cas.h5 (recall step 13). The new case file will now contain the two
lines you have created in the previous steps; if you do not save the case file, the lines will not be saved.

23) Read in the case and data file for the coarse simulation which you ran earlier (Idc-8x8.cas.h5 and Idc-8x8.dat.h5).
Repeat steps (15-20) to generate the vertical and horizontal velocity profiles for the 8 x 8 mesh.

24) Now that you have all four profiles (two per mesh), import these into Excel. To do this: Open Excel — File — Open
— Select File Type as “All Files (*,*) — Locate one of your profiles e.g. u-profile-32x32 — Open — When the Text
Import Wizard Opens click Next — tick the box next to Space — click Next — Finish. You will now see some text
above two columns of data, one for position, the other for velocity. You will need to individually open each data
set and copy the data into a separate Excel file containing all four profiles.

25) Plot the profiles and observe the difference between the fine and coarse solutions.
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26) Before closing Fluent, open the fine case and data file and explore other visualisation tools. Try to generate a
vector plot and an open contour plot of the stream function to compare with the qualitative results shown in the
journal article described in step (15):

ANSYS

R18.1
Academic

6.23e-04
5.5de-04
4.8de-04
H 4.15e-04
3.46e-04
2.77e-04
2.08e-04
1.38e-04
6.92e-05

2.580-08
[mis ]

0 05(m) [kgis ]

0 05 (m)

27) Close Fluent.

TASK1

Using the data you have obtained in this tutorial, please complete the following task. This task may take some time
but you only need the velocity profiles and a spreadsheet. Carry out the following:

a. Plot the velocity profiles for Re = 100 shown in Tables | and Il in the journal article mentioned in step 15
above (Ghia, U., Ghia, K.N. and Shin, C.T. High-Re Solutions for Incompressible Flow Using the Navier-
Stokes Equations and a Multigrid Method, Journal of Computational Physics, 48, 387-411, 1982.), noting
that:

i. The horizontal and vertical velocities are actually presented as normalised values i.e. they are
divided by the velocity of the lid (this isn’t immediately clear from reading the article).

ii. The authors only provide selected data points in Tables | and Il so the comparison to your CFD
data is only valid in those regions. Therefore, you should plot these selected data points as a
scatter plot, without a line connecting them.

b. In order to make a valid comparison with your CFD data, you will need to normalise the u and v profiles
which you obtained previously. Do this by dividing the velocities by urr which is the velocity of the lid i.e.
1.4607 e-3 m/s.

c. Plotyour CFD data as a scatter plot with lines connecting the points. By only showing the lines, it is easier
to see the data points from Ghia et al., 1982.

d. How do your results compare? Which is your most accurate mesh? Think about these questions and
discuss with a demonstrator if you have any doubts.
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Tutorial 2 Summary:
You have:

e Set up a basic flow simulation with appropriate boundary conditions
e Post-processed the result qualitatively using contour plots
e Exported flow data and compared with existing benchmark results

End of Tutorial 2
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[

UNIVERSITY OF LEEDS

MECH5770M: Computational Fluid Dynamics Analysis

Tutorial 3: Backward-Facing Step (i)

L
‘

Tutorial 3 Outline:

Create basic geometry for the backward facing step

Explore the dimensioning tools to parameterise the geometry
Generate a suitable mesh with relevant cell size controls

Run a turbulent flow simulation

More advanced post-processing exercises

Prerequisites

1)

Ensure that you have completed Tutorial 1 and 2 which cover the basics of CFD pre and postprocessing.

You MUST complete the tutorials in order otherwise you will struggle to complete later exercises.

Regularly save your work — programs do crash and you will lose unsaved work!

This document is written using ANSYS 2020 R2, however, you may have access to other versions of the
software. If this is the case, some menus and screen outputs may differ slightly but you should still be able to
complete the tutorial.

The following acronyms are used throughout this document:

RC = Right mouse button click
LC = Left mouse button click
MC = Middle mouse button click
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1) Open ANSYS Workbench 2020 R2

2) Asyoudidin Tutorial 1, under Component Systems LC and hold the mouse button on the Geometry icon and drag
across into the top left region of project Schematic (you should see a red box appear and “create standalone
system”) then let go of the mouse — To open Design Modeler, RC in row 2 of the Geometry box and LC New
DesignModeler Geometry...

File  WView Tools Units Extensions Jobs Help
BHZe
== ] (= | H Project

] Import.... | 0 Reconnect Refresh Project # Update Project | B ACT Start Page

Project Schematic

Analysis Systems ~
B Component Systems
B AcP (Post) bl S5 2
B Ace(Pre) ) Geometry
[ Autodyn 2@
m BladeGen / oo E New SpaceClaim Geometry...
E CFX @ Mew DesignModeler Geometry. .. | «
& Engineering Data Import Geometry »
e EnSight (Forte)
External Data 53 Duplicate
@ External Model Transfer Data From New >
I Fluent Transfer Data To New »
n Fluent {with Fluenjgeshing)

Update

< Update Upstream Components

j Refresh

n Mechanical APDL R
ese
@ Mechanical Model
§ Mesh Rename
E Microsoft Office Excel Properties
Performance Ma
@ P Quick Help
m Polyflow
m Polyflow - Blow Molding Add Note
j Polyflow -Extrusion

3) Set the units to mm: LC the top menu Units — select Millimeter

4) Inthe Tree Outline LC on the XYPlane — LC on sketching tab at the bottom of the tree outline box — LC Settings
— LC Grid — Tick the boxes for Show in 2D and Snap (This draws a grid in the graphics window to aid geometry
creation) — set Major Grid Spacing to 25 mm, Minor-Steps per Major to 5.

5) LCon the end of the Triad Z-axis to view the XY plane.

6) LCinthe graphics window and rotate the mouse wheel forwards or backwards to change the zoom level — zoom
in on the origin — Keep zooming in until the scale at the bottom of the graphics window has a range of 0-100 mm:

Origin

Mo Selection Millimeter Deqd 0~
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7) Next, you will draw a 2D backward-facing step from the following combination of points:

A B
®
H .
~¢— Origin
G F
E

8) LC Sketching tab under Sketching Toolboxes — LC Draw — LC
Polyline — Move mouse into Graphics window and LC on the
origin (0,0) to draw the first point. LC for each of the following
points (the coordinates can be seen in the bottom right corner
of the program) in this order:

(-100,0), (-100,25), (0,25), (100,25),
(100,0), (100,-25), (0,-25)

To complete the shape, RC on the origin and select Closed End.

500 500
Mo Selection Millimeter Degree |-20 |20 )

Tutorial Handbook

C
D
Draw -
" Line
.ﬁ.’ Tangent Line
i 2 Tangents
M Polyline
alygon
] Rectangle
(b Rectangle by 3 Points
&5 Oval
=) Circle
Madify -
Dimensions
Constraints
Settings
Sketching | Modeling

9) To make a surface from this wireframe — LC Modeling tab in the Tree Outline — LC on the (+) symbol next to the

XYPlane — LC Sketch1 — on the top menu LC Concept — Surfaces from Sketches — LC Apply under Details View

— LC the Generate button: — You should now see the correct shape in the Graphics window.
(Remember: whenever you make any change to the geometry, a yellow lighting symbol will appear in the Tree

Outline: You must then click the generate button to register the change).

Model View | Print Previewl

|No Selection

|M\Himeter Degr 'U_’U_j

10) File save project — Save the file as backstep in a suitable folder (e.g. Tutorials folder).
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11) Next, you will add a dimension to the sketch to change the length of the shape: LC — Sketching tab under Tree
Outline — LC Dimensions — LC General — Move the mouse into the Graphics window and position over the
bottom edge (edge E from step (7)) until it changes colour — LC and a pencil should appear, now move the mouse
downwards and LC below the shape. (Notice that a green dimension with the label H1 appears). LC again on edge
(G) to add a further dimension, H2:

Sketching Toolboxes

Model View | Print Preview I

|No Selection

Millimeter Degll0 [0/

Draw
Medify
Dimensions
@ General )
e HonzZon
I[ Vertical
£ Length/Distance
{~" Radius
e Diameter
2 Angle
gI Semi-Automatic
& Edit
121 Move
[ Animate
B8 Display
Constraints -
Settings
Sketching | Modeling |

12) In the details view you will now see Dimensions H1 and H2. Click on the text boxes and change these to: H1 =300
mm and H2 = 150 mm — Generate — File, Save project — File, Close DesignModeler. If you make a mistake and
select the wrong edge, you can delete a dimension by right-clicking on the dimension in the list under the Details

View menu box — Delete.

Sketching Toolboxes M Graphics
Draw
Meodify A N S Y S
Dimensi ~ R18.1
@Genelal .Academic
= Horizontal
I[ Vertical
*Length/Distance
" Radius
Constraints -
Settings

Sketching | Modeling |

Details View

[=l| Details of Sketch1

Sketch Sketch1

Sketch Visibility Show Sl

ketch

Show Constraints? | Mo
—_—

|| Dii 2
H1 |300 mm
H2 | 150 mm
=N
Line [tn7

Ve I

v | Model view | Print Preview |

o Drag to scroll view

|No Selection

|Millimetel Degree lﬂ_lﬂ_/Al

Note how the geometry has changed by supplying new dimensions. This can be extended to other shapes to give
full parametric control over various dimensions. However, be careful not to over-constrain the problem: using too

many dimensions can lead to conflicts between dimensions.
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13) To mesh this shape, go back to Workbench and LC and hold the Mesh icon under Component Systems, then drag
and drop this onto row 2 of the Geometry box and ensure that a link is present between Geometry and Mesh:

File  WView Tools Units Extensions Jobs  Help
sRBe

d1mport... | £ Reconnect Refresh Project - Update Project | B & ACT Start Page

Toolbax Project Schematic

m BladeGen 6

= o

@ Engineering Data - A - B

el EnSight (Forte) 1 1

External Data 2 H Geometry v 2 m Geometry " 4

§ External Model -
B Fluent / Geometry 3 |‘ Mesh ~ .

n Fluent {with Fluent Meshing) Mesh
B Forte

@ Geometry

[ sranTamI

O Mechanical APDL
§ Mechanical
@ Mesh
[ Micrasoft OfficeExcel
€% Performance Map

14) RC on row 3 of the new Mesh box — LC Edit... — This will launch Ansys Mesh. LC on the Z-Axis of the triad to view
the step from the side. Change the physics preference from the default of Mechanical to CFD, in the tree outline:
LC on Mesh — In the Details box click on Physics Preference and change to CFD — LC Generate Mesh — Wait for
the mesh to be created — LC Mesh under the Outline. You will see an initial Cartesian mesh:

TN
% Cut X Delete, g I‘-Janled Selection @Images' +— B¢ E %Tags IESeIection Information -,ﬁgRepm‘t Preview . ;ﬁManage'
B Copy QFind i Coordinate System E.Section Plane mft = @Show Errors & Unit Converter [EKey Assignments EUser Defined™
DU Bt Barree-\ | O I comment Eannotation | WS Worksheet KSame o tanage views & Print Preview Ul (Reset Layout
Outline Mesh Insert Toals Layout
N IOX | QA @wd % - Q@ @ @ Sclect  Mode- EEREREE®E P FECipboard-
Mame - | Search Qutline |
[0 project* ANSYS
= @ Model (83) 2020 R2
El-,/ T Geometry e
H -y B Surface Body ACADEMIC
Vm Materials
i Coordinate Systems
/98 Mesh
DEtEiIS Of “Mesh ------------------------------------------------------------------------------- - u D x
(1| Display
Display Style ‘Use Geometry Setting
[=| Defaults
Physics Preference CFD g
Solver Preference Fluent
Element Order Linear
Element Size Default (2.26382-002 m)
Export Format Standard
Export Preview Surface Mesh | Mo
Sizing
Quality
o -

15) Clearly, this default mesh is far too coarse to adequately resolve fluid flow. However, because the shape was
created with a total of 8 edges, it is possible to control the mesh size with edge controls. RC Mesh under Outline

— LC Insert — LC Sizing — LC edge selection filter — LC on edge H (see step 7) in the Graphics Window (this
should turn green) — press and hold the Ctrl key on the keyboard and click on edges F, C and D one at a time (they
should all appear green) — under Details of “Sizing” - Sizing, next to Geometry LC No Selection (highlighted in
yellow) — Apply — LC Element Size under Type — LC down arrow, LC Number of Divisions — set to 16 in the
box immediately below — LC Bias Type, LC on the down arrow — LC on the bias which clusters the cells at the
ends of the edge (recall step 20 from Tutorial 1) — set bias factor to 3 — LC Generate Mesh — Wait for the mesh
to be created — LC Mesh under the Outline:
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0.000 0050 0.100(m)
I e )

0.025 0.073

16) The revised mesh is an improvement but now the elements are squashed (skewed) in the corners. As the shape
is simple, a better solution is to use Face Meshing which consists of a Cartesian grid. RC Mesh under Outline —

Insert — Face Meshing — LC Face selection filter — LC on the shape in the Graphics Window — LC Apply
— Generate Mesh — Wait for the mesh to be created — LC Mesh under the Outline:

- {5 Model (83) "
E| ----- /T8 Geometry
: “ - B Surface Body
1T Materials
- 23 Coordinate Systems
El--4@@ Mesh
[ @m -
Insert | I
Details of "Edge Sizing" - > Method
o[ Scope Update tg Sizing
scoping Method $  Generate Mesh @ Contact Sizing
Geometry & .
: Refinement
= Definition Preview {
Suppressed Show » @ Face Meshing
Type @ Suppress B Mesh C Face Meshi L' X
MNumber of Division: . . ﬁ Match © ng 0.000 0.070(m)
] Q Hide Other Bodies Enable the gene — )
(-|| Advanced . g 0.035
O ) @p  Pinch of a free or map
Behaviar [0 Duplicate = 2 .
& Inflation mesh on selectef\, Geometry £ Print Preview A Report Preview / ]
Growth Rate B copy
Capture Curvature £ Cut @ Mesh Ed @ P F1 for hel
E.] ress F1 for
|| Capture Proximity [ MAgck B P-

Note that the mesh is only controlled in the Y-direction because of the controls implemented in step (15) above;
in the X-direction there are no controls and so the mesh is skewed.

17) Before inserting more edge controls, rename the sizing from step (16): LC on Edge Sizing in the Outline — RC —
Rename — Enter y-sizing (Note: you should use a continuous name without spaces or symbols):

I Project”
= (& Model (B3)
El ..... v & Geometry
o BB Surface Body
------- 5 Materials
..... s Coordinate Systems
B v EE'J Mesh

o Face Meshing

18) Repeat steps (15) and (17) to insert another edge control and apply to edges A and G. Ensure that the sizing is
clustered at the righthand ends of the edges (you may need to apply the Reverse Bias option if an edge bias is
clustered at the wrong end). If you make a mistake, you can delete the bias in the Outline tree by RC on the sizing
and LC Delete. Set the number of divisions to 50 and a bias factor of 3. Rename the new sizing as x-sizing-
upstream and Generate the mesh; this changes the mesh in the inlet region of the shape:
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B30 Mesh
i1 y-sizing
-8 Face Meshing
»(@ x-sizing-upstream
Details of "x-sizing-upstream” - Sizing - * 0 Ox
(=I| Scope
Scoping Method |Geometry Selection
Geometry |2 Edges
[=1| Definition
" L
Type MNumber of Divisions
Number of Divisions | 50
ST Advanced
Behavior Soft
Growth Rate Default [1.2)
Capture Curvature MNao
SCante Bosnits
q Bias Type E o
Bias Option Bias Factor
Bias Factor 3.0
» Reverse Bias 1 Edge

19) The mesh still requires control in the X-axis from the step to the outlet on the right. Add another edge control and

apply to edges B and E — Ensure that the sizing is clustered to the left:

- - — l|| — Set the Number of Divisions to 100 and a Bias Factor of 5.

— You will notice that the bias on edges B and E are in opposite directions, therefore you must click on Reverse
Bias then select edge E — Apply — Rename the sizing to x-sizing-downstream. — Generate:

= Model (B3) =
E‘v‘ﬁ Geometry e
i ey lg Surface Body

T Materials ACADEMIC

- /8 Face Meshing
. v’@ x-sizing-upstream
» v’@ x-sizing-downstream

Details of "x-sizing-downstream” - Sizing

|| Scope
Scoping Method |Geometry Selection
Geometry |2 Edges
|=| Definition
Suppressed Mo
Type Mumber of Divisions
Mumber of Divisions | 100
|- | Advanced
Behavior Soft
Growth Rate Default (1.2}
Capture Curvature Mo
Capture Proximity Mo
Bias Type -
Bias Option Bias Factor
Bias Factor 5.0
Reverse Bias 1 Edge
0.000 0.050 0100(m)
I e
0.025 0.075

No Selection  # Metric (m, kg, N, 5, V, A) Degrees rad/s

Note how the mesh is now fully controlled using the edge controls applied in the steps above. This was made

possible by creating the geometry using strategically placed points (step 8) which ensured that the following pairs
of edges were the same length: Hand C; Fand D; A and G; B and E.
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20) For the final meshing stage change the number of divisions to 18 for y-sizing, 100 for x-sizing-upstream and 200
for x-sizing-downstream — Generate mesh — Repeat step (23) from tutorial 1 to check that the quality of the

mesh is very good with zero skewness:

Outling

Narne

[ Materials

=] T Mesh
i y-sizing

e O X

-y B Surface Body
5L Coordinate Systems
@8 Face Meshing

iy {8 X-gizing-upstream
b M w-sizing-downstream

v
Details of "Mesh™ =i s i - IJ. Ox
-I| Display ~
Display Style Use Geometry Setting
(=1 Defaults
Physics Preference CFD
Solver Preference Fluent
Element Order Linear
Element Size Default (2.26382-002 m)
Export Format Standard
Export Preview Surface Mesh | Mo
Sizing
[=1| Quality
Check Mesh Quality Yes, Errors
Target Skewness Default (0.900000)
Min 1.3057e-010
Max 1.3074e-010
Average 1.305%e-010
Standard Deviation o,

e [@w&® % O+ @@ S kMde- T RED R E

L o [ i s Sa0eaaa e a0 e e B e e L 0 A 008 00 0 020 800 0 £ 0004 804,000,025 0004800000003 28 040000208

Confrols |
o Quad4

0.000

0.040

R

0.080 {rm)

0.020

0.060

[ Clipboard -

ANSYS

2020 R2
P I E R R

E
S

g
 ®

Number of Elements
c ta

g

3

=
8

-

g

000 |

Element Metrics

84 No Messages

Mo Selection & Metric (m, kg, N, s, V, A)

Degrees rad/s Celsius

21) Now that you have a mesh, you need to assign boundary conditions which will consist of an inlet, an outlet and

walls. To create the inlet — LC edge selection filter — LCon edge H so that it turns green — RC on the selected
edge — LC Create Named Selection (N)... (at the bottom) — Enter the name inlet in the Selection Name box —

OK:

: Name
= (& Model (B3)
- Geometry

OUING 170 e e e e R

H ey ] Surface Body
o (T Materials
4 Coordinate Systems
El-@ Mesh

iy @ ysizing
-/ Face Meshing
-8 x-sizing-upstream
Lo /|6 x-sizing-downstream

Details of "x-sizing-downstream" - Sizing ==

v B O X

~iox

ﬁ Generate Mesh On Selected Bodies
’ Clear Generated Data On Selected Bodies
GoTo
Q' Hide Body
! Filter Tree Based On Visible Bodies

‘@ Suppress Body

ANSYS

2020 R2

[l Scope

@ sometric View

Scoping Method

|Genmetry Selection

o Set

N

Size

Type
Location X
Location

Location 2

Apply To Corresponding Mesh Modes

m)[ |

Geometry |2Edges
= Definition 4 Restore Default
Suppressed No @ Zoom To Fit
Type Number of Divisions @ Zoom To Selection
Mumber of Divisions | 200 ®
(= Advanced Image To Clipboard
Behavior Soft Cursor Mode
Growth Rate Default (1.2) View
Capture Curvature No 4G LookaAt
Capture Proximity No
Bias Type o 2e ik i
Bias Option Bias Factor & Create Named Selection...
Bias Factor 5.0
ele
Reverse Bias 1 Edge

Create a Mamed Selection for the selected geometry entities in the graphical interface (bodies, faces, etc.). You

[ select Mesh by 1D...

Parts

Create Named Selection... (N)

Cancel I

Create a Named Selection for the selected geometry entities in the
‘ graphical interface (bodies, faces, etc.). You can specify a name for the
[ selection and you can specify criteria based on the selected geometry.

(i) Press F1 for help.

—

22) Repeat step 21 to create an outlet for the two edges (C and D) ensuring that you hold the Ctrl key to add both
edges to the selection. Name the selection outlet.
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23) Create another named selection called walls for all the walls (edges A, B, G, F and E).

24) To check that your boundary conditions are correct — LC on the (+) symbol next to Named Selections — Hold the
Ctrl key before selecting them:

QQ[@w& % O-+ Q@ Q@@ sclect % Mode- BPRE D& P b~
& MName w | Search Qutline |

1 Projects ANSYS
"B Model (83) 2020 R2

- /8 Geometry
10 Materials ACADEMIC

---J;;: Coordinate Systems

25) To export the mesh file click File — Export — Mesh — FLUENT Input File — Export — You will then see the Save
As menu box, set the file name to backstep-1 — You may wish to select a folder to save the file in — Save. Save
the project and close both Mesh and Workbench.

26) Open Fluent in 2D and Double Precision mode and read in backstep-1.msh.

27) Next you need to check the scale of the mesh to ensure you are solving the correct problem: LC on the Scale...
button in the Mesh sub-menu under Domain — Check that the domain extents are the same as those shown

below — Close:

Domain Extents fing
¥min (m) -0.15 Xmax (m) 0.3 (® Convert Units
Display... Ymin (m} -0.025 Ymax (m) 0.025 (! Specify Scaling Factors
@ Info . S L§ Transform esh Was Created In
El# units... Checkv  Quality v /. wjake Polyhedra <Select> :
View Length Unit In Scaling Factors
m h X1
Y1
Scale Unscale
28) For convenience, the base of the step should be at the Translation Offsets
.. . X(m) 0
origin so you need to translate the grid upwards by 0.05 Y[[ )} 0.5 l
m W
m: LC Transform — Translate... — insert a Translation -
Domain Extents
Offset of 0.025 for Y (m) — Click Translate ONCE and note Xmin (m) -0.15 Xmax (m) 0.3
the change in domain extents: Ymin (m) |0 Ymax (m) 0.05
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29) In the previous tutorial, you solved a laminar flow case, however in this example you will be simulating turbulent
flow with a moderately high Reynolds number; air will enter the inlet and spill over the step with the sudden
expansion at the step inducing flow separation and recirculation behind it. Since the flow is known to be
turbulent, you need to activate a turbulence model: In the Outline View LC Setup — expand Models — double
click on Viscous models — when the Viscous Model menu appears, select the k-epsilon (2 eqn) option — OK:

Outline View

Filter Text

= Setup
@ General

Model
Inviscid
Laminar
Spalart-Allmaras (1 eqn)

- @ Models )
[ Multiphase (Off) D SF=ImEET,

(@ Energy (Off)
7 Viscous (55T k-omega)
" Radiation (Off)
Heat Exchanger (Off)
, Species (Off)
+) - Discrete Phase (Off)
& Solidification & Melting (Off)
Il Acoustics (Off)
<} structure (Off)
[I‘Zal] Potential/Li-ion Battery (Off)
+ S Materials
+) [ Cell Zone Conditions
+ [ Boundary Conditions
ﬁ Mesh Interfaces
2 Dynamic Mesh
[2] Reference values

k-omega (2 eqn)

Transition k-kl-omega (3 eqn)
Transition SST (4 eqgn)
Reynolds Stress (5 eqn)
Scale-Adaptive Simulation (SAS)
Detached Eddy Simulation (DES)

k-epsilon Model
@ Standard
RMNG
Realizable

Near-Wall Treatment
® Standard Wall Functions
Scalable Wall Functions
Mon-Equilibrium Wall Functions

Model Constants
Cmu
0.09
C1-Epsilon
1.44
C2-Epsilon
1.82
TKE Prandtl Number
1
TDR Prandtl Number
1.3

User-Defined Functions
Turbulent Viscosity

none

Prandtl Numbers

TKE Prandtl Number

1 R Framgs Enhanced Wall Treatment none
feo Named Expressions TDR Prandt! Number
a Menter-Lechner
- Solution T -
2, Methods User-Defined Wall Functions

Controls
[=] Report Definitions
+ @ Monitors
@ cell Registers
2% Initialization
+ # Calculation Activities
© Run calculation

- Results
y =1

Options
Curvature Correction
Production Kato-Launder
Production Limiter

) [ (o) (ren)

Note that there are three types of k-€ model including the standard k-&€ model (selected above), the RNG
(Renormalized Group Theory) k-&€ model and the Realizable k-&€ model. Other models are also available including
k-w models, Spalart-Allmaras and Reynolds Stress models; these will be explored in later tutorials. A number of
transitional models also appeared in ANSYS Fluent in about 2016 but these are not explored here. For now, you
should appreciate that there are a wide range of turbulence models and it is essential to choose appropriate ones,
depending on the application.

30) With the turbulence model activated the next step is to set the boundary conditions on the inlet and outlet: In the
Outline View collapse Models and expand Boundary Conditions — double click on the inlet boundary condition
— when the Velocity Inlet menu appears, enter 40 in the Velocity Magnitude (m/s) box — Click on the down
arrow next to Specification Method — select Intensity and Hydraulic Diameter — Enter values of 5% for
Turbulent Intensity and 0.0476m for the Hydraulic Diameter — OK:
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MECH5770M
outline View < Task Page < [ ]
Filter Text Boundary Conditions ®| ¥
» > setup _ |-
* @ Models
+ L materials Zone Name
+ [ cell Zone Conditions inlet
= B d Conditi
%D .Sulnlir}" S LIEhE Momentum | Thermal Radiation Spedies DPM Multiphase Potential ups
=) i Inle
= inlet (velocity-inlet, id=6) Velocity Specification Method | Magnitude, Normal to Boundary -
- @ Internal
EQ interior-surface_body (interio Reference Frame Absolute -
* a Outlet l Velocity Magnitude (m/s) 40 l -
+ = wall

ﬁ Mesh Interfaces
& Dynamic Mesh
[2] reference Values
+) 17, Reference Frames
£ Named Expressions
- Solution
% Methods
Contraols
1] Report Definitions
+ & Monitors
@ Cell Registers

Supersonic/Initial Gauge Pressure (pascal) o

Turbulence

~
Specification Method | Intensity and Hydraulic Diameter

Turbulent Intensity (%) 5

Hydraulic Diameter (m)|0,0476

B (cose) (v

Note: both the turbulence intensity, T;, and the hydraulic diameter, Dy, are parameters which provide a small

amount of turbulence on the inlet. In real fluid flows, turbulent fluctuations are often present on entry to a

particular region and so you should use appropriate values of T, and Dy depending on your application. You can

also specify other parameters instead such as the turbulent length scale, it all depends on the boundary condition

information you have available prior to running your simulation(s).

31) Repeat step 30 to set the outlet boundary condition: when the Pressure Outlet menu appears leave the Gauge
Pressure (pascal) as 0 pa — change the turbulence Specification Method to Intensity and Hydraulic Diameter —
Enter values of 5% for Backflow Turbulent Intensity and 0.0476m for the Backflow Hydraulic Diameter — OK:

32) In Tutorial 2 you used the default parameters in Fluent, which are designed to handle a wide range of flows.

However, many of these settings are not always suitable. An important aspect is the order of discretisation used

by the solver. To view the default schemes: expand Solution in the Outline View — double click Methods —
Change the schemes to Second Order Upwind for Turbulent Kinetic Energy (k) and Turbulent Dissipation Rate

(&):

Default schemes

Task Page

Solution Methods

Pressure-Velocity Coupling
Scheme
Coupled
Spatial Discretization
Gradient
Least Squares Cell Based
Pressure
Second Order
Momentum
Second Order Upwind
Turbulent Kinetic Energy

Task Page
@| Solution Methods
Pressure-Velocity Coupling
Scheme
n Coupled

Spatial Discretization
Gradient
Least Squares Cell Based
Pressure
Second Order
Momentum
Second Order Upwind

Turbulent Kinetic Energy

First Order Upwind

Turbulent Dissipation Rate
First Order Upwind

Second Order Upwind
Turbulent Dissipation Rate

Second Order Upwind

By default, second order schemes are already selected for the pressure and momentum equations. However, for
any additional models you select (e.g. turbulence model or species transport) the default discretisation schemes
are typically first order. The higher the order, the more accurate your solution will be. The drawback with higher-
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order schemes is that they can be less stable. In general, second order simulations are accurate enough for most

engineering applications. If your simulation struggles to converge, you can start with first order discretisation then
switch to second order (or higher) once the residuals have dropped sufficiently.

33) You should also change the Gradient method from the default of Least Squares Cell Based to Green-Gauss Cell
Based which is also found under Solve — Methods:

Spatial Discretization
Gradient

|_ Least Squares Cell Based b |

» Green-Gauss Cell Based |

Green-Gauss Mode Based
Least Squares Cell Based

The gradient method computes velocity derivatives, secondary diffusion terms and it constructs scalar values at
cell faces during a given simulation. Of the three methods available, the Green-Gauss Cell Based method is suitable
for structured hexahedral meshes (as above), the Green-Gauss Node Based method is suited to unstructured
tetrahedral meshes and Least Squares Cell Based is best for polyhedral meshes.

Outline View < Task Page
URT . . . ilter Tex i it ! @
34) Initialise the solution (recall step 5 in tutorial Fler e Solution Initialization @)
. . ege e o - Set o -
2): Solution — double click Initialization — B General 1“"'3“2:":’" ”e"“""s
Hybrid Initialization
LC Standard Initialization — LC down arrow : E}'\:j’a‘::fals » ®) Standard Initialization
next to Compute From — LC inlet — LC S B laming Compute from
P +! B Boundary Conditions »
Initialize button at the bottom. ¥ Mesh Interfaces

- Reference Frame
2 Dynamic Mesh

| e Valis ® Relative to Cell Zone

. N . +a Absolute
35) Save the case file: File — Write — Case — * o Reference Frames
£ Named Expressions Initial Values
save the file as backstep-1.cas.h5 in your - 5°";"°|:'Aethods Gauge Pressure (pascal)
Tutorials folder. /* controls L
*z Report Definitions X Velocity (m/s)
+ @ Monitors 40

@ cell Registers
BB = izsion

+ # Calculation Activities

0

() Run Calculation Turbulent Kinetic Energy (m2/s2)
- Results 6
O,, surfaces Turbulent Dissipation Rate (m2/s3)
5 Graphics
+ | plots 7247759
+ [-] Animations
+ [} Reports

+ Par ters & Customization ] |
In|t|a||ze| Reset| Patch...

36) Run the simulation: Solution — Run Calculation — set Number of Iterations to 1000 by clicking in the appropriate
box and typing 1000 on the keyboard — Calculate — The simulation will take around 1 minute and it should stop
in the range 40-45 iterations (the exact number can vary depending on the computer):
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k Residuals
¥ == continuity
- —x-velocity 1e+02
(=] -
* | F—y-velocity
=k 1e+01
epsilon
y
1e+00
r= 1e-01
1e-02
) 1e-03
| ok
...... 1e-04
(e |
3
1e-05
1e-06
a3
I
all
Console
38 1.473%=-03 1.3510=-04
3% 1.33595e-03 1.2311e-04
40 1.206le-03 1.1142e-04
41 1.1024e-03 1.0016e-04
! 42 zolution is converged
42 9.82%0e-04 8.9684e-05
Calculation complete.

Scaled Residuals
2020 R2
] ACADEMIC
T T T T T T T T 1
0 5 10 15 20 25 30 a5 40 45
Iterations
* 0 select]
&
1.7110e-05 2.5484e=-04 3.95%0e-04 0:04:26 962 i !
1.5527e-05 2.4273e-04 3.5683e-04 0:03:33 961
1.4211e-05 2.3025e-04 3.2104e-04 0:06:02 b=t
1.3133e-05 2.1378e-04 2.8716e-04 0:04:4% 9559
1.2151e-05 1.5%3592e-04 2.5406e-04 0:03:51 558

37) Although the calculation is complete, the default residual tolerance of 0.001 is used to stop the calculation once

continuity, x-velocity, y-velocity, k and epsilon residuals have dropped below this value. It is good practice to drop

these tolerances: expand Monitors under Solution in the Outline View — double click Residual — in the Residual
Monitors menu box Change the Absolute Criteria for all quantities from 0.001 to 1e-16:

+ 17, Reference Frames
f+ Named Expressions

» Solution
o‘

L Report Plats

@ Cell Registers
2% Initialization
+) # Calculation Activities

. Convergence Conditions

Options

Methods
Controls | Plot
% Report Definitions Window
& Monitors
%@ Residual i
£ Report Files

+| Print to Console

: _Curves... :|_Axes... |

Tterations to Plot

1000

-
-

Iterations to Store

-

Equations
Residual

continuity
x-velocity
y-velocity
k

epsilon

Monitor

v

< & & &

& Run Calculation 1000 =
- Results -

& surfaces Convergence Conditions...
2 @ Graphics Show Advanced Options
+ | Plots

A Scene [— [— [_
+ Animations m _Plot_| _Canl:el] _Help_|
BN ponaes

Check Convergencef Absolute Criteria

v

< & & <

le-16
le-16
le-16

le-16

le-16
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38) Continue the simulation with revised convergence criteria: Solution — Run Calculation — set Number of
Iterations to 300 — Calculate — Wait for the simulation to stop, this will be when ~350 iterations have taken
place:

Scaled Residuals X

ANSYS

2020 R2
ACADEMIC

1e+02 Solution is NOT

converged — it is still

|

1e+00

changing here! Solution is converged after

~275 iterations because the

1e-02

residuals have levelled off

1e-04 4

1e-06
1€-08 =
1e-10 3
1e-12 3
1e-14 3

1e-16 3

e s e

1e-18 T T T T T } T 1
0 50 100 150 200 250 300 350

lterations

Notice that the solution is converged when the residuals have levelled off i.e. no change in the solution for further
iterations. In this case, convergence has occurred after approximately 275 iterations; the residuals may be
oscillating due to numerical noise but they are not reducing as they do earlier in the simulation.

Where possible, it is good practice to lower the residual tolerances (step 37) and run the solution until the residuals
have levelled off. Note that for complex 3D problems this can be take 1000’s of iterations which take many hours
to complete.

It is also good practice to use monitors to show how certain parameters vary as the solution progresses. For

example, you may want to monitor the pressure drop through a pipeline or the drag coefficient of an object. This
aspect will be covered in later tutorials.

39) Having run the simulation, you need to save the data. File — Write — Data — save as backstep-1-k-epsilon-2nd-
order.dat.h5 (Be specific with your data files names so that you remember what settings were used)
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40) Display the contours of the X-Velocity: Reduce the size of the Setup and Solution menu’s in the Outline View by
clicking on the (-) symbols — expand Results and Graphics — double click on Contours — in the Contours menu
ensure that Filled is selected — Select contours of, Velocity, X-Velocity — select Banded under Coloring — LC
Colormap Options — In the Colormap menu change the Colormap Size to 20 — LC Apply then LC Close to close
the Colormap menu — LC Save/Display in the Contours window Save/Display:

Contour Name

Outline View < contour-1
Options Contours of
Filter Text * V| Filled Velocity... -
v

+ Setup Node Values X Velocity -
+ Solution +| Boundary Values Max (m/s)
ax (m/s)
= Results Contour Lines - i
& surfaces -8.742554 41.74923

v Global Range

= & Graphics = | (== | [= |
@F:w h V| Auto Range Surfaces |Filter Text '_Cl| _—'| f/| '_x|
e Clip to Range ; —_—
+ ¢ Contours Dra Profiles inlet
“a Vectors & interior-surface_body
Draw Mesh outlet

f“-:_ Pathlines surface_body
:i Particle Tracks 1 walls
+ | Plots Coloring
2} Scene ® Banded
+ Animations Smooth
* Reports ]

+ Parameters & Customization Colormap Options |
) " |Hew Surface .|

Save/ Display | Compute | _Clc-se | Hilp|

1
e——

Notice how the X-Velocity (i.e. horizontal component of velocity) is negative behind the step; this is because the
air has separated as it has flowed over the abrupt step and a recirculation region exists with flow opposing the
free-stream direction.

41) As shown earlier in step 13 of Tutorial 2 it is very important to be aware that by default, Fluent displays contours
with smoothing and interpolation. In reality, your solution only has one value for each flow parameter (velocity,
pressure etc.) inside each computational element. To display the element values for X-Velocity: Open the Contours
window again and deselect Node Values under the Options field — Display. If you now zoom in on the step using

either the zoom button or your mouse wheel. The image on the next page shows the difference between the
default contours node values. To overlay black grid lines see the next step.
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Default contours (20 levels) with

Element values (20 levels) showing
the ACTUAL solution with grid lines.

smoothing and interpolation

Be careful when investigating your solution, particularly in regions of high flow gradients, the default contour plots
do not always show the true solution. Although the solution may look reasonable, your grid may be too coarse
which is why you should conduct a grid independence study, this will be considered in later tutorials.

42) To overlay black grid lines: Select Draw Mesh under Options in the Contours box — The Mesh Display box will

appear — Ensure that Edges is selected under Options and All is selected under Edge Type — LC on the Colors...
button — In the Mesh Colors box LC interior under Types — LC black under Colors — Close the Mesh Colors box
— LC Display in the Mesh Display box followed by Close — LC Save/Display in the Contours box: You should now
have black grid lines overlaid on the contours as shown in the previous step, you may need to zoom in on the step
to see this.

n Contours
Contour Name
contour-1
Options Contours of
+| Filled Velocity...
. Noded\.v'aluesI X Velocity
Boundary Values N
- 1 Min (m/s) - — Options Types Colors
ontour Lines g n esh ® Color by Type  far-field background [~
| Global Range L0713 - ; 9
L | Options Edge Type Color by ID inlet iblack
v Auto Range Surfaces | - ® Al Surfaces |Filter T interior blue
Clip to Range ild 7 Edo € . mikn Sample outlet cyan
es eUre
Draw Profiles b carior g TG [ overset dark blue
7D Mash Faces Outli . periodic dark gray
ravr Hes outlet i rans-les-interface dark green
surface b Ferttions surface_body symmet dark red
walls Overset walls a}:(is v foreground
Coloring I R4 g -
Shrink Factor Feature Angle wa areen
@ Banded
0 20
Smooth Reset Color5| Help|
Outline ‘ Interior ‘ ’ ’
Colormap Options... | | — I
— " [lew surl Ad]acency...] New Shrface _ |
Save/Display Display Colors...| Close| Help|
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43) Display velocity vectors: Results — double click Vectors — in the Vectors window change the Style to filled-arrow
— change the Scale to 0.003 — click on Vector Options — In the Vector Options menu select the Fixed Length
option and LC Apply — LC Save/Display in the Vectors window:

+ Setup
+ Solution B vectors
- Results
& surfaces Vector Name
=) @ Graphics vedat:3
& Mesh Options

+ &% Contours | Global Range

=

=) Vectors v Auto Range
" vector-2 Clip to Range
= =] v?ctorfl | Auto Scale
& Pathlines
i Particle Tracks Draw Mesh
+ L plots Style
2q Scene » filled-arrow

+ [2 Animations

+ [ Reports
+ Parameters & Ci

Scale
0.003

Skip
1

Vector I}ptiﬂns...|
Custom Vectors...
Colormap Options... ‘

Vectors of
Velocity
Color by
Velocity...

Velocity Magnit#e
Min (mys)

| X Component

Scale Head
h 0.3

In Flane

| Fixed Lengtl

| ¥ Component

interior-surface_boq ¥ Z Component
outlet
surface_body

walls

Calor

oo | () E o)
Hew Surface -_‘

)
—4-38e+01

Toeta

3342401

2.92e+01

2 51e+01

f=2-09e+04

1.87e+01

1.25e+01

N

4.182+00

6.27=-03

@@

\\\\\\\\\\mmm«:

e

(orpe] fone) ]

There are many different ways to display vectors so feel free to explore the different options above. If a large
range of velocities exists then then some options are not suitable and it takes practice to perfect visualisation.

44) Display pathlines which are released from the inlet and coloured by static pressure: Double click Pathlines in the
Outline View — in the Pathlines menu Select inlet under Release from Surfaces — Select Pressure under Color
by — Change the number of Steps to 1000 — Save/Display:

Outline View
i Pathline Name
Filter Text
pathlines-1
: glt:t;_r Options Style Color by
= Rmulnt)sn 0Oil Flow line v Pressura...
Reverse N ]
¢ Surfa;es _Attrlbutes...] Static Pressure
-) @ Graphics | MNode Values . :
& Mesh +| Auto Range SteplSizeli(m)Tolerance Min (pascal) Max (pascal)
+ & Contours Draw Mesh diHl GO -456.0767 0.5774009
: ‘.::, vectors ) e i seeps Pt Slop Release from Surfaces Filter Text
» . = Path_llnes | Relative Fathline: 1000 v 0 - :
1/ PR EES X Plot Path Coarsen »“’”Et
+ | plots Write to File A - interior-surface_body
2y scene ; outlet
2 Animations Type On Zone [0/3] _=| = | = | surface_body
+ [ Reports CFD-Post = ' 2 walls
O 8 C ion inlet
outlet
Pulse Mode walls
Continuous
2 Single
Colormap I)ptions...| New Surface ,|
Save/Display Pulse| Compute| Axes... | | Curves... [:Iose| Help|

REEE

Step
height, H

Separation point

Reattachment

Reattachment length, L
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Notice how the pathlines are released from the nodes on the inlet face and they indicate where the air flows

through the domain. The flow can clearly be seen to separate at the top of the step and reattach on the bottom
wall further downstream.

Steps (40-44) show some of the qualitative visualisation tools available within Fluent, however this must be
balanced with quantitative analysis. Accordingly, the reattachment length, L, is usually expressed in dimensionless
form relative to the step height, H. The following reference (B. Ruck and B. Makiola, Particle dispersion in a single-
sided backward-facing step flow, Int. J. Multiphase Flow. Vol 14, No. 6, pp. 787-800, 1988) details an experiment

which was conducted in the 1980’s for which L/H = 8.1 i.e. the reattachment length is 8.1 greater than the step
height.

45) To determine the reattachment length from your CFD solution, you need to show contours of the X-Velocity with
a range limited to positive velocities only: In the Outline View, double click on contours-1 (from step 42, you may
need to expand Contours in the Outline View) — To display the outline of the domain LC on the Draw Mesh
option — select Edges under Options, Feature under Edge Type and highlight only the inlet, outlet and walls in
the Surfaces list — LC Display in the Mesh Display menu — In the Contours window ensure that contours of
Velocity, X-Velocity is selected — LC the Compute button — uncheck the Auto Range button and ensure that
Node Values is also unchecked — set the value in the Min (m/s) box to 0 — Save/Display:

Outline View

Contour Name

Fartitions
Overset

Shrink Factor Feature Angle

outlet
surface_body
walls

Filter Text

-/ & Contours
& contour-1

*) = Vectors

+ & pathlines

| Global Range
- Auto Range

contour-1

| Clip to Range
Draw Profiles

0

Surfaces Filter Text

inlet

: . + Se![u? Options Contours of
Options Edge Type Surfaces |Filter Text % : io;u:;)sn Sl [l et .
Nodes All ; — & surfaces Node Values X Velocr e
| Edges & Feature !nlet. - -) @ Graphics Boundary Values| &
Fces Outline | IMterior-surface body ) contour Lines | i (m/9) Max (m/s)

41.75106

interior-surface_body

0 20 :! Particle Tracks -
DL plots raw Mesh outlet
[outine] ~ [merior] 2 scne _“w
¥ ) ! _ + Animations Coloring
Adjal:enl:y...| New Surface -| *) k=] Reports ® Banded
+ [ & O ion

REEE

Smooth

(cr) o) i)
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46) Zoom in on the bottom wall in the region where the contours meets it. The exact point where the X-Velocity is

zero (arrowed above) denotes the reattachment point.

47) To determine the reattachment length L, create a point: Zoom in on the contours near the reattachment point
(arrowed below) and right click (RC) where the blue contours are in contact with the bottom wall (you will see a
small black circle to indicate that you have used the probe tool) — Observe the numbers in the Console.

e The coordinates of the point appear in the Probe position line (here, x = 0.17386882m and y = Om) and
from this you should be able to calculate L/H = 6.95 recalling that the step height is 0.025m and the origin
is at the base of the step from when the mesh was translated. Your simulation may have slightly different
values but please do not be concerned about this, unless your value for L/H is very different to the figure

above.

e You will also see “Contour level 0, value in [0, 2.0874615]“ appears on the second line in the console
window. This is the exact quantity of the X-velocity in the centre of the cell you have selected; the final
few decimal points of this value can change slightly in different versions of the software. Again, this should

not concern you unless your quantities are radically different.

Tutorial Handbook

Contours of X Velocity (m/s)

@n

El

=

5l '
contour-1
= X Velocity ( m/s )

=

0.00e+00 4.17e+00 835e+00 1.25e+01 1.67e+01 2.09e+01 2.50e+01 2.92e+01 3.34e+01 3.76e+01 4.17e+0

ACADEMIC

(= _———

all

Console

Probe position = (0.17386882 0.00028102295 -5.553588e-10
Contour level 0, value in [0, 2.0874615].

* 0 selected

& <

(o] Mme

Note: wherever possible, you should seek to validate your CFD results by comparing with equivalent experimental
data. In the example above, you have compared the reattachment point for a 2D simulation with 3D experimental

data.

48) Close Fluent unless you are going straight to attempt Tutorial 4.
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Tutorial 3 Summary:
You have:

e Created a basic geometry and meshed it with a structured hexahedral grid

e Run a turbulent flow simulation with 2" order discretisation for all flow equations

e Explored the concept of convergence and simulation stopping criteria

e Post-processed the result with contour and vector plots as well as pathlines

e Compared the reattachment length in your simulation to an experimental result (validation)
e Thereis no task for this tutorial

End of Tutorial 3
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UNIVERSITY OF LEEDS

MECH5770M: Computational Fluid Dynamics Analysis

Tutorial 4: Backward-Facing Step (ii)

L
‘

Tutorial 4 Outline:

e Further post-processing of the simulation result from Tutorial 3
e Export a series of velocity data profiles and compare to experimental values
e Complete TASK 2

Prerequisites

1) Ensure that you have completed Tutorials 1-3 which cover the basics of CFD pre and postprocessing.

1) You MUST complete the tutorials in order otherwise you will struggle to complete later exercises.

2) Regularly save your work — programs do crash and you will lose unsaved work!

3) This document is written using ANSYS 2020 R2, however, you may have access to other versions of the
software. If this is the case, some menus and screen outputs may differ slightly but you should still be able to
complete the tutorial.

4) The following acronyms are used throughout this document:

RC = Right mouse button click

LC = Left mouse button click
MC = Middle mouse button click
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1) Launch Fluent 2020 R2 and read in the case and data file from Tutorial 3. You should have named these:
o backstep-1.cas.h5
e backstep-1-k-epsilon-2nd-order.dat.h5

2) By using a k-epsilon type of turbulence model, this typically uses a wall function to model near-wall effects which
is known as a “wall function approach”. For this to be valid, a dimensionless parameter, the wall y* value, is
measured on wall surfaces and it needs to be in the range 30 to 300, ideally close to the lower end of this range.
To check this: double click on Surface Integrals under Reports in the Results section of the Outline View — In the
Surface Integrals menu select Vertex Average under Report Type — Select Turbulence and Wall Yplus under Field
Variable — Highlight walls under the Surfaces list — Compute — You should see a value of ~37 printed to the
Console as well as in the Surface Integrals menu:

Outline View Report Type Field Variable
Vertex Average Turbulence... v
Flter Text Custom Vectors Wall Yolus .
+ Setup Vectors of ) ) ) )
+ Solution = | Surfaces |Filter Text =S
- O - | % X
* - Results _| _| _| _|
@ surfaces Custom Vectors... inlet
+ & Graphics interior-surface_body
+ |- plots outlet
2 scene » i
* FOMTETERE [Save Output Parameter...|
- Reports : g
+) & Discrete Phase
Fluxes /
{? Forces
» & surface Integrals Average of Surface Vertex Values
4% volume Integrals
L 36.69202
+ Parameters & Customization
m Write... | [Ebse| [Helpl

Note that although this is a 2D simulation you are analysing, each line is considered as a surface by Fluent. The
average y* value of ~37 is the average of all computational nodes on the walls of the domain. If this value was 10
for example, this would mean that the first cell height adjacent to the wall would need to be larger and the
simulation re-run. Evaluating the y* value acts as a check to ensure that the correct near-wall treatment is used;
this is absolutely essential for wall-bounded flows and external aerodynamics cases.

The alternative approach is the near-wall method which requires a much finer grid. Here, turbulence models
which do not use wall functions (such as the k-omega model) MUST be used. The requirement for these is y* = 1.
Again, the y* value can be checked after the simulation and if it is close to this value then the result is valid. If the
y* value is too high (e.g. 7) then you would need to change your mesh to ensure that the first cell height is smaller.

Conversely, if the y* value is too small (e.g. 0.2) you would need to increase the first cell height and re-run the
simulation until the y* value is in the correct range. This process is usually iterative and is best achieved using
inflation layers: this is explored in later tutorials.
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3) Plot the outlet velocity profile: double click on XY Plot under Plots in the Results section of the Outline View —
in the Solution XY Plot menu, change the Plot Direction so that it has values of X=0and Y =1 — In the Y Axis
Function field select Velocity, X Velocity — highlight outlet in the Surfaces list — LC Curves... in the Curves -
Solution XY Plot menu box change Symbol in the Marker Style list to o and set the Size to be 0.5 — Apply —
Close the Curves menu box — LC Save/Plot in the Solution XY Plot menu and see the resulting velocity profile in
the main graphics window:

Filter Text fafE S
xy-plot-1
: ﬁlt:t?on Options fAxis Function |
= Results / ¥ Node Values Velocity... * |
& surfaces + Position on X Axis )
* @ Graphics Position on Y Axis — _
oL &Iot; s Write to File X Axis Function
ata sources ; Direction Vector v
1= v Plot Order Points
Ll Histogram _ — = (= Surfaces |Filter Text '=O| -=_| %l '=>(|
E profile Data File Data [0/0] = | 'J_l B x_| - — " =
14] Interpolated Data Load File..._| inlet
o — = interior-surface body
' ‘outlet
L~ cumulative Plot Free Data I
2} scene wals

New Surface ,|

Curve #  Line Style Marker Style [Axe [Cuwes.. | [l:k}se| Help|
o 2| Pattern Symbol — ' '
- o - -
Sample &~ X Velocity X
- Color Color
foreground hd foreground v || e 2020 R2
Weight Size QucH0 090 ACADEMIC
2 0.5 o =
2.50e+01 s °
o
QO O
Close | | Help i °
OO bo)
(o
\ X e 5 o
~mVelocity o
(m/s) «°°
1.00e+01 45
5.006+00
4) Export the data: LC on the Write to File
button and see that the “Plot” button 0.00e+00 - . ; : ° -
s " . 0 0.01 0.02 0.03 0.04 0.05 0.06
changes to “Write...” — LC Write... — Position (m)

save file as outlet.xy.

5) Create a vertical line to plot the velocity
New Surface Name

profile at the step: LC on the Results

menu at the top of the main window — L!;:LS T PmntS]
Surface — Create — Line/Rake... in the Line Type 10 -
Line/Rake Surface window, change the [RE_:| tne -
End Points to: x0=0, x1=0, y0=0, y1=0.05 End Points
— under New Surface Name change the Ll el
name to line-1 — Create: Y0 (m) 0 pia N

z0 (m) |0 z1 (m) |0

[Select Points with Mouse|

(coee) (]
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6) Repeat step (5) and create further lines by changing x0 and x1 for each new line. Create lines for x-coordinates (in
metres) of 0.025, 0.050, 0.075, 0.100, 0.125, 0.150, 0.175, 0.200, 0.225 and 0.250. Label them line-2, line-3 ....
Line-11 respectively. This will give you 11 lines in total which represent the normalised distance, x/H, ranging from
0 to 10 in increments of 1. Recall from Tutorial 3 that H is the step height (0.025 m).

7) Ensure that the lines you have created are in the correct location within the domain: LC on the Domain menu —
Display... — in the Mesh Display menu box LC Internal in the Surfaces list to deselect this (otherwise the interior
grid will display, making it very difficult to see your lines) — LC Line-surface to highlight your lines — check that
Edges is selected under Options, and Outline is selected under Edge Type — Display — you may need to use the

“zoom-to-fit” button, :

File Domain Physics User-Defined Solution Results
Mesh Zones
Display... é} é Scale... & Combine EElx Delete... |—_+| Appe
(D mfo - _ _ L7 Transform . | Uy Separate . £ Deactivate... EEIE% Repl;
E[#® units... eck~ Quality ~ Make Polyhedra o;clnﬂ‘djacs_'nr:}r... EE|+ Activate... B Repli
Outline View
) Options Edge T — 1= =
Filter Text P 9EVPE  Surfaces [Filter Text -_Q| F;| ?/| '_x|
Modes All . i
+ Setup V| Edges Feature et -
+ Solution = ® outl inlet
- Results acsj'. utiine =! Internal
+ @ surface Partitions interior-surface_body
+! & Graphic Overset = Line-surface
- line-1
i EOtESJ ; Shrink Factor Feature Angle line-10
a .
o= xv 0 20 I|_ne-11
— Y Y line-2
LIt Hist [l}utﬁne| [Interic-r| fre=2 -
E Prof i - ’ -
14 Inte Adjacency...| New Surface ,l
FFT :
. L cun | Display [Cobrs...| [Cbse| [Help|
2y scene ' o o g
a Mesh X
2020 R2
ACADEMIC

=

Your lines are shown in white (note that the duct extends downstream to x/H = 12 from the bottom of the step,
however, the experimental data you will use for comparison is only available up to x/H = 10)

8) Save the case file which will now contain the lines you have created steps (5) and (6).
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9) Plot all 11 profiles together by repeating step (3) but ensure that you LC on all of the line surfaces you created

earlier:

XY Plot Name
xy-plot-2
Options
| Node Values
V| Position on X Axis
Position on Y Axis
Write to File
Order Points

File Data [0/0]

EEE

Direction Vector

Surfaces |Filter Text

Load File....| interior-surface_body

Free Data

line-1
ling-10
line-11
line-2
line-3
line-4

New Surface ,|

| [Curves... | [Cbse | @|

Plot DirectionfY Asis Function )
X0 Velocity... v
Y1
X elocity |~ |
L)
X Axis Function

FEEE
0

I [Axes...

* line-1
* line-10
* line-11
* line-2
line-3
= line-4
line-5
* line-6
* line-7
* line-8
= line-9

X

Velocity
(m/s)

5.00e+01

4.00e+01

3.00e+01

2.00e+01

1006401 .23 %

0.00e+00 qBesas &

X Velocity

x

ANSYS

2020 R2
ACADEMIC

-1.00e+01

0.01

0.02

0.03 0.04

Position (m)

0.05

0.06

Notice how the velocity profiles change along the length of the channel. Line-1 is positioned vertically on the edge
of the step and the bucket-shaped velocity profile above it is seen. Moving downstream, negative x-velocities are
evident at the bottom of the channel (behind the step). At a distance of 10 step lengths downstream (line-11), the
profile (represented by green symbols) is more smeared due to turbulent mixing, with a lower absolute velocity
peak. It is good practice to export data and plot in Excel/Matlab (or similar) because Fluent has limited options for
displaying data; the plot above could be much clearer!

10) Repeat step (4) above and export one data file called backstep-1-profiles.xy ensuring that all 11 lines are
highlighted under Surfaces.

11) Follow step (23) from Tutorial 2 to read this file into Excel. You should see all 11 sets of data spaced out in the first
few columns — Scroll down to see each line of data which has the x-coordinate (m) in the first column and the x-
velocity (m/s) in the second column. Note that the order of the lines may be unusual but the labels will help you

identify each series of data.
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12) Close Fluent

TASK 2

Using the data you have obtained in this tutorial, please complete the following task. Plot all 11 profiles in Excel and
find the maximum value, umax, per profile. Normalise each maximum value by the inlet velocity, us, which is 40 m/s.
Plot x/H against Umax /Uo and compare with the table of values below which are taken from Figure 10 in the reference:
(B. Ruck and B. Makiola, Particle dispersion in a single-sided backward-facing step flow, Int. J. Multiphase Flow. Vol
14, No. 6, pp. 787-800, 1988).

a. How doyourresults compare to the experimental data? What are the possible reasons for the differences?
Think about these questions and ask a demonstrator if you have any doubts.

B RUCK and B. MAKIOLA

Ruck and Makiola (1988) Fig ~ 13
10 =]
‘\).c + a = ; Lm
x/H Umax/uo +g ; g - gO ﬂ
0 0.970 2 1.0
-
1 0.985 >
2 0.985 o
3 0.980 8
4 0.970 $ .8
5 0.940 o — ml.x_il!lum
> positive
6 0.900 " 7777 velocity
7 0.850 o e / '
8 0.780 a
9 0730 £ Rey, = 30000
3
10 0.660 £
; R | - — [ I—— 1 b IR L L
E -2.0 0.0 2.0 4.0 6.0 B8.0 10.0 12.0 14.0 1B6.0

Distance from step (x/H)

Figure 10. Maximum positive velocity u,,, (normalized with u,) in the streamwise portion of the velocity
profile of particles of different sizes.

Tutorial 4 Summary:
You have:

e Quantitatively post-processed the result of a turbulent flow simulation
e Created sampling lines to export velocity data to Excel
e Compared the variation in the maximum positive stream-wise velocity with experimental data

End of Tutorial 4

Written by Dr Carl Gilkeson © School of Mechanical of Engineering, University of Leeds, 2020. All rights reserved. 55




MECH5770M Tutorial Handbook

fig

[

UNIVERSITY OF LEEDS

MECH5770M: Computational Fluid Dynamics Analysis

Tutorial 5: External Aerodynamics: NACA0012 (i)

C |

Tutorial 5 Outline:

e Use vertex data to construct a symmetric NACA0012 aerofoil

e Produce a tri mesh with local cell refinement and an inflation layer

e Run a turbulent flow simulation at 0° angle of attack using a RANS turbulence model
e Monitor critical solution parameters throughout the simulation

e Compare quantitative results to experimental data

Prerequisites

1) Ensure that you have completed Tutorials 1-4 which cover the basics of CFD pre and postprocessing.

Notes

1) You MUST complete the tutorials in order otherwise you will struggle to complete later exercises.

2) Regularly save your work — programs do crash and you will lose unsaved work!

3) This document is written using ANSYS 2020 R2, however, you may have access to other versions of the
software. If this is the case, some menus and screen outputs may differ slightly but you should still be able to
complete the tutorial.

4) The following acronyms are used throughout this document:

RC = Right mouse button click

LC = Left mouse button click
MC = Middle mouse button click
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1) Open Design Modeler inside Workbench — Save Project and name it NACA0012.wbpj in your Tutorials folder

2) Locate the file NACA0012.txt in MINERVA — MECH5770M — Learning Resources — Tutorials — Support files
for Tutorial 5, 8 and 12.

3) Import the vertex data: Concept — 3D Curve — LC on the Not Selected box under the Details View (Highlighted

in Yellow) — LC on the ... button — Locate NACA0012.txt as above — Open — Generate — LC on the z-axis on

the triad in the bottom right corner of the Graphics window — LC on Curvel in the Tree Outline and zoom in on

the imported curve which will be situated in the XYPlane:

Tree Outline 1 Graphics
E|_//[_§| A Geometry
A X¥Plane
v 7 ZXPlane
# YZPlane Lookin: | | | SUPPORT_FILES x| « @k E-
ey %1 0 Parts, 0 Bodies * Mame . Status Date modified
) [ inputct (] 13/11/2017 02:45
Quick access . .
[ lines-tutorial-12.tct (] 21/11/201519:36
% men-comp2-fluent-script.sh ° 131172017 10:27
Deskt [ NACADO12:xt (-] 10/09/2015 12:58
- 8 room.ca 5.0z ° 12/11/2017 23:.47
= % room.dat.gz (] 12/11/2017 23:50
Libraries mtower.ca 5.9z ° 31/10/2015 15:49
% tower.dat.gz (] 31/10/2015 11:12

Sketching  Modeling I *
Details View Rl
[=| Details of Curvel < >
Curve Curvel [
Definition From Coordinates File File name: NACADD12 bt j Open
Mot selected Files of type: Allfiles (%) LI Cancel
Coordinates Ur
Base Plane XYPlane f.000 HIENCOY FLGRo)
Operation Add Material 7.500 22,500
Refresh Mo
rd
Merge Topology? Mo Model View | Print Preview

Tree Outline

E|----¢[—§| A: Geometry
iy i K¥Plane

4 Graphics

J File | Create Concept Tools Units View Help
J 27 | #= New Plane o |J Select: ﬁ
4) Mirror the curve: Create — Body | M~ B Extrude - A
Transformation — Mirror — the | [xuey 68 Revolve ~ # || Joen
& | w7 Sweep o WpSlice || 4
automatically be selected — LC [=)--/g8] A: Geometry | 18 o P oo e =[]
- il i
on the aerofoil line — LC on | i 3t XYPlane T'Eeef & Variable Radius Blend EE
Apply (to the right of Bodies in | P Plane - < Vertex Blend
. S | FPeS . :*_ YZPlane % Chamfer
the Details View) — LC on Not
) R I, o N, Curvel [Eg Pattern
Selected to the right of Mirror | @ M Mirrorl o 8 Body Operation L
Plane (Highlighted in yellow) — M- @ 1 Part, 1 Body e .::::::ate
LC on ZXPlane in the Tree Outline &® Slice o
— Apply — Generate: Delete » M
. .' Scale
Q Point
Primitives L4
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5) Create a surface from the curve: Concept — Surfaces From Edges — The edge filter should automatically be
selected — LC on both edges of the aerofoil (whilst holding the Ctrl key) — Apply — Generate:

Concept Tools Units View H

77\

\.l\ 30 Curve

e T

*=u Lines From Points
£ Lines From Sketches
) Lines From Edges

&8 Surfaces From Sketches
& Surfaces From Faces

Cross Section L

%~

{Rpele  mx|Se-aaa@a e |iiee o

/\(

\
/ \
\

Q Paint B Con\\rsmn

=~ Split Edges
JWF

|=FlawPath klade o Splitter JVlstaTFExporl ‘-, ExportPoints mHStageFluidZone @ SectorCut wThloatA

Sketching Modeling I

v 7= KYPlane
- ZXPlane
)}. YZPlane
Yy, Curvel
A Mirrorl
G Surf2
E|" J. 1 Part, 1 Body
iy *s Line Body

=]

Details of Surf2

/

Line-Body Tool |Surf2
Apply
Thickness {==0) [0 m

- | @

ANSYS

R18.1

Academic

Academic

6) Supress the Line Body: LC on the (+) next to Parts at the bottom of the Tree Outline — RC Line Body — Supress
Body (This measure ensures that Ansys Mesh will only see faces; the lines can interfere with meshing):

‘,- g@ A Geometry

vy K¥Plane
vy ZHPlane =
J"‘*‘ YZPlane E« L Geom Etr!'r
- «a“ Curvel g » :*- X¥Plane
«:‘ gﬂi::"" ....... = Z{Plane
oaho i = . . YZPlane
r:-|...._,‘ 2 Parts, 2 Bodies vih
........ . oy, Curvel
________ : £ Surtsg /" Select Unaligned Line Edges .y A Mirrort
Q@ HideBody(?®) L | | LB Surfl
Q@ Hide All Other Bodies [Ctrl+ F9) |'_‘|----,,‘ 2 Parts, 2 Bodies
Sketching  Modeling I_ =] Suppress B -y == Line Body
- =l g <} Generate (F5) ‘ Surface Body
=I| Details of Line Body | slb Rename (F2)
Body Line Body
Faces 0
Edges 2
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7) Create arectangle to represent the domain: Zoom out — LC on the XYPlane — under the Sketching tab LC Settings
— LC Grid — Select Show in 2D and Snap — Set the Major Grid Spacing to 1m — Press the Enter key on the
keyboard — LC Draw tab — LC the Rectangle tool — Click twice in two diagonally opposite corners to create a
box around the aerofoil (any size is acceptable at this stage):

‘Sketching Toolboxes . N :
Draw
"\ Line A N S Y S
& Tangent Line R18.1
6 Line by 2 Tangents Academic
A\ Polyline
o
ga-4 h |
| 1Rectangle
angle oin
Modify
Dimensions
Constraints
Settings
Sketching | Modeling |
Details View
[=]| Details of Sketch1
Sketch Sketch1
Sketch Visibility Show Sketch
Show Constraints? | No
=/ Edges: 4

8) Dimension the bounding rectangle: LC Dimensions — LC Horizontal — LC on the Green Y-Axis arrow near the
nose of the aerofoil — LC again on the left edge of the rectangle — move the cursor above the box Notice
dimension H1 which will determine how far the inlet is from the aerofoil:

Sketching Toolboxes q
Drraw
Modify
Dimensions .
General
|H_,;,H Horizontal |
I[ Vertical
£ Length/Distance
{‘\ﬂ Radius
3 Diameter
/5 Angle
Constraints -
Settings
sketching | Modeling |
Details View
[=1| Details of Sketch1
Sketch Sketchl
Sketch Visibility Show Sketch
Show Constraints? | Mo
1| Dimensions: 1

9) Repeat Step (8) using the Vertical dimension option, clicking on the Red X-Axis Arrow and then the bottom of the
rectangle. This will determine the distance from the bottom of the rectangle to the aerofoil centreline.
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10) Create two further dimensions using the General dimension to assign the height and width of the rectangle. You
should have 4 dimensions in total:

Sketching Toolboxes oM Graphics
Draw
Modify A N SY S
Dimensions - _ R18.1
|@ General ﬁw
k= Horizontal
I[ Vertical
 Length/Distance
" Radius
Constraints | -
Settings z i z z z z
Sketching I Mudelingl : N I e : ‘ -------- N I E

Details View n » 2 ; ; ; ; i i 5
[=l| Details of Sketch1 a L - k’ J - ‘ . ; . . : U —
Sketch Sketch 5 i : ‘ ; ; i i

Sketch Visibility | Show Sketch —————H1—=

Show Constraints? | Mo

[=|| Dimensions: 4 ; i ; ; ;
T TH1 0.4m ; ; : 0.000 ¢ i : | 08004

[ H4 1.8m e A0 e
v 04m i i i i i i i
[1v3 0.8m v | Model View I Print Ple'lriewl

11) Change the dimensions in the Details View so that the rectangle is 40m long, 20m high, the distance from the nose
of the aerofoil to the left edge is 10m and the bottom of the domain is 10m below the aerofoil:

12) LC Generate
13) Create a surface from the sketch to represent surrounding air: Concept — Surface From Sketches — LC on one of

the edges of the rectangle (it should turn yellow) Apply — LC on Add Material under the Details View — Change
to Add Frozen — Generate — The fluid region should turn olive green:

Tree Qutline B Graphics
E----«@ A: Geometry

-y 3= XYPlane ANSYS
-y ZXPlane R18.1
--‘,;f. YZPlane

-4 Curvel

oI Mirrar1

- T Surfl

-8 SurfaceSkl
- %@ 3 Parts, 3 Bodies

% “= Line Body
1 Surface Body

Academic

tee, B Surface Body
Sketching  Modeling I

Details View n

[=I| Details of SurfaceSk1
Surface From Sketches Surface5skl
Base Objects 4 I
Operation Add Frozen > CT I I I T T T T TR T T T T T P T T P P P e P P P P e el
COrient With Plane Mormal? | Yes ; l ; m
Thickness (= =0) om

14) Remove the aerofoil surface from the rectangle to define the fluid shape: Create — Boolean — change the
Operation from Unite to Subtract — LC on the uppermost Surface Body (aerofoil) in the Tree Outline — LC on
Not Selected next to Tool Bodies — Apply — LC on the lower Surface Body (rectangle) in the Tree Outline — LC
on Not Selected next to Target Bodies — Apply — Generate — You will now see only one Surface Body in the
Tree Outline — Zoom in to see the aerofoil-shaped hole in the domain, as required. Be careful not to confuse the
tool and target bodies otherwise the operation will not work:
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o Surfl
«,‘ SurfaceSkl
/. Booleanl
- 3 Parts, 3 Bodies
% " Line Bod

b 21 Surface Body

--«.' Surfl

28 SurfaceSkl

<[} Booleanl

E| -‘,‘ 3 Parts, 3 Bodies
*« Line Body

£ Surface Body

Sketching  Modeling I

Sketching  Modeling |

[=I| Details of Booleanl =|| Details of Booleanl
Boolean Booleanl Boolean Booleanl
Operation Subtract Operation Liract
Target Bodies Mot selected Target Bodies —‘m
Tool Bodies 1Body D Tool Bodies 1 Body
Preserve Tool Bodies? | Mo Preserve Tool Bodies? |No

Tree Outline M Graphics

E""v@ A Geometry
[_j«)f. K¥Plane
ey 8 Sketchl

oy 3 ZHPlane

iy ¥ZPlane
gy Curvel
oy 6 Mlirrorl

.y @ Surfl

[ 8 SurfaceSkl

«‘ Booleanl

£} 2 Parts, 2 Bodies

“~ Line Bod

E7 Surface Body

Sketching Maodeling I

15) Save Project and Close Design Modeler

16) Link Ansys Mesh to Geometry under the Workbench Project Schematic — Open Ansys Mesh — LC on the z-axis
on the triad.

17) Insert a bias for both edges which make up the

aerofoil: Zoom in on the aerofoil — Mesh — RC | Details of "Edge Sizing” - Sizing n
[-|| Scope
Insert — LC Sizing — LC edge selection filter Scoping Method Geometry Selection
— LC top edge of the aerofoil in the Graphics Geometry 2 Edges
Window (this should turn green) — press and =I| Definition
Suppressed Mo

hold the Ctrl key on the keyboard and click on

ber of Divisi
the lower edge of the aerofoil (they should both er of Uivisians

Type

Mumber of Divisions 100
appear green) — LC on No Selection next to Behaviar SOt
Geometry in the Details box — Apply — LC Curvature Marmal Angle | Default
Element Size under Type — LC down arrow, LC Growth Rate Default
Number of Divisions — set to 100 in the box Bias Type e —
. . ) . Bias Option Jbigs Factor
immediately below — LC on No Bias under Bias . 4

Bias Factor 10.)

Type — LC on the down arrow and select the

Local Min Size Default [0, m)

bias to cluster cells at the ends of the edges —
set the Bias Factor to 10 and click enter on
keyboard.
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18) Zoom out so you can see the whole domain
and create another sizing for the four outer
edges of the rectangle, specify Element Size

as 0.5m (you do not need to apply any =l Display )
biases). Display 5tyle Use Geometry Setting
[=]| Defaults
Physics Preference C « hd
19) Insert a Mesh Method and set the Method Solver Preference Fluent
as Triangles Element Crder Linear
Element Size Default
20) Set the mesh parameters: LC on Mesh — In Export Format Standard
the Details box click on Physics Preference Export Preview Surface...| No
and change to CFD — LC (+) next to Sizing | Sizing R .
and change Use Adaptive Sizing to Yes — Usegda_ptwe SiZing o5 -
. Resolution 2 )
Set the Resolution to 2 — Under Mesh Mesh Defeaturing Voo
Defeaturing, change the Defeature Size to Defeature Size 1.6-006 m)
le-6m — LC Generate Mesh — Wait for the Transition Slow
mesh to be created — LC Mesh under the Span Angle Center Fine
Outline: Initial 5ize Seed Assembly
Bounding Box Diagonal | 44.721 m
. Average Surface Area 799,92 m*
Note that you can generate a finer mesh by Minimum Edge Length | 10197 m y

increasing the Resolution number so if you
want more elements, increase that
parameter.

10,000 {m)

5.000
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21) It is possible to display the quality of the elements by colouring the cells according to the quality: In Details of

“Mesh” LC on Body Color next to Display Style — LC on Skewness near the bottom of the list — Element quality

can then be evaluated and poor-quality cells identified:

ANSYS

Qutline R
r———— 7
= Display -
Shcumes S
=l Defaults
Physics Preference CFD
Solver Preference Fluent
Element Order Linear
Element Size Default
Export Format Standard
Export Preview Surface Mesh | No
=l Sizing
Use Adaptive Sizing Yes
Resolution 1 =
Mesh Defeaturing Yes 1
Defeature Size 1.e-006 m
Transition Slow
Span Angle Center Fine
Initial Size Seed Assembly
Bounding Box Diagonal 4721 m
Average Surface Area 799.92 m*
Minimum Edge Length 1.0197 m
1| Quality
=/ Inflation
Use Automatic Inflation MNone 2
Inflation Option Smooth Transition
Transition Ratio 0.272
Maximum Layers 2
Growth Rate 1.2
Inflation Algorithm Pre

R19. ¥

JAcademic

~ [\ Geometry & Print Preview ) Rep

22) Change the Display Style back to Use Geometry Setting (this reverses step 21).

23) Although the quality of the mesh above is acceptable, it not appropriate for resolving the flow features in the
boundary layer which will form around the aerofoil. An inflation layer must be created: LC Mesh — RC Insert —

Inflation — LC on Body filter: Iil — LC on the air volume so that it turns green — LC Apply next to Geometry

under the Details box — LC No Selection next to Boundary — LC edge filter LC on both edges of the aerofoil
whilst holding the Ctrl key (they should turn green) — Apply — Change the Inflation Option to First Layer
Thickness — Define the First Layer Height as 3e-5m (i.e. 30 microns) — set Maximum Layers to 50 — set Growth
Rate to 1.12 — Generate Mesh:

----- v 2% Coordinate Systems

Details of "Inflation” - Inflation

Insert 4 I\r. Method - Scope
U= 1P sizing Scoping Method Geometry Selection
Generate Mesh !.:! Contact Sizing Geometry 1 Face
Details of "Mes Preview » & Refinement —|| Definition
] spay - Show » @ Face Meshing Suppressed Mo
|5p ay Style . - -
WSS $  Create Pinch Controls % Mesh Copy Boundary Scoping Method | Geometry Selection
= [Sizing 3 Group Al Similar Children @ match Control Boundary 2 Edges
; & Pinch . ’ . .
Use Adaptive @  Clear Generated Data = Inflation Option First Layer Thickness j
Resolution l Inflation " "
Mesh Defeats Rename F2 First Layer Height 3.e-005m
i E Mesh Conrpasti .
Defeature Start Recording ’, Inflation Maximum Layers 50
. T Manual Mg
Transition slow Apply inflation Growth Rate 1,12
Span Angle Center Fine @ Mesh Edit to specific Inflation Algorithm Pre
Initial Size Seed Assembly ] g

Bounding Box Diagonal | 44.721 m
Average Surface Area 799,92 m*
Minimum Edge Length |1.01%7 m
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24) Repeat step (21) to change Display Style to Skewness again — Zoom in on the mesh to view the inflation layer at
the leading and trailing edges:

ANSYS

2020 R2
ACADEMIC

ANSYS

2020 R2
ACADEMIEC

Note that the inflation layer is designed to resolve the near-wall flow gradients using 50 stacked layers of cells,
with each layer being 12% greater in height than the one below (Recall that the growth rate is 1.12 from step 23).
This is not the best mesh, as illustrated by the high maximum skewness of about 0.84 but it is sufficient to illustrate
the main points of this tutorial. Quality can be markedly improved by implementing C-type meshing which is
particularly useful for solving flow around cylinders and aerofoils, however, this is beyond the scope of these
tutorials (you can investigate this technique yourself, if you are interested).

25) Assign boundary condition for the aerofoil upper surface only: LC edge selection filter — LC on the upper
edge of the aerofoil — RC Create Named Selection (N)... (near the bottom of the menu) — Enter the name upper-
surface in the Selection Name box — OK.
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26) Repeat step (25) to:
a. Create another boundary condition for the aerofoil lower-surface
b. Create an outlet boundary condition called outlet on the right edge of the domain
c. Create a velocity inlet boundary condition called inlet, selecting the remaining three edges of the
domain i.e. left, top and bottom edges.

27) Save the Project and export the mesh file to your Tutorials folder naming it naca0012.msh before closing Ansys
Mesh

28) Open Fluent in 2D,
Double Precision mode, set the
number of Solver Processes to 4

the

Machine) option and opening in

selecting

Simulate a wide range of industrial applications using the general-purpose setup, solve,
and post-processing capabilities of ANSYS Fluent.

Get Started With... Dimension
{ ) Case and E“ ® 2

( Case i
v O3

Fluent Launcher

Meshing

under Parallel (Local

Solution

Journal

parallel with 4 Processors (this will ( mesh

speed up computations but
utilising all four processors on the
PC/laptop you are using).

Recent Files

backstep-1.cas.hs
backstep-1.msh
Idc-8x8.cas.h3

ldec-32x32.cas.hs

Options
\ Double Precision
Display Mesh After Reading
[ Load AcT
[ start Server

Parallel (Local Machine)

S
4»

Solver Processes

| Solver GPGPUs per Machine | g

L

29) Read in the mesh file: File — Read
— Mesh... — open Read in
naca0012.msh

(O) Show Beta Workspaces

~ Show More Options  Show Learning Resources

R e oo |

30) Scale the mesh: Domain — Mesh — Scale... — LC Specify Scaling Factors — Input 0.6096 for both X and Y —
Scale (Only click this once!) verify that the values for the Domain Extents correspond to the image below — Close

Domain Extents Scaling
Xmin (m) -6.096
Ymin (m) -6.096

¥max (m) 18.288
Ymax (m) 6.096

) Convert Units
(®) Specify Scaling Factors

Mesh Was Created In
=Select> =
Scaling Factors

View Length Unit In
m - ¥ |0.6096

Y 0.6096

llnsc:alel

(lose] (e

Note: you will be comparing the simulation result with experimental data obtained by the National Advisory
Committee for Aeronautics (NACA) in the 1930’s and 1940Q’s. The length of the wing (chord length) was 24” which
is 0.6096m. It is important to match the scale of the CFD simulation to this, especially when making direct
comparisons, hence you have used the scaling factor above.
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the Outline View — Setup — Models — Model Model Constants
. Inviscid Alpha®_inf -
Viscous — select the k-omega (2 eqn) N 1
option — select the SST option — OK: Spalart-Allmaras (1 eqn) Alpha_inf
k-epsilon (2 eqn) 0.52
* ® k-omega (2 eqn) Beta®_inf
Transition k-kl-omega (3 eqn) 0.00
Transition 55T (4 eqn) -
32) Set the inlet boundary condition: In the Reynolds Stress (5 eqn) 031
Outline View — Setup N Boundary Scale-Adaptive S.imulat-ion (SAS) T
Detached Eddy Simulation (DES) -
Conditions — Double click inlet in the list 0.075
. . omenalliodel Beta_i (Outer)
of boundary conditions — In the Velocity Standard =
Inlet menu change the Velocity GEKO TKE (Inner) Prandtl #
g s . BSL
Specification Method to Magnitude and * ® ssT 1.176
o . . . TKE (Outer) Prandtl #
Direction — set the Velocity Magnitude k-omega Options .
to 72.9 m/s — Ensure that the X- Low-Re Corrections SDR (Tnner) Prandtl #
Component of Flow Direction is 1 and Y Options 2
is 0 — Click on the down arrow next to SRR SDR (Outer) Prandtl # E
. . . Production Kato-Launder roen
Specification Method — select Intensity il BT s
d Hvd lic Di t Ent | User-Defined Functions
and Hydraulic Diameter — Enter values Transition Options B e —
of 2.25% for Turbulent Intensity and Transition Model none ~ | |none -
1.306m for the Hydraulic Diameter —
m Cancel | Help |
Apply — Close: —
Zone Name
inlet
Momentum Thermal Radiation Species DFM Multiphase Potential uns
Velocity Specification Method| Magnitude and Direction v
Reference Frame  Absolute -
Velocity Magnitude (m/s) ?2_9« -
Supersonic/Initial Gauge Pressure (pascal) g -
¥-Component of Flow Direction 1 « -
Y-Component of Flow Direction g -
Turbulence )
Specification Method | Intensity and Hydraulic Diameter hi
Turbulent Intensity (%) 2.25 -
Hydraulic Diameter (m)|1.306] h
f.00 "8 | Close | Help |
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33) Set up the outlet boundary condition: Double click on the Outlet in the boundary condition list — Change the
Turbulence Specification Method to Intensity and Hydraulic Diameter — Enter values of 2.25% for Backflow
Turbulent Intensity and 1.306m for the Backflow Hydraulic Diameter (these need to match the values on the inlet)

— Apply — Close:

Zone Name
outlet

Momentum Thermal Radiation

Prevent Reverse Flow
Average Pressure Specification

Target Mass Flow Rate

Spedes DPM Multiphase Potential
Backflow Reference Frame Absolute
Gauge Pressure (pascal) o
Pressure Profile Multiplier 1
Backflow Direction Specification Method Normal to Boundary

Backflow Pressure Specification Total Pressure

Turbulence

Specification Method | Intensity and Hydraulic Diameter
Backflow Turbulent Intensity (%) 2.25

Backflow Hydraulic Diameter (m)|1.306

\

(e ()

34) Set up spatial discretization methods: In the Outline View — Solution — Methods — Change the Gradient
method to Green-Gauss Node Based — Change the schemes for both Turbulent Kinetic Energy (k) and Specific

Dissipation Rate (&) to Second Order Upwind:

Outline View

Filter Text

+ Setup
- Solution
% Methods
Controls
[= Report Definitions
+) @ Monitors
@ Cell Registers
2% Initialization
+) # Calculation Activities
& Run Calculation
- Results
& surfaces
+ & Graphics
+ | plots
i Animations
X Reports
+ Parameters & Customization

< Task Page

Solution Methods

Pressure-Velocity Coupling
Scheme
Coupled

Spatial Discretization

Gradient
Green-Gauss Node Based

Pressure

Second Order
Momentum

Second Order Upwind

Turbulent Kinetic Energy
Second Order Upwind
Specific Dissipation Rate
Second Order Upwind

4
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35) Change the reference values so that the drag and lift coefficients are meaningful for this simulation: In the Outline
View — Setup — Double click on Reference Values — In the Task Page change the Length to 0.6096 (i.e. aerofoil
chord length) and Velocity to 72.9 m/s (i.e. the free-stream velocity, from the inlet):

Outline View < Task Page <
Filter Text Reference Values @|
o) Setup Compute from
@ General -
+ @ Models
+ & materials Reference Values
+ [ cell Zone Conditions Area (m2) |1
+ [ Boundary Conditions Density (kg/m3) 1.225
if.ﬂ Mesh Ir_1terfaces Depth (m) |1
Z Dynamic Mesh
[2] Reference Values Enthalpy (i/ka) |0
+) 17, Reference Frames Length (m) |0.6096 «
f< Named Expressions Pressure (pascal) 0
=) Sakutim T t 288.16
% Methods emperature (k)
Controls Velocity (m/s) 72.9 «
%] Report Definitions Viscosity (ka/m-s) | 1.7894e-05
+ & Monitors

Ratio of Specific Heats 1.4

@ cell Registers
Yplus for Heat Tran. Coef. 300

2% Initialization
+ # Calculation Activities Reference Zone

(=) Run Calculation | v |
- Results ' )

36) Change the solution stopping criteria: In the Outline View — Solution — Monitors — Residuals — In the Residual
Monitors menu change the Absolute Criteria for all quantities from 0.001 to 1e-16 — OK:

Options

Equations
| Print to Console Residual Monitor Check Convergence Absolute Criteria
V! Plot continuity v v 1e-16
Window
= _ _ x-velocity L v 1e-16
= hd [Cumes... ”Axes... | .
: . . y-velocity v v 1e-16
Tterations to Plot k v v 1e-16
1000 =
omega v v le-16

Tterations to Store

1000 -
Convergence Conditions...

Show Advanced Options

m [Plot | [Cancel | [Help |

37) Initialise the solution: In the Outline View — Solution — Double click Initialization — In the Task Page ensure
that Hybrid Initialization is selected — LC Initialize button.

38) Save the case file: File — Write — Case — save the file as naca0012.cas.h5 in your Tutorials folder.
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39) Run the simulation for 40 iterations: In the Outline View — Solution — Run Calculation — In the Task Page set

the Number of Iterations to 40 — Calculate — the simulation should take under 1 minute run and you will see
the residual plot:

¥ | Scaled Residuals X
Residuals
— continuity AZNO§0YRSZ
— x-velocity 1e+04 3 p ot
. i ACADEMIC
——y-velocity
—c 1e+03 5
omega i i lete.
g 1e+02 6 Calculation complete
fe+01 - | o< ]
16400 4 A
1e-01 3
1e-02 3
1e-03 3
1e-04 3
1e-05 A
1e-06 v T v T v T v T T v T v T T 1
0 5 10 15 20 25 30 35 40
Iterations

Note: You can see from the residual plot that the solution is starting to converge. It is good practice to use monitors
to judge convergence as well to check that flow variables of interest (such as the lift or drag coefficient) are
converging satisfactorily.

In the next steps, you will set up two monitors which display how the lift and drag coefficients are converging. It
is usually a good idea to do this after running the simulation for a relatively small number of iterations (40
iterations in this case) because the solution changes so dramatically in the initial phase. By turning on flow
monitors after the initial changes in residuals, it is then easier to judge convergence from the plots; the solution
values are much closer together for further iterations. This will become clear in the next steps.

40) Set up a drag coefficient monitor: In the Outline View — Solution — Monitors — Double click on Report Plots

— In the Report Plot Definitions menu LC on New... — In the New Report Plot menu LC on New... — Force
Report — Drag... — In the Drag Report Definition menu highlight lower-surface and upper-surface in the Wall
Zones list — Set the Name to drag-coefficient — OK — In the New Report Plot menu change the Name to cd —
Change the Plot Title and the Y-Axis Label to Drag monitor and Cd, respectively — Select the option for Print to
Console — OK:
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Outline View <

Filter Text Report Plots [0/0]

= Solution
% Methods
. Controls
1= Report Definitions
-/ & Monitors
[ Residual
Y Report Files
» L Report Plots
. Convergence Conditions
@ Cell Registers
12 Initialization

n Report Plot Definitions

B (v e e nd

Name |report-plot-0

Available Report Definitions [0/0]

+ Parameters & Customization

Data File Quant

- Options

+ # Calculation Activities T
© Run Calculation

L S

& surfaces

+ & Graphics | Get Data Every 1 | | iteration

* I_—. Zlczt;e Solution Processing Flot Title report-plot-0

+) [ Animations Statistics X-Axdis Label iteration

+ [ Reports Data Sampling for Steady & Y-Axis Label

Print to Consol

Tutorial Handbook

o Active

Selected Report Definitions [0/0]

Add>>

<<Remove

» [E| Edit...

Expression...
Surface Report ¥

Volume Report *

Force Report  * Drag...

= Flux Report H Lift ’:_;r?_l
DPM Report ¥ Mo
User Defined... Force...

Solution Advancement

Calculate

|

MName
|drag-coefficient] |

Options

Per Zone

Report Output Type

(®) Drag Coefficient

" Drag Force

Wall Zones |Filter Text

Average Over(Iterations)

lower-surface
upper-surface

1 =
Force Vector
X Y z
1 a 1

Available Report Definitions [0/0]

V| Active

drag-coefficient

car..

Y-Axis Label Cd

Report Plotg
Add>>
<< Remove
Create
Report
Report Options
Frequency Plot Window
prn 2 -
Create ( Get Dat 1 itergtion >
Plot Title | Drag monitor
¥-Axis Label| iteration hd

+| Print to Console

Selected Report Definitions [0/1]

3 (pit (cancei] (e
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41) Repeat the previous step to create a lift coefficient monitor. Make sure that you select Lift... under the Force Report

and set names and axis titles to cl and lift coefficient in a similar way to the previous step — when you have created

lift and drag monitors Close the Report Plot Definitions menu box.

42) Run the simulation for a further 460 iterations which will take up to 5 minutes. You do not need to initialise again

because you already have an existing solution which you previously stopped at 40 iterations.

43) You will now be able to see the residual plot or either of the force coefficient monitors. You will see different tabs

to look at each plot individually. It is evident that the lift and drag coefficients have converged indicating that the

solution is stable. The numerical values are also shown in the console which you can also write to a monitor file,

although this is beyond the scope of this tutorial.
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[+ | Scaled Residuals x B Drag monitor x B Lift monitor x|| & Scaled Residuals x @ Drag monitor x @ Lift monitor X
| drag-coefficient A"SYS |—"lift-coefficient ANSYS
2020 R2 2020 R2
0.0059 A 0.0060 A _
ACADEMIC ACADEMIC
0.0058 -
0.0050 -
0.0058 -
0.0057 0.0040 7
0.0057 003002
Cd 0.0056 ]
00056 00020
0.0055 - 0.0010 -
0.0055 -
0.0000 -
0.0054 -
0.0054 T T T T T T T T 1 -0.0010 T T T T T T T T T d
0 50 100 150 200 250 300 350 400 450 500 0 50 150 200 250 300 350 400 450 500
iteration iteration
n Scaled Residuals A n I Drag monitor I X n l Lift monitor l X Note hOW the drag monitOI’
Residual
I i ANSYS (top left) has converged after
- 2020 R2 . .
— xvelocity 1e+05 e about 75 iterations
y-velocity ACADEMIC ) ) )
L 36402 (qualitatively) but the lift
omega rev00 monitor (top right) takes more
iterations (about 100 in this
3e-03
case). These can be related
1e-05 . .
¢ back to the residual monitors
ectd (shown left), giving an
1e-10 indication of how low the
s residual monitors need to be
s before accurate results are
-
obtained.
3e-18
0 50 100 150 200 250 300 350 400 450 500 .
. The numerical values for these
Iterations o
(as well as the force coefficient
monitors) can be seen in the
¥ 0 selected
= z< console. You should judge
i b i bt sl et e sme/seer | convergence based on the
2 1.5172e-14 1.2225e-16 1.270le-17 1.6033e-16 4.8038e-1f§ -2.6004e-04 5.8 8
b 1.5740e-14 1.2230e-16 1.2679e-17 1.6060e-16 4.2040e-1f -2.6004e-04 5.8 7 combination of the residual
4 1.5107e-14 1.2414e-16 1.3167e-17 1.6067e-16 3.4158e-1f -2.6004e-04 5.8 €
I5 1.5066e-14 1.2352e-16 1.3149e-17 1.5915e-16 3.5156e-1f -2.6004e-04 5.8 5 H
le l.S;O’la—l‘} 1.2316e-16 1.2784e-17 1.6340e-16 4.1536e-1 —2.6;04&—04 5.8 4 = hIStory and Other relevant
7 1.5001e-14 1.2106e-16 1.3079e-17 1.5816e-16 4.0422e-1f -2.6004e-04 5.8 3 . .
pedssea0 a0 0 cocee e 3 aeae aa 0 cosen e 2 namio a Koo conanoate 2 Yl monitors, depending on the

problem you are trying to solve.
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44) Save the data: File — Write — Data — save as naca0012-0-degrees-k-omega-2nd-order.dat.h5 (Remember to be
specific about data file names. This name tells you that you ran a turbulent flow case with the SST k-omega model

and second order spatial discretisation, for an angle of attack of the aerofoil of 0 degrees i.e. parallel to the
aerofoil).

45) Print the drag force: In the Outline View — Results — Reports — Forces — In the Force Reports menu ensure
that the Option is set to Forces, the Direction Vectors are X=1, Y=0 and highlight lower-surface and upper-surface
in the list of Wall Zones — LC Print to show the forces in the X-direction:

- Results
‘ Surfaces Options Direction Vectorw Iz T === 1= |
- — all Zones |Filter Tex B = B B
+ O| - ./| b 4 |
@ Graphics ® Forces %1 =S B Ol B
* _‘l_ Plots Moments Sl Lo;:)eerr-_ssuur;ffaaccee
=¥ Scene Center of Pressure
B . Z\0
* Anmimations /
= Reports
+ 4= Discrete Phase [Save Output Parameter...
Fluxes
{? Forces
&b Surface Integrals
& volume Integrals
+ Parameters & Customization - 1 1 1
Write... | Close | Help |
Console ., <
= e " -A
Forces - Direction Vecttlr (1L 0 0)
I Forces {n) 1 Coefficients
Zone | Pressure Viscous Total I Pressure Viscous Total
lower-surface 1 2.1679724 7.3500016 9.51798 | 0.0006660299%  0.0022580121 0.0029240421
upper-surface 1 2.16242 7.3417577 9.5041773: 0.0006643223%  0.0022554735 0.0029158019 .
H
L |
Net | ¢.3303984 14.691759 19.0221581 0.0013303524 0.0045134516 0.005843844 -
e e o o e o e e e Y]

The results show that the total drag force is 19.02 N which is made up of 14.69 N of viscous (skin friction) drag and
4.33 N of pressure (form) drag. Now you can calculate the drag coefficient, C, from the following formula:

D

- - 1
0.5pU2S W

D

where: D is the drag force (calculated to be 19.02N above), p is the air density, U_ is the free-stream velocity

(72.9 m/s) and S is the plan view wing area (this is assumed to be the chord length in 2D simulations i.e. 0.6096
m).
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46) You can check the fluid material properties in the Materials menu: In the Outline View — Setup — Materials —
Fluid — Air — Check that p = 1.225 kg/m?* (Ensure that you check this — never assume the properties, always

check them!):

Outline View

Filter Text

= Setup
B General
+ @ Models
= ¥ materials
= Fluid
£ air
+7 L% solid
+ [ cell Zone Conditions
+ [0 Boundary Conditions
iﬂ Mesh Interfaces
Z Dynamic Mesh
[Z] Reference Values
+) 17, Reference Frames
fe Named Expressions
+ Solution
- Results
& surfaces
+ @ Graphics
+ | plots
2R Scene
2 Animations
= Reports
+ 4 Discrete Phase

— Elyn

Name
air

Chemical Formula

Material Type
fluid
Fluent Fluid Materials
air
Mixture
none

Properties

Density (kg/m3) constant

1.225

Viscosity (kg/m-s) constant

1.7894e-05

Order Materials by
i ® Name
Chemical Formula

-

[ Fluent Database... |

= [GRANTA MDS Database...]

[User- Defined Database... |

¥ | Edit...

¥ | Edit...

[Change;’treate | [Delete | [HL—Ip|

Using equation (1) on the previous page, you should be able to calculate the drag coefficient which is

approximately 0.0096 (you may have a slightly different answer if your mesh is different).

This can be compared to the experimental data from page 463 of: Theory of Wing Sections, I. H. Abbott and A. E.
Von Doenhoff, Dover Publications, 1949. This is shown on the next page.

You will see that the drag coefficient plot shows different curves which depend on the Reynolds number and
surface roughness. The simulation you have run has a Reynolds number of 3 million and so the drag coefficient
that you have calculated, relates to the plot with circles (o) for an angle of attack of 0°. The experimental drag
coefficient is approximately 0.006 (indicated by a red X) and so the CFD simulation over-predicts drag by 60% in
this case. The reasons for this include the coarseness of the mesh (particularly away from the aerofoil surfaces),
the type of turbulence model employed, the fact that you are comparing a 2D simulation data to 3D experimental

results etc.
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47) Print the lift force: Repeat step 45, ensuring that the Direction Vectors are set to X=0, Y=1:

Console <
B e .A
e === =)
Forces - Direction \’ec:t,or' {0 1 0)
1 Forces (n) 1 Coefficients
Zone Pressure Viscous Total 1 Pressure Viscous Total
lower-surface -378.86857 -0.35853274 -379.2275 1 -0.11639327 -0.00011014573 -0.11650342
upper-surface : 378.02215 0.35850444 378.38105 : 0.11613311 0.00011025992 0.11624337 .
Net 1 -0.84682323 0.00037169919 -0.84645154 | -0.00026015465 1.1415062e-07 -0.00026004046 =
1 1 v
B A
You can calculate the lift coefficient, C, from:
" 0.5pU2S ?
5pU7

where L is the lift force. You will notice that because the aerofoil has a zero angle of attack, the lift force is very
small leading to a lift coefficient which is negligible. This is not the case when the angle of attack increases and
L >> D as will be shown in the next tutorial. In theory, the lift should be zero for a symmetrical aerofoil but
asymmetry in the unstructured mesh (above and below the aerofoil) means that a non-zero value usually results.

48) Save your case and data files if you haven’t already done so.

49) Close Fluent

Tutorial 5 Summary:
You have:

e Created an aerofoil shape from vertex data.

e Used a boolean operation to generate an external aerodynamics solution domain, which is parameterised
using dimensions.

e Generated an unstructured mesh with cell refinement along the chord length of the aerofoil.

e Implemented an inflation layer to resolve the boundary layer velocity profile all the way to the wall (non-wall
function approach).

e Set up and run a turbulent flow simulation using the SST k-w model with lift and drag solution monitors.

e Completed some quantitative post-processing to compare C_ and C, with experimental data (validation).

e There is no task for this tutorial.

End of Tutorial 5
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fig

[

UNIVERSITY OF LEEDS

MECH5770M: Computational Fluid Dynamics Analysis

Tutorial 6: External Aerodynamics: NACA0012 (ii)

C |

Tutorial 6 Outline:

e Continue quantitative analysis of the flow simulation from Tutorial 5.

e Use the Custom Field Function calculator to define the pressure coefficient, Ce.
e Plot Cp profiles and export the data.

e Carry out qualitative post-processing of the flow field.

e Modify the boundary conditions to simulate different angles of attack.

e Compare results from different angles of attack with experimental data.

e Complete TASK 3

Prerequisites

1) Ensure that you have completed Tutorials 1-5 which cover the basics of CFD pre and postprocessing.

Notes

1) You MUST complete the tutorials in order otherwise you will struggle to complete later exercises.

2) Regularly save your work — programs do crash and you will lose unsaved work!

3) This document is written using ANSYS 2020 R2, however, you may have access to other versions of the
software. If this is the case, some menus and screen outputs may differ slightly but you should still be able to
complete the tutorial.

4) The following acronyms are used throughout this document:

RC = Right mouse button click

LC = Left mouse button click
MC = Middle mouse button click
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1) As you did in Tutorial 5, open Fluent in 2D, selecting Double Precision mode and opening in parallel with 4
Processors (this will speed up computations but utilising all four processors on the PC).

2) Read in the case file from Tutorial 5: File — Read — Case — open naca0012.cas.h5 in your Tutorials folder.
3) Readinthe data file from Tutorial 5: File — Read — Data — open naca0012-0-degrees-k-omega-2nd-order.dat.h5

4) Display contours of the velocity magnitude: In the Outline View — Results — Graphics — Double click on
Contours icon — after the Contours window appears select Filled — Select contours of, Velocity, X-Velocity —
Change the Coloring to Banded and ensure there are 20 levels in the colormap — Save/Display — Zoom in on the
aerofoil, you may also wish to resize the colourmap by clicking on it and dragging the bottom corner down:

Contour Name

Filter Text
contour-1
*+ Setup Options Contours of
+ Solution
S Results »« Filled Velocity... -
& surfaces | Node Values X Velocity .
(=) @ Graphics v| Boundary Values FP——
" ax (m/s
- @ Mesh Contour Lines . e
(+ & Contours ¥ Global Range .

= \.-'ecto_rs ¥ Auto Range Surfaces |Filter Text @
& Pathlines

ot - Clip to Range -
“:i Particle Tracks il inlet
+) L Plots Drawjbroties interior-surface_body
24 Scene Draw Mesh l(;):.;eert_surface
) % Animations surface_body
Repo_rts Coloring upper-surface
(#) /- Discrete Phase
=~ Fluxes
() Forces
4% Surface Integrals oo oot
4 volume Integrals rmap Options...
+ Parameters & Customization

[ ¢ ] Contours of X Velocity (m/s) x B Drag monitor x B Lift monitor X

(® Banded
) Smooth

Note: You do not need to select any surfaces to show contours in 2D because the flow is constrained to one plane.

However, to show contours in 3D, you would need to specify which surfaces to display the contours on; this will
be covered in later tutorials.
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5)
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Display the vector plot and zoom in on the leading edge of the aerofoil: In
the Outline View — Results — Graphics — Double click on Vectors icon —
after the Vectors window appears change Style to Filled Arrow and set the
Scale to 0.1 — To display the outline of the aerofoil LC on the Draw Mesh
option — select Edges under Options, Feature under Edge Type and
highlight only the lower-surface and the upper-surface in the Surfaces list
— LC Display followed by Close in the Mesh Display menu — In the Vectors
window LC Colormap Options — In the Colourmap menu LC on the down
arrow for the Currently Defined colourmap and select blue from the list —
Apply — Close — In the Vectors window LC Save/Display — Zoom in on
the front of the aerofoil surface which is known as the leading edge (you
may need to search around for the aerofoil). You may also wish to reposition
the colourmap by clicking, dragging and dropping it where needed:

Tutorial Handbook

¥ Show Colormap

Associated Object
vector-1

Labels Colormap
V| Automatic Skip Log Scale
Skip Colormap Size
9 - 100 =
Number Format Coloermap Alignment
Type Left bt
exponential - Currently Defined
Precision blue M
2 - |Edit...| | Delete

(e [

¢} Velocity Vectors Colored By Velocity Magnitude (m/s)

—

- e
e ///////////////W

= WC P e, g

vector-1
Velocity Magnitude
8.62e+01
7.76e+01
6.91e+01
6.05e+01
5.19e+01
4.33e+01
3.48e+01
2.62e+01
1.76e+01
9.07e+00

4.96e-01
(m/s)

Note that the velocity profile in the boundary layer has been
resolved all the way to the wall. You need to zoom a long way

into the image to see this. It illustrates how small the viscosity
affected region of the flow is, in this case. You can also
experiment with the different types of colourmap to illustrate
your results with clarity.

Create a reference point upstream of

the aerofoil: On the top menu ribbon, surface
LC Results — Under the Surface + Create . | 69 Me o ce Frame .
menu LC on the down arrow next to ZOne... A I wrm—
Create — Point — In the Point Partition... Vectors x (m) -6 .
Surface menu change the X- Imprint... y (m) [0 | |center|
coordinate to -6.0 m and the Y- ] Z (M) |4.100952e-09
coordinate to 0.0 m — Set the Name .

Line/Rake...
to ref — Create: Plane... » _Closel _Helpl
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7) Calculate the free-stream static pressure using the reference point you have just created: In the Outline View —
Results — Reports — Double click on Surface Integrals — In the Surface Integrals menu select Vertex Average
from the list of options under Report Type — Select Static Pressure as the Field Variable — Select ref from the
list of surfaces — Compute.

* Setup
+ Solution
- Results Report Type Field Variable
+ & surfaces Vertex A P -
+) @ Graphics ertex Average ressure...
*/ L Plots Custom Vectors Static Pressure -
28 Scene o
Vectors of
* Animations = | =‘ = ‘ — |
=) [ Reports s U 1T 1) %)
#) 4~ Discrete Ph
ISCrete Thase Custom Vectors...
Fluxes
¢ N
4+ surface Integrals
YOt TTEgTars .
2 Paramatars & Customization [Save Output Parameter... FraTe_body

upper-surface
The static pressure will now
appear in the console. For

the simulation shown here, Average of Surface Vertex Values (pascal)

the pressure is approx. 2.5 2.502309

pa. Your simulation may [ H - H I ‘
Write... | | Close | | He
show a slightly different m - I | | P

value, depending on how

close your mesh is to the one l
shown in Tutorial 5. You need Console

to know the value of this Average of Surface Vertex Values

Static Pressure (pascal)

reference pressure  to — ——- .
ref 2.5023083

calculate  the pressure

coefficient in step 9 below.

8) Repeat step (7) above for the Velocity Field Variable and verify that the velocity magnitude at the reference point
is, to one d.p., 72.9 m/s i.e. the same as the inlet boundary condition value which is the free-stream velocity.

9) Create a Custom Field Function of the pressure coefficient, C, which is given by:

P-P,
C =— "= 1
’0.5pU2 W

where: p is the local static pressure, p _ is the free-stream static pressure (calculated to be 2.5 pa above), p is the

air density and U_ is the free-stream velocity (72.9 m/s) also checked above.

On the top menu ribbon, LC User Defined — Under the Field Functions tab LC on Custom... — In the Custom Field
Functions Calculator menu box you will need to create a function to represent the pressure coefficient from the
values found in steps (7) and (8). You need to click on the buttons on the calculator (the keyboard cannot be used).
First click on ( to open a set of brackets, next you need to select the local static pressure which is the default
function under Select Operand Field Functions, LC on the select button and note that p has now appeared in the
Definition field, now complete the function using equation (1) and the values you already know — set the New
Function Name to cp to denote the pressure coefficient (capital letters are not permitted) — Define:
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File Domain Physics -Defi Solution

e \dg— -
User Defined Model Specific
] custom... 5 Memaory... =1 1D Coupling...
ﬁ,ﬁ fx,l Function Hooks... .
f# Units... % Scalars... bﬁj Fan Model...

Functions«

[ Parameters..) E—' Execute on Demand... @ Read Table...

Definition

(p- 2.5) /(0.5 * 1.225 * 72.9 * 72.9)

l - Jl ” Jl 7 HY"K Jlnm S::;t':u(}ni;::d Field Functions from
[II'W ][ sin ][ cos ][ tan ][ In ][logll]] Pressure... =
[ o ][ 1 ][ ][ 3 ][ 4 ][SQRT] Static Pressure =
(s J e J 7z 8 ) o Jerre] select

OO o e ) o)

Tutorial Handbook

News Function Mame|cp|

) B (vonase..) (cose) [

10) Repeat step (4) to display contours of the pressure coefficient. You will need to select contours of, Custom Field

Functions and select cp — Save/Display:

Contour Name

contour-1

Options Contours of
V| Filled Custom Field Functions...

+| Node Values
& Boundarv Values

Note that the highest pressure coefficient of 0.994 is close to the maximum physical value of 1 (for incompressible

flow) which denotes a stagnation condition, where the fluid is brought to rest. Where C, = 0, the flow speed matches

the free-stream value and for C, < 0, the airflow velocity is greater than that of the free-stream.
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11) Plot the pressure coefficient from

data points on the surface of the

Options Plot Direction§ ¥ Axis Function
aerofoil (Recall steps 16 and 17 ¥/ Node Values £3(t Custom] Field |Funclions:= v
from Tutorial 2): On the top menu ! :sz:z:z: Z::::,f ;E P -
ribbon, LC on the Results tab — XY ‘g’rrc'lt:rt;;r:'t"-s Xn?iztzunni:w -
Plot — Edit... — when the Solution | — Surfaces (Filter Tox = ===
X Y Plot menu box appears ensure File Data EEIE (tond Fie..| jstasiasscustacakody T m
that the Plot Direction vectors are . lowersurtace
X=1 and Y=0 — Select the Y Axis e face.body I
Function as Custom Field Functions upper-surface =
and cp — Highlight the lower- (New surface _|

surface and upper-surface from the
list of Surfaces — Click Plot:

Plo Axes...] [Cumes...] [Cbse | [HL—Ip|

o P X
lower-surface ' A"svs

2020 R2
ACADEMIC

upper-surface 1.00e+00 —

8.00e-01
6.00e-01 —
4.00e-01
cp 200e-01 -,
-I
0.00e+00 -, .
-2.00e-01 —

T se®
-4.00e-01 | \s..--..---'""

-6.00e-01

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Position (m)

12) Export this data for use in a spreadsheet later: LC on the Write to File _
box under Options in the Solution XY Plot window — Click the Write... -
button (in the previous step this was the Plot button) — Name the file Options

L
cp-0-degrees — OK. Node Values
| Position on X Axis

i . Position on Y Axis
Note: Sometimes the data files exported by Fluent do not show the _ _
‘ | Write to File

rows of data in a logical order. If you use Excel to processes the data,
you may need to sort the data in order of smallest first. This prevents
issues when you use line plots to display the profiles.

Order Points

The next stage of the tutorial requires changes to the boundary conditions to simulate different angles of attack.
The aerofoil will be at the same angle in the domain, however, the boundary conditions can be manipulated to
change the angle at which the air enters the domain, which has the same overall effect as changing the angle of
attack of the aerofoil itself. The advantage of this is that the same mesh can be used, for consistency.

Written by Dr Carl Gilkeson © School of Mechanical of Engineering, University of Leeds, 2020. All rights reserved. 81



MECH5770M

Tutorial Handbook

13) Change the angle of the air entering the domain to 4°: In the Outline View — Setup — Boundary Conditions —

Double click on inlet — In the Velocity Inlet menu box ensure that the Velocity Specification Method is set to

Magnitude and Direction — Check that the Velocity Magnitude is 72.9 m/s — Ensure that the X-Component of
Flow Direction is 1 and set the Y-Component of Flow Direction to 0.0699 (this produces an angle of attack of 4°)
— Ensure that the Turbulent Intensity is 2.25% and the Hydraulic Diameter is 1.306m — Apply:

Zone Name
inlet

Momertum Thermal Radiation Spedes DPM

Velocity Specification Method Magnitude and Direction
Reference Frame Absolute
Velocity Magnitude (m/s) 72.9
Supersonic/Initial Gauge Pressure (pascal) g

X-Component of Flow Direction 1

Multiphase

Potential ups

[Y—Cnmpnnent of Flow Direction|0.0699 I

Turbulence
Specification Method | Intensity and Hydraulic Diameter
Turbulent Intensity (%) 2.25

Hydraulic Diameter (m) 1,306

(o] (]

14) As you already have the data file for the 0 degree solution (step 3) you can use this as the starting point of the 4

degree simulation: In the Outline View — Solution — Run Calculation — In the Task Page set the Number of

Iterations to 2000 — Calculate:

3e-03

1e-05 —3

3e-08

0 Calculation complete.

1e-10 3

3e-13

1e-15 3

Drag monitor

] Scaled Residuals x O Lift monitor x O
Residuals

|— continuity
—— x-velocity 1e+05 First simulation !
~———y-velocit: i

¥ Y (Tutorial 5) — Second
—k 3e+02 X o 1

omega ie.a=0 I+— simulation

1e+00 i ie.a=4°
i\

ANSYS

2020 R2
ACADEMIC

3e-18

600 700

Iterations

800

900

1000

X

Please note: if you have convergence difficulties then you will need to initialize again using Hybrid Initialization.

In some instances, this step is necessary to ensure convergence, because the mesh may have some poor-quality

cells a maximum skewness of > 0.9.

The simulation will take up to 5 minutes to complete. Notice how the residuals are still dropping after 1000

iterations and they have not fully converged, unlike the first simulation (0-500 iterations). However, if you look in
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the Console you will see that both lift and drag coefficients have converged to 4 decimal places after ~565
iterations so the flow can be considered to be converged; check this yourself by scrolling up through the data in
the console window.

An important point is that the lift and drag coefficients, as predicted by Fluent, are incorrect if the flow direction
is not in the x-direction! Drag is the force parallel to the free-stream direction and lift is perpendicular to it.
Remember, you have effectively changed the free-stream flow direction (step 13) and because Fluent calculates

forces in a fixed frame of reference, you will need to use trigonometry in step 17 to obtain correct lift and drag
coefficients.

15) Display contours of the velocity magnitude, ANSYS

2020 R2
you should see something similar to the

image to the right. Note that the airflow is
faster over the suction (upper) surface.

Free-stream flow |eee—CJ]O54_

direction

contour-1
Velocity Magnitude ( mis )

0.00e+00 1.10e+01 220e+01 330e+01 4.40e+01 550e+01 660e+01 770e+01 8.80e+01 9.90e+01 1.10e+0z

16) Calculate the forces acting on the aerofoil in the X and Y direction (Recall steps 45 and 47 from Tutorial 5) and
record them in a spreadsheet.

Verify that the X-force, F, =-36.8 N and the Y-force, F, = 832.1 N (or close to these values).

17) As explained in step (15), the X and Y forces produced by Fluent do not account for the change in inlet flow
direction. Therefore, Fluent’s force output of F, and F, need to be processed using trigonometry to convert to

drag, D and lift, L. To do this, use the following relationships:

D =F, sina +F, cosa (2)
L=F, cosa-Fy sina (3)
Fy

Fxsm a

Free-stream flow
direction (not to

scale)

Verify that D =21.6 N and L = 832.6 N (or close to these values).
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18) Save the data file with file name: naca0012-4-degrees-k-omega-2nd-order.dat.h5

19) Repeat steps (11) and (12) to generate the pressure coefficient distribution and export the data:

Tutorial Handbook

o cp

* |ower-surface

®  upper-surface 1.00e+00

7.50e-01
5.00e-01
2.50e-01
0.00e+00
cp -2.50e-01
-5.00e-01
-7.50e-01

-1.00e+00

-1.25e+00

-1.50e+00 -

X n Lift monitor X n

Drag monitor

ANSYS

2020 R2
ACADEMIC

T T T T T T
0.1 02 0.3 0.4 0.5 0.6

Position (m)

0.7

Note how the pressure distribution on the upper and lower surfaces are now different, whereas they were the
same for the symmetrical case i.e. & = 0°. This is expected because an angle of attack induces asymmetry in the
flow field with a suction peak occurring over the leading edge; this is seen in the figure above by the lowest
pressure coefficient (red data series). In aeronautics, it is conventional to invert pressure coefficient plots
vertically such that negative pressure coefficients occur at the top of the plot but this is beyond the scope of this

tutorial.

20) Repeat steps (13-19) for an angle of attack of 8°. To do this, you will need to set the Y-Component of Flow Direction
to 0.1405. Ensure you save the data file (step 19) with an appropriate name.

21) Repeat steps (13-19) again, this time for an angle of attack of 12°. To do this, you will need to set the Y-Component

of Flow Direction to 0.2126.

You should see a residual history similar to the plot on the next page. Notice how convergence proves to be more
difficult, with higher residual values, as the angle of attack increases; this is because flow gradients are higher and
the flow is more complicated to resolve. One way to minimise this is to use a good quality mesh i.e. better than

the one used in this tutorial.

22) Save your case file, which will contain boundary conditions for the 12° case.

23) Close Fluent and complete Task 3.
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o Scaled Residuals x O Lift monitor x O Drag monitor X
Residuals
I—— continuity ANSYS
2020 R2
— x-velocity 1e+00 _—
: ACADEMIC
~y-velocity
0 1e-02
omega

1e-04

1e-06

1e-08

1e-10

1e-12

1e-14

1e-16

1e-18

T T T T T 1

0 200 400 600 800 1000 1200 1400 1600 1800 2000

Iterations

TASK 3

Using the data you have obtained in this tutorial, please complete the following task. Using equations (1) and (2) in
Tutorial (5), convert the force data to lift and drag coefficients, based on your CFD results. You should be able to
complete the table below to compare your simulation data with the experimental results which have been provided
for you. Once you have completed the table, plot:

a) The lift polar which has the angle of attack, a, on the x-axis and the lift coefficient, C,on the y-axis. Include

both CFD and experimental data on the same plot.

b) The drag polar which has the lift coefficient, C,, on the x-axis and the drag coefficient, C,, on the y-axis. Include

both CFD and experimental data again.

a Fx (N) F, (N) D (N) L (N) Cp CFD Cp Exp C.CFD C. Exp

0 0.0060 0.00
4 0.0063 0.45
8 0.0070 0.88
12 0.0084 1.25

If you have any doubts about your results, please speak to a demonstrator.
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Tutorial 6 Summary:
You have:

e Examined the flow field for the zero angle of attack case using contour and vector plots.

o Created a reference point from which to obtain free-stream flow quantities

e Created a custom field function to represent the pressure coefficient

e Generated plots of the C, distribution and exported the data.

e Manipulated the boundary conditions to simulate different angles of attack, without having to re-mesh the
geometry.

e Processed the forces obtained by fluent into lift and drag coefficients for comparison with experimental data.

e Compared the pressure distributions at different angles of attack.

End of Tutorial 6
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[

UNIVERSITY OF LEEDS

MECH5770M: Computational Fluid Dynamics Analysis

Tutorial 7: Flow Over Blunt Rectangle

Tutorial 7 Outline:

Build 2D geometry based on knowledge from previous tutorials, add edge splits up to aid meshing.
Quadrilateral mesh created with strategic cell clustering.

Simulations carried out using three k-£ turbulence models.

Custom Field Function calculator used to define the friction coefficient, C:.

Cs profiles plotted, exported and compared to experimental data.

Fundamental principles of visualisation explored.

Complete TASK 4

Prerequisites

1)

Notes

Ensure that you have completed Tutorials 1-6 which cover the basics of CFD pre and postprocessing.

You MUST complete the tutorials in order otherwise you will struggle to complete later exercises.

Regularly save your work — programs do crash and you will lose unsaved work!

This document is written using ANSYS 2020 R2, however, you may have access to other versions of the
software. If this is the case, some menus and screen outputs may differ slightly but you should still be able to
complete the tutorial.

The following acronyms are used throughout this document:

RC = Right mouse button click
LC = Left mouse button click
MC = Middle mouse button click
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1) The purpose of this tutorial is to simulate airflow over a blunt-edged rectangle, based on physical experiments
conducted in a wind tunnel from: N. Jjilali and I. S. Gartshore. Turbulent Flow Around a Bluff Rectangular Plate.
Part I: Experimental Investigation. Journal of Fluids Engineering, 113, pp. 51-59, 1991. The geometry of the shape
is represented in 2D with a symmetry plane (blue line) as shown below:

Airflow
0.8m direction Height = 0.045 m 0.755m

1
i 2.40m 1.60m
1

2) Open ANSYS Workbench.
3) Open Design Modeler, (also called Geometry).
4) Inthe Tree Outline LC on the XYPlane — LC on sketching tab at the bottom of the tree outline box — LC Settings

— LC Grid — Tick the boxes for Show in 2D and Snap (This draws a grid in the graphics window to aid geometry
creation) — set Major Grid Spacing to 0.4 m, Minor-Steps per Major to 4.

5) LC on the end of the Triad Z-axis to view the XY plane as illustrated to the ¥
right — Zoom in on the grid using the mouse wheel.

6) Use a Polyline (recall Tutorial 3, step 8) to create the shape shown above #
with points at the following locations and in the following order: (0,0), (-
2.4,0), (-2.4,0.8), (0, 0.8), (1.6, 0.8), (1.6, 0.1), (0, 0.1), RC Close End.

7) Make a surface from this Polyline — LC Modeling tab under Sketching Toolboxes — LC on the (+) symbol next to
the XYPlane — LC Sketch1 under Tree Outline — on the top menu LC Concept — Surfaces from Sketches — LC
Apply under Details View — Generate:

Tree Qutline

= A Geomet

-5 X¥Plane
28 Sketchl

g e ZXPlane

- "fZPIane

-8 SurfaceSk
4 8@ 1Part, 1 Body
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8) Add a General dimension to the short

Sketching Toolboxes 3
edge at the front of the object and set Draw
the height to 0.045 m (recall Tutorial Modify

3, step 11). > Dimensions
* General

= Horizontal

I[ vertical

+Length,/Distance

# " Radius

Constraints
Settings

Sketching | Modeling |

Details View
[=]| Details of Sketch1
9) Use the split tool to add a strategic Sketch sketch? | : Pl
. . o Sketch Visibility Show Sketch I R CRR B &S —
point on the left edge to aid meshing: “how Corstraimis? o E | | ; |
LC Sketching tab under Sketching =I| Dimensions: 1 SR W SN S TR NN S
: V1 -~ ! 2 : ;
Toolboxes — LC Modify — LC on the o 0045 m A — P
=I| Edges: 7 e e oo
Split icon LC near the bottom of the Line Ln7 : : : : :
edge (shown as circled below): Line —_ v | Mogetview | PrintPreview
Sketching Toolboxes R Graphics
Drraw
Modify -
[ Fillet
[~ Chamfer
% Corner
= Trim
= Bxtend
- [ Split at Select
[i] Drag
& Cut (Ctrl+ X)
Copy (Ctrl+ C)
BB Paste (Ctrl+ V)
5::|5: Move
o Replicate
Dimensions -
Constraints
Settings
Sketching | Madeling |

10) Add a General dimension to the short edge and set the edge length as 0.045 m to match the height of the blunt
object further downstream:

Details View
[=|| Details of Sketch1 I
Sketch Sketchl
Sketch Wisibility Show Sketch
Show Constraints? | Mo

E Dimensions: 2

0.045 m
vz 0.045 m

&m .3 . . |
Line Ln7 ; i
Line Lns v | Model View | Print Preview |
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11) Repeat steps (9) and (10) to create two further points which are both 0.4 m downstream of the blunt object as
arrowed below (note you may need to click the Generate button for the first point, before you can create the

second one):

Sketching Maodeling

Details View
[=]| Details of Sketch1
Sketch Sketchi
Sketch Visibility Show Sketch
Show Constraints? | No
=.Di -
H3 0.4 m
H4 0.4 m
W1 0.045 m
V2 0.045 m
[-I| Edges: 10
Line Ln7
Line Lnd
Line Ln9

Your dimensions may have different labels to those shown in the image above, this will not cause you any

problems.

12) Save the project and name the file blunt-rectangle.wbpj

13) Close Design Modeler — Link Ansys Mesh to Geometry in Workbench — Open Ansys Mesh.

14) LC on Mesh in the Tree — in the Details of Mesh box LC on Mechanical next to the Physics Preference and change

to CFD.

15) Using the layout of edges and the details in Table 1 below, insert edge biases (recall Tutorial 3)

A B C D
® ®
G F
J °
! :
I H
Edges Number of Divisions  Bias Factor Bias Type
AB and IH 120 15 -—— -
BC and GF 40 10 _—— -
CD and FE 70 15 _—— -
AJ and DE 50 10 -—_——_— -
Jl and GH 10 1.5 - —_— -

Written by Dr Carl Gilkeson © School of Mechanical of Engineering, University of Leeds, 2020. All rights reserved.

Table 1: Mesh parameters

90



MECH5770M Tutorial Handbook

16) Insert Face Meshing as the mesh method — Generate:

Qutling =

& % O %@ @ @@ Seect KModer FT HE R B @ @ & ' ® | ECipboard~ [ Empty] | & Extend~
MName

B () Model (83) 2020 R2

£l Geometry ——
- B Surface Body ACADEMIC
{5 Materials
#-,21 Coordinate Systems
=] @ Mesh

b I8 Edge Sizing
-8 Edge Sizing 2
' Edge Sizing 3
-8 Edge Sizing 4
i /10 Edge Sizing 5
B8 Face Meshing

17) Insert Named Selections to set the boundary conditions using Table 2 below — You can click on the (+) symbol
next to Named Selections in the Tree and highlight all the boundaries in the list whilst holding the Ctrl key:

Edges Name

AB, BC and CD top-wall

AJ and JI inlet

DE outlet

IH symmetry

GH blunt-rectangle-front
GF and FE blunt-rectangle-top

Table 2: Boundary Conditions

o R ‘@ aQ IE"’ ) o v@Q Q@@ St kMode- ' AR DR E B ® - [ Clipboard~ [Empty] | & Extend~
Mame « | Search Qutline

- e Maberials-i A ANSYS

s Coordinate Systems 2020 R2

....... I@ Edge Sizing ACADEMIC
....... |6 Edge Sizing 2
I@ Edge Sizing 3
....... I@ Edge Sizing 4
....... |_@ Edge Sizing 5
L v 18§ Face Meshing
B £ Named Selections
....... [ top-wall
....... v @ inlet
....... v @ outlet
....... v B symmetry
E blunt-rectangle-front
------- v ) blunt-rectangle-top
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18] Save the Project and Export & mesh fle ]

called blunt-rectangle.msh Model Model Constants
Inviscid Cmu
Laminar 0.09
19) Close Ansys Mesh. Spalart-Allmaras (1 eqn) C1-Epsilon
# ®! k-epsilon (2 egn) 1.44
. . k-omega (2 eqn) C2-Epsilon
20) Open Fluent in 2D, selecting Double Transition k-ki-omega (3 eqn) Lo

Transition SST (4 eqn)
Reynolds Stress (5 eqn)
with 4 Processors. Scale-Adaptive Simulation (SAS)
Detached Eddy Simulation (DES)

TKE Prandtl Number
1
TDR Prandtl Number

Precision mode and opening in parallel

1.3
. ) . k-epsilon Model
21) Read in the mesh file generated in step fp:::a:dard =
(18). RNG
Realizable User-Defined Functions

Turbulent Viscosity
Near-Wall Treatment

22) Activate the standard k-g& turbulence _ none -
Standard Wall Functions
model: Setup — Models — Viscous — Scalable Wall Functions "T';;‘:“ ":tr‘l:'ﬂz
ran umber
. * ® Non-Equilibrium Wall Functions

Select the Standard k-epsilon (2 eqn) Enhanced Wall Treatment none -

. epep e TDR Prandtl Number
model ensuring that non-equilibrium wall Menter-Lechner rone -

. User-Defined Wall Functions
functions are enabled:

Options
Curvature Correction
23) Ensure that the Pressure-velocity Production Kato-Launder
. . Production Limiter
Coupling Scheme is SIMPLE, that the
Gradient scheme is Green-Gauss Cell 0 (cancel] [Hep)
Based and all Spatial Discretisation
d . Task Page 4
schemes are 2" order, (Solution — _
Methods): Solution Methods @l
f(Pressure—Velocity Cou pﬁlh
. - h
24) Set the inlet boundary condition (Setup — Boundary S;I;:LQE -

Conditions) so that the velocity is 8.113 m/s and normal to the Spatial Diccratizati
patial Discretization
boundary, set the Turbulence Specification Method to Gradient

Intensity and Hydraulic Diameter and set intensity to 1% and Green-Gauss Cel Based -
Pressure

hydraulic diameter to 1.92m: Second Order =
Momentum
Second Order Upwind v

25) Reduce the Absolute Criteria convergence tolerance for

PR . . . Turbulent Kinetic Energy
continuity to 1e-16 (Solution — Monitors — Residual).

Second Order Upwind v

Turbulent Dissipation Rate )
26) Initialize the solution using the Hybrid Initialisation scheme NSecond Order Upwind -

(Solution = Inidialization). e — ]

y -

Zone Name
27) Run the simulation for 600 iterations which should inlet
ta ke no more than a few minutes (SOIUtion — Run Momentum Thermal Radiation Spedies DPM Multiphase Potential ups
Calculation). Notice how the solution is COnverged Velocity Specification Method | Magnitude, Mormal to Boundary -
after 500 iterations. Reference Frame Absolute -
[ Velocity Magnitude (m/s} 8,113 ] -
28) Save the case file: File — Write — Case... — Save | Supersonic/Initial Gauge Pressure (pascal) o v
) . Turbule
the case file with the name blunt- urbience
I h Specification Method Intensity and Hydraulic Diameter v
rectangle.cas.hS. Turbulent Intensity (%) 1 -
Hydraulic Diameter (m]|1_92 | -
29) Save the data file for this standard k-epsilon (ske)
solution: File — Write — Data... — Save the data Close | [Help|
file with the name blunt-rectangle-ske.dat.h5.
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30) Change the view to reflect the results about the symmetry plane: On the top menu ribbon, LC View — Under the
Display tab LC on Views — In the Views menu box highlight symmetry under the Mirror Planes list — Apply —

Close:

= Act' — —_— —_—
Views fons Mirror Planes [1/1] —_| f/| -_,.(|
back Default | — —

symmetry

frant

Auto Scale |
Previous |
save |
Delete | Define Plane...]
Read... | Periodic Repeats
Save Name .
i Write... | Define... |
view-0 S— e

[Camera... | [Close | [Help |

31) Display pathlines which are released from the front face of the blunt rectangle: In the Outline View — Results —
Graphics — Double click on Pathlines — In the Pathlines menu change the number of Steps to 1000 — Change
Color by to Velocity Magnitude — Highlight blunt-rectangle-front in the Release from Surfaces list — To display
the outline of the domain LC on the Draw Mesh option — select Edges under Options, Feature under Edge Type
and highlight only the blunt-rectangle faces in the Surfaces list — LC Display in the Mesh Display menu — In the
Pathlines window LC — Save/Display — Zoom in on the rectangle in the graphics window:

Pathline Name

pathlines-1
Options Style Color by
Oil Flow line h Velocity... v

Reverse .
AttrlbUtES---J Velocity Magnitude v

V| Mode Values - -
V| Auto Range Step Size (m) Tolerance Min (m/s) Max (m/s)
‘ V! Draw Mesh A 0.001 0 10.02126
| Accuracy Control | StePS Path Skip -~ — o — | =| e |
- - elease from Surfaces | filter Tex E = E E
| Relative Pathlines (| 1000 -/ 0O - SOl 12 ) 2%
X Plot Path Coarsen blunt-rectangle-front
Write to File i - et
Type On Zone [0/6] _=| = | [_= | :$f|;i$r—suﬁace_body
CFD-Post - & X
blunt-rectangle-frant surface_body
blunt-rectangle-top symmetry
Pulse Mode inlet top-wall
Continuous outlet
®) Single TIIEL;
top-wall

Colormap Options... | New Surface ,|
» Save/ Display Pulse| Compute| Axes... | | Curves... Close| HeI|J-|
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[ ¢ ] Pathilines Colored by Velocity Magnitude (m/s) X

ANSYS

2020 R2
ACADEMIC

thlines-1

elocity Magnitude
1.00e+01
9.02e+00
8.02e+00
7.01e+00
6.01e+00
[ 5.01e+00
4.01e+00

3.01e+00

2.00e+00
1.00e+00 I

0.00e+00

m/s )

The pathlines are released from the front of the rectangle and they move downstream highlighting the primary
flow feature; flow separation. The flow reattaches further downstream and from this point the pathlines become
entrained in the free-stream, just above the boundary layer until they exit the domain.

32) Display pathlines again but release them from the inlet and blunt-rectangle-front as well as blunt-rectangle-top
to reveal a more complete flow field:

Release from Surfaces Filter Text

’
blunt-rectangle-front
blunt-rectangle-top

outlet
surface_bady
symmetry
top-wall
[+ ] Pathlines Colored by Velocity Magnitude (m/s) X

—————— ansys
"1 // a0
- = / ACADEMIC |
Cas e e

1.00e+01

9.02¢+00
't 8.02e+00
7.01e+00 - /
6.01e+00 B

L 5.01e+00 ) —~
4.01e+00

3.01e+00

2.00e+00

1.00e+00

0.00e+00
(m/s)
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33) Display contours of the Turbulent Kinetic Energy (k) ensuring the rgh-modern colourmap is selected with 20 levels
of banded colouring and the mesh outline is on to show the blunt object: Results — Graphics — Contours:
Contour Name Associated Object

contour-2 contour-2

Options Contours of Labels Colormap
V| Filled Turbulence... » V| Automatic Skip Log Scale
¥ Node Values Skip Colormap Size

Turbulent Kinetic Energy (k) .
Min (M2/52) Max (M2/52) \ —

S 20 S

| Boundary Values

Contour Lines OO SR Format Colormap Alignment
+| Global Range : o Contour] ' Type Left -
+| Auto Range Surfaces |Filter Text exponential - Currently Defined

Clip to Range Precision rgb-modern ~

Z - Edit...| | Delete
() )

blunt-rectangle-fron|
Draw Profiles

blunt-rectangle-top
* | Draw Mesh inlet

interior-surface_bod
outlet

Coloring surface_body
® Banded symmetry
Smoath top-wall

Colormap Options... |
New Surface ,|

Save/Display

34) Create a Custom field Function (recall step 10 in Tutorial 6) of the skin friction coefficient, C;, which is given by:

Tw

R 1
0.5pU2 W

C

where: 7_(tau-w) is the local wall shear stress, p is the air density (1.225 kg/m?) and U_ is the free-stream velocity

(8.113 m/s). Note: the denominator of equation (1) is 0.5%1.225%8.113" = 40.315.

On the main menu ribbon LC User Defined — Under the Field Functions tab LC on Custom... — In the Select
Operand Field Functions area of the Custom Field Function Calculator menu box, select Wall Fluxes and X-Wall
Shear Stress as the sub-category — LC select so that x-wall-shear appears in the definition box — Select the divide
button followed by 40.315 to complete the function — set the New Function Name to cf to denote the skin friction
coefficient (remember, capital letters are not permitted) — Define:

Definition
¥-wall-shear [ 40.315

Select Operand Field Functions from

L+ - I s Jlyx](aes ] o Funtone

[ mv | sin ][ cos | tan | 1 Jliogo] Wall Fluxes...

[ o ” 1 ” 2 ” 3 |[ 4 .|[5QRT| X-Wall Shear Stress
S o e o

[ ( |[ ) ” PI ” e |[ . ”DEL| =

MNew Function Name|cf

(ermge) (e (v
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35) Using the cf function defined in the previous step, plot the friction coefficient using the surface blunt-rectangle-
top which is one of the wall-type boundary conditions you defined in step (17) (Results — Plots — XY Plot):

XY Plot Name

xy-plot-1

Options Plot Directiorff Y Axis Function
v Node Values X1 Custom Field Functions... v
v Position on X Axis Y0 o .

Z|0

Position on Y Axis
Write to File
Order Points

— (= | (=] Surfaces |Filter Text
File Data [0/0] =| =[5

_ RIEHE
L LE Load Fi . blunt-rectangle-front -

) blunt-rectangle-top
Free Data | inlet

X Axis Function
Direction Vector

interior-surface_body
outlet
surface_body

svmmetry

New Surface ,|

[Axes... | [Curves... | [Close | @|

X

ANSYS

e  blunt-rectangle-top
2020 R2

] of

2.00e-02 -4 —_—
ACADEMIC

1.50e-02

1.00e-02
5.00e-03
M.couo. P R R R R R T T T rm—

cf To o°
o
0.00e+00 —*
L]

-5.00e-03 —

-1.00e-02 —| ®

-1.50e-02 T T T T T T T T d
0 0.2 0.4 0.6 0.8 1 12 14 16 1.8

Position (m)

Note: the horizontal location which coincides with Cf = 0 is the position where the airflow reattaches to the
bluff shape, having separated around the leading edge further upstream. This point is located at approximately
x =0.14m or three times the height of the rectangle.

36) Export the friction coefficient data using the Write to File option in the Solution XY Plot menu box (recall step 4 in
Tutorial 4). Save the file as blunt-rectangle-ske-cf-plot.xy
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37) Recalling step (22), change the turbulence model to the RNG k-£& (retain the option for non-equilibrium wall
functions) — Run a new simulation for 1000 iterations using the previous solution as a starting point (you do not
need to initialize because you already have an existing solution (from the previous simulation) which is a very good
initial guess; initialization is only necessary when you do not have a solution) — Save the data file with filename:

blunt-rectangle-RNG-ke.dat.h5 — Repeat steps (35) and (36) to generate the cf plot data for the RNG k-& model,

saving it as: blunt-rectangle-RNG-cf-plot.xy

38) Repeat step (37) but with the Realizable k-& model activated (also retaining non-equilibrium wall functions) —

Run the simulation for 1000 iterations saving the resulting data file as: blunt-rectangle-realizable-ke.dat.gz — Plot

and export the cf plot data for the Realizable k-& model, saving it as: blunt-rectangle-rke-cf-plot.xy

39) Display contours of the Turbulent Intensity — In the Contours menu uncheck Auto Range under Options and
change the Min to 0 % and the Max to 400 % — Show the mesh outline for the blunt object — LC on the Colormap
Options... button — Set a banded rgh-modern colourmap with only 10 levels in the Colormap Size and Apply —

Close the Colormap menu — Save/Display:

V| Show Colormap
Associated Object

contour-2
Labels Colormap
V| Automatic Skip Log Scale
Skip Colormap Size
9 =i (EL =
Number Format Colormap Alignment
Type Left
exponential - Currently Defined
Precision rgh-modern

2 v/ [edit...| [Delete

) oo JEXY

Notice how the number of colours
in the colourmap has changed to 10
due to the changes made in
Colormap Options above. You are
encouraged to explore the other
options different
colourmaps (see Currently Defined

including

option) to tailor your visualisations.

Note: sometimes you may need to
different
colourmap options otherwise the

switch between

scales can be difficult to see; the
onus is on you as the CFD engineer

to present data clearly.

Contour Name
contour-2

Options
V| Filled
| Node Values

+| Boundary Values s

Contours of
Turbulence...

Turbulent Intensity

Contour Lines

| Global Range

Min (%) Max (%)
0 400

Auto Range
! Clip to Range

Draw Profiles
| Draw Mesh

Coloring
® Banded
Smooth

Surfaces |Filter Text

blunt-rectangle-front
blunt-rectangle-top
inlet
interior-surface_body
outlet

surface_body
symmetry

top-wall

=)
=
=)
~

Colormap Options... |

New Surface ,|

(ompre) () o]
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40) Repeat the previous step for the other two data files (blunt-rectangle-RNG-ke.dat.gz and blunt-rectangle-
realizable-ke.dat.gz) and compare all three as shown below. You will need to read each data file before displaying
the contours (File — Read — Data...):

Notice how the three contour Standardgeg

plots to the right can be
compared to each other
because, for consistency, they

have the same colourmap

scales; it is very important to
do this for a fair comparison.

By default, Fluent uses the
Autoscale function which is

rarely suitable for comparing
different results. By specifying
the minimum and maximum
value for the turbulence
intensity in step (39), this
captures the full range of
values seen in all three contour
plots, and, more importantly, it
overrides  the Autoscale

function. This range can only be
determined by systematically
visualising all data sets first to

find the overall minimum and

maximum values, then use this
range for a fair comparison.

Another point of note is the vast
difference in results shown to
the right, especially considering

Realizable k-&

that they were all obtained from
variations of the k-€¢ RANS
turbulence model. It shows just
how different certain flow

parameters can be, depending
on the choice of turbulence

model. If you were to look at
contours of velocity magnitude,

the flow looks practically the
same for all cases, vyet
turbulence levels, skin friction

coefficients and separation
points occur in completely
different locations.
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41) Using any three of the data
files, display contours of the

Banded contours: 11 contour levels

Velocity Magnitude —
Disable the  Autoscale
function and set minimum
and maximum values to 0
m/s and 11 m/s,
respectively — Change the

Colormap Size to 11 —

Display the contours —
Then change the Colouring
from Banded to Smooth —
Display the contours again,
noting the change in
appearance of the contour
plot — Now deselect Node
Values (recall step 10 in Smooth (unbanded) contours: continuous colour map
tutorial 2) and Display the
contours for a final time:

You should see similar

results to those shown to
the right (these are
obtained from the standard
k-€ model results). They
show just how misleading

smooth contours can be,
especially compared to the
actual flow result (seen by

the solver) which is in the
bottom right plot.

Banded contours of node values: 11 contour levels
Smooth contours do not tell

you anything about the grid
resolution, whereas node
values do. Although smooth
contours may look visually
appealing, having a sensible
number of colour bands also
makes it easier to identify
flow parameters in any
particular location, within
the domain. Smooth colour
maps make it far more
challenging to pinpoint a
particular  colour (flow
quantity) on the scale.

Therefore, only use smooth contours with extreme caution!

Written by Dr Carl Gilkeson © School of Mechanical of Engineering, University of Leeds, 2020. All rights reserved. 99



MECH5770M Tutorial Handbook

42) Save your case file.

43) Close Fluent

TASK 4

Using the data you have obtained in this tutorial, please complete the following task. Using the exported skin friction
coefficient data, plot the profiles for all three turbulence models on the same graph. You should plot Cf on the y-axis

and the dimensionless distance, X/D, on the x-axis, where X is the X-coordinate in each exported data file and D =
0.09 (this is the height of the rectangle from the physical experiments). Please also include the experimental data
points (from the original wind tunnel data) to validate your CFD results; these data are shown in the bottom row of
the table below:

X/ID 1.00 140 180 220 260 3.00 340 380 420 460 480 520 545 5.80
Cix10® -040 -1.00 -150 -190 -230 -235 -210 -1.60 -1.00 -0.30 0.10 090 140 1.80

Think about which turbulence model has the best match with the experimental data. Is the performance between
models comparable? Which turbulence model would you trust the most?

If you have any doubts about your results, please speak to a demonstrator.

Tutorial 7 Summary:
You have:

e (Created the geometry of a 2D domain containing a blunt rectangular shape.

e Generated a structured quadrilateral mesh with cell refinement in suitable locations.
e Conducted three simulations using all three variants of the k-& turbulence model.

e Made use of the Custom Field Function calculator to plot friction coefficient data.

e Explored some of the fundamental principles of visualisation.

End of Tutorial 7
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UNIVERSITY OF LEEDS

MECH5770M: Computational Fluid Dynamics Analysis

Tutorial 8: Flow Visualisation Around a 3D Tower

Tutorial 8 Outline:

e You are provided with a case and data file containing simulation results of airflow around a 3D tower.
e  You will explore the range of post-processing tools available in the 3D Fluent solver to illustrate the capability
of contour and vector plots, oil-flow plots, pathlines and iso-surfaces.

Prerequisites

1) Ensure that you have completed Tutorials 1-7 which cover the basics of CFD pre and postprocessing.

Notes

1) You MUST complete the tutorials in order otherwise you will struggle to complete later exercises.

2) Regularly save your work — programs do crash and you will lose unsaved work!

3) This document is written using ANSYS 2020 R2, however, you may have access to other versions of the
software. If this is the case, some menus and screen outputs may differ slightly but you should still be able to
complete the tutorial.

4) The following acronyms are used throughout this document:

RC = Right mouse button click

LC = Left mouse button click
MC = Middle mouse button click
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1) Open Fluent in 3D, selecting Double
Precision mode and open in Serial mode
(not parallel) with only 1 Solver Process:

2) Locate the files

tower.dat.gz

tower.cas.gz and
MINERVA —
MECH5770M — Learning Resources —

on

Tutorials — Support files for Tutorial 5,
8 and 12.

Tutorial Handbook

Fluent Launcher

Meshing

Solution

(0 Show Beta Workspacas

Simulate a wide range of industrial applications using the general-purpose setup, solve,
and post-processing capabilities of ANSYS Fluent.

Get Started with...

) O

Case I Case and Data

Mesh ’"_'. Jnumal‘@ &0

Recent Files

blunt-rectangle.cas.h3
blunt-rectangle.msh
nacal012.cas.h3

naca0012.msh

Dimension

Options

Double Precision

Display Mesh After Reading
(O Load ACT

[ Start Server

Parallel (Local Machine)
Solver Processes 1

~ Show More Options Show Learning Resources

Solver GPGPUs per Machine g

4r 4

R e | o [

3) Read in the above case and data files: File — Read — Case & Data — Select the case file tower.cas.gz — OK.
Note that because the case and data files have the same name (with a different extension), the data file will
automatically read in after the case file if you specify Case & Data as above. Also, these files have the extension
.gz instead of .h5 this is a legacy of older versions of Fluent (V19 and earlier) but they will read into Fluent 2020

R2 and later versions without difficulty.

4) Explore the grid: On the top menu ribbon, LC
Domain — Display... — In the Mesh submenu,
LC Display... to open the Mesh Display menu
box — Ensure that all the surfaces except
default-interior are selected — Under Option
ensure that Faces is deselected and All Edges
are selected — Display:

Owverset

0

Ou tﬁne_|

n Mesh

[Adjacency... |

Shrink Factor Feature Angle

20
Interior |

Options Edge T
. ge lype Surfaces |Filter Text
Node e Al
»\f Edges Feature =il
i inlet
Faces Qutline outlet
Fartitions

symmetry

wall-floor
wall-side
wall-tower

New Surface ,|

BEEE®

o) (o) (v

Note that you should never select default-interior, otherwise you will see every single grid line (including the

interior lines) and this often causes the computer to crash, especially if the mesh is large. You will see that the grid
lines above are coloured with the following conventions: grey = wall; yellow = symmetry; inlet = blue and outlet
= red. This is helpful if you wish to quickly see which boundary conditions have been assigned.
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5) Show grid lines of the ground plane and the tower only: In the Mesh Display menu box LC Faces — LC the deselect
all button next to Surfaces =, |—> LC on wall-floor and wall-tower — Display:

Options Edge T = (= (==
e ge "ype Surfaces |Filter Text '_O| ——_| = '_>c|
Modes o All T =)L)
| Edges Feature de?uIt-lnterlor
) inle
v Faces Outline outlet
Partitions symmetry
Overset i
wall-floor
Shrink Factor Feature Angle | wall-side
0 20 wall-tower
Outline | [In terior |
Adjacency...| New Surface _|
| Display [Colors...| [Clo5e| [Help|
Mesh X
2020 R2
ACADEMIC

Note that you can change the orientation of the view by zooming with the mouse wheel, [ _
panning the view by clicking and holding the left mouse button and rotating by pressing |.LJD Sl
and holding the mouse wheel. You can also use the viewing tools down the left side of E| < Q]

the Graphics window shown above. You can click on the small horizontal buttons to | [ fotete View
expand the options, for example, see image to the right:

B
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6) Display the surfaces of the ground
plane and the tower without grid
lines: Display — Mesh... — In the
Mesh Display menu box uncheck
Edges and Faces under Options —
Display:

Tutorial Handbook

Options Edge Type
Nodes o Al
Edges Feature

| Faces Outline
Fartitions
Overset

Shrink Factor Feature Angle
0 20

[Dutﬁne]

Adjacency... |

[Inter'lorl

Surfaces |Filter Text

default-interior
inlet

outlet
symmetry
wall-ceiling
wall-floor
wall-side
wall-tower

New Surface _|

=EEE

[Colors... | [Close | [Help |

7) Change the lighting to Flat mode: — On the top menu ribbon, LC View — Options — In the Display Options menu
LC Lights... — In the Lights menu box change the Lighting Method to Flat — Apply:

Light ID Color Active Lights
0 - Color -
| Light On [* —} [h'|128
Direction — -
Red
X |-0.178285
o |E——— | 3 |:I'28
Y [0.3662742 | _
7 0.6885185 Green
128
L I: |
Use View Vectur| 1 - _|
~ Blue
Lighting Method| Automatic ~ |
Headlight On At Automatic
Apply [RESEI:| [Cluse| [Help|
: : : Phd
o

2020 R2
ACADEMIC

\4
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8) Change the direction of the light source: LC and hold the left mouse button to rotate the globe shape under Active

Lights — Move the globe until the axes are in a similar orientation to the ground plane and tower (in the graphics

window) now use the right mouse button to press and hold the light source indicated by a circle with a cross in it

— move the light source to any location on the globe — Apply — Keep moving the light source until you are

happy with it.

Default globe view

New globe orientation

Light source relocated

Active Lights

Active Lights

Light
source

Active Lights

9) Reflect the display about the symmetry plane (recall step 30 in Tutorial 7): On the top menu ribbon, LC View —

Under the Display tab LC on Views — In the Views menu box highlight symmetry under the Mirror Planes list —

Apply — Close:
[ ] x
ANSYS
2020 R2
ACADEMIC
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10) Display contours of velocity magnitude inside the domain: Results — Double click on Graphics so the Task Page
updates — In the Task Page double click on Sweep Surface — In the Sweep Surface menu change the Display
Type to Contours — When the Contours menu box appears select Velocity... and Velocity Magnitude, select Filled
contours, a banded colourmap with 20 levels and select the Draw Mesh option — In the Mesh Display menu LC
Display... — Close — in the Contours LC OK — Return to the Sweep Surface menu box and LC and hold the slider
bar to show the contours in the X-plane:

to right

Outline View < l Task Page l
Filter Text Graphics and Animatiol
: Solufj'on Graphics Sweep Axis Display Type Animation
-) Results Mesh - o
o Contours X Mesh Initial Value
‘:ztdhﬁ;zs 1 i® Contours _1.05
e Particle Tracks Y Vectors Final
&7 Contours T e
& Vectors :
& pathlines z Pmpert'les...J Frames
“ii Particle Tracks 0 Y
+ L plots . 10 -
_-:‘ TEEE Animation .
¥ [ Animations Min Value Value Max Value
* [ Reports o manen -1.05 -0.0045 3.05
+ Parameters & Customization Playbac — —
- |__I »- ‘ ]
= —
Slider bar [Create... | [Animate | [Compute | Help |
moves left

Options Contours of

v Filled Velocity... "7
V| Node Val

ode Values Velocity Magnitude -
¥ Boundary Values

Min Max

¥ Global Range
v Auto Range 8.872967

Clip to Range Surfaces |Filter Text '=O| _='| 5/| '=>(|

Draw Profil .
ravy Froties default-interior

inlet
outlet

Draw Mesh

8.87e+00

7.99¢+00

7.10e+00

6.21e+00

5.32e+00

4.44e+00

3.55e+00

2.66e+00

1.77e+00

8.87e-01

0.00e+00

symmetry
wall-ceiling
wall-floor
wall-side
wall-tower

New Surface ,|

a Compute] Cam:el| @|

If the contours are not clear then you may need to turn off the lights and turn them on again (View — Options

— Lights...) or display the mesh again before moving the slider bar in the Sweep Surface window.
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Min Value Value
11) Create an X-plane at X=0: Using the Sweep Surface .05 0

menu box change the number in the Value box to 0 [T| :

— press the Enter key — LC the Create... button — — ,_4
when the Create Surface menu box appears enter Create... |
the name x=0 — OK

| | Surface Name
[x=0

12) Repeat step (11) to create two further surfaces, one

at X=1m and another at X=2m with corresponding

m Cancel | Hilp|

Timeout in seconds [60

names.

13) Display contours of velocity magnitude on the symmetry plane and the three planes you have created: Results —
Graphics — Double click on the Contours icon — after the Contours window ensure that the Filled option appears
and a banded colourmap with 20 levels is selected — Select contours of, Velocity, Velocity Magnitude — Highlight
symmetry and x=0, x=1 and x=2 in the Surfaces list — Select the Draw Mesh option and LC Display when the
Mesh Display menu appears — Close the Mesh Display menu — In the Contours menu LC Save/Display —
Manipulate the view to your liking (recall step 5).

B Contours of Velocity Magnitude (m/s) X

2020 R2
ACADEMIC

caniour-1
Velagity Magnitude

8.872+00
7.552+00
7.10e+00
8.21=+00
5.222+00
4.442+00
3 552400
2.8B2+00
1.77e+00

2.87=-01

0.00=+00

(mis )

Note: You can use the slider bar in the Sweep Surfaces menu box to explore the flow field. By changing the Sweep
Axis in the Sweep Surface menu, then you can create other surfaces (in any plane). For 3D cases, by default you
are only provided with the boundaries in the domain to use as surfaces for post-processing, hence you need to

create your own planes to view what is happening inside the domain. Obviously for 2D cases, the solution domain

is in a single plane, so there is no need to create planes for visualisation purposes.

14) Display vectors on the symmetry plane and the three planes created above: Results — Graphics — Double click
on the Vectors icon — after the Vectors window appears select Draw Mesh under Options — When the Mesh
Display menu box appears LC Display then LC Close — Return to the Vectors menu box and highlight symmetry
and x=0, x=1 and x=2 in the Surfaces list — Set the Scale to 0.5 — Save/Display — Zoom in on the tower (you
may wish to reposition the colormap as shown in the following image:
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peRY
Vi1 R

Wil h b

15) Display an oil-flow plot on the ground plane: In the Tree — Results — Graphics — Double click on the Pathlines
icon — Select Draw Mesh under Options — When the Mesh Display menu box appears LC Display then Close —
Return to the Pathlines menu box — Select Oil Flow under Options — Select coarse-cylinder under Style — LC
the Attributes... button and set the width to 0.002 m — OK — Change the number of Steps to 5 — Select

Velocity... and Velocity Magnitude under the Color by menu — Select wall-floor under On Zone — Select wall-
floor under Release from Surfaces — Display:

Pathline Name

pathlines-1
Options Style Color by
* | Oil Flow coarse-cylinder > Velocity... -
Reverse -
7] Node Values Attributes... velocity Magnitude -
Step Size (m) Tolerance : ” ;
v Auto Range Min {m/s) Max (m/s)
‘ v/ Draw Mesh S 0.001 0 8.872967
| Accuracy Control steps Path Skip - =
7| Relative Pathli 5 =i a Release from Surfaces Filter Text a
elative Pathlines - -
X¥ Plot Fath Coarsen default-interior
) ] a inlet
Write to Fil
rite to File 1 - outlet
Type On Zone [1/7] E] symme_tr_',r
CFD-Post - wall-ceiling
inlet wall-floor
outlet wall-side
Pulse Mode symmetry wall-tower
() Continuous wall-ceiling #=0 .
® Sk »wall—ﬂoor et
. . wall-side Highlight Surfaces

. wall-tower
Colormap Optlons...]
Save/Display || RRIlES Axes... | | Curves...
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[ | Pathlines Colored by Velocity Magnitude (m/s) x

16) Create an upstream line to show pathlines in the
core region of the flow: In the main ribbon menu
LC Results — Create a Line/Rake — Set the
coordinates of the two ends of the lines to: (-0.5,
-0.15, -0.025) and (-0.5, 1.35, -0.025), as shown
to the right — Set the New Surface Name to
line-1 — Create:

17) Display pathlines, released from line-1 only:
Repeat step (15) but deselect Oil Flow — change
the number of Steps to 1000 — Under Release

from Surfaces deselect wall-floor and select
line-1 instead — Display:

Note you may need to display the mesh again
and ensure that wall-floor and wall-tower are
selected.

MNew Surface Name
[line-1

|
Number of Points
FY

10 -
End Points

x0 (m) -0.5 ¥ (m) -0.5

y0 (m) -0.15 yl(m)|1.35

z0 (m) -0.025 z1 (m) -0.025

[Select Points with Mouse]
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18) Remove pathlines from the display: In the
main ribbon menu LC View — Graphics —

Tutorial Handbook

= Geometry Attributes Scene Composition
Compose... — In the Scene Description Mames [1/3] Type ot over =
erlays
menu under Names highlight the name of l ‘pathlines-2 . path §
. . . . . = Draw Frame
the pathlines object (in this case pathlines-
2, yours may have a different name) — LC P
the Delete Geometry button — LC Apply
—s Close. Iso-Value...
19) Create a surface at Y=0 (recall step 11): — Time Step_
Open the Sweep Surface menu box again € beomety)
— Change the Sweep Axis so that X=0, Z=0 -
and Y=1 — LC the Compute button —
Enter 0 in the Value field and press Enter
— Create... set the Surface Name to y=0
— OK:
Sweep Axis Display Type Animation
® ) Mesh Initial Value
0 (®) Contours -0.15
Y ) vectors Final Value
1 1.35
0 10 =
Min Value Value Max Value
-0.15 0 1.35
[+]—= (]
[Animate] [Compute] [Close] [Help]

20) Display contours of velocity magnitude on the symmetry plane and y=0 — Change the view to see the tower from

behind:
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21) Enable overlays so that other visualisations can be

over-laid on the contour plots: In the main ribbon
menu LC View — Graphics — Compose... — In the
Scene Description menu tick the Overlays box
under Scene Composition — Apply — Close.

22) Display the pathlines from step (17): Results —

Graphics — Double click on pathlines-2
(remember yours may have a slightly different
name) which should be immediately under
Pathlines in the Tree — Open the Pathlines menu
box again — Save/Display (all the previous
information from step (17) will have been saved:

+ Setup
+ Solution
- Results
+) @ surfaces
=) & Graphics
© Mesh
= é‘ Contours
& contour-1
+) =k Vectors
- & Ppathlines
a pathlines-2
a pathlines-1
" Particle Tracks
=L~ plots
) Data sources
1=, %v Plat

L1l Histogram

Tutorial Handbook
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23) Change the transparency of the contour plots and show grid lines on those planes: In the main ribbon menu LC

View — Graphics — Compose... — In the list of Names in the Scene Description menu, highlight the two items

with names beginning contour — LC the Display... button — In the Display Properties menu box select Edges,
ensure that Outer Faces, Perimeter Edges, Feature Edges and Nodes are all deselected and change the
transparency to 20% by changing the slider bar (you can use the arrow keys on the keyboard to help you) — LC

Apply in both the Display Properties and Scene Description menu boxes.

contour-1-7
contour-1-12

wall-tower
pathlines-2

Delete Geometry |

Mames [2/5] €| E|

Type
Group

Transform...
Iso-Value...
Pathlines...

Time Step...

Geometry Attributes Scene Compge

Draw Frame

Frame Options... |

[Appl',- | [Close | [ Help |

Geometry Name

Group
Visibility Colors
| Visible Color
+| Lighting face-color
| Faces [T | .
* Outer Faces —
V| Edges =t

Perimeter Edges
Feature Edges
Lines

Nodes

(e (]

Note: If you wish to display further visualisations such as vector plots, they will be overlaid onto the image above.

To prevent this, you can disable overlays in the Scene Description box. You can also delete specific items from the

scene using the Delete Geometry button if you know their names, to construct a particular visualisation.

24) Repeat step (18) to delete all items from the scene — Deselect Overlays — Close.
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25) Create an iso-surface of constant static pressure: In the main ribbon menu LC Results — Create — Iso-Surface —
Change Surface of Constant to Pressure — LC the Compute button — Move the slider bar until the Iso-Value
changes to a non-zero value — type in the value -10 as the pressure in pascals — Select air in From Zones — Set
the name of the surface to iso-surface-1 in the New Surface Name — Create.

MNew Surface Name : = (=
- . From Surface Filter Text a .
[iso-surface-1| |
File Domain i :
- Surface of Constan _dei’urt interior I
inle
Surface Pressure... * || ine-1
+ Create Mesh outlet
Static Pressure v
Zone... Conto] N —— symmetry
Partition... e Min (pascal) Max (pascal) wall-reilina .
] Imprint.. e UL L LBALuE From Zones |Hlter Text @
Point... Iso-Values (pascal) air
Line/Rake... -10
Quadric...

Iso-Surface...
-Iso—clip...
—— Iso-Surface -I [Compute] [Close] [Help]
Transform...

26) Display contour plots coloured by the static pressure on the symmetry plane, the wall-floor and iso-surface-1

making sure you display the mesh faces (you may wish to change the direction of the light source, recall step 8):

Note: the iso-surface is useful as you can use this as a surface to display contours of any variable available in the
simulation data set. The method can be applied to other variables as well as pressure. The image on the next page
shows what an iso-surface of velocity magnitude = 2 m/s looks like; this is a good way of visualising low-velocity
wakes.
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27) Finally you can display the residuals to see how the solution was obtained and whether or not is was converged:
In the main ribbon menu LC Results — Plots — Residuals... — LC the Plot button in the Residual Monitors menu

box:
¢ ] Scaled Residuals X
Residuals
|— continuity AZNO§OYRSZ
|——x-velocity 1e+00 _—
i ] ACADEMIC

- y-velocity
——2z-velocity 1e-01 =
——nut ]

1e-02 E

16-03 o

1e-04

1e-05 3

1e-06

1e-07

1e-08 T T T T T T T 1

0 200 400 600 800 1000 1200 1400 1600
Iterations

28) Save the case file.

29) Close Fluent
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Tutorial 8 Summary:
You have:

e Displayed the grid and rendered the tower and ground plane using the lighting tool.

e Created surfaces within the domain in various planes, in addition to iso-surfaces to aid visualisation.
e Generated contour plots with and without transparency to reveal flow features.

e Displayed vector plots, pathlines and oil-flow plots to highlight flow behaviour.

e Arranged a scene combining multiple plots into one image.

e Displayed the residuals from the solution.

e You are now able to explore these techniques further to characterise flow fields.

e There is no task for this tutorial.

End of Tutorial 8
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UNIVERSITY OF LEEDS

MECH5770M: Computational Fluid Dynamics Analysis

Tutorial 9: Laminar Channel Flow

Tutorial 9 Outline:

e Run alaminar flow case through a pipe for various grid densities.

e Export flow data for each grid.

e Use the Grid Convergence Index (GCl) to evaluate discretisation error.
e Compare CFD data with analytical solution.

e Complete TASK 5

Prerequisites

1) Ensure that you have completed Tutorials 1-8 which cover the basics of CFD pre and postprocessing.

Notes

1) You MUST complete the tutorials in order otherwise you will struggle to complete later exercises.

2) Regularly save your work — programs do crash and you will lose unsaved work!

3) This document is written using ANSYS 2020 R2, however, you may have access to other versions of the
software. If this is the case, some menus and screen outputs may differ slightly, but you should still be able
to complete the tutorial.

4) The following acronyms are used throughout this document:

RC = Right mouse button click

LC = Left mouse button click
MC = Middle mouse button click
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1) Open ANSYS Workbench.

2) Within ANSYS Workbench open Design Modeler, (also called Geometry) — Save Project and name it
channel.wbpj in your Tutorials folder

3) In the XYplane create a 2D sketch of the rectangular domain 0.1m high and 1.0m in length. You may wish to use
the grid (sketching tab — Settings — Grid) to assist you with this (Recall tutorials 1,3 and 7). Ensure that the origin
is at the bottom left corner of the domain.

wall-top

H=0.1m inlet -  Flow direction outlet

wall-bottom

|
Y

L=10m

Figure 1: Solution domain.

4) Create a surface from sketch: Concept — Surfaces From Sketches — Select one of the edges — Apply —
Generate:

Tree Outline
= ,,@ A Geometry

E|,,:4. X¥Plane

o e, Sketchi ANSYS
vt ZXPlane 2020 R2
3= ¥ZPlane
.,,‘ SurfaceSkl
[ M@ 1Part, 1 Body

Sketching Modeling

Details View o

[=I| Details of SurfaceSk1
Surface From Sketches Surfaceskl ¥
Base Objects 1 Sketch 4
Operation Add Material L
Orient With Plane Normal? | Yes g
Thickness [>=0} om 0.000 0.200 0400 {m

—
0.100 L0300

Model View I Print Preview

a Drag to scroll view Mo Selection Meter Degree 0 0 él

5) Close Design Modeler — Link Ansys Mesh to Geometry in Workbench — Open Ansys Mesh.

6) LCon Mesh in the Tree — Set the Physics Preference to CFD.
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7) Insert a uniform edge sizing (i.e. no bias) for the two vertical edges and set the Number of Divisions to 5 — Set
the Behavior of the sizing to Hard — Set the name of the sizing to y-sizing:

Outline THOX QA @wa Tm O Q@ @ @ s % Mder 7 0|00 B @ [ & ¢ % | ElCiphoards [Empty]| @Extend~ <

© MName | Search OQutline | % _

[ Project* ANSYS

B Model (83) 2020 R2
E‘(a Geometry _

‘..., B Surface Body ACADEMIC

* 5% Coordinate Systems

-0 Mesh
(Lﬂ y-sizing
Details of "Edge Sizi g = lOox
[=I| Scope
Scoping Method |Geometry Selection
Geometry |2 Edges
[]| Definition
Suppressed MNa
Type Number of Divisions
|| Wumber of Divisiang| 5
-
Hard -1
apture Curvature ] ¥
e T bl I
[ Bias Type No Bias L]
X
0.000 0130 0300 (rm)
0.075 0.225

ction & Metric (m, k Degrees  rad/s

The Hard setting forces Ansys to follow your requirements. If the setting is left as the default of Soft then ANSYS
often adjusts the spacing/biases to effectively ignore your mesh settings. This isn’t a problem for most meshes as
it allows greater node flexibility, however, a rigid Cartesian mesh structure is required for this tutorial so the Hard
setting is appropriate.

8) Insert another uniform edge sizing (i.e. no bias) for the two horizontal edges and set the Number of Divisions to
10 — Set the Behavior of the sizing to Hard — Set the name of the sizing to x-sizing.

9) Insert a Face Meshing method — Generate:

Outline == e 3OX | 5@ @ @u & %5 O Q@ @ @  Select ", Modev ET @. @ M ® ' % [FCipboard~ [Empty] &3Extend> 2
MName w | Search Outline | » _
=8 ‘(ﬂ Geometry A ANSYS

- B Surface Body 2020 R2

- /T8 Materials
H- 24 Coordinate Systems ACADEMIC

/@ ysizing

@ x-sizing
- /88 Face Meshing
v
Details of "Mesh" * 1 Ox
=I| Display
Display Style |Use Geometry Set.,
=I| Defaults
Physics Preference
Solver Preference Fluent
Element Order Linear
|| Element Size Default (5.024%e-...
Export Format standard
Export Preview Surface Mesh | No
Sizing v
Quality
i | [
Batch Connections X
Advanced 0.000 0.150 0.3;00 ()
Statistics 0.075 0.225

Messages pane  No Selection & Metric (m, kg, N, , A) Degrees rad/s Celsius

10) Insert boundary condition names using the labels in Figure 1 (recall step 3).

11) Save the Project and Export a mesh file called channel-5x10.msh
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12) Change the Number of Divisions on the vertical and horizontal edges to 10 and 20 elements, respectively —
Generate.

13) Export another mesh file called channel-10x20.msh

14) Change the Number of Divisions on the vertical and horizontal edges to 20 and 40 elements, respectively —
Generate.

15) Export another mesh file called channel-20x40.msh

16) Change the Number of Divisions on the vertical and horizontal edges to 40 and 80 elements, respectively —
Generate.

17) Export another mesh file called channel-40x80.msh. The image below shows what the four meshes should look
like:

5x10

10x 20

20x 40

40 x 80

18) Close Ansys Mesh — Close ANSYS Workbench. _

Model
19) Open Fluent in 2D, selecting Double Precision mode and opening Tnviscid
in parallel with 4 Processors. B © Laminar

Spalart-Allmaras (1 egn)

. . . k-epsilon (2 eqn)

20) Read in the coarse mesh file, channel-5x10.msh, generated in step K
-omeqga (2 eqn)

(12). Transition k-kl-omega (3 eqn)

Transition S5T (4 eqn)

Reynolds Stress (5 eqn)

Scale-Adaptive Simulation (SAS)

Detached Eddy Simulation (DES)

m Cancel | [Hi—lp|

21) Change the viscous model to Laminar: Setup — Models —
Viscous:
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22) Set the inlet boundary condition to have a velocity magnitude of 0.01 m/s which leads to Re = 30.

This Reynolds number is in the fully laminar regime so there is no requirement for a turbulence model.
Furthermore, you will see that the turbulence specification parameters (e.g. turbulence intensity) are unavailable
in the boundary conditions menus when the laminar viscous model is selected.

23) As this is an incompressible flow case set the Pressure-
Velocity Coupling scheme to SIMPLE (Solution —
Methods).

24) Since you are using structured quad cells, set the Gradient
method to Green-Gauss Cell Based (Solution — Methods).

25) Ensure that all discretisation schemes (Solution —
Methods) are 2" order.

26) Reduce the convergence tolerance for continuity to 1e-16
(Solution — Monitors — Residuals).

Task Page

Solution Methods

Pressure-Velocity Coupling
Scheme

* SIMPLE

Spatial Discretization
Gradient

Green-Gauss Cell Based

Pressure

Second Order
Momentum

Second Order Upwind

27) Initialise the solution using Hybrid Initialization (Solution — Initialization), set number of iterations to 200 and
run the simulation until it is converged (this should take about 105 iterations).

28) Save Case & Data files as: channel-5x10-laminar.cas.h5 and channel-5x10-laminar.dat.h5.

29) Plot the X-Velocity at the outlet: On the top ribbon LC Results — Plots — XY Plot — Edit... — Ensure the Plot
Direction vectors are X=0 and Y=1 — Select the Y Axis Function as Velocity and X Velocity — Highlight the outlet
from the list of Surfaces — Uncheck the Node Values box to ensure cell centre values are plotted (this step is
important!) — LC Curves... — In the Curves — Solution XY Plot menu change Size to 0.5 — Plot:

Plot Direction Y Axis Function

Node Values X0 Velocity...
v iti i Y|l

Position on X Axis X Velacity

Position on Y Axis Z|0

X Axis Function
Direction Vector

Write to File
Order Points

— Surfaces Filter Text

E| [Load File...|  inlet

" interior-surface_body
outlet

top-wall

wall-bottom

File Data = | B |

Free Da

0 o=

Curve #  Line Style
0 - Pattern
Sample
Color
foreground
Weight

2

Marker Style

-

-

Symbol
)
Color
foreground
Size
0.5

] c-- |
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You should see that there are only 5 = X Velocity X
points on the plot because this coarse 2R — A%%Yg
mesh only has 5 cells in the vertical . ACADEMIC
direction.
1.25e-02 -
L ] [ ]

30) Export these data points: LC on the

Write to File box under Options in the X 100602
Solution XY Plot menu — Click the Vel(cr)nc/'g
Write... button — Name the file u-vel- 750003
5x10 — OK.
L ] L ]
5.00e-03 T T T J
0 0.025 0.05 0.075 0.1
Position (m)
31) Now read i the mesh file chamnel-10x20.msh — Fle [ IEREREE

— Read — Mesh — In the Read Mesh Options menu Options

select the option Discard Data, Replace Mesh — Discard Case and Data. Read New Mesh
Continue... — Select the file channel-10x20.msh (this » ® Discard Data, Replace Mesh
retains all the case file settings and only replaces the

mesh). If you select the other option, you will need to

set the whole case file up again. m [ ' [ '
Cancel ‘ Help|

32) Initialise and run simulation as in step (27) (you don’t

Show Scale Mesh Panel after Replacing Mesh

need to do anything else with the setup).

33) Once the simulation has converged, save Case & Data files as: channel-10x20-laminar.cas.h5 and channel-10x20-
laminar.dat.h5.

34) Plot and export the data at the outlet and save as u-vel-10x20

35) Repeat steps (31)-(33) for the two finest grids (channel-20x40.msh and channel-40x80.msh) and name the files
accordingly.

36) Using the four case and data files, investigate the contour plots of velocity magnitude for all cases; they should
look the same as those in the figure below. For consistency, ensure that you use the same scale to compare these
plots. Note that these images were generated in an older version of Fluent which is why the background colour is
black, however, the data is identical.
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5x10

10x 20

20x 40

40 x 80

s R N

0 0.005 0.010 0.015

37) Using a spreadsheet plot the outlet velocity profiles. Compare these to the exact (analytical) formula which
describes how the horizontal velocity, u, varies as a function of the height, h, in the channel. This is given by:

2
u(h) = gu'”(l_(Hr;—z)ZJ (1)

where: Uy is the inlet velocity (0.01 m/s), h is the height in the channel and H is the maximum channel height
(0.1 m). Note that this formula assumes that h = 0 is in the centre of the channel, whereas your simulations assume
that h =0 is at the bottom of the channel. Therefore, you will need to input a height range of h =—-0.05 to h = +0.05
to obtain the correct analytical profile.

It is recommended that you evaluate the analytical function (equation 1) for step height increments of 0.005 m to
cover the vertical range with sufficient data points. Once you have the velocities, plot these as a function of the
same height range as the CFD datai.e. h=0to h = 0.1 m. Figure 2 on the next page shows what the results should
look like. You will notice that even the coarsest mesh exhibits reasonable results, although the higher mesh
resolutions are more accurate for computations.
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Channel height, h (m)
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0.006

0.004 f
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O > H @

5x10 grid
10x20 grid

20x40 grid
40x80 grid

Exact solution

Tutorial Handbook

Figure 2: Outlet velocity profiles comparing various CFD results with the analytical solution.

38) Using the profiles from the previous step, find
the maximum velocity, per profile. These
should be the same as the results shown in
Table 1 (right). Note that the analytical value is
0.015 m/s which allows for quantitative
comparison.

Table 1: Grid statistics and velocity data.

Grid Umax (M/s)
5x10 0.014418
10 x 20 0.014696
20x 40 0.014922
40 x 80 0.014980

39) Using the data in Table 1, plot the global cell count, N, as a function of Umax. Also plot the horizontal grid spacing,
Ax, (remember the channel is 1 m in length) as a function of Uma. These two plots are shown in Figure 3 below and

they demonstrate whether or not grid independence has been achieved. You can apply the same principles to

other problems. Note that on the plots shown, the y-axis scale is zoomed into the range of the data points for

clarity. In reality, the differences in solutions are much closer, if you were to set the y-axis minimum to zero.

Written by Dr Carl Gilkeson © School of Mechanical of Engineering, University of Leeds, 2020. All rights reserved.

123



MECH5770M Tutorial Handbook

0.0160

0.0155

0.0150 =5, —— O

0.0145 -;

0.0140

u (m/s)

0.0135

0.0130

0.0125

0.0120

0 800 1600 2400 3200
Global cell count, N

0.0160

0.0155

0.0150 Es&
0.0145

0.0140

u (m/s)

0.0135

0.0130

0.0125

0.0120

0 0.02 0.04 0.06 0.08 0.1

Horizontal Grid Spacing, Ax (m)

Figure 3: Grid sensitivity plots.

40) Complete task 5 on the next page.
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TASK 5

Using the data you have obtained in this tutorial, please complete the following task. This task involves you calculating
the discretisation error of umqx using the Grid Convergence Index (GCl). To do this firstly calculate the error, e, between
successive grids using equation (2):

(fz _fl) (2)

where: f; is the fine grid solution and f; is the coarse grid solution. For example, to calculate e between the coarsest
grid (5x10) and the next finest one (10x20), f; = 0.014696 and f,= 0.014418. Once you have found e for each pair of
successive grids, GCl can be found from equation (3):

F. e|
GCl =
rP -1

where Fsis the factor of safety which you can assume to be 3, ris the grid refinement ratio which is 2 because the grid
was doubled in all directions between successive grid refinements, and p is the order of discretisation which you can
assume to be 2 because you computed second order solutions (in reality, p < 2, and so pes has to be calculated, as
described in the lecture slides on Verification and Validation, however, assume p = 2 here). Note that the numbers
obtained from the GCl equation should be multiplied by 100 to obtain the percentage discretisation error.

Using your calculations, you should be able to complete the table below. You will note that because the results from
two grids have to be compared to find the error between them, there are only three errors for the four grids
considered (this will be clear when you do the calculations)

Grid Umax (M/s) e GCl (%)
5x10 0.014418 N/A N/A
10 x 20 0.014696
20x 40 0.014922
40 x 80 0.014980 ? ?

Think about which is the most accurate solution and why. Why is the result so important when thinking about the
application of CFD more generally? If you have any doubts, please discuss these with a demostrator.

Tutorial 9 Summary:
You have:

e Created four different grids with uniform vertical and horizontal spacing for a straight channel.

e Run laminar flow simulations and exported the fully-developed flow profile at the outlet, for each grid.
e Compared these velocity profiles against the analytical case.

e Investigated grid independence using the Grid Convergence Index and grid sensitivity plots.

End of Tutorial 9
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UNIVERSITY OF LEEDS

MECH5770M: Computational Fluid Dynamics Analysis

.

Tutorial 10: Laminar Flow Through Staggered Heat Exchanger (i)

Tutorial 10 Outline:

Create a solution domain featuring a staggered tube arrangement.

Implement walls, symmetry and periodic boundary conditions.

Implement heat transfer so that energy from the tubes is transferred to the fluid which is water.
Calculate the Reynolds number from the flow solution and visualise the temperature distribution.
Complete TASK 6

Prerequisites

1)

Notes

Ensure that you have completed Tutorials 1-9 which cover the basics of CFD pre and postprocessing.

You MUST complete the tutorials in order otherwise you will struggle to complete later exercises.

Regularly save your work — programs do crash and you will lose unsaved work!

This document is written using ANSYS 2020 R2, however, you may have access to other versions of the
software. If this is the case, some menus and screen outputs may differ slightly, but you should still be able
to complete the tutorial.

The following acronyms are used throughout this document:

RC = Right mouse button click
LC = Left mouse button click
MC = Middle mouse button click
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1) Open ANSYS Workbench.

2) Open Design Modeler, (also called Geometry) — Save Project and name it heat-exchanger.wbpj in your Tutorials
folder.

3) Change units to mm: Units — Millimetre.
4) In the XYplane create a 2D sketch of the rectangle (only) shown in Figure 1(a) with the bottom left corner as the
origin (0,0). Using General dimensions set the height to 11.125 mm and the width to 25 mm. You will find it helpful

to use a grid (sketching tab — Settings — Grid — Set the Major Grid Spacing to 10 mm and 5 Minor-Steps per
Major).

symmetry-top-left

(6.125, 11.125) wall-cylinder-top
symmetry-top-right
\.J

4 ©
: g 3
. )
2 3 =
— = — 5
— Origin (0,0) 9] @
— / 2 | Flow direction =
_____ | o |
) . symmetry-bottom-left
1 1
L (18.875, 0) o wall-cylinder-bottom
25 mm symmetry-bottom-right
(a) (b)

Figure 1: (a) Construction shapes for the solution domain and (b) final shape and boundary condition names.

5) Create a surface from the rectangle sketch: Concept — Surfaces from Sketches — Change the Operation to Add
Frozen — Generate:

Sketching  Modeling

Details View 2
1| Details of Sketchl

Sketch Sketchl

Sketch Visibility Show Sketch 7

Show Constraints? | Mo i
-I| Dimensions: 2
H1 25 mm 1||
V2 11.125 mm |
-] Edges: 4
Line Ln7
Line Lng
Line Lng ‘ ¥

Line Lni0 I
H't | "
A |

0.000 5.000 10.000 {mrm)
BN B

2.500 7.800

Model View | Print Preview

@ Dragto scroll view 1 Sketch Millimeter Degree |0 0
———————
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6) LC XYPlane in the Tree Outline and insert a new sketch, sketch2, using the Create New Sketch button: 2 . This
step is important so that the Boolean operation can be implemented later; the circles must belong to a separate
sketch to the rectangle sketch.

7) Create two circles, both of diameter, D = 10mm, and with their respective centres at (6.125, 11.125) and (18.875,
0). You will need to use the Diameter dimension to specify the diameter of each tube. The General dimension is
suitable for specifying both the horizontal and vertical coordinates of each circle centre; for example, to set the
horizontal distance of the left circle centre (6.125 mm), you will need to click the centre of the left circle until it
turns yellow, then click on the vertical axis at x =0 mm until it also turns yellow then LC to add your dimension.

Note that you may not need to specify the vertical position of the centre of the circles if you drew them in the
correct position at the top and/or bottom of the rectangle. You may find it difficult to set vertical dimensions in
this case so there is no need for them. If you make a mistake with your dimensions or a message appears indicating

@) Undo

an “over-constrained” geometry, LC the undo button:

8) Create a surface from sketch — Ensure that the Add Material Operation is selected — Generate:

9) Create a Boolean operation using the Subtract operation to subtract both circles from the rectangle: Create —
Boolean — Change the Operation to Subtract — Select the rectangle as the Target Body and both circles as the
Tool Bodies (remember to press the Ctrl key to select both circles) — Generate:
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Tree Qutline 2 Graphics

E|----¢[§| A Geometry

[L],ﬂ. #¥Plane
- v I:'EI Sketchl

- o9 Sketch2

....... » ;;_ Z¥Plane

....... » ﬂ‘ YZPlane
[H-- 8 SurfaceSkl

Sketching  mMaodeling |

..... TN = o v e e e — LN

[=I| Details of Booleanl

Boolean Booleanl
Operation Subtract
Target Bodies 1 Body
Tool Bodies 2 Bodies
Preserve Tool Bodies? | Mo

10) Save the Project — Close Design Modeler — Link Ansys Mesh to Geometry in Workbench — Open Ansys Mesh.

11) Set the Physics Preference to CFD.

12) LC on the z-axis of the triad (bottom right corner) to view the domain from the side — Zoom in so that the whole
domain is visible.

13) Insert a uniform edge sizing (i.e. no bias) and apply to both wall-cylinder edges and all four symmetry edges (refer

to Figure 1b): Mesh — Insert — LC Sizing — LC on the edge selection filter: ®
all four symmetry edges (keeping the Ctrl key pressed so that you can add them all to the selection) — Apply —
Set the Element Size to 3.5e-04 m. Note that the default units are metres in ANSYS Mesh; you can change this
under the Units option on the top ribbon.

— LC on both wall-cylinder and

14) Insert another uniform edge sizing to the left and right edges which form the periodic boundaries: Mesh — Insert

— LCSizing — LC on the edge selection filter: i — LC on the left and right edges — Apply — Set the Type to
Number of Divisions and set to 35 — Set the Behavior to Hard to make sure Ansys Mesh enforces your exact

requirement.

Note that it is important that these two edges have the same number of elements as they will share common data
during the simulation. If you specify element size as you do in step (13) above, then there is a risk that the number
of elements may be mismatched (known as a non-conformal mesh) in some instances i.e. for long edges. You can
mitigate against this by precisely specifying the number of elements.

15) Insert a Triangular mesh method: Inset — Method — Select the solution domain — Apply — Change the Method
to Triangles.
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16) Refine the Mesh settings: LC on mesh in the Outline — LC on the (+) sign next to Sizing under Details of “Mesh”
— Change the Use Adaptive Sizing to Yes — Set the Resolution to 3 — LC on the (+) sign next to Quality — Change
Smoothing to High — Generate:

Qutline

i Mame « | Search

I Project* ANSYS
5 (8 Model (83) 2020 R2
/T8 Geometry B —
e By Surface Body ACADEMIC
--‘/m Materials
705k Coordinate Systems
El--,&0 Mesh
v e | Edge Sizing
i ;8 Edge Sizing 2
b g5t All Triangles Method

Details of "Mesh"
Display
Defaults
—
[-]| Sizing

Use Adaptive Sizing Yes

Resolution 3
UL 1 —
Defeature Size Default
Transition Slow
Span Angle Center Fine
Initial Size Seed Assembly

Bounding Box Diagonal | 2.7364e-002 m
Average Surface Area 1.9998e-004 m*
Minimum Edge Length | 1.125e-003 m

[ Quality

Check Mesh Quality Yes, Errors ¥

Tagaaicl Dadauls (0.900000)

Smootmni Hlih l ¢

Mesh Metric None W
i 0 0.005 0.07 (my)
Batch Connections I .0
Advanced 0.0025 0.0073

Note: High smoothing helps reduce skewness (i.e. improves quality) and a fine relevance centre limits the degree
of mesh coarsening in the central region of the domain. You may wish to change these settings to explore the
effect they have on the resulting mesh.

17) Insert an inflation layer: Mesh — Insert — Inflation — LC the domain so it turns green — Apply — LC No Selection
to the right of Boundary and LC both edges (holding the Ctrl key) — Select both circular edges so that the inflation
layer is applied to the cylinder surfaces only — Apply — Change the Inflation Option to Total Thickness — Select
5 layers, a Growth Rate of 1.1 and a Maximum Thickness of 6.e-04 m — Generate:

Outline = e dOx] Qa8 Co|@@ @@ seect kModer FTR B MW @M W FCipboara~ [Empty] | @ Extend~ 9, SelectBy~ %
Name | Search Qutline | ™
T Project* ANSYS
B Model (B3) 2020 R2
B, T Geometry —_—
H tvye W Surface Body ACADEMIC
-5 Materials

=2 Coordinate Systems
D Mesh
'@ Edge Sizing

-,/ Edge Sizing 2

- g Al Triangles Method
- /B8 Inflation
=P8 Named Selections

01 periodicleft

i+ M0 periodic-right

e 1B wall-top-cylinder

i [0 wall-bottom-cylinder
LB symmetry

Details of “Inflation” - Inflation =~ » & O X
= [scope

gGenmetry 1 Face
"Denniton

Suppressed Mo

Boundag S:ueing Method Geometry Selection
’Boundary 2 Edges N
Inflation Option Total Thickness

Mumber of Layers 5
Growth Rate 11 s
Maximum Thickness 6.2-004 m ¥

Inflation Algorithm Pre a 0.0045 0.000 {rm)
]

lection

0.0023 0.0082
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i — LC on the left edge of the
solution domain — RC Create Named Selection (at the bottom) — Enter the name periodic-left in the Selection
Name box — OK.

18) Assign a periodic boundary condition to the left edge: LC edge selection filter

19) Repeat step (18) using the labels in Figure 1(b) to:

a. Create another periodic boundary condition called periodic-right

b. Create wall boundary conditions on the cylinder surfaces named wall-top-cylinder and wall-bottom-
cylinder.

c. Create symmetry boundary conditions for the four relevant edges shown in Figure 1(b). You can either

label these as four separate symmetry faces or group them all onto one selection:

© Name ¥ | Search Outline

('ﬁ Edge Sizing
oo |0 Edge Sizing 2
All Triangles Method

B &

v

] 0.005 0.01 {m)

0.0025 0.0075

5] /@ Geometry ~ ANSYS
-7 ey Surfoce Bogy 2020 R2
o[B8 Materials .
/24 Coordinate Systems ACADEMIC
E,/% Mesh

..

To see the named selections and to check them you can LC on each one in the Outline view. If you want to show

them all, hold the Ctrl key on the keyboard and LC on each one.

20) Check the quality of the mesh by colouring the cells by skewness (Recall step 21 in Tutorial 5). You should see that
the maximum skewness is around 0.65 which is reasonable in quality (the exact number may differ, depending on

small variations in the unstructured mesh):

5.3117e-5 Min

0 0.005

0.01{m)
]

0.0025 0.0075

ANSYS

2020 R2
ACADEMIC
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21) Save the Project — Export the mesh file and call it heat-exchanger — Close Ansys Mesh and Workbench.
22) Open Fluent in 2D, selecting Double Precision mode and opening in parallel with 4 Processors.

23) Read in the coarse mesh file, heat-exchanger.msh, generated in step (21).

24) Find the boundary ID number for the periodic boundary conditions: In the Outline View — Setup — Double-click
Boundary Conditions until the Boundary Conditions show in the Task Page — LC to highlight periodic-left — Take
note of the ID number assigned by Fluent which in this case is 5 (your ID number may be different if you created
your boundary conditions in a different order to that described previously) — Repeat for periodic-right which in
this case is 6 (there is nothing else to do for this step, you just need to know these two ID numbers):

Task Page < Task Page

Boundary Conditions |6| Boundary Conditions |Q|

Zone |Filter Text

| |_E| Zone |Filter Text

interior-surface_body interior-surface_body
* {periodic-left _periodic-lef‘t
periodic-right ‘periodic-right
symmetry symmetry
wall-bottom-cylinder wall-bottom-cylinder
wall-top-cylinder wall-top-cylinder

/|
Phase Type D Phase Type D
mixture * | | wall - 5 mixture * | | wall bt 6
[ Edit... | [Copy... ”Proﬁles... | [ Edit... | [CUPY--- :|[Pr0ﬂles... |

Parameters... . Y Parameters... | - — Y
7| Operating Conditions...l ———————— | Operating Cond|t|0ns..._|
Display Mesh...| ) ! | Display Mesh..._|

Periodic Conditions... Periodic Conditions...

Note: It is important to know the ID numbers so that the two boundaries can be linked in the next step; this is the
essence of the periodic boundary condition, the flow conditions on the left boundary match those on the right due
to the repetitive nature of the flow field. This is different to some of the earlier tutorials such as the backward-
facing step and the aerofoil where the flow was not repetitive in the streamwise direction.
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25) Link the periodic-left and periodic-right boundary conditions. This is a special type of boundary condition and
requires a number of steps and the Text User Interface (TUI) described below. Before completing these steps, if
you make a mistake at any point press Ctrl + C to cancel the instructions.

a. LCinthe TUI which is below the graphics display and press the Enter key on your keyboard. You will see a
list of menu options:

Console & <

Done. - =

Preparing mesh for display...

Done .

adjoint/ mesh,/ server/

define/ parallel/ solve/

display/ plot/ surface/

exit preferences/ views/

file/ report/ .
-

= L4

b. Type the following and press Enter: mesh/modify-zones/make-periodic:

> mesh/modify-zones,/make-periodic
Periodic zone [[]]l

c. You are now required to enter the ID number of the Periodic zone: Type the value of the ID number you
have identified for periodic-left in step (24) above and press Enter:

> mesh/modify-zone ke-periocdic
Periodic zone [ ()

Shadow zone [i]]l

d. Next, you are required to enter the ID number of the Shadow zone (i.e. the right boundary): Type the value
of the ID number for periodic-right in step (24) above and press Enter:

> mesh/modify-zones/make-periodic

Periodic zone [ 5
Shadow zone [()
Rotationally pe 1c? (1f no, translationally) [ves]

e. Inthe following order type no and press Enter (this activates translational periodicity which is required for
this problem), yes and press Enter (this confirms that periodic zones are required) and yes and press Enter
(this ensures that direction vectors between the left and right boundaries are shared). You will then see a
message stating that one of the zones (ID’s) has been deleted; in other words the left and right boundaries
have been merged into one because the boundary conditions must be identical:

Console

> mesh/modify-zones/make-periodic
Periodic zone [()] 5

Shadow zomne [(}] &
Rotationally periodic? (if ng sranslationally) [yes
Create periocdic zones? [yes]

Auto detect translation vectd yes]

oomputed trapslation deltas: 0.025000 -0.000000
[ zone 6 deleted

created periodic zones.
> |
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26) Enable heat transfer by activating the Energy equation: In the
Outline View — Setup — Models — Double-click Energy —
Tick the Energy Equation box — OK.

27) Add water to the list of fluids available: In the Outline View
— Setup — Materials — Fluid — Double-click air — In the
Create/Edit Materials menu box LC the Fluent Database...
button — In the Fluent Database Materials menu box, scroll
down the list of materials until you find water liquid (h20<I>)
and highlight it — LC the Copy button (this now copies all the
material properties for water to be used as the working
fluid): — Close the Fluent Database Materials menu box —
LC the Change/Create button — Close:

Tutorial Handbook

Outline View

Filter Text

- Setup
@ General
=) @ Models

Energy (Cn)
: Viscous (55T
™. Radiation (O
1= Heat Exchang
o, Species (Off)
+! J Discrete Phas

. Multiphase (Off)

Energy

+| Energy Equation

& Solidification
Ul Acoustics (Off
<} Structure (Off]
m Potential/Li-ig

m Cancel | [Hi—lp|

Outline View

Filter Text

= Setup
@ General
+ @ Models
=) L Materials

- & Eluid

£ air

solid

+

Cell Zone Conditions
Boundary Conditions

Mame

air fluid

Chemical Formula
air
Mixture
none

Properties
Density (kg/m3) constant

1.225

[~

Cp (Specific Heat) (j/kg-k) constant
1006.43
Thermal Conductivity (w/m-k) constant

0.0242

Viscosity [km constant

Material Type

Fluent Fluid Materials

Change/Crea

Order Materials by

e Name

Chemical Formula

Fluent Database...

Fluent Fluid Materials [0/563] _=| 5| .=x|

vinyl-trichlorosilane (sicl3ch2ch)

water-liquid (h2o<l=)

-

wood-volatiles (wood_vol)

Copy Materials from Case... lete

Properties

Density (kg\n3)| constant

GRANTA MDS Database...

Material Type

*| order Materials by

fluid

-

-

e Name
Chemical Formula

View...

Cp (Specific Heat) (j/kg-k) ¥ || View...
41

Thermal Conductivity (w/m-k)| constaNt ¥ || View...
0.6

Viscosity (kg/m-s)| constant ¥ || View...

0.001003
-
New... | | Edit... | | Save Close| Help|
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28) Change the continuum from air to water: In the Outline View — Setup — Cell Zone Conditions — Fluid —
Highlight and double click the surface_body cell zone — In the Fluid menu box change the Material Name to

water-liquid — Apply — Close:

- Setup
@ General
+ 2 Maodels
- &7 Materials
= &% Fluid
£7 air
£ water-liquid
+ L solid
= [ cell Zone Conditions
= B Fluid
B surface_body (fluid, id=2)
= B Boundary Conditions
+ [ Internal
+ [ periodic
+ B symmetry
+ = wall
iﬂ Mesh Interfaces
& Dynamic Mesh
[7] Reference Values
+ 17, Reference Frames

Zane Mame
surface_body

Material Name} water-liquid b [Ed'lt...|
'
s Source Terms

Porous Zone

Reference Frame Mesh Motion

Rotation-Axis Origin
X(m) o
Y(m)o

Porous Zone

Fixed Values

3D Fan Zone Embedded LES Reactio

e )
T

fe Named Expressions

29) Set periodic conditions: In the Outline
Setup — Double click on
Boundary Conditions — At the bottom of
the Task Page LC on the Periodic
Conditions... button — In the Periodic
Conditions menu change the Type to
Specify Mass Flow — Set the Mass Flow
Rate to 0.05 kg/s — Set the Upstream
Bulk Temperature to 298 K — OK:

View —

Task Page

Boundary Conditions

Zone |Filter Text

interior-surface_body
periodic-left
symmetry
wall-bottom-cylinder
wall-top-cylinder

Type Flow Direction
* 8 Specify Mass Flow X1
Specify Pressure Gradient v |
Z\0

Mass Flow Rate (kg/s)
0.05

Pressure Gradient (pascal/m)
]

0.5

1

Upstream Bulk Temperature (k)
208 |

Relaxation Factor

Number of terations

il
-

Type

1]
-1

-

»m [uPdate | [Cancel] [Help \ i _

{ Parameter:

[Copy... HF’roﬁIes... |

| [Dperating Conditions...|
Display Mesh...

[ Periodic Conditions... |
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30) Specify the temperature on the bottom cylinder: In the Task Page double click on wall-bottom-cylinder — In the
Wall boundary condition menu LC on the Thermal tab — Set the Thermal Conditions to Temperature — Set the
temperature of the wall to 343 K — Apply — Close — Repeat this step for wall-top-cylinder.

Zone Name
wall-bottom-cylinder
Adjacent Cell Zone
surface_body
Momentum Thermal Radiation Spedes DPM Multiphase ups Potential Structure
Thermal Conditions
Heat Flux Temperature (k]|_343 |~
* 2) Temperature wall Thickness (m) g -
Convection )
Radiation Heat Generation Rate (w/m3) g -
Mixed
via System Coupling
via Mapped Interface
Material Name )
r— - | [Edit...|
l:lose| Help|
31) Change the viscous model to Laminar
Task Page <
(Setup — Models — Viscous). _
Solution Methods @|
32) Change the Pressure-Velocity coupling Pressure-Velocity Coupling
. Scheme
algorithm from SIMPLE to Coupled Coupled
ouple i
(Solution — Methods). ——
ﬁpatlalDlscretlzatmn \
Gradient

33) Unstructured triangular cells are being
used so set the Gradient method to
Green-Gauss Node Based (Solution —
Methods).

34) Ensure that all discretisation schemes
are 2" order (Solution — Methods).

35) Enable Pseudo Transient: Tick the
Pseudo Transient box (Solution —
Methods).

36) Reduce the convergence tolerance for
both continuity and energy to le-16
and set the number of iterations to
plot and store to 2000 (Solution —
Monitors — Residual).
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Green-Gauss Node Based

Pressure

Second Order

Momentum
Second Order Upwind

Energy

\Second Order Upwind)

Transient Formulation

-

Mon-Tterative Time Advancement

Frozen Flux Formulation

* V| Pseudo Transient

Warped-Face Gradient Correction

High Order Term Relaxation Options...|

Structure Transient Formulation

Default |

-
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37) Initialise the solution using Hybrid Initialization and Patch the solution to the bulk temperature to aid convergence:
Solution — Initialization — Select Hybrid Initialization — LC on the Initialize button — LC the Patch... button —

In the Patch menu box highlight Temperature in the Variable list — Highlight surface_body in the Zones to Patch
list and enter a temperature Value of 298 K — LC the Patch button — Close:

Reference Frame = | (= (= | [= |

valve (k) . | Zones to Patch |Filter Text '_D| = | |7 '_><|

®) Relative to Cell Zone |298 | - el I R B W B
Absolute surface_body

Use Field Function
Variable
Field Function
Pressure

X Velocity
| Y Velocity Registers to Patch [0/0]

[
[en
I

Temperature
Turbulent Kinetic Energy
Specific Dissipation Rate

o) (2 ()

Note: Using the pseudo transient option adds an unsteady term to the flow equations which helps convergence
and stability in some cases, including the one considered in this tutorial (see Ansys Fluent User and Theory Guides
for more details about this algorithm).

38) Save the Case file as heat-exchanger.cas.h5

39) Run the simulation for 1000 iterations: Solution — Run Calculation — Set the number of iterations to 1000, leave
all other settings as the default — Calculate. The solution should converge in around 800 iterations.

40) Save Data file as: heat-exchanger-low-Re.dat.h5

In the case of heat exchangers, the Reynolds Number is given by:

UmaxD
Re, = 2= (1)
u

where: p is the water density (998.2 kg/m?3), U, is the maximum velocity in between both cylinders, D is the

diameter of the cylinders (0.01 m) and y is the water viscosity (0.001003 kg/ms).

41) Find U___from the resulting flow field: In the Outline View — Results — Reports — Surface Integrals — Change

Report Type to Vertex Maximum — Change the Field Variable to Velocity and Velocity Magnitude — In the
Surfaces list highlight interior-surface_body — Compute. You should see a value of around 0.0128 m/s.

42) Using equation (1) and the value you have just found, calculate the Reynolds number which should be
approximately 128. This confirms that for the given boundary conditions, the flow is laminar in nature and so a
turbulence model would be inappropriate, justifying the use of the laminar model in the simulation (set in step
31).
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43) Display contours of the Velocity Magnitude being careful to include a banded colourmap with 20 levels:

n Contours of Velocity Magnitude (m/s) x

contour-1 2020 R2
Velocity Magnitude ACADEMIC

1.28e-02

1.15e-02
1.03e-02 ‘
8.97e-03
7.69e-03
6.41e-03

5.13e-03

3.84e-03
s ‘
1.286-03

0.00e+00
(mis)

44) Display contours of the Static Temperature — In the Contours menu box, uncheck Auto Range — Change the Max
value to 343 (this is the boundary condition value for temperature at the cylinder walls):

¢ Contours of Static Temperature (k) x

contour-1 2020 R2
Static Temperature ACADEMIC

3.43e+02
3.37e+02
3.31e+02
3.25e+02
3.19e+02
3.13e+02
3.07e+02
3.01e+02
2.95e+02

2.89%e+02

2.83e+02
(k)

TASK 6

Using the two contour plots that you have obtained, please complete the following task.

Carefully observe the contour plots of fluid velocity and temperature. Think about the flow patterns, focusing on
regions of high and low velocity and temperature. You should also think about the relationship between velocity and
temperature, which explains the flow physics observed in your CFD solution. What are your conclusions?

Think about these questions and ask a demonstrator if you have any doubts.
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Tutorial 10 Summary:

You have:

e Created a domain shape which is repetitive in nature and composed of wall, symmetry and periodic boundary
conditions.

e Set up the special case of the periodic boundary condition, linking the left and right boundaries.

e Used the Pseudo Transient algorithm in conjunction with a Patch to initialise the flow field.

e Run alaminar flow simulation and calculated the Reynolds Number of the laminar flow regime.

End of Tutorial 10
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Tutorial 11: Laminar Flow Through Staggered Heat Exchanger (ii)

Tutorial 11 Outline:

Continuing from Tutorial 10, run two further flow simulations for higher mass flow rates.
Obtain heat transfer coefficients to determine the Nusselt number, Nu.

Compare flow behaviour using consistent post-processing with identical colour map scales.
Export and compare thermal data for the three flow rates considered.

Complete TASK 7

Prerequisites

1)

Notes

Ensure that you have completed Tutorials 1-10 which cover the basics of CFD pre and postprocessing.

You MUST complete the tutorials in order otherwise you will struggle to complete later exercises.

Regularly save your work — programs do crash and you will lose unsaved work!

This document is written using ANSYS 2020 R2, however, you may have access to other versions of the
software. If this is the case, some menus and screen outputs may differ slightly but you should still be able to
complete the tutorial.

The following acronyms are used throughout this document:

RC = Right mouse button click LC = Left mouse button click
MC = Middle mouse button click
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1)

2)

3)

In tutorial 10 you obtained a flow field for a heat exchanger. Open the case and data files from this simulation i.e.
heat-exchanger.cas.h5 and heat-exchanger-low-Re.dat.h5

Display the velocity magnitude contour plot again — Reflect the results about the symmetry plane: View —
Display — Views... — In the Mirror Planes list highlight any symmetry planes shown — Apply:

) Actions = =
Views [erranIanes [1/1] e '_>(|

back Default |
front syrmmetry
Auto Sca Ie|
Previous |
Delete | Define Plane... |
Read... | Periodic Repeats
Save Name .
: Write... | Define... |
view-0 E— -

m | camera... | | close | [ Help |

(¢ ] Contours of Static Temperature (k) x

»

Note how the repetitive nature of

2020 R2
ACADEMIC

the flow field has allowed only a contour-1

Static Temperature

small segment to be modelled. The 3.430+02

repetition is confined to reflecting AL
3.31e+02
the results about the symmetry
3.25e+02

planes in Fluent, however, the T

repetition would naturally continue 3 136+02

both vertically and horizontally since 3.07e+02

. . 3.01e+02
heat exchangers typically contain ¢
2 95e+02

hundreds of tubes. You may see 5 590102

more reflections if you created 2.83e+02

separate top and bottom symmetry
planes.

|

The Reynolds number, Rep, has already been found in Tutorial 10 and it is approximately 128 for the flow field
shown above, justifying the use of the laminar model i.e. no turbulence model is required.

For heat transfer applications, another important parameter is the Prandtl number named after the famous Ludvig
Prandtl. This number depends only on the fluid properties and is defined as:

_ Viscous diffusionrate  CpH 1)
Thermal diffusion rate k

where: Cp is the specific heat capacity (J/kg-K), p is the dynamic viscosity (kg/m-s) and k is the thermal
conductivity (W/m-K).

Verify that Pr = 7 Using equation (1) and the water properties used by Fluent (found in: Setup — Materials —
Fluid — water-liquid). This value means that the momentum of the fluid dominates and thermal effects do not
alter material properties. This justifies the constant values of ¢, ¢ and k used in the simulation. This would not be
valid if the fluid was Mercury for example; here the material properties are highly dependent on the heat input
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and so the thermal dependence on the fluid properties would need to be considered. Note that Pr = 0.015 for
Mercury and so fluids like this which have small Prandtl numbers would need thermal effects embedded in material
properties, however, this is no applicable to this tutorial.

4) Obtain the heat transfer
coefficient, h, from the flow field:

. Report Type Field Variable
Results — Reports — Double click | Vertex Average v | Wall Fluxes... v
on Surface Integrals — Change
8 g Custom Vectors \ Surface Heat Transfer Coef, 5
Report Type to Vertex Average — Vectors of . _ . _
Change the Field Variable to Wall ¥ )| Surfaces [Filter Text E| E| E| E|
Fluxes... and Surface Heat Custom Vectors... interior-surface_body
periodic-left
Transfer Coef. — In the Surfaces surface_body
list highlight wall—top-cylinder yommmaiy
shiis p-cy ! wall-bottom-cylinder
and wall-bottom-cylinder — [Save Output Parameter... | wall-top-cylinder
Compute:

Y houl val f aroun
ou should see values of around Average of Surface Vertex Values (w/m2-k)

414 for the bottom cylinder and 435.4734
457 for the top cylinder, with a net

average of 435; check the Console m write... | [’5"059 | ["'E'P |

to see the breakdown. Note that
these values are highly dependent
on the mesh density so if your

mesh is different to the one Console

described in this tutorial, you are Average of Surface Vertex Values

likely to have similar but different | Surface Heat Transfer Coef. 3§ (w/m2-k)
results. This is to be expected and wall-bottom-cylinder 414.15231
the only way to confirm the R e
answer would be to carry out a Net 435.47333

grid independence study which is

not studied in this tutorial.

5) Another useful parameter in heat transfer calculations is the Nusselt number, Nu, named after Wilhelm Nusselt.
This is defined as
_ Convective Heat Transfer hL

= = 2
Conductive Heat Transfer k @)

where: h is the heat transfer coefficient (W/m?-K), L is the characteristic length of the system (m) and k is the
thermal conductivity (W/m-K).

Verify that Nu = 7.3 using: equation (2), the mean heat transfer coefficient (step 4), the diameter, D, as the
characteristic length (recall from Tutorial 10 that this is 0.01m) and the thermal conductivity of water (0.6W/m-K).

6) Change the mass flow rate to 0.1 kg/s in the periodic conditions (Recall step 29 in Tutorial 10): Setup — Double
click on Boundary Conditions — At the bottom of the Task Page LC on the Periodic Conditions... button — Set the

Mass Flow Rate to 0.1 kg/s — OK.

7) Run a simulation for 1300 iterations: Solve — Run Calculation — Set the number of iterations to 1300, leave all
other settings as the default — Calculate. The solution should converge from about 1200 iterations.
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8) Save Data file as: heat-exchanger-medium-Re.dat.h5
9) Repeat steps (6-8) for one final simulation with a mass flow rate of 0.15 kg/s. The simulation will require 2000

iterations to converge as the higher mass flow rate puts greater demands on the solver due to higher flow
gradients. Name the data file as: heat-exchanger-high-Re.dat.h5

10) For each of the simulation results, find Umsx and h in order to calculate Rep (recall Tutorial 10, steps 39-41) and Nu
(step 5 above). You will need to systematically read in each data file and extract the required quantities (see step
12 on the next page). Your results should be close to the values shown in Table 1 below. In some instances, the

maximum temperatures are over-predicted; this only occurs in a few cells due to the limited mesh resolution.
However, the bulk values are representative of the problem.

M (kg/s)  Umex (M/s) Rep h (W/m?-K) Nu Tmin (°C)  Tmax (°C)

0.05 0.01281 127.5 4355 7.3 10.4 71.4

0.10 0.02935 292.1 518.3 8.6 12.4 70.9

0.15 0.05425 539.9 760.2 12.7 13.2 70.0
Table 1

Note that the highest Reynolds number for the three cases is 540 which is still relatively low. The filenames used
in steps (8) and (9) are helpful to indicate the order of which Reynolds number is highest.

11) Create a Custom Field Function to convert the standard unit of temperature in Fluent (Kelvin) to degrees Celsius:
In the top ribbon User Defined — Field Functions — Custom... — Under Select Operand Field Functions, change
the Field Functions to Temperature... and Static Temperature — LC on the select button and complete the

function which simple requires “ — 273" to be entered into the Definition box — Set the New Function Name to
degrees-celsius — Define:

Definition
temperature - 273

[ N ” B ” X ” / ” . ” ABS | S::;:llzzuonpczzzd Field Functions from
[]]N ” sin ” cos ” tan ” In _|[b91"| Temperature... -
[ 0 ” 1 ” 2 ” 3 ” 4 ][SQRT] Static Temperature b
B |[ 7 |[ s | o HCEic| [select|

[ e e J -]

Mews Function Namsll_degrees—celsius
» [Manage... | [Close | [Help |
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12) For each simulation result, calculate, to the nearest decimal place, the minimum and maximum temperatures
seen in the flow: Reports — Double click on Surface Integrals — Change Report Type to Vertex Minimum —
Change the Field Variable to Custom Field Functions... and degrees-celsius — In the Surfaces list highlight
interior-surface_body — Compute. Repeat using Vertex Maximum as the Report Type to find the maximum

temperature.

Field Varighle

Report Type

L 4

Vertex Minimum ¥ || Custom Field Functions..

Custom Vectors degrees-celsius v
Vectors of
« | Surfaces |Filter Text [%| [—;_| [€| E|
e RO » interior-surface_body
periodic-left
surface_body
symmetry
wall-bottom-cylinder
Save Output Parameter...| wall-top-cylinder

Minimum of Vertex Values
1042981

m [Write...l [Cbse | [Help |

The correct values are shown in Table 1 on the previous page. You will notice that at lower mass flow rates the
maximum temperature is higher because the energy is not taken away by the fluid as quickly. Another observation
is that at low mass flow rates the velocities are also lower so the residence time is higher and the fluid heats up
more. These trends become clearer with qualitative post processing in the next steps.
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13) For each simulation result, display contour plots of the temperature in degrees Celsius with a specified minimum
and maximum range: Results — Graphics — Contours — Select contours of Custom Field Functions... and
degrees-celsius (the function you defined in step 11) — LC the Compute button — Uncheck the Auto Range button
— change the min and max values to 10 and 72, respectively — Display:

M = 0.05 kg/s

contour-2
degrees-celsius

7.20e+01
8.58+01
5.98e+01
5.34e+01
4.72e+01
4.10e+01
3.48e+01
2.88e+01
2.24e+01

1.82e+01

1.00e+01

m = 0.10 kg/s

p

contour-2
degrees-celsius

7.20e+01
8.58=+01
5.98e+01
5.34e+01
4.72e+01
4.10e+01
3.43e+01
2.88e+01
2 24e+01
1.62e+01

1.00e+01

m = 0.15 kg/s

contour-2
degrees-celsius

7.20e+01
6.58e+01
5 38e+01
5.34e+01
4.72e+01
4.10e+01

3.48e+01

A

2 36e+01

2 24e+01

1.62e+01

1.00e=<01

Note that the contour plots shown are done in a consistent manner because the temperature range on the colour map
is the same. Clearly, as the flow rate increases, the width of the low temperature ‘snake’ of fluid is narrower and the
flow becomes more direct with smaller curvature as it passes around the cylinders.
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14) Repeat step (13) to generate contour plots of the velocity magnitude with minimum and maximum values of 0 and
0.055 m/s, respectively. The value 0.055 m/s is slightly higher than Umqx for the high mass flow rate case and is
given in Table 1.

The resulting contour plots are on the left below and contrasted against the default (auto range) contours on the
right. It is essential to have the same specified range when making direct comparisons between flow fields. Note

that the Colour maps have been removed for clarity but this is not good practice when presenting CFD results!

Specified range Auto range
m = 0.05 kg/s
m = 0.10 kg/s
M = 0.15 kg/s

15) Identify the separation points on both the cylinders for the high mass flow rate case: Ensure that the data file heat-
exchanger-high-Re.dat.gz is read into Fluent — Display contours of the X-velocity — Ensure Auto Range is ticked
— LC Compute button — now uncheck Auto Range, set the minimum to 0 and leave the maximum value — Ensure
Draw Mesh is selected in the Contours menu box — In the Mesh Display menu box highlight all surfaces — LC on
the Colors... button — In the Mesh Colors menu box highlight interior and change the Color to black — Close the
Mesh Colors menu box — In the Mesh Display menu box LC Display then LC Close — in the Contours menu box
LC Save/Display:
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Contour Name

contour-2
Options Contours of
| Filled Velocity...
L
v :zj:d\:‘lru\i:lues vl | Options Edge Type — = —
Contour Lines Min (m/s) Max (m/s) odes ® Al Surfaces |Filter Text '__D| i| E '__>-(|
| Global Range & B0525235 V| Edges Featu interior-surface_body

[—'[_—'- iodic-left
‘ Auto Range Surfaces Filter Text '_D| —__| [_: Faces Cutlin penodicie

surface_body
| Clip to Range

] interior-surface_bady Partitions symmetry ;
= periodic-left Overset wall-bottom-cylinder
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16) Repeat step (15) for the other two flow cases and compare all three results:
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m = 0.15 kg/s
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Note: The separation points shift further around the circumference of the cylinder for the high flow cases which
coincides with the recirculating eddies and corresponding reversed flow. These regions are denoted by the cells

which are not coloured above. The arrows indicate the location of separation points.
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17) Use an Isosurface to create a line at x = 6.125mm, coinciding with the centre of the top cylinder: In the Results tab

in the top ribbon — Surface — Create — lIso-surface... — Change the Surface of Constant to Mesh... and X-
Coordinate — LC the Compute button — Move the slider bar until you see the value for Iso-Values (m) changing
— Input a value of 0.006125 m — Press the Enter button the keyboard — Set the New Surface Name to

Xx=6.125mm — Create:

New Surface Name

+ From Surface |Filter Text

[%=6.125mm

Surface of Constant
Mesh...

¥-Coordinate

interior-surface_body
periodic-left
surface_body
symmetry
wall-bottom-cylinder
wall-ton-cvlinder

Min (m})
0

Max (m)
0.025

Iso-Values (m}
0.006125

(«]=0

From Zones |Filter Text

surface_body

[Compute | [Close | [Help |

18) Display the mesh outline including the line you have just created: Results — Graphics — Mesh — In the Mesh
Display menu box alter Options so that only Edges are highlighted — Ensure Feature is the only Edge Type —

Highlight all surfaces in the Surfaces list, excluding interior-surface_body and surface_body — Save/Display (you

may also wish to change the line thickness to 2 in Display Options):

Shrink Factor Feature Angle
0 20

[Ou tﬁne_| [In terior |

Adjacency... |

Coloring

®/ Automatic |Colors... |

Manual

Modes Hiis =

Edges preference color ¥

Faces red v

Surfaces |Filter Text

interior-surface_body

Mesh Name

mesh-1

(Options Edge Type
Nodes All

+| Edges ®) Feature e
i periodic-left

Faces Outline surface_body
Partitions symmetry
Overser

wall-bottom-cylinder

wall-top-cylincler
¥=6.125mm

D=

Rendering
Line Width 2

Point Symbal (+)
Animation Option
All

¥ Double Buffering
Outer Face Culling

v Hidden Surface Remaoval

Graphics Window

Active Window Close|
1 ol —
[sed

Lighting Attributes
Lights On
Lighting

Automatic ¥

New Yurface

A 4 v 4

e (v

Note that the vertical white line

mesh-1

ANSYS

2020 R2
ACADEMIC

(arrowed) is the one created in step (17).

This  will
processing.

now be

used for post-
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19) Read in the low mass flow rate simulation result: File — Read — heat-exchanger-low-Re.dat.h5

20) Plot the temperature along the line you have just created: Results — Plots... — Highlight XY Plot and click the Edit
button — Ensure the Plot Direction vectors are X=0 and Y=1 — Select the Y Axis Function as Custom Field
Functions... and degrees-celsius — Highlight x=6.125mm from the list of Surfaces — Click Plot — Tick the Write
to File button — Write — Save the data with filename: temp-profile-low-Re

Options Plot Direction Y Axis Function
| Node Values X0 Custom Field Functions... v

| Position on X Axis ¥(1 :
degrees-celsius v

Paosition on Y Axis Z|0 _ :

Write to File X Axis Function

Order Points Direction Vector -
p— Surfaces |Filter Text SEE || |

File Data =

_ -__‘/| E| M| periodic-left - | =

surface_body

Free Data | |SYmmetry _
wall-bottom-cylinder

wall-top-cylinder
» x=6.125mm -
New Surface ,|

m [Axes... | [Cur‘ues...] [Cbse | [Help |

21) Repeat step (20) for the other two flow fields so that you have three sets of temperature data to plot.

22) Write the case file again (overwriting the previous one) to save the line from step (17) — Close Fluent

TASK 7

Using the data that you have obtained, please complete the following task. From your data obtained in steps (20) and
(21), plot the temperature as a function of the vertical distance (y) in the fluid domain, for all three cases. Ensure all
data is on one plot.

Think about the results and what the different temperature distributions mean. Can you explain the flow features or
the flow physics from these plots? Think about these questions and ask a demonstrator if you have any doubts.

Tutorial 11 Summary:
You have:

e Completed three simulations of water flow through a staggered heat exchanger with different mass flow
rates.

e (Calculated Reynolds and Nusselt numbers, both of which are dependent on flow variables found using the
surface integrals panel.

e Presented contour plots for each flow field using a consistent method suitable for comparisons.

e Identified separation points in the flow field and exported temperature profiles, for each simulation.

End of Tutorial 11
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[

UNIVERSITY OF LEEDS

MECH5770M: Computational Fluid Dynamics Analysis

Tutorial 12: Compressible Flow (i): Prandtl-Meyer Expansion

Tutorial 12 Outline:

e Generate three uniform, structured grids for the Prandtl-Meyer expansion with a turn angle of 10°.
e Set up compressible flow simulations with a free-stream Mach number of 2.

e Analyse the expansion wave for results obtained from each grid.

e Compare numerical predictions to analytical results.

e Complete TASK 8

Prerequisites

1) Ensure that you have completed Tutorials 1-11 which cover the basics of CFD pre and postprocessing.

Notes

1) You MUST complete the tutorials in order otherwise you will struggle to complete later exercises.

2) Regularly save your work — programs do crash and you will lose unsaved work!

3) This document is written using ANSYS 2020 R2, however, you may have access to other versions of the
software. If this is the case, some menus and screen outputs may differ slightly but you should still be able to
complete the tutorial.

4) The following acronyms are used throughout this document:

RC = Right mouse button click LC = Left mouse button click
MC = Middle mouse button click
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The purpose of this tutorial is to simulate supersonic airflow over sudden divergence for a given free-stream Mach
number. This is based on the analytical and CFD results in: U. Ghia et al. The AIAA Code Verification Project — Test
Cases for CFD Code Verification. AIAA Paper No. 2010-0125. 48" AIAA Aerospace Sciences Meeting and Exhibit,
Orlando, Florida, January 2010. The geometry of the shape is illustrated in Figure 1 below which consists of a wall
angled at & = 10° with a free-stream Mach number of 2. As the flow passes the angle at the wall, an expansion wave

is produced with significant changes in pressure, density and temperature evident; these will become apparent

throughout this tutorial. At either side of the expansion fan, the flow is uniform:

1)

2)

3)

4)

5)

6)

A
®

M;

p1
T

D

Figure 1: Computational domain for the Prandtl-Meyer expansion.

Open ANSYS Workbench.

Open Design Modeler, (also called Geometry) — Save Project and name it expansion.wbpj in your Tutorials folder.
Change units to cm: Units — Centimetre.

In the Tree Outline LC on the XYPlane — LC on sketching tab at the bottom of the tree outline box — LC Settings

— LC Grid — Tick the boxes for Show in 2D and Snap — set Major Grid Spacing to 10 cm and the Minor-Steps
per Major to 10.

LC on the end of the Triad Z-
axis to view the XY plane.

Use a Polyline (recall Tt
Tutorial 3, step 8) to create o ‘
the shape shown in Figure 1 l’,‘

with points at the following i
locations and in the

following order: (0,0), (- ‘
10,0), (-10,15), (0, 15), : ey "

(20,10), (20,-5), RC Close —_K__—“""“--m“,__ . ®
End: : i ‘

{000 10.600 20.000-(crn)
e BEEEE SRR

5.000 {15,000
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7) Insert an Angle dimension to define the angle of the wall after the sudden divergence. You will need to Select
Angle in the list of dimension types, then LC on the bottom edge ED followed by the X-axis. Enter an angle of 190°
which is equivalent to 6 = 10°:

Sketching Toolboxes

Draw

Modify

Dimensions

&P General

k= Horizontal

I vertical

£~ Length/Distance
(<" Radius

S e

#4f Semi-Automatic

Constraints

Settings

Sketching | Modeling |

Details View

Graphics

ANSYS

R18.1
Academic

[=]| Details of Sketch1

Sketch Sketchi

Sketch Visibility Show Sketch

Show Constraints? | Mo

[=1| Dimensions: 1
[T

Model View | Print Preview

8) Add avertical dimension to the left edge (AF) and set to 15 cm in height — Create a surface from sketch — Ensure

that the Add Material Operation is selected — Generate:

Graphics

Model View I Print Prwiewl

9) Save the Project — Close Design Modeler — Link Ansys Mesh to Geometry in Workbench — Open Ansys Mesh.

10) Set the Physics Preference to CFD.

11) LC on the z-axis of the triad (bottom right corner) to view the domain from the side — Zoom in so that the whole
domain is visible.
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12) Insert a uniform edge sizing to the two horizontal edges (AB and FE): Mesh — Insert — LC on the edge selection

]

filter:

— LC on edges AB and FE (See Figure 1) — Apply — Set the Type to Number of Divisions and set to

10 — Set the Behavior to Hard — Rename the sizing as upstream-sizing

13) Repeat step

14) Repeat step

12 with 15 elements on both vertical edges AF and CD — Rename the sizing as vertical-sizing

(13) with 20 elements on both inclined edges BC and ED — Rename the sizing as downstream-sizing

15) Insert a Face Meshing method — Generate:

Outline -
Name

[ project*
B Model (B3)

E,€D Mesh

v
v

w | Search Qutline | o

&/ Geametry
- 1] Surface Body
(8 Materials

-1 upstream-sizing
1@ vertical-sizing

; @ donwstream-sizing
e,/ Face Meshing

¥

-

- 1oOx

@A [Ble& % O-4 Q@@ @ St kModer FTH @ BBE P Bisboard [Empy)

ANSYS

2020 R2
ACADEMIC

Jetails of "Mesh”
Display

Display Style |Use Geometry Setting
Defaults

Physics Preference

Solver Preference Fluent

Element Order Linear

Element 5ize

Default (1.77722-002 m|

Export Format

Standard

Export Preview Surface Mesh

No

Sizing

Quality

Batch Connections

..

Advanced

0.000 0.050 0.100{m)

ERENEEENENE]

0.023 0.075

16) Insert a boundary condition called walls consisting of edges FE and ED, and another one called farfield attaching

to the remai

Outline *lox

Mame ~ | Sea
[ project*

=5 Model (B3)
El-- /8 Geometry

5 Materials

Bl Mesh

....... v

.

....... v ﬁ
....... v @

....... W Surface Body
w34 Coordinate Systems
....... v {6 upstream-sizing
@ vertical-sizing
{8 donwstream-sizing

&8 Named Selections

ning four edges (AF, AB, BC, CD):

¥

-

QQ [Blw &[5 O+ QA QA St kModer F RNERBE B & FCipboard~ [Empty]

ANSYS

2020 R2
ACADEMIC

rch Outline | v .

Details of "Multiple Selecti

cow IO X

on"

[=]| Scope

-

Scoping Method

| Geometry selection

Geometry

Definition

Send to Solver

Yes

Protected

Program Controlled

Visible

Yes

Program Controlled Inflation

Exclude

-

Type

Manual

Total Selection

0.000

0.050 0100 (e

Length

Suppressed

0025 0075
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17) Export the mesh file and name it expansion-30x15.msh which is indicative of the total number of x and y elements
i.e. 30 and 15.

18) Multiply the number of divisions in the edge sizings by a factor of 4 i.e. for the sizing defined in steps (12), (13)
and (14), change to 40, 60 and 80, respectively — Generate the mesh — Export the mesh file and name it

expansion-120x60.msh.

19) Change the number of divisions in the edge sizing defined in steps (12), (13) and (14), to 160, 240 and 320,
respectively — Generate the mesh — Export the mesh file and name it expansion-480x240.msh.

20) Save Project — Close Ansys Mesh — Close Workbench.

30 x 15 mesh ANSYS

R18.1

Academic

120 x 60 mesh ANSYS

R18.1

Academic

480 x 240 mesh ANSYS

R18.1

Academic
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21) Open Fluent in 2D, selecting Double Precision mode and opening in parallel with 4 Processors.

22) Read in the coarse mesh file, expansion-30x15.msh, generated in step (17).

23) Turn on the energy equation (Setup — Models — Energy) and ensure that the viscous model is inviscid (Setup

— Models — Viscous).

Note: the use of the inviscid method is valid because viscosity only affects the very-near wall region in the laminar
sublayer which is so small that it can be neglected for a problem like this; the expansion fan is of interest (i.e. far
away from the wall). Furthermore, this is an isentropic problem, whereby energy losses due to viscosity are

neglected.

24) Change the solver to density-based: In the Outline View — Setup — General — In the Task Page change the

Solver to Density-Based.

25) Change material properties: In the Outline View — Setup — Materials — Fluid — Air — Change the Density
method to ideal-gas — ensure that Cp = 1006.43 J/kg-K and that the molecular weight is 28.966 kg/kgmol —

Outline View

Filter Text

= Setup
General

* 0 Models
+ L Materials

+ [ cell Zone Conditions
+ [ Boundary Conditions
@ Mesh Interfaces
2l Dynamic Mesh
[7] Reference Values
+ 17, Reference Frames
f+ Named Expressions

< Task Page

General

Mesh

[ Scale... |[ Check

_|[Rep0r‘t Quality]

[ Display... |[ Units... |

Solver
Type

Pressure-Based

® Density-Based

Velocity Formulation

® Absolute
Relative

Change/Create — Close:

Mame
air

Chemical Formula

Properties

Material Type
fluid
Fluent Fluid Materials
air
Mixture

none

Density (kg/m3) ideal-gas

Cp (Specific Heat) (j/kg-k) constant

1006.43

Molecular Weight (kg/kmol) constant

28.966

-

(et (e (]

Order Materials by
® Name
Chemical Formula

[ Fluent Database... |

[GRAHTA MDS I}atabase...]

[User—l}eﬁned Database... |

¥ || Edit...

¥ || Edit...

¥ || Edit...
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Note: It is necessary to activate the density-based solver because substantial density changes will take place in the
expansion fan. The temperature and pressure will also change significantly and so the ideal gas law is required as
the equation of state in the calculation of density. This is given by:

pVvV =nRT (2)

where: p is the pressure, V is the volume, n is the number of moles, R is the Universal Gas Constant and T is the
absolute temperature.

26) Change the farfield boundary condition from wall to pressure-far-field and set the relevant boundary conditions:
In the Outline View — Setup — Double click Boundary Conditions — Under the Wall list select farfield RC —
Change the Type to pressure-far-field — In the Pressure Far-Field menu box set the Gauge Pressure to 101325
pascals (i.e. 1 atmosphere) — Set the Mach Number to 2 and ensure that the X-Component of Flow Direction = 1
and the Y-Component of Flow Direction = 0 — Apply:

Outline View < Task Page
Filter Text Boundary Conditig
- Setup
B General Zone |Filter Text
* @ Models farfield
+) £¢ materials interior-surface_bq|
+ [ cell Zone Conditions walls
- B Boundary Conditions
+ [ internal
= = wall

é farfigld #~l id=c
— walls o Edit..
i£# Mesh Interfac Copy..
2l Dynamic Mes
[Z] Reference val Copy To Clipboard
+) 17, Reference Fra Import From File..
£ Named Expre Export To File...

- Solution
% Methods Type 4 axis
Controls
- ; , exhaust-fan
% Report Definil Display )
+) @ Monitors Add to graphics inlet-vent
& Cell Registers Expand Al intake-fan
£% Initialization xpand A interface
+) # Calculation Ad _ 0llapse Al mass-flow-inlet
- m?lt:un Calculation mass-flow-outlet
& surfaces outflow
+ & Graphics outlet-vent
+ | plots overset
< Animations [ pressure-far-field
L Reports
+ Parameters & Customization pressure-fnlet
pressure-putlet
symmetry
Zone Name
farfield
Maomentum Thermal Radiation Species Potential ups DPM
N
Gauge Pressure (pascal) 101325 -
Mach Number|2 -
¥-Component of Flow Direction |1 -
Y-Component of Flow Direction | -
Apply Close| Help|
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27) Set the operating pressure to zero: In the
Outline View — Setup — Double click on Cell
Zone Conditions — In in the Task Page LC on Pressure Gravity
Operating Conditions... near the bottom of the Operating Pressure (pascal) Gravity
Task Page — Set the Operating Pressure to 0 |-D| |~
pascals — OK:

Reference Pressure Location

X(m}o v
Note: In compressible flow problems, the Y (m}o v
absolute pressure is required in the Z(m)|o

computation of density via the ideal gas law

(equation 1). Therefore, to minimise errors, it m ' '
! ! Eancel‘ Help|

is good practice to set the operating pressure

to 0 Pa, then specify the absolute pressure
(typically 101325 Pa) as the gauge pressure in
the farfield boundary condition.

For incompressible flow, the opposite is true i.e. the operating pressure is typically set to the absolute pressure
(101325 Pa, if the ambient pressure in your problem is 1 atmosphere) and gauge pressure of 0 Pa is typically
prescribed on pressure inlets and outlets.

28) Set the correct reference values: In the Outline View

— Setup — Double click on Reference Values — In the Task Page )
Task Page — Select farfield in the Compute from menu Reference Values @I
and check that the values correspond to the boundary S T
condition values. Note: the velocity will be specified in farfield v
(m/s) instead of the Mach number. The velocity should Reference Values
be 694.1754 m/s: Densit,?tr;;ﬁ:;; 1.1?6655
Depth (m) 1
29) Ensure that the gradient method is Green-Gauss Cell Enthalpy (i/kg) 542874.1
Based and that the flow equation is discretised using Length (m) |1

Pressure (pascal) 101325
Temperature (k1 300

Velocity (m/s) 694.1831
30) Lower the residual tolerance for continuity to 1e-16 Ratio of Specific Heats |14

Second Order Upwind (Solution — Methods).

(Solution — Monitors — Residuals). Yplus for Heat Tran. Coef. 300

Reference Zone

31) Initialise the solution: Solution — Initialization —
Select Standard Initialization — Compute from farfield
— Initialize.

32) Save the case file as expansion-30x15.cas.h5

33) Run the simulation for 500 iterations (Solution — Run Calculation)., you should observe convergence after
300 of these.

34) Save the data file as expansion-30x15-2nd-order.dat.h5
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35) Create 4 lines to assist with post-processing using a journal file: Locate the file lines-tutorial-12.txt on MINERVA
— MECH5770M — Learning Resources — Slides, Tutorials and Extra info — Tutorials — Support files for
Tutorial 5, 8 and 12. In Fluent LC File — Read — Journal... — Change Files of type from Journal Files to All files
— Browse for and select the file lines-tutorial-12.txt — OK:

Consaole

> ; Journal £ile for creating lines

; MECHS770M Tutorial 12

; Compressikble Flow: Prandtl-Meyer Expansion
; By Dr Carl Gilkeson 2171172015

surface/line-surface mach-line-1 0 0 0.25%8 0.15

-

> surface/line-surface mach-line-2 0 0 0.5877 0.15

; Create two lines which define an approximate
; Streamline

surface/line-surface streamline-part-1 -0.10 0.05 0.03&8&6 0.05

The file you have just read into Fluent has already been created in a text editor. The list of commands can be seen
in the console below the graphics window once the file has been read in. Fluent ignores any line beginning with

;” which is used for adding comments. Fluent only recognises the four commands which start with the word
“surface” (each written on a separate line).

Each command utilises the Text User Interface (TUI) to create a line, assign a surface name and set the x and y
coordinates for each end of the line, as highlighted above. Reading lists of commands into Fluent like this can be
much quicker and more reliable than manually creating lines, as you have done in previous tutorials. Note: you can
only read the journal file into each case once, doing this more than once causes conflicts due to repeated surface
names.

You can use this technique to change boundary conditions, turbulence models, discretisation schemes and just
about anything which can be done in the Graphical User Interface (GUI). The exact commands can be explored and
refined in the TUI first to find out the commands, depending on your requirements.

The four lines described above are labelled in Figure 2 on the next page. Both Mach lines (coloured blue) are used
purely for visualisation purposes in later steps. Their angle of inclination was determined from equations (2) and
(3) below, which simply required the local Mach number. Note, the angle of mach-line-2 is calculated w.r.t the
angle of the wall downstream of the turn. Hence the angle of mach-line-2 w.r.t the horizontal axis is calculated
from: ;- 0.
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The lines streamline-part-1 and streamline-part-2 are used to plot pressure data in later steps and to compare
against analytical data.

M;

streamline-part-1

Figure 2: lllustration of the computational domain with four key lines labelled in addition to important angles.

Yy = arcsin(Mi] (2)

1

(1
M, = arcsm(M—] (3)

2
36) Re-save the case file so that the four lines are saved as part of the case file as well.

37) Display of the Mach number with both mach lines overlaid: In the Outline View — Results — Graphics — Double-
click Contours — In the Contour menu box ensure that Filled selected under Options — Deselect Node Values
— Select contours of Velocity and Mach Number — Select Draw Mesh under Options — The Mesh Display menu
box will appear — Ensure that Edges is selected under Options and All is selected under Edge Type — Select
mach-line-1 and mach-line-2 in the list of Surfaces — LC on the Colors... button — In the Mesh Colors menu box
LC Surface (at the bottom) under Types — LC black under Colors — Close the Mesh Colors menu box — LC Display
then Close in the Mesh Display menu box — LC Save/Display in the Contours menu box:

[« ] C s of Mach b X

2020 R2
contour-1 e —
Mach Number ACADEMIC

2.38e+00
l 2.34e+00

2.31e+00

2.27e+00

2.23e+00

2.19e+00

2.15e+00

2.11e+00

2.08e+00

2.04e+00

2.00e+00
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38) Plot the static pressure along the streamline indicated in Figure 2: In the main ribbon LC Result — XY Plot... —
Edit... — In the Solution XY Plot ensure that the Plot Direction vectors are X=1 and Y=0 — Select the Y Axis
Function as Pressure... and Static Pressure — Highlight the lines streamline-part-1 and streamline-part-2 in the
list of Surfaces — Ensure that the Node Values option is checked — Plot — Click on the Write to File option and
save the data as pressure-30x15 so that this can be plotted in Excel later.

XY Plot Name

xy-plot-1

Options

# V| Node Values

| Position on X Axis
Position on Y Axis
Write to File
Order Points

File Data [0/0]

FEE

Y Axis Function
Pressure...

Static Pressure

X Axis Function
Direction Vector

Surfaces |Filter Text

x 1 .
— m| farfield
——— interior-surface_body

Free Data mach-line-1

streamline-part-1
streamline-part-2

New Surface -|

RIEEE

Axes... | [Curves... | [Close | [Help |

o
® streamline-part-1
® streamline-part-2 1.05e+05
1.00e+05
9.50e+04 i
9.00e+04
8.50e+04
Static  8.00e+04
Pressure
(pasca|) 7.50e+04
7.00e+04
6.50e+04
6.00e+04
5.50e+04

Y
Static Pressure X

ANSYS
~ 2020 R2
| ACADEMIC
:..............

...
= -
1 *
] .
] L
9 ]
T L
d .
7] .
) -
i -
[ ]
i [ ]
* ..
0.1 -0.05 0 0.05 0.1 0.15 02 0.25
Position (m)
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39) Find the maximum and minimum values in the domain for the Mach number, static pressure and density using
Surface Integrals. Compare your results with those in row 2 of the Table 1 below. You will need to calculate the
isentropic property ratios i.e. p; / p2 and p:/ p2. If you are using a different version of software (not ANSYS Fluent
2020R2) then you may see slightly different results, however, the isentropic property ratios should be very similar
to those in the table.

Grid M; M: p1 p2 p1/ p2 P1 p2 p1/ p2

30x 15 1.9999 2.3830 55535.2 101331.8 0.5480  0.7454 1.1767  0.6335

120 x 60 2.0000 2.3843  55535.7 101326.2 0.5481  0.7454 1.1767  0.6335

480 x 240 2.0000 2.3844  55535.7 101325.2 0.5481  0.7454 1.1767  0.6336

Analytical result 2.0000 2.3830 - - 0.5471 - - 0.6500
Table 1

40) Read in expansion-120x60.msh: File — Read — Mesh — Select the mesh file expansion-120x60.msh when
prompted select the option Replace Data and Mesh (this ensures that the case file doesn’t need to be set up
again).

41) Initialise and run the simulation and repeat steps (37-39) using appropriate file names. Remember to save the
case and data files. You can compare your CFD results to the analytical ones on the bottom row of Table 1.

42) Repeat steps (40) and (41) using the mesh file expansion-480x240.msh. Compare your results for the Mach
number contours to those below:

30 x 15 grid

120 x 60 grid

480 x 240 grid
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TASK 8

Using the data that you have obtained, please complete the following task. For each pressure plot you have exported,
plot pressure as a function of horizontal distance (x). Also plot the analytical solution which is made of the four points

shown in Table 2 below.

Analytical
x (m) p (pa)
-0.10000 101325
0.08660 101325
0.14800 55435
0.20086 55435

Table 2

How do your results compare to the analytical solution?
Why might there be differences between them?
Which is the main factor which determines accuracy?

Think about these questions and ask a demonstrator if you have any doubts.

Tutorial 12 Summary:

You have:

e Generated three uniform, structured grids for the Prandtl-Meyer expansion with a turn angle of 10°.

Set up compressible flow simulations with a free-stream Mach number of 2.

[ ]
Analysed the expansion wave both qualitatively and quantitatively and compared to analytical results

End of Tutorial 12
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o

UNIVERSITY OF LEEDS

MECH5770M: Computational Fluid Dynamics Analysis

Tutorial 13: Compressible Flow (ii): Double-Wedge Aerofoil

Tutorial 13 Outline:

Create a solution domain containing a double-wedge supersonic aerofoil.

Run an initial simulation on a coarse triangular mesh at a free-stream Mach number of 3.
Successively refine the grid by adapting cells to pressure gradients.

Compare results with and without grid adaption.

Complete TASK 9

Prerequisites

1)
Notes

1)
2)
3)

4)

Ensure that you have completed Tutorials 1-12 which cover the basics of CFD pre and postprocessing.

You MUST complete the tutorials in order otherwise you will struggle to complete later exercises.

Regularly save your work — programs do crash and you will lose unsaved work!

This document is written using ANSYS 2020 R2, however, you may have access to other versions of the
software. If this is the case, some menus and screen outputs may differ slightly but you should still be able to
complete the tutorial.

The following acronyms are used throughout this document:

RC = Right mouse button click LC = Left mouse button click
MC = Middle mouse button click
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1) This tutorial involves simulations of supersonic airflow over a symmetric double-wedge shaped aerofoil at a free-
stream Mach number of 3. The purpose is to introduce mesh adaption, highlighting the benefits for resolving flow
fields with sudden changes in flow properties. The principles can be extended to virtually any other flow case,
whether compressible or incompressible. The geometry of the aerofoil and the domain is illustrated in Figure 1
below with dimensions included (note, the aerofoil scale is exaggerated for clarity).

1

1

i

15 m ————!

|
Y

50 m

Figure 1: Computational domain containing the double-wedge aerofoil.

2) Open ANSYS Workbench.

3) Open Design Modeler, (also called Geometry) — Save Project and name it supersonic-aerofoil.wbpj in your
Tutorials folder.

4) Using the dimensions shown in figure 1, create two sketches in the XYPlane, one comprising of the aerofoil (you
can use a polyline) and another of the rectangular domain. You will need to use dimensions and the grid to aid
sketching.

5) From each sketch, create a surface and use a Boolean operation to subtract the aerofoil from the domain.
Remember that at least one of the surfaces should be of type Add Frozen:
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6) Save the Project — Close Design Modeler — Link Ansys Mesh to Geometry in Workbench — Open Ansys Mesh.

7) Set the Physics Preference to CFD.

8) Insert a uniform edge sizing to the four outer edges of the domain: Mesh — Insert — LC on the edge selection

filter: @ — LC on all four outer edges (See Figure 1) — Apply — Set the Type to Element Size and set to 1 m.

9) Repeat step (8) to create another sizing, applying it to the four edges of the aerofoil and setting the Element Size
to 0.01 m.

10) Insert a Mesh Method, set the Method to Triangles — LC on Mesh in the Tree Outline — Under Sizing ensure
that Use Adaptive Sizing is set to No, set the Growth Rate to be 1.07, Mesh Defeaturing is set to No, Capture
Curvature is set to No and Capture Proximity is set to Yes — Leave all other settings as default values — Generate:

Details of "Mesh"

= Display
Display Style Use Geometry Setting
= | Defaults
Physics Preference CFD
Salver Preference Fluent
Element Order Linear
Element Size Default [2,9155 m)
Export Format Standard
Export Preview Surface Mesh M
E Sizing
’ Use Adaptive Sizing MNo
Growth Rate 1.07
Mesh Defeaturing Mo
Capture Curvature Mo
Capture Proximity Yes
Proximity Min 5ize Default (2,9155e-002 m)
Num Cells Across Gap Default (3}
Proximity Size Function Sources | Faces and Edges
Bounding Box Diagonal 5831 m
Average Surface Area 1499.7 m*
Minimum Edge Length 1.0112 m
X
Batch Connections 0.000 10.000 ()
Advanced
Statistics 5.000

11) Insert a boundary condition called walls-wing to the four edges of the aerofoil.

12) Insert another boundary condition called pressure-far-field to the four outer edges of the solution domain.
13) Export the mesh file and name it supersonic-aerofoil.msh.

14) Save the Project and close Ansys Mesh.

15) Open Fluent in 2D, selecting Double Precision mode and opening in parallel with 4 Processors.

16) Read in the mesh file generated in step (13).

17) Turn on the energy equation and ensure that the viscous model is inviscid (Setup — Models).

18) Change the solver to density-based (Setup — General).

19) Change material properties: Setup — Materials — Fluid — Air — Change density method to ideal-gas — ensure
that Cp = 1006.43 J/kg-K and that the molecular weight is 28.966 kg/kgmol — Change/Create — Close:
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20) Set the pressure-far-field boundary conditions: Setup — Boundary Conditions — Double click pressure-far-field
from the list of boundary conditions — In the Pressure Far-Field menu box set the Gauge Pressure to 101325
pascals (i.e. 1 atmosphere) — Set the Mach Number to 3 and ensure that the X-Component of Flow Direction = 1
and the Y-Component of Flow Direction = 0 — Apply.

21) Set the operating pressure to zero: In the Tree — Setup — Double click on Cell Zone Conditions — In in the Task
Page LC on Operating Conditions... — Set the Operating Pressure to 0 pascals — OK:

22) Set the correct reference values: Setup — Reference Values... — Select pressure-far-field in the Compute from
menu and check that the values correspond to the boundary condition values.

23) Ensure that the gradient method is Green-Gauss Node Based and that the flow equation is discretised using
Second Order Upwind (Solve — Methods).

24) Lower the residual tolerance for continuity to 1e-16 (Solution — Monitors — Residuals).

25) Initialise the solution: Solution — Initialization — Select Standard Initialization — Compute from pressure-far-
field — Initialize.

26) Save the case file as supersonic-aerofoil-initial-mesh.cas.h5

27) Run the simulation for 400 iterations and save the data file as supersonic-aerofoil-initial-mesh.dat.h5

28) Display filled contours of the Mach number with Node Values deselected. Ensure the colourmap is Banded with
20 levels and select the colourmap to be rgb under the Colormap Options:

ﬂ Contours of Mach Number xX

You should see some shock and expansion waves in the flow. Note that the mesh is very coarse in places and so
the shock/expansion waves are not very well predicted further away from the aerofoil, therefore, mesh adaption
is required.

Written by Dr Carl Gilkeson © School of Mechanical of Engineering, University of Leeds, 2020. All rights reserved. 167



MECH5770M Tutorial Handbook

29) Mark cells to be adapted based on velocity gradient: In the main ribbon LC Domain — Adapt — LC on the
Refine/Coarsen... button — In the Adaption Controls menu box LC on Cell Registers — New — Field Variable...
— In the Field Variable Register menu change the Type to Top Value Cells, set the Derivative Option to Gradient,
set the Gradient of to Velocity... and Mach Number — LC Compute — set the Cells having value in top n % to 90
— LC Save/Display and see the cells marked for adaption in the graphics window as well as a message in the
Console showing how many cells have been refined (your number may be different to the one below, this is not a
problem). Note, you may see a warning dialogue box describing the PUMA-2.5 adaption method: ignore it.

e
_/

Adapt Refinement Criterion -
I_.J Refine / Coarsen Coarsening Criterion -
Maximum Refinement Level | 2 -

Minimum Cell Volume (m3) 0

coo More =

[Predeﬁned Criteria ,l|

MNew *  Region..

Manage Boundary...

Dynamic Adaption

| Cell Registers

PPV eld variable...
Lirmiter... - :
. g ) Field variable I
| OK | Adapt | | Display cel | _Help | Residuals... =]

Volume...

I &

Mame gradient_0

Type Gradient of
#Tnp Value Cells - Velocity... hd
Derivative Option Mach Number —
#Gradmnt v — S
Scaling Option 4.930381e-32 0.3211762
None i

Cells having value in top n % gq

I[ Save ‘ [I}ispla\,r Dptiﬂn‘[ Compute | [Clc-se | [Help |

N

\ ﬂ Cell Register gradient_0 ) X
R

™\

Console

Reading results.
Parallel wariables...
Done .

3794 cells marked

sl
EX]
<]
45
§
P

VAV,
\7

INLKRX
CRERR:
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30) Adapt the marked cells: In the Adapt Controls menu box select gradient_0 as the option for Refinement Criterion
— Adapt — OK. Your mesh will now have refined cells in the adapted region. Note that these cells represent the

top 90% of all cells in the domain with the highest velocity gradient. There are many other ways to adapt the mesh
which you can explore.

Refinement Criterion gradient_0 M

Coarsening Criterion -

Maximum Refinement Level 2

Minimum Cell Volume (m3) 0

[Predeﬂned Criteria
Dynamic Adaption )

Cell Registers

Display Options

"|
"|

[
[ List Criteria
[

m [Adapt | [[l-isplay | [l:ancel | [Help |

31) Run the calculation for a further 400 iterations. Note that the residuals history has changed due to the mesh
changes:

1e+01 . . Residuals ﬂ
Residual history for —— continuity ACADEMIC
simulation using the ——x-velocity
— ———y-velocity
initial mesh y-ve

et ~—cnergy

>

Residual history for
1e-01 -

simulation using the
adapted mesh

1e-02

1e-03

1e-04 T T T T T T

Iterations

32) Write the case and data files and save them as: supersonic-aerofoil-adapted-mesh.cas.h5. and supersonic-
aerofoil-adapted-mesh.dat.h5.

Note: every time you adapt the mesh, this is a non-reversible process. If you do not save the case file before
adaption, you will need to read in the original mesh file and start again.
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33) Now explore the differences between the initial and the adapted mesh and results. Some comparisons are given
below:

Initial Mesh

Adapted Mesh

AATATATAYS
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Initial Mesh

Adapted Mesh

Written by Dr Carl Gilkeson © School of Mechanical of Engineering, University of Leeds, 2020. All rights reserved. 171



MECH5770M Tutorial Handbook

Written by Dr Carl Gilkeson © School of Mechanical of Engineering, University of Leeds, 2020. All rights reserved. 172



MECH5770M Tutorial Handbook

TASK 9

Using the results that you have obtained, please complete the following task. Observing the differences between the
initial and the final mesh, think about the following questions:

e  Which mesh is better and why?
o Where are the improvements seen in the solution domain?
e Do you think mesh adaption is important for compressible flow cases? If so, why?

Think about these questions and ask a demonstrator if you have any doubts.

Tutorial 13 Summary:
You have:

e Run supersonic compressible flow cases for external aerodynamics of a double-wedge shaped aerofoil.
e Implemented mesh adaption and explored the resulting flow fields with and without the adaption process.

End of Tutorial 13
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[

UNIVERSITY OF LEEDS

MECH5770M: Computational Fluid Dynamics Analysis

Tutorial 14: 3D Flow in a Mechanically Ventilated Room (i)

Tutorial 14 Outline:

e Create a 3D solution domain of a small room with an occupant, an inlet and an outlet.

e Generate a tetrahedral mesh including a boundary layer mesh on the occupant.

e Set up a flow simulation including species transport to represent relative humidity in the room.
e The resulting case file is saved for use in tutorial 15 (optional).

e Complete TASK 10

Prerequisites

1) Ensure that you have completed Tutorials 1-13 which cover the basics of CFD pre and postprocessing.

Notes

1) You MUST complete the tutorials in order otherwise you will struggle to complete later exercises.

2) Regularly save your work — programs do crash and you will lose unsaved work!

3) This document is written using ANSYS 2020 R2, however, you may have access to other versions of the
software. If this is the case, some menus and screen outputs may differ slightly but you should still be able to
complete the tutorial.

4) The following acronyms are used throughout this document:

RC = Right mouse button click LC = Left mouse button click
MC = Middle mouse button click
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1) This tutorial is concerned with a small room which is supplied with fresh air through an inlet, see Figure 1. The bulk
airflow exits the room through a diagonally opposing outlet. In the centre of the room, a cylinder is located to
represent a very basic manikin shape. This has a surface temperature of 310 K and a heat generation rate of 20
W/m? and produces 0.005 kg/m?/h of water vapour (this represents perspiration). The ambient temperature in
the room is 293 K and the relative humidity is 50%. Setting this problem up used the species transport model which
is detailed in the steps below.

Cylindrical Manikin

N\

High Inlet _.--

-

24 m

|:|<—— Low Outlet

Figure 1: Computational domain consisting of a mechanically ventilated room.

2) Open ANSYS Workbench.
3) Open Design Modeler, (also called Geometry) — Save Project and name it room.wbpj in your Tutorials folder.
4) Create a 3D box to represent the room: Create — Primitives — Box — In the Details View change the Operation

to Add Frozen — Ensure that FD3, FD4 and FD5 are all set to 0 m (this is the origin of the box) — Set FD6 = 4.2 m,
FD7 =2.4 mand FD8 = 3.6 m (these are the dimensions of the walls in the three coordinate directions) — Generate:

[=|| Details of Box1

Box

Box1

Base Plane ¥¥Plane
Operation : Add Frozen
Box Type From One Point and Dia...

Tree Qutline C M Graphics
E""«@ A: Geometry
g K¥Plane AN SYS
# ZiPlane R18-1
ﬂ.. YZPlane __
By Academic
-, @ 1 Part, 1 Body
Sketching Madeling I
Details View v

Paint 1 Definition Coordinates
FD3, Point 1 X Coordinate Om '
FD4, Point 1Y Coordinate Om
FDS5, Point 1 Z Coordinate Om i
FDE, Diagonal X Component 4.2 m 0.000 2000 (m) \ E
FO7, Diagonal ¥ Component | 2.4 m 1000
FD&, Diagonal Z Component | 3.6 m

As Thin/Surface? Mo . -

Model View | Print PI'E"II'IEWI
a Drag to scroll view No Selection Meter Degree ’D_,D_A
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5) Create a rectangular sketch on the XYPlane to represent the inlet: LC on XYPlane in the Tree Outline — LC on the
blue Z-Axis on the triad (arrowed on in the image in step 4 above) — Use the Grid with a Major Grid Spacing of 1

m and 10 Minor-Steps per Major to create a rectangle with the Rectangle tool — The rectangle should be created

with two points located at (3.2,1.8) and (3.7,2.1) — remember you can see the coordinate in the bottom right

corner of the G

raphics window:

Sketching Toolboxes

UM Graphics

Draw

" Line

{5’ Tangent Line

6 Line by 2 Tangents
A Polyline

@ Polygen

&5 Oval

(= Circle

Q Circle by 3 Tangents
" Arc by Tangent

|D Rectangle ?
f:i Rectangle by 3 Points

Modify

AutoFilet: [

Dimensicns

Constraints

Settings

Sketching | Modeling |

Details View

[=l| Details of Sketch1

sketch

Sketchl

Sketch Visibility

Show Sketch

Show Constraints? | Mo

L

ANSYS

R18.1

Academic

Model View | Print Preview

a Rectangle -- Click, or Press and Hold, for first corner of rectangle

Mo Selection

Meter Degree ,E Wé

6) Create a surface from the sketch: Concept — Surfaces From Sketches — LC on Sketchl below XYPlane in the Tree
Outline (you may need to click on the (+) sign below it) — LC Apply next to Base Objects in the Details View menu
— Change the Operation to Add Frozen — Generate:

E;@ A: Geomnetry

Tree Outline

E|----¢ A: Geometry

By 3= X¥Plane
ey Sketchl

....... 3= ZHPlane

....... 3= YZPlane

....... Boxl

29 SurfaceSkl

- @ 2 Pa

rts, 2 Bodies
b Sketching  modeling |
Sketching  modeling |
Details View
Details View ? | = Details of Surfacesk1
[=|| Details of SurfaceSk1 Surface From Sketches Surface5kl
Surface From Sketches Surfa Skl Base Objects Ph B il
Apply I—Hl'llu s >I Add Frozen I
Operation Add Material Orient With Plane Narmal? | Yes
Orient With Plane Normal? | Yes Thickness (>=0] om
Thickness (> =0} Oom
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Use the Boolean tool to imprint the face created above onto the room air volume: Create — Boolean — Change
the Operation to Imprint Faces — LC on Not Selected next to Target Bodies — LC on the room air volume —
Apply (the volume should change colour to turquoise) — LC on Not Selected next to Tool Bodies — LC on the (+)
symbol next to 2 part, 2 bodies — LC on Surface Body at the bottom of the tree — Apply — Generate:

Sketching  Modeling |

//‘ Booleanl
J. 2 Parts, 2 Bodies

Details View n
[=]| Details of Booleanl
Boolean Booleanl
Unite -
Tool Bodies |Unite
Subtract

(ErDe—

Tr

o2& A: Geometry

Sketching  Modeling |

Details View \ 1

ee Qutline

o ANSYS

8 Sketch R18.1
‘,)}. ZXPlane S
vey3he VZPlane Academic
v. Boxl

B8 SurfaceSkl
g Sketchl

‘ Booleanl
W 2 Parts, 2 Bodies

B

Details of Booleani *
Boaolean Boolean
Operation Imprint Faces
Target Bodies 1 Body

Tool Bodies 1 Body

Preserve Tool Bodies? |No

Model View I Print Plewewl

2}’ Select Tool bodies No Selection Meter Degree 0 |0 2
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Tree Outline

Bl Graphics

E|----¢ A Geometry
B3k XVPlane
© L, Sketchl
= ZHPlane
7= YZPlane
& Boxl
B8 Surfaceskl
g Sketchl

=M@ 1Part, 1Body

Tutorial Handbook

ANSYS

R18.1

Academic

- . [T Solid
Sketching  Modeling I
Details View o
[=I| Details of Face
Body Name Solid
Surface Type Plane
Edges 4
Vertices 4
Face Surface Area | 0.15 m?
Model View I Print Preview
@ Ready [1Face: Area = 0.15 m?

Meter Degree ’U_IU_A

If you now rotate the geometry using the Rotate tool

and click on faces using the face selection tool

[
el

&

, you

will see that the inlet face is now part of the domain which
allows the inlet boundary condition to be applied here in
later steps. Note that there is now only 1 body, as required.

8) Create another XYPlane which is coplanar with the wall

opposite the inlet: LC on the New Plane button
is above the Tree Outline — In the Details View change the
Type to From Plane — Ensure that XYPlane is selected as
the Base Plane (if not, LC XYPlane from the Tree Outline —
Apply) — For the option Transform 1 (RMB) select Offset Z
— Specify a value of 3.6 m in the box below — Generate:

o

which

Tree Outline

sketching  Modeling I

El«ﬂ‘ H¥Plane
«CEI Sketchl

¢$ Z¥Plane
‘,ﬂ. YZPlane

J. Boxl
B8 SurfaceSkl

«E:F—'] Sketchl
J‘ Booleanl

— N I DR B R

Details View

Tree Outine.

2 Graphics

= ZXPlane
v YZPlane

Booleapl

=@ 1 Part, i.Body
b - @ Solid
Sketching  Modeling |
[=1| Details of Plane4
Plane Plane4
Sketches 0 /
Type From Plane /
Base Plane XYPlane /
Transform1 (RMB)  Qffsatz A
|| FD1, Value 1 | 36m |
Transform 2 (RMB) one
Reverse Normal/Z-Axis? No
Flip XY-Axes? No

[=]| Details of Plane4

Plane

Plane4

Sketches

0

Type

From Flane

Base Plane

¥¥Plane

Reverse Marmal/Z-Axis?

Mane

Flip XY-Axes?

Export Coordinate System?

Reversd Normal/Z-Axis

foes

Academic

2,000 ()

1300
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9) Rotate the view and zoom into the origin of Plane4 to create the outlet face — LC on Plane4 in the Tree Outline
to create a sketch on the correct wall of the domain — Repeat steps (5-7) to create another rectangular face (the
outlet) with rectangle coordinates of (0.4,0.3) and (0.9,0.6), create a surface from Sketch2 and imprint the face on
the wall of the room:

Tree Outline UM Graphics
E«:a'. XYPlane ~

oy 78 Sketchl AN SYS

= ZXPlane R18:1
H= YZPlane —
; ,. Boxl .Aﬂi“ﬂc
[ SurfaceSkl

D, Sketch
Booleanl
Planed

e
i, Sketch2
8 SurfaceSk3

oy Sketch2

:

Roolean
=8 1 Part, 1 Body
‘( @ Saolid

Sketching  Modeling I

Details View

[-I| Details of Face
Body Mame Solid
Surface Type Flane
Edges 4

Vertices 4 o J

Fare Surfare Area | 0,15 m? hd Model View I Print Preview I

0 Ready 1 Face: Area = 0.15 m® Meter Degree 0 |0 2

10) Create another sketch but this time create a circle on the ZXPlane (i.e. the bottom of the room) with the centre
in the centre of the room at (1.8,2.1) (Note that these coordinates are in the form (z,x) because they relate to the
ZXPlane). Use a Diameter dimension to set the diameter to 0.4m. You will need to view the correct plane by clicking
on the Y-axis on the Triad.

Tree Outline
By X¥Plane

Graphics o

ANSYS

c R18.1
4] Sketch3 S
....... 3= VZPlane Academic
------- o . Box1
B8 SurfaceSkl
b @ Sketchl
------- v ‘ Boolean
E|----‘,ﬂ. Planed
C L, Sketch2
By SurfaceSk3
b @ Sketch2
------- o ‘ Boolean2
=% 1Part, 1 Body
L., 1 Solid v

Sketching Modeling I

Details View n
[=|| Details of ZXPlane

Plang Z¥Plane

Sketches 1
Export Coordinate System? | Mo

Model View I Print leiml

a Ready 1 Plane Meter Degree lﬂ_lﬂ_é
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11) Extrude the circular sketch to create a cylinder and remove this material from the room volume: Create — Extrude
— Ensure that the name of the sketch used to create the cylinder (Sketch3 in this case) is selected next to the
Geometry box — Change the Operation to Slice Material — Set FD1, Depth (>0) to 1.6 m — Generate:

S :
«‘ Boolean1 2

e ANSYS

fo 08 Sketch2 R18.1
_‘ SurfaceSk3 L —
fg® Sketch2 _Academic

B
: '3 Sketchl

E|....¢= 2 Parts, 2 Bodies

by 11 Solid
iy 151 Solid

Sketching  Modeling I

Details View

[=|| Details of Extrude1

Extrude Extrudel
Geometry Sketch3
Operation Slice Material

E

Direction Marmal

FD1, Depth (=0} |1.6m I

As Thin/surface? Mo
Target Bodies All Bodies v | Model view | Print Preview

a Drag to scroll view No Selection Meter Degree |0 0~

12) Supress the bodies not required for meshing:

At the bottom of the Tree Outline LC on the (+) . @) Boolean’ ”
. = #= Planed

symbol next to 2 Parts, 2 Bodies — LC on the P L Sketch2

Solid in the list which is the cylinder (this should =y SurfaceSk3

change colour in the Graphics Window) — RC g Sketch2

— Suppress Body — Repeat for any Surface IZEI """ v = ;?LT;E

Bodies which may be in the list (e.g. the circle v i 9 Sketch3

used to create the cylinder). You should now be =M@ 2 Parts, 2 Bodies

left with just the room air volume remaining. oy [ Solid

] olig

& Hide Body (F9)
13) Save the Project — Close Design Modeler — Sketching  Modeling | & Hide All Other Bodies (Ctrl+ F9)

Link Ansys Mesh to Geometry in Workbench

I Suppress Body

Details View
— Open Ansys Mesh. = Details of Body -} Generate (F5)
Body dkh Rename (F2)

14) Set the Physics preference to CFD.

15) Insert a face sizing on both of the rectangular faces created previously, i.e. the inlet and the outlet: Rotate the

geometry until you can see the inlet face — LC the Face Sizing tool © — LC the inlet face (it should turn green)

"
— LC the Rotate tool L="] and rotate the geometry until you can see the outlet on the opposite side — LC the

Face Sizing tool © again — Hold the Ctrl key and LC the outlet face to add this to the selection — RC Mesh—
Insert — Sizing — In the Details box set the Element Size to 0.04 m:
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£ Generate Mesh
Preview

Show

@ Suppress
Q) Hide Other Bodies

O Duplicate

B Copy
£ Ccut

X Delete
b Rename F2

5= Group

D Group Similar Objects

Ctrl=G

Start Recording

]
]

'l Contact Sizing
A& Refinement

@ Face Meshing
% Mesh Copy

ﬁ Match Control
@ Pinch

& Inflation

@ Mesh Edit

@ Mesh Numbering

0.000 3.000 fm) 0.000 3.000 )
1500 L50n
Insert b =% Method
Update P sizing Details of "Face Sizing" - Sizing

[=I| Scope
Scoping Method | | Geometry Selection
Geometry 2 Faces
[=1| Definition
Suppressed Mo
Type Element Size
Element Size 4,2-002 m
[=]| Advanced

Defeature Size

Default (1.5075e-003 m)

Influence Vialume

Mo

Behavior

Soft

Growth Rate

Default (1.2)

Capture Curvature

MNa

Capture Proximity

Mo

16) Repeat step (15) to insert a face sizing of 0.08 m on the 6 large outer walls of the domain. You will need to
rotate the geometry to highlight all 6 walls:

0.000

1.500

0750

2250

AN

SYS

2020 R2

ACADEMIC

Details of "Face Sizing 2" - Sizing

Scope
Scoping Method Geometry Selection
Geametry & Faces
Definition
Suppressed p. Ll
Type Element Size
G.e-002m

Advanced

Defeature Size Default (1.5075e-003 m)
Influgnce Volume Mao
Behavior Soft

Growth Rate Default (1.2)
Capture Curvature Mo
Capture Proximity Mo

A~
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17) Repeat step (15) again to insert a face sizing of 0.04 m on both surfaces of the cylinder. You will need to
rotate the geometry to view both faces of the cylinder:

Outline ~4Ox ? % O [#]@Q @ @ @ select ®Moder TR BB EERE P FCiphoard- [Empty] | § Extend-
 Name ~ | Search Outline | ™
T Project* ANSYS
= (8 Model (83) 2020 R2
@ Geometry e —
./m Materials ACADEMIC
3 Coordinate Systems

Bl Mesh

'@ Face Sizing
'@ Face Sizing 2
~!@ Face Sizing 3

Details of "Face Sizing 3" - Sizing
=l Scope
Scoping Method §§ | Geometry Selection

Geometry 2 Faces
= p—
Suppressed I
Type Element Size
e
=1 Advanced

Defeature Size | Default (1.5075e-003 m)
Influence Volume | No
Behavior soft
Growth Rate Default (1.2)
Capture Curvature | No
Capture Proximity | Mo

18) Insert an inflation layer to the two surfaces of the cylinder: LC Mesh in the Outline Tree — RC — Insert — Inflation
— LC on the main volume — Apply — Rotate the volume until you can see both surfaces of the cylinder — LC on
No Selection next to Boundary — Select both surfaces — Apply — Set the number of Maximum Layers to 10 and
set the Growth Rate to 1.15:

Qutline *

4«

~IO%X QA [@we % C[+Qaaa st kMoer FTEHEE B E @ E 2 | FCipboard- [Empty] | & Extend-

£ Mame v | Search Outline | ™ _

.
54 Coordinate Systems ACADEMI
~@P Mesh

- i@ Face Sizing
|@ Face Sizing 2
@ Face Sizing 3

,/@ Inflation v
Details of "Inflation” - Inflation =
= Scope
Scoping Method |Geumetnr Selection
Geometry |1 Body
=l Definition
Suppressed Mo
Boundary Scoping Method | Geometry Selection
Boundary 2 Faces
Inflation Option Smooth Transition
—lenicianfats 0.272)
Maximum Layers 10
1.15
[ . . r

19) Generate the mesh: LC Generate button.

20) Examine the mesh quality: LC Mesh in the Outline — LC the (+) symbol next to Quality which is in the Details of
“Mesh” menu box — Change the Mesh Metric to Skewness:

Written by Dr Carl Gilkeson © School of Mechanical of Engineering, University of Leeds, 2020. All rights reserved. 182



MECH5770M Tutorial Handbook

jé;lf\:rj;t‘ v | Search Outline | % :A%a‘%g‘i‘% o 4‘4‘4“&5%
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B f5 Model (B3) “‘S‘}Eﬂh Py A gﬂg
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Note: As described in step (23) of Tutorial 1, it is essential to keep the maximum skewness below 0.9. This requirement
is satisfied above as the maximum skewness is approximately 0.84 which is typical for a reasonable quality 3D mesh.
The total number of elements is approximately 0.29 million (you can check this by clicking on the (+) symbol next to

Statistics which is in the Details of “Mesh” menu box).

21) Create a Selection Plane to slice through the domain: LC on the Z-axis of the triad so that the room is viewed
perpendicular to the inlet wall — In the top menu — Mesh — Insert — Section Plane — LC to the left of the air
volume (in line with the inlet vent) and keep hold of the mouse button then drag to the other side of the room,

this creates a horizontal line which slices through the geometry.

ANSYS

2020 R2
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wfi

Rotate the geometry to view the top of the slice — LC the Show Whole Elements button

22) Examine the mesh:

which is situated in the Selection Planes menu — Zoom in on the cylinder and the inlet regions:

17

Aw
iy

==
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e
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, 4

Section Planes
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X
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elements
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23) Move the selection plane upwards to examine the mesh higher in the volume: LC the Edit Selection Plane button
in the Selection Planes menu — You should see a blue slider button appear in the Graphics Window LC and hold
the square to drag it upwards and thus move the slice so it is higher in the volume:

© Name v | Search Outline | ™

P s i T2 ; e T = >
W Pt s N7 T ANSYS
E-- (@ Meodel (83) £ Y ‘ \ A NN L 2020 R2
- Geometry — Py o " =
H -+ Materials e il
34 Coordinate Systems

Face Sizing
Face Sizing 2

by dragging the
Section Plane anchor.

(D Press F1 for help.

Details  Section Planes

Note: You can add multiple Section Planes in any orientation and they can all be used at once to show various slices
of the mesh. Each Section Plane can be turned off by unchecking the box to the left of each one (arrowed above).

24) Set the outlet boundary condition: Turn off the Section Plane by unchecking the box to the left of Section Plane 1

— In the main menu LC Display — LC Show Mesh button to hide the mesh — LC the Face Sizing tool T — LC
the outlet face — RC — Create Named Selection — Set the name to outlet.
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25) Repeat step (24) to create a boundary condition named walls which includes the four side walls, the floor and the
ceiling of the domain.

26) Create another boundary condition named inlet for the inlet face and a further one for the two faces of the
cylinder, named cylinder (you will need to view the room from underneath to see these faces).

Outline A=l Q0 @ W@ % C[+]Q@ @@ Sct kMode- BT EE BB @ B E U [ Cipboard- [Empty] | & Extend~
Mame = | Search Qutline |»
[ Project* ANSYS

Eb- (@ Model (83) 2020 R2
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ST [T SeeeHaa0aearaaoseanaateasaattanin ~*1lox
EE X o # e,
[ section Flane1

»

l P

0.000 1.000 2,000(m) z
[ T ]

0.500 1.500

Details | Section Planes

27) Export the mesh file and name it room.msh

28) Close Ansys Mesh.

29) Open Fluent in 3D, selecting Double Precision mode and opening in parallel with 4 Processors.

30) Read in the coarse mesh file, room.msh, generated in step (28).

31) Turn on the Energy Equation and set the Standard k-w model as the Viscous Model.

transport model: Setup r— Model
\ Off Mixture Properties
— Models — Double = Setup e Species Transport Mixture Material
click on Species (Off) — = 2 E:o”;erfs' Non-Premixed Combustion mixture-template v || view...|

. . Premixed Combustion -
In the Spec|es Model eortinlhy Premixed Combusti [ImportCHEMK]II Mechamsm...]
22 Energy (On) oria ¥ Temes Do Number of Volumetric Species | 3
menu box set the Model &2 Viscous (Standard k-omega) Composition PDF Transport P

" Radiation (Oﬁ

optlon to SPECIES - Heat Exchanger (Off) eactions _
Transport — OK (leave £ Species (Off) Volumetric
+) J4- Discrete Phase (Off) .
all other settings as L2 Solidification & Melting (Off) Options [Select Boundary 5|}ec'|e5|
default) — You may see ) Acoustics (O et Difudton .
u u Y =} Structure (Off) | Diffusion Energy Source [SEIEC'C Reported Res'lduals]
a Warning that materials & Eulerian Wall Film (Off) Full Multicomponent Diffusion
. [0 potential/Li-ion Battery (Off) Thermal Diffusion
properties have + F waterials

+ [ cell Zone Conditions

Changed, |f SO, LC OK: -3 Boundary Conditions m Apply | Cancel | Hih]|

o
*) %o Inlet
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33) Set up species material properties to simulate moisture production in later steps: Setup — Materials — Mixture

— Double click mixture-template — In the Create/Edit Materials menu box ensure that the Material Type is

mixture — In the Properties list LC the Edit... button next to Mixture Species names — In the Species menu box
LC oxygen (02) in the Selected Species box — Remove — Repeat for nitrogen (n2) — LC air in the list of Available
Materials — Add — Check that h20 and air are the only Selected Species and that h2o is at the top — OK — In
the Create/Edit Materials menu box change the Density method from incompressible-ideal-gas to volume-
weighted-mixing-law — Also change both Thermal Conductivity and Viscosity methods from constant to mass-
weighted-mixing-law — LC the Change/Create button — Close:

Name
mixture-template

Chemical Formula

Properties

Material Type Order Materials by

mixture bt ® Name

Fluent Mixture Materials Chemical Formula

mixture-template v
[ Fluent Database... |
Mixture 3

none

- | [eranTa MDS Database...|

[User—Deﬁned Database...]

Mixture Species names

Density (kg/m3) incompressible-ideal-gas

Cp (Specific Heat) (j/kg-k) mixing-law

Thermal Conductivity (w/m-k) constant

0.0454

Change/Create | [Delete | HLIPV

/

Mixture mixture-template

Selected Species

Available Materials

oxygen (02) h2o
nitrogen (n2) air

fdd | Remove QEIH& el

Selected Site Species Felected Solid Species

Add | Remove

o) [cncl ()

Add | Remove
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Name Material Type Order Materials by
mixture-template mixture - ® Name
Chemical Formula Fluent Mixture Materials Chemical Formula
mixture-template v 1
[ Fluent Database... |
Mixture > £
p— + | [cRANTA MDS Database...|

[User— Defined Database... |

Properties
a
Density (kg/m3) volume-weighted-mixing-law ~ | Edit...
Cp (Specific Heat) (j/kg-k) mixing-law * | Edit...
Thermal Conductivity (w/m-k) mass-weighted-mixing-law ~ JEdit...
Viscosity (kg/m-s) mass-weighted-mixing-law ~ JEdit...

[Changeftreate | [Delete:‘ @ @|

Note: By default Fluent contains air, water, oxygen and nitrogen when the mixture template is used in the species
transport model. If you require other species (e.g. CO,) then you can access this using the Fluent Database... button
in the materials menu box, then find the species you want and copy across from the database. Also, the density,
thermal conductivity and viscosity weighting laws specified above are suitable for species transport. You can find
more details about the various methods in the Fluent User and Theory Guides.

34) Set the Gradient method to Green-Gauss Node Based and set discretisation schemes for Pressure, Momentum,
Turbulent Kinetic Energy, Specific Dissipation Rate, h2o and Energy to 2™ order (Solution — Methods).

35) Lower the residual tolerance for continuity to 1e-16 and set the number of Iterations to Plot and Store to 10000
(Solution — Monitors — Residual).

36) Set the inlet boundary conditions: Setup — Boundary Conditions — Double click inlet from the list to open the
Velocity Inlet boundary condition menu box — Set the Velocity Magnitude to 0.432 m/s — Change the
Turbulence Specification Method to Intensity and Hydraulic Diameter — Set the Turbulent Intensity to 5% and
Hydraulic Diameter to 0.375 m — LC on the Thermal tab — Set the Temperature to 293 K (This is the ambient
temperature) — LC on the Species tab — Set the Species Mass Fraction for h2o to 0.007 (This is the fraction of
water found in the air at an ambient temperature of 293 K and 50% relative humidity: this was obtained from a
Psychrometric Chart) — Apply — Close.

37) Set the outlet boundary conditions: Setup — Boundary Conditions — Double click outlet from the list to open
the Pressure Outlet boundary condition menu box — Change the Turbulence Specification Method to Intensity
and Hydraulic Diameter — Set the Backflow Turbulent Intensity to 5% and Backflow Hydraulic Diameter to 0.375
m — LC on the Thermal tab — Set the Temperature to 293 K — LC on the Species tab — Set the Species Mass
Fraction for h2o to 0.007 (The temperature and humidity is the same as the inlet condition which has the effect
setting the room ambient conditions to 293 K and 50% respectively) — Apply — Close.

38) Set the wall temperature: Setup — Boundary Conditions — Open walls boundary condition menu box (this should
consist of all walls except the cylinder) — LC on the Thermal tab — Select Temperature as the option for Thermal
Conditions — Set the Temperature to 293 K — Apply — Close.
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39) Identify a volume consisting of the first two layers of cells surrounding the cylinder from which to produce moisture
(i.e. perspiration): In the main ribbon LC Domain — Adapt — Refine/Coarsening... — In the Adaption Controls
menu — Cell Registers — New — Boundary... — In the Boundary Register menu box highlight cylinder in the
Boundary Zones list — Ensure the Option is Cell Distance — Set the Number of Cells to 2 — LC the Save/Display
button (You should see a message with the number of cells marked for adaption in the TUI, this should be around

TS e ]

Mame boundary_0

40) Separate the marked

gotions Humber of Cells Boundary Zones | Hilter Text = | =| = | = |
. H H 4 - —' -\/ -
cells: In the main ribbon [ ® Cell Distanc_]e 5 =] | | x:

LC Domain — Zones — Normal Distance  pistance Threshold (m) iﬂlfar;der

Separate — Cells... — Valuma Distanca | (§ outlet

Highlight both Boundary Volume (m3) walls
Ly 0

boundary_0 and solid in ————

the two lists — Separate 0

— Close:

Note: you should now see [Save,"[)isplay | lSa\re | [[Ioispla\,lr Options... | [Close | [Help |

two zones in the list of Cell
Zones Conditions in

Setup:slid s the in i =)

ide Opti ; — —
volume and solid:011 (the ptions Registers Zonas LFilter Text __O| _—'|
number may be different ® Mark  |'boundary 0 p— e :
. . . Region isolid
for you) is the tiny air

volume of two cells in
thickness surrounding the
cylinder.

| [Report | [Close | [Help |

41) Initialise the flow using Standard Initialization and Compute From the Inlet (Solution — Initialization...).

42) Rename the cell zones: In the Setup — Double click Cell Zone Conditions — Double click solid from the list — In
the Fluid boundary condition menu change the Zone Name from solid to air-room — Apply — Close — Repeat
to change the name of the other zone to air-cylinder.

43) Calculate the volume of air-cylinder: Results — Reports — Double click Volume Integrals — Change the Report
Type to Volume — Highlight both air-cylinder and air-room in the list of Cell Zones — Compute — Close (you
should see the two air volumes printed in the Console):

Report T Field Variable = ===
PO Vpe Cell Zones |Filter Text o | —_,| v | LY |
Mass-Average Pressure... ¥ ] J J J
Mass Int | air-cylinder
ass Integra Static Pressure "1 air-room
Mass @ |  T¥HE
Sum
Minimum
Maximum
* 8 Volume Total Volume Console
. 0
Volume-Average Total Vol (m3)
Volume Integral | | gaye oueput Parameter...| ————————————————————————————————————————
i air-cylinder 0.013215577
I — ! air-room 36.07473
Compute - <0 - s———
Het 36.08795
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45) Set source terms to represent heat and moisture production from the cylinder which is considered a simplified

manikin: Setup — Cell Zone Conditions — Double click on air-cylinder — In the Fluid menu box tick the box for
Source Terms — LC the Source Terms tab — LC the Edit... button next to Mass — In the Mass Sources menu box
increase the Number of Mass Sources to 1 — Change the option from none to constant and set the value to

0.0002325 kg/m3s — OK — Return to the Fluid menu box and use the vertical slider bar to locate h2o sources —
Set the Number of h20o sources to 1 and change the value to constant, setting this to 0.0002325 kg/m3s — OK —
Return to the Fluid menu box once more and locate Energy sources — Set the Number of Energy sources to 1 and

change the value to constant, setting this to 2.788 W/m? (i.e. approximately 4 orders of magnitude greater than

the mass and h2o sources) — OK — LC Apply in the Fluid menu box — Close:

Zone Name
air-cylinder

Frame Motion
Mesh Motion
Porous Zone

Reference Frame

Material Name  mixture-template - Edit...|

Laminar Zone Fixed Values

Mesh Mation Porous Zone 3D Fan Zone Embedded LES Reaction

Mass 0 sources

Source Terms

i

dit...

X Momentum 0 sources
¥ Momentum |0 sources
Z Momentum |0 sources
Turbulent Kinetic Energy 0 sources

Specific Dissipation Rate 0 sources

h2o 0 sources

Energy| 0 sources

Edit...

—_—

dit...

..
.

Edit...

ixed Values Multiphase

N_u'mbe-r of Mass sources | 1 =

1. [kgfma—s)[o.ooozazs -

m Cancel | [Hi—lp|

er of h2o sources 1 -

Mumber of Energy sources | 1

1. (kg/m3-5)(0.0002325

|- 1. (w/m3)|2.788

0 (o) o)

m Cancel | @l

Note: The mass and h2o (species) sources are calculated based on an assumed moisture production rate of 0.005

kg/m?/h which is typical for a human. The energy source accounts for the fact that the moisture will enter the solution

domain at the same temperature as the cylinder surface at 310 K (representing a human). More details of how to

calculate these sources is given in the Multi-Physics lecture slides.
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46) Set the wall boundary conditions on the cylinder surfaces: Setup — Boundary Conditions — Double click cylinder
— In the Wall boundary condition menu box — LC on the Thermal tab — Select Temperature as the option for
Thermal Conditions — Set the Temperature to 310 K — Set the Heat Generation Rate to 20 W/m3 — Apply —
Close.

47) Save the case file as room.cas.h5 in your Tutorials folder.

48) Run the simulation for 10 iterations and save the data file as room.dat.h5
Note how much longer the simulation takes compared to the 2D simulations you have run in previous tutorials.
You can use this case and data file to run a parallel computation on men-comp2 in the next tutorial to illustrate
the power and the benefits of High Performance Computing. It is not essential for you to do this as part of the

MECH5770M module; the final task below only relates to the mesh.

49) Close Fluent.

TASK 10

Using the outputs from this tutorial, please complete the following task. Looking back at the mesh you created in steps
(22) and (23), think about the following questions:

e Thinking critically, how can the mesh be improved?
e How could you assess the accuracy of solutions computed on this mesh?
e What tools do you have within ANSYS which can be used to improve the mesh?

Think about these questions and ask a demonstrator if you have any doubts.

Tutorial 14 Summary:
You have:

e Created a 3D solution domain using the Extrude operation to subtract volumes and imprint faces.

e Generated a tetrahedral mesh including a boundary layer mesh on the occupant.

e Separated a cell zone using the Adapt functionality.

e Set up a flow simulation including species transport to represent moisture production and relative humidity
in the room.

e Run the simulation for 10 iterations and saved the data for use in the next (optional) tutorial.

End of Tutorial 14
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MECH5770M: Computational Fluid Dynamics Analysis
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Tutorial 15 (OPTIONAL): 3D Flow in a Mechanically Ventilated
Room (ii) High Performance Computing

Tutorial 15 Outline:

e Use the case and data files created in Tutorial 14 to run High Performance Computing (HPC) simulation
e Modify a generic job submission script relating to the room case and data files.

e Create an input script which contains all the simulation commands.

e Log onto the School of Mechanical Engineering HPC cluster, men-comp?2.

e Submit a job to men-comp2 and monitor it.

e Briefly post-process the results after the simulation has run.

Prerequisites

1) Ensure that you have completed Tutorials 1-14 which cover the basics of CFD pre and postprocessing.

Notes

1) You MUST complete the tutorials in order otherwise you will struggle to complete later exercises.

2) Regularly save your work — programs do crash and you will lose unsaved work!

3) This document is written using ANSYS version 19.1, however, you may have access to different versions of the
software. If this is the case, some menus and screen outputs may differ slightly but you should still be able to
complete the tutorial.

4) The following acronyms are used throughout this document:
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1) This is an OPTIONAL tutorial which is not part of the assessment of MECH5770M. If you wish to undertake this
tutorial, then you will need to submit an I.T. request to ask for an account to be set up for you on the HPC cluster,
men-comp2. You can only complete this tutorial after you have an account on men-comp?2.

2) men-comp2 is a resource specifically for undergraduates and MSc students to run simulations quickly, for example
as part of projects. men-comp?2 allows you to run parallel CFD simulations which are much faster to run than on
an ordinary PC or laptop. The purpose of this tutorial is to introduce you to men-comp2 and use it to run a
simulation with 8 processors (also known as cores). In total, men-comp2 has 268 cores split over 21 nodes (as of
November 2017), each containing between 4 and 32 cores each. In order to run a simulation you will need:

i. A Fluent case file which contains your mesh and has your boundary conditions and solver settings
prepared.
ii.  AFluent data file (unless you have no data and wish to initialise, as you have done in many of the previous
tutorials).
iii. A job submission script which specifies the resources i.e. job name, number of cores and memory
requirements (RAM).
iv.  Aninput script containing the list of simulation commands.

3) You only need to complete this step if you are on campus, if you are using your own machine this step is not
necessary and you should go to step (5). Map a network drive to access men-comp2: From the Windows start
menu open My Computer (this may be the name of the PC you are working on e.g. MEN-PC1234) — To map the
network drive to men-comp2, type: \\men-comp2\username into the location box then press the Enter key
(username is your username e.g. mn00abcd, a different one is shown below):

s
1M \V\men-comp2iusername

Organize = System poperties Uninstall or change a program Map network drive Open Coni
0 Favorites — 4 Hard Disk Drives (3]

4 Downloads 0SDisk (C:)

=l Recent Places ﬁ_l -

B Desktop 394 GB free of 292 GB

R —
¥ Metwork » men-compd » cencag b _

Organize « Burn MNew folder

Note: For the remainder of this tutorial, you will see cencag as the username in many of the images, however, you
will see your own username on your computer screen.

4) Once you have successfully mapped the network drive to your folder on men-comp2, create a sub-folder called
room: this will contain your simulation files.

5) In your Tutorials folder locate the files room.cas.h5 and room.dat.h5 which you created in Tutorial 14 and copy
them to the room folder created in step (3) above.
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Note: If you haven’t completed Tutorial 14, a copy of these files are available on MINERVA — MECH5770M —
Learning Resources — Slides, Tutorials and Extra info — Support files for Tutorial 15 (OPTIONAL).

Note 2: As of September 2020, the most up-to-date version of ANSYS available on men-comp2 is ANSYS V19.
Therefore, you will not be able to use the files you created in Tutorial 14. However, the sample files described

above will allow you do complete this tutorial. I.T. will be updating men-comp2 with ANSYS 2020 R2 at some

point in October/November 2020 so your own files will probably work by then. If you do use the files provided

(created in ANSYS V19), you will notice that the file extension is .cas.gz whereas this is now .cas.h5 (in ANSYS

2020 R2 or later versions).

6) Copy the generic job submission script called men-comp2-fluent-script.sh to your room folder which is on

MINERVA — MECH5770M — Learning Resources — Slides, Tutorials and Extra info — Support files for Tutorial

15 (OPTIONAL): You may need to unzip the file before you can use it. This script is shown below:

#!/bin/sh

#

# Name of your simulation given after "-N" below.
# Ensure this begins with a character and NOT a

# number and make sure there are no spaces: use

# dashes and underscores otherwise the job will

# fail.

#

#$ -N job-name

#S -cwd
#S -3 vy
# _________________________________________________

# Line below specifies the amount of RAM per core.
# Use 1 for small jobs and 2 for larger ones.
# ONLY use 1 or 2 - jobs will NOT RUN with more.

Line below specifies the number of cores for your
simulation. This script is set up for 8 cores.
Try to use 4,8 or 12. Maximum of 12 cores
permitted otherwsie simulation will not run.

#

# This script is for 3d models. If you are running
# in 2d, change "3ddp" to "2ddp" below. Finally,

# "input" is your input file for controlling the

# fluent job. Make sure you include this in the same
# directory as your Fluent case file.

#

fluent 3ddp -g -i input.txt
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Note: The script on the previous page contains comments explaining what some of the commands actually do. You
will notice that 5 parts of the script are highlighted above. These are the only parts of the script you should change.

They are:

job-name The name of the simulation or job which you submit. Always begin the job name with
characters (never numbers) and use a continuous name e.g. fluent-job-001.

1G This is the amount of RAM per processor or core. Only ever use 1G (1 Gigabyte) or 2G

4 This is the number of processors or cores which you will use. Always use at least 4 cores but
specifying any more than 32 will mean the job never runs. It is recommended that you specify 8,
12, 16 or 20 cores. Remember, this is a shared machine so respect other users and refrain from
hogging all the resources!

3ddp This requests the 3D double precision Fluent solver. Change to 2ddp for 2D simulations.

input.txt This is the name of the input file which contains the list of commands used to run your Fluent
CFD simulation. You can change this name, but make sure it is a continuous file name (e.g. input-
12) with the extension .txt at the end and make sure you have an input file with that name.

7) Inyour room folder, change the filename of your job submission script from men-comp2-fluent-script.sh to job.sh.
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8) Open job.sh in a text editor and change job-name to room-sim and change the number of cores to 8. It is
recommended that the text editor you use is Notepad++ and to find this you can highlight the file job.sh — right
click the mouse — LC on Edit with Notepad++ — Change the job name and number of cores — File — Save
(Note: Alternatively you can also use the text editor Wordpad to make the necessary changes):

m .. ¢ MNetwork » men-compd » cencag b room - -

Organize * Open = Burn MNew folder

e

Mame Date modified Type

I Favorites
Dg. Downloads Q{ =] job.sh Open 09:49 SH File
=] Recent Places || room.cas.gz 1.7i , 00:47 GZFile
-£i
B Desktop || reom.dat.gz P 00:50 GZ File
CRC SHA »
B Libraries »D{ Edltw‘lﬂ'.'l MNotepad++
J’ Music Open with...
[ Pictures B Scanforthreats...
E Videos
[ \umen-comp2\cencagiroomjob.sh - Notepad++ Lglﬂu
M pEM-PC4102 | | File Edit  Search View Encoding Language Settings Macro Run  Plugins  Window 7
&, 0SDisk (C2) X
w Mot Backed [ | sEE R 2 --é@” *’@lﬂﬁﬂlﬂh th s 4 —%lﬂiﬁliﬁl c“ >
& cencag (Y| = iob sh ml |
5 shared (\\ds| 1 [H#!/bin/gh I'
—a Local Disk { 2 $f ——————————————————————————
= $# Thi=z i= a script for running Fluent on men—-compl
“'! Metwork = : ____;___; ________________________________________
= $% -5 /bin
M sommssg ||| DT T =
u-";l ADMINIS-O T # Name of your simulation given after "-N" below.
] # Ensure this begins with a character and NOT a
9 # number and make sure there are no sSpaces: use
10 # dashes and underscores otherwise the job will
11 # fail.
12 £k
13 #% -N room-gim I
14 35 —gud
15 5 -3 v
16 I
17 $# Line below specifies the amount of RAM per core.

$ Use 1 for small joks and 2 for larger ones.
$# ONLY use 1 or 2 - jobs will NOT RUM with more.

Line below specifies the number of cores for your
¢t simulation. This script is set up for 8 cores.

F

F

$# Trv to use 4,8 or 12. Maximum of 12 cores

# permitted gtherwsie simulation will not run.

| RIS T O R  T
S T ¥ B S U R T e R Y= I ]

w mo-

30 $# Thi=z =cript iz for 3d models. If you are running
31 $# in 2d, change "3ddp" to "2ddp" below. Finally,

32 # "input" is your input file for controlling the

2 # fluent job. Make sure you include this in the same
EhET # directory as yvour Fluent case file.

35 -4 X
36 fluent 3ddp -g -i input.txt

37

leng Ln: 28 Col:12 S5el:0]0 UNIX ANSI as UTF-8 NS
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9) Create the input file which controls the simulation: To do this, highlight the text below — copy — Open either
Notepad++ or Wordpad — paste — save the file as input.txt

; An input script for running Fluent CFD Simulations
; Written by Dr Carl Gilkeson 13/11/2017

; Any line which starts with ; is not recognised by fluent
; and so you can add comments to your script

; Read in the case file

; Read in the existing data file

4

; Write the data file by over-writing the one you
; read 1n earlier.

file/write-data room.dat.gz
yes

; Note: 1f you have no data file to read in before
; you start the simulation, then you will need to

; include the initialise command. This is given

; below (remember to remove the ; symbol if you use
; this command) :

; solve/initialize/initialize-flow

10) If you are using your own machine, go to the next step. If you are on campus, check that your room folder on men-

comp?2 contains the four files: input.txt, job.sh, room.cas.gz and room.dat.gz as shown below. Note that the case and
data file has the extension .gz but this is .h5 for any files created in ANSYS 2020 R2 or later.

Organize + E Open = Print Burn Mew folder = « O @
< Favorites Name : Date maodified Type Size
& Downloads || input.tt 13/11/2017 09:45 Text Document 2 KB|
5l Recent Places || job.sh 13/11/2017 1313 5H File 2KB
B Desktop || room.cas.gz 13/11/2017 00:47 GZ File 6,178 KB
|| room.dat.gz 13/11/2017 00:50 GZ File 37,306 KB
4 Libraries N—
AH Music
[ Pictures
E Videos

Written by Dr Carl Gilkeson © School of Mechanical of Engineering, University of Leeds, 2020. All rights reserved. 197



MECH5770M Tutorial Handbook

11) Download the portable version of MobaXterm: In a web browser search for https://mobaxterm.mobatek.net/ —
LC on the link to GET MOBAXTERM NOW! — LC on the Download link for the Home Edition — In the next window
click on the for the Portable Edition — After you have saved the zipped folder, open it and double click on the
executable which will look something like this: MobaXterm_Personal_10.4.exe — Whether you unzip the file so
or not, LC on the Run button — Now the MobaXterm program will open which allows you to access men-comp2:

Terminal  Sessions  View  Xserver Tools Games Settings Macros  Help

&) E = A ® B v EH & 2 0

Session  Servers Toaols Games  Sessions View Split MultExec Tunneling Packages Settings Help ¥ server

Quick connect... %1 Home ar

! MobaXterm

[£] New session |

- .
.. User sessions

Find existing session or server name...

n
[=]
=]

=

Welcome to MobaXterm

™. Macros

Press <return: to start a new session

CyguUtils plugin not found on your system.

UNREGISTERED VERSION - Please support MobaXterm by subscribing to the professional edition here: http: /jmobaxterm. mobatek. net

12) LC on the New session button — Enter men-comp2 into the Remote host field — LC on the OK button:

[ Session settings ﬁ
I

N @ B X E @B @ @ ¥ @ m @ x

SSH | Telnet Rsh Kdmcp  RDP VNC FTP SFTP  Serial File Shell  Browser Mosh  Aws 53

Basic SSH settings |

| [ Remate host * men-comp2 ] [] Specify username Port 22 %

‘ Advanced SSH seﬁir& | B Terminal settings '_3: Metwork settings | Bookmark settings ‘

SeclNre Shell (S3H) session

' oo |
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13) You will then see a black window (called a terminal) and you are asked to login as: so enter your username and
press Enter on the keyboard. You may also be asked to enter your password then you will be logged into men-
comp2:

Terminal  Sessions  View  Xserver Tools Games Settings  Macros  Help

E % % s A B B Y B & & 0 X ©

Session  Servers Toals Games  Sessions View Split MultExec Tunnelng Packages Settings Help ¥ server Exit

Quick connect a1 [%] 2. men-comp2 * @}

Uiser sessions

men-comp2

Terminal  Sessions  View  Xserver Tools Games Settings  Macros  Help

E % % s A B B Y B & & 0 X ©

Session  Servers Toals Games  Sessions View Split MultExec Tunnelng Packages Settings Help ¥ server Exit

Quick connect a4 1. Home [%]2. men-comp2 : @}

] ° A . 1 16. 4

ihomelmen-comp2/cencag/ (S5H client, X-server and networking tools)

Marme session to ce

r H compression : «
.ansys SSH-browser T
T
H—

Sessions

cache X11l-forwarding (remote display 1s forwarded through SSH)

DISPLAY (automatically set on remote server)
.config

mozilla For more info, ctrl+click on help or visit our website

.ssh

& Tools

natalie
room Last login: Mon Nov 13 09:46:48 2017 from men-pcd4le2.leeds.ac.uk
.bash_history [cencag@men-comp2 -

.bash_logout
.bash_profile
.bashrec

.oxdayout.ini
\ frecent /

4 m 3

Sftp | %, Macros

Follow terminal folder

UNREGISTERED VERSION - Flease support MobaXterm by subscribing to the professional edition here: http://mobaxterm.mobatek.net

14) If you are using a machine on campus, go to the next step. If you are using your own machine, drag and drop the
room folder from your computer to the file area within MobaXTerm shown with the red box above. This will ensure
that all files are copied to your home area on men-comp?2.
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15) Display the resources available on men-comp2: In the terminal type gstat —f and press Enter on the keyboard:

* |2 cencag@men-comp2~

[cencag@men-comp? ~]5 gstat -f
qtype resv/used/tot. load_avg arch

1x-amd64
all.g@nodeld.men-comp2.leeds.a BIP B/0/12 8.01 1x-amd64

all.g@nodell.men-comp2.leeds.a BIP @ ¢ 4.02
2941 0.50500 bfs_601 menblh 11/13/2017

all.qg@nodel2.men-comp2.leeds.a BIP  B/4/2C 3.98
2942 0.50580 bfs 6ol menblh 1171372017

all.g@nodel3.men-comp2.leeds.: /8712 a.01

all.g@nodeld.men-comp2.leeds.a BIP  0/4/16 4.01
2044 0.50508 ffs_@015 menblh 13/2

all.g@nodelS.men-comp2.leeds.a BIP 98
2940 0.50500 bfs_601l menblh 11/13/20817 B9

all.g@node2.men-comp eeda ac BIP
2046 0.50500 ffs_0035 menblh

all.g@node3.men-comp2.leeds.ac BIP
2945 0.50560 ffs_e825 menblh

all.g@nodeS.men-comp2. 1eeda.ac BEIP
2043 0 8 bfs_eal menblh

.605008 DPW6 mnl4tp
[cencag@men-comp2 ~1% l

You should see the table above which is referred to as the queue. The first column, queuename, lists the identification
of each node in the queue. The third column lists the status of the cores in the form reserved/used/total; total is the
number of cores on each node and used is the number of those cores which are currently in use (you can see that the
user, menblh, has a number of simulations running in the above image). The fourth column shows the average load
on each node. Typically, the load is equal to the number of processors used so if 8 cores are in use on a node, the load
is likely to be 8.00 for Fluent simulations (this number varies for other software packages running on the machine).
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16) Type clear and press Enter (this clears the screen) — Change the directory (a folder) to room and list the files in
the directory: In the terminal type cd room — Press Enter — type Is — Press Enter:

[* |2 cencag@men-comp2:~froom

[cencag@men-comp2 ~1% cd _room
[cencag@men-comp2 room]s ls

input.txt job.sh room.cas.gz room.dat.gz
[cencag@men-comp2 roomls i

Note: cd means change directory and Is means list the files in the directory. These are both types of Linux commands.
men-comp2 uses the Linux operating system instead of Windows and so you need to use a small number of these and
other commands to navigate directories and run/manage simulations. You should also notice that the list of files
(shown in green) are those you placed in the directory room in previous steps.

17) Submit the job (simulation) to men-comp2 to run the simulation: In the terminal type qsub job.sh — Press Enter:

[* |2 cencag@men-comp2:~froom

[cencag@men-comp2 ~1% cd room
[cencag@men-comp2 room]s 1s

input.txt job.sh room.cas. oz room dat.gz
[cencag@men-comp2 room]$ gsub job.sh

Your job 2947 ("room-sim") has been submitted
[cencag@men-comp2 room]s

The command qsub submits the job submission script (job.sh) to the queue. You will see a message in the console
saying: Your job 1234 (“room-sim”) has been submitted, where 1234 will be your job-ID number which in the case
shown here is 2947. Note: If you need to delete your job for whatever reason (e.g. specifying incorrect case file name),
in the terminal type: qdel 1234 (where 1234 is the job-ID). After a few minutes, the job will be deleted.

18) Show the status of any of your jobs in the queue: In the terminal type qstat — Press Enter:

[cencag@men-comp2 roomls gstat . )
job-1ID user state submit/start at queue slots ja-task-ID

menblh : : all.g@node5.men-comp2.le
menblh 3/ ¢ all.g@node3.men-comp2.le

SRASAN S.menhlh T 2211 ‘ a2 _men.comn2 lo
2947 B8.685080 5 cencag 5 all.g@nodel5.men-comp2.leeds.:
2924 0, JPWE mnlatp 2 1
[cencag@men-comp2 roomls [

You will now see your job in the queue. From left to right the columns show:
e job-ID: This is the job identification number which is unique to each simulation.
e prior: The priority of your job (this priority level reduces as you submit more and more jobs so if you submit
multiple jobs, then your jobs will have smaller priority than somebody who hasn’t submitted many.
e name: The name of your job (specified in your submission script job.sh).
e user: Your username.
e state: The state of the job (r = job running; qw = queue waiting; tr = job is transitioning from qw to r).
e submit/start at: This shows the date and time that you submitted your job.
e queue: This shows which node you are running on in the queue.
e slots: This shows how many cores (processors) you have requested (this was set to 8 in job.sh)
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19) Show the list of files in your directory: In the terminal type Is — Press Enter:

rrpnrqmampn comn? rnnm]’ ]‘1
cheanup fluent-nodels. men-compz2. leeds.ac.uk-10862.sh 1nput.txt job.sh room.cas.gz room.dat.gz room-sim.o02947

LLCIIL:HLHIIIC‘II LuIIIpL IUUIIIJ .

Note how the number of files has increased compared to step (17). A cleanup file has appeared but this will vanish
when the simulation is complete (if it doesn’t you can delete it after the simulation has ended). You will see that two
new files have appeared and the one of interest to you is the output file which has the form: job-name.01234 where
job-name is room-sim in this case and 1234 is the job-ID number which is 2947 for the example shown. Obviously your
job-ID will be different.

If your job is waiting in the queue (status = qw) then these extra files will not be visible; they only appear when the
simulation actually starts. When the machine is busy, you may have to wait for resources to become available for your
simulation to run.

20) View the tail (bottom) of the output file to observe the simulation progress: In the terminal type tail —f room-
sim.01234 where 1234 is your job-ID — Press Enter:

[cencag@men-comp2 room

42 1.1438e-03 2 . U3 JdejGE .08142-06
contlnu1tv b ) y elocity energy
43 1. . y i

The tail -f command shows the live output from the simulation. As you are remotely accessing men-comp2, you can
monitor the simulation progress with this command and judge how it is progressing from the residual levels and any
solution monitors that you may have set up. The output file will update periodically so if it looks like the screen has
frozen, be patient and the file will be updated. This simulation should take approximately 4 minutes. You will also
receive emails when each simulation starts and ends.

21) Once the simulation has finished, exit the tail -f command: On the keyboard press Ctrl + C:

.0144de- 04

Wl Wb

; erte the a file by over-writing the one |
; read 1n ear1ler

flle;wrlte—data room.dat.gz

The file "room.dat.gz" already exists.

0K to overwrite? [cancel] yes

wWriting "| gzip -2cfv = \"room.dat.gz\""...

3.8%

-
k]
Done.

[cencag@men-comp2 room]s I
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22) List the files in the directory with date stamp information: In the terminal type Is —=It — Press Enter:

[cencag@men-comp2? room]s| 1s
total 43186
-MW-r--r--. cencag Domain Users 2935 3 15:20 room-sim.02947
-MWXr--r--. cencag Domaln 3 3 :

-MWXr--r--. cencag Domain U: 475 3 13:13 jo

-rwxr--r--. 1 cencag Domain Users 632574 3 147 room.cas.gz
[cencag@men-comp2? room]$ l

1

-rwxr--r--. 1 cencag Domaln Us 37805749 3 15:20 room.dat.gz
1 3 '
1

This command lists the files in order of which one was saved most recently. You will see that the output file is the most
recent one, with the simulation data file slightly older. This confirms that the simulation file was written just before
the end of the output file, which is consistent with the list of commands you have used in the input file.

23) Check your disk space quota: In the terminal type quota —v — Press Enter:

[;encag@men—comp2 room]$ quota -v
Disk quotas for user cencag (Uid Z58988): _ .
Filesystem blocks quota limit grace files gquota limit grace

fdevfmapﬁérfmyvg p2_a

52 ] ]

This shows how much data you have stored on men-comp2 (blocks), what your quota is (quota) and the absolute limit
(limit). Your quota will typically be 1Gb or 2Gb and if you go over this, your simulations may not work because there
will be insufficient disk space to save the data files and/or output files. If you exceed quota, and you are under limit
then you have 7 days to remove files to free up disk space, before files are automatically deleted.

24) Now that your simulation is complete, log out of the terminal: On the keyboard press Ctrl + D (You will need to
open MobaXterm again if you wish to run other simulations).

25) From the network drive created in step (2), copy the simulation data file, room.dat.gz and the output file, room-
sim.01234 (where 1234 is your job-ID) to your Tutorials folder on the N drive or wherever you are saving your files.

26) Open the output file in Notepad++ or Wordpad: (see next page)
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File Edit 5earch View Encoding Language Settings Macre Run  Pluging Window 7 X
cHEHR T LE| s Mk 2C | thial tx|BE —=:.l'i||j|E|E|E|LE?i||ﬁ
Eiob.shd Emcmsim.oZM? E!|

1 /home/shared/software/angys/17.1/v171/fluent,/fluentl7.1.0/bin/fluent -rl7.1.0 3ddp -g -i input.gxt -
2 /home/shared/software/ansys/17.1/v171/fluent/fluentcl7.1.0/bin/fluent -rl17.1.0 3ddp -g -i input.LxL -Sgeup ?
3 /home/shared/software/gngsys/17.1/v171/fluent/fluentl?.1.0/cortex/ lnamdé4/cortex.17.1.0 -f fluent —-g -j input| ‘
4 /home/shared/software/ansys/17.1/v171/fluent/fluentl7.1.0/bin/fluent -rl17.1.0 3ddp -pmpi-auto-selected -host
5 /home/shared/software/gnsys/17.1/v171/fluent/fluentl7.1.0/bin/fluent -rl17.1.0 3ddp -pmpji-auto-selected -host
& Starting /home/shared/software/gngys/17.1/v171/fluent/fluent17.1.0/1lnand64/3ddp host/fluent.17.1.0 ggg host
8 Welcome to ANSYS Fluent Release 17.1
9

10 Copyvright 2016 ANSYS, Ing.. A1l Rights EReserved.

11 Unauthorized use, distribution or duplication is prohibited.

12 This product is subject to U.S5. laws governing export and re-export.

13 For full Legal Notice, see documentation.

15 Build Time: Apr 13 2016 01:02:01 EDT Build Id: 10122 Revision: 893484

Thiz iz an academic wversion of ANSYS FLUENT. Usage of this product
license iz limited to the terms and conditions specified in your ANSYS
licen=e form, additional terms =section.

=l

Host spawning NHode 0 on machine "nodel5.men-comp?.leeds.ac.nk” (unix) .

/home/shared/software/gnsys/17.1/v171/f1luent/fluentl7.1.0/bin/fluent -rl17.1.0 3ddp -flux -node -alnamd&4 -t@
/home/shared/software/gansys/17.1/v171/f1luent/fluentl7.1.0/bin/fluent -rl7.1.0 3ddp -flux -node -alnamd&4 -t@
Starting /home/shared/software/agngys/17.1/v171/fluent/fluentl7?.1.0/multinort/mpi/ Inamdé4/penpi/bin/mpirun -e

B T T O N

S oo
-
[=]
O
o
H
m
2
0
o
=
[=]
e
0
&)
o
5]
H

n0-7 nodelS5.men-comp2.lee 8/32 Linux-64 11506-11513 2aMD Qpteron(TM) 6272
host nodelS.men-comp?.lee Linux-64 10862 EMD Opreron (TM) 6272

oW R

MPI Cption Selected: pgmpdi

wn

Selected system interconnect: mpi-auto-selected

@

=]

Initializing SGE
Done.

(SR

Cleanup script file iz /home/men-comp?/cencag/room/cleanup-fluent-nodels.men-comp2.leeds.ac.uk-10862.2h

Reading journal file input.txt...

B W R

-

2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
4
4
4
4
[

n | "

MNormal text file length : 729035 lines: 772 Ln:1 Col:1 Sel:0]0 UNIX AMSI as UTF-8 INS

The output file contains everything Fluent has Fluent Launcher - O X
done in the simulation. This is the same as the - Launch
. . . uent Launcher
information you see in the Console or TUI
when you open Fluent interactively. In cases Dimension Dptions
. . . . . O Double Precision
where simulations fail, the output file will @ [ Meshing Mode
often contain clues of what happened and Display Options Processing Oplians
why e.g. divergence detected. It is good e e ® seial
. . . L Wwiarkbench Colar Scheme ) Parallel
practice to put each new simulation in its own
. . . ACT Optiot

directory to avoid potential problems of [ Load ACT
having too many files.
27) On your PC, open Fluent in 3ddp serial

mode (i.e. one processor). [ Show More Options
28) Read in the case and data files,

room.cas.gz and room.dat.gz. Defaul Cancel Help ¥
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29) Using the Sweep Surface tool which is in the Task Page (In the Tree — Results — Double click Graphics), create a

vertical plane at x=2.1m which is in the centre of the room (recall Tutorial 8 which shows you how to do this).

30) Change the background colour to black (recall step 5 in Tutorial 6).

31) Display filled contours of Species... and Relative Humidity on the plane you have just created. Change the Scale to

range from 30-50% relative humidity. To do this turn off Auto range and enter the values 30 and 50 for Min and

Max values respectively. Also show the mesh outline and you may need to turn off the lights on the top ribbon,

under the Viewing tab:

Colorrmap Options...

walls:DH

Mew Surface

[ Partitions

Shrink Factor

B contours Ly
Contour Mame
|cn:|nt|:|ur-1 |
Options (Contours of )
Fillzd Species... -
Gll:ub_al F':an;e | Relative Humidity v|
Min Max
[ ] Auto Range
Clip to Range 30 JEE |
Draw Profies Surfaces |Firer | B Mesh Display X
Draw Mesh
watgrior-solid:00{  Options Edge Type P— ====s=
Surfaces |Filter Text = = = =
_ interior=edid:01 Modes All | | ° ¥ ¥ X
Coloring outlet Edges (®) Feature Py
@ Banded walls ] Faces O Outline | interior-selid
O Smooth interior-salid: 004

Feature Angle

interior-zolid:009
interior-solid:010

Close

Help
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outlet
|E| | |2|3 walls
Save/Display | | C{ ' putline Interior walls:011
Adjacency... Mew Surface =
Display | | Colors...
Contours of Relative Humidity (%6) ] \

File

@, Setting Up Dormain

L)

Display
[] Headligh
Axes

[] Lighting

Views...

Options...

Camera...
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You will notice that the relative humidity is less than the ambient value of 50% around the cylinder. This may seem
counter intuitive because the cylinder is producing moisture using the source term for water vapour (h20) created
in Tutorial 14. However, the key to this observation is in the definition of relative humidity. Quantifying moisture
content in the air using relative humidity is always done relative to the saturation value at a given temperature,
so absolute variations in humidity are unaccounted for with this quantity. Hence low relative humidity values at
high temperature may exhibit greater water content per unit volume of air than for high relative humidity at a
lower temperature. This can clearly be seen on a psychrometric chart as will be shown in Lecture slides 10.

32) On the same plane as in the previous step, display contours of Species... and Mass fraction of h2o. Change the
Scale to range from 0.007 to 0.008 (Recall from Tutorial 14 that 0.007 is the ambient mass fraction of water
determined by your inlet and outlet boundary conditions).

= Contours of Mass fraction of h2o =K

This is a better way of showing the moisture content in the air; the moisture source term is increasing the mass
fraction of water near the cylinder and where air movement is limited.
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33) Create a Pathlines plot, releasing points from the inlet with the number of Steps = 5000, Path Skip = 5, colour the
pathlines by Velocity Magnitude using coarse-cylinders, show the mesh outline and turn lights on:

B pathlines x
Pathline Mame
| pathlines-1
Options Style Color by
E Oil Flowy coarse-cylinder | velocty... -
Reverse :
Attributes... ; : "
Mode Values _ ) Velocity Magnitude)
Auto Range Step Sze (m} Tolerance e x (1
# Draw Mesh 0.01 0.001
[ Accuracy Control | Steps Path Skip N
Relative Pathiines | (5000 SIE z] Release fom Surfaces [Filter Text = = =T =
O X Plot
Path Coarsen lind ~
R )
Type e interior-solid
CFD-Post — interior-solid: 004
cylinder interior-solid:00%
inlet interior-solid:010
= = outlet autlet
0Nt walls walls
single walls:011 wall:011 v

Colormap Options...

Save/Display | | Pu

\

(] Highlight Surfaces
MNew Surface -

Compute | | Axes Curves Close

Help

5
3
0

3.
3
2
2
2.
2.
1

1.
1.
1

5:
2.
0.
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34) Display the residuals: On the top ribbon — Postprocessing — Plots — Residuals... — Plot:

= Scaled Residuals =

1e+02
1e+1
1e+00
1e-01
1e-02
1e-03
1e-04
1e-05
1e-06

1e-07

100 150 200 240 300 340 400 440 00

lterations

You should notice that the simulation hasn’t actually converged yet, however, the short simulation you carried out
shows you how to set up HPC simulations which is the main purpose of this tutorial. You are now able to run
simulations for longer by increasing the number of iterations in the input file. Furthermore, you will notice that
the residual plot has extra residuals for energy (temperature) and h2o (water species).

Another important point is that the near-wall mesh requirements for suitable y+ values has been neglected in this
indoor airflow problem. This is perfectly valid because the near-wall effects are not important in this situation, the
bulk airflow patterns are of more interest and these occur within the main air volume i.e. not near walls. If you
were concerned with particle deposition on walls, then the near-wall mesh requirement would be important,
requiring attention.

35) Save the case file and close Fluent.

Tutorial 15 Summary:

You have:

e Mapped a network drive to the High Performance Computer (HPC), men-comp?2.
e Logged into men-comp2 using MobaXterm.

e Modified a generic job submission script to specify HPC resource requirements.
e Created an input script which contains all the simulation commands.

e Submitted a job to men-comp2 and monitored the simulation output.

e Carried out some brief post-processing having copied the data file back from men-comp2 to your PC locally.

End of Tutorial 15
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End of document

Written by Dr Carl Gilkeson © School of Mechanical of Engineering, University of Leeds, 2020. All rights reserved. 209



