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What is Computational fluid dynamics?

Computational fluid dynamics, usually abbreviated as CFD, is a branch of fluid
mechanics that uses numerical methods and algorithms to solve and analyze problems that
involve fluid flows. Computers are used to perform the calculations required to simulate the
interaction of liquids and gases with surfaces defined by boundary conditions. With high-
speed supercomputers, better solutions can be achieved. Ongoing research yields software
that improves the accuracy and speed of complex simulation scenarios such
as transonic or turbulent flows. Initial experimental validation of such software is performed

using a wind tunnel with the final validation coming in full-scale testing, e.g. flight tests.
Experiments vs. Simulations

CFD gives an insight into flow patterns that are difficult, expensive or impossible to

study using traditional (experimental) techniques

Experiments Simulations
Quantitative description of flow phenomena | Quantitative prediction of flow phenomena
using measurements using CFD software
« for one quantity at a time « for all desired quantities
« at a limited number of points and time « with high resolution in space and time
instants « for the actual flow domain
« for a laboratory-scale model « for virtually any problem and realistic
« for a limited range of problems and operating conditions
operating conditions Error sources: modeling, discretization,
Error sources: measurement errors, flow iteration, implementation
disturbances by the probes

As a rule, CFD does not replace the measurements completely but the amount of

experimentation and the overall cost can be significantly reduced.

Experiments Simulations
Equipment and personnel
« expensive + cheapler)
are difficult to transport
« slow « fast(er)
CFD software is portable,
« sequential « parallel
easy to use and modify
« single-purpose » multiple-purpose




The results of a CFD simulation are never 100% reliable because

the input data may involve too much guessing or imprecision
the mathematical model of the problem at hand may be inadequate

the accuracy of the results is limited by the available computing power
CFD - how it works

Analysis begins with a mathematical model of a physical problem.
Conservation of matter, momentum, and energy must be satisfied throughout the
region of interest.
Fluid properties are modeled empirically.
Simplifying assumptions are made in order to make the problem tractable (e.g.,
steady-state, incompressible, inviscid, two-dimensional).
Provide appropriate initial and boundary conditions for the problem.
CFD applies numerical methods (called discretization) to develop approximations of
the governing equations of fluid mechanics in the fluid region of interest.

- Governing differential equations: algebraic.

- The collection of cells is called the grid.

- The set of algebraic equations are solved numerically (on a computer) for

the flow field variables at each node or cell.
- System of equations are solved simultaneously to provide solution.
- The solution is post-processed to extract quantities of interest (e.¢. lift, drag,

torque, heat transfer, separation, pressure loss, etc.)




Pre-processing Solving
« Grid Modeling « Solve the governing « Visualization & Animation
- Numerical formula equations - Velocity
- Set boundary regions - Set Boundary conditions - Pressure
- Governing equations - Matrix Solving - Temperature
- 3D/2D modeling - Convergence Criterion - Flow path
- Generation of grid - Steady or Unsteady

Volvo S80

PDE
(Governing Equations)

Discretization

Algebraic Equations
+ - x +)

Applications of CFD

Biomechanics



OO0 WG SYSTEM ANALYVSIS

Electronics

Environmental Engineering



Automotive Engineering and Aeronautical Engineering

Civil Engineering

Agricultural Engineering



Student Project

Simulation of Turbulent compressible flow around the bullet trains

This project is to study the simulation and analysis of the aerodynamics behavior of
turbulent flow around the head coach of bullet train with normal and kingfisher design,

under the condition of compressibility flow. this project is to study speed at 300 and 500



km/hr. the tunnel size of 6.4m and eight train bogies are investigated in simulation. the
project operational were analyzed by means of CFD method. The initial, create the head
coach of bullet train by using SolidWorks 2013 program. Then simulation and analysis of fluid
dynamics using Ansys Fluent 14.0 program. the results showed that a original coach have
pressure darg more than a kingfisher coach. and shear forces acting on the front coach of the
kingfisher can reduce the shear forces acting on the front coach down. and a maximum
pressure occurs at the front of the kingfisher coach can reduce which a kingfisher coach

through quiet sound to tunnel. and so causes a kingfish coach better original coach.
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Flyak

The boating “Speed” is important. Such as Kayaking, one of the variables that affect
the speed of kayaking is drag force .Drag force arises partly from the surface of the kayak and
water. Reduction between surface of the kayak and water is one of choice to reduce drag
force with Lift force from Hydrofoil .Hydrofoil will install under kayak for generate lift force to
rise kayak floating up water surface. This project is a study of simulation and analysis of the

kayak was equipped with hydrofoil. The objectives want to design about size and location of



the hydrofoil for install on kayak. And to see about the behavior of water flow through the
kayak. Comparison between the drag coefficient of kayak without hydrofoil and kayak is
equipped with hydrofoil. The simulation and analysis of fluid dynamics using Ansys Fluent
12.0 program by velocity of flow is 5.5 meters per second ,type of hydrofoil using the
NACA0012 and choose the angle of attack is 8 degree because at this angle give lift force
enough to floating up kayak from water surface. From result of simulation, drag force of
kayak is equipped with hydrofoil has drag force less than kayak without hydrofoil. And from
this result showed drag force can reduce from the surface of the kayak and water by this
method. In addition of drag force from the surface of the kayak and water ,A drag force are
not considered in the simulation and analysis of fluid dynamics with Ansys Fluent 12.0. That
is one of drag force from wave drag. If other project will study about simulation of kayak or

boat, drag force from wave will should be taken into consideration.

Introduction to ANSYS Workbench

Welcome to the world of Computer Aided Engineering (CAE) with ANSYS Workbench.
If you are a new user, you will be joining hands with thousands of users of this Finite
Element Analysis software package. If you are familiar with the previous releases of this
software, you will be able to upgrade your designing skills with tremendous improvement in

this latest release.

System Requirements
The following are minimum system requirements to ensure smooth functioning of ANSYS
Workbench on your system:

- Operating System: Windows 64-bit (Windows XP 64 SP2, Windows Vista 64 SP1,
Windows7, Windows HPC Server 2008 R2), Windows 32-bit (Windows XP SP2,
Windows Vista SP1, Windows 7)

- Platform: Intel Pentium class, Intel 64 or AMD 64.

- Memory: 1 GB of RAM for all applications, 2GB for running CFX and FLUENT.

- Graphics adapter: Should be capable of supporting 1024x768 High Color (16-bit).



Starting ANSYS Workbench 14.0

Step 1: Creating a FLUENT Fluid Flow Analysis System in ANSYS Workbench

In this step, you will start ANSYS Workbench, create a new FLUENT fluid flow analysis
system, then review the list of files generated by ANSYS Workbench.

1. Start ANSYS Workbench by clicking the Windows Start menu, then selecting the
Workbench 14.0 option in the ANSYS 14.0 program group.
Start = All Programs — ANSYS 14.0 = Workbench 14.0

125 ThaiTranslator
@] Windows DVD Maker

{42 Windows Fax and Scan
 Windows Media Center
@ Windows Media Player
Ej Windows Update
o XP5 Viewer

. Accessories

|\ Adobe LiveCycle ES2

| ANSYS140

User

Documents

Pictures

Games

Computer

md ANSYS Icepak 14.0
A Mechanical APDL (ANSYS) 14.0
M\ Mechanical APDL Product Launcher

Network

U Uninstall 14.0

N A Workbench 140

. AMNSYS Client Licensing
. AQWA

. EKM

! Fluid Dynamics

| Help

nel

Devices and Printers

. Meshing
. Utilities

4 Back

2|

N BALGNE 5

[ search programs and fites

=S - —
q.

Start ANSYS Workbench

1P OIREIETSE:

ANSYS

Structural Mechanics

Fluid Dynamics

Electromagnetics Systems and Multiphysics

@ SAS IP, Inc. All Rights Reserved. Unautharized use, distribution or duplication is prohibited.

ANSYS Workbench
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[INew E5open... [l save [Blsavens.. |gf)import... | ¥ Recomect (2 Refresh Project  Update Project | (Project Q) Compact Mode
R X
A Design Assessment
Electric
Explicit Dynamics
8 FluidFlow-BlowMolding (POLYFLOW)
@) FluidFlow - Bxtrusion (POLYFLOW) Getting Started [=]
@ Fluid Flow (CFX) -
g F:‘”: F:W‘?L“Em ) Welcome to ANSYS Workbench! B
Fluid Flow (POLYFLOW]

Y H: R .
g H:;'::;;:a::;?:;mw If you're new to ANSYS Workbench, we strongly encourage
) FydrodynamicTim Resporse you to take just a few minutes to view some tutorials.
4 1cengine . ) =
B Linear Buckiing If you prefer to get started immediately:
[§) Magnetostatic X X
@ wodsl 1. Select your desired analysis system from the Toolbox (at
il Modal (Sameef) left), drag it into the Project Schematic (at right), and drop it
) Random Vibration inside the highlighted rectangle.
{illj Response Spectum
[ Rigid Dynamics 2. Right-click on the Geometry cell to create a new geometry
Ed static Structural or import existing geometry.
@ Static Structural (Sameef)
@ Steady-State Thermal 3. Continue working through the system from top to bottom.
Thermal-Electric Right-dlick and select Edit on a cell to start the appropriate
3 Transient Structural annlicatinn and defina the details for that nart of the anahusis 7
R Transient Thermal I Show Getting Started Message at Startup

Component Systems

Custom Systems

Design Exploration

vien Al Customize... |
Ready [ Show Progress |[1—Show 4 Messages | ;|

The Workbench window along with the Getting Started window

The Workbench window helps streamline an entire project to be carried out in
ANSYS Workbench 14.0. In this window, one can create, manage, and view the workflow of
the entire project created by using standard analysis systems. The Workbench window
mainly consists of Menu bar, Standard toolbar, the Toolbox window, Project Schematic

window, and the Status bar.

Fle View Tooks Units Help

[INew EFopen... [l save [l save fs... | §)import... | “pRecomect 2
Toobox

B Analysis Systems

4 DesignAssessment
Electric
¥ ExplicitDynamics
(G FluidFlow-BlowMolding (POLYFLOW)
G Fluid Flow - Extrusion (POLYFLOW)
5 Fluid Flow (cP)

TFLUENT) ]
& FluidFlow (POLYFLOW)
onse:
iffraction

projpct @) Compact Mode

itlebar

MenuBar

Standard toolbar

Project Schematic window

((Fluid Flow analysis using FLUENT solver |

i

Hydrodynamic Time Response
&4 1c Engine

B LinearBuckling
Magnetostatic

@ Modal
0§ Mool (sameen) >Toolboxes

fily Random vibration
[} Response Spectnm
& Rigid Dynamics
f static structural B
[z Static Structural (Sameef)
Steady-State Thermal
Thermal-Electric

& Transient Structural
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(B Compensmisrm \ : Status bar
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£ BladeGen ~ 1 x
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@ EnineeingData 1| |ee Text Assodation | Date/Tme
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% external Connection
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Ask the Expert - Extemnal Data Mapping in ANSYS Workbench 8amp;
&) exemal Data 3 | frents | e hebRet w3 4
:[“‘J:Ni“'“”m“dg‘” 4 | fvents fecton for Structural Mechanics
z]
g et j 5 vents | SPE Annual Technical Conference &amp; Extibition

‘? View All [ Customize... ‘

[ —

<
& Ready —_— () Show Pragress |[Hide 4Messages o |

The components of the Workbench window
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Toolbox Window

The Toolbox window is located on the left in the Workbench window. The
Toolbox window lists the standard and customized templates or the individual analysis
components that are used to create projects. To create a project, drag a particular analysis
or component system from the Toolbox window and drop it into the Project Schematic
window. Alternatively, double-click on a particular analysis or component system in the

Toolbox window to add it to the Project Schematic window and to create the project.

IR Toolbox L B Bl Toolbox 2 X

‘E Analysis Systems | ‘ Analysis Systems | Analysis Systems

{4 DesignAssessment EComponantSysta‘rs | Component Systems

|8 Electric @ AUTODYN E Custom Systems

¥ Explict Dynamics B4 sladeGen FSI: Fluid Flow (CFX) - Static Structural
@ Fluid Flow- BlowMolding (POLYFLOW) @ cXx FSI: Fluid Flow (FLUENT) - Static Structu
& Fluid Flow - Extrusion (POLYFLOW) @ Engineering Data Pre-Stress Modal

& Fluid Flow (CFX) ¥ Explicit Dynamics (L5-DYNA Export) Random Vibration

& Fluid Flow (FLUENT) Jf Bxternal Connection Response Spectum

(& Fluid Flow (POLYFLOW) Bxternal Data Thermal-Stress

Harmonic Response (@ Finite ElementModeler |E| Design Bxploration

Hydrodynamic Diffradion FLUENT @ Goal Driven Optimization

@ Hydrodynamic Time Response Geometry @ Parameters Correlation

{5 1c Engine Teepak [:I Respaonse Surface

3 Linear Buckling J\ Mechanical APDL m Six Sigma Analysis

[t Magnetostatic @ Mechanical Model

fi§ Modal @ Mesh

il Modal (Samcef) X Microsoft OfficeExcel

[y Random Vibration = POLYFLOW

m Response Spectrum g POLYFLOW -Blow Molding

ﬁ Rigid Dynamic g5 POLYFLOW - Bxtrusion

& Static Structural & Results

[ Static Structural (Samcef) System Coupling

Y steady-State Thermal &) TurboGrid

Thermal-Electric B vista AFD

& Transient Structural B vistaccD

ﬁ Transient Thermal ! Vista CCD {with CCM)

Component Systems _! Vista RTD

Custom Systems 34 Vista TP

Design Exploration ‘ Custom Systems |

‘ Design Exploration |

| T View Al f Customize. .. ‘ | T view All { Customize... ‘ ‘ T View All / Customize... |

Analysis Systems, Component Systems, Custom Systems, and Design Exploration.
< Pre-Processing

Working on a New Project.

To start working on a new project, you need to add an appropriate analysis or

component system to the Project Schematic window.
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2. Create a new FLUENT fluid flow analysis system by double-clicking the Fluid

Flow (FLUENT) option under Analysis Systems in the Toolbox.

Fle Vew Toods Units Hel

B Analysis Systems

new ESopen... [ save Bsaves... | glimport... | SpRecomect

v x

A Design Assessmant

8 Eectric

Explicit Dynamics

(@ Fiuid Flow- BlowMolding (POLYFLOW)
(6 Fluid Flow - Extrusion (POLYFLOW)
(6 Fluid Flow(crY)

(6 Flud Flow (FLUENT)

(G Fluid Flow (PoLYFLOW)

@ onse

(Fiuid Flow analysis using FLUENT solver |

& Hy
[ HydrodynamicTime Resporse
4 1cengine

LinearBuckiing
Magnetastatic

Madal

@ Modal (sameen)

il Random vibration

fili ResponseSpectum

[ migid Dynamics

& static Structural

[ Static Structural (ameef)
@ steady-State Thermal
Thermal-Electric

& Transient Structural
Transient Thermal

E] Component Systems

@ AuToDN

{4 Blacecan

@ o

@ EngineeringData

Explicit Dynamics (L5-DYNA Export)
£ Bdemal Connection

External Data

@ Finite ElementModeler

FLUENT

View Al { Customize.

efresh Project

Update Project | (@ project ) CompactMode

Project Schematic

| —

File:

Toolbox

View

Tools  Units  Help

|_1 New ﬁﬂpen..‘ @ Save Esave As... |ﬁJImpcrt... | +0 Reconnect

IEAnalysis Systems

=

X

»

@ DesignAssessment
Electric
Explicit Dynamics

& Fluid Flow- BlowMalding (POLYFLOW)
[ Fluid Flow - Extrusion (POLYFLOW)
B Fluid Flow (CR)

[ES Fluid Flow (FLUENT)

i B

cal

B Fluid Flow (POLYFLOW)
¥ HarmonicRespanse

Hydrodynamic Diffradion
g Hydradynamic Time Response
ﬁ IC Engine
3 Linear Buckling
Magnetostatic

[ Fluid Flow analysis using FLUENT solver ]

m

Association

Automotive Powertrain Fhid-Structure Interaction (FST)

‘Ask the Expert - External Data Mapping in ANSYS Warkbench &amp;
Mechanical 14.0

Understanding Hardware Selection for Structural Mechanics

SPE Annual Technical Conference &amp; Exhibition

P E——

= i5how Progress | Hide 4Messages | : u

0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Tip

e®0ccc0ccccccccccccce

= ORLT T S T C T S |

to indicate the chosen location of the new system.

©000000000000000000000000000000000000000000000000000000000000000000000000000000000000000080

Fluid Flow (FLUENT)

i@ Geometry ?,
@ Mesh ® .
ﬁ Setup 7,
Solution 7,
@ Results 7,

Fluid Flow (FLUENT)

can also drag-and-drop the analysis system into the Project Schematic. A green
dotted outline indicating a potential You location for the new system initially appears in the

Project Schematic. When you drag the system to one of the outlines, it turns into a red box

R Rmm

ANSYS Workbench with a New FLUENT-Based Fluid Flow Analysis System

3. Setting geometry properties by right-clicking on geometry and then change

Analysis Type from 3D to 2D(if you want to use 2D Analysis)



= Advanced Geometry Options

@ Double-dick componentto edi.

|2 Shaw Progress |[[—Hide 4Messages | .: I

Setting geometry properties

Step 1 : Creating the Geometry in ANSYS DesignModeler

For the geometry of your fluid flow analysis, you can create a geometry in ANSYS
DesignModeler, or import the appropriate geometry file. In this step, you will create the

geometry in ANSYS DesignModeler, then review the list of files generated by ANSYS

Workbench.

1. Start ANSYS DesignModeler. In the ANSYS Workbench Project Schematic,

double-click the Geometry

Analysis Type 30
o y -]
P El)
Fie Vien Tools Units Help 13 Use hSS(’ClEthltY o)
[INew Sopen... [l save [l Save 4. ‘ﬂ]lmpov! \ g Reconnect i Refresh Pr 19 Import Coordinate Systems =T
20 Import Work Points =
(B Analysis Systams
[ DesignAssessment 21 Reader Mode Saves Updated File =
Electric 2 -
ExplicitDynamics il 22 Import Using Instances
Fluid Flow- Blow Molding (POLYFLOW) 2
Fluid Flow - Extrusion (POLYFLOW) 3 Smart CAD Update (]
Flud Flow (CFY) 3@ e Iport Geometry , P P P
Fluid Flow (FLUENT) + @ seww '3 Duplicate = 0SUrE and Symmetry Pracessing
id Flow 5 | g sout "
Fluid Flow (POLYFLOW) @ soton Tronsfe bataFomew  » 25 Decompose Disjoint Faces
Harmornic Response 6@ Resuits
Hydrodynamic Diffraction E » e S AT ) D 26 Mixed Import Resolution M... =
[} HydrodynamicTime Response F  Update
£ 1< engine & Refresh 1 Parameter
Linear Buckling ) Parameter s
Reset
Magnetostatic 13 Attributes [=]
Modal B Rename
Gl . 14 Named Sele ]
Modal (Samcef) FiElE Material Propert l
Random Vibration is g hopeter
Response Spectrum Quick Help & Advanced Geometry Options
Rigid Dynamics 17 Analysis Type ElE|
Static Structural m 18 Use Assodiativity
Static Structural (Samcef) 13 Import Coordinate Systems [w]
Steady-State Thermal Import Wark Points [w]
Thermal-Electric 21 Reader Mods Saves Updated Fie B
Transient Structural 2 Import Using Instances
([} Transient Thermal
e ‘ 5 Smart CAD Update ]
© AU:DDW > 24 Endosure and Symmetry Processing
8o 2 R
@ o N B c o 26 Mixed Import Resolution N... =
g Engineering Data Type Text ssodatie Date/Time
9 EcplictDynamics(LSDYNAExport) cvents | AUtomotve Powertran Flid-Structure
'+ Exteral Connection Ve | Interaction (FsD)
External Data Events | ASk the Expert - Extermal Data Mapping in
@ Finite ElementModeler VEME | ANSYS Workbench aamp; Mechanical 14.0
FLUENT Events | Understanding Hardware Selection for
@ Genmet - VeS| Structural Mechanics
| T View Al / Customize \ Events | SPE AmualTechnial Conference Bamp:

Tip

New Geometry

You can also right-click the Geometry cell to display the context menu, then select

©000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
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U] File Create Concept Tools View Help
a (@[ D Gree (s b MR RB O] S ¢ AAQEAQQ R w6 [/
LML AV AP AP A A AP
XPlane - 3| none - 8 || 3 cenerte NreTupu\ugy Erarsmete™N @exrude glaRevolve @ Sweep g Skin/Loft
W Thin/Surface §-Blend ~ % Chamfer  49-Point
Graphics 2
ER-]
b XYPlane
< ybe ZPlane 4
- ¥ZPlane 0
8@ 0 Parts, 0 Bodies
etching ta \
—  Modeling tab
Triad
1SO ball .
[“Sietening. | Ruler
ching Modeling del View tab
i @ sjedtel i ' Status bar
0.00 3.0 60,00 ) 7 X
Print Preview ta 15.00 45.00
Maodel View | Print Preview /
| & Resdy [No Selection _[Millmeter ) |

The DesignModeler window

Sketching Mode

The Sketching mode is used to draw 2D sketches. Later on, these sketches can be

converted into 3D models using the Modeling mode.

Modeling Mode

The Modeling mode is used to generate the part model using the sketches drawn in

the Sketching mode.

g Toolboxes
[}~ /8] 4: Fluid Flow (FLUENT);
", Line g Fh X¥Plane
& Tangent Line wsy Fhe TXPlane
& Line by 2 Tangents ey VZPlone
A Polyline /8 0 Parts, 0 Bodies
(=3Polygon
T1Rectangle
¢ Rectangle by 3 Points
&7 Oval
(= Circle
A A Circle by 3 Tangents
i Arc by Tangent
&% Arc by 3 Points
&= Arc by Center
3 Ellipse
~ Spline
# Construction Point
¥ Construction Point at Intersection

Draw =

Modify -

Dimensions

Constraints
Settings

Sketching _ Sketching  modeling |

The Sketching Toolboxes window The Tree Outline
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2. Set the units in ANSYS DesignModeler
When ANSYS DesignModeler first appears, you are prompted to select the desired

system of length units to work from. You can chose meters and press ok.

ANSYS Workbench ||

Select desired length unit:

=

' Meter I~ Foot

T Inch

" centimeter
" Milimeter

" Micrometer

[ Always use project unit
[~ Always use selectad unit k
[~ Enable large model support

Setting the Units in ANSYS DesignModeler.

3. Click the XYPlane in the Tree Outline, this means that we will use the X-Y plane

to draw 2D geometry.

=-e8 A:2D
BN pione
5= ZXPlane b
<y 3k YZPlane
..., M@ 0 Parts, 0 Bodies

and then click the blue z-axis at the bottom-right corner of the Graphics window to get front

view of the X-Y plane

Click the Sketching tab below the Tree Outline box, and select Settings in the Sketching

Toolboxes. select Grid, and enable the Show in 2D and the Snap options.



Sketching Toolboxes

Draw

Madify

Dimensicons

Constraints

Settings
[FHGrid Show in 2D:
ﬁ Major Grid Spacing
ﬁ Minor-5teps per Major
ﬁﬁnﬂps per Minor

Sketching | Modeling |

[ &[] Dundo @redo [[select[%y v [0 B B W&~
VARNEARA AT sl

#9 || </ Generte @ siore Topolony EParameters || @btude gloRevolve QpSweep 4§ Skin/Loft

b AR QEQ R H e s

Showin 2D: W Snap: V'
5 Major Grid Spacing
§E Minor-Steps per Major
5 Snaps per Minor

Sketching [ Modeling

Details View

0.000. 0.000 (m)
Hﬂﬂf |
I i H ; } ;
@ Grid - Set grd display and snap options [No Selection Meer 0 b
Next you can Create Geometry
¢2D-Geometry
Moving wﬂ
(0.1) (1.1 )
[
Determine Domain H=1 \ Problem
to be created "
o
(0.0) (1.0) \
L=1

To creating the geometry with ANSYS DesignModeler, the steps are following:

1. Creating line.

Now the canvas is ready for us to sketch our geometry. Click the Draw menu in the Sketching
Toolboxes, and then select Rectangle.



17

Sketching Toolboxes

Draw =

" Line

6 Tangent Line

6 Line by 2 Tangents
4 Polyline

@ Polygon
Drecungie < |
Q Rectangle by 3 Points

e

Plaaal

Rectangle on Sketching Toolbox

Now you can draw the Rectangle by first clicking on the coordinate origin, and then

move the cursor oblique to create Rectangle (1x1 m). You can setting dimension by select

Sketching Teolboxes E

Dimensions on Sketching Toolbox.

Draw
Modify
YT Simensions =
[& General
||| File Create Concept Tools View Help et Horizontol
AHE| @] Dune Gren |[seect [y - M I B W@ || S QAREMA A % [h[Ge | T Vertical
[P I ZL
sh | sketent - #9 || Generate @i Topoion; [ElPeremeters || MEude goRevolve GpSweep SkinLoft (C Radius
W Thi cc @ Blend v 4 Charnfer Di:
‘Sketching Toolboxes. Constraints A
Drosal Settings
Vit
T = _ketching [ Megeing]
Details View o

Details of Sketchl,
sketch [ sketens

Sketch Visibility | Show Sketch
Show Constraints? | No

Constraints ~
Settings

Dimensions: 2

Sketching | Modeling HL
Details View v2
| = oetis or seetent Fdges: 4

Sketen [ Stent Line
| Show sketch

No

Line

Line

Line

| 0.000 0.350 0.700 (m)

0.178 0525

@ Dynamic rotation No Selection Meer B [

2. Creating Surface.

Now we create a surface body Click Concept = Surfaces From Sketches.

| File Create | Concept Tools View Help

J {j E *~ Lines Frem Points elect:
J - m- £ Lines From Sketches =
J XiPlane [} Lines From Edges JJ
S 30 Curve E
J o ™w Split Edges & Poi
Sketching Tool @ surfaces From Edges u
&
& Surfaces From Faces
Cross Section o] .

Select the Base Objects to Sketchl (4 line), and click Apply.



Tree Outline 1
[=)--+g8] B: Fluid Flow (FLUENT)

&5 0 Parts, 0 Bodies

Sketching Modeling I

Details View
[=I| Details of SurfaceSk1

Surface From Sketches
Base Objects

Surfaceskl

Operation Add Materia
Orient With Plane Mormal? |Yes
Thickness [==0] 0m

And then click Generate button above the Graphics window.

— —— =
&8 B: Fluid Flow (FLUENT) - DesignModeler A N - ; Fri ==
File Creste Concept Tools View Help
A Bl@ | Dk Gre [[sdee[h b | RRER S ARAGEQ AR [+ (@l 2
W~ W~ 4~ fiv fiv Av S A &
|| xipiane v b | Sketeht - || < Generste Parametars | BExmde ghRevoie QoSweep 4§ SkinLofe
@ Thin/Surface  ® Blend v & Chamfer 4 Point
Tree Outiine 2 [Graphics
=1 ls] B: Fluid Flow (FLUENT)
3 AVPlane
I 3 ZXPlane
3 YZPlane
e Surfaceskt
M@ 1Part, 1 Bady
Sketching Modeling
Details View L]
0.000 0350 . 0700 (m) Z/L ><
0175 0.525
Model View | Print Preview
@ Ready |Na Selection Meter 0 0
2D Geometry

Step 2 : Meshing the Geometry in the ANSYS Meshing Application
Open the ANSYS Meshing application :To start the meshing process, right click the

Mesh menu in the Project Schematic window and select Edit to open ANSYS Meshing.
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@ Solution 453  Duplicate
@ Results 1 Transfer Data ToNew  »

2D +#  Update
Clear Generated Data
& Refresh

Reset

EE Rename

Properties

Quick Help

ANSYS Meshing

Tip
You can double-clicking the Mesh menu in the Project Schematic window to open

ANSYS Meshing.

that the geometry we just created is automatically loaded.

[ )

File Edit View Units Tools Help H\ < Generate Mesh i [t W ivorksheet iy
|2+ @- »EEEE S S¢asaa@gaamns O
7 Show Vertices | g@Wireframe | [[]Edge Coloring ~ £+ A~ A~ A~ A~ A || |-IThicken Annotations "% 5houw esh sk Show Coordinate Systems
Model | @i Virtual Topology | (@b Symmetry | G Connections | 1 Mesh Numbering | 8 MNamed Selection
Qutline 3 Section Planes 3 x
Project X &
= g Model (83) |
/& Geometry
i /2 Coordinate Systems
& Mesh
I
|
Details of "Model" 7
=1/ Lighting
Ambient |.1
Diffuse .6
Specular |1
Color
Print Previewh Report Preview/| |
Messages 2 x
Text Association
Press F1 for Help [ 178 No Messages 1 Face Selected: Surface Arealapprox) =1.m*  Metric (m, kg, N5, V, A} Degrees rad/s Cels /|

The ANSYS Meshing Application with the 2D Geometry Loaded



Mesh Edge

STEPS :

1. Set some basic meshing parameters for the ANSYS Meshing application

using edge selector [ and right clicking = Insert= Sizing

2. Mesh Edges

GoTo

=]
| ¥ Contact Sizing

<} Generate Mesh On Selected Bodies
2] Clear Generated Data On Selected Bodies

£ Refinement

& Pinch

Parts

@ Hide Body

Suppress Body

@ lsometric View
9 set

3 Restore Default
@ Zoom ToFit

Cursor Mode
View
9 Look At

A Create Coordinate System
€8 Create Named Selection
& Select All

Details of "Edge Sizing’ - Sizing

|| Element Size

/| Scope
Scoping Method Geometry Selection
Geometry 1 Edge
[=1| Definition
Suppressed Mo
Element Size -

Element Size

Behavior Sphere of Influence
|| Curvature Normal Angle | Default
|| Growth Rate Default
Eias Type Mo Bias

: Then
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In the Outline Details of "Edge Sizing"-Sizing™ Type — Number of Divisions— 20

= m Mesh

[=I| 5cope

i-n.., 18 Surface Body
2k Coordinate Systems

..... ﬂ_‘ Edge Sizing

Scoping Method | Geometry Selection
Geometry |1Edge

=) Definition
Suppressed [Ma

Behavior

| Curvature Mormal Angle

| Growth Rate

Bias Type
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3. Repeat the process for the rest edges.

Mesh Face
; tetrahedron l pyramid ) "'
triangle 4
i
] hexahedron N _ arbitrary polyhedron
Ry pristu or wedge quadrilateral
STEPS :

Now you can create Mesh by right clicking Mesh in Outline Box select Generate

Mesh or click Generate Mesh on Menu bar|!| ¥ senestemen

] Project
»

B &) Model (B3)

,/. Geometry

)!; Coordinate Systems

Insert

Details of "Mesh" | -7 Update

[=1| Defaults =
Physics Prefererﬂ
Solver Preferen Preview 4

Relevance Show »

S'Iﬁm_? :}' Create Pinch Controls

Assembly Mesh ‘ﬂ Clear Generated Data
Method dlb R

[=I| Patch Conformi
Triangle Surfaci
Advanced ‘

Start Recording

Mesh
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Uniform Meshing

STEPS:
1. Back to the step of Mesh Edge process.
2. At Mesh Edges— Bias Type—Bias Factor : 5

3. Repeat the process for the rest Edge with the same value of the Bias Factor.

4A. Right click on Mesh inOutline box Select Insert=Method
® Details of "Automatic Method"-Method dialog box
Select Geometry and click Apply.
Method : Uniform Quad

Element Size : 1
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5A. Now you can create Mesh by right clicking Mesh in Outline Box select Generate

Mesh or click Generate Mesh on Menu bar || #GeneateMen

Unstructured Meshing

4B. Right click on Mesh inOutline box Select Insert=Method
®Details of "Automatic Method"-Method dialog box
Select Geometry and click Apply.
Method : Triangles

5B. Now you can create Mesh by right clicking Mesh in Outline Box select Generate

Mesh or click Generate Mesh on Menu bar|!| # GenersteMesh
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Step 3 : Create named selections for the geometry boundaries.

Create named selections for the geometry boundaries : Right-click the top edge and
select the Create Named Selection option. In the Selection Name dialog box, enter Moving
wall for the name and click OK.

Perform the same operations for: lift, Right and bottom edge enter wall for the

name and click OK.

.
Insert 4 Selection Name u
GoTo 4

4 Generate Mesh On Selected Bodies Enter a name for the selection group:

] Clest Generated Data On Selected Bodies IMoving wall

Parts 3
@ Hide Body - Apply selected geometry

Srm==EEy c Apply geometry items of same:

@ Isometric View I~ Size

=0

o Set - Type

3% Restore Default

@), Zoom To Fit ™ Location X
Cursor Mode » ™ Location ¥
View 3

I Look At I” LocationZ

A Create Coordinate System

o2 Crese Nomed scction | eel

i Select All

Create named selections for the geometry boundaries

Using the Generate Mesh option creates the mesh, but does not actually create
the relevant mesh files for the project and is optional if you already know that the mesh is
acceptable. Using the Update option automatically generates the mesh, creates the relevant
mesh files for your project, and updates the ANSYS Workbench cell that references this

mesh.

=
Eeﬁ =

= 2 % 7=
*:.»ﬁ'f:*mz\. TS
Dinosaur mesh
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Solving with Ansys Fluent

Step 4 : Setting Up the CFD Simulation in ANSYS FLUENT

Now that you have created a computational mesh for the 2D geometry, in this step
you will set up a CFD analysis using ANSYS FLUENT, then review the list of files generated
by ANSYS Workbench.

Start ANSYS FLUENT : In the ANSYS Workbench Project Schematic, double-click the
Setup cell in the 2D fluid flow analysis system. You can also right-click the Setup cell to

display the context menu where you can select the Edit... option.

v B
;
2 0 ceometry v 4
3 @ Mesh v 4
e — = R
5 | @ solution _
6 @ Resuts E Import FLUENT Case »
e 53  Duplicate
Transfer Data From MNew  »
Transfer Data To New r
F#  Update
i@ Refresh
Reset
EE Rename
Properties
Quick Help
Setup

When ANSYS FLUENT is first started, the FLUENT Launcher is displayed, enabling you
to view and/or set certain ANSYS FLUENT start-up options.

Y FLUENT Launcher (Setting Edit Only) =NEE X
R 7CY
NANSYS FLUENT Launcher
Dimension
@ L
i) [7] Use Jab Schedulsr
Dizplay Dptions Processing Optionz
Dizplay Mesh After Reading @ Serial
Embed Graphics Windows () Parallel

‘Warkbench Colar Scheme
[7] Do nat show this panel again

(%] Show Mare Options

[ ok ] ’ LCancel ] [ Help v]

FLUENT Launcher display
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That the Dimension setting is already filled in and cannot be changed, since ANSYS

FLUENT automatically sets it based on the mesh or geometry for the current system.

- Make sure that Serial from the Processing Options list is enabled.

- Make sure that the Display Mesh After Reading, Embed Graphics Windows, and

Workbench Color Scheme options are enabled.

- Make sure that the Double Precision option is disabled.

Click OK to launch ANSYS FLUENT.

The mesh is automatically loaded and displayed in the graphics window by default

File Mesh Define Solve Adapt Surface Display Report Parcllel View Help

E-d-melsEFeasiarEyo-

Problem Setup General
=

Models

Haterls
e [ osplay... ]

Cell Zone Conditions
Boundary Conditions
Mesh Interfaces
Dynamic Mesh
Reference Values

Velocity Formation
© Pressurefiased  © Absolu

Solution (© Density-Based () Relative

Solution Methods

Time

Solution Controls

© steady

Manitors

(© Transient

Solution Initialization

©) hoisymmetic Swirl

Calculation Actiities

Run Calculation Gravity

Results

Graphics and Animations

Plots

Reports

Mesh

Jan 24,2014
ANSYS FLUENT 14.0 (2d, pbns, lam)

zones,
wall
noving_wall
surface_body
interior-surface_body
Done.

Preparing mesh for display...

Done..

Writing Settings File...
writing rp variables ...

weiting domain variables ...

Done.
Done..

writing moving_uwall (type wall) (mixture) ...
writing wall (type wall) (mixture) ... Done.

writing surface_body (type fluid) (mixture) ...
writing interior-surface_body (type interior) (mixture) ...
Done..

Done.

Done .

P

E

The ANSYS FLUENT Application

3.1. General settings for the CFD analysis.

J[_ check |[ReportQuaiity

Problem Setup General
General Mesh
Models
Materials [ Scale...
Phases

Cell Zone Conditions

Boundary Conditions Solver

Mesh Interfaces
Dynamic Mesh
Reference Values

Type

Solution

Solution Methods
Solution Controls
Monitors

Solution Initialization
Calculation Activities

(@) Pressure-Based
() Density-Based

() Transient

Velodity Formulation
(@) Absolute
() Relative

2D Space

(@) Planar
Axisymmetric

() Axisymmetric Swirl

Run Calculation
Results

Gravity

Graphics and Animations
Plots
Reports
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That the ANSYS Meshing application automatically converts and exports meshes for

ANSYS FLUENT using meters (m) as the unit of length regardless of what units were used to

create them. This is so you do not have to scale the mesh in ANSYS FLUENT under ANSYS

Workbench.

The minimum and maximum values may vary slightly when running on different
platforms. The mesh check will list the minimum and maximum x and y values from the
mesh in the default SI unit of meters. It will also report a number of other mesh features
that are checked. Any errors in the mesh will be reported at this time. Ensure that the

minimum volume is not negative as ANSYS FLUENT cannot begin a calculation when this is

the case.

Check the mesh.

o General — Check

ANSYS FLUENT will report the results of the mesh check in the console.

Domain Extents:

x-coordinate: min (m) = 0.000000e+00, max (m) = 1.000000e+00
y-coordinate: min (m) = 0.000000e+00, max (m) = 1.000000e+00

Volume statistics:

minimum volume (m3): 6.249988e-04
maximum volume (m3): 6.250018e-04
total volume (m3): 1.000000e+00

Face area statistics:

minimum face area (m2): 2.499998e-02
maximum face area (m2): 2.500004e-02

Checking mesh
Done.

3.2. Models for the CFD simulation.

Problem Setup
General
odels|
Materials
Phases
Cell Zone Conditions
Boundary Conditions
Mesh Interfaces
Dynamic Mesh
Reference Values
Solution
Salution Methods
Solution Controls
Manitars
Solution Initialization
Calculation Activities
Run Calculation
Results
Graphics and Animations
Plots
Reports

Models

Models

[ 12 mesh

Viscous Model

[

Multiphase - Off

Energy - Off

Viscous - Laminar
Radiation - Off

Heat Exchanger - Off
Spedes - Off

Discrete Phase - Off
Solidification & Melting - Off
Acoustics - Off

Model
©) Inviscid
@ Laminar
() Spalart-Almaras (1 eqn)
() k-epsion (2 eqn)
() k-omega (2 egn)
(") Transition k-k-omega (3 egn)
() Transition SST (4 eqn)
() Reynolds Stress (5 egn)
(7 Scale-Adaptive Simulation (SAS)

Models



3.3. Materials for the CFD simulation.

Problem Setp Materials Create/Edit Materials

General
Models

Materials Name

Order Materials b

Fluid
= air
Phases Solid

Cell Zone Conditions aluminum

Chemical Formula

Material Type I
[Fug Name
Chemical Formula

Boundary Conditions |
Mesh Interfaces
Dynamic Mesh
Reference Values

Solution roperties

7]

Solution Methods

Density (kg/m3)
Solution Contrals [constant

Monitors
Solution Initialization
Calculation Activities

‘ 1000

Viscosity (kgfm-s)
Run Calaulation [constant

Results
Graphics and Animations
Plots
Reports

‘ 1

Create/Edit... ][ |

[ ook ] [ ome |

12 FLUENT Database Materials

FLUENT Fluid Materials
acetaldehyde (ch3hco)
aceticchloryl (h2eccio)
acetone (c2h6o)
acetyl-chloride (ch3c<ox>d)
acetyl-chioride (ch3edlo)
acetylene (c2h2)

b F——| '

Chemical Formula

[ copy Materials from Case... |

roperties

[Delete | |

[Mew...] [Edit.. | [save |

The Create/Edit Materials Dialog Box

3.4. Boundary conditions for the CFD analysis.
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Problem Setup Boundary Conditions
General e Wall [ =]
M"dEI_S interior-surface_bod Zone Name
Materizls 1
moving_wal
Phases wall | o
Cell Zone Conditions Adjacent Cell Zone
oun nditions} | surface_body
Mesh Interfaces
Dynamic Mesh Momentum | Thermal | Radiaton | Speces| DPM | Multiphase | DS | wallFim|
Reference values wWal Mation Motion
Solution
I o Relative to Adjacent Cel Zone | 2220 {1/5)
Solution Methods Absalute 1 [
Solution Controls
Direction
Manitors Translational
Solution Initialization Rotational B ?
Calculation Activities Companents [ ————
Run Calculation 0 ®
Results
Graphics and Animations | Fhase Type D hear Condiion
No Slip
Flots mixture v| w vl | 5 Specified Shear
Reparts axis specularity Coefficent
Edit... Ceexhaust-fan Marangoni Stress
inlet-vent —
[opintake fan e
- — interface Roughness Height () |U [constant -]
Displzy Mesh... |E mass-flow-inlet
outflow Roughness Constant [T g ‘mnsmt v‘
T outletwent
pressure-far-field
pressure-inlet
pressure-outlet [Lox ]
symmetry
ve\odi—inlet



3.5. Solution parameters for the CFD simulation.

Problem Setup
General
Models
Materials
Phases
Cell Zone Conditions
Boundary Conditions
Mesh Interfaces
Dynamic Mesh
Reference Values
Solution
olution Methods|
Selution Controls
Menitors
Selution Initizlization
Calculation Activities
Run Calculation
Results
Graphics and Animations
Plots
Reports

Solution Methods

Pressure-Velodty Coupling

Scheme

[smopLe

patial Discretization

Gradient

[Least Squares Cell Based

Pressure

[standard

Momentum

Transient Formulation

Non-Iterative Time Advancement
Frozen Flux Formulation
Pseudo Transient

[ High Order Term Relaxation

Problem Setup
General
Models
Materials
Phases
Cell Zone Conditions
Boundary Conditions
Mesh Interfaces
Dynamic Mesh
Reference Values
Solution
Solution Methods
olution Controls
Manitors
Solution Initizlization
Calculation Activities
Run Calculation

Results

Graphics and Animations
Plots
Reports

Solution Controls
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Under-Rel, 1 Factors

Pressure

|o.3

Density

| 1

Body Forces

| 1

Momentum

|o.?

[Equaﬁons...] [Limiis... ] [Ad\ranoed...

Solution Methods and Solution Controls

® Monitors— Residuals

Equations
Residual Monitor Check Convergence Absolute Criteria =
continuity 0.001
Window
x-veloc 0.001
B "
y-velocity 0,001
Iterations to Plot il
1000

Residual Values

= Convergence Criterion
[CInormalize Tkerations absolute -
B =
Iterations to Store =
1000 =
= [~] Compute Local Scale
[ oK ] [ Plot ] [Reno!malize ] | Cancel | [ Help |
Monitors

® Solution Initialization— Initialize

Problem Setup
General
Models
Materials
Phases
Cell Zone Conditians
Boundary Conditions
Mesh Interfaces
Dynamic Mesh
Reference Values
Solution
Solution Methods
Solution Controls
Moritors
olution Initialization
Calculation Activities
Run Calcultion
Results
Graphics and Animations
Plots
Reports

Solution Initialization

Compute from

Initial Values

Gauge Pressure (pascal)

‘ o

X Velodity (m/5)

‘ [

¥ Velodity (m/s)

‘ 0

Reset DPM Sources

Reset Statistics

!
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Step 4: Run Calculation

Problem Setup Run Calculation
G |
e [ Check Case... ] | Preview Mesh Motion... |
Models
Materials
Phases Mumber of Iterations Reporting Interval

Cell Zone Conditions 2000 % 10 %

Boundary Conditions

Mesh Interfaces Praofile Update Interval
Dynamic Mesh 10 3]
Reference Values =
Solution [ Data File Quantites... | | Acousticsignass...

Solution Methods
Solution Controls

Moritors
Solution Initiali 1
Calculation Activities

Results
Graphics and Animations
Plots
Reports

Post-processing

Graphics and Animations

Problem Setup Graphics and Animations
General Graphics
Models
Materials Contours - Unavailable
Phases Vectors - Unavailable
Cell Zone Conditions Pathiines - Unavailable
Boundary Conditions Particle Tracks - Unavailable
Mesh Interfaces
Dynamic Mesh
Reference Values
Solution
Solution Methods
Solution Controls Animations
Monitors
Solution Initialization cene Animation
Calaation Actvities Solution Animation Playback

Run Calculation
Results

nd Anim

[ options... | [ scene.. |[ views...
[ Lights... | [Calormap... | [Annotate...

— =] § i T e S =
Vectors of R — . ., - : - B
[vecity - - - -
Color by :
[velodity... -
| velagity Magnituce -
Style Fin T
ET | I~ )
a0 Sufaces 886
L ° % interior-surface_body
moving_wal
Vector Options... wall l
|
Surface Name Pattern
st
raceten o
fan -

Velocity vectors around a dinosaur
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Contours L = J
Options Contours of
Filled Pressure... v]
Node Values =
e [static Pressure -
Auto Range Min Max
[ Clip to Range ||0 H|0 |
Draw Profiles
Draw Mesh surfaces BE
interior-surface_body
moving_wall
Levels Setup wall
2 B[ =
= =
Surface Name Pattern New Surface =
| Surface Types BlE]
axis -
dip-surf
exhaust-fan |]
fan S

[Displey | [Compute] [ close | [ Help |

Pressure field on a dinosaur

.
LU= S W
tions.

o

Style Color by
[m '] [Palidemm 2 ,]
[ | [partice D -
Step Size (m) Tolerance Ilin Max
‘U.Ul uu‘um | ||0 H|0 | |
Steps - Pathsdp i i S B8
500 ] interi
& e
Path Coarsen wal
1 =)
=
On Zone
Pulse Mode maving_wall
©) Conti wall
S e
|
[ Display ] [ Pulse ] [Compute ] [ AXES... ] [Curves.‘.

Velocity magnitude (0-6 m/s) on a dinosaur
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Analysis of 2-D FLOW

+* Driven Cavity Flow

#* Channel Flow

+* Backward Facing Step Flow

+* Flow around a Cylinder

+* Flow around an Airfoil

< Unsteady Flow Simulation

Flow around a Cylinder



Moving wall : U
e ———

~
N

RN

>

T
[N

V YL LSS SSSSSS IS LSS,

o o o

A

L=1

Cavity Flow

Fixed wall
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+%* Case Al : Driven Cavity Flow
Problem Specification

Specification:
- Fluid flow inside a 1x1 mA2 square cavity
as shown in the figure
- Upper wall moving with a constant velocity
of U=1 m/s
- The Reynolds number based on the cavity

height can be calculated from
Re= PUH/L
If M is set with a constant value, say 1,

Reynolds number is therefore varied with
respect to P. For example,

Re=100 is obtained by setting p=100, 1=1.

Determine the u- and v-velocity at
positions of y- and x-midplanes, respectively,
and then compare the results with reference
data (Ghai et al, 1985) to assess the accuracy
at various Reynolds numbers of 100, 400,

1000, 3200, and 5000.
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1. Open New Project.

To start working on a new project, you need to add an appropriate analysis or
component system to the Project Schematic window.
1.1 Create a new FLUENT fluid flow analysis system by double-clicking the Fluid

Flow (FLUENT) option under Analysis Systems in the Toolbox.

Fle Vew Tods Units Hep

[(New Fopen... i save [Elsave ss... |gflimport... | < Recomect 2t | @proect @
Toolbox AL Project Schematic v ax
B Analysis Systens |+

A Design Ass essmert

Eleatric

ExplicitDynanics

Fluid Flow- BlowMolding (POLYFLOW)
Fluid Flow - Extrusion (POLYFLOW)

Fuid Flow (CPY)
[ Fudrow (Lo ]
G Flid Flow (FOLYFLOW)

-

1

& 2
@ HomoniResponse (i Fiow sy weng FLUENT s )

= 3

4

5

6

[} HydrodynamicTime Response
&4 1cengine

) Linear Buckling
Magnetostatic

Modal

Modal (sameef)

Random Vibraton

4
ol | o) | ol | o | m

Response Specum Fluid Flow (FLUENT)

Rigid Dynamics

staic sructural 4

Static Structural (Samcef)

teady-Ste Thermal

Theml-Sectic

“Transient Structural

[ Transient Thermal

[ Componentsysters ]

@ Auroow

4 Bladecen T ax
R A B c D

@ Engineering Data 1| Tee Text Assodation | Date/Time

[ EolicitDynamics (LSDWABxport) 2 | Events | Automotive Pawertrain Fuid-Structure Interaction (FST)
% Extemal Connection

B ©temalData 3| B | vechanical 140
@ Finte Slementiodeler 3| Events | Understanding Hardware Seecton for Sructral Mechancs

FLUENT
Z e - |5 [events | 57 Amusl Tedhca Coference samp; Eition

[ View Al Custonize.

[ —

3 ety (& how Progress [ rice amessages .

1.2 Setting geometry properties by right-clicking on geometry and then change Analysis Type

from 3D to 2D(if you want to use 2D Analysis)

16 = A ometry Optio
17 Analysis Type
18 Use Assodativity
Fle Vew Toos Units Hep 19 Import Coordinate Systems
[new Fopen... i save [Elsave ss... |gflimport... | < Recomect &t | @rrosect @ 20 Import Work Paints

v orx

| Analysis Systens 2! 21 Reader Mode Saves Updated File

{4 Design Assessmrt
Electric hd A 22 Import Using Instances
BolicitDynamics 1
Fluid Flowi- BlowMolding (POLYFLOW) 2 23 Smart CAD Update
Fluid Flow - Extrusion (POLYFLOW) 3 @ MewGeometry_
Fluid Flow(CRY) Import Geametry 4 24 Endosure and Symmetry Processing
Fluid Flow (FLUENT)
53 Duplicate
Fluid Flow (POLYFLOW; 5 @ soluton
Hmwémm ] : S s N . 25 Decompose Disjoint Faces
HydrodynamicDiffradion = » UecsC ey D 26 Mixed Import Resolution M... =
Hycrodynamic Time Resporse 2| oot =
& 1cengine 3 Reien o Parameters
) LinesrBuckling y et 2 Parameter Key
Magnetostatic st
Attributes
Modal BB Rename £ fbutes
= Named Selectons
Wodal (Samcef) Properties
Random Vibration kA =
Response Spectrum Quick Help = Advanced Geometry Options
Rigid Dynamics 17 Analysis Type
Statc Structural U B Use Associatiiy
Static Structural (Sameef) © Import Coordinate Systems ]
Steady-State Themml » mpor ok Pains B
Thermal-Electric 21 Reader Mode Saves Updated File ]
Transient structurel 2 Import Using Instances ]
[ Trensient Thermal
5 Smart CAD Update ]
[P I 2 Endosure and Symmetry Processng | (9] il
@ AuToow ey, E
3 sisdecn o] (S Decompose Disiant Foces
® o C o |- T I
@ Engineering Data 1| Tyee Text Ssociatio| Date/Time
[ Explicit Dynamics (LS-DYNA Bxport) Events | Automotive Poertain Flid-Structure
(¥ Extemal Connection 2 | Bt | poeracton Fs1) i
Extemal Dats Events | Aok e Expert - Extermal Data Mapping in T
@ Finite ElementModeler z Ve ANSYS Workbench &amp; Mechanical 14.0
FLUENT + | Events | Understanding Hardware Selecton for
@ Genmety - VeNtS | Siructural Mechanics i
v et o] | s |t | S5 T Corfece s

(@ Double-click component to edt. [1Show Progress [, Hide 4Messages | .| |

Setting geometry properties



2. Creating Geometry
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Start ANSYS DesignModeler. In the ANSYS Workbench Project Schematic, double-

click the Geometry,

| File Create Concept Tools View Help

OB @ O Gr st b DREW - |5+ QAR EDQCE [+ 66 M

| M- W= g~ A fr A S A

v th| Mone - M | o} Generate @< ere Tonolog, () Parametess | BEtude @Revolve fpSweep ) Skin/Loft

e ot

/% 0 Parts, 0 Bodies

Sketching _Maodeling
= A
(1) g 00 e 7 x
_unn:_n.nnZI
Model view [ Fint Frevew |
1@ Fas - o Setection _ ilimaer 0 7 |

Now the canvas is ready for us to sketch our geometry. Click the Draw menu in the

Sketching Toolboxes, and then select Rectangle.

Sketching Toolboxes

" Line

6 Tangent Line

6 Line by 2 Tangents
I Polyline

[=3Polygon
DoReconge
{:i Rectangle by 3 Points

A al

Rectangle on Sketching Toolbox

Now you can draw the Rectangle by first clicking on the coordinate origin, and then

move the cursor oblique to create Rectangle (1x1 m). You can setting dimension by select

Dimensions on Sketching Toolbox.



[ B Fuid Flow (FLUEN

||| Fite Create Concept Tools View Help
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Sketching Toolboxes

Draw

A E @] Dunds Gree sty - [ WE B W 00 || S0 QARG Q XS4 6le M

Modify

W- W~ A~ fi- A A - A7

[ General

X¥Piane v | sketent - 2 || FGenerte @i Topolog, [EEParameters || WEtrude goRevolve @ Sweep  Skin/Loft Jesl Hear ~
W Thin/Surface -Blend = & Charnfer 49 Point o
s di TS 0 I[ vertical
Draw +Length/Distance
Modify N
Dimensions. ((\ Radlus
[ General =i +,
103 Horizontal Constraints
[ vertical
P Length/Distance N
€ Radivs Settings
Constraints Sketching I Mudelingl
Settings
| ketching [Modeling | Details View
fo e 1| Details of Sketchl
=/ Detalls of Sketent
Sketch [ Sketent Sketch Sketchl
e Sketch Visibility | Show Sketch
7 Pimensions:2 Show Constraints? | No
Cr [im
v [tm Dimensions: 2
= eages:
e = [ HL im
ine 2
ne w> [Tvz [1m
Line. Lni4 mm 4
Line Lnil
Line Lni2
I 0.0 0360 0.700 (m) Line Lnl3
0175 0525 Line Lnl4
[No selection Meter 00 )

@ Dynamic rotation

create Rectangle (1x1 m>).

Now we create a surface body Click Concept = Surfaces From Sketches.

File Create Concept Tools View Help

|
J Qj E = Lines From Points
|- m- 4 Lines From Sketches
|

|

IFlane [T} Lines From Edges

%, 30 Curve
T S ™, Split Edges
Sketching Tool ¥ Surfaces From Edges
&
& Surfaces From Faces
Cross Section 4

Select the Base Objects to Sketch1, and click Apply. (4 line)




Tree Outline a
[+ B: Fluid Flow (FLUENT)

‘,. 0 Parts, 0 Bodies

Sketching  Modeling

SurfaceSkl
Cperation Add Material
Qrient With Plane Mormal? | Yes
Thickness (> =0] om

And then click Generate button above the Graphics window.

———— ——

_— [E=REER
" L e o B DRSS BRRS s 2 =S
File Create Concept Tools View Help

QB @[] D G s[5 b [BEBER 0|5+ Q& & E Q5|46 M
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(@) B: Fluid Flow (FLUENT) - DesignModeler

|| xrpiane v A | sketent - 19 || o Generste arameters || @ Banude ghgRevolve o Sweep g SkinjLoft
||| @Thin/Surface Q-Blend ~ % Chamfer € Point
Tree Outline 1 Graphics

1--4/&) B: Fluid Flow (FLUENT)
o X¥Plane
ooy 3 ZXPlane
= YZPlane
[yl SurfaceSk
B 1 Part, 1 Body

Sketching _Modeling

Details View L3

Model View | Print Preview

Ready No Selection Meter o (]
i 4

2D Geometry

3. Meshing the Geometry in the ANSYS Meshing Application
Open the ANSYS Meshing application :To start the meshing process, right click the

Mesh menu in the Project Schematic window and select Edit to open ANSYS Meshing.
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-
1
2 ) ceometry v o
3| @ Mesh [ ]
+|@ seup 1@ o S |
5 % Solution 153  Duplicate
3 0 Results 1 Transfer Data To New »
20 #  Update
Clear Generated Data
& Refresh
Reset
ﬁE Rename
Properties
Quick Help

ANSYS Meshing

: Tip
You can double-clicking the Mesh menu in the Project Schematic window to open

ANSYS Meshing.

that the geometry we just created is automatically loaded.

(IG5 Pl Flow (FLUENT, - Mesting ANSYS ICEM CFO] __m [ o]
File Edit View Units Tools Help |H </ Generate Mesh v W Worksheet lg
v E- vERE@ &5 ¢ \ Qaxsms|0-

F Show Vertices | g Wireframe | [[Edge Coloring ~ £+ A~ A - A A H \~|TmckmAnnommn; 2 Show Mesh sk, Show Coordinate Systems
Model | @i Virtual Topology | (di] Symmetry | @1 Connections | 1 Mesh Numbering | #®Named Selection

Outline Section Planes 7 x
[E] Project
B 8 Model (83) |th X &
/BB Geometry
4+ Coordinate Systems

/9 Mesh

Details of "Model”
=) Lighting
Ambient
Diffuse
Specular |1
Color

Geometry £, Print Preview Report Previen, |

Text Association

Press F1 for Helj No Messages 1 Face Selected: Surface Area(approx) = 1. m* Metric (m, kg, N, 5, V, A) Degrees rad/s Cels
5 = ppr g g A

The ANSYS Meshing Application with the 2D Geometry Loaded

Set some basic meshing parameters for the ANSYS Meshing application : Then using

edge selector @ Press Ctrl on keyboard select all edge and right clicking = Insert= Sizing



In the Outline Details of "Edge Sizing"-Sizing™ Type — Number of Divisions™ 40

Outline

Go To

=} Generate Mesh On Selected Bodies
2] Clear Generated Data On Selected Bodies

@,

¥, Contact Sizing’
£ Refinement

& Pinch

Parts

@ Hide Body

Suppress Body

@ Tometric View
3 set
32 Restore Default

@) Zoom To Fit

Cursor Mode
View
79 Look At

4 Create Coordinate System
#2 Create Named Selection
&5 Select All

Project
B g Model (B3)
AT Geometry

£

- Mesh

/2 Coordinate Systems

L. .'Im_‘ Edge Sizing

Details of "Edge Sizing" -

= Scope
Scoping Method |Geometry Selection
Geometry |4 Edges

(=/| Definition
Suppressed [Mo

Type
Mumber of Di
Behavior

Humber of Divisions

| Curvature Mormal Angle

Default

|| Growth Rate

Default

Bias Type

Mo Bias

Now you can create Mesh by right clicking Mesh in Outline Box select Generate

Mesh or click Generate Mesh on Menu bar /|| ¥ Genersteesn

B @] Model (83)

i Geometry

Insert

Details of "Mesh” | -/ Update

] Project

2 Coordinate Systems

= Defaults ﬂ

Physics Preferer

Generate Mesh

Solver Preferen: Preview »
[ Relevance Show s
Sizing <} Create Pinch Controls
Inflation
= Assembly Mesh ] Clear Generated Data
Method alb Rename
=I Patch Conformi
Triangle Surface  otort Recording
Advanced
~
Statistics

Mesh
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Create named selections for the geometry boundaries : Right-click the top edge and

select the Create Named Selection option. In the Selection Name dialog box, enter Moving

wall for the name and click OK.

Perform the same operations for: lift, Right and bottom edge enter wall for the

name and click OK.

Insert L4
GoTo »

=/ Generate Mesh On Selected Bodies
] Clear Generated Data On Selected Bodies

Parts 4
@ Hide Body
Suppress Body

& Lometric View
30 set

3% Restore Default
Zoom To Fit

Cursor Mode »
View v
79 Look At

4 Create Coordinate System

FA®| Create Named Selection

& Select Al

Create named selections for the geometry boundaries

Selection Name

.

]

Enter a name for the selection group:

Maving wall

®  Apply selected geometry
" Apply geometry items of same:

Size

Type
Location X
Location ¥

Location Z

[ -

mesh.

4. Setting Up the CFD Simulation in ANSYS FLUENT

Using the Generate Mesh option creates the mesh, but does not actually create

the relevant mesh files for the project and is optional if you already know that the mesh is
acceptable. Using the Update option automatically generates the mesh, creates the relevant

mesh files for your project, and updates the ANSYS Workbench cell that references this

Now that you have created a computational mesh for the 2D geometry, in this step

you will set up a CFD analysis using ANSYS FLUENT, then review the list of files generated

by ANSYS Workbench.

Start ANSYS FLUENT : In the ANSYS Workbench Project Schematic, double-click the

Setup cell in the 2D fluid flow analysis system. You can also right-click the Setup cell to

display the context menu where you can select the Edit... option.
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& B
S8 & Fluid Flow (FLUENT)
2 ) Geometry v 4
3 @ Mesh v o4
bl |e Setup g—’
=2 Edit..
5 Solution _
[ @ Results = Import FLUENT Case ¥
2D 53  Duplicate
Transfer Data From Mew 3
Transfer Data To New 3
#  Update
& Refresh
Reset
ﬂE Rename
Properties
Quick Help
Setup

When ANSYS FLUENT is first started, the FLUENT Launcher is displayed, enabling you
to view and/or set certain ANSYS FLUENT start-up options.

[ FLUENT Launcher (Setting Edit Only) =NNCN X
~ '
NANSYS FLUENT Launcher
Dimenzion Options
® 20
an
Dizplay Options Processing Options
Diizplay Mesh After Reading @ Serial
Embed Graphics Windows () Parallel

‘wiorkbench Color Scheme
[7] Do nat shaw this panel again

(4] Show More Options

[ 0K ] [ LCancel ] [ Help V]

FLUENT Launcher display

That the Dimension setting is already filled in and cannot be changed, since ANSYS
FLUENT automatically sets it based on the mesh or geometry for the current system.

- Make sure that Serial from the Processing Options list is enabled.

- Make sure that the Display Mesh After Reading, Embed Graphics Windows, and
Workbench Color Scheme options are enabled.

- Make sure that the Double Precision option is disabled.

Click OK to launch ANSYS FLUENT.
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The mesh is automatically loaded and displayed in the graphics window by default

File Mesh Define Solve Adapt Surface Display Reportt Parallel View Help

G-d-meSERe e E-n-

Problem Setup Gemeral
lesh
Models
Hateral Report Quaity
e o |
Cell zone Condit —

Boundary Conditions —
Mesh Interfaces

uuuuuuuu Tpe
Reference Values @ Pressure-Based

Soution © Density-Based
Solution Methods = P
Soon contrls © Steady © Fanar
Solution Initlzation © Transient © Asymmetic
Calcuiation Activities © symmetric Swil
Run Calaiation e

resis Feme
Graphics and Animations
Plots
e

Mesh Jan 24, 2014
ANS'YS FLUENT 14.0 (24, phns, larm)
zones, a
wall
mouing_vall
surface_bod
interior-surface_body
Done.

Preparing mesh for display...

Done.

writing Settings File...
writing rp variables ... Dome. B
writing domain variables ... Dome.
writing surface_body (type fluid) (mixture) ... Done. B
writing interior-surface_body (type interior) (mixture) ... Done.
writing moving_wall (type wall) (mixture) ... Done. -
writing wall (type wall) (mixture} ... Done.

<

The ANSYS FLUENT Application

4.1. Set some general settings for the CFD analysis.

= General

Problem Setup General

fGereral Mesh

Models

Materials [ scle.. |[ check |[ReportQualty]

Phases

Cell Zone Conditions
Boundary Conditions

Mesh Interfaces ey
Dynamic Mesh Type Velodty Formulation
Reference Values (@) Pressure-Based (@) Absolute
® ) Relati
Solution (") Density-Based () Relative
Solution Methods T e
Solution Control e pace
M‘:::it:?s enrals @ Steady @ Planar
(7) Transient (7)) Axisymmetric

Solution Initizlization
Caloulation Activities

Run Caleulation Gravity
Results )

Graphics and Animations

Flots

Reports

() Axdsymmetric Swirl

That the ANSYS Meshing application automatically converts and exports meshes for
ANSYS FLUENT using meters (m) as the unit of length regardless of what units were used to
create them. This is so you do not have to scale the mesh in ANSYS FLUENT under ANSYS
Workbench.



Check the mesh.
= General = Check
ANSYS FLUENT will report the results of the mesh check in the console.

Domain Extents:
x-coordinate: min (m) = 0.000000e+00, max (m) = 1.000000e+00
y-coordinate: min (m) = 0.000000e+00, max (m) = 1.000000e+00
Volume statistics:
minimum volume (m3): 6.249988e-04
maximum volume (m3): 6.250018e-04
total volume (m3): 1.000000e+00
Face area statistics:
minimum face area (m2): 2.499998e-02
maximum face area (m2): 2.500004e-02
Checking mesh........c.cccoovvernnn
Done.

The minimum and maximum values may vary slightly when running on different
platforms. The mesh check will list the minimum and maximum x and y values from the
mesh in the default SI unit of meters. It will also report a number of other mesh features
that are checked. Any errors in the mesh will be reported at this time. Ensure that the

minimum volume is not negative as ANSYS FLUENT cannot begin a calculation when this is

the case.

4.2. Set up your models for the CFD simulation.

& Models—Viscous— Laminar— OK

1: Mesh
Problem Setup Models [

General Models Viscous Model k g

Multiphase - Off

Materials Eneray - OFf Model

Phases Viscous - Laminar ) Invisad

Cell Zone Conditions Radiation - Off B —

Boundary Conditions Heat Exchanger - Off

: Spalart-Almaras (1 eqn
Mesh Interfaces Species - Off pa (Lean)

Dynamic Mesh

Reference Values
Solution

Solution Methods

Solution Controls

Monitors

Solution Initialization

Calculation Activities

Run Calculation
Results

Graphics and Animations

Plots

Reports

Discrete Phase - Off

k-epsilon (2 egn)

Transition k-+l-omega (3 eqgn)

_ Reynolds Stress (5 egn)
(7) Scale-Adaptive Simulation (SAS)

Solidification & Melting - Off k-omega (2 egn)
Acoustics - Off
Transition S5T (4 egn)




4.3. Set up your materials for the CFD simulation.

© Materials— double-clicking air—Insert properties— Change/Create = Close

Prablem Setup
General
Models
Phases
Cell Zone Conditions
Boundary Conditions
Mesh Interfaces
Dynamic Mesh
Reference Values
Solution
Solution Methods
Solution Controls
Monitors
Solution Initialization
Calculation Activities
Run Calculation
Results
Graphics and Animations
Flots
Reports

Materials Name ] |
Fluid | air f‘:jﬁ:nal Type
il
Solid i
aluminum el ks FLUENT Fluid Materials

Geategat.) |

Order Materials b

ame
hemical Formula

1) T b |

air
(= =
Properties
Density (ka/m3) [constant v Edt.. ]
[100
Viscosity (ka/m-s) [constant [ Edt.. |
‘1
(Crangeforeate] [ peete | [ dos= | [ rep |

Material properties : Density (kg/m3) = 100
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: Viscosity (kg/m-s) = 1 This setting is for the flow condition of Re=100

4.4. Set up the boundary conditions for the CFD analysis.

Set

= Boundary Conditions™ Moving wall= Edit

: Wall Motion = Moving Wall

: Speed (m/s) = 1 = Click OK

s =) Wall =
Froblem Setup Boundary Ci I B wa
General Zone Zone Name
Models interior-surface_bod moving_wal
Materials
Phases wal Adjacent Cell Zone
Cell Zone Conditions it
o
Mesh Interfaces
Dynemic Mech Momentum | Thermal | Radiation | speces| DpM | Multphase | uDs | wallFim|
Reference Val
ererence tales Wall Mation Mation
Solution P —
€ onary Wal Speed
Solution Methods @ Moving Wal clatve to Adjacent Cel Zone | Peca )
Solution Controls ©) Absolute N —|
Monitors
Solution Initialization Eizei
Calaulation Activities X ’717
Run Calculation ]
Resuts ¥ ’70
Graphics and Animations | Phece T ) ]
Plots [mixture | [wall - B
Reports Shear Condition
[ Edit. | [ copy... |[Profies... | @ Na Slip
= () Specified Shear
[ Paremeters... | [Operating Conditors... | Specularity Coefficient
Display Mesh... | | Periodhc Conditons... | Marangoni Stress
Wiall Roughness
Roughness Heiaht () [ [constant 2l
Rouchness Constart [ [constant B
ok [cancel| [help |




4.5. Set up solution parameters
= Solution

® Solution Methods :

® Solution Controls :

for the CFD simulation.

Pressure-Velocity Coupling : SIMPLE
Spatial Discretization: Pressure : Standard

Momentum : First Order Upwind
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Under-Relaxation Factors : Use 0.3, 1, 1, 0.7 for Pressure,

Density, Body force, and Momentum, respectively.

Problem Setup Solution Methods Problem Setup Solution Controls
General n i
e Pressure-Velodity Coupling General Under-Relaxation Factors
Materials Scheme Models
Phases [smope - Materials Pressure
Cell Zone Conditions Phases | 0.3
" Spatial Discretization - '
rsl“’a';:‘dlan"’;rcf:::‘:""s N Cell Zone Conditions
" Gradient Boundary Conditions Density
Dynamic Mesh [Laast Squares Cell Based vl
Reference Values a Mesh Interfaces | 1
Pressure .
Solution [stnderd l Dynamic Mesh
iNdart -
olution Methods] — Reference Values Body Forces
Salution Controls :
Monitore [Eirst Grder Upwing - Solution | 1
Solution Initialization Solution Methods
Calculation Activities olution Controls| Momentum
Run Calculation Monitors | 0.7
Resuts - Solution Initilization
Elr:ghlcs and Animatons Transient Formulation Calculation Activities
Reports Run Calculation
Non-Iterative Time Advancement Results
Frozen Flux Formulation . o
Pseudo Transient Graphics and Animations | | pefault
[] High Order Term Relaxation Flots
Reports [Equaﬁons... ] [Limiis... ] [Advanced...
efaul

® Monitors— Residuals

Options Equations
Print to Console Residual Monitor Check Convergence Absolute Criteria~ »
Plot continuity 0.001
Window & —— —
B
Iterations to Plot y-velodty 0.001 i
1000 ) i
= Residual Values Convergence Criterion
[C] normalize Iterations absolute
5 -
Iterations to Store —
1000 5 Scale
[ compute Local Scale

-

[ o |

[ Pt

] [R.enormalize] [ cancel | [ Help ]

- Make sure that Plot is enabled in the Options group box.

- Keep the default values for the Absolute Criteria of the Residuals, as shown in

the Residual Monitors dialog box.

- Click OK to close the Residual Monitors dialog box.
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® Solution Initialization— Initialize

Problem Setup Solution Initialization

General nitialization Methods

Models L
Materials ! Hybrid II'IItI?|!ZaItI0ITI
Phases @) Standard Initialization
Cell Zone Cond\ppns e
Boundary Conditions ]
Mesh Interfaces i
Dynamic Mesh Reference Frame . .
Reference Values T p——— - All are initialized with 0
Solution () Absolute

Solution Methods T - CUCk Inltlallze
Salution Contrals nita faues

) -
Monitors Gauge Pressure (pascal) —

olution Initialization 0
Calculation Activities |
Run Calculation y
X Velodity (m/s)
Results | 0

Graphics and Animations
Flots ¥ Velocity (mjfs)

Reports | 0

m

Reset DPM Sources | | Reset Statistics

5. Run Calculation
- Number of Iterations : 2000
- Reporting Interval : 10
- Profile Update Interval : 10

- Click Calculate
Problem Setup Run Calculation
G |
MEI;:: Check Case... Preview Mesh Mation...
Materials ] ]
Phazes MNumber of Iterations Reporting Interval
Cell Zone Conditions |ZC'U[3l % | 10 %
Boundary Conditions
Mesh Interfaces Profile Update Interval
Dynamic Mesh 10 (=]
Reference Values =

Solution Data File Quantities. .. Acoustic Signals. ..

Solution Methods

Solution Controls

Monitors

Solution Initialization

Calculation Activities

Help
Results

Graphics and Animations

Plots

Reports

Calculate
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As the calculation progresses, the surface monitor history will be plotted in the

graphics window

1e-04

1e-05
1] 20 40 B0 =in] 100 120 140 160 180 200

lterations

graphics window

The solution will be stopped by ANSYS FLUENT when the residuals reach their
specified values or after 2000 iterations. The exact number of iterations will vary depending
on the platform being used. An Information dialog box will open to alert you that the

calculation is complete. Click OK in the Information dialog box to proceed.

5. Displaying Results in ANSYS FLUENT and CFD-Post
Start CFD-Post : In the ANSYS Workbench Project Schematic, double-click the
Results cell in the 2D fluid flow analysis system. This displays the CFD-Post application. You

can also right-click the Results cell to display the context menu where you can select the

Edit... option.
- B
i
2| ) Geometry v 4
3 . Mesh v 4
4 @ sewp v 4
5 | @ solution v 4
& [@ resas @ e
Fluid Flow (FLUENT) E3  Duplicate
Transfer Data From New  »
#  Update
Clear Generated Data
@ Refresh

Reset
Delete

B

Rename
Properties

Quick Help
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Fie Edt Sesson Insert Toos Hep
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HHEL@Em 90 Blan - SBEER

® Ome /s O0asE

Outne | \aables | Bxessons | Caeators [ T |
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& Tt Page -

0125

0375

30 Viewer | Table Viewer

Chart Viewer

T

The Elbow Geometry Loaded into CFD-Post

® Displaying Vectors.

Details of Vector 1

Gaometry‘rdnrls;mbdlkmdalmew‘

— ]
Definition

s "
Sampling Vertex =
Reduction Reduction Factor -

Factor 10

R e R—]

Boundary Data Hybrid @ Conservative

e —

0.300

- Insert a vector object using the Insert menu item at the top of the CFD-Post window.

Insert—*vector

- Keep the default name of the vector (Vector 1) and click OK to close the dialog

box. This displays the Details of Vector 1 view below the Outline view.

- In Geometry Tab Select All Domains in the Domains list.

- Select symmetry 1 in the Locations list.

- Select Velocity in the Variable list.

- Select Normalize Symbol in Symbol Tab.

- Click Apply.
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® Displaying Contour.

Details of Contour 1

Geometry ‘ Labels I Render I Wiew |
-

oo =]
Locations symmetry 1 - E]
I T —]
oo

Min 0 [msn-1]

Max 1[ms~-1] =
Boundary Data Hybrid @ Conservative

cor e

Color Map | Default (Rainbow) -
#of Contours =0 E

Clip to Range :

- Insert a contour object using the Insert menu item at the top of the CFD-Post window.
Insert= Contour

This displays the Insert Contour dialog box.

- Keep the default name of the contour (Contour 1) and click OK to close the dialog box.

This displays the Details of Contour 1 view below the Outline view in CFD-Post. This
view contains all of the settings for a contour object.

- In the Geometry tab, select All Domains in the Domains list.

- Select symmetry 1 in the Locations list.

- Select Velocity in the Variable list.

- # of Contours : 20

- Click Apply.

e
0600 (m) o 0250
0425

Contour # of Contours : 20 and 1000
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® Displaying Streamlines.

Detzils of Streamline 1
Geometry |Cokw|swnbn||Lmis|Rﬂ|der|‘ 5

Type [surface streamine -]
Definition
Surfaces [symmetry 1 -] E]
Start From [Emﬂv&ﬂﬂed Samples - ]
#ofPoints  wo S|
Variable [vdodtv hd ] E]
Boundary Data () Hybrid (@ Conservative
Directon | Forward and Backnard -

Simplify Streamline Geometry

- Insert a streamline object using the Insert menu item at the top of the CFD-Post window.
Insert= Streamline

- Keep the default name of the streamline (streamline 1) and click OK to close the dialog
box. This displays the Details of streamline 1 view below the Outline view in CFD-Post.
This view contains all of the settings for a streamline object.

- In the Geometry tab, select Surface Streamline in the Domains list.

- Select symmetry 1 in the Surfaces list.

- Select Velocity in the Variable list.

- # of points : 80

- Click Apply.

0.250

Streamlines



® Displaying XY-Plot (Section Plot).

This displays the results at any desired section plane/line. In this case the x-

velocities at the haft section lines of x=0.5 of the cavity are displayed versus the y-

coordinates.

1. Define section plane/line :
Surface ™ Line/Rank...
- End Points: x0(m)—0.5, x1(m)—*0.5
y0(m) =0, y1(m) —1
- New Surface Name: line-1
- Click Create™Close

2. XY-Plot :

Plot— XY Plot

- Options: Node Values (Enabled)
o - Position on Y Axis (Enabled)

-04 02 0 0z 0.4 0g 08 1

X Velocity (mfs) - Plot Direction: X—0, Y—™1, Z—0

- Y Axis Function: Direction Vector
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- X Axis Function: Velocity =X Velocity

- Surfaces: Select line-1
- Click Plot.
3. Write Data to File :
1. Plot=—*XY Plot
- Options: Write to File (Enabled)
- Click Write.
2. In Select File dialog box™XY File: Cavity Re1000 G40 UDS1.xy—OK
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Problem Setup Plots SElEm ey Ph_}_t_
Ge’(‘ﬁa' Plots Options ¥ Axis Function
Models A
Materials i Node Values [I]edlm Vector ']
Histogram |:| Position on X Axis 3 5
Phases File i T X Axis Function
Cell Zone Conditions Profiles: = osition on = ['Jdnutv v]
Boundary Conditions Profile Data - Unavailable Wirite to ﬁle
Mesh Interfaces F'I__nrherpolabed Data Order Points [ velocity =
Dynamic Mesh
R:nferenoe Values F‘*L@E] urfaces 88
interior-surface_bod
Solution
Solution Methods ::‘:‘;2 wall
Solution Controls wall na-
Monitors
Solution Initislization
Calculation Activities
Run Calculation
Results Mew Surface =
Graphics and Animations
|ots)
Reports

® Finding Grid Independent

Concept of grid independent is to find a coarse grid which gives an accuracy as same

as a finer one.

1. Repeat the case with the finer grid of 80x80
and then write the data to file
Cavity Re1000 G80 UDS1.xy

2. Repeat the case with the more finer one of

160x160 and also write the data to file

3.00e-01

2ot Cavity Re1000 G160 UDS1.xy

1.00e-01

0008400 1 3. Plot— XY Plot...

-0.4 -0.2 i} 0.2 04 0.6 0.8
X Velocity (m/s)

- Options: Node Values (Enabled)

- Position on Y Axis (Enabled)

- Write to File (Disabled)

- Plot Direction: X0, Y1, Z—0

- Y Axis Function : Direction Vector

-0

AT - X Axis Function : Velocity=™X Velocity

1.00e-01

000e+00 - Surfaces: Select line-1

04 02 0 02 04 06 08 1

Fvoe ) - Click Load Files— Select three Files of

Cavity Re1000 G40 UDS1.xy, Cavity Re1000 G80 UDS1.xy, and
Cavity_Rel1000 G160 UDS1.xy
- Click Plot.
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.
1.00e-01  *

0.00e-+00 t.
0.4 -0.2 0 02 04 0B 0.3 1

X Velocity (m/s)

® Comparing Numerical Scheme
Calculation of 2nd Oder Accuracy:
Repeat the case with using 40x40 mesh
1. Solution Methods :
- Pressure-Velocity Coupling : SIMPLE
- Spatial Discretization: Pressure : Standard
- Momentum : Second Order Upwind
2. Run Calculation= Calculate
3. Plot=* XY Plot
- Options: Write to File (Enabled)
- Click Writ
- In Select File dialog box=*XY File: Cavity Re1000 G40 UDS2.xy=—OK

01

u]
-0.4 -0.2 u] 0z 0.4 06 0.8 1

X Velocity (m/fs)



® Comparing Results with 1st Oder Accuracy:
4. Plot=* XY Plot
- Options: Write to File (Disabled)
- Surfaces: Select line-1
- Click Load Files= Select three files of Cavity Re1000 G40UDS1.xy ,
CavityRe1000Ghai.xy, Cavity Re1000 G40 UDS2.xy,
- Click Plot.

Position {m)

T .
1.00e+00 T
L ]
9.00e-01 > »
O
8.00e-01 S L.
. KA
7.00e-01 &
5.00e-01 ..".
<&
5.00e-01 &
L *  Mesh 40x40 (2nd Oder)
4.00e-01 | %’ #  Mesh 40x40 (1st Oder)
%’ & Ghai et al
L
3.00e-01 &
S
2.008-01 -.E 3.
*e 3
1.00e-01 | * ®
i,
*
0.00e+00 . o
0.4 0.2 0 02 0.4 1.6 0.8 1

X Velocity {(m/s)
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+* Case A2: Channel Flow
Problem Specification
Specification:
- Fluid flowing through a channel of constant cross-section and exhausts into the ambient
atmosphere at a pressure of p=1 atm.
- The channel height H=0.2 m and length L=8 m.

- The uniform inlet velocity U;,=1 m/s

- The fluid density p=1 kg/m3 and viscosity [,I.:2><1073 kg/(ms)
- Reynolds number based on channel height can be calculated from
Re= PU;H/IL =100

Un=1 m/s, P=1 kg/ma, L‘l=2x10_3 kg/(ms)

B G
A

—
—
— H=0.2 p=1 atm
—
— v
P R R A e T i v

|4 »
<

L=8m |

Boundary layer
& & A o O F .4
i
S uly
S T e et ) A
—

Yy vy

A 4

R T T T T T T T T T T S T T T T T R T T

»le »l
Entrance region |Fully develop region|

Determine the centerline velocity, wall skin friction coefficient, and velocity profile

at the outlet (fully develop profile) compare with exact solution
Exact solution :
_ vl (%)
u@y) = h [1 (h) ]

where h=H/2 and y is the distant measure from centerline to wall



Boundary conditions

Velocity inlet

Pressure outlet

ixed wa
B A F
h
Full Domain
e T T T T T . e e e e e e R e e R R e R R
le »l
[ L=38 'l
::/elomty inlet Symr&metry Pressur\e outlet
X I .\
Ty h =H/2 Haft Domain
[ T T T T T T T T T T

1. Creating Geometry

Click the Draw menu in the Sketching Toolboxes, and then select Rectangle.draw

Fixed wall
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the Rectangle by first clicking on the coordinate origin, and then move the cursor obliqueto

create Rectangle(0.2x8 m). You can setting dimension by selectYou can setting dimension by

select Dimensions on Sketching Toolbox.

"& D Fiuid Flow (FLUENT) - DesignModeler

—— —

- _ e sl

File Create Concept Tools View Help
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AutoFilet: [~

©ACircle by 3 Tangents

Modify -

Dimensions
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Now we create a surface body Click Concept = Surfaces From Sketches.

| File Create Concept Tools View Help
J 271 I & | = Lines From Points elect:
J - nm-~ d'f] Lines From Sketches =

[ Lines From Edges U—J

XYPlane \A 3D C
urve —
W Thin/Surf|, Split Edges # Poi
Sketching Tool w5 rfaces From Edges ?

el

&% Surfaces From Faces

Cross Section L4 a~

Select the Base Objects to Sketch1, and click Apply.

Tree Outline a
[+ B: Fluid Flow (FLUENT)
i .,)L H¥Plane

¥
B ‘,. 0 Parts, 0 Bodies

Sketching  Modeling

Cperation Add Material
Qrient With Plane Mormal? | Yes
Thickness (> =0] om

And then click Generate button above the Graphics window.
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2. Meshing the Geometry in the ANSYS Meshing Application

Open the ANSYS Meshing application :To start the meshing process, right click the

Mesh menu in the Project Schematic window and select Edit to open ANSYS Meshing.

That the geometry we just created is automatically loaded.

- e o e————
‘|| File Edit View Units Teols Help H\ -/ Generate Mesh @ [t @~ @ worksheet iy

[
RTR->EREE & SeaqamgaaEms| -
A

£ Show Vettices | @B Wireframe | [[Edge Coloring = £~ A~ A~ A - [4l - Thicken Annotations =7 chow sk Show Coordinate Systems
Ny

umbering | #8Named Selection

|/ Mode! | gigVirtusl Topology | lah] Symmetry | @ Connections | &1 Mesh

B Geometry
-+ Coordinate Systems
A Mesh

Details of "Model” 2
=1 Lighting

Ambient |1

| |oiuse 6
Specular |1
Color

l 0.000 1.500 3.000 (m)
]
0750 2250

Geometry { Print Preview Report Preview,

1 Face Selected: Surface Area(approx) = 16 m* | Metric (m, kg, N, 5,V, A} Degrees rad/s Cels /|

Press 1 for Help 18 No Messages
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Set some basic meshing parameters for the ANSYS Meshing application :Then using

edge selector @

Create Mesh Edge

1. Press Ctrl on keyboard Left click select left and right edge and right clicking

—Insert™? Sizing.
® Details of "Edge Sizing"-Sizing dialog box
Type : Number of Divisions
Number of Divisions : 25
Bias Type :[[ — — =l

Bias Factor :4
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left edge right edge

2. Repeat for the top edge
® Details of "Edge Sizing"-Sizing dialog box
Type : Number of Divisions
Number of Divisions : 125
Bias Type:[— — =l

Bias Factor :4

3. Repeat for the bottom edges
® Details of "Edge Sizing"-Sizing dialog box
Type : Number of Divisions
Number of Divisions : 125
Bias Type:[[ - — =l

Bias Factor :4

Mesh edge obtained from the steps

Create Mesh Face
4. Right click on Mesh inOutline box Select Insert=Method
® Details of "Automatic Method"-Method dialog box
Select Geometry and click Apply.
Method : Uniform Quad

Element Size : 1
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5. Now you can create Mesh by right clicking Mesh in Outline Box select Generate Mesh or

click Generate Mesh on Menu bar/|| # Genertebesh

Mesh face obtained from the process

Create named selections for the geometry boundaries :Right-click edge and select

the Create Named Selection option.
®Selection Name dialog box.
Top Edge : Wall
Bottom Edge : Wall
Left Edge : Velocity Inlet
Right Edge : Pressure Outlet

6. Click Update on menu bar to update mesh and boundary condition

3. Setting Up the CFD Simulation in ANSYS FLUENT

Open Setup window. The mesh is automatically loaded and displayed in the

graphics window by default

:Channel Flow FLUENT [2d, pbns, lam]
—
Solve Adapt Surface Report Pars|

@A s @ m-o-

File Mesh De

A
!
Problem Setup General
=
Models
|| veterds Repert Qualty
e

ell Zone Conditions
Boundary Conditions
Mesh Interfaces
Dynamic Mesh
Reference Values

olver

Type Velocity Formulation
@ PressureBased 1@ Absolut
(O DensityBased () Relative

Solution
Solution Methods o e
Solution Control L3 pac
Vot S © Steady ® Planar
© Transient © Axisymmetric
Solution Initislization e i
Calculatic \Ctiviti () Axisymmetric Swirl
Run Calculation Gravity
e
Graphics and Animations.
s
Mesh Jan 26, 2014
ANSYS FLUENT 14.0 (2d, pbns, lam)
6100 20 interior faces, zone 1, binary. p
250 2D wall faces, zone 5, binary.
25 2D velocity-inlet faces, zone 6, binary.
25 2D pressure-outlet faces, zone 7, binary.
3125 quadrilateral cells, zone 2, binary.
Building... =
mesh
materials,
interface,
domains ,
zones,
pressure_outlet
velocity_inlet
< 3
== —

The ANSYS FLUENT Application



3.1. Set some general settings for the CFD analysis.

© General
Solver : Pressure Based
Time : Steady
Velocity Formulation : Absolute
2D Space : Planar
3.2. Set up your models for the CFD simulation.

& Models—Viscous— Laminar— OK

3.3. Set up your materials for the CFD simulation.
> Materials— air
Density (kg/m3) :100
Viscosity (ke/m-s) :0.2 This setting is for the flow condition of Re=100
Click Change/Create = Close

3.4. Set up the boundary conditions for the CFD analysis.
':>Boundary Conditions
®Zones: left click on name Velocity inlet.
Velocity Magnitude (m/s): 1
Click OK
®Zones: left click on name Pressure outlet.
Gauge Pressure (Pascal): 0
Click OK
3.5. Set up solution parameters for the CFD simulation.
= Solution
®Solution Methods :  Pressure-Velocity Coupling : SIMPLE
Spatial Discretization: Pressure : Standard

Momentum :Second Order Upwind

® Solution Controls:  Under-Relaxation Factors : Use 0.3, 1, 1, 0.7 for
Pressure, Density, Body force, and Momentum,

respectively.



® Monitors— Residuals

- Make sure that Plot is enabled in the Options group box.
- Keep the default values for the Absolute Criteria of the Residuals,
as shown in the Residual Monitors dialog box.

- Click OK to close the Residual Monitors dialog box

® Solution Initialization— Initialize
- Initialization Method :Standard Initialization
- All are initialized with 0

- Click Initialize

4. Run Calculation
- Number of Iterations: 2000
- Reporting Interval: 10
- Profile Update Interval : 10
- Click Calculate

1e-06

1e.07
] 5 10 15 20 25 20 25 40

[terations

graphics window
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5. Displaying Results in ANSYS FLUENT and CFD-Post
® Displaying Vectors.
Insert= vector
Keep the default name of the vector (Vectorl) and click OK to close the dialog
box. This displays the Details of Vector 1view below the Outline.
- In Geometry Tab Select Al Domains in the Domains list.
- Select symmetry 1 in the Locations list.
- Select Velocity in the Variable list.
- Symbol : 0.2 in Symbol Tab.
- Click Apply.

® Displaying Contour.
Insert= Contour

Keep the default name of the contour (Contour 1) and click OK to close the dialog
box. This displays the Details of Contour 1 view below the Outline view in CFD-Post. This
view contains all of the settings for a contour object.

- In the Geometry tab, select All Domains in the Domains list.

- Select symmetry 1in the Locations list.

- Select Velocity in the Variable list.

- # of Contours :30

- Click Apply.
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®Fully Develop Profile at Outlet.
This displays the results of velocity profile at exit plane. In this case the x-velocities
at the exit section lines of x=8 of the channel are displayed versus the y-coordinates.
x-y Plot of the velocity profile at exit plane:
Plot—XY Plot

- Options: Node Values (Enabled)

- Position on Y Axis (Enabled)

- Plot Direction: X1, Y0, Z—0

- Y Axis Function: Direction Vector

- X Axis Function: Velocity =X Velocity

- Surfaces: Select outlet

- Click Plot.

2.a80e-02

0.00e+00
1] oz 0.4 0g s 1 12 14 18

A Velocity (mfs)

Note
We can see that the maximum velocity at the midline is approached to 1.5 at

the exit plane.
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+%* Practice Al

Channel Flow with Haft Domain

According the channel flow as previous consideration. Try again with the with the

haft domain size

Results

® Displaying Vectors.

® Displaying Contour.

®Fully Develop Profile at Outlet.

0.00e+00
0 0.2 0.4 06 0.8 1 1.2 1.4 16

X owelocity {mis)
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+* Case A3: Backward Facing Step Flow
Problem Specification
Specification:
- Fluid flowing in a channel with suddenly change in area cross-section

- The haft channel height H=0.1 m and length L=1 m.

- The uniform inlet velocity U;,=1 m/s The fluid density P=200 kg/m3
and viscosity J=0.1 kg/(ms)

- The Reynolds number based on channel height can be calculated from
Re= pU;,H/M =200

Note
For Re=600 with L=1, we can see areversed flow at the exit of the channel. This
isbecause the channel length is not long enoughto generate the fully develop profile of the

flow.The reverse flow usually gives an unstablecondition for the computation.

r F FrFrrrrrrrrrrirrrrrirrrrrrra

r 1

Uinb L=1m o

R, H=0.1 m !

> |h=H/2 .
— Y ¥ —.

Velocity inlet

N I

Wall

Determine a reattachment point of the flow with Reynolds numbers of 200 and 600
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1. Creating Geometry
Click the Draw menu in the Sketching Toolboxes, and then select Line. Draw the
Rectangle. You can setting dimension by select setting dimension by select Dimensions on

Sketching Toolbox.

vy =)

@) F: Fluid Flow (FLUENT) - DesignModeler - — "

File Create Concept Tools View Help
JHE @] Dune Greio [[sder % L@@ @[OS QAARAACE 16l [/ || Wx W A v A fm fir A &
X¥Ptane - | sketens -

<} Generate W Shore Topolony  [EE|Parameters.

[REdtrude @Revolve @ Sweep & Skin/Loft

W Thin/Surface 4 Blend v 4. Chamfer €% Point
Sketching Toolboxes.  Graphics

Draw

[\ Line
& Tangent Line

& Line by 2 Tangents f
J Polyline
(SPolygen
T Rectengle
{>Rectangle by 3 Points
&7 Oval
@ Circle
Modify |+
Dimensions
Constraints
Settings

Sketching | Modeling

Details View

=] Detats of Sketch

Sketen [sketent
Sketen Visiity | show Sketch
Shouw Constrainis? No

= Dimensions: 3

0.000 0,150 0.300 (m)

B [im L :
vz }m m 0.075 0235
v 005 m H
| Edges:S : ~ | _Model View [print Preview
ine - Click, or Press and Hold, for start of line o Selection eter
Line - Click, or Press and Hold, f of l No Selecti Me o b

Now we create a surface body Click Concept = Surfaces FromSketches.

| File Create | Concept Tools View Help

J @j E E *~a Lines From Points
J H~ m- | % Lines From Sketches
J Y¥Plane [ Lines From Edges
- %, 30 Curve

J ot o ", Split Edges
i Ted ¥ Surfaces From Edges
&
&' Surfaces From Faces

Cross Section +

Select the Base Objects to Sketchl, and click Apply.

Tree Outline R
=g B: Fluid Flow (FLUENT)
3k KYPlane
oy ZXPlane
<y YZPlane
g SurfaceSkl
- M0 0 Parts, 0 Bodies

Sketching  modeling

[=I| Details of SurfaceSk1

Surface From Sketches SurfaceSkl
Base Objects m»
Operation Add Material
Orient With Plane Normal? | Yes
Thickness (>=0] om
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And then click Generate button above the Graphics window.

D E—FY )

-
F: Fluid Flow (FLUENT) - DesignModeler —— — W - —

File Create Concept Tools View Help
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oy SurfaceSk2
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Details View Ea
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Base Objects 1 Sketch

Operation Add Material
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Thickness (> =0} om

Model View | Print Preview
[Meter o

No Selection A
.

@ Dragto scroll view

2. Meshing the Geometry in the ANSYS Meshing Application
Open the ANSYS Meshing application :To start the meshing process, right click the

Mesh menu in the Project Schematic window and select Edit to open ANSYS Meshing.

That the geometry we just created is automatically loaded.

@F:FIuHFIW(FLUENT)—Ehing [ANSYS ICEM CFD] se%w

File Edit View Units Tools Help H\ </ Generate Mesh 7 B¢ [ - Worshest dix
FTTER- OB & S Q8 | QBASRPs O
5 Show Vertices @ Wircframe | Il Edge Coloring ~ £~ A~ A~ A~ A~ A || Il Thicken Annotations 3 shouw iviesh sk Show Coordinate Systems
Model | @it Virtual Topology | (4] Symmetry | @ Connections | i Mesh Numbering | #8Named Selection
Outline 7
&) Prosect
- (@] Model (F3)
/B Geometry
/5. Coordinate Systems
/% Mesh
[
Details of "Model” L3
=) Lighting
Ambient 0.1
Diffuse |0.6
Specular |1
Color y
[]
s
0.000 0.180 0.300 {m)
0o7s 0.225
| ‘Geometry /. Print Preview ; Report Preview, |
Press F1 for Help 38/ No Messages [1 Face Selected: Surface Area(approx) = 01 m’  [Metric (m, kg, N, 5, V, A) Degrees rad/s Celsi /|

Set some basic meshing parameters for the ANSYS Meshing application :Then using

edge selector @



Create Mesh Edge

1. Press Ctrl on keyboard Left click right edge and right clicking= Insert= Sizing.

® Details of "Edge Sizing"-Sizing dialog box
Type : Number of Divisions

Number of Divisions :5

Bias Type :No Bias

2. Repeat for the top edge.
® Details of "Edge Sizing"-Sizing dialog box
Type : Number of Divisions
Number of Divisions : 100
Bias Type:[ - — =l

Bias Factor :4

3. Repeat for the bottom edges.
® Details of "Edge Sizing"-Sizing dialog box
Type : Number of Divisions
Number of Divisions : 125

Bias Type :

Bias Factor :4
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4. Repeat for the left edges. (2 line)
® Details of "Edge Sizing"-Sizing dialog box
Type : Number of Divisions
Number of Divisions : 10

Bias Type :No Bias

Create Mesh Face
5. Right click on Mesh inOutline box Select Insert=Method
® Details of "Automatic Method"-Method dialog box
Select Geometry and click Apply.
Method :Triangles
6. Now you can create Mesh by right clicking Mesh in Outline Box select Generate Mesh or

click Generate Mesh on Menu bar/|| ¥ Genestebesh
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Create named selections for the geometry boundaries : Right-click edge and select
the Create Named Selection option.
®Selection Name dialog box.
Top Edge :Symmetry
Bottom Edge and Left(bottom) Edge : Wall
Left(top) Edge : Velocity Inlet
Right Edge (Outlet) :Outflow



Velocity inlet

N

Symmetry 7 Qutlet

Wall

7. Click Update on menu bar to update mesh and boundary condition

3. Setting Up the CFD Simulation in ANSYS FLUENT
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Open Setup window. The mesh is automatically loaded and displayed in the

graphics window by default

FFluid Flow (FLUENT) FLUENT [2d, pbns, lam] [ANSYS CFD]

— =)
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Soution © DensityBased () Relative
Solution Methods . -
Solution Control L3 e
voritors © steady © Planar
©) Transent ©) Asisymmetric
Solution Initialization © Ayt Soi
Calaulation Activities b
Run Calaulation Gravity
—
Graphics and Animations
Plots
Reports
hesh Jan 26,2014
ANSYS FLUENT 14.0 (2d, phns, larr)
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interface,
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surface_body
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Dbone.

< v

The ANSYS FLUENT Application

3.1. Set some general settings for the CFD analysis.

= General

Solver : Pressure Based

Time : Steady

Velocity Formulation : Absolute

2D Space : Planar



3.2. Set up your models for the CFD simulation.

& Models—Viscous— Laminar— OK

3.3. Set up your materials for the CFD simulation.
> Materials— air
Density (kg/m’) :200
Viscosity (ke¢/m-s) : 0.1 This setting is for the flow condition of Re=200
Click Change/Create = Close

3.4. Set up the boundary conditions for the CFD analysis.
':>Boundary Conditions
®Zones : left click on name Velocity inlet.
Velocity Magnitude (m/s) : 1
Click OK
®Zones : left click on name Outflow.
Flow Rate Weighting: 1
Click OK

3.5. Set up solution parameters for the CFD simulation.
= Solution
®Solution Methods :  Pressure-Velocity Coupling : SIMPLE
Spatial Discretization: Pressure : Standard

Momentum : Second Order Upwind

® Solution Controls:  Under-Relaxation Factors : Use 0.3, 1, 1, 0.7 for
Pressure, Density, Body force, and Momentum,

respectively.

® Monitors— Residuals

- Make sure that Plot is enabled in the Options group box.
- Keep the default values for the Absolute Criteria of the Residuals,
as shown in the Residual Monitors dialog box.

- Click OK to close the Residual Monitors dialog box.
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® Solution Initialization— Initialize
- Initialization Method :Standard Initialization
- All are initialized with 0

- Click Initialize

4. Run Calculation
- Number of Iterations: 2000
- Reporting Interval: 10
- Profile Update Interval : 10
- Click Calculate

5. Displaying Results in ANSYS FLUENT and CFD-Post

® Displaying Contour.
Insert= Contour

Keep the default name of the contour (Contour 1) and click OK to close the dialog
box. This displays the Details of Contour 1 view below the Outline view in CFD-Post. This
view contains all of the settings for a contour object.

- In the Geometry tab, select All Domains in the Domains list.

- Select symmetry 1in the Locations list.

- Select Velocity in the Variable list.

- # of Contours : 30

- Click Apply.

1.048e-001

5.240e-002

0.000e+000
[m s*1]

Contour of the velocity magnitude
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® Displaying Streamlines.

- Insert a streamline object using the Insert menu item at the top of the CFD-Post window.
Insert= Streamline

- Keep the default name of the streamline (streamline 1) and click OK to close the dialog
box. This displays the Details of streamline 1 view below the Outline view in CFD-Post.
This view contains all of the settings for a streamline object.

- In the Geometry tab, select Surface Streamline in the Domains list.

- Select symmetry 1in the Surfaces list.

- Select Velocity in the Variable list.

- # of points :100

- Click Apply.

0.000e+000
[m s*-1]

Streamlines the velocity magnitude

® Contour plot of pressure:
Display — Contours
- Contour of: Total Pressure
- Options: Filled (Selected)
- Levels: 20

- Setup: 1

Contour of Total Pressure



® Contour plot of Wall Fluxes:
Display — Contours
- Contour of: Wall Fluxes= Skin Friction Coefficient
- Options: Filled (Selected)
- Levels: 20

- Setup: 1

00

Contour of Wall Fluxes in term of Skin friction Coefficient

® Effect of Numerical Schemes

Scaled Residuals

Scaled Residuals Re=600. UDSH a0t Re=600, UDS2
1e+00 = A

I € , L Not Converge!l

Residuals Converge!! ] R L g
—— continuity

1801 | | x-velocity

| ~velocit 1e-02 —

[ ]
19-02 \ \\

e -

' ——

\‘\\_ \Ik_\ e
19:03 — ~—
. T 16-03 ,\ !
- _ T 1 Residuals
T T 1, — continuity
1e-04 — RN - x-velocity
~veloc
16-06 1e-04 T T
0 25 50 ] 100 128 150 % 200 s 0 500 1000 1500 2000 2600 3000 3500 4000 4500
Iterations
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Velocity inlet

Specification:

- Car model with dimensioning size as shown in the figure is

constant speed of 56 km/h.
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*%* Practice A2

Flow over a Car Model

running with a

- The fluid density p =1.2 kg/m3 and viscosity p.:1><1075 kg/(ms)

- Determine the domain size for simulating the flow problem here.

- Simulate the flow behavior over the model car with above

Free Stream

flow conditions.
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Results

® Displaying Streamline

Streamline of Velocity

Contours of Velocity

Contours of Pressure

Scheme: 2nd Order Upwind
Drag: 276 N
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+* Case A4: Flow around a Cylinder

Problem Specification

separation

Shear layer

- _—Vorlicily

T

Boundary 7>>>\Q

layer

Schematics of flow around a smooth cylinder

Regimes of flow in steady current

No separation, creeping flow | Re <5

A fixed pair of symmetric 5 <Re <40
vortices
Laminar vortex street 40 < Re < 200

Transition to turbulence in | 200 < Re < 300

the wake

Wake completely turbulent. | 300 < Re < 3x105

A: Laminar boundary layer

separation
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Consider the steady state case of a fluid flowing past a cylinder, as illustrated above.
Obtain the velocity and pressure distributions when the Reynolds number is chosen to be 30
In order to simplify the computation

- The cylinder diameter of D=0.1 m

- The uniform inlet velocity Uj,=1 m/s The fluid density P=30 kg/m3
and viscosity W=0.1 kg/(ms)

- The Reynolds number based on channel height can be calculated from

Re= PU;,H/M =30

00000 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000e

Note :
- Determine the flow field behavior at Reynolds number of 30

- Observe the distribution of pressure field around the cylinder

eececcccccce
900000000000

0 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000°

Outlet

oL L2 |



1. Creating Geometry

Create a circle, centered around the origin in the xy plane. Set the

circle to 0.1 m. And Create a rectangular follow the picture.
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diameter of the

o o T RN TSR W e

File Create Concept Tools View Help

X

AHE @[ i Greoe |[sdes[*y b~ | RREB [« |5+ QR QEQE 46l 12

LML AP A AR A Al

XtPlane v 3| Sketent - 20| SfGenemate @i Topoion, [EPorameters || EBtrude glgRevote g Sweep g Skin/Loft
W Thin/Surface e Blend v & Chamfer €5 Point
Outline LY Graphics

(148l & Fluid Flow (FLUENT)
By XVPlane
3 Sketchl

5 ZXPlane
e VZPlane
/&8 0 Parts, 0 Bodies

Sketching Modeling

View 2

=] Details of Sketch1

Sketch | sketen1

Sketch Visibility | Show Sketch

Show Constraints? | No
=] Dimensions: 5

[t o1m

B 05m

e 04m

s 15m —0 Y

Cvz im
1| Edges: 5 .

Full Circle Ed X

Line b2 000 0.500 1.000 ()

Line )

Line Lnt0 0250 0750

Line Lni1

Wodel View | Print Preview

@ Ready No Selection Meter o o /4

Now we create a surface body Click Concept = Surfaces From Sketches.



J File Create | Concept Tools View Help

J 2] E E *~a Lines From Points
|~ m~ £ Lines From Sketches
J Y¥Plane [ Lines From Edges
- Y, 3D Curve

J ot o ", Split Edges
ey Ted ¥ Surfaces From Edges
rl
&' Surfaces From Faces

Cross Section 4

Select the Base Objects to Sketch1, and click Apply.

Tree Outline &
=}/l B: Fluid Flow (FLUENT)
ok X¥Plane
oyt ZXPlane
w3 YZPlane
Lo SurfaceSkl
e B 0 Parts, 0 Bodies

Sketching  modeling

=| Details of
Surface From Sketches | SurfaceSkl
Base Objects
Operation Add Material
Orient With Plane Normal? | Yes |
Thickness (>=0] om

And then click Generate button above the Graphics window.

" 1 i Flow ~Designiodeler oo |
s

File Creste Concept Tools View Help
DHBE[G[ DU Gk [[dea[ & BREE |5 ¢ Qa8 @A Q%[+ e @
B-U- 4 f- A A A AP
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o Sketchl
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Sketching_Modeling

Details of Sketch1
Sketch [Sketeht
Il [ sketen visibity | show Sketen
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= Dimensions: 5
o1 oim
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=) Edges: 5.
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Line Lnio
line Lt
Model View [Print Preview
@ Ready No Selection Meter [0 M

2. Meshing the Geometry in the ANSYS Meshing Application
Open the ANSYS Meshing application :To start the meshing process, right click the

Mesh menu in the Project Schematic window and select Edit to open ANSYS Meshing.
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That the geometry we just created is automatically loaded.
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(&) I: Fluid Flow (FLUENT) - Meshing [ANSYS ICEM CFD]
File Edit View Units Teols Help ‘H </ Generate Mesh T8 i [~ W worksheer i

TV VERERE &S QAAFQCE M8 |0
£ Show Vertices | f@ Wireframe | [[Edge Coloring ~ 4~ /A4~ A~ A~ A~ A Il I-IThicken Annotations "% 5o et K Show Coordinate Systems
#£DNamed Selection

Model | gl Virtual Topology | [ds] Symmetry | @) Connections | & Mesh Numbering | £9
Outline 7

j Project

= 8] Model (13)
/B Geometry

. Coordinate Systems

Details of "Model"
= | Lighting

Ambient | .
Diffuse.
specular |1
Color

Geometry {(Print Preview
Association

[Metric (m, kg. N5, V., &) Degrees rad/s Cels |

[1 Body Selected: Volume = 18921 m*

38/ No Messages

Press F1 for Help

Create Mesh Edge

1. Press Ctrl on keyboard Left click left edge and right clicking= Insert=? Sizing.

® Details of "Edge Sizing"-Sizing dialog box
Type : Number of Divisions
Number of Divisions : 20

Bias Type :

Bias Factor : 5

2. Repeat for the top and bottom edge.
® Details of "Edge Sizing"-Sizing dialog box
Type : Number of Divisions

Number of Divisions : 20

Bias Type : No Bias

3. Repeat for the right edge.
® Details of "Edge Sizing"-Sizing dialog box

Type : Number of Divisions

Number of Divisions : 10

Bias Type : No Bias
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4. Repeat for the circle edge.
® Details of "Edge Sizing"-Sizing dialog box
Type : Number of Divisions

Number of Divisions : 40

Bias Type : No Bias

Create Mesh Face
5. Right click on Mesh inOutline box Select Insert=Method
® Details of "Automatic Method"-Method dialog box
Select Geometry and click Apply.
Method :Triangles

6. Now you can create Mesh by right clicking Mesh in Outline Box select Generate Mesh or

click Generate Mesh on Menu bar ||| ¥ Generstebesh

KR NAVAVAY VAN
eSSl iR
W

Dav

LS

AVAN <\ 7
PR DA
Wdpglase, NIVAVLy, VA
SRR OOEAA

Create named selections for the geometry boundaries : Right-click edge and select

the Create Named Selection option.
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®Selection Name dialog box.
Top and Bottom Edge :Symmetry
Circle edge : Wall
Left Edge : Velocity Inlet
Right Edge (Outlet) :Outflow

Inlet
=
Ly
i

Outlet

7. Click Update on menu bar to update mesh and boundary condition

3. Setting Up the CFD Simulation in ANSYS FLUENT

Open Setup window. The mesh is automatically loaded and displayed in the

graphics window by default

T:Fluid Flow (FLUENT) FLUENT [2d, pbns, lam] [ANSYS CFD]
File Mesh Define Solve Adapt Surface Display Report Parallel View Help ]

e-ad-mesFaa [ain-o-

Problem Setup General

esh -
Models

Materials [ sele.. ][ check | [ReportQualty]

b Cosper |

Cell Zone Conditions

Boundary Conditions
Mesh Interfaces
Dynamic Mesh Type Velodity Formulation
Reference Values @ PressureBased @ Absolute

soiston () DensityBased () Relative o - T it
| Solution Methods ?;:ngs‘%‘%'%{ém i &kma'é‘ﬁ
Solution Controls -, 2= “‘Wzﬁ’g‘; GOk %"A%‘
YaVavy 4' ’ SN

olver

R Sl
e v A <

Manitors

L7

Solution Initalzation © Tranient © Axsymmetric A
Calculation Activities ) Axisymmetric Swirl ZWA'SA'A Nmmé"‘
Run Calulation r——
flecs (VAVAVAVAVAV) ATAVAVAvVAVAV
Graphics and Animations
Plots
e Wesh Jan 28,2014
ANSYS FLUENT 14.0 (24, pbns, lam)
inlet -
surface_body
| interior-surface_body
Done..

Preparing mesh for display...
Done .
Writing Settings file...
writing rp variables ... Done.
writing domain variables ... Done.
writing surface_body (type fluid) (mixture) ... Done.
weiting interior-surface_body (type interior) (mixture) ... Done.
writing inlet (type velocity-inlet) (mixture) ... Done.
writing outlet (type pressure-outlet) (mixture) ... Done.

m

«

The ANSYS FLUENT Application




3.1. Set some general settings for the CFD analysis.
© General
Solver : Pressure Based
Time : Steady
Velocity Formulation : Absolute

2D Space : Planar

3.2. Set up your models for the CFD simulation.

& Models—Viscous— Laminar— OK

3.3. Set up your materials for the CFD simulation.
> Materials— air
Density (kg/mB) 230
Viscosity (ke/m-s) :0.1 This setting is for the flow condition of Re=30
Click Change/Create—Close

3.4. Set up the boundary conditions for the CFD analysis.
':>Boundary Conditions
®Zones : left click on name Velocity inlet.
Velocity Magnitude (m/s) : 1
Click OK
®Zones : left click on name Outflow.
Flow Rate Weighting: 1
Click OK

3.5. Set up solution parameters for the CFD simulation.
= Solution
®Solution Methods :  Pressure-Velocity Coupling : SIMPLE

Spatial Discretization : Pressure : Standard

Momentum : Second Order Upwind
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® Solution Controls:  Under-Relaxation Factors : Use 0.3, 1, 1, 0.7 for
Pressure, Density, Body force, and Momentum,

respectively.

® Monitors— Residuals

- Make sure that Plot is enabled in the Options group box.
- Keep the default values for the Absolute Criteria of the Residuals,
as shown in the Residual Monitors dialog box.

- Click OK to close the Residual Monitors dialog box.

® Solution Initialization— Initialize
- Initialization Method : Standard Initialization
- All are initialized with 0

- Click Initialize

4. Run Calculation
- Number of Iterations: 2000
- Reporting Interval: 10
- Profile Update Interval : 10
- Click Calculate

5. Displaying Results

® Displaying Streamlines.

Graphics and Animations= Path lines
- Style : line
- Color by : Velocity Magnitude
- Step Size (m) : 0.01
- Steps : 20
- Path Skip : 3
- Release from Surfaces : Select All

- Click Display
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® Displaying Contour of Velocity.
Graphics and Animations= Contours
- Contour of : Velocity Magnitude
- Options : Filled (Selected)
- Levels : 20

OWRHO-L 22N B
OO DONOIONG
SO B OKTIDOLCIDSILITT

® Displaying Contour of Static Pressure.
Graphics and Animations= Contours
- Contour of : Static pressure
- Options : Filled (Selected)
- Levels : 20

4.55e-01
3.90e-01
3.25e-01
280e-01
1.95e-01
1.30e-01
6.57e-02
0.00e+00

IR At dr A e draars

2000
o
=}



® Pressure Distribution along Curve:
Plot—XY Plot
- Options : Node Value (Enabled)
- Options : Position on X Axis (Enabled)
- Y Axis Function : Static Pressure
- X Axis Function : Curve Length

- Surfaces : circle

0.00e+00

-5.00e-+00
0 005 01 015 02

Curve Length (m)

025

03

035
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+$* Practice A3

Flow over a Circular Tube Prattle

Specification :
- The cylinder diameter of D=0.1 m and space H=D

- The uniform inlet velocity U,,=1 m/s
- The fluid is air with a density p =30 kg/m3 and viscosity =0.1 kg/(ms)

- Reynolds number of the flow can be calculated by Re= pU;;H/=30

Result
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** Practice A4

Flow around a Rotating Cylinder

Specification :

Inlet | .
Increased Local Velocity . Free St ream
(Decreased pregsure) —_— |
— i +
Downwash Upwash E— H B
/ e ) ..:_;
= — FWall 3
B A |
— ; Free stream
Decreased Local Velocity & »le »|
T L2 |

- The cylinder with diameter of D=0.1m is rotated clockwise with a constant angular

velocity is -10 rad/s (CW)

- The uniform inlet velocity U;,=1 m/s

- The fluid is air with a density p =20 kg/m3 and viscosity M=0.1 kg/(ms)

- Reynolds number of the flow can be calculated by Re= pU;,H/[1=20

® Setting Control Parameters

I -

Zone Name
‘ drde

Adjacent Cell Zone
‘ surface_body

Momentum | Thermal | Radiation | species| DM | Mutiphase| uDs | wal Fim |

Wall Motion Motion

() Stationary Wal

0 Speed (rad
@ Relative to Adjacent Cell Zone "TDE (radjs)

@ Moving Wal
o (Co—
B Ratation-Asxis Origin
©) Translational
(@) Rotational X (m) g
) Components @
¥{m) Tqf
c]

[l
|| shear Condition

@) Na Slip
) spedified Shear

constant

0.5 constant

- Determine the flow field behavior at Reynolds numbers of 20
- Observe the distribution of pressure around upper and lower surface of

the cylinder and then compare the result with case A5

Click Edit

Wall Motion: Moving Wall
Motion : Rotational
: Speed(rad/s)= -10
: Rotational-Axis Origin X(m)=0,
Y(m)=0

Click OK
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Result

=5

ion poi

Stagnat

Streamlines

Pressure Contour



92

#* Case A5: Flow around an Airfoil NACA0012

Problem Specification

In this tutorial, we will show you how to simulate a NACA 0012 Airfoil at a 6 degree
angle of attack placed in a wind tunnel. Using FLUENT, we will create a simulation of this
experiment. Afterwards, we will compare values from the simulation and data collected from

experiment.

1. Creating Geometry

® Download the Airfoil Coordinates
In this step, we will import the coordinates of the airfoil and create the geometry we

will use for the simulation. Begin by downloading this file coordinates of the airfoil NACA

0012.

® [aunch Design Modeler

Before we launch the design modeler, we need to specify the problem as a 2D
problem. Right click 2 @ ceomety ? 4 and select Properties. Select Analysis Type
2D. Now, double click 2@ Geometry ? 4 to launch the Design Modeler. When

prompted, select Meters as the unit of measurement.
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0|
ol

G 6:0012 - DesignModeler x|

File Create Concept Tools View Help
AHE[ @] DU G (st b BRERR @[S QAR QR [+ [6 [0
W~ W~ f~ A~ S A A A7

ane v 3| None - 8| o Generste @psiire Topolon, [
n/Surface @ Blend ~ & Chamfer 4 Point

e || Booude gaReone QoSweep  Stinloft

8 0Parts, 0 Bodlies

Sketching_Modeling

Details View L3
£ XYPlane

Sketehes 6
Export Coordinate System? Mo

0.000 15.000 30.000 () Z* X
[ B S

7.500 22.500

i
i
l Model View [Print Preview
| @ Resdy 1 Plane Meter [0 [0 4

® Creating Airfoil

First, we will create the geometry of the airfoil. In the menu bar, g¢o to Concept >
3D Curve. In the Details View window, click Coordinates File and select the
ellipsis =l to browse to a file. Browse to and select the geometry file you downloaded
earlier. Once you have selected the desired geometry file, click 7/ Generate 6 create the

curve. Click | #2 to get a better look at the curve.

, T ———— —— o

& G012~
|| File Create Concept Tools View Help

[adE (@] Do Grn [[sdex[s b RBBB( @[S+ QA AR Q2|+ [6le [

m- II'AVAVAVAVAV,D/
ane v ok | none - || Joeneste @ o Tonoin [EPerameters || Wbtrude ghRevaive QoSweep 4§ Skin/Loft
e QuBlend v & Charnfer @9 Point

Tree 2 |Graphics 7

an
/& 1Part 1 Body

Sketching _Modeling
Details View L
Cune Curet

Definition From Caordinates File

ile | BN0012:0 v

‘hdd Materal

No

No L]
H x
0.000 0.150 0.300 (rm)
0.075 0.225

Model View [Print Preview
9 Fedy No Selection vew b D

Next, we need to create a surface from the curve we just generated. Go
to Concepts > Surfaces from Edges. Click anywhere on the curve you just created, and

select Edges > Apply in the Details View Window. Click + Generste to create the surface.
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Tree Outline 2 Graphics )
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3 XYPlane

5 ZXPlane
> VZPlane
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A Curvel

2
-

Sketching _Modeling

L.
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0075 0225

Model View [ Print Preview
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2. Meshing the Geometry in the ANSYS Meshing Application

® Create C-Mesh Domain

Now that the airfoil has been generated, we need to create the meshable surface
we will use once we begin to specify boundary conditions. We will begin by creating a
coordinate system at the tail of the airfoil - this will help us create the geometry for the C-
mesh domain. Click | to create a new coordinate system. In the Details View window,

select Type > From Coordinates. For FD11, Point X, enter 1.

Details View

2] Details of Planed
Flane Flaned
Sketches 0
Type From Coordinates
[ | FD11, Paint X im
[ | FD12, Paint ¥ om
[ | FD13, Paint Z om
|| FD14, Mormal X 0m
|| FD15, Mormal ¥ 0m
|| FD16, Mormal Z im
Transform 1 (RME] Mane
Reverse Normal/Z-Axis? Mo
Flip ¥Y-Axes? Mo
Export Coordinate System? | Mo

Click ~# Generate o generate the new coordinate system. In the Tree
Outline Window, select the new coordinate system you created (defaulted to Plane 4),
then click 2 to create a new sketch. This will create a sketching plane on the XY plane
with the tail of the airfoil as the origin. At the bottom of the Tree Outline Window, click

the Sketching tab to bring up the sketching window.
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The first action we will take is create the arc of the C-Mesh domain.
Click = Arcby Center  The first click selects the center of the arc, and the next two clicks
determine the end points of the arc. We want the center of the arc to be at the tail of the

airfoil. Click on the origin of the sketch, making sure the P symbol is showing

For the end points of the arg, first select a point on the vertical axis above the origin
(a C symbol will show), then select a point on the vertical axis below the origin. You should

end up with the following

0.000 L 2 2.000 m)

0.500 HEETT

To create the right side of the C-Mesh domain, click &-*Rectangle by 3 Points _ Click
the following points to create the rectangle in this order - where the arc meets the positive
vertical axis, where the arc meets the negative vertical axis, then anywhere in the right half

plane. The final result should look like this
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Now, we need to get rid of necessary lines created by the rectangle.
Select Modify in the Sketching Toolboxes window, then select T Trim  Click the

lines of the rectangle they are collinear with the positive and negative vertical axises.

Now, select the Dimensions toolbox to dimension the C-Mesh domain.

- Assign the arc a value of 12.5. Next,

- vertical axis and the vertical portion of the rectangle in the right half plane. Also

assign the horizontal dimension a value of 12.5.

File Create Concept Tools View Help

A E @ || Dunse G sty - mEH W G| SSRARBAQE d e 2
BB A S-S A A A

Planed v 3| sketen2 - 8 || SfGenerate W9 Topolony [EParsmeters || BExude glaRevobe QpSweep § Skinilofe
B Thin/Surface @ Blend ~ ® Chamfer € Point
LY Grphics

Modify
Dimensions

& General

= Horizontal

[ vertical

¢ Length/Distance
& Radius

=3 Diameter

4 Angle

#5 Semi-Automatic
& Edit

2 Move

[ Animate

i Display

Constraints ~

Settings

sketching | Medeling
i
= Details of Sketch2 =
Sketch [Sketchz
Sketeh Visioilty | show Sketch
Show Constraints? No L

| | = Dimensions: 2
|| s [Zsm
R4 |125m |2 t
- 4 2500 {_PE

crauarae [
Line ltnts ~ | Model View [Print Preview

@) Horizontal - Select first point or 2D Edge for Horizontal dimension

No Selection Meter 0 o
4
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Next, we need to create a surface from this sketch. To accomplish this, go
to Concept > Surface From Sketches. Click anywhere on the sketch, and select Base
Objects > Apply in the Details View Window. Also, select Operation > Add Frozen.
Once you have the correct settings, click * Generate The final step of creating the C-Mesh is
creating a surface between the boundary and the airfoil. To do this, go to Create > Boolean.
In the Details View window, select Operation > Subtract. Next, select Target Bodies >
Not selected, select the large C-Mesh domain surface, then click Apply. Repeat the same
process to select the airfoil as the Tool Body. When you have selected the bodies,

click :} Generate

File Creste Concept Tools View Help

AEHBE || v Cr skl - RRBDE S RAAE QR dele 12 I
LML AP APANPAR AN

Planes v 3| Sketch2 - || foenemte Wpiho Topolony [EParmeters || Etude glRevove @oSwesp  Skinloft
@ Thin/Surface @ Blend v @ Chamfer 4 Paint

Tree O

Sl G: 0012
v XVPlane

2 Graphics

3 DPlane
g3 VZPlane
A Curvel

Sketching _Modeling

Details View L3
=

Boolean2
Sublract
1Bogy
1Bogy
odies? | No

Model View | Print Preview

& Ready No Selection Meter o 4

® Create Quadrants

In the final step of creating the geometry, we will break up the new surface into 4
quadrants; this will be useful for when we want to mesh the geometry. To begin,
select Plane 4 in the Tree Outline Window, and click &2 Open the sketching menu, and
select “line  Draw a line on the vertical axis that intersects the entire C mesh. Trim

away the lines that are beyond the C-Mesh, and you should be left with this
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Next, go to Concepts > Lines from Sketches. Select the line you just drew and
click Base Objects > Apply, followed by * Generate Now that you have created a vertical
line, create a new sketch and repeat the process for a horizontal line that is collinear to

horizontal axis and bisects the geometry.

Now, we need to project the lines we just created onto the surface. Go to Tools >
Projection. Select Edges press Ctrl and select on the vertical line we drew (you'll have to
select both parts of it), then press Apply. Next, select Target and select the C-Mesh
surface, then click Apply.

Once you click 7/ Generate you'll notice that the geometry is now composed of two
surfaces split by the line we selected. Repeat this process to create 2 more projections: one
projection the line left of the origin onto the left surface, and one projecting the right line on

the right surface. When you're finished, the geometry should be split into 4 parts.
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The geometry is finished. Save the project and close the design modeler, as we are

now we are ready to create the mesh for the simulation.

2. Meshing the Geometry in the ANSYS Meshing Application
Open the ANSYS Meshing application :To start the meshing process, right click the

Mesh menu in the Project Schematic window and select Edit to open ANSYS Meshing.

That the geometry we just created is automatically loaded.

(@ H: Fuid Flow (FLUENT) - Meshing [ANSYS ICEM CFD] _H- [ESR R

File Edit View Units Tools Help |H -/ Generate Mesh T i [ > W orksheer iy
RHE-MREERE &S AR aEQ e ios |0
A A~ A Il |- Thicken Annotations ™'z o esh sk Show Coordinate Systems

A Show Vertices | @ Wireframe | [[]Edge Coloring ~ A4+

Model | @ Virtual Topology | (di] Symmetry | & Cornections

Outline
| 181 Project
B Model (H3)
£ 8 Geometry.
™ Line Body
B Surface Body
s Coordinate Systems
1 Connections.

A Mesh

N

umbering | £8Named Selection

|
| Details of *Model”
=) Lighting

Ambient | .1

|| oituse &

Specular |1

Calor

Geometry {Print Preview] Report Preview,

Messages
Association

Text

[Metric (m, kg, N, 5, ¥, A) Degrees rad/s Cels /|

|38 No Messages No Selection

Press F1 for Help
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Create Mesh Edge
1. Press Ctrl on keyboard Left click 4 edge and right clicking™ Insert=? Sizing.
® Details of "Edge Sizing"-Sizing dialog box
Type : Number of Divisions
Number of Divisions : 50
Behavior : Hard
Bias Type :
Bias Factor : 150

2. Repeat for 4 edge (see figure below).
Type : Number of Divisions
Number of Divisions : 50
Behavior : Hard
Bias Type :
Bias Factor : 150
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3. Repeat for C edge (see figure below).
Type : Number of Divisions
Number of Divisions : 100

Behavior : Hard

Create Mesh Face

4. In the Meshing Toolbar, select
® Mesh Control > Mapped Face Meshing. select all four faces by holding down
the right mouse button and dragging the mouse of all of the quadrants of the geometry.
When all of the faces are highlighted green, in the Details view Window select Geometry
> Apply.
®Mesh Control > Method select all four faces. In the Details view Window
select Geometry > Apply.
- Method : Uniform Quad
- Element Size : 1 m

5. Now you can create Mesh by right clicking Mesh in Outline Box select Generate Mesh or

click Generate Mesh on Menu bar ||| #senestemen
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Create named selections for the geometry boundaries : Right-click edge and select

the Create Named Selection option.

Inlet
X- Velocity = .9945 m/s

Y-Velocity =

1045 m/s

Gauge Pressure = 0

Airfoil = Wall

®Selection Name dialog box.

Outlet

Gauge Pressure =0

Top ,Bottom and C Edge : Velocity inlet

Airfoil : Wall

Right Edge (Outlet) : Pressure outlet
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6. Click Update on menu bar to update mesh and boundary condition

3. Setting Up the CFD Simulation in ANSYS FLUENT
Open Setup window. The mesh is automatically loaded and displayed in the
graphics window by default

-

NT) FLUENT [28, pbr, lam] [

]

File Mesh Define Solve Adspt Suface Display Report Parallel View Help

‘E-A-@esEaa et E-0-

Problem Setup General
esh
Models
v
e
el Zone Condit Deplayee

Boundary Conditons

Dynamic Mesh
Values

Type Velocity Formulation
@ PressureBased @) Absolute

O DensityBased ) Relative

2 space
® Planar

© Axisymmetric

©) Axisymmetric Swirl

Menitors
Solution Initaization
b calauation Activites

Run Calulation
Resuts
Graphics and Animations =
Plots
Reports /// /;;;////// !
A
Ay
@l
L
L Wesh Jan 29,2014
ANSYS FLUENT 14.0 (20, phns, lam)
outlet 4|
| inlet

surface_body
interior-surface_body
Done..

Preparing mesh for display...
|| Done..
Writing Settings file...
writing rp variables ... Done.
writing domain variables ... Done.
writing surface_body (type fluid) (mixture) ... Done.
Il writing interior-surface_body (type interior) (mixture) ... Done.
writing inlet (type velocity-inlet) (mixture) ... Done. d

D

Fluent Launcher Window should open. Check the box marked Double
Precision. To make the solver run a little quicker, under Processing Options we will
select Parallel and change the Number of Processes to 2. This will allow users with a

double core processor to utilize both.

(ESHREET)

FLUENT Launcher (Setting Edit Only)

FLUENT Launcher
Drimension Options
@ D Dauble Precision
3D Use Job Scheduler

Use Remate Linux Nodes
Dizplay Options

Display Mesh After Reading

Processing Options

Embed Graphics “Windows () Serial
wiotkbench Color Scheme Parallel [Local Machine]
| Do nat show this panel again Nurnber of Processes |
5|
[#] Show More Dptions
l I ok I [ LCancel ] [ Help v] l




3.1. Set some general settings for the CFD analysis.

= General
Solver : Densuty Based
Time : Steady
Velocity Formulation : Absolute

2D Space : Planar

3.2. Set up your models for the CFD simulation.

& Models—Viscous— Inviscid— OK

3.3. Set up your materials for the CFD simulation.
> Materials— air
Density (kg/mB) 1
Click Change/Create—Close

3.4. Set up the boundary conditions for the CFD analysis.

':>Boundary Conditions

®Zones : left click on name Velocity inlet.
Velocity Specification Method : Components.
X-Velocity (m/s) : 0.9945
Y-Velocity (m/s) : 0.1045
Click OK

®Zones : left click on name Outlet. : Pressure Outlet
Gauge Pressure : 1

Click OK

3.5. Set up Reference Values for the CFD simulation.

Compute form : inlet

3.5. Set up solution parameters for the CFD simulation.
= Solution
®Solution Methods :  Pressure-Velocity Coupling : SIMPLE

Spatial Discretization : Pressure : Standard

Momentum : Second Order Upwind
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® Solution Controls:

® Monitors— Residuals

- Make sure that Print, Plot is enabled in the Options group box.

Under-Relaxation Factors : Use 0.3, 1, 1, 0.7 for

Pressure, Density, Body force, and Momentum,

respectively.

- Absolute Criteria : 1x10°

- Click OK to close the Residual Monitors dialog box.

Options

Equations

[l Compute Local Scale

Residual Monitor Check Convergence Absolute Criteria -
[¥]Print to Console dual heck Absal
Plot continuity 106
Window ’7
x-velodty ,15.57
C 3
Iterations to Plot y-velodty 1e-g| it
1000 % Residual Values Convergence Criterion
[CIMormalize Iterations absolute -
5 -
Tterations to Store =
1000 Scale

o |

Plot ] [Rennrmahze] [ Cancel ] l

Help

® Solution Initialization— Initialize

- Initialization Method : Standard Initialization

- Compute form : inlet

- Click Initialize

4. Run Calculation

- Number of Iterations: 2000

- Reporting Interval: 10

- Profile Update Interval : 10

- Click Calculate
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5. Displaying Results
® Displaying Streamlines.

Graphics and Animations= Pathlines
- Style : line
- Color by : Velocity Magnitude
- Step Size (m) : 50
- Steps : 20
- Path Skip : 3

- Release from Surfaces : Select All

- Click Display

® Displaying Contour of Velocity.
Graphics and Animations= Contours
- Contour of : Velocity Magnitude
- Options : Filled (Selected)
- Levels : 20

-Setup: 1



® Displaying Contour of Static Pressure.
Graphics and Animations= Contours
- Contour of : Static pressure
- Options : Filled (Selected)
- Levels : 20

-Setup : 1

4 B0e-01
387e-01
3.15e-01
243e-01
1.70e-01
8.77e-02
253e-02
-4 71e-02
-1.18e-01
-1.82e-01
-2 B4e-01
-3.37e-01
-4.08e-01

® Pressure Coefficient

Plot— XY Plot

- Options : Node Values (Enabled), Position on X Axis (Enabled)

- Plot Direction: X0, Y1, Z0

- Y Axis Function: Pressure—Pressure Coefficient

- X Axis Function: Direction Vector
- Surfaces : Airfoil

- Click Plot.
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® Coefficients of Lift and Drag

Reports— Force

- Drag Coefficients = X = 0.9945
Y = 0.1045

- Click Print
CRES

|| options Direction Vector  all Zanes Ela]
@ Forces X [0.0945
Moments
Center of P
© Center ofpresare | |y oo
j
Wal Name Pattern

- Lift Coefficients— X =-0.1045

Y = 0.9945

- Click Print

Bfocchopos e

| | Options Direction Vector  yyall Zones ElEl
Forces X To.1045
Moments
Center of P e —
enter ofpressure || y oo
j

Wall Name Pattern
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$* Case A6: Unsteady Flow Simulation

Flow around a Cylinder

Problem Specification

>
~

W X

—
g
.
-
8
o
b
o
b
r_
.
r
.
r

Consider the unsteady state case of a fluid flowing past a cylinder, as illustrated
above Obtain the velocity and pressure distributions when the Reynolds number is chosen
to be 30 In order to simplify the computation

- The cylinder diameter of D=0.1 m

- The uniform inlet velocity Uj,=1 m/s The fluid density P=200 l<g/m3
and viscosity f=0.1 kg/(ms)

- The Reynolds number based onchannel height can be calculated from

Re= PU;H/Y =200

1. Creating Geometry
We can skip the geometry step, because it is the same as the "Steady Flow Past a

Cylinder" geometry and we have already duplicated that project.



2. Meshing the Geometry in the ANSYS Meshing Application

110

We can skip the mesh step as well, because it is the same as the "Steady Flow Past

a Cylinder" mesh and we have already duplicated that project.

3. Setting Up the CFD Simulation in ANSYS FLUENT

Launch FLUENT.(Double Click) Setup. Then click OK

[E} FLUENT Launcher {Setting Edit Only)

S

Dimension Options
@ 20

an

Display Optians

Display Mesh After Reading
Embed Graphics Windows
‘whorkbench Calar Scheme
Do not show this panel again

FLUENT Launcher

[#] Show More Dptions

| o

I [ LCancel l [ Help -

Open Setup window. The mesh is automatically loaded and displayed in the

graphics window by default

LFluid Flow (FLUENT) FLUENT [2d, pbrs, lam] [ANSYS CFD]

File Mesh Define Sove Adapt Suface Display Report Parallel View Help

Brd-melisfaa2fennE-o-|

Problem Setup General

s

Models

Materiis [ sclew. |[ chedc |[ReportQuaity)
e

Cell Zone Conditions
Boundary Conditions
Mesh Interfaces
Dynamic Mesh
Reference Values

olver

Type Velocity Formulation
@ PressureBased (@ Absolute

Solution () Density-Based () Relative
Solution Methods P 0
ime pace
coluton Contrals @ Steady @ Planar
() Transient Axisymmetric

Solution Initialization
Calcuiation Activities

©) Axisymmetric Swirl

Run Calaulation Gravity =
(units...
I Results
Graphics and Animations
Flots Help
s (i)
L

pukass s GENN vy AVAVES
EE LA KR PO
vl arv s NN v YAV
ERAREOOR N A S AV vy
BRI A IS NS S SO A A A
SAVATAVAVAVAVAVAV VAVAVAVAVAVAVAVAVA VY
Mesh Jan 28,2014
ANSYE FLUENT 14.0 (2d, phns, lam)

surface_body
interior-surface_body
Done .

Preparing mesh for display...
Done.

Writing Settings file...
writing rp variables ... Done.
writing domain variables ... Done.
writing surface_body (type fluid) (mixture) ... Done.
writing interior-surface body (type interior) (mixture) ... Done. =
writing inlet (type velocity-inlet) (mixzture) ... Done.

writing outlet (type pressure-outlet) (mixture) ... Done.

z

The ANSYS FLUENT Application



3.1. Set some general settings for the CFD analysis.

= General

Solver : Pressure Based

Time : Transient

Velocity Formulation : Absolute

2D Space : Planar

Problem Setup
fGeneral
Models
Materials
Phases
Cell Zone Conditions
Boundary Conditions
Mesh Interfaces
Dynamic Mesh
Reference Values
Solution
Solution Methods
Solution Controls
Moriitors
Solution Initialization
Calculation Activities
Run Calculation
Results
Graphics and Animations
Plots
Reports

3.2. Set up your models for the CFD simulation.

General
Mesh

[ Scale... ][ Check ][Report Quality I
Solver

Type Velodty Formulation

(@) Pressure-Based @) Absolute

(71 Density-Based () Relative

Time 2D Space

() Steady (@ Planar

(@) Transient () Axisymmetric

() Axisymmetric Swirl

[T Gravity

& Models—Viscous— Laminar— OK

3.3. Set up your materials for the CFD simulation.

o Materials— air
Density (kg/mB) : 200

Viscosity (kg/m-s) :0.1 This setting is for the flow condition of Re=200

Click Change/Create—Close

3.4. Set up the boundary conditions for the CFD analysis.

':>Boundary Conditions

®Zones : left click on name Velocity inlet.

Velocity Magnitude (m/s) : 1

Click OK

®Zones : left click on name Outflow.

Flow Rate Weighting: 1

Click OK
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3.5. Set up solution parameters for the CFD simulation.
= Solution
®Solution Methods :  Pressure-Velocity Coupling : SIMPLE
Spatial Discretization : Pressure : Standard

Momentum : Second Order Upwind

® Solution Controls:  Under-Relaxation Factors : Use 0.3, 1, 1, 0.7 for
Pressure, Density, Body force, and Momentum,

respectively.

® Monitors— Residuals

- Make sure that Plot is enabled in the Options group box.
- Keep the default values for the Absolute Criteria of the Residuals,
as shown in the Residual Monitors dialog box.

- Click OK to close the Residual Monitors dialog box.

® Solution Initialization— Initialize
- Initialization Method : Standard Initialization
- Compute from : Inlet

- Click Initialize

® Solution— Calculation Activities™ Solution Animations

Solution Animations

(Createest...|

Click Create/Edit
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Animation Sequences g (=]

Active Name Every When

O || sequence-1 | || 1 |% Iteration + | | Define...
D || sequence-2 | || 1 |% Iteration « | | Define...
O || sequence-3 | || 1 |% Iteration + | | Define...
O
™

|| sequence-4 |||1 |% Iteration « | | Define...
|| sequence-5 |||1 |% Iteration + | | Define...

The Solution Animation dialog box appears
- Animation Sequences : 1
-Every: 5
- When : Time Step

- Click Define (the Animation Sequence dialog box appears)

Animation Sequences 1 9]

=

Active Mame E\rer\uI When

O sequence- 1 (=] [Trne Step v] [Defne
sequence -2 EI Iteration Define..

sequence-4 EI Iteration Define..
sequence -5 EI Iteration Define..

(Lo | [cancel] [ rep ]

=]
O sequence-3 \—I EI Iteration + | | Define...
=]
=]

In the Animation Sequence dialog box
- Storage Type : Metafile
- Name : cylinder_unsteady
- Storage Directory : type a destination directory to store the data
- Window : 1
- Click Set (a new graphic window appears)

- Display Type: Pathlines (the Pathlines dialog box appears)
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|
B I

Sequence Parameters Display Type

Name Mesh

| cylinder_unsteady _| Contours
@) Pathlines

Window [ 1 %) [get Partide Tracks
= Vectors
Storage Directory XY Plot
Monitor
Maonitor Type

() PPM Image

Residuals

Create =

In Pathlines dialog box
- Style : line
- Color by : Velocity Magnitude
- Step Size (m) : 0.01
- Steps : 20
- Path Skip : 3
- Release from Surfaces : Select interior and inlet surface

- Click Display and Close (The graphic displays the problem domain)

Pathlines [ =]
Options Style Calor by I
[ ol Flow [liﬂE v] Velocity... v]

[ Reverse ;
Attributes... =
MNode Values [ Dutes. ] [Ve\zx:ty pizogihud ]
Auto Range StepSize (m) Tolerance Min (mjs} Max (s}
[l Draw Mesh |n‘u1 |n‘nn1 ‘0 ‘1.316695
[ Accuracy Contral
Relative Pathines | Steps Path Skip Relenee from Sk EE
=] xv_plot ,—zn = 3 = [
[Cwrite to File = (OF terior surface_bod
Path Coarsen outlet
Type T @ symmety
CFD-Fost = wall
On Zone
ulse Mode inlet
outlet
e

i) (o) [caver.] (s (s

4. Run Calculation
- Time Step Size : 1 s
- Number of Time Steps : 120
- Max Iterations/Time Step : 500
- Reporting Interval : 10
- Profile Update Interval : 10
- Click Calculate



115

5. Displaying Results

® Results™ Graphics and Animations™ Animations= Solution Animations

Playback=Set Up

Playback Animation Sequences

T — Sequences
Animations Start Frame  Increment End Frame -
Sweep Surface | 1 (=) | 1 =) ‘ 120 =
Scene Animation = = =
Solution Animation Playbad 1
4 L

Frame

BB Y E BN EA

F] b
SetUp... Slaw Replay Speed Fast Delete Al

[erbe ] [Read...] [Close ] [ Help ]

Click Play >/

® Results of Pathlines
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Analysis of 3-D FLOW

External Flow
+* Case B1: Flow past Dolphin

Problem Specification

In this tutorial, we will show you how to simulate flow past Dolphin, and how to
import geometry from solid work. when the Reynolds number is chosen to be 10000 In order
to simplify the computation

- The Dolphin length of L=1.86 m

- The uniform inlet velocity U;,=53.7634 m/s The fluid density p=10 kg/m3

and viscosity W=0.1 kg/(ms)

- The Reynolds number based on channel height can be calculated from

Re= PU;,L/M =10000

| Dsoumwones | re et von vowr Tk smision ot a0 i vy [0+ 5 b - ) (0118 T - g [Frdsmmmin Do @ =@ 5|

EeEOEE




double-clicking the Fluid Flow (FLUENT) option under Analysis Systems in the Toolbox.

Free stream

Wall

1. Geometry

Free stream
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Outlet

Import cad file from solid work, Create a new FLUENT fluid flow analysis system by

1B
olding (POLYFLOW) 2@ o
Fluid Flow - Extrusion (POLYFLOW) 3@ nen
Fluid Flow (PO
Fluid Flow (FLUENT) 4 @ setp
5§ Solution
5 @ Resits

Dolphin

N @ Stesdy-State Thermal
Thermal-lectric
Transient Structural
| @ Transient Themal

B Component Systems

| | o

o

A Unsaved Project - Workbench = ——— o~ i ™ e Seadi=—
File View Tools Unitt Hep
[New 5 open.. [l save Elsave ss.. | gdlimport.
L % s x BN
o]« n -
= T Vase |

[ 15how Progress [ show 1Messages | ;

Import Geometry —*right click on Geometry —* Import Geometry —Browse...

Fluid Flow (FLUENT)

@ Mesh @

New Geometry...

a Setup

Import Geometry 3 ‘

Solution |53
9 Results

Dalp

Duplicate

o b w e ey

#  Update
Refresh
Reset

EE Rename

Properties

Quick Help

Transfer Data From New b
Transfer Data To New 3

eeaaeg .

Browse...

Assem4.5LDASM
B737-800.5LDASM
Assem3.SLDASM
F1.5LDASM




A: Dolphin - DesignModeler

'] File Create Concept Tools View Help
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QB @] Due Gre sl b BREW OS¢ QAQRMA QR [ @

B W f e f A A A

YzPiane ~ | None < #9 || JGenente W opoloyy [EParmeters || BEtude gloRevole QpSweep g SkindLoft

@ Thin/Surface @ Blend v % Chamfer € Point

Tree Outline LY Graphics
-/ A: Dolphin

3 XY

ke 2Plane
¥ VZPlane
B Importl
-4 1Part, 1 Body

@ Part6*Dolphin-1

Subject T
Author T o
Prepared For '(

First saved [ Wednesaay, Februs.
Lost savea | Wednesday, Februa,
Productversion | 140 Release

Optinized Generate [On
Saved Festure Dats | Partisl

8.000 (m) zA/I\ x

=) Graphics
Facet Quality [s 0.000 4.000
2000 000
Madel View | Print Preview
@ Ready No Selection Meter [0 o )

2. Meshing the Geometry in the ANSYS Meshing Application

Open the ANSYS Meshing application :To start the meshing process, right click the

Mesh menu in the Project Schematic window and select Edit to open ANSYS Meshing.

-
1
2 @ Geometry -
3@ mesh 1
4| @8 setup ‘?® Edit-
5 ﬁ Solution ‘?QQ Duplicate
6 9 Results b= Transfer Data ToNew  »
Dolphin #  Update
Clear Generated Data
i@ Refresh
Reszet
ﬂﬂ Rename
Froperties
Quick Help

ANSYS Meshing

Tip

ANSYS Meshing.

that the geometry we just created is automatically loaded.

You can double-clicking the Mesh menu in the Project Schematic window to open



G A: Dolphin - Meshing [ANSYS ICEM CFD]

File Edit View Units Tools Help “| </ Generate Mesh - B Worksheer  in
PYER-C-EREER @ 5+ AR QEQ QR0 E| O
||| 7 Show Vertices | B Wireframe | [[JEdge Coloring ~ A~ A~ A~ A~ A~ A Pl - Thicken Annotations “<now Iviesh 2 Show Coordinate Systems
| Model | @iaVirtual Topology | (] Symmetry | @ Connections | & Mesh Numbering | £8Named Selection
Outline L]
['/& Project
G- (8] Model (A3)
/B Geometry
>k Coordinate Systems
| 8 Mesh
Details of "Model” 2
||| Lignting
Ambient | 1
Diffuse | &
Specular |1
Color
0.000 5.000 10000 (m) E X
2,600 7.600
Geometry { Print Preview  Report Preview ]
Messages 7 x
[ [Text [ Asseciation |
Warning| The following faces re high order NURBS with many knots. These types of surfaces mi Project>Model |
‘ I B
Press F1 for Help [ /1 Message [No Selection |Metric (m, kg, N,5,V, A) Degrees rad/s Cels /|

In this case we use automatic Mesh : Click Generate Mesh on Menu bar ||| Genertebesh

() A : Dolphin - Meshing [ANSYSICEM CFD]

| File Edit View Units Tools Help H| </ Generate Mesh @ it ] ~ [F7Wor

RTER-C-ERRERI@ S AAAREA S

| F* Show Vertices | gBWireframe | [T Edge Coloiing > 4~ A~ A~ A~ A~ 3

| Mesh </ Update | @@ Mesh = @ Mesh Control = | |, letic Graph
=] Project

B [s] Model (A3)

B Geometry

5 Coordinate Systems
h
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Details of "Mesh” n
[=)| Defaults
Physics Preference CFD
Solver Preference Fluent
Relevance 0
[+ Inflation
=1 Assembly Meshing
Wethod | None
[=| Patch Cq ing Options
Triangle Surface Mesher | Program Contralled
Advanced 0.000 5.000 10,000 {m) 74 %
i ]
= statisti 2500 7,500
Nodes 77308
Elements 439866
Mesh Metric Mone
< I, r
Press F1 for Help. [ 128 No Messages [No Sele [Metric (m, kg, N, 5,V, &) Degrees redfs Cels /|

Mesh
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Create named selections for the geometry boundaries : Right-click the Front face
and select the Create Named Selection option. In the Selection Name dialog box, enter

Velocity inlet for the name and click OK.

Insert
GoTo

=/ Generate Mesh On Selected Bodies
<4 Preview Surface Mesh On Selected Bodies
] Clear Generated Data On Selected Bodies

Parts >
@ Hide Body
Suppress Body

@ Hide Face(s)

Cursor Mode
View
2 Look At

K Creste Coordinate System

Create named selections for the geometry boundaries

- Perform the same operations for : Rear face enter Outlet for the name and click OK.

- Perform the same operations for : Top, Bottom, Right and left face enter Symmetry for

the name and click OK.
i7" Using the Generate Mesh option creates the mesh, but does nof actually create
the relevant mesh files for the project and is optional if you already know that the mesh is
acceptable. Using the Update option automatically generates the mesh, creates the relevant
mesh files for your project, and updates the ANSYS Workbench cell that references this

mesh.

3. Setting Up the CFD Simulation in ANSYS FLUENT
Open Setup window. The mesh is automatically loaded and displayed in the

graphics window by default



Problem Setup General
vesh
|| Moces
Report Qualty
er
Type Velodty Formuaton
[ © PressureBased (@ Absolute
Soluton (e
Solution Methods .
Soltion Controls ==
Monitors S
Solution Intalzation ransient
Calaulation Actites —
Ron Cacston
Resuls P @@
Graphics and Anmations
b
Reports

Mesh

Feh 26, 2014
ANSYS FLUENT 14.0 (3, phns, lam}

> Reading “C:\Users\User\AppData\Local\Temp\UB_USER-PC_S500_2\unsaved_project_files\dpO\FFFAHECH\FFF .nsh*. .
69583 nodes, binary.
7725 nodes, binary.
14052 triangular wall faces, zone 1, binary.
872011 triangular interior faces, zone 2, binary.
76 triangular velecity-inlet faces, zone 6, binary.
1242 triangular symmetry faces, zone 7, binary.
72 triangular pressure-outlet faces, zome 8, binary.
439866 tetrahedral cells, zone 3, binary.

Building...
nes
materials,
interface,
domains,

<] I [ v

The ANSYS FLUENT Application

3.1. Set some general settings for the CFD analysis.

= General

Solver : Pressure Based

Time : Steady

Velocity Formulation : Absolute

3.2. Set up your models for the CFD simulation.

& Models—Viscous— Laminar— OK

3.3. Set up your materials for the CFD simulation.

& Materials— air
Density (kg/m3)

10
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Viscosity (kg/m-s) : 0.1 This setting is for the flow condition of Re=10000

Click Change/Create—Close

3.4. Set up the boundary conditions for the CFD analysis.

= Boundary Conditions

®Zones : left click on name Velocity inlet.—Edit

Velocity Magnitude (m/s) : 53.7634

Click OK



®Zones : left clic
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k on name Outlet. > Edit

Pressure-outlet :0

Click OK

3.5. Set up solution parameters for the CFD simulation.

= Solution

®Solution Metho

ds : Pressure-Velocity Coupling : SIMPLE
Spatial Discretization: Pressure : Standard

Momentum : Second Order Upwind

® Solution Controls:  Under-Relaxation Factors : Use 0.3, 1, 1, 0.7 for

Pressure, Density, Body force, and Momentum,

respectively.

® Monitors— Residuals

- Make sure that Plot is enabled in the Options group box.

- Click OK to close the Residual Monitors dialog box.

Options

Equations

Print to Console Residual Monitor Check Convergence Absolute Criteria~ »
Plot continuity 0.00001
Window "
x-velodty 0.00001
B
Iterations to Plot Py 0-00001
1000 % z-velodity 000000t
Residual Values Convergence Criterion
Iterations to Store [*] Mormalize Tterations absolute -
1000 S 5 -
-
Scale
[] Compute Local Scale

[ Ok ] [ Plot ] [Renorma\ize] [ Cancel ] [ Help

® Solution Initialization— Initialize

- Initialization Method :Standard Initialization

- All are initialized with 0

- Click Initialize

4. Run Calculation

- Number of Iterations: 2000

- Reporting Interval: 10
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- Profile Update Interval : 10

- Click Calculate

File Mesh Define Solve Adapt Surface Display Report Parallel View Help ]
(S W@ (Er QA QANE-O -

Run Calculation

Coladation Acttes
Resuts

Graphics and Anmations
Plots o 10 n £l “© 50 80 0
Reports Iterations.

wuResiduals

Feb 26,2014
ANSYS FLUENT 14.0 (30, pbns, lam)

reversed Flow in 5 faces on pressure-outlet 8.

reversed Flow in 6 faces on pressure-outlet 8.

reversed Flow in 4 faces on pressure-outlet 8.

reversed Flow in 3 faces on pressure-outlet 8.
30 2.3u95e-02 9.6913e-04 9.6950e-04 3.9522e-03 0:uNIA7 1970

reversed Flow in 1 faces on pressure-outlet 8.
40 7.5425-03 3.7269-04 3.6041e-04 2.0772e-03 0:hk:

0:44:08 1960
50 4.4668e-03 2.1942e-04 2.0072e-04 1.2612e-03 0:44:14 1950
60 2.6995e-03 1.3857e-04 1.2749e-04 7.9575e-04 0:43:37 1940
70 1.7019e-03 9.1525e-05 8.6704e-05 5.1346e-04 0:43:04 1930
80 1.1110e-03 6.3328e-05 6.0774e-05 3.4296e-04 0:43:
90 7.9619e-04 4.6368e-05 4.4971e-05 2.4136e-04 0:42:

8%
33
28
=3
Fam|

5. Displaying Results in ANSYS FLUENT and CFD-Post

® Displaying Streamlines.

Details of Streamline 1

Geometry | Color | Symbol | Limits: | Render | \ﬁew‘

Type [30 streamine -
Definition

Domsins | Al Comains ) []

Start From [panﬁ dolphin 1 = ] E]

Sampling [Vatex - ]

Reducton  [Max Number of Points -]

Max Points moo =

Variable |velocity -] B

Boundary Data () Hybrid @ Conservative
Diection [Forward -

Cross Periodics

Defals

- Insert a streamline object using the Insert menu item at the top of the CFD-Post window.
Insert= Streamline
- Keep the default name of the streamline (streamline 1) and click OK to close the dialog

box. This displays the Details of streamline 1 view below the Outline view in CFD-Post.

This view contains all of the settings for a streamline object.

- In the Geometry tab, in the Domains list. Select All Domains.
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- In the Start From list. Select parté dolphin 1
- Select Velocity in the Variable list.

- Max points : 300

- Click Apply.

HEhAm 90 Bl @ a0 xEABE NS OO 4/ Ad@e bl
Ik w SEAG& S O-

.
XO—IZ
o 0.250 0500

- 0 (mh

0.125 i 0.375

Stream line
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