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Lift and Drag Analysis of NACA 2412 Wing
Technique using ANSYS R2 Student Edition
Author: Cyrus Hagigat, Ph.D., PE
I: Introduction

ANSYS is a multi-functioning Finite Element based software that can be used for modeling
physical systems. ANSYS can be used for traditional and original uses of the Finite Element
Analysis (FEA) such as stress and vibration analysis. ANSYS can also be used for analyzing fluid
and gas flow using the Computational Fluid Dynamics (CFD) technique.

In this article, ANSYS is used for analyzing the lift and drag of a wing. The simulation was used in
a Fluid Mechanics classroom in the author’s institution.

This article presents in detail every step of using the latest version of the software as of the
date of this writing. As new editions of the software are inevitably released, there will be minor
differences in the Graphical User Interface (GUI) of the later versions of the software and this
article. However, the main concepts will remain the same.

Il: Detail description of the software interface and the implementation of the software to
model fluid

The X-Y coordinates on the airfoil is taken from the following website.
Do a Google search. In the search box type “NACA 2412 airfoil tools”. The following pops on.

http://airfoiltools.com » airfoil » details » airfoil=nacaz4...

NACA 2412 (naca2412-il) - Airfoil Tools

NACA 2412 - NACA 2412 airfoil ; Details, Dat file, Parser ; (naca2412-il) NACA 2412. NACA
2412 airfoil. Max thickness 12% at 30% chord. Max camber 2% at 40% chord

NACA CYH: Preview

After clicking on the website, the following appears.
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Oracle NetSuite
» Get A Free Product Tour m

X
—— — __7___7__7_'__*——7—__,
—— ‘————7__,___7;__
— 7__7—__7__ﬁ___7__7___,_
Details Dat file Parser
(naca2412-il) NACA 2412 No parser warnings Send to airfoil plotter
NACA 2412 airfoil NACA 2412 Add to comparison
Max thickness 12% at 30% chord. Lednicer format dat file
Max camber 2% at 40% chord 1.0000 0.0013 Selig format dat file
Source UIUC Airfoil Coordinates Database 0.9500 0.0114

Source dat file

0.9000 0.0208
The dat file is in Selig format
0. 8000 0.0375

0.7000 0.0518 -

The content of the Data file data shown in gray above is as follows

1 0.0013
0.95 0.0114
0.9 0.0208
0.8 0.0375
0.7 0.0518
0.6 0.0636
0.5 0.0724
0.4 0.078
0.3 0.0788
0.25 0.0767
0.2 0.0726
0.15 0.0661
0.1 0.0563
0.075 0.0496
0.05 0.0413

0.025 0.0299
0.0125 0.0215
0 0
0.0125 -0.0165
0.025 -0.0227

0.05 -0.0301
0.075 -0.0346
0.1 -0.0375
0.15 -0.041
0.2 -0.0423
0.25 -0.0422
0.3 -0.0412

0.4 -0.038
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0.5 -0.0334
0.6 -0.0276
0.7 -0.0214
0.8 -0.015
0.9 -0.0082
0.95 -0.0048
1 -0.0013

The plot of the X-Y values using EXCEL results in the following.

Chart Title

0.1

0.08

0.06

0.04

0.02

1.2

-0.02

-0.04

-0.06

These points must be inputted into the ANSYS workbench file.

The following are the steps in ANSYS WORKBENCH.
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All apps >

)

PowerTuint Calendar

(2 | w2

Amazon.com ExpressVPN Dropbox
promotion

(D) - By

Adobe Express Spotify Disney+

ANSYSACADEMICSTUDENT_2022R.

6m ago

CFD ANALYSIS OF A LAMINAR FLOW
14h ago

ANSYS fluent laminar flow [Autosa..
Sep 19
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"H)(, here to search

All apps

Access

Amazon.com Click on the arrow next
AMD Radeon Software to AnsyS 2022 R2

Ansys 2022 R2
B&0 Audio Control

Calculator
Calendar
Camera
Clock

Cortana

@ Cyrus Hagigat
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After clicking on the arrow above, the ANSYS modules appear. Go down the list and choose
“Mechanical 2022 R2”.

O Type here to search

All apps

Forte Monitor 2022 R2
Forte Simulate 2022 R2
Mechanical 2022 R2

Mechanical APDL 2022 R2

Click on
“Mechanical 2022 R2”

Mechanical APDL Product Launcher 2022 R2
MFL Validation Manual 2022 R2

Nexus Launcher 2022 R2

Polyflow 2022 R2

Product & CAD Configuration 2022 R2
Reaction Workbench 2022 R2

Remote Visualization Client 2022 R2

RSM Cluster Monitoring 2022 R2

RSM Configuration 2022 R2

Q Cyrus Hagigat

pmemomo @
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By not clicking on the any of the modules, the software automatically (after a while) brings up a
“DM” window that is generic and not related to any specific analysis type such as fluids or static
stress analysis. “DM” stands for “Design Modeler”. “DM” is an icon at the bottom of windows
menu.

The generic “DM” screen appears as shown below.



Page 258

oo Context A: Mechanical Model - Mechanical [Ansys Mechanical Enterprise] = e
- Home  Model  Display  Selection  Automation  Add-ons  Motion ! ~Be
D Acut X Delete | MyComputer ' 4 EE Rnamedsetection [ command: @images~ E: H ¥ rags (D Manage Views &' Print Preview HiManage
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Outline Sohve " Insert Took Layout
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¥

Details of "Model (A4)" ~4oOx
= lighting

Ambient |01

Diffuse 06

|Specutar |1
Y

Cojor. 1
= Advanced |
Window Title | Defautt
Filter Control | Enabled
z X

0.000 1.000 2.000(m)
]

The following is the left side of above zoomed in.

L
B copy Q. Find v Distributed

Duplicate
Up" Bipaste Bo Tree~ | Cores 4
Outline So

DM stands for Design Modeler. There is a “DM” icon at the bottom of the screen. By clicking on
it, the DM screen will appear and disappear.

At this point, in addition to the “DM” screen, there is a “WB” screen at the bottom. “WB”
stands for “Work Bench”.

As a result of the automatic addition of the “DM” screen, the following is added to the “WB”
screen.
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w

yll " Mechanical Model

2 @ Engineering Data v
3 @ Geometry 7,
4 @ Model 7,

Mechanical Model

Note that the above indicates a “Mechanical Model” because the Mechanical module of ANSYS
was used to start the process.

Close the “DM” window by clicking on the X on its upper right corner.
Bring up the “WB” window again.

The screen appears as shown below.
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Project Schematic

w

1 _‘: Mechanical Model

2 @ Engineering Data v
3 @ Geometry 2,
4 @ Model 7,

Mechanical Model
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Click on the arrow, and
then delete box A.

Mechanical Model

<

2 & Engineering Data P
3 |@ Geometry

W

4 @ Model ? .
Mechanical Model
The screen appears empty as shown below.
B8 Unsaved Project - Workbench _ a x
e e
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“Fluid Flow (Fluent)” choice
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Instead of clicking on “Fluid Flow (Fluent)”, the “Fluid Flow (Fluent)” can be dragged, and the
screen appears as shown below.
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-

1

2

3§ Mesh o
4 @ sewp Y o4
5 @ Solton ¥4
6 | @ Resuts ¢ .

Fluid Flow (Fluant)

Click on “Fluid Flow\Fluent)”,
and as a result, this bbx
appears.

Alternatively, click on “Fluid Flow (Fluent)” and drag it, and the screen will appear as shown

above.
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Double click here. Once

double ghtked, it becomes

lighted. In the
highlighted section, the
name can be changed. In
this case the name is
changed to:

“CFD analysis of an airfoi

Double click on
Geometry.
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After doble clicking on geometry an additional screen called “DM” appears at the bottom of
screen. “DM” stands for Design Modeler. The “DM” screen appears as shown below.

. A CFD analysis of an airfoil - DesignModeler
| File Creste Concept Tock Units View Help
AHE & | Ove G [[sle 'y - RRRE - (W ||SEOQQGEQO K 0. (12
W-0- 4~ S fo fo Ao AP
KiPtane * k| Nome ~ 838 || < Generste @@ Top [ Parameters
Retude doRevcive BpSweep § Skinoft || BT curfce @ Blend = & Comfer @Sl
@Point_ 5 Corverin
BudeEditor: (import BGD (Rfload BGD [#fLoad NDF | =} FlowPath ' Blade wf Splitter JVistaTFExport "~ ExportPoints B StageFluidZone s SectorCut b Throathres 9P CADImport = | 2 Model Settings
| E s = (B - L LY
Tree Outline 4+ Graphics
S8 A CFD analysis of en sirfoil
o X¥Plane
w3 DXPlane
oo YZPlane
M OParts, 0 Bodies

0.000 15.000 30,000 (m)

7500 500

Mw\mlmm

Sketching Modeling

Next step is creating points under the “Modeling” tab above.
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Click on

“Create”

and then click on
“Point”
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After double clicking on the point, the following appears on the lower left side of the screen.

Sketching  Modeling

Details View q

= Details of Point1 Click here and then on arrow.
Point Point1
Type Construction Point o

From Coordinates File &= v
Coordinates File  None
Coordinates Unit | Meter

Base Plane XYPlane
Tolerance Normal
Refresh No

After clicking on arrow, the following appears.

Sketching Modeling |

Select “Manual Input”

Details View 9
=/ Details of Point1

Point Point1

Type Construction Point

From Coordinates File

Coordinates File [Single

= . Sequence by Delta
Coordinates Unit Sequence by N

Base Plane
Tolerance Manual Input
Refresh No
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After clicking on “Manual Input”, the following appears on the lower left side of the window.

Sketching Modeling |

Details View ?
=/ Details of Point1

Point Point1

Type Construction Point

Definition Manual Input . .

# Points generated | 0 Notice that the units are
= Point Group 1 (RMB) in meter

—

FD8, X Coordinate |0m e
FD9, Y Coordinate [Om
FD10, Z Coordinate |0 m

The units can be changed on top of the screen as shown below.

A: CFD analysis of an airfoil - DesignModeler
| File Create Concept Tools Units View Help

OB @ || Dunddv Meter R
|.'r | R4 Av Ar Av Centimeter
Millimete |
| wPene = 3| N,.,,,.
ICTOMELEr —
| BExtrude  gloRevove Q! irfa
| quint m. Conversion Inch
 BladeEditor: {3 Import BGD  § i » flov
& B 8 = ( 2
IT Degree
Treenutrm , P
Radian
@ A: CFD analysis of an a
-y 3= XYPlane Maodel Tolerance »
-y ZXPlane
-y 3= YZPlane
/@ Pointl

.. /@@ 0 Parts, 0 Bodies
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The wing data will be inputted in XY plane. Therefore, all the Z coordinates are 0. The first data
point on the above table is, X=1, Y= 0.0013, Z=0.

The coordinates for point 1 are inputted as shown below.

Sketching Modeling
Details View

= Details of Point1

- Point Group 1 (RMB)

Point Point1
Type Construction Point
Definition Manual Input

' FD8, X Coordinate |1m

B FD9, Y Coordinate

' FD10, Z Coordinate | O m

Pointl is added to the tree
after it is generated.

Click on “Generate” to create point 1
with the coordingtes defined above.

[B] A: CFD analysis of an airfoil - DesignModeler
J File Create Concept Tools Units View Help
[ QH B @] Dunis Greo [[seet g b B RBW |0~ |8 8] 5
W W e fim S S S AT

J XYPlane v *l None - = “ :}'Generatel.i-have Topology Pmmdas
].Extmde ddRevolve @ Sweep  § Skin/Loft H W hin/Surface Q@ Blend v 4 Chamfer @ Siic
] @ Point 5 Conversion

| BladeEditor: {3 Import BGD {]Load BGD [<5|Load NDF | SPFlowPath g7 Blade o Splitter —JVist:

i B S = (Rl % s
Tree Outline % Graphics
[ /@) A: CFD analysis of an airfoil

s> XYPlane

iy b ZXPlane

"y YZPlane

-y ® Point

" & 0Parts, 0 Bodies
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Create all the other points in the table using the technique just described. This means

Click on create above the screen.
Click on point.

Input the coordinates.

Click on generate above the screen.

HwN PR

After each step, look at the tree to make sure the point is added as intended.

The model in the DM window appears as shown below.

[E) A CFD analysis of an airfoil - DesignMocdeler - o EH

File Creste Concept Tools Units View Help

JddE @ | O e sect *y B MA@ - (K |[SH-QAQAMAAEE 4 @ /2

W~ W~ £~ fiv fv Av fie A

XiPlane w 3| MHone « 8 || jiGeneate W@ ; EEParameters

Botude @iRevolve @ Sweep §Skinlot | W fice N fer @

#roim =

Bladekditor: {import BGD {E]Load BGD [<|Load NDF | P FlowPath o/ Blade off Splitter JVistaTFExport ' ExportPoints EMStageFluidZone ol SectorCut g ThroatAres ¥ CAD Import = | 05 Model Settings

B & ( 5k = - @

Tree Outline ¥ Graphics

@ Point20
4 Point21
& Point22
@ Point23
+® Point2d
@ Point25
+® Point26
+® Point2?
@ Point28
+# Point2s
@ Pointi0
& Point1 .
+® Point32 -
@ Point33
+® Pointi4

@ Point3s
M 0Parts, 0 Bodies

Sketching _Modeling .

Details View 4

= Details -
Bodies o ¥

Volume om' .

Surtace Area | Om? .

Faces o =

Edges o L]

Vertices |0 | 0.000 0.200 0400 (rm) . z X

PFPoints |35

Model View | Print Preview

@ Resdy No Selection Meter Degree o b
vt

It cannot be seen, but the model consists of 25 points. The above is the 3-dimensional version
of the model. Notice that in the model tree there are only points, and there are 0 parts, and 0
bodies.
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The following shows the 35 generated points in XY plane.

[E] : CFD analysis of an airfoil - DesignModeler
| File Creste Concept Tools Units View Help

the model appear in
2D on XY plane

OB (@] e Grw (s - RERE - (L |[SEQAQAQAQAEH|+ 0. [0

|~ W~ L A A A A AT

| xiPiane v 3| Hone - ||  Generate @S Topolos, [F]Parameters

| WExtrude @iRevolve B Sweep @ Skinfloft || W ThinCurface pBlend v % Chomie @i
| ®Point & Conversion

| BladeEditor: #ffimport BGD S]Load BGD [<b|Load NDF | S FlowPath ¢ Blade of Splitter ) - ExportPoir geFlui #fl SectorCut g ThroatAres ¥ CAD Import v | & Model Settings

| R 2 = ( Eike| | - | e w@

Tree Outline L
@ Point20

M 0Parts, 0 Bodies

Sketching Modeling

Details View L

= Details 1
Bodies 0
Volume om'
|Surtace Area | Om*
Faces o
| Eages 0

Vertices o
PF Points |35

Madel View | Print Preview

| @ Ready |No Selection
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On the right side of the wing, the end points don’t meet. The following zoomed in view of the
2D version of the wing illustrates this.

[ \ L ‘ ' +
) ' ' (]
' ' .
| | Mﬁe One of
’, coo bV hem must be deleted in order

to have a wing where the end
i$ one point

Note that in the above window similar to the EXCEL plot, the wing shape is distorted.

Zoom in on the end by clicking on “+” on top of “DM”, and once the desired section is achieved,
click on “+” again, to deactivate it.

Click on the point to be deleted. The selected point becomes green. In this case, the point to be
deleted is not obvious.
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Click on different points on the tree on the left of the screen, until the point to be deleted is

highlighted in green.

Tree Outine

=% ﬂktmml_mﬂmnm

- ,@ A: CFD analysis of an airfoil
-y XYPlane

Sketching  Modeling |

(Q Poi

49 Poin| B SupPrESS
4 Poin{ B Suppress & Al Below

—y® Poi
:Q Poi X Delete

g b ZXPlane
o VZPlane

- Poin % Edit Sel

—y® Poi

Insert

This is Point1.
It is highlighted by clicking on Pointl

Insert BladeEditor Feature

»

A Naimstd

H-.- e

Right click on “Point1”, and then

click on
& 4 Gmn:(;)\‘Delete”
-y @ Poi
.| b Rename (F2)
L
‘,Q Poi
-/ ® Pointiz

4 Point3
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Point 1 will be delete both on the tree on the left and on the model.
The end of the model consists of one point as shown in the zoomed section below.
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Click on “Zoom to fit” or
alternatively, click on “F7”, to get
the entire g in the model
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The model does not appear correct. 2 additional points as shown below must also be deleted.
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3 L 1A 1"

These 2 points must
also be deleted.

After the points are deleted, the model appears as shown below.

[EJ 2 CFD analysis of an airfoil - DesignModeler - 8 x
| File Creste Concept Tools Units View Help

OB @ || O Grew [[sdece[y B [ RERB - | L0 |[[SH-QARAQEAA QM6 [0

| W~ W~ £~ A~ A~ A~ A~ A

| xvPrane * 3| sketent v 29 || JGenerste W hi Topolony [EParameters
| WExrude gRevolve @pSweep g Skin/Loft || W7o/ Surfsce WpBlend v % Charie @S
| @Point B Corversion
J
J

BladeEditor: {iffimport BGD {EJload BGD [|Load NDF | SR FlowPath f Blade off Splitter ", ExportPoi 7 # SectorCut g ThroatArea ¥ CAD Import = | G Model Settings
LEE RS- ] - BCrIY)
Tree Outine

£

Model View | Print Preview




| XYPlane

Tree Outline

[B A: cFD analysis of an airfoil - Design
| File Createyconcept Tools Units View Help

B
, H- n-

' & Extrude

®s Lines From Points
2 Lines From Sketches
183 Lines From Ed

™« Split Edges
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| BladeEditor: §

¥

—®
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& Detach
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T
|
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The next step is to create lines from points. The lines are called “3D Curve” in ANSYS.

ept” and then click on

The following appears on the lower left side of the screen.

By AN-t- NDAdin-

Sketching  Modeling I

Details View

=!| Details of Curve1
-Curve Curvel
Definition Point Selection
'Points Not selected
'Operation Add Material
_Merge Topology? | No

Click here and an arrow
appears that can be used to
select curve creation method.
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Sketching  Modeling

Details View
= Details of Curve1
Curve Curvel

Definition Point Selection
Points Point Sele~.on

Click on &row.
Choose “Ppint Selection”
Click on “Points”

The screen changes as shown below.

WS NN NDAA~-

Sketching Modeling

Details View
= Details of Curve1
Curve Curvel

Definition 'Point Selection

soo

Cancel |

Operation Add Material

Merge Topology? 'No

After the above appears, click on points and continue. The selected points should all create one
curve. At this point, continue until all the upper points create one curve. (This cannot be done

due to geometric restrictions of ANSYS).



Page 279

After the first line appears, the screen appears as shown.

The green line

of the upper porti f
the curve is created.

Continue choosing points, until all the points above the horizontal axis (which is the X axis),
create one curve. Once the upper curve is generated, the model appears as shown below. Due
to the positioning of the points, it will not be possible to create one upper curve. The following
shows when all points for curve 1 are selected, and the process cannot continue.

The
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Once the process cannot be continued, click on “Apply”

A, Curved

1 % 1 Naws 1 Dade.

Sketching Modeling I

Details View 4
= Details of Curve9

Curve Curved

Definition ' Point Selection

QOperation Add Materi

Merge Topology? | No

Click on “Apply”

After clicking on “Apply”, the green curve becomes white. But the white curve is not a curve
yet. Click on “Generate” above the screen and the white line becomes a curve, and the curve is
visible on the model tree on the left of screen.
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The white line is
“curve 1” after it
was generated

The following is how the screen appears after the second curve is generated.
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Click on the desired curve on the model tree (or the desired point on the model tree) and the
selected entity becomes green. the following shows curve 2 is green, because it is selected on
the model tree.

“Curve 2” is seldcted
on tree and it is
highlighted as green

It will take a total of 4 curves to form the wing. Once all points are converted to curves, the

complete wing appears as shown below. Curves 1 through 4 are visible on the model tree to the
left.

i
-/ Point3s
gV Cure!
- Mg

WA Curved
W (el

-/ 1Pt 180dy
Sketching umw]

— ' :
= Detals of Curved

Notice that now there is “1 Part, 1 Body” on the model tree, and there are 4 curves on the
model tree.
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m A: CFD analysis of an airfoil - DesignModel

File Create Concept Tools Units View

A2EHE & || © c
W~ W~ A~ /iv S~ A~ A~ .,
XYPlane - * Sketch1 e

B Extrude @lRRevolve @ Sweep &SI
@ Point B0 Conversion
BladeEditor: {3 Import BGD {E]Load BGD
& B 2 =T
Tree Outline
+@ Point23
.,Q Point24
+@ Point25
+@ Point26
+@ Point27
+@ Point28
+@ Point29
+@ Point30
+@ Point31
+@ Point32
+@ Point33
+@ Point3s
+W Curvel
Click on “+” A Curve2

+WA Curve3
W Curved
B @ 1 Part, 1 Body|

Sketching Modeling |

Details View

After clicking on “+”, the following appears.

.y Point30
+@ Point31
+@® Point32
j «Q Point33
ey @ Point35
oA Curvel
: -\ Curved
oA, Curvel
-\ Curved “Lipe Body” appears

=/ ‘Pﬂ"tmzdz after “+” was clicked on.
- s Line Body.

The above indicates that there is 1 body in the model that is made up of lines. At this point,
there is no surface associated with the body.
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After clicking on “Line Body” above, all the curves are highlighted in yellow as shown below,
and the lower left side of the screen is changed as shown below.

[E A: CFD analysis of an airfoil - DesignModeler
File Creste Concept Tools Units View Help

AHBE @ |90 Gl s/ b HRBER & (K8 [SEQQAQEQ R M40 (2

(W e e fr S e i A

XfPlane w | sketent ~ 23 || j Generste @@ShareTopology [EParameters

BEtude ghRevolve RpSweep g Skinlokt || W e

| @ Point B Conversion

BladeEditor: import BGD {EJLoad BGD [7|Load NDF | ZZFlowPath o Blade o Spiitter JVistaTFExport ' ExportPoints WMStageFluidZone ol SectorCut g ThroatArea ¥ CAD Import = | J5 Model Settings

B F 2 = (Bl -

2 Graphics

+ Point2d

WA Curved

QBlend » & Chorie @pSiice

ALY

£, 1Part, 1 Body
o~

Sketching _Modeling
Details View 9
=1 Details of Line Body
Body Line Body
Faces IO
Edges I
Vertices 4
Cross Section Mot selected
Shared Topology Method | Edge Joints
Geometry Type DesignMadeler

-

0.000 0250 0.500(m)
[ SS———  ESS—
o125 0375

Model View | Print Preview

[ @ Resdy

The following is the lower left part of the screen. As it can be observed, there is 1 line body that
is made up from 4 edges.

Details View o
= Details of Line Body

Body Line Body

Faces 0

Edges 4

Vertices 4

Cross Section Mot selected

Shared Topology Method | Edge Joints

Geometry Type DesignModeler




Page 285

A: CFD analysis of an airfoil - DesignModeler

J File Crea

[Concept Tools Units View Help

*~e Lines From Points

Click on “Concept”

Click on “Surface From Edges”

H~ W~ ¢ Lines From Sketches

@) Lines From Edges

|

Point

J BladeEditor: gj Surfaces From Sketches

3E

WA 3D Curve
“« Split Edges

Surfaces From Edges

&~ Surfaces From Faces 1
& Detach
Cross Section 4

+® Point25

& DAintIA

The following appears after “Surfaces from Edges” is clicked.

=-./%@ 1Part, 1 Body

“ liwmaDAAd.

Sketching Modeling

This box is  Details View L)
showing 5| Detalls of Surft
the #Aline-Body Tool | Surfil
: Ed
“details o = 5

»Thickness (>=0) |Om
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=}, 1Part, 1 Body

Sketching  Modeling

Details View 9
= Details of Surf1

Line-Body Tool | Surf1

Edges 0 w

Thickness (>=0) [0m N\_

Click on“the number of edges which is
currently “0”

The following appears in the “Detail of Surfl” box.

= Details of Surf1
Line-Body Tool | Surfi

sooly Cance

Thickness (>=0} Om
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Click on the curve to be added and then click on “Apply” above.

JE@E e = \EE| & Ty wme

| mne-BadyTeal Surti

- ———

Click on “Apply”
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The “Curve 1” is selected and its selection is indicated as shown below.

indicated by “Blue”, and the
number of selected edges is

ps

£y T

| a lmalad,

1. Chelk on “Curve 2”
2. Click on er of
already selected edges
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The following appears.

-~ limma Dad.

Sketching Modeling |

= Details of Surf1
Line-Body Tool | Surfl

Apply Cancel
Thickness (>=0) Om

Click on “Apply”

The screen changes as shown below indicating that 2 curves are selected.

— L T L

Sketching  Modeling

DetslsView

= Details of Surf1

Line-Body Tool Surf1

Edges 26
Thickness (>=0) 0 i\

2 curves are now
selected

Repeat the process until all 4 curves are selected. The process consists of the following 3 steps.

1. Click on curve.
2. Click on number of edges next to the “Edges” boxes shown above.
3. Click on “Apply”.
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Once all the 4 edges are selected, the screen appears as shown below.

#u

=0 AL

L Dmala

L

Dol
el St

Thidoes=) 00

Number of sel@sted
edges is shown as 4
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Once all curves are selected, click on “Generate” on top of screen to generate the surface from
the 4 selected curves.

FLIRLE

M L
WA Gl
W Luned
Y
-0 10 2Bedes
o\ Lnededy
o &1 Surtace Body

St sy

Deas View )
= Duetadbs of Surt

L oty T S . .
- ' The su nerated and is also

1 4
s | shown on model tree

jmsp-u n

, 1] 1) 050
i — —— )

The wing is generated by extruding the surface wing geometry created.

The screen appears as shown below.

B 4 €FD analysis of an airfoil - Designadeler - 8 x
| Fe Cionte Concept Tooks Unis View Help

| QB[] oue Gro sy b DRBE v- Ko [SHQARAMAC RN+ 60 [/

W We fr fir fe fr Ar AP

| rvbtume v | Soete * B | JGnente @iheTopoiogy [FlPaaemetes

| Rbiude dfrvobe QpSweep Sinloh || BThinSurisce @ Eind > & Chamies @Sice

| #point B Conversion

| Bodeitoe @impontBD {E{LovdBGD [GilosdNOF | SFlowdath of Bade wf Sl iuTFEspon \ExporPuints WBSmgeflidZoes o SectoCut g Theosthren ¥ CAD Import = | 2 lodelSefings

|EkE s = (Ei - Jadad

‘et Otine. "G

Click on this

Ball

To make the model to
appear as 3D.

Note that there are now “2 parts,2 bodies” on the tree. On the model tree, it is shown that
there is a “Line body” and a “Surface body”.
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The 3D model appears as shown below.

[BJ A CFD analysis of an airfoil - DesignModeler - o X
| File Creste Concept Tools Units View Help

OB @]9 G (s b ARDB o (%8 S+-QQAQEQ O EE+ @ /@

LML AP AP AP AP AT

| xomane v | [sketeht = 8 || 7 Genente @ Share Topology (FF]Parameters

| bxtrude gRevolve @ Sweep §Skinloft | E@Thin/Suface QBlend v @ Chamfer @ Slice

| @ Point B Conversion

| BladeEditor: fiflimport BGD (E]Load BGD [<i|Load NOF | S FlowPath 7 Blade o Splitter - ExportPoir
| B2 = (ke ~l [ e m@

geFlui o SectorCut g ThroatAres ¥ CAD Import v | & Model Settings.

5@ A CFD analysis of an airfoil

0.500(m)

=
g
e
4
:"‘
;
/
/
."’
J'..
x

| e e Cocgt oo Ut Ve By - S
OB 6] 0 G et b BBBB - KH [ SHQARMAAE 160 1
LA S

oo o8| e @oueiptey B

| Botude hieche weep §otntch | @wsduce QBend v §Chnder Qice

et i

[Bodetitor @mpentbD lonSiD o OF | Fiowah o bnde fSpite JVitliapon \Expenhees WSugeidlone Seecit Tt ¥ CADImgon | ) W Setings

|[kA 3

1. Click on “Extrude”
2. Click on “Surface
Body”




The surface body becomes highlighted as shown below.
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0.000 0.200 0.400(m)
[ 22 I 20202022 I
0.100 0.300
” Sketching  Modeling |

Click on “Apply

Geometry Apply Cancel
Operation Add Material

Direction Vector None (Normal)

Direction Normal

Extent Type Fixed

| FD1, Depth (>0) |1.5m

As Thin/Surface? No

Merge Topology? | Yes

= Geometrv Selection: 1

I £ - - —— e -
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After clicking on “Apply”, the following appears on the lower left side of the screen.

Sketching  Modeling

= Details of Extrude1
Extrude Extrudel
Geometry 1 Body Click
Operation Add Material - here
Direction Vector None (Normal)
Direction Normal
Extent Type Fixed
| FD1, Depth (>0} 1.5m
As Thin/Surface? No
Merge Topology? | Yes

I = - -

= Genmetrv Selection: 1
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The lower side of the screen becomes as follows.

IRELLINNY Mﬂ-ﬂtllhﬂ_l

= | Details of Extrude1

Extrude Extrude1
Geometry 1 Body
Operation Add Material
Apply Cancel
Direction Normal

Extent Type Fixed
| FD1, Depth (>0} |1.5m
As Thin/Surface? No
Merge Topology? | Yes
= Geometrv Selectinn:

I ! = S = =
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On top of the model tree, select the “XYPlane”. After clicking on “XYPlane” on the model tree,

the screen changes as shown below.

Click on “Apply”

bletfype  |Foed

_ P01 Degh o) 1m
fsThnSutae o

Masms Trmalam? tar




The lower left side of the screen changes as shown below.

Details View 4
- Details of Extrude1

Extrude Extrudel

Geometry 1 Body

Operation Add Material

Direction Vector Plane Normal g

Direction Normal

Extent Type Fixed

FD1, Depth (>0) 1.5m
As Thin/Surface? No
Merge Topology? | Yes
= Genmetrv Selection: 1
/, Extrude Creation -- Select direction vector

Page 297

Click
here
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Sketching  Modeling

Details View )
- Details of Extrude1
Extrude Extrudel
Geometry 1 Body
Operation | Add Material
ooy | Gncel |
Direction Normal |
Extent Type Fixed

FD1, Depth(>0) 1m
As Thin/Surface? No
Merge Topology? | Yes
= Geometrv Selection: 1
-/ Extrude Creation -- Select direction Wctor

Click here
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Sketching Modeling |

Details View ’

= Details of Extrude1

Extrude Extrude1
Geometry 1 Body
Operation Add Material

Direction Vector Plane Normal Click
here

Normal M /

Extent Type Normal I

“FD1, Depth (>0) Reversed

As Thin/Surface? Both - Asymmetric

Merge Topology? | Yes

= Geometrv Selaction: 1 Mc

|} Extrude Creation -- Click the Generate button to complete the extruds

When “Both — Symmetric” is chosen, the screen changes as shown below. The wing is now
expanding in both directions from the surface.
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Change the length to 1.5 meters as shown below. Choosing 1.5 meters in both directions
generates a 3 meters wing.

Change length to
—1.5

= Details of Extrude1
Extrude Extrudel
Geometry 1 Body
Operation Add Material
Direction Vector | Plane Normal
Direction Both - Symmetric
Extent Type Fixed

15m 4/;

As Thin/Surface? | No
Merge Topology? | Yes

= Genmetry Selection: 1

N

[ -4

4

Evtriida Crastian __ (Clicl tha Ranarata hidban ta saranlata tha avbriie

Click on “Generate” on top of the screen, and the wing will be generated.

After the wing is generated, the screen appears as shown below.

-y @ Point28
-y @ Point29
-y @ Point30
-y @ Point31
-y @ Point32
@ Point33
-y @ Point35
A Curvel
+WA Curve2
g \A Curve3
A Curved
ey @ Surfl
-8 Extrudel
B, 3 Parts, 3 Bodies

-+~ Line Body

{7 Surface Body
", @ Solid

Sketching Modeling

=]

Details of Extrude1

Extrude

Extrudel

Geometry

1 Body

Operation

Add Material

Direction Vector Plane Normal

Direction

Both - Symmetric

Extent Type Fixed

[ |FD1, Depth (>0) | 1.5m

As Thin/Surface?  |No
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The tree now contains 3 parts and 3 bodies as shown below.

BladeEditor: {3dImport BGD g2]Load BGD [«

Tree Outline

-y @ Point28
+® Point29

+@® Point30
JQ Point31
+ @ Point32
+@ Point33

+@ Point35
+W Curvel

There are 3 parts, and 3 s e
+W Curve3

Bodies N it
They are: s O Surfl
1. The lines (curves) to /& Extrudel

generate the boundaries /8 3 Parts, 3 Bodies
of the wing. v~ Line Body

2. The surface converting "E :::if:ce Y
the boundary lines o
(curves) into a surface.

3. The volume that is
generated by extruding
the surface

Save the wing geometry. This would be a logical point to stop before proceeding. If the
geometry is saved, the session can end, or the modeling can be continued. If the work was
stopped after saving the geometry and a new session is started, import the wing geometry
generated earlier by following the following steps.

Start ANSYS WORKBENCH. Click on file. Click on “Open”. If the file has been used recently, it will
be at the bottom of screen. If not, pull it up through standard windows opening file procedures.



T
Quiick aconss Name Date modified ype
@l Desktop ¢ checking how to save_files 10/2/2022 5:30 PM File folder
L Downloads ~ # NACA 2412 airfoil fluid flow analysis_files  11/20/2022 10:53 AM  File folder
&l Documents *
wing fluid_files 11/20/2022 1:45 PM File folder
P Pictures » :
= ANSYS FLUENT SEL wing structural_files 11/20/2022 10:52 AM File folder
© Music @3 AIRFOIL EXCEL FILE 10/9/2022 1:35 PM Microsoft Excel W...
tests for fluids and ¢ — y . e
@_y ANSYS fluent laminar flow [Autosaved] 9/19/2022 9:11 AM Microsoft PowerPo... 15,300 KB
& videos
@37} ANSYS fluent laminar flow 9/18/2022 11:53 AM Microsoft PowerPo... 6,712 K8
> @ OneDrive
@9 CFD ANALYSIS OF A LAMINAR FLOW 11/19/2022 7:47 PM Microsoft Word D 54,552 K8
v I This PC
« /2/2022 5:22 PN N ft Edge P 2777KB
> @l Desktop @ CFD ANALYSIS OF A LAMINAR FLOW 10/2/2022 5:22 PM Aicrosoft Edge PD. 12777 K
> ) Documents BB checking how to save 10/2/2022 5:21 PM Ansys 2022 R2 wb.. 47 KB
>
4 Downloads {8 geometric modeling of a blade in ANSYS... 11/19/2022 7:25 PM Microsoft Word D.. 20,603 KB
> @ Music
. . NACA 2412 airfoil fluid flow analysis 11/19/2022 7:22 PM Ansys 2022 R2 .wb. 35KB
> PN Pictures
> I videos BB ving fluid 11/20/2022 10:53 AM  Ansys 2022 R2 .wb. 36 KB
> == Windows (C) BB ving structural 11/20/2022 10:52 AM Ansys 2022 R2 wb. 36 KB

> S Network

This is how a project icon
looks

Since
the geometry of the wing has already been generated in an earlier ANSYS session, the
Geometry will be active and must be double clicked in order to bring up the DM window
containing the geometry.
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A
% Fluid Flow (Fluent)

Double click here to bring up the DM
/window.

[ Geometry

@ Mesh

| N

@ <
[ N

a\m-h-wlu‘r-nlq

@ sewp ?
@ Solution ?,
@ Results ?,

CFD analysis of an airfoil

The following is how the DM window looks after it is brought up since the wing geometry was
generated earlier.

[B) A: CFD analysis of an airfoil - DesignModeler - o X
| File Creste Concept Tools Units View Help
OB (@ Due Gro (st & RREW/ - | W8 [SH-QAQAQ O X0 @ |
| W W~ Lo fiv fv A Ao A
| xvPlane v | Sketen v 23 || +jGenerste @PShareTopology [%jParameters
| WExtrude ghRevoive QpSweep @ Skinloft | @Thin/Sufsce QBlend v & Chamfer @ Sice
| @Point B Conversion
jMdbﬂ almwn%D 1L0adBGD []Load NDF | SZFlowPath ¢ Blade of Spiitter JVistaTFExport ' ExportPoints EWStageFluidZone il SectorCut kg ThroatArea ¥ CAD Import » | (@ Model Settings
| & & 2 (@S] - L LA N
¥ Graphics

+® Point25
+® Point26
+® Point2?
+® Point2g
@ Point2s
+® Point30
+® Point31
+® Point32
+® Point33
+® Point3s
A Curvel
WA Curve2
A Curve3
WA Curved
/O Surfl
B Extrudel
/8 3Parts, 3 Bodies

Sketching Modeling
Details View s
= Details
Bodies |3
[Volume 024624 m*
| Surtace Area |6.3705 m*
Faces |11

Edges 2
Vettices |20
PFPoints |32

A wind tunnel must be put around the wing. The procedure below defines this.
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Recall that in the process of generating the wing geometry, 1 “line body” and 1 “surface body”
was generated. The model tree shown below illustrates this. In this portion of CFD simulation,
we are only interested in the final product, namely the “Solid”.

T WV WV

.y Point35
-V Curvel
-V Curveld
-V Curve3
- Curved
/@ Surfl

. Extrudel .
E] v‘E 3 Parte 3 Bodies The model consists of a
Y :

vy s Line Body * “Line Body”
-y 21 Surface Body » “Surface Body”
v @ Sold « “Solid”

The top of the DM screen contains selection filters.

Surface filter

Point filter Body filter

Edge filter

- RO - = o=

ierate @P Share Topology Paramete
| Thin/Surface @ Blend v Q@ Chamfer

=2 FlowPath g7 Blade o Splitter

-~ | gu o
2 Graphics
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Click on filter option above. A block appears indicating that the body filter is active.

When the body filter is
active, there is a square

ignModeler
its View Help
Zredo |[seect[*y e[ M B R/@ w0 |2
A A

- ¥ _ :;' Generate @@ Share Topology Par.'
ep ‘Sltiru’Lﬁft @ Thin/Surface @ Blend » Q Ch:

0ad BGD [<|Load NDF = B FlowPath g7 Blade o Sp

- =K
3  Graphics

around the fil

showing

If at any time, some
elements of the
model cannot be
picked, check for
filtering activation and
deactivation.
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J File Create Concept

Tools&nits View Help

A EHE| @]
J-vllv,ﬁvﬂv
| xvPrane ~
|

- Extrude * Revolhv|
| @ Point B Conversic
BladeEditor: Import

| &4

| & B 2 = (3
Tree Outline

‘,Q Point26
-y € Point27
...... > Q Point28
‘,Q Point29
....... v Q Point30
-, @ Point31

....... v Q Point32
., 4 Point33
....... +@ Point3s
% Curvel

....... > AN Curve?

...... o %, Curve3

....... v W Curved

. @ Surfl

------- v B Extrudel
=& 3 Parts, 3B

g S Line E
P Coorfa

Sketching Modeling

Details View
= Details

T3 Freeze
i@ Unfreeze
0@y Named Selection
B Attribute

&» Mid-Surface

.‘ Joint

@
] Face Split
A Symmetry

Fill

% Surface Extension
L5 Surface Patch

&l Surface Flip

._E Solid Extension (Beta)
wa Merge

g Connect

@& Projection

B> Conversion

[ weld

Repair

Analysis Tools

«% Form New Part

Parameters

Electronics

4P Upgrade Feature Version...

<> Options...

l

| Bodies =

Limls e N BASIA

&

r
le
i
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W

. ick on “Tools”
2. Click on “Enclosure”
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VA Lurvel

A Curve2 F

WA Curve3

WA Curved

@ Surfl

B Extrudel

/@ Enclosurel
v~ Line Body
» 3 Surface Body

After clicking on “Enclosure” under

v ® Sold “Tools”,
Sketching_modeting | ™ “Enclosurel” is added to the
Details View 1]
- Details of Enclosurel gl mOdel tree.
Enclosur: - Enclosurel ] .
Shave o 2—=Enclosurel” dialogue box appears
Number of Planes '0

Cushion NomUniform at the bottom left of the DM

FD1, Cushion +Xvalue (0] | 1m

FD2, Cushion +Y value (>0) [1m screen.

FD3, Cushion +Z value (>0) (1 m

FD4, Cushion -Xvalue (>0) |1 m

FD5, Cushion -Y value (>0) .1 m

FNA Cushinn 7 valus (>0 |1 m _‘
-} Enclosure Creation -- Select an Enclosure Shape and Cushion size o
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Change the dimensions of the enclosure as shown below, and then click on “Generate” on top
of the screen.

,..- £ Surface Body
-y @ Solid

Sketching Mudﬂinﬂ
DetailsView ’
Cushion Non-Uniform A
FD1, Cushion +Xvalue (>0} &6m

FD2, Cushion +Yvalue (>0} (3 m

FD3, Cushion +=Z value (>0) |3 m |

v

FD4, Cushion -Xvalue (>0} 5m
FDS5, Cushion -Yvalue (>0) (3 m
FD6, Cushion -Zvalue (>0} 3 m

Target Bodies All Bodies
Merge Parts? Mo
Export Enclosure Yes

—

| -/ Enclosure Creation -- Select an Enclosure Shape and Cushion size or
G A A O A e A e AN
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The model will appear as shown below.

[E A: CFD analysis of an airfoil - DesignModeler - o x

| File Creste Concept Tools Units View Help

(OB @] 000 Groo |[sdec[% br RO v |58 |5+ QRQEMQ KM @ 2

| W W~ £~ A~ S A A~ AT

| xrPane w | sketent - & 1l -} Generate @ Share Topology [F%|Parameters

| BEdrude @Revolve B Sweep § Skinloft | W Thin/Surface QpBlend » @ Chamfer @ Slice

| @ Point B Conversion

| BladeEditor: §limport BGD {EJLoad BGD [|Load NDF | S¥FlowPath g/ Blade uff Splitter _VistaTFExport - ExportPoints WMStageFluidZone ] SectorCut g ThrostArea ¥ CAD Import ~ | (0 Model Settings

| & 2 = ( Bk - <@

Tree Outline 3 Graphics
+® Point2s
L+ Pointi0
+® Point31
+® Point32
@ Point33
+® Paint3s
VA Curvel
AA CurveZ

AA Curved

A Curved

LB Surfl

B Extrudel

@ Enclosurel

)M 4Parts, 4 Bodies

v ™ Line Body
B3 Surface Body
+ @ Solid

o Calid

Sketching _Modeling

Details View L]
= Details of Enclasure1
Endosure Endosurel
|shape |Box
Mumber of Planes o
| Cushion Non-Uniform
FD1, Cushion +X walue (>0} |6 m
| #D2, Cushion ~Yvalue (-0) |3 m

| FD3, Cushion +Zvalue [»0) 3 m 2.500 7500
FD4, Cushion X value (>0) |5 m

FDS, Cushion -V value (>0) 3m |
[ FDA& Cushion Fvalue (>0 3 m 1 Model View | Print Preview

It is going to be difficult to rotate and fit the model. The middle mouse button, or the
commands on top of the screen can be used to rotate the model and fit it on the screen. The
following is the best that | could accomplish.
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The front of the wing

by the choice of the
dimensions for the
enclosure box earlier.

By displaying only the XY plane, the comparison between the front and the rear of the wing
becomes clearer. This concept is shown below.

0.000 5.000 10.000 (m)
2,500 7.500

Notice that the enclosure is a new body in the model. This can be seen on the model tree.
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o './W CIHviusuIciH
= '-/_‘ 4 Parts, 4 Bodies
-y s Line Body
- &3 Surface Body A new

Y @ Solid has been added to the model tree.
-, &3 Solid
v

Sketchina mMadslina |

The next step is to subtract the wing from the enclosure in order to have a solid (enclosure)
with a cavity (wing) in it.



Page 312

A: CFD analysis of an airfoil - DesignModeler
| oncept Tools Units View Help

Click on
1. Create
2. Boolean

& Skin/Loft

R @ Thin/Surface :
| Blade bD Loat
@ Fixed Radius Blend ]

| @ Variable Radius Blend
< Vertex Blend
‘s Chamfer

[ Pattern

‘@ Body Operation
Body Transformation »

Primitives L4
%@ 4Parts, I Bodies
-~ " Line Body

The following appears on the lower left side of the screen.

-
o Calid

Sketching Modeling |
Detais View .
=l| Details of Boolean1

Boolean Boolean
Operation | Unite

sop Concel |
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- -
W CAlA

Sketching Modeling |

Details View

[=I| Details of Boolean1
.Boolean Boolean1
Operation l Unite

oy AN

Click here in order to have the arrow
showing the choices for the Boolean
operation to appear.

After clicking on the arrow, the following choices appear.

Sketching  Modeling

Details View 3
= Details of Boolean1 ‘ Click on this arrow.
Boolean Boolean1i e on “Subtract”.
(ol E G Unite v
Tool Bodies [Unite

Intersect
Imprint Faces
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The Boolean box changes as shown below.

ettt S LU ALY LT I'H_'

= Details of Boolean1

Boolean Booleani
Operation Subtract
Target Bodies Not selected
Tool Bodies Not selected
Preserve Tool Bodies? | No

Target body is the body that the tool body will be subtracted from. Tool body is the body to be
subtracted from the target body. In this scenario, the target body is the enclosure, and the tool
body is the wing.

= Details of Boolean1

Boolean Boolean1

Operation Subtract

Target Bodies Not selected

Tool Bodies Not selected

Preserve Tool Bodies? | No To select the target
body, click

here
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The lower left side of “DM” changes to the following.

o W e

@ Enclosurel
‘ Boolean1
=4 4 Parts, 4 Bodies
‘, “ Line Body
-y B2 Surface Body
( @ Solid
3,,,.‘, 73 Solid

Sketching Modeling |

1. Clickon“
Details View 1 Solid” which is the

= Details of Boolean1 enclosure.
Boolean Boolean1 2. Click on "Apply”
Operation Subtract
Apply__+—t—Gance
Tool Bodies Not selected
Preserve Tool Bodies? |No

The model appears as shown below where the enclosure is chosen as the “Target Body”.

[E A: CFD analysis of an airfoil - DesignModeler - o IEEE
File Creste Concept Tools Units View Help
QEE @O e sect 1 Br TN T @ - e [ SHQAQAQAAAE R @ (12
W~ W~ g~ A~ A~ A~ A~ A 7
XiPlane = | sketem - B j Generate 9 oy [EParameters
Wedtrude MARevolve Qg Sweep  §Sindiof: || face W Blend v % Chamfer @ Sice
®rort &
Bladefditor: §iimport BGD {E]Load BGD [7|Load NDF | SpFlowPath f Blade off Splitter JVistaTFExport ' ExportPoints WmStageFluidZone il SectorCut g ThroatArea ¥ CAD Import = | (& Model Settings
& F 2 { EI b = | m@
Tree Outline 4 Graphics
+® Paint31
4 Point32
& Point33
+® Point3s
AA Curvel
AA Curve2
VA Curved
AA Curved
B Surl
B Extrudel
@ Enclosurel
1@ Boolean?
=), 4Parts, 4 Bodies
+ Line Body
3 Surface Body
« @ Solid
@ Solid

Sketching _Modelin

Details View 9
= Details of Booleant

Boolean Boolean!

Operation Subtract

Target Bodies 1 Body

Tool Badies | Not selected

Preserve Tool Bodies? No
10.000 (m)
]

Model View | Print Preview

[} Select Target bodies No Selection Meter Degree o o
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Sketching Modeling

Details View 4
= Details of Boolean1
Boolean Booleani
Operation Subtract
Target Bodies 1 Body
Tool Bodies Not selected
Preserve Tool Bodies? | N
o
Click here
The above box changes as shown below.
PR
iy s Line Body
- 23 Surface Body
v @ Solid < 1. Click
-y (@ Solid ' here which is the wing
2. Click here.

Sketching Modeling |

Details View J
=/ Details of Boolean1
Boolean Boolean1 /
Operation Subtract -~
Target Bodies 1 Body

Cancel

Tool Bodies Apply /I
Preserve Tool Bodies? | No

Click on “Generate” on top of screen.
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The screen becomes as shown below. As seen, a cavity in the shape of the wing has been
generated inside the enclosure.
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The model tree had 2 solids before. Now, there is only one solid which is the fluid domain. The
following shows how the model tree is now.

- , B Extrude!

/@ Enclosurel

------ v ‘ Boolean1
=4 3 Parts, 3 Bodies

-y Line Body
v 2 Surface Body

o & Solid
\P' Thereisonly 1

Sketching Modelingl :
9 ~=Solid now

Details View a2
=/ Details of Boolean1 |
'Boolcan Boolean1
' Operation Subtract
'Target Bodies 1 Body
Tool Bodies 1 Body
Preserve Tool Bodies? No

I Extrudel
+@® Enclosurel

. «‘ Booleanl
=@ 3 Parts, 3 Bodies

v ™~ Line Body — Right click on

v & Surface Body Solid, and then click on

' @W .
v @ Hide Body (F9) “Rename”.

Sketching  Modeling Q Hide All Other Bodies (Ctrl+ F9)

Details View Suppress Body
=!| Details of Body T,‘ Generate (F5)
 Body B Rename (F2)
Volume -
'Surface Area —479.39 m?
'Faces [ 16
'Edges 132
Vertices 20
Fluid/Solid Fluid

'Shared Topology Method | Automatic
Geometry Type | DesignModeler
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Rename the solid to “Fluid_Domain”. The model tree appears as shown below.

+® Point30
& Point31
+® Point32
+® Point33
+® Point3s
A Curvel
v Curveld
<A Curve3
A Curved
& Surfl
/B Extrude! Model name changed to

+@ Enclosurel
/@ Boolean Fluid Domain
=% 3 Parts, 3 Bodies
» ™ Line Body
« 3 Surface Body

.®

Sketching  Modeling I

Details View

- Details of Body
Bady Fluid_Domain
Volume 660.88 m*
Surface Area 479,39 m?
Faces 16
Edges 32
Vertices 20
Fluid/Solid Fluid
Shared Topology Method | Automatic
Geometry Type DesignModeler

-

At this point, the geometry creation is completed. Save the project and close the “DM” window
and the only window left open will be the “WB” (Work Bench) window.
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The “WB” window appears as shown below.

The “Geometry” has a check
- mark next to it.

o o Baw =4
=
m
5

@ setwp ED Double click on
€8 solution ? . “Mesh”
@ Results ? .

CFD analysis of an airfoil

It will take a long time. But eventually, the Mesh window appears as shown below. The Mesh
window is called “M” at the bottom of screen.

LA Contert A: CFD analysis of an airfoil - Meshing [CFD PrepPost] - & X%
IE onc  Mose  Diply  Selecion  Automtion K La ~R o
[J #o Xoeee g BNamed selection  ®images . E ] Drags [ setection Information < Report Preview ﬁ iManage ™
Bcopy QFind K Coordinate System [fSection Plane — [B3showEmors  E# Unit Converter ke Assignments [T user Defined ™
DUPIEtE By pucte Ty Tree Bannotation | Uit Worksheel Xeyitame oy anage Views @ Print Preview LI T vy—
Outiine Mesn Insent Took Layout

QQ [@wd® % C-+ QA QA Q Sdect Moder FTREBDWEM® v P E [[Cipboard- [Empty] @Extend= 9 SelectBy~ @ Convert=

Details of “Model (A3)" ~3Ox
it | z x

Ambient 0.1 0.000 5.000 10.000 (m)
. T [ Se— Ee—

|Diftuse 105 2500 7.500

|Specular |1

_El\ﬂl




File Home Model Display Selecti

Scut X Delete ,&Namen
B copy QFind ¥ Coord

Dupi'(ate B paste Ym, Tree ~ SIEWCEE DComm
Outline Mesh

Outline v 31 OXx

- Name v | Search Outline |V o

[l project*

8- . Model (A3)
----- /B Geometry Imports

The screen will become as shown below.

10.000 (rm)
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In order to have the software
to automatically generate the

mesh,

1. Click on
‘Mesh”.

2. Chck on

“Generate Mesh”.
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At this point, the internal meshing on the wing is not visible. A section view is needed to see the
inside meshing. Another solution would be to use the symmetry of the geometry to cut the
model into 2 parts and have the wing cross section visible. The following is how the “M” (Mesh)
window looks like now because the body has been meshed.

oo Context A CFD analysis of an airfoil - Meshing [CFD PrepPost) =
- Home ~ Mesh  Display  Selection  Automation ~BO
D Acut g Briamea select ®images ﬁ E H R rags [[selection information & Report Preview . MiManage~
B cop QFlna 1 Coordinate System [l Section Plane B snowEmors  ERUnit Converter [Exey Assignments [user Defined~
h te taTreer | S™™ | Mcomment Bannotation | Units Worksheet Kertame o tanage Views &' Print Preview et (JReset Layout
cm e Mesh Insert Toos Layout
Outline ~30X QA Red® % C-rQAAAQ Sdct kModer TRRME@ B B® T [ECipboard- [Empty] DExtend- 9 SelectBy~ @ Comvert~

-2k Coordnate Systems
v

D Mesh

Details of "Mesh® ~3Ox
5| Display T |

Display Style Use Geom... 20000 (m)
= Defaults . N E—— )

| Physics Preference <)

| Solver Preference | Fiuent

Element Order | Linear

| Element size | Defautt 0...

Export Format |standara

| Export Preview Surtace Mesn | No

Name v | Search Qutline | WV

----- /B) Geometry Imports
- ..... v @ Geometry

........ @ Materials

.""’/ N Coorch'nate Systems

Right click on the “Mesh”
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B Update
i $  Generate Mesh
Click here. :
Preview
The generated mes Show
be d e I eted $  Create Pinch Controls
) Group All Similar Children
Clear Generated Data
4 Rename F2
Start Recordil Data
= = 4 coreng Depending on the context, this
Details of "Mesh v e rOox action will clear the mesh, results,
[=/| Display and imported data, if applicable.
Display Style Use Geom...
£| Defaults (D Press F1 for help.
Physics Preference CFD
Solver Preference Fluent
Element Order Linear
! | Element Size Default (0....

This box is the
description generated
by software
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After the mesh is cleared, the model will look like the beginning of meshing process as shown
below.

. =4 Context A CFD analysis of an airfoil - Meshing [CFD PrepPost] - & x
- Home ~ Mesh  Display  Seletion  Automation jick Launch ~B o
D Scut X Delete g Bnamed selection [ images™ . E: E R Tags [[setection information 7 Report Preview HiManage*
Bcopy QFind ¥ Coordinate System [MlSection Plane . b showErrors Bl Unit Converter [Jkey Assignments [Tuser pefinea~
Duplicate oy pucte TaTree | ™™ | Sicomment Bannotation U5 Worksheel Ketame o tanage Views & Print Preview LI T vy—
Cutline Mesh Insert Took Layout
Outline 10X  QQ[@ed® % C-+ Q@ @A Q Sda KMode- FTE W EME P E Fcipbord- [Empy] @bdend-  SelectBy~ @Convert~
Name | Sea tine | %
W Project*
=~ (@ Model (A3)
- Geometry Imports
B, Geomery
5 Materials
B3k Coordnate Systems.
o :
+ % Mesh
P ]
+ \
Details of "Mesh” -4Ox
| Display Style Use Geom... D.II: mﬁ ll‘ﬂn(m) Z X
Bl Deluits | 5.000 15.000
Physics Preference cFD
Solver Preference. Fluent
Element Order Linear
Element Size Default (0....
| Export Format standard
Export Preview Surface Mesh | No

B®E

Sizing
Quality
infiation

¥

Go to “WB” window.
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Ennalysii Systems

Coupled Field Harmonic

Coupled Field Modal bl 5 . A _

8 comirak A — Right click on Mesh in “WB” window

Eigenvalue Buckling s 4 g

ot O 4|a:m n i‘t- “Refresh” is grayed out because the
Fluid Flow - Blow Molding (Polyflow) | LE] icate .

o Fad o Earon o) | o N oy previously generated mesh was
Fluid Flow (CFX) e .

@ Fiuid Flow (Fuent with Fuent Meshi ey Bkl ' deleted. As a rule, it is a good idea to

&3 Fiuid Flow (Fluent) 7 Update .

& Fuid Fiow (Polfiow) UndeteUpsream refresh before generating new mesh.
(8] Harmonic Acoustics Clear

ﬁ Harmenic Response

B Hydrodynamic Diffraction @ refesn
&4 Hydrodynamic Response st
Magnetostatic Rename
il modal Properties
) Modal Acoustics

{§ Random Vibration Quick Help
[ Response Spectrum ‘Add Note

f& Rigid Dynamics
[ static Acoustics
4 Static Structural
[ steady-State Thermal
E structural Optimization
W Substructure Generation
@) Thermal-Electric
& Transient Structural
I Transient Thermal
& Turbomachinery Fluid Flow
| @ Component Systems
| B Custom Systems
| B Design Exploration
|8 AcT

Repeat the automatic mesh generation process with default settings and mesh again using the
automatic mesh feature of ANSYS. While the mesh is being generated, the lower left side of the
WB window will show the screen as being busy. The model appears as shown below.

[ M= Context A: CFD analysis of an airfoil - Meshing [CFD PrepPost] - X
- Home  Mesh  Display  Selection  Automation ~B o

O x I % % é* i [G Q @ % ﬁ (¥ contact Sizing -Inlmmn Pwed  Dwaner | @ | 4

» A Refinement @ e Sup eta ¥ Connect
P Insert  Update Gt t Sl' arget  Method Sizie F; Mappe Mesh  Met:
e Qf ot o Sencrme | 2ot oo Sang. Iot o NiRErs Yol S @ b o Doesston | oo

Wllm Insert Mesh Wﬂleﬂ Controks
L 30X QA Re&® % C-rQAAAQ St KMode- [ TERD BB B E P S [ECipbosrd= [Empty] DExtend~ 9 SelectBy~ @ Convert~

Name - v

(3 Materials
-2k Coordnate Systems
&) Connections
D Mesh
Details of "Mesh® >30Ox
= Display
Display Style Use Geo... 20,000 (m)
= Defaults O W—— )
| Physics Preference cFo
Solver Preference | Fluent
Element Order | Linear
| Element size | Defautt 0....

Export Format Standard
Export Preview Surtace Mesh | No
# Sizing
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Right click on the “M” window. A menu appears. Bring up the secondary menu under “View”,
and then click on “Front” as shown below.

Insert

GoTo
Hide

@ Filter Tree Based On Visible Bodies
@ sometric View
4. Set
A Restore Default H
@ ZoomTo Fit F7
@ Zoom To Selection z
(@) Image to Clipboard Ctrli+C
Cursor Mode »
View » @ Front
@ Select All cti-A @ Back
§% Select Mesh by ID... M @ Right Fromt
6 Let Orients the model so that you
0.000 = see it parallel to the XY-plane, Pl
7o, looking from the positive Z-axis. p—
@ Bottd
(D) Press F1 for help.

I Acenriabinm
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The screen appears as shown below.

"N Context A: CFD analysis of an airfoll - Meshing [CFD PrepPost} - B R
- Home | Mesh  Display  Selection  Automation sick Laur ~D O
I x + g2 K % a (M contact sizing EMintiation Pwed  Swaner | @ | 4
= S H G 2B @ @HW T e
Duphcat Q Insert Update Generate suu-:;e SourceTarget | Method Sizing M::htle“ ed E«:;v; c»:ﬂat::' Qo SR > Desiation EA:‘\g D’fa;‘l::"
Outline Insert Mesh Preview Controls
Outica v30X QAR ® % C-+-QAAAQ St kKMode- TR DRE BE '~ P 2 [FCipboard- [Empty] Extend= 9 SelectBy~ @Convent-
Name - ' v,
m

/D Mesh
¥
¢

Details of "Mesh” ~3o0x x
GiOphy | -

| Display Style | Use Geom. 0.000 £ éﬁ 20.000 (m)
Bl Outeits . | 5.000 e 15.000

Physics Preference :(fD

[SomerPreterence |Fuent |

‘Emunl 0'1&'7 | Linear - |

Element Size Defaut ...
Export Format Standard |

| Export Preview Surface Mesn |No
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This technique is not working either. Click on “Display” on top of the screen in M window, then
click on “Display”, and then click on “Wireframe” as shown below.

I Show Vertices X Direction
3 Close Vertices  |*| Mesh Connection

1.6e-002 (Auto }“IThicken
Vertex Edge

& Shaded Exterior and Edges
| € & Shaded Exterior Roll | W5 & [Clipboard~ [En

&Y Wireframe
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The model appears as shown below.

| Hi=R Context A CFD analysis of an airfoil - Meshing [CFD PrepPost] =R
- Home  Mesh | Display  Selection  Automation ~Be
@isometric * @ Previous {-Rotate +5x {~Rotate Sx ¥ PanUp ¥ PanDown = Bl Random P 0Oy = E N I Show Vertices | ¥ Direction Oreset e -] g
Woonat Qe biRotate Sy bRotate Sy #mPanleft = PanRight | 5 Rescale . AR 5 Close Vertices | |*|Mesh Connection % e
@Views  Angle 10 | ORotate -5z O Rotate 5z @ Zoomin QZoomOut | Dereferences  O°P (oo |Thick shels| Cross Remote e t ool Thicken Color [, 8t [Assembly Cente Viewports  Show
Orient Annotation style Vertex Edge Explode Display
Outine ~40x ‘Qa @ % C-+QAAAQ st kMode- TRDNDBEB MW ' P H FClipoard~ [Empty] Dbxtend- 9 SelectBy~ @ Convert~

-, ® Geometry
/3 Materials
-2k Coordnate Systems
/&) Connections
D Mesh
Details of "Mesh” > 3Ox
= Display
Display Style Use Geom...| 0.000 10.000 20.000 (m) z x
—— — )
| Defautts 5,000 15.000
Physics Preference cFo
| Solver Preterence | Fluent
|Element Order | Linear
Element Size Defautt 0....
Export Format |standard

Export Preview Surface Mesh |No

By using the middle mouse button, the center of the model where the wing is located can be
zoomed in as shown below.

. [-::] 4 Context A : CFD analysis of an airfoil - Meshing [CFD PrepPost] - 5 x
- Home  Mesh  Display  Selection  Automation ~Be
@rsometric ~ QPrevious &-Rotate +Sx {~Rotatesx § PanUp B ranDown  MlRandom T O | = g K Show Vertices | X Direction mn & O  —— | @ | OO
Otoon st Qe iRotate «Sy L Rotate Sy 4=Panleft = PanRight  5Rescale v B 1 Close Vertices  [*|Mesh Connection Cr ot
®Views  Angle[10 | ORotate +s2 O Rotate 52 @ Zoomin QZoomOut | Pereferences | 0P how [Thick Shells) Cross Remote ¥ oI Thicken Color [, Viewports  show
Orient Annotation Style Vertex £dge Explode Display
Outline ~80Ox % C-+QAAAQ sdct KMode- THDDBE MW ' P 5 FCipboard~ [Empty] Dbxtend- 9 SelectBy~ @ Convert~

Name ~|searct v.

[ Project
= @ Model (A3)
& /@) Geometry Imports

% Geometry
(5 Materials
-2k Coordnate Systems
8) Connections
@ Mesh
Details of "Mesh® ~3Ox
= | Display
| Display style [use Geom...
= Defaults
Physics Preference cFo
| Solver Preterence | Fluent
Element Order | Linear
| Element Size |Defautt 0....
|Export Format | standard

Export Preview Surface Mesh | No
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Click on “X”, or “Y” or “Z” to have the model appear from different views. The following is the
“XY” view.

e fr==y} A: CFD analysis of an airfoil - Meshing [CFD PrepPost] - 8 X

- Home  Mesh  Display  Selection  Automation i N
@isometric * @ Previous {-Rotate +5x {~Rotate Sx § PanUp ¥ PanDown = Bl Random @ 0O , E N 5 Show Vertices | ¥ Direction EF BF | opest $———r -] oo
$Qlookat  QNent iRotate +Sy <L Rotate Sy #=Panleft = PanRight  5Rescale @, B AR 5 Close Vertices | [+]Mesh Connection - e
®Views  Angle[10 | CRotate -5z S Rotate sz @ Zoomin QZoomOut | Prreferences  O°P 1oy [ThickShells) Cross Remote Fomt | [16e . oI Thicken Color 1. 1 [ssembly Conte Rl B
Orient Annotation Style Vertex Edge. Explode Display

Dalios 340X QQ 8w % C-+QARAQ st kMode- TEEDBBWE ' P 2 FCipborrd- [Empty] DEitend- 9 SelectBy~ @ Comvert~

P \/\/\/ /\
SISO RIITIS

SRRSO
igVAVA'AVAV‘w NASA/KY
A

2 VAVAVAVAVAVAVAV.S AVAVAVAYAY

L]
Detals of "Mesh” v3Ox x

E + Y - |
Display Style Use Geom... 0000 5.000 10,000 (m)
Defauts § — “— )
Cl | 2500 7500
Physics Preference .(FD
Solver Preference Fluent

| Element Order |inear
Element Size Defaut 0....

|Export Format [ standara

| Export Preview Surface Mesh |No

In the “M” (Mesh) window, do the following to alternate between having the geometry and the
mesh visible.

L] Caten A1 CFD amay o i st - it €10 P -8 x
- Momi  Gromeiny  Dapley  Sewtben  Auomaion ~Bo
. W O 2= * g ..\e : [ — o E: W .mm [Eseieemamsmetion 2 hepsr Fresem JILW )
Click on “Geometry and the e e .| e e B | e g G R B B
e vy el =
e Outioe 00 @w@% 0 -4 QQARQ W hiee FHEDABEE TP H [ortcns [frpy] tend 5 Sty Wlomar- ,
geometry becomes e 1
5‘%”
Gy bepors.
/% ooy
8
By Cowdnane St
B Comact.

Click on ”Meshl’//'

and the mesh becomes
Visible.

What is shown here is the
geometry even though the
part is already meshed. To
see if a part is meshed or
not, click on “Mesh” as
shown above.
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The next step is to name all the walls. The following shows what every wall will be named.

Inlet wall
Outlet wall

op wall
Bottom wall

Right wall
eft wall

2,500 7.500

In the “M” (Mesh) window, the boundary tools are shown below. The boundary tools are used
to select the walls and name them.

These are the boundary tools

[ SR Context aiefol - Meshing ICFD Prep
- Mome  Geometry  Dwplay  Selection  Automation
Ao X Desete Jroameo seecon  [@images~ B © Tags feoort Mevew Hiranage-
|~D 8o QFnag g 5 Cooranute syten CBSection Plane - - E Assignments Ll Uver Defined ~
PR Dt taTree= | S| Ccomment Banncttion | M e w"ﬁ'lﬂ' EDMannge iu‘:.'n S e
Outlice Mesh Insest Layost
Outiine *I0X Q0 W% C-rAAQAQAQ W XMode- FERE DR BB BE P 5 [Fopboud- (Empty] DExtend- 9 Select By @ Conven-
Name et
0 project
= B Model (A3)
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Click on “Face”
Selection/bption

Took Layout
e TRRRBERE P S FCipord- [Empty] Dextend~ 9 Sele

Face (Ctri+F)

Select or highlight faces on your
model. Use the Ctrl button or hold the

mouse button to select multiple faces.

(D Press F1 for help.
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After clicking on face selection option, the pointer changes. Click on top wall. The top wall

becomes highlighted as shown below.

ilysis of an airfoil - Meshing [CFD PrepPost]

[ix] selection Information i Report Preview ﬁ fHiManage~

rors &% Unit Converter EJKey Assignments @ User Defined ™
e Views & Print Preview sf,lileln (O Reset Layout
Took Layout

e BT @. BB ® = & [FCipboard~ [Empty] & Extend~ 9 SelectBy~

0.000 5.000 0.p0
2.500 7500
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After selecting the top wall (after which the top wall becomes highlighted), right click and the
following appears.

Clear Generated Data On Selected Bodies

Parts

GoTo

Q Hide Body F9
@ Hide All Other Bodies Ctri+F9
Hide »
@ Filter Tree Based On Visible Bodies
‘@ Suppress Body
"® Suppress All Other Bodies
Q@  Hide Faces) F8
@ sometric View
4 Set
i Restore Default H
 —— — @ 00T Fi F7
2.500 7.500 @ Zoom To Selection z
Image to Clipboard Ctri+C
Cursor Mode

Click on “Create Named
election...”

View
Look At

Create Coordinate System
Create Named Selection..

Select All Ctri+A
Select Mesh by ID...
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After clicking on “Create Named Selection”, the following box appears, and the top wall is given
the name “Top wall”.

Input the names as
“Top wall”
and then click on
“OK”

Selection Name

—

[Top wall x

@ Appiy selected geometry
) Apply geometry items of same:
[ size

O Type

O Locationx
[ Locationy¥
O Locationz

D Apply To Corresponding Mesh Nodes

The model tree on the left of the screen is updated and it shows that there is (are) named
section(s).

Outline oo e i u D
Name v | Sea e | W
T project*

= {8 Model (A3)
- &) Geometry Imports
- Geometry
@24 Coordinate Systems

- /%) Connections

- +@@ Mesh The model tree shows
----- 8 Named Selections g there are

— Named sections”
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-

Changing the + to — - /15 Materials
shows the surfaces B, Coordinate Systems

that are named so %) Connections
far.

"""" v @ Mesh
S~_® Named Selections
b i JD TOD wall
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Name the remaining walls. The model tree appears as shown below after all the walls are
named.

Click on “Body” selection icon.

Full .
Screen ORQS“ lmut

Layout

- A‘,,%?ﬁ";; P Manage Views & Print Preview

Took

L @ Select % Mode- 5T B BB @
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A : CFD analysis of an airfoil - Meshing [CFD PrepPost]

Display Selection Automation
M Random ~P O\ ’ s _}l,/_ 5 Show Vertices X Direction
@ H n %1 Close Vertices  [*IMesh Connect
Cross Remote Point 160002 (Auto ool Thick

<LRotate Sy #=Pan Left = PanRight = Rescale
Display Show Shells

Crotate sz Qzoomin QzoomOut D Preferences " pesh | and Beams |Section Cannections

Annotation Style Vertex

QA @wE % C-+rQAAAQ Sdct XMode- TRRDME W E ' P = FCipbosrd-

1. Click on “Displa
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style vertex
eQ sl RRRRE D& P 5 Hiw
[%] single Select

Box Select

Box Volume Select

cHek-an-“Box Select” and then
Select the wjng by putting a box

Lasso Select

Lasso Volume Select



After the wing is selected, right click on the “M” screen. The following appears.

L 4

Q
®
e
>\
®
9

N
@ ®9®

Clear Generated Data On Selected Bodies

Parts »
GoTo »
Export... »
Hide Body F9

Hide All Other Bodies ctrisFe B
Hide » ¥

Filter Tree Based On Visible Bodies

Suppress Body
Suppress All Other Bodies

Isometric View

Set

Restore Default H

Zoom To Fit F7 = 2

Zoom To Selection Z » CI ICk on
Image to Clipboard Ctri=C

Cursor Mode
View
Look At
Create Coordinate System
Create Named Selection...

Select All Ctri=A
Select Mesh by ID...
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“Create Named Selection...”
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After selecting the wing, a dialog box appears as shown below. Change the dialog box as shown
below and click on “OK”.

Selection Mame
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Outline v i)
Name - | tline |V o
B project*

& (@ Model (A3)
- -/\B) Geometry Imports
,/% Geometry
% Line Body
x ' Surface Body
""" x @ Fluid_Domain
,@ Materials
= v+ Coordinate Systems
| /3K Global Coordinate System

The types of
Named

Selection” /%) Connections

shown «% Mesh

graphically. o Naae?,;e':::om The wing

The first 6 are - : [ Bottom wal ig'added to the model tree
surface /() Inlet wal

=t
selections and :‘“'./U'_'l Outlet wal
) Left wall
the last one 7B Right wal
(wing) is a L @ Wing

body selection
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When the wire frame
mesh is visible, right
clicking on the mouse on
“M” screen brings up the
operations that can be
performed. 2 of the more
seful ones are:
1.™Create Section Plane
z 2. Filter Tree based on

: Visible Bodies

Insert
Create Section Plane
Create Construction Surf3
GoTo
Hide
Filter Tree Based On Visible Bodies

Isometric View \
H
F7

Set
Restore Default
Zoom To Fit

,’\.

Zoom To Selection

©2®®r

Image to Clipboard Ctrl+
Cursor Mode »
View »
Select All Ctri=A
Select Mesh by ID... M

0.000 5.000 10.000 (m)
— I )

& e

2.500 7.500

- {9 Materials
E] ----- >i Coordinate Systems
-y ta Global Coordinate System

1. Click on “Mesh” -y D 1

2. Right click ™
3. Right Click on “Update” = : fjl‘@ Update

L
.. | $ Generate Mesh

v Preview >
-, Show ’
4| 8  Create Pinch Controls

™) Group All Similar Children
4 Clear Generated Data
J5  Rename F2

Start Recording

A message should appear that the Mesh translation to fluid was successful. If such a message
does not appear, the FE fluid model will not work.



Click on “WB” window. It will be indicated the meshing is now done.

LE Analysis Systems |

L=
=T
)
Il
[>]

REQRRRRREE

e
0]
L]
i3
ity
iy
(==
i3
2]
(4]
(2]
b
(4]
@
[=3]

Coupled Field Harmonic
Coupled Field Modal
Coupled Field Static
Coupled Fiald Transiant
Eigenvalue Buckling
Electric

Explicit Dynamics

Fluid Flow - Blow Maolding (Polyflow)
Fluid Flow - Extrusion (Polyflow)
Fluid Flow (CFX)

Fluid Flow {Fluent with Fluent Meshi
Fluid Flow (Fluent)

Fluid Flow (Polyflow)
Harmonic Acoustics
Harmonic Response
Hydrodynamic Diffraction
Hydrodynamic Response
Magnetostatic

Modal

Modal Acoustics

Random Vibration
Response Spectrum

Rigid Dynamics

Static Acoustics

Static Structural
Steady-State Thermal
Structural Optimization
Substructure Genaration
Tharmal-Electric

Transient Structural
Transi@nt Tharmal
Turbomachinery Fluid Flow

E Component Systems

E Custom Systems

B Design Exploration

B ACT

Save the project in “WB” window and close the “M” window.

oW s wN = {

Fluid Flow (Fluent)

. | % Reconnect [#) Refresh Project  # Update Project | BB ACT Start Page

- e

m Geometry -
@@ Mesh s
[ sene &
@l Selution W
@ Results T o

CFD analysis of an

airfail
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:‘NNJhe check mark

shows the meshing is done.
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In “WB” window, right click on “Setup” and click on “Edit”.

1. Rightclick on “Setup”
2. Click on “Edit”

Edit...

Register Startup Scheme File. ..

Import Fluent Case And Data 3

CFD analysis of an ai

Import Fluent Case »

Import ROM »
=3 Duplicate

Transfer Data From New »

Transfer Data To New »

#  Update
Update Upstream Components
Clear Generated Data
Refresh
Reset
S]] Rename
Properties
Quick Help
Add Note
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The fluent Launcher pops on as shown below. Make the following selections and click on
“Start”.

! Fluent Launcher 2022 R2 (Setting Edit ... — O X

Fluent Launcher 1

Simulate a wide range of steady and transient industrial applications using the | —
general-purpose setup, solve, and post-processing capabilities of ANSYS Fluent
including advanced physics models for multiphase, combustion, electrochemistry,
and more.

Dimension

Options L
Double Precision |
Display Mesh After Reading |

() Do not show this panel again

(] Load ACT u
Parallel {Local Machine) P
Solver Processes |2 - L4

* Show More Options  * Show Learning Resources

Start Cancel Help «
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The following pops on “F” (Fluids) window. There could be messages. Click on “OK” to make the
message to disappear.

[ 1:CFD analysis of an airfoil Parallel Fluent@cyrus [3d, dp, pbns, sstkw, 2-processes] [CFD Solver - Level 2] - =] x

¢ & @ & 7 = Minimize|

Mesh Zones Interfaces Mesh Models Turbomachinery Adapt Surface
Display. g ] scale.. € Combine w g Delete... [%) Append | e £ ynamic Mesh... Turbomodels & Turbo worlflow  ~ | Ty Manual.. T Auomavc.. | 4+ creae
Ol - F w LiTransform | )y Separate » [ Deoctivate... L Replace Mesh... =5 Mixing Planes... wrbo Crente... {5 T bolog 24 Controls... /i, Manage... A Manege...
#units...  heckw QUalRY 4 e poyhedra | of- Adjacency... g Adihate.. O Replace Zone.. | L OV | i Gap Madel.. ncing
Qutiine View < Task Page < B Mesh X

e @ o Ansys

Mesh
© setwp e, ) check | [Reportiuany

@ " E b |
deg e (]
LF materials e

Solver
) et Zone Conditions

i Velocity Formulation

D soundary canditians Y —— ]

KF Mesh nterfaces Density-Based Relative

Z] opnamic Mesh =
[ Reference values
# 17, Reference frames

Time
.
£ Mamed Expressions Eoy

[T curvillinesr Coordinate System Trangient o)

% Methods B
2 contrals sy

[=] Report Defindions
Q. panitors
@ cellRegisters
T Automatic Mesh Adaption
5, mitialization
+ ® calculation Activities
©) Run caleulation
- Results ¥
& surfaces
+ ® Graphics
* L plots console <
e e ety (e R S L Njic]
# [2) Reports

0 selected all -

& .. Done.
+ Simulation Reports wriring ostler_wall (type pressuze-cucler) (mizeuze) ... Done.
writing left wall (type wall) (mimtuze) ... Dor

v

writing zcnes map name-id

The following choices should be made under the Task page (shown above and enlarged below).

Wy MIdRE Furynednrd | YT AUdUETILY... EE ALLVALE...

Task Page <

General @|

Mesh ‘

[ Scale... H Check ”ReportQuaIityJ

[ Display... H Units... |

Solver ‘
Type Velocity Formulation -
‘@ Absolute ‘
) Density-Based ) Relative ‘:

'®) Pressure-Based

Time ‘
'®) Steady
) Transient ‘

Gravity ‘
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Filter Text

CIle on ”+” & General
next to Models. =

NMaterials
Cell Zone Conditions
Boundary Conditions
Mesh Interfaces
Dynamic Mesh
Reference values
Reference Frames
Named Expressions
Curvillinear Coordinate System
- Solution
.. Methods
. Controls
[[?_5_] Report Definitions
Q. mmonitors
@ Cell Registers
= 013 Automatic Mesh Adaption
{25 Initialization
<+ 4 cCalculation Activities
@ Run Calculation
= Results
- Surfaces
+ @ Graphics
= L/ pPlots
- Animations

- Reports

= Parameters 8 Customization
- Simulation Reports
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Filter Text Mesh
= Sehg é [ Scale... ][ Check HReport Quality
£ General
2) @ Models [ Display... ][ Units... ]
B8 muttiphase (off) e
@ Energy (Off) T 5 .
H = ype Velocity Formulation
9OU ble Click on /"_ VISC-OU'S (SST k-omega) o) Procoue baad o Abolits
Viscous (SST K-omega) y :‘:‘:la;'x"c';a‘:;"er - Density-Based Relative
Iﬁ, Species (Off)
+ - Discrete Phase (Off) s
& solidification & Melting 8) Sy
£l Acoustics (Off) T
(3¢ Optics (Off)
A structure (Off) Gravity

£ Eulerian Wall Film (Off)
B%B Potential/Li-ion Battery
i] Battery Model (Off)
+ éf Materials
Cell Zone Conditions
* Boundary Conditions
ﬂ Mesh Interfaces
:-7:1] Dynamic Mesh
Reference Values
1/, Reference Frames
fx‘ Named Expressions
Curvillinear Coordinate Systt
- Solution
9., Methods
4 Controls
@ Report Definitions
+ @ Monitors

m“ L



The following will pop on.

}penf{ — | oo,
! Viscous Model

:plat

:plat
I . Inviscid

Model

! Laminar

k-omega Model
1 Standard
) GEKOD
1 BSL
®) 55T

Options

| Transition Options

| Transition Model none

' Spalart-Allmaras (1 eqgn)

) k-epsilon (2 eqn)

@ k-omega (2 eqn)

() Transition k-kl-omega (3 eqn)
() Transition S5T (4 egn)

I ) Reynolds Stress (7 eqn)

() Scale-Adaptive Simulation (SAS)

_) Detached Eddy Simulation (DES)

() Large Eddy Simulation (LES)

k-omega Options

Low-Re Corrections

o Curvature Correction
Corner Flow Correction
Production Kato-Launder

| Production Limiter

.(Tnl Nunamic Maoch

-

| Turhn Madale

Model Constants
Alpha*_inf
1
Alpha_inf
0.32
Beta® _inf
0.09
al
031

Beta_i (Inner)
0.073

Beta_i (Outer)
0.0828

TKE (Inner) Prandtl #
1.176

TKE (Outer) Prandtl #
1

SDR (Inner) Prandtl #
2

SDR (OQuter) Prandtl #
1.168

AE. Turhn WAlnrkf

X

Production Limiter Clip Factor

10

User-Defined Functions
Turbulent Viscosity

none

4

m Cancel | @|

h—

Click on “OK” above with the selections shown.

Page 350



shrink the model
tree

2. Click on “+’next

to “Materials” to
expand the
materials tree

) Display...

D nfo -

[l Units...

Outline Viaow

Filtar Teaxt

-~ Saotup

1. C“Ck on ”'_ =

A ¢ |

L0

+

BLROER

+
.
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o) e >D)

7o\
Checkw Quality

0 General
< Models

Multiphase (Off)
Energy (Off)

Viscous (SST kromega)

Radiation (Off)

Heat Exchanger (Off)
Species (Off)

Discrete Phase (Off)
Solidification & Maelting
Acoustics (Off)

Optics (O

Structure (OffN
Eulerian Wall Filrmm (Off)
Potential/Li“lon Battery
Battery Modeal (Off)

Materials

Cell Zone Conditions
Boundary Conditions
Mesh Interfaces
Dynamic Mesh
Reference Values

. Reference Frames

I Named Expressions
[ curvillinear Coordinate Syst

Solution
o

“ Methocls

o > 40

- A



The options under “Materials” become visible as shown below.

The “Fluid” and
“Solid” options eppear_

i

@ General
+) @ Models
- A’ Materials
+ L% Fluid
+ & solid
s E] Cell Zone Condttions
Ol | Boundary Conditions
K% Mesh interfaces
_'l Dynamic Mesh
m Reference Values
+ 17, Reference Frames
fx Named Expressions
[Z] curvillinear Coordinate System

= Solution

%, Methods

o Controls
%) Report Definitions
+ @ Monitors
ﬂ Cell Registers
r;;; Automatic Mesh Adaption
,'-:7, Initialization
+ ® Calculation Activities
@ Run Calculation

“ Results

. Surfaces
+) @ Graphics

+ |2 plots

* E] Animations
& Reports

+ Parameters & Customization
+  Simulation Reports
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Click on “Fluid” and then click on “Air”.

oit) [F]  Presentation?

File Home Insert Draw D a s Animations de Show Record v View Help

1. Click on “-”_by
Materials to
shrink this
portion on model
tree.

2. Click on “4foe——"""0

o v etas

next to
“Boundary
Conditions” to
expand the
boundary
condition
choices.




1. Click on “-”_by

& MEP !
H ) General
Materials to D Ornte
=) b7 Materials

shrink this

portion on model

tree.

=) L ruia
& &
v [ solid

+ [ cell Zone Candtions

> (41 [ Boundlary Conditions

2. Click on “+Z
next to
“Boundary
Conditions” to
expand the
boundary
condition
choices.

KF Mesh iterfaces
_l Dynamic Mesh
D Reference Values
#) 17, Reference Frames
£ Named xpressions
[ curvlinear Coordinate Syst
= Solution
9 Methods
1 Controls
3] Report Definitions
+ & Manitars
@ col egisters
T, Automatic Mesh Adaption
B itializaion
+ # Calculation Actvies
() Run calcation
= Results
.’ Surfaces
#) & Graphs
4 L phots
+ [ animations
o £ Repons
+ Parameters & Customization I

Hinhislasi »

General
Mesh
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| sl || check | ReportQuaty

Dipi.. || Unts.. |

Solver
Type
¢ Pressure-Based
Dengity-Based

Time:

¢ Steady
Transient

Graty

Velocity Formulation
® Absohte
Refative

@
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TS PEAL

- Setup

@ General
@ Models
&’ Materials

The choices for the Cell Zone Contions
3 5 E] Boundary Conditions
Boundary Con ® 32 Inlet
+ D Internal
appear ¥ 22 outlet
+ = wall
K% Mesh Interfaces
f_l Dynamic Mesh
Reference Values
+ 1/, Reference Frames
fx Named Expressions

[I] Curvillinear Coordinate Syst
- Solution
2 Methods
.5 Controls
[ Report Definitions
+ ‘@ Monitors
@ cell Registers
?,;;_‘; Automatic Mesh Adaption
E’o Initialization
+ % Calculation Activities
@ Run Calculation
- Results
. Surfaces
+ @ Graphics
X |_ Plots
* Animations

] Reports

+

+

+



Double click on
’o ”

Or click on

- Setup
@ General
+ @ Models
é’ Materials
* Cell Zone Conditions
——— — m_Boundary Conditions

4* ‘o Inlet

+

II+I’
next to Inlet

The screen changes as shown below.

+ [ internal

+ 2% Outlet

+ == wall

&3 Mesh Interfaces
ﬂ Dynamic Mesh

Reference Values

+' 1/, Reference Frames
fx Named Expressions

Curvillinear Coordinate Syst:
-~ Solution
9%, Methods
.. Controls
[%] Report Definitions
+ @& Monitors
BB cell Registers
!:;,g; Automatic Mesh Adaption
&% Initialization
+ # Calculation Activities
@ Run Calculation
- Results
. Surfaces
+ @ Graphics
* L Plots
* Animations
+

Reports

< Task Page
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Outline View
General @
Double click on Fiter Text M[sh H ][ ]
“ . . . = Setup Scale... Check Report Quality
Inlet_wall (velocity-inlet, id=8 ® General - '
+) ® Models [ Display... ][ Units... ]
+ Q{ Materials - ST
+ [ cel zone Cond{tl_ons Type Velodty Formulation
= g _B‘o,undary Corctons @ Pressure-Based ©® Absolute
< lnl:t Density-Based Relative
*o inlet_wall (velocity-inlet, id=8)
* Internal
* : * Outlet s
7S =,. wall ® Steady
a Mesh Interfaces JTronsent
’—'| Dynamic Mesh
Reference Values Gravity

+ 17, Reference Frames

f- Named Expressions

D Curvillinear Coordinate System
Solution

95 Methods



The following pops on.
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| 3
I Velocity Inlet X
Zone Name
inlet_wall
‘ Momentum ‘ Thermal Radiation Species DPM Multiphase Potential Structure ups |2
Velocity Specification Method  Magnitude, Normal to Boundary W
- Reference Frame| Absolute M
Velocity Magnitude [m/s] g -
Supersonic/Initial Gauge Pressure [Pa] g -
Turbulence
Specification Method  Intensity and Viscosity Ratio b
Turbulent Intensity [%] 5 -
Turbulent Viscosity Ratio 1 -

H3om

T —

Make the following changes.

n bl =
- Velocity Inlet
Zone Name
inlet_wall
Momentum | Thermal Radiation Species DPM Multiphase Potential Structure
Velocity Specification Method Magnitude, Normal to Boundary
N Reference Frame Absolute

Velocity Magnitude [m{s][ 30

Supersonic/Initial Gauge Pressure [Pa] g

Turbulence
Specification Method Intensity and Viscosity Ratio
Turbulent Intensity [%] 5

Turbulent Viscosity Ratio 1q

5@ g

R T T —

Click on “Apply and then “Close” on above.

Change
the
velocity to
30 m/s
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| [ units... ey gy v

& Make Polyhedra | <f+ Adjacency... [ Activate... U Replace 2

< Task Page <

General @
Filter Text

- Setup
@ General
+ @ Models

A + & material
Click on “-Ztg collapse the tree . %c;‘x: e
Click on “+Z_to expan

Outline View

Check ][Repon Quality]

1y Type Velocity Formulation
L ”fﬁ"‘“’y Condtions ®) Pressure-Based ®' Absolute
e I"':' | Density-Based Relative
~Ip inlet_wall (velocity-inlet, id=8)
* E] Internal
@ 5% (outlet Tima
+ = wall ) Steady
" Mesh Interfaces fceay
| Dynamic Mesh
Reference Values
+ 12, Reference Frames
fx Named Expressions
[ curvillinear Coordinate System
= Solution
2 Methods
L. Controls
@ Report Definitions
+ @ Monitors
ﬂ Cell Registers
r-ﬁ Automatic Mesh Adaption
2o Initialization
+ ® Calculation Activities
@ Run Calculation
- Results
. Surfaces
+) @ Graphics

Gravity




Page 359

Outline View <  Task Page

General [@
Filter Text Mesh
- Setup [ Scale... ][ Check ][Report Quallty]
@ General - =
+) ® Models [ Display... ][ Units... ]
+) + -
% Materials - or
+*)
y : o Cell Zone Condt‘tlnons Type Vealodty Eormukition
DOUbIe CIICk ' ?ooundlary Condeions ® Pressure-Based @) Absolute
+) 235 Inlet - 2 ) Relati
or P E - Density-Based elative
right click e et s
sl . oOutlet_wall (pressure-outlet, id=9)
here = $ = wal ®) Steady
% Mesh Interfaces ) randert
(Zl Dynamic Mesh
Reference Values Gravity

+ 1/, Reference Frames
fx' Named Expressions
E] Curvillinear Coordinate System
- Solution
?‘-1- Methods
.. Controls
@ Report Definitions
+ @ Monitors
iﬂ Cell Registers
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The following appears.

“. Replace Zone... | W= = === | 4R* Gap Model... e Periodic Instancing... |

Pressure Outlet X
| =

Zone Name
outlet_wiall

_-‘ Momentum ‘ Thermal Radiation Species DPM Multiphase Potential Structure uDs

or
1 Backflow Reference Frame Absolute
Gauge Pressure [Fa]
Pressure Profile Multiplier) |
Dr
ut Backflow Direction Specification Method Mormal to Boundary
VE

Backflow Pressure Specification Total Pressure
Prevent Reverse Flow
Radial Equilibrium Pressure Distribution
Average Pressure Specification

Target Mass Flow Rate
Turbulence
Specification Method | Intensity and Viscosity Ratio

Backflow Turbulent Intensity [%] 5

Backflow Turbulent Viscosity Ratio| 1

Close | | Help

| — N7 N7

Click on “Apply” and then “Close” above.
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Other than the inlet and the outlet, the remaining boundary conditions should be of “wall”
type. An expansion of the model tree indicates that the boundary conditions are all defined
correctly now. The following is the model tree showing the boundary conditions.

- |:| Boundary Conditions
)
=/ —5 Inlet
[ . . .
o Inlet_wall (velocity-inlet, id=8)
+ |:| Internal
=
= g+ Outlet
outlet_wall (pressure-outlet, id=4)

a
- —=* wall
——+ bottom_wall (wall, id=7)
—+ left_wall (wall, id=10)
——* right_wall (wall, id=11)
— top_wall (wall, id=8)

wall-fluid_domain (wall, id=1)

| e
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Filter Text

- Setup
@ General
+ @ Models

A’ Materials
Cell Zone Conditions
= Boundary Conditions
ﬂ Mesh Interfaces
a Dynamic Mesh
~] Reference Values
Reference Frames

; . 1
Double click on solution o .
fx Named Expressions

”Meth OdS” = Curvillinear Coordinate System
- Solution
=—p % Methods
- Controls
Report Definitions
+ @ Monitors
@ Cell Registers
.PM Automatic Mesh Adaption
E’o Initialization
+ # Calculation Activities
@ Run Calculation
- Results
. Surfaces
+ @ Graphics
* l_ Plots
* Animations
X Reports

+ Parameters & Customization
+ Simulation Reports

+) (+) (+

+
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After double clicking on “Solution Methods”, the following appears.

Task Page <

Solution Methods @‘

Pressure-Velocity Coupling
Scheme

Coupled -
Flux Type

Rhie-Chow: momentum based ¥ | |vf| Auto Select

Spatial Discretization

Gradient

Least Squares Cell Based -
Pressure

Second Order st
Momentum

Second Order Upwind -

Turbulent Kinetic Energy

Second Order Upwind -
Specific Dissipation Rate

Second Order Upwind -

Pseudo Time Method
Global Time Step -

Transient Formulation

Non-Tterative Time Advancement
Frozen Flux Formulation
Warped-Face Gradient Correction

High Order Term Relaxation

Default ‘

The above are the default solution options. Don’t make any changes.
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, _ . Vo - . —

Outline View < Task Page <

Solution Initiaization @]

FiterToxt Initialization Methods
- Setup @ Hybrid Initialization
General Standard Initialization
+) @ Models
+ & materials More Settings... | | Initialize

* E Cell Zone Conditions

Boundary Conditio) Fatch...

Reset DPM Sources' Reset LWF  Reset Statistics

1. Double click
on’
“Initialization”

Controls

E\] Report Definitions

Q Monitors

ﬂ Cell Registers

pm Automatic Mesh Adaption
', Initialization.

+ ® Calculation Activities

Initializatio @ Run Calculation
- Results
box app @ surtaces
+) @ Graphics
3. Cl * |_ Plots
circle next to > ::::f:':"‘
“Standard S

Initialization”.



Page 365

After selecting the “Standard Initialization” above, the “Solution Initialization” options appear

as shown below.

o

| -O - J".LIJUL.EIIL.}'--- tu ALY ULL S e I\E'_lll'_l\.-c aurnre
Task Page <
Solution Initialization @

Initialization Methods
Hybrid Initialization
® Standard Initialization

Compute from

Reference Frame

@ Relative to Cell Zone
Absolute

Initial Values

Gauge Pressure [Pa]
]

¥ Velocity [m/s]
]

¥ Welocity [m/s]
]

Z Velocity [m/s]
]

Turbulent Kinetic Energy [m?/s”]
1

Specific Dissipation Rate [s]
1

Initialize | Reset | Fatch...

Feset DPM Sources Reset LWF  Reset Statistics

VOF Check
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S = R ——— =S
Task Page

Solution Initialization

©H

Initialization Methods
Hybrid Initialization

1. Changeto as ® Standard Inttialization
2 Compute from
shown here. —
2. CIle on Reference Frame

©® Relative to Cell Zone
Absolute

3. “Initialize”

Initial Values
Gauge Pressure [Pa]
0

X Velocity [m/s]
30

Y Velocity [m/s]
0

Z Velocity [m/s]
0

Turbulent Kinetic Energy [m?/s?]
3.375

Specific Dissipation Rate [s]
23104.81

[Initiallze |Reset Patch...

Reset DPM Sources Reset LWF | Reset Statistics

VOF Check



| BT Wi W unE §wiynsy

Outfine View !

Filter Text

- Setup
@ General

+ @ Models

Q Q’ Materials
&) Cell Zone Conditions
» @ Boundary Conditions
£3 Mesh Interfaces
/7| Dynamic Mesh
Reference Values

+) 17, Reference Frames
fx Named Expressions

[ curvillinear Coordinate System
- Solution
9 Methods
/. Controls
Report Definitions
+ ‘@ Monitors
Double click on B cel Registers

” ?L Automatic Mesh Adaption

“Run Calculation & initilization
\ # Calculation Activities
© Run Calculation
= Results
. Surfaces
+ @ Graphics
* IJ_ Plots
2N scene
+ Animations
® Reports
+ Parameters & Customization
+ Simulation Reports
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The following dialog box appears after clicking on “Run Calculation” above.

< Task Page <

Run Calculation

Check Case... Update Dynamic Mes

Pseudo Time Settings
Fluid Time Scale

Time Step Method Time Scale Factor

Automatic v 1

Length Scale Method Verbosity

Conservative ol 0
Parameters
Mumber of erations Reporting Interval

0 v |1

Profile Update Interval
1

1 p

Solution Processing
Statistics
Data Sampling for Steady Statistics

[ Data File Quantities...

Solution Advancement

[ Calculate
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< Task Page <

Run Calculation

[ Check Case... ] Update Dynamic Mes

Pseudo Time Settings
Fluid Time Scale

Time Step Method Time Scale Factor

Automatic 24 1
1. Setthe number Length Scale Method e

of iterations to Conservative v| (o
200

2. Click on
“Calculate”

Parameters
Number of Iterations Reporting Interval
200 S| B
Profile Update Interval
1

FS
v

Solution Processing
Statistics
Data Sampling for Steady Statistics

[ \ Data File Quantities...
Solution Avat

[ Y Calculate
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3d, dp, pbes. ssthw, 2-processes) [CFO Solver - Level 2) o x

Zones Intertaces Mesh Models Adapt Surtace
Omlay [ scale €5 Combine « g3 Delete, [ Appens v | Bnen 1 Dynemmic Mesh v | Tomenval, T Automate + Creste «
Ove « B2 o Transform  w | O Seporste g3 Deoctwate... L Replace Mesh =3 Mueng S 4 Controls... A\ Mansge. A omage.
# vens. Chedis  Qualty v & pake Polybudra Adpcency.. g Advete O\ Raploce Zone. # W Gap Madel v s
Outfrue Vie < Task Page < | ] Mesh x W Scabed Resitusks o
Run Cakoutation 1e+00: An
wam ¥
s Oacen. Dt Foysmans. Do 1e-01 STUDENT
Psoudo Thme Settings | & —
Flokd Time Scale: 1 1e-02§ - -
Tine Step Meod T Scafe Focter S S
+ [Z] celt Zone Conditions oy =1 ' A 10-034 5
5 23
3 scundacy Condiions Langth Scale Method Versosey
£5 Mesh intertaces 1e-04
i Conservotne -
1 Oymamic Mesh ¥
[2] Reference valoes Pacametors 1e-05: 2
+) 12, Reference Frames Number of Rerations Repoetng Interval &
£ vamed Bxpressions 20 sl o) 10-06
[ convinear Coordnse spstem e L
% Methoas 3 C » 1e-07" 1=
2 Corteols Sehution Processing /
Report Defintions Statistics R L ]
* @ Montors Deta Samplng for Steady Statatics 0 L 20 30 40
B coll Registers 2 Iterations ¥
b Data Fie Quantties.
Automatic Mesh Adeption
: continuity — x-velocity — y-velocity — z-velocity — k -~ omega r
ntiskzation Sokution Advancement
4 ® Calcuasen Actreties ¥ =
© mun Calculation Salcdety Ry~ -
- Results swiocted of
@ suaces
+ @ Graphics
* L slots
A scene
® [ animations
* [ reports 6
& -
EEEESSS—— 4
Calcudating the seiusicn... (165 terations remaning "™ sip

show/h at the bottom of
screen.
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After a few minutes the solution is completed and a message indicating the completion of the
solution will be displayed on the screen. The following shows the screen after the solution is
completed.

L]
sae = s =

Mesh zones Interfaces Mesh Models Turbomachinery Adapt Surface
Display ] scale @oombine + g vokn. [HApend | B loynamic Mesh... | [ Tubobodels 8 Turba Workflow  + | i Manuok.. T Automatic.. | + Create
Sz S - =
Owe - B2 E vonom | O Seperete « £ Deactwate... B2 Replace Mech.. 4 Mixing Ploes.. wibo Create... (5 T o Controli...  J Manoge... £, Manoge...
#ounns.,  Ohecke QO 4 yuaie poiyhedra | ol Adjacency.. g Acthate.. OV Replace Zone... o “* Gap Madel... dic
Outline View < TaskPage < ] Mesh x H Scaled Residuals x
y -
[np— Ansys
Fiter et T © 202r2 [
Check Case... Update Dynamic Mes
O setep L= STUDENT .
@ General Pseudo Time Settings k ‘
+ D Models Fhiid Time Scale
© G materials Time Step Method Time Scale Factor S tol
[ celt zone Condiions = 9 B
+ [0 soundary conditians oo w
Length Scale Methad L] i
P Mesh interfaces o verbasity B intormation X
e e o
Ly N Calculation complete.
[ Reference values e
#) 17, Reference Frames Nurmber of Terstions Reporting Interval N "
e e = o 5 [
I;! Curvilinear Coordinate System Profile Update Intenal - — — L
9., Methods L > w _
2 contrals Salution Processing
] Report Defindions Statistics a B
+ @ Monitors Data Sampling for Steady Statistics
@ cellRegisters =
iy Automatic Mesh Adaption Data File Quantities...
L Solution Advancement & r
+ ® Calculation Activties 7
©) Run caleulation EREE A
- Results 3 - ¥
& surfaces 0 seleted all -
* @ Graphics
@ | plots console @<

A scene Tt Njfo]

Click on “ok” in the solution dialog box.

At this point the solution is completed and the results can be reviewed.

A

&:  Fluid Flow (Fluent)

Geometry v
3 @ Mesh v
4|_ﬂ Setup v ‘|

5 5 Soluton v 4 The check mark

6 @ Resuls next to Solution
indicates that the
solution is completed

(SRR |

CFD analysis of an airfoil

Save the project in “WB” screen.
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v A

1

2 [B ceometry v .,

3 @ Mesh v .,
4 [@ sewp 7,

5 ﬁ Solution v p .

6 @ Results &L\EDUME click on

Results” on “WB” screen
CFD analysis of an airfoil

A new screen called “PST” opens. PST stands for Post processing.

The following is the initial PST screen.

T A6 CFD analysis of an airfoil - CFD-Post - o X
Fle Edt Monfor Sessan insert Tooks Help
ERERDW 96 Buonm~ JEEET s HIY0 *xENENS Om:# s AWk
Ouine  Varisbles  Bxpressions  Caloulators  Turbo n CHRAE @ O
v (3 cases View1 ™
~ @ CFD analysis of an alrfoll
~ @ fluid_dormain

& wireframe




m A6 : CFD analysis of an airfoil - CFD-Post

File Edit Monitor Session Insert Tools Help

FERURDE 9o
Outline Variables Expressi +
v [ cases b

(350 e 2

v @ fluid_domain

()€ bottom_wa
()P€ inlet_wall ©
()P€ leftwall <
(9% outlet_wall _
(JP€ right_wall &
[()9€ top_wall ¥
(C)9¢ wall fluid_d ©

~

[} pefault Legend View &3
@ wireframe :

v (@] User Locations and Plots

&Y Default Transform

%
L)
4

Point
Point Cloud

v @ CfD analysisof anair , |0

Volume

Isosurface

Iso Clip

Vortex Core Region
Surface of Revolution
Polyline

User Surface

Surface Group

Turbo Surface

Turbo Line
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BBERZOP ¢ HIPO x|

1. | “Location”
2. Click on “Plane”

The following appears.

Click on “OK” above.

B nsert.. 7

Name

| 0K




The following appears.

Details of Plane 1

Geometry Color Render View
Domains All Domains

Definition

Method XY Plane

pd 0.0 [m]
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Plane Bounds

Type Mone

Flane Type

Q Slice

() sample
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It is desired to put a plane in the middle of the wing cutting the wing into 2 equal sections.
Therefore, the XY plane at location of Z=0 is the appropriate plane. The following diagram
showing the XYZ axes clarifies the reasoning.

7.000 (m)

[I—
1.750 5.250
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! (sl e .
Details of Plane 1

Geometry Color Render

View
Domains All Domains -
Definition a
Method XY Plane o
Z 0.0 [m]
Flane Bounds =]
Type None v
Plane Type =]
© slice (") sample
B ' "
Click on “Apply
L Apply Reset Defaults
A plane is generated as shown below.
. A6 : CFD analysis of an airfoil - CFD-Post - o x
File Edit Monitor Session Insart Tools Help
FEEELEDW 90 Bueen v CESST ¢S HFFO0 xBMNENE OD# S AddsE
Oulline  varables  Bxpressions  Caleulators  Turbo N SR Q® & O~ B
Y Cases View 1 ¥
~ &4 OFD analysis of an airfoll
v @ Mg domoin
[J#= bottom_wall
B inlet_wall
B teft_wal
Pt outiet_wall
IPE nght_wall
(185 1op_won

(1B woll fluid_domain
~ @i User Locations and Plots
&9 Default Transform
BB} pefauit Legend View 1
B plane 1
=
Details of Plane 1
Geometry  Cokr  Render  View
Bomains AN Domains =][..
Definition =
Method XY Plane
z 0.0 [m)
Fisne Bounds
Type Hane
Flane Type

a
© siice () Sample

Appty

1750
et pefts 30 Viewer  TableViewsr  ChrtViewsr  CommentViewsr  Report Viewsr




B A6 : CFD analysis of an airfoil - CFD-Post

File Edit Monitor Session Insert Tools
R Em 9 0 Platon v S BEES(F &4

Qutline Variables Expressions Calculators

Help

Turbo

v & Cases
v [@] CFD analysis of an airfoil
v (@ fluid_domain
[C19% bottom_wall
[]P€ inlet_wall
[)9% tefr_wall
[CIPE outlet_wall
[P« right_wall
[I7% top_wall
[ ]PE wall fluid_domain
~ User Locations and Plots
w3 Default Transform
B [} pefault Legend View 1

B rlane 1
[ W= I

Details of Plane 1

Geometry Color Render View

Domains All Domains
Definition
Method XY Plane
z 0.0 [m]

Flane Bounds

Type None

Flane Type

© slice

Sample
O samp
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Click here to
various available contours




A6 : CFD analysis
B 26 D analyee c

FRHLDE@ 90 Buatn v FEETT AL x g 2.

Outline Variables Expressions

Calculators
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1. Click on
~Contour”
Click on “OK”

- B Insert ... ? x

~ ;:] Cases
~ (@l CFD analysis of an airfoil
v (@ fluid_domain
()€ bottom_wall
(7% inlet_wall
7% left_wal
(9% outlet_wall
[P« right_wall
[)9% top_wall
()95 wall fluid_domain
v (@] User Locations and Plots
a2 Default Transform
[[# pefault Legend View 1

B @ Plane 1

[ P IS
Details of Plane 1

Geometry Calor Render View

Domains All Domains
Definition
Method XY Plane
Z 0.0 [m]

Plane Bounds
Type None

Flane Type

O slice

Name

Cancel

() sample
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The following appears.

I — eI

Details of Contour 1

Geometry Labels Render View
Domains All Domains -
Locations bottom_wall -
Variable Fressure -
Range Global -
Min unknown
Max unknowin

# of Contours 11

Advanced Properties

Y
b

Change the above dialog box to the following.

Details of Contour 1

Geometry Labels Render View
Domains fluid_domain -
Locations Plane 1 -
Variable Pressure -
Range Global -
Min unknown
Max unknown
# of Contours 11 s
Advanced Properties =

Click on
“Apply”

Apply Reset Defaults
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The following pressure contour appears.

B A6 : CFD analysis of an airfoil - CFD-Post

File Edit Monitor Session Insart Tools Help

- o X
HFREE LR 90 Boatny SEAESEF v 4HIFSO xEMENG OD# Al H
Oufiine  variables  Exprassions  Cakaulators  Turbo
v |8 Cases

. SERA® # O~
~ & CFD analysis of an airfoll S
v @ fluid_domain

[P+ bottom_wall
B inlet_wal
OBe et _wal
Pt outiet_wall
IPE nght_wall
(LB top_wan
B wal fluid_domain
~ @ User Locations and Plots
B Contour 1
Default Transform
Default Legend View 1

-
Detalls of Contour 1

Geometry  Lobels  Render  View

Domains fluid_domain -
Locations Plane 1 v
Variable Pressure -
Renge Global -
Min -791.056 [Fa]
Max 495,427 [Pa]
# of Contours 11 3
Advanced Proparties £l
Apply Reset Defaults

30 Viewer  TableViewsr  ChrtViewsr  CommentViewsr  Report Viewsr
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Adjusting the view results in the following pressure contour.
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The pressure abave the wing
is low n the pressure’
elow the wing.

The pressure difference
causes the lift.

The high pressure at the
tip of the wing causes the
drag
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Drag is calculated in the direction of airflow. Lift is calculated perpendicular to the drag. Air is
flowing in the positive X direction. Therefore, drag should be calculated in positive X direction,

and drag is calculated in the positive Y direction. The following 3- dimensional view of the
model illustrates this concept.

[ A6 CFD analysis of an airfoil - CFD-Post

- a x
Fie Edi Mondor Sessan Wset Tooks Help
FEEHDW 90¢ Buaan~r JEEEF o 4HIVO xEMENe Oms# F Al H
Ouline  Varables  Expressions  Caleulators  Turbo T SHQAR @ O~
~ il Cases View1 v
~ @ CFD analysis of an airfoll

v @ fluid_domain
1B bottom_wal
=

wal
B right_wal
1 top_wel
I wall fluid_domain
~ 8 User Locations and Plots
B8 contour 1
&3 Default Transform
B! efour Legend View 1
-

Details of Contour 1

Geometry  Labels  Render  View o -
Domains flusd_domain * | -2'765e+02
Locatons  Plane 1 - -4.051e+02
veriable  Pressure - -5.338e+02
Renge Giobal - -6.624e+02
- 791,056 [Pa]

- 405,427 [Fa] =
# of Contours. 11
abvanced Propartas m

\\~

Apply Reset Defaults

30Viewsr  TableViewer  ChartViewer  CommentViewer  Report Viewer
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The following is a zoomed in view of the above. Notice that the wing is now referred to as “Wall
fluid_domain”. The reason is that the plane that is showing the pressures was not a part of the
geometric portion of the model.

Qutline Variables Expressions Calculators Turbo

W @ Cases
v (& CFD analysis of an airfoil
v (@ fluid_domain
[ ]1P£ bottom_wall
[P inlet_wall
[P left_wall
[ ]1P% outlet_wall
[P right_wall
[P top_wall
[ )P% wall fluid_domain
v [ User Locations and Plots
B & contour 1
&Y Default Transform

@ [ pefault Legend View 1
-rﬂl | -

Details of Contour 1

Hﬁ\ﬁ : CFD analysis of an airfoil - CFD-Post

File Edit Monitor Session Insert Tools Help

ERH%REE 90 Quaten vy SESSP wald0 xFEERNE OO/ Luds b
Outline Variables Expressions Calculators  Turbo Ty SO @ O~

M| Macro Calculator s
B Mesh Calculator
f_j Function Calculator

1. Click on “Calc
2. Double Click on “Function Calculator”
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The following appears.

Function Calculator
Function area -
Location bottom_wall -
Case CFD analysis of an airfoil -
Variable Pressure
Direction None - X
Fluid All Fluids -
Results

@ clear previous results on calculate

(] Show equivalent expression

Calculate Hybrid Conservativ



Change the selections to the following.
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Function Calculator
Function force
Location weall fluid_domain
Case CFD analysis of an airfoil
variable Pressure
Direction Global
Fluid All Fluids
Results

Force on top_wall

84.4746 [N]

B clear previous results on calculate

I:_] Show equivalent expression

Calculate ]

Click on “Calculate”

Hybrid

Consarvative
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Function Calculator

Function force -
Location wall fluid_domain =M.
Case CFD analys

ariab

Direction Global - X -

Fluid All Fluids

This is the drag
force because the

Results
all Fuid_domain

21.0524 [N]

direction is “X”

B Clear previous results on calculate

(] Show equivalent expression

Calculate |

By following a similar procedure, the lift force (force in Y direction) is calculated. The following
shows the lift force.

Function Calculator
Function force -
Location wall fluid_domain -
Case CFD analysis of an airfoi
Variable Pressure
Direction Global = Y -
Fluid All Fluids =
Results
This is the lift fo F\Ime on wall fluid_domain
because 231,943 [N
the force is calculated in Y
direction

B Clear previous results on calculate

(") Show equivalent expression

Calculate Hybrid Conservative

It must be emphasized that the accuracy of the drag and lift forces are significantly influenced
by modeling techniques. These results are not accurate. However, the illustrated steps
demonstrate the use of software GUI.
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Ill: Summary and conclusion

Flow of air over a pipe wing simulated using the CFD capabilities of ANSYS Work Bench. Step by
step instructions have been provided in order to help students with little or no experience in
the use of CFD software. The results match the theoretical results. While the technique is not
technically complicated, it is beneficial to students that are new to fluid mechanics and CFD.
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