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1. Purpose

The Purpose of CFD Lab 4 is to simulate unsteady turbulent flows over the Ahmed body
following the “CFD process” by an interactive step-by-step approach and conduct verifications
using CFD Educational Interface ANSYS. Students will have “hands-on” experiences using
ANSYS to predict drag coefficients and axial velocity for slant angle 25 degrees and compare
them with EFD data. Students will use post-processing tools (streamlines, velocity vectors,
contours, animations) to visualize the mean and instantaneous flow fields and compute the
non-dimensional shedding frequency (Strouhal number). Students will analyze the differences
between CFD and EFD and present results in a CFD Lab report.
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2. Simulation Design

The problem to be solved is unsteady turbulent flows over the Ahmed body (2D). Reynolds number
is around 768,000 based on inlet velocity and vehicle height (h). The following figure shows the
sketch window you will see in ANSY'S with definitions for all geometry parameters. The origin of
the simulation is located at the rear of the body. 0 is the slant angle. L is the length of the body and
h is the height of the body. Uniform velocity specified at inlet and constant pressure specified at
outlet. The top boundary of the simulation domain is regarded as “Symmetry” and there is a
distance between the car body and road, GL.
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For CFD Lab4, all EFD data can be found under the “CFD Lab4: Ahmed Car” section on the
class website: http://www.engineering.uiowa.edu/~me_160/.
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3. Opening ANSYS Workbench Software

3.1. Start > All Programs > ANSYS 2021 R2 > Workbench 2021 R2

3.2. Drag and drop three component into the Project Schematic, name the components and create
connections between components as per below.
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4. Geometry Creation

4.1. From the Project Schematic right click Geometry and select New DesignModeler
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4.2. Make sure that Unit is set to Meter and Degree (default settings).
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4.3. Select the XYPlane then click the New Sketch button.
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4.4. Enable the auto constraints option to pick the exact point as below
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4.5. Use the Rectangle tool under Draw to make a rectangle starting from the origin and ending
inside the first quadrant. Dimension it using General dimension as per below. (Click the z
arrow of the 3D orientation located at the bottom right to make the view perpendicular to xy-
plane. Make sure to click the origin when the mouse cursor is changed to “P”)
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4.6. Use the Rectangle tool again to draw an another rectangle as per below.
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4.7. Use the Fillet tool in Modify to put a radius on the front corners of the Ahmed Car as per
below Use the Radius size of 0.1m. After changing the value, click the front corners.
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4.8. Use the Chamfer tool to put a chamfer on the back of the Ahmed Car as per below. Use the
Length of 0 25m. (Shape of the body could be different depending on the rectangle you made)
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4.9. Put a constraint on the two radii using the Equal Radius tool in Constraints. (Note: in the
bottom left corner next to the checkmark in a green circle is the note on how to use a tool)
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4.10. Dimension the body inside the rectangle as per below using Horizontal, Vertical, Radius,
and Angle under Dimensions. (The name of each dimension will be followed by the order
you make it, so it may be different from the manual)
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4.11. Concept > Surface From Sketches. Select the sketch you just created under the tree
outline and click Apply. Click Generate.
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4.12. Select XYPlane and click the New Sketch button. In this new sketch, use the Line tool
under Draw to make the lines as per below. Three lines will extend over the entire domain,
horizontally or vertically. Make sure that the C appears when you are on the line and the V/H

appears next to the line being created, ensuring that you are pointing on the edge and the line
is vertical/horizontal.
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4.13. Use the Horizontal and Vertical dimension tool to dimension the lines as per below.
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4.14. Go back to Modeling tab and then Tools > Face Split.
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4.15. Select the gray surface for Target Face and click Apply. For Tool Geometry select two
endpoints of the one line you just created while holding Ctrl then click Apply. Select Tool
Geometry again and select two more endpoints of another line and click Apply. Repeat this
process for the last line and click Apply. Click Generate. This splits the surface into six pieces.
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(The picture above was taken right before clicking ‘Generate’)

4.16. Tools > Merge.
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4.17. Change the Merge Type to Faces and select the top three faces. Click Apply then

Generate.
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(The picture above was taken right before clicking ‘Apply’)

4.18. File > Save Project. Close the Design Modeler window.
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5. Mesh

5.1. Right click Mesh and from the dropdown menu then select Edit...
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5.2. Right click on Mesh > Insert > Inflation.
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5.3. For Geometry option, select the surface of the domain which borders the Ahmed Car and
click Apply (Change the cursor to ‘Surface Selector’ at upper region to select the surface).
For the Boundary, select the edges of the Ahmed Car by holding Ctrl and selecting the edges
and then click Apply. There should be seven edges selected for the Boundary. Change the
parameters in Details of “Inflation” — Inflation as per below.

File Home | Mesh | Display  Selection  Automation

D x + - % éé % o Iﬁ @ % W\lCnntadSmng Hinflation {1 Mesh Connection Group ﬁ?‘J & %7 & 8 C m Q BProbe

ARefinement  TuMesh Group | (8 Contact Match Group EBMax

Quick Launch

Duﬂ\l(ate Q \merl Update Generate Sunace Source/Target | Method Sizing  Face  Mesh Mesh  Manual Mesh Contact Node Node Hemz Edgts
Meshing  Copy Cnntm\ pinch {3 node merge Group G Numbeting "Commecion Wiateh. Merge  Move BB win
Cutiine tesh Preview fesh Edit Metrics Display
GUELTD meswsmssmsmmsamses T [l (O] 5S Qa @. & % -4 QA& & Sdd ®Mode- B BfB|® & @ ® ¢ ® ECipboard- [Empty] @ Extend~ 9 SelectBy~ B Convert~ .

Name ~ | Search Qutline |V o

1 Project
B Model (82)
-/ Geometry
B Surface Body
o8 Materials
3} Coordinate Systems
/@ Mesh

:

'Surface Selector' is here

Details of “Inflation” - Inflation s::is::ix: w § 0 X
= scope
S¢oping Method Geometry Selection
Geometry 1 Face
Suppressed o
Boundary Scoping Method | Geametry Selection
Boundary 7 Eages
Inflation Option First Layer Thickness
First Layer Height 3.5e-003 m
Maximum Layers 5
Growth Rate .08
Inflation Algorithm Pre |
0.000 1.000 2 ?ﬂﬂ(m)
500 1,500

5.4. Right click Mesh > Insert > Method. Select the whole domain (surfaces) for Geometry and
click Apply. Change the Method to Triangles.
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5.5. Right click Mesh > Insert > Sizing. Select the line as per below and click Apply. Change the
parameters of sizing as per below. Repeat this for the following figures below. There should
be 22 edge sizings in total. Change the cursor to “Edge Selector” to select the edges.
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5.6. Click on Mesh under the Outline and change the Physics Preference to CFD.
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5.8. Select ‘Edge Selector’. Select the top edges of the domain by holding Ctrl while selecting, right

click, select Create Named Selection from the dropdown menu. Name the top edge ‘symmetry’.
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5.9. Repeat step 5.8 for the bottom edges and name them ‘7oad .
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5.10. Repeat step 5.8 for the left edges and name them ‘inlet’.

~iox Qalee e

Name ¥ | Search Qutline | v

Outline

S~ Q@ @ @  Select "k Mode~ REEBEE [ElClipboard~ [Empty] | &Extend~ @ SelectBy~ -B Convert~

T Project* ~
B 5 Model (B2)
8 Geometry
£ I Surface Body
[ Materials
3k Coordinate Systems

Selection Name

[intet

% Al Trizngles Method
'@ Edge Sizing

'@ Edge Sizing 2

/'@ Edge Sizing 3

®  Apply selected geometry
) Apply geometry items of same!

~\@ Edge Sizing 4 O size
1@ Edge Sizing 5
V@ T
'@ Edge Sizng 6 H rpe
~#\® Edge Sizing 7 [ Location X

'@ Edge Sizing 8
'@ Edge Sizing 9
@ Edge Sizing 10
~\@ Edge Sizing 11
'@ Edge Sizing 12

Location ¥

]
[ tocationz
O

Apply To Carresponding Mesh Nodes

@ Edge Sizing 13 v
Details of "Surface Body" :iiiuici w O X
s ropertes 2 Corcel

= Definition
Suppressed | Mo
Dimension 3D
Coordinate System | Default Coordinate 5ys...
Thickness om
Thickness Made | Refresh on Update
Offset Type Middle
Treatment Nane
Reference Frame | Lagrangian
= Material 0.000 1.000 2.000 ()
Assignment I .
Fluid/Solid | Defined By Geometry .. 0500 1500
v

= Bounding Rox.

5.11. Repeat step 5.8 for the right edges and name them ‘outlet’.
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5.12. Repeat step 5.8 for the filleted corners and the straight segment that connects them and name

them ‘nose’.
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5.13. Repeat step 5.8 for the sloped edge of the Ahmed Car and name it ‘slope’.
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5.14. Repeat step 5.8 for the top edge of the Ahmed Car and name it ‘ahmed top’.
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Apply To Corresponding Mesh Nodes

Cancel

0.000 0.200 0400 rmy
| EEaaa—

0.100 0.300

DR EME = Ecipboard~ [Empty] &ifxtend 9 Select By~ @ Convert~

5.15. Repeat step 5.8 for the bottom edge of the Ahmed Car and name it ‘ahmed bottom’.

QQ[@w &

Outline YT}
~

Name -

(T Project*® ~

- 3 Model (82)

/B Geometry
Fge By Surface Body

o8 Materials

i Coordinate Systems

@@ Mesh

o M Inflation
o+ AllTriangles Method
@ Edge Sizing

-+, Edge Sizing 2
+'® Edge Sizing 3
@ Edge Sizing 4
@ Edge Sizing 5

- /' Edge Sizing 6
@ Edge Sizing 7
'@ Edge Sizng 8
@ Edge Sizing &

/'@ Edge Sizing 10
@ Edage Sizing 11
@ Edge Sizing 12

'@ Edge Sizing 13 -
Details of “Surface Body” - ~aoOx
phics Properties ~
|- Definition
Suppressed Ho
Dimensian 30
Coordinate System | Default Coordinate Sys...
Thickness 0. m
Thickness Mode | Refresh on Update
Offset Type. Middle
Treatment Hone
Reference Frame | Lagrangian
|- Material
Assignment |
Fluid/Solid | Defined By Geometry (..

@ @ @ @ | Select ™ Mode- BRER® % ECiboard: [Empty] & Exend~ 9 SelectBy~ -B Convert~

Selection Name

|ah med battom

®  Apply selectzd geometry
O Apply geametry items of same:
Size
Type
Location X
Location Y

Location Z

Apply To Corresponding Mesh Nodes

Cancel

0,000 0200 0400 m)
| EEEaaaa— "

0.100 0300
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5.16. Repeat step 5.8 for the right vertical edge of the Ahmed Car and name it back.

Outline =i e ROX | 5 @ @ E"‘" u

H C-4 QA @& St kModer B[E|R @ E MW FCiphoord~ [Empty] @Eend~ 9 SelectBy~ B Convert~

© Name ~ | Search Outline | ™
(T Project* "
El- 5 Model (B2)

T8 Geometry

... By Surface Body

- /) Materials

ik Coordinate Systems

T Mesh

2 Inflation
g Al Triangles Method

@ Edge Sizing

'@ Edge Sizing 2

@ Edge Sidng 2
-\ @ Edge Sizing 4

'@ Edge Sizng 5

'@ Edge Sizng 6

@ Edge Sidng 7
-/ \@ Edge Sizing 8

'@ Edge Sizng 9

Selection Name

[back

@®  apoly selected geometry
O Apply geometry items of same:

/@ Edge sizng 10 O size
@ Edge Sizing 11 0 Tyee
4|8 Edge Sizing 12
V@
/@ Edge Sizng 13 v [ tocation x
Details of "Surface Body” :cocew 01 X [ tocation ¥
\phics Properties ~ [ vLocation z
= Definition
Suppressed No ] Apply To Correspending Mesh Nodes
Dimension 3D

Coordinate System | Default Coordinate Sys..,
Thickness 0.m

Cancel

Thickness Mode | Refresh on Update
Offset Type Middle
Treatment None

Reference Frame | Lagrangian

=) Material 0.000 0200 0400(rm)
Assignment I I 00O ..
Fluid/Salid | Defined By Geometry (.. 0100 0300

5.17. File > Save Project. Close Meshing window.

5.18. Update the mesh by right clicking Mesh and from the dropdown menu select Update.

- A &
y°
2 Geometry «  ee— 0 . Mesh 7 / 2 Q setp  F
ahmed body unstructy a
53  Duplicate
Transfer Data From New 3
Transfer Data To Mew 3

#  Update
Update Upstream Components

Clear Generated Data
j Refresh

Reset
Elf] Rename

Properties

Quick Help
Add Note
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6. Setup

6.1. Right click Setup and select Edit...

- B b 5=
1 g i
Geometry "  We—— 2 @ Mesh " we—— 2 a Setup = =
it...
ahmed body unstructured 3 -.(E Solution - -
Register Startup Scheme File...
k-e
Import Fluent Case And Data 3
Import Fluent Case 3
Import ROM r
53 Duplicate
Transfer Data From New 3
Transfer Data To New 4
#  Update
6.2. Select Double Precision and click START.
B Fluent Launcher 2022 R1 (Setting Edit Only) — O e

Fluent Launcher

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

Double Precision

Display Mesh After Reading
() Do not show this panel again
() Load ACT

Parallel (Local Machine)

Solver Processes 1

4 4

Solver GPGPUs per Machine | g

v Show More Options “ Show Learning Resources

Start :||. Cancel :||. Help -:|




6.3. Setup > General. Change Solver to Transient as per below.

PREBMNEER

B
Q
&

S)
L

L

- Solution
a

Outline View

Filter Text

2 Models

Materials

Cell Zone Conditions
Boundary Conditions
Dynamic Mesh
Reference Values
Reference Frames
Named Expressions

Methods
Controls

. Report Definitions

Monitors
Cell Registers
Initialization

+ # Calculation Activities

Run Calculation

- Results

Surfaces

@ Graphics

Plots

Reports

-
+
L Animations
+*
P;

ters & Cust ion

Task Page
General
Mesh
[ Scale... H Check ”Repor‘t Quality|
[ Display... H Units... |
Solver
Type Velocity Formulation
®/ Pressure-Based @ Absolute
Density-Based Relative
Time 2D Space
L)
Steady Plénar .
® Transient FEE LT
Axisymmetric Swirl
Gravity
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6.4. Setup > Models > Viscous > Edit... Change the turbulent model and near-wall treatment as
per below.

+

+

+

Outline View

Filter Text

= Setup

@ General
© Models
-] Multiphase (Off)

() Energy (Off)
I Viscous (Standard k-e, Non-Eq Wall Fn)l

< Task Page

Models

Models

Multiphase - Off

Energy - Off

Radiation - Off

¥ Radiation (Off)
14 Heat Exchanger (0ff)
o, Species (Off)
+) 4~ Discrete Phase (Off]
& Solidification & Melting (Off)
*il Acoustics (Off)
<} structure (Off)
U}’uﬂ Patential/Li-ion Battery (Off)
/ Ablation (Off)
£ materials
E5 cell zone Conditions
3 Boundary Conditions
¥ Mesh Interfaces
2] Dynamic Mesh
[Z] Reference values
17, Reference Frames
f Named Expressions

- Solution

% Methods

Controls
= Report Definitions
Q Monitors
@ cell Registers
L | Automatic Mesh Adaption
£. Initialization
# Calculation Activities

Species - Off
Discrete Phase

| B8 Viscous Model

Model

Heat Exchanger - Off

- Off

Solidification & Melting - Off

Acoustics - Off
Structure - Off
Potential/Li-ion
Ablation - Off

Battery - Off

Inviscid
Laminar

Spala Imaras (1 eqn)

k-omega (2 egn)

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

k-epsilon Model

Standard
RNG
Realizable

Near-Wall Treatment

Standard Wall Functions
Scalable Wall Functions

I ® Non-Equilibrium Wall Functions I

Enhanced Wall Treatment
Menter-Lechner
User-Defined Wall Functions

Options

Curvature Correction
Production Kato-Launder
Production Limiter

Model Constants
Cmu

0.09

C1-Epsilon

1.44

C2-Epsilon

1.92

TKE Prandtl Number

TDR Prandtl Number
1.3

User-Defined Functions
Turbulent Viscosity
none
Prandt Numbers
TKE Prandtl Number
none
TDR Prandtl Number
none

Cancel_‘ [Hi_lp‘




6.5. Setup > Materials > Fluid > air > Create/Edit... Change the air Density and Viscosity as

per below and click Change/Edit then close the window.

General

+) © Mode
=) & Fluid
& air
* £F solid
+) [ cell zone Conditions
+) B3 Boundary Conditions
&% Mesh Interfaces
Z] Dynamic Mesh
[Z] Reference values
+) I/, Reference Frames
fe Named Expressions
- Solution
% Methods
Contrals
+) [ Report Definitions
+) & Monitors
@ cell Registers

& Initialization
+) # Calculation Activities
© Run Calculation
- Results
@ surfaces
© Graphics
L plots
[ animations
[ Reports
+ & O

+
+
¥
+

Chemical Formula

Properties
Density [ka/m’] constant ~ ||Edit...
|12z |
Viscosity [kg/(m )] constant ~ |Edit...

T4 Automatic Mesh Adaption

Material Type
fluid
Fluent Fluid Materials

Order Materials by
' Name

Chemical Formula

Fluent Database... |
| [6rANTA MDs Database...|
User-Defined Database...|

air
Mixture
none

[t.757e-05 |

[ o €

6.6. Setup > Boundary Conditions > inlet > Edit... Change the inlet boundary conditions as

per below and click OK(Apply).

Outline View

Filter Text

- Setup
B General
+ @ Models
+ &P Materials
+ [ cell Zone Conditions

—. ahmed_bottom (wall,

—. ahmed_top (wall, id=

— back (wall, id=14)

< inlet (velocity-inlet, id

B interior-surface_body

— nose (wall, id=10)

= outlet (pressure-outle

— road (wall, id=7)

= slope (wall, id=11)
B surface_body (interio
| symmetry {(symmetry,

2l Dynamic Mesh

[Z] Reference values

- [ Boundary Conditions

Task Page B Velocity Inlet ®
. Zone Name
Boundary Conditions |
inlet
Zone |Filter Text Momentum Thermal Radiation Spedes DPM Multiphase Potential uDs

ahmed_bottom

Velocity Specification Methndl Components

ahmed_top

back Reference Frame| Absolute hd
inlet Supersonic/Initial Gauge Pressure (pascal) o -
interior-surface_body

nose X-Velocity (m/s)|a |
outlet

road Y-Velocity (m/s) o v
slope Turbulence

surface_body

symmetry Specification Methndl Intensity and Viscosity Ratio bt I

Turbulent Intensity (%)|2.93047

Turbulent Viscosity Ratio|10

Can:el.‘ @|

6.7. Setup > Boundary Conditions > Zone > outlet > Edit... Change the outlet boundary

condition as per below and click OK(Apply).

EF Mesh Interfaces
&l Dynamic Mesh
[7] Reference valuss
+ [, Reference Frames
f< Mamed Expressions
- Solution
% Methods
Controls
+) %] Report Definitions
+ & Monitors
@ cell Registers
L © Automatic Mesh Adaption
] "

= Setup
& General Zone |Filter Text
+ @ Models ahmed_battom
=) £ Materials ahmeditcp
=) &¢ Fluid back
& air inlet
+ ¢ solid interior-surface_k
+ [0 Cell Zone Conditions nose
=) B Boundary Conditions petilied l
+) 2 Inlet ;f::‘e
* “D Internal surface_body
= P“t‘Et symmetry
=+ outlet (pressure-outlet, id=9)
+ [ symmetry
+ = wall

B Pressure Outlet

Zone Name
outlet

Momentum Thermal Radiation Species DPM Multiphase Potential Structure

Backflow Reference Frame| Absolute

Gauge Pressure [Pa]lu

Pressure Profile Multiplier 1
Backflow Direction Specification Method | Normal to Boundary
Backflow Pressure Specification Total Pressure
Prevent Reverse Flow
Average Pressure Specification

Target Mass Flow Rate

Turbulence

Specification Method | Intensity and Viscosity Ratio

Backflow Turbulent Intensity [%]|2,g3047

Backflow Turbulent Viscosity Ratio 10

close] (e




6.8. Setup > Reference Values. Change the reference values as per below.

Outline View < Task Page <
Filter Text Reference Values @‘
= Setup Compute from
@ General -
* @ Models
+) &} Materials Reference Values
+ [ Ccell Zone Conditions Area [m?] 0.288
+ @ Boundary Conditions Density [kg/m*] |1.225

£% Mesh Interfaces

2l Dynamic Mesh pepiimi 1
Reference values Enthalpy [3/kg] [0
+) 17, Reference Frames Length [m] 1
f< Named Expressions Pressure [Pa] |0
= Solution
% Methods Temperature [K] 288.16
Controls Velocity [m/s] 40
+ [ Report Definitions Viscosity [kg/(m s)]|1.787e-05

+ @ Monitars
@ Cell Registers
.r-;: Automatic Mesh Adaption
% Initialization Reference Zone

+ # Calculation Activities -
© Run Calculation

Ratio of Specific Heats | 1.4
plus for Heat Tran. Coef. 300

In case of ‘Yplus for Heat Tran. Coef’ leave it as a default value (300)

6.9. Solution > Methods. Change solutions methods as per below.

Outline View < Task Page
Filter Text Solution Methods @|
= Setup Pressure-Velocity Coupling
@ General Fafiama
+ @ Models I — 'I
+ &% Materials -
+ [ cell Zone Conditions e CIEET <
+ [ Boundary Conditions L -
£¥ Mesh Interfaces Neighbor Correction
2l Dynamic Mesh 1 -

2] Reference Values
5 +) 17, Reference Frames
fo Named Expressions Flux Type

= Soluti Rhie-Chow: distance based i Auto Select
®. Methods

| Skewness-Neighbor Coupling

Cantrols Spatial Discretization
+) %] Report Definitions Gradient
3 + @ Monitors Green-Gauss Cell Based -
2 @ Cell Registers Pressure
& 5 Automatic Mesh Adaption PRESTO! -
=':'o Initialization T -
R L omentum
+ # Calculation Activities
© Run Calculation QUICK -
- Results Turbulent Kinetic Energy
& surfaces QUICK -
+) & i
Graphics Turbulent Dissipation Rate
+ | plots
L Animations QUICK
+) [] Reports
of B ;p & Customization Transient Formulation
+ Simulation Reports I First Order Implicit v l

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

High Order Term Relaxation

Default |




6.10. Solution > Monitors > Residuals. Change the parameters as per below and click ok.

= @ Monitors
I@ Residual I
B Report Files
| Report Plots
= Convergence Conditions
@ Cell Registers
'.-: ; Automatic Mesh Adaption
£, Initialization
+ ® Calculation Activities
© Run Calculation
- Results
& surfaces
+) & Graphics
+ L Pplots
+
*

[*1 Animations

Reports
LAl 't & Customization
+ Simulation Reports

Outline View < Task Page < .
y Monitors k
Filter Text
Report Definition quantities can be monitored i
- Setup during solution when they are included in Report
@ General Files or Report Flots. o
+ @ Models : e
+) & waterials onitar =
+ [ cell Zone Conditions Options Equations
+ [ Boundary Conditions }
v +| Print to Console Residual Manitor Check Convergence Absolute Criteria
£¥ Mesh Interfaces
1 Dynamic Mesh | Plot continuity v v 0.001
[Z] Reference Values ]
Curves... || Axes... v \f
+ 17, Reference Frames —|—| TR G001
f Named Expressions Tterations to Flot y-velocity v v 0.001
B
10000
% Methods =] k v /! 0.001
Caontraol
QRIS epsilon v v 0.001
*) =] Report Definitions Tterations to Store

10000 -

Convergence Conditions... |

| Show Advanced Options

Residual Values Convergence Criterion
Normalize Iterations absolute -

| Scale Z

Compute Local Scale

Renormalize ‘

.@‘ Cancel] @|
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*Step 6.11~6.14 is for saving the time history file of the total drag coefficient.

6.11.

6.12.

Solution > Monitors > Report Files > New...

Outline View Task Page (5] n
Filter Text Monitors
Report Definition quantities can be monitored
- Setup during solution when they are included in Report
& General Files or Report Plots.
+) @ Models
+ L Materials D
+ [ cell Zone Conditions
+ [ soundary Conditions i i i
:l Dynamic Mesh Report Files [0/0] [—;| [-?| [-?| Report Definition
[] Reference values e —
+ 17, Reference Frames
fe Named Expressions
- Solution
% Methods
Controls
+ % Report Definitions
- & Mmonitors

% Residual Edit... | Delete | Activate | Deactivate | Report File Properties
Report Plots
3 Convergence Conditil
@ Cell Registers
% Initialization
+) # Calculation Activities
© Run Calculation

+ Results @ HLIP|

+ Parameters & Customization

New > Force Report > Drag....

n New Report File

Name |report-file-0 | Active

Available Report Definitions [0/2] = | = | Selected Report Definitions [0/1]

delta-time

flow-time
iters-per-timestep

Add>=

<<Remove

File Name ) Edit...
report-file-0.out Browse...|

Expression...
Full File Name report-file-0.out

Surface Report P

~ \olume Report P
Get Data Every | 1 » | time-step 5

Force Report P
Print to Console I—PI Drag...

Flux Report P Lift...

@| _Cance| | Hilp| DPM Report Moment...

User Defined... Force...

=22

6.13. Change name, select wall zones as below and click OK(Apply) to exit.

34



B Drag Report Definition *
Name

drag-coefficient

Options Report Output Type

@' Drag Coefficient
Drag Force

Per Zone Wall Zones |Filter Text 5 —=| =, -=><|

Average Over(Time Steps) om————
ahmed_bottom

1 - ahmed_top
back
Force Vector nose
X ¥ z road
islope

1 0

1
Report Files [0/0] E| E| E|

Report Flots [0/0] E| E| E|

Create
Report File
Report Plot
Frequency | 1 :

Print to Console

Create Output Parameter

a | Compute | _Canl:el | @|

6.14. Change name and click Browse to locate the file. Click OK(Apply) to exit. Exit the
Report File Definition dialog as well.

B New Report File *
Name [drag-coefficient | v! Active

Available Report Definitions [0/2] 5/| -=>< | Selected Report Definitions [2/2] 5/ -=>< |
delta-time drag-coefficient
iters-per-timestep flow-time

Add>>

<<Remove |

File Name New _| |Edit...
H:/9. TA/report-file-0.out

Full File Name  report-file-0.out

Get Data Every 1 = time-step i

Print to Console

u _Eancel| @|
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*Step 6.15~6.16 is for the plotting of the time history of the total drag coefficient during the

computation.

6.15. Solution > Monitors > Report Plots > New...

Outline View

Filter Text

= Setup
B General
+ @ Models
+) L Materials
+ [ cell Zone Conditions
+ B Boundary Conditions
&l Dynamic Mesh
[Z] Reference Values
+) 7, Reference Frames
£+ Named Expressions
- Solution
% Methods
Controls
+) [= Report Definitions
=) @ Monitors
[ Residual
+ [ Report Files
3 Convergence Conditit
B cell Registers
2% Initialization
+ ® Calculation Activities
(=) Run Calculation
+ Results
+ Parameters & Customization

Task Page = O

Monitors

Report Definition quantities can be monitored
during solution when they are included in Report
Files or Report Plots.

n Report Plot Definitions

Report Plots [0/0]

% E| Report Definitions

Edit... Delete || Activate | Deactivate | Report Plot Properties

()

6.16. Select drag-coefficient generated from step 6.12~6.13 and add to right. Name the plot
and change the x-axis condition by clicking Axes... as below. Exit from all dialogs.

Name | drag-coefficient

Available Report Definitions [0/2]

iters-per-timestep

Options
Get Data Every | 1 : time-step

Flot Title |drag-cuefﬂcient

X-Axds Label flow-time
Y-Axis Label Drag

Plot Instantaneous Values

x
| | Active
E/| = ‘ Selected Report Definitions [0/1] = | =, ‘
drag-coefficient
<-<Remove
[mew _| [Eait.
- S
= e
Axis Number Format
s X Type

Y float i
Frint to Console Label Precision
= | 3 :
Curves... || opti Range
~ Log Minimum
I} Auto Range 0.01
. Major Rules Maximum
x| Minor Rules 0.225

® (aeoty] (cise] [1ep)

Major Rules
Color

light gray
Weight
1

Minor Rules
Color

light gray
Weight

1




Solution > Initialization. Change X-Velocity and turbulent parameters as per below. Click

Initialize.

Outline View

Filter Text

- Setup
B General
@ Models
L7 materials
£ cell Zone Conditions
3 eoundary Conditions
£¥ Mesh Interfaces
Z Dynamic Mesh
] Reference Values
+) |7, Reference Frames
£ Named Expressions
- Solution
% Methods
Controls
+ [=] Report Definitions
=) @ Monitors
[ Residual
=/ [ Report Files
EY drag-coefficient2
+ | Report Plots
i Convergence Conditions
& Cell Registers
r::;: Automatic Mesh Adaption

AL IC)

Initialization
+) ® Calculation Activities

& Run calculation
- Results
& surfaces
& Graphics
L Plots
Animations
Reports
+ P 11 & Customization
+ Simulation Reports

LIRS K K

Task Page

Solution Initialization

Initialization Methods
Hybrid Initialization
® Standard Initialization
Compute from
Reference Frame
®' Relative to Cell Zone
Absolute

Initial Values
Gauge Pressure [Pa]
0
X Velocity [m/s]

{40

Y Velocity [m/s]
0
Turbulent Kinetic Energy [m?/s*]

|2.061034

Turbulent Dissipation Rate [m?/s7]

|2620.743

Reset| Patch...

Reset DPM Sources Reset LIWF  Reset Statistics

VOF Check
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B Animtion Definition % | B centours X
Name' streamline-ani I EonicurName
contour-1
Record after every | 50 < iteration ] |options Contours of
Storage TYPe  [Fpp tmage -] Filed Velocty... hd
Storage Directory v Node Values Stream Function ~
! Contour Lines o m
in ax
ANIMaton VIEW | - Selected Object ~ || Preview| |Use Active| || I Global Range - m
Auto Range
QmnatonOhject i‘ ¥ CliptoRange | Surfaces Filter Text BIEIE \
residuals o Erofles i ed bottom N
drag-caefficient2 Drawe Mesh ahmed top
back I
_ inlet
Coloring interior-surface_body
® Banded nose
Smooth outlet -

Display State

Colormap Op
None ~ ||use Active| [Hew surface _|

S \\/ CRT (e (o) 10
=

B colormap

| Vecors,
Contours
Pathlinesr

Particle Tracks...

EE | ¥ show colormap
B | Associated Object

coene [=| contour-1
Pt @ Labels Colormap
Report Plo. — ¥ Automatic Skip Log Scale
[r=] skip Colormap Size
- 8 H
|| Number Format Colormap Alignment
RS =
= exponential  ~ Currently Defined
Automatically Initalize and Modify Case o ereticion =
Initalization: Initalize with Values from the Case lgl = = Ed..| [Detete)
Original Settings, Duration = 1 |§| Font Colormap Dimenslons
|:| Font Name Length
o Helvetica M 054
Font Behavior Width Ratio
Automatic - 5
Font Size
0.022

- [ [l

Name: streamline-ani

Record after every 50 - time-step i

Storage Type PPM Image -

Storage Directory

Animation VIEw ' o Selected Object ~ [Prev'lew| [Use At:t'we|

Animation Object =

residuals

drag-coefficient

New Object _| [Edit Object...

[ (concer) (e )
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6.17. Solution > Calculation Activities > Solution Animations (right click) > New... Change
the parameters as per below. Change the contour name to “streamlines.”

6.18. After 6.18, make sure to highlight streamline as an object and then close by clicking OK.

B Animation Definition X
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6.19. Solution > Calculation Activities > Solution Animations (right click) > New... Change
the parameters as per below.

B8 Animation Definition X || B contours

Contour Name

record e every 38— reraton S

Options Contours of

Storage Directory | Node Values
Contour Lines
From Selected Object v | Preview| [use Active| fIl (v ciobaiRange | M e
o 1]

Turbulent Viscosity Ratio M

Animation View

¥ Auto Range

Animation Object i\ clip to Range Surfaces | Filter Text

residuals Draw Frofiles et
streamiines DEviliesh interior-surface_body
drag-coefficient oce
. outlet
Loloring road
® Banded slope
) Smooth solid-surface_body

isplay State

e e None ~ ||use Active| [new surface
~ Mesh.. s te | | Clo: Hel,
[y (o i) Bt

Vactors. (nntnu;s_} e B icln}\a\: X
Bathine=y ! Show Colormap
:::T Tracks.. (o] [ associated Object
— contour-2
XY Plat. ‘-:‘ Labels Colormap
Report Plot. =] ! Automatic Skip Log Scale
Skip Colormap Size
8 >
o Number Format Colormap Alignment
=l Type Left ¥
‘E‘ [kg | exponmential ¥ Currently Defined
Automatically Tnitialize and Modify Case T Pr:c‘sm = 29 X

> Edit...| |Delete

il
Initialization: Initialize with Values from the Case — font. Colormap Dimensions
Original Settings, Duration = 1 ‘V)‘ Font Name Length
— Helvetica -
] . —
L Font Behavior Width Ratio
Automatic - G
Font Size
0.032

cose] (e |

6.20. After 6.20, make sure to highlight viscosity-ratio as an object and then click OK.

B Animation Definition *

Mame: viscosityratio-ani

Record after every | 50 - | iteration v

Storage Type PPM Image -

Storage Directory

Animation View From Selected Object ~ preview] Use Act'we]

Animation Object —=,|
residuals
streamlines

drag-coefficient

New Object _| [Edit Object...|

cancel | Hilp|
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6.21. Solution > Run Calculation. Change parameters as per below and click Calculate. If you
have the correct setup you should see four tabs on the upper sides of the display. You can
change what the window shows by changing the tab. Tab 1-4 shows the residuals, streamlines,
turbulent viscosity ratio and time-history of drag coefficient. After running for about 0.05 flow
time you should see vortices at the back of the ahmed car on tab 2 and 3. NOTE: This
simulation could take up to an hour depending on the computer performance. Please
make sure your setup is correct before running the simulation! If you close Fluent
window after running the simulation, the data for the post-process is not lost, but harder
to access. If at all possible, finish post-processing after solving. Accessing the time-
history of drag coefficient and post processing videos after the Fluent window is closed
will be explained in later sections.

Outline View < Task Page <
Filter Text Run Calculation ®
= Setup
General Check Case... | Preview Mesh Motion...
+ @ Models
+ [ materials Time Advancement
+ [ cell Zone Conditions Type Method
+ [ Boundary Conditions Fixed v User-Specified v
£¥ Mesh Interfaces .
2l Dynamic Mesh Number of Time Steps Time Step Size [s]
[F] Reference Values I ‘I I I
+ 17, Reference Frames ikt =] [0.0001
f Named Expressions Max Iterations/Time Step  Reporting Interval

%, Methods
Profile Update Interval

Contrals =
+ [=] Report Definitions 1 v
- Manitors Options
[ Residual )
- ) Report Files Extrapolate Variables
[ drag-coefficient2 Report Simulation Status

+ | Report Plots
# Convergence Conditions

Solution Processing

@ Cell Registers Statistics
T Automatic Mesh Adaption +| Data Sampling for Time Statistics
% Initialization Sampling Interval Sampled Time [s]
- # Calculation Activities 1 “ o
[Z] Autosave (Every Time Steps) =
[ Execute Commands [ Sampling Options... |
-/ % solution Animations )
# viscosityratio-ani [ Sampling Options (Zone Selection)... |
# animation-1 -
® streamline-ani [ Data File Quantities...
Ll Cell Begictar Dperations
Solution Advancement
= Resull
& surfaces |[ Ealculats

+ & Graphics

a | nice




After the computation, you should see the images below:

ﬁ Scaled Residuaks x| [] drag-coefficent x Bl Contours of Turbulent Viscosity Ratioc  x [ Contours of Stream Function (kg/s) x
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- —
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1e-08 s T T T - T - " . - - \
2000 4000 6000 8000 10000 12000 14000
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arsgamant
- ] x @ drag-coefficent x |D Contours of Turbubent Viscosity Ratio X |D ‘Contours of Stream Function (ka/s) X
3 3
2 BBeedd
2 530403
2.17a+03
1812403
1.46e403
1080403
7276402
367402
B 45e+00
—
o Scaled Residuals x @ drag-coefficient x E  contours of Turbulent Viscosity Ratio X Ii Contours of Stream Function (kg/s) x[
streamine
Siguarn A

0.006+00
[kg's]
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7. Results

7.1. Creating lines to plot modified TKE and modified U.

42

Setting Up Domain > Surface > Create > Line/Rake. Create 10 lines at the locations given at

the table below.

File m Physics User-Defined Solution Results View Parallel Design
Mesh Zones Interfaces Mesh Models
@ Display... @ d*) Scale... &2} Combine . EEr Delete... r_"‘, Append = E Mesh... (_TJ Dynamic Mesh...
® Info - ¥ e ! L Transform o D‘g Separate . EEI_ Deactivate... EEI@ Replace Mesh... @ Overset... =, Mixing Planes...
£# Units.,  Check-  Quality - Make Folyhedra | of» Adjacency... g Activate.. OV Replace Zone... @ Turbo Topology...
outline View Task Page = B ]
[ New Surface Name
Filter Text i
Run Calculation @‘ |pwsit\un'1 I
= Setu| i N
@pGenara\ Check Case...‘ Preview Mesh Motion... onthous plsuleioljRonE
— Type 10 =
Line -
OF-) Mude\_s Time Stepping Method  Time Step Size (s) Line -
+ L¥ materials Fixed 5 0.0001 - Reset‘
+) [ Cell Zone Conditions Tyt
+) [0 Boundary Conditions | Settings. =X End Points
&l Dynamic Mesh 2000 ) lioamiing
Si Ml o (m)[1.78192 ] x1 (m)[L78102 ]
[5] Reference Values Options 9.60
+) 17, Reference Frames . ¥ 9.09¢ yo (m)[0.05 ] vt (mz ]
£ Named Expressions BropelaisiVarobs ggg: z0 (m) |0 zl (m}) |0
- Selution +| Data Sampling for Time Statistics 7.58
& d
) ek Sampling Interval 707 Select Points with Mouse)|
+* Controls 1 A Sampling Dptmns...l 6.574 —
+/ =/ Report Definitions x —_— 6.06¢
+ @ Monitors Time Sampled (s) (0.2 5.56/ m Closel HEIPl
S coll Rogisters S 5.05

-

Adapt

|1 Refine / Coarsen...

ooc More

drag-coefficient

Surface

Zone...
Partition...

Imprint...

Paint...

2l

Plane... yine/Ral

Quadric...

Iso-Surface...

Iso-Clip...

Transform...

Col

Surface Name x0 y0 x1 yl
position-1 1.78192 0.05 1.78192
position-2 1.932 0.05 1.932
position-3 1.98208 0.05 1.98208
position-4 2.03191 0.05 2.03191
position-5 2.08201 0 2.08201

position-6

2.13212

2.13212

position-7

2.23206

2.23206

position-8

2.332

2.332

position-9

2.482

2.482

position-10

2.6819

(=N Rl Fel Kl K]

2.6819

LWL [W [ W[ W W[ W | W W




7.2. Creating custom function

User-Defined > Field Functions > Custom. Create custom field functions and click Define.

You will need to create three custom field functions shown in the table below.

Domain Physics Solution Results Parallel
Field Functions User Defined Model Specific
= Memory... =] 1D Coupling...
f‘ _f. Function Hooks...
E|f units... ) x Scalars... =4 Fan Model...
Functions+
[ Parameters... El'—- Execute on Demand... @ Read Table...
Outline View n Custom Field Function Calculator
Filter Text pefiniion
y / 0.288
- Setup . . . i
@ General + | B | X | I} ‘ Y x ‘ ABS ‘ Sekl::t Ope.rand Field Functions from
* stodel.s : mv | sin | cos | tan ‘ In ‘ Ingll}‘ Fl:zes:unctlons -
& Materials e ———————
+ [ cell Zone Conditions o | 1 | 2 | 3 ‘ 4 _‘_SQRT_‘ v-Coordinat -
+ [0 Boundary Conditions ] ] ]
2l Dynamic Mesh > |L|L|L‘ L‘ ch‘ Select|
[5] Reference Values ( | ) | PI | e ‘ . ‘ DEL ‘
+ 17, Reference Frames
f+ Named Expressions | New Function Name y-by-h
- Solution ) )
% Methods Manage... | Close| Help|
Controls = ) JL =

Function Name Definition
y-by-h y /0.288
Modified-U (mean-x-velocity / 120) + (x / 0.288)
Modified-TKE

(turb-kinetic-energy / 500) + (x / 0.288)

Operand field function including x and y position, mean-x-velocity and turb-kinetic-energy can

be found in the following table:

Operand field function

From field functions

X,y

Mesh

Mean-x-velocity

Unsteady statistics

Turb-kinetic-energy

Turbulence
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7.3. Plotting values along the lines created

Results > Plots > XY Plot > Set Up. Click Load File... and load the experimental data. Select
the lines you created (position-1 through position-10) and experimental data then click Plot. (Note:
You can download the ‘Modified u slant25.xy’ file from the class website for plotting the
‘Modified-u vs. y-by-h’ figure. For ‘Modified-TKE vs. y-by-h’ figure, please plot CFD values only)

B solution Xv Plat X
Y Plot Name
xy-plot-1
Options Plot Direction Y Axis Function
V| Node Values x%[1 Custom Field Functions... *
Position on X Axis Yo y-by-h -
Position on Y Axis Z|0
X Axis Function
Write to File - -
Custom Field Functions... -
Order Points
modified-u

File Data [1/1] E| E' E: Surfaces [Filter Text E| E' [i_*‘| E|

Free Data | Fluid

] Inlet

Internal

Line-surface
position-1
position-10
position-2
position-3
position-4
position-5
position-6
position-7
position-8
position-9

+ QOutlet

+! Symmetry

+ wall

New Surface ,|

- _Axes... |[ Curves... | [Close | [Hilpl

| Modified Velocity

1)#)(+)+

Note: You can change the style and color of the data by clicking Curves button and changing the
parameters below then clicking Apply. Click Axes... and adjust the Y axis maximum to 2.5 and
minimum to -0.5.



Curves - Solution XY Plot X || 1 e seturon v Plet *
Number Format Major Rules
Curve #  Line Style Marker Style Type Color
I ] ﬂ Fattern Symbol | float v | |foreground -
Sample |_ - | | - | Label Precision Weight )
| 1 Al ] | B = 1 )
y \ Options Range Minor Rules
| pink v | | foreground A | = ng
L J A ! [ Log Minimum Color
Weight Size ["| Auto Range los || [darkagray b
[ﬁ 0.3 | [ Major Rules i Weight
e — [] minar Rules 2.5 | (. ]
[0 | E29

Result:

0.0000 > > t

-0.5000

T T T T T T 1

6.5000 7.0000 7.5000 8.0000 8.5000 9.0000 9.5000 10.0000
modified-u




7.4. Printing drag coefficient components
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Results > Reports > Forces. Select the region where you want to calculate the drag coefficient
under wall zone then click print.

n Force Reports
Options
® Forces

Moments
Center of Pressure

*
ey Wall Zones |Filter Text E| E‘ E| E|

X1

ahmed_bottom
Ell0 ahmed_top
Z\|0 back

nose

iroad

slope

{Saue Output Parameter...

[Write... | [tlose | [Help ‘
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7.5. Plotting time-history of total drag coefficient in Tecplot

Note: If you closed Fluent without first plotting and saving drag coefficient time history, navigate
to “\Lab 4 Project File files\dpO\FLU\Fluent” and find an ascii file named as “cd-1-history”. You
can choose either Excel or Tecplot for plotting with this file:

Plotting with Tecplot: Right click on file cd-1-history and select Open again click Open when
window asking if you would like to open this file comes up. Click Browse (or Look for another
app in this PC), and navigate to C:\Program Files\Tecplot\Tecplot 360 EX 2016 R2\bin and select
tec360 and click Open, and in Open With window click Ok and in Open File window click Open.
Change vertical Range by clicking Plot > Axis..., select Y1 from top axis icons and change range
to 0 for min and 1 for max. Further refine that range to properly capture curve. Change axis names
by clicking Plot > Axis..., select Title tab, at bottom select Use text and enter axis title as Cd for
vertical axis and Flow Time for horizontal axis. Save picture by File > Export... > change Export
format to JPEG and save as Cd-history.jpg. If you have questions, please see TA in office hours.

How do you want to open this file?

TestStand Sequence Analyzer Application

-l TestStand Sequence Editor Launcher

Mame Date modified Type Size A
ab4 files.backup 10/24/2016 1:27 PM  File folder T TextPad
=18
lab4 files 10/24/2016 1:27 PM  File folder =
N 1zba 10/24/2016 4:52 AM  ANSYS w171 whpj... 227KB @ Vision Assistant
D streamn.cxa 10/24/2016 1:36 PM CXA File 10KB
. . . - an B P Wind Media P
D viscosity-ratio.cxa 10/24/2016 1:39 PM CXAFile 10KB :E" ndows Mecia Hayer
| cd-1-histor - 57 KB
Open wi Word 2016
D param1 = penth TKB
0 [&f Edit with Notepad++ .
param2 o 9KB WordPad
D animationse Scan with Windows Defender... AL File 14 KB
A% work Scan for Viruses... oft Excel W... TEB I Look for another app on this PCI vl
05| Intermediat oft Word D... 41,660 KB
- | #¥ TortoiseGit > ) ) i
0= Intermediat oft Word D... 16,521 KB oK
B stream @& TortoiseSVN > |cip 17,422 KB
Open with.. x Tecplot 360 EX 2016 R2
< v L« Tecplot 300 EX20.. » bin > v | | Searchbin 2 || File  Edit View | Plot | Inset Animate Data Frame O
Organize = New folder ==~ [ 0 D Iﬁ ' Axis, I L ‘(
. | I = &
Adeg_sst ~ Mame ~ Date modified Type Size
10deg_ke plugins File folder e Mapping Style...
10deg_sst [32] ffmpeg Application 4,849 KB %Y Line Symbol Font...
Lab4 [E] gethostids Windows Batch File 1KB Line LEgEI"Id...
0 This pe [ helpviewer Application 217 KB Show mapping layers
4 This - - . .
- [ Ipkview Application 36 KB Lines Value Blanking...
= A360 Drive I pltvi e o
pltview Application 142 KB
[ Deskto . - I:l Symbols R
P [ preplot Application 194 KB Labkel Peints and Cells...
[Z] Documents [5] rimutil Application 1,156 KB [ Bars
.. donghwkim (ho [15] szpltview — Application Eash D Error bars
‘ Downloads tec360 4/26/2016 5:00 AM  Application 5,004 KEI
J) Music Mapping Stﬂe"'
&=| Pictures
B videos
‘am Local Disk (C) o ¢ >
File name: | tec360 v‘ Programs o
e




7.6. Plotting Pressure Contours

Results > Graphics > Contours. Change parameters as per below and click Display.
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| = :

. Contours s . Colormap *
Contour Name Show Colormap
[oontour—Z ] Associated Object
Options Contours of [onntmr—z
Filled | Pressure... '] Labels Colormap
i . -
m'“e:al Static Pressure - ] Automatic Skip || Log Scale
u ues i i
D Contou:_ines pinj[Ea Raxical e - C"k’"'“al’ =
S [-3758.465 |(1308.608 g v
nge Number Format Colormap Alignment
Auto Range Surfaces |Filter Text Type | Left -]
["] clip to Range - - L
ahmed_bottom exponential w7 | Currently Defined
[ praw Profiles ahmed_top o
It -
|| Draws Mesh back Frecision _ bgr |
inlet |2 v_| Delete
interior-surface_body Font o
Coloring nose Colormap Dimensions
® Banded outlet Font Name ~ Length
() Smooth road [Helvelica e | 0.54 |
zlane N I
Font Behavior i i
e —— ~ Width Ratio
|Cclurmap Optinns..:l : [Aulomatic M| 6 |
[ None + | [use Active| [New surface _| | ont size
0.032

5.79e+02
3.10e+02
4.07e+01
-2.28e+02
-4 97e+02
-7.66e+02
-1.03e+03
-1.30e+03
-1.57e+03
-1.84e+03
-2.11e+03
-2.38e+03
-2.65e+03
-2.92e+03
-3.19e+03
-3.46e+03
-3.72e+03
-]3.‘.-'Iﬂe+ﬂ3

[ pascal




7.7. Plotting Velocity Vectors
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Results > Graphics > Vectors > Set Up... Change parameters as per below and click Display.

B vector b4
Vector Name
vector-1
Options Vectors of
+| Global Range I Velocity | v |
V| Auto Range Color by
Clip to Range Velocity... -
V| Auto Scale
Draw Mesh Velocity Magnitude - |
Min [m/s] Max [mys]
Style
0.488667 88.44909
Scale Skip Surfaces |Filter Text

ahmed_top
Vector Options. back
inlet

Custom Vectors.
Colormap Options...

interior-surface_body

slope .
Display State
None - [Use Ac:tive] [I‘Iew Surface ,]

. Colormap

¥ Show Colormap
Associated Object
vector-1
Labels

+ Automatic Skip
Skip

8 -
Number Format
Type
exponential v
Precision

2

Font
Font Name
Helvetica
Font Behavior
Automatic
Font Size
0.032

Colormap
Log Scale
Colormap Size
a9 -
Colormap Alignment
Left

Currently Defined

bar
Delete

Colormap Dimensions
Length
0.54
Width Ratio
6

X
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7.8. Creating videos

Results > Animations > Playback. Change the window to streams or viscous ratio then click play
button to see the animation. Select the “Picture Files” and click the “Write” button. The picture
files will be saved below directory, and it would used to make the Video clip.

. Playbac
Playback
Playback Mode

Animation Sequences
Play Once hi streamline-ani
animation-1

v| Use Stored View . . . .
viscosityratio-ani

Start Frame Increment End Frame

- -

E O
BEnnoon

L

Replay Speed [T| [T| | Delete | Delete All |
Write/Record Formayf Picture Files - W|

Video Options...

-_Read... | _Close | @|

4 = Manage Fluent
Home  Share  View Picture Tools
N [ # cut Pl B x !Il ’i_;\-JNEwitEm - \ﬂ -Open ~ [l setectan
& 2 Copy path £ Easy access + [ Edit Select nane
Pinto Quick Copy Paste Move Copy Delete Rename  New Properties
T [7] Paste shortcut | to v s = folder = History 2 Invert selection
Clipboard Organize Hew Open Select
<« v 4 » ThisPC » sungtpark (\home.owa.uiowa.edu) (H:) > 2021 CFD LAB-4 > CFD_LAB 4 files > dpd > FLU > Fluent
I Desktop A MName Date modified Type Size
@& OneDrive &] streamline-ani_1.0005 PNG File 58 KB
=] streamline-ani_1.0001 PNG File 56 KB
[ This PC - ; B
8| streamline-ani_1_0002 PNG File 36 KB
J 30 Objects 8] streamline-ani_1 0003 PNG File 57 KB
[ Desktop &] streamline-ani_1 0004 PNG File 57 KB
%] Documents &] streamline-ani_1_0000 PNG File 55 KB
3 Downloads | ] streamline-ani.cxa CXA File 1k8

Once the figure files are saved correctly, return to the first time-step, change the Write/Record

Format to Picture Files and click Write. Please go through the same procedure for viscosity-
ratios.
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Pictures of streamline for ahmed car: (a) frame=100; (b) frame=200; (c¢) frame=300
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Pictures of turbulent viscosity ratio for ahmed car: (a) frame=100; (b) frame=200; (c) frame=300
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If you have closed the Fluent after the calculation, there could be no ‘streamline’ or ‘viscosity-
ratio’ under the Animation Sequence in Animation Playback when you reopen it (select solution
instead setup in the workbench when you reopen). You need to read the set-up file to bring back
those options. If this is the case, click Read and read the ‘*.cxa’ file saved in the location you
assigned at the animation part. Select both streamline and viscosity-ratio files (one at each time).
Once the options appear under the Animation Sequence, save video files like the beginning of this
section (section 7.8). Please note that the setup files (*.cxa) can be modified by opening it with
notepad or any ascii readers. Please change the options according to your needs.

B Playback X || I select File 7 X
Playback . Look in: H:\9. TA\CFDLab4 QO oARE
Playback Mode | piy one - Animation Sequences W iy Computer || ] streamiine-ani.cxa
7] Use Stored View & sungtpark || viscosityratio-ani.cxa
Start Frame Increment End Frame
1 <1 =1 =S
e (4] gl
IO
Replay Speed | « | s | (elete | Delete Al
\Vrite/Record Format| MPEG * | | Picture Options... Animation Sequence File (fie-nome | o |
Files of type: Animation Sequence Files (*.cxa) ~ | |cancel
@|@| @| Filter String %}
AnimationSequencel. O AnimationSequencel.O
MAME: .‘\\=tream HAME: .‘“‘\viscosity-ratino
WINID: 2 WINID: 3
STORAGE: 4 STCEAGE: 4
FEAMES: 250 FRAMES: 250
Frame 0 4 stream 0000.ppm 2 Frame 0 4 wiscosity-ratio O0000.ppm 2
Frame 1 4 stream 0001.ppm 2 Frame 1 4 wiscosity-ratioc 0001.ppm 2
Frame 2 4 =tream 0002.ppm 2 Frame 2 4 wiscosity-ratio 0002.ppm 2
Frame 3 4 stream:OGGS.ppm 2 Frame 3 4 wviscoszity-ratio 0003.ppm 2
Frame 4 4 s=tream 0004.ppm 2 Frame 4 4 viscosity-ratio 0004.ppm 2
Frame 5 4 stream_GDGE.ppm 2 Frame 5 4 wviscozity-ratio 0005.ppm 2
Frame & 4 streanfﬂﬂﬂﬁ.ppm 2 Frame & 4 viscosity-ratio 0006.ppm 2
Frame 7 4 stream_ﬂﬂﬂ?_ppm 2 Frame 7 4 wiscosity-ratio 0007.ppm 2
Frame & 4 stream_ﬂﬂﬂa.ppm 2 Frame 8 4 wviscosity-ratioc 0002.ppm 2
Frame 9 4 stream_ﬂﬂﬂa.ppm 2 Frame 3 4 wiscosity-ratio 0005%.ppm 2
Frame 10 4 stream 0010.ppm 2 Frame 10 4 wviscosity-ratio 0010.ppm 2
Frame 11 4 5tream_ﬂﬂll.ppm p Frame 11 4 viscosity-ratio 001l.ppm 2
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8. Data Analysis and Discussion

You need to complete the following assignments and present results in your lab reports following
the lab report instructions.

8.1. Simulation of turbulent flows over Ahmed body (slant angle=25 deg) (+24):

Fill in the table for the four drag coefficients and compute the relative error between CFD and EFD
(Ahmed data), EFD data for C,, C; and C, can be found from the figure below. Where C, = C;

C,=C,, and C,=C,. The definitions of the drag coefficients are: C, is the forebody pressure
drag coefficient, C; is the vertical based pressure drag coefficient, C; is the friction drag

coefficient, C, is the slant surface pressure drag coefficient, and C, =C is the total drag

coefficient. So, C,=C,=C;+C,+C, +C,

Drag
Coetficient

Ck Cs Cs Cp
Ahmed (EFD) 0.289
k-¢

Error (%)
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Questions (+21):

e Do you observe separations in the wake region (use streamlines)? If yes, where is the
location of separation point?

e What is the Strouhal number based on the shedding frequency (Cp vs. time), the height of
the Ahmed body and the inlet velocity? Note: the shedding frequency f=1/T where T is the
typical period of the oscillation of Cp that can be evaluated using the peaks between
0.1<time<0.14.

e Figures need to be reported: (1) XY plots for residual history, (2) modified U vs. y-by-h
(with EFD), (3) Modified-TKE vs. y-by-h, (4) time history of drag coefficient, (5) Contour
of pressure, (6) contour of velocity magnitude, (7) velocity vectors, (8) 3 or 4 snapshots of
animations for turbulent-viscosity-ratio and streamlines (hints: you can use <<Alt+print
Screen>> during the play of the animations).

e Data need to be reported: the above table with values.



9. Grading scheme for CFD Lab Report

(Applied to all CFD Lab reports)

Section

1 Title Page
1.1 Course Name
1.2 Title of report
1.3 Submitted to “Instructor’s name”
1.4 Your name (with email address)
1.5 Your affiliation (group, section, department)
1.6 Date and time lab conducted
2 Test and Simulation Design
Purpose of CFD simulation
3 CFD Process
Describe in your own words how you implemented CFD process
(Hint: CFD process block diagram)
4 Data Analysis and Discussion €& Section 8 (Page# 54) for CFD Lab 4
Answer questions given in Exercises of the CFD lab handouts
5 Conclusions
Conclusions regarding achieving purpose of simulation
Describe what you learned from CFD
Describe the “hands-on” part
Describe future work and any improvements

Additional Instructions:

1. Each student is required to hand in individual lab report.
2. Conventions for graphical presentation (CFD):
* Color print of figures recommended but not required
3. Reports will not be graded unless section 1 is included and complete

Total

Points

5

10

20

45

20

100
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