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Preface

The aerodynamics of racing cars has always lveey important. Two specific forces
are of considerable concern:

e Aerodynamic drag or air resistance
¢ Aerodynamic lift which can reduce or enhance traction or handling of the car

F1 teams expend a lot of effort using aerodynamic prediction tomlachieve acar

body that has low drag andufficient negative lift (downforce) to give good
handling,. In the pastwind tunnels were the only tool used for this task, but in the

last 10 years Computational Fluid Dynamics (CFD) has enabled good predictions of
lift and drag at an early design phase. PHOENICS is such a CFD tool. CFD is the
simulation of any process involving fluid flow using mathematical techniques
embodied within a computer program. Access the Web and browse through "What

is CFD" ¢ http://www.cham.co.uk/phoenics/d polis/d info/cfdintro.htm for
background information.

The purpose of the F1 VWT (Virtual Wind Tunnel) subset of PHOENICS is to enable
the testing of prototype velules before construction. This allows the designer to
create and virtually test multiple shapes and styles, and achieve an optimum design
before physical testing in a real wind tunnel.

The F1 VWT can be run on any 'standard’ PC running Windows. However,
software can be both CRldnd RAMintensive, so the more power there is available,
the better the sofware will perform. Consider a 23Hz system, withGb RAM as a
suitable minimum.

The F1 VWT has been set up to accept designs created using ProDeasktapdeed
other CAD software exporting STL (3D obfeded solid models) data. The default
view is the unmodified balsavood block supplied with the F1 in Schools Kit, which
may be replaced by new prototype designs imported frGAD. Designs may berfo
D-class orR-classbodies, updated ta~1 Bloodhouné&nd Formula 1bodies in this
revision.

The F1 VWT's VRitor uses an interactive environment whereby users can visualize
and modify their racing car designs, and provides some insight into the loofeahd

of the user environment utilised by desigmgineers in industry. The F1 VWT
interface has been cedown, offering reduced options for prand postprocessing,
though the standard PHOENICS "Main Menu" is underlying. This should not be
accessed as pof the F1 in Schools Challenge and only attempted by those having
access to PHOENKZ&L0User Documentation.

Seehttp://www.cham.co.uk/phoenics/d polis/d docs/introddintrodoc.htm

For reasons of simplification and computational efficiency, the default settings in the
F1 VWT's AREditor include an inlet, an outlet, a poefined airflow rate, plus pre

set structured computational grid (mesh) settings. The wheelsyghospoked, are
transparently 'blocked" for the purposes of the default analysis. In order to emulate
the conditions anticipated within the F1 in Schools physical wind tirthe wheels

are not rotatingand the C@cylinder produces no thrust.


http://www.cham.co.uk/phoenics/d_polis/d_info/cfdintro.htm
http://www.cham.co.uk/phoenics/d_polis/d_docs/introdoc/introdoc.htm
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Having seup and run cases, the users can visualize the results within the F1 VWT's
VRViewer. This will include vectors, contours,-@ofaces, and streamlines for both
velocity and pressure. The forces on the vehicle body will be calculated to produce
drag/lift information.

Three settings of computational meshing are offerexbarse, medium and finethe

finer the mesh the more accurate the results, but the longer the computer's run
time. Please experiment with these settings whilst setting up the Tutorial and
Demonstration cases in order to establish practical solutions within the time
available to you. For example, "Fine" mesh runs can be left 'overnight' and the
results viewed in the morning. Don't forget, if necessary, the 'solver' can be
interrupted at any ime and the results viewed, even before a converged solution is
achieved.

Whilst the F1 VWT software has "unsupported" status, questions relating to its use
can be emailed tofl_vwt_help@cham.co.ukhere you wil be referred to your
nearest support centre.

Reference documentation for the CFD enthusiast:

TROO1: PHOENICS Overview
TRO06: What's New in PHOENRDED
TR110: Installation of PHOENZD&O
TR324: Starting with PHOENNIS
TR326: PHOENKYR Referenceuide

All of these can be accessed frdmtp://www.cham.co.uk/ChmSupport/tr000.php

Our thanks are given toMr Fred Stillwell, East Cobb Middle School, Marietta,
Georgia, USA for his enthusiasnadvice and provision of updated Formula 1
example cases. Thanks too, t&lr Sebastien Combacher, graduate of Warwick
University for his assistance in updating this document for the Mk V revision,

G23SGKSNI gAGK addzRSyda FNRYMreahipaw@and/ 2f f S3S

Mr AlexHawkins.


mailto:f1_vwt_help@cham.co.uk
http://www.cham.co.uk/ChmSupport/tr000.php
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F1IN SCHOOLS

The F1 in schools challenge is a competition, open to allddkd secondary schools
and colleges, in which students design and manufacturggo@ered model racing
cars. Teams of students design 3D QAddlels and manufacture the GQowered
racing cars using CNC machirésidents produce their own F1 Car and battle it out
on the racetrack with other students to see how well their car compares.

For more information on the F1 in schools challenge look the website
http://www.flinschools.com

There are liree types of racing car; th&loodhound (previously known as the
type), the Formula 1 (previously known ake Dtype) and the GT The main
differences betwen them are the dimensions. The website also gives you more
information about ech car type and their associatddsignrules.


http://www.f1inschools.com/
http://www.f1inschools.com/
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F1 VWT Overview

Pre-processor- The VR (Virtual Reality) Editor
The Preprocessor is the part of the CFD program that sets up the aerodynamic test

on the F1 model. From the desktop, clicktbe VWT icorn. Once initiated, the
first screen should show a remutlined Domain) box with the default F1 balsa wood
model. Everything in th&WTis created within this area and defines the limit of the
space allocated.

F1 VWT - VR Editor - 32 bit
File Settings View Run Options Compile Buld Help

SR c— [ Al [8[0]8[m]o] “ols|=| a|w|e[w] €]~ = 1

 WREditor [
P A
f|af|of

Menu bar o3 |

Probe \ X XD

I 2 4[ 0500000 4|
Original T
shape hovement [
/

Outlet

Road VR handset

Fl Racing Car - Balsa Wood Blank

Inlet

Fl-Bloodhound

Current directory= D:\phoenics id_privi

1.1  Selectingthe body class

The body class can only be selected when starting a newcdgasannot be changed
part way through a set up. To start a new case, click

e File
= Start new case

on the menu bar. From the dialog that appears, chooseBlebdhound for the
Bloodhoundclass bodyformerly F1D) or FEXFormulaOnefor a Formula Oneclass
body (formerly FAR) or FXGT for a GT class bodyhe examples in this guide are for
a Bloodhoundclass body, but the methods used are identicaldibclasses.

The title A-Bloodhoundin the bottomtleft corner of the image indicates that this is
aBloodhoundclass model.
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The balsa blank for theormula One cladeoks like this.

' F1 VWT - VR Editor - 32 bit
File Settings View Run Options Compile Buld Help

D[RS [om: <] fpone [#Ale|wo]alu|o]f “als =] ale|]|t]e]~[] & -

Position

q o i
) ¢
= (KK

Size
X -1,nmmlm 4 .),

=

Fl Racing Car - Balsa Wood Blank
Fl-Formula One

| Current directory= D:iphoenics\d_privi

Note that the title in he bottom-left corner is now FFormulaOne

1.2. The Menu Bar

This gves access to everything in tR@NT, but there are only certain important
functions needed for the F1 in Schools Challenge. Everything else can be accessed

FNRBY G(GKS Wxw | FyRaSiQod

Menu Bar

FileX

= Open existing case Allows the opening of a previous simudat
— Save as a case Saves the current simulation

= Save window as Allows a screen shot i6GIF, BMPPCXor JPGormat
= Exit Close dowrVWT

RunX

= Solver Runs the solver

= Postprocessor Runs the posprocessor

= Preprocessor Runs the prerocessor

OptionsX

= Change working director€hange to a preferred directory

Note: The other options present in the menu bar should only be investigated in the
presence of a teacher.
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1.3 The VR Editor Handset

This is the most useful tool. Some of its functbty is described in the following
diagram.

Dbject and Domain Controls

¥R Editor

_ﬁiij Mesh Toggle

Efj Geometry Cells Toggle
Wirefrare Toggle

| Ratate Object up

Axis / Wiew toggle

Top %iew toggle

Start Main Menu

“0bj | Object Management
E Delete Object aor Group
Duplicate using Array

“a| Duplicate Object or Group

-

Y

Diivn £ Up

il

Position and size menu ,<

x 4

oY 4k

| <

MWovement Controls

Movement

_J'J foom in { Move forward
_@‘_l Zoom out / Move back
| iew left / Move left
ﬁ] “iew right / Move right
By Tilt left 7 Angle up

VA Tilt right ¢ Angle down

Reset view parameters

_‘LI “iewr up / Maove up

_£] Wi down / Mave down

Mouse cantral toggle

The mouse control toggleof' by default)allows the user to move, rotate and zoom
the model by using the mouse instead of the arrow keys. The table below explains it
in more detail.
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Mouse button |[Mouse

helddown movement Effect Equivalent key
Left View left left-click on#]
. Right View right left-click on
Up View up left-click onL'
Down View down left-click on£|
Left Tilt right left-click onZl
Right Right Tilt left left-click on™
Up Zoom out left-click onl
Down Zoom in left-click onil
Left Move left right-click on¢|
Right Move right ight-cli b
Middle (or both g g right-click ons
Up Move down right-click on¥]
Down Move up right-click ont]
Left Rotate image right abo'None
viewer
Right \Iig\t,s(ta? image left aboutNone
Shift+Left .
Rotate imagelown
Up ) None
about viewer
Down Rotate image up about None
viewer
Left None None
o Right None None
Shift+right Up Move back right-click on¥|
Down Move forward right-click on2|
Quick Zoom

To zoom into a region without panning and dragging, placecdinsor where the
centre of the zoomed image is to be. Press the control key <ctrl>, and with it held
down, hold the left mouse button down and move the cursor to the left or right. A
box will follow the movement of the cursor. When the mouse button is aséel
while the control key is down, the area within the box will be expanded to fill the
screen.
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TheResetbutton will open the dialog below:

Reset View Parameters RIx)
Fit to window I Nearest Head-on |
View +x| -x| +v| -v| +z| -zZ|
Up +x| -x| +v| -v| +z| -zZ|
Scale factors View direction Up direction View centre

X [1.000000 [0.128548 [-0.153779 [0.603268

Y [1.000000 [-0.956323 [0.242305 [0.349006

Z [1.000000 [0.262533 [0.957936 [0.254842
View size 0.587878 View angle (6349.420
Increment, m: X [0.010000 Y [0.010000 z [0.010000

_Cancel | _apply | ok |

This dialog allows the view direction to be set rapidly. The same functions can be
reached more easily fronhe pulldown list next to theu icon on the tool bar:

R |

Feset window size

Fit to window
Mearest head on
Wiew + X
e -
e +
Yiew -
Wiew + £
Wien - £

Lp + X

Up -

Up +

Lp -

Up+ Z

Up- 2
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1.4

Domain Attributes Menu

Clicking o in the VR Handset cJEl on the tool bar will bring up the

following window:

Domain Settings @@
Car Body’ Speed | Numerics’ Units- SI ‘ i

Title of current Simulation

TITLE |F1 Racing Car - Balsa Wood Blank

Current Rules - Bloodhound

HHEHH R R R R R R R R R R R R R e
PHOENICS-F1 MAIN MENU Version 2010 dated 26/06/10

HHERHBHBH AR AR R RH R R AR R R R R B R R R R R R R R R R R R

There are four options in this menu:

Click on 222237 | onq this will bring up anothrewindow concerning the
car specifications.

By clicking orsLedI the velocity of the car can be altered. By default
this is set to 18m/s (the average speed the car is likely to reach).

Click onMI to bring up another window concerning meshing and
solver setting.

Click on mite- 52 | and this will switch between S.I. (Systeme
Internationale) units and F.P.S. (Fe®tound- Second) units*.

The title of the simulation can be changed frdfrl Racing CarBalsa Wood Blank’
as shown above, to a suitable title of choice.

*For the purpose of this document all examples are shown in S.1. units.
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1.4.1 | [SEEESE \indow submenu:

Domain Settings @@
‘ Speed | Numerics | Units- SI | Top menu
Car Body (Included- Wheels No C02 canister No |
Geometry file balsa |

Ride height 0.005000 m Tweak Body Size Go

Wheels

Diameter ’W m ,W m
width [0.005000 m  [0.020000 m
Axle position IBW m W m
Axle length W m ’0—05%0‘0— m

Geometry frnt_whl back_whl
CO02 height 0.024000 m

Legality check On

Clicking oriGeometry File‘allows the user to select a new model in STL format. This
can be generated in CAD, for example using PTC's Pro/Desktop.

¢ If wheels and/or C@canister are included in the geometry file to be imported,
then the user should selet? __$hapropriateYhcluded-Coptions to the right of
CarBod® LT y203 (KSR RLIA2Yya RSTI df G

e The ride height, wheel diameter and width, £5anister height, axle position and
axle length can all be inserted into their appropriate boxes.

e When entering these values it is advisable for the legality check to be switched
'‘On'in order to keep the car within competition rules.

e The position of he wheels suits the default balsa wood block geometry. When
importing another body, care must be takémensure that the axles and wheels
are alignedwith the new bodyDistances are measured from the nose of the car.

e Clicking onGo' alongside the Twea Body Sizebption will allow the user to
change the car body dimensions in length, width and height without having to
return to the CAD program. Go back to the first menu by clickindPogvious
Panel:

i 2
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1.4.2 |BESEEEE] o dow submenu:

2%

Domain Settings

Car Body Speed | ‘ Units- SI Top menu

Number of iterations 100

Restart from previous run On | |
Meshing Coarse Fine | User
Advanced Users - Switch to full PHOENICS |

In this window the numbenpf iterations can be set (default is 100). Typically-500
1000 may be needed to reach a truly "converged" solution.

¢ Initially, the restart option should be checked'@df' (as shown above)
e The option is also here to select the grid type. A coarse wilidgive the least

accurate solution but with the fastest run time, the fine grid will give the reverse.
The grid sizes are:

Cellsin X | Cellsin Y | Cellsin Z | Memory | Time
Coarse 60 42 30 12Mb 40 Mins
Medium 105 62 60 60Mb 7 Hrs
Fine 145 82 75 140Mb | 14 Hrs
Using 1 GHz PIII

e The final option on the menu [Switch to full PHOENICS his option should not
be activated unless in the presence of a teacher, only applied teHioNWT
applications, and used in conjunction with the standard PHOENICS User
documentation.

1.5. The Probe

The proben can be placed anywhere within the domain. However, it should be
positioned so that during the solution stage it can pick up values fowvéiecity,
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pressure and turbulence termdrom a useful region around theac. For example, it
is no use having the probe on the road in the corner of the domain, but much more
sensible to position it behind the car in the flow field.

The probe position can be set by:
e Using the arrow keys in the VR Handset can set the probeiquasit

Position

|a_29155? 4|k

|a.24s.ﬁaa 4| »
|-::r.-:1-5-:1?25 4| r

e Typing in the desired location (x,y,z).

e Doubleclicking on the probe or on thIL probe icon on the tool bar, and
using the position dialog that appears.

1.6. The Original Shape

o, W

F1-Bloodhoundbody F1-Formula Onéody F1-GT baly

This is the shape of the physical balsa wood block before any modification; it can be
easily replaced with a different geometry using the menu options as described.

e TheF1-Bloodhound F1-FormulaOneor FX:GTbalsa wood block, along with the
four wheels and C{ranister, is the default option within théWT.

e The other three objects in the domain (Road, Inlet and Outlet) are required in
the VWTfor functionality purposes anghould not be changed

1.7. Car Body Orientation and Size

A very impeotant point is the orientation of the cordinate system used in the STL
file. F1 VWT is set up with the car pointing in the +X direction, the car width in the +Y
direction, and +Z pointing up.

The F1 STL import software will assume that
e The largest dimesion is ¢ong the length of the car body.

e For Formulal and GT that the car width is greater than the height, for
Bloodhound that the body height is greater than the width.

e The units are assumed to be millimetres.
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If the body STL has been generated wittese constraintsit should be imported
correctly. If the STL has been generated in another orientation, it is usually still
possible to rotate the body to face the right way.

In this example, the bodg taller than it is wide, and so has been importgidg on
its side. This needs to be rectified by swapping the height and width, then rotating
the body into the correct orientation.

Inthe 22297 ] haneld dzNy G KS € S3FtAGe OKSOl 2FFs GKS
.2R® {ATSQd hy (KS tfabthe Length, WaitH Bnd &gt a K 2 dzf R
gl tdzSa || NB YAESR dzlJd 9y (SN GKS O2NNBOG O £
GdzNyy GKS fS3arftAade OKSOl ol 01 2y GKSYy wYhyQ

The body should now have the correct dimensions, but will stillrEntated
wrongly.

Click on the body to select it. It will be highlighted to confirm the selection. Now click

on the Rotate Object U,.Lil button on the Editor handset (second icon from right,
top row). Each click will change the orientation of the bodthiniits box. Continue
clicking until the body orientation is correct.

10
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NB.If the units in themported STL file are not millimetres, the body size will be

wrong. Inthatevent, @ (G2 GKS W¢gSI] . 2Re {AT SQ LI 3AS
the correct sies(in metres or feet depending on the chosen unit syste@ancel

any warnings about illegal dimensions.

1.8 Gettinghelp

To get help on a menu button or data entry box, click help or 23n the top
right-hand corner of the dialog window, then poittt the item in question and click
again. The tool bar and haset icons have a bubbleelp which appears if the
cursor is held steadily over the icon for more than 1 second.

11
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2. The Solver, Earth
2.1 Overview

Once the setup of the simulation has beemmyaeted, the next stage is to run the
analysis. This is achieved by clickingRum' on the Menu Bar using the following
procedure.

Menu Bar:
wdzy X
= Solver

This opens the solver screen where you can monitor your simulation as it moves
towards a solution:

Window at commencement of run Window below shows nicely converging
solution - 500 to 1000 iterations (sweeps)

F1 Racing Cax

Spot Values at ( 16, 20, 13) % Error - Cut off 1.000E-01 %

.....

NX NY NZ ISWEEP ON TIME
60 42 30 IZSTEP OFF  Working

e The solver is working out a solution fpressure (P1)velocities (U1, V1, W1)
andturbulent quantities (KE and EPY1, V1 and W1 ardaé velocities in the X, Y
and Z directions respectively. KE is the turbulent kinetic energy, and EP is the rate
of dissipation of KE.

e In each image, the graph on the left shows tf8pot values' at the probe
position in the VR Editor. If the U1 veloditpks sensible, then your simulation
is probably setup okay. The lines on this graph should eventually become
horizontal, showing that the values have stopped changing.

e The graph on the right shows the sums of errors for each equation, which
indicates hav close the solver is to a final answer. This is recognized when the
lines for each variable decline and eventually approach the bottom axis. If all the
lines reach the bottom axis, the solver will st@pis situation in any simulation
is known as convergnce.

e The axes on the graphs represent the numerical change in each variable (along
the vertical axis) and the number of iterations (along the horizontal axis). This
AYRAOI 1Sa GKS AYLERNIFYyOS 2F GKS AGSNI GA:;
enough, tke simulation may never reach convergence and hence a final answer.

12
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2.2  Assessing Convergence

The equations for velocity, pressure and turbulence quantities are solved in aguess
and-correct manner. Details of this procedure can be found-lina at
http://www.cham.co.uk/ChmSupport/intrlecs.php

On each iteration, or sweep, the values change a little. When the change from
sweepto-sweep becomes acceptably small, we hawemvergence If the changs
keep getting bigger until eventually the solver blows up, we hdivergence The
default settings in F1 should result in convergence.

A monitor plot like the one shown on the right above, or here indicate good

convergence.

Spot Values at ( 14, 22, 14) % Error - Cut off 1.000E-01 %

{ i
) Value Change Low High Variable Max % Error Change )
6.24E-01  1.31E-06 -4.00E+01  2.00E+01 P 1.26E405 3.72E-01  1.56B-03
-6.89E+00 -1.29E-05 -2.00E+01  0.00E+00 1.00E+06 5.34E-01  7.98E-04
3.528-01 -1.22E-05 -5.00E-01  5.00E-01 1.00E+16 3.52E401 -6.92E-02
1.S9E400  4.02E-05 ~-1.00E400  4.00E+00 1.00E416  2.48E401 -2.50E-02
6.178-01 -6.79E-06  0.00E+00  8.00E-01 2.00E407 2.188401 -3.71E-01
7.63B401 -1.35E-03  0.00E400  2.00E402 E 1.00E411 2.91E401 -3.60E-01

NX NY Nz ISWEEP 1000 Time now  18:15 Press a character key C,

60 42 30 I2ZSTEP OFF (m:s) est 18:16 to interrupt. -

If the plots show the rigt trends, the righthand graphs generally heading
downwards, and the lefhand graphs beginning to flatten oubut the left-hand
values are still changing appreciagbu will need to do more iterations.

To do this, on themerics | gy § ydz Of AOlY WINSDAI2NIA WNEB Q (2
run the solver again. Repeat the process several times, perhaps running 500
iterations per run.Three or four such continuation runs add up to 150000

iterations which should be enough.

There can be occasions when the monipdot looks more like this:

GrandPrix Tuto:
Spot Values at ( 20, 43, 37) % Error - Cut off 1.000E-01 %
{

Value Change Low High Variable Max % Error  Change
-5.20E400  4.41E-02 -8.00E401  4.00E+01 Bl 6.31E405 5.70E402  1.76E+00
-8.21E+00  1.67E-02 ~-2.00E+01  0.00E+00 1.26E406 5.09E403  7.17E+00
-1.21E400 -1.66E-02 -2.00E+00  2.00E+00 1.00E417 4.83E405  B8.06E+01
2.82E+00 -3.36E-03 -3.00E+00  6.00E+00 1.00E417 3.228405  3.44E+02
6.558-01 -2.658-03  0.00E+00  2.00E+00 7.94E407 6.23E405  2.92E402
1.30E402 -1.08E400  0.00E400  5.00E+02 1.00E411 5.132405  7.29B+02

NX NY Nz ISWEEP 1000 Time now 4:41 Press a character key C

145 82 75 IZSTEP OFF (h:m) est 4:41 to interrupt —
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The errors (on the right) are much bigger, and the values at the probe location (on
the left) are oscillating about a fairly steady value. This kind of plot almost certainly
indicates that the model is trying to predigbrtex sheddingbehind the car, but
cannot do so because it is runnigtgadystate. This is more likely to happen with
medium or Fine grids, as with the Coarse grid there may not be enough cells to
capture the vortices properly.

As the vortices are being shechind the car, their effect on the drag and lift is
minimal, and the values obtained can be used.

For more general information on vortex shedding, see
http://en.wikipedia.org/wiki/\VVortex sheddig.

The general PHOENICS code can predicihén run intime-dependent,transient
mode, butthisis outside the scope of the F1 specification.

14
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3. The Post ProcesseVR Viewer

The post processor enables the study of the results from the simulation Viewer

can displayectors contours streamlines iso-surfacesand surface contour plotsof

the variables solved for. Examples of how to generate some of these are shown in
the tutorial.

To load up the viewer click ORun' and select¥ 2 & (i | INtBe® &81& PdsiD
LINP OS 3 & 2 NJ ,6Thisvwilltoped ds AlboBile Names' keep the original
settings anctlick'OK'to open the viewer.

Menu Bar:
wdzy X

= Post processor

= GUI Post processor (VR Viewer)

Leave the original
F1 YWT - VR Viewer setti ngs =12 %]

File Seftings ‘iew Run Options Comole  Build  Help
EEEERETS =] [poumn F3|Fa| s |e | e[ Fa) = &= [m]0]& @ M]o|[x x|k - - | t|e
B PETRET

| R ¥
B of 5 [¢

eI e
| x[{ ¥[{ 2|

Files to be used for plotting: |z v[ c|

File names

Use current result files

User-set file names

Cancel

Preparing Editor Data, Please Wait ...

The viewer is similar in format to the iok; the important part is again the handset,
shown on the next page.
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3.1. The Post ProcessarVR Viewer Handset

Viewer Controls

2 Axis Toggle £ Wiew Optionsg
_f'_-\_] Top “iew Toggle

| Object Managerment

_Obj | Macro
B of @f e
o [ =) ¢
HEH

'# | Contour Taggle / Contour Options
A vector Toggle / Vector Options
#| create Streamlines f Streamline Options

Ifﬂ Iso-surface Toggle / Iso-surface Options

E Slice Direction ¥
B Select Pressure Probe )OSitiOI
ll Select Temperature |0.4750nu ke
vdlo ars000 (4|
z

0.4&7500 4|k

e AL ] &

ﬂ besh Display Toggle
EI Record animation

Macra| Run or Save Macro

Wireframe Toggle

!@ Create Slice

& Slice Toggle

Bl run animation ; Animation Options

Y Slice Direction ¥
51 Slice Direction £

iTii’_ Select Welocity

C  Select a “ariable

The movement controls are as for the Editor, described earlier.

The same icons also appear on the Viewer tool bar.

This concludes thewerview of the VWT. To learn more about the functionality of
the program please study the demonstrations cases and complete the tutorial.

16



F1 VWT - Formula 1 Virtual Wind Tunnel MkV

Virtual Wind Tunnek Tutorial ¢ BloodhoundClass

CKAA Gdzi2NRLFE F2fft26a 2y FNR Yoptutbriad a WDNJ y
Within this session the functionality of the Virtual Wind Tunnel (VWT) will be
demonstrated from exporting suitable car geometries from Pro/Desktop, through
obtaining a solution, to viewing the results generated. It is recommended that the
USNJ NBFR Wx2¢ h@SNIBASHQ o0STF2NB adrkNIAy3 (K;

1. Generation of Stered_ithography (STL) files.
Ly GKS tNRk5Sa1G2L) SY@ANRYyYSyGs Of A01 2y W
[ AGK2ANI LIKEQ o0{ ¢[00 2LIA2Yy D

Note: Use the completed geometry frodDNJ YR t NAE HAAnAA H5Q®

This will bring up the window:

Export Stereo Lithography ilil

IC\,PHOENICS\D FREMNTYGrandprix. st Browse...
Cancel |
\ Scale: |1
Tolerance Cutputrmode———————————
Chordal (mm): ID.E & ASC
" Binary
Angular (deg): [20]

Make sure that the STL file is exported into the PHOENICS working directory, as

shown in the path linglDrive letter]\PHOENICB_ PRIVIFilename.stl].

¢8I WYHnQ Ay GKS 1 y3dzZ I NJ 6RS3I0 02E®

Note: Ths is important as values much lower than this create large files that may

prove difficult to read into the VWT.

/| tA01 WYhYQ |YyR DNIYYRLINAE®D&GE Attt 0SS SELRZN

The final and important point is the orientation of the-oadinate ystem. The F1
STL import software will assume that the largest dimension is along the length of the
car body, and that théody height is greater than the widtfrhe units are assumed

to be millimetres.

If you have trouble with generating this body shape;opy of thegrandprix.stlfile
can be found in \phoenicdd_ intfacd_cadphdd_stl. Copy this file to
\phoenicdd_privl, and proceed with the tutorial.
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2. Starting with VWT

I £A0] 2y G(KS +2

X BKAOK f2FR&a dzLJ GKS - theAeNdiratmnent whetel afl thei &
setup of the VWT takes place:

F1 VWT - VR Editor - 32 bit
File Settings View Run Options Compile Buld Help

D|=(Q(m[D (& fom: -] [pooa [ alv|wojalm|of “ala=] 2|e||B]t]|e[~|] & -

v
I

Size

[T
24| 0.500000 4>

= I

Fl Racing Car - Balsa Wood Blank
Fl-Bloodhound

Current directory= D:\phoenicsid_privi

Notice, to start with the default geometry of the car (wedge shape) is available for
analysis. The four wheels and &f@nister are all standard in the VWT domain.

To select &8loodhoundclassblank body, click ofrile, Start new caseand selecF1-
Bloodhoundfrom the list. For &ormula Onelass blank, sele¢tl-FormulaOne

The images for this torial have been taken from a Bloodhounlhss case. The basic
procedue is exactly the same far FormulaOnelass.

e Click ort¥ a_S yodafed on the VR handset, and change thie tf the simulation
to 'GrandPrix Tutorial'.
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3. Importing the geometry

e Click on 22224 514 select thedeometry file' option (currently selected as
‘balsa). This will open up aialog in which the STL geometry file should be
selected.

From the'Car Bodywindow, the position and the size of the wheels can be altered.
Check that the following is true and amend as necessary:

Front | Back

(m | (m)
Wheel diameter | 0.035 | 0.04
Whed width 0.005 | 0.02 Note: To keep the car within specified
Axle position 0.050 | 0.28 competition rules the legality check
Axle length 0.055 | 0.055 should be clickethn' (default option).
Ride Height (m) 0.005
CQ canister height (m) 0.02

e Nowclickon — € | (located next tdTweak Body Sizp'

e Check that the length, width and height are as expected (as generated by
Pro/Desktop). In this case they should Be29 m 0.042 m and 0.068 m
respectively.

REMINDER:

FPS units can be selected for datguts instead of Sl units at any time.

o Click on -2 =emu| 504 then on'OK: this returns you to the mainvR
environment

Notice that now the wedge shaped blank has been replaced by the Grand Prix
geometry (below).

it
P Sewros Vew un Cpnere Coogle B4 beb
D/e/@m| D&/ foax = [owars » Alv8(0]alu|o| ola x| ale|v|ut|f|N =
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4. Setting up the VWT solver (Earth)

The nexstage is setting up to simulate the airflow around the Grand Prix car.

e Click o and select the 'speed' option, here thRunning Speedis set
but for the purposes of this tutorial it should be left H m/s (default).

e Click on2===es | This window givesoy the option to select the grid (coarse,
medium, fine or user) and the number of iterations. For this tutorial the
following selections should be made:

e Number of Iterations = 300 (default = 100)
e Grid = Coarse.

NOTE:It is important that the'Restart fran Previous Runbption is set to'off"
(default). This window also gives the user an option to switch to full PHOENICS, but
this should only be attempted in the presence of a teacher.

e Click on 2eemenu| ang then 'OK" This will take you back to the main VR
environment.

e The grid specified in the previous window can be viewed in the VR Editor by
clicking on the Mesh Tog in the VR Handset.

By rotating the view, the grid can be displayed on each of the coordinate axes.

Example

* F1 VWT - VR Editor - 32 bit

File Settings View Run Options Comple Buid Help

0| QM B & [crne | [pormn [ alvfwolao| ale[m| ale|dwt[e|N]v r -

Grand Prix Tutorial

Fl-Bloodhound

Switch of grid to re-enable abject selection, or press CTRL
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Notice that even in this coarggid example, the grid is significantly finer in the areas
immediately around the car. This is because, as CFD analysts, we are only interested
in the flow around the car and not, for example, at the top of the domain where the
car aerodynamics are notfatted.

This completes the setup of the simulation.

5. Running the VWT's solver (Earth)
In the VR Bar Menu main title bar, follow the procedure:

wdzy X
= Solver

This will generate a box like this;

Save Current Settings

v Save changes to Q1 inputfile

I¥ Sawve changes to EARDAT file for Solver

oK Cancel

¢ ClickOK'and the solver will start.

Earthwill solvefor 300 iterations, this will be enough for the simulation to converge.
The run time for this example is approximately 20 minutes on a 3GHz Pentium 4
computer, giving a convergence graph looking like this:

] PHOENICS September 2010 - EARTH- 32 bit (= | B

GrandPrix Tutorial 1

Spot Values at ( 14, 22, 14) % Error - Cut off 1.000E-01 %

Value Change '9‘ Integrated Drag coefficients % Error Change

Drag - Cdx = 5.589834E-01
Side - Cdy = 5465771E-03
-6.78E+00 -2.51E-03 -2.00E+01 Lift - Cdz = 1.242326€-01 1.98E+01 2.44E-02
1.60E-01 .00E-01 For details of forces and axle loadings 2 .45E+03 .28E+01
see end of RESULT file in Editor or Viewer
1.94E+00 .00E+00 (File, Open file for g, RESULT) 2.0%E+03 .95E+00
6.11E-01 -3.7%E-0 0 0 Do you wish to refer to Wikipedia for 1.73E+03 1.96E+01

more information on Drag Coefficients?
7.30E+01 -6.52E-02 0.00E+00 2.22E+03

NX NY NZ ISWEEP __ 300 TIME Press a character key
60 42 30 IZSTEP OFF Working to interrupt.
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At the end of the run a dialog will appear stiag the total forces and drag
coefficients on the car in each of the three directions, and indicating how the full
drag results can be seen. Further details on this are given in Sectidn @ption is
offered to open the Wikipedia article on Drag Caaénts
(http://en.wikipedia.org/wiki/Drag_coefficient

Now the simulation has finished the next step is to save the resiltss is done by
clicking File'in the VR Bar Menu and sele&aveas a Case' When the following
dialogue box comes up, cli€K

Save Current Settings @

W Save changes to Q1 inputfile

I¥ Save changes to EARDAT file for Solver

| OK l Cancel ]

Now type'Grandprix'in the filename box and clickave: A box will appeaiSave
settings to Q17'click’Yes'and the results will be saved into the working directory.
Saved cases cdre picked up later by clickitfCAVh 833y SEA&AGAYy 3 OF aSQ

6. Viewing the VWT Results

In the VR Bar Menu main title bar, follow the procedure:
wdzy X
= Post processor

= GUI Post processor (VR Viewer)

Fio_Setings View Fun Oplons Corf o DUl He -
BECEE —] maleleslrs|mlm] = als [8[0[af= o] x *[z] #[=[»|s(a] ulale] v [EEAL . el
R 2 -]

eeeeeeeeeeeeeeee

cccccc

¢ ClickOK'and the results will be loaded into ¢hviewer.
The following sections will show the VR Viewer tools applied to this simulation.

NOTEIf at any time during the pogtrocessing a screen plot is required, cli€ite'
select'Save Window As'type in a filename and select either PCX, B8P or JPG
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as the extension. Cliclsave'and everything present in th# WT windowshall be
saved.
The results of the simulation can be visualized as:

e Vectors (arrows showing local flow speed and direction).

e Contour maps showing distributions of pressure welocity at selected
planes.

e [sosurfaces showing regions of constant value.
e Streamlines showing the path of dust particles dropped at chosen locations.

6.1 Velocity vectors

e Click o to select velocity as the plotting variable and left click on thetdte
Toggl in the VR Viewer handset to display the vector field.

¢ If you right click o a window like this appears

Viewer Options

Contours Vectors ISurfacel Plotlimitsl Optiansl

[~ Showwvectors
Yectors scaled by

@ Scale Factor | 0.010000 j Reset
" Reference vel. Iij
[ Vector size limit Ii:’

Type ~Vector phase
* Total  Phase 1
" In plane (gl=]

Vector cellinterval - | ¢ Userset ____I
i . : 7|
K [t = : .
Yector appearance

& Coloured by ,m

¢ Fixed colour [N Linewicth [T <

You can then make the vectors shorter or longer if you wish by altering the scale
factor.

e Now select theZ—pIane and move the prob in the Z directio
to 0.04. The vector plane will follow the probe.
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¢ Rotate the domain until the nsi appropriate view is attained.
In the example below, we can clearly see ke behind the body of the car.

Velocity field- Z plane

PHOENICS - VR Viewer o] x|
File Settings “iew Run Options Comple Buld Demos Help
V|2 Q|m|2]&| F3|F4|Fs|Fe|Fe[Fa] [om oo
Velocity, m/s Probe value
23.87399 10.90483

22.38187
20.88974
19.39762
17.90549
16.

F1 Bloodhound Grand Prix T

|Ready

There are may other useful views in all three planes. They are viewed using the
same technique described. Some example views are displayed bgble gap
between the car body and wheels has been exaggerated for viewing purpdes.)

if you can get similar plots.

This shows again the@ane at a level lower down the car (Z=0.02). The velocity can
be seen to increase around the wheels, particularly around the wider rear wheels.
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PHOENICS - VR Yiewer o] x|
File Settings View PRun Options Comple  Build Demos Help
[|S|=[m|2|&] F3|F4|rs|Fe|Fz]Fe| [rroox [prars
Velocity, m/s Probe value
23.873%9 12.88267
22.38187

20.88974 /

I 19.39762 =

o

17.905497"
© 16.41337

F1 Bloodhound Grand Prix Tutoria

‘RE adly Z

The midplane is shown in the-direction. Thewakeis again shown behind the car
body. The velocity can also be seen to increase underneath the car.

PHOENICS - VR Viewer _[o] ]
File Settings “iew Run Options Compilz  Buld  Dermos Help
S EE DN e
VE10CLILY , W/ S rdowe vaius
23.87399 13.74893
22.38187
20.88974 !
19.39762
17.90549
16.41337
14.92125
13.42912
11.93700
10.44487
8.952747 e
7.460623 e
5.968498
4.476374
2.984249

i
| 1.492125

~N 1-00E—10K =3
Q i, . .

F1 Bloodhound Grand Prix Tutorial

‘Ready 4

6.2  Hiding Objects
Note that the rear wheel has been hidden to get a clearer view of the vectors. To
hide an object, lefclick on it to select it, rightlick to bring up a context nmei, and

aSt SOG4 WIARS 2062S00Qo U(trz\nl'%rf;theihmé 202S0i
set. This will bring up the Object Management Panel, shown below:
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Object Management !Em
Ohject  Action  View Group
Ohbject name | Reference | Type | Geometry | Yisibilit | Affects grid | ] =
DOrMAIN DOrAIN WS
BODY 0 BLOCKAGE grandprix an YEes e
R-FROMNT 1 BLOCKAGE frit_whl on WES WE
L-FROMNT 2 BLOCKAGE  frnt_whl on WES WE
R-BACK. 3 BLOCKAGE hack_whl off WES e
L-BACK, 4 BLOCKAGE back_whl on WES Wi
COZ-CAM 5 BLOCKAGE coZ_can on no WE
INLET B INLET cubedt off WES Wi w
< | W

¢KS WiAAdAO0ABAGKRMecH(ighad OF 2 MIKBKS vdlick én th#/2 T T Q

RBACK lif

dialog can be used to hide or reveal several objects at once, selected using standard

A

y GKS LI ySt

Windows selection techniques.

yR &St SO

YwS @S| ¢

PHOENICS - VR Viewer _[Of x]
File Settings “iew Run Options Comple Buld  Demos  Help
|slimpls] sl o
veivciLy, s riuwcs vaius
23.87399 0.000000
22.38187

20
19
17

.88974
.39762
.90549

F1 Bloodhound Grand Prix Tutor

ial

‘Ready

Z

A vector plot taken in the -glane around the nose of the car, shiog detail of the
flow near the front wheels.

You can follow the same procedure and display different views by
plane and different probe positions.

e Use the mouse toggfor moving the domain orientation

. Use to set a specific view.

26
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Normal viewing of Reset view on the
the domain nearest side of the
domain
/
Reset View Parameters
Fit to window I Nearest Head-on
View +x| -x| +y| -v| +z| -3
Up +x| -x| +y| -v| +z| -z|
Scale factors View direction Up direction View centre
X [1.000000 [0.128548 [-0.153779 [0.603268
Y [1.000000 [-0.956323 [0.242305 [0.349006
Z [1.000000 [0.262533 [0.957936 l0.254842
View size 0.587878 View angle [6349.420
Increment, m: X [0.010000 Y [0.010000 z [0.010000
Cancel Apply | OK |

6.3  Transparency

The model can also be made to appear transparent; for example, in order to more
clearly visualize the flow behind the object. To do this:

Double click on the car body and a window like this will appear

Object Specification

Object Specification i
General | Optians | Scale | Place | Shape | General  Options | Scale | Place | Shape |
Mame Export | Object Colour i A W asclipat
Aifritauites | [~ Transparency |1EID i’ Opaqueness
Tupe IELDEMGE jv MI IV | Object affects grid [ Hide object
Show Fesults | [¥ Dhiect constrained by domait
(] I Cahcel Reset Apply I Ok, I Carcel Feset Apply

Click onoptions, and then clik transparency. The opagueness can be altered as you

require. 50% is usually a good value. Then di¢k To get the transparent image of

GKS OFNJ Of A0l &a2YS4KSNB SftasS 2y (KS &aONEBS:
image is now transparent.
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PHOENICS - VR Viewer M=
File Settings Wiew Run Options Compile  Build Demos Help
=L EEE R R EE RS [poracy

Velocity, m/s Probe value
23.87399 10.45934
22.38187
20.88974
19.39762
17.90549
16.41337
14.92125
13.42912
11.93700
10.44487
8.952747
7.460623
5.968498
2.984249
1.492125
1.00E-10

F1 Bloodhound Grand Prix Tutorial
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6.4  Velocity Contours
These are created in a similar way to the vector plots.

e Click orm to select velocity and then click on the contour togm in the
VR Viewer Handset or the tool bar.

NOTE!:If the vector toggl from the previous instruction is not swited off,
both will be displayed simultaneously

¢ If you right click OE a window like this appears
Viewer Options =100 =]

Contours |‘v‘ectu:urs| 5urface| Plat Iimitsl LI_"I

Current variable IPressure 'I

— Minirmum Yalue, Pa

Resst | [2ee.9e5210 <

1
Pl

— Masimum Walue, Pa

Resst | [417.436185 =
L
)

— Contour Appearance

[T Lines [T Continuous
¥ Transparent [~ Greyscale
¥ fveraged [V Boxed key

Opagueness 100 j

You can then alter the contour appearance if you wish.

e Now move the domain orientation to that of the first vector plot-l&ane,
Z=0.02, using a suitabietation).

The contour can be made transparent by setting the opaqueness to say 50%.
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PHOENICS - VR Yiewer

Velocity, m/s
23.87399
22.38187
20.88974
19.39762
17.90549
16.41337
14.92125
13.42912
11.93700
10.44487
8.952747

Probe value
10.45934
Average value

17.39337

2.984249
1.492125
1.00E-10

F1 Bloodhound Grand Prix Tutorial

This shows the contoured comparison to the first vector plot. Wa&e behind the
car can be clearly seen.

6.5 Pressure Contours

Click orﬂ to select pressure and timeselect the contour option in th&¥R Viewer
handsetor tool bar. Move theZ-planeto a value of Z = 0.02.

This gives a pressure plot similar to this.

PHOENICS - V¥R Viewaer

EatrEs B E e e

Probe value
154.8282 -0.028177
142.9573 Average value
91.08646 0.588611
39.21559
I -12.65528
I -64.52615
I -116.3970
-168.2679

F1 Bloodhound
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An important point to remember when viewing these plots is to select the
appropriate contour or vectoscale.

e To set a range for the contours, clickg’l , Or right cliclcli

Viewer Options

Frocus =]

=
{ -635.105713 =

e Chang the minimum value t0-195 and maximum value to 195and close the
window.

The plot below shows the same information but scaled over a reduced range. This

shows up the smiker values better, and can be useful if the largest values dominate

the picture and swamp out smaller variations.

PHOENICS - VR Yiewer

Pressure, Pa Probe value
195.0000 -0.028177
170.6250 Average value
146 .2500 0.588611
121.8750
97.50000
73.12500

F1 Bloodhound

Again similar plots can be obtained in the important areas, see if you can produce
the one below.
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Pressure plot along the miplane of thecar in the Y direction:

PHOENICS - VR Yiewer _[Of x|
File Settings “iew BRun Options Comple  Buld Demos  Help

[ =M= || Faralrs|Fe|Fe|Fe| [om [porazx

Pressure, Pa Probe value

195.0000 0.000000

170.6250 Average value
146 .2500 0.833998

0.000000
-24.37500
-48.75000
-73.12500
-97.50000
-121.8750

F1 Bloodhound Grand Prix Tutorial

‘Re ady 7

If FPS units have been selected, a second pressure variable is available for plotting.
This is called PSIG, and it represents the gauge pressure in pounds/squarétinch.

can be shown byglicking OE, or right clickingm, thenselecting it from the list

2T GFENARIofSa ySEG (G2 W dNNByid O NRARFofSQod
pressure in poundals/square foot.

6.6  Surface Contours

This tool allows data to be displayed on the surfaces of the geometry.

Click or-| to openthe object management display.

Ohject Action Wiew Group

Object name | Feference | Twpe | Geormetry | igibilit | Affects grid | )=
DOkAAIN DOkAAIN WS
BODY 0 BLOCKAGE grandprix on WES WE
R-FROMNT 1 BLOCKAGE  frnt_whl on WES WE
L-FRONT 2 BLOCKAGE frnt_whl an WES e
R-BACK. 3 BLOCKAGE back_whl off WES W
L-BACK 4 BLOCKAGE back_whl on WES Ve
COZ-CAN 3 BLOCKAGE coZ_can on no WE
INLET 53 INLET cubedt off WES WE W
4| | v

Select the body and wheel objects. (Left click on each while holding the ctrl key
R24Yy 0D wAIKG Of A0l 2y 2yS 2F GKS aStSOGSR
on domainto deselect the body and wheels and shtiwe surface contour clearly.
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PHOENICS - ¥R Viewer

Probe value
195.0000 -0.028177
170.6250
146.2500
121.8750
9$7.50000
73.12500
48 .75000
24.37500
0.000000
-24.37500

F1 Bloodhound

6.7  Streamline plots

This allows us to see how the flow interacts with the body using streamlines. A
streamline is the path a dust particle would take if released at that point.

PHOENICS - VR Yiewer

ey i l= =L | = i

Ll=|a|m(@| | Fsle|rs|rs[Fe]ra] - fem
Total time Probe value
.078662 6.890388
0.073397
0.068132
0.062867
0.057602
0.052337
0
0
0
0

o

0.047072
.041807
.036543

=
ﬁ :os;gva\\\\\\

0.004953
-3.119E-4
-0.005577

F1 Bloodhound Grand Prix Tutorial
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This is achieved by moving the probe to 8tart point of the streamline, and clicking
the streamline butto.

e Move the probe to (0.8, 0.25, 0.02) and select the X plane. Click the streamline
button.

A box saying Streamline Management comes up

Streamline M anagement -0l x|

Obect  Action  Animate

I | Tupe | = |+ |z | wisible |

¢ Click onObjectthen selectNew and a streamlinesi generated, starting from the
current probe position. To move the stddcation of an existing streamline
select the streamline in the Management panel, clickAaion then Streamline
location. The streamline start point can be changed. The streamliileadjust to
the new start position.

A group of streamlines can be started together.

e Click orobjectthen options or right click, and a dialog like this appears;

Streamline options x|
Streamline mode Streamline direction — Streamling coloured by
' Lines " Downstream ™ Flight time
7 Anows £ Upstream &+ Total time
" Ribbons f+ Both " Track time

i~ Cument variable

Streamling width |1 pivels

Welocity j
Flight time ~ |-1.00000e+07  [1.00000e+010 sec
— Streamline start
¥ From probe " dlong a line " Apound a circle
Mumber af streamfines |'|5 Ciicle radius IEI.EIEEIEIEIEI .
Start point |oLoo0o00 jnoooood  |o.000000
End pofrt [1o00000  Joso0ooo  f0.500000 ¥ Show
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Select the Around circle'option, enter a radius d.015 min the 'Circle radiusbox.
You should see 15 balls in a circle, showing where the streamlines will IStdet.

that the circle lies in the plotting plane, seledtby. ClickOK: Click

the streamline button, then Object and New. 15 new streamlines will be
generated

More postions can be selected to give more streamlines in different areas.

To delete streamlines, click the streamline but, clickObjectthen Select all
ClickAction and chooséDelete streamline(s)

You can experiment with using

e Lines, arrows and ribbons

e Time (display the time variable)

e From probe, along a line or around a circle
6.8 Iso-surfaces

An isesurface is a surface in space through points of the same value of temperature
or pressure or velocity. This can be used to find regions of high or |csgyme

g
If you left click on an isosurface appears. It is for the value of the current
variable at this probe position. It will change as the probe is moved.

.s@
If youright clickon. a window like the one below appears
# -Inlﬂ

Contours | Yectors  Surface | Plat Iimitsl 4 I ’l

Current wariable |

|so-suface value

&' Probe value

£ User set [6.076072-006 =]
Opagueness |1DD ::I

You can then change the variable pressure or any other variable. You can also
specify a particular value for the issurface. This iseurface can be made
transparent by setting the opaqueness to say 50%.
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Probe value
6.890388
Surface value
0.000000
121.8750
97.50000
73.12500
48.75000

24.37500

F1 Bloodhound

Grand Prix Tutorial

|Ready 7

The picture above shows the isarface with the variable being pressure, wah
value of 0.0 Pa. There is a kpressure bubble around the front wheels, and another
low-pressure zone around the back of the car. High pressure ahead of the car and
low pressure behind the car both act to slow it down.

Probe value
17.87914

Surface value

18.00000

Velocity, m/s,
23.87399
22.38187
20.88974
19.39762

11.93700
10.44487,
7.46062:
5.96849:
2.98424

F1 Bloodhound  crand Prix Tutorial

|Ready.

This shows thesp-surface withvelocity being the variable, with a vawf 18m/s¢
the running speedlso-surfaces of velocity can be used to find high or low speed
regions. This can help the designer in the next design phase.

6.9 Macros
There are defaulview macros already s@p in the postprocessing ViRiewer. The
choices of macroinclude:
e Velocitycontours
Pressure contours
Velocity vectors
Streamlines
Iso-surface

Simply click othe down-arrow on|£|'| to access these.

For further information about creating your own mastalick on:
http://www.cham.co.uk/phoenics/d_polis/d_docs/tr326/wiew.htm#VRViewer
Scripting Facility.
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6.10 Slices

Slices are stored contours and vectors for a particular probe position. By storing
several slices, you can build up a more completeupgcof the flow.

e To save the current probe position and plotting plane direction, click the slice

management button@ .The window below comes up

Slice Management 10| =l
Dhject  Action  Animate

Irdes: | Plane | = |+ |z | wisible |

ClickObject then selectNew. A slice will be saved at the current probe position. If
you now move the mbe, you will see two plots, one at the probe and one at the
slice. To modify the existing slice, select it from the list in the slice management
dialog, then use one of the options on tAetion menu to change it.

This shows two stored X slices and th@oiting plane with velocity as the variable.

PHOENICS - VR Viewer _ o]
File Settings ‘View Run Options Comple  Soild Demos Help
NEEL T EEE R EEE R [porare
Velocity, m/s Probe value
23.87399 14.18564
22.38187 | Average value™
20.88974 18.01189
19.39762
17.90549
16.41337
14.92125
13.42912
11.93700
10.44487
8.952747
7.460623
5.968498
4.476374
2
1
1

.984249

492125 —
.00E-10 -

Slice Management N |=lF3

Object  Action  Animate

Index Flane S s | Z | Vigible |
o * 0.220000 0.250000 0.0z0000 on
1 * 0.460000 0.250000 0.0z0000 on

Fl VWT

. Ready 2
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6.11 Minimum and Maximum Values
To display the positions of the minimum and maximum values of the current

variable, click o, then open theOptionstab.

P [=] 3

CDntours' Vectors' Surfacel Plotlimits - Options |

Viewer Options

[ Bhow conlaurs;

[~ Showwvectars

[~ Showiso surface contaurs
[~ Show min max locations

[.o1a000 i’

min max ball size

Current slice plane
[

CZ

Check theShow min max location®ox. The minimm and maximum locations will
be shown be a red and blue ball. To see the actual values, delitkeon either the
red or blue ball.

PHOENICS - VR Viewer
File Seftings ‘View Run Options Compls Buld  Demos  Help
HEEL EEERREREEERES
Pressure, Pa
194.8282
142.9573
91.08646
39.21559
-12.65528
-64.52615

Inum\IN

Probe value
-8.104033

~116
168
-220
-272
-323
-375
-427

.3970
.2679
.1388
.0096
.8805
.7514
.6222
-479.
-531.
-583.
-635.

Domain High Spot

Frobe | Low Spot nghSpotl

Position

Currentvarishle  |Pressure vl

Cell location

% [0.747307

1[4

v [0.2z0000

J |18

7 [0.020485

K [6

(& e I

“alue 184828201 Pa

[ Reveal

F1 Bloodhound

Grand Prix Tutorial

|Ready Z

The highest pressure is ahead of the front wheel, #mel lowest is immediately
behindthe back wheel.
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7. Coefficient d Drag and Aerodynamic Forces

TheVWToutputs drag force data at the end of every run. This is stored in the *.res
(results file) or in this case the Grandprix.res file.

¢ Click orFile'and selectOpen File for Editingh the main Menu Bar.
¢ Go to'Result(output file)'. This will open up a text file.

Scroll to the bottom of this document as shown below.

! result - Notepad i E ;Iglﬂ

File Edit Format View Help

Integrated forces for body and wheels
Drag - Fx = -5.577832E-01 N
Side - Fy 1.007868E-02 N
Lift - Fz -1.372610E-01 N

Force unit wector: -9.708536E-01 1.910902E-02 -2.389105E-01

The total force acts at:

X = 5.848188E-01 m
N4 = 2.498072E-01 m
Z = 2.391274E-0Z m

The Toadings at the front and back axles are:
Front = -4.166697E-02 N  4.247397E+00 gm)
Back = -9.559400E-02 W ( 9.744545E+00 gm)

5.291234E-03
1.926180E+02

Normalisation area
Free-stream dynamic head

Integrated Drag coefficients

Drag - Cdx = 5.472826E-01
Side - Cdy = 1.077200E-02
Lift - Cdz = 1.348769E-01

SATLIT RUN NUMBER = 1 ; LIBRARY REF.= 0

Run completed at 16:29:20 on Wednesday, 10 January 2007
MACHINE-CLOCK TIME OF RUN = 1900 SECONDS.

TIME/ (WARTABRLES¥*CELLS¥*TSTEPS*SWEEPS¥TTS) = 1.396E-05

! 5

The values for force and drag coefficient are split up into different components of
the car (Body, wheels and g€anister). The image shows the paat of the total
(integrated) forces summed over all components.

The bigger the CD values the larger the force will be on that component.

The Xdirection forces are in the direction of motion, and represent drag. Negative
values of Fx represent the forpeishing the car backwards along the X axis.

The Ydirection forces are in the sidm-side direction, and the integrated value
should be close to zero due to symmetry. In this example the total Fy is 50 times
smaller than the drag force, Fx.

The Zdirection forces are in the vertical direction, and represent lift. A negative total
Fz acts downwards pushing the car into the road. A positive force would try to lift the
car of the ground; if this force were bigger than the weight of the car, it would take
off!

You will notice that the wheels contribute much of the drag force.

You will also see the loading at the front and rear axles. These are the readings you
would see if the car was standing on two scales, which had been zeroed with no
flow. Positive numbes indicates a down force, negative numbers indicates lift.
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These values can also be seen in the VR viewer by double clicking on the BODY
object, select theptionstab and clickingshow Results.

Object 5 pecification 2=l

General Options | Scale I Flace | Shapel

Object Colour [v &z clipart
[ Tranzparency (100 ﬁ Opagueness
¥ | Ohject affects grid [ Hide object

Show Results | ¥ | Object constrained by domain
(] I Cancel Rezet Apply

The following display will appear:

VWT. For further information

This concludes thisntroductory tutorial into the
& LINAYOALX Sa LXSIFHasS N

t
Fo2dzi GKS +2¢ FyR Al
case.
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