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Basic Shapes

Streamlined Shapes

Detail optimisation

Shape Optimisation
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Forces and Moments acting on a vehicle

Side force

Yaw angle y Relative wind

diraction

Six Forces
*Drag
X axis o jft

Pitching Lift L moment '
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Side Force
*Rolling Moment
*Yawing Moment
*Pitching Moment

1

DRAG == pV, *AxC,
2

1

LIFT == pV,°AxC,
2
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Forces and Moments acting on a vehicle
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Forces and Moments acting on a vehicle
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P+ Y% pu,? + pgz, = P+ %2 pu,? + pgz, V

F
_
Pressure exerted L slower-moving air

¥
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Turntable

Fiow
straightener | Tnx secton Tuming

*Originally developed for aeronautical use

*Closed return Type (GM)
*Air circulates around a closed circuit

*Open return type (MIRA)
*Air flow through the system

«Can’t be pressurised to raise reynolds
number

*Pressure is less than atmospheric
(Bernoulli)
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Three primary sources of error in wind tunnel
testing
*The scale or Reynolds number effects
*Errors due to the road moving but the floor
of the tunnel is stationary
*Errors due to blockage

Reynolds number

If testing a scale model the Reynolds number
plays a major role

Re ynolds - number = % L1 = viscosity

u
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Reynolds number effect
oV L

N | Re ynolds - number = —=—

*Transition from laminar to turbulent flow happens at

same distance from leading edge H

*Hence scale model has greater proportion exposed
to laminar flow > lower drag/unit area

*To get similar behaviour on model the reyonids
number must be the same Laminar Turbulent

Full-size plate

*Generally cheaper to build full scale tunnel ) | fwananneanane:

.————><

*If scale models must be used then sand paper Scals mode plate
can be added to cause separation on scale
model

Scale model and full size vehicle placed in the same airflow
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Full size

kelvin.lake@smu.ac.uk
Room MT106 ]N



mailto:kelvin.lake@smu.ac.uk

m SWANSEA METROPOLITAN UNIVERSITY .
S
‘) PRIFYSGOL FETROPOLITAN ABERTAWE WI n d tu n I I el S

e Moving Road Problem

nder real world, still conditions, there is no relative

tion between the road and the air
*No boundary layer is developed on the road

a wind tunnel the vehicle gets immersed in the
undary layer which significantly effects the results
*Use of a ground board
*Using a belt with same speed as the air
*Use of a porous board with suction

f —\
l |
e e T e L

Flap to adjust ground
board circulation

Thin boundary
layer on board

-
| Ground board

segpert
g

Tail suppon Internal
and transducer force transducer

?

)
ﬁ

Boundary la
71 / Bouncary layer ’/// / luc:?on gl
y L / suction Porous plate
Suction plenum with suction under
chamber on tumtable
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e Moving Road Problem —Use ofa

ound board — s e e
¢ — —— /-—_’_"—— ———‘# f /L',
! . t /”ﬁ 7 0 o X
ar is raised on ground board above - g = B
undary layer on tunnel floor i
mall boundary layer still forms from the Fiap to adjust ground
ding edge of the ground board board circulation

lockage at car level can cause circulation

m higher pressure under board Thin boundary
layer on board
cceptable solution for family cars and
mmercial vehicles
Ground bgard

Balance @
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e Moving Road Problem — The moving
It method

loor boundary layer is removed by suction just

stream of the belt | , vﬂm,/»

he belt moves at the same speed as the airflow 24

aning that a boundary layer is not formed. Tail support ) Internal

and transducer , force transducer
Y
roblems 0 ‘ AN A -
. U /
\ /

olutions
*Porous plate with suction ensures belt is flat
*The car is suspended ' ’///

7/ /
/Bfndary layer
suction

Porous plate
with suction under

referable for race cars with low ground
arance
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L AL

heels separated from the car to separate
rces.

Fig 8.3 Half-scale wind tunmel model mounted tn wind tunnel
(Courtesy of Sutton Motorsport Images)

Flg, 84 Half-scale model withour bodvwork or wings fitted
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e Moving Road Problem — Porous
or and suction method

undary layer is removed upstream of the
r by suction

new layer is stopped from forming by
ction in the test area

roblems

Suction plenum U
chamber on turntable

wi ey
vantage L /Jj ) J999H £ e
*Mechanically simpler than belt method /‘1 //aounaa;y layer
suction
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ockage Effects

onstraining effects of tunnel wall will distort streamlines

ehicle partially blocks flow leading to increased air speed in the vicinity
*Forces become larger and if no correction is applied Cy and C, will be overestimated

crude blockage correction method...
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Used to show the size of the
wake

*Where streamlines separate
from the body

«Centreline smoke tracing
3D flow not represented

kelvin.lake@smu.ac.uk
Room MT106



mailto:kelvin.lake@smu.ac.uk

Cf’ SWANSEA METROPOLITAN UNIVERSITY

‘) IMI\\(UIllll()l()m\\/\MRI\WI Wind tunnels

Yaw angle = 0 degs

s

(Note “boat-tail”)

Yaw angle
*Increased wake
*Three dimensional flow

Mean yaw in uk ~
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Wind tunnels

A rear wing would need to be
perhaps 250mm above the rear
lip of the boot.

*Flow attached right to tail of
car

estreamline leaves the car at
the rear spoiler - which has
been placed there to give clean
separation to stop turbulent
wake causing lift.
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Tapered rear end
Attached laminar flow
Small spoiler

Wind tunnels
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Filling the wake with smoke to see turbulent flow
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Effect of a convertible
*Size of wake increased significantly

*Cp figures usually quoted with roof up! | ;;;‘:'“
*Raised windows stop inflow : // J .
*Deflector stops forward flow from &
bubble
Effect of protrusions
sLow pressure turbulent wake
0.46 0.464 A
0447
044 < uid
042 +28%
0.40 +23%
038 0.380
0.363
yalll e . i
0
® ©)
LAMPS CLOSED LIKE D BUT  LIKE @ BUT LKE @ BUT LIKE @ BUT LIKE ® BUT
WINDOWS CLOSED LAMPS OPEN SIDE WINDOWS WITHOUT ROOF SIDE WINDOWS LAMPS OPEN
WITH ROOF OPEN \ OPEN
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Ground Effects
*Raised car to clear boundary layer as
air is moving relative to the floor

*Ground effect of vehicle aerodynamics
Is not accounted for as no ground board

*Wheels not rotating

*Flat underbody

kelvin.lake@smu.ac.uk
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Rain testing
*Used to monitor

*Water flow

*Effectiveness of wipers

*Optimise dirt deposition
*head- and tail-lights
«driver vision through side
windows.
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*Turbulence
*Behind rear screen
*Behind boot

\—

'-~-

e

1991 Lexus LS400
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First introduced to Formula One in

late 1960s

*Mechanism for controlling the

incidence angle

*Split wing surfaces with

independently variable incidence.
*Greater downforce on inside
wheel to offset the effects of
body roll

*\Wing mounted directly on to wheel

flimsy and vulnerable structure

Accidents at the Spanish Grand Prix

in 1969
*The maximum height, width and
locations are controlled
«Aerodynamic devices have to be of
fixed geometry
*They have to be rigidly attached to

the body work

1969 _barcelona_crash, avi
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Deployable spoilers

Spoilers as brakes
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round effect
*‘’zero’ ground clearance
*Sculptured underbodies

1980 Alfa Romeo

*6cm ground clearance
*hard suspension
*Pitch control

083

sculptured underbodies prohibited.
lat bottoms were required

«trailing edge of the front wheels
leading edge of the rear wheels

095
crease in the minimum permitted ground
earance over a large proportion of the

kelvin.lake@smu.ac.uk
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1979 — Indy car
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Underside
pressure
coefficient

Co
0

Base pressure less than atmospheric

diffusers before the rules limited their
width and distance behind the rear
axle line

Citfuser

1990 McLaren

Area A, Area A,

kelvin.lake@smu.ac.uk .
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Air dam
Limits airflow under vehicle
*Air velocity increases resulting in low
pressure

Splitter
*Stops air ‘spilling’ under vehicle

Reduced pressure

kelvin.lake@smu.ac.uk .
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Applications — Underbody flow
McLaren SLR

Flat under tray
Rear diffuser
Wheel deflectors

Honda S2000

Wheel deflectors

kelvin.lake@smu.ac.uk
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Vehicle Co A CpA

Ford Sierra 0.34 1.97 0.67
Vauxhall Calibra 0.26 1.88 0.49

Reducing the frontal area

10 inch wheels

*Won swedish GP in 1976

Current FIA regs state car must only
have 4 wheels

kelvin.lake@smu.ac.uk
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C, 0.86 > 0.57 <i
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Baseline RX7 RX7 - R-2
Drag Coefficient 0.29 0,31
Lift Coefficient, front 0.16 0,10
Lift coefficient, rear 0.08 0.08

Front Air Dam —

Rear Spoiler —
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Introduced in 1998
-Unstable under high speed cornering
-Several fatalities
*AUDI recalled 40,000 TT Coupes worldwide in Nov 1999
srear-wing spoilers were fitted to reduce lift
*Suspension settings were altered to increase understeer
*Cost to Audi was reported as nearly £200m ... S
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