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Optimising
tunnel

Full-scale wind tunnel time isn't cheap, but Racecar

[ |
t 1 I [ I e Engineering’s practical techniques and tips will help
you maximise the benefits

Ensure the best boundary layer contral
L available is used. This shot shows

t's all about preparation, MIRA's boundary layer fence,
according to Alex Somerset, which creates a fresh
race engineer to 2007 boundary Layer

British Touring Car champion  “vead oF the car

Fabrizio Giovanardi, and
a design engineer at BTC
champion manufacturer
Vauxhall/Triple Eight Race
Engineering. Somersel also
engineerad Matt Neal to the
2005 Drivers title in the
Team Dynamics Honda Integra
{featured in Aerabytes V16
MNE& and N7), and it's probably
no coincidence that he's a
great believer in the role of
dergdynamics, even in a series
supposedly offering limited
scope for such developments. So
wind tunnel time features high
on his R&ED priority list, and we'll
hear mare of his practical tips
during this article

However, far the first time
visitor 1o the wand tunnel, the
initial approach may need 1o
be a littie more basic. as David
Wain, manager at the UK's
only commercially avalable
full-scale wind tunnel at MIRA
suggests: ‘Until baseline figures
are established, you may not
know where 1o concentrate your
efforts. 50 we suggest that new
customers with no data come in
for a couple of hours to measure
his. After they've analysed the
baseline data they can then make
parts to try out and come back
for a development session,

Once you know the total
forces, and especially the front-
to-rear split of vertical forces, you
are in a better position to design
4 development programme. But
it isn’t always poing 1o be viable £
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oF possibie to make two visits,

in which case you just have o
prepare for all eventualities. The
key at the outset is to define
what you hope 1o achieve,
prepane a plan and gather the
requisite materials and tools. But
before you head off to the wind
tunnel, there's a lot more wusaful
preparation 1o be done

PLAMNING AND PREPARATION
First, prioritise the configurations
you want 1o evaluate, and then
wiork out how MY TLENS Yo
hope to fit into the allotted
session duration. One
of the first questions
then 1s how long does
a rum taka? At MIRA it
takes about a minute to
accelerate and stabilise
the airflow, a minute to
sample data, and a further minute
to decelerate the air again before
entenng the test section 1o make
a configuration change.

But of more significance
is the time it takes 1o make
the configuration changes
themselves, and this is key
to optimising yvour session, If
possible, install as many test
parts as possible on the car
betorehand, because removing
them will almost certainly be
faster than fitting them. If, for
expenmental reasons. this can't
be done - if strong interaction
between parts is likely for
example - then spend time
ahead of the session pre-fitting
parts to minimise fitting time
In the tunnel, Our professional
adviser, Alex Somerset, SUBgests
rehearsing changes and timing
how long they take so you can
refine your schedule. adding,

‘allow time and a half for mach
change. especially if they involve
jacking the caf up. Chances
are some moditications wall be
made up on the day too, so take
plenty of suitable materials (see
panel on p58) with you. Once
you've prepared your schedule in
this way, baar in mind that you
may have to deviate from it in
response to the resulls

Plan in time for “flow
visualisation too, using smoke if
available, wool tufts (which will
hawve been stuck on proviously
of course...) and test fuid if

A

L priaritise the
canfigurations you
want to evaluate ,DD

applicable. Time spent recording
thig with still and video cameras
can be very worthwhile, but eats
into your allotted test period all
100 quickly

ADVANCE INFORMATION
There 15 some basic information
that the wind tunnel team will
requirg from you in advance, The
maximum and minimum track
widths [to the inside and outside
of the tyres) and the wheelbase
enable the pads that sit atop the
load cells to be pre-adjusted to
fit. And a value for the frontal
area (see panel above) will enable
the data acquisition software to
calculate coefficients from the
forces measured by the load cells.
Other measurements usefully
done ahead include the front and
rear ride heights, ideally at easily
accessed reference points that
enable rapid verification in the

A small, well-organised team
Is all that's required 1o make
configuration changes efficiently

tunnel. Another time saver 1s 1o
wiork out what effect a turn on
the spring platforms or push/
pullrads has on ride height 5o
that predetermined incremental
changes can be quickly made.
O if ride height is not easily
adjustable, an alternative if the
tunnel! floor under the wheels is
fixed iz to pre-sat the car to its
lowest envisaped ride heights
and prepare some tyre contact
patch sized 'shims’ from
plywood, say Smm thick,
5o that a range of ride
heights and rakes may
be tested. Also check
with your tunnel team to
seg if they can provide
weights to simulate the driver
aboard and, if it's an open car, a
suitable crash helmet-wearing
dummy 1o put in the cockpit. An
idea of the weight on the front
and rear axles will enable you 1o
compare your scales to those of
the tunnel (which have, of course,
been properly calibrated),

One last important preparation

Having this
data in advance

onables data acgquisition
software to be used to
caloulate coefficients.
To caleulate this on
an opan-whaeal car
requires breaking the
frontal "silhoustte’ down
into rectangular and
triangular areas that are
more easily caloulated.

Estimating frontal
area of a closed car can
be done by subtracting
the approximate area
of the shaded portions
from the area given by
the (height x width).

task is to have a means of
strapping the brake pedal
flemly down to render the car
immovable. if it dogsn't have an
efficient parking brake that is

TESTING

An organised team is required for
a test session, with a designated
le=ader/decision maker, a
configuration notes maker/photo
taker (possibly the leader) and

a small group (probably two to
four people, as appropriate) to
carry out configuration changes
The sesshon leader may well be
a team aerodynamicist but. if

.

Setting the car up on the load calle and aligned with the alrflow is crucial
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Making sure you
have the following

itamsa with you will save
1,1'4:-1.1 time and money:

Heavy gauge card
Medium to low-
denzity wealing
block or builders PU
ineulation foam panel
Aluminium foil tape
(warious widths and
gauges)

Race tape, lots of
Cuick set super glue
Foam sealing tapa
Fasteners
Aluminium sheat
GFRF sheat

MDF, plywood
Flow vis fluid’,
which can comprisa
paraffin coloured
with a little copper
grease or tale.

Tools to work with
the above (check

in advance that
your wind tunnel
workshop has band
saws, guillotinas,
folders etc.)

Pre-fitting parts saves valuable tunnel time. Plan your programme well sa
parts that are interactive can be removed (or added) in the cormect order

your team does not have one
avallable, yaur wind tunnel can
probably provide one if pre
booked. Although an accessible,
fqualilied aemodynamicist will
probably incur an extra fee,
they will be a valuable asseL
especially in the early stapoes of
baselining and development.
Differant wind tunnels have

amny ‘Reynolds effects’, that is o
tay any significant difference
in the calculated coetficients

al different air speeds. Such
differences might anse, fior
example, it a particular car
shape creates flow separations
in different locations at the
ditterent speeds. If not, then
it's more economical to run at

different the slower
methods {j‘r’ﬁ - speed, and
of dealing e FEhEEFEI"u it also takes
with the changes and less time o
boundary = = accelerate
e timing how long e
stagnant thEY tEkE Dp decelerate
air that tha

develops along the wind tunnel
floor through viscous friction
(see panel). The important thing
with racecars with generally low
ground clearances is to specify
the best boundary layer contraol
that's available. And if rotating
wheels iz an option, then it's
clearly better to utilise that
facility, too

At MIRA it's usual to start a
zession with 3 couple of baseline
rums at different speeds 1o
establish whether there are

airflow. These initial runs also
serve 1o indicate what level of
repaatability is to be expected

Coefficients are generally
reparted to three decimal paces,
and one would expect duplicate
readings from a single run ta be
within one per cent. For exampbe,
on a GT car recently tested
for Racecar at MIRA, the drag
coefficient was around 0.500. so
an any pair of duplicate results
from a run, variation belween
results should be no greater than
0.005, or “five counts’. In practice,
duplicates from this session were
nearly all within two or threa
coumts. If variation consistently
exceeds this level, STop 1o ook
for neasons - semething may be
loose on the car and interfering
with the airflow

Once underway, it's then
a case of running through
scheduled configuration
changes, taking notes and
photos, and logging results. The
wind tunnel data acquisition
system generates an elec ironi

. TEETINE O0=

PU\H AHEAD AND

PHEP!HE WELL
Forward treck and
whesibate dimencions
10 the wind Tunng| i
alfvdnde

*  Pre-fit pars whems
possible

*  Haie a means :‘

""" gy IJ rakes 0N

v [-*r..,rp_- a,.l TRMDOANY
parts afe securely atfieed

Predetermine exacl

eftects of ride heigiht

Teguired

* Be methodical, work
through your schedule a
step at a time

* Have one persorn to take
notes and phatos

* - Hawve Ome Serson 10 make
CECIS RS

= Have a small proup 1o
make changes

& Always have materials
and tooks ready for
the mext configuration
thange

& Test a baseline sef up
perinds alhy

* - Allow time for Now
visualisation

*  Run regeats on key of
suspect tests

*  psect IE::" s e cayse of
OO0 dunlicate results

*  LUse thi best fioos
tgundary layes control
availabie

*  Analyse data fully after
the sessian

*  Ha prepated 1o track test

ahdate conchusions

Don’t

TURN UP WITHOUT

A PLAN

* Souander valuable tunnal
time i GisCussion of
decision making

MANEE Mone Than one

-"-ir'r._- atatime

*  Place absolute faith n
the resulls from parts
rear the ground in & fied
figor tunnel, especialty it
Thisre s no e L TR R

removal, Treat trends

file or paper print out at
session’s end. But it helps

Make time in your schedule for flow visualisatian with smake and waoal
tufis, especially if the learning curve on the car under test is steep
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" PRINCIPLES

to understand the results if
the team's note taker writes

down the key data as well or

types them into a laptop-based
spreadsheet. It helps too, where
appropriate, to plot the results of
parameters mapped over a range
of angles, heights or distances,
and this again can be done with
pencil and paper or spreadshest

at the time. Trends - and
deviations from trends - are much
easier 1o spol usng graphs.

BTC engineer Alex Somerset
advises that ‘should a
configuration kead to suspect,
contradictory or just plain
surprising results, if time permits
then flow visualisation using
a smoke generator can help
indicate what the flow in the
area of interest is doing. and
increase understanding.’ In any
case, on a first visit with a car
it helps enormoushy
to allet 10 minutes ﬂﬁ
during the session 1o

over the car and video
andfor photograph the
results for later study.
Mote that if ambient temperature
is below ‘comfortable’, then
standing in a wind tunnel at
25-30mph for flow visualisation

runs will cause major wind chill,
50 take a warm coat!

Sometimes an idea doesn't
work a5 hoped, so if some pars
show poor results, be prepared
to abandon that development
route. It is no less valuable to
discover which ideas don't work,
and negative results shouldn't
necessarily be disappointing.

As a final task dunng a
session, return to a baseline
contiguration for the last run,
This will increase confidence
im the results, as long as the
baseling is more or less the same
as it was earlier anyway.

INTERPRETING RESULTS

On that first visit to the wind
tunnel it can take a while to
home in on the numbers that
matter on the data acquisition PC
screen. MIRA provides a print out

negative results
wnthe smoke pume 2l Shouldn't necassarily

be disappointing pp

of the on-screen results during
the session, and examples are

shown on page 62. There are two

basic formats, displaying eithar

Be cautious of the results of ground-proximity devices. but assess trends

forces or coefficients, and each
has its uses.

The load cells under the
wheels measure absolute
aerodynamic forces exerted
horizontally, vertically and
laterally at the tyre contacts. The
coefficients are calculated using
the basic aerodynamic force

eguations, which include

This Is why an accurate
estimate of frontal area
makes the coefficients
meaningful. Let's run
through the print out to

sea what each column means and

determing which numbers you
are most likely to focus on
Looking at the force print

the frontal area of the car,

outs overieaf, from left 1o right.
the run/configuration numbser,
wind speed and yaw angle are
self-explanatory. The next three
columns are the basic total
forces: drag, side force and lift
(negative when it's downlorce),
Here the major forces are drag
and downforce, with small side
force being logged. Side force
arises either from a yaw angle
or from vehicle asymmetry.
In this case side force is very
small compared to the drag and
downforce, and can be ignored.
The moments MX, MY and MZ
arise from the distribution of the
aerodynamic forces around the
centre of gravity. Here there's
a large pitching moment (about

s

-

Commercially available full-scale wind tunnels

Name (Country) Tost soction Maximum
area, m* spaad
Aarodyn [USA) 21.0 209km/h
DNW LLF 90.25 max, E4Tkm/h
(Garmany, configurable {depending on
Netherlands) configuration)
Langlay FST (USA) 167.0 130km/h
Langley '14 x 22' 29.3 370km/h (270km/h
(USA) in open jot
configuration)
Lockheed Martin  35.1 321km/h
(USA)
MIRA FSWT (UK) 35.0 133km/h
NRC (Canada) 828 198kmi’h
Pininfarina (Italy)  40.3 250km/h
SAA GIE 82A 24.0 at nozzle = 240km/h’
{France)
Windshear (USA) 18.7 at nozzle 289km/h
WindtunneleXtreme 13.4 288km/h

Comments

Closed jet, contoured wall {option for slotted wall), boundary layer
suction, rotating wheels, Optimised for stock cars og NASCAR

Clesed or opan jet confiqurations, various boundary layer controls
including moving ground, tripping, blowing

¥, opan jet, fixed ground, ‘ground board’ or 'active secondary
boundary layer control’

Closed jet or ¥, open jet, single belt moving ground in late 2008

Closed jet, fixed floor with tangential blowing boundary layar control

Closed jet, fixed ground, boundary layer trip fence

Closed jet, boundary layer removal by upstream suction, and

lengthened ex-Pininfarina moving central ground belt plus wheel
rollers ta allow two cars on balt in 2008

¥, open jet, moving ground “T-belt’ comprising long central balt plus
short belts under front whoals

¥, opan jet, moving ground central belt plus driven wheels (max.
speed 200kmT)

¥, open jet. single belt moving ground. Coming on line during 2008

Closed jet, adaptive wall, moving ground, scheduled to be on line
in 2009
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--PRINEHPLES

AERDODYMAMIL
COEFFICIENTS

Tour results will
APDEAT AR A Bat of

the y-axis) arising from more
downforce at the rear,

The axles foads. YF and YR.
are the side forces measured
at each axle, and are negligibly
small. The vertical loads LF
and LR are important though,
showing the split of downforce
an the front and rear wheels (LF
+ LR = total lift)

Drag is often mone
comprehensible in terms
of horsepower absorbed,
and the next column shows
this in kilowatts (divide by
0.745 to convert o bhp). And
aerodynamic efficiency is

column indicates it is possible 1o
amend the frontal area used to
calcuiate the coefficients should
a configuration significantly alter
the area. Although coefficients
are just a mathematical treatment
of forges, they can make it
easier to quickly spot trends and
quantify gains or losses. Note
that as with the forces, CYF +
CYR = CY. total side force. and
CLF + CLR = CL to1al lift.

This printout format also
oters to calculate the centre
of pressure, which is the
point at which the tatal of
the aerodynamic forces is

numbers on & spread frequently expressed as lift effectively exerted, But the lift
sheet or printout (see divided by drag (L/D). The final per cent front is perhaps a more
right). The figures —

will be referenced by e —

abbraviations explained M

in our glossary here. e F“l“‘sﬂll'! Wind tunne|
CcD CX). dr € Forces

mm‘:} ag P Flma AbvEn g F a"d Hm
CY: side force coafficient [0 g MEMAINIINTS. wanren
CL (or CZ): lift T ICSmAT T § ML LEwoTy
coefficient (negative for u”rﬂ.’,“’ . oveasLs, pren
downforce) e ¥ T

CMX: asrodynamic roll /7155 oy g ' o

moment coefficient VTR o ci o8 ':.'F"-' - ?‘T";&?" "'

CMY: aerodynamic pitch " "“;FL-‘MJI|‘f;nm{:hm';nu'lit::k;.g.nj:!ﬂ‘-' N
moment coefficient D A e g

CMZ: asrodynamic yaw

moment coafflcient

CYF: side force

coefficient at front axle

CYR: sida force

coefficient at rear axle

CLF: lift coafficient at

front axle (negative for

downforca)

CLR: lift coafficient at

Fabe:  mevense

useful way of expressing the
aerodynamic balance, calculated
as [CLF / (CLF+ CLR)] x 100,

Of all these figures. the ones
to concentrate on in most cases
will be lift and drag. Balance
is key in Just about every case
where cormering is concerned,
whereas the trade off between
downtorce and drag is very much
dawin 10 your racecar and its
ompetition arena.

Once you've started
generating wind tunnel data,
the next questions will centre
on what those trade offs should

be. and on what aerodynamic
configurations you plan to test
at your next session...

; VERICLY boixy
rear axle (negative for ﬁf m'_f-:.
downforce) CORFITTRAT 1oy
XCP: centre of pressure TRIN KL lour
FRO8T &
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Al
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The contrel reom and the data acquitition PC

are the heart of any wind tunnel. Here's where
the results of all your testing will come to life
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THE WORLD'S LEADING
MOTORSPORT TECHNOLOGY
PUBLICATION

Each month Racecar
Engineering brings the best
possible insight into all forms of
the rapidly changing world of
motorsport engineering, From
keeping pace with the latest
technologies to expanding

vour knowledge of racecar
design and operation, no other
magazine gets you closer
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SPECIAL OFFER

GET THREE DIGITAL ISSUES OF
RACECAR ENGINEERING
TODAY FOR |UST £4.99/$9.99

3 Go to www.zinio.com to get a sneak preview and take up this great offer




