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with Simon McBeath

Airdams

Often present, potentially very beneficial, but frequently
misunderstood, we explain how airdams work

he textbooks agree on the benefits of airdams to both downforce
and drag, but explanations of the mechanisms involved are mixed.
We've used CFD to measure and 'see’ what actually happens to a
racecar fitted with an airdam.

Advantage CFD used a similar full-scale model NASCAR racer to that
used in the study reported in VuNii. This incorporated detail such as a
‘rough’ underside with exhaust pipes, chassis rails and cavities, and also a
rear spoiler (see figures 1 and 2). Simulations in 3D CFD were run at som/s
(18okm/h or 112mph) air speed, and three different airdam depths.

The plots in figure 3 show the results of downforce and drag (as
dimensionless CDfA and CdA values, the product of frontal area and the
relevant coefficient) and show total downforce increasing and drag
decreasing with airdam depth. [Note: downforce is treated as 'positive’
and lift and as 'negative'.] The downforce benefit dominates at the front
end of the car. Furthermore, the rear end actually loses some downforce.
The trend is heading towards a more even front to rear balance and
greater aerodynamic efficiency (downforce to drag ratio).

As only three depths were evaluated it would be a little careless to
suggest these trends would continue beyond the deepest airdam
measured here, and the textbooks suggest that drag would actually start
to rise again at some greater depth. However, our purpose here is to
explain the effects.

Looking first at how the airflow is modified by the airdam, figure 4
shows that less air passes beneath the car and more air is pushed around
the sides with an airdam. In figure 5 we can see there is a region of
recirculation behind the airdam. Furthermore, the so-called 'stagnation
point’ — where the air hits the car head on — is lower when the airdam is
fitted, more air being pushed over the bonnet (hood) and therefore less
being pushed under the car.

Changes to the pressure on the upper and lower body surfaces occur
because of these flow modifications. Figure 6 shows the change in
pressure coefficient, PCp (deltapCp), plotted on the main surfaces. But
only the vertical (Z-direction) component is shown, so that the effect on
downforce is isolated for clarity, hence the PCpZ designation. Thus reds
and yellows indicate additional lift while blues and greens indicate
additional downforce.

The forward upper surface shows a small positive (upward) change [ ]
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Figure 1: NASCAR
model showing three
different airdam
variations

Figure 2: NASCAR model
showing the realistic ‘rough’
underside
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Figure 3: effect of airdam length on downforce at the front and rear, and overall drag

in pressure, indicating the airdam causes some additional lift over the
bonnet. The underside however shows a large area of negative (vertically
downward) change in pressure, indicating ‘suction’ on the underside
caused by the airdam. This extends roughly halfway along the car then
changes to a slight positive value, indicating some lift under the rear after
the airdam was fitted. The net result is the gain in downforce we see,
which is concentrated at the front.

Figure 7 shows the pCppX plot, indicating pressure changes in the X-
direction, where positive (red and yellow) is an increase in rearward
acting pressure (more drag) and negative (blue and green) is a decrease in
rearward acting pressure (less drag). Clearly the airdam itself creates drag
where the air runs into it, but there is less drag on the forward part of the
bonnet above it. There is also a reduction in drag from the wheels and
significant areas of the underfloor and associated clutter. The net result is
the decrease in drag.

Can we explain these changes using Bernouilli's Equation? Well, the
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Aerohytes

Figure 4: overhead
view of streamlines
for the no airdam
and 100mm airdam
cases at 200mm
from the ground

Figure 5: side view
of streamlines at the
car centreline for
the no airdam and a
100mm airdam

Figure 6: effect on
downforce of adding
a 100mm airdam

Figure 7: effect on
drag of adding a
100mm airdam

Figure 8: the effect of adding a single 100mm airdam on static pressure around the car

reduction in lift and drag over the forward part of the bonnet can both be
explained by the increased flow over this area caused by the airdam,
which leads to an increase in velocity and a Bernouilli-type drop in
pressure. The slope of the bonnet means there are forward and vertical
components to this pressure reduction, leading to decreased drag and
increased lift over this region. The additional drag on the airdam is also
simply explained by Bernouilli, the airflow coming to a virtual stop here,
leading to low velocity and high static pressure acting rearwards.

The underside region behind the airdam is not so simple. As we saw in
figure 5, the air behind the airdam is re-circulating and moving relatively
slowly and yet, as we saw in figure 6, the pressure is reduced behind the
airdam. This seems to contradict Bernouilli, and the effect more readily
falls into what Erik Zapletal referred to in Vi2N4 as 'aerostatic downforce
that is non-Bernouilli in nature'. Advantage CFD's explanation goes back
to a modified version of Bernouilli's Equation to explain the mechanism:

ps + 1/2rV2 + losses = constant
where ps is static pressure and 1/2pV2 is dynamic pressure (P, Greek
letter 'rho’ is air density, V is air velocity).

We tend to think of Bernouilli's equation as describing 100 per cent
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Figure 9: effect of adding a 100mm airdam on total pressure movement around the car

efficient interchange between static and dynamic pressure, so that when
velocity and hence, dynamic pressure increases, static pressure
decreases. As a statement based on the Conservation of Energy that's fine
but, as Erik Zapletal pointed out, it assumes there will be no addition to,
or subtraction (losses) from, the total pressure energy in a system. But in
reality there always will be losses. Bernouilli also assumes the flow will
be smooth, and around a non-streamlined device like an airdam, the
airflow is turbulent.

So we've got a region of turbulent, low velocity flow that is also at low
pressure. How can CFD help explain this? Figure 8 shows a pCp plot that
reveals the changes in static pressure along the car centreline that occurs
when the airdam is fitted. This shows clearly that there is a very marked
drop in static pressure behind the airdam, which is where our front-end
downforce originates. We know that the velocity here is low, so we know
that the dynamic pressure is also low. So we must conclude that losses
from the flow have increased here. Figure 9, showing a pCppPT plot, the
change to total pressure, confirms this by showing that total pressure has
in fact dropped behind the airdam.

Next month we'll add a splitter to the airdam. @

www.racecar-engineering.com



SUBSCRIBE TODAY

and stay one step ahead for 30% less!

e SaAVEe 3090 . tne normarpric

nis... o - == @ ALL the latest industry insights before the competition!
BARRE : @ NEVER miss an issue
o= ' ® NO price increases for 12 months
@ FREE postage and packing
@ GUARANTEED delivery to your door, worldwide
@ FULL satisfaction guaranteed

- L]

api:i-:)raér call our hotline
Tel: +44 (0)845 676 7778

Please quote 26T. Lines open 7 days a week, 9.00am-9.00pm (UK time)
OR SUBSCRIBE ONLINE AT WWW.RACECAR-ENGINEERING.COM

! Click here to download our new digital version now

=1

or go to www.racecar-engineering.com/digital

SUBSCRIPTION ORDER FORM

Simply complete this form, attach your payment and send it to: YOUR DETAILS
UK: Racecar Engineering Subscriptions, Title: ...... Initial: ............ SUMNEAME: .oiiiiiiiiieee e
FREEPOST CY1061, Haywards Heath, AQAIESS, .ttt e e e e e e e e e

West Sussex RH16 3ZA, UK (NO STAMP REQUIRED)
Overseas: Racecar Engineering Subscriptions,

PO Box 272, Haywards Heath,

West Sussex RH16 3FS, UK (PLEASE AFFIX CORRECT POSTAGE) EVENING TEL: oo

If you would like to receive emails from Racecar Engineering and IPC
containing news, special offers and products and service information, and

Postcode: ........ccccuviueenen. Country: .o

Yes, | would like to subscribe to Racecar Engineering

and get 30% off the normal price take part in our magazine research via email, please include your email
12 issues Offer price address below:
D UK (annual) £37.80 SAVE 30% 4P SRR
[ ] UK (6 monthly direct debit) ~ £18.90 SAVE 30% PAYMENT DETAILS
D USA $86.10 SAVE 30% DI enclose a cheque for £/$/€.......ccoviivieieiereen
made payable to IPC MEDIA LTD.
i 0,
[ ] Western Europe & Eire €64.75 SAVE 30% []iwishtopayby  Mastercard ] visa [] Amex []
0,
[ ] Rest of World N _ £53.90 SAVE 30% Diners [ ] Delta [ ]
N.B.All overseas subscriptions receive an airmail service.
All prices are discounted against our standard subscription rates. | || || || | | || || || | | || || || | | || || || |
ATTENTION ALL NORTH AMERICAN SUBSCRIBERS
TOLL FREE: 1-800 EWA 4454 . .
e 732 424 7814 Expiry Date:........ccocuene Signature .......ccceeveeeeeeceeseeeeee Date......cc.....
Web address: www.ewacars.com CLICK HERE Elata protection: H[a'cecsr EnginEeer_ing,_puinsdhﬁ’dc by IEjBI_LVIeIdia Lttd (IIFC),hwiII 'iu"etﬂl y?lur pfrsunal infurhnatikun
" I r order. r Engineering an n r ne to promote an
Postal address: EWA, 205 US Highway 22 ygul: g;ﬁ:fn yn?luuu? m%gazi?l[;escgnd sglrv?gels. ﬁaase ticlllvﬁgre ilf ;m? ;&fearc& hyezll]rn ?ro[r]n I.?Seg .nIF?C ‘r]ngyonc[:::siaunalﬁs pass
Green Brook, New Jersey, 08812 USA your details to carefully selected organisations so they can contact you by telephone or post with regards to promoting and
’ ? researching their products and services. Please tick here if you pre%r not to be contacted O

Offer Closing Date: 31 December 2005 (26T)


www.racecar-engineering.com
www.racecar-engineering.com
www.racecar-engineering.com/digital
www.ewacars.com



