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side forces.” As this was written, “our
new Side Force Measurement Wheels are
completing final engineering evaluation,
and should be available to customers in
the very near future.”

At the same time, Greg Fadler, of the
GM Aerodynamics Group in Detroit,
Michigan, pointed out how much can be
accomplished in a full-size tunnel without
a rolling road. “We operate the world’s
largest dedicated automotive test facil-
ity. We still have a fixed floor, but we have
primary and secondary boundary-layer
control. Just upstream of our 138 mph test
section we have a splitter, and we draw
the boundary layer off there using suction
between the floor of the tunnel and split-
ter itself. Then for low-ground-clearance
vehicles—that is, for motorsports appli-
cations—we have a perforated plate
just upstream of the balance; and we
can open that up and apply secondary
boundary layer control, as well.” The six-
axis balance itself can turn 360 degrees,
“so we can do a full yaw sweep to the
left or right. We wouldn’t expect anyone
to use our wind tunnel for under-body
development, but it's an excellent facil-
ity for developing spoilers and things of
that nature. The NASCAR roof flaps that
deploy when the car goes backward were
developed here.”

Fadler also emphasized the importance
of buying not just “tunnel time, but tech-
nical support. We have 25 people who
do aerodynamic research for custom-
ers, whether it's CFD, physical testing, or
both. Rather than just blow air for you,”
GM technicians can suggest specific
changes to help manage lift, drag, and/
or side force—"and guide the customer
through that.”

“We offer race teams an affordable
option in wind-tunnel testing,” added A2’s
Salazar. “Ten or 15 years ago, teams had
to choose among the Big Three automak-
ers’ wind tunnels in Michigan, aeronau-
tical tunnels such as Lockheed Martin
in Georgia, or the National Research
Council (NRC) up in Canada. Full-scale
tunnel testing cost in the range of $1500
per hour. Today A2 is priced at $460 per
hour, and is a very good tool for serious

amateur or low-budget professional
teams to ‘get their feet wet’ with wind
tunnel testing and learn how to efficiently
test for better aerodynamics.”

Race teams, Salazar continued, “can
learn a wide range of information, and
depending on the type of racing, they
can apply the data for better performance
on the track. Most people associate wind
tunnels with drag reduction, and although
this is an important variable when deter-
mining top speed, aerodynamic balance
is important, as well. By ‘balance’ we
mean balancing the downforce front-to-
rear. A race car with less overall down-
force but better front-to-rear balance than
a competitor will corner faster.

“Wind tunnel testing can be a bit over-
whelming if you’ve never done it, but
we are available to help answer ques-
tions and help you prepare for a test and
understand the data. We also have tools
for measuring airflow in radiators, three-
to four-inch ducts, and oil coolers. Any
time you have internal cooling you will
affect the aerodynamics in a negative
way. By trying different ductwork designs
you might be able to cool more efficiently,
and therefore be able to reduce the size
of the cooling inlet, which would help the
aero of the car,” Salazar said.

Meanwhile, AeroDyn Wind Tunnel,
LLC—which, like A2, is located in
Mooresville and owned by former GM
and then Hendrick Motorsport aerody-
namicist Gary Eaker—offers relatively
economical services to top NASCAR
teams because it was designed spe-
cifically for their needs. Ryan Thigpen
said, “With the ability to spin the tires at
race speeds, ease of making ride-height
changes, and more accurate underbody
flow simulation, AeroDyn quickly became
the new home for nearly every competi-
tive NASCAR Cup team. Race teams can
acquire data from the six-component
balance, to measure the aerodynamic
forces on a vehicle at race speeds.
While our services have remained basi-
cally the same over the last few years,
race teams have learned to take better
advantage of the information they
can gather here and use it to make
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significant gains in performance.”

And although AeroDyn “targeted the
NASCAR community from the beginning,”
the facility has since “branched out to the
other circle track and road racing series
that we can accommodate.” AeroDyn is a
full-scale, 130 mph wind tunnel that also
offers duct and radiator anemometry—uwith
data presented in an Excel worksheet.

CFD for Me?

Fadler, of GM Aerodynamics Group,
told us that the biggest changes he’s
seen in recent years involve the increased
use of CFD “in addition to physical
testing. Half of our staff’s full-time activity
involves CFD. We use it to develop pow-
ertrain cooling as well as external aero.
CFD is the road map for physical testing.
It's a wonderful tool that provides you with
great flow visualization, and it identifies
areas of opportunity for improvement. Its
downside is that it's very slow in terms
of throughput.” In comparison, it's much
harder in a wind tunnel to see exactly
what’s causing the forces you are measur-
ing, “but it’s very fast in terms of through-
put. So we couple the two together, and
use CFD to identify areas of opportunity,
and then the wind tunnel to quickly reme-
diate them. Then we integrate what we've
learned into the base design and repeat
the process.”

Dr. Rob Prucka described the simu-
lation services offered by the Clemson
University International Center for
Automotive Research (CU-ICAR) in
Greenville, South Carolina. “We have
PhD-level students performing motor-
sports research projects that address
engineering design issues under the
compressed deadlines of the motor-
sports industry. By taking advantage of
Clemson University’s world-class com-
puter infrastructure, they are able to
generate high-fidelity design and perfor-
mance simulation routines. For example,
we are currently conducting a research
project using multi-dimensional CFD with
intelligent optimization, to design engine
gas-flow-path shapes while maximiz-
ing volumetric efficiency. This project
requires a massive amount of comput-
ing power; however, it maintains the

high accuracy required for motorsports
applications and can significantly reduce
the number of required physical proto-
types. A similar engine research project
is ongoing that investigates optimal com-
bustion chamber shapes for maximum
efficiency and power.” CU-ICAR custom-
ers include “NASCAR, F1, drag racing,
and ALMS teams.”

Additionally, Fadler noted the growing
realization that a research facility needs
more than one CFD program. “We used
to be a one-CFD company. But | like to
use the crescent-wrench analogy: You
wouldn’t go to the best technicians on
our Proving Grounds and take all their
tools away, issue them instead a single
crescent wrench, and tell them that every
job they need to do can be done with that
wrench. No, you would expect them to
have the best tools they need for every
job they undertake—and if they didn’t
have a tool they needed, the company
would get it for them. The logic is the
same with CFD. Different CFD tools have
different advantages and disadvantages.
So we try to leverage the best of the
market, to be nimble enough to exploit
the advantages without being hamstrung
by the disadvantages.”

And it’'s not just in fluid dynamics that
mathematical modeling can be useful.
The MathWorks of Natick, Massachusetts,
offers “two platform products that teams
have found useful for designing a better
race car,” said Ethan Woodruff. “The first
is a rich development environment called
MATLAB—a flexible and powerful pro-
gramming and analysis tool that exercises
textual scripts.” MATLAB has proven useful
“in conjunction with shaker-rig testing, to
augment analysis of data acquired from
popular data acquisition systems such as
Pi Toolbox, and for kinematic modeling”
among other purposes.

“The second family of tools is a graphi-
cal modeling and simulation environment
called Simulink, which is built on top of
MATLAB. Simulink allows engineers to
quickly realize a time-based mathematical
model by connecting together blocks that
represent different mathematical opera-
tions.” Its primary uses include not only
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such equation-based modeling but also
“black-box modeling based on recorded
data such as System Identification and
Neural Networks; and physical model-
ing where a block represents a physical
entity such as a mass, or a physical force
such as friction.”

According to Woodruff, Simulink is
used most often for “kinematic simula-
tions, track simulations, and multi-post
(that is, more than seven) virtual shaker
rigs.” And the engineers who have used
it have found Simulink to be flexible.

“While many recent engineering grad-
uates are familiar with MATLAB from
college,” Woodruff continued, “some
current team engineers are more used
to using Excel or traditional languages
such as C, and are hesitant to start
using a new tool. They fear that change
could mean a lot of re-work”—when the
nature of their work means time is always

“When a sanctioning body reduces
physical testing to contain cost,” added
Prucka, “emphasis is generally shifted
toward more simulation. Advanced sim-
ulations become very critical to the phys-
ical testing process because they help
rule out bad designs quickly, and allow
teams to use their precious track time
for refining promising technologies. So
testing preparation using simulation has
become critical in the past few years.”

Langford noted how shaker-rig testing
saves money, regardless of a sanction’s
rules. “The amount of track testing is
limited by two factors: what is allowed
by the rules, and how much money the
team has.” Teams that use shaker rig
testing instead “don’t have to pay for track
rental, tires, fuel, or a driver. There isn’t
any engine or drivetrain wear—and there
isn’'t any crash damage from feeding it
into the tire barriers because someone

“The NASCAR teams have now purchased their own
shaker rigs—having seen the benefits of using ours.”

short. “However, race engineers always
have a few ideas that they have thought
about trying, but never followed through
on because it would be too difficult to
implement those changes in those tra-
ditional environments.” But once intro-
duced to MATLAB, they “become very
excited about how quickly they are able
to realize their ideas.”
Containing Costs?

Most of our experts agreed that cost-
containment rules—along with a slow
economy—have actually increased
demand for all kinds of off-track testing
and simulation. “Current economic con-
ditions have certainly required motor-
sports organizations to make significant
cutbacks,” observed Clemson’s Suzanne
Dickerson. “Research and development
activities have been a big part of that
reduction, so it is very challenging in the
current economic climate to convince
racing teams to invest in high-risk, long-
term research projects. Still, interest in
our research and facilities has remained
strong throughout the recession, since
teams are always interested in gaining
a competitive advantage.”

dropped oil in Turn 7.”

“As NASCAR makes the rules tighter,”
Simons agreed, “teams use more off-
track testing to get that last 0.1 percent
of performance. While all teams can
benefit from K&C data, teams that run in
severely rules-restricted series have an
even greater need for ongoing off-track
testing to optimize their car within a very
narrow window.”

And, as we've tried to emphasize from
the outset, it isn't just the big professional
teams who are doing it. “If you look at the
profile of the people who approached us
at last year’s PRI Show,” Koch said, “it
wasn'’t the big race teams, but the inde-
pendent racers and medium-level teams
who are looking for ways to innovate their
fabrication process.” Before, these teams
would conceive innovations that they
did not know how to realize—"but now,
they know that they can do it, because
they understand the process. At least
200 people visited our booth at PRI. For
some of them, the things we sold were
real eye-openers.

“But others knew exactly what they
were looking for,” he concluded. <«
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