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APR PERFORNMANCE

OVERVIEW

Spanning 67 (or 61) inches over its optimized 3D airfoil shape, the APR Performance GTC-300

Adjustable Wing supplies maximum downforce in sports and touring car applications.

DOWNFORCE BALANCE

FRONT

CENTER

REAR

The Downforce Balance graph (shown at the left) illustrates which areas of the vehicle this product
affects.

There are three (3) areas: Front, Center, and Rear. The size of the red bar represents how much
this product affects each particular area.


https://www.carid.com/apr-performance/

BENEFITS

¢ Angle adjustment holes allow for easy tuning of downforce
e Reinforced pre-preg carbon fiber withstands extreme loads
¢ Interchangeable side plates help to further tune downforce levels

SPECIFICATIONS

Pattern

2x2 twill weave

Material

Pre-preg carbon fiber, 3K

Coating

UV-stable clear coat

Wing Span

67" or 61" w/ variable Angle-of-Attack (AOA) (center section
vs outer section angle difference: 15 degrees)

Hardware

Stainless-steel machine screws, washers, and nuts

Mounting

6061 billet aluminum brackets/pedestals with application-
specific bottom mounting bases



FEATURES

The APR Performance GTC-300 Adjustable Wing features a 3D airfoil shape that is desighed
to produce balanced downforce across its span on sports and touring car applications.

Each GTC Series airfoil is composed of lightweight and durable pre-preg carbon fiber
composite materials for superior strength and low weight.

Aerodynamically-tuned side plates (aka end plates), included with every GTC Series
Adjustable Wing, are critical components that help to ensure consistent airflow across the full
span of the airfoil.
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APR PERFORNIANCE

Supporting the airfoils are 10mm "aircraft grade" 6061 billet aluminum pedestals that come in a flat
black powder coat finish.

Computational Fluid Dynamics
(CFD)

Modeled in 3D and validated using Computational Fluid Dynamics (CFD), the APR Performance
GTC-500 Adjustable Wing is designed to adapt to a variety of widebody sports and touring car
applications.

¥. 106e+002




CFD DATA & ANALYSIS FOR THE GTC-300 ADJUSTABLE WING
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OVERVIEW
Contained herein are the data and results of the Computational Fluid Dynamics (CFD) analysis that was
conducted on the a 3D model of the GTC-300 airfoil. This data illustrates how the airfoil performs in free-stream
air flow by comparing Downforce vs. Angle-of-Attack (AOA) vs. Speed, and Drag vs. AOA vs. Speed. This data
will provide insight with regards to how the airfoil performs with respect to these conditions. Additionally, the
analysis contained herein will provide insight with regards to how to apply this data to real world applications.
DEFINITIONS
Typically, the AOA is defined as the difference in angle between the chord line and the vector that represents
the undisturbed free-stream air flow, where the chord line is the line that passes from the leading edge to the
trailing edge of the center section of the airfoil. For the CFD simulations conducted on the GTC-series airfoils,
the center cross-section of the reference plane (or "center reference line") is used in place of the "chord line."
Therefore, the AOA is defined herein as the difference in angle between the center cross-section of the
reference plane (shown in the image below) and the vector that represents the relative motion of the
undisturbed free-stream air flow. A ruler that is placed on top of the center section of the GTC-series airfoil

would be the real-life equivalent of this reference line.
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MIDPLANE CROSS—SECTION OF GTC—-300 WING
ORIENTATION SHOWN IS DEFINED AS ZERO ANGLE OF ATTACK

DATA COLLECTION METHODOLOGY

CFD simulations were conducted on a range of AOA values from 0O to 15 degrees, and speeds of 80 to 165

mph. Data values gathered from 18 different configurations were recorded using a



combination 6 AOA values (0, 5, 10, 12, 13, and 15 degrees) and 3 free-stream air speeds (80, 100, and 120
mph). Downforce (or "negative lift") and drag values are recorded for each configuration. The AOA values
were increased by in increments of 5 degrees, with additional data taken at AOA values of 12 and 13 degrees
(the reason for this will be discussed in a bit). Speeds of of 80 to 120 mph were used to represent medium-
high vehicle speeds. Additionally, a speed of approximately 165 mph was used to provide data for pressure
distributions, vector fields, and streamlines.

INTERPRETING THE DATA

Caveat: The first thing we must take into account as a caveat, before attempting to make any sense of this

data, is to realize that this all this data corresponds to a 3D airfoil placed in an environment of free-stream air.
So what's the significance? The significance lies in the design and intended application of this particular
airfoil. The chord length and chord line angle vary along its length in such a way as to be optimized for use at
the rear of a typical sedan-shaped vehicle, where the roof top is taller than rear trunk area. Basically, this
airfoil was never intended to be used in this CFD simulation's environment of free-stream air. This doesn't
mean this data is useless. This just means that we must understand that we have certain limitations, and that
application of this data must be applied to the real-world carefully.

AOA & Speed vs. Downforce & Drag: A quick scan of the data values shows that increasing the speed
results in increase of both downforce and drag, and increasing the AOA (up to a certain point) also increases
both the downforce and drag.

Variable Chord Line Angle: Starting at AOA = 0 degrees, the airfoil is already producing 672 N (or 151 Ibf) of
downforce at 80 mph, with a lift-to-drag (L/D) ratio of approximately 8.8. By looking at the pressure distribution
rendering below, we can see that, in the free-stream air flow, the outer sections of the airfoil contribute more
to the net downforce than the center section does. For reference, the outer sections of the GTC-300 airfoil
can have a positive chord line angle up to 15 degrees with respect to the center chord line. So, most of that
151 Ibf of downforce comes from the outer sections. Of course, this pressure distribution changes when the
airfoil is applied to a real-world scenario (installed on a vehicle), where the center section would see a very
different air flow than the one seen here.

Stall: At AOA = 10 degrees, we can see the in the graphs that the downforce begins to plateau. Between AOA
=10 and 12 degrees, there is very little gain in downforce, while drag continues to rise. L/D ratio varies from
approximately 7.1 to 8.1. What is happening here is that the outer sections of the airfoil, which are now at an
angle of 25 to 27 degrees (by adding 15 degrees due to the variable chord line angle) relative to the free-
stream air flow, are beginning to experience air flow separation such that the downforce on the outer sections
now decreases with increasing angle. The center section, being at an angle of 10 to 12 degrees relative to the
free-stream air flow, continues to provide more downforce with increasing angle. The plateau in the downforce
in this range indicates that the increasing downforce of the center section compensates for the decreasing
downforce in the outer sections, such that the net downforce still increases with increasing AOA. What we are
seeing here is the range of diminishing gains with respect to increasing the AOA.

More Stall: Between AOA = 12 and 13 degrees, we can see that the net downforce now decreases with
increasing AOA, and that the L/D ratio has dropped below 6.4 in some cases. This indicates that the gradually
increasing downforce in the center section is no longer able to compensate for the not-so-gradually
decreasing downforce in the outer sections. Additionally, because of the further air flow separation
experienced by the outer sections, the magnitude of drag begins to increase at a higher rate. The scenario
here is now beyond what we would call diminishing gains. We are seeing significant losses. Aside from
figuring out that it wouldn't be a good idea to operate the airfoil beyond this range of angles, we can note
these important points:

1) The center section, at AOA = 12 to 13 degrees, is nowhere near its stalling range.



2) The outer sections, which are now at 27 to 28 degrees, are the sections that are
operating in their stalling range.

3) Again, recall the caveat mentioned earlier --> That this data is derived from a free-stream
air flow environment, that this airfoil was not designed to function optimally in a free-stream
air flow environment, and that care must be used when applying these results in real-world
application.

What's Not Shown in the Tables or Graphs: By now, we have already figured out that there really is
no point to conduct CFD simulations on center section AOA values beyond 15 degrees. Without using
up valuable CFD time, and knowing that the center section has similar of the camber to the outer
sections (which are at +15 degrees greater angle than the center section), we can deduce that the
decreasing downforce or increasing drag curves in the graphs would most likely increase in steepness
significantly beginning in the AOA = 25 to 27 degrees range.

CFD DATA (TABLES)

The following tables show the actual data that were collected from the CFD analysis. The numbers in

the table are represented in Newtons (a unit of force). To convert to "pounds," divide the numbers by
4.44822 (where 1 Newton (N) = 4.44822 Pounds-force (Ibf)). For example, a downforce of 1286.89 N
would equal 289.3 Ibf.

CFD Analysis of APR Performance GTC-300 Wing
Performed by Chirath Thouppuarachchi using ANSYS CFX, completed 5772007

Forces in Newtons, AOA in degrees (as defined in the figure below)

80mph  100mph 120mph 120080 a0 100 120
0404 down force B72.454 105801 153389 228 down force (RMAOA) 672454 1058.01 1533.89
drag TE 1697 120002 174413 229 drag (DAOA) 781697 120,002 174413
down force (5A04) 816,603 128689 1564 36
E0mph  100mph  120mph drag (SA0A) 100277 158.287 230.275
5404 down force 516603 128689 186436 228 down force (10A0A) 897 545 1408 2036 16
drag 100277 158287 230275 230 drag (10404) 125307 197445 28694
down force (12A04) 903496 141782 204943
&0mph  100mph  120mph drag (12A04) 1H.M5 211618 30754
10A0A  down force 397 545 1408 203616 227 down force (13A0A) 901.955 141433 204362
drag 125307 197 445 28694 229 drag (13A0A) 139.934 220 357 320343
down force (15804) 829.792 1301.36 1876.51
80mph  100mph  120mph drag (15A0A) 159.373 250997 365564
12404 down force 903406 141782 204943 227
drag 134 345 211 618 0re4 229 Downforce
B0mph  100mph  120mph
80mph  100mph  120mph 0 672454 1058.01 1533.89
13A0A  down force 801955 141433 204362 227 5 B16603 123689 1864 36
drag 139934 220357 320348 229 10 897 645 1408 203616
12 903.4% 141782 204943
15404  down force 329.792 1301.36 1876.51 226 13 901955 141433 204362
drag 159.373 250997 365564 229 15 829792 130136 1876.51
Drag

80mph  100mph  120mph
0 761697 120002 174.413
5 100277 158.287 230275
100 125307 197445  286.94
12) 13435 211618 30754
13 139934 220357  320.348
15 158373 250997 365.564

The following graph illustrates the effects that air speed and AOA have on downforce only. The
higher the air speed and AOA are, the higher the resultant downforce is.
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The following graph illustrates the effects that air speed and AOA have on drag only. The higher the air
speed and AOA are, the higher the resultant drag is.

Drag
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The following graph illustrates the effect that air speed and AOA have on both downforce and drag.
The higher the AOA and air speed are, the higher the resultant downforce and drag are.
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CFD DATA (RENDERED IMAGES)

The following image illustrates the pressure distributions across the surfaces of the airfoil. The units are
in Pascals (Pa), where 1 Pa = 1.45 x 10*-4 Pounds Per Square Inch (Ib/in*2).
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The following image illustrates both the pressure distribution and streamlines associated with the airfoil.

Free-stream air is shown at 73.85 meters/second (m/s), which is approximately 165 mph if 1 m/s =

2.237 mph.
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The following image illustrates both the pressure distributions and vector fields around the airfoil.
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The following image illustrates both the pressure distributions and vector fields around the airfoil

different view angle).
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CONNECTING THE DATA TO REAL-WORLD APPLICATION

What we want to do now is to try to apply a bit of the CFD data and analysis to the real-world application
of using this airfoil on a vehicle. First, we will first need to change a few things around. The first thing to
change is the environment, because the mounted airfoil (both the center and outer sections) will never
truly see any free-stream air flow. Even though the outer sections of the airfoil may be positioned
beyond the vehicle's roof and body, and even though the air flow may be

"cleaner" or be more parallel to the ground plane, the air around the sides of the vehicle is still affected
such that it can no longer be considered to be free-stream air. Secondly, since we can no longer define
angle with respect to the relative motion of free-stream air flow, it is helpful to introduce and use an
additional term called "pitch." Previously, we had defined the AOA as the difference in angle between
the center cross-section of the reference plane (a.k.a. "center reference line") and the vector that
represents the relative motion of the undisturbed free-stream air flow. We will define pitch as the
difference in angle between the center cross-section of the reference plane (a.k.a. "reference
line") and a non-sloped ground plane that is parallel to the vehicle's direction of travel. A ruler
that is placed on top of the center section of the GTC-series airfoil would be the real-life equivalent of
the reference line. Additionally, to simplify the angle references and avoid confusion with AOA numbers,
we will use only absolute values (i.e. positive numbers), in conjunction with either upward pitch (front
higher than the rear) or downward pitch (front lower than the rear).

When the airfoil is mounted on the sedan-bodied vehicle, the center section actually be at an AOA that
is greater than 0 degrees. This is because the air flow to the center section will have a tendency to
follow the rear slope of the roof/glass/trunk area downward (see image below). This downward air flow
will vary in smoothness (whether it's more laminar or more turbulent, more attached or more detached)
depending on the shape of the vehicle (notice the air flow differences in the two vehicles shown below).



(Image from 3rd party source)

(Image from 3rd party source)



Knowing exactly what angles the air flows downward behind the roof and around the vehicle body is
information that would be "nice-to-know," but in practice, we don't really need to know all the details.
What we need to know is that the vehicle body has enormous effect on the air flow that reaches the
airfoil. We should also know that the center section of the airfoil sees an effective AOA value greater
than 0 degrees when the airfoil pitch is set to 0 degrees, and that the outer sections of the airfoil see
outer-section-only AOA values around 15 +/- some value based on how the body affects the air flow.
We already know from the CFD data that the outer sections of the airfoil begin to stall when the center
AOA s around 10 to 12 degrees, with even greater stall at 12-13 degrees. Therefore, we can
determine that the downward pitch of the airfoil should never need to be set beyond 12 to 13 degrees.
In vehicles with steeper rear roof/glass/trunk slope, the airfoil pitch may never need to be set beyond
10-12 degrees. Remember, the inner or outer sections of the airfoil will begin to stall at effective AOA
values of 25 to 27 degrees, with even greater stall at 27 to 28 degrees.

To re-iterate what was mentioned above, and to emphasize a few points:

1. At a center section pitch of 0 degrees, the effective AOAs of both the center and outer sections is
greater than 0 degrees. --> The airfoil is already creating downforce at 0 degrees pitch.

2. At a center section upward pitch of greater than 0 degrees, the effective AOAs of both the center and
outer sections will still be greater than 0 degrees up to a certain point. --> The airfoil is still creating
downforce at "positive” pitch values.

3. Aroof that slopes down to the trunk area gradually will allow the air to flow more smoothly (i.e. stay
attached longer, be more laminar, less turbulent, etc.) than a roof that slopes down abruptly to the
trunk area. --> Be very aware of how significant is the effect that the vehicle body shape has on
the air flow to the airfoil when trying to determine airfoil placement and airfoil pitch.

AIRFOIL SETUP

Setting the Airfoil Height:As a general guideline, vehicles with steeper-sloped rear roof/glass/trunk
areas are better suited to use higher airfoil mounting heights (just below the roof line). Vehicles with
gradually-sloped rear sections (i.e. fastbacks) can work well with lower airfoil mounting heights. There is
no strict rule for this, since every vehicle application is different. The GTC-300 airfoil comes with
pedestals of a recommended height for each intended vehicle application. Additional height can be
achieved by using optional risers.

Setting the Angle: It is helpful to know how the vehicle handles prior to installation of the airfoil. For the
initial testing with the airfoil installed, we recommend setting the airfoil pitch to 0 degrees using an angle
indicator tool. Test the vehicle's front vs. rear cornering balance at speeds above 45-55mph (on a
familiar track surface). If the vehicle tends to understeer (feel "tight") too much at medium-high speeds,
then dial in a bit of upward pitch. If the vehicle tends to oversteer (feel

"loose") at medium-high speeds, then dial in a bit of downward pitch. Try to make very small
adjustments as needed between each road test, and try to focus on adjusting one thing at a time (i.e.
don't change the airfoil pitch, tires pressures, and shock settings all at once).

Initial angle setup with the airfoil pitch set to 0 degrees, as shown on the digital angle indicator:



Center section: 0.0 degrees
Outer section: 15.2 degrees

Measurements are relative to the ground plane.
(APR GTC-300 shown)

Same as above, but with the angle indicator on top of the outer section:

Center section: 0.0 degrees
Outer section: 15.2 degrees

Measurements are relative to the ground plane.
(APR GTC-300 shown)

Maximum Angle: We don't recommend setting the downward pitch greater than 12 to 13 degrees,



even on vehicles with the most gradually-sloped rear roof/glass/trunk areas. On vehicles
with steeper angles at the rear, the downward pitch should not be set greater than 10-12

degrees.
Recommended maximum angle, as shown on the digital angle indicator:

Center section: 12.2 degrees
Outer section: 27.5 degrees

Measurements are relative to the ground plane.
(APR GTC-300 shown)

Same as above, but with the angle indicator on top of the outer section:



Center section: 12.2 degrees
Outer section: 27.5 degrees

Measurements are relative to
the ground plane.
(APR GTC-300 shown)

CONCLUSION

With so many vehicle configurations, track and road conditions, and weather and environment
conditions, it is nearly impossible to predict exactly how an aerodynamic component will change a
vehicle's performance and handling characteristics. Well-funded race teams continuously spend
significant amounts of time and money to perform computer simulations, wind tunnel tests, track tests,
and other research and development activities. For most folks, all these activities may not be within
convenient access. Nevertheless, we can at least let the CFD data and analyses contained herein
serve as starting guidelines in our quest to improve vehicle aerodynamic performance.

The information contained herein is property of APR Performance, and may not be reproduced in
whole or in part without prior written consent from APR Performance.



Gurney Flaps

Gurney flaps are available for all APR Performance

GTC Series (200/300/500) wings. These are super lightweight, made using pre-preg carbon fiber
processes, and conform perfectly to the contours of the GTC series 3D airfoils. They are easily attached
using the included double-sided tape.

HISTORY OF THE GURNEY FLAP

The Gurney flap (a.k.a. wickerbill) is an aerodynamic device that was originally pioneered and developed
in the 1970s by a racing driver named Dan Gurney. Unbeknownst to his competition, this device was
used to increase downforce while minimizing increase in drag. He found that not only did this device
increase the lift/drag (L/D) ratios, it also increased the stalling angles (so he could operate the airfoils at
greater pitch angles). It took a few years for everyone else to catch on to its purpose, and now, the

Gurney flap (or similar device) can be seen in race cars and even airplanes all over the world.

Wing Dimensions

Measurements for the GTC-300 Adjustable Wing are shown in the table below. Pedestal-to-pedestal
distances are indicated for standard applications. Custom pedestal-to-pedestal distances can be
accommodated for custom applications.




WING DIMENSIONS TABLE

A B C D E F G
GTC-300 Universal 67 /61 # 135 i 725 ns5 65
Acura MSX 1990-2005 67 =4 105 OEM 13.0° ng 65
Chevrolet Corvette (C5) 1097-2004 67 # 105 51 Q0 ns5 65
Ford Mustang S197 2005-Up 67 /61 # 105 40 Qo 15 65
GTM 67 # 135 75 725 15 65
Heonda 52000 2000-Up 67°/61 # 135 OEM 725 15 65
Infiniti G35 2003-Up 67 /61 # & 447 60 ng 85
Mazda RX-7 1993-1997 67 = 13 OEM 725 15 65
Mitsubishi Evolution & # @ 2003-2007 67 /61 # 13 OEM Q0 ns 65
Mitsubishi Evolution X 2008-Up 67 /61 # 135 OEM [sTe} ng 65
Nissan 350Z 2002-2008 67 # 135 35-36 725 ns 65
Missan 370Z 200g-Up 67 -1 135 10%4-2134 725 ng 65
Subaru Impreza WRX/STI 2002-2007 67 /61 # 135 48 725 15 B5
Toyota Celica 2000-2005 67 /61 # 10 OEM 725 1§ 65
Toyota Supra 18941097 67 k=4 15 OEM B ng 65

Special Motes:

#\ariable cord length (12” Inner/875 Outer). ~Fiberglass Mounting Base Included.

Discover other car spoilers on our website.


https://www.carid.com/spoilers.html



