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1.0 Introduction

The base of this report will revolve around Aerodynamic testing that will be carried out within 2
simulations sessions. These sessions had to be planned to gather specific data needed to manipulate
aerodynamics to improve overall car performance. The marker of “overall car performance” will be
judged by lap time and also how comfortable the driver of the vehicle was during the testing
sessions. Some of the vehicle setups while be analysed to see where they either gain or lose overall
performance. Some of the defining factors that’ll be analysed:

¢ Negative Lift (Downforce)

e Longitudinal Weight Transfer

e Centre of pressure

« Downforce affect on front and rear axles.
e Driver Feedback

Platform

The platform for this report will a based on a Formula 2 car similar to the image above. The vehicle
will be recreated in a Baseline Performance simulator so data can be gathered and compared. The
gathering of the data is with the hope to find a good Aerodynamic balance for the vehicle. Formula 2
Cars like the one above, have prominent aerodynamic features like the front and rear wings. These
are the devices in play which create the downforce. The manipulation of these components to
increase vehicle performance will be the aim of the investigation

“Although human factors are frequently publicized as the reason behind the success or failure of one
racing team or another, engine power, tire adhesion, chassis design and, recently, aerodynamics
probably play a more important role in winning this technology race” (Katz 2006)




2.0 Session Planning

When testing in motorsport a definitive plan can prove essential to get the most out of time.
Ensuring enough information can be gathered with a single session can make a difference. Setting
goals to hit during each session can enable a team to gather the desired data. The goals within these
sessions were made into “setups”. These setups were changes in the aero dynamic balance of the
vehicle which will affect the overall handling.

2.1 Session 1 — Coast Down testing.

Coast down testing was carried out in the first session. A test plan was put together to gather data
on different aerodynamic setups. A coast down test was carried out. “The coast down method has
been successfully used, over a number of years by different researchers, in an attempt to determine
the tyre and aerodynamic drag coefficients for normal road cars from track data”.C.M.Crewe 1994,

By using the coast down method, with the analysis tool motec, the aerodynamic properties can be
collected to see how altering the front and rear spoilers affects the vehicle. By increasing and
decreasing the angle of the spoilers, the amount of negative lift can be manipulated. Negative lift is
also referred to as downforce, which is the amount of pressure, acting downward on the vehicle. It's
this force which can aid handling performance.

The simulator used in the test sessions had 18 options (1 the lowest, 18 the highest) for spoiler
angle. The testing session was limited to 1 hour per session. This meant that a plan needed to be
devised to make the best of the time available. Ideally every single setting combination could be
tested to gather the data from, but this wasn’t an option within the time constraints. Within the
team, a table was created of the best compromise setting, essentially leaving some of the possible
wing angles out. Three specific points were identified along the range within the simulator, and

these were used to create a test plan.

Wing Setting Setting Value
Minimum wing 1
Medium wing 9
Maximum wing 18

With these settings confirmed, 9 combinations were created in order to test setup variations.

Front Wing Setting Rear Wing Setting
Minimum (1) Minimum (1)
Minimum (1) Medium (9)
Minimum (1) Maximum (18)
Medium (9) Minimum (1)
Medium (9) Medium (9)
Medium (9) Maximum (18)

Maximum (18) Minimum (1)
Maximum (18) Medium (9)
Maximum (18) Maximum (18)




2.2 Session 1 Test Criteria

At its core, coast down testing is to take a vehicle up to a specified speed, then “coast” to a stop. The
term coast means to disengage drive and allow environmental forces to slow the car. These forces
are the forces that act upon the car such as the Aerodynamic Drag force (drag created by the front
and rear spoilers) and the resistance created by tyres.

Within the testing, the only variable changed was the amount of Aero Drag force. This was achieved
by altering the amount of wing previously mentioned.

Coast Down testing Plan

Activity Setup
Sim Setup

Run 1 Min/Min
Run 2 Min/Mid
Run 3 Min/Max
Run 4 Mid/Min
Run 5 Mid/Mid
Run 6 Mid,/Max
Run 7 Max/Min
Run 8 Max/Mid
Run9 Max/Max

Figure 1 : Gantt Chart displaying the time scale for Test session 1

The plan was made to fill the whole hour preductively. It was estimated that setup could take up to
15 minutes. This included briefing the driver on what we wanted him to perform. Then the term
devided the remaining time by the minimum amount of session we wished to carry out
(45minutes/9setups). This test plan is what was follwed to carry out the coast down test. Although
these are the selected time slots for the testing.

2.3 Team Roles
Motec Analyst — Someone needed to ensure that at the start and end of every session the computer
using the Motec loggindg data was collected the data as required

Setup Technician — At the start of the session and the start of every test, a team member was
required to start the race simulator, aswell as change the vehicle setups. The Setup technician was
also required to chage the setup after every test run.

Live Race Analyst/Adviser — It was this team memers role to make sure that the driver was driving
consistantly and keeping good time.

Event Analyst — It was this team members role to ensure that any mistakes made by the driver was
taken note. These events can then be analyst post test session to see where the driver went wrong.




2.4 Session 2 — Setup Track testing

Test session 2 also took place in the simulator. But instead the setups were used around a trackin a
hot lap simulation. Similar to session 1, motec was in use during this test to collect data as the car
went around the track with the different setups. With this data then, comparisons can be made with
the data traces.

As the same with the first session, the team was set a strict time fram where we needed to get all
the testing done. At the end of the first session, the team had finished slightly ahead of schedule.
This mean the team could run a lap of pembrey race track to gather an idea on how long each lap
will take. A lap was completed that the driver was confident was a decent pace, and then the second
session was planned according to this laptime. Similar to first session, the same nine setups would
be selected to test.

Activity Aero Setup
Sim Setup
Run 1 Min/Min |3 Laps|
Run 2 Min/Mid 3 Lapg
Run 3 Min/Max 3 Laps
Run 4 Mid/Min 3 Laps
Run 5 Mid/Mid 3 Laps
Run 6 Mid/Max 3 Laps
Run 7 Max/Min 3 Laps
Run 8 Max/Mid 3 Laps
| Run 9 Max/Max &) Laps| ]

Figure 2 : Gantt Chart displaying the time scale for Test session 2

The timings worked out similar to the first session. In the first session the team wasn’t sure on how
long each coast down test would take, but after learning how long a lap will take, an estimation that
each setup would take 5.8 minutes was made. After the first session, the team was more familiar
with the simulator and could operate it faster, this needing less time to initially setup.




3.0 Results

3.1 Test Session 1 Results
After combining the coast down test with the data collection on Motec, values were able to be
collected from each run which could be used in turn to calculate the individual drag coefficients of

each setup.
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Figure 3: Table showing points where Velocity and Time frame is taken

The above image (figure 3) shows the speed of the car in the coast down testing. From left to right
the trace shows the vehicle initially accelerating to the starting point. Then waiting for the go ahead
to launch. The vehicle then accelerates to maximum speed and once the speed levels off, the car is

set into complete neutral and let coast down to a stop.

From the slope where the car is coasting, the location of Velocities and time scales are taken. By
doing this, the speed at the top of the slope at X:seconds, and be compared to the speed at the

bottom by Y:seconds.

Between the Velocity points in the deceleration force;

(Velocity 2 — Velocity 1)
(Time 2 — Time 1)

This equation will be used to calculate the deceleration force between the first point, and also the
second. The second deceleration points is used to calculate the rolling resistance:

(Mass = Deceleration rate 2)
From this point the Aerodynamic Drag can be calculated:
(Mass = Deceleration Rate 1) — Deceleration rate 2
The Ultimately the Coefficient of Drag can be calculated:
—((Mass+Decell)—(Rolling Resistance)) All equations —T.Tudor 2019.

(0.5+Air Density=+((Velocity 1+Velocity 2))
/2
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Figure 4 : Tables of figures found after the first test session

3.2Test Session 2 Results

Session 2 was more dynamic than the first. The car would go out on track and then the driver would
get 3 laps to try and get the best out of the car, without pushing too hard. The reason the driver was
told not to push as hard as possible, was purely for consistency, regarding the collection of data. If
the driver was to push too hard the probability of mistakes starts to increase, and due to the strict
time applied to the session, the team couldn’t afford mistakes. The same 9 setups from the coast
down test were tested in session 2 to see how they would react to change in aero force going
around corners and braking zones.

Aero Setup Session Time Best Lap Time
Min-Min 12:46:56 0.48.072
Mid-Mid 12:53:03
Max-Max 12:58:48
Max-Min 13:04:30
Min-Max 13:09:37 0.48.314
Max-Mid 13:15:25 0.50.455
Min-Mid 13:22:08 0.47.848
Mid-Min 13:27:42 0.50.873
Mid-Max 13:33:59 0.47.800

Figure 5 : Table of Laptimes found during test session 2. Green = Fastest Lap, Orange = 2"
Fastest Lap , Red = Slowest Lap

When looking at the table (figure 5), on first observation of the aero setups, the two setups with the
same amount of wing front and rear, have come out as the fastest laps. Analysis will follow to find
out why.




3.3 Driver Feedback

Before analysing any of the data collected in the second session, one of the team members ensure
to get the driver opinion of each setup as the setup was changed. When the making a race, driver
may haver a preference when it comes to handling. One may like a car that tends to oversteer,
another may like a car that is loose at the back, in this case gathering the drivers feedback can be
essential. In some cases a driver may put in a good lap in a setup they don’t particularly like, so it's
important they’re comfortable.

Setup 1 - Min/Min (6/10)

e Low grip (understeer)
¢ Balanced
¢ COP close to centre

Set 2 — Mid/Mid (7/10)

« More grip than first setup
o Slightly Less understeer than setup 1

Setup 3 — Max/Max (9/10)

* \Well Balanced
¢ Much better grip although still tends to understeer at speed
« Very comfortable

Setup 4 — Max/Min (1/10)

¢ Undriveable
e \Way too much oversteer
e Feels like zero Downforce at rear

Setup 5 — Min/Max (5/10)

e Sluggish through corners
¢ Understeer at high speed
e Feels worse than setup 1

Setup 6— Mid/Max (3/10)

e QOversteer
+ Can feel rear downforce, but very unstable

These are some of the setup reviews from the driver. Including both the fastest lap and the slowest.
When talking to a driver about which setup they felt was good, helps the data analysts searching for
the ideal setup.




4.0 Data Comparison
4.1 X/Y Total Aero Force vs Speed m/s

Figure 6 : X/Y Graph of Slowest Lap (Setup = Max-Min)

Figure 6 displays the amount of Total Aero Force as speed increases. It can be seen, as the speed
increases there is an increase of the Aero Force. This is due to the vehicle passing through the air,
and the vehicles wings creating negative lift.

Figure 7: X/Y Graph of Fastest Lap (Setup = Max-Max)

4.1.1 Comparison of Total Aero Force

Figure 7 shows the same graph as figure 6, but for the fastest lap completed in Test Session 2. When
comparing the graphs of Figure 6 & 7 it’s quite obvious to see the sheer magnitude of the Total Aero
force easily visible. The areas in both the graphs marks the highest average area of Aero Force.
Figure 6 has a average of around 5000N, whereas Figure 7 shows much higher figures of around
11000N. This almost double amount of Aero force has enabled the driver to be over 7 seconds a lap
faster. This comparison alone shows a balanced Aero setup makes all the difference.
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4.2 Aero Force vs Lap Distance

g

Figure 8 : X/Y Graph of Slowest Lap Aero vs Lap Distance

Figure 8 shows the aero force over the course of the lap distance. This graph depicts where on the
track the car picks up its Aero Force. If the driver can drive at a higher speed, the aero force is
naturally going to be higher. But if the driver is using an unbalanced setup like in figure 6&38, the
overall speed is affected, lowering Aero Force.

g

Figure 9 : X/Y Graph of Fastest Lap Aero vs Lap Distance

4.2.1Comparison of Aero Force over a lap

Every lap logged is a “hotlap”, which means the diver will never start from zero. The lap starts as the
car passes the start finish line at speed. Considering this, the starting magnitude of the aero force
between Figure 8&9 shows how much impact a higher amount of wing angle has at speed. Looking
at the circled areas on Figure 9, comparing the same areas on Figure 8, the rise and fall of Aero force
between the 2 setups is blatant. Factors such as corner speed, and speed transitions (braking) show
the dramatic inclination of Figure 9 compared to Figure 8. Figure 9 is much more sensitive to speed.

11




4.3 Wing Aero vs Lap Distance

Figure 10:
X/Y Graph
Comparing
Both Front
Wing Aero
Forces
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Figure 11: X/Y Graph
Comparing Both Rear
Wing Aero Forces
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When comparing the setups it's worth nothing they have the same amount of front wing angle. But
when analysing the data of the faster lap (Red trace) the front wing Aero Force is higher. When
Looking at Figure 12, it's clear to see there is much more rear aero force, but this is because the
setups represent the least and most amount of wing angle available.

Figure 13 Shows the speed difference between the 2 setups. In the middle section of the graph alone
the faster setup (red trace) is around 30k/ph faster than the slower setup. This would explain the
increase in front wing aero as the vehicle has more drag created by the front wing going at a faster
speed.
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4.4 Later Acceleration vs Lap Distance

Figure 13: Data Trace showing Later Acceleration vs Lap Distance

Following on from Figure 13, the faster lap (red trace), shows a higher magnitude of Later
Acceleration in general when compared to the slower lap (black trace). The setup on the faster lap
also enabled the driver of the vehicle to hold onto the higher amount of Lateral acceleration. This is
a sign that the car is able to keep better grip of the track surface.

5.0 Evaluation

When looking at the data presented, there is no arguing with the times. The driver was able to
perform a quicker lap when the vehicle was subject to more downforce. This meant the driver of the
vehicle was able to carry more speed through corners, attaining a better lap time.

When looking at all the data, the driver of the vehicle was most comfortable in the car when the
wings both front and back were set to a similar setting. The fastest lap time was setting with the
maximum amount of wing angle available. This means the track was suited to a heavier downforce
requirement of the car

6.0 Conclusion

If given more time, there could have been more inquiries made into the different amount of wing
angles. Within the test there was only 3 options that were applied to each of the wings, although the
wings had 18 individual settings each. For instance, the wing setting “12” could be used in a future
test to see how the driver would perform with this setting. The driver was able to achieve a time
only 0.5 seconds slower than their fastest lap, with half as much wing angle (9). It would be
interesting to run the test again to see if a balanced wing setting between 9 and 18 could provide a
better marriage between cornering AND straight-line speed.

At the end of the second test their was some time left over. At this time because the team was
happy the goals had been achieved, not much was done with this spare time. In a future test,
contingency plans could be made to make sure if the test is completed early, something else could
be changed in order to improve lap time i.e tire pressure, ride height or damper stiffness.
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