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1.0 Introduction 

The given task for this assignment was to utilise the performance simulator in university to 

design and run a set of aerodynamic vehicle tests to characterise the handling performance 

of the chosen vehicle around a chosen track. The chosen vehicle used in this test was a F3 

race car and the track chosen was Pembrey due to the layout of the track; there are a few 

high speed corners and a few tight, sharp corners where the driver will have to dramatically 

reduce the speed of the vehicle. A detailed test plan was devised to collect the intended data 

to complete the assignment. Each test will be justified, backed up by research. Each group 

were given two, hour and a half sessions to complete all tests and gather all relevant 

information. One driver would be used across all tests to keep the driving as consistent as 

possible and instructions provided to the driver prior to each session. As seen in the image 

blow, this is the track that was used to perform the second testing session on. It’s a small track 

featuring a high speed straight, sharp corners and a few long, quicker corners. 

  

Figure 3: Pembrey Track (Anon, n.d.) 



4 
 

2.0 Figures and Tables 

Figure 1: Vehicle Loads         Page 7 

Figure 2: Aerodynamic Loads        Page 7 

Figure 3: Drag Forces         Page 8 

Figure 4: CoP, Cd and CLT Graph       Page 9 

Figure 5: CoP, Cd and CLT Colour Chart      Page 9 

Figure 6: Set Up 1         Page 10 

Figure 7: Set Up 1a         Page 10 

Figure 8: Set Up 2         Page 11 

Figure 9: Set Up 2 Comparison        Page 11 

Figure 10: Racing line         Page 12 

Figure 11: Set up 3         Page 12 

Figure 12: Min and Max Ride Height       Page 13 

Figure 13: Pembrey Track        Page 3 

Figure 14: Coefficient of Lift and Max Velocity      Page 14 

Figure 15: Lateral Acceleration and Max Velocity      Page 14 

Figure 16: Maths Channels        Page 15 

Figure 17: Best Set Up         Page 16 

Figure 18: Aero 1 – 1         Page 17 

Figure 19: Aero 9 – 9         Page 17 

Figure 20: Aero 18 – 18         Page 18 

Figure 21: Aero 18 – 1         Page 18 

Figure 22: Aero 1 – 18         Page 19 

Figure 23: Aero 18 – 9         Page 19 

Figure 24: Aero 1 – 9         Page 20 

Figure 25: Aero 9 – 1         Page 20 

Figure 26: Aero 9 – 18         Page 21 

Figure 27: Min Ride Height        Page 21 

Figure 28: Max Ride Height        Page 22  



5 
 

3.0 Methodology 

 3.1 Test plan 1 

During the first test the aerodynamic wing and splitter angles were changed on the front and 

the rear of the vehicle. A test plan had to be devised prior to testing as seen in the table below 

to keep track of each test that was being completed. The testing was done in groups of 

approximately six; one person would transfer data, two people were changing the 

aerodynamic set up, two people were keeping an eye on the live data and the last person 

would be receiving feedback from the driver on how the car handled and felt to drive. The test 

was completed using the university’s simulator due to practicality as well as ruling out any 

variables such as wind speed or direction, any water on the track, tyre wear or any 

inconsistencies in the track surface, therefore all variables were constant. The maximum 

speed was reached in fifth gear and held for a couple of seconds before the vehicle was put 

in neutral and coasted down to zero. 

The table above shows each set up completed on the first day of testing. The group decided 

to try and keep some logic and pattern with the testing. Each test was conducted with the front 

splitter as the base test and the rear wing changed around the front splitter setting. Towards 

the end of the first set of testing, ride height was altered to discover whether this would have 

an effect on the aerodynamic properties of the vehicle. It didn’t have a noticeable effect 

therefore the group decided to remain with just using changes in the front and rear aero in the 

second session of testing.  

Front Aero Rear Aero 

1 1 

1 9 

1 18 

9 1 

9 9 

9 18 

18 1 

18 9 

18 18 
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 3.2 Test Plan 2 

The second set of testing was still based on the aerodynamics of a Formula three car, whereas 

the vehicle was used around a track this time rather than a straight line test. The choice of 

track was up to the group; Pembrey was chosen due to the nature of the track. Pembrey 

features a variety of conditions for the vehicle to undergo such as high speed corners, tight 

corners and a long straight where considerable speed can be produced. Similarly to the first 

test different wing and splitter angles were devised as seen in the table below. Each of the set 

ups were conducted in five minute stints, providing the driver to complete three to four laps. 

Each set up had a different number of laps due to the vehicle being almost impossible to drive 

whereas some had brilliant amount of downforce and the driver was able to produce very 

competitive lap times. 

 

During the second session, the time wasn’t quite up for the testing session therefore we 

discovered which the most stable and quickest aero set up was and changed the ride height 

for two of the tests; first test was with the ride height setting at minimum and the second was 

with the ride height setting at its highest.  

Front Aero Rear Aero 

1 1 

9 9 

18 18 

18 1 

1 18 

18 9 

1 9 

9 1 

9 18 

18 + Min Ride Height 18 + Min Ride Height 

18 + Max Ride Height 18 + Max Ride Height 
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4.0 Results 

 4.1 Test Session 1 

Figure 1 demonstrates the static and constant velocity loads acting upon the vehicle during 

the testing at different aerodynamic settings. There isn’t much variation in the static corner 

loads due to the wings not having an effect at this point. At maximum velocity there’s a 

significant difference in the loads on the vehicle. At minimum front and rear aero, the vehicle 

is producing over twice its own weight in downforce. As the wing angles become more 

prevalent to downforce, the maximum speed of the vehicle decreases by 1.2kph. Figure 1 also 

shows the ride height change from static to constant velocity. As expected, the ride height 

hasn’t changed much during all the static measurements but has changed considerably at 

maximum velocity. From minimum front and rear to maximum front and rear aero, the front 

ride height has dropped by approximately 7mm in the front and 10mm in the rear. 

 

 

 

 

 

Figure 2 demonstrates aero loads acting upon the vehicle at maximum velocity. The first 

column demonstrates the aero loads at the front of the vehicle and the second column 

demonstrates the aero loads at the rear of the vehicle. The two circled areas are with the front 

splitter on max and the rear wing on max. This demonstrates that the rear wing has more of 

an effect on the vehicles overall downforce than the front splitter does. This result is what most 

would expect. Roberts explains that higher the area of the front splitter, the more downforce 

will be generated but only up to a certain point. “The effectiveness of adding splitter area falls 

rapidly as it extends away from the body”. This is due to the reduction in air speed above and 

below the splitter decreases the further away from the body it is (Roberts, 2013). Aero F is 

calculated by adding the front loads at a static state and subtracting that from the front loads 

at constant velocity.  

Figure 1: Vehicle Loads (Thomas, 2019) 

Figure 2: Aerodynamic Loads (Thomas, 2019) 
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The same is done in the rear to calculate the rear aero. Both Aero F and Aero R are added to 

discover the total aero acting upon the vehicle. Centre of Pressure (CoP) is calculated by 

dividing the total aero by the rear aero. The frontal coefficient of lift is calculated by multiplying 

the frontal aero by two and dividing the total by the density of air multiplied by velocity squared. 

The same calculation is used to discover the coefficient of lift in the rear. 

 

Figure 3 demonstrates the drag forces that are being applied on the vehicle during the coast 

down. Acceleration 1 is discovered by time 1 minus velocity 1 divided by time 2 minus time 1. 

Acceleration 2 is calculated by using velocity three and four. Rolling resistance is calculated 

by multiplying the vehicles mass by the second acceleration. There isn’t much of a difference 

in rolling resistance between runs due to the speed doesn’t change very much and the weight 

change is very minimal. Aero drag is calculated by using the vehicles mass, acceleration 1 

and rolling resistance. The calculation for Cd is as seen below: 

=-((Mass * Accel 1) - (Rolling Resistance)) / (0.5 * 1.223 * (((Velocity 1 + Velocity 2)/2)^2))/1.2 

The formula above is a negative formula to ensure the answer is a positive number. Due to a 

few of the tests not coast down all the way, velocity 3 and 4 couldn’t be calculated therefore 

acceleration 2 couldn’t be calculated either. On the tests where the velocity didn’t get run down 

to zero, the average rolling resistance was used for these blank spaces. 

  

Figure 3: Drag Forces (Thomas, 2019) 
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Above is a graph demonstrates the correlation between the vehicles Centre of Pressure, 

Coefficient of Drag and the total Coefficient of Lift for the different aerodynamic set ups during 

first session. It demonstrates as the Centre of Pressure and Coefficient of Drag increase, the 

lift decreases. Each set up line follows a trend as the tests were completed in a logical order. 

 

 

 

 

 

 

 

In figure 4, a colour scale has been created to demonstrate the change in Centre of Pressure, 

Coefficient of Lift and Coefficient of Drag from the front to the rear between each session. 

Centre of Pressure is demonstrated by green as a pressure closer to the front and red when 

it’s closer to the rear. Coefficient of Lift is demonstrated by green being a higher downforce 

(smaller lift) and red being a low downforce (larger lift). Coefficient of drag is demonstrated by 

having green as a smaller amount of drag and red being a higher drag.   

Figure 4: CoP, Cd and CLT Graph (Thomas, 2019) 
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Figure 4: CoP, Cd and CLT colour chart (Thomas, 2019) 
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 4.2 Test Session 2 

 

 

 

 

 

 

Figure 6 displays the fastest lap of the first set up; minimum aero on the front and minimum 

on the rear. The blue marker is currently on the area of highest understeer, whilst 

understandably it’s the lowest area of drag and lift force across the whole lap. As seen in the 

zoomed in section at the point of highest understeer, the driver attempts to correct this by 

counteracting the slide with an adjustment in the steering. As seen in the circled section 2, 

there’s a negative slip ratio, meaning the brakes have been applied very suddenly; 

“When Fx and are positive, the car is being forced forward by the ground's reacting to the 

tyres. When they're negative, the car is being forced backwards” (Beckman, 2001). By 

reviewing the whole of the understeer graph, there’s understeer throughout the whole lap; this 

is due to the wing angle providing a lack of downforce applied to the vehicle. Throughout the 

lap there are also a few incidences of over steer; understeer are negative numbers. This 

statement from Beckman can be backed up by section 3. The vehicles speed is slowing for a 

corner, the car understeers considerably and the brakes applied forcing the vehicle 

backwards. 

 

 

 

To support my point above, figure 7 demonstrates the brakes were applied suddenly as seen 

in the weight transfer graph; there’s a sudden increase in frontal weight transfer as well as a 

sudden directional change in the steering wheel. This could be due to a loss in traction such 

as a spin or a loss of control in the rear end of the vehicle. During this set up, the driver noticed 

that the set up was balanced but didn’t have any grip around the corners at all. The driver 

rated this set up as a six out of a possible ten.  

Figure 6: Set up 1 (Thomas, 

2019) 

 
1 

 

2 

 

 

3 

 

Figure 7: Set up 1a 

(Thomas, 2019) 
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Down the straight at the start of the lap, the longitudinal weight transfer is very central until the 

point of the blue marker where the weight transfer suddenly shifts to the front due to the 

sharpness of the first corner. There is almost zero wheel angle therefore it’s understood that 

the vehicle is traveling along a straight. As seen in figure 8 above, the understeer is rather 

prominent but there are also a couple of points of oversteer as seen in the circled sections 

above. The rate of understeer is a lot less in this set up compared to the previous set up, this 

is due to the additional downforce. The second set up, the driver felt that the vehicle was again 

balanced, but had more grip than the first set up. The driver rated this set up at seven out of 

ten 

 

 

 

 

 

 

As seen in figure 9, the comparison between set up 1 and set up 2 are rather different. The 

drag forces acting upon the vehicle are considerably more in the second set up; this is due to 

the increased wing angle. During the second set up, the understeer occurs a lot later in the 

corner; it occurs about half way through the corner whereas the understeer occurred at the 

start of the corner in the first set up. This is probably due to the vehicle not getting sufficient 

downforce for the angle of the corner. As seen in point 1, there’s a sudden shift in the weight 

Figure 8: Set up 2 (Thomas, 2019) 

  

Figure 9: Set up 2 

Comparison (Thomas, 

2019) 
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 2 
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transfer towards the front of the vehicle and a sudden spike in the front aero at the same time. 

This is due to the sudden braking force that the driver has applied.  

Even though the weight transfer, transfers to the front of the vehicle sooner in set up 2 than 

set up 1, the driver has shed half a second off the time of the first set up. As seen on the 

corrected speed graph, the speed remains consistent between the two set ups; set up two has 

a slightly slower top speed by 2 kph, but has a much faster lower speed being 5 kph faster. 

This is where the driver gained time on the first set up. The driver was able to carry more 

speed through the corners. To ensure the optimum speed through a corner, the correct driving 

line must be driven. The image below demonstrates the correct driving line for a racetrack. 

The driver remains wide on the entry of the corner before bringing the vehicle in to hit the apex 

of the corner and leaving the corner in the same fashion as it was entered, wide, hitting the 

outer edge of the track. 

 

 

 

 

 

 

 

 

 

 

Figure 11 is the third set up of the testing session. This is where maximum downforce was 

applied to the front and the rear of the vehicle. As seen in point 1, this is where the driver 

suddenly applied the brakes as the weight transfer has shifted towards the front of the vehicle 

and the front aero has increased simultaneously. Section 2 demonstrates a sudden spike of 

oversteer in the vehicle on the straight. This could be a driver error coming out of turn 6 where 

the front left wheel was on the grass and ended up losing traction. On a whole, this set up is 

very stable for a track such as Pembrey. The driver felt most comfortable with this set up as it 

was a lot more balanced than the other two whilst providing the most amount of grip.  

Figure 10: Racing Line (Anon, n.d.) 

Figure 11: Set up 3 

(Thomas, 2019) 
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The driver rated this set up at a nine out of a possible ten. 

 

 

 

 

 

 

 

Figure 12 demonstrates the affect minimum and maximum ride height have on the vehicle with 

maximum aero on the front and rear. On the whole the red line (min ride height) has more 

understeer around the corners than the green line (max ride height) this is due to the vehicle 

having less body roll and not being able to absorb the forces of the corners in the suspension 

due to the reduction in suspension travel. There is one circled section where the green line’s 

understeer exceeds the led line. This is due to the vehicle losing control slightly as there’s a 

sudden change in the steering wheel percentage. The driver was also asked to rate both ride 

height set ups. The first set up was at minimum ride height and the driver felt like the car was 

understeering at high speeds, but had very good capabilities at the lower ends. He rated this 

at a nine out of ten. The second ride height set up was rated at an eight out of ten due to the 

vehicle understeering slightly more and the vehicle being slightly ‘wobbly’ whilst not being 

balanced at all. This statements can be supported by the graphs above. The ‘wobbly’ drive is 

represented by the green line which has points of high understeer but on the whole the red 

line (min ride height) has more understeer. 

  

Figure 12: Min and Max Ride Height (Thomas, 2019) 

1 
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The graph above demonstrates the correlation between the coefficient of lift and the maximum 

velocity of the vehicle. This graph displays as the speed of the vehicle decreases, the total lift 

of the vehicle also decreases. These two figures work in correlation with each other; as one 

decreases the other will also decrease. 

Similarly, the graph above demonstrates the lateral acceleration against the maximum 

velocity. The same trend is displayed in this graph whereby the vehicles velocity will increase 

as the lateral acceleration will increase which is what most would expect. This graph can prove 

this is correct.  
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Figure 14: Coefficient of Lift and Max Velocity (Thomas, 2019) 
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Figure 15: Lateral Acceleration and Max Velocity (Thomas, 2019) 
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As seen in figure 16, these are the maths channels that have been used in this assignment. 

The maths channels that have been most useful are the speed m/s, longitudinal weight 

transfer, Ackerman steer pct and understeer. These channels have shown where the vehicle 

isn’t producing enough downforce for the speed that the corner has been entered at. 

  

Figure 16: Maths Channels 

(Thomas, 2019) 
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5.0 Conclusion 

 

As seen in the image above this is what’s believed to be the best set up for Pembrey race 

circuit. Even though this set up causes more drag for the vehicle across the whole lap, the 

downforce is considerably improved. This set up is perfect due to the sharp tight corners that 

this track has and the lack of long straights where maximum speed is needed. This set up 

wouldn’t be as affective on a track such as Spa Francorchamps race track or a high speed 

track that would need max speed out of the vehicle. The 18 aero on the front and 18 aero on 

the rear would be perfect for Pembrey race track. 

  

Figure 17: Best Set Up (Thomas, 2019) 
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6.0 Appendices 

 

 

 

  

Figure 18: Aero 1 - 1 (Thomas, 2019) 

Figure 19: Aero 9 - 9 (Thomas, 2019) 
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Figure 20: Aero 18 - 18 (Thomas, 2019) 

Figure 21: Aero 18 - 1 (Thomas, 2019) 
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Figure 22: Aero 1 - 18 (Thomas, 2019) 

Figure 23: Aero 18 - 9 (Thomas, 2019) 
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Figure 24: Aero 1 - 9 (Thomas, 2019) 

Figure 25: Aero 9 - 1 (Thomas, 2019) 
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Figure 26: Aero 9 - 18 (Thomas, 2019) 

Figure 26: Minimum Ride Height (Thomas, 2019) 
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Figure 26: Maximum Ride Height (Thomas, 2019) 
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