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1.0.0 [bookmark: _Toc534575876]Introduction
The aims of this report are to analyse the aerodynamic performance of a GP2 race car utilising the Base Performance Simulator (BPS) to run a planned test program to generate the data to analyse. Aerodynamic performance of a vehicle can dramatically improve or de-stabilise the cars handing at any speed. Data will be acquired during a two-hour session using the BPS simulator and using a variety of data analysis methods including MoTec a data analysis software and Excel.
[image: ]
[bookmark: _Toc534575848][bookmark: _Toc534581593]	Figure 1 Example of the BPS simulator (BPS, 2017)
[bookmark: _Toc534575877]2.0.0 aerodynamic testing and features
2.1.0 aerodynamic principles
Aerodynamic performance can be defined by three different factors
1. Drag – A force that is produced by the air pushing back on the surface of the vehicle increasing the load on the engine
2. Lift (Downforce) – A vertical force that will either reduce or increase the force on applied by the tires on the trac surface. (Sergers, 2014)
3. Centre of pressure (COP) – the midpoint where the downforce acts over the vehicle which effects handling balance of the vehicle (Mcbeath, 2006)
Drag can have huge implications when it comes to a race car as it creates a back force on the vehicle that needs to be overcome by the engine. 
Some factors that can increase the drag are as follows
· Wing angle of attack
· Frontal area
· Rake angle of a vehicle
The more drag there is on a vehicle the more force applied on the engine thus the top speed of the vehicle will dramatically increase. This can be used as a benefit for example a modern hyper car uses an active rear wing that will become vertical under heavy braking effectively making an air brake like on an aeroplane. (Mcbeath, 2006)
Simon Mcbeath’s book states Cd force can be calculated by determining the sum of local pressure differences felt by a body which is derived to be, Drag force=Cd×0.5×ρV^2×A (Mcbeath, 2006)
Downforce is affected by the same factors as the drag. This means that you can’t produce downforce without producing drag. 
Downforce has two main benefits which are as follows
· An increase in corner speed – when a vehicle has a larger amount of downforce it increases the force pushing down on the tires. This will intern increase the lateral performance of the vehicle.
· Decrease in braking distance – With more downward force on the tires they will be able to have a larger turning force on them before the start to slip thus increasing the braking efficiency
Downforce is worked out the same way as the drag but instead of using the co-efficient of drag the co-efficient of lift is used.
Centre of pressure (COP) can affect the cars general handling balance. The centre of pressure is affected by the amount of downforce produced by the front and rear or the vehicle. If the front wing is much more powerful than the rear wing it will push the COP forward thus making the rear end of the vehicle unstable and could be the cause of oversteer. The centre of pressure should be just behind the centre of gravity so that it can cope with external forces applied to the vehicle for example cross winds. (Katz, 1995)
2.2.0 Simulator & GP2 model
The simulator has a wide range of variants that can be changed to the vehicle model one ones that are important are shown below
	Setting
	Setting Range

	Front wing angle of attack
	The sim gives setting as a position number rather than a wing degree. The range goes from 1 to 40

	Rear wing angle of attack
	The sim gives setting as a position number rather than a wing degree. The range goes from 1 to 40

	Ride height
	The sim gives ride height in millilitres. 
Range- front 20 to 60mm and rear 30 to 70mm


	Rake
	The simulator does not have a rake adjustment, but this can be done using the front and rear ride heightstting


[bookmark: _Toc534581594]Figure 2 Simulator setting table
The simulator has many different output channels the main ones that will be used in this report are as follows
· Ground speed
· Ride Height
· Latrell G-force
· Longitudinal G-Force
· Gyro roll angle
· Gyro pitch angle
· Tyre load
· Steering wheel percentage
· Time
· Wheelbase
2.3.0 equations used
	Math Channel
	Equation

	Cd Force (Drag Force)
	

	Cl Force (Downforce)
	

	Downforce
	

	Weight Transfer Longitudinal (WTL)
	

	Downforce on Front Axle (Downforce Front)
	

	Downforce on Rear Axle (Downforce Rear)
	

	Centre of Pressure (CoP)
	

	Corner Radius (r)
	

	Theoretical Steer angle
	


[bookmark: _Toc534581595]                    Figure 3 Equations used
3.0.0 Test plan
To be able to analyse the vehicles aerodynamic characteristics specific data needed to be collected. To do this a test plan was produced this can be seen below. This was produced as a collective group where everyone agreed this is what needed to be investigated.
[bookmark: _Toc534575878][bookmark: _Hlk534448512]3.1.0 Co-Efficient of lift and drag
To be able to calculate both the Cl and Cd of the GP” vehicle two variants of a straight-line test needed to be undertaken. Both could be done on the BPS track called Skidpan which has a runway which is flat, so no gradient change would affect the results
[bookmark: _Toc534575879]3.1.1 CL
To calculate the CL of the vehicle a constant speed test was planned. This consisted of running the car up to a certain speed and keep it constant for a period. With little to none steering angle to make sure that the vehicle is constantly going in a straight line.
[bookmark: _Toc534575880]3.1.2 CD
To be able to calculate the CD of the vehicle a coast down test was planned. This test consisted of running the vehicle up to a certain speed and the putting it into neutral and letting the car coast to a halt. This means that only the frictional forces would influence how fast it slows down. These frictional forces include a mechanical and aerodynamic factor.
[bookmark: _Toc534575881]3.2.0 Circuit testing for lift and drag forces
For this section a track that is well designed that has a mixture of different types of corners at high and low speeds. Pembrey circuit was chosen because it has a good mixture of tight corners for example the hairpin where aerodynamic forces will be at a minimum, and fast, flowing corners. Pembrey also has a minimal gradient change thus reducing the effect of a dynamic gradient change on the results. For these tests the driver needs to be consistent and smooth.
[bookmark: _Toc534575882]3.3.0 Plotting total lift and lateral acceleration against speed
Using the output data from the BPS simulator maths channels will need to be created to calculate the total lift forces generated. Creating these channels will be explained in depth further into this report. Using a CSV export from MoTeC into excel these can be plotted quickly.
Lateral acceleration can be plotted against speed directly from the CSV export.
[bookmark: _Toc534575883]3.4.0 Front and rear axle downforce
Using tire load channels, a front and rear downforce can be calculated by subtracting the static loads from the dynamic loads considering the longitudinal weight transfer. This can then be plotted against distance over the lap in excel from the CSV export.
These will be tested at each wing configuration chosen
[bookmark: _Toc534575884]3.5.0 Ride height and rake angle investigation
A range of test using the simulator should be investigated for each parameter to compare the effects. 
Tests planed are shown below
1 Ride height standard with standard rake angle
2 Ride height at a minimum
3 Ride height at a maximum
4 Ride height at 30mm-30mm
5 Ride height at 60mm-60mm
6 Front height maximum and rear height minimum
7 Rear height maximum and front height minimum
Once completed al results are to be compared and driver feedback will be asked to help describe the vehicles driveability.
[bookmark: _Toc534575885]4.0.0 Test procedure
A test plan was then produced to compliment all the tests outlined above in section two, this can be seen below.
[image: ]
[bookmark: _Toc534575887]













[bookmark: _Toc534581596]Figure 4 Test plan
5.0.0Methodology and Analysis
[bookmark: _Toc534575888]5.1.0 Co-Efficient of lift and drag
[bookmark: _Toc534575889]5.1.1 Calculating lift forces and Cl
[image: ]As stated in the previous section work out the Co-efficient of lift a straight-line constant speed test was conducted. A period where the vehicle was stationary was used to find the static loads of the vehicle. This gives the static loads of the vehicle in question, including one hundred litters of fuel that the program automatically adds. Three channels were created for these loads which were as follows, front tire load, rear tire load and total tire load. As these are forces they needed to be divided by gravity which was programmed as a constant within MoTec. To provide the mass of the vehicle. The equations used for this can be seen below.
[bookmark: _Toc534581597]Figure 5 calculations for mass of vehicle

As these tests are done dynamically, the longitudinal weight transfer needed to be considered. this could be calculated from the lateral G force channel, the total mass channel calculated before and a group of constants including the wheelbase which was taken from the coding within the simulator looking at the distance between the spindles. The calculation for longitudinal weight transfer can be seen below in figure?????
[image: ]
[bookmark: _Toc534581598]Figure 6 longitudinal weight transfer
To get the aerodynamic loads it would be the total loads over either axle minus the static loads and the longitudinal weight transfer. These needed to be calculated over the front and rear axles and then added together for the total load. These calculations can be seen below in figure??????
[image: ]
[bookmark: _Toc534581599]Figure 7 aero load maths channel
From these aerodynamic loads the Cl of the vehicle can be calculated using the equation below re-arranged for Cl.
[bookmark: _Hlk534460351]
As downforce is negative lift it was multiplied by minus one to give the absolute values. This can be seen below.
[image: ]
[bookmark: _Toc534581600]Figure 8 Cl maths channel
Once the maths channels for the Cl were complete they were used on all five of the front and rear wing configuration straight line tests with constant speed to find the Cl. The results of these tests are shown below. Cl was made positive in these calculations to eliminate errors with the calculation
	Configuration
	Cl (Absolute)

	Front Max Rear Min
	3.02

	Front Min Rear Max
	2.71

	Equal (Standard)
	3.31

	Wings Max
	3.44

	Wings Min
	2.29


[bookmark: _Toc534581601]Figure 9 Cl values
As expected when the wings are at a higher angle of attack they produce a significant higher value for the Cl. Comparing the split tests it seems that the front wing of the vehicle produces more downforce than the rear as when it is in its maximum position it creates more downforce than when the rear is at a maximum. Which suggests that the vehicle will have more grip on initial turn in and should be more prone to oversteer. Graph one below shows a comparison of the Cl of the vehicle with its different configurations
[image: ]
[bookmark: _Toc534581602][bookmark: _Toc534575890]Figure 10 Cl graph
5.1.2 Calculating drag forces and Cd
To calculate the drag of the vehicle a coast down test was undertaken. This is where the vehicle gets accelerated up to a speed and then put into neutral, so it can coast down until it is stationary. The de-acceleration can then be calculated to work out a combination of the mechanical and aerodynamic forces that are acting on the vehicle to slow it down. Some calculations needed to take place to be able to identify just the aerodynamic forces. As drag is affected massively by the speed of the vehicle due to the equation shown below a section of the data trace was used which was under 10m/s to work out the mechanical drag of the vehicle and a section at high speed was used to calculate the total Drag of the vehicle.
[bookmark: _Hlk534461278]
[bookmark: _Toc534581603]Figure 11 Drag maths channel
To work out the force from the mechanical grip two point were chosen from the vehicle speed trace. The velocity’s and the time were recorded. Using the equation shown below the accelerations were calculated


From the acceleration the force could be calculated using the equation,


Using these equations in a high and low speed sections gives a total drag force and a mechanical drag force. Shown below
	Total Drag Force
	V1
	V2
	T1
	T2
	Acceleration (m/s^2)
	Force (N)

	Front Max Rear Min
	48.6
	42.3
	44
	48
	1.575
	1083.6

	Front Min Rear Max
	47.8
	41.8
	37
	41
	1.5
	1032

	Equal (Standard)
	53.2
	44.4
	40
	44
	2.2
	1513.6

	Wings Max
	48.8
	39
	40
	45
	1.96
	1348.48

	Wings Min
	55.1
	49.9
	16
	20
	1.3
	894.4


[bookmark: _Toc534581604]Figure 12 total Drag force calculations
As the vehicle mechanically does not change between tests this only needed to be calculated once for all the different configurations
	Mechanical Force
	V1
	V2
	T1
	T2
	Acceleration (m/s^2)
	Force (N)

	Low Speed
	5.6
	4.1
	110
	119
	0.166666667
	114.6667


[bookmark: _Toc534581605]Figure 13 Mechanical drag force calculations
The total drag force minus the mechanical drag force is the aerodynamic drag force on the vehicle, from this the Cd can be calculated using

The results of this are shown below.
	Configuration
	Force (N)
	Cd

	Front Max Rear Min
	968.9333
	0.64

	Front Min Rear Max
	917.3333
	0.62

	Equal (Standard)
	1398.933
	0.80

	Wings Max
	1233.813
	0.87

	Wings Min
	779.7333
	0.39


[bookmark: _Toc534581606]Figure 14 Cd results
The graph below shows these in graphical form
[image: ]
[bookmark: _Toc534581607]Figure 15 Cd graph
[bookmark: _Toc534575891]5.1.3 Aerodynamic efficiency
Aerodynamic efficiency of a vehicle is vitally important as it shows the relationship between the Drag of the vehicle and the downforce. The higher the efficiency of the vehicle the better below shows a comparison of the Cd, Cl and efficiency of all the tested configurations
[image: ]
[bookmark: _Toc534581608]Figure 16 Cl, Cd and efficiency graph
Even though the configuration of the wings at the minimum setting produces the least downforce it also produces the least drag of all the configurations and the aerodynamic efficiency is much better thus making the car manage the airflow better
[bookmark: _Toc534575892]5.2.0 Lap Comparison
[bookmark: _Toc534575893]5.2.1 lift
Using the aerodynamic load channels previously created in section 5.1.1 data was exported into Excel and graphs were produced to compare the different configurations. Graph???? Shows a comparison of the wings at maximum and minimum configurations of the total downforce produced [image: ]against the distance along the track
[bookmark: _Toc534581609]Figure 17 downforce graph
As expected the wings on the maximum position creates more downforce throughout the whole of its time in the lap. The only section where they produce the same is at around 300m this is a very slow speed hairpin at the end of a straight, the reason the aerodynamic loads on the vehicle are so small at this point is because of the low speeds where aerodynamics is not as effective. In all the fast and flowing corners, the wings at the maximum position are reading a lot more over nearly the whole track. Graph???? Below shows the rest of the configurations compared to each other.












[image: ]
[bookmark: _Toc534581610]Figure 18 downforce graph two
From this comparison the wings set at equal creates the most downforce closely followed by the front wings at minimum
[bookmark: _Toc534575894]5.2.2 Drag
A maths channel needed to be created for the drag force. As the Cd of the vehicle is different for each setup there needed to be five different maths channels for each configuration. The setup sheet function in Motec could be used but the dates would not reference so this was the next logical choice. An example of how the channel was calculated is shown below in figure?????
[image: ]
[bookmark: _Toc534581611]Figure 19 drag maths channel
These results were then exported into Excel to make comparison of multiple configurations easy, this graph can be seen below 
[image: ]
[bookmark: _Toc534581612]Figure 20 Drag force graph
It’s clear from this graph that the wings set at maximum produces the most drag and the wings at minimum also creates the least amount of drag. This was expected because with the wings at maximum it creates the most downforce.
[bookmark: _Toc534575895]5.2.3 Speed comparison
Lift and drag are both dependant on the speed of the vehicle because they both use the velocity within the equation so a good comparison to look at would be the overall speed of the vehicle over the course of a lap. The graph below shows the comparison of the wings set at maximum and the wings set at minimum.
[image: ]
[bookmark: _Toc534581613]Figure 21 Speed against distance graph
this comparison is interesting because each of the different configurations have different parts of the track where the vehicle has a higher speed than the other. In the high-speed parts of the track the wings at minimum is going faster. This is due to the lack of drag that that configuration produces. But in the tighter more technical complex at Pembrey the configuration with the wings at maximum can go faster through it without having to sow down as much. This suggests that due to the extra downforce it produces it has more tire grip. This is also supported by where the drive is braking for the hairpin at the end of the straight as the driver is braking later because he has the extra grip from the downforce on the other had the driver might be able to brake later due to the lower speed of the vehicle at the time.
Below shows all five of the configurations compared on the same graph
[image: ]
[bookmark: _Toc534581614]Figure 22 Speed against distance two
interestingly with this over the course of a lap the two that are the closest are the ones that are the total opposite of each other regarding their wing position.
[bookmark: _Toc534575896]5.2.4 Lap time 
On a race car it is not just about how much downforce you can produce it is also about the lap times it can produce. If the vehicle has too much drag it can slow the vehicle down in a fast section which can be seen above in section 5.2.3 but an have its advantage in other sections. A compromise might need to be taken with how a vehicle is setup to get the best lap times. Below shows a lap time comparison for every setup
[image: ]
[bookmark: _Toc534581615]Figure 23 lap times track testing
For this specific track downforce is vital for a fast lap time being nearly a second faster than its closest setup. This proves that even though other setups were faster in some sections overall it is better for this car at this track to have the wings wet at their maximum. This might not be correct for every track, for example if a track has a lot of high-speed straights it might be worth reducing the overall drag of the vehicle to gain time in that section of the track. Comparing all five of the configurations together it seems that this vehicle and the driver used prefers a setup that has the wings equal. This is also backed up from the driver feedback that was asked after each setup was completed he stated that when one of the wings were at a maximum and the other was at a minimum it was very unpredictable and hard to drive.










[bookmark: _Toc534575897]5.2.5 downforce against speed
[bookmark: _Toc534581616]Figure 24 Downforce against speed[image: ][image: ]
[bookmark: _Toc534581617]Figure 25 Downforce against speed two
These two graphs show a comparison of the downforce produced against the speed. It shows an exponential growth trend because the velocity is squared in the equation for lift. These graphs were separated to make it easier to compare them but the orange trace on both is the same. As before the setup where the wings are at maximum produces the most downforce. This also supports that the configuration with the least drag which was the wings at the minimum setting reduced the highest top speed once again.
[bookmark: _Toc534575898]5.2.6 Velocity against lateral G-force

Lateral G-force was then plotted against the velocity which is shown below.
[image: ]
[bookmark: _Toc534581618]Figure 26 Lateral G-force against speed
the black line on the graph show a trend which the higher the velocity the higher the lateral G-force. This is supported by Sergers’s race car data acquisition book which has a very similar trend shown below
[image: ]









[bookmark: _Toc534581619]	Figure 27 sergers example (Sergers, 2014)
On figure 26 There is a solid green line which shows the maximums of the trace for the wings at the minimum setting this helps show that in the low speed corners it produces roughly the same amount of lateral G that the wings at a maximum but when in the high speed corners the gap between them is dramatically larger.
[bookmark: _Toc534575899]5.2.7 Front & Rear Aerodynamic loads
Looking at the loadings on each axle of the vehicle can be vital as it could indicate if the car will be prone to understeer or oversteer while doing a corner. For example, if there is all the downforce is over the rear axle it could cause the front to slide or wash out, known as understeer. Below show some comparisons of the different configurations and how changing the wing position changed where there is more of a force acting over the front or the rear.
[image: ]
[bookmark: _Toc534581620]Figure 28 Front and read comparison wings max[image: ]
[bookmark: _Toc534581621]Figure 29 front and rear comparison front min rear max
[image: ]
[bookmark: _Toc534581622]Figure 30 front and rear comparison front max rear min
Looking at these results in the first two configurations the rear wing produces more overall downforce over the course of the lap. The only point where the front seems to produce more downforce is under heavy braking. For example, going into the hairpin, this could be caused by the front pitching downwards under the heavy braking and going further into ground effect thus creating more downforce. In conclusion it seems that the rear of the vehicle produces more downforce through most of the track which could make the vehicle have understeer characteristics. When the front wing is set to a minimum and the rear is at maximum there is a distinct difference between the forces that they produce whereas most of the other configurations there is not as much of a difference between the front and rear traces.
[bookmark: _Toc534575900]5.2.8 Centre of Pressure
The centre of pressure of a vehicle is defined as the point in a body at which the resultant pressure acts. (the free dictionary, 2018). In the case of aerodynamics, it is the point where all the aerodynamic forces act on the vehicle. To understand how a vehicle is going to handle it is important to know where the centre of pressure is. If the centre of pressure is too far forward it could cause the vehicle to oversteer and make the vehicle unpredictable. Below shows the centre of pressure for three different configurations.
[image: ]
[bookmark: _Toc534581623]Figure 31 COP bar graph
From this graph the vehicles centre of pressure is towards the rear of the vehicle except when the front wing is set at maximum and the rear wing is at minimum as it shows a percentage of the downforce that is forward
[image: ]
[bookmark: _Toc534581624]Figure 32 Cop lap graph
As you can see from figure 32 The vehicles Cop usually sites nearer to the rear of the vehicle, the only time that the centre of pressure goes towards the front of the vehicle is when it is under heavy braking. As stated in the previous section this could be due to the front wing producing more downforce in this are due to ground effect. Due to the vehicle having its centre of pressure rearward it suggests that the vehicle will have a more understeer characteristic.
[bookmark: _Toc534575901]5.2.9 Understeer & Oversteer
It is important to know whether a vehicle in understeering or oversteering more, so it was decided to look at how the vehicle is acting around the corners for each of the wing configurations. To do this some maths channels were needed to be created which would work this out. The maths channels used are shown below in figure?????
[image: ]
[bookmark: _Toc534581625]Figure 33 understeer maths channel
A theoretical steering angle was produced so that it would output a prediction of how much steering lock needed to be input to make it around a corner of a certain radius. This then had to be corrected while in a straight line. This is the factor of -379.2/5.53 in the corrected theoretical steer channel. The final channel will show a trace that if it is positive the vehicle is understeering and negative if the vehicle is oversteering. The graph below shows this for each of the configurations.
[image: ]
[bookmark: _Toc534581626]Figure 34 understeer and oversteer for all configurations
From this graph it shows that the vehicle tends to understeer more, but it is not that clear, so the data was separated and put on separate graphs which can be seen below.
[image: ]
[bookmark: _Toc534581627]Figure 35 understeer and oversteer for wings max and min
Looking at these two configurations they follow the same rough trend but there are some huge differences. For example, the huge spike in the wing’s minimum at around 1300m this section of the track is a high-speed corner which means that the aerodynamics will be in full effect. This section clearly shows that with less wing angle the vehicle is understeering a lot. This could be due to the lack of downforce and the mechanical grip just can’t keep the vehicle going around the corner enough. In the final corner of the track which is a long and fast right handed turn the configuration with a higher angle of attack is understeering a lot more than that other configuration. This could be due to the vehicle having a higher velocity through this corner thus creating a higher force sideways.
[bookmark: _Toc534575902]5.3.0 Rake angle & Ride height study
[bookmark: _Toc534575903]5.3.1 Rake angle 
The rake angle of a vehicle is the angle of the floor between the front and rear axles this can dramatically change how a vehicle handles. As study was done to see the effects of rake angle. Three tests were done, one at its standard rake angle one with the front as low as it would go and the back as high as it would go and the last was the opposite of the second. Positive rake angle is when the front of the vehicle is lower than the rear.
[bookmark: _Toc534581628][image: ]
Figure 36 example of rake angle
Rake angle will dynamically change as the vehicle goes around a track effecting the handling of a vehicle. Below shows how the rake angle change over a lap with the three different configurations
[image: ]
[bookmark: _Toc534581629]Figure 37 Rake angle
The rake angle of the vehicle will have implications of the drag and lift of the vehicle. These changes can be seen below 
[image: ]
[bookmark: _Toc534581630]Figure 38 Downforce level
As you can see form the graph above the downforce changes quite dramatically with the three different configurations this could be due to the front wing entering ground effect which is supported by the lower the front of the car the higher the downforce levels. This could also be due to the diffuser entering ground effect. This is also supported by the graph below which shows the downforce levels on the front and rear of the car
[image: ]
[bookmark: _Toc534581631]Figure 39 rake - Front aero load
[image: ]
[bookmark: _Toc534581632]Figure 40 Rake - rear aero loads
With the rear of the car in ground effect the diffuser does not seem to create any extra downforce.
The drag force on the vehicle will also change with the rake angle. The change is show below 
[image: ]
[bookmark: _Toc534581633]Figure 41 Rake - drag force
From this graph the configuration creating the most drag over most of the track is also the one that is creating the most downforce which is to be expected but if this does not make much difference to the speed of the vehicle on the straights or the overall lap time this should not matter. Below shows a comparison of the speed trace over a lap to see if the extra drag with the rake affects the performance. Also, if the car is going faster in a section compared to another configuration the drag will go up considerably because of the velocity squared in the equation to work out the drag.
[image: ]
[bookmark: _Toc534581634]Figure 42 Rake - speed
As you can see from the graph above the setup producing the most drag is also the one with the higher velocities around most of the track which would explain the extra drag of the vehicle in this configuration. 
Due to these changes in the aerodynamics the vehicle will have a different handling characteristic now. Below shows weather the vehicle now has changed its tendency to understeer which was found in the previous section.
[image: ]
[bookmark: _Toc534581635]Figure 43 Rake - understeer and oversteer
From these results with the front end as low as possible with the rake is better than having the front end up high in the fast and flowing sections of the track. This is supported by the driver feedback which stated that with negative rake the car was very hard to handle in the fast sections and with the front end down the vehicle was more stable mid corner. The level test was nice and stable just like the maximum positive rake setup.
The best way to see if the rake had a change on the overall performance of the vehicle is its lap times which can be seen below
[image: ]
[bookmark: _Toc534581636]Figure 44 Rake - lap times
From these lap times this car with positive rake produces a nice car to drive and the overall lap times reduced with more rake on the vehicle.
[bookmark: _Toc534575904]5.3.2 Ride height
The ride height of a vehicle is the height from the floor of the vehicle to the surface of the track. Ride height can have implications on how a vehicle handles which is why every race series has a minimum ride height that the vehicles must abide by. This section is to compare how the vehicle handle with three different ride heights minimum, standard and maximum. Below shows how the ride height changes over a course of a lap. These were split into front and rear heights.
[bookmark: _Toc534581637][image: ]Figure 45average ride height
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[bookmark: _Toc534581638]Figure 46 Average ride height rear
These ride height changes Should have an implication on the downforce of the vehicle. The graph below shows the change of overall downforce of the vehicle over the course of a lap
[image: ]
[bookmark: _Toc534581639]Figure 47 Height - downforce level
From this graph when the ride height is at a maximum the downforce is the lowest of the three tests. Minimum and equal are very similar over the course of a lap, at the highest speed of the track at the end of the straight the equal setting is producing more downforce this could be because at the lowest height setting on the front the front wing could be chocking the airflow under the vehicle. Below shows the front and read downforce for each configuration. This was to see if the front or rear is more efficient at different heights

[bookmark: _Toc534581640]Figure 48 Height - front aero loads[image: ]

[bookmark: _Toc534581641]Figure 49 Height - rear aero loads
Once again, the configuration with the highest ride height is producing the least downforce on the front and rear of the vehicle. The other two setups are almost identical for the front and rear of the vehicle.
With change in downforce there will be a change in the levels of drag the vehicle produces this can be seen below on the graph
[image: ]
[bookmark: _Toc534581642]Figure 50 Height - drag force
From this graph the configuration creating the most drag is the one with the minimum ride height. This could be due to the distance between the floor of the vehicle and the track surface being so close that they are chocking the airflow but as previously stated this ride height does not affect the amount of downforce produced. With an increase in drag you would expect a slight decrease in sped over the lap. The graph below shows a comparison of the speed over the course of a lap.
[bookmark: _Toc534581643][image: ]Figure 51 Height - speed
Even though the lowest setting of the ride height creates the most drag it is also producing higher speeds over the course of a lap in the fast corner especially for example the last corner at around 2000m this could be due to ground effect. 
With a change in downforce and drag there should be a change in the vehicles handling characteristics. Below shows a graph that shows if the vehicle is understeering or oversteering to get a rough idea of how it handles.
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[bookmark: _Toc534581644]Figure 52 Height - understeer and oversteer
From the understeer and over steer graph the vehicle still favours the understeer but when it is set to the equal setting it seems to understeer less that the other setups tested. This was noted by the driver as he said the equal setup was the most balanced but seemed faster when the car was lower
Below show the lap times of all three configurations which shows that the lower the car the faster the lap time. This was expected as that configuration created the most downforce which meant that it could take the fast corners even faster.
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[bookmark: _Toc534581645][bookmark: _Toc534575905]Figure 53 Height - lap times
6.1.0 Conclusions
The testing and test plan went well while using the BPS simulator all within the two hours that was allocated to us and there were no problems within the group as everyone worked well together to get the results in a quick and orderly fission.
Even though the GP2 vehicle is generally shows an understeer characteristic with the addition of some snap oversteer, more tests could be done with different drivers with different driving styles as the driver which was used prefers a vehicle that understeers and might induce understeer to help his driving style. This would also give a better understanding of the vehicle because if similar results were obtained with multiple drivers it would validate the results
In raw pace of the vehicle it seems that it suits the car being as low as possible with a bit of rake for this specific track. Extra tests could be done utilising the BPS simulator and other tracks available to see if different tracks require a different setup to be the fastest and most efficient. Unfortunately it was not possible to find real life data for the GP2 vehicle, this would have been a valuable resource to be able to compare our results to help validate.
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