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[bookmark: _Toc183935267]Introduction

In this Report, I will be analysing the effects of introducing a Kinetic Energy Recovery System to reduce fuel consumption. This will be done by, selecting an appropriate vehicle so that I may research and identify its dynamic characteristics. The dynamic characteristics include the test mass, the frontal area, the coefficients of the rolling resistance and aerodynamic drag. From this data I will be able to select a suitable Worldwide harmonised Light vehicle Test Procedure (WLTP). I will then be producing spreadsheets that will allow me to plot graphs of both the cumulative braking and cumulative tractive energy required at the wheel over the WLTP. Next, I will be identifying the moments of the largest possible KERS. As a result, I can Specify a suitable KERS system and be able to size the components and therefore identify their efficiencies, allowing myself to plot the Kinetic Energy recovered due to wheel road contact. Finally, I will explain how the system is made and discuss any assumption I have made and any variations the driver will feel compared to conventional ICE and friction brakes vehicles.



[bookmark: _Toc183935268]Vehicle Selection

I have Chosen a Ferrari GTB Fiorano. I have chosen this car because I believe that by adding a KERS it could help make it more fuel efficient by creating opportunities where it isn’t reliant on using its fuel. Additionally, by adding a KERS system it may help to create periods where the drive is smoother and more direct drive
[bookmark: _Toc183935269]Dynamic Characteristics

	Test Mass ( (Specs, 2024)

	Kerb Weight (kg)
	1690

	Passengers Weight (Kg) *
	78.45

	luggage (Kg)
	15

	Test Mass (Kg)
	1783.45

	Frontal Area (Specs, 2024)

	Width (m)
	1.962

	Height (m)
	1.336

	Frontal Area (m^2)
	2.621232

	Rolling Resistance Coefficient 

	Rolling Resistance Coefficient
	0.013*

	Coefficient of Aerodynamic Drag (Specs, 2024)

	Coefficient of Aerodynamic Drag
	0.336


[bookmark: _Toc183935284]Table 1- Properties of a Ferrari 599 GTB Fiorano
*
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Description automatically generated] (Ebrahimi, et al., 2018)
 *In 2021, the mean weights of men and women based on adjustments to self-reported weight were 85.1kg and 71.8kg, respectively. (NHS, 2021)
	Purpose
	Equation

	Frontal Area (m^2)
	Car Height X Width


[bookmark: _Toc183935289]Figure 1- Equation Used to Calculate Frontal Area
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[bookmark: _Toc183935271]WLTP
I have Selected WLTP Class 3 for my Vehicle as the max speed for the Ferrari is 205Mph and the power this speed is 456KW (Specs, 2024). This then means that the ratio of rated power is . This is Greater the 34 W/Kg required to be in Class 3.

[bookmark: _Toc183935290]Figure 2- Graph showing a Class 3 WLTP
[bookmark: _Toc183935272]Resistances

[bookmark: _Toc183935291]Figure 3- Graph Showing all of Rolling, Aerodynamic, Acceleration and Total Resistance Vs Time
The Equations That were used are:
	Purpose
	Equation

	Rolling Resistance (N) 
	Mass X Gravity X Coefficient of Rolling Resistance 

	Aerodynamic Resistance (N)
	1/2 X Area X Density of Air X Aerodynamic Coefficient X (Velocity)^2

	Acceleration Resistance (N)
	Force= Mass X Acceleration

	Total Resistance (N)
	The Sum of the Other Resistances
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[bookmark: _Toc183935274]Kinetic Energy Recovery

[bookmark: _Toc183935292]Figure 4- Graph showing Power Vs Time
	Purpose
	Equation

	Power (KW)
	Force X Velocity / 1000



Kinetic Energy can be recovered when the Power is <0 Some Points Include:
	Points Where Kinetic Energy Could be Recovered 

	35-55s

	430-444s

	888-907s

	1117-1138s

	1625-1642s
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[bookmark: _Toc183935275]Tractive and breaking 

Tractive Energy happens when the power output is > 0 

[bookmark: _Toc183935293]Figure 5- A graph Showing the Tractive Energy Vs Time 
Braking energy happens when the Power output is < 0 

[bookmark: _Toc183935294]Figure 6- A Graph showing Braking Energy Vs Time
 This then allows me to compare both tractive and breaking force (by taking the braking force as a positive).

[bookmark: _Toc183935295]Figure 7- A graph comparing both Tractive and Braking Energy Vs Time
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[bookmark: _Toc183935296]Figure 8- A Graph Showing Braking Energy Vs Time

[bookmark: _Toc183935297]Figure 9- A graph showing Braking Energy Vs Time @649s - 669s (Where KERs Power Input is the Maximum)
	Area
	Units

	66.32482
	KWs or KJ

	0.018424
	KW/h
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	Purpose
	Equation

	Area Under the Curve
	1/2 X Base X Height 

	Where Base = 2. Area = Height


[bookmark: _Toc183935288]Table 5- Equation Used to find Area of Curve	
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The KERS system I have chosen for my vehicle is a flywheel. I have chosen a flywheel because it is a lightweight solution as “the flywheel is made from carbon filament wrapped round a steel hub and weighs 5kg” (Collins, 2011). This means that there will be very little change to the velocity and resistive forces due to a minimised change in weight. Additionally, the flywheel “can store up to 60kW” (Collins, 2011). Therefore, this is suitable for the Ferrari as the maximum braking energy it produces is 66.3kW. As a result, during the periods when the Ferrari cannot produce its maximum energy, the Fiorano should not produce any energy greater than 60kW and if it were to it would be a minimal quantity and should be easily dispersed by means such as heat transfer. Additionally, a flywheel braking system “has the efficiency of energy from braking to FES is 70% “ (Fui Tie & Wei Tan, 2013). This will affect the Power going back towards the car. This means that the fuel efficiency will slightly decrease compared to a flywheel that is 100% efficient. These losses will be caused by frictional losses throughout the system such as generating heat and sound.
[bookmark: _Toc183935279]Errors within the system

Some problems with the system may be the size of the flywheel. This is an issue because I have chosen a very slim and compact car. This means that, I may struggle to comfortably fit a flywheel in the parameters of the Ferrari. To rectify this I would have to find a smaller way of storing energy such as a lithium ion battery which would be a more compact way of transferring and using the required energy as “a battery has a voltage of 12 volts and an ampere-hour rating of 50 Ah, its capacity would be 600 watt-hours (Wh) or 0.6 kWh (12V x 50Ah = 600Wh = 0.6 kWh).” (Sharma, 2024).  Despite this, a battery will be very heavy about “100kg to 550kg” (Sharma, 2024) for a full electric lithium-ion battery so it will be slightly light for a hybrid lower volt one. Moreover, the battery has a recharge rate is too large, this may cause an issue because the battery will not get to a full charge so either the battery will need to be significantly smaller or a different alternative will need to be found.
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· Road is Completely level with no gradient or curvature. Meaning that we are assuming that the car isn’t gaining any speed from gravitational potential energy. This also assumes that any time the car is braking isn’t for a corner but in a straight line.
· Taking the frontal area as Width X Height. The frontal area of a car is more complex than a square profile meaning that the area will be slightly smaller with the different shape. This will cause the aerodynamic resistance to decrease and therefore the overall resistance to decrease.
· The maximum energy point. This could be further along in the WLTP but by using visuals the point I had chosen looked to be the largest at a slower speed than it would be for a larger speed.
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Speed (m/s)



Resistances Vs Time
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Power (KW)



Braking Energy Vs Time (649s-669s)

Power Vs Time	
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Power (W)
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