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For my choice of vehicle, I have chosen the Porsche GT3 RS Club sport. I have chosen this vehicle due to liking to Porsche as a manufacturer, and the fact that it’s one of my favourite cars. It also abides by the WLTP regulation for emissions. 
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	Engine
	Aluminium six-cylinder rear-mounted twin-turbo horizontally opposed engine, rigid mounting

	Displacement
	3,800cc stroke 77.5mm bore 102mm

	Power
	515kW (700hp) at 7,000rpm

	Transmission
	Rigidly mounted performance-based 7-speed PDK-gearbox (DCT, dual clutch transmission) with short, succinct gearshifts

	Weight
	approx. 1,390kg


(Hub)


Test Mass 
Test mass = Kerb mass + (0.5 x payload capacity)

Payload ranges between (400-800kg)

Estimated payload for this vehicle = 600kg

0.5 x 600k = 300kg

1930kg + 300kg = 2,300kg.

Test Mass = 2300kg 








Frontal area
The frontal area for the Porsche GT2 Rs Club sport is estimated to be 2.1 to 2.2 square meters.
Frontal aera calculation

Width = 1.978m
Height. = 1.359m

Assuming 85-90% effective frontal coverage due to the contours of the car.

Frontal area = width x height x shape factor (0.85 to 0.90)

1.979m x 1.359 x 0.85 = 2.29m^2

(“Porsche Motorsports Guide”)

Rolling Resistance Coefficient

The rolling resistance coefficient of my chosen vehicle, the Porsche gt2 RS club sport. Depends on quite a few aspects of the vehicle, some being the chosen tyres of the vehicle, taking into consideration the frictional forces the tyres generate along with the power output of the vehicle. 

The rolling resistance coefficient formula is.

Frr = Crr x W 
Crr = rolling resistance coefficientRolling resistance Coefficient
At 124mp for the Porsche GT2 Rs = 

Frr = Ftotal – Fd

Frr = 3000 – 1468.5

Frr = 1531.5N




 


W = weight of vehicle
W = m x g 
G =9.81m/s^2

W = 1930 x 9.81 = 18,933.3N

Frr = Ftotal -Fd
Fd = ½ pCdAv^2
Fd = ½ 1.225kg/m^3 x 0.34 x 2.29m^2 x 55.5m/s

Fd = 1468.95N 
Crr = Frr/W = 1531.95/18,933.3 = 0.081 
Ftotal = 3000N m^

Coefficient of aerodynamic drag


Cd = 2Fd/pAv^2

Cd = 2 x 1468.95/ 1.225 x 2.29 x (55.5m/s^2) 

v^2 = 55.5^2 = 3080.25

pAv^2 = 1.224 x 2.29 x 3080.25 = 8648.31

Cd = 2 x 1468.95/ 8648.31 = 0.34

Cd at 124mph = 0.34 



























(WLTP)

The Porsche GT2 RS Club sport is a high-performance vehicle designed primarily for track use, with characteristics that align with the WLTP testing standards for passenger vehicles (category M1). To determine the appropriate WLTP cycle, I must evaluate the vehicle’s specifications, including power-to-weight ratio, top speed, and intended operating conditions.

WLTP Vehicle Classification and Test Cycles
The WLTP test cycle is divided into classes based on a vehicle's performance characteristics, including power-to-weight ratio and speed capabilities. Below are the relevant classifications:

1. WLTP Class 3:
   - This test cycle applies to vehicles with a power-to-weight ratio exceeding 34 kW/ton and top speeds above 120 km/h (74.5 mph).
   - High-performance vehicles, such as the Porsche GT2 RS Club sport, fall into this category due to their exceptional speed and power capabilities.
   - The Class 3 test includes the following driving phases to simulate real-world driving:
     - Low Speed Phase: Represents urban driving conditions (0–60 km/h or 0–37 mph).
     - Medium Speed Phase: Simulates suburban driving conditions (60–80 km/h or 37–50 mph).
     - High Speed Phase: Represents rural driving conditions (80–100 km/h or 50–62 mph).
     - Extra High-Speed Phase: Captures highway driving at speeds above 100 km/h (62 mph).
   - The total test cycle covers 23.25 km (14.45 miles) and lasts approximately 30 minutes.

2. WLTP Class 1 and Class 2:
   - These cycles are designed for vehicles with lower power-to-weight ratios and lower top speeds, such as small city cars or economy vehicles. 
   - They are not suitable for vehicles like the Porsche GT2 RS Club sport.

Test Cycle Selection for the Porsche GT2 RS Club sport

Given the high power-to-weight ratio and track-oriented design of the Porsche GT2 RS Club sport, the WLTP Class 3 test is the most appropriate choice. This test accounts for the vehicle’s capability to operate at high speeds while also reflecting realistic urban and suburban conditions. 
The Class 3 test cycle provides a comprehensive evaluation of fuel consumption, emissions, and energy efficiency across various driving scenarios, making it the best fit for this high-performance vehicle. By adopting this test cycle, the performance and environmental impact of the Porsche GT2 RS Club sport.

[bookmark: _Toc183529575](“Porsche Motorsports Guide”)
Spreadsheet
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Suitable KER system
Types of KERS Systems
Each type has unique advantages based on application priorities like weight, efficiency, and performance.

1. Flywheel-Based KERS
Flywheel systems store energy mechanically in a high-speed rotating mass, which is ideal for racing conditions.

Advantages:
  - High power density: Handles rapid energy recovery and release during braking.
  - Lightweight and efficient: Designed for minimal heat losses.
  - Durability: Less degradation compared to battery systems.

Key Components:
  - Flywheel: Made of high-strength carbon-fibre or steel.
  - Vacuum chamber: Reduces drag losses.
  - Mechanical or electro-mechanical transmission: Interfaces the flywheel with the drivetrain.

System Requirements:
  - Energy storage:  1.16 MJ (based on the kinetic energy recoverable per braking event).
  - Peak power: 232 kW to match the calculated power recovery rate.

Example: Williams Flywheel KERS (used in Formula 1):
Energy storage: 500 kJ to 2 MJ
- Power capacity: 60–300 kW
- Weight: 25–30 kg 

2. Ultracapacitor-Based KERS
Ultracapacitors are electrochemical devices that excel at high charge/discharge rates, making them suitable for rapid energy recovery.

Advantages:
  - Rapid charge/discharge: Ideal for short, intense braking events.
  - Longevity: High cycle life with minimal degradation.
  - Compact design: Smaller footprint compared to batteries.
- Key Components:
  - Ultracapacitors: For high-power energy storage.
  - Motor-generator unit (MGU): Converts kinetic energy to electricity and vice versa.
  - DC-DC converter: Manages voltage and power flow.
- System Requirements:
  - Energy storage: 1.16 MJ.
  - Power capacity: 232 kW.


Example: Maxwell Ultracapacitors in hybrid buses:
- Energy density: 5–10 Wh/kg (sufficient for track applications).
- Power density: >10 kW/kg.

3. Hybrid Battery-Flywheel System
Combining batteries and flywheels balances high power density and longer energy storage capability.

Advantages:
  - Combines the high-power density of flywheels with the energy density of batteries.
  - Supports sustained power delivery over longer durations.
 - Key Components:
  - Flywheel: Captures and releases energy during braking.
  - Lithium-ion battery: Stores excess energy for use during acceleration.
  - System Requirements:
  - Energy storage: Split capacity for flywheel and battery, totalling 1.16 MJ.
  - Power capacity: 232 kW.

Recommended KERS for the GT2 RS Club sport
For high-performance track use, a flywheel-based KERS is the most appropriate choice due to its:
- High efficiency in short braking/acceleration cycles.
- Lightweight design, which minimizes impact on vehicle dynamics.
- Proven reliability in motorsport (e.g., Formula 1, endurance racing).

Example System: Williams Flywheel KERS
A scalable flywheel system like Williams’ can be customized for the GT2 RS:
- Energy Storage: 1.16 MJ capacity to match braking events.
- Peak Power: 232 kW to handle peak braking power.
- Weight: Approximately 30 kg, minimizing impact on vehicle performance.

System Design Criteria
The system must meet the following requirements:
1. Energy Storage: Minimum capacity of 1.16 MJ.
2. Power Capacity: Handle recovery/discharge rates of 232 kW or higher.
3. Durability: Withstand high loads during repeated braking events without performance loss.
4. Lightweight: Ensure total weight is minimized for track optimization. 

(“Porsche Motorsports Guide”)
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Kinetic Energy Plot
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System Operation Explanation
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