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1. [bookmark: _Toc1810633361]Introduction.
The last decade of evolution of formula 1 has seen some of the biggest and most influential developments since the inception of the sport in 1950 formula 1 being often described as the crown jewel of motorsport. However teams and manufacturers have had to divert their developments from all out raw power and performance to now take into consideration how they can improve their cars taking into consideration technological advancements in hybrid systems, fuel efficiency aerodynamics and crash safety etc to stay in line with the ever growing problem for motorsport that is the world pollution levels and trying to find ways to make cars more sustainable and effective for conservation of the Earth’s atmosphere and environment. 
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2. Impacts of evolution
The main impact of evolution in formula 1 was improvement in performance due to the technological advancements in:
· Engine development
· Aerodynamic development and testing
· Crash safety
· Hybrid implementation
· Data acquisition 
 table 1: shows a performance comparison between the 2010, 2015 and 2020 formula 1 cars in qualifying.

	Car year/make 1st place in qualifying 
	P1 lap in qualifying 

	Ferrari 2010
	1:21.962

	Mercedes 2015
	1:23.397

	Mercedes 2020
	1:18.887



Due to the advancements in technology in 10 years the 2020 cars can do a lap around Monza in Italy around 3 seconds faster and over 4 seconds faster than the 2015 car this shows that the last 5 years of the decade was where development was at its quickest pace in terms of car performance this shows that as a trend the cars performance has steadily increased until 2020 where it was the fastest of the decade. Also, the cars have had quite a substantial increase in fuel thermal efficiency allowing whilst maintaining a similar amount of power allowing the cars to burn less fuel but maintain amount of power.
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2.1  Aerodynamic evolution
Out of the 3 forces of aerodynamics the two most important for motorsport are Drag and downforce for overall car performance.
Drag is important as the more drag you have the more wind resistance you will have at high speeds making the car less fuel efficient at higher speeds also the more drag you will the lower the overall top speed of the car due to having higher air resistance to achieve lower drag teams try to make the car as streamlined as possible so the car can cut through the air lowering the air resistance as low as possible 
Downforce is also important for car performance as the more the car is pushed to the ground due to negative lift typically speaking the higher the downforce the higher the stability and the higher the downforce the higher the cornering speeds at high speed are. However, it is important that the downforce of must be balanced otherwise the balance of the car will become compromised. This can happen by having too much downforce at the front which will cause the car to oversteer or too much downforce at the back will cause the car to oversteer.
In 2010 McLaren introduced the F-duct to their car this was a small intake at the front of the car that would send a stream of air over the rear wing causing the top half of the rear wing to flatten out hence causing reduced drag at higher speed this could be adjusted by the driver of the car by moving their leg to adjust the airflow
[image: McLaren MP4-25]





Figure 1: is a visual representation of the air flow of the F-duct  


This was banned and replaced for DRS (Drag Reduction System) 2011 which would open a space in the rear wing allowing air to go through it therefore having a decrease in drag.























Connor Casey (2103540)                             Introduction to automotive engineering (ACHA4007)
2.2  implementation of hybrid systems in f1
in 2009 formula 1 had an engine regulation change that changed the engines slightly introducing a hybrid system called KERS (Kinetic Energy Recovery system) KERS is a form of regenerative braking this is used because energy is lost in the cars braking system to amend this the car uses regenerative braking similar to hybrid vehicles of the time however instead of sending that energy to the battery of the car to recharge it send the extra power that is equivalent to 80BHP to the drive train of the vehicle at the drivers choice however they get a limited amount of usage per lap before it resets at the beginning of the next lap.
There are 3 types of KERS systems mechanical, electrical or hydraulic. F1 cars use the mechanical one as it is significantly lighter than the other two. In 2014 engine regulations changed again but instead of running a 2.4L Naturally Aspirated V8 hybrid with KERS the teams had to run a 1.6L Turbo hybrid using a new hybrid system called ERS (Energy Recovery System) Similarly to KERS the car will store kinetic energy from breaking into motor generators also known as the MGU-K (Motor Generator Unit – Kinetic) ERS has this and the MGU-H (Motor Generator Unit – Heat) stores heat energy from the turbo and keep it in the ES (energy store) this is a set of lithium-ion batteries that stores both kinetic and heat energy that is stored for the driver that can be used in varying levels of discharge that can be used for up to 33 seconds per lap.
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2.3  How F1 teams improved fuel efficiency
Before the v6 turbos were introduced formula 1 car of 2013 would produce between 720-750bhp with KERS giving an extra 80bhp from the 2.4L V8 however the 1.6L with its smaller displacement would still give 600bhp whilst having an extra 160 bhp due to the new ERS system so from 2013-2014 power levels. However, the focus of the engine changes in 2014 was to reduce wasted fuel and increase thermal efficiencies by including ERS this has helped that significantly 2013s engine had an average thermal efficiency of 29% in the 1st season of the new hybrid era Mercedes targeted a 40% thermal efficiency rating of 44% more efficient than the Toyota gasoline engine (1.3 inline 4) mentioned at on the table below. Also Due to advancements and 7 years of engine development of ERS and the quality of the engine itself thermal efficiency is at 50% including the hybrid system and bhp levels of 900+ including ERS. This means that half of the energy that the fuel produces are used to propel the car and are not wasted in combustion. 
Table 2: shows the power and fuel efficiency figures of 3 formula 1 cars ranging from 2013-2020.

	Engine type
	BHP 
	Thermal efficiency 

	F1 2013 Ferrari (V8)
	720-750 + 80 KERS 
	29%

	F1 2014 Mercedes (V6)
	600+160 ERS
	44%

	F1 2020 Mercedes (V6)
	740+160ERS 
	50%

	Toyota 1.3L
	98
	38%
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2.4  How on bored telemetry and data acquisition can help a f1 car
In formula 1 there are lots of split-second events that can change the outcome of a race that people cant notice with the human eye so manufacturers hook there cars up to hundreds of different sensors together using a system called a CAN bus system (Controller Area Networking) most of the sensors of the car are linked to the CAN bus systems these sensors can then send information to the driver and teams so that both driver ad teams can react to it. Also, the CAN bus system can be used to get on bored telemetry from the drivers so the race engineers can monitor many things such as:
· Tyre temperatures
· Break temperature 
· Throttle position
· Break position
This is helpful to both team and driver as the driver can use this to change their driving style to whatever is needed at any given moment and the race engineers are able to point out any potential issues with the car before it becomes detrimental to the car.
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2.5  How crash safety has improved in a f1 car
After the death of Jules Bianchi in 2014 teams and manufactures decided to develop a safety device to help protect drivers from head impacts of due to the open top nature of the cars in 2018 the halo was developed and was put on all the cars its already saved many drivers life most notable Romain Grosjean in 2020. The reason the halo is so strong is due to the high tensile strength of the material it made from that being titanium and can withstand a peak vertical loading of 116kN whilst only weighing 7kg.
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2.6  How CFD has helped improve f1 aerodynamics
CFD (Computational Fluid Dynamics) is used to test and predict the outcome of the aerodynamic properties of a f1 car by producing a 3D image of the car and using complex maths and physics teams can use this to measure air flow and how it will affect the car. Whilst costly it can be very effective as teams can use it to run aero tests on a car that ether isn’t fully built or run the risk of having an incident whilst testing on track. Also, CFD can be used as a benchmark for testing as you can use the results from a CFD test and compare your results on track and wind tunnel results for further accuracy.
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3. Current state of formula 1
As more industries aim to become a more sustainable environment for the earths formula 1 as a whole has been trying to become even more economical as they are aiming to be carbon neutral for 2030 to do this, they are planning to become 100% sustainable and by overhaling the sports latest engine regulations by 2026 increasing the MGU-H power by 350kW (470BHP).
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4. Conclusion
In conclusion in this 11-year period of Formula 1 it shows how far technology has come as the teams and cars have come an incredibly long way in 11 years the cars have become faster, more aerodynamic, more fuel efficient safer etc and are still getting more sustainable to this day. 
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