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[bookmark: _Toc213169792]Introduction
This report aims to analyse how the 2022 Formula 1 regulation changes to the wings affected car aerodynamics and racing performance. Formula 1 is heavily dependent on aerodynamics to generate downforce, which enhances grip making them able to corner at high speeds. This is made possible through a combination of the wings, diffuser and floor which produce downforce with minimal drag. In 2022 the FIA introduced major changes to the regulations. The main goal was to provide closer racing making it easier for cars to follow each other (1, 2024).
The report aims to assess the evolution of wings over past years compared to the changes made in the 2022 regulation, to evaluate how the cars aerodynamics have progressed over the years. It will look at historical development of aerodynamics and the technical impact the new wings have had on it and analyse if the changes have improved racing performance on the track. By doing so it should be possible to analyse the effects the regulation changes had to the aerodynamics and car performance compared to previous designs.


[bookmark: _Toc213169793]Contextual Background
Wings were first introduced in Formula 1 in the late 1960s, with teams aiming to create more downforce that then improved stability and cornering speed. In 1977 Lotus modified their wing so it’s endplates would scrape on the ground, using the underside as a giant wing sealed to the ground at its tip. Which in modern day is called disruptive technology, pushing aerodynamics to the forefront of the cars design (Newey, 2017).
 Across the decades the aerodynamic elements became more complex with the wings endplates becoming more intricate. Nowadays teams use more sophisticated tools to carry out their aerodynamic examinations permitting them to explore the limits of aerodynamic downforce and stability (W.Toet, January 2013). With the 2021 design it allowed car to go from more than a 40% loss of downforce for the car following behind in dirty air to around a 5-10% loss. Providing a significant decrease in loss of downforce experience for the car behind. Meaning that cars had to be more reliant on DRS. With the new cars producing cleaner air and being directed higher, the car behind can follow closely enabling them to not just overtake but also battle. 
Before 2022 the cars generated a substantial wake of turbulent air substantially affecting the stability of the following car, which then makes them prone to move around and deflect a lot which negatively affected the aerodynamics of the car causing the tyres to become overheated and loose grip. The upgraded Pirelli tyres which increase significantly in size from 13 inches to 18 inches with the aim being to specifically promote closer racing. They also produce less heat which reduced the risk of overheating which then causes the performance to decrease in the tyres. (Jonny Reynolds, 2019) (FIA, 2019) (Jena, 2022)
[image: ]One of the main objectives of the regulation changes was to decrease aerodynamic turbulence. This objective will predominantly be accomplished through the reintroduction of ground effect- the use of the large underwing and bodywork on the floor of the car to adhere more closely to the track surface which then generates more downforce.Additionally, with the aim of allowing cars to follow each other more closely, the introduction of fully-shaped underfloor tunnels (opposed to the stepped floors seen in previous years),  generates a substantial amount of downforce. Since these underfloor tunnels are less sensitive to the aerodynamic wake of other cars it should allow cars to follow behind more easily. (Jena, 2022) 
               
[bookmark: _Toc213168843]                                              Figure 1-A comparison of the differences between the 2021 & 2022 car designs
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A simplified front and new rear wing were introduced, both being designed to prevent airflow from being directed outwards, instead narrowing it. The curved rear wing still features DRS, although it’s impact might have been slightly reduced, indicating that the FIA sought to keep overtaking assistance while still reducing dirty air (Morlidge, 2022). The updated front wing design contains fewer elements, with a maximum of four being permitted compared to the previous five. These elements must conform to a series of intricate dimensions, allowing for moderate camber at the inboard ends but tapering down to minimal camber towards the outboards. However, the elements are also restricted in the degree they can be angled thereby limiting the angle of attack on the whole wing. 
The endplates have been designed to be much simpler and smaller than the previous multi element ones that had been developed under the old rules. The endplates enhance the effectiveness of the elements in generating downforce by restricting the lateral movement of airflow beneath them, thereby reducing downforce losses and minimising the turbulent wake that would otherwise be produced. (Hughes and Piola, 2022)
By developing a front wing in which the gap between the nose and the elements has been removed, a change designed to eliminate the Y250 vortex, which previously contributed to generating dirty air for following cars by creating a series of spinning air vortices that directed airflow away from the floor. The images below illustrate how the removal of the Y250 vortex reduced the amount of turbulent air generated, therefore making the cars behind less aerodynamically compromised (Mitchell, 2022).
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[bookmark: _Toc213168844]                     Figure 2- The comparison between vortices created by the rear of the car 2018/2022 (Mitchell, 2022)

Additionally, the cars will feature wings with rolled tips, replacing the sharper, rectangular designs used in previous seasons. This change allows the new wing to direct the wake through the sloped diffuser and high into the air above the following car, making the airflow less turbulent. The effectiveness of DRS will be positively impacted, as the loss of downforce has been reduced. Therefore, the pace differential required to overtake decreases, promoting closer and more competitive racing between cars (Jena, 2022). In prior seasons, the average loss of downforce when closing to within one car length was around 47%, but this has been reduced to just 18% under the new regulations. (Stuart, 2021)
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[bookmark: _Toc213168845]Figure 3- Mercedes W12 2021 rear wing compared to Williams FW44 2022 (Crebolder, 2021) (Medland, 2022)

The simplified wing designs were intended to complement the floor’s ground effect. With the introduction of fully shaped underfloor tunnels, teams were able to generate significant amounts of efficient downforce through ground effect. The reliance of the upper- surfaces aerodynamics has been reduced, with the floor generating a large portion of the performance instead, resulting in the dirty air hitting the car behind to decrease. While the floor development reduced aerodynamic performance, it provided greater stability when following another car. (Medland, 2022). 
The regulations aimed to close the gap between the midfield teams and the front runners by reducing the turbulent wake, making it easier for them to overtake and ensuring that the whole field would have opportunities to score points.
 Pierre Gasly and Max Verstappen both expressed that they found the cars were easier to follow. Gasly noted that it indicated improvements compared to the previous year, with closer racing and more on-track battles, marking a step in the right direction. Verstappen stated that the extreme moments of oversteer and understeer had been eliminated. However, when following within a second of another car, it was still challenging to follow due to the car’s cornering speed, although overall it felt somewhat more manageable than previous seasons (Benson, 2022) . 
Pirelli stated that the number of overtakes recorded during the 2022 seasons increased by over 30% compared to 2021, rising from 599 to 785.This increase was caused by cars being able to follow more closely, which created more overtaking opportunities. Additionally with reduced sliding affecting the tyres, drivers were able to maintain a consistent push over the course of a stint. Despite these changes the average gap across the field remained largely unchanged, at around 2.5 seconds. 
The regulations made the cars more reliable on DRS, Sebastian Vettel commented that while DRS was introduced to assist overtaking, it sometimes feels like the only factor that enables a successful overtake. Porpoising became a significant issue with the introduction of ground effect. While it was anticipated, it’s severity was not expected to be as great (Smith, 2022) (Benson, 2022).
[bookmark: _Toc213169795]Conclusion
In conclusion the 2022 aerodynamic regulation changes, particularly those affecting the front and rear wings, successfully reduced turbulent air and enabled closer, more competitive racing.  The simplified wing geometries, smoother endplates, and reintroduction of ground effect collectively improved aerodynamic efficiency and reduced the downforce loss experienced by following cars (Hughes and Piola, 2022) (Jena, 2022).As a result overtaking opportunities have increased, with cars being closer and on- track battles occurring more frequency.
Nevertheless, porposing issues became more significant than anticipated, with some teams affected more severely than others, leading to increased aerodynamic drag and setup compromises (Daly, 2023).While these changes created a few challenges, they nonetheless achieved the FIA’s primary objective of promoting closer, wheel- to- wheel racing. 
Looking ahead, further refinement is necessary, particularly in reducing the reliance of DRS, to make overtaking more challenging and to encourage more genuine on- track battles (Benson, 2022).Future regulation changes may further refine these aerodynamic concepts. 
The upcoming 2026 regulations aim to advance development through the introduction of active aerodynamics systems, incorporating movable front and rear wings, designed to minimise drag on the straights and consequently increasing straight-line speed. According to the FIA, downforce is estimated to be reduced by 30% and drag by 55% because of implementing these active aerodynamic systems. By linking simplified aerodynamic elements with performance enhancement, the 2022 regulations have provided a key foundation for the continued evolution of formula 1’s aerodynamic design principles (Barretto , 2024).
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