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[bookmark: _Toc138754368]Introduction:
This assignment will cover topics regarding an F1 rear wing. Topics such as the Reynolds number of the fluid around the wing will be discussed, also how it affects the performance of the wing through laminar and turbulent fluid flow. Old wings, current wings and future wings will also be compared to find out how the wings have changed regarding their materials, performance and effectiveness on an F1 car. 
To be able to test the fluid flow around a modelled F1 wing, it will be beneficial to use CFD software on SolidWorks or other software packages to visualise how the fluid flow around the wing will act. Testing methods and acquisition of data would then be thought of to conduct tests on a prototype rear wing and record the obtained data which can then be compared to the simulation software.
[bookmark: _Toc138754369]Reynolds Number:
The Reynolds number can be written as   , this equation will provide a value which is dimensionless and unitless. This value will be able to indicate if the flow around the wing is either laminar flow or turbulent flow. Laminar flow will travel much more smoothly over an object as the flow will travel in a normal path. Turbulent flow will consist of more chaotic paths that cause disruption between the other layers of fluid flowing around an object. If the Reynolds number is < 2000 then the flow is laminar, > 2000 and the flow is turbulent as at this point, the pressures and velocities vary causing the flow to become turbulent.  
At Silverstone racetrack, an F1 cars average speed around a track is approximately 150mph (67.05m/s) (Oversteer48, 2023). The air density can be stated as 1.225Kg/ at 15C. The FIA also state that the chord of the rear wing must be 415mm (0.415m). The dynamic viscosity of air at 15C is 1.802 x 10-5. From this information, a Reynolds number can be calculated using the equation   . 
	 = 1891595.1. This large Reynolds number can be used to describe the flow as turbulent. To get laminar flow, the value must be less than 2000. This number was larger than expected, this indicates that the viscous forces aren’t important at the larger scales of the flow. 
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[bookmark: _Toc138754293]Figure 1 - Laminar & Turbulent Flow

It is important to understand the application before determining if laminar or turbulent flow would be the best as both type of fluid flows have their own advantages and disadvantages e.g., an aircraft wing requires laminar flow for a smooth and safe flight as turbulent air can cause turbulence causing the aircraft to become unstable. However, a golf ball has dimples as it entices turbulent flow so that the separation point is further back allowing the ball to travel further. 
Ono (2023) explains how an F1 car that is leading a race will have maximum efficiency as the air flow will be hitting the aerofoils of the car in a laminar flow. A Slipstream can be created from a car following another car very closely as there is a low-pressure area behind the car in front. The car behind will have an advantage as it will not be subjected to the drag caused by the air that the car in front does. The car in front is ‘punching a hole’ in the air which the car behind can use as an advantage. Laminar flow will cause the wing to be as efficient as possible as it will be able to create sufficient downforce in high-speed corners. 
Turbulent flow known as ‘dirty air’ occurs when a car is following around 2 seconds behind another car. This means that there is no uniform flow when the air hits the aerofoil. By the time this air hits the rear wing, it has become more unpredictable and created more vortices. This in turn creates less downforce through the corners and can make the car become very unstable and the handling can become poor, resulting in oversteer due to the rear of the car not being ‘planted’ to the floor by downforce. 
[bookmark: _Toc138754370]Boundary Flow & Separation Point
On the rear wing, a layer of air forms on the upper and lower surfaces. These layers will flow from the leading edge of the rear wing to the trailing edge, until it reaches the separation point. The separation of the airflow is when the airflow layers detach from the rear wing. If the separation point is close to the leading edge, the rear wing will be subjected to a lot of turbulent air which will reduce the downforce generated by the rear wing. 
F1 cars have been using multi-element rear wings as a way to produce a lot of downforce in recent years of Formula 1. Multi-element rear wings use more than one aerofoil (mainly 2) so that new airflow can be introduced between a gap in the aerofoils. This new airflow energises the boundary layer so that the separation point of the airflow is delayed and stays attached further back to the trailing edge, meaning a high amount of downforce generated and increased performance from the rear wing. 
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[bookmark: _Toc138754294]Figure 2 - Multi-Element Wing Air Flow
The Drag Reduction System (DRS) was implemented into F1 in 2011. This system allows the flap (top section of the multi-element rear wing) to change its angle from 10-15mm to 50mm (Technical F1 Dictionary, 2023). When the flap on the rear wing is opened, lots of downforce is lost as the separation point will be much further forward on the wing which will increase the amount of turbulent air created. An open rear wing also increases the speed of the car as the induced drag has been decreased. This happens as the gap between the aerofoils is larger, so the airflow is much flatter going through the slot. Cars can only use this feature in DRS zones which are certain zones of the track which are mainly straight high-speed sections as this is where downforce is the least required. 
As there is a high pressure going over the top of the aerofoil and low pressure underneath the aerofoil, there is a suction caused under the wing which may direct some of the air from the top to the bottom via the sides of the wing (Engineers, 2016). This is why end plates are installed either side of the rear wing so that the vortices can be directed as far aft as possible on an F1 car. The slots in the end plate also help to reduce the vortices and help keep the pressure differential, so more downforce can be created. 
[bookmark: _Toc138754371]Rear Wing Materials
Materials in Formula 1 are very important as the parts need to be lightweight to keep the car as light as possible and strong, to withstand some of the large forces that they undergo while travelling at high speeds. Current F1 car rear wings are produced using Carbon Fibre as this material can satisfy all the characteristics required for the rear wing. 
Historically, rear wings used to look completely different than they do these days. The Lotus team introduced the rear wing concept in 1967 which was located high above the rest of the car.   Fearnley (2021) describes how the ‘skyscraper’ wings caused two major crashes due to their position and profile. The crashes occurred when turbulent air caused the downforce to become lift and the car then lost control. Back then, the rear wings were produced out of bent steel sheet. The bent steel sheet would still be subjected to a lot of force, as a rear wing produces around 25% of the overall downforce of the car. 
Carbon Fibre’s material strength to weight ratio outshines that of aluminium or steel, also the stiffness that can be created by carbon fibre which is an anisotropic material is a great beneficiary of the material. CF wings are hollow which are they filled with low-density foam, which can provide extra rigidity within the wing. This foam is also very lightweight so that it doesn’t add much weight to the overall car as that will reduce the cars top speed. A downside of carbon fibre as a material is the price of the material and the manufacturability. This can be very difficult as carbon fibre is woven, and different patterns can cause the material to give different characteristics. Initially the carbon fibre sheets are stored in a fridge at -19C so that the pre-impregnated resin doesn’t set and start to bond when it is subjected to any heat. Once the rear wing has been made, it then must go into an autoclave for the resin to set. 
Formula 1 is an innovative sport and are constantly researching new materials and composites which may then be used on the car. As additive manufacturing becomes more important, this process could look to be used to create more complex wing structures, but it would still require a strong material to be used and pass all the FIA’s requirements which may take some years. The introduction of some bio-based materials could also be launched into the production of rear wings which will help Formula 1’s strategy on becoming sustainable and hitting net zero by 2030. Super Formula have introduced bio-composites for cars chassis instead of Carbon fibre. This has reduced the CO2 emissions by up to 75% and could also help F1 to become a carbon neutral racing series.
Some smart materials could also be used in the future of F1 car designs. Smart materials that could possibly change shape depending on the conditions or change their characteristics and properties once a certain load or temperature has been reached. 
To ensure that all teams have a standard level playing field, the Fédération Internationale de I’ Automobile (FIA) produce regulations which state very strict information including dimensions and material properties. The regulations also state the testing requirements on how much deflections should be made by the rear wing; this is so teams cannot benefit from ‘flexible wings’. A relevant section of the technical regulation regarding the rear wing can be found in Appendix 1. (FIA, 2022). These future materials that will become available will still need to prove that they met the same, if not improved safety and performance standards than the current CFRP rear wings. 
[bookmark: _Toc138754372]Modelling Techniques:

[bookmark: _Toc138754373]CFD Software:
Some modelling techniques that may be used to simulate fluid flow over a rear wing could be done with SolidWorks Flow Simulation This software has its own Computational Fluid Dynamics (CFD) section which can be used to simulate airflow around a given object. The benefit of using flow simulation is so that components can be created via CAD, implemented onto the F1 rear wing, and determine if the component has made a positive impact on the wing before it is even produced. This can save huge amounts of money by not having to produce different concepts and prototypes every time something new is designed. The Flow Simulation software lets various types of liquids / gases be selected, more parameters such as pressure, velocity, temperature etc. may also be selected to have a more in-depth analysis of how the rear wing will react. (BLOG, 2009) describes another perk of SolidWorks flow simulation is that laminar and turbulent flow can be produced to go over the wing, it can also demonstrate the transitioning between the two types of fluid flows for better accuracy. A disadvantage of using CFD is that some of the mathematic formulas and CFD parameter setups can be complex, due to this it may require some training to get used to. Also, as CAD models are used, the simulations of complex objects / systems may not be as realistic as engineers require it to be as it cannot account for some real-world phenomena’s that may occur in the simulation. An example of this is ‘porpoising’ in the 2022 F1 season, this is where the car used to make a bouncing motion when travelling down a high-speed straight. 
[bookmark: _Toc138754374]CAE Software:
Computer-Aided Engineering (CAE) software is a different type of software that is the used for simulation and analysis. Using CAE allows various types of engineering disciplines to be used such as Finite Element Analysis (FEA), Mechanical Event Simulation (MES), Control System Analysis and many more (Siemens , 2023). CAD and CAE are used in complimentary roles, CAD of a rear wing will be designed in the early stages of the process and then will be tested using CAE software, to determine how it will cope in real-world scenarios and conditions. A disadvantage of using the CAE software is the cost of the software, there are different packages which can be chosen however, ANSYS Mechanical CFD Flow simulation would have cost approximately £25,000 back in 2013, this software would now likely cost much more. The PC required to run all these tools would also be very expensive. 
CAE is very reliant on complex equations and would require an extensive amount of training before it could even be used reliably. Skilled professionals would be required to set a test or simulation correctly within the software. If any input data is incorrectly entered into the simulation, this could lead to the output data being incorrect, and unless it is noticed and modified then it could lead to further problems in the future when tested in real-world applications. 

[bookmark: _Toc138754375]Physical Testing:

[bookmark: _Toc138754376]Wind Tunnels: 
Wind tunnels are used extensively in F1 as actual F1 cars are continuingly being updated throughout the year, so the actual F1 cars cannot be used for test purposes as they will be required week after week to race. As these cars aren’t available, the FIA has introduced budget limits so that multiple cars cannot be created as this would be a disadvantage on the teams with lower budgets. 60% scale model cars are produced and then used in the wind tunnels as teams can use these all season in their allotted wind tunnel testing times. (Mercedes-AMG Petronas Formula One Team, 2021) describes how wind tunnels can only be used with speeds under 110mph so not all scenarios can be tested in the wind tunnel. F1 wind tunnels are closed circuit tunnels so the air is produced from large fans within the wind tunnel, the air is then re-circulated around the tunnel by using guide vanes. This type of tunnel can be a disadvantage as the air heats up due to friction along the walls however, this type is much more suitable than an open circuit wind tunnel due to less power being required as the air can be re-circulated which makes the running costs much less. This wind tunnel can also be pressurised so the Reynolds number can be met to produce either laminar or turbulent flow over the scaled model. 
In the wind tunnel, rolling roads are used as the car model will be fixed within the tunnel that travel the same speed as the air flow. This will help to simulate the relative airflow between the road and the F1 car. 
[bookmark: _Toc138754377]Aero rakes
In F1 pre-season testing, most cars will be seen with aero rakes attached to their cars. These rakes are full of pitot tubes and other sensors to collect various data related to the airflow from the front of the car to the rear wing. Pitot tubes are right-angled tubes which are orientated into the airflow. Static pitot tubes are used to measure both total pressure and static pressure but rely on the airflow going into the pitot tubes. Kiel probes are also attached to the rake, these sensors are very similar to pitot tubes however, they can measure the air flow pressure from any angle which differs from pitot tubes. Kiel sensors are used because they are less prone to changes in yaw angle which occurs when F1 cars pull up to 5g while cornering (Formula 1, 2023). This data is collected and then compared to the simulation data so that the engineers can check there is a correlation between the simulation data to reality, to see how accurate the CFD modelling / wind tunnel testing is. 

[bookmark: _Toc138754378]Flow-Vis Paint
Flow-vis paint is a visual method of seeing how the airflow acts over the car. Flow-vis paint fluorescent powder mixed with an oil which can then be applied to the car in certain locations such as the front wing, sidepods and rear wing. This paint is generously applied to the car just before it is sent out to the track, when the car is travelling at high speed, the oil dries out and the paint starts to dry on the car’s components. From the luminescent trail left on the car, engineers can examine the paint and see the different flow structures and separation points (Bang, 2023). 
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3.59 Rear Wing Mainplane Flexibility

a. Bodywork may not deflect more than 6mm along the loading axis and 1.0° in a Y-plane,
when two loads of [0, 0, -1000]N each, are applied simuitaneously to the Rear
Profiles. The loads will be applied at [X¢=375, £300, 910]

b, Bodywork may not deflect more than 6mm along the loading axis and 1.0° in a Y-plane,
when two loads of [324, 0, -940]N each, are applied simultaneously to the Rear Wing
Profiles. The loads will be applied at [X¢=325, £300, 900]

‘The loads in () and (b) will be applied through adaptors, supplied by the team, that lie
between 250mm and 350mm from Y=0 and between Xx=90 and at least Xx=500. The upper
surface each adaptor must lie at =910 and should have a counterbore of 52mm diameter for
the application of the load in (b).

‘The deflection will be measured on the rear wing profiles, at [Xs Y] [350, £150], and

[350, £450] and relative to the Rear Impact Structure. Teams must provide four pads to
support tracking targets. Details of the targets is given in the Appendix to the Technical and
Sporting Regulations.
“The tests defined in this a
the permitted deflections

icle may be performed with the RW Flap removed. In such cases
be 25% higher than those defined in () and (b).
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Rear Wing Flap Flexibility
‘The RW Flap may deflect no more than 7mm horizontally when a 00N load is applied
horizontally. The load wil be applied in the plane Z=875 at one of three separate points
in S0mm of the car centre plane and 270mm either side of it. The loads
applied in a rearward direction using a suitable 25mm wide adaptor which must be supplied
by the relevant team.

‘The deflection will be measured along the loading axis and relative to the forward part of the
Rear Wing Mainplane at the same Y-station.

Rear Wing Mainplane Trailing Edge

‘The forward-most aerofoil element of Rear Wing Profiles may deflect no more than 3mm
along the line of load application, when a 200N load is applied normal to the lower surface.
‘The load will be applied in line with the trailing edge of the element at Y=0, Y=+125, or at
Y=£375.

‘The deflection will be measured relative to the forward part of the Rear Wing Mainplane at
the same Y-station.

‘The loads will be applied using a suitable adaptor, supplied by the relevant team, which:
May be no more than 50mm
Which extends no more than 10mm forward of the trai

fe.

Incorporates an 8mm female thread in the underside.
Beam Wing Flexibility

No element within RV-RW-BEAM may deflect more than 3mm when aload of 150N is applied
g edge, normal to the lower surface of the element. Two loads of 150N will be
applied simultaneously at Y=270 and Y=-270 and 5mm forward (measured along the lower
surface) of the local trailing edge.

‘The deflection
Structure.

be measured along the line of load application, relative to the Rear Impact

‘The loads will be applied using adaptors, no more than 60mm wide, supplied by the relevant
team. These adaptors must conform to the specification given i the Appendix to the
Technical and Sporting Regulat

Rear Wing Endplate Flexibility

‘The endplates described in article 3.10.4 may deflect no more than 10mm, when measured
along the loading axis, when a SON point load is applied in an inward direction normal to the
car centre plane using a spherical 15mm diameter tip at [Xs, 2] = [635, 585]. For this
‘measurement, the contribution of the rigid-body rotation of the whole
removed.
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