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[bookmark: _Toc139139061]Introduction 
The advancement in race car technology has progressed ever so much since the early days of the sport being recognised. From the early 60’s where aerodynamics was not even to be considered into racing to current day, where race wings can give you the edge in performance. The critical relationship between the cars wing shape and the flow around the wing is what allows the car to have its effectiveness when out on the track. 
The crucial role for a cars race wing is to produce additional downforce to combat the power that the cars put out (Prestige Imports, 2020). By doing this the car is gained extra traction when driving on the track at higher speeds. When acceleration the wing reacts with the flow of air initiating the element of downforce (ChatGPT, 2023).  
Engineers have been able to really become familiar with this dynamic element by the aid of software that allows them to visually see the effects own a wings performance. Using software like CFD (Computational Fluid Dynamics) it can grant the benefits and disadvantages in areas of the race wing. Using the software permits engineers to carry out the process of ‘’mathematically predicting physical fluid flow by solving the governing equations using computational power’’ (Simscale , 2023). Since created, CFD has become a very well-established tool to aid engineers in prototyping theirs designs to see how they would perform in a real-world environment. 
This report will be going into depths on how the race wings are created, the reasoning behind why the shape of the race wing is used and the implications that may become apparent when collecting data on the race wing itself. 
 











[bookmark: _Toc139139062]What is Reynolds number 
[image: ]Reynolds number (Re) is a dimensionless number. It allows for engineers to visualise fluid flow patterns around an object (Simscale , 2023). The number is used to work out and determine whether the flow around an object is laminar or turbulent (Simscale , 2023). Reynolds Number is one of if not the most principal factor when it comes to numerically modelling viscous flows (Simscale , 2023). Pictured below can be found the formula to get achieve the Reynolds Number: [bookmark: _Toc138067320][bookmark: _Toc138074700][bookmark: _Toc139137032][bookmark: _Toc139139333]Figure 1- Reynolds Number


[bookmark: _Toc139139063]Why is Reynolds number important? 
Reynolds number has the importance of identifying dimensionless quantities fluids (Science Direct, 2017). The number that the Reynolds equation produces describes and indicates how the transport of fluid or air flows around or through an object. When calculated it will tell the engineer if the flow is steady or turbulent (vedantu, 2023). In the scenario of designing a race wing, it would be ideal that the shape of the wing will produce Laminar flow which means the flow will travel smoothly across a surface which is opposed to turbulent flow which means the streamlines of the fluid will have increased separation across the surface (vedantu, 2023). All this can be identified by also understanding the boundary layers behaviour. This is a very thin layer of fluid that is neighbouring to a solid surface (ChatGPT, 2023). 
[bookmark: _Toc139139064]How does Reynolds number influence flow around a race wing? 
The aim of using Reynolds Number is to understand how the flow of a liquid or air travels across a surface. When racing, the car is designed to have the least amount of drag as possible to ensure a clean cutting motion to combat the resistance of driving fast. When calculating Reynolds number factors like velocity, density and viscosity will affect your outcome (CFD, 2023). If a low Reynolds number is calculated, then it will indicate to the engineer that there is a presence of high viscous forces affecting the inertial forces-This allows for laminar pathways (CFD, 2023). This is ideally what engineers are looking for when designing a wing. There are other factors to take into consideration such as complex shapes of the wing, different environmental changes such as difference in air pressure E.T.C. By using the Reynolds Number, you can also gain data in understanding the drag and lift coefficients of a cars race wing. If the race wing produces too much lift, then it could cause the vehicle to lose traction at high speeds triggering the car to crash (Nath , Pujari, Jain, & Rastogi, 2021). 





[bookmark: _Toc139139065]Reynolds number estimation 
To achieve an estimation of a Reynolds number on a race car wing, you need to use the Reynolds equation which is: 

To get a Reynolds number some estimations must be used such as the length of the race wing and some other dimensions that are crucial to calculating the figures for the wing. It was found that the average length of the foil on a F1 race wing is around 0.35m (Chronicle, 2021). It is also required to find the density of the air as air holds a vast amount of force against the wing whilst in use. As the density of air is 1.225Kg/m3 (Helmenstine, 2020) and the average temperature of air being 20oC (Sharp, 2022). Furthermore, after carrying out some data collection on f1 wings it was found that on average they travel at speeds of 186MPH (Toet, 2023)  Lastly, studying the dynamic viscosity of air is 1.8 x 10-5 (GPT, 2023)- Having this data allows for the calculation to be carried out. 


[bookmark: _Int_ZY6wvAGk]After conducting the above calculation, it was found that the Reynolds number was 1,980,586.81. Comparing this to a table found (What is Reynolds number, 2023) it was found that the number that was calculated was turbulent flow. 
[bookmark: _Toc139139066]Discussing boundary flow around the wing. 
When discussing the boundary flow around a race wing- this will refer to the actions carried out near a race wings surface (ChatGPT, 2023). When designing the race wing the development of boundary development is crucial to ensure that the fluid flows correctly over the wing. The boundary layers consist of flow in an immediate area of a solid surface. When a fluid flows over the wing a boundary layer will start to develop. The motion produced in this zone effects the frictional resistance that is exerted by the boundary (Southard, n.d.). When introducing the race wing, it is necessary for all the flow to travel smoothly within these zones. Boundary layers will develop on an object which has many complex shapes and sizes which also has engaged fluid flowing them those shapes and at the same time being relevant to the object (Southard, n.d.).  
There are also laminar boundary layers and turbulent boundary layers to be taken into consideration. As previously mentioned, these two types of flows determine on how the object will react when it encounters any resistance. Pictured below demonstrates how the flow would appear: 
[image: ][bookmark: _Toc138074701][bookmark: _Toc139137033][bookmark: _Toc139139334]Figure 2- Laminar and Turbulent flow







As you can see pictured above laminar flow produces a smooth self-directed flow whilst turbulent flow produces a swirled action. These two flows will change due to distinctive characteristics such as the smoothness of the surface that the flow is travelling across. If the surface has a rough layer, then turbulent flow is more likely to become evident. Again, pictured below shows how different surfaces effects the two flow types: 
[image: ] 




[bookmark: _Toc138074702][bookmark: _Toc139137034][bookmark: _Toc139139335]Figure 3- Surface finish effects


[image: ]When taking flow into consideration, separation must also be thought about. Separation occurs when ‘’the velocity of the boundary layer struggles against an adverse pressure gradient’’ (Ansys, 2023). Another issue with separation is that it will eventually become what was laminar flow into turbulent flow where laminar produces calmer straight lines of flow whereas turbulent causes an almost swirling effect of flow (Vapourtec , 2023). This can be a common issue when designing race wings due to the excessive amounts of pressure like downforce and other shared factors when going at high speeds. When this problem takes place, it will cause an abnormal volume of drag to arise. Due to the fact race wing wants to be as aerodynamic as separation is not ideal. Below is a diagram showing the effect of separation. 
[bookmark: _Toc139137035][bookmark: _Toc139139336]Figure 4- Separation of layers


[image: ]Lastly, the last topic to discuss is turbulent flow. Turbulent flow has a crucial part in overall performance of a f1 rear wing. ‘’ Turbulence is a phenomenon in Formula 1 racing that refers to the chaotic, unpredictable flow of air around a race car’’ (Rehman, Turbulence in Formula 1: What Does It Mean?, 2024). Due to turbulent flow being very unpredictable (Rehman, Turbulence in Formula 1: What Does It Mean?, 2023)It is particularly important that the engineers of the team designing the wing can control the vicious forces turbulent flow can have by ensuring the wings dimensions can aid the driver instead of causing performance issues. Pictured below is shown has the newer race wings in formula 1 produce less turbulent flow when it exits the rear wing as to of previous wings (MCCLUSKY, 2005). 

To conclude boundary flow around and in a formula 1 wing, their primary reason for looking the way the way they are is to benefit and aid the drivers when their cars are going at high speeds. The wings primary use is to moderate any drag the cars generates to increase performance (Partridge, 2021). 
[bookmark: _Toc139139067]Carbon fibre reinforced plastics 
[image: ]Carbone fibre is one of the most used advanced materials in the engineering industry. It has become widely used in the automotive industry and even satellite technology. Carbon Fibre-reinforced plastics or CFRP offer a vast number of advantages when working with carbon fibre (SGL carbon, 2023). The material consists of a base substance known as a matrix and is then secondly reinforced with a component (SGL carbon, 2023). CFRP is used to replace materials that do not have high load bearing capability (SGL carbon, 2023). Having this property allows for lightweight yet high-performance wings to be created. CRFP is now frequently used in the formula 1 industry and in 2023 it is known that CFRP ‘’makes up 85% of a standard F1 car’’ (Shortland, 2023). [bookmark: _Toc139137036][bookmark: _Toc139139337]Figure 5- CFRP


[bookmark: _Toc139139068]Implications with performance
An obvious issue with carbon fibre is cost. On average the cost of carbon fibre is around £100/Kg in the United Kingdom (NetComposites, 2009). With the weight of a carbon fibre rear wing also being around 11Kg (formula1-dictionary, 2023) it costs around £1,100 for a single rear wing. 
Secondly, CFRP is very difficult to carry out repairs on. If a small amount of damage accumulated on the rear wing for example it could potentially mean a new wing is needed. There are ways around repairing CFRP by means of patch repairing but this can only be achieved if the damage hasn’t penetrated the resin layer (Hall, 2022). Due to how CFRP is manufactured it can be reasonably challenging to locate small cracks (Hall, 2022). By having this issue-having cracks could cause a serious lack of performance to the wing. 
[bookmark: _Toc139139069]Historical, current, and future developments
CFRP seen its first mechanical use in the late 60’s to early 70’s (Plastics Technology , 2005). It was to be used in the aerospace industry to create landing components for the Boeing 727 jet (Plastics Technology , 2005). Although due to high cast and very little knowledge of the material it was mainly focused on being used in the world of aerospace and luxury cars (RW Carbon , 2014). Fast forward to the late 80’s when it was then to be implemented into the F1 world when McLaren explored the materials beneficial properties (Mitchell, 2023). As Widley known, carbon fibre is now one of if not the most used materials in the high-performance motorsport industry (Mitchell, 2023). 
Fast Forward to the 21st century and CFRP is a commonly used material in the aerospace, performance racing and wind energy (SGL carbon, 2023). Other than F1 racing, CFRP after market parts are being produced for the public to purchase- ‘’The distinct carbon fibre weave has become a symbol of hi-tech and hi-performance’’ (Johnson, 2018). The material has also been found to make its way into the wind industry as the blades are started to be produced using CFRP (Johnson, 2018). 


As CFRP develops, there will be further investigation on how to improve the material, ways to manufacture it more efficiently and how to reduce its overall costs. The materials industry will investigate targeting new applications, lower the cost of the technology required to make CFRP and reduce the cost of the material as a whole (ZOLTEK, 2023). Finally, materials developers want to rid of the ‘’low volume, high cost’’ view on carbon fibre (Sloan, 2022). If manufactures can get gone of this idea on the material, it will become a regularly used material.  
[bookmark: _Toc139139070]Modelling techniques that simulate fluid flow 
[image: ]A commonly used modelling technique that is vastly used in both educational and real-world scenarios is CFD (Computational Fluid Dynamics). The use of CFD is to ‘’analyse the flow of fluids using numerical solution methods’’ (Femto, 2017).  CFD can be utilised to measure and record properties such as lift and drag (Femto, 2017) for applications such as F1 cars. When carrying out CFD the process can give you a quick and effective result once performed (SIEMENS, 2022). Computational fluid dynamics can also be used in other areas such as the chemical, nuclear and marine industries (SIEMENS, 2022).

[bookmark: _Toc139137037][bookmark: _Toc139139338]Figure 6- CFD of F1 Car

[bookmark: _Toc139139071]Advantages 
By performing CFD techniques-as an engineer you will be saving time, cost and can have reliable accurate results (Quadco Engineering, 2023). Firstly, having the ability to save money is a big advantage when designing and experimenting with such complex componentry (Quadco Engineering, 2023) as it enables for the engineer to experiment with different figures and dimensions to see what will yield the beneficial outcome. 
Moreover, by using CFD you can simulate different scenarios and different conditions (Pretechnologies, 2023). By having this capability, you can essentially trial your wing to see how it will perform in a worst case and base case situation. Relating back to the previous point this again will aid you in saving time and money (Quadco Engineering, 2023).
Finally, when using software’s such as CFD you are testing components to their limits (Peritus, 2019) and fundamentally ensuring the components will work under a sizable load whilst maintaining a great factor of safety (Peritus, 2019). CFD is also enabling for risk management strategies to be deployed. By doing this it allows for the design engineer to understand any uncertainties that they may have (Peritus, 2019).     





[bookmark: _Toc139139072]Disadvantages 
Although computational fluid dynamic software’s have many benefits, the software can also present themselves with many difficulties when using them. The first and nearly obvious negative about the software program is that its very difficult to operate (Ablison, 2023). The operator of the program will no doubt need some educating and guidance to initially use the program (Ablison, 2023).    
Secondly, the program requires long run times in order to compute the required data and information required to complete the job in hand (IFES, 2023). For example, if you are required to present data from CFD in a short timescale, it may not be the best option, although this depends on the size on the model in hand (IFES, 2023). 
Lastly, if the simulations corrupt or fail, it will amount to a big loss of money to due what could have been an avoidable mistake (IFES, 2023). The reason the software costs so much is because it is required to be operated by a human who is required to input the data (Terry, 2023). The operator is required to design and create a CAD (computer Aided Design) model. It is then required to be built into a computational mesh, furthermore it is then needed for the user to set up the simulation and process the results (Terry, 2023). 
[bookmark: _Toc139139073]Types of prototype testing 
To create a prototype of a new or redesigned component is crucial when you are required to collect data or experiment. ‘’Prototyping is an experimental process where design teams implement ideas into tangible forms from paper to digital’’ (Interaction Design Corperation , 2023).  By creating a prototype of a component, you are setting yourself a good start point of where you would like to have your final design (Interaction Design Corperation , 2023).  An example of a prototype is a 3D printed part. Formula 1 team such as Renault have used 3D printers to create prototypes of component which are then used to trial (Verdict , 2022). By doing this to users are creating cheap yet strong and lightweight parts that are easy to make and use. 
[image: F1 releases images of 2021 car in wind tunnel - ESPN]The mock designs of components can then be used in environments such as wind tunnels. Wind tunnels are used to ‘’Test the aerodynamics of car models, or parts of car models, in a simulated racing environment’’ (Chronicle , 2021). Wind Tunnels are a very beneficial tools to component developers as it allows them to visualise and collect data on how their designed wing could perform in an ideal situation (Auto123, 2023). By doing this the engineers can see how the boundary layers react, what the flow of air is like around the component and what forces may negatively affect the performance of the wing (Auto123, 2023).  By visual aid the engineers can then alter and change the dimensions of the rear wing for example to refine and perfect the operation of the component (CarThrottle, 2016). [bookmark: _Toc139139339]Figure 7- F1 car during wind tunnel testing.

Although wind tunnels provide their advantages, the tests come with their negatives that the design engineers need to take into consideration when the tests are completed. One implication with wind tunnels is that they are very expensive to operate and run (NASA, 2023). Due to the tests required by f1 teams they are required to run multiple tests in different environments to gain better knowledge about their prototype (Noble, 2020). Lastly, wind tunnels tests are carried out in ideal conditions meaning that the air flow over the wing is clean as opposed to ‘’dirty’’ (worldofspeed, 2023) which is more likely to happen in real world race. 

[bookmark: _Toc139139074]Conclusion 
To conclude the overall report, it was found that the design process of a F1 rear race wing is a long and complex process that must be completed to a professional standard and with the correct tools and equipment. Aerodynamic laws must be abided by to ensure that correct results and accurate and true. As important as aerodynamic laws, the overall structural integrity of the wing must be as equally strong as the car itself as the wing is required to understand high amounts of pressure and force from the environment that it will be preset in (Nath , Pujari, Jain, & Rastogi, 2021).  
Due to the strong funding that formula 1 teams have access to the could ensure that they have the utmost professional kit to allow them to gain cutting edge performance when their car is on the track (CFD, 2023). A technology advances there is no doubt that the automotive industry will follow through by having their adaptations to achieve marginal gains all the way to race wining advantages. 
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that the cars put out (Prestige Imports, 2020). By doing this the car is gained extra traction when
driving on the track at higher speeds. When acceleration the wing reacts with the flow of air
initiating the element of downforce (ChatGPT, 2023).

Engineers have been able to really become familiar with this dynamic element by the aid of software
that allows them to visually see the effects own a wings performance. Using software like CFD
(Computational Fluid Dynamics) it can grant the benefits and disadvantages in areas of the race
wing. Using the software permits engineers to carry out the process of “mathematically predicting
physical luid flow by solving the governing equations sing computational power” (Simscale , 2023).
Since created, CFD has become a very well-established tool to aid engineers in prototyping theirs
designs to see how they would perform in a real-world environment,

This report will be going into depths on how the race wings are created, the reasoning behind why
the shape of the race wing is used and the implications that may become apparent when collecting

data on the race wing itself.

What is Reynolds number

Reynolds number (Re) is a dimensionless number. It allows for engineers to visualise fluid flow
patterns around an object (Simscale , 2023). The number is used to work out and determine whether
the flow around an object s laminar or turbulent (Simscale , 2023). Reynolds Number is considered
tobe one of if not the most important factor when it comes to numerically modelling viscous flows
(Simscale , 2023). Pictured below can be found the formula to get achieve the Reynolds Number:

|
Why is Reynolds number important?
How does Reynolds number influence flow around a race wing?

Reynolds number estimation
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What is Reynolds Number?

The dimensionless Reynolds number plays a prominent role in foreseeing
the patterns in a fluid’s behavior. The Reynolds number, referred to as Re,
is used to determine whether the fluid flow is laminar or turbulent. It is
one of the main controlling parameters in all viscous flows where a
numerical model is selected according to pre-calculated Reynolds

number.

Although the Reynolds number comprises both static and kinetic
properties of fluids, it is specified as a flow property since dynamic
conditions are investigated. Technically speaking, the Reynolds number is
the ratio of the inertial forces to the viscous forces. This ratio helps to
categorize laminar flows from the turbulent ones.

Inertial forces resist a change in the velocity of an object and are the
cause of the fluid movement. These forces are dominant in turbulent
flows. Otherwise, if the viscous forces, defined as the resistance to flow,
are dominant - the flow is laminar. The Reynolds number can be specified
as below:

Re— inertial force _ fluid and flow properties o

wviscous force fluid properties

For instance, a glass of water that stands on a static surface, regardless of
any forces apart from gravity, is at rest and flow properties are ignored.
Thus, the numerator in equation (1) is “0”. That results in independence
from the Re for a fluid at rest. On the other hand, whilst water is spilled
by tilting a water-filled glass a Reynolds number can be estimated to
predict fluid flow that is illustrated in Figure 1.

A glass of water...
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forces affecting the inertial forces-This allows for laminar pathways (CFD, 2023). This is ideally what
engineers are looking for when designing a wing. Clearly, there are other factors to take into
consideration such as complex shapes of the wing, different environmental changes such as
difference in air pressure E.T.C. By using the Reynolds Number, you can also gain data in
understanding the drag and lift coefficients of a cars race wing. If the race wing produces too much

ft, then it could cause the vehicle to lose traction at high speeds triggering the car to crash (Nath ,
Pujari, Jain, & Rastogi, 2021).

Reynolds number estimation

Discussing boundary flow around the wing.
Diseuss boundary flow around the wing and refate this to the separation and the turbulence around
the wing, Discuss why you think that the wing has bean designed ke this

When discussing the boundary flow around a race wing- this will refer to the actions carried out near
a race wings surface (ChatGPT, 2023). When designing the race wing the development of boundary
development is crucial to ensure that the fluid flows correctly over the wing. The boundary layers
consist of flow in an immediate area of a solid surface. The motion produced in this zone effects the
frictional resistance that is exerted by the boundary (Southard, n.d.). When introducing the race
wing, it’s a must for all the flow to travel smoothly within these zones. Boundary layers will develop
©on an object which has many complex shapes and sizes which also has engaged fluid flowing them
those shapes and at the same time being relevant to the object (Southard, n.d.).

There are also laminar boundary layers and turbulent boundary layers to be taken into
consideration. As previously mentioned, these two types of flows determine on how the object will
react when it encounters any resistance. Pictured below demonstrates how the flow would appear:
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Difference Between Laminar and Turbulent Flow

Leave a Comment / Difference Between, Fluid Mechanics / By Pankaj Mishra

Knowing about the difference between laminar and turbulent flow is very necessary, if you are going
to studying the fluid mechanics. They are just the type of fluid flow. When a fluid flows either in the
channel or in pipes, it may be either laminar flow or turbulent flow. In this article, we will discuss the
difference between laminar and turbulent flow.

Difference Between Laminar and Turbulent Flow

Laminar Flow

Turbulent Flow

Manufacturing Process ~ Dom som Fluid Mechanics

Laminar Flow Turbulent Flow

It is a fluid flow in which the fluid layers It is a fluid flow in which the fluid layers cross
move parallel to each other and do not each other and do not move parallel to each

cross each other. other.

The laminar flow generally occurs in the The turbulent flow occurs when the fluid flows

fluid flowing with low velocity. with high velocity.

Laminar flow occurs in the small diameter | Turbulent flow occurs in large diameter pipes

in which fluid flows with high velocity.

pipes in which fluid flows
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Figure 2-Lominar and Turbulent flow .

As you can see pictured above laminar flow produces a smooth self-directed flow whilst turbulent
flow produces a swirled action. These two flows will change due to different characteristics such as
the smoothness of the surface that the flow is travelling across. I the surface has a rough layer, then i 77
turbulent flow is more likely to become evident. Again, pictured below shows how different surfaces 5
effects the two flow types: Types of Profefor Different Pressure Gradients Types of Pofforpersistent Adverse Pressure Gradient

(favorable)

I Separation of Boundary Layers

+ Separation of boundary layers in general occurs when the velocity o the boundary layer “struggling” against an
adverse pressure gradient becomes nearly zero, following the flow by reversing its diection.
- The separation point i defined as a location between forward and inverse flow where the wall shear sress is
- The thickness of the boundary layer abruptly ncreases at the separation point, and the layer is forced off the
surface by the reversed flow near the wall
- Detached flow takes the form of vortica structures, which can be laminar or turbulent depending on the flow
regimes.

Figure 3- Surfuce finish effects

‘When taking flow into consideration, separation must also be thought about. Separation occurs 2O5E Flow separation
when “the velocity of the boundary layer struggles against an adverse pressure gradient” (Ansys, e
2023). This can be a common issue when designing race wings due to the high amounts of presstre

downforce and other shared factors when going at high speeds. When this problem takes place |
causes abnormal volumes of drag to arise. Due to the fact race wing wants to be as aerodynamic as
possible separation isn't ideal.

I Separation at Sharp Corners

At sharp coners and turns the flow naturaly separates, as can be easiy understood from the conservation of
‘momentu.

At the comer, the boundary layer maintains its momenturm in the direction of the flow, and simply cannot stay
attached in the absence of an external pressure gradient forcing it o turn around the corner
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Lastly, the last topic to discuss s turbulent flow. Turbulent flow has a crucial part in overall

performance of a 1 rear wing. * Turbulence is a phenomenon in Formula 1 racing that refers to the.
chaotic, unpredictable flow of air around a race car” (Rehman, Turbulence in Formula 1: What Does
It Mean?, 2024). Due to turbulent flow being very unpredictable (Rehman, Turbulence in Formula 1

What Does It Mean?, 2023)1t i very important that the enginers of the team esigring the wing are
able to contral the vicious forces turbulent flow can have by ensuring the wings dimensions can aid
the driver instead of causing performance issues. Pictured below is shown has the newer race wings
in formula 1 produce fess turbulent flow when it exits the rear wing as to of previous wings
(MCCLUSKY, 2005),
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AUTO RACING IN the United States is dominated by NASCAR
where nearly every weekend, fevered fans are treated to the
spectacle of 43 drivers wrning left for three hours or so. There are
only two road courses on the NASCAR calendar each year, which m I El E E
means that the 34 other races are all on oval tracks. On those

weekends. the only time a driver has (o hang a right is on his way .

out of the parking lot after the race. - .

TRENDING Now

Everywhere else in the known universe. Formula 1 reigns supreme

je the World of Drone Racing
as the pinnacle of auto racing. As compared to the typical NASCAR

Al Access Sale: RIBE NOW
oprionson B it it =





image9.png




image10.jpeg




image11.jpeg




image1.png




