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[bookmark: _Toc139835797]Question 1

[bookmark: _Toc139835798]Discuss Reynolds number. Why is this important, how does it influence the flow around the wing and estimate what the Reynolds number is of the fluid flowing around the wing?

[bookmark: _Toc139835799]Discuss Reynolds Number. Why is it Important? 
The concept of Reynolds number is named after Osbourne Reynolds, who first studied the relationship between flow velocity and flow behaviour through visualization of flow movement using coloured dye. A dimensionless parameter was discovered that could easily predict fluid behaviour in a wide range of flow conditions. This dimensionless parameter, called Reynolds number, can predict the different flow regimes based on various parameters such as fluid density, flow velocity, and dynamic viscosity. 
Numerically, Reynolds number (Re) can be defined as a ratio between inertial force and viscous force. (cadence, 2023)
[bookmark: _Toc139826527][bookmark: _Toc139836763]Figure 1 - (NASA, 2023)
[image: A graphic showing the derivation of the Reynolds.
 Reynolds number equals the ratio of inertia to viscous forces.]








[bookmark: _Toc139835800]What is the Reynolds Number of the Wing – 
In order to work out the Reynolds Number of the wing I must first work out the below variables:
1. Length of the Wing
[image: A picture containing screenshot, rectangle, yellow

Description automatically generated]The Wing length from the CAD model is 958mm.[bookmark: _Toc139836764]Figure 2 - Wing Length


2. Width of the Wing 
The wing width from the CAD model is 445mm. 
[image: A picture containing yellow, line, parallel, colorfulness

Description automatically generated][bookmark: _Toc139836765]Figure 3 - Wing Width









3. Density & Temperature of Air
For dry air, its density at sea level at 59 °F (15 °C) and 14.7 psi (1013.25 hPa) (mean sea-level pressure) is approximately 0.0765 lb/(cu ft) (1.225 kg/(m^3)).  (omni, 2023)
4. Average Speed of the Wing 
Formula 1 cars have an average speed of 223KPH (138MPH) and have been known to reach a top speed of 360KPH (223MPH). (f1Speed, 2023)
138mph = 61.6915m/s

5. Dynamic Viscosity of Air
The dynamic viscosity of air at 15 degrees Celsius is 1.802 x 10-5 kg/m-s. 
(engineerstalk, 2023)

Reynolds Number:


Turbulent Flow.



[bookmark: _Toc139835801]Question 2

[bookmark: _Toc139835802]Discuss boundary flow around the wing and relate this to the separation and the turbulence around the wing. Discuss why you think that the wing has been designed like this? 

[bookmark: _Toc139835803]Boundary Layer
Aerodynamic forces depend in a complex way on the viscosity of the fluid. As the fluid moves past the object, the molecules right next to the surface stick to the surface. The molecules just above the surface are slowed down in their collisions with the molecules sticking to the surface. These molecules in turn slow down the flow just above them. The farther one moves away from the surface, the fewer the collisions affected by the object surface. This creates a thin layer of fluid near the surface in which the velocity changes from zero at the surface to the free stream value away from the surface. Engineers call this layer the boundary layer because it occurs on the boundary of the fluid. (nasa, 2023)
[image: Boundary Layer, NASA][bookmark: _Toc139836766]Figure 4 (boundaryflow, 2023)

[bookmark: _Toc139835804]The Gurney flap
· This device, called a Gurney flap, increases downforce and, if well designed, imposes only a relatively small increase or even a decrease in overall aerodynamic drag depending on the wing tilt.
[bookmark: _Toc139835805]Design features of a Gurney flap
· Gurney flaps extend out from the upper surface of a racing car wing 1% to 2% of the wing’s cord length (depth).
· The angle-shaped section (edging strip) must be attached to the upper surface of a race car wing so as not to interfere with the desired smooth passage of air flow under the wing.
· The Gurney flap was similar in concept to flaps already in use within the aircraft industry. Typical Gurney flap configuration
[bookmark: _Toc139835806]The function of a Gurney flap
· The Gurney flap causes a slight increase in the air pressure over the upper wing surface by acting like a mini spoiler.
· More importantly the flap causes a low-pressure zone to exist immediately behind the flap.
· The low air pressure area behind the flap causes boundary layer air under the wing to be drawn upwards towards the flap, which reduces the thickness of the boundary layer and reduces the risk of flow separation. (GurneyF1, 2023)
[image: A picture containing yellow, screenshot, design
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[bookmark: _Toc139836767]Figure 5 - Gurney Flap






Slotted flaps benefit wing performance by:
  jetting high energy air under the slotted flap(s)
  injecting high-energy air into the boundary layer that forms over the underlying surface of the wing, thus reducing the risk of air-flow separation
  reducing the thickness of all boundary layers, thus reducing the size of the trailing edge wake and the resulting Air flow around a slotted rear wing flap drag
















[bookmark: _Toc139835807]Question 3

[bookmark: _Toc139835808]It is proposed that this wing is to be built from a Carbon fibre reinforced plastic. Discuss the implications of this in terms of the performance of the wing. Relate this to the historical, current, and future developments of such components. You should include reference to technical literature, industry standards and race regulations where applicable.

[bookmark: _Toc139835809]Carbon Fibre Reinforced Plastic – 
A carbon fibre reinforced polymer is an advanced composite material which consists of two parts: a matrix and a fibre reinforcement. In this case, the reinforcement is carbon fibre, intended as primary structural component. Fibre can be continuous or short.
The expression can be shortened in CFRP; “P” can stand for “plastic” also, not only for “polymer”. (CRPTechnology, 2023)
Carbon fibre-reinforced polymer is almost 3-4 times stronger and enormously lighter than steel, at an average weight of 600g/m2 and approximately 1mm thick carbon fibre strengthening systems get the job done quickly, easily, and oftentimes more effectively in comparison to materials with similar applications. (fibrwrap, 2023)

[bookmark: _Toc139835810]Implications of CFRP – 
There are many advantages of the CFRP. Hence, why it is being referred to as the ‘wonder material’ of the modern day (fibrwrap, 2023). However, with as with everything it has its implications or disadvantages. 
The improvement in fatigue performance may be accompanied by greater scatter in fatigue life and strength, requiring more conservatism in design allowables.
Composites are also sensitive to notches and holes, and they are typically weak in the thickness direction due to the absence of fibres. Consequently, connections such as bolted or clamped joints require careful consideration to avoid crushing. (ese, 2023)

[image: Ultrasonic Testing of Carbon Fiber-Reinforced Polymer Composites]
[bookmark: _Toc139826528][bookmark: _Toc139836768]Figure 6 - (hindawi, 2023)
Delamination is shown on a microscopic level in Figure 2. This will affect the performance of the rear wing due to the nature of the CFRP being produced in layers it can easily travel across the length of the wing. As the saying goes – ‘it is only as strong as its weakest link’ or layer in this instance. 


Rear wings set back constructors almost $150,000. These wings must meet a set rigidity so as not to flex or bend, hence give a car a speed advantage on straights. The main functions of a rear wing include giving it better balance, helping to reduce drag and turbulence at the back of the car, which ultimately helps to increase downforce.
A legal feature that adds to the cost and is integrated into all rear wings is the popular but widely criticized DRS aid, which was introduced to add more wheel-to-wheel combat. When a driver who is 1 second behind a car wants to overtake, they press the DRS button on the steering, the top element of a car's rear wing opens which reduces drag giving the behind car a speed advantage.



[bookmark: _Toc139835811]Material Regulations in F1 – 
Below is a quotation of legislation in the 2023 Formula 1 rulebook. Carbon Fibre Reinforced Polymers are allowed to be used in the Formula 1 series but under scrutiny of following the rules. Only Carbon fibres reinforced with Polyacrylonitrile polymers may be used and must be less than the tensile modulus, strength and density stated below. 
15.3.3  Permitted Polymer Composite Materials
Reinforcing: unidirectional or planar reinforcing is permitted using the following materials: 
a. Carbon fibres manufactured from polyacrylonitrile (PAN) precursor, which have: 
· A nominal tensile modulus ≤ 550GPa 
· A nominal tensile strength ≤ 7100 MPa (i.e. up to and including that of Toray T1100 or Mitsubishi MR70). 
· A density ≤ 1.92 g/cm3 
(FIA, 2023)















[bookmark: _Toc139835812]Question 4

[bookmark: _Toc139835813]Discuss what modelling techniques could be used to simulate the fluid flow around this wing.
[bookmark: _Toc139835814] Discuss the advantages and the disadvantages of the tools highlighted.

One method to simulate the fluid flow around the wing could be Computational Fluid Dynamics (CFD). CFD is a tool used typically by engineers that investigates the science of fluid dynamics. CFD does need the help of a digital system like a CAD PC, but it gives the user a relatively good idea of how an object may change the fluid travelling around it. 
[image: SimScale Webinar | Optimising racecars with CFD - Racecar Engineering] (simscale, 2023)[bookmark: _Toc139836769]Figure 7 (racecar, 2023)

[bookmark: _Toc139835815]
Pros of Using Computational Fluid Dynamics for Aerospace Design
1. Increased Accuracy: Computational Fluid Dynamics (CFD) is a powerful tool for simulating the flow of air around an aircraft. It can provide highly accurate results, allowing engineers to make more informed decisions about the design of the aircraft.
2. Reduced Cost: CFD can reduce the cost of designing an aircraft by eliminating the need for physical testing. This can save time and money, as well as reduce the risk of costly mistakes.
3. Improved Efficiency: CFD can help engineers optimize the design of an aircraft, leading to improved performance and fuel efficiency.
4. Reduced Risk: CFD can help engineers identify potential problems before they become costly issues. This can help reduce the risk of costly delays or accidents.

[bookmark: _Toc139835816]Cons of Using Computational Fluid Dynamics for Aerospace Design
1. Complexity: CFD is a complex process that requires a great deal of expertise and experience to use effectively. This can make it difficult for inexperienced engineers to use the technology.
2. Cost: CFD can be expensive to implement, as it requires specialized software and hardware.
3. Time: CFD simulations can take a long time to run, which can delay the design process.
4. Limitations: CFD is limited in its ability to accurately simulate certain types of flows, such as those involving turbulence or shock waves.
(ablison, 2023)




[bookmark: _Toc139835817]Question 5

[bookmark: _Toc139835818]During the development of this component, it is proposed that a prototype is produced and tested in a laboratory to understand the fluid flow around it and to correlate it to the simulation
[bookmark: _Toc139835819]carried out in task 4.
[bookmark: _Toc139835820] Discuss how you think this experiment should be carried out and how the acquisition of data should be obtained and compared to the simulation.

A scale prototype should be built, and a wind tunnel could be used to monitor the performance of the prototype. A wind tunnel will give the closest results required to what the performance of each part will be like on race day. 
Aerodynamics have historically been developed using scale models, and that will remain the case for a while.  
CFD improves all the time, but it cannot yet replace wind tunnel tests, although the aim of F1 is to stop wind tunnel testing by 2030. Currently only two of the 10 teams want to retain wind tunnels beyond this point. Mercedes is on, and Red Bull are believed to be the other.  
To develop their aerodynamics, all leading F1 teams currently use scale model wind tunnel programs.
What are the advantages of wind tunnel testing for cars?
– There can be an excellent correlation between model results and actual performance on the track.  An accurate wind tunnel model, intelligent testing, and an accurate scale model are necessary for this.
– Accuracy. Top level tunnels and models usually measure model forces to within 0.1% of the total forces.
– Speed of development.  During a typical 15-minute run in a high-spec wind tunnel used by an F1 team, up to 25 car attitudes can be simulated.  As a result of those car attitude points, a full range of aerodynamic data will be generated. The measured data (forces and pressures ) will be available instantaneously and will provide a comprehensive study of the aerodynamic performance of the vehicle. 
– Flexibility of testing.  Wind tunnel programs enable aerodynamicists to respond quickly to results and adapt the testing program accordingly.  In some cases, these changes will be as simple as quick adjustments to the model, while in others they will involve the addition of work, or the subtraction of work.  Due to this flexibility, the process is extremely efficient.
– Test parts are much cheaper, and they can be designed and fabricated much faster than full-scale testing. Scale model testing can also be much more cost effective.
(f1chronicle, 2023)
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[bookmark: _Toc139835821]Appendices:

[image: ]
[bookmark: _Toc139826529][bookmark: _Toc139836770]Figure 8: A race car rear wing.
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[bookmark: _Toc139826530][bookmark: _Toc139836771]Figure 9 - Side Profile
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Description automatically generated][bookmark: _Toc139826531][bookmark: _Toc139836772]Figure 10 - Gurney Flap
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Description automatically generated][bookmark: _Toc139826532][bookmark: _Toc139836773]Figure 11 - Central Angle
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[bookmark: _Toc139826533][bookmark: _Toc139836774]Figure 12 - Close/Top
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Description automatically generated][bookmark: _Toc139826534][bookmark: _Toc139836775]Figure 13 - End of Wing
[bookmark: _Toc139826535][bookmark: _Toc139836776]Figure 14 - Wing Vents
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Description automatically generated][bookmark: _Toc139826536][bookmark: _Toc139836777]Figure 15 - Side Profile
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Description automatically generated][bookmark: _Toc139826537][bookmark: _Toc139836778]Figure 16 - Distance of Bend
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