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Task 1
The Reynolds number is a dimensionless parameter that compares the relative importance of inertial forces to viscous forces in a fluid flow. It serves as a critical factor in analyzing and comparing different flow patterns. By using the Reynolds number, flow phenomena can be compared between geometrically similar bodies, even if they differ in scale and speed. This comparison holds true across different fluids, enabling meaningful comparisons and evaluations of results. Hence, the Reynolds number plays a vital role in understanding fluid flows and their characteristics without being influenced solely by geometric or fluid properties. Reynolds number is an important concept in fluid dynamics that helps us understand the behavior of fluid flow around objects, such as racecar wings. A dimensionless quantity characterizes the relative importance of inertial forces to viscous forces in a fluid.
The Reynolds number is calculated the following way as described by Houghton (2003) [6]. The Reynolds number (Re) is defined as the ratio of inertial forces to viscous forces and is calculated using the following formula:

Where:
·  is the density of the fluid
·   is the velocity of the fluid
·  is a characteristic length of the object (in this case, it could be the chord length or the span of the racecar wing)
·  is the dynamic viscosity of the fluid
The Reynolds number determines the flow regime around an object. There are generally two types of flow regimes: laminar flow and turbulent flow.
In laminar flow, the fluid moves smoothly and in well-ordered layers, with minimal mixing. Laminar flow occurs at low Reynolds numbers. Predictable behavior and low drag forces characterize it. However, as the Reynolds number increases, the flow becomes more unstable.
At higher Reynolds numbers, the flow transitions to a turbulent regime. Turbulent flow is characterized by chaotic and irregular fluid motion, with mixing and eddies forming. Turbulent flow creates higher drag forces but may also enhance heat and mass transfer.
The significance of the Reynolds number lies in the fact that it helps determine the type of flow (laminar or turbulent) and provides insights into the flow characteristics around an object, such as racecar wings. It is crucial for understanding aerodynamic performance and optimizing design choices.
To estimate the Reynolds number of the fluid flowing around the racecar wings, you would need to know the fluid properties (density and dynamic viscosity), the velocity of the fluid, and a characteristic length of the wing. With these values, you can calculate the Reynolds number using the formula mentioned earlier.
The density of the fluid air can be quantified by Helmenstine, Anne Marie, Ph.D. (2023) [5] as being:
· 1.2041 kg/m3 at 20°C
Or
· 1.225 kg/m3 at 15°C as stated by the International Standard Atmosphere at sea level.
To estimate Reynolds number, I will use  of 1.2041 kg/m3 at 20°C.
The velocity of the fluid can be quantified by the speed at which the racecar travels. Anna Duxbury (2022) [1] states the F1 cars have a top race speed of 360km/h or 223mph. ProfessionalsHQ (2022) [10] backs up Anna Duxbury’s (2022) [1] statement and furthers the discussion to state F1 Cars have an average speed of 223km/h or 138mph. We will use the average speed of 223km/h which when multiplied by the conversion factor of 1 km/h to m/s = 0.27778 m/s we receive a velocity value of  61.94 m/s.
According to Zihao Zhou (2020) [16] the chord length of the airfoil was held at a constant 35 cm as mandated by the 2020 FIA Formula One Technical Regulations. Therefore, we will use Length  at a value of 0.35m.
The dynamic viscosity of air at 20°C as calculated by Śmietańska, J. (2023) [13] can be found to be  1.81×10-5 Pa·s. 
Now that we have all our values, we can calculate Reynolds Number:


Ratio of speed, length and air density to fluid/air viscosity. At low levels of Reynolds Number (ie equal to or below 2300) flow is laminar, at higher levels (ie above 4000) is turbulent and, in between, is in transition. We can therefore say our Reynolds Number which is more than 1.4 million is highly Turbulent. The wings on an F1 car will angle the air flow in a way that benefits the driver, this is known as angle of deflection. This angle of deflection will also benefit the driver behind this creating what is known in racing as a slipstream.
Task 2
When discussing the boundary flow around a racecar rear wing and its relationship to separation and turbulence, it is important to consider the aerodynamic principles and design objectives behind the wing's shape and configuration. While I can provide a general analysis, please note that without specific details of the wing geometry, it is difficult to provide a comprehensive assessment.
Boundary flow refers to the flow of air along the surface of the wing. The design of the rear wing aims to manage the boundary layer, which is the thin layer of air that forms on the wing's surface due to viscous effects. Boundary layer management is crucial for minimizing drag and maximizing downforce, which are both important for racecar performance.
In an ideal scenario, the boundary layer would remain attached to the wing's surface, resulting in smooth and streamlined airflow. However, under certain conditions, such as high speeds or aggressive angles of attack, the boundary layer may separate from the wing surface. Separation occurs when the airflow fails to follow the contour of the wing and instead detaches, creating turbulent and unsteady flow patterns.
Boundary layer separation leads to increased drag and reduced downforce. To mitigate this issue, racecar rear wings are often designed with specific features to control the boundary layer and delay separation. These design features can include:
1. Wing profile
The shape and curvature of the wing are carefully optimized to manage the boundary layer. A well-designed wing profile can create favorable pressure gradients that help maintain attached flow and reduce the likelihood of separation.
2. Endplates
Rear wings are often equipped with endplates on the sides. Endplates help confine and direct the airflow, reducing the span wise flow and promoting attached flow over the wing surface. They also help prevent the formation of vortices at the wingtips, which can induce additional drag.
3. Gurney flap or winglets
These small vertical extensions or lips added to the trailing edge of the wing can improve the wing's performance. They generate vortices that energize the boundary layer, delaying separation and enhancing downforce.
4. Angle of attack adjustment
By adjusting the angle of attack, which is the angle between the wing's chord line and the oncoming airflow, engineers can optimize the balance between downforce and drag. It is crucial to find the optimal angle that minimizes separation and maximizes the desired aerodynamic effects.
The specific design choices made for a racecar rear wing depend on various factors, including the desired level of downforce, drag reduction goals, track characteristics, and racecar setup preferences. The objective is to achieve a balance between high downforce generation for improved traction and cornering performance while minimizing drag to maintain top speed.
Ultimately, racecar rear wings are carefully designed to control boundary flow, delay separation, and manage turbulence to achieve the desired aerodynamic performance characteristics for optimal racecar handling and speed on the track.
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            Figure 3: A Rear Wing (Side)

Figure 2: Rear Wing (Front)










Task 3
Implications of using CFRP for a racecar rear wing:
1. Lightweight
 CFRP offers a high strength-to-weight ratio, making it an attractive material for racecar components. By reducing the weight of the rear wing, the overall vehicle mass is decreased, which can lead to improved acceleration, braking, and maneuverability.
2. Stiffness and Strength
CFRP provides excellent stiffness and strength characteristics. This allows the rear wing to withstand the aerodynamic loads generated during high-speed racing without excessive deflection or failure. A stiffer wing can maintain its shape and performance more effectively, leading to better aerodynamic efficiency.
3. Aerodynamic Performance
CFRP allows for greater flexibility in designing complex wing shapes and profiles. It enables aerodynamicists to optimize the wing's geometry for improved downforce generation, drag reduction, and flow management. This can result in enhanced cornering capabilities, increased stability, and improved overall performance of the racecar as explained by Katagiri, K. (2020) [7].
Historical, Current, and Future Developments:
The use of CFRP in racecar components, including rear wings, has seen significant advancements over the years. Historically, carbon fiber composites were first introduced in the aerospace industry and gradually made their way into motorsports. As technology and manufacturing processes evolved, CFRP became more accessible and cost-effective for racecar applications.
In recent years, advancements in CFRP manufacturing techniques, such as automated layup processes, resin infusion, and pre-prig materials, have allowed for precise control over fiber orientation and improved structural integrity. This has led to lighter and stronger racecar components, including rear wings, with enhanced performance characteristics.
As for future developments, ongoing research and development efforts focus on further optimizing CFRP structures through advanced material formulations, hybrid composite designs, and novel manufacturing techniques. These efforts aim to improve the overall performance, durability, and cost-effectiveness of CFRP components in motorsports.
When exploring the implications of CFRP for racecar rear wings, it is important to consult technical literature, industry standards, and race regulations to obtain accurate and up-to-date information. Relevant sources may include technical papers, conference proceedings, industry publications, and official race governing body regulations and guidelines.


Task 4
To simulate the fluid flow around a racecar rear wing, various modeling techniques can be employed. Two common approaches are Computational Fluid Dynamics (CFD) and wind tunnel testing. Let us discuss the advantages and disadvantages of each method:
1. Computational Fluid Dynamics (CFD)
 CFD is a numerical method used to simulate fluid flow and analyze the aerodynamic performance of complex geometries, such as racecar rear wings. Here are the advantages and disadvantages of using CFD:
Advantages:
· Cost and Time Efficiency: CFD simulations are generally more cost-effective and quicker compared to physical testing. It eliminates the need for building physical prototypes and conducting multiple wind tunnel experiments.
· Design Iterations: CFD allows for rapid design iterations, enabling engineers to evaluate and refine various wing configurations efficiently.
· Detailed Insights: CFD provides detailed information about the flow field, including pressure distribution, velocity profiles, and forces acting on the wing. This allows for a deeper understanding of the aerodynamic behavior and the ability to optimize the design accordingly.
· Flexibility: CFD offers the flexibility to simulate various flow conditions, such as different speeds, angles of attack, and turbulent models. It allows for comprehensive analysis of the wing's performance under different operating conditions.


Disadvantages:
· Computational Resources: CFD simulations require significant computational resources, including high-performance computing clusters or powerful workstations, to handle the complex calculations involved.
· Assumptions and Simplifications: CFD simulations rely on assumptions and simplifications to model the fluid flow. These assumptions may introduce uncertainties or limitations, affecting the accuracy of the results.
· Model Validations: Proper validation of CFD models against experimental data is essential to ensure reliability and accuracy. Validating CFD results often requires wind tunnel testing or real-world performance data, which can add complexity and cost to the simulation process.
2. Wind Tunnel Testing
Wind tunnel testing involves physical experimentation in a controlled environment to evaluate the aerodynamic performance of a racecar rear wing. Here are the advantages and disadvantages of wind tunnel testing:
Advantages:
· Real-world Validation: Wind tunnel testing allows for direct measurement of the aerodynamic forces and flow characteristics, providing real-world validation for the wing's performance.
· Accuracy: Well-designed wind tunnel tests can yield highly accurate results when conducted under controlled and repeatable conditions.
· Physical Insight: Wind tunnel testing provides a visual representation of the flow around the wing, aiding in understanding the complex aerodynamic phenomena.
Disadvantages:
· Cost and Time: Wind tunnel testing can be expensive and time-consuming, involving the construction of physical models and booking testing slots.
· Limited Iterations: Due to the associated costs and time constraints, conducting numerous design iterations may not be feasible during wind tunnel testing.
· Scale Effects: Wind tunnel testing involves scaling down the wing and flow conditions. Scale effects, such as Reynolds number variations, may affect the accuracy of the results when extrapolating to full-scale racing conditions.
It is worth noting that a combined approach, utilizing both CFD and wind tunnel testing, is often employed to leverage the advantages of each method while compensating for their limitations. CFD simulations help in early design exploration and optimization, while wind tunnel testing provides validation and fine-tuning of the wing's performance.
Task 5
To carry out an experiment to acquire data and compare it with simulation results for the fluid flow around a racecar rear wing, the following steps and considerations should be considered:
1. Experimental Setup
Wind Tunnel: 
Use a wind tunnel facility with appropriate dimensions and capabilities to mimic the desired flow conditions. b. Instrumentation: Install sensors and measurement devices to capture relevant data, such as pressure taps, force balances, and flow visualization techniques (e.g., smoke, tufts, or particle image velocimetry).

2. Model Preparation
Physical Model: 
Fabricate a scaled-down model of the racecar rear wing, ensuring accuracy in replicating the geometry and surface characteristics. b. Boundary Conditions: Set the model in the wind tunnel, ensuring proper mounting and alignment to simulate realistic flow conditions.
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Figure 4: A rear wing Racecar Model

3. Data Acquisition
Pressure Measurements: 
Place pressure taps strategically on the wing's surface to measure the pressure distribution. Use pressure transducers or manometers to record the data accurately. b. Force Measurements: Utilize a force balance or load cells to measure the aerodynamic forces acting on the wing, including lift and drag. c. Flow Visualization: Employ suitable techniques to visualize the flow patterns around the wing, such as smoke, tufts, or flow-sensitive paints. Capture images or videos for later analysis.

4. Experimental Procedure
Calibration: 
Calibrate the measurement devices to ensure accuracy and reliability of the acquired data. b. Test Matrix: Define a matrix of test cases, including different angles of attack, velocities, and flow conditions, to capture a comprehensive dataset. c. Data Collection: Conduct experiments for each test case, acquiring data simultaneously from pressure taps, force sensors, and flow visualization techniques. d. Repetition: Repeat the experiments multiple times to ensure repeatability and reduce measurement uncertainties.

5. Simulation Setup
CFD Model: 
Prepare a computational model of the wing based on the actual geometry, ensuring accurate representation of the surfaces and boundary conditions. b. Mesh Generation: Generate a suitable mesh with appropriate resolution to capture the flow details around the wing. c. Boundary Conditions: Set up the simulation with proper boundary conditions, including inlet velocity, turbulence models, and symmetry or wall conditions. d. Solver Settings: Choose appropriate numerical schemes and solver parameters to ensure stability and convergence.



6. Comparison and Analysis
Data Processing: 
Process the experimental and simulation data using appropriate techniques, such as averaging, interpolation, and normalization. b. Quantitative Comparison: Compare key parameters, such as pressure coefficients, lift and drag forces, flow patterns, and surface pressure distributions, between the experiment and simulation. c. Visualization: Plot graphs, create visual representations, and overlay experimental and simulated data for visual comparison and validation. d. Statistical Analysis: Perform statistical analyses, such as root mean square error or correlation coefficient, to quantitatively evaluate the agreement between the experiment and simulation.

7. Interpretation and Validation
Identify Discrepancies: 
Analyze any discrepancies or deviations between the experiment and simulation results. b. Sources of Error: Consider potential sources of error in both the experimental setup and simulation, such as uncertainties in measurements, modeling assumptions, or boundary conditions. c. Iterative Improvement: Utilize the comparison results to refine the simulation model and improve its accuracy, ensuring better agreement with experimental data.
It is important to refer to technical literature, industry standards, and race regulations to ensure the experiment follows established practices and guidelines. Additionally, consulting experts in the field and referring to research papers or published studies on similar experiments can provide valuable insights on the experimental methodology and data acquisition techniques.








Conclusion
The following conclusions can be drawn from above tasks after model formation in Solidworks; 
Upon analyzing the various sources and references related to the fluid flow around a racecar rear wing, it becomes evident that Computational Fluid Dynamics (CFD) plays a crucial role in the aerodynamic development of such components. The use of CFD simulations, as highlighted in studies conducted by Bienz et al. (2003), Larsson et al. (2005), Peralta (2011), and Seibert and Lewis (2004), offers cost and time efficiency, allowing for rapid design iterations and detailed insights into the flow field characteristics [2][8][11][15]. Additionally, CFD simulations provide the flexibility to simulate different flow conditions, contributing to a comprehensive analysis of the wing's performance under various operating conditions.
Furthermore, the experimental approaches discussed, such as wind tunnel testing, as mentioned by Galuol and Barber (2007), present advantages in terms of real-world validation and accuracy [3]. Wind tunnel testing provides direct measurement of aerodynamic forces and flow characteristics, aiding in the understanding of the complex aerodynamic phenomena associated with the wing.
Both CFD simulations and wind tunnel testing have their respective advantages and disadvantages. CFD simulations are computationally intensive and rely on assumptions and simplifications, as discussed in Larsson et al. (2005) and Went (2009) [8][14]. Proper validation against experimental data is crucial to ensure reliability. On the other hand, wind tunnel testing is costly, time-consuming, and subject to scale effects, as mentioned in Galuol and Barber (2007) [3]. Despite these limitations, wind tunnel testing provides valuable real-world validation and visual representation of the flow patterns.
In conclusion, a combination of CFD simulations and wind tunnel testing can provide comprehensive insights into the fluid flow around racecar rear wings. CFD simulations offer cost and time efficiency, while wind tunnel testing offers real-world validation. By utilizing both approaches, engineers can optimize the wing's design and performance, taking into account the specific requirements and regulations of motorsport, as well as industry standards.
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Total Downforce: 1719,2 N
@ 180 kph
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