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[bookmark: _Toc225027737]Introduction
We have decided to improve the aerodynamic profile of the BMW rally car at the university. Our project will investigate the aerodynamic optimization of our rally car through a systematic, engineering-based methodology. We will employ the use of CFD, geometric refinement and comparative performance analysis to identify areas of aerodynamic inefficiency within our current vehicle specifications. Emphasis will be placed into interactions the car has with airflow, specifically front-end components, underbody flow structures, and rear-mounted aerodynamic devices. 
We chose to work on the Rally Car’s aerodynamics as it is a tough area to work on, especially as the regulations are so strict in what you can change and improve. But as a group we believe we can get a meaningful boost in performance and create something that could benefit the Rally team in the future.



[bookmark: _Toc225027738]Project Organisation
Rhodri is the Aerodynamics Lead. He will analyse aerodynamic strategy; he will also research and development of potential solutions to problems identified.	
Kairan is the CFD Analyst. His role will to be run simulations produced based on Rhodri’s solutions and Jeremi’s CAD models. The simulations run will produce data that can be analysed further.
Jeremi is the CAD Modeller. His role will be to produce CAD models, based on Rhodri’s research and development, which Kairan can use. 
Yash is the Report Coordinator and Simulation Analyst. His role will to be document any improvements, to compile evidence into a detailed and concise report, managing version control, and to aid other members with anything they need help with if they need it.



[bookmark: _Toc225027739]Summary of the Work Completed
[bookmark: _Toc225027740]Rhodri Jones (2305734)
[image: ] [bookmark: _Toc225091102]Figure 3‑1 Original image from BMW E87 body parts overview (AUTODOC, 2026)


This diagram shows a side view of the aerodynamic profile of a stock 2005 BMW e87 1 series. The red represents areas of positive pressure and downforce, while the yellow shows underbody airflow which produces little lift. The blue areas represent low air pressure where extraordinarily little air resides. The 2005 BMW 1 series has a drag coefficient of approximately 0.3. The E87 is not a particularly aerodynamic car for a race car, but is around average for a road going car, meaning an efficient wing can have a great positive effect on the rally cars handling.  
Design Project Initial Goals:
· Increase rear axle downforce  
· Improve high-speed stability  
· Balance with front aero  
· Maintain acceptable drag for rally stages  
· Minimise added weight  
· Maintain structural integrity on tracks  




[bookmark: _Toc225027741][image: ]Researching Existing Designs[bookmark: _Toc225091103]Figure 3‑2 Image of rear wing (sunyon-2024 (2026))


Many existing wing designs were researched and considered for inspiration for a design for the wing project. The image to the left shows a wing that mounts directly onto the top of the boot of the rally car. This wing is very similar to the wing the car currently has on.  
 
[image: BMW 1 Series Spoiler - Maxton Design | MCG Autostyling][bookmark: _Toc225091104]Figure 3‑3 BMW 1 Series Spoiler – Maxton Design (MCG Autostyling, 2025)

Many wing designs and shapes were considered for inspiration such as one that are flush with the top of the boot, raised wings such as the one in the image, rear window mounted wings and more.
The considerations of the wings design requirements were aspects such as material, attack angle, whether the wing allows air to flow underneath, and more.  
 
There are many materials that wings and spoilers are made from including ABS, carbon fibre, and aluminium. There are benefits and drawbacks to each material. Research was conducted into each material.  
ABS is a cheap and easy to work with material that has excellent strength and stability at high speeds. ABS is highly mouldable and commonly used for body modifications on cars. ABS can be moulded to have extremely smooth surfaces ideal to allow air to glide across. Aluminium is another commonly used material for race car body modifications due to its strength and light weight. It is a rather easy material to work with. Carbon fibre is the material that the real-life wing on the rally car is made from due to its strength and extremely light weight, but that weight advantage comes at a much higher cost. [bookmark: _Toc225091105]Figure 3‑4 BMW E87 1 Series polycarbonate window kit (Plastics 4 Performance, no date)
[bookmark: _Toc225091106]Figure 3‑5 BMW 1 Series E87 blueprint (Drawing Database, 2014)

[image: ][image: ]

This technical sketch of a 2005 BMW 1 series was used as a reference for measuring wing designs and scaling.  
 This wing design assisted to inspire the mounting of the S1223 wing later in the project, taking inspiration from the rear window mount which allows air to flow beneath the wing as well as across the top.  

[bookmark: _Toc225027742][image: ]Scanning[bookmark: _Toc225091107]Figure 3‑6 Wing with scanning stickers

 

The wing had to be prepared for scanning using small circular stickers which the scanner uses as reference points while scanning the wing so it can understand where it is physically compared to the wing and parts its already scanned which help it to build a more accurate 3D model automatically. A Peel 3D scanner was used as the chosen scanner.  
[image: ] [bookmark: _Toc225091108]Figure 3‑7  Endplates with scanning stickers





Due to the wing being carbon fibre, a very dark and reflective material, it had to be sprayed using an anti-reflective coating that would help the scanner to build a more accurate model. Without the spray, excess light would be picked up by the scanner and would interfere with the scanning process, creating spikes and areas of inconsistency in the final 3D model.  
The stickers had to be applied across every surface that would be scanned for the scanner to be able to map the wing correctly. These stickers act as positioning markers for the scanner. On large, flat surfaces, the stickers can be placed further apart as there is less detail and intricate parts and angles for the scanner to detect whereas the smaller, more angular parts require more stickers to be placed closer together so the scanner can capture the details as accurately as possible. 
[image: ][bookmark: _Toc225091109]Figure 3‑8 3D model being built in real time in scanning software

 
This image shows what the scanner is seeing and the model being built in real time, including the placement of the stickers. The screen must be watched by the person using the scanner to ensure it is picking up all the details correctly and that there are no errors with the scanning process. The software can be used to check the model that was made after the scanning is complete and check for imperfections or errors. Once the user is happy the scanner has scanned every part of the wing that is needed, there are tools in the software to clean up any minor imperfections of parts that spike out to make a clean model ready to export to SolidWorks. 
[image: ][bookmark: _Toc225091110]Figure 3‑9 Top-down view of wing model


[image: ][bookmark: _Toc225091111]Figure 3‑10 Angle view of CAD model


[image: ][bookmark: _Toc225091112]Figure 3‑11 Zoomed in photo showing errors in model



[image: Text Box 8, Textbox][image: Text Box 6, Textbox]This is the final model of the scanned wing. Overall, the model is extremely accurate to the real wing used. The scan captured every part of the curvature and every corner. The scanner was able to capture the curvature of the main aerofoil, the end plates and overall geometry of the wing very accurately.  

The model has a uniform, dense mesh that indicates a clean scan with good surface resolution. 
 
 
[bookmark: _Toc225027743]CAD modelling prep for Ansys simulation  
[image: ][bookmark: _Toc225091113]Figure 3‑12 Side view of BMW model with no.40 wing attatched



This is a CAD model of the E87 1 series hatchback split in half down the middle for Ansys CFD testing. A CAD model of aerofoil profile of the wing from the number 40 MCR car is mounted on the back at a low attack angle to test how a wing affects the base aerodynamics of the BMW. This wing at the attack angle shown in the photo does provide additional downforce and improved rear airflow, but due to the low attack angle, the difference is minimal.  
[image: ][bookmark: _Toc225091114]Figure 3‑13 Full side view of BMW model with wing attached



The 1 series has a relatively average drag coefficient for a road car sitting at around 0.3 when equipped with no additional after market modifications.  
[image: ][bookmark: _Toc225091115]Figure 3‑14 Ansys model of BMW model with no wing



The image to the side and below shows the same wing profile at an increased attack angle. By simply adjusting the attack angle to be more aggressive, it shows results in CFD that are much more effective, generating higher pressure and down force values on the wing which makes the car more stable at the rear. It also causes the area of negative pressure at the rear to shrink and allows the air that flows across the top to flow smoother after hitting the wing.  
[image: ]The first Ansys simulation shows the base car being tested. The warmer the colour shows higher pressure areas whereas the cooler colours show lower pressure areas. The lines show the direction of air flow. Areas of negative pressure of around -8.1 Pa. The flow of air produces a near vacuum which pulls the car back, producing significant drag. This area also causes the car to have reduced rear stability which is not ideal in a rear-wheel-drive circuit car.  [bookmark: _Toc225091116]Figure 3‑15 Side view of Ansys model with wing



This simulation was then conducted with the wing installed to view and compare how the air flow changes with the wing. The wing was installed with an attack angle of around 15 degrees. The top of the car exhibits areas with much higher pressure on the top rear of the car where the wing is installed. The attack angle and curvature help to catch air which pushes down on the rear end. This results in improved rear stability and overall vehicle handling and cornering.  
The area of negative pressure at the back is reduced and the airflow that rolls back into the near vacuum is virtually gone. This results in a significant reduction in drag and rear instability when cornering. 
[image: ] [bookmark: _Toc225091117]Figure 3‑16 Side view of BMW with no.40 wing with increased attack angle



The BMW CAD model is not 1 to 1 scale with the real-world car, it is around 0.3:1 scale, meaning the wing had to be adjusted and then scaled down the same ratio to match the proportions as the car model.  
 
The wing was flat and not curved which would not fit flush to the rear of the BMW model. To fix this. The wing was modified in SolidWorks using the scale feature to scale the wing down, followed by the Flex feature to allow the wing to follow the downward curve of the rear of the car from the centre where its cut in half, to the side of the model. The flex applied to the 40 wing is vertical bending of 8 degrees and a front flex radius of about 3000mm.  
[image: ][bookmark: _Toc225091118]Figure 3‑17 Ready for CFD simulation and analysis


The image to the left shows the model of the BMW with the 40-wing mounted ready for CFD simulation and analysis.  
  
[image: ][image: ] [bookmark: _Toc225091119]Figure 3‑18 Angled side view showing opposite side of S1223 mounted on
[bookmark: _Toc225091120]Figure 3‑19  Side view of BMW model with S1223 and mount fitted


These images show a model made based on an S1223 aerofoil profile with end plates. The S1223 is mounted at an attack angle of 10 degrees and is offset from the rear of the car to allow air to flow underneath as well as across the top, providing extra downforce. According to Bernoulli’s principal, faster air velocity results in lower pressure. This lower pressure area on the underside of the wing helps to suck the rear end of the car to the ground, while the high pressure on the top side of the wing creates downforce, resulting in increased rear stability and improved overall vehicle performance and handling.  
[image: ]Due to the BMW model being cut in half to cut down simulation time in Ansys, the wing models must also be cut in half. To do this, a plane was created through the centre, the side profile of the aerofoil was sketched, and then an extruded cut across the left side to remove it.  [bookmark: _Toc225091121]Figure 3‑20 Rear view of S1223 wing fitted




The mount for the wing that attaches to the rear window was created in SolidWorks by positioning the wing where it will perform the best, then measuring the distance and angle from the rear window. The side profile of the mount was created using the spline tool to achieve the curvature and extruded horizontally to a thickness of 7mm, which is scaled by 0.3 with the rest of the model, giving a real-life thickness of around 21mm.  
 
[bookmark: _Toc225027744]Skid plate underbody aero  
Research was conducted into aerodynamic additions and modifications that effect the underbody of the rally car. Many components were considered such as a front lip splitter, rear diffuser, and side skirts. A skid plate was decided on as a realistic and practical multi use part to help the rally cars performance. A skid plate is primarily used for protecting parts of the vehicle exposed on the underside of the car that could be damaged when the car goes over bumps, it also contributes toward aerodynamic efficiency. A skid plate can increase underbody aerodynamic efficiency by around 5% by allowing the air to flow along its smooth surface rather than the air hitting all the underbody components and disrupting the airflow.  
[image: ][bookmark: _Toc225091122]Figure 3‑21 Underbody of BMW Rally car


This image shows the underbody of the rally car and all the exposed parts the air will encounter which will disrupt the air flow. These components are also exposed to potential damage when the car goes over bumps on rally circuits as they can be particularly bumpy.  
[image: ]A skid plate was decided on as an extra proof of concept project due its simplicity to manufacture and design if it were carried forward in the future and due to its multipurpose benefits of aerodynamic efficiency and underbody protection from uneven elements on tracks that could damage critical components on the rally car.  [bookmark: _Toc225091123]Figure 3‑22 Exploded view and cross-section illustration examples (Hulsey, 2015)

[image: Text Box 1, Textbox]


The image above shows a rough diagram of how air flows under a car. The red line represents the air flow under a car with no skid plate where the air can hit the exposed parts. The blue lines represents the airflow when a skid plate would be installed, allowing the air to flow across a smooth surface while also protecting the parts.  
[image: ] [bookmark: _Toc225091124]Figure 3‑23 Angled view of Skid plate CAD model


[image: ][bookmark: _Toc225091125]Figure 3‑24 Top-down view of skid plate CAD model

This skid plate design was created in SolidWorks as a proof of concept. The design is compatible with the underbody of the 2005 BMW E87 and will protect all parts such as swing arms, steering, and oil pan. The skid plate has a very flat and smooth design which means the air can flow smoothly across it.  
 [image: ]The skid plate is 4mm thick and would be made of lightweight steel and would have a weight of about 14-16kg which is the average weight for a skid plate of this size and thickness. This is only adding about 1.25% of extra mass onto the rally car which weighs around 1200-1300kg due it being a stripped-out track-built car.  [bookmark: _Toc225091126]Figure 3‑25 Angled top-down view of skid plate with extension

 
This design is only a proof of concept as real stress testing and extensive measuring of the underside of the car would need to be done to ensure the skid plate is compatible.  
The design on the right is a modification of the previous design showing an extra plate mounted on the rear end of the skid plate to provide extra protection for the exhaust pipe and a longer smooth surface for underbody airflow.  
 
[image: ] [bookmark: _Toc225091127]Figure 3‑26 Angled underbody view of skid plate attached to car model

 
The skid plate model was cut in half and fitted onto the model of the car for a rough visual presentation and proof of concept to be able to visualise what it would look like in reality.  
 
[image: ] [bookmark: _Toc225091128]Figure 3‑27 Straight on view of skid plate fitted to car model

 
The CAD model of the car does not have a detailed underside so the skid plate cannot be mounted exactly as it would be on the real rally car, but it serves as justifiable proof of concept and visual representation of what it would look like.


[bookmark: _Toc225027745]Jeremi Gumapos (2305861)
[bookmark: _Toc225027746]Modelling & Further Research
Last semester, during the research phase, the member on modelling identified suitable resources for plotting an aerofoil profile on SOLIDWORKS. These resources included a video tutorial found on YouTube demonstrating the required procedure, alongside an online aerofoil database ​[“Basic Wing Lofting in SolidWorks,” 2021]​. The database provided all the necessary information and tools, including a wide range of aerofoil profiles, downloadable DAT files of the profiles, an aerofoil plotter, graphical performance data, and a Reynolds number calculator. Together, these resources enabled the member to produce an accurate aerofoil profile, supporting the development of a suitable downforce wing for the BMW rally car within the project. 
On the website, approximately 1600+ aerofoil profiles are registered, with each profile accompanied by its DAT file sourced from the University of Illinois at Urbana-Champaign aerofoil database ​[Airfoil Tools, 2026]​. For each aerofoil, aerodynamic polars are generated across a range of Reynolds numbers, ranging from 50,000 to 1,000,000, under the assumption at Mach number of 0. The polars are produced using XFOIL predictions, with varying Ncrit values to account for flow conditions. The database lets users define Reynolds number ranges and Ncrit values and includes an integrated calculator. The calculator allows users to manipulate the velocity, chord width, and kinematic viscosity to calculate the Reynolds number, and it also provides the kinematic viscosities of air and water at different temperatures. The resulting data is presented through multiple graphs, including: 
· Coefficient of lift v Coefficient of Drag 
· Coefficient of lift v Attack Angle 
· Coefficient of drag v Attack Angle 
· Coefficient of lift/ Coefficient of drag v Attack Angle 
· Coefficient of Pitching Moment v Attack Angle 
Providing comprehensive aerodynamic performance data for analysis. XFOIL is an application created by Mark Drela and Harold Youngren for the design and analysis of subsonic aerofoils. ​[Xfoil, 2026]​. Ncrit value is the simulation of the fluid or roughness of the aerofoil. ​[Xfoil, 2026)​. 
[bookmark: _Toc225027747]What the Graphs Represent
Coefficient of Lift against Coefficient of Drag
[image: ][bookmark: _Toc225091129]Figure 3‑28 Coefficient of Lift vs Coefficient of Drag



The coefficient of lift against the coefficient of drag graph portrays the aerodynamic efficiency of the aerofoil by showing the relationship between the lift generated and the corresponding drag produced. Each point along the curve represents a different attack angle, allowing the performance of the aerofoil to be evaluated across the range. For this example, the blue curve corresponds to NACA-4412 at 500,000 Reynolds number and Ncrit value of 5, demonstrating how the aerofoil balances the lift produced with drag under these flow conditions. 
 A key region of this graph is located at the upper-left portion of the curve, where the aerofoil achieves a relatively high coefficient of lift while maintaining a low coefficient of drag. This area of the graph represents the most aerodynamically efficient condition, which indicates a high lift-to-drag ratio. This region is desirable for applications such as wings for motorsport, where the wing is upside down, it maximises downforce while minimising drag for performance. 
As the curve moves away from this region to the upper-right, drag increases rapidly relative to lift, indicating a reduced efficiency. This typically occurs at a higher attack angle, where flow of separation may begin to develop. 
Coefficient of Lift against Attack Angle 
[image: ][bookmark: _Toc225091130]Figure 3‑29 Coefficient of Lift vs Attack Angle

The coefficient of lift against the attack angle graph shows how changing the attack angle affects the lift generation of the aerofoil. This relationship is fundamental in understanding the behaviour of the aerofoil as it shows the effective lift produced as the aerofoil is inclined relative to the incoming airflow. 
As the attack angle increases, the lift increases proportionally, indicating a stable and predictable aerodynamic performance. As it continues to increase, the curve begins to plateau and eventually shows a decline, indicating the onset of stall. It occurs due to the flow of separation beginning, reducing lift generation. The peak of the curve represents the maximum lift coefficient at that angle, when upside down, it would be the maximum downforce the aerofoil can provide. 
The key region of this graph is at the upper-right of the curve, but before it peaks, rather than when it peaks. This is due to the relationship of this graph with the Coefficient of drag against the attack angle graph. 
 
Coefficient of Drag against Attack Angle 
[image: ][bookmark: _Toc225091131]Figure 3‑30 Coefficient of Drag vs Attack Angle


The coefficient of drag against the attack angle graph shows how the value of the drag varies as the attack angle changes. This is also a fundamental graph in aerodynamics to understand the efficiency of the aerofoil performance relative to the attack angle, impacting the overall performance. The curve begins with a high drag at negative angles, decreasing to a minimum near low positive angles, and then increases rapidly as the attack angle continues to rise. 
The key angle of this graph is when the coefficient of drag begins to rise, while still lower than the initial value. This means approximately at 10°, the coefficient of drag remains relatively low, while as observed in the coefficient of lift against attack angle graph, the lift coefficient is already significantly high. This makes the aerofoil highly effective at this angle, as it produces the highest amount of downforce without a massive trade-off in drag. For a wing in a rally car application, this is important, allowing increased downforce while maintaining a manageable drag. 
Beyond the optimal angle, drag increases sharply due to flow separation, resulting in a significant loss in aerodynamic performance efficiency, even though the downforce is still relatively high. Therefore, at 10° ensures a balanced performance between lift downforce and drag generation. 
 
[image: ]Coefficient of Lift/ Drag against Attack Angle [bookmark: _Toc225091132]Figure 3‑31 Coefficient of Lift/Drag vs Attack Angle



The Coefficient of lift-to-drag ratio against the attack angle graph represents the aerodynamic efficiency of the aerofoil by comparing how much lift is produced proportional to the amount of given drag. A higher lift-to-drag ratio indicates the most efficient performance. The curve shows a steady increase as the attack angle goes to neutral, reaching a peak before gradually declining at higher angles. 
The graph shows that the optimal efficient attack angle is approximately 5°, where the efficiency of the lift-to-drag ratio reaches the maximum value. This indicates that, at this angle, the aerofoil produces the greatest amount of downforce with the least amount of drag. Although the previous graphs showed that at 10° can still produce high downforce, the drag at that angle has increased, therefore reducing overall efficiency. 
At 5° provides the best balance, achieving the high downforce while maintaining a lower drag, but for this application, at 10° provides the highest downforce with a trade-off of a slight increase in drag. 
 



Coefficient of Pitching Moment against Attack Angle 
[image: ][bookmark: _Toc225091133]Figure 3‑32 Coefficient of Pitching Moment vs Attack Angle



The coefficient of pitching moment against the attack angle represents how the aerodynamic moment acting on the aerofoil changes with attack angle. The pitching moment coefficient describes the tendency of the aerofoil to rotate about a reference point, around the quarter-chord. In a sense, it is like torque, indicating whether the aerofoil experiences a nose-up or nose-down rotation under aerodynamic flow. 
From the graph, the pitching moment remains negative across the range of attack angle, indicating a consistent nose-down or nose-up if the aerofoil is upside down. As the attack angle increases, the value of the pitching moment reduces, showing a change in pressure distribution over the aerofoil. 
Compared to the previous graphs mentioned, this graph is generally not critical for aerofoil selection for a rally wing application, as the wing is bolted rigidly to the chassis, simply becoming a structural load on the mounts, compared to wings in aeronautics, determines the hinge loads, mounting forces, and structural stresses.  
These graphs provide essential data on each aerofoil that would support the selection of a suitable profile for application to a wing on the BMW rally car. With the registration of 1600+ aerofoil profiles, manually conducting a comprehensive comparison would be too time-consuming within the given time. To reduce the time needed for this, ChatGPT was utilised for this process to assist in filtering and identifying appropriate aerofoils based on the project’s requirements. With this assistance, it was able to narrow the selection down to six aerofoil profiles that would be considered suitable for further analysis and implementation in the design of the rally car wing. 
 
[bookmark: _Toc225027748]Aerofoils
The results that are shown on the graphs of each aerofoil profile were tested at 200,000 (green curve) and 500,000 (blue curve) Reynolds numbers with an Ncrit value of 5. This is to simulate the wing with turbulent airflow indicated by the Ncrit value, going 34mph and 85mph. 
[image: Group 3, Grouped object][bookmark: _Toc225091134]Figure 3‑33 Aerofoil Profile NACA4412


Figure 1 shows the aerofoil profile of NACA-4412. This is what the graphs look like with the data for the aerofoil profile NACA-4412. 





[image: ] [bookmark: _Toc225091135]Figure 3‑34 Aerofoil Profile NACA4412

 
[image: Group 4, Grouped object][bookmark: _Toc225091136]Figure 3‑35 Aerofoil Profile NACA4415

[image: ]Figure 2 shows the aerofoil profile NACA-4415. These are what the results look like for this aerofoil. [bookmark: _Toc225091137]Figure 3‑36 Aerofoil Profile NACA4415

 
 
[image: Group 5, Grouped object]
[bookmark: _Toc225091138]Figure 3‑37 Aerofoil Profile NACA6409
[image: ]Figure 3 shows the shape of the aerofoil profile NACA-6409. These are what the graph results look like for this aerofoil. [bookmark: _Toc225091139]Figure 3‑38 Aerofoil Profile NACA6409
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[bookmark: _Toc225091140]Figure 3‑39 Selig S1210
Selig S1210 
[image: ]Figure 4 shows the aerofoil profile Selig 1210. These are what the data looks like for each graph. [bookmark: _Toc225091141]Figure 3‑40 Selig S1210

 
 


[image: ][image: Group 7, Grouped object][bookmark: _Toc225091142]Figure 3‑41 Selig S1223
[bookmark: _Toc225091143]Figure 3‑42 Selig S1223



Selig S1223 
Figure 5 shows the shape of the aerofoil S1223. These are graph results for this profile. 
 
 
[image: Group 8, Grouped object]
[bookmark: _Toc225091144]Figure 3‑43 Eppler E423
[image: ][bookmark: _Toc225091145]Figure 3‑44 Eppler E423





Eppler E423 
Figure 6 shows the aerofoil E423. These are what the data looks like for this profile. 
 
 


Comparison 

	 
	@ 10° 
	@ 10° 
	@ 10° 
	@ 10° 
	@ 10° 
	@ 10° 

	 
	NACA4412 
	NACA4415 
	NACA6409 
	SELIG1210 
	SELIG1223 
	EPPLER423 

	Cl 
	1.30 
	1.25 
	1.38 
	1.82 
	2.09 
	1.85 

	Cd 
	0.029 
	0.022 
	0.032 
	0.033 
	0.033 
	0.028 


@ 200,000 Reynold number (34mph) 
 
	 
	@ 10° 
	@ 10° 
	@ 10° 
	@ 10° 
	@ 10° 
	@ 10° 

	 
	NACA4412 
	NACA4415 
	NACA6409 
	SELIG1210 
	SELIG1223 
	EPPLER423 

	Cl 
	1.40 
	1.30 
	1.43 
	1.99 
	2.20 
	1.90 

	Cd 
	0.02 
	0.02 
	0.025 
	0.026 
	0.025 
	0.022 


@ 500,000 Reynold number (85mph) 
 
These values are a rough estimate using the graph for each aerofoil. SELIG1223 is the best option, producing the highest downforce at both Reynolds numbers while maintaining low drag, making it the most suitable for this application. 
 
Dimensions 
Last semester, a rough measurement of the BMW’s rear was taken. Using the values obtained provides a guide to the dimensions of the wing. Due to regulations, the wing should not extend past the car’s maximum width, it should not go past the car’s bodywork from the rear more than 100mm, and it should not extend past the car’s maximum height. Using the other spoiler as a reference, also provide a rough chord length. With this information, the wing created has a 200mm chord length and a span of 1690mm. 
 
Calculations 
Using previous aerodynamic lectures​ [Tudor, 2026]​. The Reynolds number over a flat plate where it transitions from laminar to turbulent is roughly estimated at 500,000. Using the Reynold number calculator, it was calculated that this aerofoil, at different max speed it, produces: 
	@ 80mph 
	476,474 

	@ 70mph 
	414,175 

	@ 60mph 
	354,708 


These are the range of Reynolds numbers at different speeds using the kinematic viscosity of air at 20°C. 
The aspect ratio of the wing is required to calculate the coefficient of lift of the wing using the equation: span/chord > 1690/200 = 8.45 AR 
To calculate the overall wing’s coefficient of lift given the aerofoil coefficient of lift, the formula used is: 

 = Cl of wing 
	@ 80mph 
	437.426N 

	@ 70mph 
	324.356N 

	@ 60mph 
	242.420N 


For this wing created, it has a coefficient of lift of 1.633 
Calculating the lift of a wing uses the formula: 0.5 x Pressure x Vel^2 x Cl of wing x chord x span. 
Finding aerodynamic performance data benchmarks for these values for the rally car wing is difficult due to the competitive nature of motorsport; therefore, considered sensitive data and is rarely published. This statement may not likely be true, but with a quick online search, a wing on a streetcar approximately produces 200N at 90 mph, and that would depend on the aerofoil’s shape. 
These calculations does not mean it translates to a real-world test. It is more to estimate how much downforce the wing could produce. 
 
 
[image: ]
[bookmark: _Toc225091146]Figure 3‑45 CAD Model of Rear Wing


SolidWorks
This is the produced wing on SOLIDWORKS for this project. The DAT file of the SELIG1223 tilted by 10° was imported to SOLIDWORKS to produce an accurate aerofoil profile and extended by 1690mm. The endplates of the wing are placeholders, as endplates are not standardised compared to aerofoils. Therefore, these end-plates may not produce optimal data if run through CFD analysis. 
 
Further Future Works 
For further work, the created SOLIDWORKS model can be imported into ANSYS to perform computational fluid dynamics simulations. This would provide a detailed visualisation of airflow behaviour across the wing, including pressure distribution, regions of flow separation and identifying high-pressure and low-pressure zones of the wing. It allows a better understanding of the endplates and how the team can optimise the current design of the endplates. 
Further work is to consider the mounting configuration of the wing. Research into different support structures, such as a swan-neck mount, if there is space to allow installation without exceeding the max height of the car or a conventional bracket support. 






[bookmark: _Toc225027749]Kairan Bennett (2305389)
[bookmark: _Toc225027750]Aerodynamic Analysis of a Passenger Vehicle Using CFD
This project focused on analysing the aerodynamic performance of a passenger vehicle using Computational Fluid Dynamics (CFD). The work involved several key stages, including geometry acquisition, CAD modification, aerodynamic research, CFD setup, simulation, and result analysis. 
Initially, efforts were made to obtain an accurate CAD model of the vehicle. Multiple approaches were explored, including creating a model manually in CAD software, attempting to scan a real vehicle, and sourcing an existing digital model online. Due to limitations in each method, a combination of approaches was used. 
Once a suitable model was obtained, further modifications were carried out, including the addition of wheels and axles to improve realism. The geometry then required significant simplification before it could be used in CFD software, as the initial model was too complex and caused instability during simulation. 
CFD simulations were performed using ANSYS Fluent. The process involved creating a computational domain based on wind tunnel dimensions, generating a mesh, defining boundary conditions, and running simulations to calculate aerodynamic forces such as drag and lift. The results were then analysed and compared with available real-world data. 
[bookmark: _Toc225027751]Research Carried Out 
Extensive research was conducted to support the project, particularly in the areas of aerodynamics and CFD methodology. 
Research into aerodynamic devices was undertaken to understand how airflow around a vehicle can be controlled and improved. This included studying components such as rear wings, front splitters, and vortex generators. Rear wings generate downforce by redirecting airflow, while front splitters help manage airflow under the car and reduce lift. Vortex generators, typically placed on the roof, energize the boundary layer and delay flow separation. 

 

In addition, research was carried out into CFD best practices, particularly relating to wind tunnel simulation. A key reference was the MIRA wind tunnel, which is widely used in the automotive industry. Initially, idealized wind tunnel dimensions were investigated using literature studies; however, the final simulations were based on real MIRA wind tunnel dimensions to improve realism. 
The dimensions used were: 
16 m upstream of the vehicle (inlet) 
20 m downstream (outlet) 
4.4 m height 
4 m width 
0.02 m ground clearance 
Further research was conducted into how vehicle orientation affects aerodynamic performance, including the effects of pitch and yaw on airflow behaviour. 
Additionally, observations from a rally event were used to understand how real-world teams implement aerodynamic solutions within regulatory constraints. This provided insight into practical design limitations and industry approaches. 
Further research was conducted into practical aerodynamic applications through direct observation at rally events. This provided insight into how competing teams utilize aerodynamic devices within regulatory constraints. Attention was given to the use of rear wings, splitters, and diffusers, as well as how teams balance downforce and drag depending on the application. These observations helped inform design decisions and highlighted the importance of regulation compliance in real-world engineering. 
Additional research was carried out into vortex generators and their effect on boundary layer behaviour. Vortex generators are small aerodynamic devices typically placed on the roof of a vehicle. Their function is to re-energise the boundary layer by introducing controlled vortices, which mix higher-energy airflow into the slower boundary layer region. This helps delay flow separation, particularly over the rear of the vehicle, and can reduce the size of the wake region, improving aerodynamic efficiency. 
Measurements of the real vehicle were also taken in the workshop to improve the accuracy of the CAD model. Key dimensions such as vehicle length, width, height, and wheel positioning were recorded and used to scale and validate the digital model. This ensured that the CFD simulations were based on realistic proportions, improving the reliability of the results. 
[bookmark: _Toc225027752]Design Carried Out 
The design phase primarily involved preparing a usable CAD model for simulation. 
 Initially, a CAD model of the vehicle was sourced online. This model was then modified by adding key components such as wheels and axles to better represent real-world geometry. However, the model contained an extremely high number of surfaces (over 58,000 faces), which made it unsuitable for CFD analysis. 
To address this, geometry simplification was carried out using CAD tools, including SolidWorks and Space Claim. The aim was to reduce the number of faces while maintaining the overall shape of the vehicle. This involved merging surfaces, removing small features, and repairing gaps in the geometry. Despite these efforts, the geometry remained challenging to process in ANSYS Fluent, and several attempts to fully repair the model were unsuccessful. As a result, an alternative approach was taken using a simpler reference geometry. 
[image: ][bookmark: _Toc225091147]Figure 3‑46 CAD Model 1


[image: ][bookmark: _Toc225091148]Figure 3‑47 CAD Model 2



[bookmark: _Toc225027753]Development Carried Out 
Development work focused on improving the geometry and simulation setup. 
An attempt was made to create a 3D scan of a real vehicle to obtain accurate geometry. However, the resulting file size was too large for the available software to process effectively, making it impractical for use in CFD. 
Further development was carried out in ANSYS SpaceClaim, where the geometry was simplified and prepared for meshing. Boolean operations were used to define the computational domain, and named selections were created to specify boundary conditions. These included: 
Inlet 
Outlet 
Top surface 
Floor 
Car body 
Front and rear wheels 
The computational domain was designed to replicate a wind tunnel environment, ensuring that airflow conditions were realistic. 
Two mesh configurations were developed. The first mesh was relatively coarse and used to test the simulation setup. A second, more refined mesh was created to improve accuracy, particularly in regions with complex flow behaviour. 
A density box was used to refine the mesh around the vehicle. The refinement parameters included: 
X factor: 1.5 
Y factor: 1.3 
Z factor: 1.3 
Offset of 3 m in the x-direction 
Testing Carried Out 
[bookmark: _Toc225027754]CFD testing was conducted using ANSYS Fluent. 
Initially, a reference model (MIRA reference car) was used as a proof of concept to validate the simulation setup. This ensured that the boundary conditions, mesh, and solver settings were functioning correctly before applying them to the main vehicle model. 
The simulation process involved: 
Importing the geometry 
Generating the mesh 
Setting boundary conditions 
Running the solver 
Post-processing results 
The simulations were run until convergence was achieved, which occurred at approximately 460 iterations for the refined mesh. 
Key results obtained included: 
Drag coefficient (Cd): 0.244 
Lift coefficient (Cl): -0.1828 
These values were compared with real-world data to evaluate the accuracy of the simulation. 
[image: ][bookmark: _Toc225091149]Figure 3‑48 CFD Model 1



[image: ][bookmark: _Toc225091150]Figure 3‑49 CFD Model 2


[image: ][bookmark: _Toc225091151]Figure 3‑50 CFD Model 3







[bookmark: _Toc225027755]Analysis Carried Out 
The CFD results provided detailed insight into the aerodynamic behaviour of the vehicle. 
The velocity contours showed that airflow accelerates as it moves over the roof of the vehicle, indicated by high-velocity regions. This corresponds to a reduction in pressure, consistent with Bernoulli’s principle. 
At the front of the vehicle, a stagnation region was observed where airflow slows down significantly, creating a high-pressure zone. This contributes to pressure drag. 
One of the most significant findings was the presence of flow separation at the rear of the vehicle. The airflow detaches from the surface, forming a large recirculation region in the wake. This is visible in the CFD results as a low-velocity region with turbulent flow patterns. This wake is a major contributor to aerodynamic drag. 
The underbody flow was also observed to accelerate due to the restricted space between the vehicle and the ground. This creates a low-pressure region beneath the car, which influences lift. 
Flow around the wheels was highly disturbed, generating local turbulence and contributing to drag. The wheel arches showed complex flow behaviour. 
Overall, the results indicate that the vehicle experiences significant pressure drag due to flow separation at the rear. Reducing this separation through aerodynamic modifications, such as a rear wing or diffuser, could improve performance. 
Initial CFD analysis of the BMW model allowed key aerodynamic problem areas to be identified. One of the most significant observations was the large wake region at the rear of the vehicle. This wake is primarily caused by flow separation occurring at the rear boot lid, where the surface angle exceeds approximately 30 degrees. At this angle, the airflow is unable to remain attached due to the strong adverse pressure gradient, resulting in separation and the formation of a low-pressure recirculation zone behind the car. 
This separated flow significantly increases pressure drag and reduces aerodynamic efficiency. Based on this observation, it was identified that aerodynamic devices such as a rear wing or diffuser could be implemented to improve performance. A rear wing could be used to either generate downforce or reduce drag, depending on its angle of attack. At higher angles of attack, the wing would produce increased downforce, improving vehicle stability. At lower angles, it could help manage airflow and reduce wake size, thereby reducing drag. 
A rear diffuser was also identified as a potential improvement. By gradually expanding the airflow under the vehicle, a diffuser can reduce flow separation at the rear and decrease the size of the wake region. This improves pressure recovery and reduces overall drag. 
The CFD results also showed that the wheels generate significant turbulent wake regions. As airflow interacts with the rotating wheels and wheel arches, it becomes highly disturbed, creating vortices that propagate downstream. This turbulent wake negatively affects the airflow over the rear of the vehicle and contributes to increased drag. Managing this flow using aerodynamic features or fairings could improve overall performance. 
In addition, the initial CFD results highlighted regions along the roof and rear window where flow deceleration begins, indicating early stages of boundary layer separation. This supports the potential use of vortex generators in these areas to re-energise the boundary layer and delay separation, thereby reducing wake size and improving aerodynamic efficiency. 
A further stage of CFD analysis was carried out after the addition of a rear wing set at a neutral angle of attack. The purpose of this investigation was to assess how the addition of a rear aerodynamic device influenced the flow behaviour around the vehicle, particularly in relation to wake size, flow separation, downstream flow structure, and the likely effects on drag, downforce, and high-speed stability. These results were then compared with the earlier CFD cases for the vehicle without the wing. 

[image: ][bookmark: _Toc225091152]Figure 3‑51 CFD Model 4
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[image: ][bookmark: _Toc225091154]Figure 3‑53 CFD Model 6






[bookmark: _Toc225027756]Comparison with Previous CFD Results neutral wing angle.  
In the earlier CFD results for the vehicle without a rear wing, a relatively large wake region was observed behind the car. This wake was characterised by a broad low-velocity region at the rear of the vehicle, with evidence of separated flow and recirculating structures downstream of the boot lid. The rear-end geometry caused the flow to detach as it passed over the rear surface, forming a low-pressure turbulent wake. This was consistent with the earlier observation that the rear body profile, and particularly the rear boot-lid angle, encouraged flow separation and contributed significantly to pressure drag. 
Following the addition of the neutral rear wing, the CFD images indicate that the wake region behind the vehicle is reduced in size. The downstream low-velocity region appears narrower and more controlled, and the airflow leaving the rear of the vehicle appears more organised. Compared with the previous no-wing configuration, the streamlines in the wake are less chaotic and show less evidence of large-scale vortex formation immediately behind the car. This suggests that the wing is influencing the rear flow field by redirecting and conditioning the airflow as it leaves the vehicle. 
[bookmark: _Toc225027757]Wake Reduction and Flow Reorganisation 
One of the clearest differences in the neutral wing case is the apparent reduction in the separated wake behind the vehicle. In the previous configuration, the flow separated sharply from the rear of the roof and boot-lid region, leading to a large recirculation bubble. In the winged configuration, the wake still exists, but it appears smaller and more contained. This indicates that the wing is helping to alter the pressure distribution and flow path at the rear of the car. 
This behaviour is important because the wake region behind a vehicle is closely linked to pressure drag. A large wake generally corresponds to a greater pressure deficit behind the vehicle, which increases drag. Therefore, a reduction in wake size may indicate improved pressure recovery and the possibility of reduced overall drag. However, this must be considered carefully because while the reduced wake may lower pressure drag, the rear wing itself introduces an additional aerodynamic surface that can generate its own form drag and induced drag. 
From the CFD images, it is reasonable to state that the neutral rear wing has improved the quality of the downstream airflow by reducing the size of the wake and making the exit flow more directional. This would be expected to improve the aerodynamic efficiency of the rear flow field compared with the original body-only case. 
[bookmark: _Toc225027758]Implications for Vehicle Stability 
From an engineering perspective, the neutral wing configuration could offer benefits in terms of high-speed stability. Two key observations support this conclusion. First, the wing appears to be producing an aerodynamic load at the rear of the vehicle, indicated by the pressure region around the wing. Second, the wake behind the vehicle appears smaller and more ordered, suggesting a more controlled rear flow field. 
[image: ]Together, these effects imply that the vehicle may experience improved stability at higher speeds. Additional rear downforce would help increase the normal force on the rear tyres, which improves traction and resistance to rear-end lift. Meanwhile, a more organised wake could reduce flow unsteadiness and help maintain a more predictable aerodynamic balance. Although this conclusion would ideally be confirmed using force data from Fluent, the visual CFD evidence supports the view that the neutral wing configuration is likely to make the vehicle more stable at speed than the original configuration without the wing. [bookmark: _Toc225091155]Figure 3‑54 CFD Model 7
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[bookmark: _Toc225027759]CFD Analysis of a Vehicle with a Rear Wing at High Angle of Attack 
A further CFD investigation was conducted with the rear wing set at a high angle of attack. The objective of this configuration was to evaluate how increasing the aerodynamic loading of the wing influences wake behaviour, pressure distribution, vortex formation, and the overall balance between drag and downforce. The results were compared with both the baseline (no wing) and neutral wing configurations. 
With the introduction of the rear wing at a high angle of attack, the wake structure changes noticeably. While flow separation is still present, the wake appears more structured and redirected, rather than freely expanding as seen in the baseline case. The streamlines indicate that the airflow is being actively influenced by the wing, with the flow leaving the rear of the vehicle in a more controlled manner. 
In the neutral configuration, the wake was reduced in size, and the flow appeared relatively smooth and directional, with fewer visible vortices. However, in the high-angle-of-attack case, the flow shows increased curvature and more pronounced vortex structures behind the wing. 
The CFD results show a significantly more pronounced high-pressure region on the upper surface of the wing compared to the neutral configuration. This indicates that the wing is generating a stronger aerodynamic force. 
The high-angle wing significantly alters the direction of airflow leaving the vehicle. The streamlines show that the flow is being deflected more aggressively downward and rearward compared to both previous configurations. 

[image: ][bookmark: _Toc225091157]Figure 3‑56 CFD Model 9
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[bookmark: _Toc225027760]Yash Patani (2306509)
During a six-month university engineering project focused on improving the aerodynamics of a rally car, I undertook the role of Project Coordinator. This position required a combination of technical awareness, organisational leadership, and interpersonal communication to ensure the successful planning, execution, and delivery of the project. The nature of the project demanded collaboration across multiple disciplines, including computational modelling, design optimisation, and performance evaluation. My primary responsibility was to oversee the workflow, maintain alignment with project objectives, and ensure that all team members contributed effectively toward the final deliverables.
This report outlines the key roles and responsibilities I fulfilled throughout the project lifecycle. It highlights my involvement in planning, documentation, coordination, technical integration, risk management, and adaptability in problem-solving, all of which were critical in achieving the project goals.
At the beginning of the project, one of my primary responsibilities was to identify and define clear objectives. The overarching goal was to enhance the aerodynamic performance of a rally car, specifically focusing on reducing drag and increasing downforce to improve stability and handling. To achieve this, I worked closely with the team to break down the main objective into smaller, manageable tasks.
I facilitated discussions to determine key milestones, including initial research, concept development, simulation phases, validation, and final reporting. Establishing these milestones early allowed the team to maintain focus and provided a structured approach to project progression. I also ensured that each team member understood the scope of the project and their individual contributions.
A significant part of my role involved creating and maintaining essential project documentation. This included:
· Gantt Charts: I developed detailed Gantt charts to map out the project timeline, outlining task dependencies, deadlines, and resource allocation. These charts served as a visual representation of the workflow and were regularly updated to reflect progress and any changes.
· Meeting Minutes: For every team meeting, I documented discussions, decisions, action points, and assigned responsibilities. This ensured accountability and provided a reference for tracking progress between meetings.
· Technical Reports: I contributed to and compiled sections of the technical report, ensuring consistency in formatting, clarity in explanations, and alignment with project objectives.
· Presentations: I coordinated the development of presentation materials for interim reviews and the final project showcase, ensuring that the content was clear, concise, and effectively communicated our findings.
Managing documentation required strong diligence and consistency. I ensured that all documents adhered to a standard structure and were accessible to all team members.
As the Project Coordinator, I acted as the crucial point of communication within the team. Effective communication was essential to ensure that all members were aligned and working cohesively. I organised regular meetings to review progress, address challenges, and plan upcoming tasks.
In addition to formal meetings, I maintained ongoing communication through messaging platforms and shared workspaces. I actively engaged with team members to identify any issues they were facing, whether technical or organisational. For example, I assisted members with software-related challenges, such as navigating simulation tools or resolving access issues with shared documents.
By fostering an open and collaborative environment, I ensured that team members felt supported and were able to contribute effectively. This also helped to prevent misunderstandings and delays.
A key responsibility was to allocate tasks based on each team member’s strengths and expertise. Early in the project, I assessed the skills of each member and assigned roles accordingly. This included responsibilities such as computational analysis, CAD modelling, research, and report writing.
Delegating tasks effectively required balancing workload and ensuring that no individual was overwhelmed. I also made sure that responsibilities were clearly defined, reducing ambiguity and improving efficiency. Where necessary, I reallocated tasks to address bottlenecks or accommodate changes in availability.
This structured approach to task allocation ensured that all aspects of the project were covered and progressed simultaneously.
Monitoring progress was essential to keep the project on schedule. I regularly reviewed the status of tasks against the Gantt chart and identified any delays or deviations from the plan. This allowed me to take corrective action early, such as redistributing workload or adjusting deadlines.
Workflow management involved coordinating the sequence of tasks to ensure smooth progression. For example, aerodynamic simulations could only begin after initial designs were completed, so I ensured that dependencies were clearly understood and adhered to.
I also implemented a structured workflow for document creation and review, ensuring that drafts were completed on time and revised collaboratively.
Managing version control was critical in a collaborative project involving multiple contributors. I established a systematic approach to file naming, version tracking, and document storage. This prevented confusion and ensured that all team members were working with the most up-to-date information.
I utilised shared platforms to store documents and maintained a clear folder structure for easy navigation. Additionally, I compiled evidence of the project’s progress, including simulation results, design iterations, and meeting records. This was particularly important for the final report and assessment, as it demonstrated the development process and justified our decisions.
Resource management involved ensuring that the team had access to the necessary tools, software, and information required to complete their tasks. This included coordinating access to computational software, managing shared resources, and ensuring that all team members were able to utilise available tools effectively.
I also managed time as a critical resource by ensuring that tasks were completed within deadlines and that the overall project timeline was adhered to. By optimising resource allocation, I helped to maximise productivity and minimise delays.
Throughout the project, I identified potential risks that could impact progress or outcomes. These included technical challenges, time constraints, and potential miscommunication within the team. I developed strategies to mitigate these risks, such as setting buffer times for critical tasks and maintaining clear communication channels.
When issues arose, I took an initiative-taking approach to resolving them. For example, if a simulation produced unexpected results, I coordinated discussions to analyse the problem and determine viable solutions. This often involved consulting relevant literature or exploring alternative methods.
By addressing risks and issues promptly, I minimised their impact on the project and maintained steady progress.
Although my primary role was organisational, I also played a part in technical integration. This involved ensuring that the outputs from different team members were compatible and aligned with the overall project objectives.
For instance, I coordinated the integration of CAD models with simulation software, ensuring that designs were suitable for aerodynamic analysis. I also reviewed results from various stages to ensure consistency and validity.
This required a solid understanding of the technical aspects of the project, as well as the ability to communicate effectively with team members working on specialised tasks.
One of the most important aspects of my role was identifying alternative approaches when initial ideas did not yield the desired results. Aerodynamic optimisation is inherently iterative, and not all concepts proved effective.
When challenges arose, I facilitated brainstorming sessions to explore innovative ideas and approaches. This included modifying design parameters, testing different configurations, and considering alternative methodologies. I encouraged the team to remain flexible and open to change, which was essential for overcoming obstacles.
This adaptability ensured that the project continued to progress despite setbacks and ultimately led to more refined and effective solutions.
In conclusion, my role as Project Coordinator in this six-month aerodynamics project was multifaceted, encompassing planning, organisation, communication, and technical oversight. By managing documentation, coordinating the team, tracking progress, and addressing challenges, I played a key role in ensuring the successful execution of the project.
The experience enhanced my leadership, problem-solving, and organisational skills, as well as my ability to work effectively in a team environment. It also highlighted the importance of adaptability and clear communication in complex engineering projects.
Overall, the project provided valuable insights into both the technical and managerial aspects of engineering, and my role as Project Coordinator was instrumental in bringing together the various components of the project to achieve a cohesive and successful outcome.


[bookmark: _Toc225027761]Achievement and Progress Relative to Initial Project Plan

[bookmark: _Toc225091160]Figure 4‑1 BMW Aero Project Plan
The success of our project to improve the aerodynamics of a BMW rally car was largely driven by a structured design process that integrated computer-aided design (CAD) and computational fluid dynamics (CFD) analysis. By utilising SolidWorks for modelling and ANSYS Fluent for simulation, we were able to design, test, and refine aerodynamic components—particularly wings—resulting in measurable performance improvements.
The project began with the development of a baseline model of the vehicle in SolidWorks. This provided a controlled reference point from which aerodynamic enhancements could be evaluated. Once the initial geometry was established, we designed a series of aerodynamic wings aimed at increasing downforce while minimising drag. Multiple design iterations were created, varying parameters such as angle of attack, curvature, and placement on the vehicle.
These designs were then imported into ANSYS Fluent, where CFD simulations were conducted to analyse airflow behaviour around the car. Through these simulations, we were able to visualise pressure distributions, velocity fields, and turbulence effects. This allowed us to identify inefficiencies in the airflow, such as regions of high drag or flow separation, and refine our designs accordingly.
A key factor in our success was the iterative nature of the design process. Rather than relying on a single concept, we continuously tested and improved our wing designs based on CFD results. For example, adjustments to the wing angle and profile significantly increased downforce without a proportional rise in drag, achieving a more optimal aerodynamic balance. This iterative loop of design, simulation, and evaluation ensured that each modification contributed to overall performance gains.
Additionally, the use of CFD enabled us to make data-driven decisions. Instead of relying solely on theoretical assumptions, we were able to quantify the impact of each design change. This not only improved the accuracy of our results but also strengthened the justification for our final design choices.
Collaboration within the team also played a crucial role. By integrating modelling and simulation efforts, we ensured that all components worked cohesively. The combination of technical tools and effective teamwork allowed us to efficiently identify and implement improvements.
In conclusion, our success in enhancing the aerodynamics of the BMW rally car was achieved through the effective use of SolidWorks and ANSYS Fluent in an iterative, CFD-driven design process. By designing and testing multiple wing configurations, analysing airflow behaviour, and making informed refinements, we were able to produce a solution that improved downforce and overall aerodynamic performance. This approach demonstrated the value of simulation-based design in modern engineering projects.


[bookmark: _Toc225027762]Review of Successes and Failures of the Project
The success of our aerodynamics project was not a straightforward journey but the result of consistent effort, adaptability, and effective teamwork in the face of multiple challenges. Over the six-month period, the team worked toward enhancing the aerodynamic performance of our BMW rally car, with the aim of reducing drag and increasing downforce. While the objective was clear from the outset, the path to achieving it was marked by technical, organisational, and communication-related obstacles.
One of the primary challenges we encountered was coordinating a multidisciplinary team. Each member contributed different expertise, ranging from computational modelling to CAD design and report writing. Ensuring that all these elements progressed in alignment required strong leadership and structured planning. The use of tools such as Gantt charts and regular meeting minutes played a crucial role in maintaining organisation and accountability, allowing the team to stay focused despite occasional delays.
Technical difficulties also presented significant roadblocks. Aerodynamic simulations did not always produce the expected results, and some design iterations proved ineffective. Rather than allowing these setbacks to hinder progress, the team adopted an iterative approach to problem-solving. By analysing issues collaboratively, consulting relevant resources, and testing alternative design configurations, we were able to refine our solutions and improve overall performance outcomes.
Communication was another area that required constant attention. Misunderstandings and delays can easily arise in group projects, especially when dealing with complex engineering tasks. To address this, open and consistent communication channels were maintained through meetings and shared platforms. This ensured that problems were identified early and resolved efficiently, preventing them from escalating into larger issues.
Adaptability ultimately became the defining factor in our success. When initial ideas did not meet expectations, the team remained flexible and willing to explore original approaches. This mindset encouraged innovation and allowed us to overcome obstacles that might otherwise have stalled the project.
In conclusion, despite facing numerous challenges, our project succeeded due to effective coordination, initiative-taking, problem-solving, and a collaborative team environment. The ability to adapt to setbacks and maintain clear communication ensured steady progress, ultimately leading to a successful and well-integrated outcome.
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Meeting Minutes
Date: October 22 – March 18
Time: 1PM
Location: IQ Lobby

Attendee List
· Yash (Project Coordinator) 
· Rhodri (CAD Modeller) 
· Jeremi (Research & Design) 
· Kairan (CFD Simulator) 

Meeting Objective
To design, develop, and analyse aerodynamic improvements (focused on wings) for a BMW project using CAD modelling and CFD simulation.

Agenda Overview
· Project overview and aerodynamic focus selection 
· Role delegation and workflow planning 
· Research and design of wing profiles 
· CAD modelling challenges and solutions 
· CFD simulation and analysis 
· Final design approval and report drafting 

Detailed Discussion Points
· October 22 – Initial Overview 
· Yash: Introduced the project scope focusing on aerodynamic improvements. 
· Key areas identified: underbody and rear wing enhancements. 
· October 29 – Role Delegation 
· Yash: Assigned roles: 
· Yash: Project coordination 
· Rhodri: CAD modelling 
· Jeremi: Research & design 
· Kairan: CFD simulation 
· November 5 – End Goal Definition 
· Yash: Clarified project objectives and expected outcomes. 
· Discussed approach and methodology. 
· November 12 – Research & Design Initiation 
· Jeremi: Presented initial research findings. 
· Team decided to focus specifically on wing design. 
· November 19 – CAD Modelling Begins 
· Kairan: Created initial reference CAD model (MIRA car). 
· November 26 – Challenges Identified 
· Kairan: Highlighted issues with CAD model usability. 
· Yash: Discussed potential impact on timeline and workflow. 
· December 3 – Winter Planning 
· Yash: Outlined plans during the break. 
· Discussed alternative modelling strategies. 
· (December–Mid January) 
· No meetings recorded. 
· January 21 – Post-Break Planning 
· Yash: Reviewed progress and set immediate next steps. 
· February 11 – CAD Solution Found 
· Kairan: Identified workaround to make CAD model usable. 
· Began implementing solution for CFD compatibility. 
· February 25 – Wing Design Progress 
· Jeremi: Completed multiple wing profile designs. 
· Rhodri: Began integrating designs into CAD. 
· March 4 – CFD Analysis Begins 
· Kairan: Initiated CFD simulations on finalized wing models using fixed car geometry. 
· March 18 – Final Meeting 
· All Members: Approved final design choices. 
· Yash: Confirmed start of final report drafting. 

 


Project Plan

Date	Conceptual Design	Modelling Car	Modelling Wings	Simulations	Feasibility and Comparison	Final Design Choice	Final Report	45976	45981	45992	45999	46032	46042	46054	Time	Conceptual Design	Modelling Car	Modelling Wings	Simulations	Feasibility and Comparison	Final Design Choice	Final Report	5	14	7	28	14	14	38	
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While the wing as a whole came out
accurate to the real-life wing, the right
side of the wing model has a few areas
with imperfections. This could be caused
by light reflections on the wing during
scanning or errors in the scanning
software when it constructed the model.

When the wing will be tested in CFD in
future work for the project, the right side
would have to be fixed and if it could not
be fixed in Solidworks, the wing would
have to be scanned again.
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Thewing modelis symmetrical which shows
the scanner was able to map the wing and
uphold its own positioning during the scanning
process. The symmetry shows that the
imperfections on the right side are possibly
due to light reflecting off parts where not
enough spray was applied, or parts where the
scannerwas not held for long enough.
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Figure 6 Exploded view and cross-section illustration examples (Hulsey, 2015)
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Figure 2 Aerofoil profile NACA4415
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Figure 3 Aerofoil profile NACAG409
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Figure 4 Aerofoil profile 1210
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Figure 5 Aerofoil profile S1223
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Figure 6 Aerofoilprofile E423.
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Simulation 1
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