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 Abbreviations: 
· S2n = Sports 2000 New bodywork
· S2n og = S2n original bodywork (when compared to b variant)
· S2n(b) = Sports 2000 New bodywork (2nd/b variant)
· CFD = Computational fluid dynamics
· Cd = Coefficient of Drag
· Cl = Coefficient of Lift
· CoP = Centre of Pressure
· FEA = Finite element analysis
[bookmark: _Toc214743510]Introduction - Sports 2000 MCR Development 
The project being conducted consists of eight ‘Team MCR’ members undergoing the task of development for the Sports 2000 MCR car #40.
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[bookmark: _Toc214740481]Figure 1-1: Car #40 racing at Snetterton (KJG Photography, 2025)

The Sports 2000 MCR development project aims to re-establish the competitive advantage of car #40 following the widespread adoption of the S2n bodywork across the grid. Although the S2n(b) package introduced notable aerodynamic gains, recent competitor developments and adaptions of the package have reduced the gap and highlighted limitation in the current package. The team’s objective is to produce a validated kinematic, aerodynamic and simulation led upgrade package that lowers drag, increases downforce and delivers improved pitch control. 
Success will be evaluated through improvements in aerodynamic efficiency, validated CFD methodology, optimized suspension behaviour, validated track simulation and a clear manufacturing route for the new bodywork components. 
While the project aims to enhance the performance of the MCR by replacing/upgrading the S2n(b) package. It is important to recognise that aerodynamic development cannot be evaluated solely through simulation as CFD carries limitations in flow separation prediction (Menter, 1994). This means that a solid validation process is critical to ensure reliability of all design decisions (PMI, 2021).
[bookmark: _Toc214743511]Roles & Responsibilities
The group will be split up into three different subsection groups to be able to spread out the workload and effectively work towards the overall development upgrade goals.
Aerodynamics will be investigated by five group members, kinematics will have two members and data will be occupied by one.
[bookmark: _Toc214743512]Aerodynamics
The focus for the aerodynamics team will be to decrease the overall coefficient of drag while maintaining or increasing the current coefficient of downforce (negative lift). This is due to complaint of “no straight-line speed” from drivers. 
[bookmark: _Toc214743513]Suspension Kinematics
Kinematics team will be investigation the implementation of ‘droop stops’ onto the current suspension setup for front and rear geometry. Multiple competitors have been found to be running these and theory states that running droop stops will increase the contact patch of the outside tyre while cornering. 
[bookmark: _Toc214743514]Data Analysis & Simulation
Data team will be looking at creating a model of the car in VI Grade and providing the group with a baseline to compare our developments and to be able to run Simulink to simulate lap time to be able to understand the direction of our developments. Simulink and VI Grade will also be useful to the kinematics team to simulate and understand their droop stop concepts.  

[bookmark: _Toc214743515]Group Responsibility Delegation
[bookmark: _Toc214743516]Ethan:
[bookmark: _Toc214743517]Project Management:  
Establishing objectives and setting performance targets for each area of the group.  Coordinating CFD analysis and design development. Ensuring tasks are delegated evenly, and deadlines are met accordingly. 
Aerodynamics: 
In charge of the design and development of the splitter, floors & nosecone for the MCR. Using CAD & CFD analysis to optimize airflow to the rear of the car to activate the deck as well as reducing the overall pitch sensitivity. Collaborating closely with Noah & Cara to ensure integration and manufacturability. 
[bookmark: _Toc214743518]Noah:
Noah’s role focuses solely on the aerodynamic refinement on the front section of the car, which consists of, front pontoons, pushrod covers, and wishbone shrouds. The front components of the car are crucial to the aero-mechanical interaction, where suspension and aerodynamic efficiency are directly in contact.  
His responsibility is to improve the airflow around the front of the car using CFD simulations. His aim is to reduce drag and turbulence through improving designs, ensuring that the sidepods and rear deck receive smoother airflow while enhancing front-end stability and aerodynamic efficiency. 
[bookmark: _Toc214743519]Cara:
Her role focuses on the design and development of the midriff, sidepods, and cockpit regions of the car. These areas are key to managing airflow from the front to the rear, ensuring efficient aerodynamic performance across the vehicle. She will be responsible for refining these surfaces using CAD and CFD analyses. Her aim is to reduce drag and optimize airflow continuity, ensuring smooth integration with surrounding components while enhancing overall car efficiency and on-track performance. 
[bookmark: _Toc214743520]Louis:
Responsible for designing and analysing the effects of introducing a downforce generating device over the roll hoop and its effects on the aerodynamic efficiency of the rear wing in different locations and mounting styles. This will be proved with the use of a CAD file in CFD. Using CFD he will assess the different styles to find a model that works best with other members designs to keep the overall balance and COP within tolerance  
[bookmark: _Toc214743521]Evan:
Responsible for the rear deck and engine cover aerodynamics, ensuring smooth airflow from the cockpit/sidepods to the rear wing region. The design will aim to reduce current drag, manage airflow over the engine cover while maintaining aerodynamic balance across the whole car.
[bookmark: _Toc214743522]Will:
Responsible for the investigation into front droop stops. Understanding how droop stops work and understanding how car characteristics change with and without droop stops during cornering. Investigating where they’ll be mounted and what type of design will be beneficial for performance. Also, with a critical link between suspension kinematics and aerodynamic stability.
[bookmark: _Toc214743523]Jason:
Responsible for investigating droop stops and implementing them on the car. His role requires analysis of the car’s current performance and position on the track using MoTec Software. He will investigate how droop stops will affect the car and whether they are plausible with the current aero package through data analysis and testing. He is also responsible for the manufacture and installation of droop stops on the car. 
[bookmark: _Toc214743524]Kiera:
Responsible for all data and simulation analysis tasks within the project. Her role involves the use of VI-Grade to simulate droop stop modifications and CFD developments using a virtual model that will be created using MoTec software to compare real-world data to a previous baseline model.






[bookmark: _Toc214743525]Group Tasks
[bookmark: _Toc214740471]Table 1: Group Tasks
	Tasks 
	Hours Required 
	Task Duration 

	Create aerodynamic maps using S2n bodywork runs 
	28 hours 
	2 weeks 

	Create aerodynamic maps using S2nb bodywork runs 
	28 hours 
	2 weeks 

	S2-UW CFD bodywork runs where sections of the car overlap 
	 30 hours 
	3 weeks 

	Initial droop stops investigations 
	20 hours 
	3 weeks 

	Measurements of forces on droop stops 
	5 hours 
	1 weeks 

	Simulate droop stops in VI-Grade 
	8 hours 
	2 weeks 

	Analyze actuations due to droop stops in VI-Grade 
	8 hours 
	2 weeks 

	Simulate CFD alterations in VI-Grade 
	50 hours 
	4 weeks 

	Analyze and evaluate final model simulation 
	10 hours 
	2 weeks 



[bookmark: _Toc214743526][image: ]Belbin’s Model[bookmark: _Toc214740482]Figure 2: Belbin's Model of Team Roles (Belbin,2025)

There are many different skills and personality traits that I need to be able to perform well in my role. As I have two roles within this project of being on the aerodynamic team and project manager I have two different sets of responsibilities. Looking at Belbin’s model, I will have to be a Co-ordinator who delegates out the work and creates focus on team objectives. I also would like to take on the idea of a ‘Shaper’ as they create the necessary drive to achieve goals and tasks and ensure the team does not lose focus and momentum. I find that I thrive under pressure and love to find my way past obstacles, which goes hand in hand with the shaper. I think that overall having a good balance of Co-ordinator and Shaper would be a good fit of being the project manager as I would not like to fall into the shortcomings of over delegation of tasks or become bad humoured in my attempts to ensure tasks get completed. (Belbin, 2010)

[bookmark: _Toc214743527]Personal Tasks
Different to the overall group tasks, I will have my own set of tasks to achieve throughout this project. As I will be project manager as well as part of the aero team, I will have logistical based tasks as well as my aerodynamic team tasks.
[bookmark: _Toc214743528]Splitter
The splitter is arguably one of the most important parts of the car as it will be the first section to contact the air and send air rearwards to the rest of the car. It is also important to the rest of the body as the pontoons and nose both sit on the rear half of it.
[bookmark: _Toc214743529]Floors
The floors for #40 are a very lightweight component of the car that the pontoons and midriff sit and bolt onto. The floors are very important for air being directed into the radiators in the current sidepod design but also on the rear left side of the floor the oil tank and cooler tucks underneath the sidepod and sits on the floor. Structural considerations must take place in the design unless the oil tank is moved elsewhere on the car. Car 44 has its oil tank located next to its fuel tank behind the cockpit and this could be investigated to be able to improve the balance of the car.
[bookmark: _Toc214743530]Nosecone
The nosecone covers the crashbox on the splitter and connects onto the tunnels which fits with the midriff as well as fitting to the clam. The nose box can only be changed depending on the minimum/maximum size of the crash box as it can only be as small as the crash box dimensions allow.





[bookmark: _Toc214743531]List of Tasks
In this list of tasks hours for cfd solution computing time will be considered in the overall duration.
[bookmark: _Toc214740472]Table 2: Personal Tasks
	Task
	Duration
	Hours
	Description

	Weekly Meetings
	Ongoing
	12
	Supervisor & team meetings

	Attitude study S2n original
	1 week
	20 
	CFD analysis at multiple ride heights

	Attitude study S2n(b)
	1 week
	20
	Comparative CFD analysis to S2n og

	Aerodynamic review
	1 week
	10
	Study of the current b variant on splitter, floors & nose. Identifying weaknesses

	CFD validation study
	2 weeks
	30
	Mesh independence & validation

	Components concept designs
	1 week
	25
	Initial splitter/floors/nose ideas

	CAD modelling
	2 weeks
	20
	SolidWorks remodelling

	CFD analysis of new components
	3 weeks
	30
	Analysing the new components with CFD

	Reporting & documentation
	Ongoing
	15
	Writing internal updates & meeting minutes

	Prototype feasibility assessment
	1 week
	8
	Materials & manufacturability

	Bill of materials
	1 week
	5
	Costing & lead times

	Flow-vis planning
	1 week
	10
	Track test prep & evaluation

	Final design requirements
	1 week
	12 
	Address & fix CFD issues with new geometry

	Viva preparation
	1 week
	7 hours
	Slideshow & rehearsals







[bookmark: _Toc214743532]Specialist Equipment Requirement
[bookmark: _Toc214740473]Table 3: Specialist equipment
	Equipment 
	Reasoning

	High performance computer equipment
	To be able to run long cfd runs on Ansys to ensure no crashes and a faster method of collecting data

	SolidWorks
	SolidWorks is the design software I have grown up using since year 10. Having access to be able to use SolidWorks gives me an advantage with being familiar with the software already.

	ANSYS
	Having the licence to run multiple solver processers saves lots of time and paired with high performance computers solving time is dramatically reduced.

	Flow-vis
	Flow-vis testing to be conducted at a test day to be able to gather more data on the splitter, floors, nosecone & pontoons as there is only data rearward of the front axle.

	CNC Workshop Machinery
	To be able to build prototype components for the new bodywork and with access to in house workshop machinery the overall cost is subsided to material cost only.








[bookmark: _Toc214743533]Preliminary Bill of Materials
[bookmark: _Toc214740474]Table 4: Bill of materials
	Item
	Quantity
	Purpose
	Cost (£)
	Lead Time
	Source

	Carbon fibre sheet
	4m2
	Construction of splitter, floors & nose
	£500
	1 week
	EasyComposites

	Epoxy resin & hardener
	5Kg
	Composite bonding
	£80
	1 week
	EasyComposites

	Pink powder pigment
	100g
	Track testing visualisation
	£20
	3 days
	B&Q

	Resin infusion consumables (vacuum bag, peel ply, breather, chemical release agent)
	Full set
	Composite layup procedure
	£145
	1 week
	EasyComposites

	CNC workshop
	N/A
	Prototyping components
	University Provided
	1 Month
	CBM (University manufacturer)

	High-spec computers
	N/A
	More efficient CFD simulations
	University Provided
	N/A
	UWTSD

	SolidWorks licence
	N/A
	3D design & modelling of components
	University Provided
	N/A
	UWTSD

	ANSYS licence
	N/A
	CFD solving application
	University Provided
	N/A
	UWTSD



The chosen materials provide a good balance between performance for aerodynamics and dynamics (less added mass) as well as manufacturability. Flow-vis is a cheap and effective data collection tool. University provided machinery, computer equipment and licensing for simulation & CAD software reduce the overall project expenditure meaning more focus can go into higher quality materials and high-quality prototype work (EasyComposites, 2025) (B&Q, 2025).


[bookmark: _Toc214743534]Significant Milestones
Significant milestone for my area of the project will be:
[bookmark: _Toc214740475]Table 5: Milestones
	Milestones
	Gateway
	Deadline

	Test day data collection
	Pembrey circuit flow vis testing.
	14/11/2025

	Aerodynamic review of both S2n og & b
	Attitude studies on both S2n og & b
	21/11/2025

	Initial Splitter, Floor & Nose sketched concepts
	Aerodynamic review, test day data collection & finalised project goals
	28/11/2025

	CAD models of initial concepts
	Initial sketched concepts
	12/12/2025

	Aerodynamic review of new concepts
	CAD models of initial concepts
	23/01/2026



[bookmark: _Toc214743535]Gateway objective – CFD validation 
To validate the CFD methodology that will be used for both S2n og & b bodywork packages as well as the development of the new S2-UW bodywork. This ensures the simulation results are accurate and reliable enough to support design decisions for all redesigned components.
Before being able to make big decisions with designs and committing work to simulations, the CFD setup must be proven to be an accurate model of reality with an acceptable accuracy. This gateway checks wind tunnel size, mesh strategy, turbulence model selection, boundary conditions & solver settings against experimental and/or track data. Passing the gateway gives the team confidence in the CFD results and failing it prevents crucial time being wasted optimising designs on an inaccurate model. This will also create a baseline for future aerodynamic projects being conducted on car #40.


[bookmark: _Toc214743536]Success Criteria
The CFD method will be considered validated if it meets criteria below
Mesh Quality
· Mesh independence: delta Cd & Cl between medium & fine meshes <2%
· Y+ control: Area weighted average Y+ value to be within recommended range for chosen turbulence model
Turbulence Models
· Comparison run between at least 3 models to reveal differences in Cd & Cl to be <5%
· Chosen model produces expected separation behaviour seen in flow vis data
· Chosen model fits within recommended y+ range 
Physical validation
· Trends in front ride height vs downforce from CFD match MoTec or VI-Grade Within 10% over tested range
· Overall Cd & Cl to be within 5% of real data.
· Nominal CoP position to be within 48-52% of the wheelbase measured from front axle
[bookmark: _Toc214743537]Evidence required
· Mesh comparison table
· Y+ contour from post processing
· Convergence plots
· Flow vis overlay
· Justification of turbulence model choice
[bookmark: _Toc214743538]Pass outcome
If all success criteria are satisfied the current CFD setup is approved for use on all bodywork packages with proof that simulations can accurately model reality. This validated method will become the standard template across the rest of the project.

[bookmark: _Toc214743539]Fail Outcome
If the gateway is not passed
· Identify the root case
· Adjust the CFD setup accordingly for example change the turbulence model, modify domain size etc
· Re-run affected validation cases and recheck all criteria
Only once the new setup meets all criteria can the CFD method be approved for use







[bookmark: _Toc214743540]Area’s Of Concern
Areas of concern for this project are many, however, most are of little worry as they are down to individual effort to be able to overcome them. These smaller areas of concern can consist of wrong inputs in CFD runs leading to wrong data which can lead a member to be directed to the wrong area for their concept designs as well as understanding the car’s current geometry. However, these issues are of small concern for there are five members that their results can be compared to validate their readings to be correct. Bigger areas of concern will take more thought behind prevention or solution if issues arise. Some areas of concern are listed below and will be explained as to how they will be addressed.

[bookmark: _Toc214743541]Splitter Structural Failure
When designing components such as the splitter, simulation results must be considered along with real world data and behaviour. The splitter on car #40 has required repeated repairs this season due to ground contact and constant unwanted abrasion. To prevent future issues, Simulink should be used to assess the pitch sensitivity and predict track contact under braking and varying ride heights. If contact is unavoidable a light abrasive resistant lower surface could reduce the need of repair leading to less mass gain over time. Even though this project aims to improve the pitch control, track elevation change means that splitter contact is still possible and likely. This means material durability remains an important design consideration.






[bookmark: _Toc214743542]CFD reliability
CFD is one of the main tools to investigate and understand the current S2n bodywork and to investigate new aerodynamic concepts for the development of the car. However, results can and will vary significantly depending on multiple factors, geometry, mesh specification, mesh quality, boundary conditions, solver settings, viscous model and more. Inaccurate CFD methodology can result in incorrect design decisions that will not perform in a real world application as in simulation which will waste much needed time and resources.

[bookmark: _Toc214743543]Overall risk management summary
[bookmark: _Toc214740476]Table 6: Risk Management
	Risk
	Likelihood
	Severity
	RPN
	Mitigation

	Splitter structural failure 
	3
	5
	15
	FEA load cases, abrasion-resistant bottom skin, Simulink collision & bottoming prediction, increased pitch control on car overall

	CFD reliability
	3
	4
	12
	Mesh independence, y+ control, compare turbulence models, flow-vis validation, peer checking

	Computational delays
	4
	3
	12
	Early job submission, use of multiple computers to complete other work alongside cfd runs

	Incorrect aero design paths
	2
	5
	10
	Early CFD gateway review, CFD methodology validation

	Documentation failure
	2
	3
	6
	Weekly progress reporting with supervisor, weekly group                    co-ordination meetings




[bookmark: _Toc214743544][image: ][image: A graph with multiple colored lines

AI-generated content may be incorrect.]Gantt Chart[bookmark: _Toc214740483]Figure 4: Personal Gantt Chart
[bookmark: _Toc214740484]Figure 3: Group Gantt Chart
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