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[bookmark: _Toc1079790317][bookmark: _Toc214711927]1.0 Introduction 

The focus of this level 5 group project is the aerodynamic redesign of the MCR bodywork, with the main goals of improving aerodynamic efficiency, drag reduction, downforce generation, and overall vehicle performance improvements whilst still being within regulation. The current bodywork, while proving to be very efficient with downforce, still presents some opportunities for improvement and refinement in certain areas such as front pontoons, rear deck, and rear wing endplates being the main areas of improvement for us as a team.
A methodical approach will be involved in this project to optimise aerodynamic efficiency, to begin with each team member who are part of the aero team will assess the current and old bodywork using CFD (Computational Fluid Dynamics) simulation. Using the data the team will evaluate, and design new modifications aimed at reducing the coefficient of drag (Cd) and increasing the coefficient of lift (Cl) to improve cornering performance and further improving cooling efficiency through optimised airflow management. (Nath, D.S. et al. (2021) )














[bookmark: _Toc1670689729][bookmark: _Toc214711928]2.0 Group members 

The team decided at the start of the group project to split the project into three different areas. Such as, aerodynamics, suspension kinematics and data acquisition to ensure that the project is structured and executed to the highest quality possible. It also allows each member to fixate on a particular area of the cars bodywork and systems. Despite having different areas of study, the group will collaborate through regular meetings sharing their findings and data to ensure that each area of the bodywork function. The next section outlines the roles of each member and the responsibility each job carries. 

Jason:
Responsible for investigating drop 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.
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.
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.
Ethan:
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. 
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 optimise airflow continuity, ensuring smooth integration with surrounding components while enhancing overall car efficiency and on-track performance.
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  
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.
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.





















My role
My role within in the project is optimise the aerodynamic flow of the front suspensions area of the car which consists of the front pontoons, pushrod covers and the wishbone shrouds. These components significantly influence the drag, lift and front-end balance due to them being located within the vehicles high speed flow (Katz, J. (2006). My main goal of the project is to make improvements to the design by refining the shapes for the pontoons and shrouds, whilst also complying with the sports 2000 regulations. It is also crucial for me to consider the airflow to the rear of the car to further improve performance. (Jones, P, (March 21, 2025)
[image: ]My role in this project best fits the monitor evaluator and team worker profiles according to the Belbin's model, with aspirations of growing into a specialist. My logical approach to evaluating my CFD findings, comparing different designs, and producing fair logical ideas suggests the qualities of monitor evaluator. I also show great teamwork skills by engaging with other team members not only in aerodynamics but, data acquisition and suspension kinematics ensuring that my work is lined up with the group for the best possible results. (Belbin, 2024)Figure 1- Belbin’s Model








[bookmark: _Toc17208024][bookmark: _Toc214711929]3.0 Group tasks and timings

It is important to identify the overall group tasks within the project to see which tasks require multiple team members to achieve them. The table below shows a list of the tasks where it is a necessity for multiple team members to work together, and their associated hours required and timings:
	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

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

	Simulate CFD alterations in VI-Grade
	50 hours
	4 weeks

	Analyse and evaluate final model simulation
	10 hours
	2 weeks


Table 1- Group tasks and timings
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Noah- 
For the Pembrey test, I will investigate the pontoons and pushrod shrouds using flow-vis to analyse how the airflows around the frontal area of the car. I will also use CFD to back up my findings from the testing using the data for a better understanding of my area to make improvements. 



Ethan-
Ethan will also be testing flow vis in the Pembrey test, for a better understanding of floor, splitter and nose cone. This will be important for optimising performance in the improvements he will make. He will be evaluating how the airflow acts under different ride heights using CFD to reduce drag whilst also making improvements to downforce.  


Evan-
Evan will firstly be running CFD on the rear deck and rear pontoons of the car concentrating on the airflow at the rear of the car. Evan will examine how the current bodywork design deals with flow attachment, he will then aim to reduce drag and will work towards enhancing the rear deck extensions performance by managing the contours of the bodywork through airflow management around the bottom of the car. 


Louis-
Louis' responsibility lies with the mid-section and rear of the car. He is responsible for analysing the roll hoop fairng and rear wing position. This will give louis a good idea of how they work under high and low pressures (using CFD). 


Cara-
Cara will be focusing on the midriff which consists of, cockpit, midriff, and sidepods. Using CFD she will make improvements to help with the overall aerodynamic efficiency and cooling performance. Cara will be working closely with Evan and Ethan. The main objective will be to reduce drag from the front of the car to the rear, to improve the overall balance of the car.




Will and Jason-
Will is investigating droop stops for the front suspension and how they influence suspension kinematics. Will also manufacture the stops in time for the test in Pembrey to collect track data for further improvements. 


Keira-
Keira will be leading the data side of the group project. She is responsible for data acquisition and simulation validation throughout the duration of the project. One of her first responsibility is to evaluate the baseline data, also how previous aerodynamic and suspension performance. 





[bookmark: _Toc1007288401][bookmark: _Toc214711931]4.1 Task Duration
The redesign of the pushrod covers, front pontoons and wishbone shrouds focuses solely on the aerodynamic analysis and redesign of the components that are at the front of the car. To start the project off I will be collecting baseline geometry data and reviewing the regulations for sports 2000 to ensure I stay within boundary of the regulations (6 hours,1 week). This is then followed by the validation phase, where I will be validating the geometry changing the length of the wind tunnel at the front and the rear of the wind tunnel. (25 hours, 1 week). Baseline models are then completed to assess the current aerodynamic performance. B  This is then followed by designing new and improved models of my section on the car. Shortly after this has been completed I will then run them in CFD and validate the models to make improvements if needed. (40 hours, 2 weeks)
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	Item/software
	Quantity 
	Purpose 
	Cost (£) 
	Source 

	Solidworks 
	1
	3D modelling of redesigned parts 
	1,360
	Uni

	ANSYS
	1
	For CFD simulation
	
	Uni

	Carbon fibre/ fibreglass
	10m
	For potential prototyping of parts
	562
	Easy composites

	Epoxy resin and hardener
	5kg Set
	Laying up for redesigned body parts 
	80
	Easy composites

	Flow vis dye
	1 Pack
	Visualisation of airflow during our Pembrey test
	10-20
	Amazon

	Computers
	-
	Running CFD simulations and designing new parts 
	-
	Uni

	CNC workshop
	-
	Prototyping components
	-
	Uni


Table 2- Bill of materials





[bookmark: _Toc657230054][bookmark: _Toc214711933]4.3 Equipment needed
Aerodynamics and kinematics
Software
· Solidworks
· ANSYS Fluent
· MATLAB
· Excel



· Scales 
· Bending machine
· Welder
· Cantilever beam testing equipment


[bookmark: _Toc502497543][bookmark: _Toc214711934]5 Significant Milestones
The MCR aero redesign project will follow a strict timeline plan to ensure jobs are being completed on time and finished at a high standard. Setting clear milestones allows the team to keep track of progress, manage future tasks and keep in track with other departments of the project. It also allows each stage of the performance meets the correct performance requirements moving forward.

[bookmark: _Toc1591025195][bookmark: _Toc214711935]5.1 project milestones
At the beginning of the project, we created an array of different milestones that represent achievements for the entire group. These milestones ensure that all the team members meet their goals and objectives, it also ensures that all members work together at the same rate to reach the end goal of improving the aerodynamic performance and suspension improvements to the car. 
We as a team agreed that our first milestone was going to be sorting out the team structure and deciding who wants to do each individual role. It was then agreed that we were going to collect the baseline data for all the different CAD files, including the existing bodywork and previous bodywork to run in CFD for a more accurate collection in data. Each team member of the aero team then came up with concepts that could potentially be used in their area of the car. 
Following the previous milestones completion of baseline Computational Fluid Dynamics (CFD) simulations were then taken to validate CFD simulations before proceeding with optimising the design of each members specific area. During the designing stage, different modifications will be tested to ensure their impact on drag, downforce and flow stability.  


[bookmark: _Toc435194333][bookmark: _Toc214711936]5.2 Gateway objective 
As a group we established a gateway objective to decide whether our redesigned components meet the expected performance against the current car before we move onto the final validation stage. This objective allows us to determine whether the redesigned bodywork accomplishes the desired aerodynamic performance and can progress to the final validation and reporting stages. 
The objective is to show that using CFD analysis, the redesigned bodywork maintains a stable aerodynamic balance at different set ride heights. The objective is to also show that the redesigned bodywork can achieve at least a reduction in drag and an increase in downforce.
The aerodynamic team will be working collaboratively together to redesign the bodywork which includes the nose cone, floors, pushrod shrouds, front pontoons, cockpit, midriff, sidepods, roll hoop fairing, rear wing, and rear deck. We will verify our results using ANSYS Fluent, assessing surface pressure, streamline behaviour, and lift to drag ratios. 

[bookmark: _Toc738157772][bookmark: _Toc214711937]6 risk identification and mitigation 
There are many risks associated with any engineering group project, managing risks is crucial in ensuring that each task is done accordingly and safely to the correct standard. There are two main risks with the aerodynamic redesign of the MCR bodywork. These risks are related to simulation restraint and project time restraints; both risks could really have a negative impact on how projects can be executed.
The primary area of concern for suspension kinematics is the droop stop design and integration on the car. Incorrect modelling could result in inaccuracies in handling and data. This leads onto interferences with suspension operation or a compromise in mechanical grip. 

[bookmark: _Toc1750165131][bookmark: _Toc214711938]6.1 Risk 1- Potential CFD inaccuracies and data reliability
One of the key risks of running CFD simulations is the accuracy of each simulation. Inaccurate mesh generation, boundary conditions and turbulence models can lead inaccuracies or unreliable data, causing invalid conclusions about performance improvements. (Lee, S. (2025)) 

Impact:
Inaccurate data collection from poor CFD runs could result in poor design ideas, potentially leading to an increase in drag or reducing the front-end stability for example. It could also hamper the suspension kinematics and data teams, as inaccurate data would propagate their models which would hamper future simulations.

Mitigation:
To mitigate this each team member of the aero department will analyse and undertake a validation study against the baseline results. Simulation parameters will be analysed by each member to ensure consistency. (Oberkampf, W.L. (2002))


[bookmark: _Toc994253914][bookmark: _Toc214711939]6.2 Risk 2- Time constraints
Time constraints could influence when the project is complete because of the project's deadline and reliance on simulation-based work with CFD taking a long time to process. Reduced development time could result from longer processing periods, several design iterations, or unexpected holdups. (Ferhath, A.A. (2025))

Impact:
This could lead to inaccuracies in reporting, improper optimisation or inadequate simulation runs, all these problems could lead to lower technical accuracy and the finalised project. 

Mitigation: 
We will keep track of our progress through using Gantt charts, weekly meetings, and early prioritisation of important CFD simulations. 
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[bookmark: _Toc739415925][bookmark: _Toc214711941]Task 7.1- Gantt chart and milestones
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Figure 2- Group Gantt chart
[image: ]
Figure 3- Personal Gantt chart

The following Gantt charts show the complete 24-week project plan, the first one showing how aero, data acquisition, and droop stop teams have worked through their tasks and objectives. At the beginning of the project the MIRA car, mesh validation and running baseline CFD runs were the aerodynamics team focus for a better understanding of the attitude of the car. Before the redesign and development work begins, the team must execute their CFD runs simultaneously to guarantee accurate readings in data and simulations. The first Gantt chart also shows how each department of the project contributes to the overall project at different stages.
The Gantt chart highlights how the project evolves during the mid-section of the project showing the change to more complex simulation phase, such as baseline CFD runs, SN2B bodywork analysis and the design of the new bodywork. Comparative studies are then undertaken to evaluate the aerodynamic performance in relation to our objectives to make further improvements where necessary. 
Figure 3 shows my personal objectives that will be executed during the project highlighting the iterative process of CFD based design. The chart outlines the importance of developing new bodywork, performing CFD runs, evaluating flow behaviour and making improvements. 
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