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[bookmark: _Toc214815191]Introduction
We have decided to work on improving 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. Particular 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’s a tough area to work on, especially as the regulations are so strict in what you are able to change and improve. But as a group we believe we can get a meaningful boost in performance, and create something that could potentially help the Rally team in the future.



[bookmark: _Toc214815192]Team Members and Roles		
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. 
I (Yash) am the Report Coordinator and Simulation Analyst. My 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. Alongside that I will be overseeing and completing all simulations involved with our project. 
[image: ]As the report co-ordinator, it falls upon me to lead the group in the goals we have set out to fulfil. Goal clarification is the main role of a co-ordinator. Though as the co-ordinator I must make sure I do not over delegate work, as we all have equal parts to play in the smooth operation of our project. Alongside that I will aid the CFD and CAD teams, respective to what they need help with. Whilst overseeing all simulations and ensuring they all proceed as planned and that all data is collected.[bookmark: _Toc214815211]Figure 2‑1 Belbin’s Model

The Belbin model, is a tool that aids individuals, teams or organisations to improve business performance through more effective teamwork. It provides insights to transform the way a team can work together, driving measurable results in individual and team performance.
Out of the 70 points in the Belbin model, I scored 17 points in implementer, 11 in coordinator, 5 in shaper, 9 in plant, 3 in resource investigator, 12 in monitor evaluator, 7 in team worker and 6 in complete finisher. 
This means, because I scored quite high in the coordinator role, I will be able to demonstrate strong leadership and facilitation. I will be able to guide the team calmly and confidently. Using my coordination skills, I will be able to delegate roles effectively. I will know how to match tasks to people’s strengths. Also, I will aid in keeping communication channels clear and concise, so each member knows what they have to do. I can settle disputes or misunderstandings within the team. Other things I’ll be able to help my group with as a high co-ordinator is, the ability to bring people together, organisation skills with a calm nature and objective decision making.
As I scored incredibly high in the implementer category, I will excel in turning ideas into practical action. I will be able to take the plans drawn up by the designers and transform them into concrete steps. Other things I can help with are; organisation and structure, reliability and discipline, practical, realistic thinking, efficiency and bring order when chaos arises.
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As we have decided to identify and upgrade the aerodynamic profile of the rally car, there are many processes that we will have to fulfil. 
These include; 
The original allocation of jobs and responsibilities, this will only take a few hours on day one,
The identification of aerodynamic instability that the car faces, this will take 1-2 days,
Research into potential improvements in line with regulations, this will take 1-2 days,
The conceptual design of improvements that we create, this will take 1-2 weeks,
Modelling the improvements in CAD software, this will take 2-3 weeks,
Running simulations in CFD programs to simulate the change in the aerodynamic profile, this will take 2-3 weeks,	
Comparing the data generated to the current car’s setup and others in class to justify our choice in improvements, this will take 1 week.
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As the Report Co-ordinator, my tasks are focused around ensuring the project runs smoothly. Making sure that all deadlines are met, all members of the team are communicating efficiently and keeping the team informed on all decisions made. 
My tasks include; 
Assigning team roles – this was the first thing that had to be sorted out, which did not take a long amount of time, as group members had already had the jobs they wanted to do in mind. From the inception of our group, it took only a day for us to recognise the roles for our team.
Planning and Scheduling – As the co-ordinator, I am responsible of the creation of an overall project timeline and milestones. For us that would be something like the completion of CFD simulations by week X. Ensuring that each member delivers their part at the correct time, for the designs, simulations, testing and documentation of all work completed. Also, I will be responsible that all tasks set are realistic and deadlines meet a consensus within the group. Planning and scheduling will take a 2 – 3 hours every so often over the duration of the project.
Organisation and Communication – Another key role as a co-ordinator, is to act as an information relay, so members are always up to date with any changes or updates that may occur over the course of the project. It also falls upon me as co-ordinator to arrange regular team meetings to keep members on course. Organisation and communication will take a 2 - 3 hours weekly, over the course of the project
Task Delegation and Progress Tracking – I will also be defining what tasks must be done and who is responsible for each. Tracking each member’s progress using tools like Gantt charts, to ensure that goals and milestones are being met in due time. It falls onto me to follow up on any potential delays or issues, and if the situation demands it, to reassign work if a member is overloaded. Task Delegation will take a few hours, whenever tasks need to be delegated. Progress tracking will take a 2 – 3 hours, in regular intervals over the project.
Workflow and Documentation Management – It will fall upon me to ensure that all shared files are stored in an organised way. Also ensuring version control is used properly for design files and reports. Also, it will be my responsibility to oversee that a professional standard is used in quality and consistency for the final documentation and presentation of our project. Documentation management will take a significant amount of time, approximately 50 hours over the course of the project.
Resource Management – Ensuring the team has access to all necessary software for our project to be a success, like SolidWorks or ANSYS fluent. Coordinating our lab time, wind tunnel time or simulation cluster access if we are able to. Organising the use of CAD workstations or prototype materials. Resource Management will take approximately 20-30 hours over the course of our project.
Risk and Issue Management – Monitor potential problems such as missed deadlines, software issues, or design blockers. Help the team find solutions early. Create contingency plans for technical issues. Risk and Issue Management will take approximately 10-15 hours over the course of our project.
Technical Integration – Ensure that aerodynamic design, CFD results and physical testing data align. Verify subteams are communicating so outputs match inputs. Technical Integration will take approximately 10-15 hours over the course of our project.
Final Deliverables – Make sure that the final report is complete, in proper formatting, and all data is referenced properly. Ensure the presentation is cohesive and everyone knows their parts. Check simulation results, graphs and diagrams are all ready and correct. Confirm all reports are submitted on time. Final Deliverables will take approximately 15-20 hours at the end of the project.
Alongside this I will be acting as CFD simulation lead. My responsibilities for this role are;
Geometry Preparation - The importation of the CAD model of the rally car. Cleaning and simplifying the geometry for CFD, (removal of tiny features, fixing gaps, defeature parts). Creating different versions of the model for multiple design variations. Selecting the appropriate turbulence model. Geometry Preparation will take approximately 5-10 hours at the start of the project.
Defining Boundary Conditions - Inlet velocity, pressure, turbulence intensity, Moving ground / rotating wheels, Symmetry planes and Outlet conditions. Choose solver settings (steady-state or transient, convergence criteria, relaxation factors). Boundary Conditions Definition will take approximately 1-2 hours at the start of the project.
Running Simulations - Launching simulations on local hardware or a high-performance computing cluster. Monitoring residuals and convergence behaviour. Adjusting mesh and solver settings if simulations become unstable. Running Simulations will take approximately 25-30 hours over the course of the project.
Post Processing– Creating contour plots for velocity, pressure and turbulence. Generating vector fields and streamlines to visualise airflow. Identifying flow separation, recirculation zones and high-drag areas. Calculating key aerodynamic metrics like; Drag Coefficient (CD), Lift/Downforce (Dl), Pressure Distribution and Flow Velocity Distribution. Post Processing will take approximately 5-10 hours over the course of our project.
Analysis and Interpretation – Explaining what the flow patterns mean for performance. Highlighting areas causing drag or lift imbalance. Suggesting design improvements based on data gathered. Analysis and Interpretation will take approximately 5-10 hours over the course of the project.
Validation and Iteration – Comparing CFD results with any physical wind tunnel data or previous simulations. Improving mesh density or boundary conditions to increase accuracy. Validation and Iteration will take approximately 5-10 hours over the course of the project.
Documenting Results – Preparing visualisations, graphs and reports. Summarising findings in a clear, engineering focused way. Working with the design team to integrate changes into the CAD model. Documenting Results will take approximately 15-20 hours at the end of the project.
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In order to improve the aerodynamic profile of our rally car, we will require specialist software and equipment. The costs for each are summarised below;
SolidWorks – As a student at UWTSD, we are given a SolidWorks package for free, so our net cost is £0. If I wasn’t as fortunate, a personal SolidWorks package costs £48 a year.
ANSYS Fluent – As a student at UWTSD, we are given an ANSYS Fluent package for free, so our net cost for this is £0. ANSYS offers free student packages, so regardless our net cost for this would stay £0
Wind Tunnel – There is a Wind Tunnel at the University, which we are able to use for free, however if we were to go to an external company to use their wind tunnel, can cost from £600 - £7000 an hour.
As our project is mainly theoretical, we may not be building any components, so these are all hypothetical costs;
Material Selection – Carbon Fibre (most common material in motorsport), would cost £20 - £120 per m^2 dependant on the quality of carbon fibre we choose. A cheaper alternative could be Fibreglass – £3 - £10 per m^2. 
Manufacturing the Wing: 
Making the mould – A mould is required to shape the composite layers. A CNC-cut foam mould would be the cheapest at £50 - £200. A Fibreglass mould would cost £100 - £400. But the superior choice would be to construct a CNC’d aluminium mould, which would cost £1000 - £5000+.
Lay-Up Process – Composite fibres are laid into the mould in multiple layers. Epoxy resin is needed if its laid-up by hand. This would cost £20 - £50 per kg. A core can be added for extra strength and endurance. This would cost, £30 - £100 per m^2.
Cure Process – Prepreg carbon cured in an autoclave, which would give us superior quality, would cost £100 - £500 per cycle. A wet layup cured under vacuum bagging, which is the most common for students would cost £10 - £40 per part.
Endplates and Mounting:
Endplates – Control vortices and aero stability. These would cost £20 - £40 if they are manufactured out of Fibreglass, £50 - £150 if manufactured out of Carbon Fibre and £80 - £250 if manufactured out of CNC’d Aluminium.
Mounting Brackets/Struts – Usually made from Aluminium or Steel for strength. CNC machined or fabricated. Mild Steel brackets would cost £20 - £50. Aluminium CNC struts would cost £100 – £400.
Finishing – Trimming rough edges, sanding and coating. Decals, paint or vinyl wrap. A coat would cost £20 - £60. The paint or wrap would cost £30 - £200.
Total Cost Estimates:
As a group of students, our budget would be limited, so the cheapest possible solution to create a high-performance wing could wholly cost £100 - £1,200 dependant on the materials and methods of production used.
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As our project focuses on improving the aerodynamic profile of the BMW Rally car, my gateway objective as the Simulation Lead is, getting a working and realistic model of the car, which we can use to analyse the current package. This enables us to have a baseline that we can use to compare our simulated data to, to see if we are making significant changes to the aerodynamic profile of the car.
Criteria of Measurable Aspects
	Category
	Unit/Type
	Target
	Method

	Conceptual Design
	No. of Concepts
	>3 iterations
	Using CAD, Hand drawn designs to create concept rear wings. 

	Modelling Car
	No. of Complete Car Models
	1
	Using CAD and the MIRA car we have to generate a usable car to use in preliminary CFD tests.

	Modelling Wings
	No. of Concepts Modelled
	3
	Using CAD to create the full Rally car with the wings we’ve designed to test in CFD.

	Simulations
	No. of Complete Simulations
	>5 
	Using CFD to run tests to create benchmarks, and runs based on improvements that we’ve modelled.

	Final Design Choice
	No. of Finished Models/Simulations
	1
	After everything has been modelled, tested and compared, a final design has been chosen as the focal point to move forward.

	Grip Improvement
	% improvement in grip
	5% - 10%
	With the designed wing, the improvement compared to the base package.

	Downforce Improvement
	% improvement in downforce
	15%-20%
	With the designed wing, the improvement compared to the base package.


Table 5‑1 Criteria of Measurable Aspects
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As our project is theory based, there’s a potential for things to go wrong. It is our responsibility to mitigate those potentials to the best of our ability. For example;
As the simulation lead, I could be hindered if the model has a sensitive underbody and diffuser. Small ride-height errors could drastically change downforce. Diffuser stall could be mispredicted due to mesh quality or turbulence model limitations. To ensure that doesn’t happen, I can use a moving ground plane, model the rotating wheels and wheel motion, create a fine prism layer on the underbody, refine mesh in critical regions or perform a mesh-independent study focused on underbody loads.
Another concern we have is that, we could have CFD simulation errors. These would need to be mitigated through several practices to ensure accurate and reliable simulation results. Mesh quality issues can be addressed by conducting mesh-independence studies, refining critical flow regions, or applying appropriate boundary-layer meshing to achieve suitable y+ results. Boundary-condition errors could be reduced by using a moving ground plane, enabling wheel rotation, selecting realistic inlet turbulence values or applying the k- ω SST turbulence model. Solver instability can be managed by altering under-relaxation factors, improving initialisation methods, or refining the mesh where divergence could occur. Finally, validation errors could be minimised by comparing results with published aerodynamic data, performing sensitivity studies and checking the physical realism of pressure and velocity distributions.
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Figure 7‑1 Overall Gantt Chart for Aerodynamic (Rhodri Jones)
Figure 7‑2 Action Plan for Simulations
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