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[bookmark: _Toc1777512063]Introduction
For the group project I have chosen the BMW 1 series rally car, for the BMW 1 series i will be a part of a subgroup focusing on the intake of the engine. This means we will be focusing on researching the current intake system within the n52 engine and producing cfd models using the 3D scanner within the University. We will also be running simulations on the engine using the Ricardo wave software which will give us a baseline of the current intake system and how we can improve the system moving forward this will also be supported by a flow bench test on the n52 engine head. The aims of these tests are to see where we can get more air into the engine, allowing us to not only improve the engine horsepower but hopefully allow for a greater torque input at a lower rev range as this is highly beneficial to a rally car.











[bookmark: _Toc1330036450]Roles and Responsibilities
For the group project we have a team lead and 3 others who will complete the tasks needed to complete our aims for the project. Collaboratively we will all be responsible for the planning of the project, Dyno testing the n52 and collecting data and finally reporting and presenting the final presentation at the group viva in the viva. Robbie Sandford is the team leader, he will be responsible for research & Data collection, cfd simulation of the airflow intake side and the effects it has on the cams. Isaac jones, he will be responsible for the 3D scanning and CAD modelling of the engine head/intake and cams, also he will be joining Robbie on the cfd simulation of the n52 engine and the airflow intake side and its effects on the cams. Snasloy D’silva, firstly Snasloy will be joining Robbie on the research and data collection on the n52 this means looking into benchmark studies and analysing YouTube videos already produced on the concept of improving the n52 airflow through the intake side, also he will be looking into the data analysis of the cfd/flow bench and cfd data and forming an evaluation. Wesley Ives, I will be using the Riccardo wave simulation software to model the timings of the valves and the effects of these timings on the valves, also i will be producing a prototype of the airflow improvement such as trumpets and testing the improvements on the flow bench when compared to the normal valves which will allow me to validate the cfd findings.
	Robbie Sandford
	Isaac Jones
	Wesley Ives
	Snasloy D’Silva

	Project Manager
	Modelling
	Product Testing & Development
	Product Innovation

	- Computational Fluid Dynamics
- Research & Data Collection
	- Computer-Aided Design
- Computational Fluid Dynamics
	- Ricardo Wave Simulation
- Flow Bench Testing
	- Research & Data Collection
- Data Analysis & Evaluation




[bookmark: _Toc1737183334]Belbin's Model Results
For the Belbin's model task, I scored an 11 for implementer giving me an average score of 66%, this means that as an implementer I am moderately strong, I have strengths in practical aspects, and I am reliable however this shows that I don't seek innovation first.  scoring this on the implementer section allows me to use the Ricardo wave software effectively, allowing me to apply my theoretical findings from the flow bench, and Ricardo wave to an outcome that will help the cfd team produce a 3D model ora full part to improve the airflow intake side of the n52.
Coordinator, for this section I scored an 8 also scoring me an average however on the lower end roughly 40%, this means that I can organize teams and leading however i prefer following plans already laid out and following discussions rather than leading them for example. 
Shaper, for shaper I scored a total of 5 scoring me a low of 15%-20%. This shows that I naturally won't push or challenge others as I prefer a calmer and more cooperative approach to tasks rather than driving urgency and competition.
Plant, for plant, I scored a total of 9. This means I score within the High % at the lower end at 66%, showing that I am a strong plant meaning that I strive for creativity and innovation to solve problems in unconventional ways if need be. However, this does not follow the trend of my implementer score which showed I can be innovative but prefer not to be whereas the plant implies I strive for such innovation. My strong plant trait reflects the creativity which is essential for me to develop the intake side of the n52 using the flow bench as a baseline and the Ricardo wave to expand on that. This trait shows that developing things such as trumpets for the car in this manner will be more familiar to me as i thrive in creativity and innovation.
Resource Investigator, in this section I scored my highest at a total of 12 coming in at the low end of very high at 85%. This means that as a person I am outgoing and curious and enthusiastic to explore new opportunities and connections, showing that I am good at networking in group work. This strength shows that I will be able to positively work within the rally group and communicate my ideas and findings on the flow bench and Ricardo wave effectively.
Monitor Evaluator, here I scored a total of 10 putting my % at the low end of high at 66%, this means that I am an analytical person allowing me to assess ideas logically and make reasoned judgment on the outcome allowing my team to stay data driven and have realistic goals and aims in mind. This strength will support my role within the team as it shows I am analytically minded, which will allow me to make objective and reasoned decisions behind the improvement of the airflow through the intake side of the n52. This will also benefit me when interpreting the data discovered from the flow bench test and the Ricardo wave simulations.
Team Worker, as a team worker I scored a total of 9 putting me on the bottom end of the average & at 33%, this implies that as a whole I work good in a team and am good at maintaining collaboration and improvement within the team however also shows that my team working skills can improve. 
Complete Finisher, finally I scored an 8 on complete finisher giving me a % at 75%, meaning I come in the middle of the higher percentile. This shows that I am conscientious and detail-oriented, allowing me to complete work to a high standard and within deadlines. Overall the complete finisher trait shows that the precision needed to complete my section of the group project is more than adequate, however I may come off as a perfectionist and this can be time consuming which will may hinder the timeline of the project so will need to stay on top of this.
	
	Implementer
	Coordinator
	Shaper
	Plant
	Resoursce Investigator
	Monitor Evaluator
	Team Worker
	Complete Finsher

	Low 0-33%
	0-6
	0-6
	0-8
	0-4
	0-6
	0-5
	0-8
	0-3

	Average 33-66%
	7-11.
	7-10.
	9-13.
	5-8.
	7-9.
	6-9.
	9-12.
	4-6.

	High 66-85%
	12-16.
	11-13.
	14-17
	9-12.
	10-11.
	10-12.
	13-16
	7-9.

	Very High 85-100%
	17-23
	14-18
	18-36
	13-29
	12-21.
	13-19
	17-25
	10-17.

	
	
	
	
	
	
	
	
	

	Total
	11
	8
	5
	9
	12
	10
	9
	8




[bookmark: _Toc1838526345]Group Tasks and Timings
Firstly, planning the group project for the intake side of the n52 engine will be done as a whole collective as this allows us to get through each timeline target together and move onto the next step without needing to know what has been done previously and needed next. This will be completed by the 27th of OCT. Next is the research and data collection which will be carried out by Robbie Sandford (Tam Leader) and snasloy d’silva. This will begin on the 13th OCT and aim to be completed around the 17th NOV. Next is the Ricardo wave simulation carried out by myself which will begin on the 10th NOV and I aim to be completed around the 1st DEC. Then there is the 3D scanning and CAD modelling, this will be done by Isaac Jones and aims to begin on the 2nd week of November on the 10th NOV and finishing his final modelling on the 12th JAN after the Christmas break. Then there is the cfd simulation which will be completed by Robbie Sandford and Isaac Jones they aim to begin this the following week on the 19th JAN and complete their simulations of the designs on the 26th JAN. Then I will progress onto flow bench testing with the prototype on 2nd FEB and aiming to get a final product the following week on the 9th FEB. Then as a team aim to put this on the dyno to validate our final product and give us more data, this will be done the following week on the 16th FEB and finish on the 2nd MAR finally we will all be reporting and building a presentation at this time through from the 13th OCT to present halfway at our viva on the 8th DEC and have a finished detailed report on the 16th MAR for our final viva on the 16th MAR.
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[bookmark: _Toc2021345468]My Tasks
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	Item
	Cost
	Qauntity
	Time Days
	Total (£)
	Source 

	Ricardo wave Software
	£0
	1
	1 Day
	£0
	 

	3D Printer
	£10
	1
	1 Day
	£10
	Rent 3D Printing - Central Bristol from Izaak B, Ashley, Bristol for £6 - 10/day

	Prototype Material ( 3D printer Filament)
	£18.99
	2
	7 Days
	£38
	Hyper PETG 1.75mm 3D Printing Filament 1kg

	Flow Bench
	£30
	1
	6 Weeks
	£2,560
	Tool Hire | Swansea | Brandon Hire Station Near Me

	Cylinder Head
	£260
	1
	TBD
	£260
	7535325 Bmw 3 X3 Z4 5 Series Cylinder Head 6 Cylinders Engine N52 Petrol | eBay UK

	Cylinder Head Fixture
	£10
	2
	1 Day
	£20
	MILD STEEL SHEET METAL SQUARE CUT PLATE PANEL 0.8/1.0/1.2/1.5/2/3/4/5mm Thick | eBay UK

	Silicone sealent
	£16.99
	1
	1 Days
	£17
	Wynn's Black Gasket Maker - Heat & Cold Resistant - Waterproof & Oil Resistant - Ideal for Engine Components & Automotive Applications - 200ml : Amazon.co.uk: Automotive

	 
	 
	 
	 
	£2,905
	



[bookmark: _Toc1412993817]My Tasks Conclusion
Overall, I aim for the Ricardo Wave software to take 5 weeks as this will allow me to have a proper understanding of the software and produce an accurate model of the flow data on an n52 engine. The Ricardo wave software is provided by the university therefore it is free; this will take me no more than a day to acquire and download. Then there is the prototype development, as shown in the Gannt chart. This will take 7 weeks to complete in total allowing me to have multiple drafts and protypes to iron out any inefficacies and try several different approaches, for the prototyping I will need 2 10kg 3d printer filament coming in at £38 in total and I will rent a 3d printer based out of Bristol for £10 a day bringing my costs for the prototype development at £48.then i will move onto the flow benching stage which will last for roughly 6 weeks as this will be done alongside the later end of the prototyping, to complete this segment I must firstly acquire a flow bench which I can rent at £30 a day with a £20 each way delivery fee they are based out of llansamlet so delivery fee is low, this brings the cost for the flow bench to £2560. Also needed for the flow bench will be n52 cylinder head, I have found one second hand on eBay at £260 including shipping, to this I will attach two 10mm thick steel plates with a hole in the bottom which will act as a gasket and I will mount these using silicone sealant for gaskets this will mean my flow data is as accurate as possible. This brings the total for them two portions to £37. Overall, the cost to run the Ricardo wave software and test on the flow bench comes to £2905 and I aim to complete the task by the 23rd of Feb with a working product that can be implemented onto the n52 engine on the current rally car.

[bookmark: _Toc636576355]Milestones
	1.  Within a 4-week period, we will become proficient in using Ricardo Wave software. We will measure my progress by successfully building and running a sample engine model of the N52 engine by the end of the 4 weeks.
	Initial Training: Begin with structured tutorials and online training modules to understand the fundamentals of Ricardo Wave’s user interface, model setup, and simulation workflow. 
Practical Application: Develop a simplified single-cylinder model to explore parameters such as valve timing, intake/exhaust duration, and pressure wave interactions. 
Progressive Complexity: Gradually increase model complexity by introducing real-world boundary conditions and intake geometry data obtained from CAD/3D scans. 
Performance Validation: Compare Ricardo Wave simulation outputs with known engine data to ensure understanding and accuracy. 
Documentation: Record all learning outcomes and challenges to establish a technical reference for future simulations.

	2. within a 2-week period, we will learn to use Computational Fluid Dynamics (CFD) tools to analyse intake flow characteristics. We will measure progress by successfully analysing the flow characteristics of the N52 engine by the end of the 2 weeks.
	Software Integration: Understand how CFD data complements Ricardo Wave by providing detailed local flow insights for intake systems. 
Geometry Preparation: Import 3D-scanned intake port geometries into the CFD software, ensuring proper meshing and surface refinement for accurate airflow modelling. 
Simulation Execution: Run steady-state and transient flow simulations to study velocity profiles, pressure drops, and turbulence within the intake ports. 
Result Correlation: Use Ricardo Wave to simulate global engine parameters (mass airflow, volumetric efficiency, torque) and correlate them with CFD results for validation. 
Iterative Optimisation: Refine geometry and boundary conditions based on comparison outcomes, developing a stronger technical understanding of airflow optimisation.

	3. Within a 3 week-period, we will successfully create an accurate digital copy of the intake ports using the 3D scanner. We will measure progress by successfully developing fully processed 3D model that can be used for further analysis or CAD work by the end of the 3 weeks.
	Preparation & Setup: Clean and prepare the BMW N52 cylinder head to ensure accurate scanning surfaces; calibrate the 3D scanner to achieve precision within ± TBA mm.
Scanning Process: Conduct multiple scans from different angles to capture full port geometry, eliminating blind spots or distortions. 
Data Processing: Use post-processing software, such as SolidWorks to align, merge, and clean the point cloud data. 
CAD Conversion: Generate a solid CAD model of the intake ports suitable for simulation and CFD meshing. - Verification: Compare the scanned model against OEM data or manual measurements to validate dimensional accuracy. 
Integration: Export the final model into Ricardo Wave and CFD software for simulation and performance analysis.




[bookmark: _Toc1184352104]Gateway
The gateway objective for my section of the project is to determine whether the redesigned intake system delivers a clear and measurable improvement over the original N52 intake setup. Before this point, key tasks such as producing the baseline Ricardo WAVE model, completing the CFD design work, and manufacturing the prototype intake trumpet must already be finished. To successfully pass the gateway, the updated intake must demonstrate an airflow increase of at least 8% at mid valve lift during flow bench testing, with the Ricardo WAVE predictions showing a strong match to the experimental results. The modified intake should also produce a predicted torque improvement of 3% within the 3,000–4,000 RPM range, which is essential for enhancing low-end performance suitable for rally conditions. Additionally, the prototype must fit correctly, seal effectively, and function without any structural issues throughout testing. If all of these requirements are met, the design is validated and the project can progress; if not, the intake will need further refinement, additional simulation, and further testing before moving to the next stage.
[bookmark: _Toc1280292885]Mitigating Risks in My Area
[bookmark: _Toc1730917491]Reliability of outsourced machinery
The reliability of the outsourced machinery for this instance the Flow Bench and the 3D Printer is vital to the project, because if they were to fail that would mean that there are severe delays to the project possibly causing the project not to be finished at the end of the second year group project. Some of the reliability problems include that the machinery is not up to standard and may produce inconsistent results or outcomes. To avoid this outcome, I can do a pre-use verification on the machinery showing that the machinery produces accurate results consistently and then I can move forward with the hiring of the machinery. Another reliability problem of the machinery could simply be the actual delivery of the item form the provider as this would mean delays to the project also which is not ideal as the timeline for the production of a prototype and final product is very minimal and constrictive. To ensure that delivery is on time, I can pre-book the machinery well in advance rather than on short notice, allowing the provider to sort out delivery options allowing it to be delivered on time.
[bookmark: _Toc1181837831]Time needed 
The project as a whole has several interdependent stages for it, such as the Ricardo wave, cfd simulation, 3d scanning, and the flow bench. Meaning that each stage relies on the previous stage to be completed on time for the project to progress on time with our projected timeline. This means that when it comes to an end, the validation of the final product and testing would mean that this is delayed and could possibly not be done on time or at all. To prevent this, we can set priorities meaning the higher impact jobs that must be done will be done sooner rather than having to be delayed at a later date possibly impacting the outcome of the product and project. Also having a clear timeline that has a group we communicate with each other clearly allowing us to stay on trach and work together and intertwine our project tasks together, possibly allowing us to finish quicker.

[bookmark: _Toc234207612]Timeline 
[bookmark: _Toc151845701]Group Timeline
[image: ]
[image: ]
[bookmark: _Toc2059122826]My Timeline
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