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Abstract
The motorsport and automotive industry manufacture engines with the aim of overall efficiency, cost effectiveness, and customer satisfaction. While making these three factors a priority some of the engines components efficiency is lost during manufacturing, this results in some loss of power and can disappoint certain customers. This report outlines how we can improve this issue through testing the cylinder head of an engine.

Technical Abstract
The aim of this investigation is to create an increase in volumetric efficiency and power through cylinder head porting. To do this live testing on flow benches, and simulation testing on computer programmes such as Solid Works will be carried out. The investigation will allow us to see what modifications/adjustments will work best when trying to cram as much air as possible through our cylinder head ports and in to our combustion chamber, in the attempt to increase volumetric efficiency, and the amount of Horse Power produced by the engine.

















Introduction
The Purpose of this investigation is to increase the overall volumetric efficiency of air flow through the ports of a cylinder head taken from a naturally aspirated Ford 1.25l Engine, which will result in increased horsepower. This will be done by completing both live and simulation testing, and acquiring sets of data. The intention is to collect multiple amounts of data through live testing the volumetric efficiency on a Flow Bench. To validate this data a model of the cylinder head will be made on a three-dimensional computer aided design programme called Solid Works, this will allow a simulation test of the cylinder head, theoretically resulting in similar flow results.
Next is to prove that volumetric efficiency and the amount of power the engine provides can be increased through adjustments made at specific points in the cylinder head ports on Solid Works. if these adjustments are completed correctly then the FlowX simulation on Solid Works will acquire greater volumetric efficiency than the original cylinder head model. If this is the case, then in theory these results would be achievable if the same altercations were made to the ports of the UWTSD workshops Ford cylinder head and tested on the flow bench.
Not only will the investigations validity be confirmed, but other theories such as ‘five brake horse power gained for every 10 cubic feet per minute of air crammed in to the cylinder head’ may be proven in the process.

Main Objectives
This is an investigation in to improving volumetric efficiency of a cylinder head and increasing horse power through testing port flow. For organisation and to provide a reliable investigation there are three questions thought best to research into.
The first thing that needed researching was how to improve intake ports to gain greater flow, the reason for this is that cramming as much air as possible into the cylinder can improve the vehicles engine performance. Therefore, you would want to improve the design of the cylinder heads’ ports with the aim of increasing the amount of air in CFM (Cubic-foot per minute) travelling through. The theory is that for every ten Cubic foot per minute of air pumped through the ports, and extra five horsepower may be achieved. If enough research is carried out on what adjustments can be made to a cylinder port to achieve more air, then these methods can be applied to the three-dimensional CAD design on Solid Works and put through simulation hoping for similar results in volumetric efficiency and power as theory suggests. 
The next thing to investigate was how air flow increases the power output of the engine to gather more information and a better understanding. As previously explained cramming air into the engine results in more horse power, but how does it help the vehicle increase its power output. Carrying out thorough research will provide us with the information and knowledge of how cramming as much air in CFM (Cubic-foot per Minute) pushed through the cylinder heads ports will result in increased vehicle/engine performance.
Validity of research, results, and the overall investigation are extremely important, therefore the next step was to question the validity of the investigation and all its aspects before beginning. The validity of the research will be confirmed as all research will be gathered from reliable sources such as books, journals, magazines, and dependable internet sources. 
The Validity of the live testing and simulation testing will be confirmed, but both through different methods, the live testing validity will be guaranteed through testing the cylinder head multiple times in the UWTSD workshop under supervision of the faculty, and then comparing the data gathered. Once this is carried out correctly, the data should correlate with the data received from simulation testing on the same cylinder head using Solid Works FlowX, an application on Solid Works allowing us to simulate the flow of air through objects. This will prove the validity of the simulation testing. This can only be possible if the three-dimensional computer design is made to the exact measurements, material, and other factors of the cylinder head.
Once this is completed the aim is to increase the overall power output of the engine by ten percent by applying the porting methods researched, to the Solid Works cylinder head. If these methods help increase the amount of CFM possible to cram in to the ports, thus increasing the horse power, the volumetric efficiency will be calculated, and the validity of the investigation will be proven. 












List of Required Equipment
· Cylinder Head
· Flow Bench – (Super Flow SF-600)
· Computer
· Steel Toe Cap Boots
· Ruler
· SolidWorks 

Cylinder Head
The cylinder head is the component that is undergoing testing investigation as it is important to discover its ports volumetric efficiency and attempt to improve them to complete the investigation.
Flow Bench
The flow bench being used is a SuperFlow SF-600 provided by the UWTSD workshop. The machine will allow us to test and analyse a components volumetric efficiency and mass of air that passes through it. Most flow benches consist of some sort of air supply, flow element, a settling chamber/bench receptacle, cylinder bore/test stand, and a test port.
Computer
The computer will allow us to record, save, and analyse data. With this available we will be able to create graphs, charts, and tables to better understand all data collected. Other applications available on the computer that could help the investigation may be needed during future testing.
Steel Toe Cap Boots
The Flow Bench is located in the UWTSD workshop, therefore steel toe cap boots must be worn to meet Health and Safety requirements and law.
Ruler
The ruler along with other measuring equipment will used to take measurements of the cylinder head, allowing a perfect three-dimensional design to be created for flow simulation.
SolidWorks 
Solid Works is a three-dimensional computer aided design platform that components can be created on and analysed. This will be used to create the model of the Ford Cylinder Head selected.


Research
All research below was carried out to explain the overall purpose of this investigation.
How to Improve Flow through Cylinder Head Ports
The purpose of a cylinder head is to form a combustion chamber while it sits above the cylinder and is sealed by the head gasket. There are a number of ports inside the cylinder head, which allows air to travel to the inlet valves. They control the air flow in and out of the cylinders. 
Cylinder Head Porting
Cylinder head porting is also known as ‘Port and Polish’, this is a method where modifications are made to the intake and exhaust ports of the cylinder head, this potentially increases the quantity of airflow and even the quality. Realistically all ports would be straight if possible as it would maximise the airflow, although due to manufacturing constraints and the design of the engines, this is simply not ideal. By making fine alterations to the ports there may be increases in Volumetric Efficiency. Although air feels like nothing, when an engine is running at high speeds, pumping as much air through the ports as possible can be a problem as it is then thick and heavy. Flow porting will help eliminate this issue.
The process of manufacturing the cylinder heads means they are not as efficient as they could be and may create turbulence in the flow of fluid from the side of the cylinder head in to the cylinder itself through the valve throat. By adjusting the ports’ we can create smoother intakes and exhausting, proving reduction on turbulence and increased flow.
The first step in completing an accurate porting is to locate the point of greatest restriction, if the greatest restriction is found and altered then we should receive a significantly large amount of flow. It is important that the ports are tested at different valve lifts for accuracy.
To complete a basic head porting you will need a small drill with tapered grinder drill bits, this will allow us to adjust certain points of the port making them smoother allowing more air/fuel flow. Other methods such as using a CNC machine are effective as they accurately use geometry and laser guidance to perfectly adjust the ports of the cylinder head by shaping, sanding, and grinding specific points.
To achieve the best results from porting and polishing all areas must be looked in to. 
· Inlet Ports
· Exhaust Ports
· Valve Seat
· Valve Throat Pocket 
· Combustion Chamber
· Head Porting

During casting inlet ports are commonly known for keeping unwanted metal and unsmooth surfaces. Ideally creating a smooth surface would be ideal, although there must be some form of rough surface to ensure the evaporation of any fuel remaining in the port. However, we can adjust the inlet ports through shaving, port matching, changing the orientation of the inlet port, or changing the ports angle.
The exhaust highest velocity of air is at the last point when exiting the cylinder, if any excess material created during casting remains it can be shaved off the top of the exhaust ports. Port matching may also be carried out on the exhaust ports.
Valve Seats are to be improved using CNC equipment, it is a difficult task that will ensure a secure seal when the inlet and exhaust valves are sealed, meaning no air/fuel mixture can escape, providing a greater volumetric efficiency. As no modifications will be done on a live model this will be done on solid works simulation also, therefore requiring no CNC equipment.
It is important that valve throat pockets are made wider and the chamfers made smoother to increase the flow, this is due to the way manufacturers cast the components.
To provide efficiency the exit of burnt gases from the combustion chamber through the exhaust pipe must be smooth. If the top of the combustion chamber which houses the spark plug is polished and adjusted correctly then the mixture of air and fuel burnt will transition from the cylinder to the exhaust manifold with ease. 
These methods can all be applied to improving the cylinder heads ports’ volumetric efficiency. Any other methods discovered through further research will also be applied.
As it is not possible to carry out head porting on an actual model and must be done on Solid Works computer design I have not given much explanation on how the adjustments that will be made on the three-dimensional design would be carried out on an actual cylinder head. This will be explained after further investigation is carried out, and will be included in the final report.



How does Air Increase Engine Power Output

The more air that is crammed into the engine the greater the mix of air to fuel ratio, this means that when more air is compressed in the cylinder more fuel can be burnt resulting in more power. This is the reason for many people applying cold air intake systems to their vehicles, not only as it provides more air for the engine but also at cooler temperatures the air is not as thick or heavy, different to how it is normally pushed through the ports.
Although this is a very efficient way of increasing a vehicles engine output it is not the purpose of the Investigation. 
A mixture of fuel and air is sent in to the cylinders through valves, it is then compressed by the piston itself and a spark plug ignites the mixture, this is done within the combustion chamber. The expansion of air and fuel forces the piston down the cylinder. 
Induction Stroke – While the piston is moving downwards, the exhaust valve remains shut, and a fuel mixture is drawn from the carburettor into the cylinder through the inlet valve, this opens when the camshaft is in motion.
Compression Stroke – The exhaust valve remains shut while the inlet valve also closes, this means there is nowhere for the air/fuel mixture to escape, therefore when the piston begins travelling back up to TDC (top dead centre) the ratio of air and fuel is compressed in the compression chamber found in the top of the cylinder head. The sparkplug then ignites the compressed mixture causing rapid expansion, firing the piston back into a downwards motion.
Power Stroke - This is a downward stroke which is created after an air fuel mixture has been compressed and ignited by a spark plug forcing the piston to move in a downwards motion, this only occurs once in every four strokes of the pistons full movement.
Exhaust Stroke – This is the stage where the burnt mixture (caused by ignited gases) will be released from the combustion chamber as the exhaust valve opens and the inlet valve remains shut. 
The camshaft continues to rotate, opening and closing the inlet and exhaust valve in sequence to direct the flow of air/fuel mixture and the burnt mixture in and out of each cylinder at the correct times during its cycle. The sequence of mixture ignition is known as the firing order, this ignition only occurs before the piston is almost at TDC (Top Dead Centre) during its compression stroke.
Compression Ratio is also important to remember during this as the investigation is on volumetric efficiency. The compression ratio is the difference between how much air and fuel mixture has been forced in to the cylinder. Many compression ratio’s will be shown as 12:1, 14:1, this is just an example, this means that when the air/fuel mixture is fed through the inlet valve and is then compressed it is a 12th or a 14th of the original volume it was before combustion.
This allows us to understand why feeding the cylinder head and engine as much air as possible is such an important factor, and to understand how important flow through the inlet and exhaust ports is.

Validity
The validity of the investigation is important and therefore must be researched. From various books, journals, articles, magazines, and reliable internet sources it is clear to see that the Flow Bench is a tool used universally to measure flow rate and volumetric efficiency in all sorts of engineered components. Other methods besides a flow bench are used in to measure these factors but are not available through the university or are far too expensive, and other methods are used to increase engine power other than porting, but Flow Bench testing and port adjustments are widely used within the racing world and therefore must be reliable enough to get the job done accurately and efficiently. Other investigations and tests provide the accuracy of Flow Bench testing, although the adjustments made will be on a simulation, the simulation should test an exact copy of the Ford cylinder head model from the measurements taken and provide with accurate increases in Volumetric Efficiency to be applied in live testing. 
Volumetric Efficiency may be increased through port adjustment, but it is also important to remember that other factors such as Mass Airflow Sensors are used to control the correct supply of fuel charge entering the chamber, which may also limit the vehicles overall performance. This is not a problem as the aim of this investigation is only to increase the efficiency through port design.







Methodology
Research, testing, and thorough analysis will be carried out to complete the investigation of volumetric efficiency increase based on a Ford cylinder head.
The first step carried out to begin the investigation was to decide on a cylinder head from a naturally aspirated engine, the cylinder head chosen was from a 1.25l Ford, four cylinder engine. It is important that the cylinder head chosen comes from a naturally aspirated engine as any cylinder from a modified engine will most likely have gone through polishing previously, and this will affect the validity of the investigation. The main reason for picking this cylinder head is due to the UWTSD workshop having a model ready for testing on a flow bench, also it has undergone no modifications or adjustments since its manufacturing process.
Now that the cylinder head has been chosen measurements must be taken so that an exact replica may be created through three-dimensional CAD on Solid Works, this is extremely important as the measurements must be accurate so that the data recorded from simulation testing is correct and valid. These measurements are taken early on as creating a perfect design on SolidWorks is a long process. The measurements will be taken more than once to ensure that it is reliable and that the correct measurements are received, protecting the reliability of the simulation testing and the data accumulated. 
Next, the cylinder head will be taken to the flow bench to undergo live testing and record data on the components current volumetric efficiency. This is the first step in improving the volumetric efficiency.
The purpose of a flow bench is to determine the flow rate measurement and maximum pressure that can pass through certain objects. The average flow bench consists of instrumentation, a combination of nozzles, and a blower. The Super Flow SF-600 located in the UWTSD workshop has many components such as a blower, combination of nozzles, nozzle walls, plenums, and a blast gate (damper, which allows the adjustment of flow rate). The air source of the flow bench will create a pressure differential across the Cylinder Head, this will cause air to flow through the entire flow bench and the cylinder head which will be mounted in place. This will then measure the total air flow velocity travelling through the Ford Cylinder Head and will then be used to calculate the volume/mass of air travelling through its ports.
Once all the data is collected and analysed, it will be put in to charts and graphs for a simpler understanding of the results. The next step is to then complete the three-dimensional design of the cylinder head on Solid Works and run the simulation testing, as the live testing is complete and all data has been acquired we must compare it with the results that are gathered from the simulation. This is done in order to prove the accuracy of the simulation testing and attempt to make adjustments that could improve volumetric efficiency on simulator testing, but also provide sufficient evidence that these results could be gained from live testing also if the adjustments were carried out on the UWTSD workshop model.
The live testing and simulation testing are both very similar proving the accuracy of the computer model, now that this is confirmed and provides validity, the comparison between data will be explained. All researched methods of improving volumetric efficiency through cylinder head porting will then be applied on Solid Works, and then put through simulation flow testing on FlowX, the data will be analysed and compared with both previous live testing and simulation tested results, if improvements are visible then the investigation is successful as volumetric efficiency has been increased through the adjustment and refining of cylinder head ports.










Conclusion
I believe that with the research acquired and the further research that is to be carried out throughout the duration of the investigation that the increase in volumetric efficiency through cylinder head porting is achievable and will be successful. These methods have been proven to work before, but the adjustments have been made on actual cylinder heads not simulated designs. If the investigation is carried out as explained above then the data will allow us to see that the Volumetric Efficiency has increased and that it is safe to carry these adjustments out on the cylinder ports for live testing, as it ensures these adjustments will not cause damage to the cylinder head and therefore not resulting in trial and error and spending lots of money on a new cylinder head. As this method of increasing efficiency is used universally it is deemed reliable and efficient.
I also believe that all the equipment needed for this investigation will function accurately giving me valid/reliable results. The only way this investigation would not be successful would be due to any unforeseen circumstances that could occur throughout any form of testing. 
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