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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 may result in some loss of power resulting in customer and company dissatisfaction. This report focuses on how specific adjustments can be made to an engines cylinder port during or prior to manufacturing to increase the engine's horsepower and performance. This report will cover the necessary procedures carried out to prove the performance improvements theoretically. An in-depth explanation and analysis of both practical and theoretical testing will be included. 
Technical Abstract
This report will outline how cylinder head porting will help increase the volumetric efficiency of the cylinder head, theoretically improving the engines brake horsepower and overall performance. To prove this theory, a cylinder head will undergo flow bench testing, collecting data for comparison; this port shall then be moulded and scanned so that an identical version of the port will be produced on SolidWorks and will undergo flow analysis using the computer programs applications. Certain porting adjustments will be made on SolidWorks; this will allow the collection of data for comparison, providing results on what specifications/adjustments will allow the most air to be crammed through the ports in to the combustion chamber. This will ensure precise data on the increase of volumetric efficiency, proving that if the modifications theoretically applied are applied practically, the engine will have a higher volumetric efficiency and a more substantial output of horsepower.















1.0 [bookmark: _Toc512247075][bookmark: _Toc512248887]Introduction
This report is an investigation on how the overall volumetric efficiency of a naturally aspirated 1.25L Ford Engine may be increased, specifically looking at improving/increasing the amount of air flowing through the engines cylinder head ports, providing a more substantial amount of horsepower than previously offered after company manufacturing. The investigations completion and validity is mandatory and will be acquired by completing a series of both practical and theoretical testing, calculating and retrieving data using the machines and simulation software provided by the University. With the intention of collecting numerous results of data on the ports volumetric efficiency the cylinder head will be mounted and tested multiple times on the Flow Bench (Super Flow SF-600) located in the university workshop, this will provide sufficient recorded data which will be used for comparison later on in the investigation.
The validation of the investigation is dependent on the accurate and adequate comparison of collected data from live and simulated tests. It is known in the automotive industry that the more air the engine receives more fuel is burnt due to a more significant air to fuel ratio, so if a company solely wants to improve the engine's power they will attempt to push as much air in to the engine as possible. The amount of air available for the engine is dependent on the cylinder heads volumetric efficiency, the higher the volumetric efficiency, the higher the air flow. This theory must be proven by making specific adjustments to the cylinder port on SolidWorks, supposedly increasing the volumetric efficiency and horsepower of the engine. These necessary adjustments applied correctly will showcase when retrieving the data from SolidWorks’ Flow-X application (allows simulation of flow through/over objects), acquiring more significant results than those from the original cylinder head port. 
[bookmark: _Toc512248888]1.1 List of Objectives
· Measurements – certain aspects of the cylinder head must be measured to re-create the model on SolidWorks.
· Live Testing – The cylinder head must be tested on a flow bench to gather a first set of accumulative data. 
· Research – Research on volumetric efficiency and cylinder porting must be carried out to understand the subject further and apply any knowledge theoretically and practically. 
· Moulding and Scanning – A mould of the cylinder must be made and then scanned, so a three-dimensional digital version is available, this is also extremely important as the investigation is impossible to complete without this.
· Designing – Using SolidWorks the model of the cylinder is altered as when it is scanned as a computer file it is in the form of ‘point cloud’ which means that it is a non-solid object. 
· Simulation Testing – The cylinder port will undergo Flow Testing on the Flow-X simulation to collect data to compare with the live testing data. 
· Porting and Further Adjustments – Once data is collected from the simulation, the adjustments necessary (all based on research) shall be carried out on the cylinder port model using SolidWorks.
· Simulation Testing (Altered Port) – A series of simulation tests will be carried out on the altered design.
· Comparison of Results – All data gathered from the simulation will be compared with live testing data to confirm any improvements and validate the investigation. 
[bookmark: _Toc512247076][bookmark: _Toc512248889]2.0 Literature Review
This report will oversee how volumetric efficiency of a cylinder head and horsepower can improve through testing port flow. For organisation, and to provide a reliable investigation, there are three factors that must be taken in to consideration and thoroughly researched.
[bookmark: _Toc512247077][bookmark: _Toc512248890]2.1 Volumetric Efficiency
Volumetric Efficiency (VE) is the term used to represent the ratio of air/fuel mixture which is drawn in to the cylinder of the engine to the pistons volumetric displacement; this means the actual amount of air which flows through the engine in comparison to its theoretical max value. In simple terms, it’s the measurement of how full the cylinder is with this mixture. The volumetric efficiency of an engine is greater when the cylinder is full of the mixture of air and fuel that enters during each exhaust stroke of the four-stroke cycle. If an engine had 100 percent VE while operating, theoretically the cylinder has held 100 percent of the air by mass. It is important to remember that certain restrictions will affect the actual mass of air/fuel mix held by the cylinder in comparison to its theoretical value. Usually, the mass is lightened by the restrictions. The heavier the volume, the more power can be created as the combustion chamber will contain more air/fuel mixture, this can be done by altering and tuning components such as cylinder heads, cams, and intake/exhaust ports. This report is specifically covering how port adjustment will increase the volumetric efficiency and engine performance. Therefore research in to methods of improving ports will be carried out.
[bookmark: _Toc512247078][bookmark: _Toc512248891]2.2 Improving Inlet Port Flow
The cylinder head of an engine sits above the cylinder and is sealed by the head gasket; this allows the cylinder head to act as a combustion chamber, compressing the air-fuel mixture. Located inside the cylinder head are ports which flow air towards the inlet valve located by the combustion chamber, these valves open and close controlling the air which flows in and out of the cylinder.
When attempting to increase the volumetric efficiency of an engines cylinder head we must first look at the intake ports; this is where adjustments can be made to gain more significant air flow. The more the intakes volumetric efficiency is improved, the higher the power output from the vehicle, therefore we want as much air as possible crammed in to the cylinder, the more air forced into the combustion chamber provides a higher air to fuel ratio, using up more fuel and resulting in higher power. 
The amount of air which travels through the port is measured in CFM (Cubic Feet per Minute). Improving the intake ports would allow more air to flow through, in theory, this will increase the power output of the vehicle as thorough research claims cramming an extra ten cubic-feet per minute of air through the cylinder will result in the vehicle gaining an additional five break horsepower. 
Manufacturers in the automotive and motorsport industry prioritise specific factors over others when producing parts, in this case, they focus more on efficiency, cost-effectiveness, and customer satisfaction. When stating this, efficiency does not mean volumetric efficiency, as Ford does not prioritise gaining maximum power from a 1.25L engine, but focus more on cost and customer satisfaction as anyone who purchases a vehicle with a 1.25L engine is not concerned about power output. Due to this, manufacturing companies do not focus in-depth on the surface of a cylinder port; this results in unsmooth surfaces and unwanted metal after the casting process, this can then result in the turbulence of flow reducing its efficiency. While smooth surfaces are ideal when increasing the volumetric efficiency of the port, there must be some form of rough surface available to assist in the evaporation of any fuel which remains in the port. 
[bookmark: _Toc512247079][bookmark: _Toc512248892]2.2.1 Cylinder Head Porting

Cylinder head porting is a term used to describe modifications and adjustments made to the inlet and exhaust ports of a cylinder head, many different methods are applied when attempting to improve the cylinder head ports. This could potentially improve the quality and quantity of airflow which travels through the inlet and exhaust ports. When an engine is running at high speeds the cylinder head ports are trying to push as much air through as is physically possible, now to us air feels like nothing, just a mere breeze, but when it is being forced through small spaces at an alarming rate the air becomes extremely thick, dense, and heavy. By porting the cylinder heads correctly, the air will become lighter allowing the air to flow through with ease, meaning when the engine does reach high speeds more air can flow through at a larger rate, resulting in a greater volumetric efficiency and power. The thickness and density of the air can also be affected by applying a cold intake system, as cooler air will be thinner and less dense. Another term used to describe cylinder head porting is known as ‘Port and Polish’. Realistically all companies and manufacturers would have completely straight ports as this would maximise airflow in comparison to any other cylinder head port shape, but due to the design of engines and other factors such as manufacturing constraints, it is impossible to do so. 

[bookmark: _Toc512247080][bookmark: _Toc512248893]2.2.2 How to Accurately Port and Polish

Accurately porting the cylinder head port is a difficult task, and can be done incorrectly if not done by a professional cylinder porter. It is essential that this is completed with precision and done properly, a step by step guide on how a professional would complete a port and polish successfully will be provided.

[bookmark: _Toc512247082][bookmark: _Toc512248894]2.3 How Air Flow Improves Efficiency and Increases Engine Performance
To understand how air can improve vehicles overall performance we must first look at airs purpose and use within an engine. Previously the report covered how ports could be enhanced to force more air in to the cylinder; now thorough research has been carried out on how the amount of air flowing through a cylinder head port can result in power and performance increase. 
[bookmark: _Toc512247083][bookmark: _Toc512248895]2.3.1 Function of a Four Stroke Internal Combustion Engine
[image: ]It is common knowledge within engineering and the automotive/motorsport industry that air flows through the cylinders ports towards the combustion chamber, for this we must analyse the way an engine works, and how the air is used within the combustion chamber.[bookmark: _Toc512229910][bookmark: _Toc512248907]Figure 1: Four Stroke Cycle

Above we can see a diagram of a standard Four Stroke/Cycle Internal Combustion Engine. The image shows the piston completing four separate strokes, with stroke being the term used when the piston moves the full length of the piston up and down (travel), this results in a single thermodynamic cycle. A four-stroke engine requires two whole revolutions of the crankshaft to complete its cycle, which is 720 degrees, this is also shown in the diagram above. The cycle consists of five stages one of which is the ignition which occurs between the power and exhaust strokes. As this is a four-stroke engine there are four different strokes all of which are labelled above in order:

1. Intake
2. Compression
3. Power 
4. Exhaust
[bookmark: _Toc512247084][bookmark: _Toc512248896]2.3.2 Air Flows effect on Engine Performance
This section of the report will cover the effect air flow has on engine performance including information on a variety of other methods other than porting which will increase the amount of air is directed towards the combustion chamber through the intake ports. 
Pressure – The air intake increases the amount of air sent to the combustion chamber, creating a higher pressure before combustion, causing an increase in the revolution of the camshaft, increasing the rate at which the four-stroke cycle is completed. 
Velocity –Velocity is how the intake of air is recorded, this is converted in to CFM from m^3/s. In theory for every 10CFM forced through the cylinder ports the horsepower should increase by 5. Therefore the air intake also effects and improves the power.
[bookmark: _Toc512247085][bookmark: _Toc512248897]2.3.3 How to Record and Collect Air Flow Data
For collecting data by testing the air flow, through or over a component such as a cylinder head, a Flow-Bench is required.
A Flow-Bench records the pressure which travels through the port as well as the flow rate. To use this correctly the cylinder head will be mounted to the bench by clamping the test piece, so the object will not move. The discharge port will be adequately sealed so no air escapes when the flow-bench is on, and testing has begun. The air will be supplied with the flow element measuring the velocity of the air that is travelling through the settling chamber and towards the test port. Values of CFM will then be provided by the Flow-bench to calculate further results such as volumetric efficiency.

[bookmark: _Toc512247086][bookmark: _Toc512248898]3.0 Methodology
[bookmark: _Toc512247087][bookmark: _Toc512248899]3.1 Choice of Cylinder Head
The next step of the process is live testing; this is completed by mounting the cylinder head to a flow bench, testing the port flow and the data collected is used to make comparisons between real data and simulated model on Solidworks. Specific equipment was required for this testing, all machines and equipment are listed below with an explanation of their purpose. 
[bookmark: _Toc512247088][bookmark: _Toc512248900]3.2 Flow Bench – Flow Testing
The purpose of using a flow bench is to determine the maximum amount of pressure that passes through the cylinder ports, as well as the measuring the flow rate. The air source provided by the flow bench will create a pressure differential across the cylinder head, this pressure differential is measured using the test pressure meter. When instructed on using the flow bench it was made very clear to introduce the flow of air using one of the valves until the pressure reached the value of 25 and do not exceed this due to calibration purposes.  Once the pressure raised to this value a reading was taken from the flow meter, documented and then the machine was turned off. 
[bookmark: _Toc512247089][bookmark: _Toc512248901]3.3 Creating Identical Port on CAD
It would be challenging, and time-consuming to measure the cylinder head port and create an identical copy on SolidWorks, a Continuous Casting Machine (CCM) can be used to scan the object with extremely high accuracy. Unfortunately, the CCM 3D scanning machine provided by the University was under maintenance, and due to time constraints, it was not feasible. As precise dimensions were not able to be collated this was a hindrance to the continuation of the investigation. 
Another 3D scanning machine using laser points was available in the university workshop, this would require a mould of the cylinder port. A fifty-fifty mixture was stirred thoroughly and poured in to the cylinder head port; this mixture needed 24 hours to set before being extracted. The extraction process was arduous and time-consuming taking many hours. To remove the mould from the port without damaging and altering the configuration and reliability of the mould, WD-40, knives and flat head screwdrivers were used. The mould was then handed over to the workshop technicians so it could be scanned and a “point cloud xyz” file was uploaded online, and then opened in SolidWorks. 
[image: ]This third draft was an attempt at improving the cylinder ports volumetric efficiency. To make a substantial increase the methods of porting researched were applied to SolidWorks CAD, making the inside of the port much smoother. To complete these adjustments most of the excess material located internally on the design had been removed; this was done through the entire design. Most modifications were carried out on the top half of the port as this was the area of greatest restriction for producing large amounts of air flow, boss extruding sketches minimising the size of the inside of the port slightly, along with making large modifications to the surface to help air flow at a higher rate. The wall thickness inside the pipes on the bottom half of the port were also altered so the surface was smoother. [bookmark: _Toc512229917][bookmark: _Toc512248908]Figure 2: Final Draft

[bookmark: _Toc512247093][bookmark: _Toc512248902]3.4 Formulas and Calculations
SolidWorks Flo-X simulation software is used to calculate the flow of a liquid or gas travelling through or over a piece of apparatus. In this investigation, the component undergoing flow simulation is a three-dimensional design of a cylinder port from a 1.25L Ford Engine. SolidWorks will provide data which must then be converted and used in formulas to discover different variables.
A vast amount of formulas were required to calculate data relevant to the investigation.
Converting Velocity in to CFM
Calculating Litres per Second of Flow
Calculating litres per second as a percentage
[bookmark: _Toc512247097][bookmark: _Toc512248903]3.5 Flow Simulation 
Images showing the process of simulating the flow of a test piece on SolidWorks will be allocated below.
[image: ]Figure 3:SolidWorks Flow Sim Setup


The designs created on SolidWorks went through simulation to gather results and compare the data with cfm recorded from the flow bench. 

[image: ]Figure 4: Flow Trajectory


Above is an image of velocity using the flow trajectory’s. 





[bookmark: _Toc512248904]4.0 Results
[bookmark: _Toc512249517]Table 1: All Collected Results
	Valve Lift (mm)
	Live Test CFM
	CAD Design (Leak) CFM
	CAD Design (No Leak) CFM
	CAD Improved CFM

	0
	0
	12.925168
	0
	0

	0.5
	5.4272
	12.925168
	0
	0.2330768

	1
	16.6208
	45.767808
	32.84264
	13.560832

	1.5
	27.8144
	75.432128
	62.50696
	43.225152

	2
	41.1704
	82.000656
	69.075488
	63.142624

	2.5
	53.0636
	88.781072
	75.855904
	82.424432

	3
	64.9992
	96.40904
	83.483872
	100.434912

	3.5
	74.624
	102.341904
	89.416736
	115.4746

	4
	82.7346
	107.215328
	94.29016
	129.463568

	4.5
	90.1424
	112.088752
	99.163584
	144.719504

	5
	96.0572
	116.5389
	103.613732
	157.220896

	5.5
	99.004
	120.352384
	107.427216
	169.722288

	6
	100.488
	123.530704
	110.605536
	178.833472

	6.5
	101.2088
	127.344688
	114.41952
	186.46144

	7
	101.2088
	130.734896
	117.809728
	194.513184

	7.5
	101.2088
	133.065664
	120.140496
	200.657936

	8
	101.2088
	135.60832
	122.683152
	207.226464


Figure 5: All CFM results 

[bookmark: _Toc512248905]5.0 Analysis
Refer to table… and figure…
The live test data is used to make comparisons with data collected from SolidWorks flow simulation to prove and validate improvements in cylinder intake port flow, these values are essentially used as guidelines. The valve reaches its peak at 6mm and the valve lift at 8mm producing a flow rate of 101.2088CFM and a flow percentage of 68.5 at range 3. 
The value of CFM at 8mm valve lift during this test is 135.60832, with a flow percentage of 46.3% in range 4. This is a range higher than the live test and also produces an additional 34.39952 CFM. This was not an intentional increase but exhibits how the flow rate would improve from correct port and polishing methods.
When subtracting 12.925168 from the max flow rate at 8mm from the leaked values we have a CFM reading of 122.683152, this is substantially lower as 12CFM has been subtracted, resulting in the range remaining at 3, but the percentage of flow is 83.1% in comparison to the live tests 68.5%. Although values have been reduced, the replicated design on SolidWorks has 21.474352 cfm of air flowing through the port, and a greater flow by 14.6%.
The maximum CFM value recorded at 8mm valve lift was 207.226464, when comparing this to the previous results from leaked port and non-leak it is an extortionate increase in flow rate. This was also in range 4 similar to the leaked port results, but its flow rate percentage was 70.8%, far greater than that of the original CAD design. 
The graph provides the results from all four flow tests up to 8mm valve lift, showing the differences in flow rate (cfm) against valve lift (mm). As expected the live test and the final design both have a consistent rise in cfm throughout from 0.5mm valve lift, the point for the final design is not visible on the graph as the value is so small, but when referring back to the table of results this proves it does have a value of flow. The first design of the cylinder port mould on SolidWorks, both leaking and non-leaking increase dramatically once the valve opens at 1mm, while the live and final design test results show a slower gradual increase. 
Final Port Design VE:
        VE (8mm lift) = 95.48995461%
        VE (12mm lift, peak) = 103.98446%







[bookmark: _Toc512248906]







6.0 Conclusion
The volumetric efficiency and break horsepower were both dramatically increased through SolidWorks, if these modifications were applied to a cylinder head port and tested on a flow bench, there is no doubt that the results would be similar to those of which were calculated throughout this investigation. The results realistically would not be as successful as stated by the SolidWorks calculations, but it shows that improvements can be made through the design of models on a three-dimensional programme before manufacturers spend large amounts of money on trial and error. 
Overall the investigation was a success. The port was re-designed on SolidWorks, modifications and adjustments through methods of port and polishing were completed, and the volumetric efficiency and break horsepower of the engine increased substantially. 
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4. EXHAUST: during the exhaust stroke, the piston once again returns to

top dead center while the exhaust valve is open. This action expels the

spent fuel-air mixture through the exhaust valve(s).

fuel injector exhaust valve

intake compre
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Every 4 stroke engine works in same way. I hope this helps you.

/' still have a question? Ask your own!

What is your question? Ask
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