University of Wales Trinity Saint David
School of Engineering
Dissertation 
Analysis comparing Air Filtration components effects on Engine performance

[image: Image result for uwtsd logo]




Written by: Josh William Youngs
Student Number: P146500

BSc Motorsport & Automotive Engineering
2018/19
Research Methods & Project
[bookmark: _Toc7403145]Acknowledgement 




I’d like to say thank you to all the Lecturers and related staff members in the UWTSD Automotive/Motorsport Department. Without you none of this would be possible. I’d Also like to thank my Close family and friends for being my support system throughout my time in university. 
Special Thanks is reserved for Emma Thomas for always being there for me throughout the highs and lows.
Thank you all
Josh













[bookmark: _Toc7403146]1.0 Technical Abstract
Within this report lays the details of a Comparative based research project. The foundations of the project are; a comparison between an Original Manufactures Intake parts vs Aftermarket performance parts, using various methods to scrutinise both. It’s the objective of the report to find which of the parts is superior and why. 
This Report has been created with the intentions to research whether investigations in similar areas can help the outcome of the project. Using references and research, this investigation will be formulated using both original ideas and existing research findings. 
Methods that can be used to enhance the project have been outlined in this report; making sure the project has viability within the engineering sector is focused in this report. 






















[bookmark: _Toc7403147]2.0 Abstract
This report will propose an investigation to try and compare 2 engine components to see which is best. Standard “factory” parts will be tested against performance parts. This report outlines techniques to try and find which is best, and why
This Report has been created with the intentions to research whether investigations in similar areas can help the outcome of the project. Using references and research, this investigation will be made using both original ideas and existing research findings.
Methods that can be used to improve the project have been found in this report; making sure the project is useful within the engineering sector.
The report will use specialized equipment that will show how airflows through the components. This can be reviewed, then data can be collected on the pros/cons. Also using specialist computer 
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[bookmark: _Toc7403149]4.0 Introduction
Engine Air filtration is essential to its operation. One could consider an engines effectiveness to breathe provides competent operation. The more air consumes by an engine, the more it can be utilized for combustion. Combustion needs 3 components
· Air
· Fuel
· Ignition source
Air makes up 33% of the combustion requirements, so it would make sense that the air that is used is in the best condition. To ensure air is in good condition for combustion, air filtration is used. Passing air through a membrane enables an engine enables it to separate the air from any foreign bodies within it. The foreign bodies that are in the air aren’t desirable for the engine. If un-filtered air was the enter then combustion process, dirt other molecules would dampen the combustion process.
In the name of motorsport, engine performance is one of the key ingredients. Pairing a driver with a good car is at the heart of the sport. One of the small differences that can separate the competition is engine performance. Ensuring the engine can produce adequate power is an essential when it comes to racing. This also applies to real world applications. The process of internal combustion is complex, containing many forces and components. Due to the current state of the environment, internal combustion engines have come under scrutiny from governments and other Global bodies. Ensuring an engine is performing optimally isn’t just essential for engine performance, but for engine emissions. Engines that aren’t maintained properly can cause more harm the environment compared to a well-maintained unit. 
There is also a large market for aftermarket components. These are parts that are sold and applied to a vehicle which are outside of the manufacturer’s specifications. These components come with promises of increased power, or increased acceleration. It is the objective of this report to see inspect if the after-market components make an actual a difference to engine performance. If an after-market parts company are claiming their components are better for the vehicle, why wasn’t the vehicle made with similar components from manufacture? 










[bookmark: _Toc7403150]5.0 Literature Review
Air being one of the key ingredients for combustion, its important the supply is adequate. With more comes more combustion. Another factor which also affects an engine is the density of air. Denser air means more air. Air filters come in all shapes and sizes, although each individual vehicle will come standard with a factory standard air filter. More often than not, a pleated design of either paper or a cotton like material will be constructed into a zig-zag pattern called a pleat pattern. [image: tech_filterqa_panelfilerdirtcollectorsmall.jpg]
[bookmark: _Toc7395212][bookmark: _Toc7398513]Figure 1: typical Pleated filter diagram
According to Perrin 2019, because this pattern collects dirt between the pleated folds, it reduces the amount air that can pass through the filter, which in turn affects engine performance. It also reduces the amount of life of the filter and suggests that a foam design would be more affective for both Engine performance and maintenance requirements. 
Air filters also come with many different types of materials, from Paper, Textiles, Metal and sponge; there are many materials which can be used in air filtration. The different materials will have a different filtration affect (Marius, Cornelia and Iordan, 2019). Many aftermarket components are made from more exotic materials compared to the standard factory parts, but is this substance over function? That is the objective of this report.



One of the most affective ways to increase the amount of air entering an engine is introduce air charging. This is the action of forcing more air into the intake manifold than would be normally possible. By adding a turbo charging, a turbine is rotated by exhaust gases which acts up a turbine. This turbine activates a compressor which draws in air and increases its volume and velocity. This air pumping action enable an engine to increase the amount of air in the cylinder, compensating it with fuel to create more power. 
[image: Image result for turbo diagram]
[bookmark: _Toc7395213][bookmark: _Toc7398514]Figure 2: Simple Diagram showing air charging
Forcing the air through an intercooler, cools the air down thus increasing its density. Denser air means more air molecules per volume. An intercool acts in the same way as a radiator, as the air pushed through a turbo activated by exhaust gas can be hotter compared to the ambient temperatures. Push air through the intercool cools this air down enabling a cooler air charge to be forced into the cylinder (turbodyanmics.com).







[bookmark: _Toc7403151]6.0 Air Filter Experiment
The experiment to be carried out will involve comparing various types of air filters to see which one can provide optimal running conditions for the engine. Lan 2016 suggests that there is a direct relation between the ducting of air around the engine, and the ultimate amount of air that comes arrives to the cylinders. Lam implies the more oxygen, the better. Adhering to this premise, if there is too much resistance in the filtration of oxygen, engine performance may be impacted. 
[bookmark: _Toc7403152]6.1 Filter 1 – Used Filter Panel Filter (Pleated Paper)
The first filter will be a used panel filter which will be a standard part. This filter has been used in the vehicle for many miles and dust has gathered between the pleats. There are contaminants such as dust and dirt particles, also any particles that may be absorbed during operating in a highly polluted area i.e. driving behind an inefficient diesel engine. All these particles can be built up and block the pours of the air filter.
[bookmark: _Toc7403153]6.2 Filter 2 – Brand New Panel Filter (Pleated Paper)
The second experiment will be carried out with the same type of filter as the first test. But instead will be a filter which hasn’t been used yet. This filter will be out of the box new at the time of the testing, and any dirt that’s absorbed will only be on the test route, which all other filters are subject to.  
The first 2 tests should provide an interesting comparison between 2 identical filters, at different states of maintenance. “Air filters change their colour and appear dirty after short periods of use, but in terms of filtering efficiency, they are better than new air filters” (Toma and Bobâlcă, 2019). Toma and Bobâlcă raise an interesting point that sometimes air filters are replaced too early, and sometimes they can become more efficient when the filter is partially soiled compared to a new filter. That brings some validity to the first test comparison, as it will be interesting to see if Toma and Bobâlcă’s theory is correct.
[bookmark: _Toc7403154]6.3 Filter 3 – After Market “Ramair Oversize Cone Filter”
This filter isn’t a filter element replacement but proposed as a “performance air filter induction kit”. This kit replaces the whole airbox component along with the air filter. “The restrictive factory air filter and air intake housing are replaced by the K&N Typhoon cold-air intake which is designed to pull in relatively cooler air and dramatically reduce air flow restriction by smoothing and straightening air flow. This allows your engine to inhale a larger amount of denser air than the factory air intake” (knfilters.co.uk). Although this component isn’t made by the K&N company, a very similar product is being used, with similar promises. 
This component and filter change the vehicle out of its standard form, so it the result expected result should be far different from those which are only filter elements.

[bookmark: _Toc7403155]6.4 Filter 4 – After Marker “Pipercross Performance Filter”
This test filter is a “Performance Replacement Filter”. This is a direct replacement for the existing air filter. Pipercross claim the filter will:
· Protect the MAF sensor better
· Provide 30% more airflow
· Improve Fuel economy, power and torque
They claim the multi-layered foam they use in their air filters has advantages over regular filter elements such as those used in Test 1 and 2. Although Pipercross claim their filter improves power and torque, these variables will not be able to be tested in this report. (Pipercross.net)
[bookmark: _Toc7403156]6.5 Filter 5 – Aftermarket “K&N Performance filter”
Much like the previous test filter, this filter type is a replacement “performance” filter. This means the manufacturer of this product claim this filter can develop better results than the original manufacturer specified filter. Much like the claims of the previous filter company, K&N claim this filter can:
· Boost Horsepower 
· Increase rate of acceleration
· Create higher air flow
· Exceptional filtration 
The reason another performance filter has been chosen in this experiment, is the test different technologies. Where the previous component used multi-layered foam technology, this filter uses a gauze type filter which has larger areas for air to pass through, but is covered in a solution which helps to capture any particulates that may accompany the air passing through it (PERRIN Performance, 2019). 
Same as the previous filter type, gross engine power will not be able to be recorded within this report, although rate of acceleration could be explored. By comparing engine speed vs time, this could be considered an increase or decrease in acceleration.
There are also other components which are available on the to “enhance” vehicle performance, but this report will only focus on filtration elements. 
One of the secondary claims that come with these filters is the cleaner air that enters the engine helps to increase the longevity of the engine in general. Speculating that any air that enters the combustion chamber which contains particulates could either 1. Damage the engine over time or 2. Provide a less efficient state of combustion. (Dziubak, Borchet 2017). 
[bookmark: _Toc7403157]7.0 Experiment test plan
To test the difference in filter types an Experiment was to be carried out. This test is a dynamic comparison between the different types of air filters attainable. Different to the CFD and simulation testing, the Air Filter Experiment is to be carried out in a real environment to see how each air filter performs. Before the experiment was carried out, some small parameters needed to be fulfilled. “An experiment is a set of measurements that are analysed to test a link or relationship between different things” (Experiments, Matrix.Edu,2019). There are 3 factors that must be considered when carrying out an experiment test:
· Test Validity: How suitable the test is? Do the test parameters prove anything? Are the measurements correct?
· Test Reliability: The reliability of the testing will come from the repeatability of the testing. This means that all the variables and measurements gathered need to be gathered in the same way in order make the data reliable.
· Test Accuracy: Matrix.edu explains that test accuracy comes from how close the measurements are to accepted answers. For instance, in testing if there are manufacturer specified results, attaining values close to these values could be considered accurate.
Making sure that the experiment is carried out with these factors in mind, a reliable, accurate and valid test can be achieved. The experiments need to be all these factors otherwise it will not provide adequate results.
[bookmark: _Toc7403158]7.1 Experiment Plan
The experiments goal is to acquire live data from engine sensors during a drive cycle. From these sensors, data will be gathered, which should be directly affected by the variable in the experiment (Air filter). The air filter will be changed in order to see how it affects the engine performance. Samuel, Austin, Morrey suggest the drive cycle must be adequately representative of real-world driving conditions. They suggest; - “vehicle should adequately represent the real-world driving pattern of the vehicle to provide the most realistic estimation” (Samuel, Austin and Morrey, 2002). Applying this theory to the experiment, different driving conditions must be explored to gather a better perspective.
[bookmark: _Toc7403159]7.2 Measurement Equipment
The equipment being used in the experiment is a conglomeration of sensors that measure the airflow within the engine. In order of activity, these include:
· Mass Airflow Sensor (MAF); - this sensor will measure the amount of air that passes through the air filter. Delphi, whom are an automotive part manufacturer, explain the MAF sensor is a detrimental part of the engine as it measures “air entering the engine for optimum air-fuel ratio” as helping the ECU to “accurately control fuel injection” (Delpi, Aftermarket, 2019)
· Manifold Absolute Pressure (MAP); - Measuring the air post turbo charging, this sensor measures the pressure of the air that is passing into the intake manifold. Denso another automotive part manufacture explains MAP sensors detect air pressure before the throttle body, calculating air volume in the intake manifold – (denso-am.eu, 2019). This reading can be considered the “boost” which is created post turbo. It will be interesting to see whether higher air mass flow, will equal high amount of Boost
· Intake Air temperate Sensor; - On the model of vehicle used in the experiment, this sensor measures the air temperature after the air has passed through the intercooler and then the throttle body. Bosch specify the intake air temperature sensor allows the ECU to accurately estimate air mass entering the intake manifold, paired with signals from the MAP sensor – (boschautoparts.com, 2019)

Access to the signals these sensors are achievable with the use of OBD-II software provided by Ross-Tech. Ross-Tech VCDS OBD-II is a VW/AUDI compatible software, which can access vehicle diagnostics and system parameters. During the experiment, this software will be used to attain and log data from each of the mentioned sensors. The data can then collated and put into a graphical format.
The Experiment takes place over a stretch of the A465. This piece of road is being used as it has the highest speed limit available (70MPH), as well as having straight roads. The straights are advantageous to the experiment as this means there will be no speed loss due to slowing for corners.




[bookmark: _Toc7403160]7.3 Experiment Test Location
[image: ][bookmark: _Toc7398515]Figure 3: Map Showing Test route











Testing on public roads will always hamper the progress of the experiment. When comparing to testing on a private road or track, where there will be no interference from the public. Using a public road on the other hand should produce some talking points if any anomalies in testing appear. All test will be carried out in the exact same fashion to increase the experiments reliability. 











[bookmark: _Toc7403161]7.4 Experiment Procedure
To Ensure the reliability of the test, and fair testing conditions were followed, an experiment procedure was put into place. This procedure would ensure that each experiment could be as similar as the previous as possible. The test procedure instructions were as follows: -
· Start data logging
· Pull of slowly onto first straight road
· Accelerate to 30mph, then accelerate in 2nd gear until 5000RPM
· Merge onto carriageway, accelerate to 4000RPM in each gear until 4th gear
· Go around roundabout to remerge at the other side of the carriageway 
· Accelerate in each gear to 4000RPM, until 5th gear
· Keep a constant speed in 5th gear.
· Go around second roundabout
· Get up to 5th gear and return to start point
These instructions were used so that the driver of the vehicle could try and replicate the same drive cycle each pass. The driver of the vehicle was given the instructions to as they test was underway. This was so the driver could concentrate on the driving of the vehicle due to the fact the testing was on public roads. 
[bookmark: _Toc7403162]7.5 Data Collection
The data collection will be achieved using Ross-tech software on a laptop. Using an OBD-II cable which enables Ross-Tech to synchronise with the cars ECU, data channels can be chosen which will relay different information of control modules and sensors (Ross-tech.com, 2019).
Before every test, the data logging would be started, from that point Ross-Tech would record each change in all the data channels. It would do this until it shut off ready for the next test session. This method of data collection is 100% repeatable and will record each of the engine modules and sensor exactly the same way it would to any previous test.
At the end of each test run, the vehicle would return to the starting point; then the data logging would be stopped. From this point on the filter would be changed and the logging would start again for another run. At the end of all the testing the data can be exported into Microsoft Excel for an easy way to analyse the data.



[bookmark: _Toc7403163]8.0 Results
The data was collected in the following order: -
· Test Run 1 – Ramair Conical Filter
· Test Run 2 – Used Pleated Panel Filter
· Test run 3 – New Pleated Panel Filter
· Test run 4 – Pipercross Multi-Layer Foam Filter
· Test run 5 – Pipercross Multi-Layer Foam Filter, Re-test
· Test Run 6 – K&N Filter
All the tests were completed to a satisfactory standard according to the experiment procedure, although there was an anomaly when it came to test the Pipercross Multi-Layer Foam Filter. The reason for this is there was problem whilst merging to the dual carriageway which is to be expected on public roads. A re-test was undertaken so the second test could replace any missing data from the first test of the Pipercross filter.
[bookmark: _Toc7403164]8.1 Test Run 1 
the initial test run would provide an insight into the test procedure instructions, as well as the suitability of the circuit being used. The Ramair filter was used at the start of the test proceedings. This is due to the Ramair filter requiring different hardware modifications to the rest of the test subjects. All the other Filter options used the same filter housing, whereas the Ramair is the only Conical Shape filter. 
[image: IMG_20190428_093635]Conical “more economically used space, and thus an increased filter area. Lack of housing and inflow of air, directly from the environment causes more favourable shape of the stream air, which makes the flow resistance of the sports filters significantly less than standard air filters” (Dziubak and Yendzheyovskyy, 2017). The Ramair filter is the only conical filter used during testing, and the hardware used to seat the other filters was removed. This alters the air ducting to the filter. Dziubak and Yendzheyovskyy stipulate that conical shaped filters gather air from more air within the engine bay, additionally to the air coming through the standard air ducting[bookmark: _Toc7398516]Figure 4: Picture shwing Conical filter






Data Acquired from the Ramair Test Run:

	Max MAF
	108

	Average MAF
	19.95175

	Min IAT
	16

	Average IAT
	23.39381

	Max Boost
	1570

	Average Boost
	1133.443


[bookmark: _Toc7398517]Figure 5 : Table showing test run data
These figures were taken from the excel sheet exported from the Ross-Tech Data logging. Using Excel, the Maximum Figures and Averages can be calculated. The figures found during testing will be compared in the analysis section of this report. Full list of data is in the Appendices

[bookmark: _Toc7403165]8.2 Test Run 2
[image: ]The Second Test run would involve using the first of the panel filters. The first panel filter tested is the used pleated panel filter. This filter has already been used for some time; containing dirt particles and other particulates not found in the filter from in Test Run 3. 
[image: IMG_20190428_094415][image: IMG_20190428_094345]


[bookmark: _Toc7398518]Figure 6: Images showing stages of installation


 The Panel filters used in the test runs are mounted to the bottom half of the airbox shown in figure6. The air filters are then covered by the top half of the airbox and clamped into place. This creates an airtight air duct from the initial air inlet at the front of the vehicle, all the way to the intake manifold. Unlike the panel filters, the Ramair filter doesn’t have the same state of air tightness all the way to the into the intake manifold, so whether this is an advantage shall be seen. 



Before comparing any of the results from either test, one of the changes which the driver commented on straight away the sound within the cabin. The driver described a lot less intake noise (i.e air suction) was coming from the engine bay, also when changing gear, the noise of the wastegate opening was no longer identifiable. According to Tiikoja et al., 2011, noise coming from the inlet side of turbo doesn’t have much an affect compared to outlet other side. They specify that this acoustic vibration will have not have much of an effect on the air stream performance, due to the constant suction of the turbo compressor. 
The second test run was carried out successfully and the data gathered from the test is as follows: - 
Data Acquired from Used Panel Filter test 
	Max MAF
	102.11

	Average MAF
	20.39964143

	Min IAT
	16

	Average IAT
	20.39964143

	Max Boost
	1580

	Average Boost
	1130.34


[bookmark: _Toc7398519]Figure 7: Table showing Uesd Filter Test Data
The results found in this test run will be used as baseline figures. The Used Panel Filter was the first of the panel filters to be tested, along with be suspected as the least effective. This will be analysed later in the report. All other data from the test sessions has been forward to the appendix. The only test that differed from this point is the Pipercross Filter test, which shall be discussed in the evaluation








[bookmark: _Toc7403166]9.0 Test Analysis
[bookmark: _Toc7403167]9.1 Comparing Filter 1 & 2
Filters 2 and 3 are identical; they are both standard filter elements used with routine maintenance. The defining difference is filter 2 is a fresh filter whereas filter 1 is already soiled. 

[bookmark: _Toc7398520]Figure 8: Graph showing MAF of Standard filters
Figure # is a graph showing the difference in airflow between Filters 1&2. This graph shows the first part of the test which is the sudden acceleration from 30mph to 5000RPM. As can be seen from the graph the highest amount of air flowing through the filter is attained by the Clean Filter (Filter 2), achieving a maximum flow of 113.2 g/s compared to the Dirty Filters 91.94 g/s. The highest airflow achieved by the Dirty filter is 102.11 g/s compared to the cleans 85.47 g/s. When looking at the data on the graph, there is a flow build and then a drop. This is probably due to a hesitation by the driver. At this point in the graph, the vehicle is merging with a carriageway so the driver would need to give away to incoming traffic, thus hesitation. Toma and Bobâlcă 2019, suggest that in dusty cities filter efficiency can be better when the filter is already embedded with dust and dirt particles. This must not be the case in countries with less particulates in the ambient air. 
	Dirty Filter Test Run
	Clean Filter Test Run

		Max Maf
	102.11

	Average Maf
	20.39964143

	Min IAT
	16

	Average IAT
	20.39964143

	Max Boost
	1580

	Average Boost
	1130.34


[bookmark: _Toc7398521]Figure 9: tables showing Data gathered from Standard Filter test runs
		Max Maf
	113.44

	Average Maf
	18.49191753

	Min IAT
	17

	Average IAT
	22.91752577

	Max Boost
	1600

	Average Boost
	1134.545455





[bookmark: _Toc7403168]9.2 Comparison of Panel Filters & Conical Filter
Having already established the New Filter has a higher peak flow and peak boost. The next comparison will be between the baseline and the Ramair. In this comparison, it shall be seen whether the conical shaped filter has an advantage over the regular panel type filter. 
[bookmark: _Toc7398522]Figure 10: Graph Displaying Standard Filter vs Ramair










Looking at the above graph, the mass air flow from the acceleration test can be viewed. Much like the same as the first comparison, the Ramair Filter reaches a higher peak Air Mass flow than the Standard dirty filter. Although the Mass air flow of the Ramair filter doesn’t surpass the peak flow of the Clean Panel Filter. This would indicate the particulates are reducing the peak flow through the Dirty Panel filter, enabling the Ramair to achieve higher readings.
[bookmark: _Toc7398523]Figure 11: MAF comparison of New Panel Filter vs Conical
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	Clean Panel Filter Data
	Ramair Conical Filter Data

		Max MAF
	113.44

	Average MAF
	18.67748454

	Min IAT
	17

	Average IAT
	22.91752577

	Max Boost
	1600

	Average Boost
	1134.545455


[bookmark: _Toc7398524]Figure 12: Tables showing information from test runs
		Max MAF
	108

	Average MAF
	19.95175258

	Min IAT
	16

	Average IAT
	23.39381443

	Max Boost
	1570

	Average Boost
	1133.443299






Looking at the above data in figure 12¸ the Ramair filter is inferior to its opposition in every single factor, except for the minimum intake air temperature. This isn’t much of an achievement though as the Panel Type filter has a lower average Intake Air Temperature, meaning that is provides a better air density over a wider range of operation. But even through all the deficiencies, the average boost provided by both filters is very similar. Even though the Ramair filter is defeated in some of the categories, the engine still produces a similar boost pressure. The difference between the results found may not be significant enough to make any discernible difference to engine operation.
The claims made by Ramair that their filter increases engine performance isn’t strictly; at least not using standard hardware. Perhaps better air ducting could provide the Ramair filter with a greater advantage. 


[bookmark: _Toc7403169]9.3 Standard Panel Filter vs Aftermarket
In this analysis of the experiment, an evaluation will be made from the differences of the standard type Panel Filter, and the 2 aftermarket filters which “improve flow” and acceleration. The Aftermarket panel filters are made from different materials to the standard types and are constructed differently. The Pipercross Filter consists of multiple layers of Foam, whereas the K&N Filter employs a pleated gauze.

[bookmark: _Toc7398525]Figure 13: Graph showing MAF figures of Aftermarket filters vs Standard
The Above graph shows 3 different panel type filters. This graph represents the same area of testing that the previous have represented, the high demand test. Looking a the graph it’s obvious to see that one of the options towers above the rest. The K&N filter has a much larger peak flow rate of 127.56g/s. Compared to the 109.64g/s of the Pipercross, and the 113.44g/s of the Clean Standard Filter.  This is the biggest difference that has been recorded in the data readings, and rings true to claim that the K&N filter improves airflow. Although K&M suggest the filter can improve the airflow by30%, in this test it was not the case. 
But as seen in the previous test, does this increase of air make a difference to the operation of the engine? 


	Standard Air Filter Data
	K&N Filter Data

		Max MAF
	113.44

	Average MAF
	18.67748454

	Min IAT
	17

	Average IAT
	22.91752577

	Max Boost
	1600

	Average Boost
	1134.545455


[bookmark: _Toc7398526]Figure 14: Tables showing Test data from Experiemtn runs
		Max MAF
	127.56

	Average MAF
	19.11715464

	Min IAT 
	18

	Average IAT
	24.75670103

	Max Boost 
	1560

	Average Boost
	1134.721649







Although the K&N filter managed to achieve a higher Air Mass flow, the engine was not able to turn the extra air into extra boost. 
Baxleysspeed 2019 suggests that even though the MAF sensor is sensing there is more air passing it, the standard ECU programming will either not have the parameters to create good enough combustion. Because the vehicle being used is a turbocharged vehicle, the combustion is ultimately what affects the amount of boost pressure. If the turbo compressor isn’t spinning fast enough, it won’t be able to capitalize on the extra air that is entering the engine. 
[bookmark: _Toc7403170]10. Evaluation of Test process
Retrospectively looking at the test hat was undertaken, there are improvements that could be made for a future investigation. One of the main problems was inconsistent data. This is since all the experiment was undertaken on public roads. This meant that there was a variable which was uncontrollable. The public. No matter of planning or test procedure can account for the actions of the general public on the roads. For instance, in all the constant speed testing, there well all at different time stamps, all for different amount of times. This data was so inconsistent that it didn’t make its way into the report. It would be incomparable. The Pipercross testing was hampered by somebody not following the rules of the road correctly, so two tests had to be completed to compensate for the holes in the data. This means that most of the data for the Pipercross filter isn’t reliable.
Another uncontrollable variable is the outside air temperature. Although all the testing was done on the same day, the air temperature can change. This can show different readings on the sensors around the engine. Also, the weather, with changes in air temperature, come changes in air humidity. Different humidity’s can create anomalies with results as water on a radiator surface can enhance its ability to cool air. 
In future testing the test should be timed with greater detail as this would also improve the accessibility of the data. The data logged using Ross-tech is easy to interpret, although when trying to link up the same data signals from different time points it can prove tricky to see what the objective is. For this reason, it was hard to align when the car was travelling at a constant speed, or when an acceleration activity was being carried out. The only reliable test was the initial acceleration test as this was performed on a quite on ramp to the dual carriageway
[bookmark: _Toc7403171]11. Better Practices
Using a rolling would provide the most reliable medium for data collection. Although using the vehicle on public roads simulated real world conditions, when trying to compare engine components; public roads may not be the best option. A rolling road or engine dynamometer could provide the most repeatable test, as the operator of the vehicle wouldn’t need to worry about breaking any road laws, and wouldn’t be caught in traffic
Also using the vehicle on private roads could also be a solution, but probably wouldn’t be as consistent as a rolling road. Using private roads could also give the testing the real world element that the actual experiment contained, without the traffic
Using timing devices to ensure that each test was conducted at the same time and for the same duration could also be used. This is one advantage to using a vehicle of a rolling road. The vehicle could be controlled by a computer and the test would be 100% accurate between experiments.
[bookmark: _Toc7403172]12. Experiment Conclusion
The conclusion of the experiment is increasing the air flow does not increase engine performance. Although the K&N filter was able to increase the air mass flow, this wasn’t useful when it came to increasing speed or power. The operating parameters of the vehicles ECU won’t push the engine to make any more power than it has been specified to. The ECU will always try to find the best compromise when it comes to maintaining good economy, performance and engine welfare. This testing would possible be more affective with a vehicle ECU which has been tuned for power goals.
The main problem of the standard ECU is the original factory Turbo Map. The vehicle operates happy within these parameters, and even if more air is introduced the turbo will only produce the amount of boost specified by the manufacture (Borgwarner.com, 2019).
Although the aftermarket somewhat increased the engines breathing capability, it engine was not able to enhance it’s performance from the added airflow. The parts may increase the sound of the car, or partially enhance acceleration, but they do not increase engine capabilities. 
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	Dirty Filter MAF
	Clean Filter MAF
	Ramair Filter MAF
	PiperCross Filter (MAF)
	Pipercross 2 MAF
	K&N Filter MAF

	4.47
	2.61
	2.81
	2.64
	4.39
	2.64

	3.53
	2.61
	2.83
	2.64
	3.72
	2.56

	3.78
	2.67
	2.81
	2.72
	3.75
	2.56
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	2.58
	2.81
	2.64
	3.78
	2.56
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	2.67
	2.81
	2.67
	3.78
	2.61

	3.89
	2.61
	2.83
	2.67
	4.97
	2.53
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	2.64
	2.78
	2.67
	4.92
	2.58

	3.72
	2.83
	2.81
	4.81
	5.22
	2.58
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	2.42
	2.81
	8.92
	5.08
	2.58
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	2.83
	2.81
	9.94
	4.92
	2.56
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	9.39
	2.78
	10.03
	5.22
	3.31
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	8.86
	4.69
	13.08
	4.53
	4.81

	9.56
	2.92
	4.56
	14.92
	5.28
	5.11

	8.83
	10.92
	5.44
	21
	6.56
	4.83

	7.44
	9.06
	7.81
	32.69
	7.42
	2.42

	9.14
	7.92
	6.17
	15.97
	19.69
	4.36
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	6.83
	29.81
	26.06
	5.28
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	20.64
	9.31
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	36.97
	6.92
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	20.14
	14.31
	2.44
	30.17
	8.44

	3.83
	4.42
	13.94
	1.97
	17.44
	9.53

	12.36
	24.14
	5.36
	4.14
	16.56
	4.67

	14.78
	9.94
	17.64
	1.06
	15.06
	8.19

	11.03
	11.5
	17.08
	4.97
	11.33
	8.81

	9
	6.58
	13.39
	6.22
	41.11
	10.31

	9.58
	5.44
	11.75
	1.06
	45.42
	11.56

	9.61
	10.03
	11.78
	4.5
	65.06
	11.81

	8.64
	6.11
	8.31
	2.58
	92.22
	12.47

	4.75
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	6.42
	2.31
	93.47
	12.86

	4.78
	3.67
	4.92
	5.72
	6.69
	7.64

	4.56
	3.53
	3.81
	6.53
	73.03
	5.19

	3.72
	3.17
	2.97
	7.94
	79.5
	4.83

	3.47
	4.17
	4.11
	10.33
	87.86
	3.47

	3.5
	2.94
	2.64
	11
	90.33
	3.33

	3.72
	12.94
	2.47
	12.56
	92.08
	3.42

	3.44
	18.33
	7.86
	14.08
	3.19
	2.94

	9.67
	24.06
	8.92
	19
	75.25
	2.92

	10.14
	20.72
	15.61
	18.08
	82
	8.72

	19.64
	18.36
	17
	19.81
	56.42
	8.33

	19.72
	18.58
	17.83
	20.89
	0
	15.19

	24.86
	19.75
	18.53
	21.42
	4.33
	18.72

	19.53
	20.42
	19.72
	20.86
	3.47
	19.53

	22.42
	18.11
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	24.94
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	10.92
	12.06
	15.53
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	10.92
	9.47
	9.42
	2.75
	13.47

	14.47
	11
	10.75
	6.14
	7.53
	12.31

	10.64
	10.86
	13.86
	5.44
	5.47
	13

	11.94
	21
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	59.72
	7.61
	40.06

	16.5
	20.89
	13.78
	76.67
	10.28
	25.22

	19.19
	67.72
	14.14
	85.31
	7.81
	16.39

	19.58
	83.61
	14
	96.56
	7
	25.64

	53.28
	92.64
	22.64
	109.64
	5.03
	76.78

	75.83
	104.78
	15.72
	0
	5.39
	84.56

	91.94
	113.44
	11.42
	1.28
	38.67
	98.75
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	11.47
	17.5
	24.58
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	5.56

	12.69
	5.69
	8.47
	5.97
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	4.78
	17.36
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	4.94
	4.31
	16.83
	5.08

	5.92
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	4.92
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	16.72
	4.53

	4.92
	18.56
	4.69
	24.28
	16.78
	4.92

	4.44
	14.36
	4.64
	35.67
	15.89
	5.81

	3.83
	34.14
	5.69
	39
	17
	38.11

	2.64
	0.11
	4.64
	79.33
	17.72
	50.03

	18.53
	8.69
	4.14
	87.08
	16.58
	33.44

	9.78
	7
	4.28
	97.5
	15.08
	72.67

	36.83
	56.64
	31.5
	106.56
	14.44
	79.64

	48.53
	70.89
	38.94
	71.36
	14.06
	46.64

	71.36
	85.47
	48.67
	80.53
	18.97
	58.03

	85.22
	0
	49.5
	83.89
	20.5
	70.97

	93.53
	62.94
	57.69
	87.42
	24.33
	74.61

	102.11
	71.83
	66.17
	40.53
	24.67
	78.42

	0
	50.17
	73.36
	73.39
	19.47
	82.5

	77.31
	23.17
	7.25
	74.64
	12.22
	86.75

	86
	22.56
	58.03
	77.86
	11.31
	21.78

	87.72
	14.53
	73.08
	79.81
	11.64
	45.53

	90.06
	25.56
	77.11
	41.14
	12.44
	20.17

	92.75
	36.58
	56.78
	43.08
	14.58
	35.28

	70.06
	6.47
	60.36
	39.83
	24.47
	23.36

	79.47
	39.72
	57.14
	24.17
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	44.03
	28.19
	41.61
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	24.39
	13.86

	57.58
	21.53
	20.56
	12.19
	44.81
	11.28

	47.78
	14.78
	30.92
	22.97
	58.25
	9.03

	35.89
	15.92
	26.47
	29.67
	40.11
	8.89

	29.08
	9.64
	35.33
	19.89
	52.08
	5.75

	11.83
	9.61
	36.61
	2.06
	47.39
	5.69

	0.94
	9.61
	64.33
	7.97
	48.42
	6.22

	3.69
	12.06
	50.97
	5.53
	43.81
	5.75

	1.31
	12.72
	47.92
	5
	33.22
	6.44

	10.11
	9.28
	30.58
	5.17
	43.25
	5.56

	12.92
	7.92
	29.75
	4.92
	85.14
	5.36

	4.31
	8.22
	28.36
	6.78
	89.58
	5.22

	4.56
	7.33
	19.67
	3.5
	44.25
	5.03

	8.78
	7.33
	7.22
	3.03
	75.92
	8.42
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	24.14
	7.11
	2.86
	80.25
	8.97

	6.19
	17.44
	6.78
	2.83
	47.72
	14.08
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	17.56
	6.47
	2.81
	39.14
	9.97

	6.08
	7.28
	6.5
	2.78
	22.25
	7

	5.36
	5.89
	6.31
	2.75
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	5.97
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	4.69
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	2.67
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	4.92
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	2.67
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	4.97
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	2.61
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	4.17
	4.69
	5.36
	2.64
	16.72
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	4.25
	5.19
	4.17
	28.92
	2.17
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	12.94
	3.06
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Dirty Filter	4.47	3.53	3.78	3.92	3.92	3.89	3.81	3.72	3.89	3.69	4.0599999999999996	9	9.56	8.83	7.44	9.14	11.44	18.079999999999998	18.309999999999999	3.83	12.36	14.78	11.03	9	9.58	9.61	8.64	4.75	4.78	4.5599999999999996	3.72	3.47	3.5	3.72	3.44	9.67	10.14	19.64	19.72	24.86	19.53	22.42	24.94	22.92	14.47	10.64	11.94	16.5	19.190000000000001	19.579999999999998	53.28	75.83	91.94	80.97	29.64	80.94	31.22	19.420000000000002	4	10.78	12.44	10.97	8.42	17.170000000000002	13.94	9.06	14.17	2.19	9.7799999999999994	6.67	4.1900000000000004	4.5	17.14	24.47	39.06	54.92	30.81	25.22	17.14	14.58	14.53	13.39	12.69	13.22	13.08	13.22	10.67	6.44	5.92	4.92	4.4400000000000004	3.83	2.64	18.53	9.7799999999999994	36.83	48.53	71.36	85.22	93.53	102.11	0	77.31	86	87.72	90.06	92.75	70.06	79.47	44.03	57.58	47.78	35.89	29.08	11.83	0.94	3.69	1.31	10.11	12.92	4.3099999999999996	4.5599999999999996	8.7799999999999994	12	6.19	4.5599999999999996	6.08	5.36	5.31	4.92	3.97	4.17	2.08	3.89	6.61	9.11	4.1399999999999997	2.33	6.81	2.92	4.5599999999999996	4.3899999999999997	5.14	Clean Filter	2.61	2.61	2.67	2.58	2.67	2.61	2.64	2.83	2.42	2.83	9.39	8.86	2.92	10.92	9.06	7.92	11.44	20.64	20.14	4.42	24.14	9.94	11.5	6.58	5.44	10.029999999999999	6.11	5.03	3.67	3.53	3.17	4.17	2.94	12.94	18.329999999999998	24.06	20.72	18.36	18.579999999999998	19.75	20.420000000000002	18.11	10.47	10.92	11	10.86	21	20.89	67.72	83.61	92.64	104.78	113.44	20.079999999999998	23.72	4.8600000000000003	3.28	11.36	18.079999999999998	7.47	13.92	5.67	13.94	8.56	5.42	3.17	4.83	8.58	11.56	23.14	26.69	21.19	17.420000000000002	11.72	13.36	15.94	9.92	13.22	13.14	13.31	11.89	7.11	5.69	5.61	5.75	5.78	5.31	4.8099999999999996	8.06	18.559999999999999	14.36	34.14	0.11	8.69	7	56.64	70.89	85.47	75	62.94	71.83	50.17	23.17	22.56	14.53	25.56	36.58	6.47	39.72	28.19	21.53	14.78	15.92	9.64	9.61	9.61	12.06	12.72	9.2799999999999994	7.92	8.2200000000000006	7.33	7.33	24.14	17.440000000000001	17.559999999999999	7.28	5.89	4.6900000000000004	4.8899999999999997	4.5599999999999996	4.6900000000000004	4.25	8.44	3.36	3.67	5.64	3.14	3.25	2.92	3.03	2.92	2.92	



Mass Air Flow g/s vs Time

Dirty Filter MAF	4.47	3.53	3.78	3.92	3.92	3.89	3.81	3.72	3.89	3.69	4.0599999999999996	9	9.56	8.83	7.44	9.14	11.44	18.079999999999998	18.309999999999999	3.83	12.36	14.78	11.03	9	9.58	9.61	8.64	4.75	4.78	4.5599999999999996	3.72	3.47	3.5	3.72	3.44	9.67	10.14	19.64	19.72	24.86	19.53	22.42	24.94	22.92	14.47	10.64	11.94	16.5	19.190000000000001	19.579999999999998	53.28	75.83	91.94	80.97	29.64	80.94	31.22	19.420000000000002	4	10.78	12.44	10.97	8.42	17.170000000000002	13.94	9.06	14.17	2.19	9.7799999999999994	Ramair Filter MAF	2.81	2.83	2.81	2.81	2.81	2.83	2.78	2.81	2.81	2.81	2.78	4.6900000000000004	4.5599999999999996	5.44	7.81	6.17	6.83	9.31	14.31	13.94	5.36	17.64	17.079999999999998	13.39	11.75	11.78	8.31	6.42	4.92	3.81	2.97	4.1100000000000003	2.64	2.4700000000000002	7.86	8.92	15.61	17	17.829999999999998	18.53	19.72	19.75	19.579999999999998	9.4700000000000006	10.75	13.86	14.08	13.78	14.14	14	22.64	15.72	11.42	11.47	11.19	71.67	85.67	96.03	108	6.78	7.94	8	7.94	7.75	7.36	7.36	6.83	6.67	6.25	



MAF of Clean Panel Filter vs Ramair Conical Filter

Clean Filter MAF	2.61	2.61	2.67	2.58	2.67	2.61	2.64	2.83	2.42	2.83	9.39	8.86	2.92	10.92	9.06	7.92	11.44	20.64	20.14	4.42	24.14	9.94	11.5	6.58	5.44	10.029999999999999	6.11	5.03	3.67	3.53	3.17	4.17	2.94	12.94	18.329999999999998	24.06	20.72	18.36	18.579999999999998	19.75	20.420000000000002	18.11	10.47	10.92	11	10.86	21	20.89	67.72	83.61	92.64	104.78	113.44	20.079999999999998	23.72	4.8600000000000003	3.28	11.36	18.079999999999998	7.47	13.92	5.67	Ramair Filter MAF	2.81	2.83	2.81	2.81	2.81	2.83	2.78	2.81	2.81	2.81	2.78	4.6900000000000004	4.5599999999999996	5.44	7.81	6.17	6.83	9.31	14.31	13.94	5.36	17.64	17.079999999999998	13.39	11.75	11.78	8.31	6.42	4.92	3.81	2.97	4.1100000000000003	2.64	2.4700000000000002	7.86	8.92	15.61	17	17.829999999999998	18.53	19.72	19.75	19.579999999999998	9.4700000000000006	10.75	13.86	14.08	13.78	14.14	14	22.64	15.72	11.42	11.47	11.19	71.67	85.67	96.03	108	6.78	7.94	8	



Comparitive Airflow of Panel Fitler g/s

Clean Filter MAF	2.61	2.61	2.67	2.58	2.67	2.61	2.64	2.83	2.42	2.83	9.39	8.86	2.92	10.92	9.06	7.92	11.44	20.64	20.14	4.42	24.14	9.94	11.5	6.58	5.44	10.029999999999999	6.11	5.03	3.67	3.53	3.17	4.17	2.94	12.94	18.329999999999998	24.06	20.72	18.36	18.579999999999998	19.75	20.420000000000002	18.11	10.47	10.92	11	10.86	21	20.89	67.72	83.61	92.64	104.78	113.44	20.079999999999998	23.72	4.8600000000000003	3.28	11.36	18.079999999999998	7.47	13.92	5.67	13.94	8.56	5.42	3.17	4.83	8.58	11.56	PiperCross Filter (MAF)	2.64	2.64	2.72	2.64	2.67	2.67	2.67	4.8099999999999996	8.92	9.94	10.029999999999999	13.08	14.92	21	32.69	15.97	29.81	13	2.44	1.97	4.1399999999999997	1.06	4.97	6.22	1.06	4.5	2.58	2.31	5.72	6.53	7.94	10.33	11	12.56	14.08	19	18.079999999999998	19.809999999999999	20.89	21.42	20.86	14.67	10.92	9.42	6.14	5.44	59.72	76.67	85.31	96.56	109.64	0	1.28	17.5	7.78	7.22	0.92	12.33	8.14	10.19	9.33	8.11	6	5.67	4.58	3.25	2	4.28	17.78	K	&	N Filter MAF	2.64	2.56	2.56	2.56	2.61	2.5299999999999998	2.58	2.58	2.58	2.56	3.31	4.8099999999999996	5.1100000000000003	4.83	2.42	4.3600000000000003	5.28	6.92	8.44	9.5299999999999994	4.67	8.19	8.81	10.31	11.56	11.81	12.47	12.86	7.64	5.19	4.83	3.47	3.33	3.42	2.94	2.92	8.7200000000000006	8.33	15.19	18.72	19.53	19.059999999999999	15.53	13.47	12.31	13	40.06	25.22	16.39	25.64	76.78	84.56	98.75	107.19	116.53	127.56	0	0	9.2799999999999994	8.9700000000000006	8.42	7.03	7.75	7.19	6.03	6.58	6.17	3.75	4.97	
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