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Introduction:
In this report, I will be covering the comparison of emissions output between two-stroke and four-stroke motorcycle engines. This is an important and relevant subject to cover as, in the modern day, it is crucial to consider the emissions output of not only the vehicles we drive, but also the vehicles we make, in order to make a cleaner environment. As well as this, the four-stroke engine is the most produced engine on modern road motorcycles, which begs the question, is that really the best decision if we are trying to cut down on emissions? And is the extra cost for parts and manufacturing worth what emissions four-stroke engines put out? Ideally, the answer to these questions will help us decide whether the two-stroke or four-stroke engine is more beneficial, environmentally and somewhat financially.
What I aim to achieve in this report is concluding whether the two-stroke or four-stroke engine should be the primary engine constructed for modern road motorcycles. I intend to do this by looking at investigations, which compares the emissions output between the two engines, using multiple fuel/bioethanol blends, to support my conclusion as to which engine is more beneficial environmentally, and from there I am wanting to also consider the financial/economic side of engine production, and how that effects the decision of which one should be the primary engine in production.










How the two engine types work
Starting with the two-stroke (2T) engine. The 2T engine is an internal combustion engine, which only requires one rotation of the crankshaft to perform the four stages of engine combustion: intake, compression, ignition and exhaustion, which is why it is called ‘The Two-Stroke’ as it only requires the piston to complete one downward movement, and one upward movement to complete a full rotation.
The four-stroke (4T) engine, however, may be similar in the fact that it is too, an internal combustion engine, although contrary to the 2T engine, the 4T engine requires two full rotations of the crankshaft, and four piston movements, two upwards and two downwards, to complete the aforementioned four stages of engine combustion. 4T engines require more parts to work, and they hold fuel for a longer amount of time, overall making them the heavier engine between the two.
Unlike the 4T engine, the 2T engine requires the owner to mix the fuel they are using with oil, this is because the 2T engine has no oil reservoir, so using oil and fuel in a predetermined ratio will keep the engine lubricated, and therefore functioning. However, 4T engines are mostly constructed to have an oil reservoir, eliminating this processing and making things more convenient for the owner to run.
Due to the small size of 2T engines, they cannot match the torque output of a 4T engine, however this small engine size means that the 2T engine is much lighter, this matched with the fact they have a lower torque output makes them good engines for beginners to use, not only that but 2T engines are simpler and require less maintenance, meaning they are good for both beginner riders, and beginner engineers.
These mentioned points are some common arguments in the debate of whether the 2T or 4T engine is better, however, to decide which one is better environmentally, in depth research is required to analyse the emissions output of both engines in order to make an informed decision as to which engine is better.

                                              

Research Into Emissions
Two Stroke:
Using a 46cm3 single cylinder two stroke engine, with an engine speed of 9600 rpm at full torque, paired with two different fuel and lubricating oil blends, the emissions output of the engine with these different mixtures. The fuels used were a “98-octane oxygenated, low sulfur and low aromatic, reformulated gasoline”, and a “95-octane, non-aromatic alkylate gasoline”. The properties of the two fuels are given below.
The fuel was fed into the carburetor from a separate canister, in order to monitor the fuel consumption. And the tests were run with a rich air-to-fuel calibration. 
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Four-Stroke Engine:
The engine used for the 4T engine experiment is a 993cc Maruti Suzuki India Ltd. Multi Point Fuel Injection (MPFI), petrol engine. This engine has a power output of 44.5kW and a torque output of 78.5Nm. The engine specifications I have put in a table below. The experiment was conducted whilst the engine was running at an idle speed of 1500±15RPM. The experiment was conducted with standard gasoline, as with a 4T engine, you can mix different fuels and oils, as the engine has its own oil reservoir, as mentioned previously. For the test, the inline cylinder pressure for 100 cycles were recorded at each crank angle. The engine was run for at least 5-10 minutes and readings were only noted once a steady state condition had been achieved. 
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Results:
In order to compare the emissions between the two engine types, it seems more practical to compare the primary emission type from both engines, as both engines will produce many types of emissions, even some on extremely small levels, so comparing the main emission type that each engine puts out would allow us to compare and decide which is worse, and which would be better for the environment.
Regarding the 2T engine, when tested, it was found that the particle mass emissions ranged from 2.9 to 3.4 g/kWh. As well as this, it was found that these particle emissions were made up almost entirely of Organic Carbon (OC), as the Elemental Carbon (EC) only accounted for roughly 1-6% of the total carbon emissions. The 2T engine was also tested using a catalyst, and once this was tested it was shown that the catalyst reduced the OC emissions down to 1.7 to 2.4 g/kWh. Which suggests that using catalysts on 2T engines might be the standard if we are planning to start using 2T engines more primarily on the roads.
However, when the 4T engine was tested, it was found that the engine only produced 2.27 kg/m of carbon monoxide emissions. Although it is a small amount, the number of 4T engines on the roads today means that in total, this number is considerably higher. However, the engine used in the experiment was also tested with Hydrogen fuel, and this had a Carbon Monoxide emissions output of 0.01%, and this is primarily due to the lack of carbon content in gaseous fuels. Meaning that, in the future, if we are wanting to reduce emissions even further, developments will have to be made in order to try and make Hydrogen a primary fuel source.







Conclusion:
In order to conclude which engine type is better, it is essential to investigate how bad each primary carbon emission type is for the environment, and from there decide which engine has the least impact on the environment, global warming etc.
The 2T engine primarily emits Organic Carbon (OC) particle emissions, and OC has been shown to cause cooling of climates. A study was conducted by Baker et al. (2015) where he removed all OC from four climate models and the change in temperature showed an increase of roughly 0.13oC, which demonstrates that even on a small scale, Organic Carbon has influence on a climates cooling. Using these results on the scale of the globe, and the global warming issue steadily rising, it can be a safe assumption that emissions of Organic Carbon can somewhat assist in slowing down the globe’s rising temperatures.
As for the 4T engine, the primary emission type is Carbon Monoxide. Carbon Monoxide is almost directly linked to global warming, as when carbon monoxide is emitted into the atmosphere, it effects the amount of greenhouse gases, which are linked to climate change and global warming. This means that temperatures of the land and sea increases, affecting ecosystems, even more so delicate ecosystems, and in turn increasing storm activity and other extreme weather events. When considering the amount of 4T engines on the roads today, it isn’t unimaginable to assume that the level of carbon monoxide being released into the environment is not only bad for Earth’s pollution, but also bad for us as humans. Not only does it cause humans to feel weak, cause chest pain and cause vomiting, but in high enough doses it can kill.

For these reasons I can confidently conclude that the two-stroke motorcycle engine should be the primary engine in production, although it has a lower torque and you need to mix the oil yourself, they are cheaper to make as they require less parts, they are arguably better for the environment and easier to maintain from a mechanical point of view.



References:
· Two Stroke emissions test
· Four Stroke emissions test
· Effects of organic carbon
· Effects of Carbon Monoxide
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‘Table 2: Engine specifications

Tem Value
Engine Make Nt Sozei Todia Lid
Engine Type Fuel Zea (MPFD), Petrol
No. of Cylinders N
No. of Stroes 4
Compression atio a1t
Power 45 @ 6000 tpm,
Torque 78.5Nm @ 4500 tpru
Stroke lengtt 61t
Bore diameter T2

+ Capacity 993
Engine Cosling Water cooled
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