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The aim of this investigation is to analyse the function of different types of emission control and evaluate it use within the engine to monitor the pollution caused by the combustion process. These emission control systems range from catalytic converters to EGR. Additionally, by investigating three engines, the emission control systems on those engines can be checked in accordance to EURO 6 standards, to see if those systems could be used on engines today. 
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Catalytic Converters:

Catalytic converters are used to lower the emissions of carbon dioxide and hydrocarbons in the exhaust of cars (Taylor, 2012). Efficiency of catalytic converters linked to the temperature. At higher temperatures, the efficiencies of a new catalytic converter are around 98% for carbon dioxide and 95% for hydrocarbons, while under steady state conditions. However, until the temperature of the catalytic converter has reached 250-300 degrees Celsius, the efficiencies are very low (Whelan I, 2010). 

There are three main issues with catalytic converters:
· Poisoning
· Fouling/Masking
· Losing the catalytic component

These issues are caused by thermal aging of the catalytic converter, exposing the catalyst to high temperatures over a long period of time (J, 2008). 

EVAP:

Evaporative emission control systems trap and hold hydrocarbon vapours, as well as volatile organic compounds. These vapours and organic compounds are rerouted to the intake manifold via a charcoal canister (Hollembeck, 2004). 

There are up to eight components that make the EVAP system, all depending when the engine was made:
· Tank vent system
· Vapour liquid separator to allow only liquid-free vapour to pass from the fuel tank vents to the charcoal canister
· Charcoal canister
· Purge air filter
· Purge control
(King J, 1970)



EGR:

An EGR system is intended to reduce the amount of nitrogen oxide that is formed during the combustion process. This system does not operate while the engine is at idle, cold or once it is at operating temperature (Automotive, 2013). 

EGR decreases the particular matter concentration produced by the engine during the combustion process (Duan J, 2017). As EGR increases in rate, the emissions of hydrocarbons and nitrogen oxide goes down, but once the rate of EGR goes past a certain point, the emissions start to go up. Depending on the load acting on the engine at a specific moment in time changes the effect EGR has on the emission level produced. The EGR system mainly focuses on reducing the level of nitrogen oxide produced by the combustion process, as overall, with EGR being deployed, the levels of hydrocarbons, carbon monoxide and carbon dioxide actually increased. This is mainly due to the engine running richer and more hydrocarbons entering the combustion chamber (Qin J, 2010). 

PCV:

Positive Crankcase Ventilation recycles gases that have travelled through the piston rings to the crankcase by routing them back to the intake manifold, and then pumped back into the cylinders (How Stuff Works, 2016). 

Using PCV systems in engines improves the life of air cleaner system (Tracy C, 1964), but there are problems with using the PCV system in engines:
· PCV Valve life
· Crankcase ventilation
· Engine deposits
(Pearce A, 1964)

The engine deposits cause the valve to get plugged and therefore more oil is being consumed. As well as this, there is increases rusting when the vehicle is used for short trips, and there is increased wear of the valve train when the vehicle is used in stop/start circumstances (L, 1971). 

SAIR:

Secondary Air Injection system. A system that pushes extra air into the exhaust system after start-up with the engine cold or warm. This makes the exhaust more diluted for lower emissions and catalytic converter starts to operate sooner (KarmaKanix, n.d.). 

Under steady state conditions, the secondary air injection valve opens to provide a continuous flow of air to the exhaust system. During the acceleration of the vehicle, the valve behaves in the same way as in steady state conditions apart from the flow rate will be increasing. During deceleration, the SAI valve should not be operating, so a plunger gets pulled in the intake line to cut off the air supply. There are also various key factors that affect the performance of the SAI component:
· Air/Fuel ratio
· Exhaust cam timing
· Location and orientation of air injection
· Air flow rate
· Design and material used for exhaust manifold
· Thermal conditions of exhaust system
(Kavekar P, 2013)

Air/Fuel Ratio:

Since the late 1980’s, motor vehicles in Europe have a computer for the air/fuel ratio incorporated into the engine. These systems measure the air/fuel ratio in the exhaust and adjust the charge mixture that is fed into the engine (Asif Faiz, 1996). When the air/fuel mixture is stoichiometric, the levels of carbon dioxide produced by the combustion process will be the highest. This is due to the engine running at its best efficiency. Anything that reduces the efficiency of the engine will therefore reduce the amount of carbon dioxide emissions produced, as portrayed by the graph on page 218 from Asif Fiaz. 

For nitrogen oxide, the emissions produced are different to the carbon dioxide emissions are varying air/fuel ratios. When the air/fuel mixture is stoichiometric, the levels of nitrogen oxide are not at their highest. When the mixture is rich, even less nitrogen oxide is produced as all the oxygen is getting burnt up during the combustion process. However, when the engine runs lean, more nitrogen oxide is being produced because there is more oxygen left in the combustion chamber that has not been used, meaning that more nitrogen oxide is produced (Hatch, 2016).  
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For manufacturers to achieve the EURO 6 standards, new approaches need to be taken. One of these approaches is through component design. The components used on the vehicles will be designed specifically for the vehicle in question. Meaning the manufactures will have to design the components themselves, which therefore means that off-the-shelf components made by companies will be used less, making them obsolete (Gott P, 1981). 

Looking at the past EURO standards, even going from 4 to 5 was a big jump forward as it was the first time that particulate matter had to be tested as part of the emission control in the automotive industry for petrol passenger cars (ACEA, 2018). 

Additionally, the combination of laboratory tests and on the road tests has meant the emissions produced can be more thoroughly tested so that they comply with the EURO 6 standards. The two tests that are carried out are the WLTP and RDE. 

The WLTP test is used to gather the information for the carbon dioxide produced by the vehicle, including vehicles with modifications. This way of testing also provides a realistic and dynamic version of acceleration and deceleration. Furthermore, with this laboratory testing, there is stricter vehicle setup for the tests. This means the results will be more accurate. However, the lab tests cannot account for the differing weather conditions, the changing amount of traffic on the roads, and behaviour of the driver behind the wheel (Car Emissions Testing Facts.EU, 2018). 

With the Real Driving Emissions Test (RDE), it produces on the road results. This way of testing can provide results for many different conditions of driving, so that the vehicle being tested doesn’t lie about its emissions. The differing conditions that can be tested are:
· Low speed
· Medium speed
· High speed
· Travelling up an inclined plane
· Travelling at high and low altitudes
· Driving with an added payload
(Car Emissions Testing Facts.EU, 2018)

With the new testing being introduced, this means that all the manufacturers working in the automotive industry will have to spend more time designing and testing all their vehicles before they bring them to the market. This will mean more money is spent in designing these cars so that they pass the emission tests. Therefore meaning that the overall price of motor vehicles will increase. 

Three engines were investigated to help with the understanding of the emission control systems. 
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When looking at three engines that were investigated, each one was built for a different EURO standard. The Vauxhall Motronic engine being EURO 2/3, the Ford 1.6L being EURO 3/4 and the Vauxhall Ecotec being EURO 4/5. All three engines have charcoal canisters, meaning they are all fitted with an EVAP emission control system. But for these engines to meet with EURO 6 standards, they need a way of knowing that charcoal canister has been deployed and is working to feed the volatile organic compounds back into the inlet manifold. The charcoal canisters are controlled by a solenoid valve, where the voltage is grounded from the battery voltage so that the volatile organic compounds are pushed back into the combustion chamber so that they can be burnt once again. 

All three engines have catalytic converters fitted to them. However, the ford 1.6L and the Vauxhall Ecotec engines both have SAI control systems fitted to them as well. This means that the catalytic converters fitted to those engines get up to operating temperature quicker, meaning that the emissions produced by the engines are less. 



The Vauxhall Ecotec is the only engine fitted with an EGR system, which is a step up from the previous EURO standards, as the Ford 1.6L engine which was built to the previous EURO standards compared to the Ecotec, did not have an EGR system built into it. Looking at appendix 1, the scope pattern illustrates how the EGR system is turned off which means that the engine is at cold, at operating temperature of at idle. 
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To get an engine up to EURO 6 standards, it needs to have the following:

· An EVAP emission control system, but there has to be a way of the ECU having information being feed to it so the system can be monitored to see if there are any faults. 
· An EGR emission control system, but again there needs to be a way of the system communicating with the ECU to know when the system is operating or when there is a fault. 
· A catalytic converter that is accompanied by SAI emission control so that the catalytic converter is up to operating temperature quicker to decrease the emissions produced. 
· A lambda sensor to monitor the air/fuel ratio going into the combustion chamber to make sure the engine is running with the right charge mixture. 
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Figure 1 - The scope pattern for the EGR emission control system acting on the Vauxhall Ecotec engine
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