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1.0 Introduction

The aim of the given assignment is to analyse and evaluate the operation of various different types of emission controls where all data will be calculated, reviewed and analysed. A series of tasks will be undertaken in a group where we’ll have to cooperate to organise the use of equipment and facilities in order to complete the brief. The tasks include testing a catalytic convertor. As a group, we will have to evaluate the efficiency of the catalytic convertor and discover what system monitors are included on each system. An evaporative system will be inspected on a modern system and discover its importance in the overall vehicle.  The exhaust gas recirculation (EGR) will be discussed when the EGR is on and off. Effects of exhaust gas recirculation on NOx emissions will be evaluated. The fourth task is to measure the effects of SAIR on and SAIR off on the engine. It will be discussed how the system varies between a warm engine and a cold engine and see if it has an effect on the pre and post catalytic convertor emissions NOx, CO and HC. Positive crank ventilation (PCV) will be discussed and how it’s used on an internal combustion engine. A test will also be undertaken to discover how the diagnosis of a faulty system will be undertaken and what effect the faulty PCV system has on the engine. The effects of a lean and a rich burn on emissions will be investigated. A test will be conducted, and results recorded appropriately through the use of tables and graphs. Using primary and secondary sources, Euro 6 will be discussed, and research will be undertaken to discover what tests are used to bring the engine into Euro 6 regulations. The necessary changes will be discussed and what effect this will have on the vehicle. 


2.0 Background Research
2.1	Euro 6

Euro 6 is the aim to reduce the emissions in Europe, therefore improving air quality. The legislation states a considerable reduction in Nitrogen Oxide, Carbon Monoxide, Hydrocarbons and Particulate Matter from both petrol and diesel vehicles is required in order to comply with the Euro 6 limits for pollution. Euro 6 was introduced in September 2015 where all cars produced since must apply with this legislation. Compared to Euro 5, the permitted level of NOx that diesel vehicles can emit has drastically dropped in euro 6 from 180 mg/km down to 80 mg/km and the NOx level for petrol remains the same from Euro 5, this remains at 60 mg/km as stated by Chris Ebbs (2018). It was mandatory that the emissions across the car companies range must drop below 130 g/km; this is petrol, diesel and hybrid vehicles according to Parkers (2018). People have begun to blame the government for encouraging the purchase of diesel vehicles which are considered to be more environmentally harmful. Road tax for cars work on the structure of low CO2 emissions. Diesel vehicles have lower road tax because they produce less CO2 emissions than a petrol vehicle, yet they are more environmentally harmful. According to Parkers (2018), Euro 6 will help financially as it is required for vehicles to run more economically and will be more cost effective in taxes because of the lower emissions and saving financially whilst refuelling due to the increase in fuel efficiency. The current allowable pollutant levels stand at 1g/km of CO2 from petrol vehicles along with 0.06g/km of NOx, 0.1g/km of hydrocarbons and 0.005g/km of particulate matter. Jack Healey from CarKeys (2017) states that diesel vehicles should produce 0.5g/km of CO2; half the amount of petrol’s. Hydrocarbons and NOx should be at 0.17g/km and particulate matter should be equal to that of petrol; 0.005g/km.
The future for diesel cars is looking bleak because of the environmental effect. Moves are taking place within the government to financially penalise the owners of diesel cars. The government has also implemented a charge of £10 on top of the standard congestion charge to enter London city centre with a diesel vehicle due to the Euro 6 legislation. In London, some councils have decided to try and reduce diesel emissions in the cities, therefore complying with Euro 6 by introducing a surcharge of £96 for parking permits on top of the original price.
Matt Dyer, managing director of LeasePlan UK, stated (2017) “The years before 2021 should see the implementation of the EU’s new Euro 7 emission standards, which will surely impose new requirements on the manufacturers of diesel cars”
According to Jack Healey, Euro 7 will most likely occur in 2020 even though it’s not confirmed. He believes that Euro 7 will focus more on carbon dioxide reduction rather than the reduction of direct pollutants as the previous legislations have done so far; which is in correlation with the fuel consumption. “We believe that Euro 7 will not just be about specifying reduced CO2 limits. We expect a further reduction in NOx” (Andy Noble, 2016). Andy noble states that soot particulate size for all fuel types may also be impacted due to Euro 7 legislations, moving from 23nm to 10nm; which will only just be measurable.

3.0 Tasks
3.1	Catalytic converter
A catalytic converter can be tested using an oscilloscope and its patterns of the oxygen sensors before and after the cat. As seen in the picture below from Total Car Diagnosis (2016), the good cat has cleared most of the interruption in the scope pattern whereas the bad catalyst hasn’t cleared the waveforms produced by the O2 sensor. An emission analyser could also be used in the end of the exhaust, the parts per million (ppm) will be recorded and referenced against the euro standard of its time. This isn’t as reliable as using the oscilloscope.
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A modern catalytic convertor system will have an O2 sensor before and after the cat, recording how much of the particulates the cat has reduced. If the catalytic convertor isn’t working or there’s an issue, the readings between the two oxygen sensors are evaluated. If the post cat O2 sensor has a reading that’s too high, a light will illuminate, or a message will appear on the dashboard. A probe connected to an auto diagnostic system can also be placed in the exhaust whilst the vehicle is on a rolling road to determine the emissions excreted by the vehicle.

	3.2	EVAP
Evaporative emission systems also known as EVAP collect the vapours released by the fuel tank. All EVAP systems collect fuel vapours yet, it’s the manufacturers job to develop a control system. Manufacturers have designed a modern system whereby they self-diagnose the leak to a size as small as 0.5mm; this is completed by using a fuel tank pressure sensor. A solenoid opens and closes to allow airflow into the charcoal canister. A purge solenoid is opened by the PCM to create a vacuum from the manifold pressure, causing an area of low pressure within the charcoal canister thus drawing in the fuel vapours from the EVAP system. This is the most common version of EVAP systems but there is also a dual chamber canister using a pressure switching solenoid. The dual chamber canister incorporates one canister connected to the fuel tank whilst the other canister is connected to the air cleaner to supply air to the system. Mike Farrell (2009). According to Martin Schager from the University of Southern Colorado (2003), the modern EVAP systems are controlled by a computer. The function of modern systems is to test the fuel system integrity. The older systems allowed for the operator to keep the fuel cap off the vehicle allowing hydrocarbons to escape the system through the uncapped filler neck. Schager states that manufactures are beginning to install pressure sensors within their fuel tanks in order for the PCM to create a vacuum and the system will know if a vacuum hasn’t been created. If the system can’t maintain a vacuum within the fuel tank a light will illuminate on the dashboard often indicated as a fuel cap.

3.3	EGR Valves
EGR valves recirculate 5 – 15% of the exhaust gasses back into the intake manifold to be dispersed back into the combustion process. This process ensures that all the unburned fuel that would otherwise go into the exhaust system gets reburned in the cylinders according to Rob King. This recirculation process ensures the decrease in the decrease in harmful gasses such as nitrous dioxide. The effect that an EGR valve has on a modern engine is that it will reduce the emissions, ensuring the vehicle complies with Euro legislations. EGR also keep the engine cooler reducing the chance of NOx being produced as this will only form in temperatures above 1400oC. Due to the lower temperatures, the life of the engine chambers is extended. The percentage of EGR is calculated by the formula below:
[image: ]
[image: [chart]]As shown in the image below, the effect of EGR on NOx is demonstrated. This is shown at various engine loads at a mid-speed condition. As the EGR rate increases, the amount of NOx is reduced throughout all engine loads. As Yokomura, Kohketsu, Mori (2003) stated, the EGR rate increases, NOx reduces simultaneously throughout the loads on the engine. The impact of intake mix temperature is dependent on the temperature of the EGR and reducing NOx emissions consequently. Cooling the EGR would increase the temperature, increase the heat absorbing capacity and reduce NOx further accordingly. The EGR system can be tested by probing the negative side of the solenoid valve. The scope pattern can be read to determine whether the valves are opening and closing appropriately. A check engine light will illuminate on the dashboard to make the driver aware. This will usually be demonstrated with a check engine light. According to Ed Ruelas (2016), a bad EGR can be determined by a rough idle due to the valve being stuck open or engine performance issue which can affect the engines air/fuel ratio. Both of these issues will cause a check engine light to appear on the dashboard.

	
3.4	Secondary Air Injection
[image: Image result for effects of secondary air injection]Secondary air injection (SAI) works by adding oxygen rich air into the exhaust system causing a post-oxidation; a small combustion of pollutants before the catalytic convertor. Secondary air injection is usually only active 90-120 seconds after cold start; this is ample time to reduce HC and CO emissions remarkably during the cold start phase. The post catalytic combustion assists the warm up of the catalytic convertor to operating temperature in the range of 300 to 350°C; according to partinfo authors (N.D.) 
According to Faiz, Weaver and Walsh (1996), the use of secondary air injection will significantly improve engine performance as well as catalytic effectiveness. They state that exhaust temperatures were reduced as well as hydrocarbon and carbon monoxide conversion increase incomparably. An investigation was undertaken by Massachusetts Institute of Technology. Dept. of Mechanical Engineering to discover the effects of secondary air injection on cold start. During the test, the air/fuel ratio was 20% rich and 100% secondary air, yielding the fastest catalyst light-off at 4.2 seconds. The results proved that secondary air injection reduced hydrocarbon emissions at an average of 67% and CO emissions by an average of 65% compared to the normal operating temperatures of the engine. Lee, Dongkun (2010) stated that “The analysis showed the post-catalytic hydrocarbon emissions were optimised with secondary air flow rates corresponding to an overall exhaust lambda of 1.3”. According to Hella (nd), the air pump can be checked acoustically as it’s audible when the engine is at a cold start up, also after the engine has been turned off whilst the pump is stopping. The pump should be checked visually for damage as well as the fuses should be checked. Ed Ruelas (2016) states that the engine will run rough due to the interrupted air/fuel ratio which will also affect the engine performance substantially. The check engine light will also illuminate. 

3.5	PCV
[image: Image result for positive crankcase ventilation]Modern engines incorporate a pollution control system which has a positive crank ventilation valve adapted to vent any blow-by gas caused by the combustion in the cylinders. The engine’s vacuum pressure is controlled by a fluid regulator associated with the PCV valve to regulate the increase and decrease the fluid flow rate caused by the blow-by gas venting from the combustion engine according to Serge V. Monros (2010).
A bad PCV valve or related components can cause several problems within the engine. For example, if the valve gets stuck closed or clogs the internal engine pressure will increase significantly, gaskets or oil seals may fail, and moisture may build up inside the engine. On the other hand, if the PCV valve gets stuck open, the engine may misfire during idle or a rough idle as the pressure won’t be significant enough within the crankcase. A lean air/fuel ratio will occur if the PCV valve is stuck open. “A diagnostic computer may point to a Mass Air Flow or Oxygen Sensor failure instead, making it harder for you to detect the real source of the problem.” (Bender, 2017, p:1). According to Spencer Clayton (2016), the overall performance of the vehicle will decrease significantly if the PCV begins to fail. It is usually exhibited by a build up of exhaust pressure or whereby the engine stalls/cuts out. If the valve is stuck open, an excessive amount of oxygen will get into the combustion chamber therefore diluting the air/fuel mixture causing the vehicle to run lean.

3.6	Air/Fuel Ratio
[image: Effect of air â�� fuel ratio on gasoline vehicle emissionsÂ ]As stated by Gallois (nd), gas engines that run lean will run more economical at certain emissions and can operate at higher loads whereby a rich burn engine can achieve a lower emission level and more tolerant of a larger fuel range. According to Turbobygarrett (2017), the stoichiometric air/fuel ratio for a petrol engine is 14.7:1, meaning 14.7 parts of air to 1 part of fuel and for diesel engines, the perfect air/fuel ratio is 14.5:1. An air/fuel ratio that’s more lean results in higher temperatures as the mixture is combusted. Naturally aspirated engines produce its maximum power just slightly rich of stoichiometric. This is kept between 12:1 and 13:1 to retain a stable exhaust gas temperature and to account for variances in fuel quality. A rich burn allows for all the fuel in the cylinder to be burned meaning the reduction in NOx, carbon monoxide, hydrocarbons and particulate matter all in one treatment system. The air/fuel ratio calculation is based on lambda oxygen which is defined below:
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As demonstrated in the image above, the extent of the emissions produced due to lean mixtures is less than that produced by rich mixtures within a gasoline engine. Lean gasoline mixtures can cause knocking within the engine and will reduce the power produced as well as the increase in nitrogen oxide emitted when the air/fuel ratio is near stoichiometric proportions. More nitrogen oxide is produced due to the high temperatures because of the stoichiometric ratio. According to J. Lauber (2011), the air/fuel ratio is controlled through the lambda sensor positioned in the exhaust manifold. The lambda sensor precisely reads the air and fuel content in the exhaust gasses and adjusts the air/fuel ratio accordingly. 
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combustion chamber [1].

As we known gasoline engines burn fuel to create motions. The reaction of mixture of fuel with
oxygen in the air is cause from burning of fuel. This is called air-fuel ratio (AFR). AFR is the mass
ratio of air to fuel present in an internal combustion engine. For gasoline engines, the
stoichiometric, A/F ratio is 14.7:1, which means 14.7 parts of air to one part of fuel [2]. It depends
on type of fuel. Different fuel gives different AFR. The AFR is necessary for controlling emission
and performance-tuning reasons [3]. The mixture combust and produce the product of carbon
dioxide, water and nitrogen [4]. The AFR calculation is based on Lambda Oxygen (O3) sensor in
gasoline engine. The AFR are defined below [5]

The AFR is related to mixture of air and fuel. The AFR is important measure for anti-pollution and

peopie
Innovation performance tuning reasons. Furthermore, it is important to know the AFR at which exactly all the

Excelience
available oxygen is used to burn the fuel completely or at least to the best possible value. This

ratio is called stoichiometric AFR. However, standard stoichiometric AFR is not giving best
performance when modification of modified piston geometry and compression ratio is done. The
stoichiometric mixture in gasoline engine and its products are defined below:

C,H, + 20, +3.71zNy — 2CO, + 2H,0 + 3.71zN, Page1or1 Oworcs [ Englsh (United Kingdom) El

+ 100%
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