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[bookmark: _Toc185025779]Task 1 

a.) What is an air fuel ratio and the ideal air to fuel ratio for cruising, compared to what air fuel ratio you would want under engine load on a forced induction engine (petrol). How does this differ to a diesel-engine. 

An air fuel ratio is the ratio mixture of air and fuel for combustion to occur (x-engineer, 2024). 

The ideal air to fuel ratio is 14.7:1 for a petrol engine (x-engineer, 2024). This will mean that to burn one kg of fuel it will need 14.7kg of air. For cruising it is normally around 15.4:1 in an open loop system as shown in figure 1. It will vary around this depending on the temperature. This is because lean can heat up under lean engine mode so may need to go to a richer mixture engine mode to help cool it down. While for a diesel engine the ideal is 14.5:1 (x-engineer, 2024). This will mean to burn one kg of fuel it will need 14.5kg of air. Diesel engine will always run on the leaner side to help with compression. As by the engine being hotter it will allow it be easier to occur. Therefore, for cruising the engine will normally run around 20:1 (Lindsay Burrows, 2016). 

When under load on a forced induction petrol engine it can vary from rich which 12:1 to 20:1 for lean (x-engineer, 2024). This because under load it will need more power so will most likely be on the richer side of the engine. For example, it could be going up a hill. However, if the engine isn’t under as much load will probably be on the leaner side. While a diesel engine is usually a lean mixture of somewhere between 18:1 to 70:1 (x-engineer, 2024) because diesels always run a leaner mixture to help with compression. Normally under high loads it will run between 18:1 to 24:1 (Lindsay Burrows, 2016). However, some deals depending on what car is requiring the diesel to do can run to 75:1 (Lindsay Burrows, 2016).  

These differences occur because petrol engines use stratified air fuel mixtures while diesel engines use homogenous mixtures (x-engineer, 2024). 
[image: Air fuel ratio – x-engineer.org]
 


Figure 1 - Stoichiometric (Ideal) Petrol - (x-engineer, 2024)

b.) Describe how a lean air fuel ratio compares to a rich air fuel ratio with regards to power. Consider what is safer for the engine and the typical faults that can occur with rich and lean conditions. 

When the engine is running a lean air fuel ratio it will have a reduced power output as there is less fuel for the engine to burn in the mixture (LeSueur, 2024). This less fuel in the mixture can cause overheating as there is less fuel to absorb which will dissipate the heat (LeSueur, 2024). This can lead to premature wear or engine damage. Also, some issues that come with a lean fuel mixture is that the engine may be rough idling and could even backfire (LeSueur, 2024). Finally, when the engine is running lean it can lead to pre detonation of the fuel. This is where the ignition occurs when the piston is still compressing the fuel/air mixture (Holsclaw, 2019). This leads to the engine working against its self. This causes mechanical stress on the engine and it transfers heat into pistons face which can cause damage to the piston. This can also cause engine failure within in minutes (Holsclaw, 2019). 

While an engine that is running a rich mixture will have an increase in power compared to a lean mixture because there is fuel for the engine to burn (LeSueur, 2024). However, because the engine is so rich in fuel it may struggle to be efficient in burning the fuel (LeSueur, 2024). This is can lead to wasted fuel but also some power loss because there is too much fuel for the engine to burn. This can then lead to black smoke coming from the exhaust due to incomplete combustion (LeSueur, 2024).   



c.) What would be the components of the exhaust mixture that you would expect under rich, and then lean conditions. 

Rich Conditions 

Under Rich conditions the exhaust mixture will contain Hydrocarbons (HC), Carbon Dioxide (CO₂), Nitrogen Oxide (NOx)  and Carbon Monoxide (CO) as shown in figure 2. 

Hydrocarbons (HC)

Under rich conditions like 11:1 the HC emissions will be around 125ppm (parts per minute) for exhaust emissions as shown in figure 2. This because of incomplete combustion occurring as the engine setting is to rich. While if the engine wasn’t as rich like 13:1 which is still a rich setting the HC emissions will be around 100ppm as shown in figure 2. This happens as there is a bit more oxygen for the fuel to react with. 

Carbon Dioxide (CO₂)

Under rich conditions in rich conditions there isn’t enough oxygen to burn all of the fuel. This means that there will be more CO₂ emissions when the engine is running rich. 

Nitrogen Oxide (NOx)

Under rich conditions like 12:1 the NOx is around 1000ppm. This is big reduction when compared to lean because the lack of oxygen helps reduce the chemical reaction needed to form NOx. This is because the oxygen molecules stay with carbon dioxide. So will there will be less NOx.

Carbon Monoxide (CO)

Under rich conditions like 12:1 the CO is around 6%. This is because there is a lack of oxygen which stops the complete oxidation of carbon into carbon monoxide (Archieve, 2024). This leads to a high production of carbon monoxide. 

Lean Conditions 

Under lean conditions the exhaust mixture will still contain Hydrocarbons (HC), Carbon Dioxide (CO₂), Nitrogen Oxide (NOx)  and Carbon Monoxide (CO) as shown in figure 2. However, the amounts in the exhaust mixture will potentially have changed. 


Hydrocarbons (HC)

Under very lean conditions like 20:1 just like under rich conditions there will be around 125ppm of HC in the exhaust emissions as shown in figure 2. This is due to the incomplete combustion. However, if the engine isn’t as lean  like 17:1 which is still a lean setting the number of hydrocarbons being produced is less because the incomplete combustion occurring isn’t as bad as the is more oxygen for the fuel to reactive with. This means the HC being produced is around 100ppm as shown in figure 2.  
 


Carbon Dioxide (CO₂)

Under lean conditions there is a massive reduction in carbon dioxide emissions. This massive reduction in carbon dioxide emissions is because there is more oxygen available which allows for the combustion to be a bit more complete. 


Nitrogen Oxide (NOx)

Under lean conditions like 16:1 the emissions released of NOx will be around 2500ppm as shown in figure 2. This is because when the engine is running lean the engine is a higher temperature and there is excess oxygen in the chamber (Archieve, 2024). These two factors will be responsible for NOx emissions being high when the engine is running a lean air to fuel ratio. Also, with more oxygen content it is an easier bond to make instead of carbon dioxide. However, if the engine is too lean like 18:1 the NOx emissions will be 1000ppm. This is massive decrease in emissions is because of incomplete combustions occurring due to there being not enough fuel to burn the air. 


Caron Monoxide (CO)

Under lean conditions there will be a massive reduction in carbon monoxide as shown through the lean air to fuel mixture of 16:1 which has emissions at 0.6%. This reduction is due to the being too much oxygen which allows it to form carbon dioxide instead of forming CO. 


[image: figure 2]
Figure 2 - Emissions Curve of Nitrogen Oxide, Carbon Dioxide and Hydrocarbons - (Papreja, 2017)


d.) [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Explain the diesel exhaust emissions.

The Diesel exhaust emissions are carbon dioxide, carbon monoxide and nitrogen oxide (HSE, 2024).

Carbon Dioxide is a gas that is made up of one carbon atom and two oxygen atoms (NETL, 2024). Carbon Dioxide is essential to plant life as it is used in photosynthesis. However, carbon dioxide is also one of the gases that causes the greenhouse effect (NETL, 2024). 

Carbon monoxide is a gas that is colourless, tasteless, odourless which is made from the incomplete combustion of fuels where there isn’t enough oxygen (GOV.UK, 2022). Carbon Monoxide is very dangerous for humans as when it enters the body it goes through the lungs to the blood (GOV.UK, 2022). It will then attach itself haemoglobin. This will reduce the amount of oxygen that can be carried around the body. This can eventually cause death (GOV.UK, 2022). 

Nitrogen Oxide is made partly from nitrogen compounds in the fuel but is mainly made from in flames by the atmospheric oxygen and nitrogen (Air Pollution Information System, 2024). Nitrogen Oxide can cause issues like acid rain which can damage the likes of crops and animals (EPA, 2024). It can also affect humans through irritation from contact with the skin or eyes (NJHealth, 2009). Also, with repeated exposure it can cause damage to teeth, headaches and even in some cases it can cause death (NJHealth, 2009).

Diesel engine only run lean to help with compression. The exhaust emissions mixture will contain Hydrocarbons (HC), Carbon Dioxide (CO₂), Nitrogen Oxide (NOx) and Carbon Monoxide (CO). For HC the emissions it will be slightly less then petrol because the abundance of oxygen helps achieve complete combustion. Then for CO₂ there will be a low amount produced and will be less then petrol. This is because of the more oxygen means less fuel being burned. Then for NOx there will be more produced when compared to petrol this is because of the higher temperatures by running lean to help with compression. This results in more NOx being produced. For CO there will less compared to petrol. This is because by Diesel engines always running in lean there will be a lot of oxygen. This will cause the formation of carbon dioxide and not carbon monoxide. 

Diesel engine only run lean but they can run a richer fuel ratio on the lean side. This will result in a higher production HC due to there being more oxygen. It will also result in CO2  emission being higher because the engine is being less fuel efficient. Then there will be less NOx as the engine temperatures will be slightly lower because the engine is running at richer lean mixture. Then finally for CO there will be a bit more produced in the emission exhaust gasses because there will be less oxygen which mean less carbon monoxide can be produced.


 
Some way exhaust gases can be controlled is by Exhaust Gas Regulator (EGR) or Diesel Particulate Filter (DPF) 


An EGR is a very effective way of reducing NOx emissions (Cambustion, 2024). It does this by a recirculating controllable proportion of the engine exhaust which send some of the exhaust gases back to the intake air (Cambustion, 2024). By these exhaust gases being back sent back to intake air and then being released into the combustion chamber by the intake valve will reduce the amount of oxygen in chamber (Cambustion, 2024). This will reduce peak cylinder temperature which will reduce power as combustion will take slightly longer, as the decrease in temperature will cause the reaction time to be slightly longer (Cambustion, 2024). However, this will reduce the amount of NOx released by the exhaust gases. 


A DPF is a filter that will capture and store exhaust soot in order to storage harmful emissions being released into the atmosphere (RAC, 2023). However, the DPF can only do this for so long because it has a finite capacity (RAC, 2023). Therefore, the DPF will need to go through a regeneration process. This can be done by it being emptied or by it being burned off. The burning off proves is where the excess soot in the filter is burned off. This will reduce the amount of harmful exhaust gasses. 

To help make sure not to go through the regeneration process they can maintain the DPF. This can be done by passive DPF regeneration (RAC, 2023). This where the car is run at speed on a long motorway. This allows for any excess soot to be burned off (RAC, 2023). 

The alternative way is through Active DPF regeneration (RAC, 2023). This is where extra fuel is injected automatically by the ECU to raise the temperature in the exhaust to burn off any stored soot. This normally happens when the filter reaches the 45% limit (RAC, 2023). However, if the journey is too short the regeneration process might not work probably. 

If passive and active regeneration doesn’t work then garages can do a process called forced regeneration to clean the DPF. However, an issue with this is that can cost £100 with not a 100% guarantee it will work (RAC, 2023). 


e.) Explain the difference between multi point and direct injection in terms of fuel system components. For this part also explain the delivery methods and fuel pressure control for a petrol and diesel engine. 

The indirect and direct injection are two different methods of fuel injection. This will mean that they will have different fuel components with slight variations deepening on if it is petrol or diesel.  

Indirect Injection Petrol 

In the indirect injection petrol there is an Oxygen Sensor, Throttle Position Sensor, Fuel tank, pump, lines, filters, fuel rails, injectors, pressure regulators, fuel return. 

Oxygen Sensor will measure the oxygen levels in the engine. It does this to check how efficient the combustion occurring is (Robertson, 2015). Maybe add the extra bit 

Throttle Position Sensor is a sensor that will vary the input voltage by being a potentiometer which acts as an arm and moves along a copper trail (Robertson, 2015). The sensor location is on the throttle body to convert the throttle valve moment to voltage signal (Robertson, 2015). Therefore, as the throttle decreases the voltage will decrease accordingly. While if the throttle opens the voltage will increase accordingly (Robertson, 2015).


Fuel tank 

Function – Is where fuel is stored for the engine, where the fuel is filled to and gauges how much fuel is left (Hannu Jääskeläinen, 2024). 

Purpose - Is to store the fuel required for the engine to run. This could be Diesel or petrol (AXIOM, 2022). 

Typical operation – Is storing the fuel until it is needed by the engine. 

Pump 

Function – Is to transfer fuel from the fuel tank to the engine via an electric motor. It does this by creating pressure via the electric motor (Buster, 2023). This allows for the fuel to be pushed  to the fuel lines towards the engine (Buster, 2023). The normal pressure for an indirect petrol is 10 bar. 

Purpose – Is to help with fuel delivery. 

Typical operation – Is creating pressure by the electric motor to allow the fuel to be pushed into the fuel lines to allow the fuel to get to the engine (Buster, 2023). 



Lines

Function – Is to ensure that there a continuous flow of fuel going to the engine (Bud's, 2023).

Purpose – Is to make sure that fuel delivery occurs, fuel pressure is maintained and that fuel quality reaching the engine is adequate (Bud's, 2023).  

Typical operation – Is the transportation of fuel to engine (Bud's, 2023). 



Filters 

Function – Is to keep the engine clean as the filter will remove any contaminates from the fuel like debris or particles (Bud's, 2023). This will also help to keep the engine clean and stop fuel injectors from being blocked.

Purpose – Is to keep the engine fuel clean

Typical operation – Is the removement of particles and debris from the fuel via the filter (Bud's, 2023). 


Fuel rails

Function – Is to supply fuel evenly to the combustion chamber of the engine, (cartruckroads, 2024) it will also help maintain the required pressure for fuel injection (cartruckroads, 2024), have sensors to know if it needs to adjust the fuel pressure and can act as a reservoir during high demand conditions (cartruckroads, 2024). 

Purpose – Is to help in the supplying of fuel to the combustion chamber 

Typical operation – Is to help transport the fuel that has gone through the filter to be evenly injected into the combustion chamber.  


Injectors

Function – This is where the fuel is sprayed out off into the intake manifold in bursts called timed injection (How A Car Works, 2024). The bursts of fuel will coincide with the induction stroke. In some designs it may be sprayed into the inlet port all the time when the engine is running (How A Car Works, 2024). This is called continuous injection. The amount of fuel being sprayed is done by a mechanical or electrical control unit (How A Car Works, 2024). 

Purpose – Is to provide accurate fuel delivery 

Typical operation – This is where the fuel from the fuel rails goes to the injectors to be sprayed into the intake manifold or inlet ports (How A Car Works, 2024). 
Pressure regulators

Function – Is the control of petrol from the fuel tank into the cylinders during combustion cycles (Mechanical Education, 2024). This is to ensure there is enough fuel for the process to be efficient. This is done by if more fuel is needed then the pressure regulator opens up to allow more fuel until it reaches the required pressure leaves (Mechanical Education, 2024). If there is less petrol needed it will close off the flow until it reaches the required pressure (Mechanical Education, 2024). 

Purpose – Is to control the pressure of fuel that is delivered to the engine. 

Typical operation – It has an engine control module (ECU) which will receive input signals from engine speed and temperature. These inputs tell the ECU on how it will need to adjust the fuel pressure regulator to get the required pressure needed (Mechanical Education, 2024). 
 

Fuel return

Function – Is to transport fuel that is in excess from the fuel rail back to the fuel tank by the fuel return (Automotive Quest, 2024). 

Purpose – This happens in order to help with pressure regulation, temperature control as by sending fuel back to the fuel tank it can help dissipate heat and fuel efficiency as it stops fuel being wasted (Automotive Quest, 2024).

Typical operation – Is sending the excess fuel from the fuel rail back to the fuel tank. 


Indirect Injection Diesel 

While in the indirect Diesel it will contain all of these components but it will have different design for how the fuel is delivered into the combustion chamber. As for the Diesel engine the fuel will be sprayed into the pre-chamber not the main chamber straight away (Wikipedia, 2024). This happens to help initiate combustion. This is because the air and fuel mixture can mix before they go into main chamber. This allows for the combustion process to be increased. This difference occurs has petrol engines have spark plugs to start of combustion while diesels start combustion by pressure. This difference in design is to help diesel with combustion stage. 

Another difference in the indirect diesel design is how it will have a pressure pump after the filter.  This is because Diesel engines require higher pressure because for combustion to occur it is done by pressure not by spark plugs. The pressure pump will make the pressure around 40 to 65 pounds per square inch (psi) (Gabe, 2024). While for an indirect it is normally 10 bar. 



Direct Injection Petrol 

In the direct injection petrol there is a Fuel tank, Pump, Lines, Filters, Pressure Pump, Fuel rails, Injectors, Pressure regulators, Fuel return. 

Fuel tank 

Function – Is where the fuel is stored for the engine. It also functions as fuel gauge and where the fuel is filled to when the car needs refuelling (Hannu Jääskeläinen, 2024). 

Purpose – Is to store the required fuel for the engine to run. This can be petrol or diesel (AXIOM, 2022). 

Typical operation – Is storing the fuel before it is needed by the engine. 

Pump

Function – Is to transfer the fuel from the fuel tank to the engine by an electric motor (Buster, 2023). This is done by creating pressure which is done by the electric motor. This pressure created allows for the fuel to be pushed into the fuel lines which helps take the fuel to the engine (Buster, 2023). 

Purpose – Is to assist in the fuel delivery 

Typical operation – Is to create via the electric motor which allows fuel to be pushed into the fuel lines to allow the fuel to get to the engine (Buster, 2023). 

Lines 

Function – Is to ensure that there is a continuous flow of fuel going to the engine (Bud's, 2023).

Purpose – Is to ensure that the fuel is being transported all of the time but is to also make sure the fuel pressure is maintained throughout the transportation of fuel (Bud's, 2023).

Typical operation – Is to transport the fuel to the engine (Bud's, 2023).


Filters

Function – Is to ensure the fuel being transported to the engine is clean. It does this by removing debris or particles from the fuel. This will help ensure the engine is clean and stop the fuel injectors from being blocked (Bud's, 2023).

Purpose – The fuel being transported to the engine remains clean

Typical operation – The removement of particles and debris from the fuel via the filter (Bud's, 2023).
High Pressure Pump

Function – Is to increase the pressure of fuel in the fuel line to between 500 – 2500 psi. This is very important in enhancing combustion efficiency and improving fuel economy (WE ARE MANUFACTURE, 2023). 

Purpose – Is to increase the pressure of the fuel. 

Typical operation – Ensuring the increase of pressure before it reaches the fuel rails. 

Fuel rails

Function – Delivers the high-pressure fuel from the high pressure pump to the fuel injectors (BOSCH, 2024). 

Purpose – Delivering the high-pressure fuel to the injectors

Typical operation – Takes the fuel from the high pressure pump and delivers it to the injectors. 

Injectors

Function – Is to inject the fuel/air mixture directly into the combustion chamber. This is done by wall-guided direct injection, air-guided direct injection and spray guided direct injection (Wikipedia, 2024). 

Wall-guided direct injection is where there is big gap between the spark plug and injection nozzle (Wikipedia, 2024). In order to get the fuel close enough to spark plug the fuel is sprayed against a swirl cavity at the top of the piston (Wikipedia, 2024). This guides the fuel to the spark plug. 

Air guided direct injection is where there is also a big gap between the spark plug and injection nozzle. In this design the fuel is guided to the spark plug by the intake air (Wikipedia, 2024). This stops the fuel from coming into contact with cold engine parts when the engine is staring up (Wikipedia, 2024).

Spray guided direct injection is where the gap between the spark plug and injection nozzle is small. This is because both of the injection nozzle and spark plugs are located in between the cylinder’s valves (Wikipedia, 2024). The fuel in this design will be injected during the latter stages of the compression stroke. This causes a very quick mixture formation. This will lead to a large fuel stratification gradient which means a cloud of fuel with a very low air fuel ratio in the centre but is high at the edges (Wikipedia, 2024). Ignition of the fuel will take place here and will take place almost immediately. This allows for the combustion process to be very efficient (Wikipedia, 2024). 

Purpose – Is to inject the fuel/air mixture directly into the combustion chamber

Typical operation – Is to take the fuel from the fuel rail and inject it directly into the combustion chamber. 
Pressure regulators

Function – Is the control of petrol from the fuel tank into the cylinders during combustion cycles (Mechanical Education, 2024). This is to ensure there is enough fuel for the process to be efficient. This is done by if more fuel is needed then the pressure regulator opens up to allow more fuel until it reaches the required pressure leaves. If there is less petrol needed it will close off the flow until it reaches the required pressure (Mechanical Education, 2024). 

Purpose – Is to control the pressure of fuel that is delivered to the engine. 

Typical operation – It has an engine control module (ECU) which will receive input signals from engine speed and temperature. These inputs tell the ECU on how it will need to adjust the fuel pressure regulator to get the required pressure needed (Mechanical Education, 2024).  

Fuel return

Function – Is to transport the surplus fuel back to the fuel tank (Automotive Quest, 2024). 

Purpose – Is to help maintain optimal fuel pressure and to keep stability in the system by the circulation of fuel being sent back to the fuel tank. 

Typical operation – Is to transport excess fuel to be sent back to the fuel tank after passing through the energy. This allows for optimal engine performance as it prevents pressure and excess fuel from accumulating (Automotive Quest, 2024). 


Direct Injection Diesel 

Will contain all of the components as in petrol direct injection but the pressure will be a lot higher due to there not being spark plugs for compression ignition. This means the injection pressure can be up to 30,000 psi (AMBAC, 2024). 


Key differences between indirect and direct 


Operational pressure

When comparing the key differences between indirect (IDI) and direct injection (DI) there is a key difference in their operational pressure. This is because IDI will have a low operational pressure when compared DI which will have a high operational pressure. 

IDI will have a low operational pressure (McGlothlin, 2024) because the fuel is injected into a pre-combustion chamber beforehand where it mixes with air before it enters main combustion. The combustion is also started by spark plugs which results in there needing to be less high pressure. 
While DI will have a high operational pressure of around 1,500 to 3,000 psi (Automotive Quest, 2024). This is needed because the fuel is directly injected into the combustion chamber. For a diesel DI it will need to be even higher and can go up to 30,000 psi (AMBAC, 2024) because there are no spark plugs start the combustion stage only pressure. So, the higher the pressure the easier it is for combustion to happen. 

Additional pumps 

When comparing the key differences between indirect (IDI) and direct injection (DI) there is a key difference in the number of additional pumps. 

This is because IDI won’t have an additional pump while DI will have an additional high-pressure pump. IDI won’t have an additional pump has it doesn’t need high pressure to help with combustion if it is the petrol variant. However, if it is the diesel variant then it will need an extra pump called the high pressure pump to help achieve high pressure. This is needed to allow combustion to happen as the diesel variant doesn’t have a spark plug so will rely of pressure to help with combustion. 

While DI will need an additional high pressure pump whether it is petrol or diesel because of the direct injection of the fuel into the combustion chamber (AlphaWorkshop, 2024). 


Compression Ratio differences

When comparing the key differences between indirect (IDI) and direct injection (DI) there is a key difference in their compression ratio differences. This is because IDI will have a higher compression ratio while DI will have a lower compression ratio. 

IDI has a higher compression ratio to help compensate for the loss in thermal efficiency during the pre-chamber system. High compression ratio will also help create increased cylinder pressure which allows for big torque production at engine speeds (McGlothlin, 2024). 

DI has lower compression ratio because a lower compression ratio allows for the engine temperature to be lower (McGlothlin, 2024). This leads to less NOx emissions. Also, by having a boost pressure from turbocharges allows for efficiency to still be very good despite the low compression ratio (McGlothlin, 2024). Then finally a lower compression ratio allows the diesel to run smoother in the rev range (McGlothlin, 2024). 

[bookmark: _Toc185025780]Task 2 


Write a report describing the following questions:

a.) Describe the operation and main components of a f1 hybrid race car. Including how a conventional Internal Combustion Engine system has been adapted along with any regulation changes that required these adaptations.


The operation and main components of a f1 hybrid race car

Internal Combustion Engine (ICE)

This is core of unit as it is 1.6-liter turbocharged V6 engine that is capable of running at 15,000 revolutions per minute (rpm) (Partridge, 2024). This is where the intake, compression, power and exhaust stroke occur. 

When f1 teams are designing ICE they also have to think about fuel and air mix dynamics. This is because it can affect the maximum power and efficiency output. This will be helped to be controlled by the ECU which job is to achieve stoichiometric balance by moderating the fuel delivery and air intake (Partridge, 2024).  


Turbocharger

The turbocharger will boost the power in the engine by using exhaust gases (Partridge, 2024). It is able to provide the engine with more power because it forces more air into the combustion chamber by compression. This allows for more fuel to be burned which then allows for more power to be generated (Partridge, 2024). 

The core components which allows this to occur is the turbine and a compressor which are connected together by a shaft (Partridge, 2024). The exhaust gases from the engine will spin the turbine which will cause the shaft to spin. This then cause the compressor to spin which will draw and compress air into the combustion chamber (Partridge, 2024). 

In order for the turbocharger to work properly two thing needs to be considered. This is the management of boost pressure and the effects of Turbo Lag. 

The management of boost pressure can first be controlled by control systems which will manage the boost pressure. It will do this by changing the turbocharger’s performance depending on the driver’s demands (Partridge, 2024). 

It is then also controlled by wastegate (Partridge, 2024) which prevent over boosting by sending some of the exhaust flow away from the turbine if needed (Partridge, 2024). This allows for the teams to control the maximum boost pressure made by the turbocharger. 

One final way the management of boost pressure is controlled is by regulations. This is because the Fédération Internationale de l’Automobile (FIA) influence how teams can control boost pressure to allow a level playing field (Partridge, 2024). 

The effects of Turbo Lag (Partridge, 2024) is the delay between the driver’s throttle input and the turbocharger’s delivery of increased boost pressure (Partridge, 2024). This occurs because of spooling (Partridge, 2024) as the turbocharger needs to speed up to produce the required boost pressure. This Lag can be minimised through minimisation strategies. This is done through Motor Generator Unit – Heat (MGU-H) to make sure exhaust gases are utilised and though designing a responsive turbocharger system (Partridge, 2024). 




Energy Recovery System (ERS)

The ERS uses the electrical energy from MGU-K (Motor Generator Unit – Kinetic). This was created from breaking which created kinetic energy which was then turned into electric energy to be used (Partridge, 2024). 

The ERS also uses the electrical energy from MGU-H (Motor Generator Unit – Heat) (Partridge, 2024). As the MGU-H can create electrical power for the MGU-K. The MGU-H creates electrical energy from converting the heat energy from the engine’s exhaust gases to electrical energy (Partridge, 2024). If it is not turned into electrical energy for the MGU-K it is to help spin the turbocharger to help reduce Turbo Lag (Partridge, 2024). 

Control Electronics

Will manage the power unit’s various elements and their interactions like controlling the fuel flow metre (Partridge, 2024). 


Hybrid Technology Integration 

This is where the blending of hybrid technology and the ICE occurs with electric systems to improve performance and efficiency (Partridge, 2024). 

This can be done by combining ICE and electric systems (Partridge, 2024). This allows the ICE  to be assisted in power through the electric systems like the electric power harvested through braking. 

It can also be done through energy storage and deployment. This allows the electric energy that assists in power to be stored to be deployed at a time when it is needed (Partridge, 2024). 



Fuel 

In the formula 1 hybrid car fuel is very key component as it what allows the car to run. This is because in f1 the f1 teams are allowed to use their own fuel if it is within the regulations (F1 Education, 2022). These regulations ensure that teams can’t use power boosting chemicals in the fuel. They also must have a minimum octane level of 87 but the maximum isn’t specified so can be as high as the teams want (F1 Education, 2022). The octane level is very important  because the higher the octane level the longer the fuel can be pressed before detonating (F1 Education, 2022).  

Another regulation in terms of fuel is fuel flow limits (Partridge, 2024). This is where the FIA regulate the maximum amount of fuel that can be used during a race. This was helping the FIA keep the balance of performance and help with sustainability and safety (Partridge, 2024). The fuel flow is normally set by the FIA as 100 kilograms per hour (Partridge, 2024). This will be monitored by the FIA live during the race. 


Conventional Internal Combustion Engine system that have been adapted along with any regulation changes that required these adaptations


Over the years in Formula 1 the Conventional Internal Combustion Engine system has been adapted through the years. This is because in the 1950s to 1960s it started with 4.5 litre naturally engines. This was later constrained to 1.5 litre (Partridge, 2024). 

Then in the 1970s to 1980s it was a turbocharged 1.5 litre (Partridge, 2024). 

Then in 1990s the rules made the Conventional Internal Combustion Engine system be a 3.5 litre naturally aspirated. Then by the mid-90s it was 3.0 litre instead (Partridge, 2024). 

Then in the 2000s the engine size was reduced to a 2.4 litre V8. It also limited number of engine changes in a season and the number of revs to help ensure durability (Partridge, 2024).

Then in 2014 to present it is a 1.6 litre turbocharged V6 with have ERS equipped with them. This is known as the hybrid era (Partridge, 2024).  

The regulations through the years impacted fuel efficiency, environmental impacts, performance, reliability. 

Fuel efficiency

The new rules on engines through the years allowed for better fuel efficiency (Partridge, 2024). 



Environmental impacts

The new regulations on engines helped reduce the environmental impacts (Partridge, 2024) as hybrid technologies that were introduced from the 2014 season helped lower emissions. 

Performance

New engine design regulation effected the performance because measures like rev limits and fuel flow restrictions impacted performance of the f1 engines (Partridge, 2024). The way to get wrong this was clever engineering thinking. 

Reliability

The final way new regulations has changed engines is through reliability. This is because the new regulations that have been introduced have meant that if they have to replace a engine part too many times in a season they get a penalty (Partridge, 2024). This has resulted in f1 teams in trying to find the right balance of power but also reliability. 



b.) Compare an older version non-hybrid F1 car with that of a current Hybrid F1 car, exploring the advantages and disadvantages between the two, focusing on the fuel system. 



When comparing an older version non-hybrid F1 car with the current Hybrid F1 car it can be split into the sections of Engine type, Fuel Consumption, ERS, environmental impacts, engine design differences and fuel.  For this I used the Mercedes AMG F1 W12 (2021) for current Hybrid F1 car which is a turbocharged 1.6-liter V6 (Wikipedia, 2024) vs the Ferrari 248 F1 (2006) as the older f1 car non-hybrid which is a 2.4 litre V8 (GPTechnical, 2024). 


Engine Type 

When comparing the engine type the Ferrari s 2.4 litre V8 (GPTechnical, 2024) is used while in the Mercedes AMG F1 W12 (2021) it is a turbocharged 1.6-litre V6 (Wikipedia, 2024). These two engine designs will result in a difference in terms of fan experience. This is because 2.4 litre V8 sounds so much nicer than the turbocharged 1.6-litre V6. This difference has led to some people saying the racing experience has reduced with the current hybrid f1 cars. This displays how the older version non-hybrid F1 cars provided a better racing experience when compared to the current Hybrid F1 Cars. 

Fuel Consumption 

When comparing the fuel consumption between the Ferrari 2.4 litre V8  (GPTechnical, 2024) to the Mercedes AMG F1 W12 (2021) it is a turbocharged 1.6-litre V6 (Wikipedia, 2024) the Mercedes will be more efficient. This is because the Mercedes is a hybrid system this means that it will have an ERS system which will contain the MGU-K and MGU-H. This means that there can be additional electric power to help assist the engine in powering the wheels. This allows for less fuels to be used while the Ferrari 2.4 litre V8 doesn’t contain an ERS. This means that all of the power has to come from the engine. Therefore, this means the current Hybrid F1 car is more efficient on its fuel then the older version non-hybrid F1. 


ERS

One big difference when the Ferrari 2.4 litre V8 (GPTechnical, 2024) to the Mercedes AMG F1 W12 (2021) can be shown through the ERS system. This is because by the Mercedes AMG F1 W12 being hybrid means it will have an ERS while the Ferrari 2.4 litre V8 won’t as it isn’t a hybrid. This is very important because the Mercedes will be able to get more power because the ERS can assist the engine in powering the wheel when it is deployed by the driver (Partridge, 2024). This can help improve acceleration out of corners or top speed on the straights depending on when it is deployed by the driver. The ERS gets its electrical power from the MGU-K and MGU-H (Partridge, 2024). While the Ferrari 2.4 litre V8 doesn’t have ERS this will lead to the only power coming from the engine. This means it won’t have any electrical power to help assist the engine in acceleration or top speed. Therefore, due to the ERS the current hybrid cars. 

Environmental impacts 

Another difference between the Ferrari s 2.4 litre V8 (GPTechnical, 2024) vs Mercedes AMG F1 W12 (2021) is the environmental impacts from the engine. There is a difference because of the carbon emissions released from the engines which will affect the environment. 

One of these way can be shown through how Mercedes has the ERS which allows for electrical power to assist the engine in powering the wheels. This allows for a reduction in environmental impacts. Meanwhile the 2.4 litre V8 Ferrari engine produces high emissions as it isn’t a hybrid. This will result in a bigger environmental impact.

Another way is by the fuel being used. This is because in 2021 Mercedes they were required to use biofuels which contained 5.75% of ethanol (F1 Education, 2022). This allows for the carbon footprint to be reduced. While the Ferrari 2006 didn’t contain any biofuels. This means that they have a higher carbon footprint. 

Therefore, the current hybrid cars are better for the environment. 



Engine Design 

Engine design is another way to show the differences between the current f1 hybrid car of the Mercedes as the example vs the older version non-hybrid f1 car of the Ferrari. One way engine design shows the difference is how Mercedes use direct injection as they used the same engine in 2020 but with a few modifications (GPTechnical, 2024) while Ferrari use indirect injection (GPTechnical, 2024). By Mercedes using direct injection it will allow them to meet their power target ratings easier when compared to an indirect engine (McGlothlin, 2024). It will also be able to create more power while having better thermal efficiency (McGlothlin, 2024). However, an indirect engine will be cheaper to make (McGlothlin, 2024). Therefore, by Mercedes having direct injection it means their engine can perform better. However, it will be more expensive when compared to the indirect engine created by Ferrari. This shows that current hybrid F1 car engines are quicker but are more expensive when compared to the older non-hybrid F1 cars. 

Another way engine design can show the differences between the current f1 hybrid car of the Mercedes as the example vs the older version non-hybrid f1 car of the Ferrari. Is by through the intake system as the Mercedes turbocharged 1.6-litre V6 uses a plenum chamber (Catalano, 2021). This is a large volume of air to help the engine to run efficiently when at high revs or full throttle (Anderson, 2024). While Ferrari use trumpet shape intake manifolds it can be known as velocity stacks. It will help the engine run more efficiency and to help produce more power. This is because it smooths airflow and can increase airflow by 5-6% (Chris, 2023). Therefore, this shows how two different designs on the intake systems can help improve engine efficiency.


Fuel System 

When comparing the fuel system of the Mercedes AMG F1 W12 (2021) for current Hybrid F1 car which is a turbocharged 1.6-liter V6 (Wikipedia, 2024) vs the Ferrari 248 F1 (2006) as older f1 car non-hybrid which is a 2.4 litre V8. They both use fuel cell which is a fuel bag that will contain lift pumps. The fuel will be located behind the driver inside of the monocoque (Sam, 2013). The teams will want the fuel as low as possible so the monocoque is designed around the fuel cell (Wordpress, 2012). Inside the fuel cell there will be a tank baffle system as shown in figure 3. This system is created to stop the weight of fuel alternating the balance and to make sure the fuel is always cantered on the fuel pump (Wordpress, 2012). This will make sure the engine will get the fuel required (Wordpress, 2012). The tank will also contain lift pumps which are low electrical pressure powered pumps. There will usually be 3 to 4 in the fuel cell (Sam, 2013). The lift will pump the fuel to fuel cell known as the collector. This can hold around 3kg of fuel (Sam, 2013). The collector is pressurised by the lift pumps and can contain enough fuel to feed the main pump (Sam, 2013). The next stage is where the collector will deliver the fuel to the driven pump which will then deliver r the fuel to the injectors (Sam, 2013). 

However, there is a slight difference in the two fuel systems which is due to how the Ferrari 248 F1 had refuelling while the Mercedes AMG F1 W12 didn’t. These leads to a different design in fuel cell. This design difference is because the Mercedes would need a bigger fuel cell to go the whole race due to there being no fuelling. This mean the design on the lift pumps would need a slight redesign as it hard for the lift pumps to get fuel with a low tank level that has large shallow volume of fuel (Sam, 2013). Another design change for the lift pumps is due to the fuel temperature. This because there is more fuel the vehicle will be hotter temperature as the fuel will be heated by the radiation (like exhaust) and conduction from the car (Sam, 2013). This will make it harder for lift pumps to pump the fuel and the higher temperatures can reduce engine performance (Sam, 2013). This can also be worked around by using a different fuel formulation. 

Therefore, this shows how similar the fuel system is between the Mercedes AMG F1 W12 (2021) for current Hybrid F1 car which is a turbocharged 1.6-liter V6 vs the Ferrari 248 F1 (2006) as the older f1 car non-hybrid which is a 2.4 litre V8. While also showing the differences in how the regulations changes like banning refuelling lead to design changes to fix the disadvantages in the design of current hybrid f1 cars fuel system by the change from refuelling. 

[image: https://scarbsf1.wordpress.com/wp-content/uploads/2012/05/sf1_simplified_baffles.jpg?w=300&h=212]
Figure 3 - Baffle System - (Wordpress, 2012)
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