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Produce a written report on the following
Describe how the main components of a engine lubrication system work.
· Oil pump
· Pressure relief valve
· Oil filter (full flow and bypass) 

The engine lubrication system is a system that helps internal moving parts in the engine operate smoothly as the lubrication systems stops seizures and reduces friction between components. There are three main components that allow the engine lubrication system to function and these are Oil pump, Pressure relief valve and Oil filter (full flow and bypass). 

· Oil pump
The Oil pump is responsible for pumping the oil throughout the engine. The oil pump will get its supply of oil from the sump and will force the oil through the lubrication pathways (KSB, 2025). The oil pump will also ensure the oil being pumped is happening at the correct pressure because if the engine speed increases the pressure will need to increase in order to have a greater quantity of oil flowing (Coombes, 2004). Also, if the engine speed is slower it will mean the oil pump will need to make sure the pressure is lower (Coombes, 2004). 

This can be done a gear-type pump (Coombes, 2004) which is where there are gear wheels that are meshed together in a casing. The casing will fit close to the tips of the teeth and ends of the gears. In the gear-type pump design one gear will be fixed to a driving spindle in order to drive the other gear a shown in figure 4. When the gears rotate they will carry the oil from the inlet to the outlet ports which are cut in the casing either side of the gears as shown in figure 4. This movement of oil from the gears is what creates the pressure. 

Another design is the eccentric rotor-type pump. This is a pump that will have a cylindrical bore in the casing to allow the outer rotor (2) to be fitted in it as shown in figure 5. The outer surface of the outer rotor will be cylindrical but will have a number of lobes in its inner surface. While the inner rotor (3) will have a lobes formed on the outer surface as shown in figure 5 but will have one less lobe then the outer surface. The inner rotor will be fixed on the driving spindle so is responsible for turning the outer rotor which is why the inner rotor has one less lobe (Coombes, 2004). The inlet (6) and outlet (5) ports are positioned so that oil being pumped sweeps over the inlet pump and goes into the outlet port (Coombes, 2004). The rotation of the lobes moving the oil is what creates the pressure. 


· Pressure relief valve

The pressure relief valve will monitor the pressure of the oil. If the pressure of oil becomes too high it can open up the relief valve to allow the excess oil to flow back to the sump so will bypass the engine. 

It does this by having a simple design which is where the pressure of oil is inserted onto a ball which is attached to a spring as shown in figure 6. So, when the oil pressure is high enough to lift the ball of its position (Coombes, 2004). Oil is allowed to escape from the main oil channel (Coombes, 2004). This allows for the pressure to decrease. There is also another design which will use a plunger instead of a ball as shown in figure 7.  

· Oil filter (full flow and bypass) 

The oil filter is to remove any abrasive materials in the oil that would cause damage to bearings (Coombes, 2004). This allows the oil to remain clean and effective in lubricating the engine’s moving parts. 

There are two types of oil filters which is full-flow and by-pass (Coombes, 2004). The names of these two types of filters are in relation to their position in the lubrication system (Coombes, 2004). As the full-flow is located just after the pump while the by-pass filter is located on the relief valve circuit to filter the oil when it has to use the relief valve due to pressure. 

A full-flow filter treats the oil being delivered to the bearings is clean while the by-pass filter is filtering the oil delivered by the pump (Coombes, 2004). This allows for filtering out of finer particles when compared to the bypass filter it can only clean a proportion of the oil as the oil passing to the bearings isn’t being filtered. 

There is also an alternative type of full-flow filter where it will have a by-pass valve in it. This by-pass valve will be in the filter head or is part of the filter itself (Donaldson, 2025). The job of the by-pass valve is to remain close to allow the filter to clean the oil. However, during engine starts the valves can open up when the oil is thick and heavy to help with oil flow to allow the engine to get the oil needed (Donaldson, 2025). 


Compare a 10w40 to a 5w60 and state an application for each.

When comparing the 10w40 to the 5w60 it is best to compare them in regards to their viscosity and range of temperature. 

To compare the viscosity, it is done by first section so the 10W vs 5W. The W on each stands for winter and the lower this number is the better the oil flows during cold temperatures (Coombes, 2004). This means that the 5W will flow better than the 10W during cold temperatures as shown in figure 8 5W with how they can perform in colder temperatures compared to the 10W. 

Then the second section the 40 and 60 indicates how well the viscosity of the oil preforms during normal temperatures (Coombes, 2004). This shows how the 5w60 can maintain a thicker level the higher the temperature which allows for better protection in high heat and performance conditions when compared to the 10w40 which will be a bit thinner. 

Describe the layout and main components of a dry sump lubrication system. You must include how they operate. 
A dry sump lubrication isn’t a typically used system as the wet sump system is typically used. In the dry sump system layout as shown in figure 9 will contain the main components of external oil reservoir, oil pumps, oil lines, oil cooler, oil pressure regulating valve and oil filters.
External oil reservoir
Also known as the oil tank this is where the oil is stored. The oil tank will normally be stored close to the engine and  above the oil pump to have gravity help oil pump in pumping the oil (FAA, 2025). 
When in operation the oil tank will have the oil flow from the engine into the tank. To help stop oil sloshing when in operation and to help with deaeration the tank will have internal baffles (ARE, 2025). 
Oil pumps  
In a dry sump there are two oil pumps in use which is the pressure pump and the scavenger pump. 
The pressure pump is like the pressure pump in a wet sump. So is responsible for oil through the lubrication pathways and will pressurise the oil to needed pressure in relation to the engine speed. 
The pressure pump typically used is the gear type design. In this design there are gear wheels that are meshed together in a casing. The casing will fit close to the tips of the teeth and ends of the gears. In the gear-type pump design one gear will be fixed to a driving spindle in order to drive the other gear a shown in figure 4. Then when the gears rotate they will carry the oil from the inlet to the outlet ports which are cut in the casing either side of the gears as shown in figure 4. This movement of oil from the gears is what creates the pressure. 

The other pump used in a dry sump is the scavenge pumps (FAA, 2025). This pump is responsible for removing oil from the crankcase to return to the oil tank (FAA, 2025). This means during operation the scavenge pumps will ensure the crankcase remains dry. 


Oil cooler
The oil cooler job is to dissipate eat to allow for optimal operating temperatures. It will be made of tubes and fins which allows for there to be good airflow to cool the oil (C.R. SMITH, 2020). 
Therefore, during operation as the oil is circulating it will pass through the cooler which allows oil to cool to stay at an optimal temperature.  

Oil pressure regulating valve 
The oil pressure regulating valve also known as a relief valve will regulate pressure by allowing the oil to go down a separate path if the pressure becomes to high. 
This is done by having a design where the pressure of oil is inserted onto a ball which is attached to a spring as shown in figure 6. So, when the oil pressure is high enough to lift the ball of its position (Coombes, 2004). Oil is allowed to escape from the main oil channel (Coombes, 2004). This allows for the pressure to decrease. There is also another design which will use a plunger instead of a ball as shown in figure 7.  

Therefore, during operation the pressure relief valve can be used to relief pressure by sending the oil an alternative route. 

Oil filters 
The oil filter will remove any particles that could damage the engine that are in the oil. This allows the oil to be clean. Therefore, during operation as the oil is the circulating it will pass the filter before going to engine components to lubricate it. This ensures the oil going will be clean and can’t damage any engine components.
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Figure 4 – Gear-type oil pump - (Coombes, 2004)
Figure 7 – oil pressure relief valve (plunger) - (Coombes, 2004)
Figure 6– oil pressure relief valve (ball) - (Coombes, 2004)
Figure 5 – rotor-type oil pump (eccentric) - (Coombes, 2004)
Figure 9 – Dry Sump - (Arafin, 2024)
Figure 8 – SAE graph showing the comparison of viscosity grades vs temperature range - (Penrite , 2025)
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ADVANTAGES and DISADVANTAGES of a 4 stroke air cooled Porsche boxer engine with wet sump and electronic fuel injection VS 4 stroke formula ford engine with dry sump and carburettor

Advantages and Disadvantages of the 4 Stroke air cooled Porsche Boxer engine – Wet Sump VS the 4 stroke formula ford engine - Dry Sump 


	Advantages of Wet Sump
	Disadvantages of Wet Sump 
	Advantages of Dry Sump
	Disadvantages of Dry Sump 

	Simple and inexpensive as the oil pan located at the bottom of the engine and one oil pump means there isn’t much going on (NBE, 2022)
	It can become damaged very easily as the oil pan is at the bottom so if the oil pan becomes cracked from a rock a lot of oil could be lost (NBE, 2022)
	Better in high power applications (NBE, 2022) as it can maximise engine power. This is because the engine is not affected by the weight of oil during the rotating assembly needed to push the oil (NBE, 2022). This allows for the engine to perform better as it can rev more freely
	It is a lot more expensive than a wet sump (NBE, 2022) which is why wet sump is mainly used on road cars.

	
	Isn’t the best for high performance applications as they can’t always run at high rpms for long time (NBE, 2022). They are prone to gravitational forces this means when cornering oil is pushed one side of the pan (NBE, 2022). This can sometimes mean the oil pump can’t deliver the oil to the pistons.
	Lower centre of gravity as the dry sump doesn’t need a large oil pan (NBE, 2022). This means that handling is better
	

	
	
	Unaffected by gravitations forces as the high pressure pumps allow the oil to circulate (NBE, 2022). This means oil delivery will be stable throughout the whole time driving
	

	
	
	Safer then wet sump because oil pan will be dry when running (NBE, 2022). So, if the oil pan becomes cracked it won’t affect oil pressure which would kill the engine as long as the engine is running. 
	






Advantages and Disadvantages of the 4 Stroke air cooled Porsche Boxer VS the 4 stroke formula ford engine water cooled engine


	Advantages of Air Cooled 
	Disadvantages of Air cooled 
	Advantages of water cooled
	Disadvantages of water cooled 

	Cheaper to run due to the simplicity of the design (Shriram, 2024). This allows for lower costs for the buyer
	Very easy to overheat the engine especially when in traffic. This could cause the engine to shut down or go into limp mode to not cause damage when in traffic. 
	Better thermal regulation so the performance will always be consistent (TopGear, 2025). This allows it perform well in traffic especially because it doesn’t rely on wind to cool the engine down
	They have very complexed designs (Shriram, 2024) this makes them hard to maintain

	Very light as they don’t need any additional cooling equipment  (Shriram, 2024)
	Isn’t very effective on hot days as it will be blowing hot air onto the engine to cool it
	The antifreeze in the system allows the engine to work in hot and cold temperatures (TopGear, 2025)
	They have high costs (Shriram, 2024) due to the complexity in making it. This could lead to the car costing more which could lead to less profits for the manufacturer. 

	
	Loud operation due to the fans trying to get air to flow onto the engine (Shriram, 2024)
	The optimal temperatures caused by liquid cooling allows for better performance (TopGear, 2025)
	Potential in the liquid leaking as it is attached together via hoses (Shriram, 2024). This could lead to engine damage if the hoses aren’t connected properly





Advantages and Disadvantages of the 4 Stroke air cooled Porsche Boxer with electronic fuel injection VS 4 stroke formula ford engine with carburettor
	Advantages of electronic fuel injection
	Disadvantages of electronic fuel injection
	Advantages of carburettor
	Disadvantages of carburettor

	More power due to optimisation of air/fuel mixture and of the ignition timing when compared to a carburettor (Ariens, 2017)
	It is more expensive than a carburettor due to a more complex design (Owen, 2024)
	Cheaper as it has a simpler design (Owen, FUEL INJECTION VS CARBURETOR: THE BIGGEST PROS AND CONS, 2024)
	Not as efficient due compared to  electronic fuel injection

	Lower fuel consumption and emissions (Ariens, 2017) as the ECU will monitor and adjust the air to fuel mixture the injector needs to deliver
	
	
	Less power as they aren’t optimal in terms of air and fuel ratio

	Better reliability as the electronic fuel injection system maintain optimum air/fuel ratios eliminates any random engine stoppages due to the air to fuel mixture not being correct (Ariens, 2017)
	
	
	Higher fuel consumption and emissions due as the air to fuel ratio can’t be adjusted. This can lead to more money being spent of fuel compared to the 4 stroke air cooled Porsche boxer engine

	Less maintenance because the electronic fuel injection is sealed which results in the fuel never coming in contact with oxygen (Ariens, 2017)
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Radiator
The radiator job is to transfer the heat energy in the coolant to the atmosphere to allow the coolant to flow around again to cool down the engine (CARinfo3d (En), 2023). 

Radiator cap
Allows for pressure to be released via coolant into the expansion tank when the maximum amount of pressure has been reached (CARinfo3d (En), 2023). It also allows the coolant to flow back into the system once the pressure has dropped.

Expansion tank
Is where the coolant goes when the pressure is too high (CARinfo3d (En), 2023). 

Water pump
Will force the coolant through the passageways in the engine to help cool it. The coolant comes from the lower hose of the radiator as that is the coolant that has been cooled. 

Electric fan
The electric fan will be a boost cooling the coolant if the air traveling through the radiator can’t cool it enough (CARinfo3d (En), 2023) by generating more air flow across the radiator. 

Thermostat
The thermostat will divert which way the coolant flows (CARinfo3d (En), 2023). If the engine is cold then it will open a bypass port which will cut off coolant flowing to the radiator. However, if the engine is warm then it will close the bypass port to allow the coolant to flow towards the radiator 

Types of coolant and properties
 The coolant normally used is 50/50 mixture of water and ethylene glycol (antifreeze) (SC Fuels , 2022). This helps stops the coolant from freezing as it lowers the freezing point. It also helps prevents rust and corrosion. Finally, it can help lubricate the water pump. 

Another type of coolant is a fully formulated coolant like Castrol Radicool Premix (SC Fuels , 2022). This a coolant formula that uses mono-ethylene glycol with selected additives (SC Fuels , 2022). It can be used in modern performance engines for cars and trucks. 

Sensors
One sensor is the coolant temperature sensor which will monitor engine temperature (CARinfo3d (En), 2023). This will help the ECU know whether to open the bypass or not.

Another sensor is the cooling fan sensor which determines whether the fan should be turned on or not deepening on the coolant temperature (CARinfo3d (En), 2023). 
4

Air-cooled engine operation for cooling

· Cylinder construction
Air cooling requires air to cool the engine so has fins as shown in figure 1 extending out from the engine to help pull hot air away (Neiger, 2025). Then cool air will be forced over the fins by the fan to cool the engine down.  Some designs will also have ducts as shown in figure 1 around the engine to help air go to the hottest parts of the engine (Neiger, 2025). 

· Fan
The fan as shown in figure 1 will push the cold air in the direction of the engine which will then be directed by the fins and ducts towards the engine to cool it (Neiger, 2025). 

· Shutters
Control the airflow to the engine by opening and closing shutters. This helps maintain optimal operating temperatures 

· Thermostat
Will monitor the engine temperature by adjusting the shutters as shown in figure 1,2 and 3. 
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Figure 3 – Thermostat Open - (Engine On, 2019)
Explain how, using sensors the engine can be protected from overheating, such as when a car is sat in traffic

The Sensors can protect the engine from overheating like when sat in traffic because there are 4 sensors: 

The first sensor the coolant temperature sensor. This sensor will help ensure the coolant level stays at the optimal temperature to cool the engine. If the temperature level goes too high then it will tell the ECU. 

The second sensor is the electric fan control sensor. This sensor tells the ECU whether the Fan should be turned on to help draw in air to help the radiator to cool the coolant to help cool the engine. So if the car is stationary the fan will most likely be turned on to help cool the coolant. 

Another sensor is the overheat warning system which will basically turn on the check engine light if the engine temperature remains to high as the coolant become cold enough to cool the engine. 

The final sensor is the limp mode. Where the engine operates at a reduced power due to overheating. 




Figure 1 - Air cooled engine diagram - (Uttarakhand, 2023)
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