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The following report is about turbocharging a naturally aspirated v8 engine and its effects around the subject. Firstly, the basic principles of a turbo will be included this it to show how it helps produce more power than if a vehicle didn’t have one fitted it will also talk about the emission side of the component. Following the basic principles will be what needs to be considered when fitting a turbo to a naturally aspirated engine. What is meant by this is the components that need to be upgraded or modified to compensate for the turbo. This is then followed by a step by step instruction list of how to strip down a turbo and how to check if there are any faults within the system, the steps to fix any possible issues will be included also. How to find the correct turbo for the correct application will also be included along with the calculations required to find the right turbo. A turbo graph will follow showing the air flow and it will have an explanation as to why this particular graph and turbo is the right one for the specific application. Intercooler calculations will be included along with the importance of intercoolers within the system when a turbo is fitted.
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Many racing teams use turbos to garner more power from the engine. In basic terms a turbo is an air pump. The turbos’ ‘Hot side’ is usually located between the exhaust manifold and the exhaust pipe itself. This is because it uses the exhaust gasses to spin the turbine on the hot side which is connected via a rod onto the ‘cold side’ turbine. The cold side is connected to the fresh air intake and the intake manifold (Turbo Chargers NZ, 2019). Because the cold side is directly connected to the hot side the turbine on the cold side begins to rotate also, this effectively compresses the fresh air and passes it into the intake manifold at a much higher pressure than a naturally aspirated engine. Thus, when the air/fuel mixture is in the combustion chamber the air is so much more pressurised and there is more air per volume. Higher pressure also means an increase in temperature, increase in temperature means less density in the air. To counteract this an intercooler is fitted. With more air travelling into the combustion chamber you can add more fuel to garner extra performance out of the vehicle, as well as increasing fuel economy. As it is using the spent gasses to regenerate more power it is considered more economic than naturally aspirated engines (Turbo Tec, 2019). Most major manufacturers tackle the latest strict engine regulations by reducing the engines cubic capacity and adding a small turbo into the system also which reduces the emissions to a level that will pass the emissions test (Hillier's, 2014).
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To fit a turbocharger onto an engine that is currently naturally aspirated takes a lot of time and calculations to get the correct turbo for the right cause, it is also important that the correct components are also added or upgraded to ensure that the internals will cope with the additional stresses put on by the turbo. As the turbo has some moving components that rub and create friction and heat inside just like the engine itself it requires lubrication, so it doesn’t overheat and cease. The plumbing from this usually comes from the oil filter housing as this is the best quality oil after being pumped in via the oil pump and filtered and then the oil is return into the lubrication system. The main thing that will need to be done for the turbo to work efficiently on the v8 engine stated in the brief is the exhaust manifold designs. As stated above the turbo is connected to the exhaust manifold and the intake system also. For the turbo to garner the best possible advantage the exhaust manifolds need to join together shortly after the cylinder head for the turbo to get the most out of the exhaust gasses produced. Also, you would have to introduce an intercooler to the plumbing. The intercooler itself is usually mounter in front of a section of the cars radiator to allow fresh air to flow through it to cool the compressed air down before entering the intake manifold. The piping will then have to link back connecting to the intake manifold and the cold side of the turbo.
Along with the additional plumbing that is required to fit the turbo to the engine some components already fitted to the engine required some upgrades to make the turbo work to its best ability. One of the things to take into consideration is the fact of the compression ratios. According to (Turbo Dynamics, n.d.) the compression ratio should be targeted to be between 7.5:1 and 8.5:1 to be able to handle the added boost pressure. This can be done by taking a small amount of material off the top of the piston, fitting low compression forged pistons or even putting a thicker head gasket in. This will increase the surface area inside the cylinder allowing a larger surface area for the additional air that is being pumped in via the compressor. Along with the additional air, more fuel is required to get the air/fuel mixture correct. To get more fuel to the cylinder a couple of components within the fuelling system requires upgrades. The fuel pump will need to pump more fuel at a faster rate to get the fuel through into the injectors which will also need to inject more fuel at a higher pressure increase inside the cylinder. Along with these components the ECU will need to be upgraded and changes also. This is because the standard ecu will not be able to take into account the extra fuel and air going in along with the additional heat generated by the larger combustion the ecu will also need to have an improved ignition timing to allow for better combustion. Another factor that you should take into consideration when fitting a turbo to a normally aspirated engine is the camshaft specification. what is meant by this is because of the larger air/fuel pressure being introduced into the chamber the valve overlap could be too large and not be efficient in terms of fuel economy and the combustion itself. The camshaft should be changed accordingly to allow less overlap to improve the engines efficiency. 
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When stripping a turbo, the first thing that is required is to remove it from the engine itself, to remove it you loosen the bolts holding the manifold and remove all piping connected to the turbo and place on a bench with enough room to keep all the components in a neat order ready for rebuild. Once the turbo is on the bench you separate it from the manifold and release the oil and vacuum piping off of the turbo. From here the dump valve needs to be removed. To do this there are two 10mm bolts on a threaded bar, before removing them mark down where the bolts are adjusted too for an easier rebuild. From here you take the clip off as well as the nut holding it in the mounting point and then remove the bolts as well, once this is done the dump valve can be removed by the two bolts holding it in its housing. From here you remove the ‘hot side’ housing of the turbo. There should be a clamp holding this to the main part of the turbo. Before slacking this clamp off ensure there are clear markings to show where it aligns as this will make the rebuild of the turbo much easier. Once the clamp is loosened off you may need to tap the housing off with a rubber mallet as it can be a tight fit. Once the hot side is off the cold side housing can be removed. Holding it in its place are some 10mm bolts once these are removed the cold side housing should just pull off if not there could be some damage on this side of the turbo. Once both housings are off the turbines should be clear to see and they should be inspected along with the inside walls of both housings in case some damage has been inflicted due to component failure or other issues. If they are all clear and pass inspection the next step is to release the turbines from the core. This is done by taking the small nut off the intake turbine which is a left-hand thread, this is because of the risk of it coming off if it rotated the same way as the turbines. Once the nut has been removed use a copper mallet to tap the bar through until the exhaust turbine can be pulled out by hand, aa copper mallet is required as it will not damage the steel due to it being a softer metal. It is important to make sure all the washers come out with the turbine as some can get stuck to the core of the turbo. 



Once the core of is fully exposed you will see torx screws will be seen behind where the inlet turbine was situated, when you remove this the plate should be free to be removed along with the rubber O-ring seal. This should be the final step to stripping a turbo, it is important to make sure that the thrust washer is safely put on the bench and not lost. Once this is done the shaft and the bearings should be clear for inspection, the bearings should obviously have no play in them or rough noise as well as the shaft not having any strange markings or scoring features on it if so repair appropriately. 
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The ae several variants of turbos that can be applied to a variety of different engines. Each turbo has a specific set of characteristics and a working range that will sit a certain engine to find he correct turbo for the desired engine requires some calculations along with an efficiency graph. Given a set of relative data and some pressure ratio/airflow graphs you can calculate which turbo would be best suited for a certain vehicle. 
Given the task of doing a turbocharger installation for a V8 spark ignition four stroke engine which has a bore of 95mm and a stroke of 80mm. The engine has a rev limit of 9500 rpm. In naturally aspirated form, it has a volumetric efficiency of 85%. It is desired to run the turbocharged engine with 12 psi of boost pressure. You can use this information along with some formulae and calculations to find the correct turbo for this vehicle. 
To find the Pressure Ratio you must use the following formula:
[bookmark: _Toc4962932]   Equation 1
So, with this formula and the data given you can solve the pressure ratio:

This means that the engine will have roughly 82% more air going into it this is a contribution to the volumetric flow rate. This also means the pressure will be 1.82 bar above atmosphere. With finding the pressure ratio of the turbo we can then use that information for her calculations such as the volumetric flow rate of both the natural aspirated and the forced induction system. The formula required to calculate these are:
[bookmark: _Toc4962933]     Equation 2
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To find the answer to both these equations we first need to discover the volume of a cylinder and then multiply that number with the number of cylinders.


You then multiply he answer with the number of cylinders (x8) to get the answer of = 0.004536459 m2. Now with this number you can implement it into Equation 2 and find the volumetric flow rate of the naturally aspirated turbo.
 
By finding the flow rate of the naturally aspirated engine all we have to do find the turbo engines’ flow rate is multiply the naturally aspirated flow rate with the pressure ratio which has been calculated above. So, the calculation will be: 

This calculation is the calculation for the turbo engine at the full 9500RPM limit. To find the flow ate at halfway (4750RPM) just divide the answer by 2 to get 0.276. From here we can see which turbo is the best option for tis specific engine all we need to do is convert the flow rate from  to lbs/min to do this he calculation is:
  x 2119 x 0.07 = lbs/min
So, if we put the numbers into the equation we get an answer of:
4750 rpm = 40.94 lbs/min and 9000 rpm= 83.06lbs/min. 
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The graph above shows what is believed to be the best turbo for this application. Marked onto the graph you can see at around the 83.06lbs/min mark you can see when the pressure ratio crosses its line that it is very close to the 76% efficiency line. This shows that the turbo is working at a very high efficiency and will work well in this setup. Even at low revs you can see that the turbo will be working at around 60%. This shows that the turbo will be working well throughout the vehicles rev range and giving the engine a better power output than a naturally aspirated engine. However, to maximise the turbos output the flow rate of the engine should stay between 60-70 lbs/min. 
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When fitting a turbo as stated above it is important you choose the correct turbo for the correct application, this is also true for the intercooler side. Different sized intercoolers perform differently under different conditions therefore there are certain calculations required to ensure the correct intercooler is fitted.
The task is to calculate by how much fitting a 60% efficient intercooler would lower charge temperatures. In terms of internal area, estimate how large an intercooler should be fitted? Assume ambient temperature = 27°C. with this information and the following formula:
[bookmark: _Toc4962935]     Equation 4
We can now calculate the actual temperature rise by putting the numbers in where we can. 
 
This has been done by seeing that the compressor efficiency is 73% (or 0.73) and the ambient temperature is assumed to be 27°C which needed to be converted to °Kelvin, this is done by adding 273 to it giving 300. From here you get the answer of 75.02°K which the ambient temperature needs to be added onto which gives the actual temp rise of 375.02°K. 
With this relative knowledge we can move forward to finding the temperature leaving the intercooler. We can do this by rearranging the following equation:
[bookmark: _Toc4962936]    Equation 5
This is then rearranged to: 

[bookmark: _Toc4962937]Equation 6
Then insert the numbers: Tio = 0.60 x (375.02 – 300) = 330°Kelvin
With this information you can calculate the difference in temperature which is simply 375.02 – 330 = 45.02°Kelvin difference between the temperature going in and coming out of the intercooler. 
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In conclusion to this report, the calculations that were used in this report allowed the correct turbo to be shown in the process of elimination. This shows that taking time to do the calculations pay off as you can find the correct turbo for the desired application. This report also shows it is possible to fit a turbo to a naturally aspirated engines and is justifiable to do so as long as the required upgrades are also completed. Adding a turbo to a downsized naturally aspirated engine is what most major manufacturers are doing nowadays to help tackle the emission standard regulations and is clear to see why in relation to the efficiency of the turbo and how it helps reduce emissions along with the complicated control units in place. This report also proves the importance of fitting the correct intercooler along with the turbo and shows why it is so important.
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