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Introduction
Within this assignment, a discussion on the history of turbochargers will be made. The stripping of a turbo will then be documented in a step by step style. The flow of air and exhaust gasses through the turbo from atmosphere through to the tailpipe will then be discussed using diagrams/pictures. The basic design of a turbocharger installation for a V8 spark ignition four stroke engine will be discussed and calculations for the compressor output temperature, and the intercooler temperatures will be made. A choice of which turbo would be chosen for the application will be made from Compressor maps, the air flow of which the turbo would be most efficient at would be used within the choice, this is because the turbo needed for the application will need to be able to deal with a large air flow, whilst being efficient. The basic principles of turbocharging will also be discussed along with a summary of the installation considerations will be made. 

Research
The turbocharger was first used in the Oldsmobile Jetfire, which was first manufactured in 1962 (Systems, 2019). However, less than 4000 cars were ever sold. The next mass-market turbocharged automobile was the International Harvester Scout, however after only two years of production, International decided to go back to the N/A configuration that they had been using previously as it could produce the same power but also used less fuel. From here cars such as the BMW 2002 Turbo and the Porsche 911 Turbo were manufactured, however the BMW 2002 Turbo was only manufactured for a year before being discontinued by BMW (Car Throttle, 2005). The first twin-turbo automobile was the 1981 Maserati Biturbo. The intercooler was first used on production cars in the 1970s and are still used to this day on both turbocharged diesel and petrol engines. 

Task 1
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Figure 1
The turbo used was a Borg Warner turbo (Fig. 1), the above picture shows the turbo prior to being stripped down and shows how the turbo must look when it is reassembled. The initial part of the disassembly begins by removing the exhaust manifold from the turbo, this can be seen below (Fig. 2) this is done by unbolting the three 13mm bolts. The electronics can also be removed from the turbo at the same time.
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Figure 2
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Figure 3

The next parts to be removed from the turbo are the two water feed lines (Fig. 3), these are unbolting the banjo bolts which are 17mm. Following this, the exhaust side of the turbo is then removed from the turbo (Fig. 4), whilst doing this the blow off valve/recirculation valve can be removed from the turbo.
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Figure 4
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Figure 5
The oil feeds can then be removed from the turbo (Fig. 5), these are removed by unbolting them from the core housing on the cold side of the turbo. The core housing assembly can then be removed from the casing of the turbo (Fig. 6) this is done by unbolting the four 10mm retention bolts from the casing. 
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Figure 6
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Figure 7

The core of the turbo can then be removed from the core housing (Fig. 7), this is removed by unbolting the 7mm bolt on the turbine from the cold side (Fig.8), the core is then pushed through the housing, ensuring that the journal bearings come with it. 
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Figure 8
Once the turbo had been fully stripped, the reassembly could be started, the reassembly is the reverse of the disassembly. Firstly, the core is put back into the bearing housing, and the turbines are both bolted onto the turbine shaft. The bearing housing is then bolted back into the cold side of the turbo and the oil feeds are reconnected. The cold side of the turbo is then bolted back onto the hot side and then blow off/recirculation valve is bolted back on, the water feeds are then reconnected, and the turbo assembly is bolted back onto the manifold and then electronics are reconnected. 


Task 2
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Figure 9 – illustrates the air flow through a turbo

The above diagram (Fig. 9) shows the air flow through a turbo, the cycle begins in the atmosphere, the air is then drawn into the old side of the turbo before going towards the intercooler where the air is cooled, from here it goes through the inlet manifold and into the combustion chamber. The air is then used within the combustion and is pushed out by the piston through the exhaust valves and into the exhaust manifold before going into the hot side of the turbo, where the air rotates both the turbine and the compressor wheel, thus drawing in more air through the compressor and repeating the cycle. The intercooler is used to ensure that the charge air is cooled before being utilized in the combustion. 


Task 3
Methodology
The volumetric flow rate without then with a turbo is measured by using the following calculations;
[bookmark: _Hlk4970934]
V = Volumetric Flow Rate
v = Volume
η = Volumetric Efficiency
N = RPM

A = Area of the cylinder 
L = Stroke length
The volume of a cylinder is calculated by multiplying the area of the cylinder by the stroke length.





PR = Pressure Ratio
The Pressure Ratio is calculated by adding the atmospheric pressure to the desired boost pressure, then dividing by the atmospheric pressure, in this case, with a boost pressure of 12 psi, the pressure ratio is 1.82 BAR. 


FR = Flow Rate
The Flow rate is calculated by multiplying the total displacement of the engine by 2119, then multiplying by 0.07. 
The compressor outlet temperature is calculated using the following calculation;




The compressor outlet temperature is calculated by multiplying the PR^0.28 by the ambient temperature then deducting the ambient temperature and dividing by the efficiency of the compressor. 

The intercooler outlet temperature is then calculated using the following calculation;





Thus, meaning that the intercooler reduces the temperature by 34.768°C before it goes back into the inlet manifold and into the combustion chamber. 
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Figure 10 
The above compressor map (Fig. 10) shows that this turbo would not be effective for the application as it does not go high enough in the sense of air flow. Due to this, the turbo in question would not be used as it would not be very efficient under max pressure. At 50% of maximum flow rate however, the turbo would be at nearly its maximum efficiency, this would however be useless as it would be insufficient for a higher rate of air flow.
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Figure 11 
Like the first turbo, the above turbo (Fig. 11) could not be used for this application as the air flow rate would be far to high and the turbo would not be efficient. This would be due to the turbo being too small for the application. The maximum efficiency of this turbo would be around the 20-25 lb/min of air flow if the pressure ratio was at 1.82. This is far too low for the application. 
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Figure 12
Like the previous two turbos, the above turbo (Fig.12) would not be used in this application as it wouldn’t handle the air flow at the maximum flow rate. If the turbo was bigger it would have a higher flow rate and would be more suitable for the application, the maximum efficiency would be approximately 70% if the maximum flow rate was at 50%, this would be a good level of efficiency. 


[image: ]






Figure 13
The above compressor map (Fig. 13) is the only turbo with a high enough air flow for the application, thus meaning that this would be the turbo that would be used. The below diagram (Fig. 14) illustrates the pressure ratio and the airflow for the application, from the diagram it is evident that at 9500 RPM the turbo will be at 78% efficiency which means that the turbo is more than adequate for the application in hand. When the air flow rate is at 50% the efficiency of the turbo is very close to the surge limit, however it is still below the limit and the efficiency is at approximately 75%. At 20% of the air flow rate, the turbo is still below the surge limit, therefore this would be the best turbo out of the options for this application.










Figure 14

Summary
The basic principle of turbocharging is to increase the air density that is being drawn into the combustion chamber, thus allowing for more fuel to be put into the air/fuel mixture and increasing power. The installation considerations that would be made for converting the engine from N/A to turbo would be to consider the size of the turbo that would be needed, in this case it would be the fourth turbo (Fig. 13). The cooling would also be a major consideration to be made, for instance, if the intercooler wasn’t efficient enough for the application, the engine would overheat and subsequently could cause the engine to coolant/oil to boil. The engine management would also have to be changed, in order to manage the boost pressure and mapping of the turbo. The fuel injectors/ fuel pump may also need to be changed to ensure that the amount of fuel going into the combustion chamber is adequate for the application. The Radiator and fans would probably also need to be changed to ensure that they are also efficient at keeping the engine temps down. The exhaust would also need changing, the manifold/downpipes would need changing as there would now be a turbo in the place of the standard manifold. The intake manifold and throttle body may also need changing, however this is not always necessary. 
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