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1.0: Abstract
This report will focus on the construction and operation of a turbocharger, also with some calculations for finding the correct setup to assist the engine when converting a naturally aspirated engine to using a turbocharger. This includes measurements to find the most effective turbocharger to fit onto a given engine and the diameters needed for an intercooler. Also, the report focuses on a full disassembly of a turbocharger which includes a description of the procedure and images of the included parts.
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1.1: Introduction
An internal combustion engine works as an air pump, but it doesn’t work by burning only air as this isn’t combustible, so it mixes a small amount of fuel to the air in order to create an explosion in the combustion chamber and produce power. A petrol powered engine would ideally use a stoichiometric point (air/fuel ratio) of 14.7:1 meaning it combusts a mixture of 14.7 lots of air per 1 lot of fuel, so for 1kg of fuel it would mix 14.7kg of air with it.
However, if an engine is able to receive more air into the cylinder then it can also introduce more fuel to produce more power from the engine. So, increasing the volumetric efficiency of the engine would increase the amount of power produced by the engine as it would produce a bigger explosion in the combustion chamber. A very effective method for doing this would be from the introduction of a turbo to the engine, this can increase the volumetric efficiency by around 20% or even higher. 
Installing a turbocharger can increase the power output of the engine by a fair amount compared to a naturally aspirated engine, but only so far until further developments would need to be made to the engine for a further improvement in power. Engines could be fitted with a small turbo for responsiveness, or a bigger turbo for a larger volume air to the engine, or two small turbos for more air and good responsiveness, or two bigger turbos for a much larger volume of air to the engine. 
Installing a turbo is a good method for manufacturers looking to downsize their engines, as it would produce a similar amount of power and be more fuel efficient than a larger naturally aspirated engine, also possible to produce less emissions by reducing some of the stress on the engine.



1.2: Turbocharger Research
[image: https://www.dieselnet.com/tech/images/air/turbo/~turbocharger.jpg]Figure 1 – Turbo Layout, dieselnet.com (2019)

A turbocharger is designed to increase the volumetric efficiency of an engine, it does this by forcing more air into the engine than a naturally aspirated engine. A turbocharger is capable of doing this by using the exhaust gases to assist in spinning a turbine, which this is attached to another turbine that spins at a high speed and pressurises the air passing it to increase the volume of air being forced into the engine. Therefore, if the engine is receiving more air to the cylinders, it can also introduce more fuel into the cylinders to improve the power output of the engine. Although the pressurised air is warmer and less dense than the atmospheric air, so it needs to be cooled before entering the cylinder to increase the density for a more efficient combustion.
However, A turbocharger is known for a term called “Turbo Lag”, where the driver would accelerate harshly but there would be a short duration where the acceleration is slow, then followed by a sudden burst of acceleration when the turbine gets up to speed. This is because the turbo is powered by the increased pressure from the exhaust gases to spool and force more air into the cylinders, so it takes a small amount of time to spin the turbine and provide the engine with the larger amount of air it is asking for. 
The different engine capacities would be installed with various sizes of turbos, such as a 1.4L engine using a smaller turbo than a 3.0L engine. The smaller turbo would be more responsive and produce less lag, but the bigger turbo would produce more power as it can compress more air at once. There are even many engines manufactured with twin turbos, this means that it uses two turbos instead which would produce even more pressurised air, this setup is very common in a V-shaped engine to feed air to each side of the engine. Smaller twin turbos could produce close amounts of pressurised air to the bigger single turbo but with increased responsiveness.

1.2.1: Explanation of The Turbo Air Flow
The air flow through a turbocharger is very simple, the pressure created from the exhaust gases leaving the cylinder is passed by a turbine attached to one side of the turbocharger, which is fixed onto a metal shaft with another turbine attached to the other side. Because these turbines are fixed onto the same shaft, this means that rotating a turbine on one side will also rotate the other at the same rotational speed, so the exhaust gas pressure will rotate the turbine fitted in the induction side and this will compress the air passing it so therefore increasing the velocity of the air and the volume of air being forced into the engine. [image: ]Figure 2 – Turbo Air Flow Diagram, turbodynamics.co.uk (2019)

Unfortunately, increasing the velocity of the air from the induction side will also increase the temperature of the air which lowers the density. So, the air must be cooled before entering the engine, it does this by passing the air through an intercooler/air cooler which constantly reduces the air temperature and density before lastly passing it into the engine.
So instead of the exhaust gases being wasted, it’s now being used to rotate a turbine and force more air to the engine, increasing its volumetric efficiency. 
So therefore, the air would be compressed by the intake side compressor and passed through an intercooler/air cooler to increase the density of air, then forced into the combustion chamber through the intake valve to be mixed with fuel and burnt, then the exhaust gases would exit the combustion chamber through the exhaust valve and passed by the exhaust side turbine to spin the intake side compressor and this then compresses more air to be cooled and put into the combustion chamber.
[image: ]Figure 3 – Turbo Air Flow Internal, jhdiesel.com (2019)

1.3: Turbocharger Disassembly
There are many auxiliary parts to be removed from the turbocharger, a detailed image of the fully built system with part labelled is available in the Bibliography.
[image: ][image: ]Figure 5 – Boost Pressure Sensor, Watkins (2019)
Figure 4 – Turbo oil lines, Watkins (2019)
Step 2: In the image to the left is the second component removed from the turbo housing shown as 2 in the bibliography. This sensor is the boost pressure sensor for measuring the amount of boost produced by the turbo, this is easily removed by three 5mm bolts.
Step 1: In the image to the left are the first components removed from the turbo housing shown as 1 in the bibliography. these 2 pipes are for the oil supply line, each line is easily removed by a 17mm bolt



[image: ]Figure 6 – Boost Solenoid, Watkins (2019)
Step 3: In the image to the left is the third component removed from the turbo housing shown as 3 in the bibliography. This sensor is the boost solenoid for controlling the air pressure, this is easily removed by detaching the pipes and the sensor unclips easily from the mount with a small force. The attached mount is removed by two 5mm Allen-key bolts.

[image: ]Figure 7 – Oil Return Pipe, Watkins (2019)
Step 5: In the image to the left is the fifth component removed from the turbo housing shown as 5 in the bibliography. This component is the wastegate actuator, this acts as a pressure relief valve that controls the boost output of the turbo by diverting the excess gases away from the turbine to stop it spinning excessively. This is removed by disconnecting the small pipe and then with a 10mm nut (painted in the image) and a 11mm nut.
Step 4: In the image to the left is the fourth component removed from the turbo housing shown as 4 in the bibliography. This component is the oil return pipe, this is to allow the oil to exit the turbo ready for the fresh oil after lubricating the internal parts. This is easily removed by two T30 torx bit screws.

[image: ]Figure 8 – Pressure Valve, Watkins (2019)

[image: ]Figure 9 – Exhaust Manifold, Gordon (2019)
Step 6: In the image to the left is the sixth component removed from the turbo shown as 6 in the bibliography. This component is the exhaust manifold, this is for removing the exhaust gases from the combustion chamber down to the exhaust system. This is removed by the two 13mm nuts attached to the exhaust turbine housing.

[image: ]Figure 10 – Compressor Housing, Watkins (2019)
Step 7: In the image to the left is the seventh component removed from the turbo housing shown as 7 in the bibliography. This component is the intake compressor housing, this is used to collect the compressed air and direct it to the air cooler ready to put into the engine. This is easily removed by four 10mm bolts to expose the intake compressor.

[image: ]Figure 11 – Exhaust Housing, Watkins (2019)
Step 8: In the image to the left is the eighth component removed from the turbo housing shown as 8 in the bibliography. This component is the exhaust turbine housing, this is used to collect the exhaust gases and direct it to the exhaust system to be removed by the tail pipe. This is easily removed by a single clip with a 10mm bolt and the housing will separate.

[image: ]Figure 12 – Shaft With Both Turbines, Watkins (2019)
Step 9: In the image to the left is the ninth component removed from the turbo housing shown as 9 in the bibliography. This component shows both the intake compressor and the exhaust turbine attached on a shaft. To remove the intake compressor, a thin centre punch is needed to tap the bolt through the compressor, allowing the shaft and exhaust turbine to slide out of the housing.

[image: ]Step 10: In the image to the left is the tenth component removed from the turbo housing shown as 10 in the bibliography. This component is the exhaust turbine attached to a shaft, this is responsible for spinning the compressor turbine using the exhaust gases. To remove the exhaust turbine, a thin centre punch is needed to tap the bolt through the intake compressor, allowing the shaft and exhaust turbine to detach from the intake compressor.
Figure 13 – Exhaust Turbine and Shaft, Watkins (2019)















1.4: Turbo Installation MeasurementsTo find the total volume, the pressure needs to be calculated using the formula on the left. With 12psi of boost this equates to 1.82 bar, meaning there’s an 82% increase in air flow through the engine.

[image: ]
With this pressure found, it can now be inserted into the next formula. This is calculated to be 0.555m3/s, being converted to cfm will become 1176.69 cfm. the corrected airflow is found to be 82 lbs/min. so with the fourth turbo graph being the only one able to reach 80lbs/min and more, this is the choice of turbo to install.

[image: ]
[image: ]Figure 14 – Intercooler Flow Rate Graph, Watkins (2019)
With all of the calculations inserted into a excel spreadsheet as shown in Figure 16 in the bibliography, an intercooler flow rate graph can be created to show the increase in flow rate per every 5 sq inches of flow area. A line must be inserted to the graph across at 1176.69 cfm and then an extra line downwards every time the intercooler lines intersected the flow rate line. These were measured at 49, 62 and 78. These numbers represent a low density, typical, and high density type of intercooler. The lines downwards read the flow area required to reach 1176.69 cfm with each intercooler. 

[image: ]Figure 15 – Turbocharger Compressor selection 4, Ferreira, Watkins (2019)
So, a line must be added across the pressure of 1.82 and the intercooler lines added downwards to each point for the different types of intercooler. As shown in the image on the left, the maximum efficiency of the turbo would be roughly 76% if an intercooler is fitted with an area of 78 sq in. the intercooler area would need to be 82 to 83cm.

To calculate the temperature coming from the intercooler, the formula to the left is needed, given the atmospheric (Tin) temperature is 27C converted to 300k. The output temperature is calculated to be 354.8k meaning an increase in temperature of 54.8k from the turbocharger.

[image: ]

[image: ]To calculate the temperature coming from the intercooler, the second and third formulas on the left would need to be used, the third formula is a rearranged version of the second formula to find the intercooler temperature. With an intercooler of 60% efficiency being fitted this would bring the temperature down from 354.8k to 321.9k which is a decrease of 32.9k.


Tio = Tco – ƞi (Tco – Ta)
1.5: Bibliography
[image: ][image: ]Figure 17 – Intercooler Flow Rate Graph enlarged, Watkins (2019)
Figure 16 – Turbo and Intercooler Calculations, Watkins (2019)

[image: ][image: ]Figure 18 – Turbocharger Complete Before Disassembly, Watkins (2019)
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1.5: Conclusion
[bookmark: _GoBack]Installing a turbocharger is a very easy way to increase the volumetric flow rate to an engine, this means more fuel can be added which can increase the power output of the engine. However, it increases the heat of the air, so it needs to be cooled before entering the engine to increase the density of the air, but to maximise the efficiency of the turbo the correct sized intercooler needs to be fitted. This will improve the cooling capability and reduce the temperature of the air entering the engine and therefore improving the combustion process. But the right sized turbo would also need to be fitted, based on the application of the vehicle, such as fitting a big turbo for a race track where a lot of power is needed compared to a smaller turbo for driving around a city where not much power is needed.
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