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1. Introduction
The history of turbocharging is almost as old as the internal combustion engine. Already in 1885 and 1896, Gottlieb Daimler and Rudolf Diesel investigated to increase the power and reduce the fuel consumption of their engines by pre-compressing the combustion air. In 1925, the Swiss engineer Alfred Büchi was the first to achieve turbocharging by exhaust gases, obtaining an increase in power of more than 40%. This marked the beginning of the gradual introduction of turbocharging in the automotive industry [Hugh Maclnnes, 1984].
The first applications of the turbocharger were limited to huge engines, such as marine engines. In the automotive engine industry, turbocharging began to be applied to truck engines. In 1938, the first turbocharged engine for trucks was built by the company "Swiss Machine Works Saurer". The Chevrolet Corvair and the Oldsmobile were the first two cars equipped with a turbocharger, and made their debut in the US market in 1962. Despite the gigantic technical expense, their poor reliability caused them to disappear soon from the market. After the first oil crisis in 1973, turbocharging was more accepted in commercial diesel applications. Until then, the high costs of turbocharging investments were only compensated by the saving in fuel costs, which was minimal. The increase in the restrictions of the regulations on emissions in the late 80's led to an increase in the number of turbocharged truck engines to the point that today all road engines have turbocharged. In the 70's, with the introduction of the turbocharger in motor sport, especially in the Formula I races, the turbocharging engine for passenger cars became very popular. [J Hartman, 2007].
The word "turbo" became very fashionable. At that time, almost all car manufacturers offered at least two high-end models equipped with a turbocharged gasoline engine. However, this phenomenon disappeared after a few years since, although the turbocharged gasoline engine was more powerful, it was not economical. Moreover, the "turbo lag", the delayed response of the turbochargers, at that time was still relatively large and did not enjoy acceptance among the majority of customers. The great discovery in turbocharging for passenger cars came in 1978 with the introduction of the first turbo diesel engine for passenger cars in the Mercedes-Benz 300 SD, followed by the VW Golf Turbodiesel in 1981. [Hugh M., 1984].

2. [bookmark: _Toc513558714]Research
1.1 [bookmark: _Toc513558715]How a Turbocharger works
The power which an engine can generate depends on the quantity of oxygen capable to react with the fuel, due to reactions, the more reactions; the more power generates the engine and is easier to pump than a mechanical force. There are two ways to get an engine in a lot of air: increasing the internal volume to allows more air volume into the chamber, or compress the air to generate an air pressure in a smaller displacement. This last alternative is known as "supercharging" and is achieved by compressing the air before putting it in the cylinders. For this, different devices are used; the most used being the turbo. [R. Fidalgo, 2018].
The correct name for this contraption is "turbocharger" which is actually a compressor that is driven by a turbine. The turbo is consists of two grinders (turbines) attached to the same axis. One of the sides of the shaft is in contact with the exhaust gases, when the gases are expulsed hot and a certain pressure of the engine; turn the turbine in the same way as a windmill when we blow on their blades. The turbine on the other side of the shaft is in the channel of the air that enters the engine and when turning the joint with the one on the side of the exhaust, pushes the intake air generating a pressure. [A. Ferrer, 2018]
[image: Resultado de imagen de turbocharger parts]
Figure 1: Turbocharger parts.
Increasing the air pressure also increases the energy of the exhaust gases, it would be dangerous for the engine because it will generate more pressure in an unlimited way and it would destroy the engine. To prevent this, a discharge valve is installed, which is nothing more than a tap that releases some of the pressure in the exhaust into the atmosphere and is known as wastegate. The wasteagate is a valve which controls the over-pressure in the system; there can be external and internal. The internal are controlled by a pressure valve which with the pressure of the system allows open the valve inside the charcoal turbine. The image below shows an internal wastegate.
[image: Resultado de imagen de turbo wastage]
Figure 2: Internal watestage
Therefore an external wategate is separated of the charcoal system and is an aftermarket system added to control the pressure of the turbocharger when the system hadnt got an internal wategate. Manifold is made especially for the external wategate due to the angle between the wategate and the turbocharger inlet. The best position is perpendicular to the turbocharger. [ A. Ferrer, 2018]


[image: Resultado de imagen de external wastegate]
Figure 3: External Wategate
 In addition to this valve, in the intake manifold it is connected again that it can be pressed to instantly lower the pressure in the intake manifold, then from opening the exhaust until the turbo stops compressing it would take a while.
In the same way that the pump inflates the wheels of the bike, the intake air is heated when passing through the turbo because the turbo is hot (the side that is in contact with the exhaust gases exceeds 1,000 ° C) since a gas when compressed is heated. As the hot air has less oxygen density and would also cause self-detonations, before mixing it with the fuel and putting it in the cylinders it cools in a radiator called an intercooler.
[bookmark: _Toc513558716]2.2 Air circulation in turbocharger engines
The cold air is absorbed by the air intake, the more throttle is open, the more air it will come in. Then the air is coming through the air filter to catch the small particles of dust of the air. The temperature of the intake air is measured by the IAT (Intake Air Temperature) sensor that is important due to the more warm it’s the air, the less oxygen is in the air due to the density of the air it would be less due to the cinematic forces occurring at molecular level in inside the air. Also the density of the air is calculated by the MAF (Mass Air Flow) which calculates the mass of the air flow coming. Both are essential parameters to do the perfect air fuel ratio combination to improve the performance and the efficiency of the vehicle. 
This air goes to the external part of the compressor. Therefore the most important airflow and the way of the turbo is working, is due to the gases generated by the exhaust manifold. These gases are measured by the pre-catalytic converter O2 sensor and measured the quantity of the oxygen in the exhaust gases. Then the gases go into the turbine housing, the turbine is moving depending of the pressure of the gases; the turbine moves the shaft, the shaft is connected to the turbine and to the compressor. Finally the compressor compresses the air and goes through the compressor housing. As the Boyle-Gay-Lussac theory says, if the pressure of the gas is increased, the temperature is also increase. Is also due to the molecules inside the gas. The following formula explains this basic thermodynamic principle. [ Flesiher P., 2002]
PV/ T = K
Finally the compressor is sending the air to the inlet manifold, as the temperature of the air has been increased, is necessary to add an intercooler. The intercooler refrigerates the air exhales by the compressor due to the cooling lines. After, the cooled air is sent to the intake manifold to increase the pressure of the intake air of the manifold. The intake manifold pressure and temperature is monitored by the ECU with 2 sensors (pressure and temperature). The other part of the turbine housing sends the air through the exhaust, other O2 sensor check the quantity of oxygen to compare with the previous one. Finally the gases go through the resonator, the muffler and the exhaust pipe. 
[image: ]
Figure 4: Turbo system diagram
3. [bookmark: _Toc513558717][bookmark: _GoBack]Methodology
Remove the screws from the turbocharger compressor housing. The compressor housing is the housing that does not have the exhaust tail present. Tighten the screws to the side. Remove the four screws that are in the compressor housing with a socket wrench. Tire of the housing of the compressor free of the turbocharger.
[image: ]
Figure 5: Remove the srew from the compressor housing
[image: ]
Figure 6: Compressor housing disassembled.
[image: ]
Figure 7: Compressor
 Before, put some W-40 or warm the bolt to the easy removal. Enough the screws of the turbine housing with a socket wrench, leaving both fingers down and down. Tighten the removed bolts to the side. Start to remove the upper and lower screws, alternating between each use turns 1/4 of an inch. Continue until the bolts are removed. Slide the turbine housing of the turbocharger. 
[image: ]
Figure 8: Removing the exhaust housing
[image: ]
Figure 9: turbo housing dissasembled.
It can see in the figure 8 and 9 that the turbo has variable geometry, a lot of dirty inside him. It need a good clean with brake cleaner. 
[image: ]
Figure 10: VG turbo
Mark both the turbine and the compressor wheels using a paint marker with a line that goes from the wheel to the center section. This allows you to realign the wheels during assembly.
[image: ]
Figure 11: turbine, compressor and shaft (cartridge)
Is very important finally don’t to disassembly this part due is perfectly calibrated from factory. A non-calibrated compressor-shaft-turbine can cause the destroy of the turbo due is capable to rotate up to 150.000 RPM.
Finally with lubricant and to avoid oxidation and to loosen carbon. Cover the boxes of turbochargers and wheels with a plastic sheet or cloth to stop exposure to dust and dirt.
To assembly again repeat the same steps but in the opposite direction. Make sure to put the same bolt in their spaces. 
4. [bookmark: _Toc513558718]Performing the basic design of a turbocharger
The following point of the assignment will explain the selection of a compressor of 4 different compressor maps. To select the compressor it would be necessary to calculate some necessary factors, these factors depends of the design and the capacity of the engine. 


Characteristics of the engine and volumetric flow rate
· 8 cylinders in V-shape
· 95 mm Bore
· 80 mm stroke
· Rev limit of 9500 RPM
· Naturally aspirated with an efficiency of the 85%
· Desired to works at 12 PSI with a turbocharger
For naturally aspirated engine, the volumetric flow rate, it means the flow come in through the engine, is given by:



Where V is the flow rate in m3/s, v is equal to the capacity of the engine, N is the RPM.
The capacity of the engine was calculated by applying the formula for a cylinder volume:
Vcylinder = π r2 h
Where r was the bore between 2 in meters, and h was the stroke of the cylinder in meters.
Vcylinder =[ π  0.0475 2  0.08] multiplied by 8 cylinders
Vcylinder = 4.53 x 10-3 m3

V = 0.305 m3/s
For a turbocharger engine, the flow-rate is increased by the pressure ratio; the pressure ratio is the difference between the increases in intake pressure from the aspirated engine to the pressure generated by the turbocharger in the intake. This increase is measured in percentage and is called pressure ratio.




For this particular case, the boost it will be 12 PSI.

PR = 1.82
Now, for a turbocharger engine the volume floe rate is defined by the following formula:





 

To convert the m3/s in cfm is necessary to multiply by 2119 cfm:



As the map used by turbonetics is in lb/min, the result has to be multiplied by 0.05lb/min:





Compressor Map
Once the airflow requirement is calculated by the turbocharged engine, a compressor has to be chosen by the following maps. Each map shows the air flow of the turbo in function of the pressure ratio at different RPM of the turbo.  
[image: ]
Figure 12Calculation on the compressor number 4
After analyze the four graphs, the best compressor for this engine is the compressor above. The other graphs were unusable for this engine due at the PR of the engine at max airflow, the requirements of the other compressor were below to the airflow necessary. The engine needs to operates at 82.17lb/min at 1.82 pressure ratio. It necessary also to have in account that everything at the right of the surge limit would be unusable due is the minimum airflow necessary to move the turbine and therefore the compressor. The efficiency of the compressor varies un function of the airflow and pressure ratio conditions; at a given pressure ratio, the more efficient the compressor, the lower the output temperature will be. The peak of the efficiency of this particular compressor is 74% at maximum airflow, that is 82.17lb/min. This will happened between 45123 and 55378 RPM of the compressor.
Now, is time to select the other most important part of the turbocharger, the turbine. It’s a very complex but is normally linked with the compressor selected. Smaller turbines will spin faster but will generate more back pressure, however larger turbines produces more higher power outputs than the smaller ones. For this particular engine it would be necessary to calculate the diameter of the turbine housing and assembly and larger turbine.
Compressor outlet temperature
One of the most important things when a turbocharger is installed in an engine is the increasing of temperature produced by the compressor (the thermodynamics lay is explained in the research). For that, is crucial to calculate the increasing in temperature due to the air is compressing. The following formula it will be used. 


 Where Tin is the exterior temperature in Kelvin, and ηc is the efficiency of the compressor.
For this compressor and this case in particular the exterior temperature is 300 Kelvin degrees, the PR is 1.82 (calculated before) and the compressor efficiency is 74% (calculated using the graph).
Actual Tem Rise = 74 K degrees
Finally, to improve the increasing in temperature, an intercooler it will be fitting in the system. The principal operating of an intercooler is cool the hot air produces by the compressor. Each intercooler has a different efficiency. For this particular case the efficiency of the intercooler is the 60%. There for with the following formula it possible to calculated the final outlet temperature:


Where Tco is the temperature out of the compressor, 374K degrees for this case, Ta is ambient temperature, 300K and Tio is the final intercooler outlet temperature. To finally know the outlet intercooler temperature, Tio is make a subject of the equation.


Finally, adding an intercooler with an efficiency of the 60%, the intercooler is capable to reduce the temperature produced by the compressor up to 44.4 K degrees. 
[bookmark: _Toc513558719]5 Designing the intercooler
The intercooler will be calculated depending of the airflow requirements of the turborhargr system. For this case was 1173.88 cfm . The next graph has been used to adjust the internal flow area depending of the airflow.
[image: ]
Figure 13: Internal flow rate Vs internal flow area required
For 500 cfm, the intercooler needs about 26 inches square of front area. So, for 1173.88 it would need 61.04 inches square. That was calculated applying basics mathematics. 
The internal flow area is showed in the image above:
[image: ]
Figure 14: Internal section of the intercooler
But just the 45% of the airflow at the face it will be available for entry in the pipes of the system. So, finally the 61.04 inches square has to be divided by 0.45 to know the inches square necessary.
61.04 / 0.45 = 135.64 inches square
Finally, the final area necessary for this engine to allow the system cooling properly it would be 135.64 inches aquare.
6 [bookmark: _Toc513558720]Consideration to know when a turbo is installed
· Bigger air intake, the system will be capable to vacuum more air of the exterior
· Upgrading the MAF, the stock one will read up to a max point, the new MAF it would be capable to send to the ECU that new parameters.
· Intercooler, explained before
· Inlet manifold, to increase the air also from the air intake. 
· Exhaust manifold, very important part to upgrade. It would necessary be different to put the turbo connected to the manifold and include a wastegate to control the pressure of the turbo. Also the exhaust manifold is very important to increase the gas circulation of the exhaust compnenets and therefore of the turbo.
· Boost controller to control the over-pressure of the turbo
· Colder spark plugs to increase the ignition
· Air fuel ratio regulator 
· ECU, to control all the parameters of the engine and the systems
· Fuel pump and fuel pressure regulator to increase the mix of the system and achieve the perfect fuel ratio 
· Injectors, a turbocharger engine will need more fuel inside due to the more air inside the chamber; bigger injectors will ne to be fitted.
· Clocks and gauge to know the turbo pressure, the AFR, MAF and different parameters to know.
· Turbo-timer to allow the turbo working after the engine its off or not permitting the turbo working until is warmed up.
[bookmark: _Toc513558721]7. Conclusion
The main objective of this assignment has been to know the operation of a turbo, its components, how it is lubricated, the types of turbochargers and the power systems in relation to the amount of air sucked by the engine. To this end, a turbo has been disassembled in the workshop, the parts and procedures to be taken into account when disassembling it have been analyzed. At the same time the best compressor for an engine with previously given characteristics has been calculated. For this purpose it has been applied to the theory seen in class together with the argument and research of some books about turbochargers.
 The relationship between the different compressors is given by the strict selection of the pressure ratio offered by the system and the capacity of this system to aspirate air through the insertion of a turbo. Given the 4 maps we have chosen the most appropriate given that the others did not meet the requirements stipulated by both, the airflow, or PR. Once the compressor has been selected, the idea of ​​what the turbine could be, but the logical thing would be to speak with the supplier of the compressor to be able to assemble a turbine to match it.
To prevent the overheating of the air system an intercooler of air has been placed so that the hot air that ejects the compressor from the turbo compresses the air to cool before being able to enter the intake of the vehicle. The basics and approximate intercooler dimensions have also been calculated for this purpose. 
Finally a list of necessary modifications has been written so that the system is as efficient as possible and works without problems with the pistons or cogs, which in turn should be reinforced.
[bookmark: _Toc513558722]8. References
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