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Turbocharges have become much more popular in recent years with the downsizing of engines and emission control systems that have been put into place. This report will identify how a suitable turbocharger is chosen for a V8 engine and why that specific turbo is chosen for the job. In order to choose the right turbo for the engine calculations will be made using a number of different figures, these figures will be put into an equation to get the flow rate of the engine when it is naturally aspirated. Once this is worked out then the flow rate of the naturally aspirated engine will be multiplied by the pressure ratio of the turbo to get the flow rate of the forced induction engine. 

When fitting a turbo onto a naturally aspirated car there are many things that need to be considered before fitting the turbo, these consist of changes to the engine along with fuelling and management systems. Included in this report is a summary of what needs to be thought of and done when turbocharging an engine, along with what differences there will be inside the engine bay such as manifolds and pipes. Along with modifications a practical session was carried out in the workshop stripping turbochargers down and rebuilding them, in the report there is a description of how to strip the turbo and what needs to be done to get it down to the shaft. This description will be presented in a similar manner to a Haynes manual on how to strip turbochargers.  
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Turbochargers increase the air mass flow for the given engine displacement and a given engine speed, this increases the power density. Turbochargers are thermodynamically coupled with the engine because the drive power is generated after banking up the exhaust gasses. The exhaust gas turbocharger is the most used unit out of all the supercharging units in use within the industry. Nowadays nearly all commercial and passenger diesel vehicles are fitted with a turbocharger and supercharged petrol vehicles will increase in the next few years with the exhaust gas turbocharger being the dominant supercharging unit (Bosch, 2014). 

The use of turbocharging in petrol cars was originally the reserve of high-output sport engines for increased performance and, because of the amount of turbo lag, it was rarely encountered in the sales market. In this day and age turbocharging petrol cars has become a big part of engine development as manufacturers are constantly trying to improve on space packaging therefore, removing a cylinder from the engine and adding a turbocharger to make it just as powerful as it used to. In addition to cutting down on space and weight, the engines efficiency and fuel consumption have improved (Bosch, 2014). 

In order to comply with the current emission standards what most manufacturers have turned to is the electronically controlled wastegate, this allows the engine management system to determine the perfect amount of boost required to meet the performance and emissions requirements across the whole engine speed range. This allows the boost to be regulated when the pollutant, NOx, is more than likely going to be produced the most. This also benefits by reducing the chances of engine damage under high load conditions (Hillier, 2014). 
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The first thing to consider when turbocharging a car is the exhaust system, this is the start of many changes made to the system. A single turbo fitted onto a V8 engine would mean that the exhausts would have to link up after coming out of the cylinder heads and before feeding into the turbo. Once the manifolds are linked up there would have to be an intercooler fitted in-between the compressor and the intake manifold, intercoolers are usually front mounted so they are cooled by fresh air and therefore, working more efficiently. This means that the intake manifold would have to be modified to be able to take the pipe coming in from the intercooler as well as the air filter. On top of manifold modifications there needs to be lubrication which is just as important, there needs to be an oil feed coming from the oil pump into the top of the turbo and then draining back into the block of the engine. The oil that is fed into the turbo needs to be filtered, this is why the oil feed usually comes from the oil filter housing on most engines.  

As well as the obvious modifications, there are some things that need to be done to the engine itself. According to (Glucker, 2017), these are a few things that need to be considered before turbocharging an engine. Because the turbo will be forcing more air into the cylinders, the fuel needs to be matched. This consists of upgrading parts of the fuelling system such as the fuel pump, regulator and injectors. Along with the new fuelling system, the engine control unit will either need to be upgraded or replaced, this is due to the change in air/fuel ratio and the newly added boost that the engine will receive. The intercooler acts as an extra cooling system with turbocharged engines but, because the engine is not designed for a turbo it will experience higher temperatures than it should. This is where an oil cooler is recommended, it will decrease the chances of the oil getting too thin and causing damage to the engine or the turbo (Glucker, 2017). 

The issue with turbocharging a normally aspirated engine is the fact that the cylinders will witness much higher pressures during the compression stroke, this is caused by the forced air. While the cylinders are under more pressure, they are also getting hotter and without a very good engine management system the engine could pre-ignite the air/fuel mixture causing many problems.
To avoid this problem the compression ratio can be lowered which it is in most supercharged engines. The downside to lowering the compression ratio is that fuel consumption will rise and emissions will also. But, because of such sophisticated engine management systems in this day and age, manufacturers have managed to precisely monitor the air/fuel mixture so that turbocharging hardly affects the emissions and fuel consumption as much as it used to (Hillier, 2014). 
[bookmark: _Toc4958794]Stripping a turbo for Inspection    

Firstly, the turbo will need to be separated from the engine along with the manifold and the oil pipes ensuring that the breather going into the release valve is removed and not damaged. Once the turbo is out of the car it needs to be put onto a clean bench with enough room to keep everything separate, this will help by not getting nuts/bolts or seals mixed up when rebuilding the turbo. The first thing to do when stripping a turbo is to ensure the turbo is bare, this is done by removing the turbo from the manifold and removing the little oil return pipe situated underneath the compressor. The next step is to remove the dump valve, this is done be taking both 10mm nuts off the valve itself, then removing the metal clip on the threaded bar and taking off the outside adjustment nut but before removing the adjustment nuts ensure that the thread is marked for future reference of where the valve was adjusted to.

Once those last steps are complete the next thing to do is remove the exhaust housing but, before commencing the housing needs to be marked in relation to the compressor housing to ensure they go back the same way. After un-doing the exhaust clamp with a spanner and then removing, a rubber mallet might be needed to tap the exhaust housing from the turbo as it can be tight. After removing the exhaust housing the compressor housing then needs to be taken off. By un-screwing the 10mm bolts surrounding the compressor housing the shaft and turbines should freely come away from the housing without any force. Once the core of the turbo and both housings are removed, the first thing to check for is markings. By looking at the compressor and exhaust wheels it will be possible to identify if the wheels have been rubbing against any of the housings therefore it is important to check these before proceeding. 

Once the turbo is stripped down to its core the nut can be taken off from the end of the compressor wheel, not forgetting that it’s a left-hand thread because otherwise it would loosen up as the turbo was boosting. Once the nut is taken off and the wheel is removed, the shaft can be tapped with a copper mallet until the exhaust wheel comes out the other ensuring that all washers are removed along with it. 
After removing the shaft the next step is to remove the two torx screws that are situated behind where the compressor wheel is situated. 
Once these are removed the plate will come off along with the red rubber ring situated behind it. After removing the plate the bronze thrust washer can be removed carefully ensuring that nothing falls into the turbo core. Once the thrust washer is removed the bearings can then be inspected along with the shaft, if the shaft is scoured or the bearings have play then new ones are required along with a seal kit. 
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An efficient turbo and engine partnership require the turbo to be of a right size to be able to work best. Different turbos can be chosen for different purposes such as motorsport where the engine is mostly driven at the higher rpm range therefore, a different turbo is needed for a road car that will be running at a lower rpm range. The following calculations will determine the perfect turbo for the engine in question.

The engine in question has a bore of 95mm, stroke of 80mm, 8 cylinders, RPM of 9500 and volumetric efficiency of 85% (0.85).

The volume = area x length (stroke) therefore, 
 = 

Volume = area x length =  x  = 
Volume of engine =  


In order to proceed the flow rate of the naturally aspirated engine needs to be calculated, therefore: 





Once the flow rate of the naturally aspirated engine is calculated, the next step is to calculate the flow rate of the engine combined with the pressure ratio of the turbo. The pressure ratio is calculated by dividing the absolute pressure produced by the turbo with atmospheric pressure, this demonstrates how much the turbo increases atmospheric pressure within the system. In this instance the boost is 12psi. 

Therefore, PR =  = 1.82 

To calculate the flow rate of the turbocharged engine the pressure ratio needs to be added to the equation of the naturally aspirated engine, as shown below. 





The values above show the flow rate at maximum RPM, to be able to identify the turbo for the engine the flow rate at half of the maximum RPM’s needs to be calculated and to do this the 9500rpm needs to be replaced with 4750rpm. 
The flow rate for the engine at 4750rpm’s is 0.276, now the turbo can be chosen by plotting the graph at 1.82 pressure ratio and using both flow rate values. 

Conversion from  to lbs/min =  x 2119 x 0.07 = lbs/min
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Looking at the graph above it shows that this turbo is the best one for this engine, this can be seen by looking at the lower RPM line and seeing that it joins with the pressure ratio line at an efficiency of 60%. At higher RPM it can be seen that the efficiency is 76% meaning that the turbo is very consistent throughout the rev range. The maximum efficiency of the turbo is in between these two, this is when the CFM value is around 70 and the efficiency is at 80%. To get the best performance out of this turbo the engine will need to be used mostly at the 70 cfm range for it to be most effective.
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Intercoolers come in different shapes and sizes depending on the size of the turbo and the engine. The more accurate the choice of intercooler then the more efficient the turbo will be, this results in better power along with fuel economy and a smaller chance of damage to the turbo. 

Assuming that the ambient temperature is 27 degrees, Intercooler efficiency is 60% (0.60) and compressor efficiency is 73% (0.73) the compressor out temperature can now be calculated. The ambient temperature is measured in degrees and needs to be converted into Kelvin, therefore adding 273 onto this value gives 300 Kelvin.





To get the actual temperature of the compressor outlet the ambient temperature needs to be added onto the actual temp rise therefore, the actual temperature of the compressor outlet is 375.02 Kelvin. 

After leaving the compressor the air is to go into the intercooler and then back out into the cylinder head, this is why the intercooler should work as efficient as possible to get the most gains out of a turbocharger. The equation for the Intercooler out temp needs to be re arranged knowing that the intercooler efficiency is 60% therefore:
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By looking at the graph below it can be seen that the typical intercooler at 600 cfm has an internal flow of 30 square inch. This means that, working with our calculations above, when the flow rate is 0.56 meters cubed per second which is 1186 cfm, the internal flow area is around 58 square inches because of it being double the amount of cfm. When choosing a typical intercooler, the value of square inch is divided by 0.45 because it is known that around 45% of the charge air face is available for entry into the tubes therefore:

[image: Image result for typical intercooler graph]
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Once the turbocharger was stripped by the group in the workshop it gave a good understanding of how things work and what their purposes are. To think that turbocharged petrol cars used to be high end sports cars and racing cars but now they are becoming more and more popular in the industry. This is due to manufacturers downsizing on engine sizes to get better emission standards and also gain a bit more space. After calculating the flow rate of the engine with the pressure ratio added into the equation, it can be seen that the turbo chosen for the engine is the best choice out of all four choices given. Along with this decision the size of the intercooler is then decided by looking at the flow rate and working out the size with the graph. Knowing that the exhaust gas turbocharger is the most used in the industry, superchargers are now becoming more popular especially on small engine petrol vehicles. These superchargers are sometimes fitted with an exhaust gas turbocharger to make a sport model out of a small engine vehicle, this shows that turbocharging has become more popular over the years and massively developed. 
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