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1
In this report Turbos will be looked at both physically and from a theoretical side, this will be done by physically stripping down a turbo and also matching a specific engine to four different compressor maps.  Being given the figures of a bore of 95mm a stroke of 80mm the engine in question also has a maximum rpm of 9500rpm with a volumetric efficiency of 85% the turbo chosen will run with 12PSI of boost. This report will also carry out basic principles of turbo charging and explain why it is used also why turbos are used with their benefits being explained.  

2
[bookmark: _GoBack]A turbocharger is a forced induction turbine device that works by forcing more air into the induction of a vehicle which will then result in increased efficiency and power (Heisler, 1995). The exhaust gas will power the turbo charger which means it does not place a direct load on the engine in comparison to a supercharger that will be belt driven (Reif, 2014). By having more air available it will give multiple different advantages this includes allowing a vehicle to burn more fuel this is this is vital because getting the fuel into a combustion chamber is easy it can just be adjusted by the injectors whereas getting air for combustion is the difficult part resulting in high costs developing flow (Reif, 2014).  Although turbos themselves will not make a vehicle more economical, but in comparison to a naturally aspirated engine with the same output it will have advantages in efficiency and fuel consumption this is because a turbo will use gasses that are effectively wasted in naturally aspirated engines (Stone, 2012). Turbos will also reduce the weight of an engine in comparison to a naturally aspirated engine with a similar power output, this is because turbos will not require larger engine blocks and the turbos itself will not be a considerable weight. Turbos are able to spin at very high speeds with some turbos being able to spin at speeds of 150,000rpm this is needed because it will need to push the air through at high pressure to force the air into the intake (Stone, 2012).
2.1
Turbo lag is a factor that needs to be considered when looking at the size of turbo that is required (Bush, 2010), Turbo lag comes from the amount of time it takes for the engine to build the exhaust pressure to spin the turbo with enough speed to put the air back into the intake, this usually occurs at low engine speeds when acceleration is required. This will be more present in larger turbos because the mass of the parts will be bigger and then have more inertia meaning that more exhaust pressure will be needed to get the turbo working (Bush, 2010). This is why companies head towards the twin turbo system, twin turbos can be used in an array of different situations this can be having two smaller turbos that are the same size that will put out the same output or having one smaller and one larger with the smaller turbo filling the time when the larger is spooling up (Bush, 2010)

2.2
In turbo engines, the exhaust gasses will leave the engine in the same way through an exhaust manifold but where it changes is instead of flowing down towards the catalytic convertor and then into atmosphere it will head towards the turbo. Once the exhaust gasses reach the turbo it will enter the turbine and the angle of the gas flow will cause the turbine to spin which in turn will cause the turbine on the opposing side of the shaft to spin. The opposing side of the turbo will force air in and the high speed of the turbine will compress the air meaning that more O2 molecules will be in this intake air which during this process will have become hot meaning it needs cooling. This air will be cooled by being sent through an intercooler which will then deliver cool and compressed air into the engine which can then be used for combustion which because of the high levels of O2 in this air it will create a better combustion. The exhaust gasses that have been used to spin the turbine will then be removed from the vehicle through an exhaust pipe attached to the turbo then going through a catalytic convertor then into atmosphere. This process is shown in figure 1. 
Figure 1 
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3Figure 2

[image: ../../../Pictures/Photos%20Library.photoslibrary/resources/proxies/derivatives/08/00/8cb/UNADJUSTEDNONRAW_thumb_8cb.jpg][image: ../../../Pictures/Photos%20Library.photoslibrary/resources/proxies/derivatives/08/00/8c1/UNADJUSTEDNONRAW_thumb_8c1.jpg]The turbo can be removed from the engine in multiple different states but in this case the turbo has been as a complete component with the exhaust manifold being removed. If this was needed doing from the engine ensure that the oil, water and exhaust supplies are disconnected. The Exhaust manifold will be held on to the engine using 8 bolts and ensuring that the engine is cool before removal. 


Figure 3



The first component that needs removing is the exhaust manifold, this is a simple process as it is only connected using three 13mm bolts once these are removed it will allow for the manifold to be completely removed from the turbo. The exhaust manifold will lead the gasses from the engine and into the turbo. 


Figure 4
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The next component that needed removing was the V band, this will allow for the Turbo casing to come away into two parts with the turbine being kept in the top half with the compressor in the lower half. This is a vital part to the turbo because it will ensure that it is a sealed unit with poor seal in this will then mean that exhaust gasses are leaked meaning an poorly performing turbo. 




Figure 5


[image: ../../../Pictures/Photos%20Library.photoslibrary/resources/proxies/derivatives/08/00/8d0/UNADJUSTEDNONRAW_thumb_8d0.jpg]The waste gate will be the next part that needs to be removed, this is held on using 3 bolts to the top of the casing that will keep it secure, then on the other end two nuts to attach it to the compressor casing. The waste gate is a vital part of the turbo as it will control the flow of gas in the exhaust. 




Figure 6

[image: ../../../Pictures/Photos%20Library.photoslibrary/resources/proxies/derivatives/08/00/8c4/UNADJUSTEDNONRAW_thumb_8c4.jpg]The next components that need removing are the hoses for the cooling feed which is attached at the side of the turbo and is attached using two flange bolts once these are removed it will come straight off. Then on the opposite side the hose for oil can be removed and this will be done by removing a single bolt. 








[image: ../../../Pictures/Photos%20Library.photoslibrary/resources/proxies/derivatives/08/00/8c2/UNADJUSTEDNONRAW_thumb_8c2.jpg]The turbine will then be able to be removed from the casing, this is done by removing four bolts that will overlap the turbine meaning that it will be loose once these bolts are removed meaning it can be pulled straight out by hand. 




Figure 7
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The next part to be removed is the compressor wheel itself from the shaft which will be on a left-handed thread this is to ensure that the rotational forces do not undo the bolt. The compressor wheel is kept on using a single bolt on the end of the shaft. 




Figure 8
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The shaft itself can then be removed from the core with nothing holding it in meaning it will be able to slide straight out leaving the shaft with the turbine attached to one end and the core with the bearings inside meaning that any bearings that need removing can be pulled straight out. 




Figure 9

4
Turbo matching is key to a vehicles performance as it will make a big difference to the effectiveness of a turbocharger. Depending on what an engine is used for will make an impact to the turbo in selection, in racing or high-performance vehicle turbos will be used to achieve higher power levels, whereas in some road vehicles a turbo is used to fill the gaps of poor engine performance (Evans, 2015). The length of the intervention of the turbo will also be a factor whether it will be a quick big surge of charge for instance acceleration or over a longer period to improve flow over a long time. To find the correct turbo the performance of the engine will first need to be calculated including the volumetric flow rate, pressure ratio and the temperature in and out (Evans, 2015).  
4.1
To properly match a compressor to an engine is somewhat difficult as it is not an exact science. This is because of the varied RPM’s that an engine will go through, the efficiency of the exhaust manifold will also vary throughout these RPM’s as depending on the air flow (Miller, 2018). The fuel flow of a vehicle will also affect the compressor that is needed, this is because the advanced air flow may be too much for an engine depending on its ability to deliver the fuel into the cylinder, this is because a mixture of 14.7:1 of air to fuel is still required (Evans, 2015). 
4.2
Volumetric efficiency is key to an engines performance, this is because fuel and ignition modifications can easily be made to improve engine horsepower but the air needs to be there for it to happen (Miller, 2018). Volumetric efficiency will very rarely be 100% this is because things such as air filters will block the air flow but are needed in an engine, other factors such as the flow into the engine will cause losses (Evans, 2015). 
4.3
Volumetric flow rate is the measurement of how much charge is flowing into the engine in a certain time. This will depend on many different factors including the bore, stroke, volumetric efficiency, number of cylinders and engine speed (Miller, 2018). The Volumetric flow rate will have a factor in the size of turbo that is needed for the engine, this is because it will show the amount of air flow that will be sent to the turbo (Miller, 2018). 



4.4
An intercooler is a vital component to any forced induction system. This is because the intercooler will remove the heat that is being created during the compressing of the gas. The air will need to be cooled before going into the combustion chamber because warm air has the ability to pre-ignite before the combustion process (Evans, 2015). Cooler air will be denser and have a higher level of O2 molecules, this will result in a better burn in the combustion chamber meaning that more fuel can be burnt then resulting in more power being created. It will also mean that the air going into the intake will be more consistent resulting in a safer combustion (Evans, 2015). Intercoolers can work in 2 different ways, this includes an air to air intercooler that works by having outside air passing through a series of cooling fins meaning that the outside air will then cool the pipes that the compressed air is moving through. The other type of intercooler is an air to water intercooler that works by water being pumped through a series of tubing and the airs temperature is then absorbed by the water where the hot hater is then pumped back into the radiator. 


4.4
Calculating the correct Turbo to be used on an engine will require for multiple pieces of information first and these are give as:
Number of cylinders-8
Bore-95mm
Stroke-80mm
Rev Limit-9500rpm
Volumetric efficiency-85%
Boost pressure-12Psi 
Race engine 
V= v x Nv x N
       2 X 60
V= Volumetric Flow
v= Total Engine Displacement 
N= Engine Speed
Nv= Volumetric Efficiency

v= 
v= 0.04752  0.08x8= 4.54x10 -3 m3

V=4.54x10 -3x0.85x9500
                2x60
V= 0.31m3/s

Vt=PR x v x Nv x N
                 2 X 60

PR= Pressure Ratio= Total Absolute pressure 
                                       Atmosphere Pressure 
PR= 12+14.7
           14.7
PR=1.82

Vt=1.82 x  4.54x10 -3x0.85x9500
                             2x60
VT= 0.56m3/s

0.56x2119=1186.64Cfm
1186x0.07= 83.06lb/min

50% Boost 
Vt=1.41 x  4.54x10 -3x0.85x9500
                             2x60
VT= 0.44m3/s

0.44x2119=926Cfm
1186x0.07= 64.83lb/min

20% Boost 
Vt=1.16 x  4.54x10 -3x0.85x9500
                             2x60
VT= 0.36m3/s

0.36x2119=726Cfm
726x0.07= 53.40lb/min



Percentage of boost. 
100%=83.06lb/min PR= 1.82
50%=64.84lb/min PR=1.41
20%=8.306lb/min PR=1.16

                        	Figure 10                                                    Figure 11
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Figure 12


4.5
From these results, it then shows out of the four compressors (as shown in Figure 10-13)to choose from only one will be suitable for the vehicle, this is because three are not able to keep up with 83.06LB/min of air flow at full 15psi boost that the system is capable of. This will mean that the other 3 although would improve performance from naturally aspirated will be wasting exhaust gasses, this is because of the amount of exhaust gasses going to it will mean that the turbo will be running at the highest speed possible meaning that any excess gasses will be wasted. The compressor map shows that it will be running at around 78% surge which will mean that it will be comfortable to run at this during the maximum surge, this will then mean that there is not too much pressure on parts such as bearings meaning that the turbo will be less likely to break.  Whilst running at 50% boost the engine will have a flow of 64.86lb/min meaning that even at 50% it will still only be suitable for one compressor, it will be running at 74% surge limit meaning it will be safe to run. The compressor will have no effect at 20% boost as it does not make it onto the compressor map but this is expected at such low boost. This is all using the assumption that the engine will be used for racing, during a race engine ignition timing as well as other things will be set up for maximum power out of an engine resulting for the turbo to help at the top range of a vehicles limit, this will create greater top speeds. Whereas in a road vehicle the 50% boost will be looked at in larger detail as this is where the turbo will have a greater affect, this is because the surge will be used more at this range as the vehicle will not be at full boost as often on the road. 

Figure 14

[image: age3image2513409456]
















4.6
The last thing that will need to be to do is calculate the size of the intercooler, the size of an intercooler will have a massive effect on the efficiency of a turbo system. An intercooler that is too small will just simply not cool the compressed air enough causing problems when it is then fed back into the cylinder. An intercooler that is too big will not have that much of an impact on efficiency but will then take up more space in the engine bay which space will be limited. 







4.7
Calculate by how much fitting a 60% efficient intercooler would lower charge temperatures and how large of an intercooler needs fitting. Assume ambient temperature of 27oC
Compressor Temp out= PR0.28X Temp in
=1.82x287oC
=31.93oC

Temp out= Compressor out temp–Intercooler efficiency 
                     Compressor out temp–Ambient Temp 
=31.93-0.6
  31.93-27
= 6.35oC	
This will show that the intercooler will lower the temperature by 25.58oC from when it leaves the compressor to when it leaves the intercooler.

The graph in figure 12345 shows how big the internal area needs to be for the intercooler, unfortunately our flow is too high for this graph so will need to be extended to show the flow of 1186cfm.
Figure 15
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As now shown in figure 1234 where the graph has been extended with a flow of 1186 Cfm an internal area of 55 square inches will be required. 

4.8
To change the system from its naturally aspirated state will require multiple different changes. These will include a new exhaust manifold which will channel exhaust gasses towards a turbo, this turbo will also require an air intake that will need to be designed to ensure it is getting sufficient air flow to it, whilst also having an air filter to ensure the air going into the turbo is clean. Piping for the intercooler will also need to be designed to ensure that gasses are flowing freely and are delivered back into the engine intake efficiently. The waste exhaust will still need to be dealt with and this will be with some gasses being funnelled back into the engine for systems such as EGR whilst the rest of the gasses will need to be released into the atmosphere in as safe a way as possible this will then lead them through a catalytic convertor. 





5
The engines performance will have a positive impact on the vehicles performance by simply adding more air flow to the engine whilst also adding compressed air that will create a greater burn. The system will need multiple changes to it for the turbo to run and multiple different components will need engineering to ensure that they are being used as efficiently as possible. Although the turbo system has been matched the best it can out of the four compressors to choose from it could still be improved by finding a turbo that will make an effect all the way through the pressure range.
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