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1. Introduction
In this report, I am going to be looking at turbo chargers, their basic principles and how they work. From the flow of air in the atmosphere, through to turbo and into the engine and the flow of exhaust gasses through the turbo and out the exhaust. Included as well will be a strip down of a turbo, to see its construction and all internal parts, as well as a documented step by step method of how to take the turbo apart. 
I will then be performing a basic design of a turbo charger for a v8 engine with the details given to me in the assignment brief and choosing a suitable compressor from a choice of 4 different compressors by Turbonetics.  I will then be estimating the outlet temperature of the air from the turbo and calculate how much fitting an intercooler would affect the temperature and how large of an intercooler would have to be fitted. 

3.1 Background Research
The turbo charger was first invented by Alfred J. Büchi who was an automotive engineer working for Gebrüder Sulzer Engine Company of Winterthur, Switzerland. He first patented his design in 1905 in Germany and continued to work on his design for 4 decades until his death. 
[image: how-a-turbocharger-works.png]
1. THE TURBINE WHEEL
2. THE TURBINE HOUSING
3. EXHAUST GAS
4. EXHAUST OUTLET AREA
5. THE COMPRESSOR WHEEL
6. THE COMPRESSOR HOUSING
7. FORGED STEEL SHAFT
8. COMPRESSED AIR
The design that Alfred came up with was a compressor driven by exhaust gasses to force air into an internal combustion engine to increase power output, he contacted BBC (now operating under the name ABB) in 1915 to turn his idea into reality and in 1924, Buchi, SLM and BBC created the worlds first heavy-duty turbocharged diesel engine.  







3.2 Literature Review
Basic Design of Turbos
[image: Image result for turbo design]
Here is the basic flow of a turbo charger, as you can see the exhaust gasses leave from the cylinder head int the exhaust manifold. They are then transported into the turbine side of the turbo. This is where the turbine wheel lives that is spun by the exhaust gasses. Once the exhaust gasses have been pushed around the turbine wheel, they exit the turbocharger out of the Exhaust gas outlet area and continue down the exhaust system to exit the car from the tailpipe.
If the turbocharger is already delivering enough pressure to the engine, the wastegate is opened. The wastegate on standard OEM turbos is usually a penny valve, this penny valve opens to allow exhaust gasses to escape the turbo without going around the turbine wheel, preventing the turbocharger from spinning any faster.
Now on the inlet side of the turbocharger, the air enters the turbo through the air inlet on the compressor side of the turbo. It is then compressed by the compressor wheel and then travels through intercooler piping into the intercooler. The air is then cooled through the intercooler and makes its way into the inlet manifold of the engine.

4 Methodology
	4.1 Stripping turbo
[image: ]To start stripping the turbo, the oil lines first have to be removed so that there are no access issues when undoing bolts and that the lines don’t get damaged during disassembly. These are removed by undoing the banjo bolts on top of the turbo core and then another bolt further up the line on a bracket to hold the lines to the turbo. 
Then the four bolts holding the casing must be loosened, this is easier to do before undoing the clamp on the exhaust and separating the casing from the manifold as you will have more leverage with the turbo as a complete unit. 
Now with the casing bolts loose, untighten the nut on the end of the actuator rod and remove the nut. Now the turbo clamp can be undone and sperate the casing and compressor housing from the turbine housing. Sliding the actuator rod out of the wastegate arm carefully not to bend it. 
Now that the turbine housing and compressor housing are apart, the four bolts on the compressor housing holding the casing in can be removed completely and the turbo core can be removed from the compressor housing. 
Now with the core free, the turbo shaft can be removed. This is done by loosening the nut on the turbine side, with the nut loose but covering the ends of the threads on the shaft. Lightly tap it with a hammer, the shaft should now have some movement. The nut can now be removed, turbine wheel removed, and the shaft can continue being pushed out of the core. When the bearings and bushings are removed make sure they are kept in the correct order for when the turbo is rebuilt in the future. 
[image: ]
Here is the completely disassembled turbo. 
4.2 
Selecting a turbo
We are required to perform the basic design of a turbocharger for a V8 spark ignition four stroke engine. The details we know about this engine are that it has:
Bore: 95mm
Stroke: 80mm
Rev limit: 9500rpm
N/A Volumetric Efficiency: 85%
Desired Boost Pressure: 12psi

So with these details, we must first work out the total engine Capacity. This is done with the formula (Provided in University Powerpoints):
				(Pi x Radius of Bore ^2 x Stroke) x No of Cylinders
This equation is in standard SI units, so the bore and stroke must be converted to meters.
With our details inputted, the equation works out like so
				= 4.54x10-3 m3 

Now that the Total engine displacement has been worked out, now the pressure ratio must be calculated.
				PR = 
The 14.7 in the equation comes from the atmospheric pressure. 
With our figures input this gives

				 =1.82
Now we can work out the engines volumetric flow with the following calculation for a n/a engine:

V= Volume of Engine
Nv= Volumetric Efficiency
N = Max Engine Rpm



With our Figures Inputted it looks like:
 = 0.305 m/s 3
Now this equation can be done on its turbocharged application, this uses the same equation. However it is multiplied by the pressure ratio we calculated earlier.

(0.556 m/s 3 
Now due to the turbonetics compressor maps being in imperial, the flow rate must be converted from m/s 3 to CFM, then to LB / min, here are the conversions.
1 m/s3 = 2119 CFM
1 CFM = 0.07lb / min
This is done as following:
Vt = 0.556 x2119 = 1178.16 CFM
1178.16 x0.07=82.47 lb / min.
This means that we now know the volumetric efficiency with a turbo in lb/min and the pressure ratio. With this information we can look at the four turbo compressor maps and analyse them and decide on which turbo would be best for our application.
5. Turbo Compressor Map Analysis
To analyse the turbo compressor maps, we must look at 3 different points on the graph.
At 100% PR1.82 82.47lb / min
At 50%   PR 1.82 41.24 lb/ min
At 20%   PR 1       20.62 lb/min
With these points plotted, we can see how efficient the turbo charger is at 20, 50 and 100 percent load, and we can choose a turbocharger by selecting which turbo is more efficient at our desired load. As this is a motorsport application engine, we are going to be more interested in choosing a turbo that is more efficient at 100% engine load, as this is where this engine will be spending most of its time. If we were looking more for a motor industry application, we would look for a higher efficiency at a lower flow rate as engine response at mid rpm will be more important than more power at full throttle in the high rpms.

[image: ]Fig Turbonetics 62-1 Compressor
The above figure has the dots plotted at the 100, 50 and 20% flow rates of the engine that we have just done calculations on. As we can see at the 20% marker, it is not really on a part of the map. However, if the 50% line was extended we can see that the 50% marker would be around that area, this shows that at 20% volumetric flow the turbocharger would only be operating at around 50% efficiency, this means that the turbo wouldn’t exactly be ideal at low flow rate situations. However, when 50% flow rate is reached, the turbo reaches 76% efficiency which is near enough the maximum efficiency this turbo has to offer, so at mid flow rate this turbo will peak in efficiency, thus increase engine torque most at mid rpms. The compressor efficiency then drops off of the turbo map at 100% flow rate, so I cannot read what efficiency would be delivered, however looking at the lines id estimate that the efficiency would be around 45%. This shows that this turbo would be a bit too small for our application in a motorsport, as mid rpm torque is not really as important in a track racing scenario as top end power. Thus, meaning this compressor would not be a suitable choice. 


[image: ]Fig Turbonetics T3 Super 60

This is the turbonetics T3 Super 60 turbo map with the 20 and 50% points added to it, as you can see the two points don’t even register onto the map. Yet anywhere near the centre part of the map where most efficiency is reached. So, there would be no further analysis of this turbo as it is obviously not correct for this application



[image: ]

Fig T048 H-3

This is the turbo map for the T048 H-3, again this turbo would not be suitable for out application as the 100% flow rate could not be marked down on this map. And 100% flow is where we will be most interested in getting a high efficiency as in our motorsport application we will want more power at high rpms.








[image: ]Fig Unknown turbo map
This is the fourth turbo map that we have been provided to analyse, this has not been labelled and so the turbo is unknown. However, this is the turbo that I would find most suitable to our motorsport application. At 20% flow rate the turbo is at relatively low efficiency, however this does not affect us as the engine will rarely be at a low flow rate and this is just one of the characteristics of a turbo, it can’t always be at maximum efficiency. At 50% flow rate the turbo has really started to become efficient, it has already reached 76% efficiency. At 100% flow rate the turbo is still at 76% and this turbocharger is only 80% efficient at its upmost. I would say that this is the most suited turbo and would be my choice. From 50 – 100% flow rate the turbo is always above 76% efficiency and at 75% flow is reaches the turbos maximum efficiency of 80%. Which is where this engine would see most use. 


5.1 Compressor Outlet Temperature and Control
As turbochargers are exhaust driven components, they absorb a lot of heat from the hot exhaust gasses leaving the engine and because the incoming air travels through this hot turbocharger the incoming air increases in temperature. But warmer air is less dense than cool air, so this negatively affects the performance of the engine. To negotiate around this, an intercooler is usually fitted with a turbocharger. This intercooler is to cool the air after the turbocharger, but before the engine to increase the airs density. This intercooler has to be a certain size, small enough as to fit inside of the designated space of the car but also large enough to cool the air enough. The first step of choosing intercooler size is to calculate the compressor outlet temperature, this is done as follows:

T out = Pr^0.28 x T in
T out = Temperature out (C)
PR = Pressure Ratio
T in = Temperature In (C)

With out specifications put into the equation it comes out like:
(1.82^0.28) x 27 = 31.92C 
Now that the compressor outlet temp is known, and we have been told that our intercooler will be 60% efficient we can start estimating what size our intercooler will be. First, we use the intercooler efficiency equation to calculate the intercooler outlet temperature.

 = Tio
Tco = Compressor outlet temperature
Ta = Ambient temperature
Ni = intercooler efficiency
Tio = Intercooler outlet temperature
 = 6.37 C 
Now looking at the graph provided by the university on intercooler design, we can plot the flow rate of the engine, against the graph and see what internal flow area we will need. 
[image: ]
As we can see, the graph recommends 56 square inches of internal flow area. We also have to factor in now the intercoolers charge face area, for a typical intercooler only 45% is usually available for entry. So, to work out the total required intercooler size, the number we got from the graph must be factored up by 45%.
56/0.45= 124.4 square inches.



6. Conclusion
To conclude the analysis of choosing an effective turbocharger, it is found that the fourth turbocharger would be most recommended for effective use in motorsport. It is found to be working in the highest efficiency at the higher flow rates which the engine would be working in most of the time under heavy acceleration, whilst it may deliver some lower efficiencies at low flow rates than the turbonetics 62-1 did. The 62-1 did not provide near enough an acceptable efficiency at 100% flow and the two other turbos were not ideal at all for installation on this engine. 
Whilst the fourth turbo was our best choice, it still is and will always be a compromise of having high flow rate efficiency and poor efficiency at low flow rate. This is down to the basic design of a turbocharger needing to be at a certain speed, and large enough to force enough air into the engine. To improve this setup, going towards a twin charged or sequential turbo setup would be more ideal, to provide more low end power to improve engine response. 
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