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[bookmark: _Toc535839990]Introduction
In this assignment, shall be conducting a strip down of a turbo, and doing a Haynes manual style step by step guide to do so. Then shall be looking at the information given in the brief and doing some calculations to help choose the correct turbo using the charts in the brief. Also show a good level of understanding of what a turbo and intercoolers are and used for.
Turbo chargers- when turbo chargers were first introduced they were mainly used on large boats/ships. With the first successful gas turbocharger made in 1925 by Alfred büchi. With his turbo achieving up a 40% power increase. The first passenger cars to have turbo’s were the Chevrolet Corvair Monza and the Oldsmobile Jetfire, but unfortunately they did suffer from poor reliability, this was primarily due to driver error and lack of understanding that the turbo rocket fluid in the jetfire need topping up when low on fluid. Modern cars not having this problem. Turbos in the modern day are allowing car companies to fit small and less thirsty engines, that way they are better on fuel. (Kurt Ernst on Apr 18th, 2013)
Intercoolers- intercoolers are used to cool down the air after it has been compressed by rather a turbo charger or a supercharger, the intercooler acts as a counteracting agent for the hot air produced by the engine, which in turn maintains the air/fuel ratio and allows the turbo to increase the power more efficiently. There are two type of intercooler, there is the air to air inter cooler which allows the hot compressed air to pass through cooling fins, which means the heat in the compressed air transfers into the cooling fins. The cooling fins keep cold because of the fast flowing air from outside the vehicle. An air to water intercooler works by having cool water pumped around the unit extracting the heat from the compressed as it passes through the unit. As the water heats up it is pumped through a radiator or a cooling circuit before returning to the intercooler again. The air to water intercooler are usually smaller than the air to air intercooler. This is because an air to air unit needs more space for the air from outside to cool it, air to water units don’t tend to be chosen because of weight and price but they do conduct the heat out of the compressed air better than the air to air intercoolers do. (Aet-turbos, specialists since 1974)






Turbo strip down
In this part there will be a Haynes style step by step guide to strip a turbo down from the workshop.
[image: ]
This is the turbo in question that has been stripped down in groups. This was to be conducted with the correct PPE to be worn, safety boots and workshop jackets etc. 



[image: ]Step 1:
[image: ]Started off by grabbing the 13mm spanner and taking off the exhaust. 






[image: ][image: ][image: ][image: ]Step 2: next step was using the 10mm socket to take off the waste gate actuator. And also having to undo 11mm bolt from the waste gate actuator rod adjustment to dismantle this part.
[image: ][image: ]Step 3: next the waste gate control solenoid was removed which was connected to the waste gate control vacuum line and the boost reference vacuum line and the atmospheric reference vacuum line, the bracket the waste gate control solenoid was attached too. Pulling the control solenoid off and using and Allen key to undo the bolts for the bracket. 
Step 4: next up was too undo the clamp that held the turbine housing to the bearing housing, this was done with a 10mm socket. 
[image: ][image: ]Step 5: After the turbine housing was removed. It was time to remove the compressor housing from the bearing housing, this was done by undoing the four 10mm bolts, with 10mm socket, clamping it the bearing housing. 
Step 6: this was too remove all the hoses and pipes connected to the bearing housing with 15mm, 17mm and torques.

[image: ][image: ]
[image: ][image: ]Step 7: the next step now everything had been removed from the bearing housing was to dismantle the turbine itself. This was done by undoing the left handed thread 8mm nut.


[image: ]Step 8: this allowed us to pull off the turbine wheel and pull the compressor wheel and shaft, so it could be separate from the bearing housing.

[image: ]Step 9: the last step was to undo these two bolt in the image to the right but unfortunately one of these bolts had a rounded off head and we were unable to undo it. 














Turbo and Intercooler
V = volumetric flow rate.
v = total engine displacement. = Volumetric efficiency.



N = engine speed in revs per minute.
PR = pressure ratio.
A = bore area.
L = stroke.
Cfm = cubic feet per minute.
Ib/m = pound per minute.
FR = air flow rate.
V = ?
v = 0.85

To find the volumetric flow rate we used this equation above, total engine displacement x volumetric efficiency x rpm over 2 x 60.

To find the total engine displacement we had to find the area of the bore size and x that by the stroke and the x that by the total number of cylinders.

This is the size of the bore area. 

Area of the bore x the stroke length to show the displacement of one cylinder shown above.


Above is the total displacement of all 8 cylinders of the v8 engine given in the assignment brief.

Above is the volumetric flow rate of the v8 engine. Without a turbo attached.

This is the pressure ratio, atmospheric pressure plus the boost pressure in psi over the atmospheric pressure, with the result being measured in bar.

Above is the volumetric flow rate of the v8 engine with a turbo attached. 

To convert the volumetric flow rate from metres cubed per second in too pounds per minute. First you times the volumetric flow rate by the cfm conversion rate and then times the answer by the pounds per minute conversion rate. 

This can be used to work out the correct turbo from the selection from the brief given to us. 

The 50% and 20% can also be plotted to show a greater understand of the compressor maps. 





[image: ]On the right is the first of four compressor maps, and using the figures on the previous page we can plot the three points needed to work out which turbo can and should be used. With the boundary lines/hoops showing where the plotted lines are more or less efficient.
With this compressor map the 20% and 50% points fit but at 100% of volumetric flow rate it can’t keep up and the efficiency of the turbo would plummet. This is not the turbo you would want to pick for the engine chosen. 

[image: ]On too the second compressor map, with this one showing that from the get go it’s not the correct turbo to use because to points don’t even plot onto the map. The boundaries just don’t allow it to ever work with this engine.



[image: ]
This is the third compressor map and the first two points do fit onto the map, those being 20% and    50 % respectively. But with the 100% pint @ 82.467 pounds per minute of air flow being way off the map this also shows a major lack of efficiency and therefore isn’t the correct turbo to use for the v8 engine.




[image: ]This is the fourth and final turbo too choose from and as you can see that all three points are onto the compressor map. The three points are used show that this is the best set up for this engine. If you were to change the desired boost, from 12 to 15 psi for example, it would increase the efficiency by making the second point higher on the compressor map, but the load on the turbo would stay the same because the airflow wouldn’t change.

Intercooler calculations.
T = temperature.
PR = pressure ratio.
PR = 1.82










With the information given for the intercooler part, there’s not enough information to calculate it, but using the cfm graph we can rough say that for a 25 square inch intercooler the cfm is about 480, so we’d have to divide our cfm by the estimated cfm and multiplying the square inch by that answer. So 1178 / 500 = 2.356. Then you times 25 by 2.356 = 58.9 square inches. So my estimated intercooler size is around 60.1 square inches. And the internal area of the estimated intercooler would be 58.9 / 0.45 = 130.8 square inches.
[image: ]

Main things that would be needing changed would be the radiator, spark plugs, fuel injectors, ecu (electronic control unit) and obviously it’d have a turbo and intercooler fitted. These are just some recommendations, if these changes aren’t made the engine just would run correctly and it would do more damage than good for it.





[bookmark: _Toc535839995]Conclusion
In this assignment I’ve shown a good understanding shown on turbos and intercoolers on the way they work and showed I clear understanding on how to strip down a turbo, and used the experience to make a Haynes style guide to stripping one down. I then used my knowledge to do the calculations as shown in the report to select the correct turbo for the v8 engine we were given information on in the brief, with 4 to select from I think I gave good enough reasons to why I did and didn’t chose the turbo/s that I did. Then using the formula to work out the temperatures for the intercoolers and using a graph from a previous lecture I managed to correct estimate the size of intercooler required for the engine in the brief. The only thing I think I could improve on is the knowing what needs to be change on the naturally aspirated engine for it to be ready for a turbo and intercooler to be fitted. I think this is because of a lack of experience with cars in a workshop and not having my own car to work on and learn from.
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