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INTRODUCTION
The report aims were to look at the thermodynamic characteristics of a “ice” engine 
We were given some lucid data from a 1.6 ford sigma engine and were therefore looked at pressure changes with crank angles, we were then able to work out crank position and the polytropic index for expansion and compression procedures and also the degree of heat transfer etc and then analyse the performance characteristics. We were then tasked to make a simulation model using the lucid data from a real car using the data we calculated. we then needed to reproduce the graphs from part 1 whilst highlighting any inconsistencies or boundaries that we find.
 

TASK 1 
For task one we were asked to choose several rpms and from the supplied data we needed to work out the changes in volume this is done by using =(volume2-volume1). I then preceded to find log P and log V by using equations in excel “=log(v)”. after finding these values I set about working out the polytropic index which is denoted by “N”.

Polytropic index, n= log(P2)− log(P1)log(V2)− log(V1)
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[bookmark: _Toc30402237][image: ]graph 1(log v vs log p @5000rpm)








       
[bookmark: _Toc30402238]graph 2( log v vs log p @4000rpm)
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[bookmark: _Toc30402239]graph 3(log v vs log p @3000rpm)
Here are my three graphs for log p vs log v at my chosen rpms,  from the graph you can see the compression and expansion, from this you can tell that its nearly adiabatic “An adiabatic process is a thermodynamic process, in which there is no heat transfer into or out of the system (Q = 0). The system can be considered to be perfectly insulated.” (Connor, 2019) Thermal Engineering due to the n values being 1.3 and 1.2. this would mean using this equation 

However, you would usually see results looking more like a polytropic process.” The polytropic process can describe gas expansion and compression which include heat transfer. The exponent n is known as the polytropic index and it may take on any value from 0 to ∞, depending on the particular process.”  (Connor, 2019)
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[bookmark: _Toc30402240]graph 4(crank angle vs mean pressure @3000rpm)
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[bookmark: _Toc30402241]graph 5(crank angle vs mean pressure @ 4000rpm)
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[bookmark: _Toc30402242]graph 6( crank angle vs mean pressure @5000rpm)
the next graphs I produced by plotting the mean pressure against the crank angle just from looking at the graph you can spot what is going on straight away, you can clearly see the point of combustion at the highest point of the spike. I also noticed the fact that there is about a 5-bar difference between 3000 & 5000 I expected to see the higher pressure at 5000 not at 3000. There for that means that the 1.6 sigma engine would have its most efficient/highest torque between 3750rpm &4200rpm, due to hitting its highest pressure around 15 degrees of crank angle  which is expected for your average Engine in a road car.  
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[bookmark: _Toc30402243][bookmark: _GoBack][image: ][image: ]graph 8(delta p vs crank angle @3000rpm)                                                 graph 9(delta p vs crank angle @4000rpm)[bookmark: _Toc30402244]graph 7(delta p vs crank angle @3000rpm)

[bookmark: _Toc30402245][image: ][image: ]graph 11( delta p vs crank angle @5000rpm)[bookmark: _Toc30402246]graph 10(delta p vs crank angle @5000rpm)

[bookmark: _Toc30402247]graph 12( delta p vs crank angle @5000rpm)
from graphs you can clearly see the start point of ignition and then when the combustion happens. The graph clearly displays the rate of change pressure for two whole crankshaft rotations. From what I can see the ignition point is around -17 degrees and combustion just 10 degrees on at -7 degrees of crank angle. 
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[bookmark: _Toc30402249]graph 14
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[bookmark: _Toc30402250]graph 15



These mass fraction burned (graphs 13-14) you can see from these graphs that around -10 degrees combustion occurs at each revolution per minute, I was expecting the graphs to show a sight advance in the timing however I could see this from the lucid data of the engine. However, this might be because no matter how quick the piston travels its full movement, it still takes the same amount of time for the combustion not dependant on rpm. 50% of the MFB on the 4000rpm graph seems to occur at 18 degrees,100% is at 85 degrees after top dead centre.
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[bookmark: _Toc30402251]graph 16

[bookmark: _Toc30402252]graph 17

[image: ][image: Image result for otto cycle][bookmark: _Toc30402253]graph 18(quora,2019)










[bookmark: _Toc30402254]graph 19


[image: ]These graphs show volume plotted vs pressure using (graph 19) we can determine when each stage of the otto cycle happens, if you calculate the area underneath the graph this will give the values for work done![bookmark: _Toc30402255]graph 20
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These graphs show the polytropic index vs crank angle, these graphs are currently displaying the polytropic index for 100 degrees of crankshaft revolutions. you can see from these graphs that ignition starts between 10-13 degrees which correlates with the previous graphs.
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The graphs above shows how the volume changes as the piston travels through its movement, as the crank rotates 






















Task 2 
Our next task was to create a thermodynamic engine simulation model using the lucid data from a real car using the data we calculated. we then needed to reproduce the graphs from part 1 whilst highlighting any inconsistencies or boundaries that we find 

First of all I tried finding the MFB exercisi[image: Text Box]ng the wiebe function so I used :
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To work out the engines burn rate, you would use =(MFB2-MFB1)	

After you have found the engines burn rate you can then work out the amount of heat added using the following equation 


To work out what the combustion temperature you needed to add the ambient temperature in (K) to the temperature increase 

If you want to get your non-combustion temps, then you want to use this equation 

Unfortunately, my engine sim was not working as it should which is possibly due to my lack experience with excel meaning I wasn’t able to produce the graphs required they weren’t corresponding to my graphs from part 1.
[image: ]
[bookmark: _Toc30402261]graph 26
graph 26 was supposed to be crank angle vs combustion temp however I couldn’t get my temperatures to corelate with my graph data from task 1 I believe this is due to my calculations in the simulation as the line should build slowly peak around tdc and start to drop off around 30 degrees of crank angle. This meant any graph I tried had no relations with the graphical data from part 1.
 
To work out the amount of work that was done at any given crank angle, to find this you need to multiply the comb press by delta v (v2-v1) once this was worked out for one degree it enabled you to be able to calculate engine power (Kw). 
 
Conclusion 
From this task I have been able to take some lucid data and display it in graphs using formulas and excel functions, I have been surprised with what you can do from the amount of data given. If I was to update/rebuild my graphs for task 1 I would like to run more graphs from other rev ranges and make some graphs combining all of the rev ranges 2000-7000rpm 
To see if I can notice any significant changes. My engine sim didn’t go to plan as I wasn’t able to re-create the graphs from part 1, I feel this is due to my lack of knowledge with excel 
However, I hope I can continue working on the sim and be able to reproduce the graphs as asked by the brief. 
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