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[bookmark: _Toc30264958]Introduction

This report will be looking into and analysing the characteristics of a real engine which has chosen to be a 1.6 litre sigma engine. to create a simulation model to then be able to calculate the thermodynamic characteristics. The conclusion should be a validated simulation model that should be able to assess the feasibility and the limitations of the engine. This report will include to separate sections. The first section will be based on a set of data which is given to be able to be able to compare the engines characteristics at different speeds starting from 6500rpm and the data from the 4000rpm, 2500rpm and the 1500rpm data will be used. At each engine speed, the data such as the cylinder pressure will be analysed, these parameters can then be used to see how the pressure is affected by the crank angle or piston position. It will also show the effect on heat transfer and the polytrophic index of compression among others. All the data that will be collected should give a good indication on the performance of the engine and its characteristics.
The second task will include some information found in the first section; a thermodynamic engine simulation model will be used using the real engines’ geometry. Along with this it will include the physics that are involved. The thermodynamic and combustion process using the real engines parameters that will be discovered in the first section. Once the simulation is set up the graphs will the follow showing evidence to defend the work provided beforehand. Any discrepancies and/or limitations will be discussed.
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[bookmark: _Toc30264961]Data Acquired
With the data given in the spreadsheet it only allows a very small amount of information that is required however, it can be built upon to find more data that could be very useful. The data given shows the Volume (V) and Pressure (P) at each degree of the crankshaft’s rotation from -360° to 360°. With the P and the V given the delta (which is found by P2 – P1) and the log of both parameters. With this information then you can then find the n value. The n value is found by =. This information will give enough support to find the evidence required.

[bookmark: _Toc30264962]Cylinder Pressure against Volume
For this report as stated in the Introduction above the data that were used to conduct the report were used from 6500rpm, 4000 rpm, 2500rpm and 1500rpm. When creating the graph to see how the crank angle affects the mean pressure in the cylinder it was best to put all 3 sets together to be able to compare all three easier.
[bookmark: _Toc30264242]Figure 1 - Cylinder P Vs V
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When assessing this graph it is clearly seen that there are some similarities and some differences. There is a clear difference between the 1500rpm line and the other two. However, the 4000rpm is perhaps unexpectedly producing a higher pressure than the 6500rpm. It is important to note it also produces a higher pressure in a larger volume. The graph above is very similar to the Otto’s cycle.
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[bookmark: _Toc30264243]Figure 2 – Graph, Pressure vs Angle
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The graph above shows the relationship between the cylinders’ pressure and the crank angle. As you can see from -360º to around -50º the pressure inside the cylinder remains very low. This is because the cylinder has just had its exhaust stroke and then begins to come back down the bore with the intake valve open and exhaust shut. This allows air to come into the cylinder relatively easily as its acting as a vacuum. At -180º the piston begins its journey back up however the inlet valve is open for a little of this journey and that is why there is no drastic increase in pressure until around -50º. Once the valve shuts, it seals the cylinder off, and the piston continues to press the air into a smaller area as is demonstrated by the rapid increase in pressure from this point onwards. The combustion doesn’t occur at 0º it happens slightly earlier or even later depending on ECU mapping. (Science Direct, n.d.)
 As you can see in the graph above, by comparing the three different rev settings there are some differences when altering the rpm. Although the 4000rpm and 6000rpm are very similar if you look closely you can see that the 4000rpm line peaks higher than the 6000rpm line. This could be down to a few factors. One of them being that perhaps because the revolutions are happening faster, and the inlet valve is open for more of the pistons’ cycle allowing a little more to escape giving a lower overall cylinder pressure in the end. 
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[bookmark: _Toc30264244][image: ]Figure 3 - Log P vs Log V











The graph above shows log pressure against log volume. This information is substantial to then move onto the Polytropic index (n). According to (Min, 2019) the Polytropic index is a key parameter to calculating the pressure accurately given that the volume data is given. The Polytropic process describes the relationship between the in-cylinder pressure and volume, or the heat transfer that occurs between isothermal and adiabatic processes. In an internal combustion engine, it is very unlikely to see an isothermal of adiabatic process as there is a constant change in heat and pressure in real engines.
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The graph above shows the n value at 6000rpm the Trend 1 line shows the adiabatic value which doesn’t exceed 1.5 Bar and the isothermal on Trend 2 doesn’t go lower than 0.7. This is found by finding the gradient and go on to set a trend line. If the graph is compared to the 1500rpm graph below. 
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The overall spread of both trend lines is increased in comparison to the 6500rpm as you can see in this graph. With this information it is then possible to continue and find the cylinder temperature with the n values. 
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The graph above shows the change in pressure as the piston goes through its                           4–stroke cycle. His graph is vital as it clearly shows when the ignition occurs in the cycle. If the graph is inspected further it is seen that the 6500rpm Delta P starts to increase at around -100° Crank Angle and continues to increase until around the -25° mark. It then seems to stall for a few degrees and spike up again just before 0°. That little stall is the point where the cylinder is just before TDC and the maximum pressure of the mixture is achieved, the spike afterwards is the ignition of the fuel drastically increasing the change in pressure in each degree. The downward spike afterwards is the piston down due to the inertia from the ignition phase pushing the piston down increasing the cylinder area. 
If the 6500rpm gradient and he 1500rpm gradient are compared you can see they are rather similar. However, where the 6500rpm line seems to stall the 1500rpm along with the other sets of data seem to decrease in change in pressure. Other than this difference there are no other major discrepancies between the two rev ranges.
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The graph above shows how the temperature inside the cylinder changes as the piston goes through its cycle. As you can see at -360 degrees or bottom dead centre the temperature is around 250 kelvin. From here as the piston travels up the temperature gradually increases up to about -20 degrees where it reaches just under 1000°k. From this point he piston has gone back down allowing the air/fuel mixture to come in the inlet valve has since shut and the piston compresses the mixture increasing the temperature slightly and then the ignition occurs which drastically increases the temperature as the fuel burns. As the piston travels back down the cylinder the temperature begins to decrease as the pressure of the cylinder decreases as the area is greater. From around the 165° point you can see a very steep decrease in temperature this is due to the exhaust valve opening allowing the burnt gases to escape via the exhaust system. This in turn allows a lot of the temperature escape also. The last 180° on the graph shows the next cycle of the piston traveling down effectively sucks in the fuel/air mixture into the cylinder.(V.A.W, 2014).
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The next step is to investigate the Mass Fraction Burned (MFB). The information required to find this is given in the spreadsheet, the MFB will be investigated against the crank angle. This gives a clearer insight into where and where then fuel mixture is actually being burned inside the cylinder. 

[bookmark: _Toc30264250][image: ]Figure 8 - MFB Wiebe Function











As you can see in the graph above there is a similarity between all of the lines created by the data. However, it is important to note that 0% and 100% are assumptions and may not be fully accurate. According to (SAE International, 2018) the Wiebe function links the chemical reaction with the fuel reaction rate but also bypasses some key equations in the process.
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The second part of the report consists of an engine simulation to gather information on its thermodynamic properties. For the simulation to be accurate the sigma engine geometry must be input into a table. With the engine geometry and then input the crank angle just like in Task 1 (from -180 to 180) there are several parameters that can be found. These parameters that are found can then show simulations of how he engine is reacting in terms of its thermodynamic properties as well as its cycles. He parameters required are as follows; volume, pressure, temperature, work done and MFB. Once all this is set up the rpm can then be altered to see how the engine is performing at different stages throughout its rev range.              
Table 1 - Data for Simulation
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The table above includes all the relevant information required to create an engine simulation. Using this data, calculations can be used to gain the relevant information necessary to simulate the 1.6l Sigma engine. The table consists of:
•	‘n’ compression – polytropic index in compression
•	‘n’ expansion – polytropic index in expansion
•	Wiebe a – efficiency parameter
•	Wiebe m – form factor
•	Combustion start point
•	Combustion end point
•	Burn duration – how long the cylinder is burning the gases for
•	Volume – total volume of the cylinder
•	Air density
•	Air mass
•	Fuel ratio
•	Fuel mass
•	LHV – calorific Value of fuel
•	T amb – ambient temperature 
•	Comb eff – combustion efficiency
•	Vol eff – Volume efficiency
•	Work Done
•	Power 
•	HP – Horsepower
•	RPM – Revolutions per minute 
•	Gamma – Ratio of specific heat
•	Qr – Heat released
•	R - ideal gas constant
•	Lambda – a value of stoichiometric 
•	Fuel density
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Once all the data is collected, it is possible to create a graph comparing the pressure in different circumstances. Using the correct equations it is possible to find the different pressures that the engine will produce. Using these parameters it is then possible provide a comparison against the data given to see how it differs or if there are any similarities. The different parameters measure are; the real pressure, the simulated pressure with combustion and also the simulated pressure without combustion.
[bookmark: _Toc30264251]Figure 9 - Simulation of Pressure
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When inspecting the graph above you can see the obvious difference is the non-combustion line compared to the other two as should be expected. When the simulated pressure and the real pressure with combustion are put up against each other they are very similar. The only differences that are visible are that the real pressure line increases its pressure ever so slightly later than the simulated line but peaks slightly higher. To improve the accuracy and similarity of the graph the Wiebe parameters could be altered along with the n values of the combustion and expansion. Another parameter that could be changed is the Gamma factor. All these changes would change the curvature of the graphs drastically and could possibly improve the accuracy of the readings
[bookmark: _Toc30264971]MFB

[bookmark: _Toc30264252][image: ]Figure 10 - MFB

Another useful piece of data that can be found using the data that is found in the simulation is the mass fraction burned (MFB). The MFB of an engine can never be at 100% MFB within a cylinder therefore this simulation is inaccurate. However from this information it is possible then to calculate the thermal energy lost (dQr) which furthers the information that is available on the engine. 
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[bookmark: _Toc30264253]Figure 11 - Temperature Vs C.A[image: ]

Figure 11 represents how the temperature alters as the cylinder goes through its cycle. It shows that there is a gradual increase in temperature as the cylinder goes towards -9 degrees which is at just under 750k. At -9 degrees the spark plug is sent a charge which ignites the fuel/air mixture as is demonstrated in the graph where the large spike occurs. The temperature peaks at 2367k which isn’t far away from the predicted 2500k. This difference could be down to several things such as ignition timing or the ratio of the fuel mixture. 









[bookmark: _Toc30264973]Conclusion 

In conclusion, manipulating the provided data proved beneficial through the investigation as it provided a better understanding of the characteristics to be expected from a naturally aspirated engine, the real pressure data also showed what kind of trends to expect when simulating pressure data.
Following this, the initial task provided validation for the simulated data in task 2, this simulated data shows a similar trend that can indicate the expected pressure when modelling an engine. This can save money, time, and facilities from an industrial point of view as it reduces the amount of testing necessary when designing and developing an engine.
Moving forward, with the correct data, an investigation into simulating other engines, such as forced induction engines and naturally aspirated ICE’s (Internal Combustion Engines) would be beneficial to gain a more thorough understanding of engine simulation and the different characteristics to be expect. 
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