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abstract

This project will be looking at two different types of engine, one being the Ford Sigma 1.6 naturally aspirated engine and the other being the turbocharged 1.6 Sigma engine. 
Investigations will be made using various data sets which have been collected based on various testing methods. These results will be compared using various graphical techniques and from this the data interpreted and used to support or challenge the assumptions. 
From the analysis a person’s knowledge of the subject will be expanded and they will have increased knowledge on how an engine functions under different calibration parameters.

[bookmark: _Toc7368030][bookmark: _Toc7369036][bookmark: _Toc7380972]abstract – technical 
Ignition control has varied over the years as technology has become much more developed. Before having Electronic Control Units (ECU’s) technology, we would see ignition control being all mechanically controlled and this had many flaws. The report will detail investigations into the various cylinder pressures of an internal combustion engine, one being a naturally aspirated and the other a turbocharged. From various data gathered comparisons will be made on both the engines and comments made and then draw conclusions on what the data shows.
 The report will then look at how knock can be prevented in relation to retarding the ignition timing by using a standalone ECU. It is hoped that the findings would be as expected and can be applied to certain gas laws 










[bookmark: _Toc7368031][bookmark: _Toc7369037][bookmark: _Toc7380973]topic of interst 

Investigation to identify key characteristics for improved engine efficiency of the Ford Sigma naturally aspirated against the turbocharged engine.

[bookmark: _Toc7368032][bookmark: _Toc7369038][bookmark: _Toc7380974]1.0 introduction

This project will look at the various ways in which engine ignition systems are controlled, with a review of the historical developments in this type of technology.
This report summarises an investigation into identifying the key characteristics required for improved engine efficiency in differing types of engine. The engines selected were from the Ford Sigma model, looking at the naturally aspirated and turbo charged engines.
The report provides calculations, evaluation and analysis of a data set based on dynamometer testing results from the two engines.
The topic and scope of the report was chosen to gain a better understanding of how different engines work and perform and also to gain an understanding of what alters on an engine when a turbo charger is added.
Calibration becomes more important as engines technically improve and it becomes more complex through developments in tighter emission controls and greener technology.
It is necessary to understand how engine calibration has to be developed in order to avoid engine knock. Engine knock occurs when the fuel in the cylinder pre ignites instead of the spark plug igniting the fuel and air/mix, knock limits can be set from various electronic control systems which detect when engine pre combustion is happening and from this alters the ignition timing. 
In order to collect the correct data from an engine it has to be put through a dynamometer test.  Dynamometer testing is very specialist and in order to get the pressure and various other points a normal set up would not be substantial and was not directly available for me to test and use in the report, Due to this a set of data made available by the Ford Motor company was used. 
The data was sourced by putting engines through differing driving conditions dynamometer tests at varying drive cycles replicating a vehicle encountering different road conditions.
The data was used to calculate the following parameters:
· Work done per engine speed.
· Over all work done by revolution per minute (RPM).
which in turn are used to calculate the engines thermal efficiency. 
The thermal efficiency of the engine is the efficiency of a heat engine measured by the ratio of the work done by it to the heat supplied to it.
Various Graphical representations of the pressure data were made, which was obtained from Ford Motor Company, these were then used to show pressure v crank angle graph to show the differences in engine types. 
Following on, the thermal efficiency of the Ideal Otto Cycle will be calculated through various compression ratios, this will then be compared back to the Theoretical cycles v actual and differences analysed.  After this the Work Out per engine speed can be calculated in order to subsequently calculate overall work done
The overall goal of the report is to calculate Thermal Efficiency and compare the engine types. The expectation is that the turbo charged engine is more efficient than the naturally aspirated engine.
In order to understand what to calibrate this report includes a  detailed analysis on engine performance and efficiency.   



















[bookmark: _Toc7368034][bookmark: _Toc7369040][bookmark: _Toc7380975]2.0 literature review 
[bookmark: _Toc7380976]2.1engine downsizing 

Engine downsizing has been a massive part of the automotive industry, with each manufacturer trying to increase their fuel economy and produce less emissions but at the same time having much smaller engine. Even though downsizing is an effective way to achieve this, it does have its obstacles with the turbocharged engines which could have reduced torque at low engine speeds, and turbocharger lag as these smaller engines are heavily reliant on the turbocharger to push more air into the cylinder. It is not only the technical characteristics of the engines but it’s also the market for them. Most people are used to seeing vehicles with a much larger engines this has traditionally been a close association between the swept volume and desirability for the consumer but also the profitability for the vehicle manufacture. (SceinceDirect, 2017)
Mahle have achieved this and a B.M.E.P of 16 bar by taking advantage of the lower frictional losses and overall weight of a smaller engine and combining turbo-charging, Gasoline Direct Injection (GDi) and variable valve timing technology.  Mahle’ research also includes investigation in to the effect of two stage turbo-charging, Exhaust Gas Recirculation (EGR) and a reduction in the weight of the valve train and induction system.  Their EGR system can reduce fuel consumption by up to 17% at an engine speed of 5000rpm, and lower the untreated (before any catalytic conversion) emissions of both NOx and, HC and CO by up to 30% and 80% respectively (International, 2007)	Comment by Abi Summerfield: Is this a good value?
Downsizing enables:
· Increasing engine power and torque to respond to new market demands and to compensate for vehicle weight without increasing cylinder capacity
· Reducing engine capacity at the same power 
When downsizing, the resultant  increase in engine power and torque can have an effect on the fuel consumption i.e pumping losses. 
· Less swept volume on each engine revolution
· Higher average intake pressure between drive cycles 
Gases to wall heat transfer reduction this reduces the internal surface area. It also gives a shorter flame distance to travel which speeds the combustion process up and gives reduced gases wall head exchange duration. 
Highly downsized engines suffer from mechanical friction meaning that their lifespan is less comparable to that of present engines. The same can be said for highly loaded supercharged engines which remain more fragile than naturally aspirated ones.  Supercharging is used to provide extreme power and torque for exceptional driving conditions (sport cars), but most of the time (during ordinary driving cycle), these engines operate under similar load levels to those of naturally aspirated engines. (International, 2007)	Comment by Abi Summerfield: Nice.

[bookmark: _Toc7368035][bookmark: _Toc7369041][bookmark: _Toc7380977]2.2 turbocharging 
Turbochargers increase the air-mass flow for a given engine displacement at a given engine speed therefor increasing the power density (reif, 2014). There can be many different variants of turbochargers, as you can get some that are electronically controlled but the main type which is seen in many different applications is the exhaust gas driven turbocharger. This style of turbocharger works off the exhaust gasses which are produced by the engine.
[image: ]






Figure.1 Showing turbocharger design (Schwitzer, 1991)
[image: ]In figure.1 the image of a turbocharger system can be seen. This system contains 6 various components to make it function. This is mounted directly off the exhaust manifold in a way that the gasses can flow directly into the exhaust gas turbine which can be seen as the exhaust inlet on the image. The gasses then flow directly over a turbine wheel which starts to spin, directly opposite on the other side of the charger the compressor wheel which is connected by a shaft to the exhaust outlet then starts to spin compressing the air which is entered in through the air inlet. This air the gets compressed and go through the air outlet, this air is then hot as it has been compressed as it travels to the engine inlet it goes through an intercooler which then cools the air down before entering the engine. 








Figure.2 Turbocharger system layout  (Study, 2015)



[bookmark: _Toc7368036][bookmark: _Toc7369042][bookmark: _Toc7380978]2.3 knock detenation 
Engine knock which is also known as premature combustion, pinking or pining is only found in a spark ignition engine. 
Knock occurs when the engine is undergoing the compression stroke and is close to hitting Top dead centre, or more commonly known as TDC. In normal circumstances combustion would ignite the air/fuel ratio just before TDC to gain full expansion or constant velocity to push the piston down. However we see knock occur when the cylinder does not result in propagation of the flame which is ignited by the spark plug, but in the cylinder we can see pockets of the A/F ( Air/fuel Ratio) explode outside the normal flame burn pattern. (Bosch, 2016)

Knock creates shock waves and makes a metallic “pining” sound, as of this cylinder pressure increases dramatically. Figure.3 bellow shows a typical example of various shockwaves of what we would see in a cylinder. First, we can see Normal combustion with a smooth combustion curve whereas the slight knock we see the curve oscillate slightly then under intense knock we see the oscillations become very aggressive.  
[image: ../../../../Desktop/Screen%20Shot%202018-11-13%20at%2012.19.48.p]Figure.3 showing knock stages (reif, 2014)
(reif, 2014) (reif, 2014)


With smaller engines that use forced induction, as the cylinder volume is much smaller than a bigger engine when the turbo pushes air into the cylinder this increases the pressure, in which pre combustion of the fuel and air mix can happen. 
If there is no knock control, there must still be some means to define a clear safety margin to the knock limit. This margin is necessary to ensure that, even in the most knock-sensitive case regarding engine tolerances, engine aging, environmental conditions and fuel quality, no cylinder can rear or exceed the knock limit (Bosch, 2016)	Comment by Abi Summerfield: I think you need to explain how this effects your investigation, is it a problem with downsized or turboed engines?

[bookmark: _Toc7368037][bookmark: _Toc7369043]

[bookmark: _Toc7380979]2.4 effciency 
To measure the performance of an internal combustion engine is the proportion of the heat of combustion of the fuel that is burnt and made into useful work at the engine. The thermal efficiency at full load of an internal combustion engine can range from around 20% in a small petrol engine and over 50% for a larger slow running diesel engine, which are the most efficient means currently available for turning the heat of combustion of the fuel into mechanical power (A.J.Martyr, 2007). When building an engine it is very useful to have an idea of the theoretical maximum thermal efficiency as this sets a mark for the designers. 
The calorific value of the fuel is determined on the terms of the amount of heat that released when a fuel is burned completely in a calorimeter. Since all hydrocarbons fuels produce water as a bi-product of the combustion, part of the exhaust gas consists of steam. If as this is the case of a calorimeter, these products of combustion are cooled to ambient temperature, the steam condenses and in doing so gives up the latent heat. The corresponding measure of heat that is released is known as the higher or the gross calorific value. If no account is taken of this the latent heat there is no lower or net calorific value which is commonly known as the specific energy. Since there is no possibility of an internal combustion engine making use of the latent heat, it is the invariable practice to define performance in terms of the power calorific value (A.J.Martyr, 2007). Below states a table of the various and density of typical fuels. 
Table.1 Showing calorific values for different fuel types (A.J.Martyr, 2007)
	Fuel type 
	Lower calorific value
(MJ/kg)
	Stoichiometric air/fuel ratio 
	Density (Kg/l)

	Gasoline 
	43.8
	14.6
	0.74

	Gas oil 
	42.5
	14.8
	0.84

	Methanol 
	19.9
	6.46
	0.729

	Ethanol 
	27.2
	9.94
	0.79

	Light fuel oil 
	40.6
	
	0.925

	Medium fuel oil 
	39.9
	14.4
	0.95

	Heavy Fuel oil 
	39.7
	
	0.965


Further on in the report, various thermal efficiency’s will be calculated for the Ford Sigma 1.6 naturally aspirated and also the turbocharger engine. In order to make these calculations correctly the calorific value of the fuel will need to be calculated.


[bookmark: _Toc7368038][bookmark: _Toc7369044][bookmark: _Toc7380980]2.5  – Engine Testing  
Engine performance is a sign of degree of success, for example the conversion of energy of fuel into helpful work. The engine performance is compared on the basis of certain performance markers known as performance parameters. The most important parameters are the engine load, speed, torque, brake power, brake thermal potency, specific fuel consumption and exhaust emissions. The data relating to different elements of the engine, modifications carried on them, the instrumentation used for conducting experiments to evaluate the performance and emission characteristics are mentioned in this chapter. (Anon., 2015)
The engine dynamometer allows equipment to be used which would not be practical to use in a vehicle test. By using a dynamometer many different values can be calculated and the engine can be put through various drive cycles in which you would not be able to do on the road due to other conditions. It gives the ability to measure key performance characteristics such as fuel flow, air flow, emissions, the dynamometer can also allow you to understand what the shape of the torque and power curves are like this can be then analysed and logged. They can also be used to calibrate and engine as the fuelling and ignition timing can be altered depending on various inputs.
There are various different types of dynamometers  –
· Hydraulic dynamometers 
· Electric dynamometers 
· Eddy current dynamometer 
· Rope brake dynamometer 
(A.J.Martyr, 2007)
The inertial part of the equation only really happens during the acceleration phase. If the engine speed is constant, there is no inertia. So dyno manufacturers still have to understand what the amount of inertia in their system is and calculate for that. So the dyno can have the most accurate calculation in the world for controlling its own inertia, but if the inertia of the engine itself has not been calculated, these issues will still arise. (IGER, 2018)



[bookmark: _Toc7368039][bookmark: _Toc7369045][bookmark: _Toc7380981][image: ]2.6 – Ideal Otto Cycle  
Figure.4 Ideal Otto Cycle  (NASA, 2016)
Gases have various properties that we can observe with our intellects, including the gas pressure p, temperature T, mass, and volume V that contains the gas. Careful, scientific observation has determined that these variables are related to one another, and the values of these properties determine the state of the gas. A thermodynamic process, such as heating or compressing the gas, changes the values of the state variables in a manner which is described by the laws of thermodynamics. The work-done by a gas and the heat transferred to a gas depend on the beginning and ending states of the gas and on the process used to change the state. It is possible to perform a series of processes, in which the state is changed during each process, but the gas eventually returns to its original state. Such a series of processes is called a cycle and forms the basis for understanding engine operation. (NASA, 2016)
Above in figure.4 the OTTO cycle can be seen this is used in all internal combustion engine. This PV diagram also known as pressure volume states the clear process of the cycle. From the above labelling from 1-6 we can states the various cycles, from the bottom left 1-2 this is the beginning stage which is the intake stroke, the pressure is near atmospheric pressure and the gas volume is at a minimum. Between stage 1 and 2 the piston is being pulled down the cylinder with the intake valve open which the pressure remains at a constant the gas volume is increasing as the air/fuel mixture is being drawn into the cylinder by the intake valve. At stage 2 the compression stroke of the engine is starting with the intake valve closing. At 2 – 3 the piston is travelling up the cylinder and the gas volume is decreasing and the pressure increasing as of the work done on the gas by the piston. At stage 3 the combustion of the cylinder is starting with the air/fuel mixture. This comes very quickly and the volume remains a constant. When the flame starts to burn the heat is released which increases both the temperature and the pressure, according to the equation of state p * V / T = n * Rbar. (NASA, 2016). At stage 4 the power stroke beings and between 4-5 the piston is travelling at constant velocity the pressure is reduced as the work is done by the gas of the piston. At stage 5 the exhaust valve opens and the remaining heat in the gas is exchanged to its surrounds. Stage 6 then beings when the exhaust stroke when the piston starts travelling back up the cylinder, the volume decrease and the pressure remains a constant. At the end of the exhaust stroke the conditions return to stage 1. (NASA, 2016)
[bookmark: _Toc7368040][bookmark: _Toc7369046][bookmark: _Toc7380982]3.0  methodology 
[bookmark: _Toc7380983]3.1 data sets  

Through the use of data which has been obtained from Ford Motor Company, an investigation will be carried out looking into how two engines act through various engine conditions. These are both the 1.6 Sigma engines one being a forced induction which uses a turbocharger and the other being a naturally aspirated application. In this report would hope to show me complete understanding of how these engines act and how they have to act in the way they do. 
By using the data from Ford Motor Company various calculations can be done to determine how they engine is functioning and why it is acting in the way it is. The first step will be to look at the Pressure V Crank Angle. Below in Figure 4 shows the pressure v crank angle of the naturally aspirated 1.6 engine at 1000Rpm.
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Figure 4 Showing Pressure V Crank Angle 1000RPM Turbo
When looking into the cylinder pressure v crank angle graph the four stroke cycle is noted below, it is key to make this known as when analysing the graph at each point that is noted needs to be understood and seen what exact part of the cycle it is going through.
Above in Figure 4 the Cylinder pressure against engine rpm is shown. This graph is showing the pressure as it goes through a four stroke cycle, where we see bottom line of the graph being at bottom dead centre and as the piston is travelling upwards in the cylinder and nearly reaching the top dead centre of the cylinder the pressure is reaching a maximum. This graph shows the curve which increases very uniformly and the decreases. Throughout the report by the use of various calculations it will be investigating why this is happening to the engine and how ford have done this.

[bookmark: _Toc7368041][bookmark: _Toc7369047][bookmark: _Toc7380984]3.2  data sets - turbo 

In section 2.1 the pressure v crank angle was looked into for the naturally aspirated engine, which saw the curve of the pressure increase with a  smooth curve then decrease with a smooth curve also, whereas the turbocharged data we see a completely different pattern which the line follows, as related back to figure.1 the four stroke cycle can be seem on the X axis of the graph, just as the piston is traveling up the cylinder bore and is just reaching Top Dead Centre (TDC) there is a pressure drop this will be investigated to see why this is happening. 
	Comment by Abi Summerfield: Axis need unitsCrank Angle

Figure 5: Showing Pressure V Crank Angle 1000RPM Naturally aspirated
	Comment by Abi Summerfield: Both axis nee units.As these engines that are being investigated are both four stroke cycles, we can refer back to the ideal otto cycle, in Figure 6 the pressure volume graph can be seen. The arrow is showing a clear point in which we see the pressure drop slightly as it shows more clearly in Figure 6. 
Figure 6: Showing Pressure v Volume @ 1000Rpm Turbo 
Pressure ( Bar)





[bookmark: _Toc7368042][bookmark: _Toc7369048][bookmark: _Toc7380985]3.3 theoretical cycles compared to Experimental 

Above in section 2.6 the Otto cycle was explained this cycle is applied to any internal combustion application. By taking various compression ratios the thermal efficiency is able to be calculated. 
By using the equation - 
[image: page4image3361445520]          
(Anon., 2013)
We see the following values taken as
Air = 
Air & fuel Mix = 
Rich = 
Ideal cycle = 
Table.2 Otto cycle thermal efficiency through different compression ratios
	Compression Ratio
	Thermal efficiency of Otto cycle %

	9
	0.584756353

	10
	0.601892829

	11
	0.616784624

	12
	0.629892828

	13
	0.641554891

	14
	0.652024405

	15
	0.661496241

	16
	0.670123022


Above in Table.2 a calculation has been done using the equation stated above, by taking various compression ratios it can be seen that the thermal efficiency of the cycle can change a various amount. These efficiencies are taking as a percentage. For example with the Ford Sigma 1.6 turbocharged engine having a compression ratio of 10 (Company, 2016) at the compression ratio of 10 the thermal efficiency of the Otto cycle is around 60% efficient in the next section of the report both the turbocharged and naturally aspirated engines will have their thermal efficiency’s calculated over various RPM points, these will be 1000- 6000 in 500 RPM increments. This will be used to compare the theoretical efficiency to the actually efficiency of both engines. 



[bookmark: _Toc7368043][bookmark: _Toc7369049][bookmark: _Toc7380986]3.4 Naturally Aspirated Work Data 	Comment by Abi Summerfield: You’ll need to fix these headings, some are all capitalised and some are not.  Check the numbering too. Sorry.
By using the data collected by Ford Motor Company both the naturally aspirated and turbocharged engines were run on a engine dynamometer, from this various data was collected Below this can be seen.
[image: ]In figure 7 various data points can be seen from 360 degrees to -360 of crank angle different pressure points have been taken for each cylinder, to make sure the validity of the analysis is good only cylinder one pressure will be used in order to work out various calculations. 

Figure 7: N/A Pressure Data (Company, 2016)
[image: ]Below is a print screen of the Excel data that has been collected and by using the channels in Excel various calculations can be programmed in to work out the overall work done for that specific cylinder at certain rpm’s in the screen shot below it shows the overall work done for the naturally aspirated work done at 1000rpm. once the work done has been calculated per various engines speeds the thermal efficiency can be calculated in the next section. 
        








Figure 8:  N/A Overall work done @ 1000RPM

[bookmark: _Toc7368044][bookmark: _Toc7369050][bookmark: _Toc7380987]3.5 Sigma 1.6 Naturally aspirated WORK done  

In figure.8 the Excel print screen of the work done calculation can be seen, as this graph has different points in it which have to be formatted correctly for it to be able to calculate the work done. By taking the raw data from Ford itself two various plots can be seen the crank angle and the pressure. 
In order to calculate the overall work done by the cylinder the pressure needs to be converted into PA, this is done by multiplying the pressure by , the pressure can now be seen in Pascal. 
The next step is to covert the volume into  this is done by taking the unit and dividing it by / . 	Comment by Abi Summerfield: Lower case.
In order to calculate the work done- 
  
(stone, 2012)
P = Pressure
V = Volume 
[image: ]By using this calculation the work done per rpm can be calculated. Once this is done an average of the work done can be taken to find the overall work done for that specific RPM.
Figure.9 Showing excel spread sheet.
This formatted Excel sheet can now be used to calculate the overall work done for each rpm for the turbocharger and the naturally aspirated engines. Once the overall work done is calculated the thermal efficiency is able to be calculated. 









[bookmark: _Toc7368045][bookmark: _Toc7369051][bookmark: _Toc7380988]3.6 - Calculating new volume for Turbo engine  

By using the formatted Excel spread sheet above the work done can be calculated for each RPM, from this the thermal efficiency can be calculated. As the turbocharged sigma engine is the same block but with a different compression ratio this means that the volumes are going to be different. As the volume at TDC of the naturally aspirated is known the new volume is able to be calculated. 
Known TDC volume of N/A = 39,27ccVTDC  = Volume @ top dead centre 
BTDC = Volume @ bottom dead centre 
CR = Compression ratio 

CR =  =  = 11,8 

Turbo CR = 10 
CR = 10 =  =  
10 VTDC = 400 + VTDC 
10 VTDC – VTDC = 400
9 VTDC = 400
VTDC =    = 44,44cc 
Turbo VTDC = 44,44 cc
N/A VTDC = 39,27cc
Volume difference per crank angle = 44,44 – 39,27 = 5,17cc (Mcdonald.2019)
The calculation above shows the added volume which will be added to each crank angle increment as the turbocharged version has a bigger volume due to it having forced induction on it. Through the excel data below this can be seen in another column 
Table.3 Excel print screen of turbo data 

[image: ]





[bookmark: _Toc7368046][bookmark: _Toc7369052][bookmark: _Toc7380989]4.0 ANALYSIS 
[bookmark: _Toc7380990]4.1thermal efficiency calculations – turbo 
As covered in section 4.4 by formatting the excel spread sheet the work done is able to be calculated for each rpm. these will start at 1000 rpm through to 6000 rpm by calculating the thermal efficiency through the work done the fuel mass per rpm is needed. Below in table.4 is a print screen of the SGTI data which has been obtained from the Ford motor company. These figures calculated will all be before friction. 
[image: ]Table.4 SGTI DATA (Company, 2016)
 






Here is an example of how it is calculated. The following calculations can be seen in Appendix 1
1000RPM
Work out @ 1001 RPM = 428.06
Fuel mass @ 1001 RPM = 3.51 Kg/h
Fuel/Revolution = 
Fuel/ Cylinder =     = 2.95x
The Calorific value of fuel which is 44 was taken from the SGTI data obtained from ford. 
Fuel energy = 2.95x x 44
= 1284.8 
Thermal efficiency  =      =  
= 0.33 
= 0.33 x 100 
= 33% (A.J.Martyr, 2007)
[bookmark: _Toc7368047][bookmark: _Toc7369053][bookmark: _Toc7380991]4.2 thermal efficiency graphs – turbo  

Table.5 Chart showing work done and efficiency’s over various rpms.
	[bookmark: OLE_LINK1]RPM 
	Work Done (J)
	Thermal Efficiency %
	Lambda

	1000
	428.06
	33
	1.05

	1500
	672.72
	33
	1.04

	2000
	753.09
	32
	1.02

	2500
	830.87
	32
	0.97

	3000
	829.23
	28
	0.88

	3500
	813.23
	29
	0.87

	4000
	843.41
	29
	0.84

	4500
	836.05
	28
	0.82

	5000
	809.36
	26
	0.79

	5500
	754.56
	25
	0.78

	6000
	723.15
	24
	0.77



The above chart shows the calculated work done and thermal efficiency over various rpms, with a column added in for lambda as the next step is to plot a graph showing efficiency against rpm. 



As what can be seen at 1000 rpm the thermal efficiency is at 33% and then drops to 24% by the time the vehicle reaches 6000 rpm, this is a drop by over 10%. The next stage is to see why the efficiency is dropping at a higher rpm. 
Figure 10: Thermal efficiency against engine RPM 

[bookmark: _Toc7368048][bookmark: _Toc7369054][bookmark: _Toc7380992]4.3 - Thermal efficiency 1.6 sigma naturally aspirated 

In the last section where the thermal efficiency was calculated for the turbocharger engine the fuel mass was given In the data so the fuel energy was then to be calculated. With the sigma naturally aspirated data the QMAX average has been calculated in the pressure data. The QMAX value is the heat energy which has been produced by the fuel. (stone, 2012)
[image: ]
Figure.11 Showing fuel energy.
When looking into the chart there are 4 main columns starting from the left through to the right each section represents a cylinder, for the calculations all the data has been taken off cylinder one. So for this rpm which is 1317.5 joules.
An example of how this is calculated below.
@1000 Rpm
Work done = 87.53 J
Fuel energy = 913.3 J
Thermal Efficiency =      =  = 0.096 (A.J.Martyr, 2007)











[bookmark: _Toc7368049][bookmark: _Toc7369055][bookmark: _Toc7380993]4.4  Thermal efficiency comparison 

Table.6  Thermal efficiency of both engines
	RPM 
	Work Done (J) – N/A
	Thermal Efficiency % - N/A
	Work Done (J) – TURBO 
	Thermal Efficiency % - TURBO

	1000
	87.53
	9.6
	428.06
	33

	1500
	444.56
	42
	672.72
	33

	2000
	497.49
	40
	753.09
	32

	2500
	501.49
	41
	830.87
	32

	3000
	507.59
	43
	829.23
	28

	3500
	508.03
	42
	813.23
	29

	4000
	523.43
	42
	843.41
	29

	4500
	527.06
	40
	836.05
	28

	5000
	528.04
	40
	809.36
	26

	5500
	512.78
	38
	754.56
	25

	6000
	496.68
	37
	723.15
	24



In the above chart various data points can be seen, both the work done and the thermal efficiency with the naturally aspirated on the left and the turbocharger data on the right. Looking into the work done section on the N/a at 1000 rpm the work done is very low and reaches a max of 528.04J which is at 5000rpm before dropping back down to 496.68. the overall average thermal efficiency of the engine is 37.6%. when looking into the section of the work done of the turbocharged engine the max work done can be seen at 843.41J which is at 4000RPM. The efficiency of the engine can be seen to start at 33% at 1000RPM which it is then at its peak efficiency  and by the time the engine has reached 6000 RPM it is at only 24% efficient which is very low considering these engines are known to be one of the most efficient on the market. The average efficiency of this engine is 29% which is just under 8% less efficient than the naturally aspirated engine. 





[bookmark: _Toc7368050][bookmark: _Toc7369056][bookmark: _Toc7380994]4.5 - Start and end of combustion – turbo data 
 The next stage of the report was to look into the start and end of combustion to see when the engines were starting the burn process and also ending. This was done by creating an excel spread sheet which had the volume of the turbocharged data and the pressure points also, from this the Log of the pressure was formatted and also the log of the volume. Below shows a screen capture of the formatted spread sheet.
[image: ]







Figure.12 Print screen of excel data sheet of SOC & EOC Turbo 
In order to see when the start and end of combustion was occurring a graph is needed to be made so clear points can be taken. Below in figure 13 a graph of the log of the pressure and the log of the volume can be seen, as noted in the first section of the report the drop in pressure from the turbocharged data before the pressure increases. The black arrow shows where the start of combustion is taking place which the point is noted, then the orange arrow shows where our end of combustion is taking place again this is noted. Then next stage is to find these points on the LOG V column and compare back to which crank angle that these point are at. More examples of the LogP & LogV graphs at each rpm can be seen in appendix section 6.8	Comment by Abi Summerfield: Numbering is all over the shop, check these again.
LogV


LogP






Figure 13 Showing LOG P & LOG V @ 1500RPM turbo

[bookmark: _Toc7368051][bookmark: _Toc7369057][bookmark: _Toc7380995]4.6 ANALYSIS - Start and end of combustion turbo 
The table below shows the start points of combustion and also the end points. From this the burn duration is able to be calculated in degrees to see how long the fuel is taking to burn.
Table.7 Burn duration of turbocharged Sigma engine. 

	RPM
	SOC (degrees)
	EOC (degrees)
	Burn duration (degrees) 

	1000
	-13 BTDC
	32
	45

	1500
	16 ATDC
	41
	25

	2000
	15 
	49
	34

	2500
	18
	63
	45

	3000
	15
	52
	37

	3500
	11
	47
	36

	4000
	15
	48
	33

	4500
	14
	56
	42

	5000
	11
	54
	42

	5500
	7
	51
	44

	6000
	9
	52
	43


As can be seen in the table above in the last column of the table is the burn duration of the turbocharged engine. By added all these values up and creating an average burn duration of 38.72 degrees, at 1000 Rpm we can see that the flame is starting to move away from the spark plug at -13 which is before top dead centre and finished at 32 degrees after TDC. When the engine starts to increase in the rpm the start of combustion can be seen to start to burn later this time from around 16 degrees after top dead centre. 


	RPM
	SOC (degrees)
	EOC (degrees)
	Burn duration (degrees) 

	1000
	-8 BTDC
	34
	42

	1500
	-19
	46
	65

	2000
	-19
	45
	64

	2500
	-19
	35
	54

	3000
	-11
	39
	50

	3500
	-12
	39
	51

	4000
	-13
	39
	52

	4500
	-15
	38
	53

	5000
	-10
	34
	44

	5500
	-11
	37
	48

	6000
	-12
	38
	50


[bookmark: _Toc7368052][bookmark: _Toc7369058][bookmark: _Toc7380996]4.7  Start and end of combustion naturally aspirated engine	Comment by Abi Summerfield: You can’t start a chapter with a table, put the text up here.
The table below shows the start and end combustion of the naturally aspirated engine. This was done in the same order as the turbocharged data in section 4.5 From these graphs the figures were able to be added into a table.	Comment by Abi Summerfield: Check this now.
Table.8 showing start and end of combustion of the naturally aspirated engine

 
The naturally aspirated data shows that it is starting to burn the air to fuel mixture at a much later time than when the turbocharge one does, this engine is starting to burn the mix at around -19 before top dead centre. As comparing to figure.13 in section 4.5 the graph shows that the pressure peaks before dropping off, with the naturally aspirated it’s a much smoother curve with no drop in pressure before combustion starts, this can be seen in appendix section 8.9.	Comment by Abi Summerfield: check	Comment by Abi Summerfield: Fix
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Going back to the start of the report where the question was asked to why the turbocharged pressure v crank angle graph looked very different to the naturally aspirated. Below shows both graphs one for the naturally aspirated and the other for the turbocharged. 
Cylinder pressure 

Figure 14 Pressure V crank Angle n/a	Figure 15 Pressure V crank angle turbo
The main differences that would show these engines are operating differently is the trendline of the points. As the n/a data set on the left has a very smooth trendline and the pressure increases smoothly and also decreased smoothly, with the turbocharged data at a certain point we see the pressure drop before the pressure starts to then increase again, this difference was introduced at the start of the report before moving on through various steps to work out why this is happening. 
The first step of the report was to calculate the work done per crank angle degree for the turbocharged engine and also the naturally aspirated engine once this was done the overall work done per rpm was calculated. This was then moved forward to look into the thermal efficiency’s for both engines to see the difference between a naturally aspirated engine or a turbocharged engine, as most would expect the turbocharged engine to be the more efficient of the two as it is using the waste exhaust gases to power a charger with pushes compressed gas into the cylinder. Referring back to section 4.5 under figure.13 shows the work done per rpm and also thermal efficiency of the sigma 1.6 N/A and also the 1.6 turbo engine, when looking into the table the efficiency of the naturally aspirated started very low at 9.6% which was at 1000rpm in which the vehicle would be sitting idling and the engine is under no load. The figures in the naturally aspirated column stays relatively high with figures coming in at 42% at 1500, 43% at 3000 then dropping off at 6000rpm to 37% which is expected as the engine is running at maximum rpm and is needing the most amount of fuel it can, this is a trend that would be expected to see. 
With the turbocharged engine the trend of its efficiency is much worse again referring back to section 4.4 under table.6 the efficiency of the turbo can be seen, when looking into 1500RPM the efficiency can be seen around 33% which the n/a came in at 42% so at even then the turbocharged engine was 10% less, unlike the naturally aspirated engine in the increase in rpm the efficiency increased slowly, the turbo data decreased with the increase in rpm. By the use of data obtained from Ford Motor Company the lambda value per rpm can be seen which can now be plotted against efficiency.

As that can be seen in table.9 as the engine efficiency is increasing the lambda value is decreasing, this is showing that as the engine starts to pick up on rpm the fuel and air mixture is going much richer, when stoichiometric ratio for the perfect burn the ratio needs to be 14.7:1 (stone, 2012) this engine is running extremely rich just to keep it cool otherwise the engine could undergo major failure as if cylinder temps rise I could cause the metal to fatigue and even break we could see high amounts of carbon fouling the plugs and valves also. Also by running the engine rich it would increase emissions we could see high amounts of carbon monoxide coming out of the exhaust which would result in ford having to bring in new emission control system to monitor this and make it cleaner. 
Table.9 Showing Turbo efficiency against lambda 
	Rpm 
	Turbo efficiency 
	Lambda 
	Air/Fuel Ratio

	1000
	33
	1.05
		15.2




	1500
	33
	1.04
	15.1

	2000
	32
	1.02
	14.8

	2500
	32
	0.97
	14

	3000
	28
	0.88
	12.5

	3500
	29
	0.87
	12.7

	4000
	29
	0.84
	12.1

	4500
	28
	0.82
	11.8

	5000
	26
	0.79
	11.3

	5500
	25
	0.78
	11

	6000
	24
	0.77
	10.8








[bookmark: _Toc7368055][bookmark: _Toc7369061][bookmark: _Toc7380998]5.1 start and end of combustion
Looking into the start and end of combustion it clearly shows when the combustion stage is happening, to be able to understand why a pressure drop is happening for the turbocharged engine it is crucial to look into these figures. Referring back to section 4.6  and under table.7 the data is shown at 1000rpm the start of combustion is seen to be at -13 before top dead centre, then following on from 1500 it can be seen that the start of combustion is now starting at 15 after top dead centre. 	Comment by Abi Summerfield: Check
By the use of the data in section 5.2 under figure.16 spark ignition advance can now be checked to see when it is firing the spark plug.
As can be seen on the X axis on the bottom of the page is the engines RPM and on the Y axis there is various data, the one that will be looked into is the spark advance, by using major lines it is able to work out what its spark advance was. 
The arrow below shows the point in which can be recorded for the spark advance at 1500rpm, in which this case is -4.
again looking back in section 4.7 under table 8 at 1500rpm the start of combustion can be seen at 16 after top dead centre which has a burn delay of 20 degrees they are doing this before the pressure changes and the flame can then spread away from the spark plug to ignite the rest of the mixture. 
The main reason that Ford are delaying this spark advance is because as the pressure is greater in the cylinder as compared to the naturally aspirated engine due to it being turbocharged and if they do not delay the spark before the pressure drops the cylinder would already encounter knock which is pre combustion, if this was to occur the engine could see major heat issues and cause major failure so if ford delay the combustion process in comparison to starting it early in the naturally aspirated they can burn the air/fuel mix in a bigger volume which aids in the burn process, the only downside to this is that it does not give much chance to cool the gases down before pushing them out of the exhaust, this could see major effects with carbon monoxide and other harmful gasses. 


[bookmark: _Toc7380999][image: ]5.2 SGTI DATA
Figure.16 SGTI spark ignition data

[bookmark: _Toc7381000]6.0 Conlusion  
At the start of the investigation the identified  goal was to compare the efficiencies of the Ford Sigma naturally aspirated and the turbocharged sigma applications. The expectation was that the turbocharged engine would be seen as the more efficient engine. 
The analysis and results show that in fact that turbocharged efficiency was around 10% lower than the naturally aspirated engine. Figures were shown that at 2000 rpm the efficiency of the naturally aspirated engine was at 40% and the turbocharged application was at 32%. As the turbocharged engines are labelled to be the more efficient and better engine this was surprising to see. 
Following this, various comparisons between the two engines at various engine speeds were analysed. After the thermal efficiency calculations was complete the start and end of combustion of the was calculated between the two the results show that the naturally aspirated engine started its combustion stage at a much earlier stage than the turbocharged data, the reason for this was as the turbocharged application creates pressure to put into the cylinder if they didn’t start the combustion as the piston was travelling down the cylinder and around 15 degrees after top dead centre this reduces the volume in the cylinder in which the combustion stage is started. If Ford had not decided to start the combustion stage at a later point the engine would encounter knock, by burning later. Ford  also retard the ignition timing to counter this.
In order to further and improve this analysis  data was analysed in order to determine the SGTI which shows the ignition timing on the naturally aspirated, this could then be compared back to the turbocharged one to see the differences in the ignition timing. 
Ford’s engines are losing significant amounts of efficiency by over fuelling and not using the fuels energy fully, by looking into various points to lower the cylinder pressure in order that the burn does not have to start so late, the efficiency of the engine could be improved. Since the engine has major losses with the gases and heat, the solution may be found in the form of an over expansion engine.  One example of such is a concept made by Ilmor Engineering called a Five Stroke engine, the internal combustion engine uses a solid cylinder block with electric motors driving the oil and water cooling pump. It uses two overhead camshafts with standard poppet valves, it is turbocharged also. The goal with this engine if to have a higher engine efficiency with a lower fuel use. To increase the efficiency a secondary cylinder is added as an expansion processor to extra more energy from the fuel. (Ilmor, 2015)	Comment by Abi Summerfield: Ok, you just need to elaborate a little emore, to explain how Ford could encourporate this technology to get their TC engine up to the standard of the NA.
If ford were to incorporate the technology that ilmor engineering have produced, they would be able to keep the power in which the turbocharged engine runs but use an over expansion to recover the wasted fuel energy which is going back out of the exhaust and put it through another cycle, this would increase the efficiency massively as the fuel would be going through two different cycles.


The results were not as were assumed at the start of the project, the engine efficiency came out at a much lower unit than expected. With ford branding their engines are cited as super-efficient, however, the calculated figures produced efficiency results that were lower than anticipated. 
A big talk on the automotive scene today is when Volkswagens emission scandal, Volkswagen had calibrated their vehicles in a way that when the car was at a certain drive cycle it would recognise that it was going under an MOT inspection and the ECU would alter the vehicles fuelling. This would make the car drive  completely different to how it would drive on the road and produce much more emissions. By understanding that the vehicle  would be tested the ECU would make the vehicle produce very little emissions such as NoX so it would pass its MOT without any issues This made big news and a lot of people were not happy with how VW have cheated the system, this does not only put a strain on other motor manufactures as more consumers are wondering if they are doing it too. By Volkswagen doing this it put a huge strain on the reliability of how these engines would act and the consumer is not happy to go out and buy one. By ford branding these engines as efficient and economical would the consumer really be happy about knowing that its efficiency is less than the naturally aspirated version?
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Appendix 1: Turbocharged data thermal efficiency calculations 
@ 1500 RPM 
Work out @ 1500 RPM = 672.72 J 
Fuel mass @ 1500  RPM = 8.33 Kg/h
Fuel/Revolution = 
Fuel/ Cylinder =     = 4.63x
Calorific value of fuel = 44
 Fuel energy = 4.63x x 43391  = 2037.2 
Thermal efficiency  =      =  
= 0.33 x 100 = 33%
@ 2000 RPM  
Work out @ 2000 RPM = 753.09 J
Fuel mass @ 2000 RPM = 12.71Kg/h
Fuel/Revolution = 
Fuel/ Cylinder =     = 5.296x
Calorific value of fuel = 44
 Fuel energy = 5.296x x 44= 2330.24
Thermal efficiency  =      =  
= 0.323 x 100 = 32%








@ 2500 RPM 
Work out @ 2500 RPM = 830.87 J
Fuel mass @ 2500 RPM = 17.7 Kg/h
Fuel/Revolution = 
Fuel/ Cylinder =     = 5.9x
Calorific value of fuel = 44
 Fuel energy = 5.9x x 44  = 2596 
Thermal efficiency  =      =  
= 0.32 x 100 = 32%
@ 3000 RPM 
Work out @ 3000 RPM = 829.23 J 
Fuel mass @ 3000 RPM = 23.95 Kg/h
Fuel/Revolution = 
Fuel/ Cylinder =     = 6.65x
Calorific value of fuel = 44
 Fuel energy = 6.65x x 44  = 2926 
Thermal efficiency  =      =  
= 0.28 x 100 = 28%






@ 3500 RPM 
Work out @ 3500 RPM = 829.23 J 
Fuel mass @ 3500 RPM = 23.95 Kg/h
Fuel/Revolution = 
Fuel/ Cylinder =     = 6.65x
Calorific value of fuel = 44
 Fuel energy = 6.65x x 44  = 2926 
Thermal efficiency  =      =  
= 0.28 x 100 = 28%
@ 4000 RPM 
Work out @ 4000 RPM = 843.41 J 
Fuel mass @ 4000 RPM = 31.81 Kg/h
Fuel/Revolution = 
Fuel/ Cylinder =     = 6.62x
Calorific value of fuel = 44
 Fuel energy = 6.62x x 44  = 2912.8
Thermal efficiency  =      =  
= 0.29 x 100 = 29%





@ 4500 RPM 
Work out @ 4500 RPM = 836.05 J 
Fuel mass @ 4500 RPM = 36.86 Kg/h
Fuel/Revolution = 
Fuel/ Cylinder =     = 6.83x
Calorific value of fuel = 44
 Fuel energy = 6.83x x 44  = 3005.2
Thermal efficiency  =      =  
= 0.28 x 100 = 28%
@ 5000  RPM 
Work out @ 5000 RPM = 809.36 J 
Fuel mass @ 5000 RPM = 41.66 Kg/h
Fuel/Revolution = 
Fuel/ Cylinder =     = 6.94x
Calorific value of fuel = 44
 Fuel energy = 6.94x x 44  = 3053.6
Thermal efficiency  =      =  
= 0.26 x 100 = 26%





@ 5500  RPM 
Work out @ 5500 RPM = 754.56 J 
Fuel mass @ 5500 RPM = 44.95Kg/h
Fuel/Revolution = 
Fuel/ Cylinder =     = 6.81x
Calorific value of fuel = 44
 Fuel energy = 6.81x x 44  = 2996.4
Thermal efficiency  =      =  
= 0.25 x 100 = 25%

@ 6000 RPM 
Work out @ 6000 RPM = 723.15 J 
Fuel mass @ 6000 RPM = 47.94 Kg/h
Fuel/Revolution = 
Fuel/ Cylinder =     = 6.65x
Calorific value of fuel = 44
Fuel energy = 6.65x x 44  = 2926 kg/h
Thermal efficiency  =      =  
= 0.24 x 100 = 24%
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@1500 RPM 
Work done = 444.56 J 
Fuel energy = 1049.4 J
Thermal Efficiency =      =  = 0.42 J 
X 100 = 42%
@2000 RPM  
Work done = 497.49 J 
Fuel energy = 1192.15 J
Thermal Efficiency =      =  = 0.40 J 
X 100 = 40%
@2500 RPM  
Work done = 501.49 J 
Fuel energy = 1202.5 J
Thermal Efficiency =      =  = 0.41 J 
X 100 = 41%
@3000 RPM  
Work done = 507.59J 
Fuel energy = 1176.15 J
Thermal Efficiency =      =  = 0.43 J 
X 100 = 43%
@3500 RPM  
Work done = 508.03J 
Fuel energy = 1206.4 J
Thermal Efficiency =      =  = 0.42J 
X 100 = 42%
@4000 RPM  
Work done = 523.43 J 
Fuel energy = 1228.75 J
Thermal Efficiency =      =  = 0.42J 
X 100 = 42%
@4500 RPM  
Work done = 527.06 J 
Fuel energy = 1287.5 J
Thermal Efficiency =      =  = 0.40J 
X 100 = 40%
@5000 RPM  
Work done = 528.04 J 
Fuel energy = 1297.75 J
Thermal Efficiency =      =  = 0.40J 
X 100 = 40%
@5500 RPM  
Work done = 512.78 J 
Fuel energy = 1343.55 J
Thermal Efficiency =      =  = 0.38J 
X 100 = 38%
@6000 RPM  
Work done = 497.58 J 
Fuel energy = 1317.5J
Thermal Efficiency =      =  = 0.37J 
X 100 = 37%
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Pressure V Volume 1000Rpm - TURBO

44.440000000000005	44.480000000000004	44.6	44.800000000000004	45.07	45.43	45.86	46.370000000000005	46.96	47.620000000000005	48.370000000000005	49.190000000000005	50.08	51.06	52.1	53.230000000000004	54.43	55.7	57.04	58.46	59.95	61.510000000000005	63.14	64.84	66.61	68.45	70.350000000000009	72.320000000000007	74.36	76.460000000000008	78.62	80.84	83.13	85.48	87.88	90.34	92.86	95.43	98.06	100.74	103.47	106.26	109.09	111.97	114.89	117.86	120.87	123.93	127.02	130.16	133.32999999999998	136.54	139.78	143.05999999999997	146.35999999999999	149.69999999999999	153.07	156.47	159.88999999999999	163.32999999999998	166.79999999999998	170.29	173.79999999999998	177.32999999999998	180.86999999999998	184.42999999999998	188	191.58999999999997	195.19	198.79	202.41	206.03	209.66	213.29	216.92	220.54999999999998	224.19	227.82	231.44	235.07	238.67999999999998	242.29	245.89999999999998	249.48999999999998	253.07	256.64	260.2	263.74	267.26	270.77000000000004	274.26	277.74	281.19	284.62	288.03000000000003	291.41000000000003	294.78000000000003	298.12	301.43	304.71000000000004	307.97000000000003	311.2	314.40000000000003	317.57	320.71000000000004	323.82	326.90000000000003	329.94	332.96000000000004	335.93	338.88	341.78000000000003	344.66	347.49	350.29	353.06	355.78000000000003	358.47	361.12	363.73	366.3	368.83000000000004	371.33000000000004	373.78000000000003	376.19	378.56	380.89000000000004	383.18	385.43	387.64000000000004	389.8	391.93	394.01	396.05	398.04	400	401.91	403.78000000000003	405.6	407.39000000000004	409.13	410.83000000000004	412.48	414.09000000000003	415.66	417.19	418.67	420.11	421.5	422.86	424.17	425.43	426.66	427.84000000000003	428.97	430.07	431.12	432.13	433.09000000000003	434.01	434.89000000000004	435.72	436.52000000000004	437.27000000000004	437.97	438.64000000000004	439.26	439.83000000000004	440.37	440.86	441.31	441.71000000000004	442.08000000000004	442.40000000000003	442.68	442.91	443.1	443.25	443.36	443.42	443.45	443.42	443.36	443.25	443.1	442.91	442.68	442.40000000000003	442.08000000000004	441.71000000000004	441.31	440.86	440.37	439.83000000000004	439.26	438.64000000000004	437.97	437.27000000000004	436.52000000000004	435.72	434.89000000000004	434.01	433.09000000000003	432.13	431.12	430.07	428.97	427.84000000000003	426.66	425.43	424.17	422.86	421.5	420.11	418.67	417.19	415.66	414.09000000000003	412.48	410.83000000000004	409.13	407.39000000000004	405.6	403.78000000000003	401.91	400	398.04	396.05	394.01	391.93	389.8	387.64000000000004	385.43	383.18	380.89000000000004	378.56	376.19	373.78000000000003	371.33000000000004	368.83000000000004	366.3	363.73	361.12	358.47	355.78000000000003	353.06	350.29	347.49	344.66	341.78000000000003	338.88	335.93	332.96000000000004	329.94	326.90000000000003	323.82	320.71000000000004	317.57	314.40000000000003	311.2	307.97000000000003	304.71000000000004	301.43	298.12	294.78000000000003	291.41000000000003	288.03000000000003	284.62	281.19	277.74	274.26	270.77000000000004	267.26	263.74	260.2	256.64	253.07	249.48999999999998	245.89999999999998	242.29	238.67999999999998	235.07	231.44	227.82	224.19	220.54999999999998	216.92	213.29	209.66	206.03	202.41	198.79	195.19	191.58999999999997	188	184.42999999999998	180.86999999999998	177.32999999999998	173.79999999999998	170.29	166.79999999999998	163.32999999999998	159.88999999999999	156.47	153.07	149.69999999999999	146.35999999999999	143.05999999999997	139.78	136.54	133.32999999999998	130.16	127.02	123.93	120.87	117.86	114.89	111.97	109.09	106.26	103.47	100.74	98.06	95.43	92.86	90.34	87.88	85.48	83.13	80.84	78.62	76.460000000000008	74.36	72.320000000000007	70.350000000000009	68.45	66.61	64.84	63.14	61.510000000000005	59.95	58.46	57.04	55.7	54.43	53.230000000000004	52.1	51.06	50.08	49.190000000000005	48.370000000000005	47.620000000000005	46.96	46.370000000000005	45.86	45.43	45.07	44.800000000000004	44.6	44.480000000000004	44.440000000000005	44.480000000000004	44.6	44.800000000000004	45.07	45.43	45.86	46.370000000000005	46.96	47.620000000000005	48.370000000000005	49.190000000000005	50.08	51.06	52.1	53.230000000000004	54.43	55.7	57.04	58.46	59.95	61.510000000000005	63.14	64.84	66.61	68.45	70.350000000000009	72.320000000000007	74.36	76.460000000000008	78.62	80.84	83.13	85.48	87.88	90.34	92.86	95.43	98.06	100.74	103.47	106.26	109.09	111.97	114.89	117.86	120.87	123.93	127.02	130.16	133.32999999999998	136.54	139.78	143.05999999999997	146.35999999999999	149.69999999999999	153.07	156.47	159.88999999999999	163.32999999999998	166.79999999999998	170.29	173.79999999999998	177.32999999999998	180.86999999999998	184.42999999999998	188	191.58999999999997	195.19	198.79	202.41	206.03	209.66	213.29	216.92	220.54999999999998	224.19	227.82	231.44	235.07	238.67999999999998	242.29	245.89999999999998	249.48999999999998	253.07	256.64	260.2	263.74	267.26	270.77000000000004	274.26	277.74	281.19	284.62	288.03000000000003	291.41000000000003	294.78000000000003	298.12	301.43	304.71000000000004	307.97000000000003	311.2	314.40000000000003	317.57	320.71000000000004	323.82	326.90000000000003	329.94	332.96000000000004	335.93	338.88	341.78000000000003	344.66	347.49	350.29	353.06	355.78000000000003	358.47	361.12	363.73	366.3	368.83000000000004	371.33000000000004	373.78000000000003	376.19	378.56	380.89000000000004	383.18	385.43	387.64000000000004	389.8	391.93	394.01	396.05	398.04	400	401.91	403.78000000000003	405.6	407.39000000000004	409.13	410.83000000000004	412.48	414.09000000000003	415.66	417.19	418.67	420.11	421.5	422.86	424.17	425.43	426.66	427.84000000000003	428.97	430.07	431.12	432.13	433.09000000000003	434.01	434.89000000000004	435.72	436.52000000000004	437.27000000000004	437.97	438.64000000000004	439.26	439.83000000000004	440.37	440.86	441.31	441.71000000000004	442.08000000000004	442.40000000000003	442.68	442.91	443.1	443.25	443.36	443.42	443.45	443.42	443.36	443.25	443.1	442.91	442.68	442.40000000000003	442.08000000000004	441.71000000000004	441.31	440.86	440.37	439.83000000000004	439.26	438.64000000000004	437.97	437.27000000000004	436.52000000000004	435.72	434.89000000000004	434.01	433.09000000000003	432.13	431.12	430.07	428.97	427.84000000000003	426.66	425.43	424.17	422.86	421.5	420.11	418.67	417.19	415.66	414.09000000000003	412.48	410.83000000000004	409.13	407.39000000000004	405.6	403.78000000000003	401.91	400	398.04	396.05	394.01	391.93	389.8	387.64000000000004	385.43	383.18	380.89000000000004	378.56	376.19	373.78000000000003	371.33000000000004	368.83000000000004	366.3	363.73	361.12	358.47	355.78000000000003	353.06	350.29	347.49	344.66	341.78000000000003	338.88	335.93	332.96000000000004	329.94	326.90000000000003	323.82	320.71000000000004	317.57	314.40000000000003	311.2	307.97000000000003	304.71000000000004	301.43	298.11	294.78000000000003	291.41000000000003	288.03000000000003	284.62	281.19	277.73	274.26	270.77000000000004	267.26	263.74	260.2	256.64	253.07	249.48999999999998	245.89999999999998	242.29	238.67999999999998	235.07	231.44	227.82	224.17999999999998	220.54999999999998	216.92	213.29	209.66	206.03	202.41	198.79	195.19	191.58999999999997	188	184.42999999999998	180.86999999999998	177.32999999999998	173.79999999999998	170.29	166.79999999999998	163.32999999999998	159.88999999999999	156.47	153.07	149.69999999999999	146.35999999999999	143.05999999999997	139.78	136.54	133.32999999999998	130.16	127.02	123.93	120.87	117.86	114.89	111.97	109.09	106.26	103.47	100.74	98.06	95.43	92.86	90.34	87.88	85.48	83.13	80.84	78.62	76.460000000000008	74.36	72.320000000000007	70.350000000000009	68.45	66.61	64.84	63.14	61.510000000000005	59.95	58.46	57.04	55.7	54.43	53.230000000000004	52.1	51.06	50.08	49.190000000000005	48.370000000000005	47.620000000000005	46.96	46.370000000000005	45.86	45.43	45.07	44.800000000000004	44.6	44.480000000000004	1.1319999999999999	1.1319999999999999	1.1200000000000001	1.1319999999999999	1.1319999999999999	1.145	1.145	1.1579999999999999	1.171	1.171	1.1839999999999999	1.1839999999999999	1.1970000000000001	1.1839999999999999	1.1839999999999999	1.171	1.171	1.1579999999999999	1.145	1.1319999999999999	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.1319999999999999	1.145	1.145	1.1579999999999999	1.1579999999999999	1.1579999999999999	1.1579999999999999	1.1579999999999999	1.1579999999999999	1.145	1.145	1.1319999999999999	1.1319999999999999	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.1319999999999999	1.1319999999999999	1.145	1.145	1.145	1.1579999999999999	1.1579999999999999	1.145	1.145	1.145	1.1319999999999999	1.1319999999999999	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.107	1.107	1.107	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.0940000000000001	1.081	1.0940000000000001	1.0940000000000001	1.0940000000000001	1.0940000000000001	1.081	1.081	1.081	1.081	1.0940000000000001	1.0940000000000001	1.0940000000000001	1.0940000000000001	1.0940000000000001	1.0940000000000001	1.107	1.107	1.107	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.107	1.107	1.107	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.1319999999999999	1.1319999999999999	1.1319999999999999	1.1319999999999999	1.1319999999999999	1.1319999999999999	1.1319999999999999	1.1319999999999999	1.1319999999999999	1.1319999999999999	1.1319999999999999	1.1319999999999999	1.1319999999999999	1.1319999999999999	1.1319999999999999	1.1319999999999999	1.1319999999999999	1.1319999999999999	1.1319999999999999	1.1319999999999999	1.1319999999999999	1.1319999999999999	1.1319999999999999	1.1319999999999999	1.1319999999999999	1.1319999999999999	1.145	1.145	1.145	1.145	1.145	1.145	1.145	1.145	1.145	1.145	1.145	1.145	1.145	1.145	1.145	1.145	1.145	1.145	1.145	1.145	1.145	1.145	1.145	1.145	1.145	1.145	1.145	1.145	1.145	1.145	1.145	1.145	1.145	1.145	1.145	1.1319999999999999	1.1319999999999999	1.1319999999999999	1.1319999999999999	1.1319999999999999	1.1319999999999999	1.1319999999999999	1.1319999999999999	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.1319999999999999	1.1319999999999999	1.1319999999999999	1.1319999999999999	1.1319999999999999	1.1319999999999999	1.1319999999999999	1.1319999999999999	1.145	1.145	1.145	1.145	1.1579999999999999	1.1579999999999999	1.1579999999999999	1.171	1.171	1.171	1.1839999999999999	1.1839999999999999	1.1970000000000001	1.1970000000000001	1.1970000000000001	1.2090000000000001	1.2090000000000001	1.2090000000000001	1.222	1.222	1.222	1.2350000000000001	1.2350000000000001	1.248	1.248	1.248	1.248	1.248	1.248	1.2609999999999999	1.2609999999999999	1.274	1.2989999999999999	1.3120000000000001	1.325	1.325	1.3380000000000001	1.351	1.351	1.363	1.3759999999999999	1.389	1.4019999999999999	1.415	1.427	1.427	1.44	1.466	1.4790000000000001	1.492	1.504	1.504	1.504	1.53	1.5429999999999999	1.569	1.581	1.607	1.62	1.6459999999999999	1.671	1.6970000000000001	1.7230000000000001	1.7609999999999999	1.7869999999999999	1.8120000000000001	1.8380000000000001	1.8640000000000001	1.889	1.915	1.9530000000000001	1.9790000000000001	2.0179999999999998	2.0430000000000001	2.0819999999999999	2.1070000000000002	2.1459999999999999	2.1840000000000002	2.21	2.2490000000000001	2.2999999999999998	2.3380000000000001	2.3769999999999998	2.4279999999999999	2.4790000000000001	2.5310000000000001	2.569	2.633	2.6850000000000001	2.7490000000000001	2.8	2.8639999999999999	2.9279999999999999	2.9929999999999999	3.0569999999999999	3.121	3.198	3.262	3.339	3.4289999999999998	3.5190000000000001	3.5960000000000001	3.698	3.7879999999999998	3.891	4.0060000000000002	4.109	4.2240000000000002	4.34	4.468	4.5960000000000001	4.7370000000000001	4.8780000000000001	5.032	5.1859999999999999	5.3529999999999998	5.52	5.6989999999999998	5.8789999999999996	6.0590000000000002	6.2640000000000002	6.4690000000000003	6.6870000000000003	6.9180000000000001	7.149	7.4059999999999997	7.6619999999999999	7.9320000000000004	8.2140000000000004	8.5090000000000003	8.83	9.15	9.484	9.83	10.189	10.561	10.933	11.331	11.728999999999999	12.151999999999999	12.587999999999999	13.037000000000001	13.499000000000001	13.974	14.449	14.936	15.436	15.936999999999999	16.437000000000001	16.937000000000001	17.45	17.937999999999999	18.413	18.887	19.323	19.760000000000002	20.157	20.529	20.876000000000001	21.196000000000002	21.491	21.722000000000001	21.928000000000001	22.068999999999999	22.170999999999999	22.234999999999999	22.222999999999999	22.170999999999999	22.068999999999999	21.94	21.774000000000001	21.594000000000001	21.44	21.324999999999999	21.286000000000001	21.376000000000001	21.62	22.068999999999999	22.722999999999999	23.582000000000001	24.646999999999998	25.956	27.547000000000001	29.471	31.741	34.229999999999997	36.770000000000003	39.131	41.145000000000003	42.902000000000001	44.378	45.454999999999998	45.942999999999998	45.853000000000002	45.276000000000003	44.351999999999997	43.222999999999999	41.953000000000003	40.645000000000003	39.31	37.988999999999997	36.692999999999998	35.448999999999998	34.229999999999997	33.063000000000002	31.946999999999999	30.908000000000001	29.907	28.971	28.047000000000001	27.175000000000001	26.327999999999999	25.52	24.75	23.992999999999999	23.274999999999999	22.594999999999999	21.928000000000001	21.312000000000001	20.709	20.143999999999998	19.593	19.067	18.567	18.079000000000001	17.603999999999999	17.143000000000001	16.706	16.283000000000001	15.885	15.488	15.103	14.718	14.384	14.051	13.717000000000001	13.435	13.14	12.858000000000001	12.576000000000001	12.319000000000001	12.061999999999999	11.831	11.601000000000001	11.37	11.151999999999999	10.946	10.728	10.536	10.343	10.164	9.9969999999999999	9.83	9.6630000000000003	9.4969999999999999	9.343	9.1890000000000001	9.0350000000000001	8.8940000000000001	8.7530000000000001	8.6240000000000006	8.5090000000000003	8.3810000000000002	8.2520000000000007	8.1370000000000005	8.0210000000000008	7.9189999999999996	7.8029999999999999	7.7009999999999996	7.6109999999999998	7.5209999999999999	7.431	7.3540000000000001	7.2640000000000002	7.1749999999999998	7.0979999999999999	7.0209999999999999	6.944	6.867	6.79	6.726	6.6619999999999999	6.585	6.52	6.4690000000000003	6.4050000000000002	6.3410000000000002	6.29	6.2249999999999996	6.1740000000000004	6.1230000000000002	6.0709999999999997	6.0330000000000004	5.9820000000000002	5.93	5.8920000000000003	5.8529999999999998	5.8019999999999996	5.7640000000000002	5.7249999999999996	5.6870000000000003	5.6479999999999997	5.61	5.5839999999999996	5.5449999999999999	5.5069999999999997	5.4809999999999999	5.4429999999999996	5.4169999999999998	5.3920000000000003	5.3529999999999998	5.327	5.3019999999999996	5.2759999999999998	5.25	5.2380000000000004	5.2119999999999997	5.1859999999999999	5.1609999999999996	5.1349999999999998	5.1219999999999999	5.0960000000000001	5.0709999999999997	5.0579999999999998	5.0449999999999999	5.032	5.0069999999999997	4.9939999999999998	4.9809999999999999	4.9550000000000001	4.9429999999999996	4.93	4.9039999999999999	4.891	4.8659999999999997	4.8529999999999998	4.827	4.8010000000000002	4.7759999999999998	4.7629999999999999	4.7370000000000001	4.7119999999999997	4.6859999999999999	4.66	4.6349999999999998	4.609	4.5830000000000002	4.5579999999999998	4.5190000000000001	4.4809999999999999	4.4420000000000002	4.4039999999999999	4.3520000000000003	4.3010000000000002	4.2370000000000001	4.173	4.0960000000000001	4.0190000000000001	3.9289999999999998	3.839	3.7370000000000001	3.6339999999999999	3.5310000000000001	3.4289999999999998	3.3260000000000001	3.2109999999999999	3.1080000000000001	2.9929999999999999	2.8769999999999998	2.762	2.6459999999999999	2.5310000000000001	2.415	2.3130000000000002	2.21	2.1070000000000002	2.0179999999999998	1.9279999999999999	1.851	1.7869999999999999	1.7230000000000001	1.671	1.62	1.581	1.5429999999999999	1.5169999999999999	1.492	1.466	1.4530000000000001	1.427	1.415	1.4019999999999999	1.3759999999999999	1.363	1.351	1.3380000000000001	1.3120000000000001	1.2989999999999999	1.286	1.274	1.2609999999999999	1.248	1.248	1.2350000000000001	1.222	1.222	1.2090000000000001	1.2090000000000001	1.1970000000000001	1.1970000000000001	1.1839999999999999	1.171	1.145	1.145	1.145	1.145	1.1319999999999999	1.1319999999999999	1.1319999999999999	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.1319999999999999	1.1319999999999999	1.1319999999999999	1.1319999999999999	1.1319999999999999	1.1319999999999999	1.1319999999999999	1.1319999999999999	1.1319999999999999	1.145	1.145	1.1319999999999999	1.145	1.145	1.145	1.145	1.145	1.145	1.145	1.145	1.145	1.145	1.145	1.145	1.1579999999999999	1.1579999999999999	1.1579999999999999	1.1579999999999999	1.1579999999999999	1.145	1.145	1.145	1.145	1.145	1.145	1.145	1.145	1.145	1.145	1.145	1.1319999999999999	1.1319999999999999	1.1319999999999999	1.1319999999999999	1.1319999999999999	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.107	1.107	1.107	1.107	1.107	1.107	1.0940000000000001	1.0940000000000001	1.0940000000000001	1.0940000000000001	1.0940000000000001	1.081	1.081	1.081	1.0680000000000001	1.0680000000000001	1.0680000000000001	1.0549999999999999	1.0549999999999999	1.0549999999999999	1.0549999999999999	1.0549999999999999	1.0549999999999999	1.0429999999999999	1.0429999999999999	1.0429999999999999	1.0429999999999999	1.0429999999999999	1.0429999999999999	1.03	1.03	1.03	1.03	1.03	1.03	1.03	1.0169999999999999	1.0169999999999999	1.0169999999999999	1.0169999999999999	1.0169999999999999	1.03	1.0549999999999999	1.0549999999999999	1.0680000000000001	1.0680000000000001	1.081	1.0940000000000001	1.0940000000000001	1.107	1.107	1.107	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.1200000000000001	


Thermal Efficiency % against engine RPM 
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Turbo - Pressure V Crank angle 1000RPM
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Naturally Aspirated - Pressure V Crank Angle 1000Rpm
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LogP V LogV 2000RPM
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LogP V LogV 2500RPM
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LogP V LogV 2500rpm

1.5940609012704183	1.5945030438200891	1.5958267770732231	1.5980240723341896	1.6009728956867482	1.6048737705526357	1.6094876898532853	1.6148972160331345	1.6210723711436259	1.6278776945799716	1.6354837468149122	1.6436500382173291	1.6523430550627147	1.6617180576946593	1.6714505542124947	1.6817837664678814	1.6924944075030843	1.7035492982382305	1.7149162479935849	1.7266457202409118	1.7386220279179425	1.7508168426497546	1.7632033003707717	1.775756037844098	1.7884512070234555	1.8012664704896202	1.8141143561291255	1.8270460170047342	1.840043330603494	1.8530286147129897	1.8659918001262754	1.8789237339675673	1.8918718304455837	1.9047696259065952	1.9175580208254361	1.9302866472455196	1.9429500700770987	1.9554953291841271	1.9679689628786923	1.9803215860087564	1.9925535178321356	2.0047081965443363	2.0166991380649715	2.0285712526925375	2.0402857989324916	2.0518853788898719	2.0633333589517497	2.0746701889240069	2.085825533520743	2.0968752680596876	2.1077524987401626	2.1184961999117879	2.1290773242527368	2.1395327715979393	2.1498039382270222	2.1599580026785188	2.1699681739968923	2.1798389280231869	2.1895464567389267	2.199096656305616	2.2085219729314334	2.2177996799471171	2.2269348400126003	2.2359322539862951	2.2447717614952949	2.2534833920870145	2.2620474592614253	2.2704925036386179	2.2787993137555556	2.2869502157875488	2.2949949938591003	2.3028934583565053	2.3106720749301237	2.318313817223999	2.3258234190027447	2.3332053726253439	2.3404837746257177	2.3476226994672418	2.3546269768529489	2.3615389712692791	2.3683054838392832	2.3749681862992342	2.3815302158362703	2.3879590197123459	2.3942765267678214	2.4004861817912042	2.406591270897152	2.4125781354312723	2.4184504508295834	2.42422807069598	2.4298975586871476	2.4354780541713246	2.4409405515396636	2.4463041139519239	2.4515715370380673	2.4567303232232978	2.4618135536226196	2.4667935023435357	2.4716730185000912	2.4764548254543031	2.4811558708280352	2.4857640022849474	2.4902816204417575	2.4947110252052629	2.4990544211971009	2.5033139228158845	2.507491558965369	2.511575905309916	2.5155957002684515	2.5195129832576257	2.5233692209782803	2.5271270138391762	2.5308269862489765	2.5344322734758764	2.5379701277584696	2.5414419452545256	2.5448242987597278	2.5481436374348454	2.5513889972730204	2.5545618391909861	2.5576635678875652	2.5606955343936537	2.5636708994192432	2.5665671129934964	2.5693973210854648	2.5721626826463373	2.5748643136645399	2.5775032889572613	2.5800806438630075	2.5825973758414835	2.5850431549059416	2.5874415515599591	2.5897709344582682	2.5920434496293616	2.5942488668573831	2.5964101438442699	2.598505988988193	2.6005481897240834	2.6025266071349242	2.6044636616701857	2.606338363528125	2.6081621863197615	2.6099250727216621	2.6116383521225046	2.6133025816802631	2.6149182977778489	2.6164755138885654	2.6179853026090019	2.6194377065029881	2.6208540778583549	2.6222140229662951	2.6235180561820592	2.6247872752921073	2.6260014238478919	2.6271609523747759	2.6282867310895144	2.6293586225803405	2.6303871897955311	2.6313625848869608	2.6322952873402072	2.6331855670595279	2.6340235935670839	2.6348298023738992	2.6355842663112301	2.636287252098513	2.6369590457907699	2.6375797812433479	2.6381496756668459	2.6386888866901237	2.6391775920802147	2.6396259192408125	2.6400240441088667	2.6403919849593236	2.6407099528830362	2.6409879839759003	2.6412162335803266	2.6414046971633121	2.6415534264538958	2.6416624622379814	2.6417219247658323	2.6417516529769882	2.6417219247658323	2.6416624622379814	2.6415534264538958	2.6414046971633121	2.6412162335803266	2.6409879839759003	2.6407099528830362	2.6403919849593236	2.6400240441088667	2.6396259192408125	2.6391775920802147	2.6386888866901237	2.6381496756668459	2.6375797812433479	2.6369590457907699	2.636287252098513	2.6355842663112301	2.6348298023738992	2.6340235935670839	2.6331855670595279	2.6322952873402072	2.6313625848869608	2.6303871897955311	2.6293586225803405	2.6282867310895144	2.6271609523747759	2.6260014238478919	2.6247872752921073	2.6235180561820592	2.6222140229662951	2.6208540778583549	2.6194377065029881	2.6179853026090019	2.6164755138885654	2.6149182977778489	2.6133025816802631	2.6116383521225046	2.6099250727216621	2.6081621863197615	2.606338363528125	2.6044636616701857	2.6025266071349242	2.6005481897240834	2.598505988988193	2.5964101438442699	2.5942488668573831	2.5920434496293616	2.5897709344582682	2.5874415515599591	2.5850431549059416	2.5825973758414835	2.5800806438630075	2.5775032889572613	2.5748643136645399	2.5721626826463373	2.5693973210854648	2.5665671129934964	2.5636708994192432	2.5606955343936537	2.5576635678875652	2.5545618391909861	2.5513889972730204	2.5481436374348454	2.5448242987597278	2.5414419452545256	2.5379701277584696	2.5344322734758764	2.5308269862489765	2.5271270138391762	2.5233692209782803	2.5195129832576257	2.5155957002684515	2.511575905309916	2.507491558965369	2.5033139228158845	2.4990544211971009	2.4947110252052629	2.4902816204417575	2.4857640022849474	2.4811558708280352	2.4764548254543031	2.4716730185000912	2.4667935023435357	2.4618135536226196	2.4567303232232978	2.4515715370380673	2.4463041139519239	2.4409405515396636	2.4354780541713246	2.4298975586871476	2.42422807069598	2.4184504508295834	2.4125781354312723	2.406591270897152	2.4004861817912042	2.3942765267678214	2.3879590197123459	2.3815302158362703	2.3749681862992342	2.3683054838392832	2.3615389712692791	2.3546269768529489	2.3476226994672418	2.3404837746257177	2.3332053726253439	2.3258234190027447	2.318313817223999	2.3106720749301237	2.3028934583565053	2.2949949938591003	2.2869502157875488	2.2787993137555556	2.2704925036386179	2.2620474592614253	2.2534833920870145	2.2447717614952949	2.2359322539862951	2.2269348400126003	2.2177996799471171	2.2085219729314334	2.199096656305616	2.1895464567389267	2.1798389280231869	2.1699681739968923	2.1599580026785188	2.1498039382270222	2.1395327715979393	2.1290773242527368	2.1184961999117879	2.1077524987401626	2.0968752680596876	2.085825533520743	2.0746701889240069	2.0633333589517497	2.0518853788898719	2.0402857989324916	2.0285712526925375	2.0166991380649715	2.0047081965443363	1.9925535178321356	1.9803215860087564	1.9679689628786923	1.9554953291841271	1.9429500700770987	1.9302866472455196	1.9175580208254361	1.9047696259065952	1.8918718304455837	1.8789237339675673	1.8659918001262754	1.8530286147129897	1.840043330603494	1.8270460170047342	1.8141143561291255	1.8012664704896202	1.7884512070234555	1.775756037844098	1.7632033003707717	1.7508168426497546	1.7386220279179425	1.7266457202409118	1.7149162479935849	1.7035492982382305	1.6924944075030843	1.6817837664678814	1.6714505542124947	1.6617180576946593	1.6523430550627147	1.6436500382173291	1.6354837468149122	1.6278776945799716	1.6210723711436259	1.6148972160331345	1.6094876898532853	1.6048737705526357	1.6009728956867482	1.5980240723341896	1.5958267770732231	1.5945030438200891	1.5940609012704183	1.5945030438200891	1.5958267770732231	1.5980240723341896	1.6009728956867482	1.6048737705526357	1.6094876898532853	1.6148972160331345	1.6210723711436259	1.6278776945799716	1.6354837468149122	1.6436500382173291	1.6523430550627147	1.6617180576946593	1.6714505542124947	1.6817837664678814	1.6924944075030843	1.7035492982382305	1.7149162479935849	1.7266457202409118	1.7386220279179425	1.7508168426497546	1.7632033003707717	1.775756037844098	1.7884512070234555	1.8012664704896202	1.8141143561291255	1.8270460170047342	1.840043330603494	1.8530286147129897	1.8659918001262754	1.8789237339675673	1.8918718304455837	1.9047696259065952	1.9175580208254361	1.9302866472455196	1.9429500700770987	1.9554953291841271	1.9679689628786923	1.9803215860087564	1.9925535178321356	2.0047081965443363	2.0166991380649715	2.0285712526925375	2.0402857989324916	2.0518853788898719	2.0633333589517497	2.0746701889240069	2.085825533520743	2.0968752680596876	2.1077524987401626	2.1184961999117879	2.1290773242527368	2.1395327715979393	2.1498039382270222	2.1599580026785188	2.1699681739968923	2.1798389280231869	2.1895464567389267	2.199096656305616	2.2085219729314334	2.2177996799471171	2.2269348400126003	2.2359322539862951	2.2447717614952949	2.2534833920870145	2.2620474592614253	2.2704925036386179	2.2787993137555556	2.2869502157875488	2.2949949938591003	2.3028934583565053	2.3106720749301237	2.318313817223999	2.3258234190027447	2.3332053726253439	2.3404837746257177	2.3476226994672418	2.3546269768529489	2.3615389712692791	2.3683054838392832	2.3749681862992342	2.3815302158362703	2.3879590197123459	2.3942765267678214	2.4004861817912042	2.406591270897152	2.4125781354312723	2.4184504508295834	2.42422807069598	2.4298975586871476	2.4354780541713246	2.4409405515396636	2.4463041139519239	2.4515715370380673	2.4567303232232978	2.4618135536226196	2.4667935023435357	2.4716730185000912	2.4764548254543031	2.4811558708280352	2.4857640022849474	2.4902816204417575	2.4947110252052629	2.4990544211971009	2.5033139228158845	2.507491558965369	2.511575905309916	2.5155957002684515	2.5195129832576257	2.5233692209782803	2.5271270138391762	2.5308269862489765	2.5344322734758764	2.5379701277584696	2.5414419452545256	2.5448242987597278	2.5481436374348454	2.5513889972730204	2.5545618391909861	2.5576635678875652	2.5606955343936537	2.5636708994192432	2.5665671129934964	2.5693973210854648	2.5721626826463373	2.5748643136645399	2.5775032889572613	2.5800806438630075	2.5825973758414835	2.5850431549059416	2.5874415515599591	2.5897709344582682	2.5920434496293616	2.5942488668573831	2.5964101438442699	2.598505988988193	2.6005481897240834	2.6025266071349242	2.6044636616701857	2.606338363528125	2.6081621863197615	2.6099250727216621	2.6116383521225046	2.6133025816802631	2.6149182977778489	2.6164755138885654	2.6179853026090019	2.6194377065029881	2.6208540778583549	2.6222140229662951	2.6235180561820592	2.6247872752921073	2.6260014238478919	2.6271609523747759	2.6282867310895144	2.6293586225803405	2.6303871897955311	2.6313625848869608	2.6322952873402072	2.6331855670595279	2.6340235935670839	2.6348298023738992	2.6355842663112301	2.636287252098513	2.6369590457907699	2.6375797812433479	2.6381496756668459	2.6386888866901237	2.6391775920802147	2.6396259192408125	2.6400240441088667	2.6403919849593236	2.6407099528830362	2.6409879839759003	2.6412162335803266	2.6414046971633121	2.6415534264538958	2.6416624622379814	2.6417219247658323	2.6417516529769882	2.6417219247658323	2.6416624622379814	2.6415534264538958	2.6414046971633121	2.6412162335803266	2.6409879839759003	2.6407099528830362	2.6403919849593236	2.6400240441088667	2.6396259192408125	2.6391775920802147	2.6386888866901237	2.6381496756668459	2.6375797812433479	2.6369590457907699	2.636287252098513	2.6355842663112301	2.6348298023738992	2.6340235935670839	2.6331855670595279	2.6322952873402072	2.6313625848869608	2.6303871897955311	2.6293586225803405	2.6282867310895144	2.6271609523747759	2.6260014238478919	2.6247872752921073	2.6235180561820592	2.6222140229662951	2.6208540778583549	2.6194377065029881	2.6179853026090019	2.6164755138885654	2.6149182977778489	2.6133025816802631	2.6116383521225046	2.6099250727216621	2.6081621863197615	2.606338363528125	2.6044636616701857	2.6025266071349242	2.6005481897240834	2.598505988988193	2.5964101438442699	2.5942488668573831	2.5920434496293616	2.5897709344582682	2.5874415515599591	2.5850431549059416	2.5825973758414835	2.5800806438630075	2.5775032889572613	2.5748643136645399	2.5721626826463373	2.5693973210854648	2.5665671129934964	2.5636708994192432	2.5606955343936537	2.5576635678875652	2.5545618391909861	2.5513889972730204	2.5481436374348454	2.5448242987597278	2.5414419452545256	2.5379701277584696	2.5344322734758764	2.5308269862489765	2.5271270138391762	2.5233692209782803	2.5195129832576257	2.5155957002684515	2.511575905309916	2.507491558965369	2.5033139228158845	2.4990544211971009	2.4947110252052629	2.4902816204417575	2.4857640022849474	2.4811558708280352	2.4764548254543031	2.4716730185000912	2.4667786772233953	2.4618135536226196	2.4567303232232978	2.4515715370380673	2.4463041139519239	2.4409405515396636	2.435462120559821	2.4298975586871476	2.42422807069598	2.4184504508295834	2.4125781354312723	2.406591270897152	2.4004861817912042	2.3942765267678214	2.3879590197123459	2.3815302158362703	2.3749681862992342	2.3683054838392832	2.3615389712692791	2.3546269768529489	2.3476226994672418	2.3404639451856344	2.3332053726253439	2.3258234190027447	2.318313817223999	2.3106720749301237	2.3028934583565053	2.2949949938591003	2.2869502157875488	2.2787993137555556	2.2704925036386179	2.2620474592614253	2.2534833920870145	2.2447717614952949	2.2359322539862951	2.2269348400126003	2.2177996799471171	2.2085219729314334	2.199096656305616	2.1895464567389267	2.1798389280231869	2.1699681739968923	2.1599580026785188	2.1498039382270222	2.1395327715979393	2.1290773242527368	2.1184961999117879	2.1077524987401626	2.0968752680596876	2.085825533520743	2.0746701889240069	2.0633333589517497	2.0518853788898719	2.0402857989324916	2.0285712526925375	2.0166991380649715	2.0047081965443363	1.9925535178321356	1.9803215860087564	1.9679689628786923	1.9554953291841271	1.9429500700770987	1.9302866472455196	1.9175580208254361	1.9047696259065952	1.8918718304455837	1.8789237339675673	1.8659918001262754	1.8530286147129897	1.840043330603494	1.8270460170047342	1.8141143561291255	1.8012664704896202	1.7884512070234555	1.775756037844098	1.7632033003707717	1.7508168426497546	1.7386220279179425	1.7266457202409118	1.7149162479935849	1.7035492982382305	1.6924944075030843	1.6817837664678814	1.6714505542124947	1.6617180576946593	1.6523430550627147	1.6436500382173291	1.6354837468149122	1.6278776945799716	1.6210723711436259	1.6148972160331345	1.6094876898532853	1.6048737705526357	1.6009728956867482	1.5980240723341896	1.5958267770732231	1.5945030438200891	7.0407321740119655E-2	7.9543007402906069E-2	8.4218686739238768E-2	9.7951070994149958E-2	0.10653085382238137	0.1195857749617838	0.13225968953104458	0.1401936785786313	0.15228834438305647	0.16016829295851201	0.17143390094300825	0.17522180034305238	0.17897694729316943	0.17897694729316943	0.18269990333604255	0.17897694729316943	0.17897694729316943	0.17522180034305238	0.17143390094300825	0.16761267272753014	0.16016829295851201	0.1562461903973445	0.1482940974347457	0.14426277376199059	0.13225968953104458	0.12807601266871535	0.1195857749617838	0.11092624226642028	0.10243370568133631	9.3421685162235063E-2	8.8844562727004278E-2	8.4218686739238768E-2	7.9543007402906069E-2	7.4816440645174717E-2	7.4816440645174717E-2	7.0407321740119655E-2	7.0407321740119655E-2	7.0407321740119655E-2	7.0407321740119655E-2	7.4816440645174717E-2	7.9543007402906069E-2	8.4218686739238768E-2	9.3421685162235063E-2	9.7951070994149958E-2	0.10243370568133631	0.11092624226642028	0.11527759139590141	0.12385164096708581	0.12385164096708581	0.12807601266871535	0.13225968953104458	0.13225968953104458	0.13640344813399	0.13640344813399	0.13640344813399	0.13640344813399	0.1401936785786313	0.1401936785786313	0.1401936785786313	0.13640344813399	0.13640344813399	0.13640344813399	0.13640344813399	0.13225968953104458	0.13225968953104458	0.13640344813399	0.13225968953104458	0.1195857749617838	0.10653085382238137	0.10653085382238137	0.11092624226642028	0.10653085382238137	0.11527759139590141	0.1195857749617838	0.11092624226642028	0.10243370568133631	9.7951070994149958E-2	9.7951070994149958E-2	9.3421685162235063E-2	9.7951070994149958E-2	9.7951070994149958E-2	9.7951070994149958E-2	9.7951070994149958E-2	9.3421685162235063E-2	9.3421685162235063E-2	9.3421685162235063E-2	9.3421685162235063E-2	9.3421685162235063E-2	9.3421685162235063E-2	9.3421685162235063E-2	9.7951070994149958E-2	9.7951070994149958E-2	0.10243370568133631	0.10243370568133631	0.10653085382238137	0.10653085382238137	0.11092624226642028	0.11092624226642028	0.11527759139590141	0.11527759139590141	0.11527759139590141	0.1195857749617838	0.1195857749617838	0.1195857749617838	0.12385164096708581	0.12385164096708581	0.12385164096708581	0.12385164096708581	0.12807601266871535	0.12807601266871535	0.12807601266871535	0.12807601266871535	0.12807601266871535	0.13225968953104458	0.13225968953104458	0.13225968953104458	0.13225968953104458	0.13225968953104458	0.13225968953104458	0.13225968953104458	0.13640344813399	0.13640344813399	0.13640344813399	0.13640344813399	0.13640344813399	0.13640344813399	0.13640344813399	0.13640344813399	0.13640344813399	0.13640344813399	0.13640344813399	0.13640344813399	0.14426277376199059	0.14426277376199059	0.1482940974347457	0.14426277376199059	0.1401936785786313	0.1401936785786313	0.1401936785786313	0.1401936785786313	0.13640344813399	0.1401936785786313	0.13640344813399	0.1401936785786313	0.1401936785786313	0.1401936785786313	0.13640344813399	0.13640344813399	0.13225968953104458	0.13225968953104458	0.13225968953104458	0.13225968953104458	0.13225968953104458	0.13225968953104458	0.13640344813399	0.13640344813399	0.13640344813399	0.13640344813399	0.1401936785786313	0.1401936785786313	0.14426277376199059	0.14426277376199059	0.1482940974347457	0.1482940974347457	0.1482940974347457	0.15228834438305647	0.15228834438305647	0.15228834438305647	0.1562461903973445	0.1562461903973445	0.1562461903973445	0.16016829295851201	0.16016829295851201	0.16016829295851201	0.16016829295851201	0.12807601266871535	0.1562461903973445	0.15228834438305647	0.1562461903973445	0.1562461903973445	0.16016829295851201	0.16016829295851201	0.16016829295851201	0.16016829295851201	0.16016829295851201	0.16016829295851201	0.16016829295851201	0.16016829295851201	0.16405529189345164	0.16761267272753014	0.17143390094300825	0.17143390094300825	0.17522180034305238	0.17522180034305238	0.17897694729316943	0.18269990333604255	0.18269990333604255	0.18639121569549319	0.19005141775920598	0.19005141775920598	0.19340290306241747	0.19700472802304578	0.19700472802304578	0.20057692675484817	0.20057692675484817	0.20411998265592479	0.20411998265592479	0.20763436738896152	0.21112054125804933	0.21112054125804933	0.21457895357049908	0.21457895357049908	0.21774707326279363	0.21774707326279363	0.22115332195470511	0.22115332195470511	0.22453306260608574	0.22788670461367352	0.23121464796260105	0.23451728351268664	0.23779499327392259	0.23779499327392259	0.2410481506716444	0.2410481506716444	0.24402958903002173	0.24723654950676405	0.250420002308894	0.25358028956218281	0.25983269906348355	0.26292546933183158	0.26576091671761054	0.26881190373978042	0.27485032001666482	0.27783833300204741	0.2808059283936668	0.28375338333252653	0.28936595152003169	0.29225607135647602	0.29797924415936239	0.30362797638388977	0.30899102900016412	0.31175386105575426	0.31722734917642026	0.32263271169222341	0.3253103717110612	0.33041377334919086	0.33825723024625559	0.34340859380385735	0.35082927358296773	0.35583449588493599	0.36078268987328005	0.36791473879375264	0.37511468469222498	0.37984917876282992	0.38667728396083773	0.39357520326958756	0.40019248859257595	0.4068806700491247	0.41346741298582484	0.4219328132785084	0.42829681398287955	0.43440920758750012	0.44263652578223173	0.44855173920157809	0.45651785780526266	0.46419137064099958	0.46996920949995952	0.47741068790725155	0.48486903272040238	0.492061604512599	0.49913699453738269	0.50623435961212593	0.51481329499928541	0.52166101511207341	0.52994340165866927	0.53807078704317202	0.5461723683169426	0.55400432101190289	0.56169753265399347	0.56937390961504586	0.57829530512082628	0.5855735186227311	0.59417147911491208	0.60260252042025642	0.61097937992299711	0.62044838471170882	0.6297153326471322	0.63878866715739824	0.64894518216567254	0.65762943138895202	0.66735954618308713	0.67797175281073996	0.68841982200271057	0.69862242970209798	0.70969386972779192	0.72040740080310861	0.73094369342773569	0.74217504322367711	0.75419538818983844	0.76581751530991815	0.77807886193745501	0.79007394842630474	0.80256849831395649	0.81471361269597664	0.82814410730378629	0.84123429550604101	0.85473101721394229	0.86858566655876568	0.88195497133960055	0.89636084546931638	0.91099771631064286	0.9258275746247423	0.94081520865080137	0.95655259191739883	0.97169323894986104	0.98695078785851664	1.0027706281011937	1.0191162904470727	1.0359097984566088	1.0520395070014719	1.0685939809766514	1.0845047832462276	1.1011969858653452	1.1177020612093149	1.1344002559189843	1.1509098737011219	1.1675536211968247	1.184322265577157	1.2007957976083672	1.217720767530819	1.234314768012676	1.250615146990633	1.2669369111591731	1.2832333648887535	1.2992239233665828	1.3151933756957137	1.3311234878466514	1.3467440546048488	1.3620487177147147	1.377087591426807	1.3920635117184519	1.4065401804339552	1.4205498135321757	1.4343293373377295	1.4470804718310026	1.4596789070117429	1.4713357251611572	1.4827021177322472	1.4932349210785709	1.5031639757248005	1.5123641593965311	1.5210334218209165	1.5287110684168512	1.535597893299667	1.541579243946581	1.5466906931842406	1.5507907365519602	1.5540770813753888	1.5564110608183221	1.5579641135542242	1.559200172682758	1.5598109022052415	1.5608865695237601	1.5621143505886863	1.5640976778929749	1.567590934950823	1.5727090016384053	1.5796692935547203	1.5888429186067181	1.6004828134659588	1.6141481503124446	1.629888486165435	1.6474709938588463	1.6671446344865475	1.6886066708213183	1.7119927132823649	1.7368584414709283	1.7621156414426571	1.7867230359576427	1.8093980866163188	1.8290463368531826	1.8452221064290137	1.8580316300566866	1.8673083548951763	1.873332229356715	1.8763102338441773	1.8764603309695131	1.8741511873973609	1.8697302852172295	1.863269313664276	1.8551616393133821	1.8456188809504426	1.8349672019384444	1.8234611870981396	1.8112129429218171	1.7985194396952919	1.7853511932305808	1.7720501878132298	1.7585258494688767	1.7444729237336609	1.7302572532130169	1.7162037409998423	1.7021288382868809	1.6881527555915663	1.6741811627798706	1.6596310116070006	1.6451962201890324	1.6308040328216455	1.616580530085886	1.6024398328431888	1.5884061772165803	1.5744942682853276	1.5608865695237601	1.5471591213274176	1.5338101750105697	1.520535933136838	1.507882845670679	1.4953778029440743	1.4832591344917996	1.4711596419819759	1.459286917242387	1.447685069004955	1.4365919567947696	1.4258275636245146	1.4150067539538276	1.4045600590923559	1.3943290804030311	1.3840665380759458	1.3735556066389327	1.3635179665825654	1.3534738289030659	1.3437039317832113	1.3339910615695065	1.3243030374868343	1.3151933756957137	1.3061890504004259	1.2972570065900926	1.2884504482756363	1.2797353674105019	1.2711443179490785	1.2626646246762556	1.2540402575617089	1.2455620166559622	1.2372168890080015	1.2294002401797812	1.2210750166117212	1.2136239934160868	1.2056914535795058	1.197969367916172	1.1904717705733452	1.1832128832942512	1.1762070554786852	1.1690569327448519	1.1622058311770098	1.1552145394975879	1.1485101106109987	1.1421390801321352	1.1356414163866684	1.1294643097823773	1.1231980750319988	1.116840102412664	1.1112625136590653	1.1051694279993316	1.0994043723455424	1.093596768608228	1.0886321418463187	1.0831082791947348	1.0780215805203861	1.0728378746630869	1.0681116170273035	1.0632958210735204	1.0584260244570054	1.0535393964528241	1.0485583248984818	1.0440299099464658	1.0394934351259335	1.035389709198677	1.0307211293604621	1.0265332645232967	1.0217679726824065	1.0180344027045283	1.013721778051063	1.0099180846659013	1.0060807827160938	1.0027706281011937	0.99886936388234426	0.99550357026500635	0.99211148778694969	0.98864812523575119	0.98520185836457175	0.98231646969206532	0.97881938673284219	0.97584522546756702	0.97289678443654437	0.96992818942811598	0.96693916302111305	0.9638822289287774	0.96085115371968621	0.95779877492999788	0.95530282276169165	0.95221105810866902	0.94968269079520418	0.94718856552609354	0.94403828005441826	0.9414617393473298	0.93891981224477172	0.93565838610063412	0.93308216236979102	0.93043959476670013	0.92716497429936984	0.92453771777548976	0.92184248140585789	0.91918272904250065	0.91713775275644427	0.9144489406985542	0.91238149891880038	0.90966298515401811	0.90757257879855102	0.90552604843504836	0.90270981296987707	0.90058558664996158	0.89850578553435867	0.89636084546931638	0.89426066444698815	0.89209460269048035	0.88997363840399613	0.88778603483837149	0.88558735618965601	0.88269526238159712	0.88121341625501926	0.87829194924979603	0.87604455024609518	0.87308798559028578	0.87005258169354482	0.86705480047670169	0.86320385902862951	0.86015826131827822	0.85630586643329898	0.85235798366782711	0.8484354553314708	0.84366872297914375	0.83884909073725533	0.83314711191278512	0.82736927305382524	0.82066113464359547	0.81471361269597664	0.80780553227062457	0.80078579032776265	0.79274178583474864	0.78547220330638823	0.7771367125041726	0.76871208037766359	0.76004532796581059	0.75120209458835319	0.74217504322367711	0.7330366829335796	0.72361983551546338	0.71290212504722272	0.70303330473368586	0.69302306792369406	0.68268647824976814	0.67089495352021022	0.66001122128933076	0.64767631324087083	0.63618689519872429	0.62304243424638173	0.61097937992299711	0.59846220047415055	0.5855735186227311	0.57379958221574068	0.56014583984904753	0.54777470538782258	0.53326351677871486	0.51995918075206837	0.50447086249441897	0.492061604512599	0.47741068790725155	0.46224821535499744	0.44855173920157809	0.43440920758750012	0.41979058610636272	0.4068806700491247	0.39357520326958756	0.3820170425748684	0.36791473879375264	0.35831564008219585	0.34576569311448818	0.33565845228930152	0.32776748990272891	0.31722734917642026	0.30899102900016412	0.30362797638388977	0.29512708525219122	0.28936595152003169	0.28375338333252653	0.27783833300204741	0.27485032001666482	0.26881190373978042	0.26576091671761054	0.26576091671761054	0.25983269906348355	0.25671774597748698	0.25671774597748698	0.25358028956218281	0.250420002308894	0.24723654950676405	0.24723654950676405	0.24402958903002173	0.2410481506716444	0.23779499327392259	0.23451728351268664	0.23121464796260105	0.22453306260608574	0.22115332195470511	0.21774707326279363	0.21112054125804933	0.20763436738896152	0.20057692675484817	0.19700472802304578	0.19005141775920598	0.18639121569549319	0.17897694729316943	0.17522180034305238	0.16761267272753014	0.16405529189345164	0.1562461903973445	0.15228834438305647	0.1482940974347457	0.14426277376199059	0.1401936785786313	0.13640344813399	0.13225968953104458	0.12807601266871535	0.12385164096708581	0.1195857749617838	0.11527759139590141	0.11527759139590141	0.11092624226642028	0.11092624226642028	0.10653085382238137	0.10653085382238137	0.10243370568133631	0.10243370568133631	0.10243370568133631	9.7951070994149958E-2	9.7951070994149958E-2	9.3421685162235063E-2	9.3421685162235063E-2	8.8844562727004278E-2	8.8844562727004278E-2	8.4218686739238768E-2	8.4218686739238768E-2	7.9543007402906069E-2	7.9543007402906069E-2	7.4816440645174717E-2	7.0407321740119655E-2	7.0407321740119655E-2	6.5579714728448424E-2	6.069784035361165E-2	5.5760464687734781E-2	5.0766311233042323E-2	5.0766311233042323E-2	4.5714058940867608E-2	4.060234011407314E-2	4.060234011407314E-2	3.5829825252828171E-2	3.0599721965951066E-2	3.0599721965951066E-2	2.5305865264770262E-2	1.9946681678842306E-2	1.9946681678842306E-2	1.4520538757923713E-2	1.4520538757923713E-2	9.025742086910208E-3	9.025742086910208E-3	3.4605321095064891E-3	3.4605321095064891E-3	-2.176919254274547E-3	-2.176919254274547E-3	-7.4464821678643838E-3	-7.4464821678643838E-3	-1.322826573375516E-2	-1.9088062223156451E-2	-1.9088062223156451E-2	-2.502800570193105E-2	-3.1050319018657353E-2	-3.7157318798757548E-2	-4.3351420794796675E-2	-4.9148541111453566E-2	-5.551732784983137E-2	-6.198090252378971E-2	-6.198090252378971E-2	-6.8542129310994945E-2	-6.8542129310994945E-2	-6.8542129310994945E-2	-6.198090252378971E-2	-6.8542129310994945E-2	-5.551732784983137E-2	-5.551732784983137E-2	-4.9148541111453566E-2	-4.3351420794796675E-2	-3.1050319018657353E-2	-2.502800570193105E-2	-1.9088062223156451E-2	-7.4464821678643838E-3	-2.176919254274547E-3	3.4605321095064891E-3	9.025742086910208E-3	1.4520538757923713E-2	1.9946681678842306E-2	2.5305865264770262E-2	3.0599721965951066E-2	3.5829825252828171E-2	3.5829825252828171E-2	4.060234011407314E-2	4.5714058940867608E-2	4.5714058940867608E-2	5.0766311233042323E-2	5.5760464687734781E-2	6.5579714728448424E-2	
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DATE: 2010-01-14

ENG :

.6L SGDI VP
TEST REQ: SCE 3315

COMP RAT: 10.00
ENG CAP: 1600

Data File : BJQ0919_126_0261.csv

DYNO_SPITORQUE AFR_CALCAFR_HOR LAMBDA FUELMASS

mm

1001
1500
1700
2002
2499
3000
3500
4002
4500
5000
5499
5700
5997

Nm

129.9
204.9
233.8
230.5

250
252.7
249.9
253.1
248.7
238.7
222.2
217.8
207.8

TEST VER.: 126
CORR TYPE: ISO 1585

Obs BARO: 99.9
VAP PRES. 0.727

LUBE OIL: 5W20

15.23
15.12
15.23
14.85
14.07
12.71
12.64
12.19
11.92
11.45

1.3
11.21
11.13

15.2
15.1
15.2
14.8

14
125
12.7
12.1
11.8
11.3

1
10.9
10.8

CURVE NO. 261
CELL NO: C020

FUEL GRADE:95 RON

TOTAL HRS: 462.31

Cell Baro flag: 1

PROGRAM: C346 SGDI

1.05
1.04
1.05
1.02
0.97
0.88
0.87
0.84
0.82
0.79
0.78
0.77
0.77

kg/h

ENG NO: BJQ0919
FUEL S.G.:0.750
H/C RATIO: 1.812
STOICH: 14.50
Calorific value: 43391
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0.433
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0.345
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0.61
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0.757
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0.851
0.888
0.871

0.83
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0.797
0.807
0.813
0.848

0.86
0.855

0.83
0.822
0.865
0.919
0.972
1.024
1.068
1.119

1.15
1.137
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1.061
1.018

MFB50ME CA_deg 14.123 13.501 14.775 13.829 14.388
MFB50SD CA_deg 3.143 3.337 2.907 3.218 2.95
MFB50MX CA_deg 24.276 21.464 22.6 23.676 24.276
MFB50MN CA_deg 3.468 3.468 7.66 4.996 7.284
MFB50CV % 22.255 24.713 19.678 23.271 20.503
MFB50LV % 24.555 25.686 51.845 36.127 50.626
MFB90AV CA_deg 28.811 27.82 29.155 27.785 30.485
MFBOOME CA_deg 27.663 26.507 28.257 26.499 29.387
MFB90SD CA_deg 4.29 4.478 4.012 4.167 3.774
MFB90MX CA_deg 41.235 39.075 39.255 37.415 41.235
MFB9OMN CA_deg 12.83 12.83 16.79 13.5 18.61
MFB90CV % 15.507 16.892 14.198 15.725 12.843
MFBOOLV_% 46.38 48.402 59.419 50.946 63.327
QMAX_AV Joules 1317.5 1308.2 1294.8 1326 1341
QMAX_ME Joules 1310.211 1301.268 1294.803 1319.713 1325.059
QMAX_SD Joules 24.923 15.94 9.652 13.592 36.451
QMAX_MX Joules 1405.8 1338.8 1320.6 1351.8 1405.8
QMAX_MN Joules 1215.2 1260.6 1241.6 1215.2 1221.20
QMAX_CV % 1.902 1.225 0.745 1.03 2.751
QMAX_LV % 92.748 96.875 95.891 92.081 92.162
COGQ_AV CA_deg 14.189 13.568 14.816 13.836 14.536
COGQ_ME CA_deg 14.231 13.574 14.895 13.847 14.607
COGQ_SD CA_deg 3.075 3.257 2.862 3.132 2.856
COGQ_MX CA_deg 23.988 21.436 22.544 23.232 23.988
COGQ_MNCA_deg 4.064 4.064 7.656 5.052 7.38
COGQ_CV % 21.61 23.99 19.212 22.617 19.554
COGQ_LV % 28.558 29.939 51.398 36.484 50.525
AQMAXAV CA_deg 13.3 13 14 13 13.2
AQMAXME CA_deg 15.076 14.517 15.561 15.107 15.119
AQMAXSD CA_deg 4.143 4.156 3.713 3.959 4.643
AQMAXMX CA_deg 48 25.6 26.8 29.8 48
AQMAXMN CA_deg 1.2 1.2 6.2 5.397 5
AQMAXCV % 27.483 28.629 23.863 26.205 30.708
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1

2

3

4 C.A(DEG) [VOL (CC)N/A [VOL (CC) TurbdVol ( CC) LO{Pressure 1000RPM [LogP 1000RPM _|[Pressure 1500RP|LogP 1500RPM Pressure 2000RPM |LogP 2000RPM Pressure 2500RPM |LogP 2500RPM Pressure 3000RPM |LogP 3000RPM Presure 3500fLogP 3500RPM
5 -360| 39.27] 44.44|  1.64777405| 1.132) 0.053846427| 1.791 0.253095586 1.828] 0.261976191 1.975] 0.2955671 2.385( 0.377488383| 2.275 0.356981401
6 -359| 39.31 44.48( 1.648164779 1.132) 0.053846427| 1.816| 0.259115844| 1.853] 0.267875419) 1.988] 0.29841638| 2.385( 0.377488383| 2.3 0.361727836
T -358 39.43] 44.6| 1.649334859 1.12] 0.049218023 1.829) 0.262213705 1.879]  0.27392678)| 2.026 0.306639441 2.372[ 0.375114685) 2.313[ 0.364175633
8 -357| 39.63] 44.8| 1.651278014| 1.132) 0.053846427| 1.842) 0.265289626 1.879]  0.27392678)| 2.078[ 0.317645543 2.385( 0.377488383| 2.326[ 0.36660971
9 -356 39.9| 45.07| 1.653887558 1.132) 0.053846427| 1.868| 0.271376872 1.905]  0.27989498)| 2.129 0.328175661 2.385( 0.377488383| 2.326[ 0.36660971
10 -355 40.26| 45.43| 1.657342737| 1.145] 0.058805487| 1.855] 0.268343914| 1.93] 0.285557309) 2.167[ 0.335858911 2.372[ 0.375114685) 2.326[ 0.36660971
1 -354| 40.69] 45.86| 1.66143405| 1.145] 0.058805487| 1.88| 0.274157849 1.956] 0.29136885) 2.206( 0.343605508 2.372[ 0.375114685) 2.313[ 0.364175633
12 -353 41.2] 46.37| 1.666237096| 1.158] 0.063708559 1.906)| 0.280122896 1.982] 0.29710365] 2.244 0.351022853 2.359( 0.372727941 2.3 0.361727836
13 -352f 41.79] 46.96| 1.671728088 1171 0.068556895 1.932) 0.286007122] 1.994] 0.299725154| 2.283( 0.358505911 2.346( 0.370328008 2.287| 0.359266165
14 -351 42.45 47.62| 1.677789391 1171 0.068556895 1.944] 0.288696261 2.02[ 0.305351369) 2.321[ 0.36567514] 2.333[ 0.367914739 2.275 0.356981401
15 -350| 43.2] 48.37| 1.684576087| 1.184] 0.073351702 1.944] 0.288696261 2.033[ 0.308137379 2.347[ 0.37051309) 2.308[ 0.363235804| 2.262 0.354492601
16 -349 44.02] 49.19| 1.691876823 1.184] 0.073351702 1.919) 0.283074975 2.046 0.310905629 2.36 0.372912003 2.295[ 0.36078269) 2.236 0.349471799
17 -348 44.91 50.08 1.69966432| 1.197] 0.07809415 1.906)| 0.280122896 2.059[ 0.313656347| 2.373[ 0.375297738 2.282[ 0.35831564| 2.223 0.346939463|
18 -347| 45.89 51.06| 1.70808081 1.184] 0.073351702 1.88| 0.274157849 2.059[ 0.313656347| 2.373[ 0.375297738 2.256( 0.353339095 2.198[ 0.342027688
19 -346| 46.93] 52.1 1.716837723 1.184] 0.073351702 1.842) 0.265289626 2.071[ 0.316180099 2.373[ 0.375297738 2.231[ 0.34849957| 2.185[ 0.339451441
20 -345 48.06] 53.23| 1.726156466 1171 0.068556895 1.816| 0.259115844| 2.071[ 0.316180099 2.36 0.372912003 2.192[ 0.34084055 2.172[ 0.336859821
21 -344| 49.26| 54.43| 1.735838334| 1171 0.068556895 1.791 0.253095586 2.059[ 0.313656347| 2.347[ 0.37051309) 2.167[ 0.335858911 2.159[ 0.334252642
22 -343| 50.53 55.7| 1.745855195 1.158] 0.063708559 1.765| 0.24674471 2.046 0.310905629 2.334[ 0.368100852 2.141 0.330616667| 2.146 0.331629718
23 -342f 51.87] 57.04| 1.756179517| 1.145] 0.058805487| 1.739) 0.240299582 2.02[ 0.305351369) 2.309( 0.363423933| 2.115[ 0.325310372 2.133[ 0.328990855
24 -341 53.29] 58.46| 1.766858811 1.132) 0.053846427| 1.726| 0.237040791 1.994] 0.299725154| 2.296( 0.360971884| 2.09 0.320146286 2.121[ 0.326540669)
25 -340| 54.78] 59.95| 1.777789187| 1.12] 0.049218023 1.714 0.234010818 1.969| 0.294245716) 2.27| 0.356025857| 2.077[ 0.317436497| 2.108[ 0.323870607|
26 -339| 56.34] 61.51| 1.788945727| 1.12] 0.049218023 1.714 0.234010818 1.943| 0.288472801 2.244 0.351022853 2.051[ 0.31196566 2.095[ 0.321184027|
27 -338 57.97| 63.14| 1.800304578 1.12] 0.049218023 1.726| 0.237040791 1.917| 0.282622113] 2.206( 0.343605508 2.038[ 0.30920418 2.082 0.318480725
28 -337| 59.67| 64.84| 1.811843006| 1.12] 0.049218023 1.726| 0.237040791 1.905]  0.27989498)| 2.18[ 0.338456494| 2.025 0.306425028 2.069[ 0.315760491
29 -336 61.44] 66.61| 1.823539434| 1.12] 0.049218023 1.739) 0.240299582 1.879]  0.27392678)| 2.155[ 0.333447274| 2.025 0.306425028 2.057[ 0.313234292
30 -335 63.28] 68.45( 1.835373452 1.132) 0.053846427| 1.752) 0.243534102] 1.866] 0.270911639) 2.116[ 0.325515663 2.013[ 0.303843775 2.044[ 0.310480891
31 -334| 65.18 70.35( 1.847264102 1.145] 0.058805487| 1.765| 0.24674471 1.853] 0.267875419) 2.09 0.320146286 2.013[ 0.303843775 2.031[ 0.307709923
32 -333 67.15] 72.32| 1.859258417| 1.145] 0.058805487| 1.778| 0.249931757| 1.84] 0.264817823] 2.052[ 0.312177356 2.013[ 0.303843775 2.018[ 0.304921162
33 -332f 69.19] 74.36| 1.871339381 1.158] 0.063708559 1.808] 0.255995727| 1.84] 0.264817823] 2.026 0.306639441 2.013[ 0.303843775 2.005 0.302114377|
34 -331 71.29] 76.46| 1.883434294| 1.158] 0.063708559 1.816| 0.259115844| 1.828] 0.261976191 2.001[ 0.301247089) 2.013[ 0.303843775 2.005 0.302114377|
35 -330| 73.45| 78.62| 1.895533039 1.158] 0.063708559 1.829) 0.262213705 1.828] 0.261976191 1.988] 0.29841638| 2.025 0.306425028 1.992| 0.299289334|
36 -329 75.67| 80.84| 1.907626305 1.158] 0.063708559 1.829) 0.262213705 1.828] 0.261976191 1.962| 0.292699003| 2.025 0.306425028 1.992| 0.299289334|
37 -328 77.96) 83.13| 1.919757781 1.158] 0.063708559 1.829) 0.262213705 1.84] 0.264817823] 1.949| 0.289811839) 2.025 0.306425028 1.98] 0.29666519)
38 -327| 80.31 85.48( 1.931864513 1.158] 0.063708559 1.816| 0.259115844| 1.84] 0.264817823] 1.937| 0.287129621 2.038[ 0.30920418 1.98] 0.29666519)
39 -326| 82.71 87.88( 1.943890048| 1.145] 0.058805487| 1.808] 0.255995727| 1.853] 0.267875419) 1.924] 0.284205068)| 2.038[ 0.30920418 1.992| 0.299289334|
40 -325 85.17] 90.34| 1.955880086 1.145] 0.058805487| 1.808] 0.255995727| 1.866] 0.270911639) 1.924] 0.284205068)| 2.051[ 0.31196566 1.98] 0.29666519)
491 -324| 87.69] 92.86| 1.967828679) 1.132) 0.053846427| 1.778| 0.249931757| 1.879]  0.27392678)| 1.924] 0.284205068)| 2.064 0.314709693 1.98] 0.29666519)
42 -323 90.26 95.43| 1.979684924| 1.132) 0.053846427| 1.765| 0.24674471 1.892| 0.276921132) 1.924] 0.284205068)| 2.077[ 0.317436497| 1.98] 0.29666519)
43 -322f 92.89 98.06 1.991491889) 1.12] 0.049218023 1.765| 0.24674471 1.905]  0.27989498)| 1.937| 0.287129621 2.077[ 0.317436497| 1.98] 0.29666519)
44 -321 95.57| 100.74) 2.003201947| 1.12] 0.049218023 1.752) 0.243534102] 1.917| 0.282622113] 1.949| 0.289811839) 2.09 0.320146286 1.98] 0.29666519)
45 -320| 98.3] 103.47| 2.014814449) 1.12] 0.049218023 1.739) 0.240299582 1.93] 0.285557309) 1.962| 0.292699003| 2.102[ 0.322632712 1.98] 0.29666519)
46 -319 101.09) 106.26| 2.026369812) 1.12] 0.049218023 1.726| 0.237040791 1.943| 0.288472801 1.988] 0.29841638| 2.115[ 0.325310372 1.992| 0.299289334|
47 -318 103.92) 109.09| 2.037784942) 1.132) 0.053846427| 1.714 0.234010818 1.943| 0.288472801 2.001[ 0.301247089) 2.115[ 0.325310372 1.992| 0.299289334|
48 -317| 106.8| 111.97| 2.049101678| 1.132) 0.053846427| 1.701 0.230704314| 1.943| 0.288472801 2.026 0.306639441 2.128[ 0.327971624| 1.992| 0.299289334|
49 -316| 109.72] 114.89| 2.060282229) 1.145] 0.058805487| 1.701 0.230704314| 1.956] 0.29136885) 2.052[ 0.312177356 2.141 0.330616667| 1.992| 0.299289334|
50 -315| 112.69) 117.86| 2.071366437| 1.145] 0.058805487| 1.688| 0.227372442] 1.956] 0.29136885) 2.065[ 0.314920056 2.154 0.333245699 1.992| 0.299289334|
51 -314| 115.7] 120.87| 2.082318522) 1.145] 0.058805487| 1.688| 0.227372442] 1.956] 0.29136885) 2.09 0.320146286 2.154 0.333245699 1.992| 0.299289334|
52 -313| 118.76| 123.93|  2.09317645) 1.158] 0.063708559 1.675) 0.224014811 1.943| 0.288472801 2.103[ 0.322839273| 2.154 0.333245699 1.992| 0.299289334|
53 -312f 121.85] 127.02| 2.103872108| 1.158] 0.063708559 1.675) 0.224014811 1.943| 0.288472801 2.129 0.328175661 2.154 0.333245699 2.005 0.302114377|
54 -311 124.99| 130.16]  2.11447754| 1.145] 0.058805487| 1.688| 0.227372442] 1.93] 0.285557309) 2.142[ 0.330819466 2.167[ 0.335858911 2.005 0.302114377|
55 -310f 128.16| 133.33| 2.124927879) 1.145] 0.058805487| 1.688| 0.227372442] 1.917| 0.282622113] 2.142[ 0.330819466 2.167[ 0.335858911 2.005 0.302114377|
56 -309| 131.37] 136.54| 2.135259899) 1.145] 0.058805487| 1.688| 0.227372442] 1.917| 0.282622113] 2.155[ 0.333447274| 2.167[ 0.335858911 2.018[ 0.304921162
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