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[bookmark: _Toc507075423]1.0 Introduction
As engines become more advanced and more electronically controlled the number of control systems in place have to increase. More and more lookup tables or ‘maps’ have to be introduced into the ECU to help control numerous actuators. In this report fuel and ignition maps will be the main focal point, determining how the air/fuel ratio changes with load, how ignition timing and enrichment can have an effect on the engine and how the maps would have to change if it were found that the vehicle was failing emission tests in new European drive cycle.
  Two engines will be looked into, a high performance naturally aspirated engine which will be mapped to pass emissions test whilst still outputting high level performance, whereas the other engine will be a 1.2 litre gasoline direct injection turbo charged engine. This engine is already mapped and will be analysed to see strategy used to safeguard the engine and their fuelling strategy.


[bookmark: _Toc507075424]2.0 Fuelling 
[bookmark: _Toc507075425]2.1 Lambda
For combustion to occur an air/fuel ratio must be present in the cylinder, for perfect combustion in which all of the fuel & air has been burned with no excess is called stoichiometric (The Engineering Toolbox, n.d.) and is found with an A/F ratio of 14.7:1, this has been denoted as lambda (λ)=1. 
  This perfect combustion is important for a number of reasons, at this point emissions are at their lowest, hydrocarbons (HC) which is unburned fuel should theoretically be 0 due to complete combustion, carbon monoxide (CO) should be minimal as CO formation is more prevalent in rich mixtures and nitrous oxide (NOx) whilst high at λ=1 will be lower than that of a lean mixture however formation is more dependent on combustion temperatures with this A/F ratio. However more importantly a three way catalytic converter operates at peak efficiency at a stoichiometric A/F ratio. This is important as the converter can reducing harmful exhaust emissions by higher than 99%. (BOSCH, 2014) 
  If λ<1 then the mixture is considered rich, this is desirable as maximum engine output can be found approximately around λ=0.85 to λ=0.95 (BOSCH, 2014) however this can change depending on the type of fuel used. A rich mixture can also be used to bring down combustion temperatures as when the fuel comes into contact with the heated cylinder walls, it will vaporise cooling the mixture and is also more likely to convert to CO instead of CO2 which means the reaction enthalpy is lower thus there is less thermal load (BOSCH, 2014), this is necessary as even though the mixture is lean, because of the high temperatures NOx emissions could pass legal limits, thus cooling is needed and if no other option is available, over fuelling the cylinder is one solution. However a rich mixture means increased fuel consumption and can lead to increased carbon deposits from incomplete burning. (Probst, 1989)
  If λ>1 then the mixture is considered lean, this means that less fuel is being put into the cylinder and thus is desirable for reduced fuel consumption and can help reduce any HC emission problems as the fuel will now burn more completely, however a lean mixture can lead to an increase in NOx emissions and the mixture burns more slowly thus giving more time for heat transfer to occur into the unburned mixture which can increase the likelihood of ‘knock’ occurring which is the pre-ignition of the unburned zone, which leads to a pressure rise which causes damage to the engine. (Walker, 2001)



[bookmark: _Toc507075426]2.2 Fuel Maps
[image: E:\Mapping\lambda.PNG]
[bookmark: _Toc507074730]Figure 2.1 Lambda Map

[bookmark: _Toc507074731]Figure 2.2 Lambda 3D map


[bookmark: _Toc507074755]Equation 2.1 FER
[image: E:\Mapping\FER.PNG]
[bookmark: _Toc507074732]Figure 2.3 Fuel Equivalence Ratio Map

[bookmark: _Toc507074733]Figure 2.4 FER 3D Map


[bookmark: _Toc507075427]2.3 Analysis
At the lowest load at 800 RPM it can be seen that the engine is running slightly rich, this is to help prevent the engine from stalling due to fuel drop out causing it to form droplets in the intake as air velocity is too low, (McDonald, 2018) and also rich at its highest load point so that when the driver increases the load the engine has a good off idle response meaning that the car should begin to accelerate smoothly. In between these two values the car is running lean as the throttle is now open slightly meaning velocity has now picked up so to reduce fuel consumption at idle it is run lean as the engine should be cold enough to avoid knock. 
  During the drive cycle operating range up to 3500 RPM is λ=1 so as to achieve the best possible emissions as the catalytic converter is operating at peak efficiency whilst still having good fuel economy as seen in figure 2.5. 
[image: E:\Mapping\UInGZQ7.jpg]
[bookmark: _Toc507074734]Figure 2.5 Lambda Value Effects (Probst, 1989)
Below this operating range the engine is being run lean so as to aid in engine braking during the lowest load because when the throttle is closed it will create a vacuum and increase pumping loses, slowing down the engine. As load increases the mixture still remains slightly lean to help aid in fuel consumption during cruising. After the drive cycle at 3000 RPM the mixture starts to become rich, this is because now that the vehicle is no longer being tested it can now focus on creating power which can be seen in figure 2.5. This engine is being based on a gasoline engine meaning that the maximum flame speed is found at λ=0.83, at this point maximum power is achieved (McDonald, 2018) and can be found at full load at 3500 RPM.
[image: E:\Mapping\flame speed.PNG]
[bookmark: _Toc507074735]Figure 2.6 Laminar Flame Speed

[bookmark: _Toc507074736]Figure 2.7 Laminar Flame Speed 3D Map
At high RPM the mixture is being made rich at higher loads so help with cooling of the engine and also lean during low load to again help with engine braking but also to help create a stoichiometric mixture in the exhaust causing combustion which helps make the car more attractive to the driver. 


[bookmark: _Toc507075428]3.0 Ignition Timing
Ignition timing has an effect on all aspects of engine performance, power, fuel consumption, emissions and driveability. However, timing is based solely around the flame speed which depends on two things, the laminar flame speed as seen in figures 2.6 & 2.7 and the piston velocity, as the RPM increase, turbulence increases and so the faster the flame front is fed. 

Equation 3.1 Turbulent Flame Velocity
Where:
· ST=Turbulent flame velocity
· SL=Laminar flame speed
· K=Constant relating RPM to turbulent air velocity.
As flame speed increases then timing can be more advanced as the risk of pre-ignition is reduced due to less time for heat transfer to occur. This also means that the engine can operate closer to maximum brake torque timing which is roughly between 14°-16° ATDC (Heywood, 1988) which maximises the output torque and efficiency of the engine. (Magnusson, 2007) 

Figure 3.1 Pressure/Crank Angle (Jones, 2018)
Ideally you don’t want too early before TDC as this can create too much negative work, as the now advancing gas pressure is acting against the piston as it is trying to travel upwards however you don’t want to retard ignition too much as you would then lose out on a lot of this useful pressure as it is now burning in a larger volume. 
On an N/A engine because turbulence is low before 3000 RPM timing needs to be advanced as the flame speed can’t keep up with the RPM however once past this speed, flame speed keeps pace and as such no special consideration is needed as burn duration stays roughly the same.
  It is important to note however that MBT timing cannot always be achieved, as the temperature rises in the cylinder the risk of pre-ignition rises and as such the timing must be retarded past MBT so as to reduce in cylinder temperatures.

[bookmark: _Toc507075429]3.1 Ignition Maps
[image: E:\Mapping\knock ignition.PNG]
Figure 3.2 Knock Limited Ignition Map

Figure 3.3 Knock Limited Ignition 3D Map
[image: E:\Mapping\MBT ignition.PNG]
Figure 3.4 MBT Ignition Map

Figure 3.5 MBT Ignition 3D Map


[bookmark: _Toc507075430]3.2 Analysis
Two maps have been created, one to retard ignition due to the presence of knock so that the temperature is lowered whilst the other is assuming that knock is not an issue in the engine and as such can be at or near MBT timing most of the time.
  Timing has been retarded past TDC for low load low RPM to help prevent hydrocarbons going down the exhaust port and then other values at low load are retarded from MBT timing to allow for a stable combustion but to prevent over-revving to help keep a stable idle. 
  During lean fuelling, timing is heavily advanced as flame propagation is slower (Franklin, et al., 1994) due to their being less fuel and as such the flame has further travel between molecules. 
  During mid-high load MBT can be implemented if knock is not an issue however if knock is an issue as with turbo engines then timing needs to be retarded to help reduce temperature and peak pressure.


[bookmark: _Toc507075431]4.0 Enrichment 
[image: E:\Mapping\Enrichment.PNG]
Figure 4.1 Start-up Enrichment
When the engine begins to crank over you need to enrich the mixture with more fuel, because at this point the throttle tends to be closed and as such air velocity is low causing fuel dropout, this is even true at high temperature. This enrichment will drop off after a few seconds or cycles, if it is kept on too long then the plugs will become fuel fouled (Walker, 2001). 
  After this the warm up enrichment begins which is the ‘injection’ row in figure 4.1. More enrichment is needed at colder temperatures to account for poor fuel vaporisation and to improve throttle response (Probst, 1989) however once the temperature increases this enrichment can be dropped off.    
  Ignition timing can also be made more advanced or retarded depending on the temperature for starting the engine. Advancing the timing when cold can help increase idle RPM and helps with engine pickup as timing will be closer to MBT, however once the engine starts to reach high temperatures it is beneficial to retard the timing to prevent negative work done and also to prevent pre-ignition due to a high intake and cylinder wall temperature.

[bookmark: _Toc507075432]5.0 Emissions
If it was found during the NEDC that HC & NOx emissions were too high suggesting that the engine is running too hot and is experiencing poor vaporisation possible due to incorrect timing possibly being too advanced meaning there is not enough time for vaporisation and proper mixture causing rich and lean spots in the cylinder. Within these rich spots are large droplets of fuel in which the outside burns however the inner part of the droplet does not and is then passed through the exhaust as unburned hydrocarbons, a number of actions can be taken to solve this. 
  The first step is to retard ignition, this will reduce the temperature of combustion due to the reduction in pressure, reducing NOx but this will increase the number of HC but also increase the temperature of the exhaust which can burn these off. However, this may not be an acceptable solution as this increase in exhaust temperature could burn out the catalytic converter. 
  Another solution is to bring down combustion temperature to reduce NOx is by adding EGR where even 10% added can bring the temperature down by approximately 10% as there is now a greater number of kmols being burned (Dimitriou, et al., 2015) increasing heat capacity.  With the cooled mixture and retarded ignition the catalyst should now be working at optimal efficiency as λ=1 in the NEDC and the temperature should not burn out the catalyst.
  However in terms of particulate emissions adding EGR has varying effects which largely depends on engine operation. EGR has been observed to lower particulate emissions at all load points due to the lower temperature suppressing soot formation and has a positive effect if paired with middle injection timings, yet contribute to increased emissions with late or early injection. It has also been observed that λ has a significant effect with EGR changing particulate emissions, with λ<0.95 particulate emission increased but λ>0.95 decreased emissions. (Duan, et al., 2017)
[image: E:\Mapping\egr lambda.PNG] [image: E:\Mapping\200.PNG]
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[bookmark: _GoBack]Figure 5.1 Effects of EGR on 1) Lambda 2) Retarded Timing 3) Middle Timing 4) Advanced Timing (Duan, et al., 2017)


[bookmark: _Toc507075433]6.0 1.2l GDI Turbo Charged Engine Analysis
[bookmark: _Toc507075434]6.1 Limiting the Engine
For the engine to be analysed simulation has suggested peak pressures could reach 140 bar whilst the cylinder head gasket has been designed to withstand 140 bar. (Hancock, et al., 2008) Looking at figure 6.1 it can be seen that the pressure has maxed out at 114.8 bar @3500 RPM. This was most likely designed to be like this as a safety margin in case of any random pressure spikes caused by pre-ignition, therefore preventing pressure from reaching the maximum of 140 bar.
[image: E:\Mapping\1.2 pmax.PNG]
Figure 6.1 1.2l Maximum Pressure
Because of the increased chance of knock occurring in a turbo charged engine due to increased charge temperature, ignition timing usually has to be heavily retarded away from MBT timing. This can be seen in figure 6.2. At low RPM where knock is most likely to occur due to increased time for heat transfer into the unburned zone to occur it can be seen that timing has been retarded past TDC. This can also be seen in figure 6.3 where maximum pressure is located. At full load 2000-4000 RPM it can be seen to be around 30° ATDC which is far away from the standard 14°-16° location of MBT timing. This has been done to reduce the in-cylinder pressure thus reducing temperature to try and prevent knock.  
[image: E:\Mapping\1.2 ignition.PNG]
Figure 6.2 1.2l Ignition Timing
[image: E:\Mapping\1.2 pmax angle.PNG]
Figure 6.3 1.2l Angle of Maximum Pressure


[bookmark: _Toc507075435]6.2 Burn Duration
Using the data provided for ignition timing and location of maximum pressure the duration between these two points can be determined which gives a rough idea of the flame speed during combustion.  In reality there will be a spark delay and will continue to burn after maximum pressure however this is not included within the calculation.

Equation 6.1 Time Taken for Number of Degrees to pass
[image: E:\Mapping\burn speed.PNG]
Figure 6.4 Burn Duration

Figure 6.5 Burn Duration
The general trend is that as RPM and BMEP increases burn duration decreases thus flame speed is increasing, this is because as RPM increases piston velocity increase causing more turbulence within the cylinder, feeding the flame front. Burn duration also decreases with load which could be due to the volumetric efficiency being lower at low load. With a low volumetric efficiency there are more gaps between the molecules therefore the flame has a larger gap to cross. 
[bookmark: _Toc507075436]6.3 Fuelling Strategy 
[image: E:\Mapping\1.2 lambda.PNG]
Figure 6.6 1.2l Exhaust Lambda
Throughout most of the load points and RPMs the fuelling remains stoichiometric until it reaches 3500-6000 RPM high load in which case it begins to slightly rich perhaps to aid in cooling. However the fact that the majority of the time it remains stoichiometric suggests that cooling focus has been shifted from fuelling to ignition timing. Interestingly at low RPM mid load it seems to be running lean, this could be due to fuel dropout or an attempt to reduce knock as a lean mixture is less volatile than a stoichiometric one


[bookmark: _Toc507075437]6.4 Brake Specific Fuel Consumption
BSFC is the grams of fuel required to produce 1 KW for 1 hour. Like the previous maps, an air flow in kg/h is given however using figure 6.7 we can look at a specific area of the map. 
[image: E:\Mapping\BSFC Map.png]
Figure 6.7 Best Estimate BSFC Location
To the left of optimal BSFC it worsens as load stays the same but RPM decreases because the engine efficiency has dropped. As load increases and RPM remains the same you need to over fuel to compensate for the increased temperature and to keep the same A/F ratio. As RPM increases friction increases so you need more fuel to overcome this. As load decreases the pistons begin to create a vacuum increasing pumping loss so more fuel is needed to increase the power loop and is mainly used to pump the air in rather than moving the vehicle. (McDonald, 2018)
  To begin with, using the air mass data we can calculate the fuel flow in kg/h using the equation:


Equation 6.2 Fuel Flow
We then need to calculate the power being created by the engine:

Equation 6.3 Power
With these two calculated now we can figure out BSFC:

Equation 6.4 Brake Specific Fuel Consumption
[image: E:\Mapping\BSFC.PNG]
Figure 6.8 1.2l BSFC
Using the above calculations we can see that the best BSFC is 244.35 grams/Kw.h at 2000 RPM 12.5 Bar BMEP. Knowing this BSFC can now calculate the efficiency:

Equation 6.5 Engine Efficiency

Where:
· =1Kw for 1 hour.
· =Energy available in 1 Kg of fuel.

[bookmark: _Toc507075438]7.0 Conclusion
It can be seen that engine mapping plays an integral role on vehicle performance and emissions. By changing the fuelling and ignition timing you can drastically change the characteristics of the engine making it suit the driver’s needs. Mapping can also be an effective method of overcoming issues plaguing the engine such as knock allowing the designer to eliminate it without having to change components within the engine. With ever stringent laws coming into place calibration of the engine will be at the forefront of making new cars pass future drive cycles.
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Lambda
800	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	100	0.99	1.05	1.05	1.03	1.01	1	1	1	1	0.95	1000	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	100	1.05	1.05	1.04	1.03	1	1	1	1	1	1	1	0.95	1500	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	100	1.04	1.03	1.01	1	1	1	1	1	1	1	1	1	1	1	0.95	2000	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	100	1.02	1.01	1.0049999999999999	1	1	1	1	1	1	1	1	1	0.98	0.96	0.94	0.94	0.95	2500	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	100	1.01	1.01	1.008	1.0049999999999999	1.0029999999999999	1.0009999999999999	1	1	1	1	1	1	1	0.98	0.96	0.95	0.94	0.92	0.9	0.9	3000	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	100	1.01	1.01	1.008	1.0069999999999999	1.0049999999999999	1.004	1.002	1	1	1	1	1	1	1	1	0.98	0.96	0.95	0.91	0.9	0.9	0.89	0.88	3500	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	100	1.01	1.0049999999999999	1	1	1	1	1	1	1	1	1	1	0.95	0.93	0.91	0.9	0.9	0.9	0.9	0.9	0.9	0.85	0.83	4000	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	100	1.01	1.01	1.0049999999999999	1	1	1	1	0.99	0.98	0.97	0.97	0.96	0.95	0.95	0.94	0.91	0.91	0.9	0.9	0.9	0.87	0.86	0.85	4500	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	100	1.02	1.0149999999999999	1.0149999999999999	1.01	1.008	1.0049999999999999	1	1	1	0.99	0.98	0.97	0.96	0.95	0.94	0.93	0.91	0.9	0.9	0.89	0.89	0.88	0.88	5000	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	100	1.03	1.02	1.01	1.008	1.0049999999999999	1	1	1	1	1	1	1	0.99	0.98	0.96	0.95	0.95	0.94	0.93	0.91	0.9	0.9	0.89	5500	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	100	1.02	1.02	1.01	1.01	1	1	1	1	1	1	1	0.99	0.98	0.98	0.97	0.96	0.95	0.94	0.93	0.92	0.91	0.91	6000	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	100	1.02	1.01	1	1	1	1	0.99	0.98	0.98	0.97	0.97	0.97	0.96	0.96	0.95	0.95	0.95	0.94	0.93	0.91	6500	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	100	1.05	1.03	1.01	1	1	1	1	0.98	0.97499999999999998	0.97	0.96	0.95	0.95	0.93	0.92	0.9	0.89	0.89	Load (%)

Lambda

RPM



Fuel Equivalence Ratio
800	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	100	1.0101010101010102	0.95238095238095233	0.95238095238095233	0.970873786407767	0.99009900990099009	1	1	1	1	1.0526315789473684	1000	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	100	0.95238095238095233	0.95238095238095233	0.96153846153846145	0.970873786407767	1	1	1	1	1	1	1	1.0526315789473684	1500	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	100	0.96153846153846145	0.970873786407767	0.99009900990099009	1	1	1	1	1	1	1	1	1	1	1	1.0526315789473684	2000	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	100	0.98039215686274506	0.99009900990099009	0.99502487562189068	1	1	1	1	1	1	1	1	1	1.0204081632653061	1.0416666666666667	1.0638297872340425	1.0638297872340425	1.0526315789473684	2500	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	100	0.99009900990099009	0.99009900990099009	0.99206349206349209	0.99502487562189068	0.99700897308075787	0.99900099900099915	1	1	1	1	1	1	1	1.0204081632653061	1.0416666666666667	1.0526315789473684	1.0638297872340425	1.0869565217391304	1.1111111111111112	1.1111111111111112	3000	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	100	0.99009900990099009	0.99009900990099009	0.99206349206349209	0.99304865938430997	0.99502487562189068	0.99601593625498008	0.99800399201596801	1	1	1	1	1	1	1	1	1.0204081632653061	1.0416666666666667	1.0526315789473684	1.0989010989010988	1.1111111111111112	1.1111111111111112	1.1235955056179776	1.1363636363636365	3500	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	100	0.99009900990099009	0.99502487562189068	1	1	1	1	1	1	1	1	1	1	1.0526315789473684	1.075268817204301	1.0989010989010988	1.1111111111111112	1.1111111111111112	1.1111111111111112	1.1111111111111112	1.1111111111111112	1.1111111111111112	1.1764705882352942	1.2048192771084338	4000	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	100	0.99009900990099009	0.99009900990099009	0.99502487562189068	1	1	1	1	1.0101010101010102	1.0204081632653061	1.0309278350515465	1.0309278350515465	1.0416666666666667	1.0526315789473684	1.0526315789473684	1.0638297872340425	1.0989010989010988	1.0989010989010988	1.1111111111111112	1.1111111111111112	1.1111111111111112	1.1494252873563218	1.1627906976744187	1.1764705882352942	4500	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	100	0.98039215686274506	0.98522167487684742	0.98522167487684742	0.99009900990099009	0.99206349206349209	0.99502487562189068	1	1	1	1.0101010101010102	1.0204081632653061	1.0309278350515465	1.0416666666666667	1.0526315789473684	1.0638297872340425	1.075268817204301	1.0989010989010988	1.1111111111111112	1.1111111111111112	1.1235955056179776	1.1235955056179776	1.1363636363636365	1.1363636363636365	5000	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	100	0.970873786407767	0.98039215686274506	0.99009900990099009	0.99206349206349209	0.99502487562189068	1	1	1	1	1	1	1	1.0101010101010102	1.0204081632653061	1.0416666666666667	1.0526315789473684	1.0526315789473684	1.0638297872340425	1.075268817204301	1.0989010989010988	1.1111111111111112	1.1111111111111112	1.1235955056179776	5500	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	100	0.98039215686274506	0.98039215686274506	0.99009900990099009	0.99009900990099009	1	1	1	1	1	1	1	1.0101010101010102	1.0204081632653061	1.0204081632653061	1.0309278350515465	1.0416666666666667	1.0526315789473684	1.0638297872340425	1.075268817204301	1.0869565217391304	1.0989010989010988	1.0989010989010988	6000	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	100	0.98039215686274506	0.99009900990099009	1	1	1	1	1.0101010101010102	1.0204081632653061	1.0204081632653061	1.0309278350515465	1.0309278350515465	1.0309278350515465	1.0416666666666667	1.0416666666666667	1.0526315789473684	1.0526315789473684	1.0526315789473684	1.0638297872340425	1.075268817204301	1.0989010989010988	6500	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	100	0.95238095238095233	0.970873786407767	0.99009900990099009	1	1	1	1	1.0204081632653061	1.0256410256410258	1.0309278350515465	1.0416666666666667	1.0526315789473684	1.0526315789473684	1.075268817204301	1.0869565217391304	1.1111111111111112	1.1235955056179776	1.1235955056179776	Load (%)

FER

RPM



Laminar Flame Speed
800	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	100	28.418455327500048	27.001491582262165	27.001491582262165	27.495295955207247	27.96884685608498	28.196893598490345	28.196893598490345	28.196893598490345	28.196893598490345	29.228455858611159	1000	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	100	27.001491582262165	27.001491582262165	27.250713018180939	27.495295955207247	28.196893598490345	28.196893598490345	28.196893598490345	28.196893598490345	28.196893598490345	28.196893598490345	28.196893598490345	29.228455858611159	1500	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	100	27.250713018180939	27.495295955207247	27.96884685608498	28.196893598490345	28.196893598490345	28.196893598490345	28.196893598490345	28.196893598490345	28.196893598490345	28.196893598490345	28.196893598490345	28.196893598490345	28.196893598490345	28.196893598490345	29.228455858611159	2000	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	100	27.734822476632672	27.96884685608498	28.083648369859183	28.196893598490345	28.196893598490345	28.196893598490345	28.196893598490345	28.196893598490345	28.196893598490345	28.196893598490345	28.196893598490345	28.196893598490345	28.632990505903422	29.038629291261429	29.408695809598242	29.408695809598242	29.228455858611159	2500	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	100	27.96884685608498	27.96884685608498	28.014950178552088	28.083648369859183	28.129136776941877	28.174372118189297	28.196893598490345	28.196893598490345	28.196893598490345	28.196893598490345	28.196893598490345	28.196893598490345	28.196893598490345	28.632990505903422	29.038629291261429	29.228455858611159	29.408695809598242	29.737349562231891	30.017911001435461	30.017911001435461	3000	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	100	27.96884685608498	27.96884685608498	28.014950178552088	28.037910980233992	28.083648369859183	28.10642395017916	28.151786338081504	28.196893598490345	28.196893598490345	28.196893598490345	28.196893598490345	28.196893598490345	28.196893598490345	28.196893598490345	28.196893598490345	28.632990505903422	29.038629291261429	29.228455858611159	29.884095539935633	30.017911001435461	30.017911001435461	30.13780817207315	30.242729006237035	3500	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	100	27.96884685608498	28.083648369859183	28.196893598490345	28.196893598490345	28.196893598490345	28.196893598490345	28.196893598490345	28.196893598490345	28.196893598490345	28.196893598490345	28.196893598490345	28.196893598490345	29.228455858611159	29.57859564079066	29.884095539935633	30.017911001435461	30.017911001435461	30.017911001435461	30.017911001435461	30.017911001435461	30.017911001435461	30.455879715970649	30.5	4000	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	100	27.96884685608498	27.96884685608498	28.083648369859183	28.196893598490345	28.196893598490345	28.196893598490345	28.196893598490345	28.418455327500048	28.632990505903422	28.839920974227752	28.839920974227752	29.038629291261429	29.228455858611159	29.228455858611159	29.408695809598242	29.884095539935633	29.884095539935633	30.017911001435461	30.017911001435461	30.017911001435461	30.331539673873927	30.403024558240652	30.455879715970649	4500	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	100	27.734822476632672	27.852551430868175	27.852551430868175	27.96884685608498	28.014950178552088	28.083648369859183	28.196893598490345	28.196893598490345	28.196893598490345	28.418455327500048	28.632990505903422	28.839920974227752	29.038629291261429	29.228455858611159	29.408695809598242	29.57859564079066	29.884095539935633	30.017911001435461	30.017911001435461	30.13780817207315	30.13780817207315	30.242729006237035	30.242729006237035	5000	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	100	27.495295955207247	27.734822476632672	27.96884685608498	28.014950178552088	28.083648369859183	28.196893598490345	28.196893598490345	28.196893598490345	28.196893598490345	28.196893598490345	28.196893598490345	28.196893598490345	28.418455327500048	28.632990505903422	29.038629291261429	29.228455858611159	29.228455858611159	29.408695809598242	29.57859564079066	29.884095539935633	30.017911001435461	30.017911001435461	30.13780817207315	5500	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	100	27.734822476632672	27.734822476632672	27.96884685608498	27.96884685608498	28.196893598490345	28.196893598490345	28.196893598490345	28.196893598490345	28.196893598490345	28.196893598490345	28.196893598490345	28.418455327500048	28.632990505903422	28.632990505903422	28.839920974227752	29.038629291261429	29.228455858611159	29.408695809598242	29.57859564079066	29.737349562231891	29.884095539935633	29.884095539935633	6000	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	100	27.734822476632672	27.96884685608498	28.196893598490345	28.196893598490345	28.196893598490345	28.196893598490345	28.418455327500048	28.632990505903422	28.632990505903422	28.839920974227752	28.839920974227752	28.839920974227752	29.038629291261429	29.038629291261429	29.228455858611159	29.228455858611159	29.228455858611159	29.408695809598242	29.57859564079066	29.884095539935633	6500	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	100	27.001491582262165	27.495295955207247	27.96884685608498	28.196893598490345	28.196893598490345	28.196893598490345	28.196893598490345	28.632990505903422	28.737443965639418	28.839920974227752	29.038629291261429	29.228455858611159	29.228455858611159	29.57859564079066	29.737349562231891	30.017911001435461	30.13780817207315	30.13780817207315	Load (%)

Flame Speed (cm/s)

RPM



Peak Gas Force
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Gas Force (N)



Ignition Advance Knock Limited
800	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	99.999999999999972	-4.5	35	32	30	28	25	22	20	14	10	1000	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	99.999999999999972	-3	40	41	35	32	30	29	25	21	19	15	11	1500	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	99.999999999999972	-0.2	45	47	41	39	38	36	34	30	28	27	26	24	21	16	2000	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	99.999999999999972	4	49	49	47	45	42	40	39	37	35	34	34	32	30	25	22	21	2500	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	99.999999999999972	9	52	51	50	48	46	45	43	41	40	38	36	35	30	27	25	20	19	18	18	3000	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	99.999999999999972	12	54	52	51	50	48	47	45	43	41	40	39	37	35	28	26	25	22	21	20	19	18	17	3500	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	99.999999999999972	16	55	53	52	51	50	49	48	46	45	42	40	39	37	35	32	30	23	21	19	18	17	20	4000	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	99.999999999999972	20	54	53	52	50	49	47	45	43	42	40	39	38	36	34	32	28	25	22	20	17	16	19	4500	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	99.999999999999972	23	53	51	50	48	46	44	42	40	39	37	35	34	32	31	30	28	26	24	22	21	20	17	5000	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	99.999999999999972	25	45	45	43	40	39	38	36	35	34	32	31	29	28	26	25	25	24	22	21	19	18	17	5500	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	99.999999999999972	26	45	44	42	39	38	37	35	34	33	32	31	28	27	25	24	23	22	21	20	20	19	6000	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	99.999999999999972	27	46	45	44	42	42	41	40	38	36	35	33	32	30	29	27	26	25	22	20	6500	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	99.999999999999972	28	48	46	45	43	41	40	38	37	36	35	33	32	31	30	29	27	25	Load (%)

Ignition (°)

RPM



Ignition Advance MBT
800	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	99.999999999999972	-4.5	35	34	34	32	30	29	28	26	22	1000	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	99.999999999999972	-3	36	35	34	32	31	30	28	28	25	24	22	1500	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	99.999999999999972	-0.2	38	37	36	36	34	33	31	30	29	27	26	24	23	23	2000	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	99.999999999999972	4	45	44	42	41	40	40	39	37	35	34	34	32	30	27	26	28	2500	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	99.999999999999972	9	47	46	45	43	42	41	40	39	38	36	35	34	34	33	32	31	30	30	29	3000	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	99.999999999999972	12	54	52	49	47	46	45	43	42	41	40	39	38	36	36	35	35	34	30	29	20	20	20	3500	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	99.999999999999972	16	55	54	53	52	50	49	47	47	46	44	40	38	38	35	35	34	34	30	29	20	20	20	4000	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	99.999999999999972	20	55	54	53	52	50	49	47	47	46	44	40	38	38	35	35	34	34	30	29	20	20	21	4500	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	99.999999999999972	23	55	54	53	52	50	49	47	47	46	44	40	38	38	35	35	34	34	30	29	20	20	20	5000	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	99.999999999999972	25	55	54	53	52	50	49	47	47	46	44	40	38	38	35	35	34	34	30	29	20	20	20	5500	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	99.999999999999972	26	55	54	53	52	50	49	47	47	46	44	40	38	38	35	35	34	34	30	29	20	20	6000	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	99.999999999999972	27	55	54	53	52	50	49	47	47	46	44	40	38	38	35	35	34	34	30	29	6500	4.3478260869565215	8.695652173913043	13.043478260869565	17.391304347826086	21.739130434782609	26.086956521739133	30.434782608695656	34.782608695652179	39.130434782608702	43.478260869565226	47.826086956521749	52.173913043478272	56.521739130434796	60.869565217391319	65.217391304347842	69.565217391304358	73.913043478260875	78.260869565217391	82.608695652173907	86.956521739130423	91.304347826086939	95.652173913043455	99.999999999999972	28	55	54	53	52	50	49	47	47	46	44	40	38	38	35	35	34	34	Load (%)
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Burn Duration

1000 RPM	3000	2750	2500	2250	2000	1750	1500	1375	1250	1000	750	625	500	325	250	125	0	3.8666666666666671E-3	4.966666666666667E-3	5.4666666666666657E-3	6.0666666666666664E-3	1500 RPM	3000	2750	2500	2250	2000	1750	1500	1375	1250	1000	750	625	500	325	250	125	0	3.2444444444444443E-3	3.1111111111111114E-3	2.7888888888888889E-3	2.7111111111111108E-3	2.9666666666666669E-3	3.1999999999999997E-3	3.5555555555555557E-3	3.944444444444444E-3	4.655555555555556E-3	4.7333333333333324E-3	2000 RPM	3000	2750	2500	2250	2000	1750	1500	1375	1250	1000	750	625	500	325	250	125	0	2.633333333333333E-3	2.2750000000000001E-3	1.9083333333333331E-3	2.1750000000000003E-3	2.1750000000000003E-3	2.2333333333333333E-3	2.3416666666666668E-3	2.5249999999999999E-3	2.725E-3	2.891666666666667E-3	3.2916666666666667E-3	2500 RPM	3000	2750	2500	2250	2000	1750	1500	1375	1250	1000	750	625	500	325	250	125	0	2.0866666666666664E-3	1.6133333333333334E-3	1.8199999999999998E-3	1.8199999999999998E-3	1.9066666666666668E-3	1.9599999999999999E-3	2.1266666666666669E-3	2.2666666666666668E-3	2.4866666666666665E-3	2.8666666666666667E-3	3000 RPM	3000	2750	2500	2250	2000	1750	1500	1375	1250	1000	750	625	500	325	250	125	0	1.927777777777778E-3	1.7666666666666664E-3	1.6833333333333331E-3	1.6000000000000001E-3	1.6277777777777777E-3	1.6444444444444445E-3	1.7388888888888888E-3	1.8833333333333336E-3	1.9833333333333335E-3	2.0944444444444448E-3	2.2944444444444444E-3	3500 RPM	3000	2750	2500	2250	2000	1750	1500	1375	1250	1000	750	625	500	325	250	125	0	1.6190476190476191E-3	1.5333333333333336E-3	1.4238095238095238E-3	1.4619047619047619E-3	1.5380952380952381E-3	1.5904761904761908E-3	1.7571428571428575E-3	4000 RPM	3000	2750	2500	2250	2000	1750	1500	1375	1250	1000	750	625	500	325	250	125	0	1.3083333333333334E-3	1.2666666666666666E-3	1.2166666666666665E-3	1.225E-3	1.3124999999999999E-3	1.3749999999999999E-3	1.4041666666666666E-3	1.5708333333333334E-3	4500 RPM	3000	2750	2500	2250	2000	1750	1500	1375	1250	1000	750	625	500	325	250	125	0	1.1555555555555557E-3	1.1592592592592594E-3	1.1925925925925927E-3	1.2370370370370371E-3	5000 RPM	3000	2750	2500	2250	2000	1750	1500	1375	1250	1000	750	625	500	325	250	125	0	1.0466666666666667E-3	1.0400000000000001E-3	1.0400000000000001E-3	1.0866666666666666E-3	1.1133333333333334E-3	1.1199999999999999E-3	1.2199999999999999E-3	5500 RPM	3000	2750	2500	2250	2000	1750	1500	1375	1250	1000	750	625	500	325	250	125	0	1.0060606060606062E-3	1.0212121212121214E-3	1.0333333333333334E-3	6000 RPM	3000	2750	2500	2250	2000	1750	1500	1375	1250	1000	750	625	500	325	250	125	0	9.7777777777777793E-4	9.722222222222223E-4	9.7499999999999996E-4	1.0138888888888888E-3	1.0277777777777778E-3	1.1222222222222224E-3	BMEP (kPa)


Duration (s)
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By using the Insert Caption option under the Reference Tab in Microsoft Word, it means you are able
to cross reference to the figure, Figure 4-1, within the main body of the report and also produced a
table of figures if required. For the label, it is acceptable to use either Figure 1 or Fig 1.

41 Vehicie dota for a selection of models (Bauer Consumer Media Limited, 2017)

Model of | Engine | 0-60mph | Combined Fuel
Vehicle | vehicle | size(cc) | _(secs) Use (mpg)
Ford | Fiesta 139|144 67

Peugeot | 208 1398|131 74

Renault_| Clio 161|147 62

w Polo 12 125 &3

‘Again, it is wise to use the Insert caption option to enable cross referencing and the production of
table of tables. Any tables or graphs that are included within a report, most include units and
appropriate scales were necessary.
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