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1. [bookmark: _Toc507026414]Introduction
[bookmark: _Toc507026415]Aims and Objectives 
The aim of this study is to calibrate a naturally aspirated, high-performance vehicle to pass the emission requirements while also maintaining performance. This will be done by creating fuelling and ignition maps to suit the specification. Data from a 1.2 Litre GDI Turbo experimental engine will also be analysed with particular attention to strategies for knock and hardware limitations, the changes in burn duration, fuelling strategies for temperature control, and an evaluation of the best brake specific fuel consumption (BSFC).
[bookmark: _Toc507026416]Assumptions
· Homogenous Mixture
· Fuel used is Isooctane
· Tested with the NEDC drive cycle due to available data
· Peak Pressure at 16° after TDC
· The engine is Port Injected
                                                                                                                                                                                                                                                                      




[bookmark: _Toc507026417]High Performance Normally Aspirated Engine
[bookmark: _Toc507026418]Fuelling Maps
[bookmark: _Toc507026419]Lambda
The Lambda value of an engine is a representation of the ratio of Oxygen present in perfect stoichiometric combustion compared to the Oxygen that is actually present. Perfect combustion where all Oxygen is consumed is represented by a Lambda value of 1, when the mixture contains more Oxygen than what is needed for combustion it is a lean mixture and will have a Lambda value higher than 1, whereas if there is not enough Oxygen for the mixture is rich and the Lambda value will be lower than 1 (Austin CC, 2018). Lambda can be calculated using Equation 1:

[bookmark: _Ref507025415][bookmark: _Toc507078744]Equation 1:Lambda Equation (Bosch, 2006)
The Lambda is measured by a sensor in the exhaust, when there is more oxygen present the sensor encounters higher resistance and so produces a lower voltage, this result is the fed back to the ECU and modifications to the engine fuelling are made (Lambda Power, 2018). This relationship can be seen in Figure 1.
[image: ]
[bookmark: _Toc507078764]Figure 1:Lambda Sensor Feedback (Lambda Power, 2018)
[bookmark: _Toc507026420]Lambda Map
[bookmark: _Ref507009243][image: ]
[bookmark: _Ref507010850][bookmark: _Toc507078751]Table 1: Lambda Map
Table 1 shows a Lambda map for a high-performance naturally aspirated engine, the map is represented in 3D graphical form in Figure 3. It has been calibrated to pass the NEDC drive cycle but to still perform effectively. To pass the NEDC testing the engine must have low emissions, this is best achieved when lambda is equal to 1, at this value the 3-way catalyst is most effective, (Figure 2). This is further reinforced by Table 2 which shows the percentage of Carbon Monoxide released at each RPM and Load. 
[image: C:\Users\Phil\AppData\Local\Microsoft\Windows\INetCache\Content.Word\20180221_230856.jpg]
[bookmark: _Ref507018054][bookmark: _Toc507078765]Figure 2: Catalytic Converter Conversion Efficiency (James D Halderman, 2006)
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[bookmark: _Ref507018339][bookmark: _Toc507078766]Figure 3: Lambda 3D Map
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[bookmark: _Ref507018570][bookmark: _Toc507078752]Table 2: Volume % Carbon Monoxide
As the NEDC cycle only tests part loads up to 3500RPM, the rest of the map is free to be adapted. At high RPM and load up to around 25%, the engine has been calibrated to run lean, this is due to this part of the map been used mainly during deceleration, therefore it would be wasteful to use extra fuel, it also causes the fuel to build up in the exhaust and then explode when it reaches a stoichiometric value, giving the vehicle a “sporty” sound. It is worth noting that the mixture has not been leaned further due to the reduction in flame speed but increase in temperature, causing potential knock.
[image: ]
[bookmark: _Toc507078753]Table 3: Laminar Flame Speed Map
The loads highlighted blue in Table 1 show the distribution of max power. The max power is obtained using the laminar flame speed. The Laminar Flame Speed is calculated using Equation 2.

[bookmark: _Ref507025388][bookmark: _Toc507078745]Equation 2: Laminar Flame Speed (Heywood, 1988)
The values for which are found in Table 4:
[image: ]
[bookmark: _Ref507023254][bookmark: _Toc507078754]Table 4:Flame Speed Values (Heywood, 1988)
The max power is found where the lambda is equal to λm. As can be seen, the engine has been calibrated so that the max power occurs at around 70% of the load at RPMs of 2500 to 6500. The lambda values between the lean deceleration area and the max power values show a gradual enrichment of the fuel mix to give a smooth acceleration. For the areas of high RPM and high load there is considerable over fuelling, this is to aid in the cooling down of the cylinder, the temperature is reduced by over fuelling due to the extra mass added to the combustion products and lowering the intake temperature with increased evaporation. Over fuelling is more important at 6500RPM than at 8500RPM as the flame speed is slower, allowing more time for the unburned zone to prematurely combust causing knock.
[bookmark: _Toc507026421]Fuel Equivalence Ratio
[image: ]
[bookmark: _Toc507078755]Table 5: Fuel Equivalence Ratio Map
Fuel Equivalence Ratio is the inverse of the Lambda and is defined as the ratio of the actual Air:Fuel Ratio to the Stoichiometric Air:Fuel Ratio. It is worked out from the lambda values in Equation 3.

[bookmark: _Ref507025369][bookmark: _Toc507078746]Equation 3: Fuel Equivalence Ratio from Lambda
[bookmark: _Toc507026422]Ignition Maps
[image: ]
[bookmark: _Ref507052925][bookmark: _Toc507078756]Table 6: Ignition Timing Map
Table 6 shows the ignition map of the engine, a 3D map of the ignition timing can be seen in. The values within the table represent degrees of crank angle. If the values are positive, then they are before TDC, if they are negative, they are After TDC. Ignition timing is used to ensure that complete combustion, and as a result peak pressure, occurs at the right time, there is a sweet spot where the piston has reached TDC of its compression stroke and is about to begin the expansion stroke, this is known as Maximum Brake Torque (MBT) Timing and can be seen in Figure 4 . This usually occurs around 17° After TDC. 
[image: ]
[bookmark: _Ref507053844][bookmark: _Toc507078767]Figure 4:Point of Peak Pressure (Megasquirt, 2018)
The ignition and combustion do not occur instantly, there is delay of around 2-3 milliseconds (Edgar, 2007), this burning time is relatively constant throughout the RPM range (James D Halderman, 2006) . To maintain MBT timing, the ignition needs to be advanced or retarded depending on the situation. If the ignition is advanced too far, then combustion will occur before the piston reaches TDC resulting in a high amount of negative work, early timing can also cause the ignition of multiple parts of the mixture within the cylinder causing knock, it can also make cranking slow and jerky. If the ignition is too far retarded, the piston will have already begun its downward travel and so there will be reduced power and performance, it will also result in a poor fuel economy. An ideal ignition timing trend can be seen in Figure 5.
[image: C:\Users\Phil\AppData\Local\Microsoft\Windows\INetCache\Content.Word\20180222_092456.jpg]
[bookmark: _Ref507057425][bookmark: _Toc507078768]Figure 5: Spark Timing Advance Curve (Probst, 1991)

As can be seen from Table 6 at load 5.8% the ignition timing is significantly retarded past MBT, at the lower engine speeds of 800-1500RPM the spark is retarded ATDC. This area is where the engine is idling and more air is allowed in to ensure stable combustion but to prevent overrevving and providing too much power during engine braking.
As RPM increases, more air flows into the engine, resulting in a faster flame speed. The spark timing is then required to be advanced to maintain MBT timing. As the engine speed is increased from 800 to 3500RPM the flame speed is not fast enough to keep up with the increasing engine speeds, this results in further advancing of the ignition timing. After 3500 RPM the flame can keep pace therefore ignition timing is maintained. 
At the higher loads throughout the upper range of RPMs the ignition timing is retarded to compensate for the high temperatures caused by increased flame speed and also to limit the chances of knock occurring.
[image: ]
[bookmark: _Toc507078769]Figure 6: 3D Ignition Map

[bookmark: _Toc507026423]Start-up/Cranking 
[image: ]
[bookmark: _Ref507058418][bookmark: _Toc507078757]Table 7: Cranking Enrichment Map
A separate map is used to define the parameter required for start-up or cranking, the cranking map for the engine is shown in Table 7, the values within the map are added onto the base maps . At start-up there is very low airspeed which means that fuel drops out of the air stream before it reaches the combustion chamber, low temperatures present during start-up can also cause condensation. As a result of this more fuel is injected into the engine, the colder the temperature the higher the percentage of fuel added, the duration of injection is also increased to allow for the extra fuel to be injected. The cold temperatures also cause a slower flame speed, and so a further ignition advance is required to compensate for this. These enrichments only last for around 25 cycles otherwise it may cause wet spark plugs. (Walker, 2008)
[bookmark: _Toc507026424]Emissions Control
During the NEDC drive cycle it is assumed that lambda is equal to one. It is however still possible for excessive emissions to be created. There are many reasons why this is possible:
· The ignition timing may be incorrect. If the ignition timing is too far advanced the levels of NOx will increase due to the increase in cylinder temperature.
· Hydrocarbons are a result of incomplete combustion, for this study it was assume that the air: fuel mixture was homogenous, however in reality the mixture within the cylinder is a mixture of lean, stoichiometric and rich patches, which results in areas of incomplete combustion and as a result, higher emissions. This can be caused by many factors including injector positioning and combustion chamber profile.
These effects of these problems can be solved by ensuring that the ignition timing is correct through testing, also the addition of EGR to the mixture will lower the cylinder temperature and therefore the NOx produced. 



[bookmark: _Toc507026425]1.2 Litre GDI Turbo Engine
[bookmark: _Toc507026426]Hardware and Knock Limitations
The 1.2 Litre GDI engine has a maximum value of pressure that it can withstand, any pressures higher than this and the engine will fail to work effectively. This is known as the engine hardware limit. The hardware limit of the 1.2 Litre GDI engine is 140 Bar (Dave Hancock, 2008).
As can be seen from Figure 7, the maximum pressure that the engine reaches is 118.8 Bar, which gives is 21.2 bar below the maximum hardware limit. This extra pressure allowance gives some flexibility if knock is to occur. 
From Figure 8 a further strategy to reduce knock is clear. The Ignition timing at the high loads has been retarded to combat the higher temperatures and prevents the conditions for knock.

[image: C:\Users\Phil\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Screenshot 2018-02-22 13.40.49.png]
[bookmark: _Ref507070856][bookmark: _Toc507078770]Figure 7:  Average Max Pressure
[image: C:\Users\Phil\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Screenshot 2018-02-22 14.01.27.png]
[bookmark: _Ref507071641][bookmark: _Toc507078771]Figure 8: Ignition Timing - BTDCF
[bookmark: _Toc507026427]Burn Duration
[image: C:\Users\Phil\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Screenshot 2018-02-22 14.01.27.png]
[bookmark: _Toc507078772]Figure 9: Ignition Timing -BTDCF
[image: C:\Users\Phil\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Screenshot 2018-02-22 14.26.29.png]
[bookmark: _Toc507078773]Figure 10:Angle of Max Pressure (ATDCF)
To work out the burn duration in degrees, Equation 4 is used. 

[bookmark: _Ref507073248][bookmark: _Toc507078747]Equation 4: Burn Duration (Degrees)
To convert the burn duration from degrees to seconds, Equation 5 is used.

[bookmark: _Ref507073485][bookmark: _Toc507078748]Equation 5: Burn Duration (Seconds)
From these calculations it is possible to create a map of burn duration (Secs) shown in Table 8. As can be seen that as RPM increases, the burn duration becomes shorter, for example at 1000RPM, the burn duration peaks at 6 milliseconds, while at 6000RPM the burn duration has shorten to 0.9 milliseconds. From the massive reduction in burn duration it can be inferred that the flame speed has increases with RPM. The high loads at the mid-range RPMs also show a reduction in flame speed from that of low loads, however the reduction in burn duration is not as dramatic as changing the RPM.
[image: ]
[bookmark: _Ref507073578][bookmark: _Toc507078758]Table 8: Burn Duration (Seconds)
[bookmark: _Toc507026428]Engine Temperature Control
Engine Temperatures can be controlled by using the fuel. From Figure 11 it can be seen that throughout the majority of the lambda map, the air: fuel mixture is stoichiometric where lambda is equal to 1. However, at the higher loads at higher RPMS, such as those between 4000-6000RPM and 2000-3000 KPa BMEP the lambda value drops, indicating an enrichment of the air fuel mixture. At these Loads it is likely that the engine temperatures have risen to a level that could encourage knock, therefore the addition of extra fuel aids in cooling the cylinder down through higher mixture mass and evaporation.

[image: C:\Users\Phil\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Screenshot 2018-02-22 15.01.02.png]
[bookmark: _Ref507075465][bookmark: _Toc507078774]Figure 11: Exhaust Lambda
[bookmark: _Toc507026429]Brake Specific Fuel Consumption
The Brake Specific Fuel Consumption (BSFC) is the measured rate of fuel flow over a time period. It is used to measure how efficiently an engine is running. It is measured in g/Kw.h and so can be interpreted as the mass of fuel required to produce 1 KW of power for 1 hour. The more efficient and engine is the less fuel it will use and so the BSFC will be lower.
To work out the BSFC from the data provided the following steps were taken:
The Power in KW is calculated using Equation 6.

[bookmark: _Ref507078034][bookmark: _Toc507078749]Equation 6: Power (Kw)

[bookmark: _Toc507078759]Table 9: Power (Kw)
The Flow of fuel per hour then needs to be calculated using

[bookmark: _Toc507078750]Equation 7: Fuel Flow (Kg/h)
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[bookmark: _Toc507078760]Table 10: Fuel Flow (Kg/h)
The Air Mass can be seen in Figure 12 and Table 11.
[image: C:\Users\Phil\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Screenshot 2018-02-22 15.34.46.png]
[bookmark: _Ref507077295][bookmark: _Toc507078775]Figure 12: Air Mass (Kg/h)
Cross referencing the figure extracted from Figure 11 and Figure 12 it can be seen that the lambda value is equal to 1.
[image: ]
[bookmark: _Ref507078198][bookmark: _Toc507078761]Table 11: Air Flow

Using the calculated values for Fuel flow and Power, it is possible to obtain the BSFC, for this calculation the Fuel Flow is converted to gms/h.


[image: ]
[bookmark: _Toc507078762]Table 12: BSFC
From the calculations it can be seen that the lowest value of BSFC is at 2000 RPM at 12500Kpa BMEP.
[bookmark: _Toc507026430]Conclusion
To conclude, it can be learnt from this study that there are many ways to alter an engines performance through fuelling and ignition timing. There is no correct way to calibrate an engine as it depends on what the user specification is, for example one user may prefer as much power as possible, whereas another may want to achieve as much fuel economy as possible. These goals will both require incredibly different maps. There is however a wrong method to calibrate an engine that can result in dire consequences such as knock, high emissions and low performance.


[bookmark: _Toc507026431]Appendix
[bookmark: _Toc507026432]Air:Fuel Ratio
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[bookmark: _Toc507078763]Table 13: Air:Fuel Ratio
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800 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000 8500

5.88 1 1 1 1 1 1 1 1.02 1.03 1.05 1.05 1.05 1.05 1.05 1.05 1.05

11.76 1 1 1 1 1 1 1 1.05 1.07 1.08 1.08 1.08 1.08 1.08 1.08 1.08 1.07
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35.29 1 1 1 1 1 1 1 1.03 1.03 1.02 1 1 1 1 1 1 0.96
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52.94 1 0.96 1 1 0.99 0.95 0.93 0.93 0.95 0.95 0.95 0.94 0.9 0.89
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0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

11.76470588
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2.03 5.14 5.14 5.14 5.14 5.61 5.61 5.61 5.61 6.10 6.58 7.08

82.35294118

5.14 5.61 5.61 5.61 5.61 5.61 5.61 6.10 6.10 6.10 6.58

88.23529412

5.61 5.61 5.61 5.61 5.61 5.61 6.10 6.10 6.10 6.58 7.08

94.11764706

6.10 5.61 5.61 5.61 6.10 6.10 6.10 6.10 6.10 7.08

100

6.10 6.58 6.58 7.08

Relative Load (%)
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5.882352941 24.725 24.725 24.725 24.725 24.725 24.725 24.725 24.239 23.980 23.433 23.433 23.433 23.433 23.433 23.433 23.433

11.76470588 24.725 24.725 24.725 24.725 24.725 24.725 24.725 23.433 22.851 22.549 22.549 22.549 22.549 22.549 22.549 22.549 22.851

17.64705882 24.725 24.725 24.725 24.725 24.725 24.725 24.725 22.851 21.925 21.925 21.925 21.925 21.925 21.925 21.925 21.925 21.925

23.52941176 24.725 24.725 24.725 24.725 24.725 24.725 24.725 21.925 21.925 21.925 21.925 21.925 21.925 21.925 21.925 24.239 24.725

29.41176471 24.725 24.725 24.725 24.725 24.725 24.725 24.725 21.925 21.925 23.980 23.980 23.980 23.980 23.980 23.980 24.725 25.161

35.29411765 24.725 24.725 24.725 24.725 24.725 24.725 24.725 23.980 23.980 24.239 24.725 24.725 24.725 24.725 24.725 24.725 25.540

41.17647059 24.725 24.725 24.725 24.725 24.950 24.725 24.725 24.239 24.725 24.725 25.358 24.950 24.950 24.950 25.161 25.358 25.984

47.05882353 24.950 24.950 24.950 24.725 25.358 24.725 24.725 24.725 24.725 25.706 25.706 25.358 25.358 25.358 25.540 25.984 26.246

52.94117647 24.725 25.540 24.725 24.725 24.950 25.706 25.984 25.984 25.706 25.706 25.706 25.854 26.246 26.286

58.82352941 24.725 25.984 24.725 24.950 25.540 25.854 26.181 26.181 25.984 25.984 25.984 26.093 26.286 26.286

64.70588235 24.950 26.246 24.725 25.358 25.984 25.984 26.246 26.300 26.300 26.300 26.181 26.246 26.286 26.241

70.58823529 26.300 24.725 25.706 26.300 26.300 26.300 26.300 26.300 26.286 26.286 26.286 26.241 26.164

76.47058824 25.706 26.300 26.300 26.300 26.300 26.286 26.286 26.286 26.286 26.241 26.164 26.052

82.35294118 26.300 26.286 26.286 26.286 26.286 26.286 26.286 26.241 26.241 26.241 26.164

88.23529412 26.286 26.286 26.286 26.286 26.286 26.286 26.241 26.241 26.241 26.164 26.052

94.11764706 26.241 26.286 26.286 26.286 26.241 26.241 26.241 26.241 26.241 26.052

100 26.241 26.164 26.164 26.052
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Engine Speed (RPM)

Relative Load (%)
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B

m

Bλ

cm/s cm/s

Methanol 0.9 36.9 -140.5

Propane 0.93 34.2 -138.7

Isooctane 0.88 26.3 -84.7

Gasoline 0.83 30.5 -54.9

λ

m

Fuel
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800 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000 8500

5.88235 1 1 1 1 1 1 1 0.980392 0.970874 0.952381 0.952381 0.952381 0.952381 0.952381 0.952381 0.952381

11.7647 1 1 1 1 1 1 1 0.952381 0.934579 0.925926 0.925926 0.925926 0.925926 0.925926 0.925926 0.925926 0.934579

17.6471 1 1 1 1 1 1 1 0.934579 0.909091 0.909091 0.909091 0.909091 0.909091 0.909091 0.909091 0.909091 0.909091

23.5294 1 1 1 1 1 1 1 0.909091 0.909091 0.909091 0.909091 0.909091 0.909091 0.909091 0.909091 0.980392 1

29.4118 1 1 1 1 1 1 1 0.909091 0.909091 0.970874 0.970874 0.970874 0.970874 0.970874 0.970874 1 1.020408

35.2941 1 1 1 1 1 1 1 0.970874 0.970874 0.980392 1 1 1 1 1 1 1.041667

41.1765 1 1 1 1 1.010101 1 1 0.980392 1 1 1.030928 1.010101 1.010101 1.010101 1.020408 1.030928 1.075269

47.0588 1.010101 1.010101 1.010101 1 1.030928 1 1 1 1 1.052632 1.052632 1.030928 1.030928 1.030928 1.041667 1.075269 1.111111

52.9412 1 1.041667 1 1 1.010101 1.052632 1.075269 1.075269 1.052632 1.052632 1.052632 1.06383 1.111111 1.123596

58.8235 1 1.075269 1 1.010101 1.041667 1.06383 1.098901 1.098901 1.075269 1.075269 1.075269 1.086957 1.123596 1.149425

64.7059 1.010101 1.111111 1 1.030928 1.075269 1.075269 1.111111 1.136364 1.136364 1.136364 1.098901 1.111111 1.149425 1.162791

70.5882 1.136364 1 1.052632 1.136364 1.136364 1.136364 1.136364 1.136364 1.123596 1.123596 1.149425 1.162791 1.176471

76.4706 1.052632 1.136364 1.136364 1.136364 1.136364 1.149425 1.149425 1.149425 1.149425 1.162791 1.176471 1.190476

82.3529 1.136364 1.149425 1.149425 1.149425 1.149425 1.149425 1.149425 1.162791 1.162791 1.162791 1.176471

88.2353 1.149425 1.149425 1.149425 1.149425 1.149425 1.149425 1.162791 1.162791 1.162791 1.176471 1.190476

94.1176 1.162791 1.149425 1.149425 1.149425 1.162791 1.162791 1.162791 1.162791 1.162791 1.190476

100 1.162791 1.176471 1.176471 1.190476

Relative Load (%)

Fuel Equivalence 

Ratio

Engine Speed (RPM)
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800 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000 8500

5.882352941 -4 -2.5 -0.3 4.5 9 14 19 22 26 26 27 27 27 28 28 29

11.76470588 33 40 44 48 51 53 54 55 55 54 53 52 51 50 49 48 48

17.64705882 28 39 46 47 47 50 52 53 53 52 51 50 49 48 46 44 47

23.52941176 24 35 43 43 42 49 49 50 51 49 48 47 46 45 43 41 45

29.41176471 22 31 40 41 39 47 46 48 48 47 45 44 43 42 40 38 41

35.29411765 20 26 32 38 37 43 43 44 45 43 42 40 40 41 37 37 37

41.17647059 18 21 27 34 36 39 40 42 43 40 39 37 37 38 34 34 34

47.05882353 15 18 21 31 33 36 37 37 39 39 37 34 34 36 32 31 33

52.94117647 30 30 33 35 36 38 36 34 32 32 34 30 28 32

58.82352941 28 27 32 33 35 37 34 33 31 32 33 29 27 31

64.70588235 24 25 31 31 33 34 31 30 30 30 31 26 25 30

70.58823529 22 30 30 31 32 29 29 28 27 29 24 24 30

76.47058824 28 28 29 30 27 27 26 25 27 23 23 29

82.35294118 25 26 25 26 24 24 23 22 24 21 22

88.23529412 22 23 23 23 22 22 20 20 22 20 21

94.11764706 20 22 22 21 20 19 18 18 19 19

100 17 16 16 17

Engine Speed (RPM)

Relative Load (%)

Ignition Timing
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Coolant Temperature -10 0 10 20 30 40 50 60 70 80 90 100 110 120 °C

Fuel Enrichment 100 85 70 50 35 20 15 13 12 10 10 10 5 5 %

Ignition 10 10 8 6 4 2 0 0 0 0 0 0 -1 -4 °

Injection 53 46 38 32 27 22 14 6 0 0 0 0 0 0 %

Startup
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3000 0.002633 0.002087 0.001928 0.001619

2875

2750 0.003244 0.001308

2625

2500 0.003111 0.002417 0.002053 0.001767 0.001533 0.001267 0.001047

2375

2250 0.0023 0.001683 0.001217 0.001156 0.00104

2125

2000

1875

1750 0.0039 0.002175 0.00182 0.0016 0.001424 0.001225 0.001159 0.00104 0.001006 0.000972

1625

1500

1375 0.002711 0.002175 0.00182 0.001628 0.001462 0.001313 0.001193 0.001087 0.001021 0.000975

1250 0.002233 0.001907 0.001644

1125

1000 0.003867 0.002967 0.002342 0.00196 0.001739 0.001538 0.001375 0.001113 0.001014

875

750 0.0032 0.002525 0.002127 0.001883

625 0.004967 0.003556 0.002725 0.002267 0.001983 0.00159 0.001404 0.001237 0.00112 0.001033 0.001028

500

375 0.005467 0.003944 0.002892 0.002487 0.002094

250 0.006067 0.004656 0.003292 0.002867 0.002294 0.001757 0.001571 0.00122 0.001122

125 0.004733

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000
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Burn Duration (seconds)
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17.5 35 43.75 52.5 61.25 70

13.75 27.5 34.375 41.25 48.125 55

12.5 25 31.25 37.5 43.75 50

10 20 25 30 35 40

7.5 15 18.75 22.5 26.25 30

RPM 2000 2500 3000 3500 4000
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Power KW
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17.5 10.44898 12.12925 13.72789 15.68027 17.87755

13.75 7.591837 9.306122 10.77551 12.21769 13.98639

12.5 6.108844 7.687075 9.197279

10 5.054422 6.312925 7.632653 9.07483 10.43537

7.5 4.102041 5.183673 6.272109

RPM 2000 2500 3000 3500 4000

BMEP

Fuel Flow Kg/h
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17.5 153.6 178.3 201.8 230.5 262.8

13.75 111.6 136.8 158.4 179.6 205.6

12.5 89.8 113 135.2

10 74.3 92.8 112.2 133.4 153.4

7.5 60.3 76.2 92.2

RPM 2000 2500 3000 3500 4000

BMEP

Air Flow Kg/h
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17.5 298.5423 277.24 261.4836 256.0044 255.3936

13.75 276.0668 270.7236 261.2245 253.874 254.2981

12.5 244.3537 245.9864 245.2608

10 252.7211 252.517 254.4218 259.2809 260.8844

7.5 273.4694 276.4626 278.7604

RPM 2000 2500 3000 3500 4000

BMEP

BSFC
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