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[bookmark: _Toc507079544]1. Introduction & Objectives
This assignment is about mapping of internal combustion engines for efficiency and performance. A fuel and ignition base map, as well as a warm-up correction map, for a naturally aspirated engine are created and explained in this report. Furthermore, engine dynamometer and calibration data of a Ford 1,2 litre GDI turbo charged engine is proved and to be analysed.

[bookmark: _Toc507079545]2. Calibration of a high-performance n/a internal combustion engine
[bookmark: _Toc507079546]2.1. Fuel Base Map
The following table and graph in Figure 1 and 2 show a fuel base map created for a naturally aspirated, high-performance internal combustion engine running on petrol. The engine is calibrated so that the vehicle can pass the NEDC emissions test by setting the target lambda and fuel equivalence ratio values to 1 in the range that is used during the test procedure. Outside this range, with increasing throttle opening and therefore load, the fuel and air mixture is being enrichened for an ideal flame propagation, hence combustion, aimed at achieving improved performance from the engine. This increasingly richer mixture is getting blended in for better drivability and is injected earlier with increasing engine speed due to more air flow and greater turbulence in the intake ports and cylinders, resulting in a more sufficient mixing of the fuel and air molecules, and because this engine is designed for high-performance purposes, it is assumed that the driver or rider is already asking for maximum power out of the engine from a throttle opening of 40% onwards, whilst needing better controllability with less jerky behaviour of the engine below that. The reason for the target value to mostly remain constant after a certain percentage of throttle opening, especially below an engine speed of 3500 to 4000 RPM, is that at these lower RPM sites the volumetric efficiency of the engine is limited by the piston velocity, i.e. the suction effect of the cylinders, and not the throttle opening or port size, which means that the maximum air flow and load relative to the engine speed is reached increasingly earlier with less RPM, hence a change in fuelling is not required past around 50% of throttle opening at 1000 RPM for example, which is also still part of the test range and therefore given a stoichiometric ratio. For engine speeds of 5000 RPM and more, the mixture at high loads is richer than advised for maximum flame speed and therefore efficiency, because the engine and catalyst need to be protected from excessive heat as a result of increasing friction and hotter combustion, with higher FER values, i.e. more added fuel, cooling the combustion. Since the air speed is very slow at lowest engine speeds and mostly shut throttle bodies, a richer mixture helps to compensate for fuel drop-outs that lead to condensation. To improve the fuel consumption, a leaner mixture is used for no- to part-throttle opening at mid-range engine speeds between 4000 and 6000 to 6500 RPM, allowing the vehicle to cruise and save fuel by deliberately reducing the power and torque output of the engine which would have a higher effect of engine braking otherwise. For the same reason, simultaneously ensuring a less harsh and abrupt behaviour of the engine when the throttle is being closed and it is changing from maximum to minimal load, the mixture is very lean for no- to part-load at maximum RPM. Furthermore, this results in the mixture not fully combusting inside the cylinder, which leads to fuel getting build up in the exhaust and exploding when the mixture turns stoichiometric, giving the vehicle feisty and therefore desired characteristics to be very noisy with explosions and possibly flames coming out of the tailpipe, when lifting of the accelerator at highest engine speeds.
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Figure 1 – Fuel base map table for different throttle opening and engine speed sites (Przibylla, 2018)
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Figure 2 - Fuel base map graph for different throttle opening and engine speed sites (Przibylla, 2018)

[bookmark: _Toc507079547]2.2. Ignition Base Map
The best ignition point for maximum brake torque output from the engine is the MBT-Timing (Maximum Break Torque Timing) results in the peak pressure occurring between 14° to 15° of crank angle ATDC and it lies around 30° of crank angle BTDC at ideal engine operating conditions (McDonald, 2017/2018). It is the best timing for performance, because igniting earlier would lead to increased negative work, as the piston is yet to pass TDC, and igniting later would mean a loss of pressure from burning the mixture in a bigger volume (McDonald, 2017/2018). Figure 3 and 4 show the table and graph of an ignition map for a naturally aspirated, high-performance internal combustion engine and the ignition timing of the engine is calibrated to ensure MBT-Timing at most times. On naturally aspirated engines the flame speed cannot keep pace with the engine speed until about 3000 RPM, from where the temperature rises more with RPM and the flame speed therefore increases with engine speed, which means that the burn duration stays roughly constant and the ignition timing does not have to be as advanced as before (McDonald, 2017/2018). To keep the combustion at MBT-Timing under more load, the ignition has to be advanced when the engine speed is low, because the flame travels more slowly and the unburned zone waits for longer, as the pistons do not move as quickly as at higher engine speeds. At no- or part-load, with the throttle bodies being opened slightly, the ignition timing is retarded beyond MBT to allow a stable combustion whilst preventing the engine from overrevving and providing too much torque, i.e. engine braking, with exception of the lowest RPM sites, where an ignition advance is supposed to act as an anti-stall function by bringing the engine back as the engine speed drops below idle. At high load and high engine speed the ignition timing is getting retarded, to avoid detonation from high temperatures and excessive cylinder pressures.

[image: ]
Figure 3 – Ignition base map table for different throttle opening and engine speed sites (Przibylla, 2018)
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Figure 4 – Ignition base map graph for different throttle opening and engine speed sites (Przibylla, 2018)

[bookmark: _Toc507079548]2.3. Warm-Up Correction Map
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Figure 5 – Correction map table for ignition timing, injection rate and fuel enrichment at different coolant temperatures (Przibylla, 2018)

Due to the cranking speed of the engine being very low, maybe around 200 RPM, which means that the air speed is low, resulting in a lot of condensation of the fuel from dropping out, the air fuel mixture is getting enriched at a cold start of the engine, but the enrichment must not last for too long, because the spark plugs would get wet otherwise, and is therefore halved shortly after the engine has started and then gradually faded out until the engine has reached its operating temperature (McDonald, 2017/2018), (Walker, 2001). In order to maintain a good idle speed at a cold start, the ignition timing is getting advanced slightly when the coolant temperatures are low and to avoid detonation, i.e. knock, it is getting retarded further than usual, should the coolant temperatures rise above normal (Walker, 2001). The injection correction is used as a choke mechanism of the fuel system to ensure good start-up and cold running characteristics of the engine when the coolant temperatures are low and it allows for knock protection as well, by enriching the air and fuel mixture even more compared to the fuel base map, if the coolant temperature is signalling that the engine is overheating (Walker, 2001).
[bookmark: _Toc507079549]2.4. Strategy for Reduction of Emissions
If the levels of  and  were found to exceed the limits of the NEDC, adding exhaust gas recirculation and adding more fuel can help to decrease the combustion temperatures and therefore rate of  production and, presuming the engine is port injected, spraying the fuel towards the inlet vale, which is the hottest part in the inlet port, helps to avoid soot and unburned hydrocarbons by reducing the amount of condensation of fuel molecules to big droplets from hitting the walls of the intake port and when the air temperature is low (McDonald, 2017/2018). In addition, by using a 3-way-catalyst, a reduction process can be instigated, on normal catalysts by adding fuel to the catalyst for example, which converts  back to  and , whilst then having to ensure a stoichiometric fuelling ratio to allow for oxidisation of  and as well (McDonald, 2017/2018). However, the best way to reduce the amount of  that is getting “frozen in”, i.e. cannot be reverted back, would be to find a method of increasing the time for the reverse reaction of  production that occurs inside the cylinder when the temperatures decreases again by making the pressure and temperature drop less quickly (McDonald, 2017/2018).

[bookmark: _Toc507079550]3. Ford 1.2 Litre GDI Turbo Data


[image: C:\Users\aprzi\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Lambda.jpg]
Figure 6 – Air/Fuel-Ratio plotted against BMEP and Engine Speed
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Figure 7 – Ignition timing plotted against BMEP and Engine Speed
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Figure 8 – Maximum average cylinder pressure plotted against BMEP and Engine Speed
[image: C:\Users\aprzi\AppData\Local\Microsoft\Windows\INetCache\Content.Word\AnglePMax.jpg]
Figure 9 –Crank angle of maximum pressure ATDC plotted against BMEP and Engine Speed
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Figure 10 – Fuel rail pressure plotted against BMEP and Engine Speed
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Figure 11 – Fuel injection pulsewidth plotted against BMEP and Engine Speed
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Figure 12 – Air mass flow plotted against BMEP and Engine Speed
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Figure 13 – Air mass flow plotted against BMEP and Engine Speed (Przibylla, 2018)
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Figure 14 – Air/Fuel-Ratio plotted against BMEP and Engine Speed (Przibylla, 2018)
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Figure 15 – Power plotted against BMEP and Engine Speed (Przibylla, 2018)
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Figure 16 – Brake Specific Fuel Consumption plotted against BMEP and Engine Speed (Przibylla, 2018)
[bookmark: _Toc507079551]4. Analysis of Ford 1.2 Litre GDI Turbo Mapping
[bookmark: _Toc507079552]4.1. Strategy for Hardware and Knock Limit
Supposing that the engine is designed to have a hardware limit of 120 bar of cylinder pressure, Figure 8 shows that this limit is not exceeded due to the maximum average cylinder pressure being 118,8 bar at 4000 RPM and a BMEP of 2850 kPa. Comparing this node to the neighbouring nodes, especially the node describing a pressure of 114,8 bar at 3500 RPM and full load, it can be seen that this is primarily achieved by retarding the ignition timing and a lambda target value for a slightly richer fuel and air mixture. The same strategy is being used for controlling knock, i.e. temperature-dependent autoignition, because, assuming an approximately adiabatic compression, the temperature of the unburned zone inside the cylinder is dominated by the rise in cylinder pressure, shown in the equation below, and ignition retard means that the combustion is taking place in a bigger volume, hence the pressure is controllably decreased (McDonald, 2017/2018). The supporting effect of adding more fuel is a cooler combustion temperature and chapter 4.3. explains this in more detail. 
From the Ideal Gas Law:	 
Where: 


[bookmark: _Toc507079553]4.2. Changing Flame Speed
The burn duration and overall flame speed depends on the following. The laminar flame speed, which is the speed at which the fuel and air mixture would burn at in stationary conditions depending on the temperature and pressure of the system, and the piston velocity, as well as compression ratio, since the turbulent air velocity increases with piston velocity and the flame is therefore fed with more unburned fuel (McDonald, 2017/2018). In addition, a higher volumetric efficiency, which is dependent on the degrees of throttle opening and suction effect of the pistons but can also be increased with the boost pressure of a turbo or super charger, results in higher flame speeds, as the gaps between the molecules get smaller with a denser cylinder charge and richer fuel and air mixtures, with the maximum laminar flame speed occurring at a fuel equivalence ratio of around 1,1 to 1,15 (McDonald, 2017/2018).
From (Haywood, 1988):		When:			 
for Isooctane with  
Therefore: 
	
If ,  and the flame speed increases linearly with engine speed.

Since the peak pressure always occurs when 50% of the mass has burned and the ignition timing is the start of combustion, Figure 7 and 9 prove the relationships stated above and show that the burn duration decreases with increasing load and engine speed, which means that the flame travels faster with higher volumetric efficiency and piston velocity (McDonald, 2017/2018).

Example for volumetric efficiency with equal lambda values:

At 3000 RPM and 250 kPa BMEP



At 3000 RPM and 3000 kPa BMEP




Example for piston speed with equal lambda values:

At 3000 RPM and 1400 kPa BMEP


At 6000 RPM and 1400 kPa BMEP




[bookmark: _Toc507079554]4.3. Fuelling Strategy for Engine Temperatures
Figure 6 shows that the fuel and air mixture is leaned off for medium to high load at lower RPM sites outside of the NEDC emissions test range and enrichened at high load and high engine speed. Whilst the lean nodes are primarily for saving fuel, the enrichment of the mixture is due to the necessity to control the cylinder pressures and engine temperatures by cooling the combustion in order to keep the engine within its hardware limits, with the added fuel, higher fuel rail pressures and longer injection pulsewidth providing better vaporization of the fuel, see Figure 11 and 10 (McDonald, 2017/2018).

[bookmark: _Toc507079555]4.4. Fuel Consumption and Efficiency
In order to calculate the Brake Specific Fuel Consumption of the engine at all nodes and analyse its fuel consumption, as well as the engine efficiency, the provided graphs for air mass flow and exhaust lambda data are copied to Excel, displayed in Figure 13 and 14, and the power output at each node has to be calculated as follows, because the BSFC relates the amount of fuel used to the power of the engine.

By definition:		
Therefore:		
And:		
Hence:		

This equation is used to create the table shown in Figure 15.

Example for calculating the power output of the engine:

At 4000 RPM and 2500 kPa BMEP


From this, Figure 16 is then created by calculating the BSFC as follows.

By Definition:		
Where:			
Therefore:       
	            

From Excel (Przibylla, 2018) or Figure 13, 14, 15 and 16, showing the calculations for the point of most efficient fuel consumption of the engine:

At 4000 RPM and 1800 kPa BMEP



Therefore:		

Figure 16 shows that this is the optimum point for fuel consumption, with the reasons being that under less load the pumping losses increase due to the pistons working very hard to suck the air into the cylinder with partly closed throttle bodies and at higher loads the strategy of overfuelling and a hotter combustion resulting in more heat transfer are reducing the engine efficiency. In addition, with increasing engine speed the friction and therefore loss from heat energy increases and at slower engine speeds more time for heat transfer arises, as the flame speed drops with RPM and the piston remains at TDC for a longer period of time (McDonald, 2017/2018), (Walker, 2001).

[bookmark: _Toc507079556]5. Conclusion
The mapping of modern engines is a complex undertaking, as many factors need to be considered, which are heavily affecting each other. It can only be possible to find the best compromise and balance for the purpose of a particular engine, as highest efficiency or performance does not necessarily come with fewest emissions and vice versa. The modern technology of turbo-charged small-capacity engines requires extensive calibration and the change away from the NEDC might see a drastic evolution in technology and most likely require even more advanced engine management control strategies to be developed and implemented.
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Throttle % 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000 8500

Idle 32 31 29 26 22 22 22 22 22 22 22 22 22 22 22 22

6.67 32 31 30 28 24 24 24 24 24 24 24 24 24 24 24 24

13.33 32 31 31 30 28 28 28 28 28 28 28 28 28 28 28 28

20.00 32 32 31 30 30 30 30 30 30 30 30 30 30 30 30 30

26.67 32 32 32 31 32 32 32 32 32 32 32 32 32 32 32 32

33.33 33 32 32 31 32 32 32 32 32 32 32 32 32 32 32 32

40.00 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33

46.67 34 34 34 34 33 33 33 33 33 33 33 33 33 33 33 32

53.33 35 34 34 34 33 33 33 33 33 33 33 33 33 33 32 31

60.00 35 34 34 34 33 33 33 33 33 33 33 33 33 32 31 30

66.67 36 35 35 34 33 33 33 33 33 33 33 33 32 31 30 29

73.33 36 35 35 35 33 33 33 33 33 33 33 32 31 30 29 28

80.00 36 35 35 35 33 33 33 33 33 33 32 31 30 29 28 27

86.67 37 36 35 35 33 33 33 33 33 33 31 30 29 28 27 26

93.33 38 36 36 35 33 33 33 33 33 33 30 29 28 27 26 25

100.00 38 37 36 35 34 33 33 32 31 30 29 28 27 26 25 24

Ignition Base Map (SoC °BTDC)
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Coolant Temp. (°C) -10 0 10 20 30 40 50 60 70 80 90 100 110 120

Ignition (°) 10 9 8 6 3 1 0 0 0 0 0 0 -5 -10

Injection (%) 60 50 40 30 25 20 15 5 0 0 2 4 0 0

Enrichment (%) 100 90 75 50 35 20 15 10 5 0 0 0 0 0

Warm-Up Correction Map
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Ignition (°BTDCF)
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BMEP: / RPM: 1000 1050 1200 1400 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000

3000 287.3 317.2 373.4 407

2900

2850 445.4

2800

2700 200.1

2600

2500 231.2 261.9 296 339.3 377.3

2450 170.1

2400 482.6

2300

2200 193.5 255.6 326.1 377.2 432.8

2100

2000 493.6

1900

1800 115.2 153.6 178.3 201.8 230.5 262.8 306.6 351.1 389.4 438.9

1700

1600 86.4

1500

1400 83.9 111.6 136.8 158.4 179.6 205.6 236.5 264.9 299.2 334.9

1300

1200 89.8 113 135.2

1150 50.7

1100

1000 40.9 55.9 74.3 92.8 112.2 133.4 153.4 198 248.6

900

800 45.4 60.3 76.2 92.2

700

600 23.3 35.5 47.4 60.3 73.8 86.9 101.8 115.9 132.9 152.4 170.1

500

400 16.6 25.3 34.9 44.6 55

300

200 9.6 15.3 21.7 28.9 37 43.5 52.2 69.7 91.3

100 10.6

0

Air Mass (kg/h)
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BMEP: / RPM: 1000 1050 1200 1400 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000

3000 1.09 1 1 0.95

2900

2850 0.94

2800

2700 1.18

2600

2500 1.1 1.07 1.01 1 1

2450 1.2

2400 0.92

2300

2200 1.11 1 1 1 0.98

2100

2000 0.93

1900

1800 1.19 1.13 1.09 1 1 1 1 1 1 0.98

1700

1600 1.22

1500

1400 1.11 1 1 1 1 1 1 1 1 1

1300

1200 1 1 1

1150 1.01

1100

1000 1 1 1 1 1 1 1 1 1

900

800 1 1 1 1

700

600 1 1 1 1 1 1 1 1 1 1 1

500

400 1 1 1 1 1

300

200 0.99 1 1 1 1 1 1 1 1

100 1

0

Lambda (Air/Fuel-Ratio)
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BMEP: / RPM: 1000 1050 1200 1400 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000

3000 30 31.5 36 42 45 60 75 90 105 120 135 150 165 180

2900 29 30.45 34.8 40.6 43.5 58 72.5 87 101.5 116 130.5 145 159.5 174

2850 28.5 29.925 34.2 39.9 42.75 57 71.25 85.5 99.75 114 128.25 142.5 156.75 171

2800 28 29.4 33.6 39.2 42 56 70 84 98 112 126 140 154 168

2700 27 28.35 32.4 37.8 40.5 54 67.5 81 94.5 108 121.5 135 148.5 162

2600 26 27.3 31.2 36.4 39 52 65 78 91 104 117 130 143 156

2500 25 26.25 30 35 37.5 50 62.5 75 87.5 100 112.5 125 137.5 150

2450 24.5 25.725 29.4 34.3 36.75 49 61.25 73.5 85.75 98 110.25 122.5 134.75 147

2400 24 25.2 28.8 33.6 36 48 60 72 84 96 108 120 132 144

2300 23 24.15 27.6 32.2 34.5 46 57.5 69 80.5 92 103.5 115 126.5 138

2200 22 23.1 26.4 30.8 33 44 55 66 77 88 99 110 121 132

2100 21 22.05 25.2 29.4 31.5 42 52.5 63 73.5 84 94.5 105 115.5 126

2000 20 21 24 28 30 40 50 60 70 80 90 100 110 120

1900 19 19.95 22.8 26.6 28.5 38 47.5 57 66.5 76 85.5 95 104.5 114

1800 18 18.9 21.6 25.2 27 36 45 54 63 72 81 90 99 108

1700 17 17.85 20.4 23.8 25.5 34 42.5 51 59.5 68 76.5 85 93.5 102

1600 16 16.8 19.2 22.4 24 32 40 48 56 64 72 80 88 96

1500 15 15.75 18 21 22.5 30 37.5 45 52.5 60 67.5 75 82.5 90

1400 14 14.7 16.8 19.6 21 28 35 42 49 56 63 70 77 84

1300 13 13.65 15.6 18.2 19.5 26 32.5 39 45.5 52 58.5 65 71.5 78

1200 12 12.6 14.4 16.8 18 24 30 36 42 48 54 60 66 72

1150 11.5 12.075 13.8 16.1 17.25 23 28.75 34.5 40.25 46 51.75 57.5 63.25 69

1100 11 11.55 13.2 15.4 16.5 22 27.5 33 38.5 44 49.5 55 60.5 66

1000 10 10.5 12 14 15 20 25 30 35 40 45 50 55 60

900 9 9.45 10.8 12.6 13.5 18 22.5 27 31.5 36 40.5 45 49.5 54

800 8 8.4 9.6 11.2 12 16 20 24 28 32 36 40 44 48

700 7 7.35 8.4 9.8 10.5 14 17.5 21 24.5 28 31.5 35 38.5 42

600 6 6.3 7.2 8.4 9 12 15 18 21 24 27 30 33 36

500 5 5.25 6 7 7.5 10 12.5 15 17.5 20 22.5 25 27.5 30

400 4 4.2 4.8 5.6 6 8 10 12 14 16 18 20 22 24

300 3 3.15 3.6 4.2 4.5 6 7.5 9 10.5 12 13.5 15 16.5 18

200 2 2.1 2.4 2.8 3 4 5 6 7 8 9 10 11 12

100 1 1.05 1.2 1.4 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Power (kW)
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BMEP: / RPM: 1000 1050 1200 1400 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000

3000 355.0533 287.7098 282.2373 250.5021

2900

2850 249.8365

2800

2700 396.6037

2600

2500 346.0136 305.0155 271.1655 263.7901 256.6667

2450 404.8313

2400 251.6961

2300

2200 332.0733 263.4508 252.0872 259.1905 262.303

2100

2000 260.2313

1900

1800 345.3968 327.9819 293.7974 254.2202 248.8932 248.2993 257.4956 265.3817 267.5737 270.9259

1700

1600 373.4694

1500

1400 301.6812 271.137 265.8892 256.5598 249.3406 249.757 255.372 257.4344 264.3343 271.218

1300

1200 254.5351 256.2358 255.48

1150 252.4253

1100

1000 264.9822 253.5147 252.7211 252.517 254.4218 259.2809 260.8844 269.3878 281.8594

900

800 257.3696 256.3776 259.1837 261.3379

700

600 264.1723 268.3296 268.7075 273.4694 278.9116 281.5031 288.5488 292.0131 301.3605 314.162 321.4286

500

400 282.3129 286.8481 296.7687 303.4014 311.7914

300

200 323.2653 346.9388 369.0476 393.1973 419.5011 422.7405 443.8776 474.1497 517.5737

100 480.7256

0

BSFC (gms/kWhr)
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image2.emf
Throttle % 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000 8500

Idle 1.05 1.03 1 1 1 1 0.99 0.98 0.97 0.98 0.98 0.99 0.95 0.9 0.8 0.7

6.67 1.03 1.01 1 1 1 1 1 0.99 0.98 0.99 0.99 1 1.01 1.01 0.9 0.8

13.33 1.01 1 1 1 1 1 1 1 0.99 1 1 1.01 1.03 1.03 1.03 0.9

20.00 1 1 1 1 1 1 1 1 1 1 1.01 1.03 1.05 1.05 1.07 1.03

26.67 1 1 1 1 1 1 1 1 1 1.01 1.03 1.05 1.07 1.09 1.11 1.07

33.33 1 1 1 1 1 1 1 1 1.01 1.03 1.05 1.07 1.09 1.11 1.13 1.13

40.00 1 1 1 1 1 1 1 1.01 1.03 1.05 1.07 1.09 1.11 1.13 1.15 1.17

46.67 1 1 1 1 1 1.01 1.01 1.03 1.05 1.07 1.09 1.11 1.13 1.15 1.17 1.19

53.33 1 1 1 1 1 1.03 1.03 1.05 1.07 1.09 1.11 1.13 1.14 1.17 1.19 1.21

60.00 1 1 1.03 1 1 1.05 1.05 1.07 1.09 1.11 1.13 1.14 1.15 1.19 1.21 1.21

66.67 1 1 1.07 1.03 1 1.07 1.07 1.09 1.11 1.13 1.14 1.15 1.16 1.2 1.21 1.21

73.33 1 1 1.11 1.07 1 1.09 1.09 1.11 1.13 1.14 1.15 1.16 1.17 1.21 1.21 1.22

80.00 1 1 1.11 1.11 1.03 1.11 1.11 1.13 1.14 1.15 1.16 1.17 1.18 1.21 1.22 1.22

86.67 1 1 1.11 1.11 1.07 1.13 1.13 1.14 1.15 1.16 1.17 1.18 1.19 1.21 1.22 1.22

93.33 1 1 1.11 1.11 1.11 1.13 1.14 1.15 1.16 1.17 1.18 1.19 1.2 1.22 1.22 1.22

100.00 1 1 1.11 1.11 1.11 1.13 1.14 1.15 1.16 1.18 1.19 1.2 1.21 1.22 1.22 1.23

Fuel Base Map (Fuel Equivalence Ratio)


