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[bookmark: _Toc507061106]Introduction
With the development of fuel injectors and advanced ECUs, engine management, or mapping, has made a significant improvement on the performance of motor vehicles. Mapping the engine allows the technician to dictate how the engine should run at different speeds and loads throughout the mapping sites.
With ever tightening emission regulations, engine management for the modern car has become increasingly complex. The technician must calibrate the engine ensuring that it can pass the emissions tests while maintaining an acceptable level performance.
This report discusses the factors which contribute to mapping an engine which needs to pass the New European Drive Cycle and maintain high performance.

[bookmark: _Toc507061107]New European Drive Cycle
The NEDC is designed to assess the motor emissions produced by the vehicle. The drive cycle involves accelerating the vehicle up to speeds between 15 km/h and 120 km/h. It is supposed to represent the typical usage of the vehicle. To pass the NEDC test, the vehicle must run lambda= 1 in the region which will be tested in the emissions cycle. 
[image: Image result for NEDC]
Figure 1 New European Drive Cycle






[bookmark: _Toc507061108]Fuel Equivalence Ratio Map
To allow the catalyst in the exhaust to work efficiently, lambda = 1 is needed. At lambda = 1, the air fuel ratio is stochiometric. A richer mixture will produce a lambda value lower than 1, and a leaner mixture will be higher than 1. To maintain lambda = 1 throughout the NEDC, the regions at which the engine will be running in the cycle have been calibrated so that in the appropriate driving gear the engine will be running with a stochiometric mixture. 
[image: Image result for flame speed vs equivalence ratio]Maximum power is produced when flame speed is highest. Gasoline’s highest laminar flame speed occurs when lambda = 0.83.Figure 2 laminar flame speed vs equivalence ratio

However, in the combustion chamber the flame flow field is highly turbulent. The local flame speed in this case remains laminar, but the flame front becomes wrinkled which increases the burn area and therefore burn velocity. – ( (Christian Schwarz, 2006)Simulating Combustion)
To improve the performance for this case, the regions outside of the NEDC test is set to lambda = 0.83.
Lean patches in the combustion chamber reduce the flame velocity. To overcome this, a richer mixture can be used. A richer mixture can also reduce the combustion temperature by adding mass to the products and cools the air intake by evaporation. This can lead to an overall power increase. 

Where:	T = Average combustion temperature
	P = Pressure
	V = Volume
	m = Mass
	R = Gas constant
Over fuelling at high RPMs and high load also reduces the exhaust temperatures which protect the catalyst from the excessive temperatures. The map shows the area where the air fuel mixture is richer than what is required for maximum power.  
At high RPMs with zero load, the mixture is made leaner. By doing this the fuel may not completely burn in the combustion chamber and therefore enter the exhaust. The hot exhaust ignites the unburned fuel in the exhaust pipe which creates an explosive ‘Bang’. This has no performance benefits but does improve the cars awesomeness (author’s opinion).
The fuel equivalence  map can be made by converting lambda. 
At low RPMs and high loads, the combustion mixture is made lean so that the engine is starved of fuel and therefore burns the excess fuel deposits which occur. This helps clear out any soot which collects on the spark plug. 
The number of sites in a map does not dictate the amount of references the computer uses. The sites which are shown are only the points which can be altered. The computer interpolates the values for the points between the sites. (Walker, 2004)
Table 1 Lambda Map
	LAMBDA
	RPM

	
	0
	500
	1000
	1500
	2000
	2500
	3000
	3500
	4000
	4500
	5000
	5500
	6000
	6500
	7000
	7500

	LOAD
	0
	0.98
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.03
	1.05
	1.06
	1.07
	1.08
	1.08
	1.08

	
	1
	0.95
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	0.95

	
	2
	0.95
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	0.99
	0.90

	
	3
	0.90
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	0.99
	0.98
	0.88

	
	4
	0.90
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	0.99
	0.95
	0.93
	0.83

	
	5
	0.90
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	0.99
	0.99
	0.97
	0.90
	0.88
	0.83

	
	6
	0.88
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	0.98
	0.99
	0.99
	0.93
	0.83
	0.83
	0.83

	
	7
	0.85
	0.94
	0.94
	0.94
	1.00
	1.00
	1.00
	1.00
	1.00
	0.95
	0.93
	0.90
	0.88
	0.83
	0.83
	0.83

	
	8
	0.90
	0.88
	0.88
	0.88
	1.00
	1.00
	1.00
	0.95
	0.93
	0.90
	0.88
	0.83
	0.83
	0.83
	0.83
	0.82

	
	9
	0.95
	0.83
	0.83
	0.83
	1.00
	1.00
	1.00
	0.88
	0.88
	0.87
	0.83
	0.83
	0.83
	0.83
	0.83
	0.82

	
	10
	0.99
	0.93
	0.83
	0.83
	0.94
	0.94
	1.00
	0.83
	0.83
	0.83
	0.83
	0.83
	0.83
	0.83
	0.82
	0.81

	
	11
	1.00
	0.98
	0.90
	0.83
	0.87
	0.88
	1.00
	0.83
	0.83
	0.83
	0.83
	0.83
	0.83
	0.82
	0.82
	0.81

	
	12
	1.01
	1.00
	0.95
	0.90
	0.83
	0.83
	0.94
	0.83
	0.83
	0.83
	0.82
	0.83
	0.82
	0.82
	0.81
	0.81

	
	13
	1.02
	1.01
	1.00
	0.93
	0.90
	0.83
	0.83
	0.83
	0.82
	0.82
	0.82
	0.82
	0.82
	0.81
	0.81
	0.80

	
	14
	1.02
	1.01
	1.01
	0.98
	0.95
	0.90
	0.83
	0.82
	0.82
	0.82
	0.81
	0.82
	0.81
	0.81
	0.80
	0.80

	
	15
	1.02
	1.02
	1.01
	1.00
	0.98
	0.95
	0.88
	0.82
	0.81
	0.81
	0.81
	0.81
	0.81
	0.80
	0.80
	0.80



Table 2 Fuel Equivalence Map
	Fuel Equivalence
	RPM

	
	0
	500
	1000
	1500
	2000
	2500
	3000
	3500
	4000
	4500
	5000
	5500
	6000
	6500
	7000
	7500

	LOAD
	0
	1.02
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	0.97
	0.95
	0.94
	0.93
	0.93
	0.93
	0.93

	
	1
	1.05
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.05

	
	2
	1.05
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.01
	1.11

	
	3
	1.11
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.01
	1.02
	1.14

	
	4
	1.11
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.01
	1.05
	1.08
	1.20

	
	5
	1.11
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.01
	1.01
	1.03
	1.11
	1.14
	1.20

	
	6
	1.14
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.02
	1.01
	1.01
	1.08
	1.20
	1.20
	1.20

	
	7
	1.18
	1.06
	1.06
	1.06
	1.00
	1.00
	1.00
	1.00
	1.00
	1.05
	1.08
	1.11
	1.14
	1.20
	1.20
	1.20

	
	8
	1.11
	1.14
	1.14
	1.14
	1.00
	1.00
	1.00
	1.05
	1.08
	1.11
	1.14
	1.20
	1.20
	1.20
	1.20
	1.22

	
	9
	1.05
	1.20
	1.20
	1.20
	1.00
	1.00
	1.00
	1.14
	1.14
	1.15
	1.20
	1.20
	1.20
	1.20
	1.20
	1.22

	
	10
	1.01
	1.08
	1.20
	1.20
	1.06
	1.06
	1.00
	1.20
	1.20
	1.20
	1.20
	1.20
	1.20
	1.20
	1.22
	1.23

	
	11
	1.00
	1.02
	1.11
	1.20
	1.15
	1.14
	1.00
	1.20
	1.20
	1.20
	1.20
	1.20
	1.20
	1.22
	1.22
	1.23

	
	12
	0.99
	1.00
	1.05
	1.11
	1.20
	1.20
	1.06
	1.20
	1.20
	1.20
	1.22
	1.20
	1.22
	1.22
	1.23
	1.23

	
	13
	0.98
	0.99
	1.00
	1.08
	1.11
	1.20
	1.20
	1.20
	1.22
	1.22
	1.22
	1.22
	1.22
	1.23
	1.23
	1.25

	
	14
	0.98
	0.99
	0.99
	1.02
	1.05
	1.11
	1.20
	1.22
	1.22
	1.22
	1.23
	1.22
	1.23
	1.23
	1.25
	1.25

	
	15
	0.98
	0.98
	0.99
	1.00
	1.02
	1.05
	1.14
	1.22
	1.23
	1.23
	1.23
	1.23
	1.23
	1.25
	1.25
	1.25


[bookmark: _Toc507061109]Cranking Fuelling Strategy
When an engine is cold, there is more chance of the fuel condensing on the port walls. This is called fuel-dropout and means less of the fuel makes it into the combustion chamber. To counter this we can over fuel until the engine reaches its optimal temperature. Running with this extra enrichment for too long will cause the spark plugs to get wet. The colder engine will also reduce the flame speed which means ignition timing must be advanced to maintain MBT timing.
If the engine is too hot, the flame speed will be too high and therefore ignition timing needs to be retarded. Retarding the ignition timing at high temperatures can also act as knock control when the air and fuel temperatures are too high. (McDonald, 2018)
Table 3 Start-up Correction Map
	Ignition (°)
	9
	8
	6
	4
	2
	0
	0
	0
	0
	0
	0
	-1
	-2
	-4

	Injection (%)
	60
	50
	40
	30
	25
	20
	15
	8
	0
	0
	0
	0
	0
	0

	start-up enrich (%)
	100
	90
	70
	50
	35
	20
	15
	10
	10
	10
	10
	10
	10
	10

	coolant temp (°C)
	-10
	0
	10
	20
	30
	40
	50
	60
	70
	80
	90
	100
	110
	120



[bookmark: _Toc507061110]Ignition Map
Ignition timing is a significant factor in terms of all four major performance aspects; power, fuel economy, emissions control, and drivability. (Probst, 1991)
Having the ignition point too advanced will cause pressure increase too early which results in excessive negative work. Having the ignition time too retarded will result in the fuel combusting in a larger volume losing pressure.
[image: ]Ideally the air-fuel mixture should be about two-thirds burned at TDC and almost completely burned at about 15° ATDC. This causes maximum temperature and maximum pressure of the cycle to occur somewhere between 5° and 10° ATDC, about optimum for a four-stroke cycle SI engine.
Calibrating the ignition time so that maximum brake torque occurs between 5° and 10° ATDC is called Maximum Brake Torque timing. The MBT timing is typically between 10° to 30° BTDC with a burn angle of 25°. (W.Pulkrabek, n.d.)
Figure 3 Cylinder Pressure curve from Willard W. Pulkrabek



The ignition timing depends on overall flame speed. The higher the flame speed, the more retarded the ignition needs to be and the slower the flame speed the more advanced the ignition timing needs to be to ensure there is enough time for the flame to reach MBT timing. 

The top row (0 load) has ignition timing well retarded because the throttle is kept open slightly to allow stable combustion while preventing the engine from over-revving at idle speeds. (McDonald, 2018)

At higher RPMs, the air and fuel in the combustion chamber become more turbulent and faster. This leads to a higher flame speed. To calculate the turbulent flame speed the equation used is:


Where:	St = Turbulent flame velocity
	Sl = Laminar flame velocity
	K = constant which relates RPM to turbulence velocity.

The faster the turbulent flame velocity, the closer the ignition time gets to TDC. This reduces the amount of negative work and helps improve the engines efficiency.

At high loads and low RPM, the ignition is retarded. This is because with low piston speed and the throttle fully open, the air and fuel have more time to flow into the combustion chamber and ‘fill’ the volume. Having more products to ignite will increase the pressure in the combustion chamber which could surpass the engine’s hardware limit. Retarding the ignition time allows the combustion to take place in a larger volume with less pressure.

Table 4 Ignition Timing Map
	Ignition timing
	RPM

	
	0
	500
	1000
	1500
	2000
	2500
	3000
	3500
	4000
	4500
	5000
	5500
	6000
	6500
	7000
	7500

	LOAD
	0
	-4.0
	-3.0
	-1.0
	0.0
	5.0
	10.0
	15.0
	18.0
	20.0
	22.0
	24.0
	25.0
	26.0
	27.0
	29.0
	30.0

	
	1
	35.0
	38.0
	40.0
	43.0
	46.0
	50.0
	53.0
	56.0
	53.0
	50.0
	46.0
	43.0
	42.0
	42.0
	42.0
	42.0

	
	2
	27.0
	32.0
	37.0
	39.0
	44.0
	47.0
	49.0
	47.0
	47.0
	43.0
	42.0
	40.0
	38.0
	37.0
	39.0
	40.0

	
	3
	23.0
	30.0
	33.0
	35.0
	38.0
	41.0
	44.0
	43.0
	45.0
	41.0
	40.0
	38.0
	36.0
	35.0
	37.0
	38.0

	
	4
	19.0
	27.0
	29.0
	32.0
	34.0
	36.0
	39.0
	40.0
	43.0
	40.0
	38.0
	36.0
	34.0
	32.0
	35.0
	38.0

	
	5
	17.0
	22.0
	25.0
	27.0
	29.0
	30.0
	33.0
	37.0
	41.0
	40.0
	37.0
	34.0
	30.0
	28.0
	30.0
	36.0

	
	6
	16.0
	18.0
	22.0
	23.0
	24.0
	24.0
	26.0
	34.0
	38.0
	38.0
	34.0
	30.0
	28.0
	25.0
	27.0
	33.0

	
	7
	16.0
	17.0
	17.0
	19.0
	21.0
	23.0
	25.0
	30.0
	35.0
	36.0
	34.0
	28.0
	27.0
	25.0
	26.0
	28.0

	
	8
	16.0
	17.0
	17.0
	19.0
	21.0
	23.0
	25.0
	28.0
	31.0
	31.0
	31.0
	28.0
	26.0
	25.0
	25.0
	26.0

	
	9
	13.0
	14.0
	16.0
	18.0
	20.0
	23.0
	25.0
	28.0
	29.0
	26.0
	26.0
	25.0
	25.0
	24.0
	25.0
	25.0

	
	10
	8.0
	9.0
	11.0
	13.0
	16.0
	20.0
	24.0
	26.0
	26.0
	26.0
	25.0
	25.0
	24.0
	24.0
	24.0
	25.0

	
	11
	0.0
	4.0
	8.0
	12.0
	15.0
	18.0
	22.0
	23.0
	26.0
	24.0
	24.0
	23.0
	24.0
	24.0
	24.0
	24.0

	
	12
	-1.0
	0.0
	4.0
	8.0
	11.0
	16.0
	20.0
	20.0
	22.0
	23.0
	23.0
	23.0
	23.0
	23.0
	24.0
	24.0

	
	13
	-2.0
	-1.0
	0.0
	4.0
	8.0
	15.0
	20.0
	20.0
	22.0
	21.0
	20.0
	19.0
	21.0
	23.0
	23.0
	24.0

	
	14
	-2.0
	-2.0
	-1.0
	0.0
	5.0
	8.0
	18.0
	20.0
	20.0
	19.0
	19.0
	17.0
	19.0
	22.0
	21.0
	21.0

	
	15
	-3.0
	-2.0
	-2.0
	-1.0
	0.0
	4.0
	17.0
	18.0
	19.0
	18.0
	18.0
	19.0
	19.0
	21.0
	21.0
	19.0





[bookmark: _Toc507061111]Avoiding Knock
Knock occurs when the gasses ahead of the flame front auto-ignite and the two flame fronts collide creating a knocking sound. (Walker, 2004)
A solution to avoiding knock would be to over fuel. Having more fuel in the mixture brings its overall temperature down reducing the chance of auto ignition. Another strategy would be to retard the ignition when the air and fuel temperatures are high.
[bookmark: _Toc507061112]Reducing NOx and Hydrocarbons
NOx levels increase with higher combustion temperatures and hydrocarbons are created when not all the fuel is burned completely. Hydrocarbons can occur when over fuelling because the fuel molecules do not properly evaporate and instead create ‘droplets’ in the combustion chamber. During the combustion process, the outer layer of these droplets burns with enough  but the inner part remains unburned and only gets hot creating hydrocarbons and soot. 
[image: https://scontent-lht6-1.xx.fbcdn.net/v/t34.0-12/28308793_10211482501518558_209973211_n.jpg?oh=2dbee201c1c3a90be6e516dcef35602d&oe=5A90525E]Figure 4 shows that running a leaner mixture (near lambda 1.1), reduces the level of hydrocarbons in the exhaust. The NOx levels can be significantly lowered with the addition of EGR.
A widely used system to reduce harmful pollutants in the exhaust is to use a three-way catalytic converter. The catalytic converter reduces NOx levels by taking away it’s oxygen (reduction) and oxidises the hydrocarbons and CO in the exhaust. 


[image: https://scontent-lht6-1.xx.fbcdn.net/v/t34.0-12/28309142_10211482596640936_2030675394_n.jpg?oh=d7681c44b13fc8037ba9cc353052b48d&oe=5A910D61]

Figure 4 exhaust gasses versus lambda

For the catalytic converter to work effectively, it is essential that the intake air fuel ratio remains stochiometric, lambda = 1. (Probst, 1991)
Figure 5 shows how significant running stochiometric is for exhaust gas emissions. A slight deviation from lambda 1 can cause a drastic increase in one or more of the harmful pollutants. (Probst, 1991)



Figure 5 exhaust gasses versus lambda with catalytic converter

[bookmark: _Toc507061113]1.2 Litre GDI Turbo Engine Study.
[bookmark: _Toc507061114]Hardware and Knock Limit
The hardware limit of the engine is known to be 120bar. From the Pmax average map, the highest pressure values are between 2000 and 4000 RPM at high load with the maximum pressure being 118.8 bar. When comparing this map with the Ignition map, it is visible that the ignition timing for this region has been significantly retarded. The Pmax angle map shows how far ATDC the peak pressure occurs (up to 33.3° ATDC). The further the peak pressure from TDC the larger the volume it is combusting in. This increase in volume is enough to restrict the maximum pressure so that in maintains within the hardware limit.
Knock is more likely to occurs at low RPMs with high loads. This is because the valve is open for longer and the piston speed is low, allowing more air and fuel to enter the combustion chamber. With more products in the chamber, the pressure increases much faster and with it the gas temperature. This increases the likelihood of auto-ignition and knock. The lambda map shows that the region where knock is likely, the mixture is leaner and the ignition map shows that the timing has been retarded. However, the Pmax angle map shows that the peak pressures are not far from optimal MBT timing meaning that it had a short burn duration and high flame speed.
[bookmark: _Toc507061115]Burn Duration and Flame Speed
Burn duration can be calculated by adding the ignition angle with the Pmax angle.
Table 5 Burn duration. values in crank angle
	Burn duration
	RPM

	
	1000
	1500
	2000
	2500
	3000
	3500
	4000
	4500
	5000
	5500
	6000

	BMEP (KPa)
	0
	0
	42.6
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	250
	36.4
	41.9
	39.5
	43
	41.3
	36.9
	37.7
	 
	36.6
	 
	40.4

	
	400
	32.8
	35.5
	34.7
	37.3
	37.7
	 
	 
	 
	 
	 
	 

	
	600
	29.8
	32
	32.7
	34
	35.7
	33.4
	33.7
	33.4
	33.6
	34.1
	37

	
	750
	 
	28.8
	30.3
	31.9
	33.9
	 
	 
	 
	 
	 
	 

	
	1000
	23.2
	26.7
	28.1
	29.4
	31.3
	32.3
	33
	 
	33.4
	 
	36.5

	
	1250
	 
	 
	26.8
	28.6
	29.6
	 
	 
	 
	 
	 
	 

	
	1400
	 
	24.4
	26.1
	27.3
	29.3
	30.7
	31.5
	32.2
	32.6
	28.7
	35.1

	
	1750
	 
	25.1
	26.1
	27.3
	28.8
	29.9
	29.4
	31.3
	31.2
	33.2
	35

	
	2000
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	35.2

	
	2250
	 
	 
	27.6
	 
	30.3
	 
	29.2
	31.2
	31.2
	 
	 

	
	2500
	 
	28
	29
	30.8
	31.8
	32.2
	30.4
	 
	31.4
	 
	 

	
	2750
	 
	29.2
	 
	 
	 
	 
	31.4
	 
	 
	 
	 

	
	3000
	 
	 
	31.6
	31.3
	34.7
	34
	 
	 
	 
	 
	 



Table 5 shows that the shortest burn durations occur at mid load from low to mid RPM. This will also be the area with the fastest flame speed. At low loads from low RPM to mid RPM, the burn duration is the longest which means the flame speed is also slowest. As the RPM gets higher, the burn duration also extends. This could be down to the fact that the engine is running faster and the flame speed is limited by its local laminar speed and therefore doesn’t necessarily burn slower, but the crank is just rotating more during the combustion.
[bookmark: _Toc507061116]Fuelling Strategy
[bookmark: _GoBack]The lambda map shows that at high RPMs with high loads, the fuelling is enriched. This is to reduce the combustion temperatures. With turbo chargers, it is essential that the exhaust temperatures remain in an acceptable limit as to not damage the turbine.
[bookmark: _Toc507061117]Best BSFC
Break Specific Fuel Consumption is measured in grams per kilowatt hour. The lower the BSFC value, the more efficient the engine is running. The steps taken to calculate BSFC in this case are as follows.
1. Calculate for power. (KW)


2. Calculate fuel mass flow. (Kg/h)


3. Calculate BSFC. (grams/KW.h)	

4. Calculate efficiency. (%)

Table 6 BSFC calculation results
	BSFC gms/KW.h
	RPM

	
	1000
	1500
	2000
	2500
	3000
	3500
	4000
	4500
	5000
	5500
	6000

	BMEP (KPa)
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	250
	263.86
	277.55
	295.24
	314.56
	335.60
	338.19
	355.10
	 
	379.32
	 
	414.06

	
	400
	282.31
	286.85
	296.77
	303.40
	311.79
	 
	 
	 
	 
	 
	 

	
	600
	264.17
	268.33
	268.71
	273.47
	278.91
	281.50
	288.55
	292.01
	301.36
	314.16
	321.43

	
	750
	 
	275.13
	273.47
	276.46
	278.76
	 
	 
	 
	 
	 
	 

	
	1000
	278.23
	253.51
	252.72
	252.52
	254.42
	259.28
	260.88
	 
	269.39
	 
	281.86

	
	1250
	 
	 
	244.35
	245.99
	245.26
	 
	 
	 
	 
	 
	 

	
	1400
	 
	244.85
	271.14
	265.89
	256.56
	249.34
	249.76
	255.48
	257.43
	264.33
	271.22

	
	1750
	 
	250.88
	264.20
	254.35
	261.48
	256.00
	255.39
	264.85
	272.96
	275.22
	290.16

	
	2000
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	300.88

	
	2250
	 
	 
	263.53
	 
	257.60
	 
	246.49
	253.43
	267.05
	 
	 

	
	2500
	 
	257.14
	285.96
	266.41
	265.82
	263.79
	256.67
	 
	285.48
	 
	 

	
	2750
	 
	279.66
	 
	 
	 
	 
	293.03
	 
	 
	 
	 

	
	3000
	 
	 
	298.84
	287.71
	282.24
	277.56
	 
	 
	 
	 
	 



The results from the calculations showed that the best BSFC for this engine was 244.35 grams/KW.h at 2000 RPM and a BMEP load of 1250 KPa. With the BSFC value the engine’s efficiency was calculated to be 33.48% at best BSFC. 

[image: https://scontent-lht6-1.xx.fbcdn.net/v/t34.0-12/28236525_10211483660627535_488929914_n.jpg?oh=0ea3d48938c36bc123c9e75772493792&oe=5A90F943]Arrows 1,2,3 and 4 on figure 6 are directions of BSFC increasing with different reasons. Sites around arrow 1 have increased BSFC values due to pumping loses at low loads. Around arrow 2, the sites have more time for heat transfer which reduces efficiency and increases BSFC. The increasing load in the direction of arrow 3 has sites which are over fuelled and have hot combustion temperatures resulting in higher BSFC values. With the increase of RPM, there will be an increase in friction forces which increases the BSFC values of sites around arrow 4.Figure 6 BSFC through engine sites
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Engine management can significantly improve a vehicles performance while maintaining low enough exhaust emissions to pass the NEDC. By knowing the vehicle’s usage, the mapping can be calibrated to optimise the vehicle’s efficiency in its field. Mapping seems to be a feasible method to overcome the challenges which may reveal with ever stricter emission regulations. 
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	Fuel Flow (Kg/h)
	RPM

	
	1000
	1500
	2000
	2500
	3000
	3500
	4000
	4500
	5000
	5500
	6000

	BMEP (KPA)
	0
	0.00
	0.72
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	250
	0.66
	1.04
	1.48
	1.97
	2.52
	2.96
	3.55
	 
	4.74
	 
	6.21

	
	400
	1.13
	1.72
	2.37
	3.03
	3.74
	 
	 
	 
	 
	 
	 

	
	600
	1.59
	2.41
	3.22
	4.10
	5.02
	5.91
	6.93
	7.88
	9.04
	10.37
	11.57

	
	750
	 
	3.10
	4.10
	5.18
	6.27
	 
	 
	 
	 
	 
	 

	
	1000
	2.78
	3.80
	5.05
	6.31
	7.63
	9.07
	10.44
	 
	13.47
	 
	16.91

	
	1250
	 
	 
	6.11
	7.69
	9.20
	 
	 
	 
	 
	 
	 

	
	1400
	 
	5.14
	7.59
	9.31
	10.78
	12.22
	13.99
	16.10
	18.02
	20.35
	22.78

	
	1750
	 
	6.59
	9.25
	11.13
	13.73
	15.68
	17.88
	20.86
	23.88
	26.49
	30.47

	
	2000
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	36.11

	
	2250
	 
	 
	11.86
	 
	17.39
	 
	22.18
	25.66
	30.04
	 
	 

	
	2500
	 
	9.64
	14.30
	16.65
	19.94
	23.08
	25.67
	 
	35.68
	 
	 

	
	2750
	 
	11.54
	 
	 
	 
	 
	32.23
	 
	 
	 
	 

	
	3000
	 
	 
	17.93
	21.58
	25.40
	29.14
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Lambda Map
0	0.98	0.95	0.95	0.9	0.9	0.9	0.88	0.85	0.9	0.95	0.99	1	1.01	1.02	1.02	1.02	500	1	1	1	1	1	1	1	0.94	0.88	0.83	0.93	0.98	1	1.01	1.01	1.02	1000	1	1	1	1	1	1	1	0.94	0.88	0.83	0.83	0.9	0.95	1	1.01	1.01	1500	1	1	1	1	1	1	1	0.94	0.88	0.83	0.83	0.83	0.9	0.93	0.98	1	2000	1	1	1	1	1	1	1	1	1	1	0.94	0.87	0.83	0.9	0.95	0.98	2500	1	1	1	1	1	1	1	1	1	1	0.94	0.88	0.83	0.83	0.9	0.95	3000	1	1	1	1	1	1	1	1	1	1	1	1	0.94	0.83	0.83	0.88	3500	1	1	1	1	1	1	1	1	0.95	0.88	0.83	0.83	0.83	0.83	0.82	0.82	4000	1	1	1	1	1	1	1	1	0.93	0.88	0.83	0.83	0.83	0.82	0.82	0.81	4500	1.03	1	1	1	1	1	0.98	0.95	0.9	0.87	0.83	0.83	0.83	0.82	0.82	0.81	5000	1.05	1	1	1	1	0.99	0.99	0.93	0.88	0.83	0.83	0.83	0.82	0.82	0.81	0.81	5500	1.06	1	1	1	1	0.99	0.99	0.9	0.83	0.83	0.83	0.83	0.83	0.82	0.82	0.81	6000	1.07	1	1	1	0.99	0.97	0.93	0.88	0.83	0.83	0.83	0.83	0.82	0.82	0.81	0.81	6500	1.08	1	1	0.99	0.95	0.9	0.83	0.83	0.83	0.83	0.83	0.82	0.82	0.81	0.81	0.8	7000	1.08	1	0.99	0.98	0.93	0.88	0.83	0.83	0.83	0.83	0.82	0.82	0.81	0.81	0.8	0.8	7500	1.08	0.95	0.9	0.88	0.83	0.83	0.83	0.83	0.82	0.82	0.81	0.81	0.81	0.8	0.8	0.8	Load

Lambda

RPM



Fuel Equivalence
0	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	1.0204081632653061	1.0526315789473684	1.0526315789473684	1.1111111111111112	1.1111111111111112	1.1111111111111112	1.1363636363636365	1.1764705882352942	1.1111111111111112	1.0526315789473684	1.0101010101010102	1	0.99009900990099009	0.98039215686274506	0.98039215686274506	0.98039215686274506	500	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	1	1	1	1	1	1	1	1.0638297872340425	1.1363636363636365	1.2048192771084338	1.075268817204301	1.0204081632653061	1	0.99009900990099009	0.99009900990099009	0.98039215686274506	1000	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	1	1	1	1	1	1	1	1.0638297872340425	1.1363636363636365	1.2048192771084338	1.2048192771084338	1.1111111111111112	1.0526315789473684	1	0.99009900990099009	0.99009900990099009	1500	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	1	1	1	1	1	1	1	1.0638297872340425	1.1363636363636365	1.2048192771084338	1.2048192771084338	1.2048192771084338	1.1111111111111112	1.075268817204301	1.0204081632653061	1	2000	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	1	1	1	1	1	1	1	1	1	1	1.0638297872340425	1.1494252873563218	1.2048192771084338	1.1111111111111112	1.0526315789473684	1.0204081632653061	2500	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	1	1	1	1	1	1	1	1	1	1	1.0638297872340425	1.1363636363636365	1.2048192771084338	1.2048192771084338	1.1111111111111112	1.0526315789473684	3000	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	1	1	1	1	1	1	1	1	1	1	1	1	1.0638297872340425	1.2048192771084338	1.2048192771084338	1.1363636363636365	3500	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	1	1	1	1	1	1	1	1	1.0526315789473684	1.1363636363636365	1.2048192771084338	1.2048192771084338	1.2048192771084338	1.2048192771084338	1.2195121951219512	1.2195121951219512	4000	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	1	1	1	1	1	1	1	1	1.075268817204301	1.1363636363636365	1.2048192771084338	1.2048192771084338	1.2048192771084338	1.2195121951219512	1.2195121951219512	1.2345679012345678	4500	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	0.970873786407767	1	1	1	1	1	1.0204081632653061	1.0526315789473684	1.1111111111111112	1.1494252873563218	1.2048192771084338	1.2048192771084338	1.2048192771084338	1.2195121951219512	1.2195121951219512	1.2345679012345678	5000	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	0.95238095238095233	1	1	1	1	1.0101010101010102	1.0101010101010102	1.075268817204301	1.1363636363636365	1.2048192771084338	1.2048192771084338	1.2048192771084338	1.2195121951219512	1.2195121951219512	1.2345679012345678	1.2345679012345678	5500	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	0.94339622641509424	1	1	1	1	1.0101010101010102	1.0101010101010102	1.1111111111111112	1.2048192771084338	1.2048192771084338	1.2048192771084338	1.2048192771084338	1.2048192771084338	1.2195121951219512	1.2195121951219512	1.2345679012345678	6000	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	0.93457943925233644	1	1	1	1.0101010101010102	1.0309278350515465	1.075268817204301	1.1363636363636365	1.2048192771084338	1.2048192771084338	1.2048192771084338	1.2048192771084338	1.2195121951219512	1.2195121951219512	1.2345679012345678	1.2345679012345678	6500	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	0.92592592592592582	1	1	1.0101010101010102	1.0526315789473684	1.1111111111111112	1.2048192771084338	1.2048192771084338	1.2048192771084338	1.2048192771084338	1.2048192771084338	1.2195121951219512	1.2195121951219512	1.2345679012345678	1.2345679012345678	1.25	7000	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	0.92592592592592582	1	1.0101010101010102	1.0204081632653061	1.075268817204301	1.1363636363636365	1.2048192771084338	1.2048192771084338	1.2048192771084338	1.2048192771084338	1.2195121951219512	1.2195121951219512	1.2345679012345678	1.2345679012345678	1.25	1.25	7500	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	0.92592592592592582	1.0526315789473684	1.1111111111111112	1.1363636363636365	1.2048192771084338	1.2048192771084338	1.2048192771084338	1.2048192771084338	1.2195121951219512	1.2195121951219512	1.2345679012345678	1.2345679012345678	1.2345679012345678	1.25	1.25	1.25	Load

Fuel Equivalence

RPM



Ignition timing
0	0	500	1000	1500	2000	2500	3000	3500	4000	4500	5000	5500	6000	6500	7000	7500	-4	-3	-1	0	5	10	15	18	20	22	24	25	26	27	29	30	1	0	500	1000	1500	2000	2500	3000	3500	4000	4500	5000	5500	6000	6500	7000	7500	35	38	40	43	46	50	53	56	53	50	46	43	42	42	42	42	2	0	500	1000	1500	2000	2500	3000	3500	4000	4500	5000	5500	6000	6500	7000	7500	27	32	37	39	44	47	49	47	47	43	42	40	38	37	39	40	3	0	500	1000	1500	2000	2500	3000	3500	4000	4500	5000	5500	6000	6500	7000	7500	23	30	33	35	38	41	44	43	45	41	40	38	36	35	37	38	4	0	500	1000	1500	2000	2500	3000	3500	4000	4500	5000	5500	6000	6500	7000	7500	19	27	29	32	34	36	39	40	43	40	38	36	34	32	35	38	5	0	500	1000	1500	2000	2500	3000	3500	4000	4500	5000	5500	6000	6500	7000	7500	17	22	25	27	29	30	33	37	41	40	37	34	30	28	30	36	6	0	500	1000	1500	2000	2500	3000	3500	4000	4500	5000	5500	6000	6500	7000	7500	16	18	22	23	24	24	26	34	38	38	34	30	28	25	27	33	7	0	500	1000	1500	2000	2500	3000	3500	4000	4500	5000	5500	6000	6500	7000	7500	16	17	17	19	21	23	25	30	35	36	34	28	27	25	26	28	8	0	500	1000	1500	2000	2500	3000	3500	4000	4500	5000	5500	6000	6500	7000	7500	16	17	17	19	21	23	25	28	31	31	31	28	26	25	25	26	9	0	500	1000	1500	2000	2500	3000	3500	4000	4500	5000	5500	6000	6500	7000	7500	13	14	16	18	20	23	25	28	29	26	26	25	25	24	25	25	10	0	500	1000	1500	2000	2500	3000	3500	4000	4500	5000	5500	6000	6500	7000	7500	8	9	11	13	16	20	24	26	26	26	25	25	24	24	24	25	11	0	500	1000	1500	2000	2500	3000	3500	4000	4500	5000	5500	6000	6500	7000	7500	0	4	8	12	15	18	22	23	26	24	24	23	24	24	24	24	12	0	500	1000	1500	2000	2500	3000	3500	4000	4500	5000	5500	6000	6500	7000	7500	-1	0	4	8	11	16	20	20	22	23	23	23	23	23	24	24	13	0	500	1000	1500	2000	2500	3000	3500	4000	4500	5000	5500	6000	6500	7000	7500	-2	-1	0	4	8	15	20	20	22	21	20	19	21	23	23	24	14	0	500	1000	1500	2000	2500	3000	3500	4000	4500	5000	5500	6000	6500	7000	7500	-2	-2	-1	0	5	8	18	20	20	19	19	17	19	22	21	21	15	0	500	1000	1500	2000	2500	3000	3500	4000	4500	5000	5500	6000	6500	7000	7500	-3	-2	-2	-1	0	4	17	18	19	18	18	19	19	21	21	19	RPM

Degrees BTDC

Load
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