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1. [bookmark: _Toc507106683]Introduction
The purpose of this report is to consider the operating conditions throughout the full range of load and Rpm and used this knowledge to calibrate a high performance naturally aspirated vehicle. This vehicle is required to pass the new European drive cycle and operate sufficiently with high load at low RPM and with all loads at high RPM. 
This report will also examine the methods used to reduce NOx and hydrocarbons when found to be too high, and how any changes could affect the particulate matter. 
As well as developing engine maps and discussing the underlying reasons for chosen values, the report will analyse data from an existing engine focusing on methods used to control engine Knock and flame temperatures. An evaluation of the best BSFC, load and RPM. 
2. [bookmark: _Toc507106684]Maps

2.1. [bookmark: _Toc507106685]Ignition Map
· The timing of ignition is vital to create the most effective engine. The period between the spark firing and the complete combustion of the fuel/air mix is very short - on average only about 2 milliseconds. The ignition should be timed so that the peak pressure is reached after the piston has passed top dead centre and is on its way back down the bore. If the spark is generated to early then the peak pressure would occur while the piston was still coming up the bore, generating negative work. If it’s very early then the ignition pressure wave can cause detonation. On the other hand if the ignition is timed to late the combustion peak will occur in too big a volume, as the piston is already traveling down. 
· As the engine speed increases the number of degrees per second also increases, so in order to keep the peak pressure at an optimal point the ignition must be advanced.
· With a light load less fuel is used. The engine struggles to fill the chamber because the piston is moving so slowly, this creates a less dense mixture meaning a slower burn. A slow combustion requires further advancement. (Walker, 2001)
· With a bore of 79 mm the time for peak combustion would be
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This can be used to predict ignition timing based on RPM, the effect the equivalence ratio has on laminar flame speed was also considered.
The formula for calculating laminar flame speed, according to (Heywood, 1998)  is:
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TO= 298 k
Po=1 atmosphere 
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∅m =1.21
Bm =30.5 cm/s
B∅ =-54.9
The values used in the formulas are taken from John B Heywood.
According to John B Heywood, burnt gases and EGR dilute the unburnt zone reducing the flame speed substantially, it reduces the heat value per unit of mass and therefore is an important factor when calculating laminar flame speed. (Heywood, 1998)
[image: ]
Figure gun shows the calculated MBT spark timing assuming a constant burn rate throughout all rpms and without taking in to consideration air/fuel mixture or load. This is a start point of determining actual spark advance. 
When choosing ignition timing there are some points to remember;
· Weaker air/fuel mixtures take longer to burn
· Low load and lean mix requires more spark advance
· 

2.1. [bookmark: _Toc507106686]Cranking Map

· A default crank advance is quite often found to be 15 degrees, on faster engines this is increased to around 20 degrees. 

2.2. [bookmark: _Toc507106687]Fuel Map
The light blue shaded area in figure gun shows roughly where the drive cycle tests occur, this area represents normal driving conditions. The fuel ratio during the New European Drive Cycle (NEDC)  should remain stochiometric, 14.7:1 or lambda 1. This value produces the best emissions as all the fuel is burnt off meaning less hydro carbons. 
The amount of fuel is changed outside of this area. Under very low load low RPM, where the flame speed is slower extra fuel is added. This prevents the combustion temperatures from rising too high, protecting the catalytic converter. (Bruce Bowling, 2006)
[image: ]

The amount of power an engine produces is limited by the amount of oxygen it can pump into the chamber and burn, not by the amount of fuel consumed. To ensure all the oxygen available is burnt at high rpm high load more fuel is added, making a richer mix. (Bruce Bowling, 2006)

[image: ]
· Cranking needs to be a very rich fuel Mixture.
· Warm up is slightly rich
· Idle is condition dependant and can be either lean or rich 
· Cruising will be stoichiometric to slightly rich depending on rpm and load.
· Minimum emissions occur at a stoichiometric fuel mix
· Acceleration requires a richer mix to provide the necessary power 
· Wide open throttle requires a rich mix, sometimes torque limited regardless of driver input to prevent knock. This is what is happening at low rpm low load. 
Knock is an audible noise transmitted through the engine, it is caused by spontaneous ignition of regions of air/fuel mixture ahead of the flame front. This causes rapid release of energy, local pressure spikes and the propagation of pressure waves throughout the combustion chamber.  The intensity of knock is increased by spark advance because the pressure and temperature of the combustion increases, anything that increases pressure, temperature or burn duration will increase knock intensity. Retarding the ignition will therefore decrease knock intensity. 
According to (Heywood, 1998) knock primarily occurs with a wide open throttle.

Cold start fuelling is done by correction factor, adding a very rich mixture for just a few turn, usually 25-50 rotations of the engine. The additional fuel percentage drops off very quickly from initial cranking to the warm up map.  
[image: ]
2 [bookmark: _Toc507106688]NOx and Hydrocarbons reduction 

If it were found that the NOx and hydrocarbons were too high during the NEDC, there are methods which can be employed reduce them. It is found that the most effective method of reducing NOx is to add EGR (exhaust gas recirculation) 


As figure gun shows the addition of EGR will greatly reduce NOx concentrations. 
[image: ]

3. [bookmark: _Toc507106689]Engine Analysis 
The engine in consideration is a 1.2 litre 
4.1. [bookmark: _Toc507106690]Keeping engine within hardware limit
To keep the engine within its knock limit at higher rpms it isn’t run at MBT timing, it is instead retarded. The reason for this is to prevent the pressure and temperatures from becoming too high and causing knock. This is for turbo engines only.  The peak pressure of this engine is 120 bar, this is the hardware limit. Retarding the ignition helps prevent it from surpassing this. As the rpm increases the turbo becomes more effective and can overboost. Because of the hardware limit it may be necessary to open the waste gate at high rpms. The waste gate has also been opened at low load low rpm to prevent the plenum pressure from rising too high. 
4.2. [bookmark: _Toc507106691]Burn Duration
· Compression
· Air speed and the amount of air the engine is able to draw in to the chamber
As rpm increases the air/fuel mix burns faster because the piston speed is faster. The ignition point moves closer to TDC as the combustion time decreases. This creates less negative work. As the piston velocity increases so does the turbulent air velocity, this increase in the turbulent air velocity feeds the flame at a faster rate.  
SL=Laminar Velocity
ST= Turbulent Velocity
ST=SL+K*RPM
K is a constant that relates rpm to velocity 
The equation shows that rpm has a direct influence on turbulent air speed, and as discussed turbulent air speed increases flame speed and hence burn rate.
As the Rpm doubles the flame speed almost doubles 
4.3. [bookmark: _Toc507106692]Temperature Control
With a turbo charged engine the risk of knock is high because pressure and temperatures are high. Over fuelling is used to reduce the combustion temperature. 
	
	
	(5)



 Equation 5 shows that by increasing the mass the temperature will drop. At high loads its important to keep the engine running as efficiently as possible, therefore EGR should be cut off to make room in the cylinder for more air. The cooling effect of the fuel is caused mostly by vaporisation. 
4.4. [bookmark: _Toc507106693]BSFC
1 kg of fuel has the energy of 44x10^6 joules, a gram has 44x10^3 joules. 
The energy efficiency of the engine is 30 % 
To produce 1kwh the engine needs to produce 1000 joules /s for an hour
	
	



	(5)


(BSFC) Brake specific fuel consumption is the amount of fuel needed in grams to produce 1kw/h
Max power produced at 6000 rpm 200 hp or 150 Kw
For best assume lambda = 1
	
	 kg/hr of fuel
	(7)



To make 150 kw for an hour uses 33.6 kg of fuel
To make 1kw for an hour would use :
	
	
	(8)



The BSFC for this point is 224gms/kw.hr
With efficiency being:
	
	
	(9)


  To determine the best BSFC each point would need to be evaluated with its corresponding values for lambda and load. As the lambda values are changing through out the rpm range so would the BSFC. 
5 [bookmark: _Toc507106694]Conclusion 
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6. [bookmark: _Toc507106697]Appendix 

image3.emf
800 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500

200 0.93 0.93 0.89 0.86 0.85 0.85 0.84 0.83

190 0.93 0.93 0.9 0.88 0.86 0.85 0.84 0.83

180 0.98 0.94 0.94 0.91 0.88 0.87 0.86 0.85 0.85

170 0.93 0.98 0.95 0.94 0.93 0.9 0.89 0.87 0.86 0.85

160 0.98 0.99 0.96 0.96 0.95 0.93 0.92 0.88 0.86 0.85

150 0.98 0.99 0.97 0.96 0.95 0.94 0.93 0.9 0.87 0.86

140 0.99 0.99 97 0.97 0.96 0.95 0.94 0.89 0.87 0.86

130 0.99 0.99 1 97 0.97 0.95 0.94 0.9 0.88 0.87

120 0.99 0.99 1 1 0.97 0.96 0.95 0.91 0.89 0.88

110 1 0.99 1 1 1 0.98 0.96 0.95 0.91 0.89 0.88

100 1 1 1 1 1 0.98 0.97 0.96 0.93 0.91 0.9

90 1 1 1 1 1 1 0.99 0.99 0.98 0.93 0.91 0.9

80 1 1 1 1 1 1 1 0.99 0.98 0.96 0.94 0.92

70 1 1 1 1 1 1 1 1 1.01 0.98 0.97 0.96 0.94

60 1 1 1 1 1 1 1 1 1.01 0.98 0.97 0.98 0.94

50 1 1 1 1 1 1 0.99 1.01 1.01 0.98 0.98 0.97 0.96

40 1 1 1 1 1 0.99 0.99 0.99 0.99 0.99 0.99 0.98 0.96

30 1 1 1 1 1 0.99 0.99 1.01 0.99 0.99 0.99 0.98 0.96

20 1.01 1 1 1 1.01 0.99 0.99 1.01 0.99 0.99 0.99 0.99 0.99

10 1.01 1 1 1 1.01 0.99 0.99 1.01 0.99 0.99 0.99 0.99 0.99

5 0.98 0.99 1 1 1.02 1 0.99 1.01 0.99 0.99 0.99 0.99 0.99

2 0.98 0.98 1.02 1.02 1.02 1.01 0.99 1.01 0.99 0.99 0.99 0.99 0.99

RPM

LOAD %
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Figure 2: Indicated NOx emission as a function of
EGR at different engine indicated load conditions
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respectively. The results are shown in Figure 3 and
4. As the EGR rate was increased, the available
‘oxygen decreased.  Furthermore, introduction of CO;
from the EGR stream increases the heat capacity of
the cylinder charge resulting in lowered combustion
temperalures.  Therefore, the CO and THC
‘emissions generally increased across all tested load
levels with EGR addition and the energy penalty was.
increased.
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image1.emf
800 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500

200 -8.84 -6.8 -1.7 3.4 8.5 13.6 18.7 23.8 28.9 34 39.1 44.2 49.3

190 -8.84 -6.8 -1.7 3.4 8.5 13.6 18.7 23.8 28.9 34 39.1 44.2 49.3

180 -8.84 -6.8 -1.7 3.4 8.5 13.6 18.7 23.8 28.9 34 39.1 44.2 49.3

170 -8.84 -6.8 -1.7 3.4 8.5 13.6 18.7 23.8 28.9 34 39.1 44.2 49.3

160 -8.84 -6.8 -1.7 3.4 8.5 13.6 18.7 23.8 28.9 34 39.1 44.2 49.3

150 -8.84 -6.8 -1.7 3.4 8.5 13.6 18.7 23.8 28.9 34 39.1 44.2 49.3

140 -8.84 -6.8 -1.7 3.4 8.5 13.6 18.7 23.8 28.9 34 39.1 44.2 49.3

130 -8.84 -6.8 -1.7 3.4 8.5 13.6 18.7 23.8 28.9 34 39.1 44.2 49.3

120 -8.84 -6.8 -1.7 3.4 8.5 13.6 18.7 23.8 28.9 34 39.1 44.2 49.3

110 -8.84 -6.8 -1.7 3.4 8.5 13.6 18.7 23.8 28.9 34 39.1 44.2 49.3

100 -8.84 -6.8 -1.7 3.4 8.5 13.6 18.7 23.8 28.9 34 39.1 44.2 49.3

90 -8.84 -6.8 -1.7 3.4 8.5 13.6 18.7 23.8 28.9 34 39.1 44.2 49.3

80 -8.84 -6.8 -1.7 3.4 8.5 13.6 18.7 23.8 28.9 34 39.1 44.2 49.3

70 -8.84 -6.8 -1.7 3.4 8.5 13.6 18.7 23.8 28.9 34 39.1 44.2 49.3

60 -8.84 -6.8 -1.7 3.4 8.5 13.6 18.7 23.8 28.9 34 39.1 44.2 49.3

50 -8.84 -6.8 -1.7 3.4 8.5 13.6 18.7 23.8 28.9 34 39.1 44.2 49.3

40 -8.84 -6.8 -1.7 3.4 8.5 13.6 18.7 23.8 28.9 34 39.1 44.2 49.3

30 -8.84 -6.8 -1.7 3.4 8.5 13.6 18.7 23.8 28.9 34 39.1 44.2 49.3

20 -8.84 -6.8 -1.7 3.4 8.5 13.6 18.7 23.8 28.9 34 39.1 44.2 49.3

10 -8.84 -6.8 -1.7 3.4 8.5 13.6 18.7 23.8 28.9 34 39.1 44.2 49.3

5 -8.84 -6.8 -1.7 3.4 8.5 13.6 18.7 23.8 28.9 34 39.1 44.2 49.3

2 -8.84 -6.8 -1.7 3.4 8.5 13.6 18.7 23.8 28.9 34 39.1 44.2 49.3

RPM

LOAD %
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