MECH 558

Combustion
Class Notes - Page: 1
hw08
0-Dimensional Chemical Reacting Systems
Text: Ch.6



1.  Thermal DeNOx.  The engine-out conditions of the untreated exhaust gas of a heavy duty, on-road diesel school bus engine are measured to be the following:
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One method of reducing NOx (called the Thermal DeNOx process) is to inject small quantities of ammonia (NH3) into an exhaust stream.   Use the CHEMKIN plug flow reactor model to determine the effect of NH3 injection in the exhaust stream.   
a) For exhaust inlet temperature of 900 K plot mole fraction of NO and NH3 vs. distance in the exhaust pipe for injected NH3 mole fractions of 0, 250, 500, 750, 1000 and 1250 ppm.

b) For inlet temperature of 900 K, plot of % reduction in exhaust outlet NO vs. mole fraction of injected NH3.  Comment on results.
c)  For an injected NH3 mole fraction of 1000 ppm, plot mole fraction of NO and NH3 vs. distance in the exhaust pipe for exhaust inlet temperature of 700, 800, 900, 1000, 1100 and 1200 K.

d) For an injected NH3 mole fraction of 1000 ppm, plot of % reduction in exhaust outlet NO vs. exhaust inlet temperature.  Comment on results.

2.  Methane Number.  Methane Number (MN) is defined as the percentage by volume of methane blended with hydrogen that exactly matches the knock intensity of an unknown gas mixture under specified operating conditions in a variable compression ratio knock testing engine.  For example, a gaseous fuel/air mixture with a methane number of 80 will knock at the same compression ratio as a mixture of 80% CH4 and 20% H2.  For the range beyond 100 MN, methane-carbon dioxide mixtures are used as reference mixtures.  For example, a gaseous fuel/air mixture with a methane number of 120 will knock at the same compression ratio as a mixture of 80% CH4 and 20% CO2.   

The following methane number data were acquired using a variable compression ratio engine at the Engines and Energy Conversion Laboratory at CSU.

	Gas Mixture
	%CH4
	%C2H6
	%C3H8
	Measured MN

(Malenshek, 2008)

	1
	69
	20
	11
	50.8

	2
	93
	4.3
	2.7
	76.2

	3
	49
	19
	32
	42.2


Use the CHEMKIN 4.1 IC Engine Model to calculate a theoretical Methane Number for each of these gas mixtures using two different chemical kinetic mechanisms: GRIMECH 3.0 and the Marinov/Pitz Mechanism.     Use the following procedure:
i. For each of the gas mixtures above, determine the appropriate stoichiometric fuel/air mixture required for complete combustion.

ii. Run the CHEMKIN IC engine model with this mixture and determine the compression ratio at which the mixture just barely autoignites.

iii.  Using the same compression ratio as part ii, run the CHEMKIN IC engine model with stoichiometric mixtures of CH4 and H2 and vary the percentage of H2 in the mixture so that the mixture just barely autoignites at the same compression ratio as part ii.
iv. The theoretical Methane Number will be equal to 100 - %H2 in part iii.
Use the following parameters to model the EECL CFR engine:

Engine Crank Revolutions = 1
t = 1e-5
Engine Compression Ratio: 4 to 18
tprint = 0.001666
Displacement Volume= 611 cm3
tsave = 0.000166
R = 3.714286
ATOL = 1e-20
 = 900 RPM
RTOL = 0.0001
o = -180
heat transfer: adiabatic
To = 450 K, Po = 1 atm









