Advanced Combustion Problems
1- Consider the dissociation of CO2 as a function of temperature and pressure,
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Find the composition of the mixture that results from subjecting originally pure CO2 at temperature of 3000 K and pressure of 10 atm.
2- The formation of nitric oxide from atmospheric nitrogen is presented as follows,
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Because the second reaction is much faster than the first, the steady-state approximation can be used to evaluate the N-atom concentration. Furthermore, in high- temperature systems, the NO formation reaction is typically much slower than other reactions involving O2 and O. Thus, O2 and O can be assumed to be in equilibrium:
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Construct a global mechanism
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represented as 
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Determine kG, m and n using the elementary rate coefficients from the detailed mechanism.
3- Consider a droplet of a liquid fuel, F, with radius of rs evaporates and burns. The flame position is in radius of rf when rf>rs. 
a) Write the mass balance equation and show that the mass fraction of fuel, YF, in this region is obtained as follows:
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where YF,s is the mass fraction of fuel in rs, [image: image9.png]


 is the burning rate, and ZF= 1/4πρD. (ρ is density and D is diffusivity)
b) Write the mass balance equation in the region r>rf and calculate the concentration profile. 

c) Write the heat balance equations in regions rs<r<rf and r>rf and calculate the temperature distributions in the regions.
4- A combustion wave propagates with a mass flux of 3500 kg/m2s through a mixture initially at 298 K and 1 atm. The molecular weight and specific –heat ratio of the mixture (burned and unburned) are 29.0 kg/kmol and 1.30, respectively, and the heat release is 3.4x106 J/kg. Determine the state (p2, ρ2) of the burned gas and determine in which region this state lies on the Rankine-Hugoniot curve. Also, determine the Mach number of the burned gases.
