MECH 558
Combustion
Homework 4

Adiabatic Flame Temperature/Chemical Equilibrium
Text: Ch.2



Due Date: 
1.   Problem 2.33.  Use NASA CEA Program.   Compare the results to 2.32, which took into account variable Cp of the products, but assumed complete combustion.  Comment on the results.

2. The Space Shuttle Main Engines.  The Space Shuttle Main Engines (SSME’s) burn a fuel-rich mixture of hydrogen and oxygen. Calculate the adiabatic flame temperature and equilibrium product distribution in the Space Shuttle main engines.  Assume a pressure of 200 Atm, and molar oxidizer to fuel ratio of 0.375.

a.  Set up (but don’t solve) the system of equations necessary to solve for the adiabatic flame temperature assuming a molar oxidizer to fuel ratio of 0.375.

extra credit – solve the set of equations above for the adiabatic flame temperature and equilibrium mole fractions.
b.  Use the NASA CEA code to calculate and plot the adiabatic flame temperature and equilibrium product distribution in the Space Shuttle main engines as a function of molar oxidizer to fuel ratio.  (Vary the molar O2/H2 ratio from 0.1 to 1.0 and plot T, XO, XOH, XH2O, XH2, XH, XO2)

c.  Comment on the results.  Why are the Space Shuttle Main Engines operated fuel rich?  

3. Compare the predicted equilibrium mole fraction of NO from the combustion of H2, CH4 and C3H8 with air at 1 atm.   For each fuel, vary the equivalence ratio from 0.5 to 2.0 and plot the adiabatic flame temperature vs.  for all three fuels on one graph.  Make a second plot of NO mole fraction vs.  for all three fuel.  Comment on the results in the context of NO emissions for each of these fuels and also CO2 emissions.   









