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Combustion
Homework 3

Adiabatic Flame Temperature/Chemical Equilibrium
Text: Ch.2
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Due Date: Sept. 28, 2015
1. The Space Shuttle Main Engines.  The Space Shuttle Main Engines (SSME’s) burn a fuel-rich mixture of hydrogen and oxygen at an initial molar oxidizer to fuel ratio of 0.375. 
a. Assuming a final equilibrium combustion temperature and pressure of T2 = 3600 K and P2 = 200 Atm, calculate the equilibrium mole fractions XO, XOH, XH2O, XH2, XH, XO2 in the Space Shuttle main engines after combustion, but prior to entering the converging-diverging nozzle.  

b. Set up (and solve) the system of equations for the adiabatic flame temperature T2 and XO, XOH, XH2O, XH2, XH, XO2 for an initial molar oxidizer to fuel ratio of 0.375.

c. Use the NASA CEA code to calculate and plot the adiabatic flame temperature and equilibrium product mole fractions 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 T2, XO, XOH, XH2O, XH2, XH, XO2)

2. The NOx problem.   Following example problem 2.3, repeat the calculations, but account for the presence of NO2, in addition to NO.  Calculate the equilibrium mole fractions of NO and NO2 at 1 atm and T = 1800, 2000 and 3000 K.   Repeat calculation at 10, 20 and 100 atm and 2000 K. Comment on results.

3. The NOx problem revisited.  Air (0.79 N2 and 0.21 O2) is heated at 1 atm to an elevated temperature.  Use the NASA CEC code to generate a plot of N2, O2, NO, O, N, NO2 vs. temperature (500 to 5000 K) for Air at 1 atm.

