ME 456

Prof. J. M. Powers
Homework 5

Due: Friday, 5 March 1999

1. Finish the problem from Homework 4: consider an eight species, thirty-seven reaction mechanism for
the combustion of Hy with O, as found in the first thirty-seven reactions listed by Maas and Pope! in
their Table 1. Couple this with the Zeldovich mechanism for formation of NO as done in an earlier
homework. Consider combustion in a volume which is initially a cube, whose side is of length 200 mm,
of a gas which has initial mole fractions of Xy, = 0.2, Xp, = 0.2, X, = 0.6, and an initial pressure
and temperature of 1 M Pa and 1000 K,

(a) For adiabatic, isochoric combustion, determine the variation of all species concentrations, tem-
perature, and pressure as functions of time; give computer-generated plots on logarithmic scales;
plot all species concentrations on a single plot. Put all plots on a single page.

(b) Repeat the previous problem if there is lumped heat transfer from the volume to the surroundings.
Take the heat transfer coefficient to be h = 10 W/m? /K and the far field temperature to be 300 K.

Use the thermochemical calculator to develop linear estimates for the thermal equation of state for
each species.

2. Design Problem You are designing a heating system for a typical home in South Bend, Indiana. The
heating system will burn methane gas and air. Making as many assumptions as necessary, give an
estimate for the maximum rate of fuel consumption that may be expected. Also estimate the rate of
production of CO, COs, and NO,.

1Maas, U. and Pope, S. B., 1992, “Simplifying Chemical Kinetics: Intrinsic Low-Dimensional Manifolds in Composition
Space,” Combustion and Flame, Vol. 88, pp. 239-264.



