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1) (25 points) Consider a constant-volume homogeneous well-mixed combustor containing a
stoichiometric mixture of a hydrocarbon fuel and air. The combustor is adiabatic and there is no mass
transfer in or out of the combustor. The reaction rate can be described according to a single-step, global
reaction:
e <y Caly exp(— ij
dt ’ RT

where ¢ is time [s], Cr is the fuel concentration [mole/m’], CO2 is the O, concentration [mole/m’], 4 is a

pre-exponential factor [m*/(mole-s)] of the one-step reaction, E is the activation energy [J/mole] of the
one-step reaction, R is the universal gas constant [J/(mole-K)], and T is the temperature inside the
combustor [K]. Assume complete combustion and that the only species involved are fuel, N;, O,, COy,
and H,O. Assume that the initial pressure (P) is 1 atm and that the initial temperature is 1300 K. The fuel
is completely consumed within 10~ seconds. With  as the x-axis, sketch approximate plots of the
following:
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l¢) Reaction rate (—dC, (t)/dt):
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Combustor

P=1atm
everywhere

Complete
=T, 4 =298.15K combustion

Products ——=

I =T

r air

T,=900K

air —

0=
The combustor operates at steady-state conditions and the combustion is complete so that hé for a

stoichiometric mixture the only products are CO,, H,0, and N,; for a lean mixture there will also be O, in
the product stream; for a rich mixture there will also be C,H, in the product stream. Sensible enthalpy is

transferred out of the combustor at a rate of Q (kJ/s) so the products leave the combustor at temperature

temperature of 7, = 298.15 K and 4 pressure of P, = 1 atm, and the products leave the combustor ata
temperature of 7, = 900 K and a pressure of P, = 1 atm. What is the rate of heat transfer Q out of the
combustor?

Note: Air is 23.3% Oxygen and 76.7% nitrogen by mass (21.1% OXygen and 79.9% nitrogen by volume).
The molecular weights of ethene, oxygen, and nitrogen are 28 g/mol, 32 g/mol, and 28 g/mol,
respectively. If you need it, the heat of formation of ethene can be found from the JANAF tables at
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