ME 433  Professor J. M. Cimbala Lesson 04 A: Combustion Part 2

Today, we will:

e Discuss Non-Stoichiometric Combustion and Equivalence Ratio
¢ Do an example problem B

Non-Stoichiometric Combustion and Equivalence Ratio:
Consider the chemical equation for burning a fuel, like methane,

Qcm +Ha(0, +3.76 Ny) — bco2 + cHZO + dN,
Notation: | = =

e a = actual molar coefficient: molar coefficient a in the cumbustion chemical equation
(a 1s not necessarily the stoichiometric value — can be smaller or larger than agoich).

®  agoich = Stoichiometric molar coefficient: molar coefficient a in the cumbustion
chemical equation that leads to exact stoichiometric balance, or ideal combustion.

3 Again, this means that all the carbon in the fuel gets converted to carbon dioxide in the
combustion gases (exhaust gases). T
(F/A), = molar fuel-to-air ratio = (# mols of fuel) / (# mols of air) = 1/a. €

« o (F/A), = actual molar fuel-to-air ratio = 1/a.
/’O"(WA_),Z stoich = Stoichiometric molar fuel-to-air ratio = 1/ aﬁ

W

Equivalence ratio @ is defined as the ratio of the actual fuel/air ratio to the stoichiometric
L F/A 1 .
fuel/air ratio. |Equivalence ratio = @ = (FA), e = stoien >
(F/ A)n stoich 1/ astoich a

e [f @ =1, the combustion is steichiometric.
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o If @ <1, the combustion is fuel-lean (excess air).
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o If @ >1, the combustion is fuel-rich (too little air, and incomplete combustion).
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Example: Non-Ideal Combustion of Methane
Given: Methane is burned with simple dry air. In a previous lecture we worked out the
stoichiometric case. Starting with this equation with variable molar coefficients,

% CHy4 +@Oz +3.76 Nz) — bCO; + cH,O + dN>,
we calculated the coefficients and came up with this final
chemical equation for stoichiometric combustion of methane and simple dry air:
0= % CHi+2(0:+3.76 N2) > CO,+2H,0 +7.52N;
Notice that all the carbon in the fuel is converted to carbon dioxide in the products.

To do: Now consider the non-stoichiometric case. There can be many nasty products of
combustion when a fuel combusts with either too much air or too little air. Here we consider
a rather simple case where the “extra” products of combustion are CO, O,, and only trace
amounts of other nasty air pollutants. The general equation is

¥ CHs+a(02+3.76 N2) - bCOz + cH0 +dN; + eCO + /0, + trace

—

Now consider a case that is fuel-lean (a > asoicn), namely a = 2. 35 Defermine the remaining
molar coefficients.
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