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Simplified Reaction Scheme of Hydrocarbon Fuels and Its Application
to Autoignition of Gasoline with Different Octane Numbers
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Abstract : Mathematically simplified reaction scheme that simulates autoignitions of the end gases in spark ignition
engines has been studied computationally. The five equation model is described, to predict the essential features of
hydrocarbon oxidation. This scheme has been calibrated against autoignition delay times measured in rapid
compression machines. The rate constants, activation temperatures, Ta, Arrhenius preexponential constants, A, and
hears of reaction for stoichiometric n-heptane/air, iso-octane/air, and their mixtures have all been optimised. The
optimisation has been guided by Morley's correlation of the ratio of chain branching to linear termination rates with
octane number. Comparisons between computed and experimental autoignition delay times have validated the present
simplified reaction scheme and the influences of octane number upon autoignition delay times have been
computationally investigated. It has been found that both cool flame and high temperature direct reactions can have an
effect on autoignition delay times.

Key words : Simplified reaction scheme(& - ¥1-8- 5 @), Autoignition(*}'Z3}), Chain reaction( <1 j| $}8491-8-), Cool
flame(* <), Two-stage ignition2E7A 23}), Autoignition delay time (XH2&<]<dA]7h), Rapid compression
machine(F4 459 A1)
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Table 1 Stoichiometry of five different mixtures
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C:H; +m(Oz+3773Nz)—’lCOz+/H20+m3773Nz
%% n-Heptane % n-Octane i m [Flo' [02]s2 N,
100 0 7 16 11 0.0178 0.0206 0.79
25 75 7.75 17.5 12.125 0.0171 0.0206 0.7769
10 90 7.9 17.8 12.35 0.0167 0.0206 0.7773
5 95 7.95 17.9 12.425 0.0166 0.0206 0.7774
0 100 8 18 12.5 0.0165 0.0206 0.7775

1. Initial mole fraction of fuel, 2. Initial mole fraction of oxygen, 3. Initial mole fraction of N
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Table 2 Heats of reactions and rate constants for the stoichiometric mixtures of n heptane and iso-octane

100% 75% iso-octane 90% iso-octane 95% iso-octane
a-heptane & & & 100% iso-octane
P 25% n-heptane 10% n-heptane 5% n-heptane

A 2.0 x 10° 3.0 x 10° 7.0 x 10° 55 % 10° 3.5 x 10°
T/ 15000 15000 15000 15000 15000
he 5000 5160 5200 5210 5220
A; 2.0 % 10 2.0 X 10 2.0 % 107 2.0 x 10’ 20 x 10
T; 12000 22500 20000 17000 15800
hi 0 0 0 0 0
As 1.0 x 107 6.0 X 107 52 x 107 45 x 10" 42 x 10"
Ts 11500 11500 11500 11500 11500
he 100 100 100 100 100
A, 50 X 10° 50 % 107 50 X 10° 50 X 107 5.0 X 10°
T, 0 0 0 0 0
h, 0 0 0 0 0
A, 1.0 x 10" 1.0 x 10" 1.0 x 10" 1.0 x 10" 1.0 x 10"
T, 17000 17500 17500 17500 17500
hy 50 50 50 50 50

* . d ; direct reaction, i ; initiation, b ; branching, q ; quadratic termination, 1 ; linear termination
1. Arrhenius constant A : mole, m, and sec, 2. Activation temperature T : K, 3. Heat of reaction : kJ and mole units

10% n—heptone

60 ~- Experiment

- — Computed
£ 504
§ 2]
|3
57

20

10

° 5l LR T T T

800 650 700 750 800 850 900

Cormpression lemperature (K)
Fig. 2 Comparison of computed and experimental autoigni-
tion delay times for 100% n-Heptane
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Simplified Reaction Scheme of Hydrocarbon Fuels and Its Application to Autoignition of Gasoline with Different Octane Numbers
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Generalized elementary reactions for hydrocarbon

combustion.

Initiation

RH + O, - R + HO;
RH + RO, - ROOH + R
RH + HO, - H,0, + R

RH+OH - R+ H0

Propagation

R + O - RO,

R + O, - alkene + HO»
QOOH ~ QO+OH
Branching

RH + O, - ROOH + R

RH + RCHO~ ROOH + RCO
ROOH - RO + OH

Termination

RO, - wall destruction
H,0; - wall destruction
R+R - RH

R + O, » alkenetHO;

R - alkenet+small R
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