
Chain Branching Model

The chain-branching model is a simplified kinetic model usually adopted to
illustrate isothermal explosive behaviors. It consists of the following initiation,
propagation and termination steps

R→C (1)

C +R→P + αC (2)

C→P (3)

where R, P and C are the reactant, the product and the chain carrier respec-
tively and α is a positive branching constant. Indicating with ki, kp and kt

the rate constants of the three steps, the rate equations for the reactant and
chain carrier read

dcR
dτ

=−kicR − kpcRcC (4)

dcC
dτ

= kicR + (α− 1)kpcRcC − ktcC (5)

where cR and cC are the molar concentrations of the reactant and chain carrier
respectively.

Introducing the following dimensionless variables x = cR/c
0
R, y = cCkp/ki,

t = kiτ and the parameters ε = ki/(kp/c
0
R) and γ = kt/(kp/c

0
R), with c0R a

reference concentration, the nondimensional rate equations attain the form

dx

dt
=−x− xy (6)

dy

dt
=

1

ε
[x+ (α− 1)xy − γy] (7)

When ε << 1, i.e. the propagation step is faster than the initiation step, the
above is a singularly perturbed planar system with x being the slow variable
and y the fast variable.

The system possesses a unique equilibrium point at (x, y) = (0, 0). The eigen-
vectors of the Jacobian matrix at the equilibrium point provide the invariant

1



subspaces of the system. While this is true only at the equilibrium point, the
corresponding eigenvalues represent intrinsic timescales near the equilibrium.
Such eigenvalues, λ1 = −1 and λ2 = −γε−1, exhibit timescale separation if
γε−1 >> 1, i.e. ε << γ. We therefore consider only the latter case by set-
ting, say, γ = 2 and letting γε−1 > 10, i.e. ε < γ/10 = 0.2. This guarantees
more than one ordere of magnitude in time scale separation at the equilibrium
point. Note also that the behavior of the system near the equilibrium point is
independent of the branching constant α.

The present system should be analyzed as ε and α are varied while γ is kept
fixed.
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