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ABSTRACT: The stability problem of one-dimensional gaseous detonation in heptane-air mixtures is numerically analyzed.
Three step reaction mechanism is used to describe chemical reaction. The ignition condition is the gas with high velocity and
high temperature. Three kinds of solution are obtained. First, as the velocity of ignition gas is slow the detonation fails to
develop. Second, the pressure history becomes double oscillation after several single oscillations. The last is much more
complex solution that pressure history is very irregular.

INTRODUCTION

The classical theory of ZND[1] assumes that detonation waves are one dimensional steady
traveling wave with a structure that is composed of a leading shock followed by a reaction zone. But
in fact stable one-dimensional detonation waves are seldom observed. The experiments demonstrate
that in many cases detonations are complicated unstable wave patterns. One of the instability is
pulsating detonation. In most of previous work on unstable detonation chemical reaction is one-step
Arrhenius mechanism such as the work by Ficket & Jackbson(1972)[2], Abouseif & Toony(1982)[3],
Bourlioux & Majda(1991)[4], He & Lee(1995)[5], except the work by Short & Quirk(1997)[6], in which
they used three step chain-branching reaction.

In this paper a three step reaction mechanism, based on the two-step mechanism by Westbrook &
Dryer is employed to study the pulsating detonation wave. The model includes the reaction of
hydrocarbon with oxygen producing monoxide and water vapor. The model also contains two
reversible reactions that include the dissociation of carbon dioxide and water. One-dimensional
simulations are used to determine the development of the pulsating detonation in heptane vapor with
air mixture of same equivalence ratio which equals 1.

ANALYSIS MODEL

Numerical simulation of gas phase detonation are based on the compressible, time-dependent
conservation equations for mass, momentum and energy.
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      Energy conservation
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      Where ρ,u, p, e are density, velocity, pressure and specific internal energy respectively. Qc is the
chemical heat release term. The chemical reaction occuring in the system are symbolized

by a x b xjr j
j
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the molecular weight. In this paper the detonatible mixtures are heptane vapor with air. The model of
chemical reaction mechanisms is a three-step described by  the following[7,8]:
C7H16+7.5O2=7CO+8H2O  (r1)  2CO+ O2↔2CO2 (r2)  2H2+O2↔2H2O (r3)
The gaseous phase is a mixture of chemical gases with seven components. The concentration of each
component is Yj�j=1,…,N,N=7�,where j=1 corresponds to heptane vapor, j=2 oxygen, j=3 nitrogen,
j=4 carbon dioxide, j=5 water vapor, j=6 monoxide, j=7 hydrogen. In a multispecies fluid in which
chemical reaction occur, the mass equation for individual species is the following:
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the chemical heat release term in the energy equation is
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ωr is chemical reaction rate. ( )∆hf j
0   is the heat of formation of species j at absolute zero.  The

equation of state of gaseous phase is
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The second order accurate MacCormack finite difference equation is used along with FCT-
technique[9,10] for above equations.

RESULTS AND DISCUSSIONS

The initial conditions are pressure and temperature with velocity discontinuity separating two
regions in the computational domain.

ignLx ≤≤0 , p=pign,ρ=ρign, u=uign, T=Tign; x>Lign,p=p0, ρ=ρ0, u=0
  Lign  is the length of ignition area. In ignition area, the gas is in high velocity and high temperature

with the same in initial. Here the ignition condition in all calculations is the same as the following:
The calculation is carried on in the range of 2m and time limit is 1000µs. The mixture is heptane

vapor-air with equivalence ratio Φ=1. Table 1 lists the initial condition of calculation. There are three
kinds of ignition condition. First kind of case 1,2 and 3 is the different gas velocity with same
pressure and temperature. Second kind of case 1 and 4 is with different ignition length Lign. Last kind
of case 1,5 and 6 is with different temperature and pressure of same velocity.

Table 1. Initial condition for computation
Case 1 Case 2 Case 3 Case 4 Case 5 Case 6

Lign/cm 16 16 16 8 16 16
pign/Mpa 2.58 2.58 2.58 2.58 2.95 2.21
uign/m/s 1000 800 600 1000 1000 1000
Tign/K 2800 2800 2800 2800 3200 2400



Figure 1-6 shows the pressure history of leading shock wave of detonation of case 1-6. Three kinds of
solution are obtained. First, as the velocity of ignition gas is slow the detonation fails to develop such
as in figure 3. Second, the pressure history becomes double oscillation after several single oscillations
as in figure 1,2,5. The last is much more complex solution that pressure history is very irregular as in
figure 4 and 6. It seems that there are no regular single oscillation solution in this problem.
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          Fig.1 pressure history of case 1

           Fig.2 pressure history of case 2

            Fig.3 pressure history of case 3

           Fig.4 pressure history of case 4

            Fig.5 pressure history of case 5

            Fig.6 pressure history of case 6
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