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A wave curve is the set of final states to which an initial state may be connected
by a traveling wave. In gas dynamies, for example, the wave curve consists of the shock
Hugoniot enrve for compressive waves and the rarefaction enrve for expansive waves. In this
paper. we discuss the wave curve for an undriven -, ar detonation and for general plamar
detonations. We then extend the wave curve cot “ept to detouations in converging aiud
diverging geontetry. We also disenss the application of these wave enrves to the numerical

computation of detonntion problems.

An nudriven planar detonation wave is self-sustaining ad propagates nt a constant
Chapman-Jouguet (or CJ) velocity which is o characteristic of the explosive. Sinee the
wave is not inflnenced by the region behind it, the state at the end of the reaction zone
nust be sonie with respeet to the detonation front. The speed of this wave ad the siate
behind it are uniquely determined by applying elgebraie jump conditions representing the
couservation of mass, momentum and energy through the reaction zoue along with the
condition that the How must be souie at the eid of the reaction zone., This ealeulation is
independent of reaction rate and length of the reaction zone. It ean be assuned that the
renction rate is infinite and the reaction zone is infinitesimally thin. The undriven plimar
detonation wave has been used as the basis of 1 computational method enlled progrannued
burn. I this technigne, o detonntion wave in 2D is propagated using a Huygen's wave
construetion with the CUJ veloeity, and the physical state behind the ditonation is sei 1o

the sonje CJ srate.



If a planar detonation wave is overdriven. one can attain greater detonation speeds
and pressures behind the detonation than in the CJ case. For cach detonation spevd above
the CJ speed, there are two soliutions to the algebraie equations for the jump conditions
vielding an ambiguity for the state hehind the detonation. This ambiguity © resolved
by applving the Zeldovielh von Nenmann Docering (ZND) model. Here. the deionation is
modeled as a troveling reactive wave with a finite reaction rate. This turns the partial
differential equations { PDEs) for reactive low into ordinary ditferential eqnations ( ODEx).
The shoek initiating the detonation takes the inirial state to a higher pressure state on the
unburned Hugoniot curve. As the reaction proceeds., the states i the reaction zone move
down a line in rhe specifie volume  pressure plane (called the Rayleigh line) determined
by conservation of mass amd momentum. The states in the reaction zone can be writcen
as algebraic fuctions of the reaction progress viriable which is determined as a funetion
of position by solving an ODE. Since the chemicn] reaction is irreversible, the progress
of the reaction nmst inerease monotonically and determines the strong or high pressare
solution to the jump equations. Thus, the model yvields a one-parameter family of solutions
corresponding to the strong actonation portion of the planar wave enrve, This braoeh joins
up with the CJ pownt as the detonntion specd is redueced to the C ospeed. There is no
detonantion sohition for wave speeds below CJ. Sinee the How is soute at the Cd pona, a
ravefaction (Tayvlor wave) may be attached to the CJ state to councet to lower pressure
states in the behind How. thas completing the planar detonation wave earve. This wiave
cnrve can exteud the programumed burn model to deseribe overdriven detonation waves
ns well as the CJ detonation wave. Nimnerienl computations using the planar detonation

wave curve have been performed using the randon choiee and front tracking methods.

The front tracking method is o general algorithim that is capuble of accounting, for the
aalytic properties of a front aned the conpling of the front to the surronnding tlow. The
method superimposes one dimensionnl grids for the fronts over o two dimensional grid for

the interior solution. In ndidition to applyine o lanite difler nee seheae in the interior, the



front is propagated by solving a non-local Riemann problem. The solution to the Riemann
problem is determined by the wave curve. Thos, the wave enrve contains the analytic

properties which characterize the tront,

In enrved geometry the reaction zone is intlnereed by the nonlineir conpling of the
geometry and the chemistry, For example, it is well known that the propagation of a
detonation wave throngh a rate stick proceeds at a lower speed than the planar CJ wave
speed. When the width of the reaction zone is small compared to the radius of curvatnre
of the front, the time and length seales for the reaction zone ure much smaller than those
for the ow in the reaction produets. The detonation wave can be approximated as st
steady with the reaction zone equilibrating adiabatically to changes in the fow behind the
wave. This quasi-steady approximation reduces the system of PDEs to a system of ODEs
which represent the generalization of the ZND model equations to inelnde the cffeet of
geometry to first order in the ratio of the reaction zone width to the radins of curvatnre of
the front. The quasi-steady equations have been nsed to determine the detonation <peed
of an undriven detonntion wave as o function of front enrvature. In this ease, there is a

sonie point within ihe reaction zone, and the How is supersonie behind the detonition,

An algorithm called detountion shock dyunniies accounts for the relutionship belween
the velocity of anvndriven detonation wave and the front curvature. A detonation trom can
he propagined using this method, but the state hehind the wave needs to be set coniaent
with the vonservition laws.  The algorithm applies to the propagation of nnderdrivien

diverging detonation wuves bit not to overdriven detonntion waves,

The nasi steady approximation ODEs enn be applied to olwain the state hehind
a detonation wave, and tins to determine the cotmplete wiave eneve for detonation . in
converging al diverging geometry, I contrast to a planar detanation wave, a eiprved
detonation wave satisties modified jump conditions, These jimp conditions are <imili to

the planar jump conditions but also contain terms involving the loeal enveatiree maol the



anmount of cach conserved gnantity i the reaction zone.  In addition, the widtl of rhe
reaction zone comes into play. The jump conditions veduee to the planar jump coudizions

as the curvature goes to zero,

In this paper. we review the planar wave enrve and the solution of to the quasicsteady
model equations, Fxamples of typical detonation wave eurves for both converging and
diverging geometry are presented. and the wave structures that arise are diseusseil, We
also deseribe the application of the modified jinmp conditions to mmmerical compuajons

in the context of the front tracking method,



