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Fig. 7. Unstable oblique detonation shaded density contours as a function of time Un = 1.76. e = 50, q = 50. ') = 1.2) 

that given a large enough domain, the detonation would eventu­
ally weaken and return to the wedge, following the oscillatory 
cycle of the unstable ZND detonation. 

It is apparent in the last frame of Fig. 8 that the final stable 
solution is not quite the exact steady solution; there are extra­
neous contours along the right and top boundary. These are 
reflections resulting from the approximate outflow boundary 
condition along the top of the domain. Figure 9 directly com­
pares the final numerical solution to the exact steady solution 
by showing both sets of density contours. The contours coin-
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cide well in the lower half of the plot, but in the upper half the 
numerical solution moves slightly in front of the exact solu­
tion. This is in contrast to the final steady numerical solution 
obtained for In = 2.0, which is compared to the exact solu­
tion in Fig. 10. In this case the numerical and exact solutions 
agree well, with only the upper right comer of the numerical 
solution indicating some reflection from the upper computa­
tional boundary. The transient portions of the two solutions 
were quite different; two three-shock structures formed and 
passed out of the domain at In = 1.8, while only one distur-
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Fig. 8. Stable oblique detonation shaded density contours as a function of time Un = 1.8. e = 50. q = 50. 'Y = \ .2) 

bance began to coalesce and then passed out of the domain at 
In = 2.0 (see for example, the initial formation of the three­
shock structures in frame (b) of Fig. 8). It is possible that the 
much larger initial variation in the solution at In = 1.8 re­
suIted in the estimated outflow condition of Eq. 14 no longer 
being able to maintain the original steady solution. giving rise 
to somewhat larger discrepancies in the final steady solution. 
Another area of discrepancy between the numerical and ex­
act solutions was along the wedge surface. particularly at the 
wedge apex. The numerical solutions for pressure and density 

overshot the exact solution at the apex due to the disconti­
nuity in the computational grid at this point, and in general 
the numerical solutions overestimated (or underestimated. de­
pending upon the quantity) the exact solution near the wedge 
surface. Lastly. the final steady numerical solutions exhibited 
small oscillations following the detonation front. These were 
apparent in plots comparing the numerical and exact steady 
solutions along given TJ = constant gridlines of the domain. 

We next discuss the qualitative effects of resolution. as 
embodied in the number of points per LI/2 and K . For this 
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Fig. 10. Comparison of numerical and exact steady oblique detona­
tion density contours Un = 2.0. e = 50. q = 50./ = 1.2) 

numerical scheme the verification studies showed that as few 
as ten points per LI/2 were sufficient to accurately predict 
the one-dimensional detonation instability. Not unexpectedly, 
this carried over to the oblique detonation studies, where at 
least this many points within the half reaction zone width was 
required to obtain a steady or unsteady solution that could 
withstand further grid refinement. Similarly, it was found that 
K values of at least 20 were required for grid independent re­
sults. The distance between the two three-shock structures in 
frame c of Fig. 8, typically referred to as the cell size, is approx­
imately 8L 1/ 2• Thus the limiting value of K found was enough 
to encompass two cells of this size in the detonation front. 
An expanded domain, impractical due to the finite available 
computational resources, would have likely yielded a larger 
number of cells such as those reponed in the literature for 
channel flows. 

Lastly it should be noted that the numerical modelling of 
reactive flows, even those with very simple chemistry models, 
is still an uncenain affair. Stewart and Bdzil (1993) note that 
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different, well-tested algorithms produced widely varying re­
sults for a model problem, even though the equations being 
solved were the relatively "simple" reactive Euler equations 
considered here. 

6 Final remarks 

The results obtained in the numerical study suggest that 
straight shock, curved wall oblique detonations have a sta­
bility threshold slightly higher than their one-dimensional 
counterparts. For the parameters studied, the oblique detona­
tion stability threshold was at a normal overdrive value of 
In = 1.77 ± 0.01, while the corresponding one-dimensional 
detonation threshold occurs at an overdrive of I = 1.73. The 
slightly higher stability threshold for the straight oblique det­
onation suggests that the initial "one-dimensional" instability, 
which decayed in one dimension, undergoes a transition to un­
stable two-dimensional structures for a small range of normal 
overdrive values. Above that range the two-dimensional struc­
tures that form are too weak to destabilize the detonation. It 
may be that further extending the top of the domain to increase 
K past the values used could change the stability threshold ob­
served. However, the instability in the solution at In = 1.76 
occurred away from the upper boundary, so it is unlikely that 
the threshold would decrease. Finally, it is also possible that 
extending the computational domain horizontally to allow the 
curved detonation room to move forward could result in the 
eventual return of the detonation to a stable steady state. 

As with any numerical study, particularly one involving 
the study of stability, there are a number of caveats concern­
ing the above conclusions. Certainly the imperfect outflow 
condition along the top of the domain, and to a lesser ex­
tent the solid wall boundary condition near the wedge apex, 
may have affected the stability threshold prediction. Another 
issue is the unknown effect on the predicted detonation in­
stability of the slight oscillations observed in the numerical 
solutions when compared to exact solutions. Certainly where 
issues of stability are concerned these are undesirable arti­
facts . Other researchers (Colella and Woodward 1984) have 
advocated adding very small amounts of artificial dissipation 
in higher-order Godunov schemes in order to eliminate such 
phenomena. This was avoided here due to the possible ef­
fects on the numerical prediction of instability. Without exact 
two-dimensional steady and unsteady solutions with which to 
compare. it is difficult to know which is the correct choice. A 
related issue is the nonunique choice of a limiter for the second 
order scheme. Which limiter is used will certainly affect the 
solution. but. as with artificial dissipation. the correct choice 
is not necessarily evident. 
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