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Numerical Study of Detonation Stabilization
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A numerical study is conducted of the interaction between the leading oblique detonation wave stabilized by a
wedge ramp of finite length and the expansion waves generated by the sudden deflection of the wedge surface. The
two-dimensional Euler equations for a reactive gas mixture are solved using a cell-centered finite volume technique
on unstructured meshes. Mesh refinement and coarsening techniques are used to concentrate the computational
volumes in regions of interest of the flowfield. A detailed chemical kinetic mechanism is employed to describe the
combustion process in the mixtures of hydrogen and air considered. Computational results show that a Chapman—
Jouguet oblique detonation wave is obtained for intermediate wedge angles within the range of stable detonations.
For wedge angles near to the maximum angle that supports stable oblique detonations, decoupling of the oblique

detonation wave is observed.

1. Introduction

HE development of ram accelerators' and supersonic combus-

tion ramjets” leads to the study of the interaction between com-
pressibility effects and the combustion process in high Mach num-
ber flows.? In particular, this interaction may result in the onset of
oblique detonation waves, which may arise when the former system
is operating at speeds higher than the detonation velocity of the com-
bustible mixture,* and, in the latter, when oblique detonation wave
engines are considered.’ Previous works have shown that overdriven
oblique detonation waves may be stabilized when a wedge interacts
with a supersonic reactive gas mixture.®’ From the point of view of
the combustion process, oblique detonation waves (ODW) convert
high-speed fresh unburned reactants to products in distances that do
not exceed 1 mm for most gas mixtures,? albeit with a substantial
increase in entropy, which is due mostly to the leading oblique shock
wave. Among all oblique detonation waves that may be stabilized in
a given gas mixture, the one leading to the smallest entropy increase
is a Chapman—Jouguet (C—J) ODW. Moreover, this detonation wave
is isolated from downstream perturbations by a sonic surface, which
further increases its interest for propulsion applications.

The aim of this work is to evaluate freestream conditions and
wedge angles that may lead to the formation of a wedge-stabilized
C-J ODW. The onset of such a wave is sought through the interaction
between an overdriven ODW and expansion waves. Figure 1 shows
the geometry of interest, which consists of a wedge ramp, followed
by a sudden deflection of the wedge surface that turns the wedge
surface parallel to the freestream flow and limits the ramp length.
The oblique shock wave stabilized over the ramp triggers combus-
tion and thus leads, after a transition region, to an overdriven ODW.
This ODW subsequently interacts with the expansion fan gener-
ated by the deflection of the ramp surface. This figure schematically
shows one possible flow structure resulting from this interaction.

Analytical studies based on Rankine—-Hugoniot relations together
with equilibrium chemistry®!° give conditions to stabilize oblique
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detonation waves over a wedge. Results of this analysis can be rep-
resented by polar diagrams. A typical one is shown in Fig. 2, which
emphasizes that there is a range of flow deflection angles (8, Smax)
where oblique detonation waves may be stabilized and remain at-
tached to the wedge. For flow deflection angles larger than §,,,«, only
detached curved detonation waves are expected. Below this range,
8 <4, weak ODW would occur. Detonations with angles greater
than 60,,,x seem to be of little interest to propulsion applications be-
cause the downstream flow is subsonic and a large entropy increase
results.

Numerical studies that involved nonequilibrium chemical kinetic
mechanisms®’ made it possible to investigate the flow structure
of overdriven oblique detonation waves attached to a wedge. This
structure consists of an oblique shock wave (OSW), an induction
region, followed by a transition region and an oblique detonation
wave that emanates from a triple point. Three different transition
regimes from the oblique shock wave to the oblique detonation
wave have been obtained.!!

Experimental studies'®!? using an oblique detonation tube inves-
tigated the different possible combustion regimes when the ODW
is supported by a gaseous wedge. Expansion tube studies,'*> which
considered wedge angles greater than the maximum wedge angle
allowed for attached detonations, also led to the onset of ODW,
although the steadiness of the flowfield could not be assessed. Com-
parison between computational and experimental results'* shows
that the overall flow structures obtained are in good agreement, and
that induction time controls the OSW/ODW transition, both in the
computations and in the experiments.

As schematically shown in Fig. 1, once the ramp-stabilized
oblique shock wave triggers combustion of the reactive mixture,
leading to a stable overdriven oblique detonation wave, the expan-
sion waves emanating from the deflection point intersect the leading
overdriven oblique detonation wave. This interaction decreases the
pressure, leading to progressive bending of the ODW by reducing
its strength. As the ODW is weakened, the ODW angle is decreased
from Ogpw at the leading ODW to 0 farther downstream. Simulta-
neously, in the interaction region, the Mach number and temperature
downstream of the ODW are increased and reduced, respectively.
Reduction in pressure and temperature downstream of the ODW
leads to an increase on the induction time of the combustion pro-
cess. Increments of the induction time and on the Mach number
are responsible for an increase in the length of induction region of
the chemical process. This region is situated between the leading
OSW and the reaction front. The outcome of such an interaction is a
priori unknown. A possible result of this interaction is that the lead-
ing ODW becomes a Chapman-Jouguet oblique detonation wave
(C-J ODW). In such a case, the downstream Mach number normal
to the wave reaches the sonic value, and further expansion of the
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Fig. 1 Schematic representation of interaction between an overdriven
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Fig. 2 Shock and detonation wave polars for M, =8, poo =0.75 atm:
----,OSW; ——, overdriven ODW; and —-—-— , weak ODW.

flow does not affect the C—J ODW. Another possibility is that the
induction time would be increased enough to decouple the combus-
tion process from the leading shock wave. Thus, a deflagration wave
would be obtained downstream of the leading oblique shock wave.
In the latter case, the combustion process could be extinguished by
further expansion of the shocked gases, and the shock wave would
become a Prandtl-Meyer wave farther downstream.

Previous experimental work on this type of interaction can be
found in axisymmetric configurations only. Lehr!> obtained a de-
coupled shock—deflagration system in hydrogen—air premixed flows
over cone—cylinder models. These experiments clearly show that a
deflagration is initiated near the tip of the cone and extends around
the conical surface. Kasahara et al.,'® studied conditions for which
steady-state C—J detonation is obtained in hydrogen—oxygen pre-
mixed flow over cone—cylinder projectiles. In their experiments,
when a steady detonation wave is obtained, the interaction between
the overdriven ODW and the expansion that occurs at the projec-
tile shoulder results in a C—J oblique detonation. More recently,
Kasahara et al.,'” examined the onset of combustion around spheres
traveling at supersonic speeds in mixtures of oxygen and krypton
burning acetylene, showing that critical conditions exist for the sta-
bilization of Chapman—Jouguet oblique detonation waves. In this
work, a critical sphere diameter relationship is proposed that is a
function of the projectile velocity and drag coefficient and of the
mixtures’ Chapman—Jouguet velocity and cell width.

Numerical simultations of detonations induced by finite length
wedges are found in the work of Papalexandris'® and Pimentel
et al."! The former work uses a global description for the com-
bustion process, whereas the latter considers a detailed chemical

kinetic mechanisms for hydrogen—air combustion. In both studies
the choice of the freestream parameters and wedge angles led to C—J
detonations only as the result of the interaction of the leading ODW
and the expansion waves.

In this paper, the mathematical formulation of the problem and
the numerical method used are presented first. Then results leading
both to the formation of C—J ODW and to the decoupling between
the leading OSW and the combustion process are presented. These
results are analyzed on the basis of the characteristics of the flow
and of the induction time of the chemical kinetic mechanism.

II. Governing Equations

In this work, where shock-triggered combustion of hydrogen—air
mixtures in supersonic flows is studied, the two-dimensional Euler
equations are used to decribe the flowfield. Neglecting molecular
transport effects in this flowfield is a valid assumption outside the
boundary layer that develops over the wedge surface.'® Heat transfer
by radiation is also neglected, because the products of combustion
and the fuel-oxidizer mixture used may be considered as a transpar-
ent medium. Thus, in integral form, these equations can be expressed

as
AU
//dedy—k/(de—de)://dedy (1)
N
|4 |4

where vectors U, F, G, and Q are written as
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In the equation system (1) and (2) p is density, u and v are
Cartesian velocity components in directions x and y, E is total
energy per unit mass, p is pressure, and Y;, @;, and W; are mass
fraction, molar production rate, and molecular weight of the species
i, respectively. The state equation for a mixture of thermally perfect
gases

N
Y,
p=pRTY < 3)

i=1 !

is used to evaluate the pressure p; in this equation R is the universal
gas contant. The total energy E is defined as the sum of the internal
energy and the kinetic energy,

1 a 1
E=e+ §(u2+v2)=2ne,-+§(u2+v2)

i=1

o 1
= v - Ly w0 @
p 2

i=1

from which the temperature T is calculated.
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Fig. 3 Schematic representation of the computational domain and
boundary conditions adopted.

In Eq. (1) only N — 1 chemical species equations are needed,
because the last species is calculated from the constraint

N—1
YNzl—ZY,-

i=1

The computations involving gas-phase chemistry and thermody-
namic data are performed using the Chemkin-II package.?%?!

The detailed kinetic chemical mechanism used is the one com-
piled by Balakrishnan and Williams,?? which involves 9 species
(Hz, Oy, H, O, OH, HO,, H,0,, H,0, N») and 21 elementary reac-
tions. This mechanism has been used previously for the computation
of OSW/ODW transitions.”!! A detailed description of the chemical
process is required to capture the different characteristic timescales
and their variations with the flow pressure and temperature.

Figure 3 shows the geometry of the computational domain. Flow
enters the domain from the left through the inflow boundary in a
direction that is parallel to the x axis, and leaves the domain at
the right through the outflow boundary. Freestream values of Mach
number, temperature, pressure, and mass fractions (Moo, Toos Poos
and Y,) are prescribed at the inflow boundary. At the ramp sur-
face boundary, slip, adiabatic, noncatalytic boundary conditions are
considered. Such a choice of boundary conditions does not allow
the computation of the boundary layer that develops over the ramp
surface. Thus, it is clearly expected that the ignition of the reactive
mixture that may occur within the boundary layer!® does not influ-
ence the development of the combustion process downstream of the
OSW. The computational domain begins a small distance upstream
of the leading edge of the ramp, which implies the presence of a
symmetry plane. Symmetry conditions are imposed at this bound-
ary. At the outflow boundary nonreflective characteristic boundary
condition are used.?

III. Numerical Method

Computations are performed using a numerical code?* that solves
the governing equation system (1) and (2) using an upwind cell-
centered finite volume method on unstructured triangular meshes.
This code uses a time-step splitting scheme technique® that leads
to second-order accuracy in time and separates the fluid dynamic
evolution from the chemical evolution. A classical second-order
Runge—Kutta technique is used to advance the fluid dynamic part
in time, whereas a stiff ODE solver? is employed to integrate the
chemical evolution. Concerning the spatial discretization, the in-
terface fluxes are formulated using the advection upstream split-
ting method.”” Higher order spatial accuracy is sought with mono-
tonic upwind scheme for conservation laws (MUSCL)??° extrap-
olation. However, tests performed on a simple advection prob-
lem show that the spatial order of accuracy achieved on a gen-
eral triangular mesh is, at best, 1.4 (Ref. 30). To improve the
resolution without incurring excessive computational penalties,
mesh adaptation is performed using refinement®* and coarsening?'
procedures.

IV. Results and Discussion

The computations presented here were performed for stoi-
chiometric hydrogen—air mixtures using freestream Mach number
M, =8 and pressure p, =0.75 atm. This Mach number was cho-
sen because, as shown in Fig. 2, it yields a wide range of flow deflec-
tion angles (8¢j, dmax) for which stable ODW can be obtained.” For
every computation performed, four mesh adaption passes were car-
ried out. The chosen ramp length allows for a complete OSW/ODW
transition, followed by the stabilization of an overdriven ODW, prior
to the deflection of the surface. Each mesh adaption pass occurs af-
ter convergence of the solution, and triangles are refined where any
of the primitive variables (p, u, v, T, Y;) exceed 10% of its maxi-
mum variation on the flowfield. Even if the overall flowfield is in
a steady-state, flow instabilities develop between the leading OSW
and the thermal runaway region, which eventually lead to the for-
mation of detonation cells. The structure of detonation cells, which
is the object of research of several recent works, is outside the scope
of this study.

The total CPU time for the resulting Fortran code exceeded 3
weeks, for any of the computed cases shown in this work, on a
Pentium IV 2.4-MHz processor using Linux RedHat 8.0 distribution
and the Gnu compiler. Although these long computational durations
preclude the use of finer grid spacings, the results obtained with
three refinement passes only led to the same overall flow structures
as those presented here, albeit with an expected lesser level of detail
concerning the detonation waves.

A. Formation of a Chapman-Jouguet Oblique Detonation Wave

The results of the interaction between an ODW and expansion
waves for the case § =30 deg, a ramp height of 7 =2.15 mm, and
T, =275 K are presented in Figs. 4-6. Note that results analogous
to those presented here were obtained for 7, = 300 K. However, as
identical flow structures are observed, these are not shown here. The
range of flow deflection angles for stable detonations and the angle of
the C-J ODW obtained from the polar analysis are (8j, max) = (14.9
deg, 41.8 deg) and 6;; = 39.1 deg, respectively. Thus, the wedge an-
gle chosen is an intermediate angle in this range. The overdriven
ODW angle, calculated by the same technique, is Gopw =48.5
deg. The final mesh contains 105,687 nodes and 210,532
volumes.

Figure 4 shows pressure, temperature, and OH mass fraction con-
tours. In this figure the transition between the OSW and the ODW is
observed over the wedge ramp. In the transition region the leading
OSW is intercepted by the detonation wave that originates in the
shocked gases region. The complex flow structure in this region has
been examined in several previous numerical studies.®’ From the
interaction region emanate an overdriven ODW, a reflected shock
wave, an expansion wave, and a shear layer. This expansion wave,
which deflects the flow downstream to the transition region so that
streamlines are parallel to the x axis near the ramp surface, is re-
sponsible for the weakening of both the reflected shock wave and
the overdriven ODW. This structure is in accordance with the work
of Ghorbanian and Sterling,*? which summarizes some of the possi-
ble flow structures when the interactions are quasi-one-dimensional
and localized pockets of subsonic gases are absent. Note that the
grid resolution in this region is 5 wm, which leads to the presence of
at least 30 computational cells in the induction region of the chem-
ical process. It can also be noted that the overdriven ODW is fully
developed prior to its interaction with the expansion waves. This in-
teraction leads to the progressive bending of the overdriven ODW.
This bending seems to stop at a constant angle of 6z ~ 39 deg, which
is close to the C—J ODW angle obtained with the polar technique
0. =39.1 deg. At the end of the interaction, the combustion process
remains tightly coupled with the leading OSW. This result is similar
to those obtained by Papalexandris'® and Pimentel et al.!! Figure 4
also shows that the interaction of the expansion fan and the shear
layer that emanates from the triple point leads to the bending of both
these flow structures.

Figure 5 shows magnified views of density and H mass fraction
contours corresponding to a region of the flowfield where the C-J
ODW is fully developed. The refined computational mesh is also
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Fig. 4 Contours of pressure (atm), temperature (K), and OH mass fraction; 6 =30 deg, M, =8, T =275 K, and po, =0.75 atm.

shown in this figure. Note that density and species concentration in-
homogenieties indicate that instabilities are present in the computed
flowfield.

Figure 6 shows the pressure, density, OH mass fraction, and tem-
perature evolution along streamlines O and 1, which are also plot-
ted in Fig. 4. Streamline 0O is plotted through the leading overdriven
ODW, whereas streamline 1 passes through aregion where the ODW
presents the same angle as that of a C—J ODW. The peak pressures

atthe Zel’dovich, von Neumann, and Déring (ZND)?? state predicted
by the polar analysis for the overdriven and the C—J ODWs, 32.1 and
22.5 atm, are in excellent agreement with those given by the numer-
ical computations, 31.5 and 22.0 atm, respectively. Moreover, the
predicted pressure for the C—J state of the burned gases, 12.7 atm,
is practically the same as the one computed, 13.5 atm, which in-
dicates that the expansion of the burned gases, as depicted in this
figure, is not fully achieved yet. In this figure it is also possible to
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observe the increment in the induction length from the overdriven
ODW to the C-J ODW, which varies from 15 pm at the overdriven
ODW to 25 pum at the C—J ODW. The characteristic grid size down-
stream of the overdriven ODW is ~5 um, thus leading to at least
three mesh cells between the shock wave and the thermal runaway
region.

B. Decoupling of the Oblique Detonation Wave

The results of the interaction between the overdriven ODW and
the expansion waves for the case § =40 deg, a ramp height of
h =0.3 mm, and for a freestream temperature of 7o, =300 K, are
show in Figs. 7 and 8. Results analogous to those discussed here were
also obtained for T, =275 K but, since the flowfield structures are
similar, these are not shown here. The flow deflection angles range
for stable detonations is (Jcj, max) = (14.4 deg, 43.3 deg). The final
mesh contains 127,474 nodes and 254,167 volumes.

Contours of pressure, temperature, and OH mass fraction are
given in Fig. 7. The OSW/ODW transition can be observed in this
figure and is shown in a enlarged view. Because, due to the in-
creased ramp angle, the Mach number downstream from the over-
driven ODW is smaller than in the previous case, the interaction be-
tween the expansion waves and the ODW begins closer to the ramp
deflection point. Farther downstream of the beginning of this inter-
action, a progressive separation of the OH front from the pressure
front occurs. Note that the sudden jump of the pressure indicates the
presence of an oblique shock wave, whereas the OH mass fraction
evolution is characteristic of the combustion process heat release. In
this figure the overdriven ODW angle is Oopw = 59.6 deg, whereas
the angle of the shock wave at the exit of the computational do-

main is 6 ~ 27 deg, which is smaller than the C-J ODW angle,
0. =37.1 deg, calculated by the polar technique. This computed
value of Oppw is in excellent agreement with the one given by the
polar analysis, 59.7 deg.

Selected streamlines are plotted in Fig. 7. Streamline O is plot-
ted passing through the overdriven ODW, whereas streamline 1 is
plotted through the point where the OSW has an angle equal to the
C-J ODW, and streamline 2 is placed farther downstream, where
the OSW angle is 32 deg. Figure 8 shows the evolution of pressure,
density, OH mass fraction, and temperature along these streamlines.
In this figure it can be observed that, in the region of the overdriven
ODW, the heat release (OH evolution) occurs immediately down-
stream the leading OSW, which is an indication that the OSW is
strongly coupled with the reaction front.

The evolution of selected flow properties for streamline 1, also
shown in Fig. 8, clearly illustrates the increase in the distance be-
tween the OSW and the reaction front. The large increase of the
induction length, which varies from 15 pum, along streamline 0,
to 700 wm, along streamline 1, is sufficient to decouple the OSW
from the reaction front. Note that, in these regions, the characteristic
mesh spacing is on the order of 1 um. As a consequence, at least
15 mesh cells lie at the induction region. Figure 8 also shows the
properties evolution for streamline 2, where the decoupling of the
OSW from the reaction front is completely evident. In this figure it
can be seen that the maximum peak pressure at the ZND state varies
from 44.0 atm at streamline 0 to 20.0 atm at streamline 1 to even-
tually 14.5 atm at streamline 2. When compared to the pressures of
the ZND state computed by the polar technique at the overdriven
and C-J waves, 42.8 and 20.6 atm, respectively, good agreement
is obtained. However, one can observe that the decoupling process,
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Fig. 8 Longitudinal evolutions of the density (g/cm®), pressure (atm),
OH mass fraction, and temperature (K) along selected streamlines plot-
ted in Fig. 7.

which is fully achieved in the region of streamline 2, is clearly evi-
dent at the region of streamline 1. This decoupling may be attributed
to the strong flow expansion caused by the expansion fan, which is
responsible for a decrease in the temperature and pressure of the
shocked gases at the induction region. Because the induction length
exhibits a strong sensitivity to small changes in the temperature due
to the Arrhenius law, thus an increase of the induction length of
the combustion process is the consequence of the decrease of the
temperature and the pressure caused by the strong expansion of the

shocked gases. Note that the computed pressure at a relatively large
distance from the OSW through streamline 1, 8.5 atm, is consider-
ably smaller than the one predicted for the C-J state, 11.7 atm.

C. Analysis of the Propagation of the Left-Running Characteristic

Figure 9 shows the left-running characteristic contours C+ =
arctan (v/u) + arcsin (1/M). These characteristic lines represent
the maximum angle with which a perturbation of the flow properties
would travel, in a frame of reference fixed on the wedge. When a C—J
ODW is obtained, at a given distance from the overdriven ODW, the
value of C™ is progressively decreased as the interaction between
the ODW and the expansion occurs, which results in a shallower
Mach cone locally. In the case shown in Fig. 9a, this process even-
tually leads to the isolation of the ODW by the line C™ =39 deg,
which corresponds to a sonic surface that becomes parallel to the
C-J ODW.

However, when decoupling between the combustion process and
the leading OSW is observed, a different picture results, as can
be verified in Fig. 9b. Indeed, downstream, the leading OSW, C™,
exhibits nonmonotonic behavior. Close to the OSW the value of
C™* decreases, and then increases through the reaction front and
decreases subsequently in the burned gases region. The characteris-
tic line C™ =37 deg, which has the same angle a C-J ODW would
have, penetrates the induction region and merges with the leading
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atm.
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Fig. 10 Lines of constant induction time for a stoichimetric hydrogen-air mixture (solid lines) and lines representative of the thermodynamic states
of gases downstream the leading OSW for stabilized ODW over wedges (p* =1 atm) as a function of the temperature (K) and the pressure (atm): </,

6 = Obmax and A, 6 = 6.

OSW. As a consequence, the expansion fan is allowed to weaken
this OSW, which leads to the observed increase on the induction
length of the chemical process.

D. Analysis of the Induction Time

Figure 10 shows the lines of constant induction time #; for
hydrogen—air mixtures as a function of the initial temperature and
pressure. The induction time is defined as the duration corresponding
to 10% of the total temperature increase, calculated for the adiabatic
thermal explosion at constant pressure (Semenov explosion®*). In
this figure the thermodynamic states of the shocked gases down-
stream from the leading OSW, which are part of the detonation
structure, are also given for stable ODW over wedges. One should
note that it is considered here that the ignition of the reactive mix-
ture occurs for the conditions prevailing in the ZND state, which is
a crude approximation that does not account for the actual behav-
ior of the shocked gases within the detonation wave. The state of
the shocked gases is plotted using the values obtained by the polar
technique. The left limits (v7) of the lines correspond to the maxi-
mum flow deflection angles, &,,.x, Whereas the the symbol A denotes
the Chapman—-Jouguet state, that is, § = é;. In this figure, it can be
observed that flow expansion leads to a reduction in pressure and
temperature, which in turn increases the value of the induction time.

For the case in which a C-J ODW is obtained, the induction
time variation along the ODW, calculated with the pressure and
temperature values downstream from the leading OSW determined
by the polar technique, is shown in Fig. 10a. The induction time
is found to increase from ~90 ns (O) at the overdriven ODW to
~500 ns (A) at the C-J ODW.

Figure 10b shows the computed induction time #; variation when
decoupling of the combustion process is observed downstream the
OSW. When the pressure and temperature of the shocked gases
vary from (2703 K, 42.95 atm), downstream from the overdriven
ODW, to (1017.5 K, 11.5 atm) downstream from the OSW at the
exit of the computational domain, the induction time of the thermal
explosion #; increases from 28 ns (O) to 2.6 ms (<). This increase
in the induction time of five orders of magnitude is connected to the
decoupling of the ODW.

V. Conclusions

A numerical study was performed to evaluate parameters that
lead to Chapman—Jouguet oblique detonation waves as a result of

the interaction between the overdriven ODW and expansion waves in
stoichiometric hydrogen—air mixtures. Simulations were performed
for freestream parameters Mo, =8, po, =0.75 atm, and two val-
ues of temperatures 7., =275 and 300 K. Intermediate wedge an-
gles within the range of flow deflection angles that support sta-
ble ODW (8, Omax) led to the formation of Chapman-Jouguet
oblique detonation waves. In this case, the left-running characteris-
tic C*™ = arctan (v/u) + arcsin (1/M), which has the same angle as
C-J ODW, isolates the resulting ODW and further flow expansions
do not affect it. For wedge angles near to the maximum flow deflec-
tion angle that permit stable detonations, .y, @ decoupling of the
reaction front from the oblique shock wave is observed. In this case,
it is expected that further flow expansion would lead to the extinc-
tion of the combustion process and, eventually, the oblique shock
wave would become a Prandtl-Meyer wave. The physical mecha-
nisms that lead either to a C—J ODW or to combustion decoupling
are still unknown. It has been observed, though, that when the de-
coupling occurs, the flow expansion leads to strong flow curvatures
in the interaction region. Thus, the two-dimensional nature of the
interaction should not allow a description of the detonation process
by a quasi-one-dimensional polar technique.

The C-J measured value of the detonation cell width, A, of the
computed mixtures is around 6-8 mm (Ref. 8). It is interesting to
note that, when decoupling occurs, the ratio between the height of
the ramp /4 and induction length /; (and thus of A) of the chemical
process downstream from the leading OSW of the overdriven ODW
is smaller than when a C-J ODW is obtained. For given values of
the induction length and ODW angle, the ramp height controls the
pressure gradient of the expansion fan downstream from the ODW.
Future work should be directed toward examining the influence of
the ramp height on the decoupling process for a given ODW. More-
over, it would be interesting to perform analytical studies together
with numerical simulations to understand the physical mechanisms
that lead either to a C—J ODW or to a decoupled OSW-deflagration
system. To this end, asymptotic techniques,’ assuming high acti-
vation energy of the chemical reaction, seem to be a promising
avenue. Further mesh refinement, beyond the limits of the available
computational resources, would be desirable to fully capture the de-
tailed structure of the detonation waves. Also, the development of
higher order numerical schemes in unstructured meshes, currently
under way, should result in better resolution of the inner detonation
structure.
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