
Introduction
We usually observe an ordinary detonation in a rectangular tube.  The ordinary detonation has two

Mach configurations near the detonation fronts: a single Mach structure (Fig. 1a) and a double Mach structure
(Fig. 1b)1, 2.  On the other hand, a marginal detonation occurs in a system near the detonation limit, so that it
would fail if the pressure were a little lower or the channel depth a little narrower.  The frontal structure of the
marginal detonation is clarified3-5, and there are three Mach configurations on the transverse wave structure: the
single, the double, and a complex Mach structure.  In the complex Mach structure (Fig. 1c), the small front piece
of the transverse wave is the reflected shock, though most of it is a transverse detonation.  Strehlow and Biller6

define the transverse wave strength S to evaluate the transverse wave that plays an important role to the
detonation propagation.  With pressures of P1 and P3 (shown in Fig 1), the transverse wave strength S is defined
as S = P1/P3 – 1.  Previous studies6 ,7 reported that in the ordinary detonation, the transverse wave strength equals
to 0.5, and in the marginal detonation, 1.5.  In the work of Takai et al.8, the relation between the post-shock
conditions and the second explosion limit was experimentally investigated and they suggested that the second
explosion limit might be associated with the irregularity of the H2-Air detonations.

In the present study, two-dimensional propagating detonations are simulated in the stoichiometric
hydrogen-oxygen mixtures diluted with nitrogen or argon.  We treat initial pressures and inert diluents as
parameters, and measure the transverse wave strengths as a function of the channel width.  Through our
computations, we observe flow features around the detonation fronts and detonation cell structures.  The lowest
post-shock conditions are determined through the cell and are utilized for the validation of the work of Takai et
al.

Physical Model and Numerical Setup
The governing equations are the two-dimensional Eule

system.  In the current study, a 9-species, 19-reaction mechanism for
algorism used for solving theses equations is Yee’s non-MUSCL
equations are integrated explicitly and the chemical reaction sourc t
manner.  The detonable mixtures are homogeneous stoichiometr
nitrogen or argon at initial conditions listed in Table 1.  The half-rea
distance behind the shock at which the mass fraction of hydrogen is 
and the equilibrium steady state value.  The computations are perfo
and 12.8 computational cells/L1/2 along the x and y directions, respe f
the computational domain are mirror boundaries.  The inflow and o
and burned conditions, respectively.  The computation is started by m
two-dimensional grid.  An unburned gas pocket is placed behind th
wave structure.  After a few thousand time-steps, well-shaped cellula
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Case P0 (atm

a 1.000
b 0.421
c 0.132
d 1.000
e 0.132
r equations for a chemically reacting gas
 hydrogen-oxygen combustion9 is used.  The
-type TVD upwind explicit scheme10.  The
e term is treated in a linearly point-implici
ic hydrogen-oxygen mixtures diluted with
ction length in Table 1, L1/2, is defined as the
equal to the average of the free stream value
rmed with a constant grid resolution of 20.0
ctively.  The upper and lower boundaries o
utflow boundaries are fixed by the unburned

Table 1. Initial Conditions
) T0 (K) Diluen

t
DC-J (m/s) L1/2 (µm)

293 N2 1979.5 167.3
293 N2 1958.4 380.0
293 N2 1931.7 1177
293 Ar 1862.1 41.47
293 Ar 1790.6 394.5
apping a one-dimensional C-J solution on a
e frontal shock as a trigger of the transverse
r structures are obtained.  



Results and Discussion
To sum up our all computations from Case a to Case e, we obtained the relation between the channel

width and the transverse wave strength shown in Fig. 2.  As the channel width is increased, the transverse wave
strength increases while a single cell is appearing.  The transverse wave strengths of Cases a and b increase up to
1.5, but the other cases do not go over 0.9.  The cell number increases across the critical channel width and we
defined these channel widths as WMAX, depending on the initial conditions of the gas mixture.

In the history of the post-shock conditions, the values regularly oscillate because of the fluctuation of
the frontal shock.  The lowest pressure and temperature are determined by the conditions behind the incident
shock just before the transverse wave collisions.  According to the work of Voevodsky and Soloukhin11, the
second explosion limit at high temperature and pressure atmosphere dose not signify the extinction but the mild
ignition.  We pursue the lowest post-shock pressure and temperature and plot those conditions on the T-P
diagram with the C-J conditions and the second explosion limit (see Fig. 3) in the widest channel widths, WMAX.
The conditions of Cases a and b vary across the second explosion limit, but the post-shock conditions of the
other cases never intersect the second explosion limit.  Although in the previous work of Takai et al. the lowest
post-shock conditions of both the mixture diluted with argon and nitrogen went over the second explosion limit,
their conditions were numerically determined by the conditions behind the shock propagating at the velocity of
0.8 DC-J.
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Fig. 1. Shock configuration of the frontal structure of the detonation: (a)a single Mach structure,
(b)a double Mach structure, (c) a complex Mach structure�M: Mach stem, I: Incident shock, R:
Reflect shock�
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Fig. 4. Instantaneous pressure contours and mole fractions of hydrogen on background– (a) Case
a, W = 40L1/2, (b) Case b, W = 40L1/2, (c) Case c, W = 20L1/2, (d) Case d, W = 20L1/2, (e) Case e,
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Fig. 2. Channel Width W/L1/2 vs Transverse
wave strength S (    : the widest channel width,
WMAX).

Fig. 3. T-P diagram shows post-shock conditions
with the C-J conditions and the second explosion
limit - Case a, 40L1/2; Case b, 40L1/2; Case c, 20L1/2;
Case d, 20L1/2; Case e, 10L1/2 (C-J; Chapman-
Jouguet detonation conditions).
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Figures 4 show the pressure contours around the shock front just before the transverse wave collisions

on the background of the mole fraction of hydrogen.
In Cases a-d, the transverse detonation occurs, and
in Case e, an unreacted gas pocket is observed
behind the shock front as shown in the hydrogen
distributions.  Therefore, the shock configuration of
Cases a-d shows the complex Mach structure, and
Case e shows the double Mach structure.  Although
the transverse detonation (TD) in Cases a and b
precedes the transverse shock (TS) which originates
from the end of the transverse detonation (Figs. 4a
and 4b), the transverse detonation in Cases c and d
follows the transverse shock (Figs. 4c and 4d).  The
proceeding detonation in Cases a and b indicates that
the strong transverse detonation occurs and therefore
the transverse wave strengths of Cases a and b
increase up to 1.5.

Let us examine the effects of the�channel
width on the transverse wave structures.  The
maximum pressure histories of the propagating
detonation for different channel widths of Case a are
shown in Fig. 5.  The high-pressure regions around
the triple point become gradually clearer and thicker,
as the channel width increases.  The aspect ratio
decreases with the increase of the channel width.
Owing to the occurrence of the transverse
detonation, the contrast of the maximum pressures
becomes clear, and the propagating velocity of the
transverse waves goes up.  As for the transverse
wave structure, Fig. 5a - W = 5L1/2 - corresponds to
the WMAX of Case e (the double Mach structure), and
Figs. 5b and 5c - W = 10L1/2 and 20L1/2, respectively
- do to those of Cases c and d (the complex Mach
structure with a normal transverse detonation).  The

Fig. 5. Detonation histories presented by maximum pressure distributions of Case a:(a) W = 5L1/2,
0.84mm, a/b=1.7, (b) W = 10L1/2, 1.7mm, a/b=1.6, (c) W = 20L1/2, 3.3mm, a/b=1.5, (d) W = 40L1/2,
6.7mm, a/b=1.4 (W: Channel width, a/b: Aspect ratio).
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Fig. 6. Post-shock pressure and temperature
histories in Case a:(a) 5L1/2, (b) 10L1/2, (c)
20L1/2, (d) 40L1/2  (Solid lines, post-shock
conditions: Broken lines, the second limit).
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post-shock pressure and temperature histories on the centerline of the cell (Solid lines) are shown in Figs. 6.  In
these P-t diagrams, all of the post-shock conditions oscillate across the conditions corresponding to the second
explosion limit (Broken lines), and the lowest post-shock conditions in Figs. 6a-6c agree with those in Fig. 6d -
W = 40L1/2 - (the complex Mach structure with the strong transverse detonation).  Then, it is difficult to simply
say that the transverse wave structure relates to the post-shock conditions.  The strong transverse detonation,
however, occurs only in the case where the post-shock conditions vary across the second explosion limit.  The
details of the transverse wave structure remains as a matter to be examined in the future.

Summary
Two-dimensional computations of propagating detonations in stoichiometric hydrogen-oxygen

mixtures diluted with nitrogen and argon were performed using a detailed chemical reaction mechanism.  The
transverse wave strength was defined as the dimensionless pressure increase across the reflected shock and was
determined for different channel widths.  The transverse waves evolved as a function of the channel width, and
its strength grew up while a single cell is appearing.  Although the complex Mach structure is observed except
for the hydrogen-oxygen-argon mixture at initial pressure 0.132 atm, the strong transverse detonation occurs
only in the hydrogen-air mixture at 1.00 and 0.421 atm.  The effect of the post-shock pressure and temperature
on the transverse wave structure was examined, and the possibility that the second explosion limit has an
important role to the occurrence of the strong transverse was indicated.
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