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We have investigated the effects of chemical composition and dilution on the regularity of
gaseous detonation cellular structure at a fixed critical tube diameter of 52 mm. Three fuel-
oxygen mixtures were studied as a function of argon dilution (0% to 80% by volume); the fuels
were acetylene, hydrogen and ethane. Smoked foil records were analyzed by digital image
processing to obtain a quantitative spectrum of the spatial wavelengths present in the cellular
structures. With increasing argon dilution, the number of cells across the tube diameter in-
creases from 4—10 at 0% Ar to 20—30 at 80% Ar at critical transmission conditions for acety-
lene-oxygen detonations, and the spectra of the cellular structures show a dramatic narrowing
in spectral content. A smaller decrease in the dominant spectral wavelength and less increase in
regularity with increasing argon dilution are observed for hydrogen-oxygen detonations. Eth-
ane-oxygen detonations have a much more irregular cellular structure and the spectrum is
characterized by a broad band of features with the dominant spectral wavelengths independent
of argon dilution.

Reaction zone lengths and sensitivity parameters have been computed using the steady-state
ZND model of detonation structure. The results of these computations show that these parame-
ters cannot account for the systematic variations in cell regularity and the differences in macro-
scopic behavior. A partial explanation is offered based on the response of the chemistry to large
amplitude variations in shock strength, i.e., degree of overdrive. The amount of overdrive at
which the reaction zone becomes endothermic is proposed as a figure of merit for instability
and is shown to correlate with present observations.

1. Introduction

The cellular structure of gaseous detonations
can be attributed to instabilities in the reacting
flow behind the leading shock wave. The spac-
ing observed in the cellular patterns are consid-
erably larger than the induction zone thickness
predicted by the steady-state Zel'dovich-von
Neumann-Doéring (ZND) model of the detona-
tion structure. Numerical simulations of detona-
tions have revealed regular oscillatory patterns
when the level of instability is relatively mild.!~
For highly unstable systems, however, a lar%ef
number of instability modes is predicted.”™
These modes interact in a nonlinear manner to
produce a complex and irregular detonation
structure.

A variety of cellular structures have also been

observed experimentally’’ and the regularity
of the cellular structure has been discussed by
many authors, including Strehlow® and Libou-
ten and van Tiggelen.” They classified cell
structures as excellent, good, poor or irregular
depending on the relative strength of the
substructure. This classification system is based
solely on subjective interpretation of smoked
foil records. To date, there have been no
attempts to characterize the cellular structure
quantitatively.

In spite of the difficulty in interpreting the
cellular structure, it has been possible to iden-
tify, from smoked foil records, cell sizes for
many fuel-oxygen and fuel-air systems.””'* In
fact, the cell width S has been proposed as a
fundamental detonation length scale which can
be used to characterize the detonability of
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gaseous explosives.”> A number of correlations
and models relating the cell width to a mini-
mum initiation energy and the critical tube
diameter for transmission of detonation have
been relatively successful.'®~'* The cell size has
also been linked to the chemical reaction kinet-
ics of the mixture through empirical correla-
tions with induction zone length computed for
the idealized, one-dimensional ZND model.'*~!®

The success of these models and correlations
demonstrate the physical significance of the cell
width and the relevance of S as a measure of the
overall length scale determined by the coupled
chemical-gasdynamic processes at the shock
front. However, recent experimental results
show that the macroscopic behavior of detona-
tions depends not only on the cell size but also
on the degree of cell regularity. These findings
indicate that parameters and/or length scales in
addition to the cell width or induction zone
length are required to characterize the macro-
scopic behavior of detonations. It is therefore
important to identify these additional length
scales or parameters and to characterize cell
irregularity so that fuel-oxidizer systems exhib-
iting different macroscopic behavior can be
classified. As a first step, more detailed quanti-
tative analyses of the smoked foil records could
provide means of distinguishing between sys-
tems. On the more fundamental level, these
differences must be accounted for by the
chemical reaction kinetics and gasdynamics of
the unstable detonation front.

The present paper reports on the analysis of
the cellular structure of detonations in gaseous
mixtures exhibiting a wide range of cell regu-
larity. The spectrum of characteristic length
scales is determined by applying digital-image-
processing techniques to the smoked foil rec-
ords. These records were obtained in gaseous
mixtures having the same critical tube diame-
ter, so that the macroscopic length scale which
characterizes transmission from an open tube
was fixed. Computations of reaction zone struc-
ture using detailed chemical kinetics were per-
formed and correlations between the various
length scales are assessed.

2. Experimental Apparatus

The experiments were designed to study
differences in detonation cellular structure as a
function of fuel type and dilution while holding
one detonation length scale (i.e., the critical
tube diameter) constant. A set of tests was
conducted with three fuel-oxygen mixtures
diluted with various amounts (0-80% by vol-
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ume) of argon. Fuels used were hydrogen (Hy),
acetylene (CgHjy) and ethane (CyHg). The ap-
paratus consisted of a detonation tube 6.8 m
long and 52 mm in diameter connected to a
large cylindrical vessel 500 mm long and 300
mm in diameter, which simulated an uncon-
fined volume.

Mixtures were prepared by the method of
partial pressures. Detonation in the test mixture
was initiated by the detonation of a short (0.1-
0.25 m) slug of equimolar oxygen-acetylene
mixture at the end of the tube. Detonation
velocity and pressure were monitored by three
pressure transducers positioned along the tube
wall. Success or failure of detonation transmis-
sion into the larger volume was monitored by a
fourth transducer mounted in the end wall of
the cylindrical chamber.

For a given mixture composition, tests were
conducted at different initial pressures to de-
termine the critical initial pressure for transmis-
sion into the large chamber. Subsequent tests at
the critical pressure were conducted to record
the detonation cellular structure. For this pur-
pose, smoked steel foils (150 mm X 250 mm X
0.1 mm in thickness) were inserted into the tube
near the exit into the large chamber. Following
the test, the smoked foil record was photo-
graphed for subsequent image processing.

3. Image Processing of Smoked Foil Records

Smoked foils were analyzed by a digital-
image-processing technique. In brief, the
technique consists of photographing the foil, di-
gitizing the negative using a scanning microden-
sitometer, enhancing the resulting digital image,
and then computing the two-dimensional Fou-
rier transform by a Fast Fourier Transform
method. Peaks in the power spectral density or
PSD (defined as the absolute square of the am-
plitudes of the Fourier components) are used to
identify the spatial frequencies present in the
image. A detailed exposition of the technique,
the theoretical basis for determining cell size
from spectra, and results from synthetic and ac-
tual data are given by Shepherd and Tieszen.'®

An example smoked foil record is shown in
Fig. la; this was produced in a test'” with a
mixture of 4.95% CyHy in air at 760 torr initial
pressure in an 0.89 m diameter tube. The
corresponding PSD computed for this image is
shown in Fig. 1b. The information in the
two-dimensional PSD is concentrated in two
narrow bands of lines, each of which contains
independent information about the two sepa-
rate families of triple-point tracks observed on
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Fic. 1. Example of the image—processing tech-
nique applied to a smoked foil detonation record
from a mixture of 4.95% CyH, in air inside a 0.89 m
diameter tube. (a) Photograph of original record. (b)
Power spectral density (PSD) computed from an
enhanced digital image of (a). (c) Projections of the
PSD onto lines centered on the main power bands.

the smoked foils.# These lines of information in
the spectral plane are oriented at angles a=*
with respect to the direction of the main
detonation propagation. The tracks formed by
the triple points themselves are oriented at
angles ©* = a* F @/2 to the direction of
detonation propagation.

Due to the concentration of information into
these narrow bands, the spectra are most simply
studied by examining projections of the PSD
into lines passing through these bands. Projec-
tions of the PSD of Fig. 1b onto these lines are
shown in Fig. lc. The frequency and wave-
length scales are appropriate for measurements
along the direction transverse to detonation
propagation, the usual convention for measur-
ing cell width. While dominant wavelengths can
be identified in the plots, a broad spectrum
exists. Visual estimates of the cell width range
between 10 and 20 mm.

1By a family of waves or tracks, we mean the total
set produced by all waves traveling in the same
direction transverse to the main detonation. A circu-
lar tube has two families, one rotating clockwise, the
other, counterclockwise.
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Not all the peaks in the PSD represent funda-
mental frequencies in the cellular pattern. Har-
monics arise simply due to the shape of the inten-
sity variation between the triple-point tracks in
the original image. However, the highest ampli-
tude peak is always located at the fundamental
frequency. Furthermore, there are numerous
types of “irregularity” which have various effects
on the resulting PSD.'® For the purposes of the
present paper we note that at least two types of
irregularity are observed in the cellular patterns
we consider. First, a given transverse wave has a
finite lifetime, leading to a finite track length.
Second, several different transverse spacings are
simultaneously present, corresponding to several
natural modes of oscillations.

4. Results and Discussion

4.1 Experimental and Spectral Analyses

The critical tube diameter d, for successful
transmission of a detonation from a round tube
into a spherically expanding detonation wave in
a surrounding cloud has now been established
as a measure of the detonability of a gaseous
mixture.!? For the purposes of the present
study, we have kept d, fixed and focused on the
structure of the detonations at criticality for
transmission from a 52 mm diameter tube.
Criticality is obtained at the value of inital
pressure p, that is bracketed by the GO and
NO-GO results for detonation transmission.

Critical initial pressures p, obtained in the
present investigation are shown as a function of
argon dilution in Fig. 2. For stoichiometric
CoHj-Oq, p, increases from 24 torr at 0% Ar to
385 torr at 80% Ar. Tests were also performed
with stoichiometric Ho-Os and CoHg-Oy mix-
tures at 0, 50, and 75% Ar dilution. Unfortu-
nately, the critical pressure for the 75% Ar
cases could not be reached within the safety
limits of the apparatus for either of these
systems, so that only a lower bound of p, > 980
torr could be obtained.

The mixtures used span a wide range of
detonation cell regularity,”'”*" ranging from
“excellent” in Hy-Os with 50% Ar to “poor” in
CoHg-Os. Many of the previous investigations
were performed in rectangular tubes and the
height or width of the tube was only a few cell
widths. Under these conditions, there may be a
substantial interaction between the acoustic
modes of the tube and the natural instability
modes of the detonation. By using a round tube
and operating under critical conditions, i.e.,
conditions under which the detonation could
successfully transmit to an unconfined cloud,
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Fic. 2. Critical initial pressure for successful
transmission from a 52 mm diameter round tube into
an unconfined cloud. Stoichiometric fuel-oxygen
mixtures diluted with argon. Data from this paper,
Matsui and Lee!?, and Moen et al."”

we have tried to minimize the effects of the
tube.

Typical smoked foil records and the one-
dimensional projections of the corresponding
PSDs are shown in Fig. 3 for stoichiometric
CyoHo-Os mixtures with 0, 40, and 80% Ar
dilution. The most striking feature is that the
characteristic length scales are more than a
factor-of-two smaller with 80% Ar dilution than
with no dilution. The cellular structures at 0
and 40% dilution are very similar both in the
level of regularity and in size, with several peaks
visible in the PSD. However, there appears to
be a shift toward smaller cells at 40% Ar
dilution. At 80% Ar dilution, the cellular
structure is clearly more regular. This is re-
flected in the single narrow peak in the PSD.

The trend toward smaller cells and increased
regularity with increasing Ar dilution can be
seen more clearly in Fig. 4, where the projected
PSDs for all dilutions studied are shown to-
gether. The wavelengths associated with the
peaks in the spectra are plotted vs Ar dilution in
Fig. 5. Also shown in this figure are the cell
widths measured directly from the smoked foils
by visually identifying dominant structures and
averaging the track spacing over a number of
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F1c. 3. Smoked foil records and PSD projections at
critical conditions for transmission from a 52 mm
diameter tube for stoichiometric CoHg-Og mixtures.
(a) 0% Ar dilution. (b) 40% Ar dilution. (c) 80% Ar
dilution.

clearly defined cells.'? The cell widths obtained
in this manner follow the same trend as the
wavelengths obtained by image analysis. How-
ever, the richness of the cellular structure’s
frequency content is completely lost by simply
characterizing the structure by an average or
dominant cell size.
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Fic. 4. PSD projections for 0, 20, 40, 60, 70, and
80% Ar dilution of stoichiometric CoHy-Oy mixtures
at critical conditions for transmission from a 52 mm
diameter tube.
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Fic. 5. Cellular pattern length scales from both
spectral and visual analysis compared to scaled
induction zone lengths (45A) for stoichiometric
CyH,-O; mixtures as a function of argon concentra-
tion. Critical conditions for transmission from a 52
mm diameter tube.

In view of the number of wavelengths that
can be identified, it is also difficult to assess the
validity of empirical correlation d. = 13S be-
tween the critical tube diameter and the cell
width.!"”®  Depending on the wavelength
chosen to represent the cell size, the number of
cells across the tube diameter at criticality is 4—
10 for 0% Ar and 20-30 for 80% Ar. It must
therefore be concluded that a linear relation-
ship between d. and the wavelengths obtained
from smoked foils is not valid for these systems.
To a lesser extent this is also true in the Hg-Oy
mixtures. No systematic effect is observed on
the spectra of the CyHg-O; systems with Ar
dilution.

Smoked foil patterns, together with the cor-
responding PSDs, are shown in Fig. 6 for two
systems: stoichiometric Hy-Oy diluted with 50%
Ar and stoichiometric CoHg-Os. According to
the classification system of Libouten al,’ these
mixtures exhibit excellent and poor cell regu-
larity, respectively. Although the cellular pat-
tern observed in 2Hs + Oy +50% Ar is not as
regular as that seen by Libouten al’ in a
rectangular tube, one characteristic dominant
wavelength is clearly seen. This is in contrast to
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Fi1c. 6. Smoked foil records and PSD projections
for two mixtures at critical conditions for transmis-
sion from 52 mm diameter tube. (a) Stoichiometric
Hy-O; diluted with 50% Ar. (b) Stoichiometric
CgHs-Og.

the wide spectrum of wavelengths obtained for
stoichiometric CoHg-Os.

The wavelengths corresponding to the peaks
in the PSDs for the Hy-O9 and CoH-Og systems
are shown in Fig. 7 for different argon dilu-
tions. Also shown are the visually determined
cell widths. For the CoHg-Og system there is a
wide range of wavelengths, even for high argon
dilution, so that it is difficult to associate just
one cell size with this system. On the other
hand, for Hy-O,, the spectrum is fairly narrow
and one characteristic wavelength can be de-
fined. For 50% Ar, this wavelength is close to 4
mm, which means that the empirical d, = 13§
correlation is approximately valid in this case.
However, cell size measurements at 75% Ar
dilution indicate that the cell size at criticality
becomes smaller with increased argon dilution,
so that the d. = 138§ relationship breaks down in
a similar fashion to that observed in the
C9oHj-Og system.

Some caution should be exercised before
attaching too much physical significance to the
actual spectrum of wavelengths obtained from
the smoked foil records. Firstly, the results are
obtained by the analysis of one record for each
mixture. Although this analysis typically in-
cludes a large number of “cells,” it can not be
considered a comprehensive statistical analysis.
Secondly, the spectrum of wavelengths is influ-
enced by the boundary conditions. Detonations
in other configurations, geometries, and away
from criticality could have a different spectrum
of wavelengths. However, the image-processing
results do show that different chemical systems
exhibit different cellular structure for a fixed
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F16. 7. Cellular pattern length scales from both
spectral and visual analysis compared to scaled
induction zone lengths (25A) for mixtures of stoichio-
metric (a) Hy-Oy and (b) CoHg-Oy as a function of
argon concentration. Critical conditions for transmis-
sion from a 52 mm diameter tube.

geometry and a constant value of sensitivity,
i.e., a fixed critical tube diameter. Furthermore,
the rich spectrum of cellular patterns typically
found on a smoked foil record is clearly
revealed by the image analysis. It is also clear
from this analysis that one unique “cell size”
cannot, in general, be defined based solely on
the patterns observed on smoked foil records.

4.2 Detailed Chemical Kinetics Computations

The cellular structure of detonations is a
reflection of the stability of the wave as well as
the fundamental chemical reaction kinetics and
gasdynamic processes within the detonation
front. From previous investigations, it has been
found that the induction zone length is typically
one to two orders-of-magnitude smaller than
the “cell size.” In spite of this disparity, linear
correlations between cell width and reaction
zone length have been relatively successful in
predicting the variation of cell width with

DETONATIONS AND EXPLOSIONS

composition and diluents for a variety of
fuel-oxidizer systems.

In order to investigate the role of both the
reaction zone length and its sesitivity to gasdy-
namic perturbations, we have computed the
reaction zone structure for both the Hy-O; and
C9Hy-Oy systems. The equations for the fluid
dynamics and gas-phase reaction kinetics in the
one-dimensional, steady-state ZND model were
solved numerically to obtain the reaction zone
structure. The reaction zone length A was
determined as the point where the maximum
energy release rate occurs. Discussions of the
methodology and comparisons with experi-
mental data are given in Refs. 14—16.

A detailed and comprehensive model of
hydrogen and acetylene oxidation consisting of
97 reactions involving 29 species was used in
this computation. The reaction mechanism and
rate constants are taken directly from Miller
al.2! We have used the entire mechanism except
for three reactions involving the species
C4H,OH.

As an example of our results, in Fig. 5 we
compare a constant multiple of the reaction
zone length (45A) with the length scales deter-
mined for CyHy-Oy with various argon dilu-
tions. The correct prediction of the general
trend indicates that some link does exist be-
tween the reaction zone length and these length
scales. For Hy-Oy mixtures, the comparison
with 25A is shown in Fig. 7; the behavior is
similar to that seen in the acetylene system.

Qualitative criteria have also been proposed
to account for irregular cellular structures.
These criteria are derived from theories of
detonation stability.?> For wavelengths much
longer than the reaction zone thickness, the
level of instability generally increases with the
global activation energy E, for the mixture.
This is in qualitative agreement with the
observation that the irregularity of the struc-
ture increases with the value of E4/RT, where
T is the postshock temperature and R is the
gas constant.? This parameter is related to
the sensitivity of the induction time 7 to small
changes in the Mach number M about the CJ
value Mcj,17 which has been used to character-
ize the stabilito of detonations to small
perturbations.?*#

The parameter —[dt/7)/[8M/M] was com-
puted numerically using a constant-volume
approximation to the reaction zone and ~ 1%
variations in M to obtain 8t. The values of this
parameter are given in Table I. Based on
stability theory, we expect that less stable
systems with more irregular cellular structures
will be associated with larger values of this
parameter. From the values given in Table I, it
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TABLE 1
Experimentally measured critical pressures and calculated chemical kinetic parameters for stoichiometric
CyHy-Os-Ar, Hy-Oy-Ar, and CyHg-Os-Ar mixtures at critical conditions for transmission through a 52 mm
diameter tube. Also included are the parameters for a CyH,-air detonation.

e A
Fuel % Ar (torr) (mm) —(87/7)/(8M/M) f* = (M¥M¢))?
CoH, 0 23 0.124 5.00 2.39
CgoHy 20 32 0.117 5.03 2:85
CoH, 40 43 0.125 512 2.21
CoH, 60 100 0.089 5.24 2.09
CoH, 75 165 0.078 5.34 2.06
CoH, 80 385 0.057 5.45 2.06
H, 0 245 0.174 7.53 3.07
H, 50 302 0.149 6.64 2.34
H, 75 990¢ 0.090 6.63 2:22
CyHg 0 215 i . 3.21
CyHg 50 320 = = 2.52
CoHs 75 975 = = 2.31
CoHy’ 0 760 0.070 5.10 3.90

a subcritical conditions
b 4.95% in air, 0.89 m dia tube

appears that this parameter cannot account for
the levels of cell irregularity observed in the
present tests. For example, in the CyHs-Os
system this parameter is only weakly dependent
on the amount of argon dilution, and the trend
is opposite to that predicted by the simple
stability theory. For He-Oy mixtures, the stabil-
ity parameter does decrease with increasing
argon dilution, opposite to the trend observed
in CoHs-Os. The values of the parameter range
from 7.5 to 6.6, much larger than the value of
5.1 computed for the CoHy-air example that has
a very irregular structure.

The failure of correlations and criteria based
on ZND computations for CJ detonations is not
too surprising. It is well-established that the
shock velocity within a detonation cell oscillates
between 0.8 and 1.6 times the CJ value. Al-
though CJ conditions characterize the average
state, most of the chemical reactions do not
occur at these average condition.?® In fact, most
reactions probably take place at temperatures
that are higher than the postshock (von Neu-
mann) value behind a CJ wave.

In order to determine the influence of these
variations in shock strength on the chemical
processes, we have computed the reaction zone
structure for a range of 0.5 to 1.5 times Mc;.
The constant-volume approximation was used
to compute the induction time for both the
stoichiometric CoHy-Os and Hy-Os mixtures
with Ar dilution. For both fuels, the effective
activation energies change abruptly for M =

1.2M;. This is due to the increased importance
of high-activation-energy dissociation processes
at elevated postshock temperatures. For CoHo,
the net result is an increase in the effective
activation energy; for Hy, the effective activa-
tion energy decreases. This distinctly non-
Arrhenius behavior will affect the stability of
the reaction zone and should be included in any
realistic treatment of detonation stability.

As the overdrive is increased, the net energy
release rate will eventually vanish due to a
balance between endothermic dissociation pro-
cesses and exothermic recombination of radical
species. This balance will limit the amplitude of
the shock oscillations. Simple thermochemical
computations can be used to determine the
amount of overdrive required to obtain the
onset of endothermic reaction and we propose
that it may be used as a figure of merit to
characterize the degree of instability and the
resulting irregularity of detonation cellular
structures.

The critical overdrive factors (f* = (M */Mcj)2
for which the reaction initially becomes endo-
thermic are given in Table I. In order of
largest-to-smallest f* values, the mixtures are
ranked as: CgHg-air, CyHg-Os, Hs-Os, and
CyHg-Oq. This is also the order of increasing
regularity, with ethane being a possible excep-
tion. The increasing regularity of Hs-Os and
CyHy-O; detonations with increasing argon
dilution is accompanied by decreasing values of
f*. Computations with Ny dilution instead of Ar
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show that the value of /* increases with dilution;
this trend agrees with experimental observa-
tions on cell irregularity in those systems.

The parameter f* cannot be the single con-
trolling factor since the present ethane results
and the dramatic effect of inhibitors on cellular
structure cannot be explained in this fashion.
Without a more complete understanding of the
instability mechanisms and the coupling be-
tween gasdynamics and chemical reaction
within the cellular detonation front, this rela-
tionship cannot be put on a firm footing.
However, the association of regular structure
with systems which become endothermic at low
amounts of overdrive could account for the
observed difference in macroscopic transmis-
sion and propagation behavior of detonations
in regular and irregular systems.'’

Transmission of detonations from a tube with
a central obstacle plate, for example, involves re-
initiation due to the implosion of the diffracted
shock waves.?” The temperature and pressure in
the central implosion region are much higher
than those behind a shock wave with CJ velocity.
We therefore expect that endothermic behavior
will setin at a much earlier time for systems that
are associated with regular cell structure than
those with irregular structure, so that reinitia-
tion will be inhibited in regular systems relative
to more irregular systems. This trend is exactly
what is observed experimentally.'”

Similar arguments can also be used to ac-
count for the failure of detonations in small
tubes. The lowest mode of propagation in a
round tube is single-head spin, whereby a
detonation propagates in a helical fashion
around the periphery of the tube with a velocity
of about 1.6 times the CJ] velocity.?® Failure
would therefore be expected to occur much
more readily in systems that are prone to
endothermic behavior. This is, again, exactly
what is observed.

By carrying these arguments one step fur-
ther, it is also possible to account for the
decrease in cell wavelengths observed at a fixed
critical tube size for increasing amounts of
argon dilution. Reinitiation at criticality occurs
near the apex of the cone formed by the
expansion from the diffraction aperture, and
the reinitiated wave sweeps through the pre-
shocked region of the cone.? Since the result-
ing temperatures are much higher than those
behind a C] wave in an unshocked region,
endothermic behavior could inhibit the propa-
gation of the sweeping reinitiation wave. This
implies that the successful transmission of
detonation would require a more chemically
sensitive mixture, that is, one with smaller
characteristic length scales.
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5. Conclusions

Image-processing analyses of smoked foil
records obtained in detonations of gas mixtures
exhibiting a wide range of cell regularity dem-
onstrate a rich spectrum of wavelengths in the
features of the cellular structure. In general,
the more irregular the structure, the richer the
wavelength spectra. A unique dominant wave-
length can only be identified in those mixtures
with an exceptionally regular structure.

It has also been shown that it is necessary to
characterize not only the reaction zone length
but also the response of the reaction zone to
large amplitude perturbations in shock strength.
Reaction zone computations using detailed
chemical reaction kinetics demonstrate that the
mixture composition can play a crucial role in
determining this response. Although the con-
nection between cell regularity and the large-
amplitude response of the reaction zone is
somewhat tenuous at the present time, it is
certainly plausible. A number of recent obser-
vations on macroscopic detonation response
can be explained by such a connection.
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COMMENTS

M. Stock, Battelle Institute, W. Germany. The amount
of irregularity you measure should be influenced by
the boundary conditions as well as by the mixture
properties. Would you comment on this influence?

Author’s Reply. Previous studies have shown a
substantial effect due to the confining geometry
whenever the detonation cell width is comparable to
the smallest dimension of the apparatus. This interac-
tion is accompanied by an increase in regularity due
to resonance between the intrinsic detonation insta-
bility and the acoustic modes of the tube. Our
experiments were carried out under critical tube
conditions and the tube diameter was 13 to 30 times
larger than the cell widths. Interactions between the
tube acoustic modes and the detonation structure are
expected to be much weaker under these conditions.

Since our technique for quantifying cellular structure
has only recently been developed, no systematic
investigation of the effect of varying the ratio of cell
width to tube size (A\/d) has been made.

C. O. Leiber, BI.C.T., W. Germany. Please, what is the
basic mechanism of soot deposition? For example, is the
triple point mechanism confirmed or assumed? I am
presently performing calculations on a multi-spherical
source model, and I get cells in pressure, impedance,
particle velocities, streamlines . . . , and I would like to
know which results are found in your investigations?

Author’s Reply. The soot is not deposited but merely
rearranged by the detonation wave and associated
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instabilities. No information about the fundamental
mechanism of track formation was obtained in this
investigation. The production of the sooted-foil
tracks was shown to unambiguously correspond to

the triple point trajectories by Lee et al. [Lee, J. H.,
Soloukhin, R. I. and Oppenheim, A. K.: Astronautica
Acta 14, 565-584 (1969)].



