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IN-SITU STUDY OF THE CHEMICALLY DRIVEN FLOW FIELDS
IN INITIATING HOMOGENEOUS AND HETEROGENEOUS
NITROMETHANE EXPLOSIVES!

Stephen A. Sheffield, Ray Engelke and Robert R. Alcon
Los Alamos Naticnal Laboratory
Los Alamos, New Mexico 87545

Electromagnetic gauging has been used to make in-situ measurements of particle
velocity and impulse at five Lagrangian positions in nitromethane (NM) during gas-
gun-dnven, shock-to-detonation experiments. Homogeneous initiation experiments
were conducted using NM that was chemically sensitized (using an organic base)
and heterogeneous initiation experiments were done with physically sensitized NM
(using silica particles). In the homogeneous initiation experiments, some of the fea-
tures we observe are consistent with the classical homogeneous initiation model,
however, our measurements show that the superdetonation does not form immeds-
ately after an induction time. Considerably behind the initial shock, reaction causes
a wave to build up over a discermible length and this wave evolves into a superdeto-
nation which catches the iratial shock. In the hetercgeneous initiation experiments,
the waveforms incivated that wave growth occurs primarily in the shock front, simi-
Llnr to (fu'lu r ()}N o) \.muns in ()tll(l lu Lerogeneous explosives.
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INTRODUCTION

The conclusions drawn in the classical studies of
Campbell, Davis, Travis, and Ramsay!-? concerning th=
initiation process in homogeneous and heterogeneous
explosives depend primarily on inferences drawn from
shockwave trajectory measurements. Essentially all of
our intuitions concerning the initiation of detonation in
homogeneous condensed-jhase materials have their origin
in such measurements; some of these ideas remain con-
troversial. Although considerable in-situ measurements
have been made on condensed-phase heterogeneouv's ma-
tenals, little work has been done on heterogeneous ma-
terials in which the inhomogencities are controllable. It
is increased understanding of the evolutionary wave pro-
cesses in homogeneous and controllable heterogeneous
explosives that this research addresses.

Classical homogeneous initiation can be illustrated
using a time-distance diagram (tirst drawn by Chaiken’
and later by Campbell, Davis and Travis!) as shown in
Figure 1. The explosive is shocked and, after an mdne
tion peniod (which depends on the imtial zhock pressioe),
a thermal explosion ocenrs at the explosive/driver inter
face. After the explosion, a superdetonation runs forward
into the precompressed explosive. Eventnally, the sn
perdetonation overtakes the imitial shock and then decays

e
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to a steady ZND detonation. It seems reasonable that es-
tablishment of the superdetonation is more complex than
this picture. Recently Kapila et al.4-* have studied the
initiation process theoretically (in gaseous systemns) and
have obtained both analytical and numerical evidence of
a more complex senes of steps that lead to the superdet-
onation Their ideas lead to modifications of the classicai
homogeneous model as shown in Figure 2. They have
found an unsteady process in which the superdetonation
develops from a weak detonation that, in turn, results
from the thermal explosion at the input boundary. The
weak detonation slows down and evolves into a superdet-
onation which then overtakes the initial shock. In this
work we are looking for experimental evidence of how the
superdetonation develops. This has been done by making
in-sitn measurements in condensed-phase homogeneous
nitromethane (NM) explosives.

Studies of initiating NM have been conducted by a
number of researchers in the past 30 years. Chaken?
(19E7) stnched shock-initiated NN and developed the
time-cdhstance chagram (shown m Fignre 1) that describes
the presently accepted model of homogeneons initiation
as deseribed above. Campbell, Davis, and Travis! (1961)
prodneed considerable evidence 1hat corroborated, am
phiied, and extended Chaiken's conclnsions. Drennn, et
al.® (1965) reported embedded electromngnetic gauge
mensnreimnents that also support the wdeas of the model;
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FIGURE 1. TIME-DISTANCE DIAGRAM FOR THE
CLASSICAL HOMOGENEOUS EXPLOSIVE INITIA.
TION PROCESS.

unfortunately. they were only able to make one measure-
ment per expenment and because of iconsistencies in
the explosive drive it was nipo.sible to get a clear pic:
ture of the wave « .ution process. Berke, et al.”7 (197))
studied NM, along with ten other liquid explosive ma-
terials, looking for clu~s as to the chemistry involved in
the initiation process. Although there were definite clues,
this work was apparently stopped before in-depth un-
derstanding developed. Hardesty® (1976) reported gun
driven experiments in which a veloeity interferometer
system was used to measure the mput boundary veloc
ity and compare it to emitted hght information obtained
on the same experiments. Walker and Wasley? (1970)
did very large scale experiments to study the mitiation
srocess at lower pressures than in the previous studies.
alker!'¢ (1979) also reported work in which iaitiation
sensitivity was measured (at the same low input pres
sures) as a function of diethylenetrinmme addition to the

NM.

In all these stndies, very few saceessful i mnterial
measnrements have been made to mensnre the rvolution
ary buildup process Smce all the expernnents ivolve
explosive dniver systems (with the exception of those
by Hardesty), the mpnts to the NM were not constani
and sometnnes ill defined. The ineasoirements nsnally
made were time Instonies of shoek trajectonies, motion of
boundnri=s, or einmted hght, the latter bemg the most
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FIGURE 2. TIME-DISTANCE DIAGRAM OF
KAPILA, ET AL.® FOR GASEOUS EXPLOSIVE INIL
TIATION, SHOWING THE DEVELOPMENT OF
THE SUPERDETONATION.

commonrn. These studies all generally support the clas
sical homogencous initiation model but details of the
buildup process remain unknown. In addition, ronflicts
exist in superdetonation velocity measurements and in
‘hermal-explosion-time data, depending on how the mea
surements were made and by whom. [t was to clarify
some of these conflicts and to begin to understand the
details of the buildup process that brnu%ht us to use a
multiple, embedded particle velocity and impulse gauge
technique to look again at this evolving reactive process.

A heterogencous imitintion process? is different from
the homogeneous case 1n that wave growth oceurs at
the front, as well as behind the front. Sueh a wave has
a relatively orderly growth to detonation, rather than
the abrupt changes caused by a superdetonation. Little
is known about the mechanisis that prodnce e wave
growth other than that shock mdueed hot spo.s develop
at the inhomogeneities. Thns makes the explosive mnch
more sensitive than it wonld be withont the inhoine.
geneities. To date, the size and natmre of the mhono
geneities have not been snfhicientty controllable to allow
detmled understanding

Engelke!'! and Fngelke and Bdal'? have made de
tarled studies on shmple prototvpical NAM based con
densed explosives concernmmg how chennenl mnd phys
cal sensitizntion of the N affear steady two dimensional



detonation. It seemns reasonable to expect correspond-
ing sensitization effects in the initiation regime. We have
studied the initiation process using these same materials.
Our experiments are superior to earlier initiation work

in two important respects: (1) the chemically driven flow
fields were measured directly by use of in-situ, multiple
electromagnetic gauges and (2) chemical reaction was
induced in the test materials by use of gas-gun-driven
projectiles allowing precise control of the initial fluid-
dynamic state and following flow.

In this paper we describe the experimental setup,
followed by a discussion of the homogeneous experiments
and then a discussion the heterogenous experiments.

EXPERIMENTAL SETUP

The liquid explosive NM was our homogeneous pro-
totype: it was chemically sensitized to allow initiation
with the available gas gun. (Chemically sensitized NM
has long been known to be more sensitive to initiation
than neat NM.!%) The heterogeneous materials were
produced from NM by controlled addition of solid het-
erogeneities to gelled NM. Since the homogeneous and
heterogeneous explosives are chemically similar, results
obtained from the two cases help to separate the chemi-
cal from the physical eflects. Addition of heterogeneities
allows more rigorous control of hot-spot characteristics
(e.g.. size, spetial distribntion, shape) than is feasible
with standard (e.g.. pressed) explosives.

The h()mogf’nﬁ)us chemically sensitized NM was
made by adding 5 wt% of the liqnid organic base di-
ethylenetrianune (NH,(CH, ), NH(CH,); NH;  hereafter
called DETA ;) to liquid commercial-grade NM to make a
95/5 wt% NM/DETA material The heterogeneous ma-
teriai was made by gelhng commercial-grade NM (with
guar gum) to winch sihca beads had been added; the fi-
nal composition was 92.75/6.0/1.25 wt% NM/h;ll(‘&/gu&r
gum. For details concermng the materials and how they
were prepared see References 11 and 12

All the expeniments were dome nsing an 8 m-long, 72
mim-diameter bore single stnge gas gnn capable of projec
tile velocities up to 1.43 mm/us. An electromagnet was
mstalled i the gnn target chamber to provide the mag
netic field (= 325 ganss) requured for the electromagnet) -
EnNging setng

Elcctiomagnetic gnngimg in shock experiments wis
first reported by Zmtsev, et nl o the Soviet Union
1960 ' The svstem that we e nsing wis developed
by Vorthman and Wiekerle mi the saly 19806 7™ The
giorge piuckage melades, i additioa to particle veloe
ity ghages, mpnlse grages wineh were first reported
by Yonng, Fowles, aned Swaft™ (We refer tao ths gimge
prekage as nn MV gioage, for Mapnetie houpalse anild



Velocity gauge.) The MIV gauge package 1s an = 60 um
thick membrane, which 1s suspeaded in the liquid so that
a particle velocity and an nnpulse measurement are made
at each Lagr&ngian position. The use of this gauging sys-
tem is discussed in some detail in Reference 15. In the-
ory it is possible to measure particle velocity, impulse
(pressure u.nd shock velocity in an unreactive material
with the auge technique. In our experiments, re-
action causes changes in the flow field from one gauge to
the next, so only average shoch velocities are obtained.
The impulse data are used primarily as an indicator of
the pressure because of the difficulties encountered in
numerical differentiation. The particle velocity data are
the most reliable measured quantity and are the primary
information obtained.

Since the NM materials were liquids, a 68.6-mm out-
side diameter cell made from Plexiglas was used to clamp
the gauge package and contain the <ample material. (De-
tails of the gauge and cell construction are shown in Fig-
ure 3.) The cell fronts were either Kel-F or Plexiglas (de-
pending on the pressure desired :n the sample material)
and were approximately 6-min thick. The MIV gauge
membrane was suspended in the cell at a 30 degree an-
gle with the cell front, giving 5 particle velocity and §
impulse gauge measurements in each experiment (one of
each gauge type at a common a.xiaJ p(mition) with each

mm. The inside of the ccll wlnch comes in contact with
the NM. was lined with Teflon film to eliminate any NM
attack on the PMMA. Before the cell front was attached.
the positions of the gauges in the cavity were measured
with a depth measunng microscope. After a cell was
filled with explosive, carc was taken to eliminate all the
air bubbles in the explosive before sealing. In all cases,
the shock imtiation experiment was completed within 3

hours of filling.

Input to the NM was by a well controlled gas-gun-
driven Kel-F projectile with a sapplure facing. Inputs
ranged from 5.8 to 7 GPa (projectile velocities of 1.26
to 142 mm/us). The target was positioned betwen the
pole pieces of the electromagnet in a region where the
magnetic field was uniform to within 1% A schematic of
the projectile nnd target shortly before nnpact 1s shown

in Figure 4.

RESULTS AND DISCUSSION

Shot data for ench of the experiments are given in
Table 1 Beecanse Hugomots for the two materials have
not yet been meisoired, we nsed the mmversal™ hgind
Hungomot!” for the shock velocity particle veloaity reln
tionslnp, along with the nppropnate densities, to obtan
the mpet conditivms by impedines matehimge. The mpo-t
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FIGURE 3. CELL AND GAUGE CONSTRUCTION
DETAILS.

conditions are estimates with an accuracy of a few per-
cent. These will be corrected later after the Hugoniots
are measured.

HOMOGENEOUS NM

Particle velocity profiles and the resulting time-
distance (t-x) diagrain from Shot 747 (a 95/5 wt %
NM/DETA cxperiment with a NM inpnt pressure of 6.8
GPa) are shown in Fignre 5. (The third gange record
was nosy becuyse the recording digitizer differentinl
comparater was set incorrectly ) Notice the constant
level initial shock, followed by chauges in the waveforn
dne to shock-induced reaction considerably behind the
shock front. In this expernnent transition to detonation
occurmd between the third and fonrth gaages, as indh
cated by the changes in particle veloeity waveform pro
files. Tunes at both the start and the top of the growing

o]
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FIGURE 4. PROJECTILE AND TARGET JUST BE-
FORE IMPACT.

TABLE 1
NITROMETHANE SHOT DATA

Impedance Match
NM I Condit;
Cell Proj. Initial Part. Shock

Shot Impactor  Front Vel. Dmsitg' Vel. Stress Vel.
No. Mat’l Mat't mm/ps Mg/m* mm/us GPa mm/us

Homogeneous (95/5 wt% NM/DETA)

747  Sapphire  Kel.F 1.4l 111 148 68 412

755  Sapphire Kel-F 1.26 1.11 1.34 5.8 3.89
Heterogeneous (92.75/6.0/1.25 wt% NM/silica/guar gum)

748 Sapphire  KelF  1.42 1.17 147 70 410

154 Vistai PMMA 1.42 1.17 1.33 6.0 3.88

756  Sapphire Kel-F 1.39 1.17 1.44 6.8 4.06

wave (at cach gauge position) were determined from the
particle velocity wavcforrs, plotted on each gauge trajec-
tory, and then joined to produce the wave paths shown
in the t-x diagram. Notice they coalesce into a single
shock.

This dhagram indicates the detonation-wave evo-
lution process occury over a relatively long time and
distance, with the wave starting out as a compressive
wave and growing to form a shock. As shown, a super-
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detonation does not form immediately at the input
boundary but rather after a relatively long buildup pro-
cess. In fact, we can only infer from our records that a
superdetonation occurs just before overtake of the ini-
tial wave. This inference is made because a wave of su-
perdetonation velocity is required to link up the informa-
tion from the particle velocity gauge- into the consistent
picture shown in Figure 5(b). In this figure the dashed
line with the shallow slope represents the locus of a su-
rerdetoration that would be required to agrec with the
initial shock overtake time observed from the waveforms
and indicates clearly that a relatively long induction time
would be required when compared to our data. In previ-
ous studies, streak camera measurements of emitted light
as the initiation progressed led to the model of the su-
perdetonation being formed immediately after the ther-
mal explosion at the input NM boundary. In our exper-
iments, we do not yet know at what point light wouﬁiC
begin to be emitted with an intensity that a streak cam-
era could record.

A similar analysis was done for Shot 755 but since
the wave did not completely grow to a detonation before
the end of recording, it was only possible to estimate the
condition where detonation would have been attained.
The evolving wave in this experiment achicved about
the sarre wave shape at the position of the fifth gauge
as was observed in the second gauge of Shot 747. The
time-to-overtake data are tabulated in Table 2 for these
two experiments.

TABLE 2
HOMOGENEQUS NM RELAXATION & OVERTAKE DATA
Caiculated NM Overtake
Input Conditions From Gauge Mcas. Conditions
Part. Shock Part.
Shot Vel. Pressure Vel Vel. Pressure Distance  Time
No. mm/us GPa mm/uq nnn/ps GDPa nin s
747 1.48 6.5 4.12 1.30 6.2 3.3 0.9
750 1.23 5.8 J3.89 1.24--1.18 5.9-.0.1 =7.8 =2.0

To give some adea of how our work fits with previ-
ous studies; we compare it to the work of Hardesty?®. He
reported a series of very nice powder-gun-dnven exper
iments in which the NM mpnt bommdnry particle veloe
ity was measinred using a VISAR veloeity interferometer
system' . In the snme exveriments, the emitted light wie
mensured with a streak caomera in the simme vay that it
had been done m several previons studies. These expen
ments were done on neat NM with pressnves generated in
the NM bemng between 7 und 9 Py Beeanse the inpnts
were the resnlt of projectite npoct, o (known) constant
state was developed in the NM after the mitial shock



Hardesty observed that particle velocity decay at the
input interface occurred ccnsiderably before any emit-
ted light was visible on the streak camera record; in fact
the decay occurred in about 50 to 60% of the time to
first Light. He stated that using the emitted Light to in-
dicate the thermal explosion may lead to overest .mates,
by nearly a factor of two, in the induction time. te did
not, however, indicate what effect this observation would
have on the accepted homogeneous initiation model. It
is obvious tha decreasing the thermal explosion time by
a factor of two, whiie leaving the time at which the su-
perdetonation overtakes the initial wave the same, would
lead to a low velocity superdetonation, too low to be
physical.

If we fold cur data into this picture, mterpreting the
information so that the reaction (i.e, the particle veloc-
ity relaxation) occurs earlier and the reactive wave does
not give off sufficient light te record with the streak cam-
era until it has built up to a compression wave, then our
information agrees rather well with the observations of
Hardesty. In this case it becomnes necessary to modify
the homogeneous imtiation model to include these fea-
tures. This new model 1s shown by the t x diagram of
Figure 5(b). H the two models shown in Fignres 1 and 2
are contrasted to our diagram. it is easy to identify con
siderable differences. In our maodel the superdetonation
develops from a growing compressionr wave which starts
from the runaway chemical reaction at the input inter:
face, with the buldup occurring over a considerable time
and distance. This sharply disagrees with the idea that
the superdetonatior forms immedintely, giving off snfh
aent light to record, and indicates that enntted hght s
not a good measure of the indnection time (time to run
away chemical reaction or a thermad exploasion).

We are not yet prepared to gunrantee that Figure
5(b) is the correct model for homogeneous NM initiation
Additional experiments will be required to ehuminate the
possibility of gauge pertnrbations and deinopstrate that
this model 18 correct. [t should also be remmeimbered that
we are working with NM/DETA homogeneons explosive
rather than neat NM | althongli the agreement between
our ideas and Hardesty's neat NM data seeins to imdieate
they have sicilar behavior. We nlso note that addition
of 5 wt% of DETA to NM produces a sinall amcunt of
the DETA/NM salt in suspersion in the NM. We plan
to elinnnate this compheation, in the bhitnre, by working,
with lower DETA concentrations

Another interesting aspect of om mensinenents is
that in each of the homogeneons NM expernnents, the
condition i the nitinl shock wis somev-hat different
from that expected for the paticnlsr impnet conditions
and the estimated Hogonots of the materads imvolveld
The gnuge measurements of the nntial wive mdiente
a lower pressire (and also pmticle veloaty ) state than
wauld be expected Fased on estimatimg the mpat NM



conditions by impedance matching (by about 10% in
both pressure and particle velocity). We feel this dif-
forence is more than the uncertainty in the Hugoniot for
the NM, indicating that something (perhaps endothermic
chemistry) may be happening in t%]e initial wave. In fact
the particle velocity and impulse waveforms recorded on
Shot 755 show a generally decreasing state from the first
to the fifth gauge. To illustrate this diflerence, the ex-
pected input state and the measured state in the initial
wave are compared in Table 2

Time-to-overtake values obtained from the t-x di-
agrams are also tabulated in in Table 2. In Shot 747,
overtake occurred between the third und fourth gauges
and it appears that, to make all the times come out cor-
rectly the reactive wave grew to a superdetonation prior
to overtaking the initial wave. In the case of Shot 755,
we extrapolated the measmed wave behavior to where
we thought the overtake would have occurred if a longer
measurement were possible. These data have been plot-
ted on a Pop-plot, along with some of the available neat
NM data (taking some liberty in interpreting the data,
becaase all the previous expennmenters did not report
the time-to-overtake). These are il bown i Figure
6. Data given in the figure are these: C.D.T are from
Campbell, Davis, and Travis!', Hard. are from Hardesty®,
Vosk. et al. wre from the Soviet Umont¥, Walk. are from
Walker and Wiaslev®, SRI are from Berke, et al.? | and
New Homo are from thns study. A hine has been drawn
through the neat NM data (withont the benefit of a fit
ting routine) to give some idea of the slope of the data.
A hne has also been drawn through the two points of
this study for the chenncally sensitized NM (rememnber
ing that the lower presswe point is an estimate) aned,
while 1t 1s not the same slope as that of the neat NM,
it s sinnlar and mnch different than for the heteroge
neons data, whneh woll be shown later. It s interesting to
note that adding the 5% DETA to the NM increases the
sensitivity greatly, the hne moves down i pressire by
= 3 (il’a at an overtake tirme of 1 s

HETEROGENEOQUS NM

The binldnp m the heterogencons NN experiments
wan totally different from that observed m the homo
geneons experninents. Fignre 7 s a plot of the parti
cle veloaity waveforms imeasnred i Shot 748 where the
explosive wns heterogeneons NN (92 70/6 0/1 25 wt'
NM/sihien/giar gonn with an mpnt pressore of 70 GPa)
The gmge records imdieate a wave that 1w growing both
at the front and hehimd the front Beeanse of this growth
m the front at s impossible v estimme from the revonds
what the mpnt condhition wans - We have ealenluted tins
condition nag nupedance mntchimy, techimepies and
the estimated mpnt conditions me given i ‘Table 1 Al
thongh the mpa* conditions vaned from 6 1o 7 GPa, the
waveforms fiom ench expennmem were sl The
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FIGURE 6. POP PLOT OF OUR NEW DATA FOR
SENSITIZED NM AND SOME OF THE AVAILABLE
DATA ON NEAT NM.

diagrams were plotted from the gange data and the time
and distance-to-detonation conditions were rleternined.
These are tabulated, along with the estimated mput con
ditions, in Table 3.

TABLE 3
HETEROGENEOUS NM DETONATION
TRANSITION CONDITIONS

Calculated NM Transition
luput Conditions Conditions
Part. Shock
Shot Vel. Pressure Vel. Distance  Time
No.  mm/ps GPa mm/pus tmin s
748 1.47 7.0 4.10 32 0.72
754 1.33 6.0 J 8K 4.57 0.93
756 1 44 G8 4.06 3.27 0.74

In adl thres heterogeneons experiments, an electrieal
burst occurred al about the snme time that the apparent
transition to detonation occmred  Fyidence of this phe
nomenon can be seen i Figine 7 (1 the form of nose on
the particle velocity wavefonus) insdienting, that the tran
sition oceurred between the third mnd fom th {nmy_rs The

souree of thiv signnb is unknown (1t was not observed m
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FIGURE 7. PARTICLE VELOCITY WAVEFORMS
FROM SHOT 748 INPT'T 7.0 GPA.

the homogenecons expenments) although a snmlar phe-
nomena was observed by Sheflicld m shock-induced re-
acting carhon disulfide experiments done at Washington
State University severul years ago??. We used this efvr-
trical burst to pinpoini the transition-to-detonation when
drawing the t-x diagrauns.

The three time to-detonation pownts for heteroge-
neous NM are plotted, along + ith the homogeneons data
of tlns atudy and several dunta tor PBX 9404?! in Figure
8. Lines have beer drawn throngh all three sets of data
to give soime idea of the relationship between them, The
heterogeneous NM is very close to the PBX 9404 data
both position and alope, showing that it is a relatively
sensitive matenial. The slope of the chenncally sensitized
homogenecous NM s nich chfferent from the heteroge
neous NM slope. It is interesting to note that one homo
gencous datnm and two heterogeneons data are nearly in
the same position on the Pop plot so that they achieved
detonation i simlar times and distances bt the wave
forins (and the imtintion process) of Fignres 3 and 7 me
completely different.

Waveforms obtamed in the heterogeneons expen
menta are consstent with earher stadhes on sohd, hetero
geneons explonives, 1 e, the wave grows at the front (as
well as behind the front) imto nodetonation However | we
beheve that nogreat deal ean be tearned abont heteroge
neons nitiation by vinyimg the size, the mmnber density,
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FIGURE 8. POP-PLOT FOR HETEROGENEQOUS
NM, ALONG WITH OTHER MATERIALS FOR COM
PARISON.

the shape, and the nature of the heterogeneities in the
gelled NM. We conjectnre that it will be possible to tai-
lor imuation waveform profiles by changing the vanables
associated with the heterogeneities.



SUMMARY AND CONCLUSIONS

In-situ multiple magnetic gauging experiments have
been completed on homogeneous and heterogeneous NM
Homogeneous explosive was made by chemically sensi-
tizing neat NM. This made it sensitive enough taat it
could be initiated with our gas gun, allowing a well con-
trolled input to the liquid explosive. We measured par-
ticle velocity profiles at discrete Lagrangian positions
from initiation to detonation in a single experiment with
multiple gauges. Based on our measurements, we have
proposed important refinements to the clussical homoge-
neous shock-to-detonation initiation model, including a
relatively long reactive wave buildup which evolves into
a superdetonation that overtakes the initial shock. This
differs considerably from the classical model in which a
thermal explosion occurred, immediately producing a
superdetonation which traveled a considerable distance
in the precompressed NM before overtakiug the initial
shock. The chemicall:- sensitized NM has a similar slope
in the Pop-plot plan= to neat NM but offset to lower
pressures by = 3 GPa.

Heterogeneous WM was produced by gelling the NM
and suspending silica particles in it. Again we measured
from initiation to detonation in a single experiment.
Growth occurred both at and behind the front in a man-
ner similar to that which has been measured in other
heterogenous materials. The sensitivity of this puysically
sensitized heterogeneos NM was similar to that of PBX
9404 (po = 1.84 Mg/m?) both in slope and position on a
Pop-plot. We hope this is the first step in a program in
which considerable understanding can be developed con-
cerning the role of hot spots in heterogeneous imtiation,
as we can control the size, shape, nunﬁx'r density, and
impedance of the heterogeneities.

That these experimments could be done over the full
detonation regime without gauge failure has been grat-
ifying. This technique will almost certainly lead to a
more detailed understanding of the buildup process in
both homogeneons and heterogeneous systems. We are,
however, concerned about gauge perturbations and must
check this possibility out carefully before making categor
ical staterments. Much remains to be done to completely
understand the processes observed in the waveforins we
liave already obtained. 1t will take a number of gun ex
periments on both the homogeneous and heterogeneous
materials to rule out gnnge pertnrbation effects and de-
termine how the process vanes with input conditions. At
the present tune, the consistency of our data, both be-
tween the experiments we have done and also with the
enthier stndies, snggests the pertarbations are small.
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