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report; the results reported herein are not conclusive. 
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This report covers progress on a continuing program for the 
Investigation of the transition from deflagration to detonation 
In high explosives and propellants. Knowledge of the transition 
phenomena Is of vital Importance to the problem of explosive 
sensitivity. Sensitivity was recognized by NAVORD Report 3906, 
"Key Problems In Research and Development, Part I." as a critical 
problem under Supporting Research, paragraph 7 of section 7.7. 
Other publications in this series Include NAVORD Reports 5758, 
6104. and 6IO5. This work was supported by project FR-59, 
"Transition from Deflagration to Detonation". 

W. D. COLEMAN 
Captain, U.S.N. 
Commander 

ALBERT LIGH^BODY— 
By direction 
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TRANSITION PROM SLOW BURNING TO DETONATION: 
PARTIAL REPORT ON EXPERIMENTAL WORK IN 1958-59 

1. Shocked Flame Experiment 

The mechanism of growth of a shock-initiated reaction to 
steady state detonation Is most likely a thermal one. It can 
be envisaged to take place in the following steps: The shock 
wave compresses the explosive material and thus raises Its 
temperaturej the chemical reaction accompanied by evolution of 
heat is started and self-accelerated; meanwhile the heat of 
reaction contributes to the energy of the shock which Is also 
being accelerated. The process continues until detonation 
results. 

In consequence of such a mechanism there will be different 
rates of attainment of steady state detonation, and also differ¬ 
ent detonabilities, depending on the state of the explosive 
prior to the time of arrival of the shock. For example, the 
temperature necessary to start the detonation reaction will be 
obtained with a lower shock pressure if the explosive is pre¬ 
heated. Hence, one should expect that, other things being equal, 
a burning fuel would be more sensitive (i.e. can be detonated by 
a weaker shock) than a cool one. 

Some computational work has been done along this line of 
reasoning employing a simple one-dimensional model (1) in which 
the surface of explosive charge subjected to shock is maintained 
at a prescribed temperature higher than that of the rest of the 
charge. Since explosives have a relatively low thermal conduc¬ 
tivity, the temperature gradient into the charge is sharp and it 
extends over a thin boundary layer only; the rest of the charge 
is at the ambient relatively low temperature. It was found that 
at and near the surface the energy and the temperature behind 
the shock wave is much larger than for an initially cool surface. 
Hence it can be concluded that in such a simple model there will 
be increased shock sensitivity due to the fact that high reaction 
rates can be attained with relatively weak shocks. 

In reality, the case of a burning surface subjected to a 
shock is more complex. Here, one encounters the situation in 
which the reacting boundary layer can be solid, liquid or gaseous, 
or quite probably a mixture of all three. While it is certain 
that compressibilities of liquids and gases in such a case will 
be at least as high as those of the solid (those of gases 
probably much more so) and consequently a burning zone, hot to 
begin with, will be brought to a very high temperature when 
shocked, the problem of efficiency of transfer of thermal energy 
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from such a hot zone Into the solid charge within the short time 
of duration of the shock, Is a thorny one. 

A quantitative theoretical treatment would have to consider 
all such problems and hence would be a long and difficult one. 
The basis of experimental work related herein, however, is the 
bare qualitative recognition of the existence of a high tempera¬ 
ture layer In the unburnt explosive; no estimates about the 
amount of heat transfer from the heterogeneous burning zone were 
made. The prediction that the 50 percent point in the gap test 
would be higher for a burning explosive than for a cold one was 
purely qualitative. 

A. Experimental Procedure 

The NOL propellant gap test (2) was modified so that 
the surface of the acceptor charge facing the gap could be 
ignited prior to arrival of the shock wave. When deflagration 
was established the burned surface was shocked from behind 
with a shock propagating in the same direction. 

The essentials of the experimental arrangement are 
shown in Fig. 1. The explosive train consisted of a detonator, 
a booster charge, a gap, an air space, the acceptor charge and 
the target plate. The booster was a tetryl pellet 1 inch thick, 
either 1.625 inches or 2 inches in diameter. The gap consisted 
of the desired number of cellulose acetate cards 2 inches in 
diameter, 0.01 inch thick. 

The air space was allowed to house the equipment 
necessary for thermal initiation of the acceptor. The combined 
thickness of the gap and air space was fixed at 1.75 inch. The 
slight variation of air space thickness due to the change in 
the number of gap cards as the 50 percent point is approached 
was neglected in determining the 50 percent point. The thermal 
ignition system, housed in the air space, consisted of an 
ignition element and an ignition material. 

The ignition element was a type of spark generator. It 
consisted of a glass disk, 2.3 mm thick, 3I.7 mm in diameter, 
one side of which was coated by a thin carbon film. Two electrodes 
were soldered onto the coated surface and connected to a 5^0 volt 
capacitor discharge unit. The discharge path and hence the region 
of high temperature extended over a relatively large surface area, 
which is preferable to ignition at a point or along a line only. 

Several ignition materials were tried. A pyrotechnic 
mixture, A1A (Zr/FegOÿsillca^^/lO), whose flame temperature 
is in the vicinity or 4000°K, ignited the acceptor charge very 
reliably, but since its combustion products are dense solids. 

2 
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It was rejected lest It Interfere with the 50 percent gap 
determination. Both a double base small arms powder and 
gelatinized pyrocellulose, both having a relatively low flame 
temperature, were found unreliable. Black powder appeared to 
be most satisfactory. 

The acceptor was cast pentollte, pressed tetryl and In 
a few cases a double base propellant. Repeated tests were run 
on two explosives to observe slow burning. Pressed tetryl was 
found to ignite somewhat more readily than cast pentollte, but, 
as mentioned above, the A1A mixture and black powder gave very 
reliable results for both explosives. The linear burning rate, 
measured by burn-out probes burled in the explosive, was of the 
order of magnitude of 1 mm/sec. The propellant was ignited even 
more readily than the explosives, and it burned much faster. It 
was concluded that, once the surface of the acceptor was ignited, 
the reaction was very unlikely to die out. 

B. Cast Pentollte 

In a preliminary series of shots the explosive was gap- 
tested with the aim of obtaining the 50 percent point under 
conditions as sketched In Fig. 1 (without pre-ignition). To 
simulate the conditions used subsequently in the actual shocked- 
flame experiment, a dummy glass disk was placed in the air space 
adjacent to the acceptor to take the place of the ignition 
element. The booster was a pressed tetryl pellet 1 inch thick, 
I.625 Inches in diameter. 

The acceptor charge was cast into steel sleeves, 1.^37 
inches I.D., 1.882 inches O.D., either 2 or 3 inches long. Two 
different arrangements of these charge sections were fired: 
(A) a 2-inch section, followed by a 3-inch section, followed by 
another 2-inch section, so that the total length of the acceptor 
was 7 inches; (B) two 3-inch sections (total of 6 inches). 

In addition to the usual target plate criterion of 
detonation or failure, ionization probes were used in the 
following fashion: In arrangement (A) one probe was placed on 
top of the acceptor (facing the gap), another between the first 
and the second section and a third one between the second and 
the third section (i.e. probes were 0,2 and 5 inches from the 
top of the charge). In arrangement (B) they were on top, 
between the two sections and at the bottom of the acceptor, 
adjacent to the target plate (0,3 and 6 inches from top). Thus 
in either case propagation velocities were measured over two 
intervals. 

Since a comparison of the two criteria, plate damage 
and propagation velocities, is significant in some cases, the 
entire series of shots aimed at determining the gap value in 
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pentolite is tabulated (Table I), Tests in which 
was used are above the horizontal line, those with 
B below the line. 

arrangement A 
arrangement 

A comparison will now be made between the 7th and the 
oth columns of the table, which give independent evidence of the 
detonation or failure (the "Go-No Go" criterion). For a suf¬ 
ficiently long acceptor charge there should be complete corres¬ 
pondence between the hole in the witness plate and an increasing 
propagation velocity (or detonation) on one hand ("Go"), and a 
hump and a decreasing velocity on the other ("No Go"). An 
inspection of Table I shows that this is generally true, but not 
always. The exceptions merit individual mention. 

In shot PG j5 the time interval reading t2* is most 
likely a case of instrument error, since according to all other 
evidence a gap of 110 cards should result in failure of 
initiation. 

Shot PG 11 is more interesting, since it is obviously 
a case of marginal initiation. The recorded velocities can 
explain quite well the apparent discrepancy between the two 
criteria in the last two columns. It appears likely that the 
growth toward detonation was so slow that detonation was not 
reached even after 7 inches of travel. This shows —as in fact 
did the NOL propellant gap test (2) in the case of porous pro¬ 
pellants - that a charge considerably longer than 5.5 inches may 
be necessary to distinguish unambiguously a detonation from a 
failure. However, while Judging the results in Table I, one must 
keep in mind two things. First, the only definite way of de¬ 
termining the course of build-up or failure is continuous record¬ 
ing of the propagation velocities. Second, the above experiments 
cannot be compared directly with the NOL propellant test, because 
they were obtained with a smaller booster and with an acceptor 
interrupted by ionization probe gaps. The latter may well slow 
down a growing reaction considerably. 

Similar reasoning will apply to shots PG l}, I5, 18, I9 
and 20. It may be noted that in the last two shots, velocity 
D23 is higher than in any other non-detonating shot. This is not 
surprising, because in arrangement (B) the propagation velocity 
is measured over the last 3 inches of the acceptor, adjacent to 
the target plate, while in (A) the last probe was 3 inches from 
the plate. 

From the above it can be concluded that a gap of 102 
cards or less will lead to detonation, a gap of more than IO5 
cards to failure. The 50$ point can be given as 104 + 1 card, 
the values of I03, 104 and I05 being doubtful. One may speculate 
that shots PG 11, I5, 19 and 20, in which the propagation velocity 
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Is Increasing, would have probably developed into detonation 
(i.e., would have to be classified as "Goes") in a longer charge 

ro” 1r n? firm ground ror decision. Hence the "Probably8 ' 
Go judgment given in the last column of the table. 

4.W 4. While the series of shots given in Table I thus indicates 
that, around the 50 percent point, a rather long acceptor may be 
necessary to determine the outcome of any particular shot, the 
actual 50 percent gap value can be obtained almost equally well 
.J the target plate as the only criterion. Consequently, 
in further shots the ionization probes were omitted. 

«am «In4.îhe actual shocked flame test the arrangement was the 
same as in the straight gap test except that (a) the ignition 
element replaced the dummy plate of the same thickness; and (b) 
a black powder pellet 1.5 inches in diameter, 0.25 inch thick 

ia» was used as the ignition material. The pellet 
was ignited (with the ignition element described above) approxi- 

^econd before the detonation of the booster. Five shots 
were fired; one at I08 cards, two at 106 cards, one at 10-4 cards 
and one at 101 cards. All of the shots failed. The apparent 
decrease in sensitivity due to the flame is probably not a real 
one, as discussed below. ^ 

Similar results were obtained in another series of tests. 
Ihe experimental parameters were changed as follows: The booster 
was a tetryl pellet 1 inch thick and 2 inches in diameter (ca 70 
gm) rather than 1.625 inches diameter (ca 50 gm) used previously 
The acceptor was a charge of pentolite cast into a steel sleeve 
1.457 inches I.D., 5.5 inches long. Also, a fuse wire was placed 
on too of the acceptor to signal the arrival of the burning front, 
whereupon the booster charge was detonated. The black powder 
pellet used to Initiate deflagration was the same as in the first 
series of tests. With this arrangement the 50 percent gap of the 
cold acceptor was about 15^ cards, and the 50 percent gap of the 
burning acceptor 125 cards. 

The latter testing arrangement, which resembles the NOL 
propellant gap test more closely, was used in all subsequent 
experiments (tetryl and the propellant). 

C. Tetryl 

The experiment was repeated with tetryl as both the 
booster and the acceptor. The acceptor had the same geometry 
(5 1/2 inch length) as the pentolite in the second series of 
tests, but it was pressed (1.60-1.65 gm/cc density) rather than 
cast. All of the other experimental details were the same. 

7 
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the cold aTÄ6Ä? ^ 

about'g cards^J^pentoUte!8 ab0Ut 10 °ard3' compared to 

D. Double Base Propellant 

« “”Sr¡S“í ='-“r “ test. The propellant was machined to fit the 5 1/2 Inch long tube. 

® found that the cool prooellant dnp«» nnf *i__ 

LVnr° rlue ln thls configuration? Se Shocked flame “st 
sensltl??t1oíeS3^PPíle? aSaln t0 lnvestlgate the possibility of 
fo? pei^îne anHe??n.Wa3 neSaMVe’ ln aCC°rd wUh the nesults 

Discussion 

Shocked flame tests with both 
tetryl (and also with the double ba 
mentally consistent set of results, 
variance with the expected behavior 
tlve estimate of an aspect peculiar 
employed shows that the discrepancy 

cast pentollte and pressed 
se propellant) give an experl- 
whlch are apparently at 

. However, a rough quantita¬ 
te the testing arrangement 
does not necessarily exist. 

In spite of the fact that the black powder was used as the 
Ignition material precisely because Its combustion products are 
largely gases, the material does leave an 
solid residue which, in effect, increases 
the reaction 

appreciable amount of 
the gap. Assuming 

2KNO-5 + S 3CO2 + N2, 

the products are about 40 percent solids. Since the weight of 
the black powder pellet was 11.6 gm, the reaction would leave 
close to 5 gm of solid residue. Assuming further that the 
relative ability of any two solids to degrade shock waves is 
based on a weight to weight ratio (a tenuous assumption which can 
give only an order of magnitude estimate), a mass of 5 gm is 

t0 about 15 gap cards- Th1-s could easily account for 
the difference of 9 and 10 cards found for tetryl and pentollte. 

The conclusion that can be drawn from all of the above data 
Is that, under the described testing conditions, the shock 
sensitivity of the acceptor charge is not markedly changed by 
the presence of a slow flame. If there is any sensitization at 
all, it must be small. 

8 
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2. Deflagration-Detonation Transition (DDT) 

The experimental arrangement of the NOL-DDT test has been 
given In several reports The work reported herein was 
undertaken to give answers to a few specific questions concern¬ 
ing the test. First, a number of DDT shots had been fired 
previously In which the pressure-time profiles In the region 
near the hot wire Igniter were measured by means of strain 
gauges (4). Many of the pressure-time traces showed abrupt 
discontinuities. It was suspected that the discontinuities 
were due to voltage pulses arising from discharge of Ionization 
probes used simultaneously with strain gauges; the conjecture 
has now been tested and It Is reported In section A below. 
Second, so far only the results with the sensitive explosives, 
pentolite and DINA, have been reported. Below Is the description 
of behavior shown by the less sensitive TNT (section B) and 
Composition B (section C). The charge geometry, as well as all 
the Instrumentation methods (ionization probes, strain gauges 
and collapse probes) were used exactly as developed and reported 
previously (4,5), so that a repeated description Is not necessary. 

A. Strain Gauge Measurements 

Four cast DINA charges were provided with two C-14 
strain gauges as described In Ref. 4. However, the usual Ioniza¬ 
tion probes were not placed along the wall of the charge. While 
not all of the resulting four oscilloscope records are smooth, 
the previously observed pulses superimposed on the pressure 
record were not observed. It Is concluded that the previously 
observed pulses are probably due to Ionization probes. The 
explanation Is reasonable, because the ionization probes are 
kept under high potential difference (several hundred volts) 
which is discharged through the wall of the charge upon which 
strain gauges, responding to signals in the millivolt range, 

are mounted . 

The phenomenon suggests the possibility of using pulses 
superimposed on the continuous strain gauge trace to establish 
the common time reference for the pressure-time and the velocity 

measurements. 

B. Thermal Initiation of Confined TNT 

The TNT charges were cast Into tubes of different 
lengths. They were all provided with ionization probes; In 
addition, some of them were provided either with strain gauges 
designed to measure pressure as a function of time in the region 
of initiation, or with collapse probes which signal the arrival 
of a compression front. Under the conditions of confinement 

9 
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used In these experiments (0.375 inch wall thickness) the steady- 
state detonation velocity, measured with ionization probes, was 
determined to be 6.8 mm/Vsec. A total of 18 shots were fired; 
they can be classed in five groups. 

1) The first group were four 12-inch long charges 
(shots Tl-4, Ref. 6) provided with four ionization probes each, 
placed at 1, 4, 7 and 10 inches from the igniter respectively. 
A relatively low ignition current (13-15 amp compared to the 
more usual 16-19 amp) was applied and the delay to explosion 
varied between 2.5 and 10 sec. 

The results were vastly different from those of more 
sensitive explosives. All four tubes were recovered practically 
Intact, Deformation of the target plate was barely noticeable 
indicating quite low propagation velocity at the end of the 
12-inch long run. The closed end of the tube was damaged indica¬ 
ting that the casing was thrust rocketwise in the direction 
opposite to that of propagation of the reaction. Some unreacted 
or partially reacted TNT was found scattered around the firing 
chamber. 

Little information can be obtained from the oscilloscope 
records. In the first shot, three signals were recorded giving 
the average velocities over two intervals of 0.61 and 1.15 
mm/^sec respectively; the sweep speed of the oscilloscope was 
too rapid to permit recording of the fourth signal (if any). In 
the other shots the recording time was increased from 200 (isec 
to 500 |j.sec. Either too few or too many signals were recorded. 
The latter effect results if retriggering,of probes occurs; its 
occurrence demands special caution in assigning signals to 
specific probes. If the few clear signals recorded are assumed 
to have come from adjacent probes, velocities of about 1 mm/psec 
are obtained. 

Since difficulties with triggering had been anticipated, 
the above four charges had each been provided with two additional 
probes at the same distance from the Igniter as the first and the 
second probe of the oscilloscope and connected to a Potter 
counter. The counter either failed or gave unreasonably long 
times (up to a millisecond) so that, on the whole, the osclllo- 
scopic records -appear more reliable. 

All of the above evidence shows that the reaction 
approximated propellent burning rather than growth toward detona¬ 
tion. 

A fifth charge of this series failed to ignite (possibly 
on account of malfunctioning of the Nichrome igniter) and was 
initiated by a detonator at the open end of the charge. The 

10 
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propagation velocities measured over three ¿-Inch Intervals 
were 2.1, 2.0 and 2.1 mm/usec respectively, a surprisingly 
constant "low order detonation". 

2) The second series consisted of six shots (PT 1-6, 
Ref. 6). The charges were Instrumented both with ionization 
probes (1, 4, 7 and 10 Inches from the igniter, as before) and 
with strain gauges. The qualitative results are much the same 
as those of the first series, although the charges ignited more 
readily.* The Ionization probe signals were still erratic, but 
two complete records were obtained this time (Shots No. PT 3 
and PT 4. These and several other shots for which reasonably 
complete velocity data were obtained are collected in Table II.) 
The recorded velocities vary between 1 and I.5 mm/usec. 

Since the steel tube did not rupture, the strain gauges 
were recovered after the shots. Their resistance (2000 ohm) was 
not changed. Four pressure-time records were obtained (Fig. 2). 
The slow sweep record of shot PT 1 shows several pressure 
fluctuations of ¿5 to 45 kpsi over almost 2 milliseconds. PT ¿ 
and PT 6 show an increase of pressure for about 450 (isec, to 
above 48 kpsi and to ¿9 kpsi respectively, whereupon the pressure 
decreases. In PT 4 a maximum of 53 kpsi was attained within 
I80 psec; the pressure remained at about 50 kpsi for an additional 
200 usee and then decreased gradually. It can be seen that none 
of the records is smooth. PT ¿ is a striking example of ioniza¬ 
tion probe signals superimposed on the pressure trace discussed 
in section A. 

The pressure records of this series of shots explain 
why no transition to detonation occurred. The reason is twofold. 
First, it is very doubtful whether the maximum pressures attained 
are sufficient to shock-iniciate an insensitive explosive such 
as TNT. Second, even if a shock of that amplitude could initiate 
the charge, it has been shown (7) that to form a shock wave 
within the explosive charge the pressure rise would have to be 
considerably steeper than in the above shots. It is concluded 
that no shock was formed. 

* Just as the shots discussed in paragraph 1, shots PT 1-6 were 
ignited with a low current (12 to 14 volts). The fact that they 
ignited more rapidly can probably be accounted by ambient 
temperature difference. While actual temperatures were not 
recorded, shots T 1 - T 4 were fired in December and shots PT 1- 
PT 6 in May and June. 

11 
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SHOT PTI
HORIZONTAL DEFLECTION: lOOO^SEC/CM
vertical deflection; 6 e kps i/cm

■■■•lit ^ ' 1Ibsssw
SHOT PT3

HORIZONTAL deflection; 50mSEC/CM 
vertical deflection : 6 e kpsi/cm

SHOT PT4 SHOT PT6
horizontal deflection. SO>tSEC/CM horizontal deflection 50 ftSEC/CM
vertical deflection 18 5 KPSi/CW vertical deflection 6 6 KPSI/CM

FIG. 2 STRAIN GAUGE PRESSURE-TIME RECORDS OF
TNT SHOTS
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5) The third series consisted of three shots with 
34.5 Inch long charges (shots T 6, T 7 and T 8) provided with 
four Ionization probes each. The probes were placed 3.5* 15.5* 
25.5 and 53.5 Inches from the Igniter. The qualitative results 
were similar to those described In previous paragraphs, but In 
shot T 6 the tube did fracture yielding nine long fragments. 
Propagation velocity data were fragmentary, as before, and they 
were In the same range of values. One complete record was 
obtained (T 8 In Table II). 

4) The fourth series were three 34.5 Inch long charges 
provided with both the Ionization probes and strain gauges (PT 7» 
PT 8 and PT 9). The probes were at 5* 15* 23 and 33 Inches from 
the Igniter. None of the tubes ruptured and there was only 
slight damage to the target plate. Good Ionization probe data 
were obtained and are given In Table II. Two pressure records 
were obtained; in one of them a maximum of 5^ Kpsi was attained 
in 240 |isec, and in the other 24 Kpsi in I50 ^isec. Thereafter, 
the pressure trace was unaccountably discontinued. There is a 
possibility of malfunctioning of the Instrumentation. 

5) Since the measurements on the 3^*5 Inch long charges 
showed a persistent acceleration (see Table II), two more shots 
were fired with 58.5 inch long charges (PIT 1 and PIT 2). The 
charges were each provided with ten collapse probes at 2, ^*1 > 
20 26, 32, 38, 44, 50 and 56 inches from the igniter, the first 
of which triggered two oscilloscopes, one for the collapse probes 
and the other for Ionization probes. There were nine Ionization 
probes at 8, 14 ... Inches. Since the anticipated time span was 
over 1 millisecond, the raster oscilloscope of Kendall and Amster 

(8) was used for both types of measurement. 

Both tubes ruptured. There was a very slight damage to 
the target plate in shot PIT 1 and a little more in shot PIT 2. 

A complete ionization probe record was obtained for 
shot PIT 1; as shown in Table II, there was persistent increase 
of propagation velocity from 0,86 to 1.91 mm/usec. The ioniza¬ 
tion probe record of shot PIT 2 is not clear; there are irregu¬ 
larities which may or may not be due to probe signals. Most of 
the measured time Intervals, if assumed to correspond to propaga¬ 
tion over 6 inches, result In velocities between 1 and 1.5 
mm/psec. 

Results obtained from the collapse probes remain in¬ 
conclusive. Some of the probes were shorted before firing; 
several others apparently failed in the test. 0niy £rJSm®¡Jtary 
data were obtained, and thus, in spite of the fact that, to 
"label" the signals, the successive probes were set so as to 
give opposite deflections of the oscilloscope (+ or -), it does 

14 
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not appear possible to ascribe measured time Intervals to 
corresponding distances between probes. However, In shot PIT 1 
It Is evident that pulses recorded at later time are more clear- 
cut than those nearer the beginning of the run, probably because 
the compression waves were growing stronger. The shortest 
interval of time recorded was 68 usee; on the assumption that 
this measures the time between adjacent probes (most likely 
toward the end of the charge), the corresponding velocity, 2,24 
mm/(isec, is higher than any other recorded in TNT. 

Thus at least one charge showed an increase in burning 
velocity which persisted after almost five feet of propagation 
so that even such an unusual length of run has proved insufficient 
to resolve the crucial question of detonation or failure. There 
is a possibility, however, that the next logical step to a 
drastically longer charge may not be necessary: The last two 
shots were arranged in such a way that, on account of rather 
bulky collapse probes, the explosive charge was at least partly 
interrupted at 6 inch intervals, and the reaction may have been 
slowed down accordingly. The indications are that this was the 
case, because, compared to earlier measurements, the acceleration 
in PIT 1 was unusually slow. A charge of the same length without 
collapse probes may attain the velocity of about 2 mm/usec sooner, 
whereupon it is likely that the rate would accelerate rapidly, 
fail or possibly stabilize (low order detonation). It would 
also be worth while to initiate a rather long charge, say } to 5 
feet, with a detonator to confirm the low order detonation 
behavior mentioned in paragraph 1 and to find out about subse¬ 
quent course of reaction (build-up, failure or continuing low 
order propagation). 

C. Thermal Initiation of Confined Comp. B 

Cast Comp. B was subjected to the DDT test. A total of 
five shots were fired in two series. In both series the charges 
were provided with ionization probes only. 

1) The first series consisted of three shots (B 1, B 2 
and B 3). Eight ionization probes were placed at 1, 2, 3, 4, 5, 
6, 7 and 10 inches from the igniter. The charges were initiated 
with a relatively large current (18 - 20 amperes) and delays to 
explosion were less than 1 second. 

None of the charges detonated, but a rather violent 
reaction took place. All the tubes shattered and some of the 
fragments were quite small, but the damage to the target plate 
in the first two shots was very slight (comparable to TNT shots 
of section B). In B jj the damage to the plate was considerable, 
indicating a rapid sub-detonation reaction. 

15 
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Ionization probe records are Incomplete. Thus, although 
the propagation velocity data are Inconclusive, they do suggest, 
at least for shots B 1 and B 2, that there was a rapid accelera¬ 
tion to velocities near $ mm/iJLsec, followed by deceleration. In 
B 3 the damage to the target plate also suggests a velocity of 
perhaps 2-3 mm/pisec. 

2) The second group consisted of two shots, B 4 and B 5, 
In which three Ionization probes were placed at 5.5* 8.5 and 11.5 
Inches from the Igniter so that velocities were measured over two 
Intervals only. In the middle and toward the end of the charge 
respectively. Since the previous series Indicated that the 
propagation velocity may reach a rather high value at some point 
of the run, the intention was to establish whether such a high 
velocity would build up or decay. 

The results are clear-cut. In B 4 the velocities 
measured over the two intervals were 3.3 and 1.3 mm/usec; in B 5 
they were 2.5 and 2.2 mm/^sec respectively. Thus in both cases 
a relatively high velocity was attained and then it decayed. 
Both the acceleration and the decay are borne out by qualitative 
results: The shattered casing indicated a high velocity, while 
the slight deformation of the target plate witnessed the decay 
toward the end of the charge. 

3. Summary 

As stated in the abstract, this NavOrd is a progress report 
in which few firm conclusions have been reached. Since, however, 
at the present time It is uncertain if and when the above programs 
will be continued, it appears worth while to summarize the 
significant aspects of the work. 

^1. The shocked flame experiment gave two results. -?4rst, 
'"Vhe preliminary gap testing without a slow flame showed that the 
length of the acceptor may have to be more than is occasionally 
supposed if unequivocal results of failure or detonation are 
sought. From this point of view results reported in Table I are 
Instructive quite apart from the shocked flame test application. 
Secondait has been shown that under the described testing 
conditions, the shock sensitivity of the acceptor charge is not 
markedly changed by presence of a slow flame. 

2. The relative sensitivity of four cast explosives sub¬ 
jected 'to the NOL-DDT test agrees qualitatively with sensitivity 
ordering derived from field experience and other tests; pentolite 
and DINA are most sensitive, Composition B intermediate and TNT 
the least sensitive. Only the first two explosives have been 
brought to detonation under the conditions of the test. Since 
velocities of the order of magnitude of 1 mm/psec have been 
obtained in all four explosives, this means that both in Comp. B 

16 
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and In TNT the burning rate (perhaps Identifiable with "low 
order detonation") goes through a maximum and then falls. As 
has been discussed elsewhere (5), Initiation of detonation or 
failure to detonate In the DDT test depends on the balance 
between chemical reaction and side rarefactions so that the 
likelihood ofvtransltlon will depend on the strength of the 
casing. Hence tt would appear that the confinement used above, 
although sufficient for transition In pentollte and DINA, was 
not sufficient for TNT and Comp. B. . 

A; 
It was pointed out In section 2 that In the case of 

TNT, the evidence Is that no shock formed during the run. No 
pressure-time measurements were taken on Comp. B so that one 
cannot determine whether a shock formed or not. If it did, as 
Is possible, It was not strong enough to effect transition to 
detonation before the tube ruptured. 

17 
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