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THE SHOCK-TO-DETONATION TRANSITION IN TRIETHYLENE GLYCOL
DINITRATE {(NOSET-A)

Prepared by:
J. W. Forbes
N. L. Coleburn

ABSTRACT: The detonation and detonation buildup properties of
triethylene glycol dinitrate (NOSET-A) were evaluated in small-scale
detonation and wedge tests. e detonation velocity is strongly
affected by the temperature. Detonation propagates at 5950 m/sec when
the heavily confined liquid at 60°F is initiated by a plane-wave
booster. Failure however occurs when the NOSET-A is at 29°F. The
detonation pressure at V55°F is 170 kbars. NOSET-A transforms to
detonation in the wedge test at transmitted pressures in the range of
110 - 130 kbars with a behavior similar to nitromethane.
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This report gives results of laboratory datonation and shock impact
tests which wer: performed in support of the NOSET-A Qualificaticn
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This work was done under: ORD TASK-054--000/U2306.

The authors are grateful to D. Gillmore &nd N. Snowden of the
Naval Ordnance Laboratory who assisted in the experiments.

ROBERT WILLIAMSON II
Captain, JUSN

By direction




NOLTR 73-17

CONTENTS
Page
’ I. INTRODUCTION . © & v v v v 4 4 o o o o o o o o« o« o o s 1
II. EXPERIMENTAL . . + & o v o 4 &« o o o o o o« o o o 2 o = 2
III. CONCLUSIONS . . v ¢ ¢ @ 4 o o o o o o o o o o o = o @ 6
IV, REFERZNCES e e e e e e e e e e s e e e e e ae e e 7
Tables
Table Title Page
1 Shock co-Detonation Measurements . . . . . . . . . . B
ILLUSTRATIONS
Figure Ti+ 2 Page
1 Liquid Wedge~Test Arrangement . . . v e o« . 9
2 {A) The Effect of a Cylindrical Detonatlon of
NOSET~A on a Steel Witness Plate at 60°F . . . .10
{B) Detonation Failure Occurs at 29°F. . . . . . . 10
3 Smear Camera Record of shock-to-Detonation
Transition in a NOSET-A Wedge - - - . . . . . . . . 11
4 x-t Diagram of Shock Transition in NOSET-A . . . . .12
5 Pressure (P) - Particle Velocxty (u ) of NOSET-A .
and Otto Fuel . . . . . . e 1;
6 Hugoniot Equation-of~ StaLe of NOSFT h and TN L

11i




TERTT TR Vo, il T

Hearn

P P

O BT Ak 1 s Wy TR

Wil T

ey

T U O T b T T

NN S M R VY, g . T

T e o all W i s e o e, i, 5,

"' 25 s sl s s 1

NOLTR 73-117

I. INTkCDUCTION
This report describes tests to assess the initiation behavior and

detonation properties of the liquid propellant, NOSET-A, NOSET-A is

a clear, yellow licuid consisting of triethylene glycol dinitrate with

3% of dibutyl sebacate and 1% ethyl centralite, added respectively as

a desensitizer and a stabilizer. The density of the liquid is

1.30 g/cm3 at a temperature of 20°C. The explosive properties of

NOSET-A toc our knowledge have not been reported.

One purpose of this study was to oktain critical pressure* vaiues
for assessing the hazards of explosion in the c<vent the propellant
were cxposed to a shock or blast environment. It is considered that
the probability of any explosive material being detonated by mechanical
shocks is a function of the shock pressure transmitted into the mate-
rial. If the material is detonable and is subjected toc a shock below
its detonation pressure, chemical reaction will still occur and accel-
erate if the shock is of sufficient amplitude and duration. The shock
will travel a measurable distance {called the run distance) withir
the explesive before detonation results. The lower the transmitted
shock pressure the greater will be the run distance and the time before
detorsation occurs. Below some critical pressure however, detonation
w11l not occur and reaction ordinarily will be quenched.

There are 3 number of tests which can give information on the
critical pressure for detonalicn io result, e.g., calibraced gap tests.
However the wedge test, reference 1 and Figure 1, is admirably suited
to this measurement, and yields not only the critical pressure but the
time and run distance within the explosive before a steady detonation
wave is observed. In the test, a shock of known amplitude is trans-
mitted to a wedge of the test explosive by a calibrated plane pressure
pulse from an inert shocked material. The time and xrun distance are
detected by waeasuring tho velocity and positior. of the transmitted
shock wave by high-speed smear camera phctouraphy. These measurements
allow camparisons to be made of the sensitivity behavior of explosives
when shock-initiated. The test can also compare explosives by
determining ‘:he pressure and time required tc induce significant
reaction in them when they are shucked.

*The pressure nee.ed to detonate an explosive at the 50% probability
level.
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Prior to the wedge experiments, it was necessary to determine
whether the NOSET-2 was detonable and if 50, o determine its detona-
tion properties At will be shown in the naxt section of this report,
the detonation and transition to detonation propegties of NOSFT-A are
comparable to those of the_explosive nitromethane< and are differant
from those of Otto Fuel II3, Otto Fuel II which is to be replaced by
NOSET-A does not build to detonation in the NOL wedge test:.

II. EXPERIMENTAL

A, DETONATION VELOCITY MEASUREMENTS. Some propellant materials
subjected to strong mechanical shocks may be readily ignitable,
however, they might undergo the tramsition to full detonation only
with difficulty, i.e., under conditicrs of large size and heavy con-
finement. Before conducting more sophisticated expe¢riments it was
necessary to establish whether NOSET-A was detonalrle in the arrange-
ments normally used for measuring initiation and detonation properties.
Small-scale firings, at 29°F, 50°F, and 60°F with the liquid contained
in metal cylinders,were used to assess the Jetonability of NOSET-A.
High-speed smear camera photoyraphy was uscd to measure the shock
wave velocity in the liquid. 1Ir these firings the propellant was
confined in 8-inch long copper tubes having a 2-inch I.D. and 0.21-iach
thick walls. One end of the tube was sealed with a 2-inch thick
steel witness plate. Evenly spaced 0.5~inch diameter holes were
drilled along a line and through the walls of th2 tubes. The holes
were covered by a thin strip of plastic which w~as attached to the inner
tube wall. The holes served as ports for viewing luminosity threough
the slit of the smear camera. Initiation of the WOSET~A was accom-
plished by a booster consisting of a 2-inch long by 2-inch diameter
pentolite pellet and a pentolite-baratol planes wave generator.

The velocity measurements showed that the start and propagation
of an energetic reaction in NUSET~-A was stronglv affected by the
temperature, At S0°F and 60°F NOSET-A detonated. This was evident
from the propagation velocity of 5950 m/sec and the 0.5-inch deep
crater produced in the steel witness plate. The nlate alsc showed
considerable spall. The effect of the detonation at 60°F on the steel
plate is shown in Figure 2a. At 29°F, however NOS:T-A failed to
detonate., Although ignition occurved inder the  saditions ©f confine-
ment and boostering described above, detonacion <id noi propegate.
This fact was evident from both the high-speed smear canera photograpl.s
and the undented steel witness plate {see Figure 2b). In cowpariscn,
Otto Fuel II in the above grometry at 60°F shows signs of fa;lure a’ter
6-inches of propagation, y:2ldirg an overdriven non-steady chock
velocity of 4930 m/sec. Thus in 2~inch diameter copper twhus,
Otto Fuel II pears to bz in a subcritical state since its detonation
velocity? in .-inch diameter brass tubes is ~6000 m/=ec.

B. DETONATION PRESSURE MEASUREMENTS. Air shock measurements st
the end of detonating cylinders of NOSET-A were used to datermine
vaiues of the detonation pressure ané the isentropic exponent for the
expainsion of NOSET-A explosion products. 1In these measuraments the
setup was identical to the arrangement for measuring detonatior VE€lu¢i-
ties except that the 2-incn thick 3teel witness plate was removed from
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one end of the copper cylinder. The NOSET-A was boostered as described
above and the shock from the explosion emerging at the open end of

the cylinder into air, was back-lighted using an exploding wire and

a colliminating lens4., The initial velocity of the air shock was
determined by extrapolating the slope of smear camera trace to the end
of the NOSET-A cylinder.

The initial shock velocity measured from NOSET-A detonating in
air was 5800 m/sec. This velocity was used with the shock impedance
equations derived in reference5 and the shock Hugoniot relations for
air? to obtain the detonation pressure and isentropic exponent of
expansion for the explosion products. In these determinations, using
the detonation velocity, D, of 5950 m/secymeasured in the above
tests, we obtained a detonation pressure of 170 kbars and an isen-~
tropic exponent, y, of 1.71. Using this value of y we calculated the
heat of detonation, Q, as 573 cal/g for NOSET-A, according to the

relationship»

2
- D
Q = — (l)
2(y - 1)

These values of the detonation pressure and heat of detonation are
~v40% and V80% greater respectively than similar values for Otto Fuel.

C. WEDGE TESTS. The experirental arrangement for the wedge tests
is shown 1n Figure 1. The shock pressure imparted to the liquid propel-
lant was varied by using calibrated explosive plane wave shock systems
(Table 1). These systems were calibrated from free-surface velocity
and shock velocity measurements of the driver plate material. The
Known Hugoniot equation-of-state of the driver plate material was
then used to obtain the incident shock pressures produced by the
systems. The transmitted pressure in NOSET-A was obtained by
impedance matching.

In the test arrangement the liquid was contained within an indented
wedge section of a Plexiglas plate. The inclined surface of the
indented wedge section was machined at an appropriate angle (30° or
11°) to allow the formation of a liquid wedge of the desired maximum
thickness. The Plexiglas plate was attached to the driver plate so
that one surface of the propellant within the indented wedge section
was in contact with the driver plate and the other propellant surface
was in contact with the indented plexiglas wedge surface. An alumi-
nized mylar strip was attached to the surface of the indented section
to provide a reflective surface for detecting the emergence of the
shock wave at the ligquid~Plexiglas interface, using the reflected-
light smear camera technique described previously.

l. Wedge Test Smear Camera Record. A smear camera record of a
wedge experiment (5hock System 4 In Table 1) is shown in Figure 3 with
time increasing from left to right. The sharp decrease in reflected
light when shock waves are incident on reflecting surfaces allows the
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camera to record the shock arrivals., These events appear as sharp
light intensity chances on the camera record. The light intensity
changes) designatad (1) in the racord, gilve information on the arrival
of a shock wave at the surface of the shock driver plate. The change
at ‘2) denotes the shock wave arrival at the free surface of a metal
peliet attached to the driver plate surface. The difference between
the times of arrival for these events, (1) and (2) is the transit time
of the in:ident shock in the pellet. The pellet's thickness divided
by this time gives an average shock velocity which permits the incident
sheck pressure, P, in Table 1 to be obtained from knowledge of the
driver plate raterial's Hugoniot equation—of-stateevg. The velocit:
of the transmitted shock wave in the liquid wedge was determined by
the slope of the line trace labeled (3).

After an induction period oi 0.3 microsec, a detonation wave {4)
propagates in the previously shock-compressed liquid propellant,
catching and interacting with the,initially inert, steady shock wave
at (Lj. The detonation becomes overdriven at point (€) in the liquid.
The transmitted shock in this small portion of the run distance
accelerates to a velocity near 8600 m/sec whic.: 1s V0% higher than
the normal detonation velocity of NOSET-A. This overshoot phenomena
is typical of the behavior noted in other liguid explosives, i.2.,
nitromethane? and some compcsite propellantsl0 and pressed TNTLL,

The overghoct then decays into a ncrmal steady state detonation (7).
The point (8: is the detonation wave arrival at the constant thickness
portion of the NOSET-A within the Plexiglas container.

che pictorial x-t diagram* of Ficure 4 shows the wave propagation
in the liquid propellant for detonation. An initial transmitted
shock wave causes no measuvable chemical reaction and ¢he NOZET-A
behaves like an inerct liquid in which the shock wave velocity is
constant. After a period of time, detonation occurs in the
pre-compressed proj~:tant near tha driver plate-liquid interface.
This overdriven det. nation wave travels faster than the initial
transmitted shock. 's0,8ince it is moving into 1liquid that has
been compressed to » igher density than the initially unshocked
liquid, i+t is traveli'., at 2 wvelrcity faster than the steady detona-~
tion value, i.e., by a surplus velocity ernal .u the particle velocity
behinZ the initial transmitted sheck wave, Thus thz detonation wave
catches the iritial transmitted shock and overshools its steady

velocity valua. The "overshoot” decays rapidly however, and the wave
becomes stea:y.

2. Wedge Tests Results. Takle 1 lists valnes of the instantaneous
shock velocity, Dy, measured in the regime (7) of the trace in Figure 3
where a steady state is reached. These values are only slightly
larger (within 10%) than the value of the detonation velocity of
NOSET-A measurcd with the liguid <~ nfined in 2~inch diameter copper
tubes. The initial shock velocity, i{.e., the value at small wedge

*¥The events depicted in the diagram are not shown scaled to their
actual occurrence.
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thicknessess associated with region (3) of Figure 3, is designated

Uy in Table 1. By impedance mat<hing with this shock velocity for

the first three systems in Table 1, and the pressure-particle velocity
relation of the driver plate material, we cbtained a pressure-volume
(Hugoniot) curve for the propellant where no reaction was assumed.
These data are Py and Vy in Table 1. If reaction results from the
shock impact the results wiil deviate from the unreacted curve. This
deviation allows detection cf the pressure regime where significant
reaction occurs and will be discussed later.

kLGN TE

The distance, Xy, in Table 1, is the distance from the driver
plate-interface to a point in the liquid where the transition from
an inert shock to a single steady detonation wave is complete. The
data show that the distance, Xy decreases ~30% when the transmitted
shock pressure Py, is increased :rom 133 tc 152 kbars. In one case,
however, when the transmitted shock was delivered by System No. 7
in Table 1, initiation occurred immediately at the driver plate-liquid
interface. The instantaneous shock velocity was constant throughout
the shock run and had a value of 7170 m/sec. This value is ~20%
greater than the normal NOSET-A de:onation velocity and indicates that
the: incident shock impact initiate¢ overdriven detonation.

It is apparent from the data in Table 1 that NOSET-A will transform
to detonation under the shock impacts in the wedge test at a critical
pressure between 114 ~ 130 kbars. This result indicates that NOSET-A
15 more shock scnsitive than Otto Fuel II which did not display
detonation build-up in the wedge test geometry used here. It is
possible however that Otto Fuel II would behave differently in a
larger wedge size. The detonation velocity data indicates it has a
lavger failure diameter than NOSET-A. On the other hand the build-up
characteristics of NOSET-A are similar to the transition of nitro-
methane as first described in reference 2. Nitromethane however is
scmewhat more shock-sensitive; its critical pressure for a shock
transition is uetween 80 - 90 kbars.

N R M R s i 2, ok

In Figure 5 the pressure-particle velocity curves for NOSET-A
and Otto Fuel II° are given. A comparison bhetween the two curves
shows that the two propellants are quite similar in their dynamic
compressibility characteristics. (The pressure and particle velocity
are related to the compression by the conservation of mass and
mementum.; The data however represent unreacted shock states. When
chemical reaction occurs the energy evolved causes the transmitted
shock to accelerate. This behavior is indicated in Figure 5 by a
large offset in the P-u_ data. It is probable that the data above
~130 kbar in Figure 5 i8 affected by chemical reaction. Consequently,
that data was not used to determine the unreacted shock states in
the P - V plane.

The dynamic compressibility (Hugoniot) curve chtained from the
unreacted P-4, data is plotted in Figure 6 and compared there with
a similar curve for TNT. As expected, the NOSET-A curve lies to
the right cf the curve for TNT, i.e., NOSET-A is substantially more
compressible than TNT.

wn
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III. CONCLUSIONS

In summary, the wedge teat results indicate that NOSET-A can be
detonated by shock pressures in the range of 110 - 130 kbars,

ihpe A
D uwmmmmmm;m:mmw"mmmw

In comparison with Otto Puel I, NOSET-A has a smaller
detonation failure diameter., Our experience with Otto Fuel II
indicates that it is less shock sensitive than NOSET-A.

The detonability (critical diameter) of NOSET-A is strongly
affected by the temperature, Detonation propagates at 5950 m/sec
{ when heavily-confined NOSET-A is initiated at 60°P by plane wave
: boostering. Detonation failure occurs when NOSET-A is at 29°F.

§ The detonation pressure of NOSET-A initially at 60°F, is

170 kbars, which is ~30% gzeater than the detonation pressure of
Otto Fuel II.
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FIG. 2 (U) A, THE EFFECT OF A CYLINDRICAL DETONATION OF NOSET-A ON A
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STEEL WITNESS PLATE AT 60°F
DETONATION FAILURE OCCURS AT 29°F
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- : FIG, 3 (U) SMEAR CAMERA RECORD OF SHOCK-TO-DETONATION
TRANSITION IN A NOSET-A WEDGE (U)
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3 A@STMACT

The detonation and detonation buildup properties of triethylene glycol dinitrate
(NOSET-A) were evaluated in.small-scale detcnation and wedge tests. The detonation
velccity is strongly affected by the temperature. Detonatiorn propagates at
5950 m/sec when the heavily confined liquid at 6C°F is initiated by a plane-wvave
booster. Failure however occurs when the NGSET-A {s at 29°P. The detonation
pressure at V55°F is 170 kbars. NOSET-A transforms to detonstion in the vedge test
at transmitted pressures in the range of 110 - 13C kbars vith 2 behavior similar
to nitromethane.
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