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~ NUMERICAL STUDY OF THE NOL MRGE-SCALE CAP TEST*

Allen L. Bowman
Los Alamos Scientific Laboratory

Los Alamos, New Nex~co

ABSTRACT

The NOL large-scale gap test has been modeled numerically using the LASL
reactive hydrodynamics code 2DE with Forest Fire burn rates. The model gives
good agreement between calculated and experimental critical gap values for
VTQ-2 and Composition B. The calibration of peak pressure in the gap versus
gap length has been obtained from these calculations, and is in good agree-
ment with the published experimental c~rve. The twc-dimensional nature of
the gap test is evident from the curvature of the shock wave in the gap and
test sample, and from the observed distance of run to detonation in the test
samples.

INTROD[’CTION

The relative shock sensitivities of explosive cnmposttions are commorily
assessed by means of gap tests. In thesti tests the shock from a standard
donor explosive is transmitted to the test explosive through an inert ba~rier
(gap) . The shock sensitivity of the test material is characterized by the
gap thickness for which the probability of detonation is 0.5. Hercules Inc.
is using the NOL** large-scale gap test] as a means of evaluating the effects
of rocket propellant formulation and processing variables on the reaction of
the propellant to shock. This test has been modeled numerically to provide
a better understanding of the d~tails of the processes involved.

EXPERIMENT AND MODEL

The experimental arrangement of the NOL gap test is shcwn in Fig. 1. A
J-2 blasting cap (Hercules) is used to initiate the standard donor, which is
two pressed penf.elite pellets, 2-in. dlamcter by l-in. long, with density of
1.56 glclr3. The gap is made up of
Plexiglas (pol~ethyl ❑eth[.crylate) Wllm[!lrLAIl

disks of 2-in. diameter. The test ),1)11161
b Iu.

explosive is fonncd to fit a seam-
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result is defined by a clean Ilole
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punched in the plate. Tile test
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procedure is a modLficution of the
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Bruceton up-a,ld-down techniqllr.
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/

l%e computation of gilp test Figure 1. NOL large-scale gup test
behavior was performed with the configurntio[l.

.—. —— —..
*W,~rk performed under Contract NOO03079 MD 790009 SSPO IJ, Tnsk i,

**/hlvnl(lrd.~anceLaboratory, White oak, now N;ivalSulftice Weapons Center,
Silver Spring, MD.
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two-dimensional react ive hydrodynamic
code 2DE2’3 using the Forest Fire burn
rate2’b for the test sample and the
C-J volume burn mode12 for the pento-
lite donor. The test was modeled at
its true dimensions, using a 1.826-mm
cell dimension. The model geometry
is shown in Fig. 2. An unconfined
test calculation was made with the
same ❑odel, with the steel tube re-
placed by air. The donor explosive
~aa initiated by a hot spot of 3.7-mm
radius and length to model the effect
of the J-2 cap. The hot spot is
fully reacted explosive (gaseous pro-
ducts) with density and energy ini-

tialized to isentrope conditions at
~ 1.02 x C-J pressure.

RESULTS AND DISCUSS1ON

The detonation behavior of the
donor cylinder la shown in Fig. 3 by a
series of contour plots of mass frac-

tion and aznslty. ‘t’hemass fraction W
is defined such that W = 1 for a solid
and W ● O for a gas, witk, a continuous
varidtlon between these limits for a

burning explosive. The strongly diver-
gent detonation wave builds slowly to a
pressure of 14.5 GFa, which is much
less than the C-J pressure of 22,8 GPa
obtained from a BKW calculation, S The
calculated particle velocity (UP) at
the detonation front is 1.15 muJus and
the detowtlon velticity Is 7.5 nm/1.ls.

-STEEL ~~WNl
.= 5.5-mmTHICK

141mm
LARGE-SCXLE

GA? TE~

TEST SAMPLE
‘m3-mm RAUUS

AIR

m4ToLrrE Dmm
23-wanRADIUS

51m

=4-H l@TS~T
.——--+ R

Figure 2. NOL gap test model.
The symmetry axis of the cylin-
drical assembly is at the left
of this model. The initiation
of the donor is ❑odeled by a hot
spot of 3.7-mm radius and length.

l%e initia”l shock pres~ure in the ~lap is obtained graphically as the
i[ltcrsection of the isentrope of the per:tolite detonation producto with the
Plexiglas I!ugonio:. These curves are shwn in the pressure-particle vcloc-
Ity plane in Fig. 4. The intersection point , shown as a square, gives a~~
induced pressure of 10,3 CPa. The isencrope IS run through the point (p =
14.5, UP = 1.15) obtained from these calculations for pcntolit~. This point
is indicated by a circle in Fig. 4. The peak pressures that are developed

in the Plexiglas Rap by thn paaaaue of the shock wave are readily obtained
from thes~ calculation,g. This permits the construction of a calibration

curve ot gap pressure versus gap thickness, which is compared with an experi-
mental calibration” in Fig. 5, The high pressures at small Bap (<10 mm)
i~re not experimental vulues, but are based on a zero HLp value derived from
the grapl)iccilmntchlng described above, using the assumption of C-J pressure
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Figure 3. Detonation of the NOL gap tes: .lonor. Pentolite cylinder, 25-mm
radius by 51 nun long, at 1, 3, 5, and 7 VS. Contour plots ~f mass fraction

(0.05 interval) and density (0.1 g/cm ‘ interval). The shock hae entered the

Plexiglas gap at 7 vs.

in the pentolite.* The experimental and calculated curves agree within their
uncertaintle~ for gap thickncsties greater than 10 mm. The calculated curve
will be used for all further dlscusaion.

The NOL large-scale gap test was run with VTQ-2 and Composition B as

te9t explosives. The VTQ-2 wns also run wltlmut the ~teel tube to study

—— ——
*T%19 assumption is not cor~t. It has been shown from theoretical argu-
ments that rhe Rankine-Hugoniot equations and the Chaprnan-Jouguet condition
are not appropriate to the de~cription of a “tteildy” div~rHing cylindrical
or spherical detonation w.]ve.’ Taylor also conclL:Jed from simpler .cunsldera-
tions that the C-J pressure may not be attaiiled althouLh the C-J detonation
velocity will be realized in a spherical wave.” l%lb POSitiOn i~ 91K10 9Up-

ported by experiment (Ref. 2, pp. 116-221).
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Figure 4. Impedance match at
donor-gap interface. The inter-
section of the isentrope through
the detonation state (pressure-
particle velocity) with the Plexi-
glas Hugoniot defines the initial
pressure in the gap.
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Figure 5. NOL large-eicale gap test.
Shock pressure in the Plexiglas gap.
The solid curve Is from an experi-
❑ental calibration for gap lengths
greater than 10 mm (Ref. 6). The
dashed curve is from this study.

the effect of confinement. The results of these calculations are summarized
in Table I. The pressure in the Plexiglas gap when the shock wave hit~ the
test sample (Pg) is taken from the calibration cu:ve (Fig. 5). The pressure
induced in the sam~le (Pi) by this shock is obtained from a graphical imped-
ance match. The calculated PI is estimated from the early shock peaks in
the test sample with an uncertainty of ~5%. The difference between the two
Vaic:a of Pi is due entirely to the effect of shock-induced chemica: reac-
tion in the test explosive. Thi9 waa confirmed by performir,g the calcula-
tion with a nonreactive sample (same material, but with no chemical reaction
permitted) of VTQ-2. The value of Pi ~btained in this manner was 5.2 GPa at
a 40.2 mm gap, in excellent agreement with the value of 5.3 GPa obtained from
tileimpedance match. The detonation of VTQ-2 at a 40.2-mm gap is shown in
Fig. 6 with a seriee of mass fraction contour plots. The shock wave enters
the sample between 16 and 17 us after the start of the run. Significant
reaction la observed at 18 I~s,and the partially reacted zone spreads behind

the shock front, ‘~lth detonation observed at 25 ps, The general. behavior of
the shock wave isi ehown by Isopycnk contour plots in Fig. 7. The shock
front is curved when it enters the sample at %17 pa, and is uigntficantly
stronger on the axis. This is changed by the steel confinement Lube, and
by 20 PS the built-up shock wave is stronger at the tube wall, leading to
detonation at the wall, ra~.her than in the center. The detonat ’>n of VTQ-2
at a 3b.5-mm gap without the steel confinement tube is shcun in i’~.Rs.8 and 9.
in the absence of the supporting tube wall the curvature uf tt,eshock front
increases, Riving a limited zone of partial reaction, and leading to destina-
tion In the center of the sample at 26 Us.
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TABLE I

NOL LARGE-SCALE GAP TEST

VTQ-2

Gap (mm) 36.5

(in. ) 1.44

Pressures (GPa)

Plexlglas gapa 4.7

Induced In sample:

Calculation 8.0

Impedance match ,6,1

Run distance (mm)

Pop plot 6

Calculation 11

Transit time (us) 24

Experimental
50S gap (in,)

No confinement

Run dlstancc (talc.) 33

Experimental 502 gap

40.2 43.8

1.58 1.73

4.0 3.4

6.5 5.3

5.2 4.3

8 11

22 --

26

1.60

.-

1.50

aPressdres from the calibration curve. Fig. 5.

l%e expected length of run to detonation

Composlt40n B

47.5 51.1 54.8 5B.4 62.1

1.87 2,01 2.16 2.30 2.44

2.9

4.5

3.5

15

19

(x*)

2.5 2.2 1.9

3.8 3.3 2.7

3.1 2.7 2.3

17 20 24

27 40 69

2.01 - 2.18

in th~ test sample is

1.6

2.3

1.9

29

. .

determined from the Pop plot using the value of Pi ulltalned from the imped-
ance match. The Pop plots used In this work are show] in Fig. 10. The
actual X* obtained from these calculations is found to be significantly
longer rhan the expected value for gap lmgths near the critical point (the
maxinuo gap length for which detonation is rbserved). The data In Table I
show that the ratio X*(calc.)/X*(Pop plot) reaches a value of approximately
three neur the critical gap length, hut is probably cne at ❑uch shorter
gap lengths. Thin difference la attributed to the very nonplanar nature of
the shcck vave entering the test sample, ae seen from Fig. 7. This is in
cnntrast with the plane-wave one-dimensional wedge shots from which tl~l~

PtJp plot is determined.

CONC1.USXONS

The NOL lar~e-scale (standard) gup test has bc!en modeled succcLsCully
using the 211E rea~tive Ilydrodynilmic code with Forest Flrc burn rates. T-llL~
results of rhe cnll.ulutions are in good agrcerncnt with experimental values.
The calibration of peak pressure in the gup (Pg) versus v,:Ip length (x)
ll~sbeen obtained from these calculations, and i~ In ~uod agreement hl’-h
the Experimental curve. The distancea of run LO detonut.ion ubtmincd from
these calculations :Ircplotted versus induced presqures in Fig. 10 for com-
parison with the Pollplots obtained from wedge ~hnt~. ‘HIe run dlstanccs
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Figure 7. NOL gap
test, Shock wave
in VTQ-2 at a 40.2-
mm gap, [sopycnic
contour plot9 ((l.l-
gfcm~ interval) .
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Figure 6. NOL gap test. Detona-
tion of VTQ-2 at a 40.2-Irimgap.

Mass fraction contour plots.
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Figure 8. NOL gap test without the .SLeel confine-
ment tube. Det~nation of VTQ-2 at a 36i5-mm gap.
MLISS fraction contour plots,

from the gap test~ are significantly longer th.~n those frou the wedge shots
ut induced pre~s~res near the crlticai gap leng:h, but they approach each
other at hlg}ler pressures, I!lecricical run disttince, f.c, , tfieobserved run
diat:lnce at the critical gap S@n~Lil, Increases with increasing Eap length.
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Figure 9. NOL gap test without the steel confinement tube.
Shock wave in VTQ-2 at a 36,5-mm gap. Isopycnic contour
plots (0.1-g/cw3 interval).
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F~gure 10. Pop plots of the
test materials of this study,

shown by solid lines. The run-

pressure points obtained from

this study are plotted with
dotted line9 to ind~cate ap-
proximate two-dimel?sional “Pop
pl~~ts”defined by tfiegap test.
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