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Heat flow in a cylinder with internal heating is used as a basis for deriving a simple theory
of detonation front curvature, leading to the prediction of quadratic curve shapes. A
thermal conductivity of 50 MW/mm? is found for TATB samples.

We first consider the size effect for CHNO
explosives, where the detonation velocity declines
with decreasing radius. If energy is lost out the side

of the cylinder, we have:'

(<Eo>)”2 U, , 5%
E, D ~ " ToR, )

(]
where E, is the total energy of detonation, Ugand D
are the detonation velocities in cylinders of radius R,
and infinite size, and <x.> is the sonic reaction zone
length. Also, G is a wall expansion function,
empirically set for unconfined samples to
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As the reaction zone increases, the skin layer
increases exponentially to a limiting value. Eq. 2 was
created empirically and is designed to enlarge the
reaction zone length as the radius increases.

We now consider the detonation front, using
the mathematics for uniform heat flow in a cylinder

with an internal heat source.> We replace

temperature with the detonation front lag, L, as the
cause of the energy flow from the cylinder center to
the edge. The thermal conductivity becomes a heat
flow constant, K, with the units W/mm®. If R is the

radius, we have
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where A, is the energy lost per unit volume out the
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side of the cylinder, because this is replaced from
farther inside the cylinder. The energy must be
divided by the time to cross the reaction zone
(<x¢>/U;) to get power. We obtain the lost energy
from Eq. 1:
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We integrate Eq. 3 and substitute Eq. 4 to get
L =xR’= AR o e 2
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The lag is quadratic with radius, a result that fits
fairly well for most explosives, as seen for Forbes’
PBXN-111 shots in Figure 1.’ The constant x in Eq. 5
is the curvature and 1/ x is the radius of curvature.
The quadratic relation has a 15-20% deviation at the
edge. Table 1*° lists some of the limited data. We see
that K is not constant for a given group of the same
explosive but increases with radius. At the cylinder

edge:
L = _(Eg
@ 2Ko " ° (6)
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FIGURE 1. Quadratic detonation front shapes for PBXN-111 at
three radii.

The thermal conductivity may be found from

UE,
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The best data in Table 1 is for the TATB explosives
where K = 50 MW/mm’. We also see that

<xg> = Lo . (8)

The explosive uses the lag to move energy to the
edge but needs to keep the front as short as possible
so that Eq. 8 seems reasonable in this regard. In Eq.
6, UEy/K = 1 and Ry/26 = <x>,sothatEq. 8isa
coincidence from our few examples.

From Eqgs. 1, 5 and 8, we obtain

©
This is the starting equation in Detonation Shock
Dynamics and Whithams Shock Dynamics, where we
see some of the structure of the constant that goes
with the curvature.'™"

Table 1 and the above theory applies to most
explosive data, type 1, where voids are present to
create hot spots and the reaction zone is longer than

the void size. The type 2 curvature is the 1.74 g/cc
PETN curve from our laboratory shown in Figure 2.

0.1
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0 =
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FIGURE 2. Two different types of detonation front curvatures
where the edge lag is only 0.1 mm. The PETN is not quadratic in
shape: the RDX paste is quadratic but does not follow the theory in
the text.




The edge lag is only 0.1 mm and the curvature is
rough and not quadratic. Here, we believe the
intergrain voids are of the size of the reaction zone so
that energy flow to the edges is scattered, producing a
ragged front.

The rare type 1a quadratic curvature of the fine-
grained 70% RDX explosive, which has had all voids
pressed out that no hot spots occur, is shown in
Figure 2.'*® Although the edge lag is 0.1 mm, the
size effect of Eq. 6 predicts a reaction zone of 1.0
mm. This discrepancy is caused by the added -
difficulty of getting the binder-enclosed grains to
burn. This does not appear in pure liquids (like NM)
because the liquid is continuous. The RDX shape is
quadratic because the 6 pm grains are smaller than

the reaction zone.
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TABLE 1. Summary of detonation front curvature and size effect data for various explosives in cylinders.
“U” means unconfined; “C” is metal-confined.

U, D K
Po R, L. <xX.> K {mm/ (mm/ (MW/
Explosive (g/cc) (mm) (mm) (mm) (mm”) us) ps)  mm?) ref
PBX-9502 1.89 4,99 0.77 0.9 0.02400 7.46 7.78 54
EDC-35 1.90 5.00 09 0.02830 7.44 7.73 45
EDC-35 1.90 5.00 0.9 0.02880 7.44 7.73 45
EDC-35 1.90 5.00 09 0.03070 7.44 173 42

PBX-9502 1.89 5.00 0.74 09 002370 746 7.18 54
PBX-9502 1.89 6.00 0.78 1.0  0.01705 7.50 7.78 60
PBX-9502 1.89 8.98 1.03 14 000995 755 7.78 66
PBX-9502 189 2499 218 2.5 0.00276  7.67 7.78 64

T2 1.86  25.00 1.92 25 0.00271  7.62 7.65 65
PBX-9502 189 2501 2.08 25 0.00283  7.68 7.78 62
EDC-35 1.90 2540 25 0.00261  7.67 7.73 66
EDC-35 190 2540 25 0.00267  7.67 7.73 64
EDC-35 1.90 2540 2.5 0.00284  7.67 7.73 60
LX-17 1.91 2540  2.07 3.1 0.00293  7.63 7.72 39
T2 1.86 5000 292 3.0 000107 7.63 7.65 65
NM 1.12 6.35 0.21 0.3 0.00490 620 6.21 33
NM 1.12 9.57 0.86 0.3 0.00800 6.21 6.24 22
NM 1.12 13.78  0.80 0.2 000330 6.23 6.24 33
NM 1.12 1842  0.85 0.1 0.00186 6.23 6.24 42

NM-guar 1.17 5.26 0.98 1.2 0.03350 5.80 6.55 24
NM-guar 1.17 6.80 0.95 09 001810 6.09 6.55 23
NM-guar 1.17 9.57 0.99 1.1 0.00866  6.13 6.55 32
NM-guar 1.17 18.59 1.13 1.9 000215 6.14 6.55 62

PBXN-111 179 2045 481 6 001120  5.15 5.81 7
PBXN-111 1.79 2052 4.29 6 0.00981  5.16 5.81 8
PBXN-111. 179 2401 475 6 0.00870 531 5.81 7
PBXN-111 1.79 2406 4.87 6 0.00797 531 5.81 8
PBXN-111 1.79 3412 574 7 0.00457  5.57 5.81 9
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