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January 11, 1945

Januery 5, 1945

70: G. B. Kistiakowsky

FROM: R. E. Polorils

SUBJECT: Dotonation Rete for Flane and Expanding Wevas

Wo have considered further your suggestion that the difference in rate of
tamped TNT found by Linaohitzl) may well be a diffsrenco between the properties of
plans and expanding spherical vaves. It appsars that this explanation is entirely
reasonabi? from a theoretical point of view and also that it eseems to it all faots
8o far available.

According to Linschitz the rate found in the slow components of lenses and
in oharges of tamped TNT set off by plane waves from a pentolite chﬁrgo which in
turnAina detonated by a coniocal lens exceeded, by an amount of the order of 5 pexcent,
the rataes found for chargoes set off by single boosters both by Linachitz and at
Brqutona).

It is known from the theory of G. I. Taylor3) that if one neglects the
finite site of the reaction rone, plane and expanding waves show a difference in be-
havior in as much as the pressure behind a plano front has e {inite alope whersas

Erthe slope behind an expanding wave front is infinitely stoep. In other words the
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pressure differs from the detonntion pressure in a plane vave by an amount of the
order of x/f where x is the distance from the front end £ the length over ﬁhieh
th; wavo has travelled {rom the point of initiation (ege).

On the other hand for an expanding wave the pressure differonce is of the
order of x/ o .

It is olear that by the time the age of the wave is very large compercd to
the aiio of the reaction zone, the ldealized theory holds in good approximation.
But, this will be correct only in as far as the variation of the theoretisal pressure
curve over a distance d representing the wldth of the reaction zone is negligible.
According to the above this pressure variation iz of the order of a/ ox'v4;Z; e
spectively in the two cases.

Somo oaloulationa‘by Skyrme indicate that the correction to the dstonation
velooity is proportional to the square of the pressure variation, and would there-
fore be expected to be of the arder of {(/2)° and &/ rospectivoly. Hence if we ase
sume & dotonation zone of the order of 3 mm and consider experiments in which the
age is of the order of 10 om the correction will be negligible in the case of plane
waves but will be of the order of a few peroent for expanding waves. lHence, the
rate observed for plane waves ls lo faot the correct ideal detonmtion rate wheroas
that for expanding waves should vury with radius szo that on doubling the distance
from the booster the rate should rise by sbout one-half the difference between the
two values found at present.

No doubt present rate measurements were not all made with the same size of
oharge and on reviewing the results one might find a systematio variation of the typ

indicated although this is probably near the 1imit of adgcuracy.
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It would not be unreasoneble to expect cylindriocal waves to be in an inter-
mediate position betwoen spherical and plane waves and this should also apply to the
case of the thin slab lenses used by Linschitz.

Spherically convergent vaves should behave as plans waves as long as the
radius to which the wave has converged is not too small compared with the initial
sadius. The speedipg-up due to convergence is proporticpal te the square of tho
differonce of theae radii according to the results of Kellorh). ;f the 1ntefpreta=
tion of the faots suggested here is confirmed the effoct cught to oxist equally in
other explosives and may then be one of the most sonvenient ways of estimating the
sirze of the remotlon zone. |

Skyrmo %is attempting to put the thoory of this effect on a bette~ basis,
in particular to confirm that the corrections are proportional to the inverse first
and second power of the age as stated above and, if possible, to ostimete the coe

efficient in terms of the roactioﬁ Lone,.
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