
COOK MA62 
Reprinted from JOURNA L OF ApPLIED PHYSICS, Vo!. 33, No. 12, 3413-3421, December, 1 

Copyright 1962 by the American Institute of Physics 
Printed in U. S. A. 

Measurements of Detonation Pressure* AlJG 23 
M. A. COOK, R. T. KEYES, AND W. O. URSENBACH 

Institute of Metals and Explosives Research, University of Utah, Salt Lake City, Utah 
(Received February 26, 1962) 

The «~quarium technique" is applied in the experimental determination of the equation of state for water 
and Luclte. Results for water are compared with similar results obtained by other methods. Measurements 
of th.e peak pressures in the detonation waves are presented for explosives of various types and rates of 
reaction. The peak. pressures were found to be the Chapman-J ouguet or "detonation" pressures of the 
thermohydrodynamlc theory. There was no evidence whatever for the "spike" of the Zeldovich-von Neu­
mann mo~el. even though conditions were such that this spike would have been detected by the method 
employed if It were actually present, at least in the large diameter, nonideal explosives of maximum reaction 
zone length. 

INTRODUCTION 

WHEN 2. shock wave propagates through an un­
. disturbed medium of density PI, all the remain­
~ng shock wave parameters may be expressed uniquely 
m terms of anyone chosen parameter if the equation 
of state is known. For example, pressure, temperature, 
~nd particle velocity may each be expressed uniquely 
III terms of the velocity of the shock wave. The fact 
that distu~bances, even of relatively low pressure, 
propagate III water as shocks, coupled with the fact 
that water is transparent, thereby permitting con­
venient and continuous observation of the shock wave 
b~ a streak or framing camera, suggested that water 
mlgh t be used as a "pressure gauge" for measuring 
transient pressures, including the peak pressures in 
detonation waves of condensed explosives. 

The Rankine-Hugoniot curves for water have been 
derived by a number of investigators including Kirk­
wood and Montrall, I Kirkwood and Richardson 2 Rich­
ardson, Arons, and Halverson,3 Arons and Hal~erson 4 

and Doering and Burkhardt.5 In these treatments sy~­
tematic extrapolations of Bridgman's6.7 PVT data for 
water were made. Probably the most comprehensive 
extrapolation of Bridgman's PVT data however was 
carried out by Snay and-Rosenbaum8 ~ho used 'more 
recent data of Bridgman9•1O which for water extended to 
36500 kg/ cm2 and for ice VII to 50000 kg/ cm2. 

* This investigation was supported by the U. S. Navy Bureau 
of Weapons under Contract Number NOrd-I7371. It comprises 
part of the paper presented at the Third ONR Symposium on 
Detonation, ACR-52, Vo!. 2, pp. 357-385 September 28- 30 1960 
together with some additional results. ' " 
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A different approach was used in a later study by 
Rice and WalshY In their method an intense plane 
shock wave was generated in an alurninum plate by the 
detonation of a slab of composition B in contact on one 
side of the plate. The shock through a portion of the 
plate was then transmitted into water. Higher pre sure 
in the aluminum plate were reported by "slapping" the 
aluminum plate with a thin, high velocity, explosively 
driven plate rather than detonating the charge directly 
in contact with the test plate. By application of a 
special streak camera technique pioneered by Wal h 
and co-workers and through use of a previously derived 
equation of state for aluminum the shock velocity in 
water was determined as a function of the corresponding 
shock pressure in the alurninum at the interface. Con­
tinuity conditions of pressure and particle velocity 
across the 'interface between the aluminum and water 
were then applied to determine the Hugoniot curves 
for water. 

In determining shock parameters for water a factor 
which should be considered is the possibility of a phase 
change of the medium within the shock wave. This 
possibility was investigated by Snay and Rosenbaum8 

and by Rice and WalshY According to Snay and Rosen­
baum the Rankine-Hugoniot curve for supercooled 
water and the Rankine-Hugoniot curve for partially 
frozen water are never far apart, and thus the shock 
velocity would not be materially affected if freezing did 
occur. Since partial freezing of a liquid should lead to 
reduce transparency because of differences in indices 
of refraction of water and ice, Rice and Walsh carried 
out some transparency experiments of water being 
traversed by a shock wave in the pressure range of 30 
to 100 kbars. 0 sign of opacity due to freezing was 
observed. They concluded therefore that even though 
p, T conditions might be proper for freezing under 
static conditions, t.he time the liquid was under the 
correct conditions within the shock wa apparently too 
short for freezing to occur. 

In using water as a pressure gauge (by observing the 
transmission of the shock into it) one must calculate 
from the measured shock pressure in water the pressure 
in the adjacent medium of interest from which the 

~t W. Bri?gman, J. Chem. Phys. 9, 794 (1941). 
P. W. Bndgman, Proc. Am. Acad. Arts Sci. 74, 399 (1942). 11 M. H . Rice and J. M. Walsh, J. Chem. Phys. 26,824 (1957). 
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water shock is transmitted. 'In the initial application by 
Rolton12 of the "aquarium technique" for the measure­
ment of pressure, two procedures were used to perform 
tills calculation. The first method, which was considered 
the more exact one, was patterned after a treatment 
given by Riemann for a shock propagating across a 
boundary into a medium of lower impedance. The 
second method utilized the shock "impedance mIS­
match" equation 

(1) 

where p is pressure, p is initial density of the medium 
before being traversed by a hock, V is the velocity 
of the shock, and subscripts i and t designate the in­
cident medium and the transmitting medium, respec­
tively. Although the impedance mismatch equation was 
expected on theoretical grounds to be accurate only 
when the wave reflected at the interface is a weak 
shock, in the investigations of Rolton, where the re­
flected wave was a rarefaction, Eq. (1) was found to 
yield results in very good agreement with the first 
method. Therefore, the method appears reliable whether 
the reflected wave is a release or a shock wave. 

A third more direct method was u ed in this investiga­
tion in which the equations of state for water and Lucite 
were obtained by direct simultaneous observation of the 
shock velocity and the free surface velocity. This method 
while developed in this investigation was referred to 
and summarized by Cook, Pack, and McEwan. J3 There­
fore, only essential points not outlined there are pre­
sented in this article. The application of the aquarium 
technique in the measurement of detonation pressures 
for various ideal and nonideal explosives is then pre­
sented and results discussed. 

EXPERIMENTAL 

(a) Shock Parameter Determinations 

The shock parameters which are of interest in this 
study are related by the familiar hydrodynamic 
equations 
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/ SLIT VIEW OF 
I'" STREAK CAMERA 

FIG. 1. Aquarium set­
up for measuring ve­
locity of water shock 
along the charge axis 
and free surface velocity. 

12 W. C. Holton, NAVORD 3968, U. S. Naval Ordnance 
Laboratory, White Oak, Maryland, December 1, 1954. 

13 M. A. Cook, D. H. Pack, and W. S. McEwan, Trans. Faraday 
Soc, 56, No. 451, Part 7 0uly 1960). 

and the approximate relation 

W=V,./2, (3) 

where V,. is the free surface velocity, and W is the 
particle velocity, the subscript i indicating initial condi­
tions in the undisturbed medium. Equation (3) ex­
presses the basic, now well-established, postulate of the 
Goranson theory that free surface velocity is approxi­
mately twice the particle velocity in the shock in the 
medium immediately beneath the free surface. 

The method used for determining the shock-parame­
ter data for water and some of the data for Lucite con­
sisted of simultaneous measurements of the shock 
velocity immediately inside the free surface and the 
free surface velocity as the shock emerged from the 
water or Lucite. Observations of the shock and free 
surface velocities were made with a rotating mIrror 
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l"IG. 2. Typical streak camera trace obtained using the arrange­
ment of Fig. 1 (shock parameter determination for water). 

streak camera using diffuse backlighting from an ex­
plosive flash bomb. This method is illustrated in Fig. 1. 
Because point-initiated charges were used it was neces­
sary that the slit view of the streak camera lie along 
the charge axis in order to obtain the correct values of 
shock veloci ty and the corresponding free surface 
velocity. Care was taken also to ensure that the free 
surface was coincident with the optic axis of the system, 
i.e., that the view of the camera was flush with the 
free surface. 

Two sizes of aquaria were used, namely 6X6X6 in. 
and 12X 12X8 in., the size being dictated by the height 
h of water above the receptor charge. As It was increased 
above a certain limit, the dimensions of the aquarium 
had to be increased because generally shattering of the 
glass propagates at higher velocity than the shock in 
the liqllid. 


