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INTRODUCTION

Recordings of pressure waveforms from underwster explosives have begn
previously reported. 1 Further results and theoretical calculations are re-
portéd elsewhere in detail.2 In addition, measurements and theory involving
radiation from a directional CW source have been reported,3 The present
writing will be confined to comments on the theory 2nd its agreement with
experiment,

The hydrodynamical fleld equaticns simplify in the unidimensional case,
where the presaure (say) is a function anly of time and a singie space variahle,
and where there is but one ray conmecting a pair of points in the three-
dimensionzl space. Examples would be plane eylindrical or spherical waves,
or refracted rays in an unbounded medium with monctanic velocity gradient.
For small nonlipearity, in 8 viscous, thermally radiating medium, the
normalized pressure .y in the farfield of a soures is thus deacribable by the .
equation :

@ +a/or)y, = @+ 3/or) by} + f0) by, + &y ). a

In Eq. (1}, x ia the space coordinate {f(x) ecounta for geometrical apreading)
and * the local time, whick would be t - x/c for m constant velocity ¢; q 18
the radiation coefficient and may be formally identified as the relaxation fre- -
quancy of a simple relaxation process; and £ and {3 are the dissipation
coefficients for relaxationand viscosity, respectively. The whole we call
"Geperalized Burger’s Equation®; all quantities are eonsistenﬂy dimenglon=
alized.

I the waveform- p(r, xy) lslmm'nlmmuomepolnt X5, Eq. (1) can be
integrated to provide the waveform at other points X.. We have performed such
integrations waing finite differences with time increment T and gpace incye—
ment X. Specialcaremnatbemkannearthebeglnnl.ngmdendﬁwaveform
of finite duration.



RESULTS—EXPLOSIVES

- Four-lb aafar charges were detonated at a depth of 1200 meters, and
waveforms recorded at slant ranges between 1600 and 20,000 meters. The
first poaitive phase (later phases will not be discussed) consists of a leading
edge with rise time of aeveral xsec, a peak and linear decay for some 400 usec.

" Given the waveform at 1600 metera, waveforms at other ranges can be com=
puted from Eq. (1). Assuming spherical spreading at range r, we have
xm logtr/roj. fix) = axp {x), and y is the pressure compensated for the
assumed spreading. For discreie time and apace values we use v =naT,
xwmK, with T=lusec and X = (0.0028. With this value of X, the rela-
tionship between the Integer m and range is ehown in Fig. 1.
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A sequence of waveform leading edges 18 shown in Fig. 2. The highest,
at the right is that recordaed at 1500 meters; the balance are computed. Fig-
ure 3 shows the comparison between a calgulation at about 4700 meters
(m = 400) and recordingn at nearby rangea. That finite amplitude ie important
may be judged from Fig. 4, computed for Ldentical conditions excepting for the
neglect of the nonlinour term of EG. (1). This is accomplished by inserting a
numerical factor called "AL," which can have the valuee 1 or 0,
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PEAK AMPLITUDE

Figures 5, 6, and 7 show other comparisons between computations and
measurements. In Fig. 5 the computations are made with and without non-
linearity; the empirical law of Arons4 is also shown. In Fig. 6 the rise time
ia defined to be the reciprocal of the maximum derivate divided by the amplitude
at that point: (Y') max/y. The spectra of Fig. 7 are compuied {or the entire
first positive phase. The implied attenuation coefficients are subsiantially less
than woald be computed for linear propagation, due to the continged transfer of
energy up from the low f2equencies where the bulk of the energy resides.

There 18 a corresponding excess attenuation st lower frequencies.

A more complete account of the above results may be found In Reference
%. The generalized Burger's equation appears to account satisfactorily for the
propagation of explosive waves, bat it does not, in itself, predict the source
characteristics of the explosion, or the influence of depth thereupon (e.g., gee
Christian and BlaikS),

RUN 7 1510 METERS, AL=1.0
===—~RUN 3, 1510 METERS, AL 0.0

- —_——p0n _
1.2t :
- o ©  MEASURED 4
i ! L1 1 1 I i ! J I i i 1 L1
0 100 200 300 400 300 600 700 800 900
m
Fig. 5. Comp of M, d ond G d Pack Pr

30




FREQUENCY SPECTRUM IN DB

BSEC

RISE TIME IN

3

T-Trvr

3

1o

&
o

1
-
=i

2
o
<]

1 1 1
200 400 600 800 1000 1200

Fig & Compurissn of Measared and Cossputed Ris Timet

— COMPUTED
s MEASURED

PR NP ] 10 KHz

—

H |

2 4 & 8

RANGE IN X METERS
Fig. 7. Comparison of Maarered axd Uomputed jpectro. Curces and Duta
Ara Shifted Dowa 5 ond 10 4B w70 and 90 kiiz, Rexpectively.



RESULTS~-DIRECTIONAL CW

CW pulses were transmitted and recorded in the farfield of & directional
source. The transmitted pulses were intended to be sinuseidal, but analysia
indicates the presence of small, but important, harmonic distortion. The
fundamental and harmonies were measured as a function of distance along the
maximum response axis of the source. The source is assumed to radiate plane
waves for a distance rg, after which spherical spreading occurs. By use of
Eq. (1), the harmonic content can be computed for given initial conditions.
Initial conditions were assumed which gave the best fit of the computed curves
with the measurementa, ag follows:

plane wave extent (ry) : 20 meters
second-harmonic content -30dB
third-harmonic content -60 dB

The eomputations and measurements are shown in Fig. 8. The harmonic
content {8 relative to the fundamental at the range of interest. Parameters
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appropriate to sea water were used in the calculations. The initial harmonie
cantent ia especially lmportant {or the development of the third harmonic, in
effect transforming 2 third-order effect into a second-crder effect. Beam
patterns of the fundamental and harmonics are shown in Figs. 9, 10, and 11,
where the development of the pattern with range I8 evident. The 176~-yd third-
harmonic pattern is nearly the same as that of the corresponding second
harmonic, indicating a second-order process. The 850-yd third-harmonic
pattern is probably contamlnated by direct radiation from the source. The
second-order beam patterns are in agreement with the theory of Ingenito. 8
According to our numerical integration of his equations, the second-order beam
pattern, in the farfleld, is the square of the fundamental beam patiern, inde-
pendent of frequency.
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