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‘I INTRODUCTION

1.1 The pthodamults of reference (i}‘m applied to the calcula~

¢ tIon of the Telative energy distribution among the frequency components of a

shock wave at various distances from the explosion of a one-half pound charze

i in sea water. The mathematical details are sumarized in Appendix I. -
tatively, the method used and approximations involved may be desc as
followa:

(a) At distances relatively close to the charge, {he shock wave is
represented as an exponentially decaying wave with a mathe-
matically discontinuous front.

(b) As the shock wave travels outward, viscous effects cause the
selective attenuation of higher frequency components in the
manner described empirically by Liebermann (2). This produces
a change in the shape of the shock wave, rounding off the front
and decreasing the relative energy content in the higher
frequencies.

(c) Owing to finite amplitude effects, the profile of the shock
wave is continually spreading, resulting in a continually in-
creasing time constant. Also the rounding of the front by
viscous attenuation is partly opposed by the effect of finite
amplitude in restoring higher frequency components and
sharpening the front. These effects are treated by means of
various approximations described in reference (1). The
essence of the method lies in the calculation of an “equivalent
viscous distance", % , which represents the distance that the
shock wave would travel in the absence of finite amplitude
effects in order to be subjected to the same effective attenu-
ation of higher frequency camponents as it actually experiences
in travelling the distance R under the influence of the
superposed effects of viscosity and finite amplitude.
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II FREQUENCY SPECTRUM OF THE ATTENUATED WAVE
AT VARIOUS DISTANCES FROM A 1/2 LB. CHAROE

2,1 H.gun 1 shows the energy distribution function (equation (17),
Kppendix I tted against frequency. Energy flux is given as db above
10~6 ergs/cm? for various distances from the explosion. The data are

given in the frequency range for which the method of analysis is reasonably
accurate. At frequencies lower than about 0.5 to 1 kc, equations (12) and
(17) of Appendix I would be increasingly in error since it is obvious that
the explosion wave is not one of infinite duration and that therefore the




low frequency spectrum as given by the exponential wave of equation (1)
has no physical meaning. The actual distribution function must curve down
and reach sero at zero frequency. At frequencies higher than 30 kc, the
method of reference (1) introduces too severe an attenuation by neglecting
the relaxation effect described by Lisbermann(2).

2.2 Pigure 2 shows the seme data 2s Pigure 1, but with the energy
distribution function plotted against distance for various frequencies,

2.3 Tables of the numerical results on which FPigures 1 and 2 are based
are given in Appendix II.
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APFENDIX I

Mathematical Development
1. The Unattenuated Shock Wave.
The initial, undistorted shock wave produced by the underwater

explosion may be represented as an exponentially decaying pulse with a
mathematical discontinuity at time: ¢t = o
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where A is the reciprocal of the time constant @ and /3 1s the peak
pressure. The experimentally observed time constants and peak pressure may
be represented empirically: ’3)"""‘

(2)
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where W « charge weight in 1v,
R « redial distance from explosion in ft.
enuneomtantinuc.
g-p&wammn./m.z

The exponential shock wave of equation (1) may be represented by
a Fourier integral: -
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Combining (1) and (5), it may be shown that
por = B frow)P Qe i)
and that the absolute magnitude of ? is:

[pt] = B fremt (A )™

2, Energy flux in the unattenuated wave.
The total energy flux in the shock wave is given by:

£s q«f_’/ﬁw]‘dt

where fG is the acoustic impedance of the water.
Using Flancherel's th.ov-é

£= ?c)-[ [peey fotew
and cambining equations (7) .:;.(9)3
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Evaluating the integral in equation (10):
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The distribution function of energy flux with respect to angular frequency is:

B /
Finy 2apc " A%t

(12)
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/#{ﬁ)df represents the fraction of the total energy flux contributed
#

o

The nomalized distribution function is thus given by:

& () = -g-z -#? :".'!,":,z

The physical significance of equation (13) is
L

that ’/{ﬁ'm‘pnunto the fraction of the total energy flux contributed
o,
by angular frequencies in the range between & and k&. Similarly
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3. Effect of viscous attenuation.

Pollowing the method of reference (1) p. 38-59 and p. 7L4=76, we
apply Lisbermamn's (2) frequency-attenuation results for sea water to the
explosion pressure wave and introduce first order corrections for finite
amplitude effects. The "equivalent viscous distance", & , is given as a
function of R in Fig. 10 of reference (1). Using Liesbermann's data, the
attenuation paremeter, & , is given in temms of X'

-®) 2
as 71 (r0°% x " (mﬂ

It is then shown that the t.oulmrun\u,E,
in the attenuated wave is given by:

2 -2a%0*
% Bl . W (
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and evaluation of the integral in equation (15) gives:
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where &‘@’uﬁ) is the conventional probability integral defined and
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tabulated in various Tables of Functions such as reference (3).

The energy distribution function is then:
a et ®

E.'(w)- _Z—- .
2mpc

A% @ (17)
and the uonﬂ.::d energy distribution muo:.z“( A 5-(0")
Gt oy T maad] w
By the same argument used above; 4”".7/)“ sents the total

ensrgy flux in the frequency renge between £ and 2‘.
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Values of c’and J are given with each tabls.

i TABLE 1
R- 1000 ﬁ'..; A‘. 2005(106)”3-1; .2 - 7980(]0-16)’ P. - 6,88 ]b/inz

Freq '3 x m" eadb above
? + (lc; srgs/cn? 106 ergs/om?
¢
0.5 7760 38.9
.0 3960 36,0
2,0 1320 31,2
5.0 233 23.7
10,0 59 177
15.0 26 0.2
20.0 U5 1.6 -
25,0 942 946 ‘
30.0 662 7.9
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R - 2500 ft.5 A" 13.3(205); a2 = 34,800(20-26); B = 2.1 1b/in?

Frequenc
Xe E%)x 106 42: ‘above
# Y argsfom? Jﬁ erge/cmé
0.5 1290 3.1
1.0 563 27.5
2.0 173 22.4
5.0 29.6 .7
10.0 7.32 8.6
15,0 3.13 5.0
20.0 1,69 2.3
25,0 1,01 0.00
”.0 00$ ‘109
TABIE 3
2
R = 5000 ft.; A « 10.1(20); a? = 96,000(20-36); B« 1,12 /1n?
t?u)
req! t.' 106 db sbove
¥ () f,',’.‘/c.z 10~6 ergs/cw?
0.5 313 25.0
1.0 126 21,0
2,0 36,9 15,7
5.0 6.1 7.9
10.0 1.6 1.6
15.0 0.588 2.3
;g.g g.g-l'. :g.l(;
30,0 0.088 -10.6
TABIE I

R= 7500 b5 A= 8.35(208); o2 = 267,000020726); § = 0.70 W/an?

2 (b‘ %‘2:’ :832 :-:/'J
21.3

0.5 6

1.0 S1.7 7.1

2,0 U8 1.7

5.0 2.l 3.8
10,0 0.548 2.6
15.0

S "
S S sl i s i L A il b IR

9 itk ’:I %
aty ’:-' >
Lt

;L1 PR 3

4%




e S

-9-
TABLE 5

R - 10,000 ft.; A% 7.10(208); a2 = 21,8,000(26%6); B « 0,51 1,in?

TS

e

E%a)

S 2
E@dx 0° db_ahove
ergs/cm 106 ergs/cm?
75.6 18.8
2767 UL
7.82 8.9
1,28 1.0
0.271 .7
0.0938 "1003
0.0375 -1.3
000151‘ -18.1

0,00625 =-22.0
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