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I D(TROD~ETION

1.1 The psthods6i results of reference ( i))~are applied to the calcu]a-
i I n  of the i l*tive energy diet ributian aacnc the frequency componsnt~ of $
shock wave at various distances from th. explosion of a one-half pound charge
in sea water. The mathematical details are sis.sarised in Appendix I. ft.Q~*1i-
tatively, the method used and apprc~rl~i.*ticns involved may be describsd\.s
follow.,

(a) At distances relatively clos, to the charge, the shock wave is
rs~*esented as an expcnsntiaUy decaying wave with a aa.the—
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 produses
a change in the shape of the shock wave, rounding off the front
and decreasing the relative energy content in the highsr
frequencies.

(a) ~~ing to finite amplitude effecte , the profile of the shock
wave is continually spreading, resulting in a continually in..
creasing time constant . Also the rounding of the front b~viscous attenuation is partly opposed by the effect of finite
amplitude in restoring higher frequency components and
.harpsning the front • Thes. effects are treated by meana of
various appr oximaticns described in reference (1) . The
essence of the method ii.. in the calculati on of an “.quivalant
viscous distance ” , X , which represents the dista nce that the
shock wave would travel in the absence of finite plitude
effects in order to be subjected to the s~~ effective att.n~a-
aticn of higher frequency components as it actually .xpsri.ocsa
in travelling the distance fl under the influence of the
superposed effects of viscosity and finite .mp~”tuds.

II FREQUENCY S1~CTRUM OF THE AT~~1UATET) WAVE
AT VARIEXJS DISTA)C~~ FRaN A 3/2 LB. CRA]~ E

2 1  Figure 1 shows the energy distribution function (equation (17),
1~~endix I) plotted against frequency. ~ iergy flmc is given a. ~~ above
3O”ó ergs/om~ for various distances from the explosion. The data are
given In the frequency range for which the method of ana lysis is reasonab ly
accurate. At frequencies lower than about oj to 1 cc, equations (32) and
(17) of Appendix I would he increasingly in error since it is ~~vioua that
the explosion wave is not one of infinite duration and that therefore the
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low frequency apsotrue as given t~ the exponential wave of equation (1)
ha. no physical meaning. The actual distribution function must curve down
and reach zero at zero frequency. At frequencie . higher than 30 3cc, the
method of rei r.nce (1) introdu ces too severe an attenuation by neglecting
the relaxation effect described by Lieb.z’mann(2).

2 2  Figure 2 shows the s~~~ data a. Figure 1, but with the energy
~r~~ribution function plotted against distance for various frequencies.

~~~ Tables of the m rical result. on which Figures 3 and 2 are based
ar. given in Appendix II.
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APffi3IDU I

mathematical Deve1o~~~nt

1. 11* ~iatt.nuated Shock Wave.

The initial, undistorted shock wave produced by the underwat r
explosion may be represented as an exponentially decaying pulse ‘with a
mathematical discontinuity at t $ t • o

0 t”o
(1)

Ia 0 , t40
‘where .3. is the reciprocal of the time constant 0 and is the peak
pressure. The experimental ly observed time constants and peak pressure may
be r.pream4ed .m$rial]ys

•. ‘ia. SI~t’A,~~I iv~~(f ~f
dZ

~
(2)

7~* (3)

‘where W. charge weight in lb.

R • rs4ia-~ distance from explosion in ft’

9 — time constant in sec.
• 

— peak Izuaurs In lb./in.2

The exponential shock ‘wave of equation (1) may be rep resented by
a Fourier integrals

-3*pfri . (w ~) dw

j~,r
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Cc~~ining (1) and (5), it sq be shown that

, ‘~“- ~~~~~~~~~~~~~~~~~~ (6)

and that the absolute mageituds of is,

fr ” I -
2. ~~ergy fl~ac in the unatt.nuat.d wave.

The total energy flux in the shock wave is given by,

La çoc)fjbL’t )Jd t  (8)

‘where is the acoustic impedance of the water.

• Using Plancherel’s theorem

E~
and c~~~ining equations (7) and (9),

if ~ ~GL-~~ 
(10)

Zvaluatin g the integral in equation (10).

E a  (11)

The distribution function of ~~~rgy flux ‘with respect to angular fr.qusncy is,

(12)

;~~. ~~.
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The nor malized distribution function is thas given bys
• 

- 1. 
~~ 

3. 
(13)

The physical significance of equation (33) is

thatj~~~41~~~ tYe~r.sents the fraction of the total energy flux contributed

by angular frequencie. in the range be~~s.n ~3 and da~~ . Similarly

4
represents the fraction of the total energy flux contributed

4
by frequencies in the range between ~~~

‘ and

3~ Effect of viscous attenuation.

• Following the method of reference (1) p. 38—59 and p. ?h—76, we
apply Lieber—aim’. (2) frequenoy-attinuatian results for sea water to the
explosion pressure wave and introduc• first order cor rection, for finite
emplitude effects . The “equivalent viscous distance”, *, is given as a
function of * In Fig. 10 of reference (1) . Using Ltebei’mami’s data, the
attenuation parameter, , is given in term, of Zs

It is then shown that the total energy fbz,
• In the attenuate d wave is given by,

• 1*

~~~~~ _ _ _ _ _ _ _ _-

217øc 
~ 2’ &u’

and evaluation of the integral in equation (3.5) gives,
£

• L__~..r,..,~(4*4a)1A
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where is the conventional probability Integral defined and
tabulated In iarious Tab les of F~mcticiis sush as reference (3) .

The energy distribution function is then,
£

~!(c~). ~~~~~~~~~~~
. _ _ _ _

~2177’c (17)

and the nor—~14~ed energy di trjbution function, £

~ ~~~ (18 )

~~ ‘ the s argunent used above; 4
PJP.C’M*~F repiseents the total

energy fl,~c in the frequency range tween end
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Tab les of ~~ergy Distribution Function.

W • Charge Weight — ~~~~~~

‘ lb.
R • Radial Distance fr ~~ Charge, ft.

£1h~ ~~~rgy Flux Di.trI~~~~onJunction

(11.!). 49S0 ~~~ ~~~~~~ ergs/au.2

Values of 4 and .1 are given with each tab ]..

TABlE 1

• R. 1000 ft.; t. 20.5(306) sec~~; a2 • ?980(]0~~~); P. .6.88 lb/in2

• Frsq db abovs
srgs/cs2 3r6 erg./o i2

0.5 7760 38.9
1.0 3960 36.0
2.0 3320 31.2
5.0 233 23.7

10.0 59 17.7
• 35.0 26 31~.220.0 u .S 11.6

25.0 9.2 9.6
30.0 6.2 7.9

‘•
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£ — 8 —• TABIZ 2

R. 2500 ft.; ti 13.3(106); a2 - k,800(3D~~ );.~~~ 2.1,1k lb/In2

e
0.5 1290 33.1
1.0 563 27.5
2.0 173 22.h
5.0 29.6 311.?

30.0 7.32 8.6
15.0 333 5.0
20.0 1.69 2.3
25.0 1.01 0.00
30.0 0.65 —1.9

TABlE 3

R. 5000 ft. ; .%. 30.1(306); ~2 . 96,o00(10~~~); P.~ 1,32 lb/In2 -

• CC..)
Pri qu dhJ x~~~ ~~~ abovs~~~

0.5 313 25.0
1.0 326 21.0
2.0 36.9 15.7
5.0 6.3.ls 7.9

10.0 1.~6 1.6
15.0 0.588 4.
20.0 0.291 -5.
25.0 0.15? -8.0
30.0 0.088 -20.6

TABIE k

R. 7500 ft. ; ,i.~ 8.35(306); a2 . 167,000(30~~~); .~~~ 0.70 lb/in2

1.0 Si.? 17.1
2.0 3I..8 11.7

• 5.0 2,Isl 3.8
30.0 0.~ s8 —2.6

a~~
. 35.0 0.206 -6.

20.0 0.092 —10.
• 25.0 O.0k38 -13.

30.0 0.~~11 .16.8

~~~~~ 
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TABLE 5
R. ]D~~~ f t . ;  it.~~ 7 uo(306); a2 — ~!I48,0O0(]C~~); .~~~~~ Oji Th, in2

ergs/ow2 ]0 6 ergs/oa2

0,5 75.6 18.8
1.0 27.7 1L1~2.0 7.82 8.9
5.0 1.25 1.0

lo.O 0.271 -5.7
0.0938 —10.3

20.0 0.0375 —114.3
25.0 0.015k —18.1
30.0 0.00625 —22.0
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