
 

NOE-LINEAR EFFECTS AT RANGE
FROM UNDERWATER ExlelONS

E. W. Marsh.
Naval unhrwnmr Systems Grater

INTRODUCTDN

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

The hydrodynamical field equaidons simplify in the unidhneneiml case.
where the pressure (say) is a function only of time and a single space variable,
sndwheretherelebutoneraycannectingapairaipoimsinthethree-
dimensional space. Dcamples would be plane cylindrical or spherical waves.
or retracted rays in an unbounded medium with monotonic velocity gradient.
For small nonlinenrlty, in a viscous, thermally radiating medium. the
normalizedpressure y inthefsrfleldolneoumismdascrihnhlebytha _
equation '

(a + MM!x = (a + 0/6r) 0)") + it) wily" + 69"") . (1) _

in Eq. (1), x is the space coordinate all) acmmts tor geometrical spreading
and ! theloeal time. whichwouldhe t-x/o for aeonsmntvelnclty e; u is
the radiation coefficient and may be formally identified as the relaxation fre-
quency 01 a simple relaxntian process; and E1 and 52 are the dissipaiinn
coefficients for relmuonsnd viscosity. respectively. The whale we call
"Generalized Buyer's Equation"; all quantities are consistently dim-
elized. .

nthewlveiorqup, no) ishmnlmmsemepnint to. Eq. "Jeanine
imegrstedmpravidethewaveiorm at other points x.- We have performed such
integrenansusingfinim diiferenoes withtimeincrement 'i' andsmceincre-
ment 1:. Speciaicuemnsthetakennenrtheheynningnndmdeiwnvetorme
dflnltednrntinn. ‘

  



 

assume—me

Four-lb sot-r charges were demented It. a depth of 1200 meters. and

waveforms recorded at slum ranges between 1500 and 20,000 meters. The

first positive phase aster phases will not he discussed) consists a! a leading
edaswuhnseumsdsevanlussc. speaksndflneardeeayior somemusee.
Given the waveform st 1600 meters, wavetoms at. other ranges on be oom-

puted hem Eq. (1). Assuming spherical spreading a range r. we have

x Ileak/2°). {(1) I! exp 9:). and y is the pressure compensated to: the

assumed spreading. For discrete time and space values we use 7 - n‘l',

x-mx. with TI lasso and XI 0.0028. Wlththlsvsiusnf X. tin reis-

Hmflphet'eenthelnteger m manage is shownin Hz. 1.
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A sequence dynvetom leuung edge- 15 ehuw-n In Hg. 2. The um.
«numbnesan 1500melereuhehnlenoeareoommud. PI;-
nn 3 am an comparison between a eucahflén u about 4700 meters
on - 400) and recordings It nenrby tinsel. Tm flnfle annual-1e Is Important
anyka Fig. 4. mnnedtorldemulcandmnneemwnaforthe
neglect claw nonlinear tern: of Eq. (1). This In accomplished by Insuring n
Wmm"u."wmhemhve¢henluee I or 0.
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Figures 5. 6. and 7 show other comparisons between computations and
measurements. in Fig. 5 the computations are made with and without non- 1
linearity; the empirical law a! sirens‘I is also shown. in Fig. 6 the rise time
is defined to he the reciprocal of the maximum derivate divided by the amplitude
at that point: (‘1‘) max/y. The spectra of Fig. 'l are computed tor the entire
first positive phase. The implied attenuation coefficients are substantially less
than would be computed for linear propagation. due to the continued transfer of
ensrg up from the low hequeucies where the hull: of the energy resides.
There is a corresponding excess attenuation at lower troquencies. .

A more complete account of the above results may he found in Reference
2. The generalized Burger's equation appears to account satisfactorily for the
propagation of explosive waves, but it does not. in lmelt. predict the source
characteristics of the explosion. or the influence of depth thereupon (e. g. . see
cut-mun and 31335).

   

 

  
RUN 7, mo METERS, ALILO

----- RUN 3, l5l0 MEYERS, AL = 0.0
_.__ rm:

0 MEASURED

 

  

 

5o   

P
E
A
K
A
M
P
L
I
V
U
D
E

in

       
O IOO 200 300 400 500 600 700 800 900

In

r55. annouquuma-uwmm

30  



   
       

‘5.
  

   

   

   

  

     

p
S
E
C

3.
RI

SE
T
I
M
E

IN

a
a
Z
S
:a
I.—
uIn
I.
V)

>
u
ZIn
3
0wum

    
200 400 600 '00 IWO I200

an &W#.deudmlfiu

— COMPUTED
' MEASURED

'r'.—q—°—yv—-—o—_wKi

 

RANGE IN K MEYERS

r. 1. awn/Mummy». Cum-dam
ail-Whirl San-llvlld Towqokllaw.



 

RESULTS—DIRECTIONAL CW

CW pulses were transmitted and recorded in the [ax-field of a directional

source. The transmitted pulses were intended to he sinusoidal. but analysis

iniicates the presence oi small, hut important. harmonic distortion. The

fundamental and harmonics were measured as a function of distance along the

maximum responSe axis of the source. The source is assumed to radiate plane

waves [or a distance r0. alter 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 measurements. as iollowa:

plane wave extent (1'5) 20 meters

second-harmonic content -30 dB

third-harmonic content -60 dB

The computations and measurements are shown in Fig. 8. The harmonic

content is relative In the fundamean at the range of interest. Parameters
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approprlnte to sea water were used in the calculations. The lnltlnl haxmonlc

content ls eapeclally Important for the development of the thlrd harmonic, in

effect transforming a third-order effect into a second-order effect. Beam

patterns of the fundamental and harmonics are shown in Figs, 9. 10. and 11.

where the development of the pattern with range ls etrldent. The ITS-yd third-

hamonlc pattern ls nearly the same as that of the correspondlng second

harmonlc. lndlcsnng a second-order process. The BSD—yd thlrd—hannonlc

pattern ls probably contaminated by dlrect radlauon from the source. The

second-order beam patterns are ln tag-cement with the theory of lngenlto. 5
According to our unmet-teal Integration of hls equatlons. the second—order beam

pattern, tn the larfleld, la the square of the fundamental beam pattern. lade-

pendent of frequency.
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