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ABSRACT

In the nearfield model of the parametric radiator, source
levels were obtained by assuming the primary wave to be plane-
cylindrical or diverging-conical, depending on whether the
observation range was less or greater than the Rayleigh distance.
The two cases are now combined by means of the "horn" model,
which approximates primary wave diffraction for a piston source.
Saturation effects are also incorporated by means of a nonlinear
attenuation approximation.
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This memorandm was prepared under NUSC Project A61415,
"Parametric Sonar Echo Ranging Systems," Principal Investigator
W. L. Konrad and Program Manager J. Neely, NAVSEA Code 06Hl.

The axuthor of this meorandum is located at the New London
Laboratory, Naval Underwater Systems Center, New London, CT

06320.

3/4 Rv

3/1 Reverse Blank



TM No.
PAi4-53-76

INTPODUCTION

* In reference (1), a ccmplsx contour integration method was used
to calculate nearfield parametric source levels for two primary wave

-models: a plane-wave cylindrically collimated source for ranges
less than the Rayleigh distance and a spherical wave conically colli-
mated source for greater ranges. The two cases are nov combined by
means of the horn model and the effects of saturation are included
by means of a nonlinear taper approximtion.

MEN MDDEL

In the horn model of ig. 1, we require that the primary wa"
be predominantly plane near the source and predominantly spherical
for ranges much greater then the Rayleigh distance Ro . The cross-
sectional area of the horn is chosen to mintain constant source
density per-umit-length then attenuation is neglected. On the axis,
the primary peak pressure is approximted as

2
PO
0 . exp ("cJA~ (1)P-nRe 1 ~ ~

where P0 is the initial pressure of each component, r is the
N retarded tine and f rNB is the scaled distance fro the piston

Squaring Eq. (1) and taking the cross-sectional area, as
8 a So (1 + r 2) we can write the di-ensionleas normlized source
density per-uit-length as

p PS( 2 sin2_ (A.+) + 2"P 2 7~3.jj) 31 (2)

where So in the piston area, _al Q~ 1 + "'0/2 and the bars
indicate the average value. The uin (a-) term is taken as the
cylindrical component of the source density and the cos;' (AT ')
term as the conical component.
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The parametric some strength relative to the Westervelt source
strength at infinite range can then be written symbolica1ly an

dm + p 2 dY2()-Y + f (3)

where y1  *nd Y2 are Eq. (9) and Eq. (22) of reference (i),
respectively.

SLTUMTIOMN TAPE

Reference (2) gives the derivation of a nonlinear taper funotion
as

2T2. (r) 2 % -3+2 .'1 ,c-3 (Tr)()

where q (r) is the fictitious nonlinear phase distortion angle at
the peak envelope of the primary wave. For G > 1 , the waveform
becomes imltivalued and the Jump approximtion is used to restore
continuity at the shock front. Interaction effects of absorption
ae ignored and the linear and- nonlinear attenuations are nulti-
plicative.

The phase distortion angle is taken as the mgaitude

where j is the nonlinearity number and IP(r' )I is the peak envelope
presse of Eq. (1). Equation (5) becomes

(l 2 / + 2, X X ih-'(,) (6)
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wbere X - o0 'o~f c 02 is the satvratIon nber.

Rqution (3) then becoms

i T2(f A A

0a a I +f 2

COM 14=

-or the cyl.ndrical cuuont EZq. (9) of reference (1) can be
.ritten

Y 1 ef- dt e-Tiv=,
dt* - ep -v3.) dt(8)

where L is the range tro3 orgnt telR Poit Uo s 2

z -t -Uo + i v. . The second itg of P_(8 Iwvolwd a change
tothecomplex variable z-2z+ ,k ( ax) where

• 'z - r-L aM a chane of contow to one of constant imnginary value.

.* In i3. (6) and Ur.(7), the corresponing var able f become complex
aM we have

U0  
06 -]

D -12k dte T2 tf) e'. fdt eitlV 2j. T2(3q1J

to k f o 1 + (t/to)2 "1

(9)
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For the conical coponent, Eq. (12) of reference (1) can be
written

dt e -t dte -t (I- Vz22+B22)
T2 f tt1 (10)

T = v2 0 z2+2o - 2Fz- +3

where v2 -uok/koto, 2*2- uov2 and z2 .t -uo + v 2 .
The residue is onitted because the combined solution has no pole.

By sinilar cbanwge of j to complex form in Eq. (6) ard Eq. (7),
Ve have

00z2
A. k ( dt T(t/t) dt e-t 2 (1- 2 (2)-._ __ _ . J 2¢-J2+ 2  ¢2

0 1 + (t/to)2  0 1 +22

- (13.)

en "(Z2 + ( 2 . - "22 + B t)/2to

Squations,(9) and (11) were evaluated numwricafly as discontinuous
functions at t -u O

RESUIMS

Sam results are shown in Figs. 2-17 for selected values of the
downshift ratio ko/k - Po/P , the absorption number APo(dB) =
8.7 W. , and the saturation parameter X(dB) - 20 loglO X . The
ordinates are Y(dB) - 20 log IYI and the abscissas are the scaled
range L/Ro . For values of the saturation parameter less than -15
diB, the effects of saturation rapidly become negligible. At long
ranges the relative levels approach -20 logj1 X dependence when X
is large. Since the reference source level (Westervelt) is given
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by 20 here. Y 0 - OoX("/1) 2/14ARO, the actual source
levels go~ 40 loglO X dependence in the unsaturated regime

* to 20 loglo X dependence in the saturated.

The RMS parametric source level my be calculated from the
formills

SL - Mb + Y(dB) + X(d) - 40 logo (Fo/F) - 20 log (A.o) (12)

+ 6.7 dB//1MPa - a

where SLo is the EMS source leval of each primary coaponent. For
10C sea water at moderate depth we have from reference (3)

A(dB) - SL + 20 logij_ (Fo/l kilz) - 280.6 (13)

where F. is the mean primary frequency in kz.
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