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L \ ABSTRACT
Y Y

. In the nearfield model of the parametric radiator, source
r 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,
wvhich approximates primary wave diffraction for a piston source.

Saturation effects are also incorporated by means of a nonlinear
attenuation spproximation.

ADMINISTRATIVE INFORMATION

e This memorandum was prepared under NUSC Project A6141S,
. "Parametric Sonar Echo Ranging Systems," Principal Investigator
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N 320.
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INTRODUCTION

In reference (1), a complex 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 collia
mated source for greater ranges. The two cases are now combined by
means of the horn model and the effects of saturation are included
by means of a nonlinear taper approximation.

HORN MODEL

In the horn model of Fig. 1, we require that the primary wave
be predominantly plane near the source and predominantly spherical
for ranges much greater than the Rayleigh distance R, . The cross-
sectional area of the horn is chosen to maintain constant source
density per-unit-length when attenuation is negleacted. On the axis,
the primary peak pressure is approximated as

2
P
]
P = Re r:,?—.: Z exp (14,7) (1)
n=1
where P, 1is the initial pressure of each component, T is the
retarded time and f-r/no is the scaled distance from the piston
source.

Squaring Eq. (1) and taking the cross-sectional ares as
S =8 (L+£2) we can write the dimensionless normalized source
density per-unit-length as

P 3 - 2 [sinZ (O.7T) + ficosz ()]
S So 1+f2

=21 (2)

vhere S, 4s the piston area, Ll = é“’]_ +“2)/2 and the bars
indicate the average value. The ain (1T) term is taken as the

cylindrical component of the source density and the cosc (L 7T)
term as the conical component.
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The perametric source strength relative to the Westervelt source
strength at infinite range can then be written symbolically as

- ary par
Y f Tz + fl_:_f_? (3)

o o

where Y) and Y, are Eq. (9) and Eq. (12) of reference (1),
respectively.
SATURATION TAPER

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

2
2 1+K - 7(x
Tz(r) = E"[ m '1] y K 3(%#) (l")

vhere @ (r) is the fictitious nonlinear phase distortion angle at
the peak envelope of the primary wave. For ¢ > 1 , the waveform
becomes miltivalued and the jump approximation is used to restore
continuity at the shock front. Interaction effects of absorption
are ignored and the linear and nonlinear attemiations are mlti-
plicative.

The phase distortion angle is taken as the magnitude

k° ? 1]
”’)'féoco"'! f: Ipz")] ar (5)

vhere B is the nonlinearity number and |P(r')| is the peak envelope
pressure of Eg. (1). Equation (5) becomes

L
a - = -1l
(P)=2x {' Fry o7 =2 xetarl (p) €)
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vhere X = ppokoao/foc.,z is the saturstion mumber.
Bquation (3) then becomes
e ) . P mptRe) 44
¥= ————— =
-’T 1ep? J; 1+ P2 ntr (1)

COMBINED MODEL

For the cylindrical component Eq. (9) of reference (1) can be
written

_ | - 2
n= A J‘b et -Lexp (-ivy) [ ate [1-\/m] @)

o o

vhere L is the range from the tothefaeldpoiub,uoaadh,
t »2adr , tg=2ARy , VL ™ tg Yo » béiu vy , and

Zy =t -ug +{V) . 'meaecond:l.:rteg-a.ndof 8) involved a change
to the complex variable z = 2xx + ¢ k ac + + x) where

X = rel, and & e of contour to one of constant imeginary value.
In .(6)a.nd Eq. (7), the corresponding variable £ becomes complex
and we have

L to ko 1+ (t/to)®

1+31°
(9)

vhere W) = (21 +2u,- V212 + B2 )/2 to

o oo 81 ‘
I [f at o=t 12 (t/to) _ L e vy f at e~*(1- yz12+51 )12(51)1
o (]
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For the conical component, Eq. (12) of reference (1) can be
written

Z2

)

Yy fo at e-t f dt e=t (1- /252 + ByR)

o= T i (10)
2 o °©  zp +2u - 227 + B2

where vy =uo kfkg to s B2 = Bl ugvo and zp =t eup + vy
The residue is omitted because the combined solution has no pole.

By similar change of @ to complex form in Eq. (6) and Eq. (7),
we have

25
%
Bk [ @t 1 [ aet T (1~ /224822) 12(32)

¢ ko ) 1+ (t/t0)2 ) 1+ -522

vhen J, =(zp + 2uy = 222 + 322)/2 to -

Equations (9) and (11) were evaluated numerically as discontinuous
functions at t = u, .

(11)

RESULTS

Some results are shown in Figs. 2-17 for selected values of the
downshift ratio k,/k = Fo/F , the absorption mmber ARo(dB) =
8.7« Ry , and the saturation parameter X(dB) = 20 logjg X . The
ordinates are Y(dB) = 20 log 1Y| and the abscissas are the scaled
range L/Ry . For values of the satwration parameter less than -15
dB, the effects of saturation rapidly become negligible. At long

ranges the relative levels approach -20 logjg X dependence when X
is large. Since the reference source level (Westervelt) is given
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by 20 loggo:o where. Y, = PoRoX(F/P,)2/b& R, , the actual source

levels go 4O logjp X dependence in the unsaturated regime
to 20 logyo X dependence in the saturated.

The RMS parametric source level may be calculated from the
formila
SL = SI,, + Y(dB) + X(dB) - 40 logyy (Fo/F) - 20 log (AR,) (12)
+ 6.7 dB//1yPa - m

vhere SIL, is the RMS source level of each primary component. For
10°C sea water at moderate depth we have from reference (3)

X(dB) = SL, + 20 log1o (Fo/l kHz) - 280.6 (13)

where F, 1s the mean primary frequency in kHz.
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