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ABSTRACI'

The complexities of nonlinear radiation theory tend to make the
design of parametric transmitters a cut-and-try procedure. Thus far
we have only Westervelt's end-fire radiator solution toserve as a
guide. However, his model assumes weak interactions that are Limited
to the near field by primary wave absorption. For Sonar design. we
propose a strong interaction modification where primary nave satura-
tion governs the near field limit. Approidmate scaling laws for
source level and directiv‘ity are presented along with supporting
experimental measuremnts.

I I i

In spite of the complexities of nonlinear wave theory it might
be expected that satisfactory approximate solutions to parametric
Sonar radiation problems could he achieved. However, with pertur-
bation methodsI the results are often less than adequate. The
reason is that we are interested in the highest attainable source
levels and then higher order perturbations become as important as
the first. It is therefore not surprising that plane and spherical
wave models are so attractive since the saturated field problem be-
comes tractable ir not too realistic.

Figure 1 shows the usual "one dimensional" model of a circular
piston radiator where the field is collimated to a distance R0 and
diverges spherically thereafter. The three waveforms illustrate
oscilloscope pressure vs. tine traces measured at the corresponding
points in the field. The waveform, Which is initially sinusoidal at
A . becomes sawtooth at B due to the finite amplitude overtaking
effect, and then diminishes in amplitude (C) as the wave diverges
(phase effects are neglected).

A measure or the nonlinearity of the radiation field is given
by the saturation index 3: : . ' ‘

x- 901'- E'PasoUQ/ygcg

which defines the overtaking tile '1' of a sine wave of peak pressure
Po and angular frequency to a , moaned at collimation distance
so (see Appendix 1). Expressed in terms or s.u.s. source level lg
vs have:

Ia-zolus(Pose)'-a-iao-2omra(ks-)+2°hsxdn//1m
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if, for a particqu “E of expennentsl conditions In this can a

1.0 em diameter piston,“ 720 the), the «final some level assured

at e large distance from the some is plotted against the equiva-

lent input source level, 3 curve similar to Fig. 2 is obtained. w

adding 20 log to to the scans we obtain 3 "Wm" input-

cutputcmretemdtclkns. Asthe'senledinputexceedn lBOdB

(x a 1) it' is seen that the bunnies ll - 2,3 grow at the expense

:2!than (11-1) mammtommm
u the wave became saturated. - h

For Me end-fire radiation (Ref. 1-7) two high Menzies

are fed to the piston radiator u sham in Fig. 3. The difference

frequency field is plotted e's a mum of mg: as shown in Pig. 3.

(The mean primary frequency in this example in also 720 kHz.) Pigun

5 shows the difference frequency been patterns. late that in the fer

field, the difference frequency measure tends to decrease en the v

square of the frequency dawnshitt ratio while thefiirsctifity s

as the first power. This heherior is predicted by Heetervelt $22!.

(1)) romxla (see Appendix 2). However, in our use (Ref. (2)) the

radiator length is determined by primer! me Batu-aunt: rather than»

by abacrphtnn.) ._ :a::: ; 1-. 311.2;

. TRANSDUCER ‘ monomone

PARAMETRIC ARRAY EXPERIMENT 
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Figure 6 shows the 50 m field plots for various primary late}...
The associated dis-activity patterns are shown in Pig. 7. Note that'

in the far field the difference frequency level begins to fall

linearly with the input and then tends to square in: below saturation.

The directiv'lty however tends to increase, apparently approaching the

primary directivity as an upper lint. he 50 1511: results are I

smiled in Pig. 8 which shows the input-output source level cum
and the directivity index cum. (Input source level here is based
on the sun of the pang-E of the two primary components.) on results
can be "generalized to 1 kHz by adding loo log fo/f to the secondary
scale and 20 log f0 to both scales as shown in Fig. 9. be dine--

“war is scaled by adding 1.0 log 20/! to the secondary index and
then subtracting the result from the primry directivity index (see
Appenlix 2).

memdcalscalingmsofflg. 9hsveprovedtc give

reasonably good predictions for a variety of conditions. Tables 1-3

give a. mmry of results obtained in recent experiments for the

three different piston transducers described. The pertinent experi-

mental conditions are listed together with a compilation of the source

levels anddirectivdty indices for various input levels. me data

are repeated with the scaling corrections applied and are also plotted

in Fig. 10. Considering the apparent magnitude of the experimental

error, the data show reasonsny good consistency and amount with

the earlier results except for generally higher values of directivity

index.

amusing the problem of peremtric transmitter design: below

saturation there is a tredeoff between secondary sourcelevel and
directivity where the seconds-r! source level varies as them of

the prises-y and the directiv-ity begins to decrease as saturation is

approached; shove saturation the secondary source level tends to

increase linear with the winery, while the directivity decreases

as the -1 power. As satIn-ntion further increases, secomisry wave
distortion mat eventually become an important consideration ifhen

harmnics of the difference frequency w to appreciable magnitude.
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Fig. 7 - 50 kHz Beam Patterns for Various revels
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PISTON l0 cm. din.

lo= 720 k":

NDI = 43 :13

L50 =13¢ as // I m.
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APPENDIXZ

Heatemlt'a(1)-equat10n can be written:

p._e_:.1‘.€J-.—————n l y

917 negrEHé‘“ ""€-) 1 ‘-

uhez-e P in the difference mquency penk pressure at r, 9

PO is the peak pressure of each primary cumponent

s is the piston are: - We! (a a radius)

)1 is the difference mwncy wave number

L = 1/2 a. is the absorption length

r is the diztnnce (r >>L)

9 is the half beam angle

If we Let the saturation index be:

x = E ?. “ans/eco‘ ‘— ROIL

where k,3 1: the man primary frequency wave number and RO' is

the winery wave commtion distance. Substituting 130 a ho S/Zfl‘

we have: ‘-

rp. em»)
a a '~in 1"”‘§)

Wrathemwcelml:

L” a 26 In, Polo

 

'l‘.

where Po is the peak lax-ensure uh per component and Be is the

couimuun distance in meters, then we have finally for the RMS

secondary source Level. [.35 :

Ls: do 1.,(rr)-s - I." -‘IoI-“‘I/;) -1
all/I1»!!!

representing the saturated condition (I > 1).

file secmdary directivity index 1! given by:

um 2 2o 1.,(17/10.) = Idlq(1f,KR°/lb I)

in”: 29° 1: the -3 QB bean-idth- be prim-y directiuty 1:

Elven by:
N," é lo I.,('1k.l,)
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