
F . 

_ _ _ _ _ _ _ _ _ _

Jr
-

~~~~~~~~~~~~

.&rAOk7 303 RAYTHEON CO PORTSMOUTH R I SUBMARINE SIGNAL DIV F/G 17/1 N
PARAI4ETRIC SONAR STUDY NEAR—FIELD INVESTIGATION. (U)
st 77 .1 C LOCKWOOD N0002’e—76—c—6 o51

UNCI.ASSIFIED R1706

SUE
UItUUflflME fl
USfl!flflflflU
IIUUUfl .S.i~

i~.



D D C

F

DEC 6

~~~~
7
~~~~

[I~~ TRIBUTION STATEMENT A
Approved for public releose

Distr ibution Unlimited



I 

~r-~ :~HAINOWICE! o
NSTIFICIIIOI .

I ~~~~~~~~~~~~~~~~~ ~.PABAMETRIC SONABfiTUDY

_ _ _ _ _ _ _ _ _  
SPECI AL NEAR-FIELD INVESTIGATION.

~
.— ~— ~~-

I 
(;L—

~~~~~~~

I Prepared under Contract 1/ ~~p~
424_76-C_6,ø~1\

for NAVSEA Code 06H1-1

I RAYTHEON COMPANY

SUBMARINE SIGNAL DWISION

Portsmouth, RI 02871 D D C

• 
DEC 6 f• EJ1k~ L6LJ U L~U

~~gJ~~I [DISTRIBUTION STATEMENT A
Approved for public release;I ~~‘ Distribution Unlizuited

_ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~~~~~~~~~~~~ _ _ _ _ _ _



PflhIL_L~ _ _  

V

I
PREFACE

I The opportunity to perform this Nearfield Parametric Sonar Study was made possible by
addIng a series of measurements to a Special Purpose Sonar (SPS) Transducer Measurement

I P Ogram that was already in progress.

Nearfield measurements were made at the Transducer Evaluation Center, Naval Ocean
Systems Center , San Diego, California and at the Naval Underwater Systems Center Test

I Facility, Seneca Lake , New York.

I am grateful to the help extended to me both In collecting data and critiquing this report

I by Dr. George Walsh , Messrs. William Backman, James Bartram, and Dennis MoCrady of
Raytheon; and Dr. Mark Moffet of the Naval Underwate r Systems Center , New London,
Connecticut.

I In addition I wish to thank Mr. Herbert C. Single of Raytheon, Program Manager of this
study, and Mr. John Neely, Code 06H1 NAVSEA, who authorized and funded the work that
was performed.

Dr . ... C. Lockwood
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1.0 INTRODUCTION

I Difference frequency sound pressure levels in the nearfield of a parametric transmitting
array have been measured in two separate experiments with the same projector. The projec-

I tor baa a nearf ield distance at the primary frequencies of approxImately 6.0 in. Measur e-
ments were made at ranges of from 3.0 to 24.0 m, in order to show the nearfie ld buildu p of
apparent difference frequency source level from with in the projector’s nearfield to approx i-

I mately four times its nearfield distance. The first experiment took place at the Naval Ocean
Systems Center’s TRANSDEC facility in San Diego, California in July 1976. Measu rements
were made at ten difference frequencies ranging front 1.0 kHz to 12.0 kHz. In these and

I succeeding measurements, the projector was driven at two frequencies. The lower frequency
remained a constant 42.58 kllz, and the higher frequency was varied from 43.58 to 54.58 kHz
to produce the desired difference frequency. The downshift ratio, defined as the ratio of the

I mean primary frequency to the difference frequency, varied from 43. 08 to 4. 05.

The data obtaine d at a range of 24.0 m and some of the higher-frequency data at shorter

I ranges were considered satisfactory. However, the shorter-range, lower-frequency data
were contam inat ed by receiver distortion , which was apparent from the shape of the beam-

I 
patterns. It is believed that the hydrophone used, because it is of the electrostrictive type,
has an inherent intermodulation distortion response that is proportional to the square of the
primary frequency pressure at the measurement point. If the dependence on primary fre-

I quency pressure Is In fact quadratic, then the distortion level must increase at a rate of 40.0 dB
per decade as range is decreased. Thus a hydrophone showing negligible distortion at ranges
greater than 24.0 m may be totally unusable at short ranges or at large downshift ratios. This

I suggests a fundamental limit to the useful combination of downshift ratios and nearfield range
for a given hydrophone .

The second experiment took place in April 1977 at the Naval Underwater Systems Center’s

I Seneca Lake Test Facility. The objective of the Seneca Lake experiment was to repeat the
conditions of the TRANSDEC experiment and to overcome the distortion problem. The distor-

I tion was hoped to be eliminated by substitution of a different hydrophone, preferably, a non-
electrost rictive one. If changing the hydrophone failed to resolve the problem , it was planned
to cover the face of the hydrophone with a sound absorbing material to attenuate the Intense

I prima ry rad iation. The distortion would then be expected to dimini sh quadraticall y.

The objective of overcoming the distortion problem was not realized for a number of rea -
sons . The major obstacle was a lack of test time . The nearfield measurem ents were to be

I taken as a low-priority addition to a test program in which the emphasis was on farfield mea-
surements. In the end , only about three hours became availab le for nearfield measurements

I out of over three weeks of testing. Because of lack of time, it was not possible to attem� the
use of a sound absorber to cut the distortion. It was not possible to obtain use of a suitable
non-electrostrictive hydrophone , so the best that could be done wa~ to use a different electro-

I atrictive hydrophone and hope that it would be less nonlinear. Such did not prove to be the
case . However , because time was so short it was decided to concentrate on taking axial
levels and not to take beampattern a for all ranges and frequencies as was done at TRANSDEC.

I Consequently, the degree to which distortion affected the Seneca Lake test results was not
determined until later .

1 1-1
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• I Because no distortion-free data set was obtained, efforts were directed at evaluating the
• - data that were obtained to establish which data were reliable and see if the data could be cor-

I . rected. It was appare nt for example , that the beampatterns from TRANSDEC revealed by
their shape whether a substantial amount of distortion was present. It was further noted that
the signal level could be estimated from the distorted beampatterns by fairing in a more• I characteristic shape in the vicinity of the maximum response axis. The method of idertifying
distortion and estimating corrections from the beampattern shape was not regarded as very

V satisfactory because it relied too heavily on the judgment of the observer. Furthermore, it
could - 1  be applied to the data taken at Seneca Lake because patterns were not made.
Methods of estimating the distortion level and correcting the data analytically were therefore
examined.

I By use of the assumptions that the distortion level dependence is quadratic, and that the
distortion and signal add in phase, it has been possible to deduce the distortion levels and to

I correct the data. The corrections depend to some extent on assumptions made about the
• 

V range dependence of the signal as predicted by theory. However, there Is no reliance on pre-
dicted absolute levels. Furthermore, only the shortest range data point is seriously affected
by the assumed range dependence.

The data from the two experiments are compared with two nearfield theories. Then these

I two and several other theories are compared among themselves and their similarities and
V differences are noted. The first published theoretical treatment of the parametric array near-

field was included in the more general numerical volume integration model of Muir and
Willette1. The volume integration program originally developed by Willette has been revised
by Lockwood to Include finite-amplitude effects and to improve numerical convergence. In its
modified form , the program was used by Muir, Mellethruch and Lockwood2 to model the

I unusual nearfield geometry of the reflected parametric array. Lockwood’s version of the
Willette program is used In the present investigation. However, for the cases considered ,
the results are believed to be identical to those that would have been obtained had Willette’s
original program been used.

An analytical model of the parametric array nearfield was published by Berktay3 in the

I same year (1972) that the Muir-Willette work appeared in published form. Because Berktay’s
model is applicable only to parametric arrays with collimated prima ry waves, it will not be
considered further in this work.

I In 1974, Bart -ram and Fugltt4 reported a simple closed-form model for a parametric
array with conical piston beam primary radiations. Assumptions used in that work include
neglect of absorption and of finite-am plitude attenuation . The same year , a more complicated
analytical model was reported by Lockwood5. Presented as an adaptation of the (farfield)
Mellen—Moffett 6 model , the Lockwood model uses geometrically derived correction factor s to

I modify the amplitudes of secondary signals emanati ng from ranges for which nearfield effects
• are important. The correction factors are derived under the assumption of negligible losses

In the interval to which the factor is applied. Losses occurring outside that Interval are pro-

J pony accounted for. A significant feature of the Lockwood model is that it accounts for the
transition from a conical beam to a cylindrical beam at the prima ry freq uency nearfield limit.
Other models are based on the assumption of either a cylindrical or a conical prima ry beam.
(The Bar tram4 model contains a cylindrical nearfield in Its formulation , but its effect is

H 1 1—2
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I
I suppressed in an approximation used to obtain the reported result.) Both the Bartram and the

Lockwood models have been evaluated for the conditions of the Seneca Lake experiments

I 
reported herein.

In 1975, RolleIgh7 published a nearfield model that Includes explicit account of the pni-

I mary frequency beampattern. In other respects, it Is similar to the Bartram4 model. Its
major shortcom ing is that it does not apply within the nearfield of the projector .

In two recentworks, neanfield absorption has been taken into account. The first , a 1975
‘work of Mellen8 actually contains two models, one for cylindrically collimated primary waves
and the other for conical beam primaries. Both models have been evaluated in the present

I work. However, for the parameters considered, the effect of attenuation is negligible. The
most recent model reported Is by M ellen and Moffett9. This model is, in concept, closely
related to Rolleigh’s model7, but is evaluated numerically.

I
I
I
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I
I 2.0 EXPERIMENT DESCRIPTIO~E V

The two experiments, the results of which are to be reported, both took place in fresh
water. The experiments at TRAI~ DEC were conducted with the projector at a depth of 5.44 m
In the tank. A block diagram of the experimental arrangement is shown in FIgure 2-1(a). The
projector , effectively a 20-inch diameter circular piston transducer, radiated the two pri- 

V

I 
mary frequencies simultaneously. The lower frequency was held constant at 42.50 kHz and
had a measured source level of 226.2 dB re 1 ~iPa at 1 m. The higher primary frequency
was varied from 43.58 kHz to 54. 58 kllz and had a source level var ying from 221. 3 to 227. 8

I depending on the projector’s transmitting response. The signals from the two oscillators
were summed prior to power amplification. The receiving system consisted of an MISC XU-
1313 hydrophone followed by a lowpass filter and preamplifier and the standard TRAI’~DEC

I electronics. Output was channelled to a polar plotter , which produced beampatterns for all
of the asurements.

I ~perimenta1 configuration at Seneca Lake Is shown In Figure 2-1(b). The projector , 
V

~Ind a sonar dome, was suspended from the Transducer Calibration Platform
drge at a depth of approximately 76.0 m. The TCP electronics are similar to those at

I £~ A~~IDEC and the preamp/filter box used was the same. Therefore, the only important 
V

difference in the receiving system was the use of an F-50 hydrophone. The signal generation
used at Seneca Lake differed from that used at TR.M~DEC. Rather than adding two primary

J frequencies, a modulator was used to produce single sideband (f2) plus carrier (fi). Other
differences were the operation of the projector behind a dome, and a more powerful amplifier
producing a primary source level outside the dome of 233.8 dB re 1 ~Pa at 1 m. For the

I measurements, the dome was positioned at the angle resulting in minimum beam distortion.
Measurements at TRA~~DEC indicated that the effect of the dome at this angle was to atten-
uate the primary source level and that the difference frequency source level seemed to behave

I as it should for the corresponding reduction In drive power. Therefore, the effect of the dome
is believed to be negligible except to reduce the effective primary source level. Unlike the
procedure followed in the TRAI~ DEC experiments, beampatterns were not drawn for each

j measurement. Rather, the beam was peaked up on the hydrophone and the axial source level
was noted. The reason for this change of procedure was lack of time.

I As mentioned In the Introduction, during the TRANSDEC experiment the presence of
Intermodulation distortion in the receiving hydrophone was noted at short ranges and low frequencies V

by examining the shapes of the beampatterns. Figure 2-2 shows a rather extreme example of

I this. Figure 2—2(c) is the 1. 5 kHz pattern at 24. 0 m and is representative of the normal
appearance of the parametric nearfield beampatterns showing no effect of distorti on. Figure
2-2(b) is the corresponding pattern at 6.0 m and shows considerable elongation at the pattern
tip caused by the very high primary frequency levels in the area of the major lobe. In figure
2-2(a), the 3.0 m pattern, the primary levels have become so high that Intermodulatlon distor-

I tion dominates the parametrically generated signal even in the area of the first sidelobes.

The presence of the Intermodulatlon distortion in the TRA?~ DEC data provided the
motivation for the acquisition of nearfield data during the Seneca Lake tests. Unfortunately,
very little was accomplished at Seneca Lake because there was so little time available altar

1 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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I
the farfield measurements were completed. There was one significant point demonstrated at
Seneca Lake. That point was the power law dependence of the distortion. Figure 2-3 shows
the 1.5 kHz data as measured at Seneca Lake. The data were taken at four primary source
levels In 3. 0dB steps. The solid line is the theoretical curve according to the Muir-Willette1

model evaluated for the highest source level. The great disparity between theory and experi-
ment, particularly In the range dependence of the data, indicates that distortion is signifi-
cant. The fact that the data for succeeding primary lev&~ are almost exactly 6.0 dB apart

t shows that the dependence of the sum of signal and distortion on primary source level is
1 quadratic. The parametric signal is known tobe a quadratic function of primary level. There-

fore, the fact that the range dependence does not change with primary source level indicates V

I that the intermodulation distortion, is also a quadratic function of the primary frequency - -

level. This demonstration that the intermodulatlon distortion goes as the square of the pri-
mary frequency pressure at the hydrophone makes it possible to attribute a40. 0dB per decad e

I range dependence to the intermodulation distortion in the farfield - I the projector.

I 2O4~ i i i  I I

o DATA S dS DRIVE I fl3.S 4BI~ P. II. PER PRIMARY TONE)

a DATA-S mornV E -
V 

A DATA -3d S DRIVE

oV 
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0

1
1

14 - -

I3C I I I I I l l  I I I I I I I
i.o 10.0 I0~~O V

RANS E (ml

V Figure 2-3. Secondary Frequency Source Level at / 5  k/Is as Measured for Four Drive Levels
(Seneca Lake Experiment)
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I 3.0 CORRECTION OF DATA V
Because all of the data from the two experiments contain some amount of distortion , a

method was sought to estimate the amount of error caused by the distortion and to perhaps

I cor rect the data . In order to do this, It was necessary to place some reliance on a theo- V

retical model . However , thi s relianc e was kept to a minimum by assuming that the theo- 
V

I retica lly derived levels for the two shortest range points had the correct ratio (difference in
dB) . Reliance on derived absolute levels was therefore avoided . The resultin g corrected

- level for the shorter of the two ranges used is highly dependent on the theoretical ra tio used .
The other corrected values are quite insensitive to the assumed ratio , becoming less so as
the range Is Increased. V

The following assumptions were used In the correction procedure :

I fl The measured pressure 
~m is the sum of a signal pressure p5 and interference

pressure p1. 
V

I 2~ The inte rferenc e pressur e is prop ortional to the square of the prima ry pressure.
V The primary pressure is inversel y proportional to ran ge except In th1e0 nearfield .

I For nearfield points , the spherical wave correctio n given by Bobber Is used . With
V the nearfield correction expressed as a linear fac tor denoted by 6 , the interference

pressure may be written

I 2 2
V p1 = p 1 6 /r

I Note that ~ varies between 0 and 1, assuming the unity value In the farf ield of the 
-

projector . 
V

~1 3~ The signal levels at the two lowest ran ges are prop ortional to the theoretical levels
at those ranges , i .e. ,  if p 1 aud p52 are the signal levels and p~1 and 

~t2 are the
- corresponding theoretical Leveis then

I ~t2
p~ ~sl~

I 

The two lowest ranges are used because they contain the gre atest prop ortion of inter- 
V

V ference and hence the least sensitivity to the actual signal level in estimatin g the interference V

~ I 
pressure.

- With the abov e assumptions , a system of equations may be written. At range 1 (eg. 3. Om)

I the measured pressure is wr itten
• 2 2

- ~m1 
= psi + 

~ 10

V

-
I

‘ 1 3-1
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At range 2 (eg. 6. Om) , the measured pressure is written using assumptIon 3 above, -

I 
Pt2 2 2

£ ~m2 
= — + P10 6

For each frequency, the above equations can be solved for p10, which Is then used to correct
the data at all ranges. The only nearfield range point considered Is the 3. Om point in the
TRANSDEC exrriment, for which the value of 61, is 0. 8224. In all other cases, 6 i = 6 2 = 0. V

The Lockwood model was used to provide the theor etical ratio .

II 
V

II V

I
I
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I
I
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I 4.0 EXPERIMENTAL RESULTS

The experimental data obtained at TRANSDEC are plotted In Figures 4-1 thro ugh 4-10. 
V

In each figure the measured data are shown as solid circles. The solid line represents

I theory calculated using Lockwood’s model5 and the dashed line represents theory calculated
from the Muir -Willette’ model. The crosses represent corrected data , calculated assuming

I 
that the Lockwood theory has the correct short range slope.

The two theories are shown because they demonstrate the contrast between the results of V

different types of approximations . Other theories are compared in the next section. At the V

I larger ranges it would be initially expected that the Mui r-Willette model would be more cor-
- rect than the Lockwood model because of the explicit Inclusion of the prima ry frequen cy

beampattern. However , for reasons discussed In the next section , the Muir -Willette results V

V m~y be as much as 1.0 dB conservative . The Lockwood model Is expected to be more correct
V at range s below 6.0 m because of the inclusion of a planewave nearf ield.
- I The source levels used in the TRANSDEC experiments were easily low enough to make Ifinite-amplitud e attenuation negligible. Under such conditions , the seconda ry pressure • 

V

increase s as the square of the prima ry pressure and for every 1.0 dB of Increase in the mean
- I prima ry source level the secondary source level increases 2.0dB. For convenience the
V theoretical data were all calculated using a mean prima ry frequen cy source level of 227.8dB !

~Pa/m, and the measured data shown in Figures 4-1 throu gh 4-10 have been scaled up by
V twice the source level difference. The amounts by which the levels at each frequency have

been increased are shown in Table 4-1. In a few cases more than one data value was obtained.

I 
These generally agreed within about 1.0 dB and are shown here as average values.

There is a considerable variability in which theory best fits the data . When there Is a
theoretical discrepanc y of 2. 0dB it Is difflcult to resolve even by distortion free measurements

I because of the quadratic dependence on the prima ry source level. The test facilities are con-
sider ed to have accuracies of about *1.0 dB and a 1.0 dB er ror in estimati ng the primary fre-
quency source level leads to a 2.0dB error in the secondary level. In any case , Figure 4-1

I shows corrected data that are very close to the dashed Muir-Wi llette~ curve , the solid
Lockwood5 curve being higher. In Figure 4-2, the 12 m data point is not really consistent

I 
but otherwise the Muir-Willette theory Is favored . In Figure 4-3, the 3.0 in point was dis-
carded becaus e it led to unreasonable correct ed levels. The remaining points tend to agree
with the dashed line . In Figure 4-4, the solid line is favored . The data in Figure 4-5 also

I favor the Lockwood curve . Figure 4-6 does not reall y favor either curve . It app ears that
in this case , the correction procedure resul ted in too high a distortion level. In Figures 4-7
throu gh 4-10 the trend is toward data that support both theories equally well.

I The data obtained at Seneca Lake are shown in Figures 4-11 thro ugh 4-13. Here , data
were obtained at only three frequencies. The prima ry source level was a constant 233 8 dB/
p P/rn per tone , still too low for significant finite-ampl itude effects at these ranges. The

I minimum ran ge for these data was 6.74 m, limited by the test configuration. There is a
general tendency for these data to be high. They give a reasonable fit to the solid curves ,
but are significantly higher than the dashed curves.
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5.0 COMPARISON OF THEORETICAL RESULTS

V A convenient way of looking at the parametric arra y nearfield has the interaction volume

I divided into apertures formed by slicing the primary beam perpendicular to its acoustic axis.
Each such aperture radiates secondary signals with a farfield level that depends on the ampli-
tude and phase distribution of the source strength dens ity in the aperture and on the distance
from the apertur e to the measurement point. Each aperture also has a nearfield. The ampli-

-
~ tude and phase at a measurement point is the sum of the signals from all of the apertures

from the projector out to the measurement point.

The accuracy of any nearfield model , assuming that loss mechanisms may be neglected ,
- depends on the accuracy with which the prima ry field is modeled and on the accuracy with

which the contributions of all the virtual sources are summed at the measurement point.
V Most of the nearf ield models that have been proposed treat the primary beam as a spherically

spreading wave retaining the assume d farfield characteristics all the way back to the source .

I The exceptions are the strictly cylindrical-beam models such as thos e of Berkt ay3 and of
Mellen8, and Lockwood’s model5, which combines a planewave nea rfield and a spherically
spreadi ng farf ield. The conical beam models ar ~ not applicable to measurement points in
the prima ry beam ’s nearfield. Another issue concer nIn g the description of the prima ry beam
is the assume d beampattern. In the models of Bartram 4, Mellen8 and Lockwood5, the far-
field beam is assumed to be conical , with equal amplitude over a spherical cap , and with
energy equal to the total radi ated energy . A descri pti on that is , In pri nciple , more precise
incorporates the theoretical beanipattern of the projector . The Muir-Wlllette1- , Rolleigh7
and the new Mellen-Moffett 9 nearfield models are examples of this type of treatment . It

I turns out that there is generally a discrep ancy of about 2.0 dB for cases considered in the pre-
sent work between models incorporati ng the prima ry beamp atte rn and thos e not. This is
because the major lobe of the circular piston pattern accounts for only about 80% of the

I radiated energy . While the assumption that 100% of the prima ry frequency energy contributes
£ to the secondar y source strength clearly repres ents an upper bound, the models that incor-

~ I 
pora te the beampattern tend to be conservative for two reas ons. First , they all assume that
the primary beampat tern applies all the way back to the source. It seems reasonable to
expect 100% of the primary freq uency energy to contribute in the projector nearfield because
the sidelobe energy Is still in the column. The second reason is that It is usua l to assume
that negligible signal comes from outside the major lobe. In the Muir-Willette model1- , for

V example , the Integration over angle is only carried out to the first null of the prima ry pattern.
Yet, in nearfield cases , energy from the sidelobes may be significant. A preliminary test of

I the Mu ir-W illette model in which the angle included in the integration was quadrupled showed
an increase of about 0.3 dB for cases of present interest . From the two reasons combined ,
the models may well be low by as much as 1.OdB at 24. 0 m and even more at shorter ranges
that are still In the projector far field.

i 

i There are two sIgnificant issues related to the accura cy with which the contributions of
all of the virtual sources are summed at the measurement point. The most basic considera-
tion is that the variation of the range from the measurement point to each virtual aperture be
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accounted for. All nearfield models do this. The other issue is the handling of the apertures

! 
for which the measurement point is in the nearfield. Because of thei r proximity to the

- measurement point, phase varies rapidly over these apertures , and care should be taken to
V see that they are pr operly described. The accuracy of the various models in this regard

and the quantitative effect of errors are difficult to assess.

Six of the theories discussed above have been evaluated for the conditions of the Seneca
Lake experiment. The res ults for frequencies of 1. 5, 3. 0 and 10.0 kHz are shown In Figures
5—1 through 5—3. The theories repr esented by lines are those of Bartram4, Rolleigh , Lock-
wood5, Muir and Willette 1, and Mellen8 (cylindrical and conical versions). Because of the

V assumptions of a conical primary beam, none of the theories shown are expected to be valid
- I T within 6.0 m except for the Mellen8 cylindrical model and the Lockwood5 model. These two
- models are in reasonable agreement between 3.0 and 6.0 m, although the Lockwood model appears

- 
to be relatively low at the 10 kllz frequency. If one discounts the Mellen cylindrical model

I beyond 6.0 in, then all of the theoretical results fall with in about 3.0 dB at 1.5 kllz, 3.5 dB

V 

- 

V 
at 3.0 kHz and 4.5 dB at 10. 0 kHz . The increase in spread appear s to be attributable solely

V to a drop In the Muir —Wlllette1 curve relative to the others . However , on close inspection ,
V it is observed that the Mu ir-W illette’ and Lockwood5 theories appear to retain a constant

ratio as frequency is varied Also, the Bartram4 and Rolleigh7 theories tend to keep the
- 

I p same rati o but to change relative to the Mui r-Willette and Lockwood theories. The Mellen8
(conical) curve does not seem to consistentl y track either of the pairs of theoretical curves

* mentioned above .
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I Figure 5-1. Comparison of Theoretical Data for 1.3 kHz Difference Frequency (Conditions of Seneca Lake
Experiment Assumed)
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The reason for this shift with frequency of two theories relative to two others Is not

I 
fully understood , but is believed to be related to the method of handling the apertures that are
in the nearfield relative to the observation point. The shift at short ranges of the Mellen
(cylindrical) theory relative to the Lockwood theory may also be related to the handling of

I 
nearfield apertures.

The offset between the Bartram4 and Rolleigh7 theories and between the Lockwood5 and
Mulr—Willette1 theories at ranges greater than the projector’s nearfield distance is believed
to be caused by the explicit account of the primary frequency beampattern in the Rolleigh and

V Muir—Willette models. In each case, the offset is about 2. 0 dB. It is interesting to note that
2.0 dB is the approximate ratio of the total radiated energy to the energy In the main lobe for
the projector considered. The Bartram and Lockwood models assume that all of the radiated
energy goes into the interaction, whereas the models that incorporate a beampattern include
little that is not In the major lobe. A 2. 0 dB discrepancy is therefore consistent with this
fact.

V Although the inclusion of the beampattern is, in principle, more accurate than the

I simpler model, in practice, the results tend to be conservative. This is largely because of
- the use of the approximation that the primary beam is conical all the way to the origin. In

the primary nearfield, it seems reasonable to expect all of the energy to contribute to the

I secondary signal, not Just the 80% in the major lobe. In fact , it might be argued that all
energy within the first Fresnel zone relative to the observation point should contribute . A

I further effect of using the theoretical beampattern that may lead to erroneous results is the
non-ideal nature of the primary frequency beampattern. High sidelobe levels may increase
the amount of energy contributing to the axial seconda ry signal. For conditions of the pre-

r sent experiments, the explicit inclusion of the primary frequency beampattern combined with
the conical beam assumption is estimated to lead to results that are too low by a minimum of
0.5 dB at 24. 0 in. An error of as much as 1. 0 dB is not unlikely . Therefore , it appears

— 
that If two models were precisely correct in all respects except the handling of the primary

I. beampattern, then the version with the theoretical beanipattern included should provide a
lower bound, the model assuming all radiated energy to occupy a constant amplitude cone

I should provide an upper bound, and the “true” value should lie in the middle.

In summary, all models considered are within 3.0 dB in their regions of appl icability at

I i. 5 kHz . The spread among the results increase as frequency is increased , with the Bartram
and Rolleigh data maintaining an approximately constant ratio and the Lockwood and Muir —
Willette data maintaining an approximately constant ratio. In each case, the constant ratio

I is approximately 2. 0 dB and can be attributed to the handling of the primary beampattern.
The disparity between the Bartram and Rolleigh models on one hand and the Lockwood and
Muir-Willette models on the other is unexplained, but is believed related to the handling of

I geometry close to the measurement point.

The data represented by triangular points on Figures 5-1 and 5-2 have been left for
discussion at the end of the section because they were not evaluated by the present author and
are not available at the entire span of ranges and frequencies considered. These data were
supplied by Moffett~1- using parameters supplied 1-y the author for the conditi ons of the Seneca

I Lake experiment. These data from the new Mellen-Moffett9 nearfield model agree quite well
with the Muir_WilletteL results, but tendtobe lower , in some cases by as much as 1.0 dB.
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- I
— I 6.0 CONCLUSIONS

~~ esults from two parametric nearfield experiments have been reported. The data, known
to conta in substantial receiving hydrophone intermodulation distortion, have been corrected by VI deducing the level of the distortion and coherentl y subtracti ng the distortion pressure from the
measured data. The data obtai ned at TRANSDEC at ten frequencies support both the Lock -

I 
wood5 and the Muir-Wi llette 1 theories quite well. Note that the latter is not considered valid
at mnges less than 6.0 in; so any disagreeme nt in thi s region is disregarded. Because the
data seem to support both theories e’-iualiy well, they especially support the contention that

L the two theories are , respectivel y, upper and lower bounds. Comparison with other theories
considered may be effected Indirectly by referring to Figures 5—i through 5-3 . Although the
figure s were prepared for the conditions of the Seneca Lake experiment , the comparison of V

relative levels for a given frequen cy is equally applicable to the TRANSDEC experiment con-
ditlons .

When the theories are compar ed in light of the TRAN SDEC data , it appears that the
j  Bartram4 theory has a tenden cy to be high. The Rolleigb7 and Mellen8 (conical) theories ,

in the prima ry farfield where they are valid, tend to lie between the Lockwood and Muir-

r Wi1lette~- curve s and so agree well with the experimental data. The fact that these models
tend to shift with frequency relative to the Lockwood and Muir-Wi llette curves is somewhat
disturbi ng.

- 

The Seneca Lake data tend to be somewhat high relative to the Muir-Willette and Lock -
wood curves , giving a reasonable fit only to the latter. Howeve r , the conditions under which

- these dat a were obtained are such that little confidence can be associated with them .

test of several nearf ield theories has been made. Because of the condition of the
experimental data , the test Is not particular ly discriminatin g . Also, there is not a great
deal of spread among the theories considered . ,~With in thei r regions of validit y, the theories

S. of Rollelgh7, Mellen8, Mui r and Willette1 and 1)Q,pkWoOd 5 all give good agreement with
experiment. Of these , the last is the only one tha’b~ s uniformly valid at points In both the

V nearfield and far field of the projector .

In conclu sion, it Is of interest to compare the diffic ’ulty of app lying the variou s models

F considered . Table 6—1 gives for each model the degree of difficulty on a scale of 1 (easy) to 
V

1. 10 and the minimum equipment requirement for evaluation.

S

1 
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Table 6-1. Degree of D~fflculty and Equ4rnienc Required for Each Model 
V

I Model Difficulty Equipment Required 
-

Bartram4 1 Slide Rule

I Mellen8 2 Slide Rule 
-

Lockwood5 3 Programmable Calculator

I Muir-Willette’ 10 Large Computer

Roll eigh7 1 Slide Rule V

I Mellen-Moffett Nearfield9 10 Large Computer 
-

I - V

I
I V

I
I
I -

I

I
I
I
1 V
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I APPENDIX A

I In this appendix is supplied for reference a FORTRAN listing of the main program and
required subprograms used to evaluate the Muir-Willette model. The original model is VI

described In Reference 1. ModificatIons made by the author are noted in the comments at
the beginning of the listing. 
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APPENDIX B

In this appendix is supplied for reference a FORTRAN listing of the main program and
I’ required subprograms used to evaluate the Lockwood model. A description of the model may

- be found in Reference 5,

Ii This program has also been implemented on a programmable calculator (Texas Instru-
-

- ments SR—52) I
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