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[57] ABSTRACT

A hydroacoustic transducer having a motor-pump unit

~ drawing in ambient Water impells the water to a cham-~

ber and through a rotary shutter unit which modulates
the flow in an on-off sequence. The on-off modulated
flow passes through an interposed venturi section cre-
ating a corresponding sequence of positive and nega-
tive hydraulic pressure impulses. These impulses are
fed to the radiating surfaces of an acoustic-energy pro-
jector to reciprocally displace them accordingly. Hav-
ing the transducer substantially filled with water ren-
ders it relatively insensitive to ambient pressure varia-
tions to ensure reliable operation irrespective of
depth.

6 Claims, 2 Drawing Figures
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PROJECTOR OF ACOUSTIC ENERGY

STATEMENT OF GOVERNMENT INTEREST

The invention described herein may be manufac-
tured and used by or for the Government of the United
States of America for governmental purposes without
the payment of any royalties thereon or therefor.

CROSS REFERENCE TO RELATED
APPLICATIONS

There is disclosed and claimed herein an unobvious
improvement over the *‘Hydrodynamic Transducer”
disclosed and claimed in the U.S. Pat. No. 3,704,443
issued Nov. 28, 1972 to Edgar N. Rosenberg.

BACKGROUND OF THE INVENTION'

Most contemporary ferroelectric and magnetostric-
tive transducers require elaborate sealing assemblies
and pressure-compensation packings or are oil filled to
prevent failure especially where the transducer is to be
operated at great depths. A series of noteworthy at-
tempts to overcome the effects of varying ambient
pressures are shown in a series of hydraulically actu-
ated transducers designed by a J. V. Buoyocous and
disclosed in U.S. Pat. Nos. 2,792,804, 3,143,999 and
3,275,977. These closed-system devices convert hy-
draulic flow into acoustic energy in response to an in-
ternally actuated valve mechanism. Even a casual in-
spection reveals that the Buoyocous devices are com-
plex and, if their hydraulic systems fail or leaks occur,
small particles of impurities which gain access into
these systems could seriously impair their ability to
function. An alternate approach employs a freely-
flooded source of acoustic energy, such as that dis-
closed in U.S. Pat. No. 3,376,949 to B.M. Baker et al
for their “Water Hammer Marine Seismic Source.”
This device created a series of zero-pressure-over-
pressure impulses to ensonify the marine topography.
However, a defect became apparent after prolonged
operation, in that the overpressure impulses would tend
to fatigue the hammer’s resilient radiating surface. An-
other mentionable advance in the evolving develop-
ment of hydroacoustic transducers is disclosed in the
U. S. Pat. No. 3,536,157 to N. A. Anstey entitled “Un-
derwater Sound Sources.” This sound source is pulled
through the water and interrupts an entrained mass of
flowing water to create a series of no-pressure-
overpressure impulses to project acoustic energy.
While Anstey’s approach eliminates a water impeller
and avoids most sealing problems, from a strength-of-
materials standpoint the repeated over-pressure-
underpressure sequences may limit the useful life of
this source. Furthermore, the absence of a large radiat-
ing surface raises a question as to whether or not any
usable level of acoustic energy is capable of being gen-
erated and radiated. The above-identified U.S. Pat. No.
3,704,443 comes closest to providing an optimum de-
sign uneffected by changing pressures while being
highly reliable due to its uncomplicated design. How-
ever, even in this design, the modulating series of off-on
pressure impulses required strong helical springs to re-
turn the radiating surfaces to a normal position. There
is evidence to suggest that including these helical
springs interferes with the projection of the radiated
signal. In all the contemporary acoustic sources, there
is no provision made for driving radiating surfaces with
a series of positive and negative hydraulic pressure im-
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pulses which by themselves hold the radiating surfaces
between two extremes positions.

SUMMARY OF THE INVENTION

The present invention is directed to providing a
transducer of acoustic energy including an impeller
unit for feeding impelled fluid to an interrupter unit
which sequentially interrupts the flow of the fluid. A
venturi section interconnecting the impeller unit and
the interrupter unit hydrodynamically produces posi-
tive and negative hydraulic pressure impulses in re-
sponse to the sequentially interrupted flow and a radi-
ating surface communicating with the venturi section is
bidirectionally displaced in response to the positive and
negative hydraulic pressure impulses. .

A prime object of the invention is to provide an im-
proved hydroacoustic transducer.

Another object of the invention is to provide a hy-
droacoustic transducer feeding positive and negative
hydraulic pressure impulses to radiating surfaces.

Still another object of the invention is to provide a
hydroacoustic transducer freely-flooded by ambient
water to thereby require no pressure compensation.

Yet another object of the invention is to provide a hy-
droacoustic transducer driven by a series of positive
and negative hydraulic pressure impulses which func-
tion to retain the radiating surfaces between two ex-
treme positions.

A further object is to provide a hydroacoustic trans-
ducer having an elastic radiating surface pulsating in
response to positive and negative hydraulic pressure
impulses.

These and other objects of the invention will become
more apparent from the ensuing description when
taken with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic representation of the invention
shown partially in cross section.

FIG. 2 is a schematic representation of a second em-
bodiment of the invention also shown partially in cross
section.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to the drawings, an improved projec-
tor of acoustic energy 10 is depicted schematically
below the surface of a body of water with water filling
all voids and cavities throughout. Being completely
flooded in this manner renders the projector relatively
insensitive to ambient pressure variations and substan-
tially identical operational characteristics remain irre-
spective of its operational depth. An impeller unit 11
draws in the water from the surroundings through an
inlet port 11a and forcefully expels it to following ele-
ments via a section of flanged piping 12.

An improved radiation assembly 15, the exact
makeup of which will be elaborated on later, receives
the impelled water and channels it to a conical housing
25. The downstream wall of the housing is provided
with a plurality of radially extending apertures. Jour-
naled onto this wall, a shutter unit 26 includes a disk
26a shaped with a plurality of radially reaching slots
having dimensions corresponding to the apertures in
the wall. The shutter unit further includes a heavy-duty
bearing for providing rotational support for the disk.
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As the disk is rotated, the apertures and slots become
repetitively aligned and covered to interrupt the flow of
water in an on-off sequence. Creation of the modulat-
ing on-off sequence is ensured by providing a cogged
belt 27 mechanically engaging the disk and being
driven by a variable speed motor 28. A more thorough
understanding of the mechanical configuration and co-
action of the conical chamber, shutter unit and variable
speed motor as they function to modulate the flow of
impelled water will be gleaned from the above-
identified U.S. Pat. No. 3,704,443. The only differ-
ences between this invention and the device of U. S.
Pat. No. 3,704,443 is that this invention employs a
cogged belt 27 for driving the disk 264 and includes a
more heavy duty bearing in the shutter unit 26. Other-
wise there is substantial identity between the shutter
units.

Referring once again to the radiation assembly 15, its
improved design enables reliable projection of low-
frequency acoustic energy by transmitting negative hy-
draulic pressure impulses, as well as, positive hydraulic
pressure impulses to an elastic or flexible envelope 16.
The envelope optionally is selected from one of a num-
ber of resilient sheets which, when filled with water as-
sumes the configuration of an elastic sphere. As the
modulated flow sequence is created by the impelled
water’s passing through shutter unit, the spherically-
shaped envelope pulsates responsively in a sequence of
outward and inward motions. In the alternative, the en-
velope is selected from a an inelastic flexible material
such as a tar impregnated canvas-like material tailored
the same as that shown in FIG. 1. However, if an inelas-
tic flexible material is chosen, it need be slightly under-
filled with water to allow responsive outward excur-
sions.

In either case, the envelope is suitably secured at op-
posite extremes around a section of piping 17 which is
joined at opposite ends to flanged piping 12a and hous-
ing flange 25a. From the opposite extremes of the sec-
tion of piping 1, the cross-sectional area is reduced by
tapering walls 18. These walls are interconnected at a
region of smallest cross-sectional area 18a and, when
taken with the converging tapering walls, define a ven-
turi 19.

Since it is a well known fact that the pressure is re-
duced where the fluid rushes through a constricted,
smallest cross-sectional area, slots 20 are provided cou-
pling this area of reduced pressure to the envelope to
draw in the envelope as fluid flows through the venturi.
Thus, a plurality of slots 20 in the smallest cross-
sectional area of 18a of the venturi section couple and
transmit negative hydraulic pressure impulses to the
envelope as impelled water flows through piping 17 and
shutter unit 12. Positive hydraulic pressure impulses
are transmitted via the slots when the impelled water is
blocked from flowing through the shutter unit. These
negative and positive hydraulic pressure impulses im-
part responsive reciprocal displacements to the enve-
lope in response to the interrupted water flow in the
shutter unit. It has been found expedient to provide a
mesh-like net 21 to prevent excessive sagging of the en-
velope 16 while it is being filled with water. Only one-
half of the net is shown in the drawings for the sake of
simplicity.

Another embodiment of the invention is depicted in
FIG. 2. Like elements are described with like reference
characters to indicate their substantial identity; how-
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ever, modifications in a modified radiation assembly
1S5a are so fabricated to provide a more rugged energy
converter. An essentially tubularly-shaped element 22
is secured at opposite lateral extremes 22a and 22b on
the outer surface of section of piping 17. The tubularly-
shaped element encloses the entire venturi section 19
and plurality of slots 20 to channel positive and nega-
tive hydraulic pressure impulses, created as described
above, through its open opposite ends 22b.

A pair of cup-shaped dome members 23 fit down
about the outwardmost portions of the open-ended tu-
bular element and a pair of interposed annular-shaped
wear strips 24 serve the purpose of sealing interior 23a
as well as providing a relatively friction-free surface on
which the domes rest as they undergo their reciprocal
excursions. The wear strips need not provide perfect
sealing since nominal leakage in either direction will
not degrade the performance of this embodiment. The
domes are not retained by any additional structure al-
though a retaining ring, not shown, could be included
to keep the domes on the tubular element when the
transducer is idle.

The negative and positive hydraulic pressure im-
pulses alone determine the limits of the inward and out-
ward excursions of the domes on the tubularly-shaped
element. A designer will tune the system selecting the
proper flow rates, internal dimensions of the venturi
section and rotational speeds for the shutter unit to cre-
ate negative and positive hydraulic pressure impulses
which offset each other to reciprocate the domes
within preestablished limits on the tubular element.

An improved hydroacoustic transducer fabricated in
accordance with the above teachings projects acoustic
energy as a function of flow rate. Increasing the flow
rate increaes the level of projected energy. Variation of
the rotational speed of the shutter unit by the variable
speed motor allows selective variation of the projected
signal. Freely flooding the transducer’s innards renders
it nonresponsive to changes in ambient pressure. Fi-
nally, the absence of structure for biasing or retaining
the reciprocating surfaces, while simplifying the overall
design, enables the responsive transmission of acoustic
energy.

Obviously, many modifications and variations of the
present invention are possible in the light of the above
teachings, and, it is therefore understood that within
the scope of the disclosed inventive concept, the inven-
tion may be practiced otherwise than specifically de-
scribed.

What is claimed is:

1. In a transducer of acoustic energy having a motor
pump unit drawing in water from the immediate sur-
roundings for impelling the water and a rotary water
chopper unit for sequentially interrupting the flow of
the impelled water and for expelling the impelled water
back to the immediate surroundings, an improvement
therefor is provided comprising:

a venturi section provided with at least one slot inter-
connecting the motor pump unit and the water
chopper unit for increasing the flow rate of im-
pelled fluid therethrough creating negative hydrau-
lic pressure impulses when said water chopper unit
allows said flow of impelled fluid and positive hy-
draulic pressure impulses when said flow is inter-
rupted. and

means in fluid communication with said slot for being
bidirectionally displaced in response to the positive
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and negative hydraulic pressure impulses to project
representative acoustic energy.

2. A transducer according to claim 1 in which the bi-
directionally displaced means is formed of at least one
panel of flexible material being outwardly and inwardly
flexed upon receipt of said positive and negative hy-
draulic pressure impulses.

3. A transducer according to claim 1 in which the bi-
directionally displaced means is an envelope of elastic
material pulsating in response to said positive and nega-
tive hydraulic pressure impulses.

4. A transducer according to claim 3 in which said
bidirectionally displaced means further includes a wire
mesh covering for protecting the elastic envelope from
envirionmental abuses and excessive said positive hy-
draulic pressure impulses.

5. A transducer according to claim 1 in which the bi-
directionally displaced means includes,

10

15

20

25

30

35

40

45

50

55

60

65

6

a tubularly-shaped element in fluid communication
with said slot,

a cup-shaped radiation dome coaxially disposed on
said tubularly-shaped element and in fluid commu-
nication with said slot, and

at least one annular wear-strip interposed between
said tubularly-shaped element and said radiation
dome for ensuring responsive reciprocal excursions
of said radiation dome in response to said positive
and negative hydraulic pressure impulses.

6. A transducer according to claim 5 in which said
tubularly-shaped element mounts a separate radiation
dome at opposite axial extremes with a separate inter-
posed annular wear strip for each dome for imparting
simultaneous opposed reciprocal excursions in re-
sponse to said positive and negative hydraulic pressure

impulses.
* * * * *




