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g'.l’ize Pesearch Division has underteken the problem of investigsting
the fecsilbility of using bydraulic powered generators for “ow frequency
ecoustic: scurces under project DIF6. The purpose of this memorandum is
to review the background end development of ideas in comnection with
this problam snd to outline proposed future work.

Although the ides of using hydraulic power for acoustics is guite
cld, very little significant progress wes made in this field before the
work of Dr. J. V. Bouyoucos (reference (a)) of the Acoustic Research
Laboratory, Harvard University. He succeeded in developing an effi-
clent self-excited hydrcdyrnemic oscillator, end wes also successful in
applying theorstical techniques similar to those used for electronic
circuits Lo anelyze the oscilletor's behavior. The chief adventage of
these hydrodynsmic systems for underwater sownd lies in their simpli-
city, smell size, and economy of construction end operstion. It is
ezpeched that for power above 100 kilowatts (steady state), the size end
cost of an electronic system would be considersbly greater, perhaps more
than twice that for a hydrodynamic system of the same power.. Another
advantage lies in the fact that the acoustic power is developed within a
liquid under high static pressure ond is yeadily radiated into the water
medivm without a complicated transducer.

A further extension of the hydrodynamic source lies in the use of
electro-hydrevlic servo-mechenisms. In these systems the hydraulic
povey. is converted into acoustic power which cen be used to drive a
rediator es ebove, but here the output is controlled by electric signals
which actuate the valve mechenisms. This permits Qggmte control of
frequency and even makes it possible to use si 8 of arbitrary wave
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T THE HYDRODYNAMIC OSCILLATOR

The Buoyoucos hydrodynamic oscillator system is {llustrated in
Figure 1. Hydraulic energy is produced by the electric motor and pump
essembly. The ligquid flows into the oscillator which converts the
bydrodynanic power into campressional. vaves or scoustic power in the
cavities at either end. This conversion is accomplished Ly an
oscilletory valve action which causes the liquid to flow through either
cavity alternately. Regenerative feedboeck is inherent in the valve
system and coupled cavitics. The resonsnt frequency of cacillation
depende on the valve mass and complience of the liquid-filled chambers
and is calculuted by conventional. acoustical methods.

The acoustlec power may be taken from either or both cavities end
rediated o1 dlgsipated in o dumny load for test purposes. The ratio of
the acoustic power delivered to the load to that delivered to the input
of the Bouyoucos oscillator gives the hydroecoustic efficiency which
mey be as wuch as 60%. The mode of operation is called Class B in
analogy with electronic amplifiers where the plate current flows for one
half cycle elternately on either side of a push-pull circuit and is cut
off during the other half cycle. In the hydrodynamic oscillator the
statlic pressure is sinusoidally modulated epproximately 100% for maximum
power cutput without cavitation. Time .r the source pressure has been
limited to 100 psi (gauge) with appro:ivately 5 gallon/minute flow.

The cavity peck-to-peak pressure is then roughly 7 atmospheres and the

power output spproximately 100 watts. Experiments with one model of the
Bowyouvcos ogscillator are now in progress Preliminery measurements show
rough egreement with those of Bouyoucos; however, further work is needed

to refine the measurement techniques. It is expected that the model now

under investigation can be pushed to 1 kilowatt input by simply increas-

ing the pump system from the present 2 HP to 5 HP. For greater power the

oscillator must be redesigned.

One of the great disesdventages of the self-excited oscillator is
thet the frequency cannot be controlled precisely snd depends somevwhat
on load conditions. For some epplications it will be desirsdle to
achieve exact frequency control by external meane. This suggests that
insteod of a self-excited oscillator, one should consider the possibili-
ties of a hydrodynamic emplifier employing a similar principle of
operation.

HYDRAULIC AMPLIFIER
Consldercble progress has been mede in this relatively new fi€ld
over the past five years in epplication to industrial servo-mechanismms.

It appears that some of these techniques can be taken over into the
acoustic field with little or no modification.
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One of the most piomising developments in this respect is the
hydrevilc shake table exciter menufactured by the M. B. Manufecturing
Compeny of New Haven. This device, designed for vibration testing, is
powered by a 3000 pel hydrewlic source end is capeble of a frequency
range Wy Lo spproximately 100 cps. The schematic is shown in Figure 2.
Electrical signals sre fad to the servo-control velve which actuates
succepsive omplifiers, ond finelly a piston to which the test sample is

wetened.  Forces up to 15,000 pounds have been produced with a mass
loed of ecpproximately 100 pounds. At present the units operate at
epproximately 25 g.p.m., and the input power is limited to approximately
30 kw. The converaion efficlency is estimated to be in the vicinity of
50%, although no exmct figures are available at present. The hydraulic
supply system is capable of roughly 100 kw. output, which if converted
to scoustic power would yield in the neighborhood of S50 kw. These
relatively large powers are hondled with remarkable ease with uncompli-
cated and compact equipnent. Converting such a system for an underwater
acoustlc source seens very sttractive even though the frequency may be
somewbat lover thon might be desired. Discussions with the M. B. rep-
resentetives indicate that they are wllling to undertake a contract to
provide e system with hydraulic pump and driver capable of converting
roughly 100 kilowatts of hydraulic power into a dissipative load with
reasoneble efflciency. Further discussions ere necessary before the
specifications of the system cen be made and a pProject proposal made.
It is hoped that the consulting services of Dr. Bouyoucos will be avail-

able in drawing up these specifications, as well as in subsequent
prosecution of the project.

RADIATION

One of the major problems thet must be solved is the radietion
pioblem. Onece the pcoustic energy is generated it must be conducted
to the desired region vhere it is to be radisted into the surro
medivm. The conduction problenm is easily solved by conventional wave-
guide techniques, the wave being confined to liquid-filled, thick-wall
tubes. Radiation cen probably be eccomplished by feeding the energy to
complicny tube elemente with suiteble matching sections. There are meny
possible varistions in the radiation system but e simple monopole
rediator, as deseribded, will suffice to demonstrate the practicability
of the method, in particuler for the bigh power densities involved.
Directivity con be obiained by errangement of the radiating elements to
form a heam, uaing much the same methods as for redio antennae. Meny

othexr possible radistion systems are possible but will not be discussed
here. s

SUMMARY

Work on the Bouyoucos oseillator is continuing with the aim of gain-
ing experience in the design, operation, and measurement techniques.
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The pover limitation of the present oscillator will be tested with a
new 5 H.P. pump system.

1t 1s proposed that experiments with electro-hydraulic amplifiers
be underteken. This work will be facilitated by procuring from the
M. B, Menufacturing Compeny & high power hydrasulic system and exciter
unit similar to the one now used for vibration testing. It will then
be possible 4o investigate immediately the problems of generating and
radiating high power, restricting interset temporarily to the frequency
range around 100 cps. rsher considerction should then 8lso be given
%o the design of high power smplifier systems capable of freguencies wup
%o 1000 cps. In the latter problem, experience with the Buoyoucos

oscillator will be waluseble.
fobor - Rathr
MELLEN

ROBERT H.
Electronic Scientist
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