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projects, Inc., _West Chester,'-Pa., a‘ corporation of 
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> Application October 24, 1955, Serial No. 542,377 

9 Claims. (c1. 310—8.5_) 

The present invention relates to apparatus for generat 
ing ultrasonic energy of high intensity, and more particu 
larly, to an electro-acoustic transducer apparatus capable 
ofsimultaneously- both generating ultrasonic energy and 
focusing‘such energy to a high intensity level. 
. It has long proved desirable to obtain ultrasonic energy 
having a .high intensity. Thus, many ultrasonic phe 
nomena cannot be achieved except at a high energy level. 
Suggested prior methods for concentrating ultrasonic 
energy have included the use of converging lenses, such 
as converging lenses of methylmethacrylate, and the use 
of concave transducers. 

.To a large extent these prior methods have not proven 
Thus, refraction 

systems have not proved satisfactory because of low e?i 
ciency at high power levels, and because the most satis 
factory materials from the impedance-matching ,stand-‘ 
point deteriorate at high power levels. The use of energy 

' havinga high intensity has proven impractical with con 
cave. transducers, because they are costly» and because 
of overheating in the region of the transducer source. 
Such overheating leads to depolarization of certain trans; 
ducer materials, such as barium titanate, and other adverse 
e?ects on the transducer. ' ' 

‘Liquids which'will adequately transmit acoustic energy 
will 'cavitate if the‘ acoustical energy level is su?iciently 
high. The presence of cavitation bubbles impedes the 
transmission of acoustical energy andtherefore provides 
substantial ine?iciency. It is desirable, therefore, that 
the acoustical energy level in a liquid which constitutes 
an acoustical transmission medium be below the threshold 
level of cavitation in that liquid. ‘The liquid adjacent to 
the transducer must therefore conduct the acoustical ener 
gy' away from the transducer with minimum loss and also 
act as a coolant for the transducer. - 

~ v.It is ordinarily accepted that optimum transmission into 
a liquid occurs when one side of the transducer is air 
b'acked and therefore transmits very little energy into the 
air backing. The air backing, however, does not conduct 
heat away from the transducer, so that all the heat must 
be carried away on the power delivery side. Modern 
transducing materials, such as barium titanate, su?er from ' 
the weakness that the temperature of the material must 
not exceed the Curie temperature if remnant polarization 
is to remain and separate polarization excitation‘ avoided. 

In recent years the use of piezo-electric ceramics, ‘such 
as barium titanate, has to an appreciable degree displaced 
the use of natural piezo-electric materials, such as quartz 

7 crystals, as pieZo-electric generators of ultrasonic energy. 
Such piezo-electric ceramics can be molded into a great 
variety of shapes and polarized after molding. Moreover, 
barium tita'nate has'theyfurther marked'advantage ove'r 
,quartz in that lower applied voltages can be used to effect 
excitation; T hispermits- the use of safer electrical equip 
ment,~ and considerably reduces ‘insulation .problemsin 
,constructing a transducer. ' ‘ g 7Q cularly cross-sectioned inlet 28, having alarge diametered 
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The present invention has an an object the provision 

of apparatus in which ultrasonic energy of high intensity 
can be obtained within a relatively small region. 
The present invention has as another object the provi 

sion of apparatus in which ultrasonic energy ‘of high in 
tensity can be transmitted for protracted periods without 
adverse effect upon the transducer. . 

It is ‘a further object of the present invention to pro 
vide an apparatus for generating ultrasonic energy of 
high intensity utilizing‘ a piezo-electric ‘ceramic trans 
ducer in which close temperature control of the piezo 
electric ceramic is achieved. 

It is a still further object of the present invention 
to provide an apparatus for generating ultrasonic energy 
of high intensity in which a piezo-electric ceramic is 
utilized as the transducer, and in which energy-dissipat 
ing cavitational effects in the transmitting medium proxi 
mate the transducer are avoided. ‘ ' 

These and other objects are accomplished by the ap 
paratus of the present invention in which a transducer 
is positioned within re?ecting surfaces having a high im 
pedance mismatch with the transmitting liquid and capable 
of re?ecting and focusing the energy developed by the 
transducer to a small focal region. Disposed around the 
transducer is a liquid coupling medium having very low 
electrical conductivity, a relatively high boiling point, 
a relatively low vapor pressure, and a relatively minor 
amount of dissolved gastherein. A separate container 
for the liquid being treated is provided at aspaced dis 
tance above the re?ecting surface so that the focal region 
of the re?ecting surface is within such separate container. 
Means are also provided in the apparatusiof the present 
invention for circulating the liquid coupling medium, pref 
erably with heat exchange, so as to provide maximum 
heat dissipation for the surfaces of the transducer. 
For the purpose of, illustrating the invention there are 

shown in the drawings forms 'which are presently pre 
ferred; it being understood, however, that this invention 
is not limited to the precise arrangements and instrumen; 
talities shown. ' ' ' 

Figure )1 discloses a vertical section through one em 
bodiment of the apparatus of the present invention. 

Figure 2 discloses a vertical section through another 
embodiment of the apparatus of the present invention. 

Referring initially to Figure 1, the apparatus of the 
present invention is designated 10 and includes an outer 
vessel 12 which may be of transparent plastic, such as 
transparent methyl methacrylate. The bottom or ?oor 
18 of vessel 12 is provided with a raised centrally-posi 
tioned circular platform 14 having a thickness somewhat 
greater than the wall thickness of the remainder of vessel 
12. An inner vessel 16 which may be made of similar 
transparent plastic material is suspended within vessel 
12 Ma regulated spaced distance from the ?oor 18 of 
vessel 12. ' 

A curved re?ector constructed and arranged to have a 
high speci?c impedance mismatch with the transmitting 
liquid and designated generally as 20 is provided within 
vessel 12. I Re?ector 20 is ‘formed of metal having for an 
uppermost surface a smoothly ?nished curved re?ecting 
surface 22 having a centrally positioned apical portion 
21. The outer portion of the underside of curved re?ector 
20 is provided with an outwardly and downwardly extend 
ing annular ?ange member 24 which nests adjacent cir 
cular platform 14 and within recess'26 provided in the 
wall of vessel 12. Vessel 12 is somewhat resilient per 
mitting the anchorage of curved re?ector 20 above floor 
18 as set forth above. . ' i ' ' 

Curved re?ector 20 is provided with a telescopic cir 
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section 28a and a small diametered section 28b separated 
by shoulder 29. The section 28a maybe ‘ma-ted with a 
mating opening 30 in the wall of vessel 12. A section 
of tubing or other conduit 32 may be inserted through 
mating opening 30 into inlet section 28a with the outer 
wall surface‘of the tubing 32 forming a tight seal with 
the inner surface of opening 30 and-of section 28m, ‘Inlet 
28 extends into curved re?ector '20 ‘and joins an annular 
plenum or manifold conduit chamber 34 which 1is pro 
vided with a‘double row of closely spaced riser conduits 
36 which discharge into the interior of vessel 12." The 
upper surface of curved re?ector 20 is further furnished 
with an annular seating groove ‘37 provided with an in 
sulator liner 38, such as a liner of phenolformaldehyde 
laminated plastic, intermediate the rows of riser conduits 
upon which a molded barium titanate transducer ring 40 
is seated. As will be more fully explained below the oil 
discharged from riser conduits 36 scrubs both sides of 
transducer ring 40. Ban'um titanate transducer ring 40 
may be coupled to sources of electrical energy in a con 
ventional manner. ‘ 

The inner and outer wall surfaces of transducer ‘ring 
40 are coated with a thin ‘coating or‘?lm 41 of elemental 
silver, so that transducer ring 40 is in effect a condenser; 
with the barium titanateportion forming the dielectric 
and the silver ?lms 41 forming the electrodes. 

Disposed above curved re?ector 20 is a pool‘ of oil 
42, preferably a‘pool of transformer oil or like stable “by 
drocarbon oil having a relatively low vapor pressure, and 
not containing an appreciable amount of dissolved gases. 
Oil 42 forms a liquid coupling medium for the transmis 
sion of acoustic energy from transducer 40 to within 
vessel 16, as will be more fully explained hereinbelow. 
A discharge duct 44 for vessel 12 is provided in wall 12 

appreciably above the ?oor 46 of inner vessel 16. Dis 
charge duct 44 is connected to heat exchanger 45 shown 
disgrammatically to the left of vessel 12. Liquid from 
duct 44‘may1be cooled in heat exchanger 45 and then‘con 
veyed to duct 32. 

Inner vessel 16 is, as heretofore noted, ?xedly sus 
pended a‘spaced distance above ?oor 18 (and re?ector 20) 
in vessel 12. The distance between ?oor 18 and the floor 
46 of inner vessel 16 is critical, as it is essential for the 
purposes ofthe present invention that inner vessel 16 be 
so suspended that the focal zone of the curved re?ector 20 , 
be within the vessel 16, somewhat above \the?oor ‘46 
thereof. The floor 46 of inner vessel 16 should be mem 
branous, such as a thin polyester resin ?lm, having a 
thickness of but a minor fraction of the thickness of the 
wall portion 47 thereof, and preferably as thin' as possible. . 

Inner ‘vessel .16 may be provided with means for cir 
culating the ‘liquid .therethrough so that the process of the 
present invention may be effected on a continuous basis. 

Theforegoing arrangement permits a liquid or emulsion 
48 in inner vessel 16 to undergo treatment with ultrasonic . 
energy of high intensity re?ected from re?ector 20. The 
liquid 48, unlike transformer oil 42 may be, and prefer— 
ablyis, readily cavitated on exposure @to ultrasonic energy. 
The ‘operation of the apparatus of the .present inven» 

tion is as follows: ' 
The liquid 48 to be treated is placed within inner ves 

sel 16, and is then exposed .to the action of the ultrasonic 
energy generated by barium titanate transducer 40. Such. 
ultrasonic energy ‘is focused by means of re?ector surface 
22 tola small region within inner vessel 16. While barium 
litanate transducer 40 is generating ultrasonic energy, or 
during the ‘time interval intermediate the generation of. 
ultrasonic energy,‘ liquid 42 is circulated through outer 
vessel _12_ through inlet 28, plenum chamber 34, riser con 
duits 36, ‘and outlet 44. The passage of liquid through 
the-double row of riser conduits 36 ensures the cooling 
and scrubbing of both faces of barium titanate ‘transducer 
40. Such circulated liquid 42 is cooled by heat exchange 
in heat exchanger 45 removingheat developed by barium 
titanate transducer "40 away from transducer 40, so ‘that 
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transducer 40 is not adversely affected by such heat. Ac 
curate temperature control may be maintained so that 
transducer 40 generates energy at a constant tempera 
ture level, permitting closely reproducible results to be 
achieved. Moreover, temperature control of the liquid 48 
being treated within inner vessel 16 may be effected. 

Furthermore, erosion of transducer 40 by the cavita 
tional action of liquid 42 proximate thereto is minimized 
as the energy delivered to the coupling medium liquid 
42 is dispensed along both sides of the transducer ring 
40, so that while energy of high intensity is delivered to 
inner vessel 16, the unit intensity “of energy from v‘the’ 
transducer side surface is relatively low. This permits a 
liquid 48 which would be readily cavitated proximate a 
barium titanate ‘transducer with resultant erosion of the 
barium titanate transducer 40 to be treated with acoustic 
energy of high intensity. 

Example 
Utilizing a transformer oil for the liquid coupling 

medium 42, a photographic emulsion ‘comprising ‘a mix 
ture of about 10 weightpercent gelatin and 10 weight 
percent of silver halide was e?ectively treated with'ultra 
sonic energy having a frequency of 800 kilocycles per 
second, and an intensity of 115 watts per square centime 
ter along the plane passing through ‘the ‘focal zone of 
curved re?ector 20 within inner vessel 16. The ultrasonic 
energy was pulsed for ten seconds on and ten seconds off. 
Under the aforesaid conditions, no erosion of barium 
titanate transducer 40 due to cavitation in the oil coupling 
medium 42 was encountered, and the ‘ultrasonic energy 
per unit volume within the focal zone of curved re?ector 
20 wasclosely maintained at the aforesaid level. 

In the embodiment shown in Figure 2 the‘ construction 
is substantially the same as that shown in Figure 1 except 
that in place of an annular transducer 40 and a ‘curved 
re?ector having a peak 21, a plate-like transducer ‘50 is 
loosely positioned in a groove 52 provided with an‘ in— 
sulator liner 53 at the base of a single cavity curved re?ec 
tor 54. .1 The transducer 50 ‘generates-‘energy from botlr‘ 
of-itsirfaces which energy is focused‘by “re?ector‘54iin'to 
a focal zone within inner vessel ‘16a. ‘ i - “ “ ‘‘ 

Therpresentrinvention may be embodied in‘ other‘ speci?c 
forms ‘without departing from the ‘spirit or essential "at-j 
tributes thereof, and accordingly, reference ‘should he 
made to:the appended claims, rather than to the "foregoing 
speci?cation as indicating the ‘scope of the invention. 

I claim: ‘ ‘ 

_1: Apparatus for etfecting ultrasonic treatment ‘com; 
prising a relatively large vessel, a curved re?ector ~dis 
posed within said relatively large vessel, said re?ector 
having a focal zone within said relatively large vessel 
spaced at a distancefrom the upper ‘surface thereof, an 
annular transducer for generating ultrasonic wave energy 
disposed within the curve of said re?ector, said trans 
ducer comprising a piezoelectric material have a plu 
rality of spaced electroded surfaces facing the curved 

, upper surface. of said re?ector, each ‘.of said electroded 
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surfaces radiating the ultrasonic energy generated by said 
transducer, a second relatively small vessel suspended 
within the relatively large. vessel and spaced a distance 
above the upper face of said re?ector such that the ‘focal. 
zone of said re?ector is within the interior. of said‘ rela 
tively small vessel, inlet means in said relatively large 
vessel for permitting the introduction of liquid thereto, 
and outlet means in said relatively :large vessel for per 
mitting-the exit of liquid therefrom. 

.2. Apparatus for effecting ultrasonic treatmentcom 
prising a relatively large ‘vessel, a curved re?ector diss 
posed within said relatively large vessel, said re?ector 

_ having .a ‘focal zone ‘within said “ relatively large‘ vessel‘ 
spaced at 'a distance‘ from the upper surface thereof, a“ 

. transducer ‘for generating ultrasonic wave energy dis 
posed within the curve of said ‘re?ector, said‘ transducer" 
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comprising a piezoelectric material having aplurality of 
spaced electroded surfaces facing the curved upper sure 
face of saicl_,re?ector, each of said?electroded surfaces 
radiating the ultrasonic energy generated‘ by saidjtrans; 
ducer, awsecrond relatively small'vess'el‘suspended within 
the relatively large vessel andspac'ed a distance above the 
upper face of said re?ector such ‘that/the focal zone of 
said re?ector is within the interior of said relatively, 
small vessel, inlet means in said relatively large vessel 
for permitting the introduction of liquid thereto, and out 10 
let means in said relatively large vessel for permitting the 7 
exit of liquid therefrom. 

3. Apparatus for effecting ultrasonic treatment com 
prising a relatively large vessel, a curved re?ectorv dis 
posed within said relatively large vessel, said re?ector 
having a focal zone within said relatively large vessel 
spaced at a distance from the upper surface thereof, a 
transducer for generating ultrasonic wave energy dis 
posed within the curve of said re?ector, said transducer 
comprising a piezoelectric material having a plurality of 
spaced electroded surfaces facing. the curved upper sur 
face of said re?ector, each of said electroded surfaces 
radiating the ultrasonic energy generated by said trans 
ducer, a second relatively small vessel suspended Within 
the relatively large vessel and spaced a distance above 
the upper face of said re?ector such that the focal zone 
of said re?ector is within the interior of said relatively 
small vessel, inlet means in said relatively large vessel 
for permitting the introduction of liquid thereto, a con 
duit for liquid within said re?ector, said conduit being in 
liquid communication with said inlet means, discharge 
ori?ces in communication with said conduit at the upper 
surface of said-re?ector discharging proximate both faces 
of the transducer, and outlet means in said relatively 
large vessel for permitting the exit of liquid therefrom. 

4. Apparatus for e?ecting ultrasonic treatment com 
prising a relatively large vessel, a curved re?ector dis 
posed within said relatively large vessel, said re?ector 
having a focal zone within said relatively large vessel 
spaced at a distance from the upper surface thereof, a 
plate-shaped transducer for generating ultrasonic wave 
energy disposed within the curve of said re?ector, said 
transducer comprising a piezoelectric material having a 
plurality of spaced electroded surfaces facing the curved 
upper surface of said re?ector, each of said electroded 
surfaces radiating the ultrasonic energy generated by said 
transducer, a second relatively small vessel suspended 
within the relatively large vessel and spaced a distance 
above the upper face of said re?ector such that the focal 
zone of said re?ector is within the interior of said rela 
tively small vessel, inlet means in said relatively large 
vessel for permitting the introduction of liquid thereto, 
and outlet means in said relatively large vessel for per 
mitting the exit of liquid therefrom. 

5. Apparatus for effecting ‘ultrasonic treatment com 
prising a relatively large vessel, a curved re?ector dis 
posed within said relatively large vessel, said re?ector 
having a focal zone within said relatively large vessel 
spaced at a distance from the upper surface thereof, an 
annular transducer for generating ultrasonic wave energy 
disposed within the curve of said re?ector, said trans 
ducer comprising a piezoelectric material having a plu 
rality of spaced electroded surfaces facing the curved 
upper surface of said re?ector, each of said electroded 
surfaces radiating the ultrasonic energy generated by said 
transducer, and a second relatively small vessel suspended 
within the relatively large vessel and spaced a distance 
above the upper face of said re?ector such that the focal 
zone of said re?ector is within the interior of said rela 
tively small vessel. 

6. Apparatus for effecting ultrasonic treatment com 
prising a relatively large vesssel, a curved re?ector dis-v 
posed within said relatively large vessel, said re?ector 
having a focal zone within said relatively ‘large vessel, 
spaced at a distance from the upper surface thereof, a 
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transducer for generating ultrasonic wave '7 energy 'disi 
posed within the curve of said re?ector, said transducer 
comprising a piezoelectric material having a plurality of 
spaced electroded surfaces facing the curved uppersur 
face of said re?ector, each of said electroded’surfaces 
radiating the ultrasonic energy generated by said’trans 
ducer, a second relatively small vessel suspended within 
the relatively large vessel and spaced a distance above the 
upper face of said re?ector such that the focal zone of i 
said re?ector is within the interior of said relatively small 
vessel, a liquid coupling medium intermediate said re 
?ector and the ?oor of the relatively small vessel consist 
ing of a liquid which resists cavitation, inlet means in said 
relatively large vessel for permitting the introduction of 
liquid medium thereto, and outlet means in said relative 
ly large vessel for permitting the exit of liquid medium 
therefrom. 

7. Apparatus for effecting ultrasonic treatment com 
prising a relatively large vessel, a curved re?ector dis 
posed within said relatively large vessel, said re?ector 
having a focal zone within said relatively large vessel 
spaced at a distance from the upper surface thereof, a 
transducer for generating ultrasonic wave energy dis 
posed within the curve of said re?ector, said transducer 
comprising a piezoelectric material having a plurality of 
spaced electroded surfaces facing the curved upper sur- ' 

- face of said re?ector, each of said electroded surfaces 
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radiating the ultrasonic energy generated by said trans 
ducer, a second relatively small vessel suspended within 
the relatively large vessel and spaced a distance above the 
upper face of said re?ector such that the focal zone of 
said re?ector is within the interior of said relatively small 
vessel, inlet means in said relatively large vessel for per 
mitting the introduction of liquid thereto, a conduit for 
liquid within said re?ector, said conduit being in liquid 
communication with said inlet means, discharge ori?ces 
in communication with said conduit at the upper surface 
of said re?ector discharging proximate both faces of the 
transducer, outlet means in said relatively large vessel for 
permitting the exit of liquid therefrom, said outlet means 
being joined to said inlet means by a ‘duct containing 
means for cooling liquid passed therethrough. 

8. Apparatus for effecting ultrasonic treatment com 
prising ‘a relatively large vessel, a curved re?ector dis 
posed within. said relatively large vessel, said re?ector 
having a focal zone within said relatively large vessel 
spaced at a distance from the upper surface thereof, an 
annular barium titanate transducer for generating ultra 
sonic wave energy seated Within a groove on the upper 
face of said re?ector, said transducer comprising a piezo 
electric material having a plurality of spaced electroded 
surfaces facing the curved upper surface of said re?ector, 
each of said electroded surfaces radiating the ultrasonic 
energy generated by said transducer, a second relatively 
small vessel suspended within the relatively large vessel 
and spaced a distance above the upper ‘face of said're 
?ector such that the focal point of said re?ector is within 
the interior of said relatively small vessel, inlet means in ' 
said relatively large vessel-for permitting the introduction 
of liquid thereto, a conduit being in liquid communica 
tion with said inlet means, discharge ori?ces in com 
munication with said conduit at the upper surface of said 
re?ector and discharging proximate both sides of the 
inner and outer faces of the transducer, outlet means in 
said relatively large vessel for permitting the exit of liquid 
therefrom, said outlet means being joined to said inlet 
means by 'a duct containing means for cooling liquid 

' passed therethrough. 
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9. Apparatus for effecting ultrasonic treatment com 
prising curved acoustically re?ecting means, ‘electro 
mechanical transducer means for generating ultrasonic 
wave energy disposed within the curve of said acoustically 
re?ecting means, said re?ecting means directing the ultra 
sonic wave energy from said transducer means towards 
a focal region within said apparatus of small volume, 
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