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ABSTRACT OF THE DISCLOSURE 
Vibratory horn apparatus having the horn provided 

with a shoulder and an annular sealing ring disposed 
between the shoulder and the container on which the horn 
member is mounted. Means is provided for urging the 
horn in a direction such that the horn shoulder com 
presses the sealing ring. ' 

This invention relates generally to high-frequency 
vibratory units and more particularly to an improved 
sealing means and structure for units of this type. 

Vibratory units of the type to which this invention 
relates include a vibratory horn and a driver for vibrating 
the horn such that one end of the horn, hereinafter called 
the working end, is vibrated at high frequency. The horn 
extends into a container having liquid in it which con 
tacts the working end of the horn and which may be at 
an elevated temperature as high as the 1500-2000° F. 
range. The driver is usually a crystal oscillator, which 
utilizes the piezolectric elfect, or a magnetostrictive oscil 
lator, which utilizes the phenomenon of magnetostriction. 
In any event the working end of the horn is usually 
vibrated at a very high frequency, for example, a fre 
quency of 2-30 kc./sec., and the double amplitude of 
vibration is usually in the 1/2—3 mil range. This vibration 
of the horn in the liquid produces cavitation, so that vibra 
tory units are usable commercially for cleaning, degassing 
and homogenizing of liquids. Such units are also usable 
for the production of cavitation for research purposes, for 
example, to determine the cavitation and cavitation 
erosion properties of various materials and material 
?uid combinations. In a selected environment, various 
test specimens are mounted on the working end of the 
horn and positioned in contact with the test liquid. In 
vibratory units a seal may be necessary between the 
horn and the container at the point at which the horn 
enters the containervsince a gas may be introduced into 
the container as a cover gas for maintaining desired 
pressure or vacuum conditions in the container, and to 
otherwise provide the proper environment. However, the 
seal cannot restrict the amplitude or other characteristics 
of the vibration of the horn. Prior units have required 
?exible diaphragms or bellows which were of necessity 
permanently attached to the horn thereby detracting from 
the versatility of the horn. Furthermore these sealing 
devices were cumbersome and expensive to fabricate, and 
of short endurance. ' 

It is an object of this invention to provide a container 
vibratory horn assembly, with an improved sealing struc 
ture for the vibratory horn, which is simple to assemble 
and disassemble, is economical to manufacture and use, 
provides an effective seal without restricting the vibration 
of the horn, and allows the maintenance of low tempera 
ture in the regions where seals are necessary, so that low 
temperature conventional sealing devices may be used. 

Further objects, ‘features and advantages of this inven 
tion will become apparent from a consideration of the 
following description, the appended claims, and the ac 
companying drawing in which: 
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FIGURE 1 is a vertical sectional view of a container 

vibratory-horn assembly having the improved sealing 
means and construction of this invention incorporated 
therein; and 
FIGURE 2 is an enlarged elevational view of the trans 

ducer and horn assembly in the unit shown in FIG. 1, 
illustrating the improved sealing means of this invention, 
and showing the position of the nodes and antinodes in 
the standing wave forms induced in the transducer and 
horn assembly during operation of the particular unit 
shown in FIG. 1. 
With reference to the drawing, 

means of this invention, indicated generally at 10, is illus 
trated in FIG. 1 incorporated in a high-frequency vibra 
tory unit indicated generally at 12. The unit 12 consists 
generally of a high-frequency transducer and horn assem 
bly 14 mounted on the top cover plate 16 of a container 
18 filled with a liquid 19 to a level indicated at 20. 
As shown in FIG. 1, the container 18 has a bottom 

wall 22 to which a ?lling tube 24 is connected for ad 
mitting ?uid to and draining ?uid from the container 18. 
At its upper end, the container 18 is formed with an out 
wardly ?ared conical top wall portion 25 which terminates 
in a radially outwardly extending ?ange 26 provided with 
a groove 28 in which a conventional sealing member, an 
O-ring 30 in the preferred embodiment of the invention, 
is positioned. A plurality of bolts 32 extends through the 
top plate 16 and into the ?ange 26 so as to compress the 
sealing member 30 and maintain the plate 16 in a ?uid 
tight relation with the ?ange 26. 
A passage 34 in the ?ange 26 and the cover plate 16 

is connected to a gas inlet line 36 to enable an inert gas 
such as argon to be admitted into the top 
container 18, or to allow a connection to be made for 
evacuating the container 18. Argon, or other inert gas 
or vacuum, is admitted to the container 18 to ?ush unde 
sirable gases therefrom when a reactable ?uid 19 and/or 
material 102 is used, and in some cases argon or other 
gas may be used to maintain a desired pressure in the 
container 18 above the liquid level 20. An inner cone 
member 38 having an axial ?anged opening 40 can be 
adjustably mounted, if desired, on the lower end portions 
of a plurality of support pins 42 (only one of which is 
shown) which are connected at their upper ends to the 
top plate 16. The purpose of the inner cone member 38 
is to restrict circulation between the fluid near the surface 
and the main body of the ?uid, and thus limit contamina 
tion of the ?uid from the gas space. The inner cone is 
adjusted on the pins 42 to a desired position relative to 
the liquid level 20. In addition, a radiation shield 39 iS 
provided between the surface of the material 19 and the 
cover plate 16 to reduce the amount of heat radiated from 
the material 19 to the plate 16. In the illustrated embodi 
ment of the invention, a thermocouple 44 is mounted on 
the top plate 16 so that it extends downwardly through 
openings in the inner cone 38 and the radiation shield 
39 into the ?uid 19 for the purpose of measuring the 
temperature of the ?uid 19. When the ?uid is to be main 
tained at a predetermined temperature, the thermocouple 
44 is utilized in conjunction with a suitable furnace or 
other heater (not shown) for maintaining the ?uid 19 at 
the desired temperature, as well as providing an indication 
of liquid level by virtue of the ability of the thermocouple 
44 to be moved in an axial direction. 
The transducer and horn assembly 

elongated rod-shape horn member 50 which is illustrated 
as having separable upper and lower sections 52 and 54, 
respectively. A transducer driver, indicated generally at 
56, is connected to the upper end of the horn member 
50 and a counterweight 58 is attached to the upper end 
of the driver 56. In the illustrated form of the invention, 
the driver 56 consists of a pair of piezoelectric crystal 

the improved sealing 

14 consists of an 

end of the' 
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wafers 68 which are bonded to opposite sides of an alumi 
num spacer disk 62. An internal bolt 64, suitably insulated 
electrically, is secured to the counterweight 58‘, passes 
through the wafers 60‘ and the spacer 62, and is secured 
to the upper horn section 52. In a preferred embodiment 
of the invention, the wafers 60 are formed of lead zir 
conate-titanate crystals, and one electrode 66 is connected 
to the counterweight 58, and the other electrode 68 is con 
nected to the spacer 62. As a result, the counterweight 58, 
the upper surface of the top Wafer 60 and the lower sur 
face of the lower wafer 68 are electrically the same point. 
The upper horn section 52 functions to provide a ?rm 

attachment to the lower crystal 6!). This makes it possible 
to easily and quickly attach various lower horn sections 
54 to the driver 56 without having to bond the lower wafer 
60 to a new horn surface each time. The lower horn sec 
tion 54 is illustrated as having a lower portion 76 which is 
preferably exponential or tapered in form, namely, has 
its sectional area varied exponentially, or tapered, along 
its length, and terminates at its lower end in a rod section 
of constant diameter. 
When high-frequency alternating voltage, for example, 

a twenty kilocycle alternating voltage is applied to the 
electrodes 66 and 68, the crystal wafers will contract and 
expand periodically with the applied voltage and set up 
mechanical vibrations of constant frequency. This action 
of the crystals 60 sets up standing vibratory wave forms 
of constant wave lengths in the transducer and horn as 
sembly 14. It is possible to compute the length of the 
waves in the Wave forms, which are indicated generally 
at 72 in FIG. 2. A wave length, A, is determined by the 
following expression: 

where : 

c=velocity of the sound in the material of which the 
transducer horn assembly 14 is formed 

f=frequency applied to the driver 56 
As a result of the symmetrical arrangement of the 

wafers 60 with respect to the spacer 62, the spacer elec 
trode 62 must be a point of Zero amplitude, namely, a 
nodal point. Therefore, knowing that a node is located 
at the electrode 62 and knowing the wave length )\, a sec 
ond nodal point in the lower horn section 54 is readily 
located. At approximately this nodal point, a groove 74 
is formed in the lower horn section 54, with the groove 
74 ‘being annular in shape and extending about the horn 
section 54. At a point on the lower horn section 54, ad 
jacent to the groove 74 but spaced therefrom in a direc 
tion longitudinally of the horn, namely, in a direction 
along the horn axis 78, the lower horn section 54 is formed 
with a downwardly facing shoulder 80. 
The top plate 16 has an axial opening 82 formed there 

in of a size slightly larger than the diameter of the lower 
horn section 54 at a position between the shoulder 80 and 
the groove 74. An upwardly facing shoulder 84 is formed 
on the top plate 16, adjacent to the top‘ surface 86 thereof, 
so that when the horn section 54 is inserted into the con 
tainer 18 through the top plate opening 82, the shoulders 
80 and 84 are in a facing relation. A sealing ring 88, 
formed in the preferred embodiment of the invention of a 
compressible resilient material such as rubber or Te?on, 
Ibut which can also be formed of metal when desired, is 
positioned about the lower horn section 54 at a position 
between the facing shoulders 80 and 84. A restraining 
member, which in the illustrated embodiment of the in 
vention is a snap ring 90‘, capable of exerting a tensile 
force on the lower horn section 54 of a magnitude su?i 
cient to apply the required axial pinch to the sealing 
ring 88 to achieve a seal, is positioned in the groove 74 
and engaged with the bottom surface 92 of the top plate I 
16. The groove 74 is located relative to the top plate 
bottom surface 92 so that when the snap ring 90 is 
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4 
positioned as shown in FIG. 1, the sealing ring 88 is 
pinched between the shoulders 80 and 84. 
The functions of the restraining member 90‘, which can 

be assembled in any suitable manner with the lower horn 
section 54 at approximately a nodal point are the follow 
mg: 

(1) to exert an axial tensile force on the horn section 
54 suf?cient to compress the sealing ring 88 which pro 
vides an effective seal between the horn section 54 and the 
container top plate 16 without signi?cantly reducing the 
small-amplitude, high-frequency oscillation of the horn 
assembly. A conventional seal, as provided by a gasket or 
O ring arrangement such that a high axial force is neces 
sary to maintain the seal, will substantially reduce or 
nullify the vibration, whereas an O ring in a conventional 
cylindrical bore arrangement will not provide an adequate 
seal except under such conditions that an ambient tem 
perature soft material as rubber can be used. The present 
arrangement, while suitable for rubber is also applicable 
with less resilient materials as Teflon, metallic 0 rings, 
etc., which may be required depending on the nature of 
the fluid and the temperature; and 

(2) to provide a good path for heat conduction from 
the portion of the horn which is located in the container 
18, and thus subject to heating by the ?uid 19 in cases 
in which the ?uid 19 is at a high temperature, to the top 
plate 16 which can be cooled in any suitable manner such 
as by cooling coils 94, thus draining heat from the horn, 
and preventing the upper portions thereof from reaching a 
high temperature. 
The construction of the container 18 also contributes 

to maintaining the upper portions of the born at a low 
temperature. The top plate 16 and the flange 26 are of suf 
?ciently large cross section, relative to the area for heat 
conduction provided by the container side walls, to enable 
the plate 16 and the ?ange 26 to be maintained at an essen 
tially uniform temperature only slightly in excess of am 
bient by the cooling coil 94. Thus the sealing members 
30 and 88 are also kept at near ambient temperatures. The 
conical container top wall portion 25 functions to prevent 
excessive thermal stresses in this region of the container 
18 even though there may be a temperature difference on 
the order of 1500° F. between the top end of the side 
walls of the container and the ?ange 26. In other Words, 
the conical wall section 25 provides a connecting structure 
between the container 18 and the ?ange 26 which is in 
herently more ?exible than a cylinder, thus substantially 
reducing thermal stresses. 

It can thus be seen that the sealing means 10 of this 
invention provides for a cooperative action between ‘a seal 
ing member 88 which is compressible and a restraining 
member 90 to provide for an axial pinching of the sealing 
member. This arrangement provides for an effective seal 
without preventing the desired oscillation. In addition, the 
extension of the restraining member 90 between the lower 
horn section 54 and the top plate 16 provides for conduc 
tion of heat from the lower horn section 54 to the top 
plate 16, which is cooled by the coils 94 to maintain the 
sealing ring 88 in a cooled condition. Furthermore, this 
arrangement prevents the conduction of excess heat to the 
driver 56 which must be maintained at a temperature 
preferably below 200° F., even though the temperature 
of the liquid 19 may be as high as 2000‘7 F. 
The lower horn section 54 is of a length such that the 

working end or tip 190‘ thereof is located at an antinode 
in the wave form 72, namely, a point of maximum am 
plitude to obtain maximum ef?ciency from the transducer 
and the horn assembly 14. In the illustrated embodiment 
of the invention a test specimen 102 is attached to the tip 
109 of the horn section 54 so that the test specimen 102 
can be vibrated in the liquid 19 for the purpose of deter 
mining the cavitation eifect on the material chosen for the 
test specimen. In applications in which some treatment 
of the ?uid 19 is to be accomplished, such as a degassing, 
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cleaning or homogenizing operation, the test specimen 
102 is omitted. 

It will be understood that the vibratory unit with sealing 
device which is herein disclosed and described is presented 
for purposes of explanation and illustration and is not 
intended to indicate limits of the invention, the scope of 
which is de?ned by the following claims. 
What is claimed is: 
1. In vibratory horn apparatus which includes a horn 

member having an axis and a working end, means opera 
tively associated with said horn member for generating 
standing vibrational waves in said horn of predetermined 
wave length located such that said working end is disposed 
at approximately an antinodal point in said waves, a con 
tainer for ?uid having said working end disposed therein, 
a top on said container having an opening through which 
said horn member extends, a portion of said horn member 
disposed at approximately a nodal point in said waves 
being located in said top opening, said horn member and 
said top being shaped to form facing shoulders spaced 
apart in the direction of said axis, a resilient annular 
sealing ring disposed between said shoulders, and means 
engaged with and extending between said top and said horn 
member at a position spaced from said shoulders in a di 
rection axially of said horn member applying a tensile 
force to said horn member and urging said shoulders 
toward each other to pinch said sealing ring in the direc 
tion of said axis. 

2. In combination with a container having a top plate 
provided with an opening and a vibratable rod extending 
into said container through said opening; means providing 
a seal between said rod and said top plate at said opening, 
said seal comprising an annular sealing ring formed of a 
resilient material and extended about said rod at a posi 
tion in which one side of said sealing ring is in engagement 
with a portion of the top surface of said top plate, means 
forming a shoulder on said rod engaged with the opposite 
side of said sealing ring so that when said rod is moved 
in a direction axially thereof and inwardly of said con 
tainer said sealing ring is pinched between said shoulder 
and said top surface portion, said rod having an annular 
groove therein spaced axially from said shoulder in a 
direction inwardly of said container, and a snap ring ex 
tending into said groove and engaged with said rod at the 
bottom side of said groove, said snap ring being engaged 
with the bottom surface of said top plate so as tocontinu 
ally apply an axial downward force to said rod of su?‘i 
cient magnitude to pinch said sealing ring. 

3. The combination according to claim 2 further in 
cluding means connected to said rod for vibrating said rod 
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such that axially spaced portions of said rod are vibrated 
at diiferent amplitudes varying between zero and a pre 
determined maximum, said groove being located in a por 
tion of said rod at which the amplitude of vibration is sub 
stantially zero. 

4. High frequency vibratory apparatus comprising an 
elongated horn member having a working end and a driven 
end, means connected to the driven end of said horn mem 
ber for vibrating said horn member at a predetermined 
constant frequency to thereby induce vibration in said 
horn member the amplitude of which varies along the 
length of said horn between zero and a predetermined 
maximum, 3. container having liquid therein, said con 
tainer having the upper end thereof formed with an out 
wardly ?ared conical top wall portion terminating in an 
annular ?ange, a top cover plate formed with an opening 
{and secured to said ?ange, resilient sealing means posi 
tioned between said top plate and said ?ange, said horn 
member extending into said container through said top 
plate opening to a position in which said Working end 
thereof is in said liquid, means providing facing shoulders 
on said horn member and on said top plate at a position 
surrounding said opening, an annular sealing ring formed 
of a compressible resilient material disposed between said 
shoulders, and restraining means engaged with and extend 
ing between said horn member and said top plate at a posi 
tion spaced from said annular sealing ring applying oppo 
sitely directed forces to said top plate and said horn mem 
ber urging said shoulders toward each other so as to com 
press said annular sealing ring therebetween, said restrain 
ing means being located on said horn member substan 
tially at a point of zero amplitude. 

5. Apparatus according to claim 4 further including a 
radiation shield disposed within and mounted on said con 
tainer at a position between said liquid and said top plate. 
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