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UNITED STATES 

2,138,051 

PATENT OFFICE 
2,138,051. 

MEANS FOR TREATING LIQUIDS 
Robert Longfellow Williams, Newton, Mass., as 
signor to Submarine Signal Company, Boston, 
Mass., a corporation of Maine 

Application June 2, 1933, Serial No. 674,020 
18 Claims. 

The present invention relates to means for 
treating liquids in which compressional Wave en 
ergy is applied to the liquid. It is applicable in 
the manufacture of certain liquid products in 
which two component substances are brought 
together and a dispersion or emulsion is formed 
by the suspension of one substance in the other. 
The means and method are also generally appli 
cable to the denaturing of certain cellular struc 
ture and also other physical and quasi-physical 
reactions. 
In the present invention the inventor has dis 

covered that the application of compressional 
wave energy of a frequency within the sonic 
range produces under proper methods of opera 
tion a complete emulsification or dispersion in 
certain kinds of liquid Substances as, for in 
stance, cream in milk. It has also been deter 
mined that Within the range of Sonic frequencies 
the size of the particles of dispersion is governed 
to a considerable extent by the Sound frequen 
cies and the intensity applied. 

It has also been found that in effecting dis 
persions of this nature, in which apparently the 
action is a disruption of the Surface between the 
two substances, that resultS may be gained With 
the application of Small compressional Wave en 
ergy provided it is sufficient to bring about an 
actual particle movement of one surface through 
the other and that this particular type of action 
is practically always present in the operation of 
a so-called Sonic oscillator Where cavitation is 
produced. 
In the present type of apparatus and in the 

present method cavitation is produced in the 
medium in which the compressional Wave energy 
is supplied when a particle in the medium is 
moving away from an adjacent particle so as to 
cause a vacuolar Surface to exist between the 
two adjacent particles. This type of action can 
conceivably be produced by motions of particles 
in opposite directions, but more frequently it is 
produced by motions of particles in the same 
direction, but one particle having a greater ve 
locity than the other. It may obviously be pro 
duced in the medium or at the border of the 
medium and a nonmoving surface or even at 
the border of the medium and a moving surface 
which does not follow in the Same manner that 
the liquid does. 
The disruption of the liquid surface is a me 

chanical phenomenon and is produced because 
the potential energy stored in the liquid at the 
point where the liquid particle is to move is not 
Sufficient when this potential energy is converted 

(C. 99-234) 
to kinetic energy to create sufficient velocity to 
have the particle follow its adjacent particle. 
This action is therefore present to a more marked 
degree in Substances in which the pressure or 
potential energy is the least. In the present ap 
paratus, therefore, this cavitation action is more 
readily observed in a flowing liquid at the point 
in which the velocity of flow of the particles is 
changing. 
In the present invention, I prefer to use fre 

quencies in the sonic range and more particu 
larly frequencies of 4000 cycles or less. As the 
liquid load on the diaphragm at these frequencies 
varies the diaphragm resonance, the power 
Source should have some flexibility in tuning or 
variation in frequency so that the proper fre 
quency producing the maximum resonance with 
the particular liquid load upon which the oscil 
lator is Operating, may be obtained. 

In the present application various means are 
described for carrying out the invention and 
these are embodied in the description given be 
low in connection. With the drawings in which 
Fig. 1 is a sectional view of a device in accord 
ance with the invention; Fig. 2 is a section taken 
on the line 2-2 of Fig. 1; Fig. 3 shows a modi 
fication of a detail shown in Fig. 1; Fig. 4 shows 
a further modification of the detail shown in 
Fig. 3; Fig. 5 shows a plan view of the device 
shown in Fig. 4 as seen from the bottom; Fig. 6 
shows a further modification of the device shown 
in Fig. 1; Fig. 6a shows a sectional view taken 
on the line 6-6 of Fig. 6; Fig. 7 shows another 
embodiment of the invention; Figs. 8 and 9 show 
further embodiments of the invention illustrat 
ing the methods of combining separate sub 
stances; Fig. 10 shows a further modification of 
the device illustrated in Fig. 1; Fig. 11 shows a 
plan view of a part of the modification shown in 
Fig. 10; Fig. 12 shows a further modification. 

In the embodiment illustrated in Figs. 1 and 2 
the device comprises a base which is part of 
a casing in which the compressional wave-pro 
ducing means is contained. The casing includes 
the side Walls 2 and a heavy recessed plate 3 
positioned Opposite the base f, the base and 
the walls 2 and the top plate 3 forming a chamber 
4 which may serve as a cooling means and in 
which water or other cooling liquid may flow, 
or be caused to flow, through the inlet pipe 5 
and out of the outlet pipe 6. 
The chamber 4 may be accessible through the 

threaded cover 7 positioned in the plate . The 
base sides and plate may be formed as one inte 
gral element and this is the preferable con 
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2 
struction. Mounted upon the recessed portion of 
the plate 3 is a flat plate 8 which, as indicated 
in Fig. 1, has a center projecting cylindrical 
portion 9 which may be threaded with threads 
0 to hold the plate at the center of the large 

center plate 3. 

O 
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The plate 8 has welded to it a number of lami 
nated blocks. As indicated in Fig. 2 these blocks 

, 2, 3 and f4 are placed about the center with 
their corners together. Each block is provided 
with a grove 5 in which one side of the coil 16 
rests. The coil f6 is energized from the conductor 
T with the alternating current of the desired 

frequency. Opposed to the laminated blocks f, 
2, f3 and 4 are the laminated armature blocks 
8 which are welded to the plate 9 positioned on 

the center boss 20 of the diaphargn 2. The 
boss 20 may have a threaded stud 22 by which the 
plate 9 is held firmly to the diaphragm or any 
other suitable means may be used to Secure the 
armature to the diaphragm. 
The diaphragm 2 is provided with a heavy 

outer rim 23 and is held to the lower plate 3 by 
means of a group of bolts or screws 24 arranged 
about the periphery of the diaphragm. Upon 
the diaphragm 2 is formed the chamber 25, the 
diaphragm 2 forming the lower face of the 
chamber, the upper face being formed by the 
cover 26 which is bolted to the diaphragm 2 in 
the rim 23 by means of the bolts 27 arranged 

... around the Outer edge of the cover, the inner Sur 

33 

40 

45 

50 

55 

65 

70 

face of the cover at this point and the diaphragm 
touching one another. A fluid-tight gasket 28 
may be provided between the two surfaces to fur 
nish a tight joint to prevent the escape of liquid 
from within the chamber. The chamber 25 is 
preferably formed with a wall sloping downward 
towards the edges so that the chamber is some 
what higher at the middle than at the sides. At 
the center of the chamber there may be posi 
tioned a nozzle 29 having a lower Surface adapt 
ed to be disposed parallel with the surface of the 
diaphragm. This nozzle may be provided with a 
center orifice 30 which connects with the outlet 
pipe 3. The nozzle 29, as indicated in Fig. 1, 
is threaded into a central boss 32 in the cover 26 
and a threaded nut 33 may be provided so that the 
nozzle may be adjusted and spaced from the dia 
phragm 2 and firmly held in place by the clamp 
ing nut 33. As indicated in Fig. 1 a petcock 34 is 
provided at the top of the cover so that any en 
trapped air or gases may be released. The noz 
zle 29 may be formed as indicated in Fig. 1 with 
inclined upper walls 35 corresponding to the in 
clination of the surface 36 in the upper Central 
part of the casing. 
The liquid may be entered through the inlet 

tube 37 to which is attached a container 38 in 
which the liquid may be held as a reservoir. The 
container 38 may be entirely enclosed and press 
sure may be applied to it for forcing the liquid 
through the system, or the container may be situ 
ated considerably above the end 39 of the outlet 
pipe 3 and in this case the head of liquid pres 
sure upon the system will aid in forcing or draw 
ing the liquid through it. 

In the illustration shown in Fig. 1 it will be 
noted that the central orifice 30 is considerably 
larger in area than the entrance to it at the inner 
circumference of the nozzle 29 and that therefore 
under these conditions an increased velocity may 
occur as the liquid passes into the orifice 30. This 
action in connection with the siphoning of the 
liquid through the system provides a means 

75 whereby disruption of the liquid surface with the 
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application of compressional wave energy more 
easily occurs. As indicated in Fig. 1 the nozzle 29 
may be adjustably positioned in the cover 26. 
As indicated in Fig. 3 the cover 40 may be 

formed with the nozzle 4 as a part of it. This 
may be formed by casting the center part of the 
cover 40 to form a downwardly projecting por 
tion from the Surface of the rim 42 of the cover. 

In Fig. 4 the nozzle 43 corresponds to the noz 
2le 29 in Fig. 1 and may be used to replace the 
nozzle 29 in the device shown in Fig. i. the noz 
zle 43, as shown in Fig. 5, has a helical groove 44 
which is formed by building up from the nozzle 
the helical wall 45 which preferably is made an 
integral part of the nozzle itself. The groove 44, 
as Will be noted in Fig. 5, extends from the outer 
edge of the nozzle inwardly to the center opening 
46. This nozzle may be used in a position slightly 
above the diaphragm 2 or in fact it may be used 
touching the diaphragm 2 in which case the only 
liquid which will escape from one side of the wall 
45 to the other will be when the diaphragm is vi 
brating and away from the nozzle position. If it 
is desired to overcome this condition, a spring or 
Some other means may be used to keep the nozzle 
in continuous contact with the diaphragm. 
Another modification of the device shown in 

Fig. 1 is shown in Figs. 6 and 6a. In this modi 
fication the OScillator 50 which may be of a con 
struction shown in Fig. 1 has a diaphragm 5f 
Over which a chamber 52 is formed by means of 
the cover 53. The cover 53 is held firmly to the 
OScillator by means of the bolts 54 spaced around 
the periphery of the diaphragm. The chamber 
52, as indicated in Fig. 6, is very fiat and the cover 
53, as indicated in Figs. 6 and 6a, is provided with 
a helical groove 55 which extends continuously 
from the inlet opening 56 in the cover to the out 
let Opening at the center of the diaphragm. The 
groove 55 is formed by a downwardly extending 
wall 58 similarly as described in connection with 
Figs. 4 and 5. In Figs, 6 and 6a it will be noted 
that there is no space in which the liquid may 
remain idle and that practically a continuous 
flow is established for the whole volume of liquid 
from the inlet to the outlet opening. 
A further modification of the system shown in 

Figs. 6 and 6a is indicated in Figs. 10 and 11. As 
shown in Fig. 10 the liquid may be supplied from 
a tank 59 through a feed pipe 60 in which a valve 
6 may be placed to a feed chamber 62 formed 
at the Side of the vibration producer as illus 
trated in Fig. 1. 
The vibration producer, as indicated in Fig. 10, 

comprises two opposed Oscillators 63 and 64 hav 
ing diaphragms 65 and 66, respectively. The dia 
phragms 65 and 66 are positioned to form a flat 
chamber 67 which is closed in by the side wall 68. 
The liquid is fed into the fiat chamber at one side 
through the Small openings 69 and is drawn or 
forced across the faces of the diaphragms 64 and 
65 and flows out through the Small opening 70 
into the outlet chamber 7 where it is drawn off 
through the pipe 72 which also is supplied with 
a control valve 3. 
In the modification shown in Fig. 7 the liquid 

is supplied from a single feed 74 through the valve 
75 after which the flow is divided between the 
supply pipes 76 and 77 to the vibrator 78. The 
vibrator T8 has oscillating diaphragms 79 at both 
sides of the oscillator casing. Over the OScillat 
ing diaphragm T9 are formed chambers 80 in 
which the nozzles 8 are of a type similar as that 
described in Fig.1. The device shown in Fig. 7 
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2,188,051 
is positioned vertically with the base 82 support 
ing the diaphragms in a vertical position. 
In Fig. 8 which shows a further modification, 

the device is provided with a fixed nozzle 83 po 
sitioned slightly above the diaphragm 84. The 
liquid in this case may enter the diaphragm at 
its center through the pipe 85 and be withdrawn 
at the side through the pipe 86. This type of 
action may be contrasted with the action in 
which the liquid enters from the edge of the dia 
phragm and is pushed out at the center where a 
pumping action is created which materially aids 
in the flow of the liquid. 
In the present modification in Fig. 8this pump 

ing action is opposed and as a result the pressure 
is built up in the reverse direction, that is, the 
diaphragm tends to hold back the flow of the 
liquid from the pipe 85. In this modification the 
pipe 85 is supplied directly from a mixing cham 
ber 87 in which the paddle 88 may be positioned 
for preliminary mixing or beating together the 
liquid in the chamber 87 which is supplied 
through the inlet openings 89 and 90. The vol 
ume of flow in each pipe may be governed by the 
valves 20 and 202 so that the desired mixture 
may be obtained and controlled. 
The modification shown in Fig. 9 is similar to 

that shown in Fig. 8 with the exception that the 
beating or mixing chamber is eliminated and the 
supply to the diaphragm 84 is made direct 
through the inlet pipes 9 and 92. A suction 
pump 200 may be used to create a negative pres-, 
sure and draws the liquid over the diaphragm 
thereby increasing the cavitation. 
In the modification shown in Fig. 12 the liquid 

may be supplied from the tank 93 through a pipe 
94 to the center of a pipe 95. At both ends of 
the pipe 95 there are positioned vibrating dia 
phragms 96 which are energized by the oscil 
lators 97. Each end of the pipe 95 is supplied 
with a nozzle 98 of the type shown in FigS. 8 
and 9, and the flow of the liquid will be from the 
tank 93 through the pipe 94 at the end of which 
it divides and flows both ways in the pipe 95 
over the diaphragms 96 and out through the out 
let pipes 99 and 02 which are joined in a single 
pipe 00 in which a valve Of may be placed. 
In this modification shown in Fig. 12 the pipe 95 
may be made a half wave length or a whole wave 
length of the wave length corresponding to the 
frequency at which the oscillators are excited in 
the liquid medium, and a resonance may be built 
up in the pipe 95 to intensify the vibrational en 
ergy in the medium. 
By properly adjusting the static pressure and 

the vibrational energy cavitation in the medium 
may be set up over a considerable section of the 
pipe. If desired, the flow of the liquid may be 
varied and the inlet may be at the valve to and 
the outlet through the center pipe 95, or, in fact, 
it may be preferable in some cases to have the in 
let flow at the pipe 99 and the outlet in the pipe 
O2 in which case the liquid medium Will circul 

late through the whole length of the pipe 95. 
Having now described the invention, I claim: 
1. A device for treating liquids comprising a 

sonic oscillator having a Sound radiating dia 
phragm and electromagnetic means contained 
therein for operating the same, means form 
ing a camber with the diaphragm as one side, 
said means including a plate positioned close to 
the diaphragm, means for feeding the liquid to 
the chamber at points of Small vibration of the 
diaphragm and means for withdrawing the liquid 
after it has passed over the points of great vi 
bration of the diaphragm, said plate and dia 

3 
phragm forming at its greatest point of vibration 
a narrow channel through which Said liquid 
flowS. 

2. A device for treating liquids comprising a 
Sonic oscillator having a frequency approximate 
ly 4000 cycles or less, a chamber formed with 
the diaphragm as one side thereof, means feed 
ing the liquid to the chamber at the side of the 
diaphragm, a plate positioned close to said dia 
phragm said plate being provided with an orifice 
for withdrawing said liquid, said plate and dia 
phragm forming a narrow channel through 
Which Said liquid flows. 

3. A device for mixing liquids comprising a 
chamber having two vibratory opposed walls 
forming in part a narrow channel, means for Wi 
brating said walls normal to the surface thereof, 
means causing the liquid to flow in the edge of 
the chamber at one side and out at the opposite 
side. 

4. A device for treating liquids comprising an 
Oscillator having vibratory Surfaces at opposite 
ends thereof, chambers formed over said vibra 
tory surfaces, means for directing the liquid to 
enter at the sides of said chambers and means 
for Withdrawing the liquid at the centers thereof, 
Said chamber being flat and providing a narrow 
channel through which the liquid flows. 

5. A device for treating liquids comprising 
means for producing a source of Sonic vibrations, 
said means having a radiating surface, means 
forming an enclosed chamber with one wall 
thereof comprising said radiating surface, a 
plate, means positioning said plate over and 
Spaced away from said radiating surface within 
Said chamber and means providing inlet and out 
let entrances to said chamber, the space formed 
between the plate and the radiating surface pro 
viding a narrow channel through which the 
liquid flows. 

6. A device for treating liquids comprising 
means for producing a source of sonic vibrations, 
Said means having a radiating surface, means 
forming an enclosed chamber with one wall 
thereof comprising said radiating surface, a plate, 
means positioning said plate over and spaced 
away from said radiating surface within said 
chamber, means providing an inlet to said cham 
ber and means providing another opening to said 
chamber through said plate, the space formed 
between the plate and the radiating surface pro 
E. a narrow channel through which the liquid 
OWS. 
7. A device for treating liquids comprising 

means for producing a source of sonic vibrations, 
Said means having a plane radiating surface, 
means forming an enclosed chamber with one 
Wall thereof comprising said radiating surface, a 
plate having a portion thereof flat, means mount 
ing Said plate in Said chamber with said fiat 
portion opposite and parallel to said radiating 
surface, said plate being provided with an open 
ing connecting externally of said chamber, said 
chamber having a second opening, and the space 
between said plate and the radiating surface 
forming a narrow channel through which said 
liquid flows. 

8. A device for treating liquids comprising 
means for producing a source of sonic vibrations, 
said means having a plane radiating surface, 
means forming an enclosed chamber with one 
Wall thereof comprising said radiating surface, 
a plate having a portion thereof flat, means 
mounting said plate in said chamber in the cen 
ter of the wall opposite the radiating surface, 
Said flat portion being parallel to and over the 
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4. 
radiating surface, said plate being provided with 
an opening in the center thereof, said chamber 
being providiid with another opening, and the 
space between said plate and the radiating Sur 
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face forming a narrow channel through which 
Said liquid flows. 

9. A device for treating liquids comprising an 
oscillator having vibratory surfaces at opposite 
ends thereof, chambers formed as a narrow 
channel Over Said vibratory Surfaces, a conduit 
having individual branches entering at the sides 
of Said chambers and a second conduit connected 
to the center of each chamber. 

10. A device for treating liquids comprising an 
oscillator having a diaphragm and a base, the 
diaphragm being arranged vertically and perpen 
dicular to said base, a chamber formed as a nar 
row channel over said diaphragm, a conduit en 
tering at the side of said chamber and One at 
the center. 

11. A device for treating liquids comprising an 
oscillator having a diaphragm, means Sup 
porting said Oscillator to position said dia 
phragm in a vertical position, a chamber formed 
over said diaphragm, said means including a 
plate member positioned close to and parallel to 
said diaphragm, and forming a narrow channel 
through which the liquid flows, a conduit enter 
ing said chamber at the side and a conduit en 
tering said chamber at the center. 

12. A device for treating liquids comprising an 
oscillator having diaphragms at both ends, means 
supporting said oscillator to position said dia 
phragm in vertical planes, chambers formed as 
a narrow channel over Said diaphragms, conduits 
entering said chambers at the sides and conduits 
entering at the center. 

13. A device for treating liquids comprising an 
Oscillator having a diaphragm, means Supporting 
said oscillator to position the diaphragm vertical 
ly, a chamber formed over said diaphragm hav 
ing a thin flat portion in proximity to said dia 
phragm and forming a narrow channel through 

2,188,051 
which the liquid flows, and means for conducting 
and removing liquid from said chamber. 

14. A device for treating liquids comprising an 
Oscillator having diaphragms at both ends there 
of, chambers formed as a narrow channel over 
Said diaphragms, plates positioned with surfaces 
opposite and near said diaphragms in said cham 
bers, means providing a conduit through said 
plates into Said chambers and means providing 
a Second conduit at the sides of said chambers. 

15. A device for treating liquids comprising two 
OScillators, means positioning said oscillators to 
form a chamber between the diaphragms thereof, 
means providing openings at opposite ends of 
said chamber and means providing inlet and out 
let openings to said chamber. 

16. A device for treating liquids comprising a 
chamber having two vibratory opposed walls 
forming in part a narrow channel, means provid 
ing inlets and outlets at opposite ends of said 
chamber and means providing reservoirs adjacent 
Said chamber connected thereto through said in 
let and Outlet openings. 

17. A device for treating liquids comprising a 
chamber having two opposed walls forming in 
part a flat circular chamber forming a narrow 
channel, means forming reservoirs at opposite 
ends of Said chamber, means connecting said res 
ervoirs to said chambers and means providing ex 
ternal connections to said reservoirs. 

18. A device for treating liquids comprising a 
Sonic oscillator having a diaphragm and electro 
magnetic means contained therein for operating 
the same, a cooling chamber surrounding the 
Oscillator, means forming a chamber at the top 
of the Oscillator on the diaphragm, said means 
including a plate positioned close to the dia 
phragm and forming a narrow channel, means 
for causing the liquid to flow over the diaphragm 
and means for withdrawing the same. 
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