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ABSTRACT OF THE DISCLOSURE 

A compressor having a rotatable outer casing that car 
ries a liquid ring and a rotatable wheel having peripheral 
cavities and eccentrically located within the casing, to be 
partially immersed in the liquid ring. The casing and 
liquid ring are rotated at a faster peripheral speed than 
the wheel and gas is compressed in the wheel cavities by 
utilizing kinetic energy of the moving liquid. The wheel 
cavities are shaped to effectively utilize the kinetic energy 
of the ring and convert it to static pressure. 

This invention pertains to liquid ring mechanisms and 
more particularly to gas compressors of the liquid ring 
type. 

There have been prior proposals for so-called liquid 
ring compressors or pumps. Some of these proposals, like 
the device of this invention, are applicable for use in 
vacuum pumps and expansion and internal combustion 
engines as well as liquid ring compressors. While the spe 
ci?cally disclosed structure is a compressor, it will be 
recognized most of the principles incorporated in this 
disclosure are applicable to all liquid ring mechanisms. 
With liquid ring mechanisms, a casing is provided 

which has a cylindrical chamber. A rotating ring of liquid 
is within the chamber and maintained against the walls 
de?ning the perimeter of the chamber by centrifugal 
force. A compressor wheel is mounted eccentrically in 
the chamber and caused to rotate about its own axis. 
The wheel is equipped with cavities disposed adjacent 
one another around the perimeter of the wheel. When 
these devices are operated as compressors the cavities are 
sequentially immersed within the liquid ring causing ‘gas 
to be trapped in the cavities. As a cavity with trapped gas 
continues to rotate, it moves closer to the wall of the 
casing cavity, becoming more deeply immersed in the 
liquid ring. This action causes, in prior proposals, the 
hydrostatic head above to compress the gas trapped within 
the cavity. Valving is provided to selectively permit the 
exhaust of the compressed gas from the wheel cavities. 
Commercial structures embodying this principle which 

are presently available are pumps in which the casing is 
stationary. For a number of reasons, which will become 
apparent, these commercial devices must be ‘operated at 
very low peripheral speeds of wheel rotation if they are 
to be operative. If any attempt is made to operate them 
at higher peripheral speeds, e?lciency of compression 
diminishes as the speed of rotation is increased due to 
high friction of the high velocity liquid moving past the 
stationary casing wall. 

In the past, proposals for liquid ring compressors in 
which the casing is rotated have also been made. These 
proposals have all been de?cient for some if not all of 
the following reasons: 

(1) Generally, no provision has been made to ‘min 
imize skin and form drag hydrodynamic losses. Thus, 
there are signi?cant losses as the ?uid passes around the 
wheel. 

(2) Prior proposals have ignored the Bernoulli princi 
ple of acceleration of any ?uid past an obstruction. Thus, 
as the ?uid moves relative to the wheel past it on either 
side, it must move through a relatively con?ned space. 
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Since the space is con?ned, the ?uid must accelerate. In 
a rotating liquid ring, this results in the fluid increasing 
in radial thickness and velocity as it passes the wheel, 
contributing to the creation of increased body drag and 
turbulence, and causing additional energy losses. ' 

(3) In the usual arrangement, no provision has been 
made for replenishing liquid energy loss other than by 
power to the liquid ring supplied by the ‘wheel. This has 
proved to be very ine?icient. 

(4) Except in those cases where attempts have been 
made to drive the casing, no provision is made for the 
external windage and bearing frictional losses experienced 
by the casing as it rotates, except through ?uid friction 
between the liquid ring and the housing. This energy trans 
mission through fluid friction is highly inefficient and 
substantial efficiency losses are the result. 

(5) Typically, no provision is made for venting the 
compression cavities as they exit from the liquid ring and 
this results in cavitation, turbulence, and noise. It also 
results in early destruction of the device if it is operated 
at high speed. 

(6) The curvature of blades ‘of the wheel has generally 
been such as to create a high velocity depressed core in 
the main liquid body, increasing losses of energy. This 
depression reduces the hydrostatic head obtained when 
the wheel is immersed. 

(7) These proposals have failed to make provision for 
a means to inhibit the formation of harmonic waves 
which can be ‘destructive to the structure.‘ 

(8) Check valves often used to control the escape of 
compressed gas from the wheel cavities operate against 
centrifugal force. Accordingly, considerable ef?ciency is 
‘lost because once the pressure of the compressed gas has 
dropped below the combined opposing force of the pres 
sure on the exhaust side of the valve plus centrifugal 
force, no further gas can escape. Furthermore, liquid 
carryover trapped behind the check valves adds to the 
opposing force. 

All of these and other disadvantages of prior proposals 
have been overcome by this invention. In addition, a new 
principle of operation has been ‘discovered, the utilization 
of which produces substantial increases in e?iciency and 
the ability to obtain high compression pressure. The 
operation of the compressor of this invention is, in a 
sense, opposite to the typical prior construction. The 
principle of this ‘discovery is that in the device ‘of this 
invention gas compression is obtained primarily through 
the utilization of the liquid ring kinetic energy. By com 
parison, the prior art proposals have each been designed 
to compress solely through the utilization of a hydrostatic 
head; i.e., by depressing trapped gas below the liquid 
level. Thus, these devices operated on the same principle 
as immersing an empty ‘bottle in an inverted condition 
into a ‘body of water. The further the bottle is immersed, 
the greater the compression of gas trapped within the 
bottle. 
One feature of this invention is an e?icient liquid cou 

pling devised so that the rotating casing efficiently drives 
the liquid ring, transmitting energy to it. This coupling 
attempts to force the liquid ring and casing to rotate to 
gether at the same speed. The coupling has a pump-like 
action and due to this and the rotation of the liquid ring, 
there is also a strong suppression of surface deformations 
in the liquid ring, such as the wake behind the wheel. 
As suggested above, another feature of the invention 

resides in the utilization of kinetic energy to cause com 
pression. This kinetic energy principle is obtained ( 1) due 
to the liquid coupling; (2) by rotation of the casing and 
liquid ring at a relatively high peripheral speed and the 
wheel at a relatively lower peripheral speed; and (3) due 
to a novel formation of the wheel. The wheel is made so 
that the entrance to each of its cavities is relatively small, 



3,395,854 
3 

the cavities thereafter increasing to a relatively large cross 
sectional area. These cavities are each mechanical dif 
fusers. The liquid flows into the wheel cavity diffusers at 
an initial high velocity due to the high speed rotation of 
the liquid ring relative to the wheel. This initial high 
velocity is reduced as the liquid flows within the cavities 
due to the cavities functioning as diffusers. Since total 
pressure remains substantially the same, a reduction in 
the liquid velocity results in an increase in the static pres 
sure as the liquid ?ows within the cavity diffuser. Thus, 
the kinetic energy of the velocity is converted to static 
pressure energy. 
A further feature of the invention is that the construc 

tion of the wheel with these mechanical diffuser chambers 
permits the wheel to be tapered to a relatively narrow 
width at its perimeter. This results in streamlining of the 
wheel which substantially reduces the form drag energy 
loss between the wheel and the rotating liquid ring. 
An important feature of the invention is the provision 

of a substantial unobstructed area for the passage of 
liquid between the wheel and the casing and coupling. De 
?ning the liquid ring area as that maximum liquid cross 
section normal to the liquid peripheral velocity prior to 
wheel contact, at least 20 percent of this same cross 
section shall be unobstructed by the wheel at the point of 
maximum submergence of the wheel in the liquid ring. 
This relationship is particularly important and advanta 
geous where the peripheral velocity of the casing is sig 
ni?cantly greater than that of the wheel and where the 
ring is effectively coupled to the rotated casing. 
Another advantage of this invention is that, since the 

device operates on a kinetic energy principle as well as a 
hydrostatic energy principle, the wheel is not immersed 
as deeply in the liquid ring as has been the case heretofore. 
Speci?cally, useful compression can be obtained with the 
present invention at any depth of immersion of the blades 
up to the root of the wheel cavities, whereas prior devices, 
operating on a principle of a hydrostatic head, required 
submergence of the cavity root with attendant high fric 
tional and body drag losses between the wheel and the 
liquid ring. 

Still another feature of the invention resides in the 
formation of the blades which de?ne the wheel cavities 
so that the blades are curved slightly backwards from the 
direction of rotation. These blades act as scoops for the 
relatively higher velocity liquid. The kinetic energy of the 
liquid thus becomes available to compress the gas in the 
wheel cavity. 
An important feature of the invention resides in the 

provision of ports for the cavities. The novel ports of this 
invention have no moving parts so that there is no loss of 
energy due to centrifugal force acting on valve com 
ponents. In addition, the ports of this invention provide 
both e?icient exit of compressed gas from each cavity and 
venting of the cavity immediately after the compressed 
gas has been vented out. This venting of each cavity pre 
vents formation of a vacuum within the cavity and greatly 
reduces the cavitation and drag losses experienced as the 
cavity exits from the liquid ring. 
A further important feature of this invention is the 

suppression of waves which are formed on the surface of 
the liquid ring. Such wave disturbances are formed by 
minute imbalances inherent in any rotational movement. 
The amplitude of these waves tends to continually in 
crease due to natural frequencies or harmonics that re 
inforce the disturbances. Where high speeds of rotation 
are involved, wave amplitudes, if unsuppressed, would 
rapidly build up with attendant noise and destructive 
forces. In accordance with this invention, wave amplitudes 
are suppressed to a negligible level by providing auxiliary 
surfaces adjacent the casing side walls and adjacent the 
liquid surface. More speci?cally, such surfaces may be 
provided extending concentrically with the nominal liquid 
surface. These auxiliary surfaces intercept portions of the 
wave crests as they are formed and thereby dissipate the 
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energy of the waves, preventing their build-up to destruc 
tive levels. 

In the preferred arrangement of this invention the wheel 
and the casing are both constructed symmetrically about 
a radial center plane and the wheel is located within the 
casing so that the center plane of the wheel coincides 
with that of the casing. This symmetrical arrangement 
assures a balance of forces within the liquid ring and act 
ing on both the wheel and the casing. As a result, currents 
or vortexes created as the liquid ring flows around the 
wheel are equal and cancel one another as they pass the 
wheel. 
A gravity fed arrangement is provided for maintaining 

the liquid level in the ring at its desired level. This gravity 
fed device will both automatically supply liquid when it is 
required and siphon off liquid when excess liquid is pres 
ent. This device, like the porting arrangement, has no 
moving parts. In addition, the liquid level control is, in 
its preferred embodiment, adjustable so that one may 
select an appropriate and adjusted liquid level. 
The combination of features referred to above not only 

prov-ides increased efficiencies, but in so doing also pro 
vides high pressures and high volume outputs well be 
yond those which are obtainable with known liquid ring 
devices. This is because high velocities now obtainable 
through the features of this invention greatly increase the 
pressure output, which varies with the difference between 
the square of the velocity of the liquid and the square of 
the velocity of the cavity in which the gas is being com 
pressed. 

Accordingly, the objects of this invention are to pro 
vide a novel and improved gas compressor of the liquid 
ring type and a method operating such a compressor. 
Although the invention is described in its preferred 

form with a certain degree of particularity, it is under 
stood that the present disclosure of the preferred form is 
made only by way of example and that numerous changes 
in the details of construction and the combination and ar 
rangement of parts may be resorted to without departing 
from the spirit and the scope of the invention as herein 
after claimed. 

In the accompanying drawings: 
FIGURE 1 is a vertical, transverse sectional view of 

the compressor of the present invention, taken along the 
line 1——1 of FIGURE 2, and looking in the direction of 
the arrows; 
FIGURE 2 is a horizontal plan view of the compressor 

of FIGURE 1, taken along the line 2—2 of FIGURE 1 
and looking in the direction of the arrows; 
FIGURE 3 is a plan view in part broken away and with 

parts in section of the compressor of FIGURE 1 taken 
along the line 3-3 of FIGURE 1 and looking in the di 
rection of the arrows; and 
FIGURE 4 is a fragmentary transverse sectional view 

of the compressor showing another embodiment of a wave 
suppressor. 

Referring now to the drawings, the main body of the 
compressor is in the form of a circular cylindrical casing 
10. The casing is shown disposed for rotation about a 
vertical axis. It should be recognized that the device will 
operate with rotation about a horizontal axis or any 
other. The casing 10 is comprised of a peripheral wall 12 
which, in the orientation shown, is upstanding. The wall 
12 extends between spaced lower and upper radial Walls 
14, 15. A central opening 18 of circular shape is provided 
in the upper radial wall 15. The opening 18 is generally 
centered with the vertical, central axis of the circular 
casing 10. A central boss 20 is located on the lower radial 
wall 14 of the circular casing 10, along the central axis. 
A downwardly extending vertical shaft 21 is ?xed to 

the circular casing 10 at the boss 20, ‘as by screw threads 
or other suitable means. The shaft 21 supports the circu 
lar casing 10 in a fixed support 23 for rotation in bear 
ings 24. A prime mover, such as an electric motor 26, is 
connected to the vertical shaft 21 of the circular casing 
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10. Energization of the motor 26 rot-ates shaft 21 and cir 
cular casing 10 about the central axis of the casing and 
shaft. 
A plurality of generally radially extending vanes 30 are 

mounted adjacent the inner surfaces of the lower and 
upper radial walls 14, 15. As best shown in FIGURE 2, 
the vanes are coterminus at one end with the peripheral 
wall 12 of the circular casing 10. The radial extent of the 
vanes from the wall 12 terminates somewhat short of 
mid-way to the center axis of the circular casing 10. The 
vanes 30 are curved along their radial extent, most sharply 
adjacent the inner surface of the wall 12. Curved arrows 
in FIGURES 2 and 3 show the direction of rotation of 
the circular casing 10. The vanes 30 curve so the outer 
most end of each vane, adjacent the wall 12, is curved 
toward the direction in which the casing 10 rotates. Inner 
radially extending edges 32 of each vane 30 include a re 
cessed or notched portion 34 spaced from either end of 
each vane 30. An annular wall 35 is located within the 
notches 34 ?ush with the edges 32 of the vanes that are 
carried on the radial wall 14. A similar annular wall 36 
is provided in conjunction with the vanes 30 carried on 
the radial wall 15. Thus, as best shown in FIGURE 1, 
the annular walls 35 and 36 are spaced from the radial 
walls 14 and 15 and are located intermediate the ends of 
the vanes 30. The innermost circular edge of each annu 
lar wall 35, 36 is positioned at a radial location that is 
slightly below but adjacent the surface of the liquid ring 
that is carried within the casing 10 during operation. By 
so locating the annular walls with respect to the liquid 
ring level, the amplitude of harmonic waves that tend to 
be formed in the rotating liquid ring is limited. As will be 
more clear subsequently, the liquid surface is also located 
adjacent the radial location of the root of each cavity of 
the wheel of the device at the point of maximum wheel 
immersion in the liquid ring. 
A second ?xed support 40 extends from above the cir 

cular casing 10 downward through the circular central 
opening 18 in the upper radial wall 15 of the casing. The 
?xed support 40 is generally circular in plan, and smaller 
than the central opening 18. See FIGURES 1 and 3. A 
through-bore 41 extends vertically through the ?xed sup 
port 40 and houses a rotatable shaft 43. The shaft 43 is 
journaled in a bearing 44 that is retained by a ring 45. 
The shaft 43 extends in a vertical direction parallel with 
the shaft 21 of the circular casing 10, but olfset horizon 
tally with respect thereto, in the orientation of FIGURE 1. 
A compression wheel 48 having a cenral raised hub 49, 

is fastened directly to the lower end of the shaft 43 ad 
jacent the bottom of the ?xed support 40, and is located 
within the circular casing 10. The relationship among the 
?xed support 40, the compression wheel 48, and the cir 
cular casing 10 is such that the central radial plane of the 
compression wheel 48 coincides with a central radial plane 
through the circular casing 10. That is, the compression 
wheel 48 is located mid-way between the upper and lower 
radial walls 14 and 15 of the circular casing 10. Because 
of the offset relationship between the shafts 43 and 21, 
the axis of the rotation of the compression wheel 48 is 
eccentrically located with respect to the axis of rotation 
of the circular casing 10. The central opening 18 in the 
upper radial wall 15 of the circular casing 10‘ facilitates 
rotation of casing 10 with respect to the eccentric mount 
ing of the ?xed support 40. A means for rotating and/ or 
controlling the speed of rotation of the wheel 48, such as 
an electric motor or generator (i.e., brake) is fastened to 
the upper end of the shaft 43. Other means for control 
ling the rotation of the wheel 48 are also contemplated. 
For example, the wheel 48 may be directly driven in a 
predetermined relationship to the rotation of the casing 
10 by a gear drive from the driving shaft 21 to the shaft 
43, thereby obviating the need for the motor 46. 
The compression wheel 48 is circular in plan, uniform 

in thickness, i.e., in transverse cross section, throughout 
a solid central portion, and is tapered adjacent the periph 

15 

30 

35 

40 

50 

70 

6 
eral portion to a reduced thickness at the perimeter. The 
peripheral portion of the wheel 48 is formed of spaced 
upper and lower generally radially extending annular walls 
53, 54. Radially inward portions of the walls 53, '54 are 
essentially coextensive with upper and lower radial sur 
faces 55, 56, respectively, of the central portion of the 
wheel v48. The walls 53, 54 are equal in length. Radially 
outwardly of the coextensive portions, the walls 53, 54 
curve inwardly symmetrically toward one another and the 
radial center plane of the compression wheel 48. Thus, the 
walls 53, 54, provide the sides of an annular recess or 
channel about the perimeter of the wheel 48. The base 
of this channel is de?ned by a concentric cylindrical back 
surface or channel root '57. ‘Because of the curvature of 
the walls 53 and 54, the channel formed is narrower at 
the opening about the perimeter of the wheel 48 than it is 
at the back or inner surface 57. 
A plurality of curved vanes 59 extend from the inner 

surface 57 of the annular channel, between the walls 53 
and 54, to the perimeter of the wheel. The vanes 59 de?ne 
a plurality of individual cavities 60‘ about the perimeter 
of the compression wheel v48. By virtue of this construc 
tion, each cavity 60 has an inlet opening of smaller cross 
section than the cross section of the cavity inwardly of the 
opening. The vanes 59 extend generally radially of the 
wheel 48 at the wall 57, ‘but curve along their length 
to extend generally away from the direction of wheel 
rotation adjacent the perimeter of the wheel. As best 
shown in FIGURES 2 and 3, the eccentric mounting of the 
compression wheel 48 within the circular casing 10 posi 
tions the cavities 60 closer to the peripheral wall 12 of 
the circular casing 10 at a ?xed location with respect to 
the ?xed support 40. As mentioned previously, the back 
wall or root ‘57 of each cavity 60*, at the location where 
the cavities are closest to the wall 12, is positioned at 
a radial distance from the wall 12 that corresponds gener 
ally to the nominal depth of the liquid ring. 
A porting passageway 62 extends diagonally through 

the compression wheel 48 from the back surface 57 of 
each cavity 60‘ to the upper radial face '55 of the com 
pression wheel 48. The porting passageways 62 form a 
ring of spaced apertures 62 in the upper radial face of 
the compression wheel 48 located inwardly of the cav 
ities 60. 
A ?xed valve shoe 66 is formed in the ?xed support 40‘. 

The valve shoe ‘66 has a ?at bottom surface 68 positioned . 
in sliding and sealing relationship with the underlying 
portion of radial face 55 of wheel 48. The valve shoe 
extends upwardly at an angle from the flat bottom surface 
68 and curves in a generally arcuate con?guration of 
su?icient length to overlie a plurality of the porting pas 
sageway apertures 63. An elongated arcuate passageway 
70 opens through the bottom surface 68 extends through 
the valve shoe 66 at an angle corresponding with the angle 
of the porting passageways 62. The passageway 70 curves 
within the valve shoe 66 and extends part way along the 
length so as to directly overlie some but not all of the 
porting passageway apertures ‘63 that are beneath the shoe 
surface 68. The passageway 70 is connected to a discharge 
passageway 72 through which gas compressed in the cav 
ities 60‘ is discharged. 
As indicated by the curved arrow in FIGURE 3 show 

ing the direction of rotation of the compression wheel 48, 
the passageway 70 is located adjacent the far end of the 
?at bottom surface 68 of the ?xed valve shoe 66, relative 
to the movement of the cavities 60 with respect to the 
valve shoe. The ?rst portion of the valve shoe 66 is solid, 
as shown in FIGURE 3, and serves to seal the porting 
passageways 62 as the apertures ‘63 pass beneath the ?rst 
portion of the valve shoe ‘66. The valve shoe 66 is located 
just in advance, considering the direction of rotation of 
the compression wheel 48, of the point where the periphery 
of the compression wheel comes closest to the inner periph 
eral wall 12 of the circular casing 10‘. That is, the valve 
shoe is positioned to seal the aperture 63 to the porting 
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passageway 62 of each cavity 60 as the cavity enters a ring 
of liquid 73 ‘maintained within the circular casing 10, and 
the passageway 70 is positioned to open the aperture 63 
after the cavity 60' has rotated to the point where it is 
partially submerged in the liquid ring. The length of the 
passageway 70 maintains the passageways 6-2 open until 
the cavity 60‘ is completely submerged and the liquid 
level of the ring has essentially reached the inner or back 
wall 57. The shoe 66 then terminates where the cavities 
60 begin to move away from the peripheral wall 12 of the 
circular casing 10 during rotation of the wheel 48, at 
which point the porting passageways 62 communicate di 
rectly with the ambient atmosphere, permitting the cavi 
ties ‘60 to be removed from the liquid ring without creating 
a vacuum in the cavities. 
A level control tube 75 extends through the central 

opening 18 in the circular casing 11} to one side of the 
compression wheel 48. The lower end of the control tube 
75 is curved as at 76 so that an open end 77 faces into 
the direction of rotation of the circular casing 10'. The 
opening 77 is positioned in the central radial plane of the 
circular casing 10 and the compression wheel 48, and 
may be positioned at various locations within this plane 
radially of the casing 10. Directly above the level con 
trol tube 75, as oriented in FIGURE 1, is a reservoir 78 
for containing liquid of the liquid ring within the circular 
casing 10. A pressure 1balance is established between the 
moving liquid in the casing 10 and the liquid in the reser 
voir '78 that maintains the liquid level in the casing at 
the depth to which the open end 77 is located within the 
casing 10. Movement of the open end 77 of the control 
tube 75 radially away from the peripheral wall 12 of the 
casing 10 will introduce more liquid to the ring from reser 
voir 78, and movement toward the wall 12 ‘will remove 
liquid from the ring to reservoir 78. 
As shown in FIGURES 2 and 3, a stationary baffle 80 

that is ?xed to the support 40 is positioned to closely 
encircle a portion of the compression wheel 48 ‘about the 
perimeter. The baf?e is wide enough to span the opening 
between the cavity walls 53 and 54 and is long enough so 
that it encircles a su?icient portion of the perimeter of 
the wheel 48 to completely seal the opening of a cavity 
60. Preferably, it is somewhat longer than the length of 
the opening of each cavity 60. The baf?e extends par 
tially without the liquid ring and partially within the ring 
and is adapted to seal the opening of each cavity 60* from 
the ambient atmosphere as the cavity enters the ring of 
li uid. 
qFor purposes of illustration, the above-described appa 

ratus is shown in FIGURE 1 housed within a hermetically 
sealed container 90 having an inlet 91. The discharge 
passageway 72 and the leads to motors 26 and 46 extend 
through sealed openings in the container wall. Thus, gas 
can be introduced through inlet 91 where it will be re— 
ceived the casing 10 and be compressed and discharged 
through the passageway 72. 

In operation, liquid, such as water, is placed within 
the circular casing 10. The casing 10 is rotated about its 
central axis on shaft 21. This rotation causes the liquid 
within the casing 10 to rotate and centrifugal force forms 
a ring of liquid 73 about the peripheral wall 12, extend 
ing partially up the radial walls 14 and 15. A quantity 
of liquid is used that will establish a ring of liquid of a 
depth just beyond the inner edge of each annular wall 
35, 36. The depth of the liquid at the radial center plane 
of the circular casing is only su?icient to completely sub 
merge the cavity 60 of compression wheel 48 that is 
closest to the peripheral wall 12, and may, in some in 
stances, be slightly shallower. This relationship is shown 
schematically in FIGURES 2 and 3. 
The radially extending, curved, vanes 30 on the two 

side walls 14 and 15 of the casing 10 effectively couple 
the liquid ring with the rotating casing. The vanes 30 
put energy into the liquid as the casing 10 is rotated by 
motor 26. Because the ?uid coupling provided by the 
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vanes 30 puts energy into the liquid rather than takes it 
out, there is a reduction in hydraulic losses. This arrange 
ment provides an efficient Way of replenishing the energy 
lost by the liquid ?owing past the compression wheel 48. 
Moreover, a coupling con?guration that maintains a ve 
locity pro?le in the liquid most nearly approximating 
rigid ‘body rotation results in the lowest hydraulic losses. 
In the present invention, such a pro?le is maintained by 
virtue of fluid ef?ux from the coupling vanes in the di 
rection of rotation at the outside diameter of the cou 
pling, i.e., adjacent a peripheral wall 12. Furthermore, 
by maintaining the liquid velocity in the casing at the 
casing speed, there is a high compression potential rel 
ative to the slower moving cavities of the compression 
wheel 48. 
The construction of the vanes 30 and the annular walls 

35 and 36 recessed in the notches 34 of the vanes estab 
lishes circulating currents within the liquid ring. These 
currents flow from the intermost end of the vanes 30 
toward the peripheral wall 12, between adjacent vanes 
and behind the adjacent annular walls 35 and 36, and 
thence out from between the vanes adjacent the periph 
eral wall 12 toward the central radial plane of the cas 
ing 10. The currents then ?ow back toward the surface 
of the liquid ring in front of, i.e., between, the walls 35, 
36. This flow serves to effectively couple the liquid ring 
to the casing 10. 

With the upper edges of the annular walls 35, 36 lo 
cated just below the surface level of the liquid ring, any 
wave that is formed tends to wash over the wall and its 
energy is dissipated. In this way, the walls limit the am 
plitude of any wave disturbance on the surface of the 
liquid ring and permit high rotational speeds. To facili 
tate this functioning of the annular walls with small varia 
tions in liquid level in the casing, radial slots or notches 
(not shown) may be placed in the walls at the inner 
edges. Lateral flow of liquid through the slots and be 
tween the vanes will dissipate energy of any waves 
formed, even before the wave flows over the inner edges 
of the walls. As an alternative to utilizing the walls 35, 
36, as wave suppressors, a short annular projection or 
ring 38 (FIGURE 4) may extend at right angles adja 
cent the inner surface of each wall 14, 15, and adjacent 
the surface of the liquid ring. Any increase in liquid level 
due to the formation of waves will cause the liquid to 
?ow onto the extending surface of the ring and the energy 
of the wave will be dissipated. Such a ring is particularly 
effective where it has spaced grooves 39 or, alternatively, 
slots or apertures in its surface for discharging any liq~ 
uid that flows onto the extending surface. 
The depth of the liquid ring within the circular casing 

10 at the radial center plane of the casing is determined 
by the location of the open end 77 of the level control 
tube 75. It will be understood that the surface of the liq 
uid ring is essentially vertical in the ring as oriented in 
FIGURE 1 and that the end 77 of the control tube 75 is 
adjacent the surface of the liquid ring. Movement of the 
level control tube toward the peripheral wall 12 of the 
circular casing 10 causes the open end 77 of the tube to 
enter the liquid ring beyond an equilibrium position. Be 
cause the ring is in rotation, liquid will be forced into 
the opening 77 and up the tube 75 to the reservoir 78. 
As a result, the level of the liquid in the casing 10 will 
diminish. As it does, the pressure on open end 77 di 
minishes until the pressure of the liquid in the ring bal 
ances the hydrostatic pressure of the liquid in the res 
ervoir 78. If the open end 77 of the level control tube 75 
is moved farther away from the peripheral wall 12, liq 
uid will ?ow from reservoir 78 into the casing 10 to in 
crease the depth of the liquid ring. The depth increases 
until the level of the liquid ring produces a pressure 
against opening 77 that balances the hydrostatic pressure 
of the reservoir 7 8. With this arrangement, it is possible 
to conveniently and accurately regulate the level of the 
liquid ring within the casing 10. 
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The speed of rotation of the circular casing 10 may 

be accurately controlled by motor 26. As the casing 10 
and liquid ring rotate, the liquid exerts a rotational force 
upon the compression wheel 48. In addition, a rotary 
control means, such as the motor or brake 46 attached 
to the end of shaft 43, will maintain the compression 
wheel 48 at a given rotary and hence peripheral speed 
by either rotating the wheel 48 or by resisting rotation 
of the wheel 48 caused by the moving liquid ring. In this 
manner, the compression wheel 48 is rotated in the same 
direction as the circular casing 10 and liquid ring, but 
at a lower peripheral speed. Alternatively, the wheel may 
be gear driven in rotation from the casing or casing drive 
so as to be directly synchronized with the casing rotation. 
In such a case, the selection of gears will determine the 
relative speeds of rotation of the casing and wheel. 
As best shown in FIGURES 2 and 3, as the compres 

sion wheel 48 rotates, successive cavities 60 are sub 
merged in the liquid ring adjacent the location of the ba?le 
80 and emerge from the liquid ring after rotating through 
about 160 degrees. Approximately mid-way between these 
two points, where the perimeter of the compression wheel 
48 comes closest to the peripheral wall 12 of the casing 
10, the cavities 60 become completely submerged within 
the liquid ring. From the point of entrance into the liquid 
ring to the point of complete submergence, the volume 
within each cavity 60 is gradually and progressively dimin 
ished. Thus, gas trapped within the cavity by the liquid 
of the ring is compressed. During the initial stages of 
compression, the outlet aperture ‘63 of the porting passage 
way 62 of each cavity 60 is sealed by the solid flat bottom 
surface 68 of the ?xed valve shoe 66. Upon further rota 
tion of the compression wheel 48, the aperture 63 previ 
ously sealed is ported to the elongated passageway '70 
and the discharge passageway 72. Thus, the liquid of the 
ring forces the trapped gas within each cavity 60, under 
pressure, through the passageway 70 to the discharge pas 
sageway 72 of the compressor. At the location where 
each cavity 60 becomes completely submerged and where 
all the trapped gas has been forced under pressure through 
the passageway 70, the porting passageway 62 passes from 
beneath the valve shoe 66 and vents the cavity 60 to the 
surrounding atmosphere within the circular casing 10. 
Further rotation of the cavity tends to remove the cavity 
from the liquid ring. Because the cavities are ported to 
the ambient atmosphere via passageways 62, there is little 
or no suction created within the cavities during removal. 
The liquid within the cavities is therefore not carried from 
the ring in the cavities as it otherwise would be without 
venting. This materially reduces cavitation. Because the 
porting passageways are vented at the point where the 
liquid of the ring reaches the inner wall 57, any further 
flow of liquid into the cavity due to the higher velocity 
of the liquid ring is not carried into the discharge passage 
way, but merely escapes to the top surface of the wheel 
48 beyond the valve shoe 66. 
As has already been explained above, the vanes 59 of 

the compression wheel 48 curve away from the direction 
of rotation. This, coupled with the greater peripheral speed 
of the liquid ring in the casing 10, provides a relationship 
in which the kinetic energy of the rotating liquid ring is 
used along with the hydrostatic pressure of the liquid in 
compressing the gas within each cavity 60. That is, a 
velocity head or kinetic energy head is produced that acts 
upon the trapped gas and tends to compress the gas. Uti 
lization of the kinetic energy of the liquid ring is en 
hanced through the improved con?guration of the cavity 
60. Each cavity 60 widens in cross section from the open 
ing at the perimeter of the compression wheel 48 toward 
the back or inner surface 57. The cavity therefore func 
tions as an expander or mechanical diffuser with respect 
to the moving liquid of the rotating ring, and changes the 
kinetic energy of the moving liquid into a static pressure 
head as the liquid flows into the cavity. In this manner, 
a high pressure is produced within each cavity 60 that is 
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not solely dependent upon the hydrostatic pressure head 
produced as a function of the depth to which the cavity 
60 is submerged into the liquid ring. For this reason, the 
cavities need not be deeply submerged to obtain high pres 
sures, and in some instances need not even be submerged 
to the depth of the back wall or cavity root 57. This is, 
of course, advantageous because it reduces body drag of 
the wheel in the liquid ring. 
The baffle 80 cooperates with each cavity 60 as the 

cavity enters the liquid ring of the casing 10‘ to seal the 
cavity from the ambient atmosphere just prior to and dur 
ing submergence into the liquid. This prevents the gas 
within each cavity from being partially displaced by the 
liquid as it otherwise would be until the trailing vane of 
the cavity enters the liquid. It does this by providing an 
effective seal over each cavity as the cavity enters the 
liquid ring, thereby holding in the trapped air until the 
trailing vane enters the liquid ring. This improves the vol 
umetric e?iciency of the compressor. In addition, the 
ba?le, by delaying somewhat the entrance of liquid into 
the cavity, helps to seal the cavity with a uniform liquid 
velocity front, improving the utilization of the kinetic en 
ergy of the moving liquid ring. 

Because the circular casing 10 and the liquid ring con 
tained therein are rotating at a faster peripheral speed than 
the compression wheel 48, the wheel 48 creates a drag 
against the movement of the liquid ring. This drag results 
in a loss of energy in the system. By virtue of the tapered 
cross sectional shape or streamlining of the compression 
wheel 48, the drag resistance of the compression wheel is 
materially reduced. 

In constructing the compressor of the present invention, 
a substantial clearance is provided between the annular 
side walls 53 and 54 of the compression wheel 48 and the 
adjacent radial walls 15 and 14, respectively, of the cir 
cular casing 10. That is, the peripheral portion of the com 
pression wheel 48 that is immersed within the liquid ring 
is kept sufficiently small so as not to cause undue accel 
eration of the flow of liquid of the ring through the re 
stricted passageway created as a result of the submergence 
of the compression wheel within the path of liquid flow. 
It will be understood that in a rotating liquid ring where 
the liquid ?ows past the compression wheel, there is an 
increased velocity and elevation of the liquid surface. This 
results in a reduction in the e?iciency of the compressor 
due to increased body ‘drag and turbulence caused by the 
change in the cross sectional area of the liquid. The sever 
ity of the turbulence and energy loss is a function of the 
proportion of the liquid ring that is blocked. In order to 
limit such losses to an acceptable level, no more than 
80 percent of the original cross section of the liquid ring, 
including the coupling vanes, should be obstructed by the 
wheel at the point of maximum submergence of the wheel 
in the liquid ring. This is particularly important at high 
rates of linear velocity of the liquid ring, which are obtain 
able with the liquid coupling vanes of the casing and 
which can be utilized to good advantage in the design of 
the present invention. Thus, with no more than 80 percent 
of the liquid ring area, ‘as already de?ned, obstructed, e?‘i 
cient operation can be obtained at substantial linear veloc 
ities of the liquid ring, for example, at velocities of 50 
feet per second and above. On the other hand, there is 
little additional bene?t to be gained once the obstructed 
cross section of the liquid ring is maintained as small as 
one half of the liquid ring area. 
By way of example only, a compressor has been con 

structed embodying the inventive concepts of the present 
invention and in which a compression wheel 3 inches in 
diameter was positioned within a casing 5 inches in diam 
eter in the manner shown in FIGURE 1. The walls 14, 
15 of the casing were 2 inches apart and approximately 
25 ounces of water were contained in the casing. The 
wheel was % inch thick at the root of the cavities and 
3A6 inch thick at the cavity openings. Twenty-four cavities 
5/16 inch deep were spaced about the periphery. A level 
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control tube was positioned to locate the surface of the 
liquid ring just above the inner edges of the annular walls 
35, 36 and approximately even with the back wall 57 
of the most completely immersed cavity. 
The outer casing 10 was rotated at a speed of 8000 revo 

lutions per minute and the compression wheel 48 was 
rotated in the same direction at a speed of 6500 revolu 
tions per minute. This established a depth of the liquid 
ring 73 of about 1/2 inch at the center plane of the casing 
10. With the compressor operated under ambient condi 
tions where the air pressure is approximately 14.7 pounds 
per square inch gauge and the air temperature is ap 
proximately 68 degrees Fahrenheit, a compressed gas pres» 
sure in excess of 65 pounds per square inch absolute has 
been produced. Of this pressure, it is calculated that at 
least 80 percent is produced by the kinetic energy of the 
liquid ring. Such a compressor can attain a single stage 
pressure ratio greater than 5 to l, at an air ?ow rate of 
2.5 cubic feet per minute, and with a hydraulic e?iciency 
greater than 80 percent. 
While the above described example sets forth a speci?c 

mode of operating the disclosed compressor, it will be 
understood that the circular casing 10 and the compres— 
sion wheel 43 may be rotated at different speeds from 
those speci?ed. It is contemplated, however, that the di 
rection of rotation of both the compression wheel 48 
and the circular casing 10 will be in the same direction, 
and that the peripheral speed of rotation of the circular 
casing 10 and liquid ring will be greater than the periph 
eral speed of the compression wheel 48. It is the difference 
in speed and the improved shape of the cavities 60, that 
provide and utilize the kinetic energy of the velocity head 
of the liquid ring. While even small differentials in periph 
eral speed will produce a ?nite kinetic energy component, 
full advantage of the present teachings are utilized by 
establishing a differential peripheral speed su?icient to 
produce a kinetic energy component contribution that is 
at least equal to 10 percent of the total pressure produced 
upon the gas in the cavities of the compressor wheel. 
Outstanding results have been obtained when the dif 
ferential peripheral speed between the liquid ring and 
the compression wheel is about 75 feet per second, in 
which case the kinetic energy pressure component may 
well exceed 80 percent of the total pressure produced. In 
most instances, for efficient utilization of the compressor, 
the wheel will be rotated at a linear speed no greater than 
0.9 times the linear speed of the liquid ring and easing, 
allowing a recovery of at least about one-?fth of the 
kinetic energy available. With a larger speed differential, 
for example, where the wheel speed is only one-half that 
of the liquid, approximately three fourths of the available 
kinetic energy of the liquid ring is recovered. It will be 
recognized, of course, that a balance must be reached be 
cause increases in pressure produced by large dilferentials 
in wheel and liquid ring speed necessarily decrease the 
volume of gas compressed by the compressor. 
By way of comparison, in the known Nash type com 

pressor, which appears to be the only liquid ring type 
compressor that has been put to signi?cant use, a pressure 
rise of 15 to 40 pounds per square inch may be obtained 
and the compressor is operated at peripheral speeds of 
up to about 75 feet per second. Beyond such speed, vibra 
tions, waves, and blocking of the water by the wheel pre 
vent operation. With the compressor of the present in 
vention, peripheral speeds of 100 to 140 feet per second are 
not unusual without encountering destructive wave dis 
turbances or excessive vibration. Accompanying pressure 
rises of 100 to 150 pounds per square inch are obtained. 
At the same time, the volume of gas supplied by the com 
pressor is greatly increased over known liquid ring com 
pressors. 
What is claimed is: 
1. In a liquid ring mechanism, the combination of: 
(a) a casing de?ning va circular chamber; 
(b) a compression wheel eccentrically mounted within 
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the chamben'the wheel including a plurality of com 
pression cavities and means for porting compressed 
gas from the cavities; 

(c) drive means coupled to the wheel and to the casing 
to positively rotate both the Wheel and the casing; 
and, 

(d) the casing including fluid coupling means within 
the chamber and adapted to drive a ring of liquid 
therein, said coupling means comprising ?rst and 
second sets of generally radially disposed vanes ex 
tending inwardly from casing walls that de?ne sides 
of the chamber and curving along their length so the 
outermost end of each vane is curved toward the di 
rection in which the casing is rotated. 

2. In a liquid ring mechanism, the combination of: 
(a) a casing de?ning a circular chamber adapted to 

contain a liquid; 
(b) means mounting the casing for rotation about a 

central axis perpendicular to the circular form of 
the chamber; 

(c) means for rotating the casing about the central 
axis at a su?icient speed to form a ring of liquid with 
in the casing; 

(d) a wheel located within the casing and having a 
central axis of rotation parallel to but displaced 
laterally from the central axis of the casing, said 
wheel being eccentrically located so that the perim 
eter is adapted to be in part submerged in a ring 
of liquid within the casing; 

(e) a plurality of cavities in the wheel opening through 
the perimeter of the wheel; 

(f) porting means operatively associated with each 
cavity to permit the escape of gas compressed in 
each cavity; 

(g) means operatively associated with the wheel and 
the porting means to selectively prevent and permit 
the escape of gas compressed in each cavity; 

(h) means mounting the wheel for rotation about the 
central axis of rotation; 

(i) means for controlling the rotation of the wheel; 
and 

(j) a bathe in a ?xed position within the casing closely 
adjacent the periphery of the wheel and partially 
immersed within the liquid ring, said ba?le being so 
constructed and arranged to seal any unimmersed 
portion of the opening of a cavity as the cavity enters 
the liquid ring from the surrounding atmosphere, 
thereby preventing gas displaced in the cavity by 
liquid from escaping from the cavity even though 
the cavity opening is not yet completely immersed. 

3. In a liquid ring mechanism, the combination of: 
(a) a rotatable casing de?ning a circular chamber; 
(b) ?uid coupling means within the casing and oper 

ably associated therewith to drive a ring of ?uid 
therein; 

(c) means within the ‘casing for limiting the ampli 
tude of wave disturbances in a liquid ring within the 
casing; 

(d) a rotatable compression wheel within the cham 
ber, the wheel including a plurality of compression 
cavities and means for porting compressed gas from 
the cavities; 

(e) drive means to rotate the casing, and 
(f) means controlling the speed and direction of ro 

tation of the wheel. 
4. In a liquid ring mechanism, the combination of: 
(a) a casing de?ning a circular chamber; 
(b) means mounting the casing for rotation about a 

central axis of the casing; 
(c) a compression wheel located within the chamber; 
((1) means mounting the wheel for rotation about a 

central axis of the wheel; 
(e) ?uid coupling means within the chamber for driv 

ing a ring of ?uid within the chamber; 
(f) means for rotating the casing at a peripheral speed; 
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(g) means controlling the rotation .of the Wheel to 
establish a peripheral speed of the wheel in the di 
rection of casing rotation that is at least 10 per 
cent slower than the peripheral speed of the casing; 
and 

(h) means including a plurality of compression 
cavities in the wheel, each having an inlet formed 
to receive a velocity component of a ring of ?uid 
rotated with the casing at a faster speed than the 
wheel and an outlet that is effectively closed during 
a portion of the wheel rotation, to eifectively re 
cover and utilize kinetic energy of such ring. 

5. in a method of compressing gas with a liquid, the 
steps comprising: 

(a) forming a rotating ring of liquid; 
(b) rotating the ring of liquid at a ?rst peripheral 

speed; 
(c) rotating a wheel in ‘a plane of and encircled by the 

ring, in the same direct-ion as the ring, and at a 
slower peripheral speed, said wheel having cavities 
with openings in the periphery of the wheel; 

(d) allowing cavities to ?ll with gas during rotation 
of the wheel; 

(e) receiving in the wheel cavities a flow of liquid 
from the ring entering the cavity openings at a 
velocity caused by the greater peripheral speed of 
the ring and thereby creating increased pressure with 
in the cavities from the kinetic energy of the ring; 
and 

(f) emptying the cavities of liquid during each revolu 
tion of the wheel. 

6. *In a method of compressing gas with a liquid ring 
mechanism having an outer rotatable casing containing 
a liquid and a rotatable compression wheel within the 
casing, the wheel including a plurality of open-ended 
compression cavities about its periphery, the steps com 
prising rotating the casing at a ?rst peripheral speed 
suf?cient to form a ring of liquid within the casing, ro 
tating the wheel at a peripheral speed slower than the 
said ?rst peripheral speed, intercepting liquid of the ring 
moving with the casing, progressively decelerating the 
intercepted liquid by increasing the cross sectional area 
progressively available to the liquid whereby kinetic en 
ergy of the moving liquid is converted to static pressure 
energy, and compressing gas in the cavities of the wheel 
with theliquid. 

7. The mechanism of claim 1 including two annular 
walls, one well being a?ixed to the innermost radial 
ly extending edges of the ?rst set of vanes and the other 
being similarly a?ixed to the second set of vanes, said 
walls terminating short of the radial ends of the v-anes, 
thereby ‘forming a plurality of peripherally speed open 
ended radially extending conduits on the inner sides of 
the casing walls. 

8. In a liquid ring mechanism, the combination of: 
(a) a casing de?ning a circular chamber; 
(b) a compression wheel eccentrically mounted With 

in the chamber, the wheel including a plurality of 
compression cavities and means for porting com 
pressed gas from the cavities; 

(c) drive means coupled to the wheel and to the cas 
ing to drive both the wheel and the casing; and, 

(d) each of said cavities being disposed adjacent the 
perimeter of the wheel and having an inlet opening 
of smaller cross section than the cross section of 
the cavity inwardly of the opening whereby each 
cavity is a mechanical diifuser. 

9. In a liquid ring mechanism, the combination of: 
(a) a casing de?ning ‘a circular chamber; 
(b) means to support the casing for rotation about a 

central axis of the circular 'form; 
(0) a compression wheel eccentrically located within 

the chamber, the wheel including a plurality of com 
pression cavities and means porting the cavities to 
remove compressed gas, said cavities 

10 

15 

20 

25 

30 

35 

45 

60 

65 

70 

75 

14 
(i) being located about the periphery of the wheel 
(ii) having inlet openings at the outermost perim 

eter of the wheel, and 
(iii) having inlet openings of smaller cross sec 

tion than the cross section of the cavity in 
wardly of the opening; 

(d) means separate from the casing to support the 
wheel for rotation about the center of the wheel; 
and 

(e) means to 'drive the casing in rotation about the 
central axis. 

10. The mechanism of claim 9 including means to con 
trol rotation of the ‘wheel about its center. 

11. In a method of compressing gas with a liquid 
ring mechanism having an outer rotatable circular cas 
ing containing ‘a liquid, and a rotatable compression 
wheel located eccentrically within the casing, the wheel 
including a plurality of open-ended compression cavities 
about its periphery, said wheel cavities having outer 
extremities displaced angularly about the wheel with 
respect to inner ends of the cavities in a direction opposite 
to the direction of wheel rotation and being adapted to 
be serially submerged in the liquid of the casing and 
thereby entrap gas to be compressed, and then be 
emerged from the liquid, said cavities being ported to 
allow the removal of gas compressed after the cavities 
have been submerged, the steps comprising rotating the 
casing containing the liquid at a ?rst peripheral speed 
sul?cient to form a ring of liquid within the casing, 
rotating the wheel in the same direction as the casing 
at a second peripheral speed slower than the said ?rst 
speed, controlling the speed of the wheel relative to the 
speed of the casing ‘and liquid, and recovering with 
the wheel kinetic energy from the liquid moving at a 
greater peripheral velocity than that of the wheel. 

12. In a method of compressing gas with a liquid ring 
mechanism having an outer rotatable circular casing 
containing -a liquid, ‘and a rotatable compression wheel 
located eccentrically within the casing, the wheel includ 
ing a plurality of open-ended compression cavities about 
its periphery, said wheel cavities having outer extremities 
displaced angularly about the wheel with respect to 
inner ends of the cavities in a direction opposite to the 
direction of wheel rotation and being adapted to be 
serially submerged in the liquid of the casing and thereby 
entrap gas to be compressed, and then be emerged from 
the liquid, said cavities being ported to ‘allow the re 
moval of gas compressed after the cavities have been 
submerged, the steps comprising rotating the liquid to 
form a liquid ring rotating at a ?rst peripheral speed 
and in which the eccentrically located wheel becomes 
partially immersed, the ring thereby exerting ‘a rotational 
force on the wheel; limiting the peripheral speed at which 
the wheel is rotated to a predetermined second velocity 
less than the ?rst velocity of the moving ring of liquid, 
and recovering with the Wheel kinetic energy from the 
liquid moving at a greater peripheral velocity than that 
of the wheel. 

13. The method of claim 12 wherein the greatest kinetic 
pressure component created at the opening of the cavi 
ties is at least 10 percent of the total pressure produced 
upon the gas in the cavities of the compression wheel. 

14. The method of claim 12 wherein both the wheel and 
the liquid ring are rotated in the same direction. 

15. The method of claim 14 wherein the second ve 
locity is no greater than 90 percent of the ?rst velocity. 

16. In a liquid ring mechanism, the combination of: 
(a) a casing de?ning a circulator chamber adapted to 

contain a liquid; 
(b) means mounting the casing for rotation; 
(c) a compression wheel eccentrically located within 

the chamber, the wheel including a plurality of com 
pression cavities having openings through the perim 
eter of the wheel and means for porting compressed 
gas from the cavities; 
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((1) means mounting the Wheel for rotation; 
(e) means to rotate at least one of the casing and the 
wheel and thereby form a rotating liquid ring in 
which some of the cavities of the wheel are sub 
merged; and 

(f) a stationary solid ba?le closely encircling a portion 
of the wheel perimeter, said ba?ie being at least as 
wide and long as the width and length of each of 
the openings of the cavities in the perimeter of the 
wheel, and located so that one edge of the ba?le will 
extend into the liquid ring within the casing adjacent 
the point of entry of the cavities into the ring and 
another portion will extend out of the liquid ring 
so as to effectively cover each cavity opening as the 
cavity enters the liquid ring, whereby gas displaced 
in the cavity by liquid is prevented from escaping even 
though the cavity opening is not yet completely im 
mersed in the liquid ring. 

17. In a liquid ring mechanism, the combination of: 
(a) a circular casing constructed and arranged to ro 

tate about a central axis in one direction of rotation; 
(b) a compression wheel eccentrically positioned with 

in the casing and constructed and arranged to rotate 
about a central axis of the wheel in the same direction 
of rotation as the casing but at a signi?cantly slower 
peripheral speed; and 

(c) cavities within said wheel opening through the 
perimeter of the wheel, said cavities being de?ned in 
part by generally radially extending vanes within the 
wheel, which vanes curve adjacent the perimeter of 
the wheel where liquid enters the cavities so as to 
extend in a direction generally away from the direc 
tion of wheel rotation, whereby the outer end of each 
cavity is angularly displaced about the wheel periph 
ery from the inner end in a direction opposite to the 
direction of wheel rotation and kinetic energy of a 
liquid ring rotated by the casing can be effectively 
utilized by the compression wheel. 

18. In a liquid ring mechanism in which a rotary com 
pression Wheel having peripheral cavities opening through 
the perimeter is eccentrically located within a rotary cas 
ing adapted to contain a liquid ring in which the periphery 
of the compression wheel is partially submerged, and in 
cluding means to rotate the liquid ring and control the 
speed of the wheel, the improvement which comprises a 
generally tapered peripheral portion on the compression 
wheel such that a radial cross section of the peripheral 
portion of the wheel that becomes submerged in the liquid 
ring is narrowest adjacent the openings of the cavities and 
widens inwardly. 

19. In a liquid ring mechanism, the combination of: 
(a) a casing de?ning a circular chamber adapted to 

contain a liquid; 
(b) means mounting the casing for rotation; 
(c) a compression wheel eccentrically located within 

the chamber, the wheel including a plurality of com 
pression cavities having openings through the periph 
cry of the wheel and means for porting compressed 
gas from the cavities; 

(d) means mounting the wheel for rotation; 
(e) means to rotate the casing and the wheel to form 

a rotating liquid ring that moves at a greater pe 
ripheral velocity than the wheel and in which some 
of the cavities of the wheel are submerged; 

(f) said cavities being formed with outer extremities 
de?ning the openings through the periphery of the 
wheel angularly displaced about the wheel periphery 
with respect to inner ends of the cavities in a direction 
opposite to the direction of wheel rotation; 

(g) coupling means associated with the casing to im 
part rotational movement of the casing to the liquid 
ring; and 

(h) said casing and compression wheel being so con 
structed and arranged that the wheel obstructs no 
more than 80 percent of the maximum liquid ring 
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cross section normal to the liquid peripheral velocity 
prior to wheel contact at the location of maximum 
submergence of the wheel in the liquid ring. 

20. In a liquid ring mechanism, the combination of: 
(a) a casing de?ning a circular chamber; 
(b) a compression wheel eccentrically located within 

the chamber, the wheel including a plurality of com 
pression cavities and means for porting the cavities 
to remove compressed gas; 

(c) each of said cavities being disposed adjacent the 
perimeter of the wheel and having an inlet opening 
of smaller cross section than the cross section of 
the cavity inwardly of the opening whereby each 
cavity is a mechanical diffuser; 

(d) drive means coupled to the casing to rotate the 
circular casing about a central axis; 

(e) means coupled to the compression wheel to con 
trol the speed of rotation of the wheel within the 
chamber; 

(f) said drive means and said control means providing 
a signi?cantly greater peripheral speed of the casing 
than of the wheel, both in the same direction of 
rotation; and 

(g) ?uid coupling means within the chamber for driv 
ing a ring of ?uid within the chamber. 

21. The mechanism of claim 20 wherein the cavities 
of the compression wheel are formed in part by radially 
extending vanes within the wheel, which vanes curve adja 
cent the perimeter of the wheel so as to extend in a 
direction generally away from the direction of wheel ro 
tation. 

22. The mechanism of claim 21 wherein the ?uid 
coupling means include vanes extending from casing walls 
that de?ne sides of the chamber. 

23. The mechanism of claim 22 wherein the means for 
porting the cavities include a tube extending from each 
cavity and opening through a radial face of the wheel, 
and including a ?xed valve shoe in sliding sealing rela 
tionship with the radial face of the wheel overlying a 
portion of the wheel face through which the porting tubes 
open, said valve shoe having a solid face portion abutting 
the radial face of the wheel for closing underlying open 
ings through the radial face of the wheel and having an 
open portion in the face communicating with a discharge 
passageway to permit the escape of gas under pressure 
from the cavities through the porting tubes that underlie 
the open portion of the valve shoe. 

24. The mechanism of claim 3 wherein the casing in 
cludes two spaced radial walls and the means of paragraph 
(c) includes an annular surface adjacent each radial wall 
at a location adjacent the level of the liquid ring within the 
casing. 

25. The mechanism of claim 24 wherein the annular 
surface adjacent each radial wall is concentric with the 
casing and is constructed and arranged to dissipate the 
energy of wave disturbances on the surface of the liquid 
ring. 

26. The liquid ring mechanism of claim 3 wherein the 
cavities of the wheel expand in volume in a direction 
from the periphery of the wheel centrally, and thereby 
form mechanical diffusers. 

27. In a method of compressing gas with a liquid, the 
steps comprising: 

(a) forming a rotating ring of liquid; 
(b) immersing a wheel having a plurality of open cavi 

ties about its perimeter within the rotating ring of 
liquid to a depth Where the base of the most sub 
merged cavity is substantially level with the surface 
of the liquid, the cavities of said wheel being formed 
with outer extremities de?ning the openings through 
the periphery of the wheel angularly displaced about 
the wheel periphery with respect to inner ends of the 
cavities; 

(c) rotating the immersed wheel in a direction oppo~ 
site to the direction in which the outer extremities of 
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the cavities are displaced with respect to inner ends 
thereof; and 

(d) rotating the ring of liquid at a greater peripheral 
speed than the wheel is rotated and in the same 
direction, whereby kinetic energy is effectively re 
covered from the ring of liquid. 

28. In a method of compressing gas with a liquid ring 
mechanism having ‘an outer rotatable circular casing con 
taining a liquid, and a rotatable compression wheel lo 
cated eccentrically within the casing, the wheel including 
a plurality of open-ended compression cavities about its 
periphery, said wheel cavities having outer extremities 
displaced angularly about the wheel with respect to inner 
ends of the cavities in a direction opposite to the direction 
of wheel rotation and being adapted to be serially sub 
merged in the liquid of the casing and thereby entrap 
gas to be compressed, and then be emerged from the 
liquid, said cavities being ported to allow the removal of 
gas compressed after the cavities have been submerged, 
the steps comprising rotating the liquid to form a liquid 
ring rotating at a ?rst peripheral speed and in which the 
eccentrically located wheel becomes partially immersed, 
the ring there-by exerting a rotational force of the wheel 
in the same direction; and rotating the wheel at a pre 
determined, controlled, peripheral speed that is not greater 
than 90% of the peripheral speed of the liquid ring, and 
recovering with the wheel kinetic energy from the liquid 
moving at a greater peripheral speed than that of the 
wheel. 

29. A liquid ring mechanism comprising a circular 
casing adapted to contain a liquid; means mounting the 
casing for rotation in a predetermined direction; a com 
pression wheel eccentrically located within the casing; 
means mounting the wheel for rotation in the same direc 
tion as the casing; said wheel having a plurality of cavities 
de?ned in part by radially extending vanes curved adjacent 
the periphery of the wheel to extend in a general direction 
away from the direction of wheel rotation, said curved 
portion being located where the vanes intercept the inner 
periphery of a liquid ring that is formed When the casing 
containing liquid is rotated; means to rotate the casing 
at a ?rst peripheral speed; and means to control the speed 
of rotation of the wheel so that it rotates at a peripheral 
speed no greater than 90 percent of the peripheral speed 
of the casing. 

30. In a liquid ring mechanism, the combination of: 
(a) a casing de?ning a circular chamber; 
(b) a compression wheel mounted within the chamber, 

the wheel including a plurality of compression cavi 
ties and means for porting compressed gas from the 
cavities; 

(c) drive means coupled to the wheel and to the casing 
to drive the casing at a ?rst peripheral speed and the 
wheel at a relatively lower peripheral speed; and 

(d) means, including a plurality of vanes, providing 
with respect to the wheel periphery inner compression 
cavity portions located at points about the wheel pe 
riphery, and outer cavity portions extending therefrom 
and adapted to intercept and receive liquid carried by 
the casing at a location displaced angularly about the 
wheel periphery from the inner portions in -a direction 
opposite to the direction of wheel rotation; 

(e) whereby kinetic energy of a ring of liquid rotated 
with the casing is e?ectively utilized to compress gas 
in the compression cavities. 

31. In a method of compressing gas with a liquid, the 
steps comprising: 

(a) forming a rotating ring of liquid; 
(b) rotating the ring of liquid at a ?rst peripheral 

speed; 
(c) rotating a compression wheel within the casing in 

the same direction as the liquid ring, said wheel having 
peripheral compression cavities extending outward 
from inner ends to inlet ends for liquid; 

(d) controlling the speed of the rotating wheel to estab 
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lish a peripheral velocity signi?cantly less than the 
velocity of the liquid ring; and, 

(e) introducing liquid from the rotating ring to the 
cavities of the rotating wheels at a location outward 
of the inner end of each cavity and displaced angular 
ly about the wheel periphery from the inner end in a 
direction opposite to the direction of wheel rotation; 

(f) whereby kinetic energy of the liquid moving at a 
greater peripheral velocity than the wheel is effec 
tively utilized to compress gas in the wheel cavities. 

32. In a liquid ring mechanism, the combination of : 
(a) a casing de?ning a circular chamber; 
(b) means mounting the casing for rotation about a 

central axis of the casing; 
(c) a rotatable wheel located within the chamber; 
(d) means mounting the wheel for rotation about a 

central axis of the wheel; 
(e) compression means, including peripheral cavities 
formed in said rotatable wheel with inner ends, and 
including curved de?ector surfaces located outwardly 
from the inner ends of the cavities and displaced an 
gularly about the wheel periphery from the inner ends 
of associated cavities in a direction opposite to the 
‘direction of wheel rotation; 

(f) ?uid coupling means within the chamber for driv 
ing a ring of ?uid within the chamber; 

(g) means for rotating the casing at a peripheral 
speed; and 

(h) means controlling the rotation of the wheel to 
establish a peripheral speed of the wheel in the di— 
rection of casing rotation that is at least 10 percent 
slower than the peripheral speed of the casing; 

(i) whereby kinetic energy of a liquid rin-g adapted to 
be rotated by the casing can be eifectively utilized to 
compress gas in the peripheral cavities of the wheel. 

33. In a liquid ring mechanism, the combination of : 
(a) a casing de?ning a circular chamber; 
(b) means mounting the casing for rotation about a 

central axis of the casing; 
(c) a compression wheel located within the chamber, 

the wheel including a plurality of compression cavi 
ties and means for porting the cavities to remove 
compressed gas; 

(d) means mounting the wheel for rotation about a 
central axis of the wheel; 

(e) ?uid coupling means within the chamber for driv 
ing a ring of ?uid within the chamber; 

(f) means for rotating the casing at a peripheral speed; 
(g) means controlling the rotation of the wheel to 

establish a peripheral speed of the wheel that is at 
least 10 percent slower than the peripheral speed of 
the casing; and 

(h) means within and rotatable with the chamber to 
limit the amplitude of wave ‘disturbances in a ring of 
?uid within the chamber while the chamber is rotated. 
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