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ABSTRACT OF THE DISCLOSURE

A rotor is enclosed by a housing rotatable preferably
about a horizontally extending central axis, the rotor hav-
ing a central first stage spindle and an annular second
stage spindle spaced outwardly therefrom with first stage
blades between the spindles and second stage blades pro-
jecting radially outwardly from the second stage spindle.
Radially separated annular fluid cavities, preferably sub-
stantially totally arcuate in radial cross sections, are
formed in the housing axially adjacent each side of the
rotor axially aligned with and opening into the rotor fluid
cavities formed between the first and second stage rotor
blades. The second stage spindle is formed arcuately in-
wardly along the first stage rotor blades either partially
or totally dividing the first stage rotor fluid cavities into
axially adjacent parts, each part with its associated hous-
ing fluid cavity forming a combined cavity part approach-
ing circular in radial cross section. The second stage spin-
dle is similarly formed arcuately outwardly along the
second stage blades and preferably to radially adjacent
similar inward projections of the housing to provide two
or three axially adjacent, combined rotor and housing
second stage fiuid cavilies, each approaching circular in
radial cross section. A fluid inlet is formed through the
housing from one or both sides of the rotor into the hous-
ing first stage cavities, axially aligned fluid communica-~
tions in the housing at the sides of the rotor between the
first and second stage housing cavities, and a fluid outlet
upwardly through the housing from all of the second stage
housing cavities, the fluid inlets and outlets preferably
being in the lower portion of the housing. Where neces-
sary, a cooling fluid channel may be formed around the
housing outwardly of the second stage fluid cavities and
radially aligned with all of said cavities.

BACKGROUND OF THE INVENTION

This invention relates to a two-stage, vortex-type cen-
trifugal device usable as a compressor or pump and with
fluids in either the gaseous or liquid state depending on
the service application desired. More particularly, this in-
vention relates to such a centrifugal device wherein two
stages are provided radially aligned, making use of the
same rotor, each stage having at least two axially ad-
jacent combined rotor and housing fluid cavity parts, all
approaching circular in cross section for maximum effi-
ciency of fluid flow. Furthermore, the foregoing improved
fluid cavity shapes combined with particularly positioned
and formed fluid inlets, communications between stages
and outlets provide the centrifugal device of the present
invention with greatly improved efficiency over similar
prior devices and capable of handling far greater fluid
volumes and pressures than has heretofore been possible.

Various prior forms of centrifugal devices of the gen-
eral character herein involved have previously been pro-
vided, certain of which have been of two-stage form. In
the prior formation of two-stage centrifugal compressors
or pumps, however, it has been the usual practice to mere-
ly position two single stage devices axially aligned or side
by side. In other words, the fluid outlet of the first stage
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is merely directed into the fluid inlet of the second stage
so that the fluid flow is subjected to the second compres-
sion or pumping.

Various difficulties have been encountered with these
prior axially aligned, two-stage centrifugal compressors
and pumps, one of the major difficulties being an extreme-
ly low efficiency as a result of combinations of fluid flow
turbulence, cavitation and various fluid frictional losses.
Not only have these devices been improperly designed
for the maximum elimination of turbulence within each
stage, but also the fluid communication between the two
stages has required relatively complex passages with which
it is virtually impossible to eliminate turbulence and high
friction losses. In addition, if increased fluid flow is de-
sired with a given form of compressor or pump, it is only
possible to provide such increased flow by increasing the
size of the compressor or pump since only a single fiuid
inlet may be provided at the open side of the first stage,
the other side of such first stage being blocked by the sec-
ond stage.

Still further, in the prior centrifugal compressors or
pumps, whether of the single or double stage formation,
the fluid inlets and outlets have been located at the upper
portions thereof, which, under various conditions, in-
creases the tendency toward objectionable cavitation. As
the fluid enters, it is moved downwardly by the rotor
blades and this downward movement is aided by the fluid
weight, but when the fluid reaches the lower portion of
the compressor or pump, it must then move upwardly in
the latter part of the rotational movement in order to
finally reach the fluid outlet. During this upward move-
ment of the fluid, the pressure thereof has increased which,
combined with frictional drag and the now opposing fluid
weight can cause the fluid to increase lag relative to rota-
tional movement of the rotor, thereby resulting in a hin-
drance in fluid flow and a decrease in efficiency.

An even additional problem of the prior constructions
has been the particular formations of the rotor and hous-
ing fluid cavities through which the fluid must flow with
a minimum of turbulence and within which such fluid is
compressed. Such fluid cavities have heretofore included
obstructing ledges and other projections located so as to
greatly disturb the smooth flow of fluid therein during the
rotor rotation, again increasing frictional losses, disturbing
the smooth flow of fluid and decreasing the efficiency. As
an overall result of all of the foregoing problems and de-
ficiencies, the efficiencies of the prior centrifugal compres-
sors or pumps has seldom been more than 45 to 50% and
there has been a long-felt want and need to increase such
efficiency.

There have been certain attempts to decrease the prob-
lems involved and increase the efficiency, most attempts
being centered about the particular blade formation of
the rotors. Despite relatively complex blade formations,
however, it has been impossible to increase the efficiencies
even minimal amounts. Thus, despite various prior at-
tempts, the low efficiency rate has still persisted prior to
the improvements of the present invention.

OBJECTS AND SUMMARY OF
THE INVENTION

It is, therefore, an object of this invention to provide
a two-stage, vortex-type centrifugal device usable as a
compressor or pump wherein the two stages thereof are
provided radially stacked in the same single rotor and
with only a relatively minimal rotor increased size. The
relative close proximity of the two stages permits the use
of short fluid passages of maximum simplicity in configura-
tion between the stages so as to maintain maximum
smoothness of flow and minimum tendency toward tur-
bulence. At the same time, due to the second stage merely



being radially outwardly from the first stage, the first stage
is left completely unobstructed from the opposite rotor
sides so that where increased flow is desired, fluid inlets
from both sides may be used, such not being possible with
the prior constructions.

It is a further object of this invention to provide a
centrifugal device of the foregoing type wherein the fluid
cavity formation and low speed of the first stage virtually
eliminates problems of cavitation in both the first and sec-
ond stages. During movement of the fluid in the device
during the first half of revolution and particularly in the
second stage, the fluid is moved upwardly with a uniform
vortex motion having sufficient momentum to overcome
the force of gravity. In the second half of revolution, the
fluid is moving downwardly with constant uniform vortex
motion so as to be again unaffected by gravity, thereby
providing an overall uniform fluid with complete vortex
motion and without damaging turbulence.

It is also an object of this invention to provide a cen-
trifugal device of the foregoing type wherein fluid fric-
tional losses are greatly reduced by improved fluid cavity
contouring and shaping directed toward increased smooth
uniform fluid flow and undisturbed vortex motion within
the fluid cavities reducing turbulence losses to a minimum.
The first stage fluid cavities in the rotor are smoothly and
arcuately divided into axially adjacent equal parts, each
part communic¢ating axially with a conforming housing
fluid cavity, the combined rotor and housing cavity parts
preferably approaching circular in radial cross section.
The second stage combined rotor and housing cavity parts
are similarly formed, either as double or triple cavity parts,
the prime difference being that the second stage combined
cavity parts are preferably defined by closely adjacent an-
nular rotor and housing projections. The resulting in-
creased smoothness of flow and minimal turbulence greatly
improve the overall efficiency of the device.

It is still an additional object of the present invention
to provide a centrifugal device of the foregoing character
which is of maximum versatility and is adapted for rela-
tively simple changes to meet varying conditions and re-
quirements encountered in both centrifugal compressors
and pumps.

Merely as an example, where increased fluid volume is
desired, the previously discussed dual fiuid inlet from
opposite sides of the rotor into the first stage thereof may
be provided, and such may be augmented by increasing
the cross sectional areas of the overall second stage
cavities. As another example, when increased suction char-
acteristics are required, the first stage housing cavity exit
may be partially blocked to prevent direct free flow from
the first to second stage, thereby retarding flow and in-
creasing such characteristics. Thus, the centrifugal device
of the present invention may be adapted for virtually any
requirement while still maintaining the basic improvements
herein discussed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a vertical sectional view of an embodiment of
the centrifugal device of the present invention taken
through the housing thereof axially spaced from one side
of the rotor and with parts thereof broken away to show
certain details of construction;

FIG. 2 is a fragmentary, circumferential sectional view
looking in the direction of the arrows 2—2 in FIG. 1;

FIG. 3 is a fragmentary, vertical sectional view looking
in the direction of the arrows 3—3 in FIG. 1;

FIG. 4 is an enlarged, fragmentary, horizontal sectional
view looking in the direction of the arrows 4—4 in FIG. 3;

FIG. 5 is a view similar to FIG. 3 but of a slightly
modified form of centrifugal device; and

FIG. 6 is a fragmentary, vertical sectional view of still
a further modified form of centrifugal device.
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DESCRIPTION OF THE BEST EMBODIMENTS
CONTEMPLATED

Referring to FIGS. 1 through 4, the centrifugal device
shown therein and incorporating certain of the principles
of the present invention includes a housing generally in-
dicated at 10 enclosing a rotor generally indicated at 12,
the housing and rotor assembly preferably being posi-
tioned with the rotor central axis extending horizontally.
Further, the housing 16 and rotor 12 may be formed of
usual materjals and by conventional manufacturing meth-
ods all within the knowledge of those skilled in the art
and dependent on the particular application requirements
of the construction. Also, as is true of many centrifugal
devices of this character, the centrifugal devices of the
present invention may be adapted for use as either com-
pressors or pumps, and the working fluids may be gaseous
or liquid with only the usual slight modifications required.

More particularly to the mounting and construction of
the rotor 12, a central driven shaft 14 rotatably mounts
the rotor in the housing 10 and is telescoped by a rotor
central first stage spindle 16 keyed to the shaft. The cen-
tral first stage spindle 16, in turn, mounts a series of
circumferentially spaced, radially extending rotor first
stage blades 18 projecting outwardly and having the outer
extremities thereof secured to a radially outwardly sur-
rounding, annular rotor second stage spindle 20. A series
of circumferentially spaced, radially outwardly extending
rotor second stage blades 22 are secured to the second
stage spindle 20, the second stage blades preferably being
radially aligned with the first stage blades and all of said
blades preferably extending axially parallel to the cen-
tral axis of the rotor 12.

As best seen in FIG. 3, the rotor second stage spindle
20 is formed axially midway thereof with a circumferen-
tially extending, radially inwardly projecting first stage
rotor cavity divider 24 blending oppositely axially arcuate-
ly into the remainder of the second stage spindle axially
toward opposite sides of the rotor 12, said divider ex-
tending circumferentially totally between the rotor first
stage blades 18. As shown in FIG. 3, in this first embodi-
ment form of the centrifugal device of the present inven-
tion, the first stage rotor cavity divider only projects radi-
ally partially into the first stage rotor cavities formed
circumferentially between the first stage blades 18, but
for fluid flow purposes effectively divides the rotor first
stage cavities into axially adjacent and axially equal rotor
first stage cavity parts 26. The consequence of such rotor
first stage cavity division by the rotor cavity divider 24
as it affects fluid flow within said cavity will be herein-
after discussed more in detail.

Still as shown in FIG. 3 the second stage spindle 20 is
formed radially outwardly with a circumferential, oppo-
sitely axially arcuate, second stage rotor cavity divider
28, axially centrally thereof and preferably totally cir-
cumferentially between the second stage blades 22. The
second stage rotor cavity divider 28 preferably extends
radially outwardly totally of the second stage blades 22
terminating radially outwardly co-extensive with such
second stage blades. Furthermore, the second stage rotor
cavity divider 28 is oppositely axially arcuate preferably
totally to the axial extremities of the second stage blades
22 or the side extremities of the second stage spindle 20
and the rotor 12, whereby rotor second stage cavities
formed circumferentially between the second stage blades
22 are divided into axially adjacent and equal rotor second
stage cavity parts 30.

The housing 10 axially adjacent and radially aligned
with the rotor first stage cavity parts 26 is formed with
axially opposite, annular fluid cavities constituting housing
first stage cavity parts 32. The housing first stage cavity
parts 32 at the opposite sides of the rotor 12 are prefer-
ably totally arcuate in radial cross section as shown in
FIG. 3 and preferably extend radially co-extensive with
the rotor first stage cavity parts 26. Thus, each of the
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housing first stage cavity parts 32 with its axially adjacent
rotor first stage cavity parts 26 forms for fluid flow pur-
poses a combined housing and rotor first stage cavity
part at each half of the rotor 12 and as circumferentially
interrupted by the first stage blades 18 which approaches
circular in radial cross section, that is, in a radial plane
extending axially parallel to and through the main axis of
the rotor 12.

Similar housing second stage cavity parts 34 are formed
in the housing axially adjacent the rotor second stage
cavity parts 30 with the exception that the housing second
stage cavity parts preferably extend totally axially adja-
cent and totally radially outwardly adjacent the rotor
second stage cavity parts as provided by the radially in-
wardly projecting, circumferential second stage housing
cavity divider 36. Thus, the housing second stage cavity
parts 34 are annular and are preferably arcuate through-
out the same radial cross sections thereof as shown in
FIG. 3, and with the rotor second stage cavity parts 30
form combined housing and rotor second stage cavity
parts which are axially adjacent and substantially equal.
Also, in the radial plane parallel to and extending through
the main axis of the rotor 12, the combined housing and
rotor second stage cavity parts approach circular in radial
cross section.

The cruss scctional shapes of the rotor first stage
blades 18 are illustrated in FIG. 4, the same being rela-
tively axially flat with only a slight decreasing thickness
from the midpoints outwardly to sharpened edges in order
to reduce drag relative to the fluid being circulated. The
rotor second stage blades 22 may be of similar cross
section with the important point being that neither the
first stage blades 18 nor the second stage blades 22 are
required to be of complex shapes, but rather of the simple
shapes shown.

Referring to FIGS. 1 and 3, a single fluid inlet 38 is
formed axially through the housing 10 into one of the
housing first stage cavity parts 32. Important to the prin-
ciples of the present invention, the single fluid inlet 38,
as shown in FIG. 1, although extending partially vertically
above the horizontal main axis of the rotor 12, has the
major portion thereof vertically below this rotor hori-
sontal central axis so that the major portion thereof is
positioned opening axially into the one housing first stage
cavity part 32 at the lower portion of the rotor 12.

Circumferentially separated from but adjacent and
axially aligned with the lowermost portion of the rotor 12,
the housing 10 is formed with axially opposite and axially
aligned fluid passages 46 as shown in FIGS. 1,2 and 3 ex-
tending generally radially between each of the housing
first stage cavity parts 32 and the respective housing
second stage cavity part 34 at that side of the rotor 12.
As shown in FIG. 2, these fluid passages 40 are of equal
axial cross section and uniform in such cross section ex-
tending axially angularly into the rotor second stage cavity
parts 30 from the opposite sides of the rotor 12. Further-
more, the fluid passages 40 are of substantially the same
radial cross sectional areas as the housing second stage
cavity parts 34 into which these fluid passages en}pty
forming a preferably unrestricted inlet throat 42 into
the housing second stage cavity parts as shown in FIG. 2.

A generally circumferentially extending, angularly ra-
dially outwardly projecting fluid outlet 44 is formed from
the combined rotor second stage cavity parts 30 and
housing second stage cavity parts 34 within the housing 10
as shown in FIGS. 1 and 3. This fluid outlet 44 commiuni-
cates with the combined rotor second stage cavity parts
36 and housing second stage cavity parts 34 spaced slight-
ly circumferentially from the Jocation of the fluid pas-
sages 40 and at the opposite circumferential sides thereof
from the fiuid inlet 38 and opens outwardly of the housing
10 partially nested axially between the fluid passages 49.
As partially shown in FIG. 2, as the fluid outlet 44 projects
angularly outwardly away from the combined second
stage cavity parts, it reduces in axial width while simul-
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taneously increasing in radial dimensions so that the cross
sectional area thereof remains substantially constant so
as to provide an unrestricted fluid outlet.

If conditions require, depending on the use of the cen-
trifugal device of the present invention, a cooling fluid
jacket 46 may be formed on the housing 10 circumfer-
entially surrounding the major portion of said housing
spaced radially outwardly from the combined rotor second
stage cavity parts 30 and housing second stage cavity
parts 34 as shown in FIGS. 1 and 3, said cooling fluid
jacket preferably extending axially totally across these
combined rotor and housing cavity parts. The provision of
the cooling fluid jacket 46 would be most usual when the
centrifugal device of the present invention is used as a
compressor and such cooling fluid jacket may be provided
with the usual cooling fluid inlet 48 and cooling fluid out-
let 50. Also, if desirable, the cooling fluid outlet may be
directed into the main fluid outlet 44 if mixing with the
outlet fluids is desired in the usual manner, for instance,
where the centrifugal device is being used as a compressor
to compress air for an air-fuel mixture and the cooling
fluid within the cooling jacket 46 is fuel, all well known to
those skilled in the art.

In use of the first embodiment form of the centrifugal
device of the present invention as described, the rotor 12
is driven through the shaft 14 in the counterclockwise
direction as shown in FIG. 1 and the mainstream of fluid
enters the fluid inlet 38 into the rotor first stage cavity
parts 26 as indicated by the direction arrows 52 in FIG. 3.
The rotation of the rotor 12 moving the rotor first stage
blades 18 causes the fluid to move radially outwardly with-
in the rotor by centrifugal force at both axial sides of the
first stage rotor cavity divider 24. As also shown by the
direction arrows 52 in FIG. 3, this centrifugal movement
of the fluid combined with the described arcuate forma-
tions of the rotor first stage cavity parts 26 and their
axially adjacent housing first stage cavity parts 32 sets up
oppositely circularly rotating fluid movements in the op-
posite axial directions from the midpoint of the rotor 12,
axially outwardly from the rotor first stage cavity parts
into the housing first stage cavity parts and circularly ra-
dially inwardly and back into the rotor first stage cavity
parts at each of the opposite sides of the rotor.

Keeping in mind that the fluid within the rotor first
stage cavity parts 26 is being circumferentially driven by
the moving rotor first stage blades 18 and the fact that the
housing 16 is stationary, the circular movement of the
fluid within the housing first stage cavity parts 32 will tend
to lag the fluid within the rotor first stage cavity parts re-
sulting in a complex circumferentially lengthened some-
what spiral fluid movement. This complex fluid movement
is known as vortex movement and is well known to those
skilled in the art. Furthermore, this vortex fluid move-
ment imparts circumferential movement to the fluid and
begins to build pressure therein.

The fluid within the combined rotor and housing first
stage cavity parts 26 and 32 moved circumferentially by
the driven rotor 12 ultimately reaches the fluid passages
40 and the major portion thereof passes radially outward-
ly and downwardly through the fluid passages, smoothly
through the second stage inlet throat 42 and ultimately
circumferentially into the combined rotor and housing
second stage cavity parts 30 and 34. Due to the vortex
movement of the fluid within the first stage and the
axially angular inwardly converging connection of the
fluid passages 46 into the second stage, the fluid takes on
the same vortex movement within the combined rotor and
housing second stage cavity parts 30 and 34, that is, op-
positely axially circular in radial cross section as indicated
by the directional arrows 54 in FIG. 3. The fluid is forced
circumferentially about the second stage in this vortex
movement building up the pressure therein desired to ul-
timately reach the fluid outlet 44 and the major portion
thereof passing outwardly through said fiuid outlet and
outwardly of the centrifugal device.
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According to certain improvements of the present in-
vention, due to the fact that the first stage is at less radius
and, therefore, of less peripheral speed than the outer
second stage, fluid entering the first stage does not receive
a large velocity increase nor consequent pressure drop,
thus minimizing usual dangers of cavitation. Furthermore,
as velocity is increased, particularly in the second stage,
the smooth vortex flow has been set up as previously de-
scribed. Thus these features, particularly combined with
the other features of the present construction, virtually
eliminate the dangers of cavitation in the improved device.

The radial stacking of the two stages of the centrifugal
device minimizes losses therein by providing the fluid pas-
sages 40 between the stages of minimum length as op-
posed to the axially adjacent stages of the two-stage cen-
trifugal devices of the prior constructions. Fluid leakage
between the two stages of the present invention is easily
prevented despite the rotation of the rotor 12 relative
to the housing 10 by the use of conventional seals between
the rotor and housing of any usual form, for instance,
slidable rotor seals 56 and 58 between the rotor first and
second stage spindles 16 and 20 bearing axially against the
housing 10. Also, as hereinbefore pointed out, where the
centrifugal device of the present invention is used as a
compressor, the cooling fluid jacket 46 may be provided
and cooling fluids circulated therethrough such as water
or other liquids or gases.

Various usual and well known modifications may be
made to the centrifugal device shown in FIGS. 1 through 4
as specific requirements dictate, all of which are well
known to those skilled in the art and need not be illus-
trated herein. For instance, the particular form of centrifu-
gal device shown in FIGS. 1 through 4 would normally be
for higher fluid flow conditions and high compression.
Where higher suction is required with slightly reduced
flow, various usual obstructions may be placed in or asso-
ciated with the fluid passages 40 between stages and the
fluid outlet 44 from the second stage requiring circuitous
movement of the fluid to slightly restrict the flow thereof
and cause a greater pressure build-up within the cen-
trifugal device.

A modified form of the centrifugal device of the pres-
ent invention is shown in FIG. 5 and operates in most
respects substantially identical to the first embodiment
form previously described. The FIG. 5 modified form,
however, includes a first stage rotor cavity divider 60
extending radially the entire radial distance between the
rotor first and second stage spindles 16 and 20, totally
separating the axially adjacent rotor first stage cavity
parts 26. Also, this modified form of FIG. 5 includes dual,
axially opposite fluid inlets 62 in the housing 18 commu-
nicating into the housing first stage cavity parts 32.

The dual fiuid inlets 62 permit a freer and higher vol-
ume of fluid flow into the centrifugal device while the
complete separation of the rotor first stage cavity parts
26 eliminate any fluid mixing, friction and turbulence
axially midway of the rotor 12 providing more perfect
vortex fluid flow within the axially adjacent combined
rotor and housing first stage cavity parts 26 and 32. Other-
wise, the operation of the centrifugal device is the same
and the advantages thereof are the same, with this added
advantage.

The form of centrifugal device shown in FIG. 6 is still
further slightly modified from that of FIG. 5 in that the
rotor 12 is formed with three separate rotor second stage
cavity parts, axially separated and opposed side cavity
parts 64 and a central cavity part 66, with corresponding
housing cavity parts, side cavity parts 68 and a central
cavity part 70. This modification merely provides in-
creased volume in the second stage of the centrifugal
device and otherwise the centrifugal device operates in
the same manner and with the same advantages.

Thus, according to the principles of the present inven-
tion, a two-stage, vortex-type centrifugal device usable
as a compressor or pump is provided having far increased
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efficiency over similar prior centrifugal devices, the pres-
ent centrifugal device accomplishing efficiencies in the
order of 60% to 75% whereas the prior devices operate
at efficiencies in the order of 45% to 50%. At the same
time, a centrifugal device is herein provided which is
highly versatile and is readily adaptable to many modi-
fications and changes necessary in order to meet varying
desired operating conditions and service requirements.

T claim:

1. In a two-stage, vortex-type centrifugal device usable
as a compressor or pump, the combination of: a housing;
a rotor in said housing rotatable about a central axis
and including, a central first stage spindle, a plurality of
circumferentially spaced first stage blades secured extend-
ing generally radially outwardly from said first stage
spindle and forming first stage rotor fluid cavities circum-
ferentially therebetween, an annular second stage spindle
secured surrounding outer extremities of said first stage
blades radially outwardly closing sajd first stage rotor
fluid cavities, a plurality of circumferentially spaced sec-
ond stage blades secured extending generally radially
outwardly from said second stage spindle and forming
second stage rotor fluid cavities circumferentially there-
between; first stage rotor cavity divider means on said
second stage spindle extending circumferentially between
said first stage blades and projecting radially inwardly
at least partially into said first stage rotor fluid cavities
separating each of said cavities into two substantially
equal axially adjacent cavity parts; an apnular first stage
housing fluid cavity formed in said housing axially adja-
cent each side of said rotor and opening axially into
axially adjacent of said cavity parts of said first stage
rotor fluid cavities from axially opposite sides of said
rotor, said first stage housing and rotor fluid cavities form-
ing axially adjacent combined first stage fluid cavity
parts; second stage rotor cavity divider means on said
second stage spindle extending circumferentially between
said second stage blades and projecting radially outwardly
at least partially into said second stage rotor fluid cavities
separating each of said cavities into substantially equal
axially adjacent cavity parts; an annular second stage
housing fluid cavity formed in said housing axially adja-
cent each side of said rotor and opening axially into axi-
ally adjacent of said cavity parts of said second stage
rotor fluid cavities from axially opposite sides of said
rotor, said second stage housing and rotor fluid cavities
forming at least two axially adjacent combined second
stage fluid cavity parts, each of said second stage hous-
ing fluid cavities being separated from said first stage
housing fluid cavities at that side of said rotor by portions
of said housing axially adjacent portions of said second
stage spindle; a fluid inlet formed axially through said
housing communicating with at least one of said first
stage housing fluid cavities; a fluid passage formed in said
housing generally radially between each of said first stage
housing fluid cavities and said second stage housing fluid
cavity at that side of said rotor, said fluid passages at said
rotor sides being generally aixally aligned; and a fluid
outlet formed in said housing communicating between all
of said combined second stage fluid cavity parts and out-
ward of said housing.

2. A centrifugal device as defined in claim 1 in which
said fluid inlet is one of two fluid inlets formed generally
axially through said housing with one being at each of
said sides of said rotor and communicating with said first
stage housing fluid cavity at that rotor side.

3. A centrifugal device as defined in claim 1 in which
said fluid inlet is one of two fluid inlets formed generally
axially through said housing with one being at each of
said sides of said rotor and communicating with said first
stage housing fluid cavity at that rotor side; and in which
said first stage rotor cavity divider means extend totally
radially between said first and second stage spindles com-
pletely axially separating said first stage rotor fluid cavity
parts.
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4. A centrifugal device as defined in claim 1 in which
said second stage rotor cavity divider means project
radially outwardly to radially adjacent portions of said
housing substantially completely axially separating said
second stage rotor fluid cavity parts.

5. A centrifugal device as defined in claim 1 in which
said second stage rotor cavity divider means project
radially outwardly into said second stage rotor fluid
cavities substantially axially midway of said cavities sepa-
rating each of said cavities into two substantially equal
axially. adjacent cavity parts.

6. A centrifugal device as defined in claim 1 in which
said fluid inlet is one of two fluid inlets formed generally
axially through said housing with one being at each of
said sides of said rotor and communicating with said first
stage housing fluid cavity at that rotor side; in which said
first stage rotor cavity divider means extend totally
radially between said first and second stage spindles com-
pletely axially separating said first stage rotor fluid cavity
parts; and in which said second stage rotor cavity divider
means project radially outwardly to radially adjacent
portions of said housing substantially completely axially
separating said second stage rotor fluid cavity parts.

7. A centrifugal device as defined in claim 1 in which
cooling fluid passage means is formed in said housing
extending circumferentially a major portion therearound
spaced radially outwardly from and at least in radial
alignment with each of said combined second stage fluid
cavity parts.

8. A centrifugal device as defined in claim 1 in which
said fluid inlet is one of two fluid inlets formed generally
axially through said housing with one being at each of
said sides of said rotor and communicating with said
first stage housing fluid cavity at that rotor side; in which
said first stage rotor cavity divider means extend totally
radially between said first and second stage spindles com-
pletely axially separating said first stage rotor fluid cavity
parts; in which said second stage rotor cavity divider
means project radially outwardly to radially adjacent
portions of said housing substantially completely axially
separating said second stage rotor fluid cavity parts; and
in which said second stage rotor cavity divider means
project radially outwardly into said second stage rotor
fluid cavities substantially axially midway of said cavities
separating each of said cavities into two substantially
equal axially adjacent cavity parts.

9. A centrifugal device as defined in claim 1 in which
said rotor is positioned with said central axis thereof ex-
tending generally horizontal; in which said fluid inlet is
formed in said housing with a major portion thereof
below said rotor horizontal axis; and in which said fluid
outlet is formed in said housing totally below said rotor
horizontal axis.

10. A centrifugal device as defined in claim 1 in which
said rotor is positioned with said central axis thereof
extending generally horizontal; in which said fluid inlet
is formed in said housing with a major portion thereof
below said rotor horizontal axis; in which said fluid out-
let is formed in said housing totally below said rotor
horizontal axis; and in which said inlet is one of two
fluid inlets formed generally axially through said housing
with one being at each of said sides of said rotor and
communicating with said first stage housing fluid cavity
at that rotor side.

11. A centrifugal device as defined in claim 1 in which
said rotor is positioned with said central axis thereof
extending generally horizontal; in which said fluid inlet
is formed in said housing with a major portion thereof
below said rotor horizontal axis; in which said fluid out-
let is formed in said housing totally below said rotor
horizontal axis; in which said fluid inlet is one of two
fluid inlets formed generally axially through said housing
with one being at each of said sides of said rotor and
communicating with said first stage housing fluid cavity
at that rotor side; in which said first stage rotor cavity
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divider means extend totally radially between said first
and second stage spindles completely axially separating
said first stage rotor fluid cavity parts; and in which said
second stage rotor cavity divider means project radially
outwardly to radially adjacent portions of said housing
substantially completely axially separating said second
stage rotor fluid cavity parts.

12. In a two-stage, vortex-type centrifugal device us-
able as a compressor or pump, the combination of: a
housing; a rotor in said housing rotable about a central
axis and including, a central first stage spindle, a plurality
of circumferentially spaced first stage blades secured ex-
tending generally radially outwardly from said first stage
spindle and forming first stage rotor fluid cavities cir-
cumferentially therebetween, an annular second stage
spindle secured surrounding outer extremities of said
first stage blades radially outwardly closing said first stage
rotor fluid cavities, a plurality of circumferentially spaced
second stage blades secured extending generally radially
outwardly from said second stage spindle and forming
second stage rotor fluid cavities circumferentially there-
between; first stage rotor cavity divider means on said
second stage spindle extending circumferentially between
said first stage blades and projecting radially inwardly
at least partially into said first stage rotor fluid cavities
separating each of said cavities into two substantially
equal axially adjacent cavity parts; an annular first stage
housing fluid cavity formed in said housing axially ad-
jacent each side of said rotor and opening axially into
axially adjacent of said cavity parts of said first stage
rotor fluid cavities from axially opposite sides of said
rotor, said first stage housing and rotor fluid cavities
forming axially adjacent combined first stage fluid cavity
parts; second stage rotor cavity divider means on said

5 second stage spindle extending circumferentially between

said second stage blades and projecting radially out-
wardly at least partially into said second stage rotor
fluid cavities separating each of said cavities into axially
adjacent cavity parts; an annular second stage housing
fluid cavity formed in said housing axially adjacent each
side of said rotor and opening axially into axially adja-
cent of said cavity parts of said second stage rotor fluid
cavities from axially opposite sides of said rotor, said
second stage housing and rotor fluid cavities forming
axially adjacent combined second stage fluid cavity parts;
said first and second stage rotor cavity divider means
in a radial plane parallel and intersecting said rotor cen-
tral axis being formed facing the respective of said com-
bined first and second stage fluid cavity parts with arcuate
surfaces blending smoothly into axially adjacent sur-
faces of said combined cavity parts, said first and sec-
ond stage housing fluid cavities in said radial plane be-
ing formed with substantially continuous arcuate sur-
faces, said divider means arcuate surfaces and said hous-
ing fluid cavity arcuate surfaces cooperating providing
said combined first and second stage fluid cavity parts
each with major portions thereof formed by said arcuate
surfaces; a fluid inlet formed axially through said hous-
ing into communication with at least one of said first
stage housing fluid cavities; a fluid passage formed in
said housing gemerally radially between each of said
first stage housing fluid cavities and said second stage
housing fluid cavity at that rotor side, said fluid passages
being generally axially aligned; and a fluid outlet through
said housing communicating between each of said sec-
ond stage housing fluid cavities and outwardly of said
housing.

13. A centrifugal device as defined in claim 12 in
which said fluid inlet is one of two fluid inlets extending
oppositely axially through said housing toward opposite
of said rotor sides and into communication with said
first stage housing fluid cavity at that of said rotor sides.

14. A centrifugal device as defined in claim 12 in which
said fluid inlet is one of two fluid inlets extending op-
positely axially through said housing toward opposite
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of said rotor sides and into communication with said
first stage housing fluid cavity at that of said rotor sides;
and in which said first stage rotor cavity divider means
extends radially totally between said first and second
stage spindles blending smoothly arcuately into each of
said spindles and totally axially separating said first stage
rotor fluid cavity parts.

15. A centrifugal device as defined in claim 12 in which
said second stage rotor cavity divider means projects
radially outwardly to radially adjacent corresponding
radially inward projection means of said housing totally
axially separating said combined second stage fluid cavity
parts.

16. A centrifugal device as defined in claim 12 in
which said second stage rotor cavity divider means is
located substantially axially midway of said rotor di-
viding said second stage rotor fluid cavities into two
substantially equal axially adjacent cavity parts, said
second stage rotor cavity divider means projecting radially
outwardly to radially adjacent a corresponding inward
radial projection of said housing totally separating said
cavity parts of each of said combined second stage fluid
cavity parts, said housing projection being formed with
said arcuate surfaces blending smoothly into other sur-
faces of said combined second stage fluid cavity parts.

17. A centrifugal device as defined in claim 12 in
which said second stage rotor cavity divider means is
located substantially axially midway of said rotor di-
viding said second stage rotor fluid cavities into two sub-
stantially equal axially adjacent cavity parts, said second
stage rotor cavity divider means projecting radially out-
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wardly to radially adjacent a corresponding inward radial
projection of said housing totally separating said cavity
parts of each of said combined second stage fluid cavity
parts, said housing projection being formed with said
arcuate surfaces blending smoothly into other surfaces
of said combined second stage fluid cavity parts; and in
which cooling fluid passages are formed in said housing
extending circumferentially and spaced radially out-
wardly from each of said combined second stage fluid
cavity parts.
References Cited

UNITED STATES PATENTS

1,503,812 8/1924 Blucker _____________ 415—87
1,635,846  7/1927 Holmes ——_ . ______ 41587
1,655,749  1/1928 Burks ——__o________ 103—108
2,321,810  6/1943 Gurley - ________ 415—87
3,324,799 6/1967 Terrano __________. 415—53
FOREIGN PATENTS

368,715  2/1923 Germany —_________ 103—110
731,022 1/1943 Germany —__________ 415—83
731,085  2/1943 Germany ——_________ 41553
872,819  4/1953 Germany __________._ 41553
59,262 1/1954 France —____________ 41552

(1st Addition)

HENRY F. RADUAZQO, Primary Examiner

US. Cl. X.R.
41587, 177



