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This invention relates to compressors, in par-
ticular to a new type compressor uniquely uti-
lizing a prineiple herein called supersonic ram dif-
fusion which will be discussed in the followirg
description and explanation of the accompanying
drawings.

It is an object of this invention to provide &
compact and efficient compressor of light weight,
small dimensions and low cost. » )

Another object is to provide an efficient mears
of reducing windage losses,

Another object is to provide an efficient super-
sonic compressor,

Other objects will appear from the following
description, the accompanying drawings, and ‘the
appended claims.

I accomplish the above objects by the means
illustrated in the accompanying drawings' in
which—

Figure 1 is a sectional view of the compressor 2

taken normal to a vertical plane through the
rotor axis,

Figure le is & cross section of a typical stresri-
Iined hub support vane at the entrance.to the
compressor taken along line ta—Ia of Figure 1.

Fig. 1b is a partial sectional view on the same
plane as Fig, 1 showing an alternative slet ar-
rangement.

Figure 2 is an enlarged ifragmentary developed
view of the compressor vanes looking inboard
normal to a plane represented by line 2-—2 of
Figure 1.

Figure 3 is a section of the supersonie ram’ dif-
fusers taken along line 3—3 of Figure 2.

Figure 3a is a section of an alternate form of
the supersonic ram diffuser taken along line
&—3 in Figure 2. ]

Figure 4 is a radial section of the stator dif-
fusers which follow the supersonic ram’ diffusers
and is taken along line §—4 of Figure 2.

Figure 5 is a quarter segment front view of

the centrifugal impeller with its shroud removed.

Figure 6 is a fragmentaty side view partly’in
section of another form of the invention.

Figure 7 is a fragmentary axial seetion of ‘still
another form of the invention.

Figures 8 and 9 are vector diagrams showing
respectively the conditions which exist when the
flow of fluid is directed axially toward the rotor,
and when it is directed at an angle thereto by
means of the nozzle structure ahead of the rotor;

Cross reference is made to Prime Movers:in
Serial Number 593,631, filed May 14, 1945, )

"This application differs from the application
Serial No. 593,631 in that it deals with rotor
passages having throats and with supersénic
relative fluid velocities of the passage inlets. It
is also concerned with counterrotating impéllers
and specific types of impellers which discharge
fluid into the supersonic rotor.

Although this compressor could be designed
to pump any compressible ‘fuid, for simplicity of
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explanation, it is assufied in the following dis-
cussion that the compressor is handling air,

The coiipressing of the air is accomplished by
a“centrifugal impeller which discharges air sub-
stantially axially with respect to the impeller and
intoa counterrotating rotor having passages near
its perimeter. The relative air velocity at the inlet
of said passages is supersonic and the passages
Arst converge to reduce the velocity to sonic and
then’ diverge, thereby converting a large portion
of the dynamic pressure to static pressure. The
air leaving these supersonic ram diffuser pas-
sages discharges into stationary diverging pas-
sages where a large portion of the remaining
velocity pressure is'converted to static bressure.
This high' pressure air is then discharged into a
suitable eollector for final delivery to the reser-
voir or machine for which the compressor is em-
ployed.

The compressor unit as shown in Figure 1 is
housed in an outer case { made up of three coaxial
sections ie, {b and ie, housing the internal ro-
tating and static elements.

The hub element 3, attached to housing g (see
Fisures 1 and 1g) by means of the radial stream-
lined' vanes &, rigidly supports the stationary
shaft 7 by means of key 8 and nut {4, which shaft
in turnd mounts ball-bearings 13 and {8 of cen-
trifugal impeller 17; ball-bearing 19 of the super-
sonic ram diffuser rotor 2§ ; and planet gears 23
by means of mounting bolts 25, hardened steel
sleeve spacers 21, and oil slinger reservoir 29,
the purpose of which will be discussed in the sub-
sequent deseription of the oil system.

The" compressor power input shaft 3t, which
is supported by means of bearing 32, housing
agsenibly 33 and support spokes 34, from case fc,
is brazed integral to rotor 21 to which is attached
internal gear 25 of the impeller planetary gear
system by means of screws 31, The action of in-
ternal gear 3% on planet gears 23 causes the sun
gear-38; which is attached to the centrifugal im-
peller 171 By means of screws 41, to rotate impeller
17'in a counter direction to rotor 2f.

Figure 5 shows a duarter segment front view
of impeller {7 which is comprised of g plurality
of radial walls ‘or vanes 43 disposed uniformiy
about the axis of rotation. Alr enters the cen-
trifugal impeller rotor {7 making an angie of ap-
proximately 30° relative to the entrance plane

at- the outside and approximately 40° relative
to the entrance plane at the inside. In order

to reduce entrance losses to a minimum, the
longer centrifugal impeller vanes 43¢ should ac-
commodate the above angles relative to the en-
trance plane and spiral rearward, as shown in
Figure 5, toward radial axial planes at the exit
such’ that when the air makes the accelerating
turn’ 45 at the exit ag shown in Figure 1, it will
leave substantially axially with respect to the
centrifugal impeller {7, as shown in Figure 2.
These vanés 43 could be routed from a solid rotor
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3
blank by means of a router pivoted at radius R,
Figure 1, said router actuating a cam-follower
mechanism which automatically rotates the im-
peller blank to the correct azimuth of cut as the
router progresses through its router arc R.

Tt will be noted in Figure 5 that three different
vane lengths are indicated in the grouped rela-
tionship 43a, 43b and é&3c, such that any par-
ticular blade is identical to the 3rd, 6th, 9th, etc.
plades from itself. Blades 43a are full length,
blades 43b are medium length, and blades 43c
are short. For ease in fabrication, the shorter
blades 43b and 43c are identical to like geometri-
cal portions of full length blades 43a¢. The me-
dium length blade 43b should be the next blade
adjacent to the inside radius of the helical turn
formed by the full length blades 43¢, and the
short blade 43¢ should be the next blade adja-
cent to the outside radius of this turn. Such a

disposition of blades can pe made to give the air 2

a very even axial velocity distribution about the
exit circumference of impeller i7, and insures
better compressor efficiency.

Tt will be noted in Figure 1 that a thin bell-
shaped shroud 417, which rotates with impeller 17,
encloses impeller vanes 43 so as to form air-flow
passages 48. These Dassages are radially de-
signed so as to gently diffuse the high velocity en-
tering air fo a low relative duct velocity hefore
making the turn 45.
in turn 45 insures a constant axial velocity along
a radial line at the impeller exit, which is an-
other factor giving improved compressor effi~
ciency.

For an efficient compressor pumping air
against a head of 80 pounds per square inch
gauge, the velocity of eflux of the jet from the
impeller exist would be of the order of 800 feet
per second, and when combined vectorially with
the peripheral velocity
the impeller exit, it would give an absolute leav-
ing velocity of some 1450 feet per second. Under
these conditions there would be a static pres-
sure ratio of 1.4 at the exit from impeiler 17.
 With the periphery of rotor 21 turning at a
velocity of 900 feet per second in the opposite
direction to impeller {7, the relative entering
velocity of the air to the passages 5{ formed by
the supersonic ram diffuser vanes 53 on this pe-
riphery, is some 2950 feet per second found as
the vector sum of 900 and 1450 feet per second.
Figure 3 is a radial section of the supersonic ram
diffusers taken along line 5—3 of Figure 2. Be-
cause the air velocity relative to the inlet at A
is well above the velocity of sound, the rotor
passages are convergent from A to B to bring
the air to the velocity of sound at throat B of
the passage 51 and then divergent to C in a nor-
mal diffusion passage. Due to centrifugal effects
in the rotor passages 5l and also for easier fabri-
cation, the inside surface 55 of the passage 81,
which is the outer surface of rotor 2i, can be a
cylindrically turned surface into which oblique
slots have been cut at regular intervals for in-
sertion of vanes 53. These vanes and outer laby-
rinth ring 53 can be a brazed assembly with the
rotor 2i and drive shaft 31.

Tt will be noted in Figure 3 that boundary layer
bleed-off ports 59 have been provided down-
stream from throat B of passage 5f. These in-
sure proper diffusion following the throat at de-
sign conditions and help to reduce the ill effects
of shock burble at off design conditions.

1t is important to control the boundary layer

The acceleration of the air
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in the diffuser as will appear from the following
discussion.

When air is flowing at a velocity greater than
the veloecity of sound it cannot be brought to a
subsonic velocity by a simple expansion as in
2 diverging tube since at or above sonic speed,
expansion of the tubes of flow leads to an in-
crease of velocity. Only if a shock wave occurs
which lower the velocity below sonic by an in-
crease in entropy can an expansion cause a re-
duction in velocity and an increase in pressure.

In the compressor described, at design condi-
tions, the supersonic velocity is brought to a sonic
value by the converging portion of the nozzle. A
mild shock occurs near the beginning of the ex-
pansion lowering the velocity helow the velocity
of sound in the local fluid. The further expan-
sion then gives a static pressure rise and a de-
crease of velocity. Since the shock occurs when
the veloeity is very close to the sonic value, little
available energy is lost and the diffusion is ac-
complished efficiently provided the flow does not
separate from the walls.

Tt is desirable to precipitate the shock wave
near the throat, that is near sonic value of the
velocity and the slot action will do this but it
should only be done if separation from the wall
can be prevented. EHence as pointed out above
the diffusion downstream from the throat must
he carried out in a “normal diffusion passage,”
that is in a passage which has the walls extend-
ing downstream from the throat substantial dis-
tances before being greatly curved or being
abruptly expanded in passage cCross sectional
area. The passage walls should lap for a sub-
stantial distance upstream bheyond any rapid
change in direction of a portion of a blade.
Abrupt change in direction of the walls will cause
separation of the flow from the diverging walls.
Shock waves may also cause separation. Pref-
erably the aft portion of a blade should lie sub-
stantially along the direction of the fore portion
or at least the aft portion should lie more along
the direction of the fore portion than along a
line perpendicular to a plane tangent to the lead-
ing edges of the adjacent blades forming a rotor
passage.

Separation of the boundary layer from the
walls is eaused by the steep adverse pressuire
gradient through the shock wave. The boundary
layer flow is unabie to proceed against the sharp-
ly rising pressure and actually flows forward close
to the wall, causing the main flow to separate
from the wall.

Tn the present invention, the two devices are
used to prevent separation. It will be noted in
Figures 1 and 3 that the inner wall of the pas-
sage 5i is straight, all the curvature occurring
along the outer wall. I is where the wall is
curving from the flow that the separation will
be apt to occur. It will not be as likely to occur
at the inner wall which is straight. Separation
at the curved wall will be prevented by the cen-
trifugal pressure which tends to force the air
against the outer wall.

It will also be noted that the outer or curved
wall of the passage 51 or shroud ring 57 has the
holes 59 which blead off the boundary layer air
and prevent separation. There are a number of
these holes spaced peripherally about the shroud
and for a short distance along the axis.

In Fig. 1b and in Fig. 3a is shown the alternate
diffuser which has the discharge slot 60 served
with compressed air through a plurality of tubes
62 leading to the annular cavity 64 from the
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compressed air collector §5. Air reaches the slots
88 via the holes 68 dtilled in the saroud ring 57q.
The jets from the slots §6.serve to’ prevent sepa-

ration of the diffuser flow from the wall. The"

form of construction shown it Fig. 1b and in Fig.
30 is an alternative form to that shown in Figs.
1 and 3. Only one form, either that of Fig. 3
or Fig. 2¢, is used at one time to the exelusion of
the other form.

The air leaves the passages 51 of rotor 2{ with
an absolute velocity of appreeciable magnitude.
A goodly portion: of this velocity energy is con-
verted to static pressure energy as the air is fur-
ther diffused in the stator passages 81 of Figtre 2
formed by stator vanes 63 located in the diverg-
ing annular portion of case ic. Figure 4 shows a
radial section of the stator diffuser passages 6f
taken along line 44 of Figure 2.

The final high pressure air leaves passages 81,
Figure 1, to be collected in scroll passage §5 of
case {c for continuous delivery to a reservoir or
machine for which the compressor is employed.

Windage loss in any centrifugal compressor is
nearly always one of the main causes for the low
adiabatic efilciency of this type compressor. It
is already a well-known fact that impellers hav-
ing an outer shroud, such as shroud 41 of Figure
1, are more efficient than those having no shroud
and using a closely fitting housing, To obtain
even better efficiency for impeller {7 in Figure 1,

the annuvlar labyrinth partitions 78, which are

machined directly into the case la, are incorpo-
rated for two reasons.
labyrinth seals to cut down on air blow-by from

the compressor; and second, to reduce the wing- ‘

age circulation pockets as showhn at 72.
Incorporated throughout the unit shown in

Figure 1 is a speecial type low-friction oil seal

wherever there might be a change for oil £o pass

unwanted. To show the principle of this seal .,

the forward impelier bearing 13 is considered.
The principle is to provide an air annulus 89 in-
termediate to the shielded ball-bearing. {3 and
the labyrinth 8% such that when high pressure air
is introduced in the air annulus &8¢ by means of
tube 84 connected to the high-pressure annulus
pocket 88, there will be enough air flow toward
the bearing {2, regardless of the air leaking out
the labyrinth seal &2, to satisfactorily prohibit
oil particles from migrating toward and through
the labyrinth. This same air that is flowing to-
ward the bearing (3, basides keeping the oil from
passing the bearing, accomplishes the job of
scavenging oil slinger reservoir 29 after by-pass-
ing bearing {3 by means of passages 88 to the
veservoir 29. 'The high pressure caused thereby
in reserveir 29 relative to atmospheric pressure
pushes any oil and excess air out through the
oil scavenger tube 98 to be delivered by means
of g return oil line from exit port 92 to a vented
oil tank that would be part of the oil system in-
stallation.

Lubrication of bearings 13, 15, 19 and planetary
gears 23, 35 and 39 is accomplished by the nor-
mal practice of supplying cil under high pres-
sure to inlet port 94 from which it is distributed
by means of suitable holes drilled in the elements
of the machine including shaft 7, planet gear
mounting boits 25, sleeve spacer 21, and ball-
bearing spacer sleeve 36.

A similar sealing, scavenging and oil system is
employed for bearing 32 as shown on PFigure 1.

A rotor having a nozzle passage for converting
supersonic velocity to static pressure I will call
a supersonic rotor.

First, to formi a set of
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In anobher forin of the invention shown in Pig-
ure 6 compressed elastic fluid'is directed to' the-
supersonic rotor 18% by the axial-flow rotor [§2:
This ecarries about its periphery two stages of
blading, namely, the first stage composed of
blades 104 and the second stage composed of
blades 166. Stator blades 108 and 110 cooperate”
with the rotor blades to-direct compressed fluid
through the annular bassage (§2. The fluid-
enters through theinlet |14 across ‘which stream-
]lifxer struts: {16 extend to: support: the outer caser

8.

At the downstream end of passage 112 there is-
a stage of adjustable guide vanes 128 which i~
rect the fluid peripherally so that it has g Iarge
peripheral velocity upon approaching the super-
sonic nozzle 51. This velocity is also magnified
by the contraction in passage 112 forming: the:
exit nozzle {13 which can raise the issuing ah=
solute velocity to sonic velocity or higher.- The
fluid leaving the nozzle 1(5:is directed. counter
to the direction of rotation of. the rotor: 108
Hence the velceity of the fluid approaching: the
supersonic nozzle i is-supersonic of large magni-
tude. The action through the nozzle 51 is similar
to that already deseribed with respect: to Fig-
ure 1.

The guide vanes $20 are placed in the large
€ross section of passage {12 where the fluid ve-
locity is subsonic. 'This makes i§ possible for
vanes 124 to deflect the flow without producing
compressibility turbulence.

The vanes are adjusted: by rotating ring {38
sbout the case. Each vane is pivotally mounted:
by its shaft 132 and an articulated arm: 134 con—
nects each shaft to the ring 130,

It is & feature of this invention that the super-
sonic nozzle §1 is placed at a sreater radius than
the axial flow rotor blades (04 and 166, The
latter must be operated well below the velocity of
sound while the supersonic nozzle should be op-
erated ab as high a speed as the material will
permit. This differerice in diameter permits
both rotors (188 and {82) to be mounted upon
the same shaft. This greatly simplifies the drive
since the high speed gears like 23 are eliminated.

The passage |12 expandsin cross section in the
downstream direction, chiefly because the mean:
diameter of the annulus increases. The greater
area reduces the velocity which in turn reduces
the losses in the flow.

The design of Figure 6 can be made to produce
as great a pressure rise as that of Figure 1 as
well as produce the structural advantage de-
seribed, and also provides for a greater range of
efficient delivery of yolume. This is 5o because
the vanes 128 can be adiusted to direct the fuid
at the proper angle into the supersonic nozzle 51
as the rate of rotation of the rotors changes.
This is very important for machines such as fur-
bines which must cperate efficiently over a large
variation in rotative speed.

Any of the passage structures conducting fluid
are essentially nozzle structures. The rotaicr
and stator nozzles or passages can be regarded
as subpassages of the main flow passage.

In another form of the invention where size
and cost are to be reduced, the stages of the
axial compressor are placed close to the super-
sonic rotor. The rotors {08z and {02¢ are the
same as described for Figure 6 with respect to
the blades and nozzles. The guide vane (48 is
different being shown fixed in the nozzle |15,

It may be observed particularly in Figure 1
that the exit area of the Ppassage 5[ is substan-
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tially greater than the inlet area. This is an
important feature since it enables the rotor 2

to pump even at low speeds for a flow directed
along the axis 4—4 of the passages 5.
; According to Euler’s formula the pressure rise
s

E=pUu

where p is the mass density of the fluid in slugs
per cu. ft., U is the peripheral velocity at the
average radius of the flow and u is the compo-
nent of peripheral velocity added to the air by the
rotor.

If the velocity in the direction of the axis of
passage 51 were the same for inlet and exit (as
they would be for a subsonic flow and equal
inlet and exit areas) there would be no change
in peripheral velocity, that is u would be zero
since it is only the difference in peripheral com-
ponents of the velocity at inlet and exit along
the axis of 5i. When the inlet and exit areas are
different the velocity vectors and hence their
peripheral components are different.

1t is also a feature of this invention that the
passages 51 diffuse the flow radially instead of
peripherally as in the conventional axial-flow
compressor where the curving of the blades or
their mean camber line provides a larger area
at exit from the passages than at the inlet of
the passages between the blades.

The straight vanes 53 also present structural
and cost advantages.

Tapering the passages in the radial direction
has the added advantage that the opposite walls
are substantially alike and disposed alike with

respect to the resultant flow vector at the en- °

trance to the passages.

The advantage of having the flow directed to-
ward the supersonic rotor against its direction of
rotation may be observed from Figures 8 and 9.

Figure 8 shows the vector diagram for a case
where the structure ahead of the supersonic
rotor directs the flow axially toward the rotor
along vector 150. When combined with the rotor
peripheral vector (52 this gives the resultant
vector 154 relative to the rotor 21.

Tf the back pressure is reduced the axial flow
through the compressor will increase for the
same rate of rotation. This is the vector (50
may be multiplied by 3 for instance giving the
new axial velocity vector 160 equal to 3 C’'m. The
new relative resultant vector is §{62. The change
in angle of approach of the air relative to rotor
21 is Aar and is about 30 degrees which is a
greater range of angles than the blades of the
rotor can accommodate. They can accommo=
date only about 16 degrees.

Tn Figure 9 the nozzle structure ahead of the
rotor 21 directs a flow of fluid toward this rotor
along the vector 164 whose axlal component is
still C'm. This vector combined with the pe-
ripheral vector 166 gives the relative vector 168.
If the back pressure is decreased so that the new
axial component is 3C'm the vector 164 becomes
170. ‘This combined with (68 which remains
constant gives the new relative velocity 172. The
change in direction of the air approaching the
rotor is then Ae2 which is about 7 degrees.

Tt is thus clear that by giving the flow from
the structure ahead of the rotor a flat angle with
respect to the rotor with the velocity directed
against the direction of rotation of the rotor 21
the range of angles which the rotor must accom-
modate is made very small, in the instance cited
7° which is well within the capabilities of even
straight or flat blades. This is important for
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subsonic flows and is very important for super-
sonic flows which are very sensitive to a flow
oblique to the blades of the rotor.

The larger the angle B can be made the smaller
is the range of angles Aa.

Where the flow in the rotor 21 is diffused radi-
ally the rotor may also be called a radial dif-
fusion rotor.

In a conventional axial flow rotor the amount
of diffusion is the difference in the width be-
tween two streamlines approaching the nose of
two adjacent blades and the width between two
streamlines leaving the trailing edges of the
same blades. Since the pressure rise is depend-
ent on the diffusion, the pressure rise varies with
the angle of approach of the fluid to the blades.
On the other hand the amount of diffusion in
the radial diffusion rotor is built into the rotor
by way of the ratio of exit to inlet area. Hence
the radia] diffusion rotor has a far more constant
pressure rise for a wider range of fluid delivered
per revolution. This is very important for an
axial flow machine which has the disadvantage
of a sharp drop in pressure with increasing mass

5 flow per revolution.

A radial diffusion rotor gives its best efficiency
when the passage inlet has a radial width which
is small in comparison to the distance of the
inlet from the axis of rotation. In other words if
the blades are considered as defining the pas-
sages, the ratio of the radius to the blade root
to the radius at the blade tip should be large,
of the order of 0.90. With such a ratio there is
not a great difference in the head added to the
2ir at the root and tip. With a small ratio there
would be a large difference which would lead to
losses in the diffusion following the rotor. Con-
sequently it is important that a radial diffusion
rotor be used following a number of stages which
have compressed the air into an annulus of small
radial width or large ratio of its two radii. Por
this reason the last stage of an axial flow -com-
pressor is the best place for a radial diffusion
rotor.

To recapitulate, I employ supersonic nozzles
distributed about the peripheral part of a com-
pressor rotor to compress elastic fluids. The
nozzle is adapted to convert a supersonic rela-
tive velocity of the fiuid to static pressure. Since
structurally there is a limit to the speed of rota-
tion I arrange for oppositely rotating rotors, one
delivering fiuid to the other. Because of the
counterrotation the relative flow of velocity rel-
ative to the one with supersonic nozzles can be
well above the velocity of sound without danger
of structural failure.

As already remarked, in this invention, the
throat to precipitate the shock wave is provided
by the curvature in the outer wall of the flow
passage of the rotor. The shock wave will ex-
tend inward from the outer wall transversely
across the passage with the shock intensity a
maximum at the outer wall. The pressure rise
across the shock wave tends to cause the flow
to separate frem the diverging wall but this tend-
ency is suppressed by the high centrifugal pres-
sure arising from the rotation. (If even larger
angles of diffusion are desired the boundary
layer is controlled by the openings 59 and 60.)
Qince static pressures operate in all directions
the flow is also restrained from separating from
the hub peripheral surface by the rise in static
pressure from rotation at this locality. With
the walls diverging radially the pressure rise
from the shock wave is increased by the diffu~
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sion accuring after the shock. "This is not feasi-
ble if the diffusion is in the Dberipheral direction
Sinee to provide the diffusion the blades must be
curved and the convex surface of the blade will
introduce an adverse pressure gradient readily

-causing .separation from the convex wall. Be-

.cause of this tendency to separate from the blade
wall, supersonic compressors of the “peripheral
diffusion type employ a minimum of diffusion
and rely for the pressure rise chiefly on -the
change in pressure across the shock wave and
on little or no diffusion downstream therefrom.
A radigl diffusion rotor Jbrovides a far higher
Jbressure.rise for ‘the same efficiency by suppress-
ing the fendency to flow separation and by pro-
viding for large diffusion after the shock wave,
In .one .form of the invention, the first rotor

-or impeller -compresses by centrifugal force.

In.another form of the invention, to eliminate
4the .gearing -which ‘may he troublesome in small

diameter comvressors, T rotate all rotors in the

same «direstion. “To get a counterrotation of the
How entering the supersonic compressor, I em-
rloy stator wanes ~which deflect the air periph-

#raly in a direction .counter to the supersonic

Xxotor.

‘"Fo maintain efficiency over g wide range of
welative -speeds I employ adiustable vanes just
ahead oOf the supersonic rotor. T place these
vanes ‘preferably din a flow of subsonic velocity.
By adjusting the vanes the proper direction of

-approeach can ‘be given the fow akout to enter

‘the supersonie rotor.

‘Bewngtream from the adjustable vans 1 con-
struct the Dassage conducting the flow so ag to
give -a *high -velocity -relative to -the supersonic

‘rotor.

Tt will now be clear that T have disclosed a
‘novel and efficient compressor of small dimen-
sions, light weight, and low cost, embodying the
several unique Tfeatureg originally specified as
objects. Tt isto be understood however that the
Invention is not Limited to the particular con-
struetion Mustrated and described and that I in-
tend to claim it broadly as indicated by the scope
of'the appended claims.

T elaim:

1. In combination in a COMPressor, a Super-
zonie rotor mounted for rotstion about an axis,
said rotor having s plurality of diverging pas-
sages spaced.from said axis and directed with a
component of length along said axis, each said

Jbassage having an exit nortion of increasing eross

sectional rear in the downstream direction,
a casing ahead of said motor adapted to lead
a flow of Suid up to the inlets of said passages,
an axial-flow rotor having blades mounted there-

‘in, means mounting said axial Sow rotor with its
blades in said casing ahead of said supersonic &

rotor for rotation to compress the said flow of

“fluid therein, 4 ‘plurality of sdjustable stator
“blades- peripherally mounted in said casing be-

tween said rotors, means to adjust said - stator
blades to direct the How into said supersonic
rotor -counter- thereto, each said passage having
an exit of greater radial depth and cross sec-

tional area than the inlet thereof adapting each

said -passage to convert supersonic velocity to
static pressure, and meang to rotate said rotors
fo compress fuid, the portion of 5aid casing be-
tween -rotors having-an annular Crosg section of

-expanding area in the downgtream direction.

“2./In -combination in a cempressor, «a super-

-sonic rotor-mounted for rotation about an axis,

10

16

30

10

wt

10

said rotor having a plurality of -diverging pas-
sages spaced from -said axis and -directed with a
component of length -along said axis, each -said
Passage ‘having an exit portion of inereasing
cross sectional area in the downstream direction,
a casing ahead of said rotor adapted fo lead a
Tlow of fluid up to the inlets of said bassages, an
axial-flow rotor having blades mounted there-
on, means mounting said axial flow rotor with
Its blades in said casing ahead of said super-
gonic rotor for rotation to compress the said Anw
of fiuid therein, a plurality of adjustable stator
blades peripherally mounted in said casing be-
tween said rofors, means to adjust said stator
‘hlades o direct the flow into said ‘supersonic
rotor, and means to rotate said rotors-to compress
fluld, each szid psssage having an exit of greater
radial depth and cross sectional ares, than -the
inlet thereof adapting each said bassage fo con-
vert supersonic velocity to statie bressure, the
portion of said casing between rotors having -an
annular cross section of expanding area in -the
downstream direction, the first said rotor having
a diameter substantially greater than the-tip di~
ameter of the second said rotor to provide for
sppersonic action of the first said rotor.

3. In combination in g compressor, a rotor, a
‘counter-rotation supersonic axial flow rotor,
means mounting said rotors for rotation -about
an axis, perivherally adjacent radial walls in
said supersonic retor defining Dbassages there-
through, the fivst said rotor being adapted to dis-
charge fiuid info the-inlet of said passages at a
relative supersonic speed .and with .a component
©0f velocity directed against the direction of .ro-
tation of said supersonic retor, each .said -pas-
sage being rotatable with said supersonic rotor
and having an increasing cross seckional -area
and inereasing radial depth in the downstream
direction 4o eonvert -the supersonic veleeity to
static pressure compressing said fluid, each said
possage hoving an exit facing rearward to dis-
charge fluid in the general direction of said axis,
and means 4o apply power 4o said supersenic
-rotor fo rotate the inlet of said passages at said
relative supersonic speed.

4. In-combination in 4 ecompressor adapted to
deliver fluid against g substantial back pressure,
a nezzle structure mounted therein having a plu-
7 of peripherally adjacent passages there-
through each cormprising g converging inlet por-
tlon succeeded by 2 throat ang a diverging exit
portion of increasing cross sectional area and
radial depth in the downstream direction, an
impeller mounted ahead of said structure for ro-
tation about an axis ang adapted to discharge
a flow of fluid into each said passage inlet por-
tion with supersonic velocity relative to said in-
iet, each said passage being peripherally spaced
in the same plane transverse to said axis, means
to rotate said impeller to provide said flow, each
said passage having a glot in its wall nearer said
throat than the exit of said passage, and means
0 induce a flow through said slot Lo Tocalize near
said throat a shock wave precipitated by said in-
creasing passage area and said back pressure.

5. In combination in s compresor having a

main flow passage therein, an axial fiow rotor

nted fer rotation about an axis with a plu-
y-of blades in said main passage, said blades
being spaced peripherally about saiq rotor and
iding said imain passage into g plurality of

‘sSub-passages having inlets ang exits spaced

ot

“from said -axis, each said exit facing rearward
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to direct said flow rearward therefrom in the
general direction of said axis, a fluid impeller
mounted ahead of said rotor for rotation about
said axis adapted to discharge elastic fluid into
the inlets of said sub-passages, and means to ro-
tate said rosor and impeller in opposite directions
to provide a supersonic flow of elastic fluid rel-
ative to said inlets of said rotor, said main pas-
sage inereasing in cross sectional area and radial
depth between the inlets and exits of said sub-
passages adapting said rotor to convert the fluid
supersonic velecity to static pressure.

6. Tn combination in a compressor, a super-
sonhic rotor mounted for rotation about an axis,
said rotor having a plurality of axially directed
passages therethrough spaced from said axis and
rotatable with said rotor, said rotor passages be-
ing peripherally adjacent, and each of said pas-
sages having a downstream portion thereof of in-
creasing cross sectional area and radial depth
in the downstream direction, a source of fluid
under pressure, a duct adapted to conduct fluid
to the inlets of said passages from said source of
fluid, said duct having & converging nozzle at
its exit to convert the fluid pressure to high fluid
velocity, said nozzle including vanes set obliquely
to said axis for directing said fluid into the inlets
of said passages against their direction of rota-
tion, and means to rotate said rotor at supersonic
speed relative to fluid adjacent said inlets to
compress and impel fluid through said passages.

7. In combination in a compressor adapted to
impel fluid against a substantial back pressure,
an axial flow rotor having a plurality of pas-
sages therethrough rotatable with said rotor and
having inlets and exits spaced from the rotor
axis, each said exit facing rearward to discharge
fluid rearward in the general direction of the
axis of said rotor, means to rotate said rotor
about said axis with a fluid supersonic velocity
relative to the inlets of said passages to induce
flows through said passages, said passages each
having peripheral walls diverging radially in the
downstream dirvection so a fluid adjacent there-
to flowing against said back pressure gives rise
to a shock wave in each said passage tending to
cause separation of said flow {rom said walls and
tending to prevent conversion of dynamic pres-
sure to static pressure, and means to induce a
flow through =z said wall to induce conversion
of dynamic pressure of a supersonic fluid flow
to static pressure within said passages, each said
exit of & said passage being greater than the inlet
thereof in radial depth and cross sectional area.

8. In combination in an axial flow compressor
adapted to pump a fluid against a substantial
back pressure, a nozzle structure supported
therein, said structure having a plurality of radial
plades defining a plurality of passages there-
between each having an inlet and an exit, an
impeller mounted ahead of said structure for
votation about an axis, said impeller having its
discharge exits in communication with the inlets
of said passages to direct a flow of fluid thereinto,
means to rotate said impeller to provide a flow
of elastic fAuid through said impeller exits with
supersonic velocity relative to said passage inlets,
said blades being substantially straight along a
substantial distance in the direction of the pas-
sage flow, said passages heing bounded by opposed
peripheral walls gdiverging in the downstream
direction of the passage flow to provide a diverg-
ing portion of cross sectional areas increasing in
the downstream direction, each said passage hav-
ing an entrance portion of decreasing cross sec-
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‘tional area and a throat portion preceding said

diverging portion to reduce said supersonic veloc-
ity to sonic veloeity, each said diverging portion
serving in cooperation with said back pressure to
precipitate a shock wave in the fluid flowing
therein so that said diverging portion can con-
vert the sonic velocity in saig throat to static
pressure, a wall of said passage having a slot
therein near said throat, and means to induce a
flow through said slot to precipitate said shock
wave near said throat.

9. In combination in an axial flow compressor
adapted to pump a fluid against a substantial
back pressure, a hozzle structure supported.
therein, said structure having a plurality of
radial blades defining a plurality of passages:
therebetween each having an inlet and an exit,
an impeller mounted ahead of said structure for
rotation about an axis, said impeller having its
discharge exits in communication with the inlets
of said passages to direct a flow of fluid thereinto,
means to rotate said impeller to provide a flow
of elastic fluid through said impeller exits with
supersonic velocity relative to said passage inlets,
said blades being substantially straight along a
substantial distance in the direction of the pas-
sage flow, said passages being hounded by opposed
peripheral walls diverging in the downstream
direction of the passage flow to provide a diverg-
ing portion of cross sectional areas increasing in
the downstream direction, each said passage hav-
ing an entrance portion of decreasing cross sec-
¢ional area and a throat portion preceding said
diverging portion to reduce said supersonic veloc-
ity to somic velocity, each said diverging portion
serving in cooperation with said back pressure
to precipitate a shock wave in the fluid flowing
therein so that said diverging portion can convert
the sonic velocity in said throat to static pressure,
a wall of said passage having a slot therein
upstream from the passage exit, and means to
induce a flow through said slot to precipitate said
shock wave a substantial distance upstream from
said exit, opposed walls of said passage being sub-
stantially straight downstream beyond said slob
for a substantial distance.

10. In combination to form a supersonic com-
pressor, a case having an inlet and an exit, an
impeller mounted in said case for rotation in one
direction about a rotor axis to impel a flow of
fluid through said case, & supersonic rotor
mounted in said case aft of said impeller for rota-
tion about said axis in counter direction to said
impeller, said supersonic rotor having a plurality
of blades spaced peripherally thereabout in the
same plane transverse to said axis defining a plu-
rality of passages extending through from the
front to the back of saig rotor, said supersonic
rotor blades making 2 substantial angle with
respect to said axis of rotation, said impeller hav-
ing a plurality of passages therethrough adapted
to direct a fluid flow into the inlets of said super-
sonic rotor passages, each said supersonic rotor
passage having an inlet portion of decreasing
cross sectional area succeeded by an exit portion
of radially increasing cross sectional area, the
inlet portion of each said supersonic rotor blade
having a substantially straight length and the
rear portion of each said blade being more nearly
in line with the direction of said length than in
line with the direction of said rotor axis to pro-
vide a form for each said supersonic rotor pas-
sage adapted to convert supersonic velocity to
static pressure, and means to rotate said impeller
in one direction and said supersonic rotor in the
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other direction at such speeds that the super-
sonic rotor has a supersonic speed relative to the
fluid flow directed toward its passage inlets.

11. In combination to pump g fluid against a
substantial back pressure, a case, a nozzle struc-
ture mounted within said case, said structure hav-
ing a plurality of blades serving as wallg spaced
apart peripherally along the wall of said case
defining g plurality of passages extensive between
the leading and trailing edges of said blades, each
said passage comprising an inlet portion of
decreasing cross sectional area and a throat and
an exit portion of radially increasing cross sec-
tional area in the downstream direction, an im-
peller mounted in said case ahead of said struc-
ture for rotation about an impeller axis and
adapted to discharge a flow of fluid in the general
axial direction into the inlet of each said passage
with supersonic velocity relative to said inlet, the
inlet portion of each said blade being substan-
tially straight, means to rotate said impeller to
provide said flow, said blade portion defining a
said passage exit portion extending downstream
substantially in line with the direction of said
inlet portion of said blades for a substantial dis-
tance beyond said throat to provide a passage
form suitable to convert said supersonic velocity
to static pressure, each said passage exit portion
serving in cooperation with said back pressure to
precipitate a shock wave in the fluid flowing
therein, a said wall of said passage having a. slot
therein substantially upstream from the trailing
edges of said blades defining said passage exit,
and means to induce a flow through said slot to
control the location of said shock wave.

12. In combination in a compressor having a
main flow passage with a portion thereof of
decreasing cross sectional area in the downstream
direction of a flow within, a plurality of stages
of axial flow rotor blades mounted in tandem
in said main passage for rotation about an axis
to impel a flow of fluid through said stages in
succession, said stages compressing said fluid
through successively smaller annular cross sec-
tions of said main passage and a radial diffusion
rotor mounted downstream from said stages for
rotation about an axis, said diffusion rotor hay-
ing a plurality of peripherally adjacent rotor
bassages in said main passage adapted to receive
said fluid from said axial flow stages by way of
said main annular passage portion of reduced
cross sectional area, said diffusion rotor passage
lying in the same peripheral plane transverse to
said axis, each said diffusion rotor passage hav-
ing radially diverging walls and an exit cross
sectional area and radial depth greater than its
inlet cross sectional area and radial depth, said
inlets and exits being spaced by similar distances
from said axis, said exits being directed rearward
to direct a fluid flow rearward in the general
direction of said axis.

13. In combination in a compressor, a super-
sonic rotor mounted for rotation about an axis,
said rotor having g plurality of radially diverging
bassages spaced from said axis, each said pas-
sage having an exit of greater area and radial
depth than the inlet thereof, each said passage
extending through from front to rear of said
rotor to said exit facing rearward to direct fluid
rearward in the general direction of said axis,
a casing ahead of said rotor adapted to lead a
flow of fluid up to the inlets of said passages,
an axial-flow rotor having blades mounted there-
in, means mounting said rotor with its blades in
said casing ahead of said supersonic rotor for
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. rotation to compress the said flow of fluid there-

in, a plurality of adjustable stator blades periph-
erally mounted in said casing between said rotors,
means to adjust said stator blades to direct the
flow from said axial flow rotor into said Dpassages
of said supersonic rotor counter thereto, and
means to rotate said rotors to compress fluid,
said means being adapted to give said supersonic
rotor a supersonic speed at the inlet of said pas-~
sages relative to the air approaching said super-
sonic rotor.

14. In combination in g compressor, an axial
flow rotor having a plurality of peripherally ad-
jacent rotor passages therethrough from front
to rear of said rotor and spaced outward from
the rotor axis, each said passage having its exit
and inlet rotatable with said rotor and having
said exit facing rearward to discharge a fluid
flow in the general axial direction, means to ro-
tate said rotor about said axis to induce a flow
through said passages, each said rotor passage
having a peripheral wall diverging radially with
respect to said axis to increase the Cross sec-
tional areas in the downstream direction to pro-
vide an exit area of each said passage greater
than the inlet area thereof, and means to induce
2 flow through said peripheral wall between said
inlet and exit of each said bassage to suppress
separation of the fluid from said wall.

15. In combination in g compressor, g first
rotor, a counter-rotating supersonic rotor, means
mounting said rotors in tandem for rotation
about an axis, said supersonic rotor having an
axially directed passage extending therethrough
from front to back thereof and rotatable there-
with, said first rotor being adapted to supply
fluid fo the inlet of said passage with a super-
sonic velocity relative to said inlet, said passage
being rotatable with said rotor and having an
increasing cross sectional area and increasing
radial depth in the downstream direction to con-
vert the supersonic velocity to static pressure,
and means to apply power to said supersonic
rotor to rotate the inlet of said bassage at said

- relative supersonic speed.

EDWARD A. STALKER.
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