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1

This invention relates to compressors and par-
ticularly to compressors of the axial flow type.

It is a principal object of the invention to pro-
vide an axial flow compressor which is simple
in construction, relatively light in weight, which
has a high compression ratio, and which is highly
efficient in operation. .

It is also an object to provide a compressor of
this type which can be assembled by the stacking
and assembly of a series of parts in proper inter-
fitting relation with respect to each other.

It is a further object to provide such a com-
pressor in which the parts may be readily and
quickly assembled in sub-assemblies, with such
sub-assemblies then being arranged or stacked
in cooperative relation with each other to form
the completed device.

It is another object to provide a compressor of
the axial flow type having blades provided with
slots, and arranged in a series of stages, the
blades of the upstream stages having blowing or
discharge slots and the blades of the downstream
stages having suction slots.

It is a further object to provide such an axial
flow compressor having manifolds and flow di-
recting bafles for the supplying of a flow of fluid
from a high pressure stage to the blades of a
lower pressure stage.

It is also an object to provide such a compres-
sor in which both the rotor and stator are as-
sembled by the stacking of a series of pre-assem-
bled units in axial engaging and interfifting re-
lation. .

Other objects and advantages will be apparent
from the following description, the accompany-
ing drawings, and the appended claims.

In the drawings:

Fig. 1 is a view in perspective of the rotor con-
struction in accordance with the present inven-
tion with one side thereof being broken away
in order to show the manifold and internal hub
construction;

Fig. 2 is a view in perspective of the stator or
casing of the compressor with one side being
broken out to show the details of the manifold
and blade supporting construction;

Fig. 3 is a vertical sectional view through the
assembled compressor with certain parts being
broken out;

Fig. 4 is an exploded view on an enlarged scale
in vertical section through the compressor show-
ing the manner in which the units or sub-assem-
blies of the rotor and stator are stacked and as-
sembled into the completed compressor;

Fig. 5 is a perspective view through the outer
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casing showing the manifold and portions of two
stages of the stator blades;

Fig. 6 is a broken view in perspective through
the hub showing portions of two stages of rotor
blades with an intervening set of stator blades;

Fig. 7 is a sectional view through a typical
blade, either a rotor or a stator blade, located in
a relatively upstream position and having a dis-
charge slot on its camber face;

Fig. 8 is a similar view through a typical blade,
either a rotor or a stator blade, located in a rela~
tively downstream position and having an induec-
tion slot on its camber face;

Fig. 9 is a detailed perspective view of one of
the deflecting vanes which are arranged to deflect
the flow of fluid from the manifold on the in-
terior into the base of the rotor blade;

Fig. 10 is a view in perspective of the skeleton
framework which serves to supply the fuel to the
manifold on the stator, with only one section
being shown as completely developed;

ig. 11 is a view in perspective showing one of
the rotor blades spaced above its support;

Fig. 12 is a bottom view looking radially out-
wardly toward the base of the blade showing the
blade in position between the support rings;

Fig. 13 is a sectional view through the blade on
the line 13—13 of Fig. 7; and

g, 14 is a view in perspective of a typical form
of stator blade.

The present invention provides an axial flow
compressor in which the blades, and preferably
the mountings for the blades where exposed in
the compressor chamber, are provided with slots
through which a flow of fluid is caused to take
place. Such flow may serve to protect the sur-
face against damaging contact with highly
heated gases which are handled by the compres~
sor, and likewise is advantageous from an aero-
dynamic standpoint in developing a greater lift
coefficient or compression effect in each succeed-
ing stage. Where the compressor is provided
with such slot flows, it is possible to obtain a ma-
terially increased compression ratio while requir-
ing a lesser number of blower stages, and a cor-
responding reduction in both the size and the
weight of the overall compressor.

The present invention provides a compressor
of this type in which the entire rotor and stator
may be assembled from units or sub-assemblies
by the proper stacking thereof in interfitting re-
lation to each other, thus enabling the blades and.
other parts of the device to be constructed in a
simple and economical manner as separate units
or sub-assemblies, and with such units being then
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readily stacked and assembled into the final con-
struction.

In order o provide the slot flows desired, a
manifold means is provided, the manifold of an
upstream series of blades heing connected by a
duct or fluid flow passage with a manifold of
a downstream series of blades in order to pro-
vide for a flow of the fluid therebetween. Thab
is, because of a great pressure at the downstream
or discharge end of the compressor, a relatively
small portion of the compressed fiuid enters the
induction slots of the blades which are open &t
their hub end, on both the rotor angd stator, and
this fluid flows through the duct to tha discha Tge
manifold at the upsiream location, from which it
is, because of a greater pressure at the downstream
irom the slots thereof. A similar arrangement
of slots on the blade supporting rings is also
preferably provided to improve the characier-
istics of the main flow thereover.

Thus the blades of an upstream group are pig-
vided with discharge slots while those of a down-
stream group are provided with induction slots.
Blades having induction slots are generally more
efficient in turning or controlling the flow than
those having discharge slots, it having been found
that the former are capable of deflecting the
flow through a greater angle for a given volume
of slot flow and for a given difference in pressure
between the interior and exterior of the blads,
than the laiter. Since the power expended in
producing the slot flow varies generally as the
product of the volume per second and the nres-
sure difference, the blade with the induction slot
is usually more effective and satisfactory. Ae-
cordingly, in accordance with the present inven-
tion, the pressure ratic of the several stages is
preferably so arranged that the amount of com-
pression per stage is increased progressively to-
ward the high pressure or discharge end of the
cdevice, the blades of the downstream stages being
more highly cambered for this purpose. In this
way the less efficient discharge siots are used
where the efficiency is less important, and the
highly efficient induction slots zare employed
where the greater part of the work of Compress-
ing is performed.

By way of example the drawings illustrate a
typical embodiment of the invention in the form
of an axial flow compressor incorporating eight
stages, with the four upstream stages being so
arranged that the slots are discharge slots, on
both the rofor and stator, and with the four
downstream stages operating with induction slots
on hoth rotor and stator, the fiow induced through
the induction slots being supplied respectively o
the corresponding stage upstream, thus providing
substantially uniform pressure differences be-
tween the induction slots and the discharge slots
of each pair of stages.

Referring to the drawing, and more particu-
larly to Figs. 1 and 3 thereof, an outer housing
is shown at 10 with an inner housing member !
being bolted thereto by means of bolts {2 de-
fining an inlet passage 13 which forms the fAuid
inlet to the compressor. A front bearing bracket
14 is supported from the housing members and
is provided with bearings 5§ for rotatably mount-
ing a front flange member 1. Such flange is
provided with an internal spline {T within which
there is received the forwardly projecting end
18 of a hollow tubular drive shaft 19 by raeans
of which the operating power is delivered to the
compressor. Suitable running seals and Ilubri-
cating means are indieated generally af 20,
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At the discharge end of the machine there is
an air discharge housing indicated at 25 which
forms one wall of the discharge outlet 28 of the
compressor and which also provides a suppors
for the bearing 271 within which is rotatably
mounted rear flange member 28. Suitable seals
and lubricating means are indicated generally
at 29.

Between the end brackets {5 and 28 there is
received the rotor spider shown generally at 25.
This spider has a central hollow portion to de-
crease the weight thereof and projecting radially
from such central portion are a series of eight
vanes or ribs 38 which extend the entire axial
length of the spider. These vanes define a series
of eight axial flow passages extending along the
rotor and are the means by which the fuid is
transferred from a downstream manifold to an
upstream manifold. Both ends of the passages
so defined are closed by metal disks 37 and by
sealing disks 38 of rubber or the like, such disks
being generally annular and of sufficient radial
extent to overlie and thus effectively sesl the
entire end of the passage.

In order to define the manifolds and to provide
for support of the rotor blades, a series of disks
or rings are arranged on the outer periphery of
the spider. This construction is shown in Figs.
3, 4, and 6, where the end rings 48 are of gen-
erally channel shape having a base 4 and an
outer inturned flange #42. The intermediate
rings indicated generally at 44 are substantially
I-shaped in cross section and have base flanges
45 and outer heads 46. In the embodiment, shown
these rings are assembled over the spider, to pro-
vide eight different stages, and are mounted in
place by means of a series of tie rods 48 which
bass through the respective peripheries of brack-
ets 16 and 28 respectively, and which also extend
through apertures in the bases £1 and 45 of each
of the rings. Also as shown in Pig. 3 the ad-
jacent faces of the inner flanges 41 and 45 of
the rings are grooved as shown at 5§ to inferfit
with each other and thus key together to secure
interlocking relation with each other. It will
thus be seen that each pair of adiacent rings de-
fines a chamber or manifold space 52 which sarves
to supply or receive a flow of fluid from the ad-
jacent series of blades.

In order to provide for the passage of such fuid
flows from a downstream to a corresponding up-
stream stage, the inner flanges 41, 48 of the rings
of each stage are broken out or apertured in two
diametrically opposite positions, as indicated at
58 in order to provide two parallel paths of com-
munication between the blades of that stage and
two oppositely loeated axial bassages defined by
vanes 36. In order to confine and guide the flow
to the proper location, bafle plates 5§ may be
suitably positioned in the passage between vanes
38, two such baffles being indicated in Fig. 3, one
beneath the aperture 55 in the first stage, and

-one beneath the corresponding aperture 55 in the

fifth stage of the rotor. It will be understood
that a similar construction is provided in the
bassage opposite that shown so that the rotor
thus is provided with two diametrically opposite
flow passages communicating between the mani-
fold at the first stage and that at the fifth stage.

Similarly, pairs of apertures 57, 58, and 59 are
provided in corresponding relation on diametri-
cally opposite sides of the rotor beneath the
manifolds of the second and sixth stages, the
third and seventh stages, and the fourth and
eighth stages, respectively.
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From the above description it will be under~
stood that provision is made for the flow of fluid
from each of the downstream stages, i. e., the
fifth through the eighth stages, to the corre-
sponding upstream stage, i. e., the first through
the fourth stages, respectively, and that such flow
passages are arranged in duplicate, on opposite
sides of the rotor spider, so that the flow inducted
in each of the downstream stages, after being
delivered radially inwardly and through its re-
spective manifold, is caused to flow upstream
under the pressure differential provided, where
it is delivered radially outwardly through the
corresponding manifolds, and into the respective
pressure chambers 52 where it is available for
discharge through the proper desired stage of
rotor blades.

The blades themselves as shown in Figs. 7, 8
and 11 have a generally airfoil shape, those of the
upstream series being shown in Fig. 7.at 60 and
having discharge slots 61 located on their cam-
ber or upper surface. 'The blades of the down-
stream series of stages as shown in Fig. 8 are
indicated at 62 and are shown as provided with
induction slots 63 on their camber or upper sur-
faces. The blades are hollow and the flow in
each case travels radially through the hollow
base of the blade to or from the respective cham-
bers 8§2.

The rotor blades as shown in PFigs. 3 and 4 are
assembled into stages by means of a pair of rings
85, 68 which are formed with outwardly extend-
ing flanges 67, 88, respectively, that are adapted
to engage beneath the flanges 42 and 46 of the
series of rotor rings 40, 44. The rotor blades are
each provided at their lower end with an offset
shoulder portion 78 leading into & hollow shank
71 which is fastened in place in an opening in a
base plate T2 by means such as silver solder 13
(Fig. 13). 'The shape of the portion 71 is gen-
erally rectangular but one corner is cut off, and
a correspondingly shaped aperture 74 (Fig. 11
is formed in the adjacent flanges 75, 16 of rings
85, 68 so that the blade can be assembled in only
one position. This aperture 74 is of the proper
size to receive and clamyp the portion 7! of the
base of the blade while the plate 72 extends
beneath and locks within the assembled flanges
15, 18 when the blade assembly is made. Thus
the blade is held securely in proper angular posi-
tion and the centrifugal force is adequately taken
by the ring structure.

Likewise the adjacent surfaces of the flanges
15, 76 are so formed that they define a slot 77

therebetwesn, such slot serving to allow the pas- &

sage of a fluid flow therethrough in the same
manner and for the same purpose as the flows
which take place through the blade slots them-
selves, the slots of the rings of the first through
the fourth or upstream series of stages being dis-
charge slots, and those of the fifth through the
eighth or downstream series of stages being in-
duction slots. Also as indicated in Fig. 4, the
rings 65, 858 of all of the stages except the first
and the fifth stages, the flanges 8§71, and 88 of
which cooperate with flanges 18 on the rotor
disks 44 to provide for additional guiding and
sealing engagement.

Likewise the rings 65, 88 are provided with a
series of apertures 80 which are located opposite
each other and which provide for receiving a
series of deflector vanes 82 (Fig. 9) which serve
to direct the passage of the fluid flows between
the flow passages through the chamber 52, to or
from the manifolds, in order to facilitate the
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delivery of the flow thereto with minimum turbu-
lence and loss of energy. The rings 65, 66 are
preferably assembled separately with the series
of blades 60, 62 and the vanes 82 therein, which
may be done quickly and accurately in a suitable
fixture, and the sub-assembly is then secured
together with suitable means such as rivets 83,
the rivet heads being staked to prevent turning.

As shown in Figs. 3 and 4, a series of such sub-
assemblies or rotor stages may be then put to-
gether by stacking the series of rings 44 between
the end disks 40, and with the rings 65, 66 and
the assembled stage of rotor blades between each
adjacent pair of rings. This may be conveniently
accomplished on rods similar to the tie rods 48
but of longer extent to permit the stacking ac-
tion, following which the rods 48 may be in-
serted and bolted in place to thus provide the
completely assembled rotor. Xt will be under-
stood that in the final assembly of the compres-
sor, this stacking operation of the rotor takes
place concurrently and in alternating relation
with the stacking of the corresponding stages of
the stator, the entire compressor thus being as-
sembled at one time by the stacking of the several
sub-assemblies thereof.

Referring now to the construction of the stator,
the housing member {0 is provided with a ring
§00 to which is bolted a compressor housing shell
or casing 102 by means of a series of bolts {83.
The shell 182 is of generally frusto-conical shape
and at its discharge end is formed with a member
{04 defining the outer wall of outlet 28 for the
compressed fluid, the member (04 terminating
in an attaching flange i85. Ring (€9 also serves
to support a series of interfitting structural mem-
bers which provide for holding the stator blades
and define the inner surface of the compressor
chamber. As shown in Fig. 4 these members
comprise two rings or ring-like members 110 and
{1l which are spaced apart leaving a slot {42
therepetween which thus extends circumferen-
tially around the casing. Each of rings (10 and
{11 is riveted as shown at {12 to an upper an-
nular ring (14 with a space 158 therebetween
adapted to serve as an annular manifold for all
the blades of that stage. The stator blades are
shown at 116, Fig. 14. The blades of the four
upstream stages have discharge slots 117 on their
camber faces, while the blades of the four down-
stream stages have induction slots, the blade
slots in section being similar to those shown in
Figs. 7 and 8. Both the inner and outer ends of
the stator blades have turned over flanges ({5,
and 119 respectively, by means of which the
blades are secured in place. It will be understood
that the blades of the stator are assembled be-
tween the two rings 110, {11, which are suitably
notched to receive the outer ends thereof. Ad-
jacent such sub-assemblies are then stacked in
abutting relation, keys {28 being provided which
fit into grooves 121 to prevent relative axial ro-
tation of adjacent rings.

At the inner ends of the stator blades, there
is provided another sub-assembly comprising a
ring 122 having sealing ribs {28 thereon which
are adapted to ride in sealed relation against
the upper surface of flange 46 of the rotor. Ad-
ditional rings 125, ({26 are secured in position on
ring 122 and spaced therefrom to provide a com-
municating chamber or manifold 127 with the
rings being suitably apertured as indicated at 122
to receive the end of the blade therebetween and
with a slot 129 formed between the adjacent
edges thereof. The rings 122, i25 and 126 may
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be secured together by means of rivets 130 (Figs.
4 and 5), this sub-assembly being accomplished
before the stacking of the stages in the housing.
The provision of the communicating manifold
chambers 118 and 127 at the inner and outer ends
of the stator blades thus provides for supply of
the flows equally to all of the blades of each
respective stage.

In order to provide for delivery of fluid from
2 higher pressure downstream stage to a corre-
sponding lower pressure upstream stage, a series
of stator vanes are provided, the arrangement in
skeleton form being illustrated in Fig. 10. As
there shown, and referring for purposes of illus-
tration to a description of the construction for
supplying Auid from the fifth to the first stage
as typical of the remaining construction, the
outer periphery of rings ({4 of the first and fifth
stages is apertured as shown at 131 (Figs. 3,5 and
10) and communication is thus established into
the passage between the outer surface of the rings
{14 and the inner circumference of the casing
102, This space is divided into a series of axially
extending passages by means of a series of vanes

132, the adjacent pair of which as shown in Fig. 2

10 extends to define a passage 133 between such
apertures I31. Similar passages {33 are pro-
vided around the entire circumference between
each adjacent pair of vanes 32, although Fig. 10
shows the complete development of only one sec-
tion of the entire circumference. The vsnes {32
are formed with attaching brackets §34, the
brackets being welded to the faces of the vanes
(Fig. 2) and carrying bolts {35 that extend out-

wardly through the casing {02 and are fixed in

position therein by nuts 136, While the vanes
are not attached to the surface of the rings 14,
the arrangement is such that they extend in con-
tact therewith and thus define effectively closed
passages for the transfer of the fluid flow in the
manner desired.

Reflecting vanes {38 (Figs. 3 and 5) are located
immediately opposite the corresponding aper-
tures {2{ and thus guide the flow of fluid properly
to and from the passage 133 and through the
opening {31! into the manifold chambers {45 for
discharge from or induction into the slots pre-
viously described.

By reference to Fig. 10 it will be seen that there
are 12 sets of vanes, each defining four separate
passages between successive pairs of stages so
that there are a total of 12 parallel passages for
supplying the fluid from the blades of each down-
stream stage to the blades of each corresponding
upstream stage. This assures proper fiow of
fluid axially and in the reverse direction to the
main flow of fluid, from the induction slots of
the four downstream stages to the discharge slots
of the corresponding four upstream stages.

It will also be evident that the stator, like the
rotor, is adapted to be assembled in a series of
sub-assemblies, each of which ean be made sep-
arately and in a simple and effective manner,
with the blades of each stage being secured in
position in such sub-assembly before stacking in
the compressor itself. In the final stacking and
assembly of the compressor, it will be understood
that the vanes 132 are first secured in position
in the stator casing or housing, following which
the sub-assemblies may be stacked adjacent each
other, suitably interlocked to prevent relative ro-
tation, such stacking operation proceeding in a
step-by-step manner, with a stage of rotor sub-
assemblies alternating with a stage of stator sub-
assemblies,
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The invention thus provides a simple and high-
1y effective compressor construction which pro-
vides for efficiently developing a high compres-
sion and with a limited size and weight of ma-
terial, by reason of the large compression ratios
which are accomplished and the high efficiency
to which the device operates. Moreover, the pro-
vision of the slot flows on both the blades of the
rotor and stator, as well as on the surfaces of the
hub and the internal compressor surface itself,
further provides for desirable aerodynamic
characteristics, making possible the utilization
of higher compression ratios in the later stages
where the more efficient induction slots are uti-
lized as distinguished from the somewhat less
efficient discharge slots provided in the earlier
stages.

Further, the invention provides a device of this
character which can be simply and readily con-
structed, and if necessary disassembled for re-
pair or replacement of the individua] parts there-
of, such assembly taking place conveniently and
economically in the form of sub-assemblies which
are made in advance of the final assembly, and
with such sub-assembled units being then stacked
and secured together in the final operation to
provide the finished compressor.

While the form of apparatus herein described
constitutes a preferred embodiment of the inven-
tion, it is to be understood that the invention is
not limited to this precise form of apparatus, and
that changes may be made therein without de-
parting from the scope of the invention which is
defined in the appended claims.

What is claimed is:

1. In an axial flow compressor, a rotor com-
prising a central spider, means on said spider de-
fining a plurality of circumferentially spaced
fluid flow passages, blades arranged in a plu-
rality of separately assembled stages, said blades
having slots on their surfaces providing for a flow
of said fluid therethrough, a plurality of pairs of
cooperating rings mounted on said spider and en-
gaging and supporting said blades, means estab-
lishing communication through said rings be-
tween the blades of a downstream stage and said
flow passage, and means establishing communi-
cation through said rings between said flow pas-
sage and the blades of an upstream stage.

2. In an axial flow compressor, g rotor compris-
ing a plurality of spaced supporting hub rings, a
plurality of blade supporting rings engageable
with said hub rings respectively and adapted to
be stacked thereon, a plurality of individual
blades arranged in stages between each adjacent
pair of said blade supporting rings, and means
on said hub rings for securing said blades sup-
porting rings with said blades therebetween in
said assembled stacked reluation.

3. In an axial flow compressor, a supporting
structure, means defining an axially extending
flow passage in said supporting structure, blades
mounted on said structure and arranged in a plu-
rality of stages, said blades being formed with
slots adapted to carry a flow of fluid there-
through, means defining a manifold chamber in
direct communication with the plurality of blades
of each respective stage, and means establishing
communication between the manifold chamber
of a downstream stage and that of an upstream
stage through said flow passage for the induction
of a fluid flow through said blade slots of said
downstream stage and the discharge of a fuid
flow through said blade slots of said upstream
stage.
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4,-In an axial flow compressor, a supporting
structure, means defining a plurality of axially
extending flow passages circumferentially spaced
around said supporting structure, blades mount-
ed on said structure and arranged in a plurality
of stages, said blades being formed with slots
adapted to carry a flow of fluid therethrough,
means defining a manifold chamber in direct
communication with the plurality of blades of
each respective stage, means establishing com-
munication between the manifold chamber of a
downstream stage and that of an upstream stage
through a selected one of said flow passages for
the induction of a fluid flow through said blade
slots of said downstream stage and the discharge
of a fluid flow through said blade slots of said up-
stream stage, and bafie means for directing the
passage of said flows between said flow passages
and said manifold chambers.

5, In an axial flow compressor, a supporting
structure, biades mounted on said structure and
arranged in a plurality of stages, said blades be-
ing formed with slots adapted to carry a flow of
fiuid therethrough, means for discharging a flow
through the slots of each of the blades of a plu-
rality of adjacent upstream stages, means for in-
ducting a flow through the slots of each of the
blades of a plurality of downstream stages all
axially spaced from said upstream stages, and
means for establishing a substantially greater
compression ratio per stage toward the discharge
end of the compressor.

6. In an axial flow compressor, a supporting
structure, blades mounted cn said structure and
arranged in a plurality of stages, means dividing
the blades into a plurality of upstream stages and
a plurality of downstream stages all axially
spaced from said upstream stages, means for in-
ducting & flow through the slots of the blades of
each downstream stage, and means for supply-
ing said inducted flow to the blades of the corre-
sponding upstream stages for discharge through
the slots thereof.

7. In an axial flow compressor, a rotor com-
prising a hollow hub, means defining a plurality
of axially extending flow passages circumfer-
entially spaced around said hub, a plurality of
blade supporting rings outwardly of said passages
and extending adjacent each other, blades ar-
ranged in stages and supported between adjacent
pairs of said rings, means forming a manifold
common to a plurality of said blades of a single
stage and communicating with one of said flow
passages, and means defining apertures in prede-
termineq portions of said rings establishing com-
munication between selected ones cf said stages
through said respective manifolds and passages.

8. In an axial flow compressor, a supporting
structure, vanes defining a plurality of axially ex-
tending fow passages circumferentially spaced

-around said supporting structure, a plurality of
blade supporting rings extending adjacent each
other, blades arranged in stages, means for sup-
porting the blades at each stage between adjacent
pairs of said rings, and means defining apertures
in predetermined portions of said rings estab-
lishing communication between selected ones of
said stages through said passages respectively.

9. In an axial flow compressor, a supporting
structure, vanes defining a plurality of axially
extending flow passages circumferentially spaced
around said supporting structure, a plurality of
blade supporting rings extending adjacent each
other, blades arranged in stages, means for sup-
porting the blades of each stage between adja-
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cent pairs of said rings, means defining aper-
tures in predetermined portions of said rings
establishing communication between selected
ones of said stages through said passages re-
spectively, and deflecting baffles in said passages
adjacent said apertures for directing the flow
thereinto.

10. In an axial flow compressor, a supporting
structure, vanes defining a plurality of axially
extending flow passages circumferentially spaced
around said supporting structure, a plurality of
blade supporting rings extending adjacent each
other, blades arranged in stages, means for sup-
porting the blades of each stage between adja-
cent pairs of said rings, said blades having slots
therein, means defining apertures in predeter-
mined portions of said rings establishing com-
munication between the blades of selected ones
of said stages through said passages respectively,
and means forming a manifold at the inner ends
of the blades of each said stage and deflecting
baffles in said passages adjacent said apertures
for directing the flow thereinto.

11. In an axial flow compressor, a supporting
structure, means defining a plurality of axially
extending flow passages circumferentially spaced
around said supporting structure, a plurality of
blade supporting rings extending adjacent each
other, blades arranged in stages, means for
supporting the blades of each stage between ad-
jacent pairs of said rings, said blades being
formed with slots adapted to carry a flow of
fluid therethrough, and means defining aper-
tures in predetermined portions of said rings
establishing communication between the blades
of a downstream stage and those of an up-
stream stage through a selected one of said pas-'
sages for the flow of a fluid therethrough for
delivery through said slots.

12, In an axial flow compressor, a supporting
structure, means defining a plurality of axially
extending flow passages circumferentially spaced
around said supporting structure, a plurality of
blade supporting rings extending adjacent each
other, blades arranged in stages, means for
supporting the blades of each stage between ad-
jacent pairs of said rings, said blades being
formed with slots adapted to carry a flow of
fluid therethrough, and means defining aper-
tures in predetermined portions of said rings es-
tablishing communication between the blades
of a downstream stage and those of an up-
stream stage through a selected one of said pas-
sages for the flow of a fluid therethrough for
delivery through said slots, and means forming
a manifold adjacent the ends of the blades of
each said stage.

13. In an axial flow compressor, a supporting
structure, means defining a plurality of axially
extending flow passages circumferentially spaced
around said supporting structure, a plurality of
blade supporting rings extending adjacent each
other and supported by said structure, blades
arranged in stages, means for supporting the
blades of each stage between adjacent pairs of
said rings, said rings being formed with slots
adapted to carry a flow of fluid therethrough,
means including apertures in predetermined
portions of said rings establishing communica-
tion between a downstream stage and an up-
stream stage through a selected one of said pas-
sages for the flow of a fluid therethrough, and
vanes arranged circumferentially of said rings
to direct the fluid flow toward said slots.

14, In an axial flow compressor, & rotor com-
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prising a central hub, a plurality of ring-shaped
members having overhanging flanges on their
outer faces and adapted to ke assembled in ad-
jacent stacked relation on said hub, both said
flanges being apertured in cooperating opposite
portions a blade assembly adapted to be received
on said hub between corresponding apertures of
adjacent rings and having flanges engageable
beneath said overhanging flanges of adjacent
said rings, means for securing said rings and said
blade assemblies in alternating stacked rela-
tion on said hub, means on said hub forming
axially extending flow passages, and means in-
cluding said passages providing communication
between the plurality of blades of one stage and
those of another stage.

15. In an axial flow compressor, a rotor com-
prising a central hub, a plurality of ring-shaped
members having overhanging fianges on their

outer faces and adapted to be assembled in ad-

jacent stacked relation on said hub, a blade
assembly adapted to be received on said hub be-
tween adjacent rings and having flanges engage-
able beneath said overhanging flanges of ad-
jacent said rings, means for securing said rings
and said blade assemblies in alternating stacked
relation on said hub, said blade assembly in-
cluding a pair of rings having flanges extend-
ing toward each other, and a plurality of sepa-

rate blades mounted on and supported between -

said flanges.

16. In an axial flow compressor, a blade as-
sembly for a single stage thereof comprising a
pair of rings having flanges extending toward
each other, said flanges having complementary
openings spaced around the circumference there-
of, a hollow slotted blade received in each pair
of said openings and secured in position by en-
gagement with said flanges, means for fasten-
ing said rings together with said blades in posi-
tion therein, and means forming flow passages
extending through said rings for supplying a
cooling flow to said blades.

17. In an axial flow compressor, a hlade as-
sembly for a single stage thereof comprising a
pair of rings having flanges extending toward
each other, said flanges having complementary
openings spaced around the circumference there-
of, a hollow blade received in each pair of said

openings and secured in position by engagement !

with said flanges, means for fastening said rings
together with said blades in position therein,
said flanges of said rings being spaced from each
other to form a slot for the flow of a fluid there-

through, and means forming a manifold chamber *

communicating with a plurality of said blades.

18. In an axial flow compressor, & blade assem-
bly for a single stage thereof eomprising a pair
of rings having flanges extending toward each
other, said flanges having complementary open-
ings spaced around the circumference thereof, a
blade received in each pair of said openings and
secured in position by engagement with said
flanges, means for fastening said rings together
with said blades in position therein, said flanges
of said rings being spaced from each other to
form a slot for the flow of a fluid therethrough,
and a plurality of vanes supported by said rings
on the opposite side from said blades for guid-
ing the flow through said slot.

19. In an axial fiow compressor, a stator com-
prising a casing, means in said casing defining
a plurality of circumferentially spaced fluid flow
passages, blades supported from said casing and
arranged in a plurality of separately assembled
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stages, said blades having slots on their surfaces
providing for a flow of said fluid therethrough,
means providing communication between a plu-
rality of the blades of a downstream stage and
said flow passage, and means providing com-
munication between said flow passage and a plu-
rality of the blades of an upstream stage.

20. In an axial flow compressor, a stator com-
prising an outer casing, a plurality of blade sup-
porting rings supported from said casing and
adapted to be stacked thereon, a plurality of
individual blades arranged in stages between each
adjacent pair of said rings, and means for se-
curing said rings with each of said stages of
blades therebetween in said assembled stacked
relation.

21, In an axial flow compressor, a stator com-
prising an outer casing, a plurality of vanes
defining axially extending passages circum-
ferentially arranged inwardly of said ecasing, a
plurality of blade supporting rings, blades on
said rings extending inwardly therefrom and
arranged in a plurality of stages, apertures in
said rings establishing communication between
a plurality of the blades of a downstream stage
and one of said passages, and means defining
apertures in another said ring establishing com-
munication between a plurality of the blades
of an upstream stage and the same said passage.

22. In an axial flow compressor, a stator com-
prising an outer casing, a plurality of vanes de-
fining axially extending passages circumferen-
tially arranged inwardly of said casing, a plu-
rality of rings, blades on said rings extending
inwardly therefrom and arranged in g plurality
of stages, means forming apertures in said rings
establishing communication between the blades
of a downstream stage and one of said passages,
means defining apertures in another said ring
establishing communication between the blades
of an upstream stage and the same said passage,
and deflecting means mounted in said passage
adjacent said apertures to direct a flow there-
through.

23. In an axial flow compressor, a stator, a
plurality of ring-shaped members supported
from said stator, a plurality of blades supported
by each pair of said members forming a stage of
blades for said compressor, means for stacking
said members with said blades therebetween in
adjacent relation to each other, means defining
a plurality of axially extending flow passages
outwardly of said members, and means defining
apertures through said members for establishing
communication through said respective passages
between the blades of one stage and those of a
different stage.

24. In an axial flow compressor, a plurality of
stator blade assemblies for a plurality of stages
including a pair of ring-shaped members for
engaging a plurality of blades to form each stage,
a plurality of rotor blade assemblies for a plu-
rality of stages including a pair of ring-shaped
members for engaging a plurality of blades to
form each stage, a casing structure for receiving
said ring-shaped members of said stator blade
assemblies therein, a hub for receiving said ring-
shaped members of said rotor blade assemblies
thereon, means for stacking said stator blade
assemplies in said casing and for stacking said
rotor blade assemblies on said hub in alternating
relation with said stator blade assemblies, means
for securing said stacked stator blade assemblies
in said casing, and means for securing said
stacked rotor blade assemblies on said hub.
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95. In an axial flow compressor, & supporting
structure including a plurality of separable hub
members adapted to be assembled in side by side
relation, a plurality of separable ring-shaped
members mounted on said supporting structure
petween adjacent pairs of said hub members,
each of said ring members having overhanging
flanges extending toward each other, both said
fianges being apertured in and cooperating at a
plurality of points around their circumferences
providing for receiving blades therebetween, hol-
low blades having flow passages therein, means
at the base of each blade overlapping both the
adjacent flanges, means for securing said ring
members in adjacent relation on said structure
to retain said plurality of blades in assembled
relation, and means forming a passage through
said ring-shaped members between said flanges
for establishing a flow therethrough.

26. In an axial flow compressor, a stator, a
plurality of hollow ring-shaped members sup-
ported from said stator, a plurality of hollow
stator blades supported by each said member
forming a stage of blades for said compressor,
each said blade having an apertured surface for
the passage of fluid therethrough, a plurality of
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blades of the same stage having their interiors
in communication with the interior of a said
member thereof, means defining a plurality of
axially extending flow passages outwardly of said
members, said members having apertures leading
into their hollow interiors for communication
through their respective passages between the
interiors of a plurality of blades of one stage and
the interiors of a plurality of the blades of a
different stage.

References Cited in the file of this patent
UNITED STATES PATENTS

Number Name Date
995,358 Lieber e June 13, 1911
1,366,119 Darling o Jan. 18, 1921
2,314,058 Stalker — e Mar. 16, 1943
2,344,835 Stalker e Mar. 21, 1944
2,452,782 MeclLeod et al, .-~ Nov. 2, 1948
2,458,149 Cronstedt . —.-————__ Jan. 4, 1949
2,501,614 PriCe e Mar. 21, 1950
2,520,697 Smith _ e~ Aug. 29, 1950

FOREIGN PATENTS

Number Country Date

58,095 Denmark ——cceeee Oct. 7, 1940




