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To wll whom it may concern:

Be it known that I, GroreE WESTING-
HOUSE, & citizen of the United States, resid-
ing at Pittsbur;;, in the county of Allegheny
and State of Pennsylvania, have invented
new and useful Improvements in Fluid-Pres-
sure Turbines, of which the following is a
specification.

This invention relates to elastic-fluid tur-
bines, and has for an object the production |
of a multistase turbine of this class in the
initial or primary stage of which velocity
eneryy due to the conversion of thermal into-
kinetic ener;:y in the form of veloeity is ab-

orbed or abstracted in a relatively small

in the remaining sta_es of which the workin
fluid is fractionally expanded by means o
alternate annular rows of stationary vanes
and moving blades, whereby energy is de-.
rived both by impulse or impact and by r¢-"
action. . '

A further object has been to produce a
compact and yet efficient double-flow tur-
bine—that is, one which on opposite sides of
the center, so far as the stages or sections are
concerned, is bilaterally symmetrical.

These as well as otger objects which are
readily apparent to those skilled in this art, I
have attained by means of the apparatus de-
scribed in this specification and 1 ﬁlstrated in:
the drawings forming a part of this applica-
tion, and throughout tﬁe several views of
which similar elements are denoted by like
characters. '

In the accompanying drawings, Figure 1 is
a view, partially in front elevation and par-
tially in section, of a turbine constructed in
accordance with this invention, one end of
the frame being broken away. Fig. 2is a
transverse sectional view of the turbine
parts being broken away. Fig. 3isa detail
sectional view showing a portion of the inlet-
chambers and two of tﬁe nozzles leading
therefrom to the blades of the primary stage. "
Fig. 4 is an enlarged sectional view of a por-
tion of the turbine that is shown in section in_
Fig.1. Fig.5isaverticalsection through the
reheating apparatus shown in Figs. 1 and 4.7

The turbine here shown is double flow, the
two ends of which are exact duplicates of
each other and are so disposed in alinement
that the working fluid is introduced at the
center and is exhausted at the outer ends.

generally employed, and for conveniénce and
simplicity of description steam will be here-
inafter referred to as the fluid utilized with-
out any intention of limiting the invention to
the use of this specific fluid.
 The frame 1 of the turbine comprises a cas-
ing 2 for the steam-using parts, bearings 3
| for the shaft, and a casing and support 4 for
the governor. (Not shown.) ’%ﬁe inlet-
‘chamber, with which the inlet-port 5 com-
municates, is indicated as comprising two
annular chambers 6, separated by a rib or
flange 7, having openings 8, which enable the
steam to pass i?reely between the two cham-
bers 6. This flange is employed for strength-
ening ?urposes only, and so far as the utiliza-
tion of the steam 1s concerned it obviously
might be omitted. The outer walls 9 of the
chambers 6 are severally provided with annu-
lar channels or spaces 10, and adjacent to and
‘in eontact with the walls 9 are annular plates
11, provided with inclined passages 12, which
terminate in removable nozzles 13, the inter-
nal diameters of which are small as compared
with the diameters of the passages 12, and, if
desired, may be made divergent to provide
the desired degree of steam expansion. The
-casing 2 and each of the annular plates 11 are
made, as shown, in two parts, though they
might be further subdivided, if desired, and
the segments of the rings 11 are removably
fastened to the corresponding walls 9 by
means of screws 11* or otherwise.

Rigidly mounted upon the main shaft 14
of the turbine is a drum 15, which may be
made in various ways, but is herein shown as
consisting of four sections 16, 17, 18, and 19,
the sections 16 and 18 being exact duplicates
of each other and the sections 17 and 19 be-
ing also of like form and dimensions. Each
of the sections 16 and 18 consists of a sleeve

1 20, which is closely fitted to the shaft 14, a

- dish-shaped disk 21 surrounding the sleeve
and forming an integral part of it, a cylinder
22 surmunaing the disk 21, and an annular
‘flange 23 surrounding the cylinder 22, the
| sleeve 20, disk 21, cylinder 22, and the flange
93 all constituting parts of a single casting.
" These drum - sections are all cfam ed to-
gether by means of bolts 21*, Mounted
upon the periphery of each of the flanges 23
and riveted therefo is a ring or short cylin-
der 24, the periphery of which is provided
with annular sets of blades 25, arranged side

‘While the invention is intended for utiliza-
tion with any suitable elastic fluid, steam is

9

by side and fastened in position by any suit-
agle means. A plurality of ring-segments
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24® in which blades 25 are cut, are bolted or
otherwise removably fastened to the inner
side of each ring or cylinder 24, thus forming
a built-up ring having an annular set of
blades. This segmental construction per-
mits of ready and comparatively inexpen-
sive repair in case any of the blades 25* be-
come broken. The blades of the several sets
may vary in length, as shown, so that the ve-
locity energy of the steam issuing from the
nozzles will be fractionally abstracted by
blades 25* and 25. The portion of each eyl-
inder 22 beyond the flange 23 and toward the
end of the drum is provided with & series of
annular rows of blades 26, the lengths of
which increase progressively from the inner
to the outer end of the series. Each of the
drum-sections 17 and 19 comprises also a
sleeve 27, a dish-shaped disk 28, a short cyl-
inder 29, an extension-flange 30, a cylinder
31 surrounding and supported by flange 30,
and one or more plates 32, the parts 27, 28,
29,.30, and 31 all constituting a single cast-
ing. 'The eylinder 31 is provided with a se-
ries of annularly-disposed sets of blades 33,
whieh vary in lengtfl from the inner to the
outer set, the rate of variation being prefer-
ably greater than the rate of variation in the
series of blades 26 in the cylinders 22.

The casing 2 is provided adjacent to each
of the rings 11 with a ring 34, having annular
sets of guide-vanes 35 that alternate with the
corresponding blades 25 on the cylinder or
ring 24, there being two sets, as here indi-
cated. The internalconfiguration of the cas-
ing is made to conform to the various drum-
sections provided with blades, a portion 36
corresponding to that portion of the cylinder
22 which is provided with the blades 26, and
this portion 36 is provided with a series of
guide-vanes 37, disposed in annular sets
which alternate in position with the sets of
blades and which vary in length from the in-
ner to the outer end of the series. The cas-
ing also comprises at each end a length 38 of
varying diameter from its inner to its outer
end and provided with a series of guide-vanes
39, arranged in annular sets that alternate
with the sets of blades 33 and are of increas-
ing length from the inner to the outer end of
the series.

The several sets of blades and correspond-
ing vanes may be located and fastened in
grooves or otherwise rigidly supported in po-
sition by any suitable means,

The steam which enters the inlet-port 5
and passes in both directions through the
turbine is exhausted at the ends of the cylin-
ders 22 and passes out of the engine through
a chamber 40 and an exhaust-port 41.

In order to increase the efficiency of the
turbine, I propose to reheat the steam during

its progress through the turbine and for this !

purpose I provide the casing adjacent to each
cylinder 24 with sets of approximately semi-

816,516

circular pipes 42, 43, 44, and 45, the sets of
pipes 42 and 43 being separated by a parti-
tion 46, and the sets of pipes 44 and 45 being
also separated by a partition 47, the parti-
tions 46 and 47 extending nearly across the
chambers in which the pipes are located.
The corresponding ends of the sets of pipes
42 and 43 are connected by manifolds 48 and
49, and the corresponding ends of the sets of
pipes 44 and 45 are connected by manifolds
50 and 51.  As will be seen by reference to
Figs. 1 and 4, the arrangement of these sets
of pipes is such that as the steam leaves the
primary stage or section it will pass between
and around the pipes 42 and 44, being guided
by the partition-plates 46 and 47, and will
then pass between and around the pipes 43
and 45 before entering the spaces between
the blades 26 and guide-vanes 37. In order
to reheat the steam at this point, either super-
heated steam or a superheated liquid—such,
for example, as water or oil—is supplied to
two of the manifolds, say to those marked
48" and “50,” through pipes 52 and 53 and
withdrawn from the manifolds 49 and 51
through pipes 54 and 55. Other means may
of course be employed for reheating the
steam, if desired.

In order to equalize the pressure of the
steam in corresponding intermediate parts of
the two ends of the turbine and in order that
the steam leaving the outlets to the interme-
diate stage will be equally distributed to both
sections of the low-pressure stage, I provide a
passage 56, located outside of the turbine
proper, and which extends from the space
between the adjacent ends of the cylinders 22
and 32 at one end of the corresponding space
in the other end of the turbine.

The operation of the turbine is as follows:
The steam, which is admitted to the chamber
6 through the inlet-port 5, passes through the
openings 10 and passages 12 and through the
nozzles 13, where a portion of its thermal en-
ergy is converted into kinetic energy in the
form of velocity. The energy due to this
velocity is abstracted in rows of blades com-
prised in this Initial or high-pressure stage.
The steam issuing from t%e primary stage
passes around and between the reheating-
coils before entering the intermediate or sec-
ondary stage, comprising blades 26 and vanes
37. The gradually-increasing length of these
blades and vanes provides progressively-in-
creasing space for expansion, and the same
are so formed and spaced apart that the ex-
pansions occur botlI: between the blades in
the working rows as well as the vanes in the
stationary rows, whereby energy is derived
both by impulse and by reaction. The
steamn then passes between the blades 33 and
vanes 39, constituting the low-pressure stage
and which are formed and arranged as are
those of the intermediate stage, but of course
of greater size and length.
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It will be understood that my invention
tnight be embodied in & turbine which would
be _ substantially represented by what is
shown at either side of the center of Fig. 1,
with the addition of a suitable balancing
means, in which case the steam would bein-
troduced at one end and exhausted at the
other. It will also be understood that the
relation of diameters of the different drum
and casing sections may be materially va-
ried from what is shown, provided such a re-
lation is secured as will provide a necessary
strength of parts and a proper utilization of
steam.

The exact structure and relation of parts
here shown and described are obviously not
essential to my invention, and I therefore de-
sire it to be understood that variations as to
form and dimensions may be made without
departing from the spirit and scope of the in-
vention. :

I claim as my invention—

1. In a fluid-pressure turbine, the combi-
nation with a shaft and a drum comprising &

lurality of sections mounted thereon and |

aving annular sets of blades, the first and
last of said sections being of materially
greater diameter than the intermediate sec-
fion or sections, of a cylinder comprising &
plurality of sections having annular sets of
vanes and means for supplying the propelling
fluid to the first set of blades in jets at'a
given velocity.

9. In a steam- turbine, the combination
with two drum-sections having radial blades,
corresponding cylinder-sections having ra-
dial guide-vanes, and an inlet-chamber hav-
ing nozzles arranged to expand the stean
and project it from said chamber in jets
against the working faces of said blades, of
drum and cylinder sections of lesser diameter
having sets of radial blades and guide-vanes
of increasing length longitudinally of the tur-
bine between wliich the steam s progressively
expanded, and drum and cylinder sections
which receive the steam from the intermedi-
ate sections and are of greater diameter than
the intermediate sections.

3. In & steam- turbine, the combination
with an inlet-chamber, drum-sections at the
opposite sides thereof provided with blades,
and nozzles through which the steam is ex-

anded to increase its impact velocity and by
which it is directed against the working faces
of the blades, and drum-sections having sets
of blades a%ainst which the steam acts as it is
progressively expanded, the first and last
drum-sections being of greater diameter than
the intermediate section or sections.

4. In a steam-turbine, a drum-section pro-
vided with annular sets of blades and a ring

comprising a plurality of segments remov-
to one end of said drum-sec-

ably attached )
tion and provided with an annular set of

blades.

“by the working fluid is

S

5. In a multistage turbine, a high-pressure
stage emlpioying expansion-nozzles for con-
verting thermal energy of the working fluid
into kinetic energy in the form of velvcity
and moving rows of blades for abstracting
the energy due to said velocity, a low-pres-
sure stage divided into two symmetrical sec-
tions having separated inlets, and through
whicl, sections the working fluid flows in op-
posite axial directions, and a fluid conduit or
passage separated from the interior of the
turbine proper for placing the inlets to said
sections in eommunication one with the
other. -

6. In a multistage turbine, a high-pressure
stage employing expansion-nozzles for con-
verting thermal energy of the working fluid
into kinetic energy in the form of velocity
and moving rows of blades for abstracting
the energy due to said velocity, & low-pres-
sure stage divided into two sections having
separated inlets and through which sections
the working fluid flows in opposite direc-
tions, and a fluid conduit or passage sepa-
rated from the interior of the turbine for
placing the inlets to said sections in commu-
nication one with the other.

-7 In a multistage turbine, a high-pressure
stage employing expansion-nozzles for con-
ve;'ting,,tll.lerm&l energy of the working fluid
into kinetic energy in the form of velocity

- and moving rows of blades for abstracting

the energy due to said velocity, a low-pres-
sure stage divided mto two symimnetrical sec-
tions having separated inlets and through
which sections the fluid flows in opposite i-
rections, and a fluid conduit or passage sep-
arated from the interior of the turbine for
placing the inlets to said sections in commu-
hication one with the other. o

8. In a multistage turbine, a high-pressure
stage employing expansion-nozzles for con-
verting therinal energy of the working fluid
into Kinetic encrgy in the form of velocity
and moving rows of blades for abstracting
the energy due to said velocity, a low-pres-
surc stage divided into two sections having
separated inlets and through which sections
the working fluid flows in opposite axial di-
rections, and a {luid conduit or passage sep-
arated from the interior of the turbine proper
for placing the inlets to said sections in com-
munication one with the other.

9. In a multistage turbine, a high-pressure
stage employing expansion-nozzles for con-
verting timrnml energy of the working fluid

into kinetic energy in the form of velocity

" and moving rows of blades for abstracting

the energy due to said velocity, a low-pres-
sure stage employing alternate annular rows
of stationary vanes and moving biades where-
fractionally expanded
and energy derived both by impulse and by
reaction; said low - pressure stage being di-
vided into two symmetrical sections having
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separated inlets and through which sections
the working fluid flows in opposite axial di-
rections, and a fluid conduit or passage sep-
arated from the interior of the turbine proper
for placing the inlets to said sections in com-
munication one with the other,

10. In a multistage turbine, a high-pres-
sure stage employing expansion-nozzles for
converting thermal energy of the working
fluid into iinecic energy in the form of veloc-
ity and moving rows of blades for abstracting
the energy due to said velocity, a low-pres-
sure stage employing alternate annular rows
of stationary vanes and moving blades
whereby the working fluid is fractionally ex-
panded and energy derived both by impulse
and by reaction; said low-pressure stage be-
ing divided into two symmetrical sections
having separated inlets and through which
sections the working fluid flows in opposite
axial directions, and a fluid conduit or pas-
sage for placing the inlets to said sections in
communication one with the other.

I1. In a multistage turbine, a high-pres-
sure stage employing expansion-nozzles for
converting thermal energy of the working
fluid into kinetic energy in the form of veloc-
ity and moving rows of blades for fraction-
ally abstracting the energy due to said veloc-
ity, a low-pressure stage employing alternate
annular rows of stationary vanes and moving
blades whereby the working fluid is fraction-
ally expanded and energy derived both by
impulse and by reaction; said low-pressure
stage being divided into two symmetrical
sections having separated inlets and through
which sections the working fluid flows in op-
posite axial directions, and a fluid conduit or
passage separated from the interior of the
turbine proper for placing the inlets to said
sections in communication one with the
other.

12. In a multistage turbine, a high-pres-
sure stage employing expansion-nozzles for
converting thermal energy of the working
fluid into kinetic energy in the form of veloc-
ity and moving rows of blades for fraction-
ally abstracting the energy due to said veloc-
ity, a low-pressure stage employing alternate
annular rows of stationary vanes and moving
blades whereby the working fluid is fraction-
ally expanded and energy derived both by
impulse and by reaction; said low-pressure
stage being divided into two symmetrical
sections having separated inlets and through
which sections the working fluid flows in op-
posite axial directions, an(% a fluid conduit or
passage for placing the inlets to said sec-
tions In communication one with the other.

13. In a multistage turbine, a high-pres-
sure stage employing expansion-nozzles for
converting thermal energy of the working
fluid into %{inetic energy in the form of veloc-
ity and moving rows of blades for abstracting
the energy due to said velocity, alow-pressure

816,516

stage employing alternate annular rows of
stationary vanes and moving blades whereby
the working fluid is fractionally expanded
and energy derived both by impulse and by
reaction; said low-pressure stage being di-
vided into two sections having separated in-
lets and through which sections tEe working
fluid flows in opposite axial directions, and a
fluid conduit or passage separated from the
interior of the turbine proper for placing the
inlets to said sections in communication one
with the other.

14. In a multistage turbine, a high-pres-
sure stage employing expansion-nozzles for
converting thermal energy of the working
fluid into iinetic energy in the form of veloc-
ity and moving rows of blades for abstracting
the energy due to said velocity, a low-pressure
stage employing alternate annular rows of
stationary vanes and moving blades whereby
the working fluid is fractionally expanded
and energy derived both by impulse and by
reaction; sald low-pressure stage being di-
vided into two sections having separated in-
lets and through which sections the working
fluid flows in opposite axial directions, and a
fluid conduit or passage for placing the inlets
to said sections in communication one with
the other.

15. In a multistage turbine, a high-pres-
sure stage employing expansion-nozzles for
converting thermal energy of the working
fluid into kinetic encrgy in the form of veloc-
ity and moving rows of blades for {ractionally
abstracting the energy due to said velocity, a
low-pressure stage employing alternate annu-
lar rows of stationary vanes and moving
blades whereby the working fluid is fraction-
ally expanded and energy derived both by
impulse and by reaction; said low-pressure
stage being divided into two sections having
separated ilets and through which sections
the working fluid flows in opposite axial direc-
tions, and a fluid conduit or passage sepa-
rated from the interior of the turbine proper
for placing the inlets to said sections in com-
munication one with the other.

16. In a multistage turbine, a high-pres-
sure stage employing expansion-nozzles for
converting thermal energy of the working
fluid into iinetic energy in the form of veloc-
ity and moving rows of biades for fraction-
aﬁy abstracting the energy due to said ve-
locity, a low-pressure stage employing alter-
nate annular rows of stationary vanes and
moving blades whereby the working fluid is
fractionally expanded and energy derived
both by impulse and by reaction; said low-
gressure stage being divided into two sections

aving separated inlets and through which
sections the working fluid flows in opposite
axial directions, and a fluid conduit or pas-
sage for placing the inlets to said sections in
communication one with the other.

17. In a multistage turbine, a high-pres-
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sure stage employing expansion-nozzles for
converting thermal energy of the working
fluid mto %{inetic energy in the form of veloc-
ity and moving rows of blades for abstracting
the energy due tosaid velocity, a low-pressure
stage employing alternate annular rows of
stationary vanes and moving blades whereby
the working fluid is fractionally expanded
and energy derived both by impulse and by
reaction; said low-pressure stage being di-
vided into two symmetrical sections located
at opposite ends of the turbine and through
which sections the working fluid flows in op-
posite axial directions, and a fluid conduit or
passage separated from the interior of the
turbine proper for placing the inlets to said
sections in communication one with the
other.

18. In a multistage turbine, a high-pres-
sure stage employing expansion-nozzles for
converting thermal energy of the working

* fluid into kinetic energy in the fopm of veloc-
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ity and moving rows of hlades fot abstracting
the energy due tosaid velocity,a low-pressure
stage employing alternate annular rows of
stationary vanes and moving blades whereby
the working fluid is fractionally exparded
and energy derived both by impulse and by
reaction; said low-pressure stage being di-
vided into two symmetrical sections located
at opposite ends of the turbine and through

“which sections the working fluid flows in op-
‘posite axial directions, and a fluid conduit or

vassage for placing the inlets to said sections
in communication one with the other.

19. In a multistage turbine, a high-pres-
sure stage employing expansion-nozzles fo:
converting thermal enegy of the working
fluid into kinetic enegy in the fo ‘m of veloe-
ity and moving rows of blades for fraction-
ally abstracting the energy due to said ve-
locity, a low-p-essu e stage employing alte -
nate annular vows of stationay vanes and
moving blades whe eby the working fluid is
fractionally expanded and ene gy deived
both by impulse and by reaction; said low-
pressure stage being divided into two sym-
miet ical sections located at opposite ends of
the turbine and through which sections the
working fluid flows in opposite axial divec-
tions, and a fluid conduit oy passage sepa-
rated from the inteiio: of the tubine prope.
fov placing the inlets to said sections in com-
munication one with the othe:.

20. In a multistage turbine, & high-p.es-
sure stage employing expansion-nozzles fo:
conve -t;ini the.mal enegy of the working
fluid into kinetic ene gy in the fo.m of veloc-
1?{ and moving rows of blades for fraction-
ally abstracting the energy due to said ve-
locity, a low-p-essure stage employing altei-
nate annular rows of stationary vanes and
moving blades wheveby the working fluid is
fractionally expanded and ene.gy de-ived
both by impulse and by reaction; said low-

pressure stage being divided into two sym-
metvical sections located at opposite ends of
the turbine and through which sections the
wo:king fluid flows in opposite axial divec-
tions, and a fluid conduit o: passage for plac-
ing the inlets to said sections in eommunica-
tion one with the othe:.

21. In a multistage turbine, a high-pres-
su-e stage employing expansion-nozzles for
conve.ting thermal energy of the working
fluid into %{inetic ene gy in the foim of veloc-
ity and moving rows of blades for abstracting
the enegy due to said velocity, a low-pres-
su-e stage employing alte nate annula: rows
of stationary vanes and moving blades
whe:eby the working fluid is f actionally ex-
panded and enevgy derived both by impulse
and by reaction; said low-puessure stage be-
ing divided into two sections located at oppo-
site ends of the turbine and through which
sections the wovking fluid flows in opposite
axial divections, and a fluid conduit o pas-
sage sepa-ated from the inte ior of the tur-
bine proper for placing the inlets to said sec-
tions in communication one with the othe:.

29, In a multistage turbine, a high-pres-
sure stage employing expansion-nozzles for
converting theimal energy of the wouking
fluid into %{inetic energy in the form of veloc-
ity and moving vows of blades for abstacting
the energy.due to said velocity, a low-pres-
sure stage employing altenate annulay rows
of stationary vanes and moving blades
whereby the working fluid is fractionally ex-
panded and enesgy desived both by impulse
and by reaction; said low-pressuve stage be-
ing divided into two sections located at oppo-
site ends of the tusbine and through which
sections the working fluid flows in opposite
axial divections, and a fluid conduit o pas-
sage for placing the inlets to said sections in
communication one with the othe:.

23. In a multistage turbine, a high-pres-
sure stage employing expansion-nozzles for
convesting theymal enexgy of the working
fluid into iinetie energy in the form of veloc-
ity and moving rows of blades fou feaction-
ally absteacting the energy due to said ve-

locity, & low-pressure stage employing alte-

nate annulaw yows of stationary vanes and
moving blades whereby the working fluid is
feactionally expanded and energy deived
both by impulse and by reaction; said low-
pressure stage being divided into two sec-
tions located at opposite ends of the turbine
and through which sections the working fluid
flows in opposite axial directions, and a fluid
conduit or passage separated from the inte-
vior of the turbine prope: for placing the in-
lets to said sections in communication one
with the other.

24. In a multistage turbine, a high-pres-
sure stage employing expansion-nozzles fo
convertin
fluid into kinetic energy in the form of veloc-

thermal energy of the working.
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ity and moving rows of blades for fraction-
ally abstracting the enevgy due to said ve-
locity, a low-pressure stage employing altes-
nate annular rows of stationaiy vanes and
5 moving blades whereby the working fluid is
fractionally expanded and energy devived
both by impulse and by reaction; said low-
pressure stage being divided into two sec-
tions located at opposite ends of the turbine
to and through which sections the working fluid

816,516

flows in opposite axial directions, and a fuid
conduit ov passage for placing the inlets to
said sections in communication one with the
other.

In testimony wheveof I have hereunto sub- 1 5
scribed my name this 25th day of Apsil, 1902.

_ GEO. WEST{N GHOUSE.
Witnesses:

Wn. H. CareL,
H. C. TexER.



