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To all whom it may concern:

Beitknownthat1, GroreE W ESTINGHOUSE,
a citizen of the United States, and a resident
of Pittsburg, in the county of Allegheny and
State of Pennsylvania, have invented a new
and useful Improvement in Fluid-Pressure
Turbine-Engines, of which the following is a
specification.

This invention relates to steam or other
elastic-fluid turbines,and as an object has the
produetion of relatively simple, compact, and
efficient machines of this class.

A further object has been to produce a dou-
ble-flow turbine—that is, one in which the
working . fluid flows in opposite directions,
balancing the reotor end thrusts—in which the
working fluid is initially expanded through
nozzles down to the pressure at which it is
desired to-have it enter the intermediate tur-

‘bine section or stage.

A still further object of this invention has
been to produce an organized machine of this
class comprising one or more purely impulse
stages or sections with one or more “*impulsec
and reaction” stages or sections having the
rotor or running-wheels for the several sec-
tions or stages mounted on a common shaft,
whereby I am enabled to obtain a highly-effi-
cient turbine at a minimum cost.

With these as well as other objects in View,‘

which will readily appear to one skilled in
the art to which this invention pertains; and

. which objects I attain by means of the appa-

35

ratus which, together with modified details
of construction, is deseribed and illustrated

- in the specification and drawings accompany-
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ing and forming a part of this application, I
have produced a novel form of turbine, which
may be broadly described as follows: The first
or primary stage through which the working
fluid passes consists of a single-stage impulse-
section in which velocity energy of the work-
ing fluid, due to nozzle expansion, is wholly
absorbed without further expansion in two
rows of impulse-blades or wholly abstracted
without further expansion in a single row of
impulse-blades, as is desired, or said primary

or initial stage or section in which it is de-
sired to secure a relatively large drop in the
working - fluid pressure may be subdivided
into a plurality of subsections or stages, each
of which may be similar in general formation
to either of the ones just above described, or
in one subsection the velocity energy may be
fractionally abstracted and in another whoily
absorbed in one moving row of impulse-blades.
Combined with either this single or subdi-
vided section or stage and utilizing the work-
ing fluid issuing therefrom at its reduced pres-
sure and increased volume is an impulse and
reaction section or stage comprising alternate
annular rows of stationary vanes and moving
blades, whereby the working fluid is fraction-
ally expanded down to exhaust-pressure. The
expansions, it will be understood, occur both
between the stationary vanes comprised in
the annular rows secured to the turbine-cas-
ing and the moving blades comprised in the
annular rows secured to the rotor, as is now
common in the purely Parsons type of turbine.

This invention is equally applicable to sin-
gle or double flow turbines and, as before
said, as shown in the drawings, is applied to
adouble-flow machine. When utilized ina bi-
laterally -symmetrical machine, such as the

- one illustrated, all rotor end thrusts are cared
for, asthe thrusts in one direction counter-
balance those in the other direction; but when
utilized in a sinhgle-flow machine one of the
many well-known end-thrust-counterbalanc-
ing methods may be made use of.

In the drawings which illustrate a practical
embodiment of this invention in the shape of
an organized turbine, as well as several modi-
fications and structural details applicable
thereto, Figure 1 is a longitudinal section of
said machine. Fig. 2 is an enlarged view in
section of the nozzles and velocity-energy-ab-
stracting blades of the primary stage illus-
trated in Fig. 1. Figs. 3 and 4 are views in
section of a modified form of the primary
stage, which may be utilized, if desired, and
in this modified form the velocity energy of
the working fluid issuing from the first noz-
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zles is wholly absorbed in one moving row of
impulse-blades, is received from said impulse-
blades and discharged through a second set
of nozzles, and the velocity energy of the
working fluid issuing from said second set of
nozzles is fractionally abstracted by a plu-
rality of moving rows of impulse-blades and
intermediate guide-vanes.

The turbine-casing 5 is divided on the hori-
zontal plane through its axis, as is now com-
mon, and the turbine being bilaterally sym-
metrical it is only believed necessary to de-
scribe one-half of the same.

Bearings 6 are provided, within which the
shaft 7 of the turbine-rotor is journaled. The
rotor is preferably built up of drum-sections
8, 9, and 10, respectively, increasing in diam-
eters from thé center of the turbine to the ex-
hausts. The rotor at its center is formed in
the nature of two running wheels 11 of rela-
tively large diameter in comparison with either
of the drum-sections 8, 9, or 10. :

A working-fluid inlet 12 is in communica-
tion with an anpular fluid-chamber 18, which
extends around the turbine-casing, and se-
cured to the casing in any suaitable manner,
and preferably formed in halves- bolted to-
gether, as at 14, is a nozzle-block or a member
15, provided with oppositely-discharging di-
vergent nozzles 16.

Each of the wheel portions 11 of the rotor
is provided with two annular rows of impulse-
blades 17, and between these rows is a row of
intermediate guide-vanes 18, secured to the
turbine-casing, as is now common in certain
impulse types of turbines. .

The velocity energy of the working fluid
issuing from the expansion-nozzles 16 is frac-
tionally abstracted by the two rows of impulse-
blades 17 without further expansion, and the
fiuid issuing from the last of said row of im-
pulse-blades 17 flows inwardly toward the
rotor-axis to the annular inlet 18 between the
rotor and the casing to the impulse and re-
action section.

The casing exterior to drums, 8, 9, and 10
is stepped, as shown in Fig. 1, and of ‘pro-
gressively-increasing internal diameter to pro-
vide suitable fluid-space for accommodating
the fluid without restricting its expansion
from the inlet of said section to the exhaust
end 19. Suitable stufing-boxes or packing-
glands 20 are provided where the rotor-shaft
passes through the turbine-casing.

The nozzles 16 may be so proportioned that
the desired pressure drop is secured therein,
and when constructed as shown in Figs. 1 and
2 the velocity energy of the working fluid ob-
tained by converting the thermal energy of
the working fluid into kinetic energy in the
form of velocity in said nogzzles is fraction-
ally abstracted in the two moving rows of im-
pulse-blades carried on each running-wheel.

As illustrated in Figs. 3 and 4, the primary
stage on each side of the center may consist
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of a series of nozzles 16%, in which the ther-
mal energy of the working fluid is converted
into kinetic energy in the form of velocity, a
single row of impulse-blades 21 for absorb-
ing the velocity energy without further ex-
pansion, a series of nozzles 22, receiving the
fluid discharged from said impulse-blades and
whereby a further portion of the thermal en-
ergy of the working fluid is converted into
kinetic energy in the form of velocity, and a
plurality of rows of moving impulse-blades
23 and stationary guide-vanes 24, whereby
the velocity energy of the fluid leaving said
nozzles 22 is fractionally abstracted without
further expansion.

‘When the intermediate nozzles 22 are em-
ployed, it will be desirable to pack the joints
between said nozzles and the rotor, and a
means for accomplishing this is illustrated in
Fig. 3 at 25. This packing means, as illus-
trated, consists of a series of dummy rings
26, secured to the stator or casing and adapt-
ed to loosely fit with annular grooves 27,
formed in the rotor for that purpose.

By employing either of the forms of primary
stage illustrated it will be seen that the turbine
is materially shortened over a purely Parsons
type of turbine of the same capacity.

It will be understood that various changes
may be made in the apparatus without de-
parting from the spirit of this invention.
The running-wheels 11 may be reduced in di-
ameter and, in fact, may be of the same di-
ameter as drums 8, if desired, and, in fact, may
be omitted, and the impulse-blades17 or 21 and
24 may be mounted directly on the drums 8.
The length of the blades in the impulse and
reaction section may be varied to suit oper-
ating conditions, and the number of rows of
such blades may be varied.

Having thus described my invention, what
I claim as new and useful, and desire to se-
cure by Letters Patent, is—- :

1. in an elastie-finid turbine, agents where-
by a portion of the fluid-pressure is converted
into veloeity and translated without Turther
expansion into rotary motion, and a plurality
of alternate rows of stationary vanes and mov-
ing blades whereby the fluid received from
said agents is fractionally expanded and con-
verted into rotary motion.

2. In a parallel-flow elastic-fluid turbine,
agents whereby a definite proportion of the
fluid-pressure is converted into velocity, frac-
tionally abstracted without further expansion
and translated into rotary motion, and a plu-
rality of alternate rows of stationary vanes
and moving blades whereby the fluid received
from said agents is fractionally expanded and
converted into rotary motion.

3. Inan elastic-fluid turbine, agents where-
by a portion of the fluid-pressure is converted
into velocity and fractionally translated with-
out further expansion into rotary motion, and
a plurality of alternate rows of stationary
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vanes and moving blades whereby the fluid

‘received from said agents is fractionally ex-

panded and converted into rotary motion.

4. Inanelastic-fluid turbine, agents where-
by a portion of the fluid-pressure is converted
into velocity and translated without further
expansion into rotary motion, and instru-
mentalities receiving the fluid from said
agents whereby it is fractionally expanded
and converted into rotary motion.

5. In an elastic-fluid turbine, a plurality of

stationary nozzles whereby a portion of the
fluid - pressure is converted into velocity,
agents whereby the energy due to said ve-
locity is fractionally abstracted without fur-
ther expansion, and a plurality of moving

"~ rows of blades and stationary vanes whereby
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the fluid received from said agents is frac-
tionally expanded. ,

6. Inan elastic-fluid turbine, divergent noz-
zles whereby a portion of the fluid-pressure
is converted into velocity, agents whereby the
energy due to said velocity is fractionally ab-
stracted without further expansion and con-
verted into rotary motion, and instrumentali-
ties receiving the fluid from said agents where-
by it is fractionally expanded and converted
into rotary motion. :

7. In an elastic-fluid turbine, a plurality of
annularly-disposed nozzles whereby a portion
of the fluid - pressure is converted into ve-
locity, agents receiving the fluid from said
nozzles whereby the energy due to said ve-
locity is fractionally abstracted without fur-
ther expansion, and instrumentalities receiv-
ing the fluid from said agents whereby it is
fractionally expanded and converted into ro-
tary motion by impact sad reaction.

8. In an elastic-finid turbine, oppositely-
discharging nozzles, agents whereby the ve-
locity energy of the fluid due to nozzle ex-
pansion is'fractionally abstracted without fur-
ther expansion and converted into rotary mo-
tion, and a plurality of alternate rows of mov-
ing blades and stationary vanes receiving the
fluid from said agents whereby it is fraction-
ally expanded and converted into rotary mo-
tion.

9. Inanelastic-fluid turbine, agents where-
by the fluid - pressure is converted into ve-
locity, fractionally abstracted without fur-
ther expansion and translated into rotary
motion, instrumentalities whereby the fluid
received from said agents is fractionally ex-

panded and converted into rotary motion and

means whereby the energy so obtained is ap-
plied to a shaft common to said agents and.said
instrumentalities.

10. In an elastic-fluid turbine, instrumen-
talities whereby a portion of the pressure of
the working fluid is transformed into veloc-
ity, agents whereby the energy due to said
velocity is fractionally abstracted without

further expansion,and alternate rows of mov-.

ing blades and stationary vanes whereby the

a

fluid leaving said agents is fractionally ex-

panded both in' said moving and stationary

rows and rotary motion obtained both by im-
pulse and reaction. .

11. In a double-flow elastic-fluid turbine,
oppositely - discharging nozzles whereby a
portion of the fluid-pressure is converted into
velocity, agents whereby the energy due to
said velocity is fractionally abstracted with-
out further expansion, and instrumentalities
receiving the fluid from said agents whereby
it is fractionally expanded and converted into
rotary motion by impact and reaction.

12. In a double-flow elastic-fluid turbine,
oppositely-discharging agents whereby a por-
tion of the thermal energy of the working
fluid is converted into kinetic energy in the
form of velocity and fractionally abstracted
without further expansion, and alternate
rows of stationary vanes and moving blades
receiving the fluid from each of said agents
whereby said fluid is fractionally expanded
and converted into rotary motion.

13. In a double-flow elastic-fluid turbine,
oppositely-discharging agents whereby a por-
tion of the thermal energy of the working
fluid is converted into kinetic energy in the
form of velocity and fractionally abstracted
without further expansion, and alternate
rows of stationary vanes and moving blades
receiving the fluid from each of said agents
whereby said fluid is fractionally expanded
both in said stationary and moving rows and
converted into rotary motion.

14.Inan elastic-fluid turbine,agents where-
by a portion of the thermal energy of the
working fluid is converted into kinetic energy
inthe formof velocity, fractionally abstracted
without further expansion and translated into
rotary motion, and instrumentalities receiv-
ing the fluid from said agents whereby it is
fractionally expanded and converted into ro-

‘tary motion. -

15. Inanelastic-fluid turbine,agents where-
by a portion of the thermal energy of the
working fluid is converted into kinetic energy
in the form of velocity, fractionally abstracted
without further expansion and translated into
rotary motion, and a plurality of moving and
stationary instrumentalities receiving the fluid

from said agents whereby it is fractionally

expanded in both said moving and stationary
instrumentalities and converted into rotary
motion. '

- 16. In an elastic-fluid turbine, a primary
stage employing nozzles whereby a definite
proportion of the thermal energy of the work-
ing fluid is converted into kinetic energy in
the form of velocity,and impulse-blades where-
by the energy due to said velocity is abstracted
without further expansion, and a secondary
stage employing alternate rows of stationary
vanes and moving blades whereby the fluid
received from said primary stage is fraction-
ally expanded both between the vanes in the
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stationary rows and the blades in the moving
TOWS.

17. Inanelastic-fluid turhine,agents where-
by a portion of the thermal energy of the
working fluid is converted into kinetic energy
in the form of velocity and fractionally trans-
lated into rotary motion without further ex-
pansion, and a plurality of alternate rows of
stationary vanes and moving blades whereby
the fluid received from said agents is frac-
tionally expanded and converted into rotary
motion. :

18. Inanelastic-fluid turbine, agents where-
by a portion of the thermal energy of the
working fluid entering it is converted into
kinetic energy in the form of velocity and ab-
stracted without further expansion, and a plu-
rality of movable and stationary instrumen-
talities receiving the fluid from said agents
whereby it is fractionally expanded in both
said moving and stationary instrumentalities
and converted into rotary motion.

19. In an elastic-fluid turbine, a primary
stage comprising agents whereby a portion
of the fluid-pressure is converted into velocity
and translated into rotary motion without fur-
ther expansion, a secondary stage comprising
agents whereby a portion of the fluid-pressure
is converted into velocity and the energy due
to said velocity is fractionally abstracted, and
a. plurality of ‘alternate rows of stationary
vanes and moving blades whereby the fluid
received from said secondary stage is fraction-
ally expanded and converted into rotary mo-
tion.

20. In an elastic-fluid turbine, a primary
stage comprising agents whereby a portion
of the fluid-pressure is converted into velocity
and a row of movable impulse-blades where-
by the energy due to said velocity istranslated
into rotary motion, a secondary stage com-
prising agents whereby a portion of the fluid-
pressure is converted into velocity and the
energy due thereto is fractionally abstracted,
and a plurality of alternate rows of stationary
vanes and moving blades whereby the fluid
received from said secondary stage is fraec-
tionally expanded and converted into rotary
motion.

21. In a parallel-fiow elastic-fluid turbine,
a primary stage comprising agents whereby
a-definite proportion of the fluid-pressure is
converted into velocity abstracted without fur-
ther expansion and translated into rotary mo-
tion, a secondary stage comprising agents
whereby a definite proportion of the fluid-
pressure is converted into velocity fraction-
ally abstracted without further expansionand
translated into rotary motion, and a plurality
of alternate rows of stationary vanes and mov-
ing blades whereby the fluid received from
sald secondary stage is fractionally expanded
and converted into rotary motion.

292. In a parallel-flow elastic-fiuid turbine,

787,485

a definite proportion of the fluid-pressure is
converted into velocity and a moving row of
impulse-blades whereby the energy due to said
velocity is absorbed, a secondary stage com-
prising agents whereby a definite proportion
of the fluid-pressure isconverted into velocity,
fractionally abstracted without further ex-
pansion and translated into rotary motion,
and a plarality of alternate rows of stationary
vanes and moving blades whereby the fluid
received from said secondary stage is trac-
tionally expanded and converted into rotary
motion.

23. In an elastic-fluid turbine, a primary
stage comprising agents whereby a definite
proportion of the fluid-pressure is converted

. into velocity, absorbed without further ex-

pansion and translated into rotary motion, a
secondary stage comprising agents whereby
a definite proportion of the fluid-pressure is
converted into velocity, fractionally abstract-
ed without further expansion and translated
into rotary motion, and a plurality of alter-
nate rows of stationary vanes and moving
blades whereby the fluid received from said
secondary stage is fractionally expanded and
converted into rotary motion.

94, In an elastic-fluid turbine, a primary
stage comprising agents whereby a definite
proportion of the fluid-pressure is converted
into velocity and a moving row of impulse-
blades whereby the cnergy due to said veloc-
ity is absorbed without further expansion and
translated into rotary motion, a secondary
stage receiving the fluid from said primary
stage and comprising agents whereby a defi-
nite proportion of the pressure of said fluid
is converted into velocity, fractionally ab-
stracted without further expansion and trans-
lated into rotary motion, and a plurality of
alternate rows of stationary vanes and mov-
ing blades whereby the fluid received from
sald secondary stage is fractionally expanded
and converted into rotary motion.

25. In an elastic-fluid turbine, & primary
stage comprising agents whereby a portion of
the fluid-pressure is converted into velocity
absorbed without further expansion and trans-
lated into rotary motion, a secondary stage
receiving the fluid from said primary stage
and comprising agents whereby a portion of
the pressure of the fluid received is converted
into velocity and fractionally translated into
rotary motion, and a plurality of alternate
rows of stationary vanes and moving blades
whereby the fluid received from said second-
ary stage is fractionally expanded and con-
verted into rotary motion.

26. In an elastic-fluid turbine, a primary
stage comprising agents whereby a portion of
the fluid-pressure 1s converted into velocity
and translated into rotary motion, a secondary
stage receiving the fluid from said primary
stage and comprising agents whereby a por-

a primary stage comprising agehts whereby ! tion of the pressure of said fluid is converted
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into velocity and fractionally translated with-
out further expansion into rotary motion, and
instrumentalities receiving the fluid from said
secondary stage whereby it is fractionally ex-
panded and converted into rotary motion. -
27. In a parallel-flow elastic-fluid turbine,
a primary stage comprising agents whereby a
certain portion of the fluid-pressureis convert-
ed into velocity and wholly absorbed without
further expansion in one moving row of im-
pulse-blades, a secondary stage receiving the
fluid from said primary stage and comprising
agents whereby a certain portion of the pres-
sure of said fluid is converted into velocity,
fractionally abstracted without further expan-
sion and translated into rotary motion, and
instrumentalities receiving the fluid from said

secondary stage whereby it is fractionally ex-.

panded and converted into rotary motion.
28. In an elastic-fluid turbine, a primary
stage comprising a plurality of stationary noz-
zles whereby a portion of the fluid-pressure is
converted into-velocity and agents whereby
the energy due to said velocity is absorbed
without further expansion, a secondary stage
receiving the fluid from said primary stage
and comprising a plurality of stationary noz-
zles whereby a portion of the pressure of said
fluid is converted into velocity and agents
whereby said velocity is fractionally abstract-
ed without further expansion, and a plurality

_of alternate rows of moving blades and sta-
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tionary vanes receiving the fluid from said
secondary stage ‘whereby it is fractionally ex-
panded.

29. In an elastic-fluid turbine, a primary
stage comprising a plurality of stationary noz-
zles whereby a portion of the fluid-pressure
is converted into velocity and a moving row
of impulse-blades whereby the energy due to
said velocity is absorbed without further ex-
pansion, a secondary stage receiving the fluid
from said primary stage and comprising a plu-
rality of stationary nozzles whereby a portion
of the pressure of said fluid is converted into
velocity and agents whereby the energy due
to said velocity is fractionally abstracted with-
outfurther expansion, and a plurality of rows
of moving blades and stationary vanes receiv-
ing the fluid from said secondary stage where-
by it is fractionally expanded.

30. In an elastic-fluid turbine, a primary
stage comprising divergent nozzles whereby
a portion of the fluid-pressure is converted
into velocity and agents whereby the energy
due to said velocity is absorbed without fur-
ther expansion and converted intorotary mo-
tion, a secondary stage receiving the fluid
from said primary stage and comprising di-
vergent nozzles whereby a portion of the fluid-
pressure is converted into velocity and agents
whereby the energy due to said velocity is
fractionally abstracted and converted into ro-
tary motion, and instrumentalities receiving

the fluid from said secondary stage whereby |

S

‘it is fractionally expanded and convertedinto

rotary motion. ‘ .

31. In an elastic-fluid turbine, a primary
stage comprising divergent nozzles whereby
a portion of the fluid-pressure is converted
into velocity and a moving row of ‘impulse-
blades whereby the energy due to said veloc-
ity is absorbed, a secondary stage receiving
the fluid from said primary stage and com-
prising divergent nozzles whereby a portion
of the pressure of said fluid is converted into
velocity and agents whereby the energy due
to said velocity is fractionally abstracted and
converted into rotary motion, and instrumen-
talities receiving the fluid from said second-
ary stage whereby it is fractionally expanded
and converted into rotary motion.

32. In an elastic-fluid turbine, a primary
stage comprising a plurality of annularly-dis-
posed nozzles whereby a- portion of the fluid-
pressure is converted into velocity and agents
receiving the fluid from said nozzles whereby
the energy due to said velocity is absorbed
without further expansion, a secondary stage
comprising a plurality of annularly-disposed
nozzles whereby a portion of the fluid-pres-
sure is converted into velocity and agentsre-
ceiving the fluid from said nozzles whereby
the energy due to said velocity is fractionally
abstracted, and instrumentalities receiving
the fluid from said secondary stage whereby
it is fractionally expanded and converted into
rotary motion by impact and reaction.

33. In an elastic-fluid turbine, a primary
stage comprising oppositely-discharging noz-
zles and agents whereby the energy due to

fluid veloeity received from said nozzles is ab-

sorbed without further expansion and con-
verted into rotary motion, a secondary stage
comprising oppositely - discharging nozzles
and agents whereby the energy due to fluid
velocity received from said nozzles is frac-
tionally abstracted and converted into rotary
motion, and a plurality of alternate rows of
moving blades and stationary vanes receiving
the fluid from said secondary stage whereby
it is fractionally expanded and converted into
rotary motion.

34. Inan elastic-fluid turbine, two primary
stages having common oppositely-discharg-
ing nozzles, a moving row of impulse-blades
in each primary stage whereby the energy
due to fluid velocity received from said noz-
zles is absorbed and converted into rotary
motion, fwo secondary stages each receiving
the fluid from one primary stage and com-
prising nozzles and agents whereby the en-
ergy due to fluid velocity received therefrom
is fractionally abstracted and converted into
rotary motion, and a plurality of alternate
rows of moving blades and stationary vanes
receiving the fluid fram each of said second-
ary stages whereby it is fractionally expand-
ed and converted into rotary motion.

35. In a double-flow elastic-fluid turbine,
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two primary stages each of which comprises
nozzles whereby a portion of the fluid-pres-
sure is couverted into velocity and agents
whereby the energy due to said velocity is
absorbed without further expansion, two sec-
ondary stages each comprising nozzles where-
by a portion of the fluid-pressure is convert-
cd into velocity and agents whereby the en-
ergy due to said velocity is fractionally ab-
stracted, and two sets of instrumentalities
each receiving the fluid from one of said sec-
ondary stages whereby it is fractionally ex-
panded and converted into rotary motion.

36. In a double-flow elastic-fluid turbine, a
primary stage comprising agents whereby a
portion of the thermal energy of the working
fluid is converted into kinetic energy in the
form of velocity and absorbed without fur-
ther expansion, two secondary stages each
comprising agents whereby a portion of the
thermal energy of the working fluid received
from said primary stage is converted into
kinetic energy in the form of velocity and
fractionally abstracted without further ex-
pansion, and two series of alternate rows of
stationary vanes and moving blades each of
which series receives the fluid from one of
said secondary stages whereby said fluid is
fractionally expanded and converted into ro-
tary motion.

37. Ina double-flow elastic-fluid turbine, a
primary stage comprising agents whereby a
portion of the thermal energy of the working
fluid is converted into kinetic energy in the
form of velocity and absorbed without fur-
ther expansion, two secondary stages each of
which comprises agents whereby a portion of
the thermal energy of the working fluid re-
ceived from said primary stage is converted
into kinetic energy in the form of velocity
and fractionally abstracted without further
expansion, and two series of alternate rows
of stationary vanes and moving blades each
of which series receives the fluid from one of
said secondary stages whereby said fluid is
fractionally expanded and converted into ro-
tary motion both in said stationary and mov-
Ing rows.

38. In an elastic-tluid turbine, a primary
stage comprising agents whereby a portion
of the thermal energy of the working fluid is
converted into kinetic energy in the form of
velocity, absorbed without further expansion
and translated into rotary motion, a second-
ary stage receiving the fluid from said pri-
mary stage and comprising agents whereby
a portion of the thermal energy of said fluid
is converted into kinetic energy in the form
of velocity, fractionally abstracted and trans-
lated into rotary motion, and instrumentali-
ties receiving the fluid from said secondary
stage whereby it is fractionally expanded and
converted into rotary motion.

39. In an elastic-fluid turbine, a primary
stage comprising agents whereby a portion of

787,485

the thermal energy of the working fluid is
converted into kinetic energy in the form of
velocity, absorbed without further expansion
and translated into rotary motion, a secondary
stage receiving the fluild from said primary
stage and comprising agents whereby a por-
tion of the thermal energy of said fluid is con-

- verted into kinetic energy in the form of ve-

locity, tractionally abstracted without further
expansion and translated into rotary motion,
and a plurality of movable and stationary in-
strumentalities receiving the fluid from said
secondary stage whereby 1t is fractionally ex-
panded in both said moving and stationary in-
strumentalities and converted into rotary mo-
tion.

40. In an elastic-fluid turbine, a primary
stage comprising agents whereby a portion of
the thermal energy of the working fluid is con-
verted into kinetic energy in the form of ve-
locity and a moving row of impulse-blades
whereby the energy due to said velocity isab-
sorbed without further expansion and trans-
lated into rotary motion, a secondary stage re-
ceiving the fluid from said primary stage and
comprising agents whereby a portion of the
thermal energy of said fluid is converted into
kinetic energy in the form of velocity, frac-
tionally abstracted without further expansion
and translated into rotary motion, and a plu-
rality of movable and stationary instrumen-
talities receiving the fluid from said secon-
dary stage whereby it is fractionally expanded
in both said moving and stationary instru-
mentalities and converted into rotary motion.

41. In an elastic-fluid turbine, a primary
stage comprising agents whereby a portion of
the thermal energy of the working fluid is con-
verted into kinetic energy in the form of ve-
locity and a moving row of impluse-blades
whereby the energy due to said velocity is ab-
sorbed without further expansion and trans-
lated into rotary motion, a secondary stage
receiving the fluidd from said primary stage
and comprising agents whereby a portion of
the thermal energy of said tluid is converted
into kinetic energyin the form of velocity ab-
sorbed without further expansion and trans-
lated into rotary motion, and a plurality of
movable and stationary instrumentalities re-
ceiving the fluid from said secondary stage
whereby it is fractionally expanded in both
said moving and stationary instrumentalities
and converted into rotary motion.

492. In an axial-flow elastic-fluid turbine, a
primary stage comprising agents whereby a
definite proportion of the thermal energy of
the working fluid is converted into kinetic en-
ergy in the form of velocity and absorbed
without further expansion, a secondary stage
receiving the fluid from said primary stage
and comprising agents whereby a definite pro-
portion of the thermal energy of said fluid is
converted into kinetic energy in the form of
velocity and fractionally abstracted without
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further expansion, and a plurality of alter-
nate rows of stationary vanes and moving
blades whereby the fluid received from said
agents is fractionally expanded and converted
into rotary motion.

43. In an axial-flow elastic-fluid turbine, a
primary stage comprising agents whereby a
definite proportion of the thermal energy of
the working fluid is converted into kinetic en-
ergy in the form of velocity and absorbed
without further expansion, a secondary stage
receiving the fluid from said primary stage
and comprising agents whereby a definite pro-
portion of the thermal energy of said fluid is
converted into kinetic energy in the form of

7

velocity and fractionally abstracted,and a plu-
rality of alternate rows of stationary vanes
and moving blades whereby the fluid received
from said secondary stage is fractionally ex-

_panded and converted into rotary motion; said

expansions occurring both between the vanes
in the stationary rows and the blades in the
moving rows.

In testimony whereof I have hereunto sub-
scribed my name this 15th day of June, 1903.

GEO. WESTINGHOUSE.

‘Witnesses:
WesLEY G. CARR,
Birney HINEs.
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