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To all «whom 1t mnay concern:
Be 1t known that I, Groree WESTING-

1ovse, a citizen of the United States, and a

resident of Pittsburg, in the county of Al-
legheny and State of Pennsylvania, have 10
vented a new and useful Improvement in
Elastic-IFluid Turlines, of which the follow-
g 1s a specification. . -
This invention relates to elastic fluid tur-
bincs and, as an object, has the production
of an orguanized apparatus of this class
which, I believe, is superior to anything
heretofore produced. | -
A further object has been to produce a
compound or multi-stage machine, each
stage of which develops its proportion of the
nseful work in the most efficient manner.
As the multi-expansion  Parsons” type

of turbine has proven to be exceptionally

efficient; as various forms of impulse types
have proven to be efficient as high pressure
turbines and ‘as the balance pistons neces-
sary 1n the “single flow?” “ Parsons” type
of machine are.a source of more or less se-

\ri.ml::;' trouble, a further object of this inven-
tion nas been to produce an organized appa-

ratus of the class kliown as “two-beéaring
machines’™ in the initial or high pressure
stage or section of which. the “i1mpulse svs-
tem ¥ is utilized, while in the intermediate
or low pressure section or stage the “ Par-
sons ” principle is inade use of, and the low
pressure section so arranged that the low
pressure bulance pistons now common to the
single. flow ** Parsons™
UNmnecessary. - ; .

While. various nieans live been suggested
tor domg away with the balance pistons nee-
essary in the * PParsonsd’ turbine, none, s0
far as I am aware, have met. with success.
The means most widely tried, I believe, has

‘been to build the machine so that the work-
ing fluid 1s taken in at the center or at op-

posite ends and flows  in two directions
through = bi-laterally syminetrieal halves.
This necessitates a long machine with rela-
tively great distance between the hearinges,

and, either necessitates a higher speed than
1s practical for A given sized machine, or
such short blades and vanes in the primgry
and intermediate slages or sections, that the

radial-clearance-leakage therein becomes. of

Serious moment.

The balance pistons now common in the -
machines, which bal- | otherwise

* Parsons single flow ”

L

]

|

]

type are rendered |

n |

~annular stator rows and in which

| are made steam tight by the
tem” of packing and the fine

“chine which is entirely

“double flow ¥ machines,

~of the upper half of an organized turbine

ance the axial thrust due to fluid pressures
iherent in this type of turbine (1o which
the fluid is expanded in the passages both

“between the blades forming the annular ro-

tor rows as well as the vanes forming .the ¢g
the power
and reaction),
“labyrinth sys-
clearances nec-
essary 11 this type of packing have rendered 65
1t practically impossible to utilize balance' -
pistons when the low pressure blade drums
are of large diameter. -

A further object has been to so divide
the low pressure “ Parsons” element of my
organized machine that the fluid flows
through it in opposite directions, much the

1s derived both by impulse

70

same as 1n the double-flow machine above

referred to, whereby the axial thrusts of the
low pressure stage or section are balanced. 75
The objections which are present. in a ma-
“ double flow ”, how-

ever, do not hold with the low pressure sec-

‘tion alone, as htilized by me, for the work-

ing fluid in this stage is of such relatively 80
large volume and the blades are of such
length that the leakage due to radial clewr-
ance 1s negligible, which is not the case in
the  high . and intermediate stages  of
| . 85

A Turther object has been to so construet
the apparatus that all exterior ports or con-
duits, not only for the balance pressures
but for condiicting working fluid from the
outlet of the Intermediate stage or section
to the balance division of the low pressnre
stage, are done away with, ” |
A still further object has been to prodice

g0

| an-organized machine having a divided low

pressure section as described, in which the 95
blades of the intermediate sections may be
long enough. to render the radial clearance
leakages of comparatively small value, .
These and other objects I attain in a

turbine constructed as described in the

drawing and
claims. o .
The single view is a longitudinal section

pointed out in the appended

106
embodying this invention. . _
The turbine rotor, which is carried on the

shaft 1, eomprises two drums 2 and 8 with

an Intermediate quill or drum 4 bolted or

secured to webs 5 and 6 of said 110

' : . 100 |
-specifications, illustrated in the single sheet
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- drums. The quill or drum carrles an im- , stator and which lie within -said grooves.
pulse wheel 7 which is preferably formed in- The two exhausts 26 and 97 connect with a
tegrally with a ring 8 forming a balance | common condenser so that the pressures on
piston for the intermediate stage or section | the outer sides of the drums 2. and 3 are the -

5 of the turbine. A casing 9 divided on the | same. The pressure on the.inner sides of 70
horizontal plane through its axis, as is now | the drums are the-same owing to the fluid
common, surrounds the rotor and has its passage through the hollow quill. What
inner surface so formed that fluid passages | working fluid ‘leaks through the labyrinth
of the proper area are provided. - A normal packing for the intermediate balance piston

10 1mnlet 10 and an overload inlet 11 lead to | does useful work 1n the balance division of 75
| the interior of the casing or stator, and each | the low pressure stage or section. . - =

15 provided with a . suitable cdﬂtmllingi It will be understood that a so-called
valve (not shown). WNozzles 12 communi. thrust bearing (not shown) -adjacent to end’
 cating with inlet 10 convert a portion of the | 28 of shaft 1 is utilized for maintaining the
15 thermal energy of the working fluid passing proper axial clearances between the co-act. 80
therethrough, into kinetic energy 1n the | ing portions of the labyrinth packing.
form of velocity, and the im ulse wheel 7 The hub 29 of drum 3 is rigidly secured - -
1s provided with a plurality of annular rows | to the shaft and prevented from movement =~ -
of 1Impulse blades 13 between which inter- therealong by means of a collar 30, while - -
20 mediate guide vanes 14 are located ; these | hub 81 is free to move longitudinally there- 85
- Impulse blades being arranged to fraction- | of to accommodate the expansions which oc-
ally abstract the emergy due to said ‘ve- | cur in the rotor. T
locity.” The nozzles 12 may be either di- | It will be understood that any suitable
vergent or not, depending upon the pressure type of packing glands may be utilized ‘at
29 drop desired. 32 between the casing and the shaft'ends. - 50
The running wheel 7 is provided with '

, It will be understood that various changes =~
openings 15 therethrough to insure like pres- | may be made in the apparatus without de-
© sures on Its opposite side at all times. The parting from the spirit of this invention -
. working fluid issuing from the last row of | and that a specific structure is shown and- . .
30 impulse blades 13 enters the annular open- | described merely for the sake of illustrating 95 .
ing 16 at the beginning of the intermediate | and describingyny invention, ~ .- - ... . . .

S
-t

stage or section; which section comprises | WhatI claim as new and useful and desire -
annular rows of stationary vanes 17 se- | to secure by Letters Patent is: = I
cured to the stator and annular rows of 1. In combination with one or more stages

~ 32 blades 18 carried by the rotor. These vanes | of an elastic fluid turbine having an inherent 100 °
and blades 17 and 18 respectively are formed dynamic axial thrust in one direction only, .
and spaced apart so that the fluid passing | means tending to statically counteract said . -

- through the intermediate stage’ or section | thrust and a divided low pressure stage re-

~will ‘be fractionally expanded, and so that cetving the fluid from said stage or stages
40 said expansion will occur both in the pas- | and through which the fluid passes in oppo-- 105 ..

- sages between the blades and the passages | site directions whereby the-axial thrusts of .=

~ between the vanes, whereby the useful work sald- divisions are balanced. Lo

will be performed both by impulse and by | 2. In an elastic fluid. turbine, a single-flow

reaction. L ' | high~pressi;re-..impulse section, a single-flow - =

0  Drums 2 and 3 carry the blades for the | intermediate section”1n: which alternate an- 110

divided low pressure stage. or section ; drum | nular rows of stationary.vanes and moving

2 carries annular rows of blades 19 similar blades are utilized for fractionally expand- =

to blades 18 which alternate with annular [ ing the working fluid, and a div_ided..lowf N

‘rows of stationary vanes 20 similar to vanes pressure stage, each division of which re-. -
50 17, while drum '3 carries similar annular | ceives working fluid from the intermediate 115
. rows-of blades 21 which alternate with simi.- stage and through which the fluid flows jn

lar rows of vanes 22. o - ] - | opposite directions, - .. . L

The hollow quill or drum 4 at.each end 1s | 3. In combination with :an elastic” fluid.

- provided with %—fuid passages 23 in order that | turbine, one or more stages thropgh which =~ . |
25 half the fluid issuing from the outlet of the | the fluid flows in. one axial direction only, 120 .-
intermediate section may pass ‘through the | means for statically balancing the axial ==

quill to the balance division of the low | fluid pressure in sald stages a-n% a divided °
- pressure’ section, including blades 21 and | and counterbalanced low pressure stage in
__ vanes 22 i .| each division of which. the working fluid

.- %0 Balance ‘piston 8, for the mtermediate | performs useful work. - . . T

- stage or section, is made steam tight by the | . 4. In an elastic fluid ‘turbine, an injtial

- “labyrinth system” of packing which, in | stage.through which the working fluid flows

195 -

- the -example shown,' comprises annular | in one axial direction only,.and 1 which
ep Zrooves 24 formed in ring 8 and annular velocity enei'ﬁr;y due to the conversion of the

renewable flanges or strips.25 secured to the working fluid’s thermal energy. into kme‘t-lcl,-_l_S» -
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~ gtage in communication one with the other;| .

1

stage receiving the working fluid from said
initial stage, through which the fluid flows
in one axial direction only, and which com-

is fractionally expanded and energy derived
both*by impulsy and by reaction, means for
staticaﬁy balancing the axial thrust inherent
in/ the Intermediate stage, a divided low
pressure -stage, éach division of which com-

rises alternate annular rows of vanes and

lades similar to those of -the intermediate

stage, .through which the fluid flows in op-

posite - axial directions and a hollow rotor
or spindle placing the inlets to said low

pressure stage in communication one with'

the other.

5. In an elastic fluud turbine, an initial
stage through which the working fluid flows
in one direction only and in which velocity
energy, due to the conversion of the working
fluid’s thermal energy into kinetic energy
in the form of velocity is absorbed, an inter-
mediate stage through
in one direction only and which comprises
alternate annular rows of stationary vanes

and moving blades, formed and spaced apart

so that the fluid passing therethrough is
fractionally expanded and energy derived,
both by impulse and by reaction, a divided

low pressure stage, each division of which -
comprises alternate annular rows of vanes

and blades similar to those of the intermedi-
ate stage, and through which the fluid flows

in opposite directions and a hollow rotor .or,

spindle placing the inlet ends of the low
pressure stage In communication one with
the other. . -

6. In an elastic fluid turbine, an initial
stage through which the working fluid flows
in one axial direction only, and in which
velocity energy, due to the conversion of
the ‘working fluid’s thermal energy into ki-
netic energy in the form of velocity is frac-
tionally abstracted, an Intermediate stage
receiving the. working fluid issuing from

sald injtial stage, through which the fluid-

flows in one axial direction only and which

comprises alternate annular rows of station-

ary vanes and moving blades, whereby the
fluid passing therethrough is fractionall
expanded, a divided low pressure stage, eac
division of which comprises alternate annu-
lar rows ofblades;andp vanes so formed and
spaced apart that the flnid passing there-

through is 'fractionally .abstragted - and

energy derived both by impulse and. by reac-
tion, and through which the.fluid flows in
Oﬁ;poﬁte axjal directions and a passage
through the ‘turbine rotor &lacing the inlet
ends of the divisions of the low :pressure

. In an elastic fluid turbine, an initial

which the fluid flows

| all loads an

I
prises alternate annular rows of stationary
vanes and moving blades whereby the fluid

‘energy in the form of velocity is abstracted | stage through which the working fluid flows

in one axial direction only and in which
velocity energy, due to the conversion of
the thermal energy of the working fluid into
kinetic energy in the form of velocity is
fractionally abstracted without further ex-
pansion, an intermediate stage receiving the
working fluid _through said initial stage,
through which the fluid flows in one axial

“direction only and which comprises alternate

annular rows of stationary vanes and mov-
ing blades so formed and spaced apart that
the fluid passing through such stage is frac-
tionally expanded and energy derived both
by impulse and by reaction, means for stat-

70

75

80

ically balancing the axial thrust inherent in .

‘the 1ntermediate stage, a divided low pres-
sure stage, each divison of which comprises
alternate annular rows of bladés and vanes

similar to those of the intermediate stage.
and through which the fluid flows in op-

posite axial directions and a hollow rotor

orming the passage whereby the inlet ends
of the divisions of the low pressure stage are
placed 1n communication one with the other.
8. In an elastic fluid turbine, a rotor hav-
ing two low pressure drums and a fluid con-
duit or passage within the rotor for placing

the inlet ends of said drums 1n communica-

tion one with the other. .
9. In an ellastic fluid turbine, a turbine

rotor having loWw pressure drums at its op-

posite ends and a fluid passage within the

rotor whereby the inlet ends of said- drums

are placed In communication one with the
other. - ,

10. In combination in an elastic fluid tur-
bine, a turbine spindle, a casing therefor
haying low pressure chambers at oppcsite
ends,lﬁladed pistons mounted on said spindle
and located within said chambers and means
of communication leading through said
sbpindle from one to the other of said cham-

ers. . - *

11, In an elastic fluid turbine, an initial
stage, a normal load admission port com-
municating therewith, a secondary stage, an
overload admission port communicating

therewith, megns for balancing the axial -

thrust of sald secondary stage and a divided

final stage, through the separate sections of

which the fluid flows in opposite axial direc-
tions whereby said turbine is balanced for
steam Ssures.

12. In an elastic fluid turbine, a series of
working stages arranged to successively re-
ceive motive fluid, a divided stage located in
said series, through the separate sections of
which the working fluid flows in opposite
axial directions, and a  passage located
within the rotor of said turbine and located
between the separate sections of said divided
stage. .- |
'18. In an élastic fluid turbine, a series of
working stages arranged to successively re-
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cerve motive Mtd, o divided stage located i1

sl series, Hmnmh which the mn]cmtr fluid
lows i OP POSITE “axinl directions nud a pas-
saee throngh the rotor of saxd turbine for
placing the nlet ends of the divisions of said
tage mto communication one  with  the
ullwl‘ -

14. Im an elastic fluid turbine, a series of
working stages arranged to Lll(‘{'{l%wu]v 160~
ey 111011\0 fii artl a divided stage, {he
<eparafe scetions of which are located Sy I-
metricatly with respect to the center of said
turbite and through which the motive fluid
flows inopposite directons.

1o,
working stages arranged to succe easwely re-
Ceive nujtnf, ﬂmd} ] (lW}ded stage Jocated in
<l serles. the separate sections of which
are located symunetrically. with respect to
the center of said turbine and a passage

through the rotor of said turbine for placing

ihe intel ends of sudd sections 1in communi-
cation one with the other.

16, In oan elastic fluid turbine, a rotor
Baving twoe working druuns of - Pqual dian-
eters, one beime loceated at each end of said
turbine, and a passuge within the turbine.ro-
tor for plftt'mﬂ <l d drums in communica-
tion one with the other.

17: In a multi-stage elastic fluid turbine, a
higlh-pressure stage, one or more stages of
JOWer pressure, and means for halancing one

or more of sanl stages of lower pressure, said

means employing relatively high pressure

steam and bemg’ located betw een the bhigh-

pressure stagé and the stage of lower pres-

3ure,

18. In an @1‘151'10 fluad tn*’bme two work-

mg stages of equal diameters Jocated at op-
posite ends Of the turbine and -through
which the motive ﬂuzul fiows 1 opposite di-

b

Gﬁpies of this patent may be cbiazined for five cents. each, by addressing the o Commissioner of Patents,*

In an elastic uid ‘rmhm(, 4 series of:

!

095,508

rections toward the ends of the turbine, and
a passage located within the turbine rotor
connecting the inlets to said atdges

19. "An elastic fluid turbine provided with:
- two working stages of equal diameters, one

located at eaf=~I1 end of the turbine, and
through which the motive fluid flows.in op-
posite directions and a passage located
within the rotor element of the turbine con-
necting the inlet ends of the stages.

90. An elastic fluid turbine having .two

working stages of equal diametéers through

“which the working fluid. flows in opposite

axial directions and a passage located.in the
rotor of the turbine between the stages.
21. In an elastic fluid-turbine, the combi-

45

50

bb

nation with the shaft, of a casing, a packing -

between the shaft. and the . casing, a drum -
low pres-

having a high pressure part and a
sure p..-ut anud a single packing between the

casing and the drum located between the

high pressure part and the low pressure
part.

22. In an elastic filud turblne the comipi-
nation with the shaft, of a casing, a a packing
between the shaft and the casing, a drum

60

65

having a high pressure part and a low pres-.

sure part, means for causing the Huid to
traverse the low pressure part in the oppo-

a single packing between the casing and the

and the low»préssure part.

In testimony whereof, . I have hereunto-
siubseribed- my name tlns O1st day of' Decem-

ber, 1905.
-GEO. WESTINGHOUSE.

Witnesses:
1y H. C. TENER

v Wwm. H. CM’:’LL.

| Washington, n. C.”

70 -

site direction to the high pressure part, and

drunu located between the high pressure part |

75
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