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UNITED STATES PATENT OFFICE.

GEORGE 0. GRIDLEY, OF WINDSOR, VERMONT.

MULTIPLE-STAGE TURBINE,

Tonll whom it may concérn: o
Be it known that T, Grorgr O. Grinrey, of
Windsor, 'in the county of Windsor and

- State of Verment, have invented certain new

- 10

- and nseful Improvements in Multiple-Stage

Turbines, of which the following is a specifi-
cation. . ‘
The object of the present invention is to
provide a turbine adapted to be driven by
steam or other highly expansible elastic

* fluid at a sufficiently low speed to enable it to
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be used as a prime mover, without speed-
reducing gearing, and to accomplish this re-
sult by making the velocity of the steam in
its passage throngh the tnrbine relatively
slow. I accomplish my object by providing
a- turbine having a number ofc?losed cham-
bers inta which the steam may flow &ncces-
sively and by arranging the passages
throngh which the steam flows from cham-
ber to chamber in such directions that the
steam exerts a reaction in a direction tend-
ing to votate the turbine. : The combined
areas of the outlets from the successive
chambers are progressively increasing, sc

" thaf a gradual expansion of the steam in the
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course of this flow through the turbine oc-
cyrs, while the plurality of closed chambers
proyvides for the expansion in a number of
stages.  In other words the object of the in-
vention is to provide a multistage reaction
turbine in which the velocities of botly-the
turbine and the working fluid are kept low
and the losses incidental to the passage of
the working fluid between relatively station-
ary and moving vanes, or between oppositely
moving vanes are eliminated. -

The essential features of the invention
nmay be embodied in a turbine wherein the
flow of the working fluid is either axial or
radial, the principles being the same in both
cases. The embodiments of the: invention
chosen fer illustration in this application
show types of turbine in which the flow ig
generally radial, and generally axial, re-
spectively, Many modifications in design
of either type, and combinations of the dis-
tinctive characteristics of the two types in
a single turbine may be made without de-
parting from the spirit or going beyond the
seope of the invention,

In the drawings, Figure 1 represents a
longitudinal section of a type of turbine em-
bedying my invention. in which the flow of
working fluid is generally radial. Fig. 2
represents g cross-section on line 2—9 of

_ Specification of Letiers Patent.

Kig: 1. "Fig. 3 is a longitudinal section of
a form of turhine emboaying the irivention
in which the flow of the working fluid-is
axial. '
The same reference characters indicate the
same parts in all the figures. '
In this invention the entire turbine is ro-

tatable and constitutes the rotor, there being

no stationary casing such as is a feature of
all multistage turbines hitherto produced or
designed of which I have knowledge: The
interior of the turbine is provide(f with a
number of chambers divided from one an-
other by partitions. .In the partitions are
passages or nozzles which permit the steam
or other working flnid to pass from one
chamber to the next and are arranged to dis-
charge as nearly opposite to the direction of
rotation of the turbine as possible, so that
the steam in passing through them exerts a
reaction tending to rotate the turbine.

In the type of turbine chosen for illustra-
tion in Figs. 1 and 2, the rotor 1 is given a
disk-like form and is provided in its interior
with chambers, 2, 8 and 4 which are concen-
tric and are divided from one another by
partitions 5, 6. and 7 respectively. In this
particular embodiment of the invention
three chambers and inclosing partitions are
shewn, but the number is not material to
the invention and may be more or less than
the number shown.

The rotor is provided with trunnions 8
and 9, cne of which is tubular and opens into
the central chamber 2, a pipe or coupling 9
being provided to conduct the steam thereto.
This pipe or coupling is necessarily station-
ary, and any form of packing 10 to prevent
lealkage may be provided between the con-
tacting surfaces thereof and of the tubnlar
trunnion.

In the partitions or walls which inclose
the several chambers are passages 10 which
pass through the walls on an inclination
and are so arranged as to direct the steam at
as nearly right angles to the direction of
rotaticn of the turbine as possible, so that
the veaction of the steam may exert an im-

- Patented Aug. 25, 1914,
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pelling force. Preferably also the passages i

are enlarged in cross-sectional area from
their inlet to their discharge ends so as to
form expanding nozzles to develop the ve-
locity of the steam in the most efficient man-
ner. In the radial flow type here illustrated
the passages are as nearly tangential to the
ring-shaped partitions as possible, byt in an
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axial-flow type where the chambers and par-
titions are arrvanged side by side the pas-
sages are inclined with respect to the axis.
In either case, however, their inclination is
such that the steam issues therefrom in a di-
rection as nearly as possible opposite to the
path' of rotation. '
The number of ehambers and sets of noz-

- zles may be extended as far as is necessary

10

to securea gradual step-by-step reduction of

. the steam pressure from that at which it is
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delivered from the boiler to the pressure of
the atmosphere or in a condenser, and it may
be so great that there is a difference of pres-

“sure of only a very few pounds between suc-

cessive chambers.  The number of stages,
and the area of the nozzles conducting the

. steam to each stage are designed according
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to the difference between the initial and ex-
haust pressures, and the speed at which the
turbine is intended to run. These elements
will accordingly vary in different turbines
according to the conditions governing each
case, being so designed in any case as to

5 keep the speed of the turbine down to a rela-

tively slow speed without loss of efficiency,
and to carry the steam through as many
stages of expansion as may be necessary to
develop all of its energy.

"In those turbines of the reaction type hith-
erto designed, either the speed of rotation
has been excessive, or where this is not the
case, it has been considered necessary to pro-
vide a fixed casing with sets of guide vanes

projecting between rows of vanes or buckets-

on the rotor. According to my invention I
eliminate the stationary casing and inclose
the receiving chambers or spaces between the
stiiceessive reaction passages wholly in the
rotor, thereby wholly preventing wasteful
leakage of steam and loss of energy, and de-
sign the parts in such manner that the dif-
ference in pressure between any two succes-
sive stages is so slight that the velocity of
the steam in flowing through the passages or
nozzles is comparatively low, and therefore
the velocity imparted thereby to the rotor is
no greater than may be employed without
speed-inducing gearing for driving ma-
chinery, such, for instance, as an electric
generator. As the steam after expanding
from stage to stage is increased in volume,
the combined area of the nozzles is made
successively greater in each succeeding par-

tition either by increasing the number of

nozzles: or by increasing their cross-sec-

tional area, in order to take care of the.

proper amount of steam at its increased vol-
ume. As, however, in the case of the ra-
dial flow type, the linear extent of the outer
partitions is greater than that of the iuner,

greater numbers of passages may be formed

in them than in the others without spacing
them more closely: together. The number
and size of passages in each partition is,

1,108,497

however, a matter of calculation for each -

engine and is governed by the speed at
which the engine is to run and the amount
of expansion in each stage: t

As a practical detail of construction, the
rotor in the radial-flow ‘type may conven-
iently be made in two parts in the form of
disks, one of ‘which carries the ribs, and the
other of which is provided with plane sur-
faces adapted to fit closely against the ribs
and to be bolted to the first disk. The hol-
low trunnion may be formed upon or at-
tached - to either one of the disks and the
other may be formed with or secured to a
shaft section or trunnion which is coupled
to an electric generator or any other piece
of machinery which is to be driven.

" Fig. 8 shows the embodiment of the same
principles in an axial flow turbine. Here
the turbine consists of a hub portion having
trunnions at its ends mounted in bearings,
one of which trunnions as 8* is provided
with an inlet passage for the steam. Sur-
rounding the hub are flanges or disks 5%, 62,
7%, 77, 11 and 12 respectively, which are sur-
rounded by a casing: The latter is for
structural reasons a separate piece'from the
hub and disks, but it is tightly fitted there-
to and when in place forms with the latter
a unit structure. The partitions divide the
space inclosed between the hub and casing
into chambers 2, 3%, 42, 4® and 4° respec-

tively, which are entirely closed from each

other except for the passages or nozzles 10°
in the disk partitions. The steam or other
working fluid which is admitted first to the
chamber 2* passes through the passages or
nozzles in the partition disk 5* into the
‘chamber 3* and thence successively into the
receiving chambers 42, 4* and 4° until it
finally passes through the nozzles in the
endmost disk 12 into the atmosphere or a
condenser. The passages 10" are preferably
formed in this case also as expanding noz-
zles to enable the same to expand in pass-
ing from one stage to the next and convert
its pressure energy into velocity. TIncreas-
ing areas.in the nozzles of the successive
stages to accommodate the steam in its sue-
cessive stages of expansion are provided for
by making the nozzles in each disk of
greater radial extent than those in the next
preceding disk. The same result could he -
secured by providing greater numbers of
nozzles in the successive disks. or by making
the nozzles wider, but I consider the sys-

“tem of making them successively deeper as

the best for the purpose.
Tt will be seen that the principles of the
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invention are the same when applied to the 123

axial flow: turbine as in the radial flow,
since the steam in passing through the in-
clined nozzles 10* exerts a rotating impulse
by reaction, and that in passing through
each set of nozzles, it is carried to a greater

132



_degrec of ex'panqmn All parts of the rotor -
* in this fozmof turbine rotate in unison and
the receiving chambers between the several
_ ¢hambers of - expansion are formed.in the
5 rotor itself instead of in c;tvatlona,l‘y mclos-
ing casings. .
[c-l'um— o :
1. A reaction turbine consisting of -4.10-
tating member having end walls and: con-
centric outer and inner cvhndrlml ‘walls
conneeted and rotating in unison, each said
cylindrical wall - 1ncloqmg a chamber for
working fluid and each having approximately
tangential nozzle passages, amf means for
admitting the working fluid to the chamber
nearest the axis, said walls having jtheir
outer surfaces flush with the dmcharge ori-’
fices of the nozzles, and being- -continuously
“curved concentrically with the axis of ro-
t‘ltl()ll between adjacent nozzles. .
2. A rotor having disk-like end walls and
intermediate concentric inner. and” outer
cylindrical walls all rotating in’ unison, said!
cvlindrical walls having approximately tan-
gential nozzle. passages, and each of -said
walls having all points on its outer and inner -
surfaces at equal radial distance respectively
. from’ the axis, whereby projections produc-
tive of retarding fan action are eliminated."
3. An elastic- Auid- impelled turbine, -com-
prising a single rotor having internally in-’
closed - chambers, and inclined nozzles ar-
ranged to conduct the working fluid from
one chamber to the next, and ﬁnally entirely
out of the rotor, the partltmns between the
chambers being of uniform thickness and
containing the nozzles entirely between théir
. bounding surfaces. ;
. 4 In-an elastic fluid turbine, a rotor hav-
40 ing a plurality of inclosed chambers, a hol-
" 'low trunnion for ‘admitting the working
fluid to.one of said chambers. and nozzles
arranged between the successive chambers
and entirely inclosed within the walls there-
of, in directions approaching’ the path of ro-
tatmn to drive the rotor by reactlon of the
: workmu fluid. :
. A multi- stage react16n turbme, com-
: prlsmg a rotor havmg a series of closed
50 chambers in its interior, means for admitting-
steam. to one of ‘said chambers, a nozzle
‘through which the steam is discharged into
the. next chamber in such a direction as to
drive: the rotor by its reaction, and a dis--
charge nozzle arranged to permit. escape of
the steam from such chamber tangentially, |
to impart a further driving, force to the
rotor, the discharge orifice of such nozzle
belﬁg in the. outer surface of the chamber
wa N
6.- A turbine comprlqlng a rotatmg mem-
ber provided with a plarality of sets of
passages arranged concentrically of the axis
of rotation, said_passages having their out-.
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: aud chambers.

85 lef ends arranged to discharge in a dlrectlon

a

-apprmchmo the path. of Totation, v vheteby'-"l

to drive-the rotating niember by reaction’of
the working fluid, the spaces between thesets

of passages belng chambers- entirely closed -
except for such passages, and each being of ¢

antform crossvsectional area at all. points, °
and ‘means. for admitting working fluid to .

the . rotating member and causing ‘such fluid

to pass. %uocesswelv through the pqssaaes
75

. A multi-stage reactlon turbine havmor .
an mlet and a plurahtv of sets of outlet pas-
sages at d]fferent distances from the inlet,
and receiving chambers between the sets.
each receiving chamber being of uniform
cmss—cectlonal area at all points.

8. A stéam turbine comprising a rotary
member having a series of inclosed chambers
in its interior, each of which is of uniformn
diameter ‘at" all points, .and partitions be-
tween the successive chambers, said parti-
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‘tions -having inclined passages for the flow

of steam from one chamber to the next,
which pass'wes are contained wholly he-

tween ‘the inner and outer surfaces of the go

“partitions, and means for admlttmo' steam
‘to the central chamber..

|

9. A turbme, comprising a rotary disk
having in its interior a central chamber and
co-axial annular chambers, said chambers
being entirely inclosed by the ends or faces’

95

-of the disk and being separated one from

another by circular .partitions, said parti-
tions having inclined passages to permit
working fluid to pass;from. one chamber to 10
the next and to 1mparﬁ(‘, rotating pressure in
thus. passing, ‘and the partitions. bemg
smooth on their outer. surfaces. ,

- 10. A multi-stage reaction steam turbine
comprising ‘a rotor having . axially alined 105-

trunnions, one of which is tubular for ad-"

mitting steam at its axis and having means

for expelling. the steam tangentially at a

dlstance from the axis, said rotor having
also a receiving chamber into. which the 110
steam discharged from the discharge means.
is contained, said chamber being at a greater

.distance from the axis than the discharging

mearns, said tangentially arranged discharg-

‘ing ‘means having its outlet flush with the. 115
wall of the inher chamber, for permitting

steam to pass from said. chamber and to

impel ‘the rotor in so passing. : o
11. “A’ reaction turbine consisting of a

rotating element having alined trunnions, 120

‘and havmg inner and outer cylindrical walls

concentric with: the axis of said: trunmons

separated from one another by intermediate

annular spaces, the innermost wall surround- -

ing a space in the center of the rotating 125

elemént, one of said trunnions having a pas- -

sage commumcamng with said central space

and the several cylindrical walls having sub-

stantially .tangential outlet passages. v
12, X reactlon turbme comprlsmg a series 130
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of spaced parallel revoluble diaphragms In testimony whereof -1 have affixed my .
having substantially smooth surfaces, nozzle | signature, in presence of two witnesses.

])(\1'f()rations exténding thI'OH,Q'h ilIld’ located . . GEOI)(’%E O CRIDLEY
entirelv within the boundaries of said- dia- e \ SR M T
phragms and a casing revoluble with and | . Witnesses: ' Co
marginally closing the spaces between said . W. J. Saxz,

diaphragms. . v Rure. P. Keyes.



