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_MULTIPLE-STAGE TURBINE. 
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70 ftl/ ?t/hom, ?é mad?y 00mcé?'m' ~ 
}}¢ it known that I, GEORGE O. GRIDrEY, of 

Windsor, ' in the county of Windsor and 
* State of Werurl('nt, have invented certain neW and useful Improvements in Multiple-Stage 
Turbimes, of which the following is a specifi 
Cation. ~ 
The object of the present invention is to 

provide a turbine adapted to be driven by 
$team (or other highly expansibleelastic 

* fluid at a sufficiently low speed to enable it to 
be used as a prime mower, Withoutt speed redu@ing goaring, and to acComplish this re 
sult, by making the welocity of the steam in 
its passage through the turbine relatively 
slow. ! ?n('c()mplish my object }, providing 

· · · t!!! I'lhin( h:awing a number of closed cham 
b(*''s int() whicl) the steam may floW Su('geS 
5-ively and by arranging the paS$ageS 
tl}!'OIgh which " thó ste:um_floWS from cham 

· ·ber' to ' chamber in SII('ll directions that the 
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stonm exe]'ts a roaction in a direction_tend 
ing t( rotate the turbine. ?. The COmbined 
ale;hs (of tlhe outlets from the SucCoSSiwe 
(?:hanmbers are progressively increaSing, s(} 

' that a gradual expansion of the steam in the 
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course of , this flow through the turbine Oc 
('?rs, while the plurality of closed chambers 
proYides_for the expansion in, a number of 
8tigos. In (ther' words the ()bject Gf the in 
vention is t() }provido a multistage rea('ti()n 
tabine in which the welocities of botl) · th}e 
|turbine and the working fluid are kOpt lf )w 
and the losses incidental to the p:tSSage (of 
the working fluid between relatiWely station 
ary and mowing w:ames, or between Oppositely 
m(} ying wanes are eliminated. ~ 
The essential features of the imwention 

na?y be embodied in a turbime Whereim) the 
fl('w of the working fluid is either axial or 
radial. the principles being the Same in both 
(?:ases. ''he embodiments of the' in wention 
('hosen for illustration in this application 
show types of turbine in which the 'f1')w' is 
generally radial, and generally axial, re 
Spectively. Many modifications in design 
of either type, and combinations of the dis-- 
tingtive characteristics Of the two types in 
a single turbine may be made without de 
partifig from the spirit Or going beyond the 
Scope of the imwention. 

a the drawings, Figure 1 represents a 
longitudinal Section of a type of turbine em 
bodying my invention. in which the flow of 

| working fiuid is generally radial. Fig. 2 
represents a cross-Section. On line 2-2 of 

Specificatiom of ILetters Patent. 
: Application filed November ?, 1910. Serial N0.591,004. 

IPatented Aug. 25, 1914. 

rig: 1. Fig.8 is a longitudinal Section of 
a form gof turbine êmbodying the iriyention 
in which the flow of the working fluid' is 
axial. ~ ? 

The Same_reference characters indicate thc 
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 hawe knowledge. The 
interior of the turbine is provided with a 
number of chamber's divided from one an Other by partitions. In the partitions are 
paSSageS Or nOZZles Which permit the steam 
or other WQrking fluid to pass from . onc 
chamber tO the next and are arranged to dis:- 
(harge aS nearly opposite to the dire('tion of 
rotation . Of the turbime as possible, s() that 
the steam in paSSing through them exerts a 
I'e:action tending tO rotate the turbine. 
". In the type 0f turbine (^hosen for illustra 
ti(op i 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 ' respectively. In this 
particular embodiment of the imvention 
three chambers autnd inclosing partitions aro 
Sh(Wia, but the number' is m()t material to 
the involation and may bo. more or loss than 
the intunaber' shown. ~ 
The rotO]' is prOwided with trunnions 8 

a11{l {). Gno_of Which is ttlbuilar and opens into { 
the ('entral Chamber 2, a pipe or coupling 0 
being provided t(i (*onduct the sto:am theroto. 
This pipe (or coupiing is nocessaurily station 
ary, and any form 0f packing' 10 to prewent 
leakage may be prO wided between the con 
tacting Surfaces thereof and of the tutbular 
trunnion. ~ 

In the partitions or Walls which incl()se 
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 
rotation of the furbine as possible, So that, 
the reaction. Of the steam may exert an im 
pelling force. Preferably also the passages 
are enlarged in cross-sectional area from 
their inlet to their discharge ends so as to 
form expanding noZZles to develop the we 
locity Of the steam in the .most efficient man 
rer. In the radial flow type here illustrated the paSSages are as nearly tangential to the 
ring-shaped partitions as poSSible, but in an 
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axial-floW type where the chambers and par 
titions are arranged side by side the pas 
sages are inclined with respect to the axis. 
In either (*ase, 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 Inumber of chambers and sets of noZ 

· Zles may be extended as far as is necessary 
10 

15 

to Secure.a gradual step-by-step reduction of 
. the steam pressure from that at which it is 
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 wery 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 wary 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 
érto designed, either the speed of rotation 
h:tS been excessive, or where this is not the 
C?$e, it has been considered necessary to pro 
\^ide at fixed casing with sets of guide wanes 
projecting between rows of wanes or buckets 
On the rotor. According to my inwention I 
(liminate the stationary casing and inclose 
the receiving chambers or spaces between the 
st!ccessive reaction passages wholly in the 
}'OtOr, thereby wholly preventing wasteful 
leakage of Steam and loss of energy, and de 
sign the parts in Such manner that the diff 
ference in pressure between any two succes 
$i we stages is SO slight that the welocity of 
tle steam in flowing through the passages or 
1}OZZles is comparatively low, and therefore 
the welocity imparted thereby to the rotor is 
r1O 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 "wolume, 
the combined area of the noZZles is made 
Successively greater in each Stcceeding 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 wol 
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 inner, 
greater numbers of passages raay be formed 
in them than_in the others without spacing 
them more closely. together. The number 
and size of passages in each partition is, 
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however, a matter of calculation for each · 
engine and , is gowerned by the speed at 
Which the engine is to run and the amount 
of expansion in each stage. | ?? * 
AS a practical detail of construction, the 

rotor in the radial-flow · type may conven 
iently be m?de 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??isk,"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 ?? 
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 hawing 
trunnions at its ends mounted in bearings, 
one of which trunnions as 8* is provided 
with an inlet passage for " the steam. Sur 
1'Ounding the hub are flanges or disks 5°, 6*', 
?', 'f', 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 di wide the 
Space inclosed between the hub and casing 
into chambers 2°, 8°, 4°, 4° and 4° respec 

; tively, whiclh are entirely closed from each 
other except for the passages or nOZZles 10" 
j: the disk partitions. The steam or other 
working fluid which is admitted first to tho? 
chamber 2* passes through the passages or 
mozzles in the .partition disk 5* into the 
chamber 8* and then('e Successively into the 
receiving chambers 4*, 4° and 4° until it 
finally passes through the nOZZles in th(' 
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 welocity. IncreaS 
ing" areas , in the nozzles of the successive 
stages to accommodate the steam in itS_Suc 
cessive stages of expansion are prOwided for 
by making the mozzles in each disk of 
greater radial.extent than those in the next 
preceding disk. The same result could hç · 
secured by providing greater numbers of ? 
nozzles in the successive disks, or by making 
the nozzles wider, but I consider the SWS 

" tem of making them successively deeper as 
the best for the purpose 

It will be seen that the principles of the 
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invention are the same when applied to the 12'; 
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 13?? 
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|degree of expansion. All parts of the rotor . 
? ' in this form of turbine rotate in unison and 
the receiving chambers betWeen the several 

| chambers of expansion are formed · in the 
5 rotor itself instead of in státionary ihglos 

ing casingS. ^ " 
[ (claim- ' · .. ~ · · ', 

1. A reaction turbine Consisting.of.a.ro 
· · tating · member hawing end Walds and con 
10 centric outer and inner cylindrical walls 

conneeted and rOtating in unison, each said 
cylindrical Wall · inclosing a chamber for 
Working fuid and each hawing approximately 
tangential nOZZle paSSages, ' means for 

.15 admitting the Working fluid to the chamber 
nearest the axis, said walls hawing' )their 
outer Surfaces flush with the discharge ori-' 
fices of the nOZZles, and being?continuously 

'' (curwed concentrically with the axis of ro 
? 20 tation between adj?cent nozzles. . . 

' 2. A rotor hawing disk-like end walls and 
intermediate Concentric .. inner. and outer 

: .attad chambers. • 

108,49? , | . 32.. 

· approaching the path, of rotation, whereby ',' ') 
tº drive the otating miember' by reaction' of 
the working fluid, the spaces between thesets 
of passages being chambers entirely closed ''' 
6xcept for such passages, and each being of ?? 
(uniform cross sectional area at all points, ` 
and means, for admitting Working, fluid to · 
tlue. rotating member and causing Such fluid 
t() _pa8S. Successively thu'Ough the passageS 

?x 75 

: . A multi-Stage reaction turbine hawing , " 
an imlet and a plurality of sets of outlet pas 
Sages at different .distances from the inlet, 
and receiving chambers betWeen the Sets, 
each receiwing chamber being of uniform 
crOSS-Sectional area at all pointS. ~ 

8. A steam turbine comprising a rotary 

80 

member having a series of inclosed chambers 
in its interior, each of which is of uniform 
diameter at ''' all points, . and partitions be- 85 ?? 
tween the successive .. chambers, said. parti-" 
'tions hawing inclined passages for the flow . 

cylindrical Walls all rotating in tunison, said of steam from one chamber to the next, 
cwlindrical walls hawing approximately tan 

25 gentiall nOZZle · passages, and each · of said 
Walls hawing 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. '' 

30 8. An elastic-fluid-impelled turbine, 'com 
prising a single rotOr, hawing internally in 
closed · chambers, and , inclined mozzles * ar 
ranged to |conduct the working fiuid from 
One chamber to the next, and finally entirely ? 

85 ()ut of the rotor, the partitions between the 
chambers being' of uniform thickness ' and 
containing the mozzles, entirely between their 
bounding surfaceS. 

'. 4. In an elastic_fluid turbine, a rotor haw- " 
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 

45'' Of, in directions approaching the path of ro 
tation to drive the rotor by reaction of the 

• working fluid. ? ' · · · · \ · · · · 
5. A' multi-Stage reaction turbine, com 

· prising a rotOr hawing a series of closed 
50 Chambers in its interior, means for admitting 

$team.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- · 

? 55 Charge nozzle arranged to permit. escape of 
the steam from Such chamber tangentially, ' 
to impart a further drijwing, force to ' the 
rotor, the discharge orifice of such ' nozzle 

· · · being in the . Outer Surface of . the chamber 
| 60 wall. '' · · · · · · · · · · · ; ? ? ' * 

6. " A turbine comprising a rotating · mem 
ber' provided with a pluradity of .. sets of 
passages arranged concentrically of the axis 
Qf rotation, said passages having their out--. 

é5 let ends arranged to discharge in a direction 

which ? passages are contained wholly be 
tween "the inner ' and Outer surfaces of the 90 
partitions, and means for admitting steam . 
to the central chamber.. " " 

9. A., turbine, comprising a rotary disk 
hawing in its interior a central chamber and 
co-axial annular chambers, said chambers 
being elatirely inclosed by the ends or faces 
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of the disk and being separated one from 
?nother' by circular . partitions, said parti 
tions having , inclined passages to permit . . 
working fluid to pass from one chamber to 10{ 
the next" and to impart rotating preSSture in 
thus. passing, ' and the partitionS. being 
smooth on their outer. Surfaces. • · · · · · 
· · 10. A multi-stage reaction steam turbine ' 
comprising ' a rotor hawing .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 
distance from the axis, said , rotor having ' ', 
also a ' receiwing chamber into , which the · 110 
steam discharged from the discharge means . 
is gontained, said chamber being at a greater 
.distance from the axis than the discharging 
means, said tangentially arranged discharg 
·ing_means having its' outlet flush With the. 115 
'Wall of the inner chamber, for permitting 
steam to pass from said_ghamber and to 
impel the rOtor in SO', passing. . ..." .. '×~ i1. A reaction' turbime'cónsisting of a · ? 
rotating element hawing alined trunnions, . 120 
and having inner and outer cylindrical walls 
concentriówith the axis of Said trunnions separated from one another by intermediate 
annular spaces, the innermOSt wail Surround- · 
ing a ' space in the center of the rotating 125 
element, one of said trunnions hawing a pas- " 
Sage communicating with Said central Space · 
and the several cylindrical walls hawing Sub 
stantially · tangential outlet ? paSS8ges. '• 

12. A reaction turbine comprising a series 1s0 
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()f spaced parallel rewoluble diaphragms Ii] testinuony whereof · d have affixed my . 
lh:a wing substantially smooth Surfaces, nOZZle || signature, in presence of two witnesses. " " 
])('I'forations extending through and located · · GEORGE O. GRIDLEY. 
(•ntirely witlhim the boundaries of said dia- • ?. . \ EVI\\y L ''~. ?.' *~ • 
phragms and a casing rewoluble . With and || . WitnesSeS: ' ~ • ? 
marginally closing the spaces betWeen said . W. J. SAXIE, 
diaphragInS. ~ $ · ~ RU;TH. P. KEYES. 


