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UNITED STATES PATENT OFFICE

DUSTON KEMDBLE, O MILLERSBURG, OLIO.

STEAM-TURBINE.

No. 927,657.

To all whom 2t may concern:

Be 1t known that 1, DustoNn KEMmBLE, 2
citizen ol the United States, restding at Mil-
lersbure, i the county of Holmes and State
of ()hmj have mvented certamn new and use-
[ul Improvements m Steam-Turbines, and do
deelare that the following is a full, clear, and
exack doquiptmn of the invent, on, which will
enable others skilled in the avt to whicl it ap-
pertains to make and use the same.

My mvention relates to steam turbines,
both simple and Compound and 1s an im-
provement 1n the peripheral feed type of ma-
chine having one or morie circles of moving
vanes, all substantis ally as herveinalter shown
and described and more particularly pomnted
out in the claims.

In the accompanying drawings, Ifigure 1 1s
a scctional view and elevation of a sim ple
form of my improved steam turbine, and I*lm
2 is a vertical section thereof on the line of
the shatt. Ifie. 3 18 a central sectional view
of my 1mp10wd compound steam turbine,
and Kig. 4 13 an end elevation thereof 1001\1110
in from the rieht.  I1e. 5 1s a side Gle&thH
of the turbine shown n Kig. 3, and Iig. 61s a
cross sectional view of a pmuon of my im-
proved turbine on the hime of the feed pipe
and showimg one of the steam nozzles con-
nected therewith.

Now referring to IFigs. 1 and 2, wherein
the invention 1s shown 1n its simplest form,
1t will be noted as a peculiarity ol this design
that the rotor element A consists of a series
of concave vanes —2— set radially m the

edae of a vane disk 3 which is tapering in
CIrOSS seotmn to provide a thinner body at the
edge than near the center to avoid centrifu-

oal strain.  Said disk 3 1s also beveled at 4
on both sides to throw oif the escaping parti-

cles of steam in both directions as they flow
oif from the mner side of the concave part ol
the vanes thereby preventing back pressure.
Vanes 2 are {lat across their face but curved
otherwise in the form of a segment of a cirele
from their straight shank 5 outward and
whereby a curv od steam impactmg surface 1s
presentoec d beyvond the peripheral edge of
disk 3. Each vane is also provided with a
Ilan% or wall 6 at each side edge to pocket

the steam and direct its flow inward toward
the center of the steam chamber and against
the beveled edge of the disk.  The btl&l”ht
shank 5 of each vane is set in the boveled
edge oi the vane-disk with the curved por-
tion of each vane projecting or turned so as
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to deflect toward or from a radial plane m-
stead ol along axial limes as 1s the usual
method and pr ractice.  The shanks 5 are In-

serbed in radial slots 7 millﬂ{l throueh the
disk at its edge from side to siae and b g oi

2 ﬂ;vimblv depth more or fess as shown, and
are lastened m place by lateral ribs or shoul-
ders 8§ on {)[)I)U‘al(b sides of the ‘{Ll(l shanks
and which {it tightly m dridl holes or cross
orooves located m the edee face of slots

These drill holes or g
are prelerably pla aced ab uned ((ual distances
from the edge of the vane-disk s0 as not to
weaken the metal, and if desired, separate
keys or ping may be used mstead ol miegral
ribs or shoulders 8 to ellect locking of Hm
rane 1 place. The vane-wheel m its en-
treety 1s & built up structure comprising disk
3 with 1ts series of vanes as described, com-
bined with a divided metal hub made in two
similar parts or halves 9 adapted to with-
stand o very high centrilugal stram.  Saud
hub parts O are Sleeved upon shaft 10 and
keyed or otlif*-m 1se fastened thereto, and are
bolted together so as to clamp the inner edee
portion of disk 3 between then.  To this
end, the vane-disk 1s made of Iinely tempered
steel or of bronze and is formed with an annu-
lar shoulder 11 around each side at 1ts inner
edge, said disk being of ring shape with an
opening centrally thmuhmlmh shoulders
11 fit snugly within C(mmpomlmnh located
orooves —12— m the meeting faces of the
]mb pleces 9, and are thereby umh seeured
m place. The Uppmcd faces of hub parts

O0— are also melmed from the grooves 12
toward the shalt and are |)1£~lual)1’» spaced
apart as shown to permit the shait to have a
sheht bpllﬂ at the middle of the vane wheel

a,n(l wiilch would not oceur with a solid
wheel.  One advantage of this form of vane-

wheoeel 18 1ts convenienee of manulacture and
. making repairs, espeetally m the larger

sizes of such wheels for high speods.
Now still referrime to rws 1 and 2, the

wheel chamber of this blmplo tm hine is made
of two principal pieces or castings of ron or
other metal, and the lareer of these consists
of a circular casing B w ith a right angled por-
tion 15 and a dished or rounded pmtum 16
having an wmtegral boss or projection 17
tmouﬂh which slult 10 extends and within
which it has its bearing. Casme B is inte-
oral with or sceured to a ped ostal part 18
which may ve bolted to a suitable ba,se. ol
cast 1ron or other materal to support the

ro0ves for lockine ribs S |

60

70

79

80

55

90

95

100

105

110




19

whole. The open side of casing B is covered

by a circular dished casting or plate 13 of
equal diameter but not so deeply hollow and
is bolted fast to the flanged edge of casing B.

This provides a closed vane-wheel chamber
within which the wvane-wheel may rotate |

freely without touching the walls at any
point of its circle as 1t will be seen that there
is considerable clearance or space allowed on
both sides of the vanes and opposite the pe-
riphery of the wheel. However, the precise

form of this wheel chamber is not essential,

and the side walls to the left and right might

be made straight or flat instead of dished.

A boss and shaft bearing might also be made

in the central portion of the cap casting as .

~well as in the larger piece on which is the

20

pedestal, but where the exhaust pressure is
not far from the atmospheric tension, the
end pressure on the shaft caused by the
slight excess of pressure surface on the left

side of the wheel will be so small as to be of

no material importance, and thus the simple

~cap may be adopted as the cheapest and

35

40

495

50

- shaft bearing, I have adopte

s
60

05

shait, and made to __
and the bearing walls in boss 7 and lubri- |
~cated by graphite, or by any other means

most convenient construction.

best adapted to withstand the centrifugal

~ strain of very high wvelocities, but it may
30

also be made of other proportions, according
to the material used and the requirements ot
the case. 1t is set upon a shatt, preferably

of fine steel, resting against a shoulder upon
the shaft at one end, and held firmly in place
by a larger nut and washer 21 at the opposite
end of the hub, but any other means, as a
- pair of feathers in channels on both sides of
‘the shaft may be used for the purpose, if

found more convenient. To provide for a

steam tight bearing and also a means of ob-

viating the results of vibration at very high

~velocities of the vane-wheel, I have adopted

the plan of a series of washers 22 around the
it alternately the shaft

which is found suitable. A bushing may be

used or not with these washers, as 1t seems.
to be hardly essential, if the washers are of

For the more per-

brass or other soft metal.
]'fortion of the
C

fect lubrication of the central

forced oil circulation by a force-pump. Un-

~ der the shaft and bushing at the intersection
of the boss with the main part of the casing
~wall, I make an opening into the imnterior of

the bearing into which a small but strong
pipe 23 is inserted and connected with the

oil pump (not shown). When this 1s set in
1] 1s forced in beneath the shaft,
- which i1s thus partially lifted from the lower
side of the bearing, and the oil gradually
works over on either side to the ducts from
‘whence it is led back by pipe 24 to the oil
reservoir to be pumped again and again. If

operation, ol

sufficient oil is used, it may have the e

| _ The wvane
~wheel is here shown in a section of the pro-
“portions most approved by experience as

the plan of

927,657

Tect
of aiding to keep the bearing normally cool.

used instead of the foregoing, and the bear-
ings may also be other than shown.

To operate the vane-wheel, 1 arrange one
or more expanding feed nozzles 20 for pro-

jecting the steam at high velocity against the

vanes, and locate this nozzle or series of noz-
zles 1 the casing wall in the plane of rota-
‘tion.

~ If a series of nozzles are used, they are
preferably mounted at definite distances

Any suitable oiling arrangement may be

apart around larger casting B carried by ped-
estal 8. Nozzles 20 may 128 made of brass or

other suitable metal, and

rmly screwed 1nto
a boss or projection 21 on the outer casing

80

wall. If desired, the flaring opening 22
through the nozzle and the casing may be
more or less flattened in the direction of a

rotary plane at their mner extremities, thus

reducing the channel nearest the vanes to a

cross section of an oblong or ellipsoidal
shape. The line of projection of the nozzle

is tangential to the vanes but relatively

with no great radial depth at the point of
impact against the same. Thus it may be

seen that this design contemplates the use of

a relatively small number but large vanes mn

| proportion to the size of the vane-circle and

also to the cross section of the steam jet or

jets for actuating the same, and as compared

with other steam turbines. The advantages
to be derived by the use of vanes of the size,

shape and arrangement of the construction

described and shown are as follows: first, the
use of fewer vanes will materially reduce the

90

0o

100

expense and difficulty of construction; 2nd,

the caliber of these larger and heavier vanes
than ordinary will enable them to last longer

under the wearing impact of the steam jet;

105

3rd, the turning outward during rotation of

the inner edge of the curved portions of each

vane with respect to the tangent line of 1m-

plete reversal of the direction of the steam
jet than is the case in most other steam tur-

with the relatively thin portion of the steam

Jjet that is admitted across the outer edges

pact will enable me to obtain a more com-

110

‘bines; 4th, the wider space between each
successive palr of these vanes in comparison

115

of the vanes gives less friction and more room

for taking up the velocity of the steam parti-
cles between the vanes than 1s the case In
ordinary vane construction; 5th, this plan

“of peripheral feed with the shape of vanes
and nozzles as already shown, 1s weli adapted
| to my plan for a compound turbine in which

120

losses by steam friction and compression
shock are comparatively small. The simple

form of any steam turbine, as shown in Figs. 1
1 and 2, may indeed, be used with a plan

nozzle for operation by a jet of water, like a

Pelton wheel, where this 1s desired. But it
1s more especlally mtended for use with
steam-power, and an expanding nozzle 1n

130
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which the steam-par ticles may attain a maxi-
mum velocity of at least 3600 feet per second
and when the vanes are permitted to run at
a velocity of from 420 to 840 feet per second,
more or less. This will enable us to utilize
as much of the kinetic energy of the (,\pfs,n(l—
ing steam-jet as may be found practically
p()E;SIble with a single impact steam turbine.
However, as 1t may be desired to obtain more

power from a single wheel of a given radius

than can be obtamed with a single steam-
nozzle, 1 have also provided several smilar
nozzles to operate on successive portions ol
the vane-circle simultaneously, and connect
them all with a single curved feed-pipe 26
with brazed T joints, and when actuated by
steam or any other elastic medium of gas or
vapor under pressure and issuing from the
expanding nozzles at high wlouty, my steam
turbine may be constr acted in two or thre ce
members, adapted to successive stages of di-
minished pressure and increased expansion
of the steam, as shown n Figs. 3 to 6.

It will be seen more pmtwulmly in Ifigs.

4, and 5 that my compound turbine con-
smts_-, of two wheel-chambers C and D re-
spectively, the first containing one vane-
wheel A mmnﬂed with five exPcm(lmﬂ steam
nozzles 20 about 1t, and a suitable exat 27
for the exhaust steam as 1t comes away from
the vanes, and the second wheel-chamber
containing four vane wheels A’ similar to
the
vanes and arranged with five larger steam
nozzles about each wheel, with the exhaust
steam from the first chamber turned into a
supply pipe 28 which is connected with all
the tfour feed pipes 26 and their respective
steam nozzles as arranged about the four
wheels in the second chamber. Thesc
curved feed-pipes are connected with each of
their steam nozzles bv brazed T jomts 29
and screw clips 30 over the heads 31 of the
nozzles. Thus the four vane wheels of the
second stage are designed to be operated mn
parallel and on & common shalt and a steam
exit 31 from each opens through the wall ol
the wheel chamber and 1s then connected
with 8 common exhaust pipe 32. The body
of the two wheel-chambers of this two —stfwe
turbine 1s preferably made up of four princi-
pal parts or castings of 1wron or other metal,
all suitably Otted and bolted together, and

inciuding parts for support on a common

base, (Which may also be of iron or othe

meta,l) and bosses for shaft-bearings as w ell
as for mutual bracing, and suitable projee-
tions with openings for inserting the steam
nozzles, and also with suitable ports or exits
for the exhaust steam. The first of these
four castings 1s a double-dished piece 33
having one side much deeper than the other,
the two sides connected by a thick rounded
portion 34 bored and fitted for a shaft bear-
g, and the entire casting suitably mounted

one 1n the first chamber, but with wider

upomn a common base, so as to stand between
the first and second wheel chambers, and so
as to form a primcipal means of buppmt for
that part of the turbine. Under this part,
on the base there may also be a groove or

orooves to Tactlitate the shding of 1ts foot

cndwise for taking the turbime mei 01 pPut-
ting 1t together, but this is not shown nor
regarded as izml_}mmnt m this case. The
secondd of these four castings 1s a shallow
dished cap 35 ol suitable form and dimen-
sions Lo cover the deeper open side ol the
first casting above mentioned, and thus to
inclose the first and smgle vane-wheel m 1ts
OWIL mmmbu the one used for the highest
stage ¢ steant pressure.  The nozzle inser-
tions tf'l_rough the chamber wall, and the
port for steam exit from this first wheel-
chamber are to be made preferably in the
decper side of the double-dished first casting
and not m the second piece wnich forms the
cap. ‘The third of these four castings is
made m the form of a wide ring or tube 36
with suitable projections pmpelh arranged
about 1ts outer surface for the msertion of the
four series of five steam nozzles, cach corre-
sponding to the four vanc-wheels m this

chamber, and also with suttable openings or

ports for the exit of the exhaust steam at
proper places opposite the lower part of cach
ot the four vane-wheels as already described
and pr etemb]y on the same sule of the tur-
bine as that where the 5Lemn—%u])plv pipe 13
placed.  The muer surface ol this third or
uulm]m plece 1s like the deeper side of the
first piece to be of somewhat greater diame-
ter than its inclosed vance- whoola 50 as to {it
quite loosely about them, and 1)”-11111-t them
to revolve freely therem, without any guide-
vanes or other obstacles to their entrance on
removal. One end of this third piece 1s to
be fitted and bolted fast, as shown, to the
double-dished casting 33 on its left, 10111’1111-11
o steam-tight conne (‘tl()ll,, and its (}[)[)()Hlt(}
end at the uﬂht 1s likewise to be fitted and
bolted fast to the fourth and last principal
castmg composed of a single round dished
part 37 forming a cap to cover one end of the
;Lnnnlm piece and having a laree boss in the

center bored for the shaft-be: aring;  aiud
[mall} , & strong pedestal part 38 for suppm t
on the base. To the right of this last prin-
cipal part of the turbine may be a place on
the common base 39 for an cle etrie generator,
with a shaft coupling to be put in divect con-
nection with the turbine. I* ot an absolute
steam pressure of 150 pounds or more, and
with a good condenser on the exhaust pipe,
the throats of the expanding nozzles used on
the first and second wheel-chambers of this
2-stage compound turbime should have their
diameters i about the ratio of 1 to 14 and
this will give a steam expansion of about 9
(10) wolmne (adiabatic) 1n cach of the two
chambers. A 3-stage compound turbine of

70
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20

&

~do not ‘deem it necessary £0 pmbgnt
special form. A cold water chamber may
‘be arranced about the bearing between the
first and second wheel ch@mbels, and water

this type ma,y be ATTAN oed sumlally to the
one just descubed by interposing a
(:.,mmbm with only two vane-wheels between |
the two already provided for; and making the

Z-stage

throat diameters of the respective sets of
nozzles in the proportion of 1 to 1% to 24

which will give about 4% to 5 volumes of 01—_
| TILLS |
turbine may be regulated by either a cen-
1 | tion with the shank.

pansion (mlmb vtic) 1 each stage.

trifugal or an elec'tlic steam governor, but

run through for cooling same. I also sh oW

& port or opening 40 mld’ﬁ"b} of the suppiy
- pipe 28 of the lower stage part of the ma- |
- chine and .with which connection may be |
made for a valved by-pass, and this by-pass.

valve may be controlled by the same gov-

- ernor as the valve for the main inlet ancl

25

50

35

- 40

45

‘number of stages.

arranged so that 1t will open upon an over-
A drain cock 41 is alsoprovided for | g

oad.
the exhaust pipes ol both the IOW and }11011
pressure chambers.

Either the nozzles or the vanes may Le en-

larged or the numoeL and capacity of the

Vane—mrcles may be increased with each suc-
cessive pressure-stage in the Compound m

chine, and a convenient series of e‘{paﬂsmn
atms would be Somewhw as follows: f01 a

2-stage compound turbine 10 vols. 10

vols. =100 volumes; for a 3-stage, 5 X 0 X 4
“or 5=100 to 125 volu: nes;
or 4=81 to 108 volumes_
and this ma,y be carried on to a still higher
The vane-wheel shaft_
should plefembl M be of a Sllghﬂ} larger di-
ameter in each stage from the highest Tnitial
pressure to the loxve%,, chiefly for conven-
lence in adjusting the packing rings when
putting the shaft mto its bealm 0S O ,1611101_?—“
‘g it when necessary. '

3 X 3 X 3 X 3

The P&Clﬂnﬂ rings 42 about fhe shaft

_Shoul(l be placed oniy in that end of each

1305111110 which is nearest the higher pressure,

unless it may be 1n the chamber o1 cham-

sers where tne steam is below atmos_paox 1¢

- pressure, as this 1s the most practical form

50

:G O

of construction and also facilitates the use

of a forced oil eirculation for the bea,mnﬂs

It will be noted that the feed 110241@8 afe :
“made s0 uhat they can be turned arouna |

without changing the impact of the jet or

tselt touchmﬂ the vanes, as the widest flar-
1ng portion of the j jet opening is in the casing

wall and may therefore be shaped VELJ.,LOHS].}T
to provide for the featherless part of the jet.
Attention 1s also directed to the arrange-

ment of the vanes in respect to the per ph—__

eral feed nozzle or nozzles, and which vanes

are of such relative size, number, and spaced .
apart at pleuetellmne( distances, and the

tangential angle of presentation of the steam
1o the vanes 1s such th&h the 1111p11101110 steam

.....

any

vel
- vel

for a 4-stage,
| comprising a flat cross face portion curved

stra

pressure,
centr ally mounted at said edﬂe

's:mrp pcnnheml ed
| site sides to permlt escape of steam and to

027,657

']et or Jets do not cover more. than one- Lh:ud
tne cross section of space between successive
blades, and this at the outer end thereof and
vhich may be reduced by a different angle.
of impact if desired. The vanes are made
sharp on their outer edges to receive the
‘steam jet peripherally, and aradually in-

70

crease in thickness or calmel of their curved
portion from said outer edges to their junc-

- What 1 reg ard as 11101"6 or less mndamen—

tally new is embf)fheu in the form of periph-
eral feed vanes shown and also the beveled
| edge of the vane disk and the compounding

p]a*’l with multiple Wﬂeels in parallel and as

sizes, an & in mult tiple expansion stages, with

| a steam economy that Wlﬂ compare. wﬁh any
other turbine Genemhy in use for electrical

o eIlEh ot bOl E)

What I chml 18— .
1. Ina tmbme,-& vane disk having: 1".1(11%1

to Io steﬂ the vanes upon said disk, said

75

80
to the advant ages of Hhis pla,n since it con-
templ@zes the “’*doptl(}‘l of pret by high vane-
ocities, even in compounding, 1t will give
Yy 1&1% power In comparatively small

8H .:

slots at its edge, in combination with vanes
removably. Jmunted in said slots, and means

means being on different radial lines thel eof

and at unequal dlSt‘Ll’lC@S from the axis oi
said disk.

2. In a uurbmeJ a vane dlsk ha,wnﬂ r&dml

'_cross slots at its edge, in combma,tlon with
Vanes Iemovabg moumed in said slots and

100

in the form of a segment of a circle with a

est depth centr a,lly Letween the ends of sald

.VELH@S

3. In a tulbme, 3 vane disk lmwn a8 Se-

ries of slots in its edge portmn n - oombnm— _
tion with curved vanes having shank por-
| tions adapted to it said slots and 1001{1110
means to secure sald sha nlrs on dﬂl‘erent
radii ELIld at difi
'of said disk.

erent dlstanees irom the edee

4. In a turbine, a mee dlsh lmvm

adapted to be . secur ed therein and hstemng

cevices on each side of said shanks at un-

equal distances from the edge of the disk.
5. In a uubmu a, *mne-—wheel havmﬂ a,

-Simlp peripheral edge and beveled faces ex-

tending therehom £0 elther side to permit
escape of steam with a minimum of back:
and vanes of tapering thmhness

2 vane-wheel hav‘inﬂ a
oe and beveled on oppo-

B. 111 & tummﬂ

eliminate back pressure, and radially curved

tapering vanes having shanks removably set
1 within said edﬂa Lanl overlappmo smd edge
at elthel side.

ight shank adapted to be secured in said
slots &11(:1 provided with side flanges of great-

106

110

a ra-
dially slotted edoe and vanes having slanS

115
120

125
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7. In a turbine, a vane-wheel having a
beveled penphely‘ and  vanes e\tendmo
therefrom constructed with impact faces
curved 1n a continuous line from said pe-
ripheral edge to their extremities and hav-
ing flanges at each side to pocket the steam
and combmmﬂ therewith to utilize the steam
with a maximum impact and minimum back
pressure.

8. In a turbine, a vane-wheel comprising
a ring disk having radially mounted vanes
at its periphery and shoulders at its inner
circumference and a two-part hub adapted
to clamp said shoulders between them, and

sald hubs being separated from each other
and apart from the shaft at the middle of
sald vane-wheel.

9. In a turbine, a vane-wheel consisting
of a disk having radial slots, vanes held 1n

sald slots, a shaft and a two- -part hub there-
on between which said disk is supported out
of contact with said shaft and said hub parts
spaced apart at said shaft.

10. In a turbine, a vane-wheel comprising
a disk tapering from its center outward and
vanes removably mounted at the peripheral
edge of said disks, a shaft and a two-part
hub thereon to suppoxt sald disk and spaced
apart from each other and the said shaft to
permit the shatt to spring.

11. In a turbine, a vane-wheel comprising
a disk having a doubly beveled edge and

radial slots across the same and vanes hav-
ing o flattened and curved impact face and
a shank to secure the same in said s lots, and
a hub and a shatt to support said disk.

12. In a turbine, the combination with a
feed pipe and a 1ep].{mmble expanding noz-
zle Lor peripheral feed detachably connected
therewith, with a vane wheel having a series
of mdmlly curved vanes.

13. Ina turbine, a feed pipe having a series
of mndividually removable and 1eplaeeablu
expanding feed nozzles and means to secure
the same thereto, combined with a wvane-
wheel having a series of peripheral vanes
curved on continuous radial lines {rom their
mner and outer edges and radially arranged
thereon at predetermined distances a,pmt
and said nozzle being tangentially disposed
to said wheel.

14. In a turbine, a vane-wheel having
vanes curved radially ol the wheel and sharp
on their outer edges to receive the steam
jet peripherally and having gradually in-
creasing thickness or caliber throughout
their curved portions from their outer POr-
tion to the edge of said wheel.

15. In a turbine , a plurality of vane-wheels

3

having vanes openly exposed to each other
side by side within a common steam cham-
ber and having a common steam supply pipe,
a plurality of feed pipes connected with said
SIlpplY pipe and mdividual nozzles connected
with said feed pipes and tangentially ar-
ranged tooperatesald vane-wheelsin parallel.

16. In a turbine, a plurality of separate
vane-wheels spaced apart in open 101&131011 to
cach other and mounted to rotate together
within a common steam chamber, a [)1111 ality
of feed pipes one for cach vane-wheel and a
series of independently removable nozzles
leading thereflrom to the periphery of each
vane-wheel, an exhaust port opposite each
vane-wheel and a common exhaust pipe for
sald ports.

17. In a tulbme, a series of vane-wheels
and a plurality of separate steam chambers
therefor, a series of steam nozzles mereasing
both in number and caliber {rom each suc-
cessive vane wheel and pressure stage to the

next, thereby providing graduated expan-
sion steps for the steam from its inlet to its

final outlet, and separate exhaust ports di-

rectly opposite each and every vane-wheel
in all of said steam chambers.

18. In a turbine, a high pressure chamber
and a vane-wheel therein, combmed with a
low pressure chamber lnvmn a series of vane-
wheels therein, a feed pipe and nozzles for

each vane- ‘WhE‘Gl and the low pressure stage
vane-wheels and feed nozzles arranged 1in
parallel and adapted to receive i common
the exhaust from the high pressure chamber,
and separate exhaust ports for said
pressure stage vane-wheels arranged ¢
opposite cach and all thereof.

19. In a turbine, a casing providing dou-
ble chambers Conslatmu of four pimc:]ml

castings comprising a ouble dished member
havmg a pedestal support and a shatt bearing
intermediate thercof, a cap member for one
side of said dished munher, and a cylindrical
member for the other dished side thereof,
and a single dished cap part having a centr al
hub and bom:mﬂ for the shalt ad prLod to fit
upon and cover the open end of said c¢ylin-
drical member, in combination with separate

vane-wheels rotatably mounted withim saud

irectly

chambers, and separate fced nozzles leading

to said vane-wheels.
In testimony whereol I sign this specifica-
tion in the presence ol two witnesses.

. DUSTON KEMBIE.
Witnesses:

CARL SCHULER,
WaYNE L. STILWELL.
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