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- No. 798,105,

| Specification of Letters Patent.
Application filed October 10,1904, Serial No. 227,804,

Patented Aug. 29, 1905.

To all whom it maiy concern:

Beit known that I, Caarres V. KERR, a citi-
zen of the United States,residing at Wellsvﬂle
in the county of Allegany and State of New

¢ York. have invented certain new and useful
Improvements in Compound Steam-Turbines,
of which the following is a specification.

My invention relates to that class of com-
pound .Jtea,m turbines known more especially

1o as the “‘multicellular type” and shown, for
example, in my former patent, No. 756,241,
dated Apnl 5, 1904, of which the present in-
vention 1s an 1mp10vement

The objects of this invention are, first, to

15 construet a casing for the rotary memberq of
the turbine 1in Wthh the different sections or

units comprising the casing may be quickly

and easily assembled or separated and with a
minimum of cost of manufacture; second, to
20 construct a casing which comprises a number
of sections or units of uniform diameter and
of the same or variable width, so that a tur-
bine of a higher or lower horse-power or
mode of expanding: the motive fluid can be
25 quickly installed or varied without necessi-
tating much additional cost or discarding any

portion of the old turbine; third, to form and

construct the diskscarrying the buckets which
form the rotary member of the turbine so
30 that said disks and buckets may be quickly
attached or detached from the rotary shaft or
readily arranged in different relations along
the axis of the same: fourth, to attach the
buckets onthe periphery of the disks or wheel
28 g0 that they may be quickly removed or re-
~ paired and at the same time be strong, dura-
ble, and inexpensive; fifth, to construct the
nozzles in relation to the casing and their seats
so that they may be frmly held therein with
40 g steam-tight joint and at the same time be
quickly and readily adjusted at any angle
with respect to the rotary buckets or easﬂy
‘removed when repairs are necessary; sixth,
other evident advantages and features of the
$5 specific construction and arrangement of the
parts which will hereinafter appear from. the
detailed description of the engine and man-
ner of using the same.
My invention consists of structural features
50 and relative arrangement of elements, which
will be hereinafter more fully and clemly de-
scribed, and pointed out in the appended
claims. |
Referring to the three sheets of drawings,

of constructlion.

in which smaﬂar reference characters mdlcate 55
the same parts in the several figures, Figure

1 is a side view of one form of my invention
with the upper half shownin longitudinal sec-
tion. Iig. 2 1s an end view, partly in trans-
verse section, on line 2 2 of one-half of the 60
form of engine shown in Fig. 1. Fig. 3 1s a
side and part sectional view “similar to Figo. 1

of a modified form of my invention. Fig. 4

1S an end view similar to Fig. 2 of the form
shown in Fig.3. Fig. 5isa frao'mentary and 05
enlarged view of the disks forming the tur-
bine- wheel with two buckets atta,ched Fig.

6 is a sectional view of one-half of the wheel
showing the manner of building up the same |
and fastemncr the buckets to the periphery. jo
Fig. 7 1s an enlarfred sectional view of thecas-
ing and nozzle shown in Figs. 3 and 4. Iig.

8 1S a top view of the noz7le shown in Fig. 7
Fig. 9 is an enlarged sectional view of the
nozzle shown in FIU'S 1 and 2. Fig. 10 1s a 753
plan view of nozale shown In Flo' 9 looking
toward the lower or outlet end.

Referring to Figs. 1 and 2, 1 represents the
cvlmder of “the turbme Wthh consists, as In-
dicated in the present Showmg, of five SLmﬂa,r 8o
and separable sections 2, 3, 4, 5, and 6, an 1n-
let or head section 7, and an exhaust end sec-
tion 8. Kach of _the annular rims of the sec-
tions 2 to 6 has a tongue 9 on one and a corre-
sponding groove 10 on the opposite side, where- 835
by they may be easily fitted to each other orany
number of the separable sections be added

or interposed between the inlet and exhaust

sections 7 and 8. The separable sections 2 to
6 are provided at their centers with hubs 11, go
which surround and form fluid-tight joints

| w1th circular bearing blocks or bushmﬂ*s 12.

13 isa thin wall or web connecting the periph’-
ery of each hub 11 of the separable sectionsto
the other or opposite side of the annular rim, 95
which 1s promded with a groove 10, therebv
forming in each section a dlsh—sha,ped center
which on one side slants toward the center
and on the other side toward the rim. By
this construction of separable sections it will
be seen there is formed a series of chambers
in the cylinder-casing whose separating walls
or web 13 13 are inclined toward the exhaust °
end section 8. 14 14 are radial ribs cast in-
tegral with the wall or web 13 for the purpose
of makmo' a licht as well as a strong form
At regular mterva,ls 1in the

walls 13, adjacent to the inner and grooved

[O0O
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sides of the sections 2 to 6, are openings | The nozzles 15 15 (see Figs. 9 and 10) are each

“which are provided with a nozzle 15, through
which the motive fluid is injected against the:

buckets 27, to be hereinafter described. 16 16
are bolts passing through suitably-spaced lugs

and openingsin the inlet and exhaust end sec-

tions 7 and 8 and which when screwed up

securely hold the separable sections 2 to 6 and

end sections together. 17 17 are standards
cast integrally or attached to the end sections
7 and 8 for the purpose of supporting and
firmly securing the turbine to the usual foun-
dation or bed 18. 19 is the ordinary lagging
outside of the cylinder for the purpose of
preventing radiation and which is provided
with the usual sheet-metal covering 20, se-
cured to the cylinder ends. Passing through

~ suitable bearings in the inlet and exhaust sec-
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tions 7 and 8 and through the . steam-tight

“bearings 12 of each of the separable sections

2 to 6 1s a rotary shaft 21, from which at one
end power may betaken by means of a coup-
ling 22 or other expedient. 23 at the other end
of the shaft 1s a pulley from which a belt or
other means may be connected to a governor
for the purpose of regulating the motive fluid
to the turbine. Secured to the shaft 21 and
iterposed between each of the end sections
7 8 and the separable sections 2 to 6 is a rotary
wheel 24. Kach of these wheels(see Figs. 5and

6) consists of two annular disks 25 25, which

are firmly held together, preferably near the
center, by rivets 26 26. The outer sections of
the disks are separated slightly, and shanks
28 28 onthe buckets 27 27 are inserted between
the separated disks and securely held therein
by rivets 29 29.
ets are so machined and curved to properly fit
to the outer curvature of the disks and the
radial edges of the adjacent buckets in order
to insure an Integral and finished appearance
and prevent any possibility of the motive
fluid passing between the disks of the wheel
and injuring thesame. Thebuckets 27 27 are
of a double construction, with a division-wall
or moftive-fluid -stream splitter between . the

. same, and so positioned with relation to the

50
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nozzles 15 15 that the impact is received by
the buckets, and the fluid leaves the same in an
efficient manner. 30 is a straight or tapered

and threaded opening in the center of the

bucket-wheel 24. 31 (see Fig. 1) is a split col-
lar fixed to the rotary shaft 21, having a shoul-
der 33 on one end and a correspondingly
straight or tapered threaded section 33’, as the

opening in the wheel 24, at the other end, on

which the wheel is readily passed. 32 is a
circular nut having threads engaging the ta-

pered section 33" and securely holding the

wheel 24 against rotation on theshaft21. The
nozzles 15 15 are distributed about and adja-
cent to the periphery of the wheels 24 and
connect through suitable openings in the outer
portion. of the walls 13, one wheel-chamber
with -that of the next chamber in the series.

“when starting up, and I

necessary W1th th1s arrangement.
The said flanges of the buck-

‘provided with an end-or t1p 84, which may be
varied in length or diameter a,ccoxdmoly as

the motive fluid is to have a low or high ve-
locity or greater or less expansion and is held
in the opening of the wall 13 by means of

flange 35 and anut 36, engaging a tapered and
threaded extension 37. 38 isa dowel-pln en-
tering an opening in the nozzle-flange and a

corresponding opening in the supporting wall

or web 13, the function of which 1s to assist
in properly adjusting and preserving the cor-

75

rect angle of the center line of the nozzle with

the circle described by the buckets, and there-
by 1nsure an efficient impact and outflow of
the motive fluid from the wheel.

From the foregoing description it will be
seen I have provided a construction in which

the nozzles may be easily removed by un-

screwing the.lock-nuts 36, and the same rela-
tion and proper adjustment may be quickly

arrived at when replaced bV the insertion of
the dowel-pin 38.

The number of nozzles 15 151 in each section
or stage may be varied to suit the circum-

stances at which the initial pressure of the

motive fluid is obtained or manner of expand-

ing the same; but in the turbine shown I use.

two nozzles in the first two sections or stages
7 and 2, four in the third and fourth sections

sections 5 and 6. One nozzle 1n each section

30
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3 and 4, and six in each of the fifth and sixth =~

or stage is located at the lowest point to fa-

cilitate the passage of water of condensation
ind no drip-cocks are

39 39 are the pipes leadlnﬂ the motive ﬂuld
to the nozzles in the first section or stage, and
40 a pipe connected to the exhaust section or
end for leading the exhaust to the atmosphere
or.a, condenser
| It will be readily understood from the fore-
going construction of the castings compris-
ing the sectional cylinder that any number of

| sections or stages could be used or interposed

between the end sections with the least amount

100
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of work and expense and the number of noz-

zles applied and adjusted to regulate the flow

and expansion of the motive fluid to obtain
the highest economy for a given initial pres-
sure of the motive fluid and desired rotary
speed of the shaft. It will also be seen that

the disks for carrying the buckets are firmly

secured to the rotating shaft by means of a
split collar 31 and a lock-nut 32. The split

collar is made of steel and in two parts, which

115'.
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are located by dowel-pins 32’ (see Fig. 1) or

keys at proper points on the shaft. The col-
lar being in position, the disks forming the

‘bucket - wheel 24 are screwed in position
against the shoulder 33 and is followed up by
‘the lock-nut 32. The tapered thread used on

the split collar 31 causes the disk to bind the

_125.

split collar to the shaft, and the direction of

| rotation in turning the bucket-wheel or the

130
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threaded collaris such that the impulse of the | any manner, and if itis desired to work against

motive-fluid jet against the buckets tends to
tichten the disks on the collar and the lock-
nut against the disks. Slipping on the shaft
1s prevented both by friction and the dowel-
pin, which pin also has the function of locat-

ing the disks of the bucket-wheel properly |

with respect to the nozzles.
The disks are dismounted by backing off

‘the lock-nut by the use of a spanner- Wrench.

and unserewing the disks by hand. The bush-
ing 41 for supporting the shaft in the end
casting T is preferably screwed in-by a span-
ner-wrench, and the rotation 1s such as to be
set up against the packing by the friction of
the rotating shaft, while the bushing 42, form-

ing the other bearing, is simply a light press

fit in the exhaust end 8.

To prevent leakage of the motw e ﬂuld from
one section or stage to the next and also
dampen the Vibration of the rotary shaft, I

pY eferably construct the bushings 12 12 of the |
‘free-running” type, which are inserted in

the bores of the hubs 11 11. These bushings
ride freely on the shaft with a slight play in
the bore and the difference of pressure in the

adjacent sections holds them on their seats in
the hubs with sufficient friction to prevent

sliding and to allow the shaft to rotate freely
on its own center with a minimum friction.
The bushingsare made of graphite and bronze.

Referrmo to Figs. 3 and 4, I have shown a
modification of. the mventlon as disclosed
hereinabove and illustrated in Figs. 1 and 2,

with the exception that sections of Varlable-
width are provided and in several of the sec-
tions or stages are a plurality of bucket-

wheels and a set of nozzles for each series of
buckets on the wheels. The general con-
struction of the cylinder casing and standards,

its shaft, bearin gstorthe shatt bucket-wheels, -

bushmo’s, colla,rs and means for fastening the
wheels on the shaft may be the same as al-
ready described and indicated by the same

reference character and will need no further:

detailed description. : The lagging, metal cov-
ering for the cylinder, and bolts for holding the

| several sections of cylinder together are not

shown and whose structure and relatlon will be
clearly understood from the detailed descrip-
tion given in connection with Figs. 1 and 2.
The dltfer‘ence% of construction oi the modi-

fication shown in Figs. 8 and 4 from what is

illustrated in Figs. 1 and 9 is that the first in-
let-section is provu“]ed with an annular steam-
chest 48. Between the two annular walls of
the mlet-sectmn 7 and sections 2 to 6 is inter-
posed a circular series of nozzles 44 44, which
control the motive fluid from the steam-chest
43 to the first series of buckets or to the
bucketsin sections 2.to 6 in passing from one of
the sections to the next section or stage until

finally exhausted at 40 to the atmOSphere or-
(Notshown.) Thenumber of the
several sections or stages may be varied in !

condenser.

present 1Invention.

“disk 50.

BT,

| steam-chest 43 or cylinder-section, through

a hicgher initial pressure another high-pres-

sure section or stage 2 may be added or
when running non-condensing and exhausting
1 with five or ten pounds pressure for steam
heating one of the low-pressure sections or

stages 5 or 6 may be removed. The form of

nozzle 44 to be used in connection with the

buckets can be varied in many ways, but 1
have found an injector-nozzle, such as shown
in detail in Figs. T and 8, well adapted for the

nozzle end 45, having a removable tip 46.

The end 45 is promded with a flange 47, which

engages the outer edge of an opening 48 1n
the steam-chest 43 or cylinder-section casting.
Extending from the upper side of the flange
47, separated from each other, are lugs 49,
supporting an 1internally - threaded annular
Engaging the internal threads of
the disk 50 is a cylindrical plug 51, having a
central threaded opening 52 and at i1ts upper
end an annular recess 53. - Passing through

and engaging the opening 52 1s a threaded rod-

54, promd ed at one end with a valve 55, which

is capable of being screwed into ,Seat 56 of -
the _nozzle-()pening by any sultable tool en-
caoing the outer and preferably squared end
58 1s an opening in the outer wall of the

which the nozzle end 45 is inserted and seated
by means of the flange 47 in the opening 48
in the inner wall.

chest 43 or cylinder-section by bolts 60 and

‘having a circular depending flange fitting into -
and sufficiently closing the opening 58 to pre-

vent the withdrawal of the nomle 45 and the

plug screw-threaded at its lower end which
engages corresponding threads in the inner
circular wall of the casting 59 and is provided

Thls nozzle consists of a

- 59 1s an annular-shaped
| casting secured to the outer wall of the steam-

70
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integral annular disk 50." 61 is an annular

in its internal and central portion with a de-:

recess 53 of the plug 51

is. screwed down it will make a steam-tight

pending projection 62, registering with the -
| Suitable packing
material is placed between the upper side of-
the disk 50, the lower end of the plug 61, and
the lower section of the annular ﬂanwe 63
_ and in the recess 53, so that when the pluﬂ’ 61

11O

115

joint between the interior of the steam pas-

sage-way and the outside air and at the same-
time provide means whereby the valve con-
trolling the steam through the nozzle can be
easily adjusted or removed from the engine-

casting in case of needing repairs. -
The operation of the invention 1s as follows:

I20

Referring to Figs. 1 and 2, the motive fluid '

enters, by means of pipes 39, to the nozzles of -
the first section or stage of- the cy]mder and
impinges against the buckebs of the fi

rst wheel

'and:then.pa,sqes in .succession through the dif-
ferent sets of nozzles to their respective
wheels and is finally exhausted by means of -

130

the pipe 40. The degree of expansion can

125"
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be regulated by the number of separate sec-

tions which is interposed between the inlet

and exhaust sections, and the jet velocity of

the motive fluid or impact of the same on the
several bucket-wheels 1s controlled by the

number and size of nozzles which are disposed

about the peripbery of the wheel. In the
modification shown in Figs. 3 and 4 the op-
eration 1s substantially the same, except two
sets of bucket-wheels and nozzles are em-
ployed 1n the third and fourth stages of ex-
pansion and three sefts of wheels and nozzles
in the fifth and sixth stages. - However, 1t can
be readily seen that this relation can be modi-
fied and the number of nozzles increased or
decreased by means of opening-and closing
the controlling-valves of the nozzles.

‘From the foregoing arrangement 1t will be

~seen I have devised an engine in which 1n

- 20
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the mounting and_dismounting of the parts
composing the turbine they may be readily
slipped over the end of the shaft, and by the
adjustment of the number and size of the noz-
zles the same jet velocity and power is devel-

oped at each seotion or stage of expansion of

the motive fluid.

Various changes may be made in the spe-
cific: construction of the cylinder herein de-
seribed in order to provide separable sections
which may be easily assembled or taken apart
or of the means of providing a fluid-tight joint
between the several sections and the rotary
shaft, and while I have shown my preferred
form I do not care to limit myself to these
specific arrangements, as they could be modi-
fied in many ways without departing from the

spirit of my invention and accomplish the

same results.

- Having now described my mvontmn what
I claim as new, and desire to secure by Letters
Patent, 1s as follows:

1. A multicellular compound turbine com-
prising a cylinder composed of a series of sep-
arable and independent sections for the sev-
eral stages of expansion of the motive fluid,
a, series of longitudinal and through bolts for
holding said sections together, a shaft pass-

ing centrally through each of said sections,

a loose and pressure-seated bushing around
said shaft within each: section, a wheel or disk
within each section and fixed to the shaft, a

row of buckets on the periphery of each wheel

or disk and a set of stationary nozzles oppo-

 site each row of buckets and extending into

- 55

60

- web connecting the outer rim and hub, a shaft | o:&pansmn of tho moftive ﬂuld a rotary shaft

said sections and forming a direct communi-
cation between any section and the next suc-
ceeding section.

2. A muiticellular compound turbme com-
prising a cylinder composed of a series of sep-
arable and independent sections for the sev-
eral stages of expansion of the motive fluid,
each of said sections being formed with an
outer flanged rim, a contral hub, and a wall or

798,105

passing centrally through each of said sections
and hubs, a loose and pressure-seated bushing
around sald shaft within each section, a ro-
tary wheel or disk within each section and

6s

fixed to the shaft, a row of buckets on the

periphery of each wheel or disk and a set of
stationary nozzles piercing the walls or webs

opposite each row of buckets and extending

into sald sections and forming a- direct com-
munication between any one section and tho
next succeeding one. -

3.. A multicellular compound turbine com-

prising a cylinder composed of a series of sep-

arable and independent sections for the sev-
eral stages of expansion of the motive fluad,
a series of longitudinal and through bolts for

70
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holding said sections together, a shaft passing

centrally through each of said sections, a ro-
tary wheel or disk within each section and
fixed to the shaft, a row of buckets in the pe-
riphery of each wheel or disk, a set of noz-
zles opposite each row of buckets and extend-
ing into said sections and forming a direct
communication between any sectton and the
next succeeding section, the nozzles in the suc-
cessive sections progressively increasing in
number from the high-pressure stage to the
low-pressure stage of expansion.

4. A multicellular compound turbine com-

prising a cylinder composed of a series of sep-

arable and independent sections for the sev-

eral stages of expansion of the motive fluid,

90

95

a shaft passing centtally through each of said

sections, a rotary wheel or wheels within each
section and fixed to the shaft, the number ot
wheels in the successive sections progressively
increasing 1n number from the high-pressure
stage to the low-pressure stage of expansion,
a row of buckets on the periphery of each
wheel, and a set of nozzles opposite each row

of buckets and extending i1nto said sections

and forming a communication between any
one section and the next succeeding section.

5. A multicellular compound turbine com-
prising a cylinder composed of a series of sep-
arable and independent sections for the sev-
eral stages of expansion of the motive fluid,
a shaft passing centrally through each of said
sections, a rotary wheel or wheels within each

100
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section and fixed to the shaft, the number of

wheels in the successive sections progressively

increasing in number from the high-pressure

stage to the low-pressure stage of expansion,
a row of buckets on the perlphery of each
wheel, and a set of adjustable nozzles oppo-
site each row of buckets and extending into
said sections and progressively increasing in
number in each succeeding section from  the

high-pressure stage to the low-pressure stage -

of expansion.

6. A multicellular turbine comprising a cyl-
inder composed of a series of separable and in-
dependent sections for the several stages of

115
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passing centrally through all the sections,
wheels within each section mounted on said

“shaft, the wheels inthe successive sections pro-

oressively increasing in number from the
high-pressure stage to the low-pressure stage
of expansion, a row of buckets on the periph-
ery of each wheel, a set of nozzles opposite

.each row of buckets and extending into said

sections, and valves for separately and indi-
vidually controlling said nozzles.
7. A multicellular compound turbine com-

prising aninletand an outlet section, a series ot

separable and independent sections interposed
between the inlet and outlet sections, each of
said separable sections being formed with an
outer rim having a groove on one edge and a
tongue at the other, a central hub, and a wall

- or web connecting the outer rim and hub, a
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rotary shaft passing through all the sections
and central hubs, aloose and fluid-tight bush-
ing about the shaft at each hub of the sepa-

‘rable sections, bearings-forthe shaft in the in-

let and outlet sections, wheels within each sec-
tion and mounted on said shaft between the
hubs, a row of buckets on the periphery of
each wheel, a set of nozzles piercing the walls
or webs opposite each row of buckets and
forming a direct communication between any
one section -and the next succeeding one.

8. A multicellular compound turbine com-
prising an inlet and an outlet section, a series
of separable and independent-sections inter-
posed between the inlet and outlet sections,
each of said separable sections being formed
with an outer rim having a groove on one edge
and a tongue on the other; a central hub and
a wall or web connecting the outer rim and

hub, bolts for firmly holding the assembled

separable sections between the inlet and out-
let sections, a rotary shaft passing centrally
through each of said sections, suitable fluid-

tight bearings between the shaft and the hubs
of the separable sections, wheels within each
section and fixed to the rotary shaft between

the-hubs of the sections, a series of buckets
on the periphery of each wheel, a set of noz-
zles opposite each row of buckets and form-
ing a direct communication between any one
section and the next succeeding one.

9. Animpulse-wheel for turbines compris-

ingo a shaft, a series of securing means prop-

erly disposed along the shaft, split collars en-
oaoing said securing means, each of said col-
lars being provided with a shoulder at one end
and a tapered section with threads extending
to the other end, bucket-wheels each having a

‘central tapered opening with threads corre-
sponding with those of the split collars, lock-

nuts engaging the tapered sections and-hold-
ino the wheels against the shoulders and as-
sisting in securing the split collars and wheels
to the shaft. |

10. An impulse-wheel for turbines compris-

‘within each section and

ing a shaft, a series of dowel-pins properly
disposed along the shaft, split collars engag-
ing the dowel-pins, each of said collars being
provided with a shoulder at one end and a ta-
pered section with threads extending to the
other end, bucket-wheels each having a cen-
tral tapered opening with threads correspond-

ing with those of the split collars, lock-nuts
engaging the tapered sections and holding the

wheelsagainst the shoulder and assisting 1n se-

curing the split collars and wheels to the shatt.

11. A wheel for a motive-fluid turbine com-
prisine two circular disks riveted together
near their centers and separated at their pe-
ripheries, a series of double buckets having
shanks interposed between the separated pe-
ripheries of the disks, means passing through
the peripheries of the disks and the shanks
for securing the buckets to the wheels, and a
screw-threaded and tapered circular opening
in the center of the disks. |

12. A nozzle for motive-fluid turbines com-
prising a nozzle-section, a flange on said noz-
zle-section having a lateral extension with a
dowel-pin opening therein, a threaded sectlon
extending normally from the flange and on
the other side from that of the nozzle-section,
and a lock-nut engaging the end of the thread-
ed section. | .

13. Animpulse-wheel forturbines compris-
ing a shaft, a series of securing means prop-
erly disposed along the shaft, split collars en-
oaging said securing means, each of said col-
lars being provided with ashoulder at one end
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and a section with threads extending to the -

other end, bucket-wheels each having a cen-

tral opening with threads corresponding with

those of the split collars, lock-nuts engaging
the threaded sections and holding the wheels

against the shoulders and assisting In se-

curing the split collars and wheels to the
shaft. ~ |

14. A multicellular compound turbine com-
prising a cylinder composed of a series of sep-
arable and independent sections for the sev-
eral stages of expansion-of the motive fluid,
each of said sections being formed with an
outer rim having a tongue on one side and a
oroove on the other, a central hub, and a wall
or web connecting the outer rim and hub, a
shaft passing centrally through each of said
sections and hubs, a rotary wheel or disk
ixed to the shaft, a
row of buckets on the periphery of each wheel
or disk and a set of stationary nozzles pierc-
ing the walls or webs opposite each row ot

buckets and extending into said sections and

forming a direct communication betweenany

one section and the next succeeding one.
15. A wheel for a motive-fluid turbine com-

prising a -circular disk or wheel, a series of

double buckets having shanks engaging the
periphery of the disk or wheel, and a screw-
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threaded and tapered circular openmo in the In testimony whereofI affix my signature 11'1
center of the disk or wheel. presence . of two witnesses.
16. A wheel for a motive-fluid turbme com- |
prising a circular disk or wheel, a series of - , CHARLES V. KERR
5 double buckets having shanks engaging the | |
periphery of the disk or wheel, and a serew- Witnesses:
threaded circular opening in the center of the W. H. CraxpALL,
disk or wheel Wwn. D. ArPLEBEE.
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