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To all whom tt may concern:

Be it known that I, Wirriam L. R. EMMET, a
citizen of the United States, residing at Schen-
ectady, in the county of Schenectady, State of
New York, have invented certain new and use-
ful Improvements in Elastic-Fluid Turbines,
of which the following is a specification.

The present invention has for its object to
provide a high -efficiency turbine and one
which 1s simple 1n construction, so that it
may be assembled and alined or taken down
by workmen of ordmary skill.

In the accompanying description and claims
will be set forth with particularity the ar-
rangement of parts whereby I am enabled to
obtain the advantages sought.

In the accompanying drawings, which illus-
trate an embodiment of my invention, Figure
1 1s a partial elevation of a turbine 1n quar-
ter-section. Fig. 2 is an enlarﬂ'ed section of
three of the stages. Fig. 3 is a view in side
elevation of the cover 101 ‘the high-pressure
shell. Fig. 4 1s a plan view of ‘said cover.
Fig. 5 i1s a plan view of one of the sections of
the casing. Fig. 6 isaside elevation of a seg-
ment or sector of the detachable wheel-buck-
ets. Fig. 71is a longitudinal section of one
of the nozzles. Fig. 8 is a cross-section of
the throat ot a nozzle, talken on line 8 8 of K1ig.

7. Fig. 9 1s a section of the nozzle, taken on-

line 9 9 of Fig. 7. Fig. 10 1s a view looking
at the end of the nozzle.
view of the means employed for-securing the
intermediate buckets of the lower-pressure
stages in position. Fig. 12 1s an enlarged
view showing the shape of the intermediate
and wheel buckets in cross-section, and Fig.
13 is a detail view of a means for holding the
diaphragms in place When the machme 1S used
horizontally. |

In carrying out my invention I divide the

turbine into’ a relatively large number of |

stages and provide nozzles between the boiler
or other source of elastic-
first stage and also between the stages, which
nozzles have only a small amount of expan-

sion, so that the velocity of the fluid-stream

With

nd that two rows of

delivered thereby is relatively low.
this arrangement 1 £

ing 3 for the several stages.

Fig. 11 1s a detail

'end of the base. he
casing is provided with a cover 6, having a

Tuid supply and the

Wheel-buckets and a partlal or segmental row

50

of intermediate buckets in each stage are suffi-

cient to abstract by successive opara,tlons all

or substantially all of the velocity developed -
by the preceding nozzle.

is divided into four stages, the pressure on the

able limits and a large -amount of energy
from the steam or other elastic fluid can be

abstracted, resulting in a turbine of high effi-
ciency. ThlS hlo'h efficiency 1s due princl-
pally to the fact that the velocity of the fluid-:
‘stream 1s moderate and the buckets relative
to the stream more nearly approach the

proper theoretical speed.

Referring more particularly to Kig. 1, 1

represents the base of the turbine, which is Ccy-
lindrical in outline and 1s prov1ded with dis-
charge openings or conduits 2, each having
an outwardlv—extendma' ﬂanﬂ'e by means of
which it can be bolted to a condenser or to a
conduit conveying steam to the condenser or

other exhaust. The upper surtface of the base
is provided with an outwardly - extending

flanoe on which is seated and secured a cas-
The casing in
the present instance 1s made in four pieces,

Whlch are bolted together with steam-tight
joints between them, the lines of division bemcr
in axial planes. The several sections are pro-
vided with radially-extending flanges through

gage with the shoulder 5, formed on the upper
The upper surface of the

thickened rim or flange 7 and radlally—ex—
tending streno*thenmﬂ‘ ribs 8, Kig. 4.

When the turbine

The

‘ribs are also connected near thelr outer ends N
by webs 9. The cover is provided with open~

55
several diaphragms can be kept within reason-

60.

75

380
which the retaining-bolts 4 pass, and-all en-

ings 10, through which extend the nozzles11.

The nozales are secured to the upper side of

90

the cover by bolts 12, so that'the nozzle struc-
ture as a whole can be removed without dis-
turbing the cover or other parts of the tur-

bine. The under side of the cover is provided °

o5
In the present

with as many radially-extending openings 13
as there are sets of nozzles.

instance two of these opening are provided.
I prefer to form these openings solely in the
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detachable covers.
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cover instead of making the openings par-
tially in the cover and partla,l]y in the casing,

because it simplifies the constr uction and de—-

creases the amount of labor required to finish
them. In addition to the openings 13 other
openings 14 are provided, which have suitable
The object in providing
the second set of openings.is to enable the
bucket-wheel to be inspected without disturb-
ing the intermediates or nozzles, and thus af-
fectmo* the alinement. The intermediates are
secured to the cover and tothe casing by bolts
15, and by removing the bolts which secure
them to the cover the latter can be ratsed
bodily without disturbing the alinementof the
The central por-
tion of the cover is provided with a suitable
packing 16, which surroundsthe vertically-ex-
tending shaft 17. Ihave found that the carbon
rings 18 may with advantage be employed for
this purpose. In the present illustration two
carbon rings are shown, which are separated
from each other by a division-plate and are re-
tained 1n place by a cover 19, the latter being

secured to the hub of the cover by bolts. The_

hub of the cover is provided with a shoulder,
and engaging therewith is a cylindrical sup—

port 19’3L that carries the bearing 20, the latter

being surrounded by the Support or stool 21,

that carries the dynamo-electric machine or
other apparatus to be driven. Thesupport 19*
is provided with an inwardly-extending flange

22, having an upturned edge which aots as a

receiver for the lubricant thrown outward
by the ring 23, carried by the main shaft.
In the present 1llustration I have shown four

wheels, each of which is provided with two
rows of buckets, the construction of which

will be hereinafter described. Between the
wheels are diaphragms 24, the construction of
which 1s best shown in Fig. 2. Theupper dia-
phragm 1s constructed somewhat differently

from the diaphragms for the lower-pressure

stages 1n that it does not carry the nozzles.
The diaphragm is arched in order to give it
strength, and the periphery is thickened, as at
25, to resist the heavy strains to which it is

subjected owing to the difference in steam-

pressure between the first and second stages.
The periphery of the diaphragm is provided
with a shoulder 26, that engages with a cor-
responding shoulder formed on the upper part
of the casing 3.
ened at the periphery the upper dlaphl agm Is

‘strengthened by radial ribs 27.

The diaphragms 30 of the lower-pfessure

_stages are provided with thickened rims for

the purpose of resisting internal strains, and
they are also provided Wlth deep mdla,lly—ex-
tending ribs 81. The outer face of the dia-
phragm is turned off true and is seated on a
shoulder 83, formed on the casing or shell.

It isto be noted that both the hlcrh and low

pressure dlaphragms rest on sh ouldel s formed

on the shell or casing 8 and are held in place by

In addition to being thick--

1ts great strength.

gravity and also by the pressure exerted there-
on when the turbine is in operation. By this
arrangement I am able to greatly reduce the
amount of machine-worl and at the same time
dispense with all small parts, such as bolts,

&c. When the machine is used in a position

other than a vertical one, devices may be em-
ployed to prevent the diaphragms from leav-
ing their seats when the pressure is taken off.
I have found that bolts 39°, having conical
ends arranged to engage with bevel-faces on
the _dlaphraﬂms a8 shown in KFig. 13, are sat-
1sfactory for this purpose.

by cores at the time the casting is made.
These nozzles comprisea bowl 34, a throat 35,
and a discharge end 36.

outline as distinguished from those nozzles
which have a round thr oat and a rectangular
discharge end. " This arrangement is made de-
sirable ior simplicity and by reason of the
slight expansion which is given to the nozzles.
ThlS will be hereinafter referl ed to.

1t will be noted that the sectionalized noz-
zle 37, Fig. 2, for the second stage is formed

in the casing 3 as distinguished from form-

ing 1t in the diaphragm. The nozzle is com-

posed of a plurality of expanding passages
situated adjacent to each other, so that the

motive fluid 1s delivered therefromin the form
of a solid stream or jet. These passages are

formed in an inwardly-extending pr ojection

formed near the upper end of the casing or
shell 3. It is advantageous to form the noz-

zles in the casing as distinguished from form-

ing them in the diaphragm on account of the
oreat strain to which the high-pressure dia-
phrafrm 24 is subjected. By this construction
the high-pressure diaphragm can be made con-
siderably smaller in diameter. Hence the
pressure exerted thereon is correspondingly
decreased. Theconstructionand arrangement
of the nozzle on the casing is such that the
necessary metal can be pr ovided to ogive 1t the
requisite strength. Anotheradvantage in this
construction resides in the fact that the parts
can be made of different kinds of metal. For

example, the casing may be made of cast-iron -

and the diaphragm of cast-steel on account of

For various reasons it is -

The diaphragms
are prevented from moving laterally by the
cylindrical guide-surfaces 33%, which extend at
right angles to the shoulders and are turned
‘at the same time the shoulders are formed.
The nozzles in the diaphragms are formed

The thr oat and dis-
charge end of these nozzles are rectangular in.

W™

im practlcable to form a nozzle, and particu-

larly one composed of a number of sections,

1n a steel casing at the time it is made; but |

this can be done 1n cast-1ron without dlfhcultv
under proper conditions. In this manner 1
utilize the metals to their best advantaﬂ'e

The fourth or lowest wheel is in dir ect com-

munication with the vacuum-chamber formed
within the base 1. Between the double row

of buckets on each wheel is situated a row of
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intermediate buckets 38, which are segmens |

tally *“‘mwe({—mthm s to say, they extend
around a portion only of the circumference of
the casmg. The a
medlates 1%1&1"9%%, however, from. tfm, aigh
to the stage of lowest pr essure. | Thisis wm
NECOSKATY L; reason of the "ifltf‘{}d*wu*_“’11{‘111‘{.,
of the steam or other fehmc motive fluid, due
to its lu::remﬁd pressure. ihemtem}emam
ars. caumd by stupports a‘} and the'latter are
spated I gronves Tormed on the w"vcr*” parts
of the shell or o sing 3.
in place by bolfs 40, the il”d{is (} Nh{f“h are
tocated outside of the e asing. m Tig. 11 one
of t-hese'Foibs is shown 'on an-enl larged. scale.
s wiil be noted that the under mdﬁ of, the
~ head s m‘omded with a conical St Jf"wf, 41,
whicli engages with 2 xmﬂm surface on tn{,
casing 3. The object of this a**mzmement iS
te prevent steain from escaping around the
vocy of the bol$, and henee to th-e, :mnaﬁ,phw@
it 1s advmtageom to ynoun b hleﬂe 1nterme-
diates in ﬂ"I"{}OTﬂ‘S tm*zmd m' the casing, be-
causs 1 simaplifies the matter ﬂ alinement
and also the ww}l of *mchm ing. After the
ends of ma, several narts of tim casing are
finished and are unite iLﬂ 1f:a*111*131**~3}01r%1t1f"
mourted on a horing-m H and the shoulders
| ,Lm' EGL(}Z{‘E’H}U the fimph ns and the 2ro0 »‘fev
forthe mtezmadlme fm., madd, This work

L Al
h-.r

can all be done oD a boring-mill of ordinary

construction and BV mes I’)%Ut;ihlﬂu‘—ﬂﬂ?ﬁ@l]’JlLt
‘*a‘;h'e xact location .fmd size of -4l the shou Idez*r-:

anc g "ﬂm es tetermined, the bed of uh{‘ bm‘i‘w’--

mili Serving as a b ase from which to make the
T‘*l(*‘ﬁl’il&b?‘]f‘ﬂtb “in this manner abwmte Q.0
citracy 1n construction is assured. 1t 1S 1m-—
portant that these intermediate huu-mt% be ac-
cumtelv alined on account of the i mited cloat

ance hetween them and the '-“heei buclxﬁtq
The intermediates for the Rest or wh—pwq—
sure stage are made adiustable, Im’r those for
the 101& eI - pressure stages are immovable.

’“he clearance hetween the ,,t'shtmnﬁ:"”?ml mov- | -

ing buckets in the firgt stage hmmlfﬁ as small
a8 ;,ohmbie consistent with good operation mld
the domama s - bebween the stationary and
moving parts of the lower- -pressure stages sue-
cesslv flh increased.  This ismade p{.ﬁ%mi{‘ by
reason of the decreased pr essure of th Hm‘zwe

finid.

Are covered ‘;;V ﬂmw mtm--

-

'C(}n%m nebion ph.(]_i’ﬁlﬂﬁia
| supported when it is desired to.remove’ the

| il‘eev are retained |

.Ielatlon of parts.

tween the radial ribs ang -

1 the outside of iu{, wheel, passsges 3
vided, as shown in dotwl lu-m |

252 | . g

L‘]

prises, ‘essentially, a{w‘trmw‘ 43, which is siti
ated directly under the s]mft zmd a bearing

46, which s prevents the shaft from moving Lt

above the bearin g-support
the mp nort

uml} © oifuatec
is a collar 47, w ‘hich engages with

_wh en the shatt is lowered. bg I‘om,tu“m theaid-

mtmft-w*mw 48 hackward. Byire 1%{11101 this
nd-the shatt will Be

lower bearing. : The wheels are seated: oh
shoulders-formed on the shatt, and {:hmmo*m o
with the apper wheel is a suitable nut, .'.

in- laSPHHMHIG the turbine. the xhe—*ela ars
monnted in *}I&LF‘ and properly *1(]111*;3\‘:9{.1 With
respect. to I}w high-pressure. nozzles and the
fixed wivmm:’!w 3, atier Whlm the high-pros-
e mtﬂ'medmuas areadjusted to the DToper
posttion. it is important {o maintain small

| Glbard“’l{,{}ﬂ betweon the moving snd s stationary

parts of the first whee because of the differ-
ence in pressure which G“{J‘-: ts between the dis-
charge end of the nozzie and ihe inclosing:
bheli - When it is considered ‘that. the- leah--
age through the ciearances is deter mined by
pPressure d,hift.,wucecﬁ the nﬂcm:}n’r@? of mak NG 9o
smail clearances is a pnaw The nozzles:
discharge steam at a pressure siwht - above-
that of .tha _-*hras_l and owing to the hmt that
thmf COVEr an eatended area the total leak kage
may aniount to comlderab wubh .-;111 Hﬂpi opef X
Tt is important to dmm off thf- water 0“’ eon--
densation, so as to prevent it from | DeIng car-
ried : .;110‘*1{5 with the steam, and thus ub%o“]mm
heat th@ efrom.
I vided for this puz rpose, which is }‘ﬁfﬁh shown™
in Figs. 1 and 2, wherein 50 1 u’;premma 2, dp-:
ﬂe(,tor havmg perforations 51.  These per-
forations are in line with the machmwe end-
of the firet .wheel, as shown in Hig. 1.
upper end. of the deflector is mtu&ted mt b+ "
low the clearance between the wheel- fmd in-
termediate buf_:fwts.., 50 that any water pro- -
jected outward at this point Wil pass to the

ont ide of the deflector and be collected in the 110

gutter 52. The diaphragm 94 is. provided: -
with a numhﬁx of catch-basins formed be-
the thickened rim.
In order to convey water from. thw pomt o

hme pas-

A qyatem of drainagé is w‘*ﬂ---' {eTe

The 105

e pr(}. I I

SRges communicate wi “it]lb Vi L!u NS *'*@.,_nd—
ng paﬁmfsn:‘*m that drain the ou "i‘wr 52, In
order to control the flow of watey irmm one =
stage to the next, val% 54 is pw:md@d nay- 120

The fl,d]uuw} ity of the luf?h-mmw re in- )
‘-L{H'Pﬁ@{liauih 18 apparent from Tig. 1. The
- ehds of the intermediate- Suﬂ‘{}(”’“ta!"i* pmmrleﬂ

55 with prejections 42, containing acdusting- |

- cover 6.

r)olm whiich engage: with 0DPOsite fﬂde‘w, ot hP
pm LCthn% 43, formed on or Seﬁured b the
Betweenthe bodies of the- retaining-
holts and the wppor‘" for the inter ?‘*519{'“1;0 1@*

slight amount of clear ance, so that when the i

holts 15 are backed off hﬂuth he interme-
‘ omt@ can be adiusted u D or down, as desired.
"The vertic: 1;1}* extending main shaft 17 is

{h ovidged w1t[1 A Stiin ‘}!9 SUPPport /{a‘: which is.

nmnm (d1n tu :m nm.,c,lmh:,

i_?{’l NI L* i

I]. _‘. } L:"i),{ If"

11 om one. s***;{ﬁ]] to the next.  The
‘e formed 1n the casing or %hel?

366 PAlSay ES | |
The see-

ond wheel is provided with a per m ated de- 125
‘Hector-plate arranged similar to plate 50. g
will be noted that these plates are %1.”{@;(13
Detween the water- t]*«a“h&l‘b{ﬁﬁ passage 56 Qf L

the e cmhnﬂ %tdﬂe':md the imd Ut-thbl
- In this n,mgun

| surface 55, “which engages with
1 a cor {L,*&]‘f?'mimﬁ seal -1 iﬂ.b passage ]9 LdH‘g’_i"‘

Wi 11{11: draived. froi one stage 130

o
F-'q



g yond the bucket-wheel.
munilcates with a space or gutter located back

10 pressure.
this passage it flows through the opening or
passage 58, that i1s formed back of and shunts.
This construction being |

s

20

25

30

35

40 1

45

interlock with the

Lo

55

6o

Gt

L =

is prevented from being entrained with the
steam discharged from the second wheel.

The diaphragm 30 is provided with a pas-
sage 57 for conveying water to a point be-
This passage com-

of the deflector-plate, which ; 18 attached to the
periphery of the diaphragm and also com-
municates with the Lxdmcent stage of lower
After the water isdischar ged from

the intermediate.
the one followed in the next stage of lower
pressure, turther description is unnecessary.

Referring to [figs. 6 and 12, the construc-
tion of the buckets will be described. A plu-
relity of radially-extending buckets 60, hav-
ingr sharpened receiving and discharge ends,
are cast or formed integral with a segmental
support 61. Ifor large machines it will be
found best to make these . buckets up in rela-
tively short segments; but for smaller ma-
chines it is not so necessary, and the scgments
can be-made much laroer,
row of buckets can be for med in a single ring.

The buclkets are provided with a dolachable

“cover 62, which is preferably made up in sec-
tions and secured in place by tenons formed

mtegral with the buckets, the said tenons be-
ing riveted over attheir outer end. The sup-
port for the buckets is provided with a hook-
like projection orshoulder 624, which engages
with a peripheral shoulder or ﬂnla.xgement on
the bucket-wheel 63. The opposite faces ot
the wheel are faced off true, and engaging
therewith are the finished surfaces 64 on the
bucket-supports. These surfaces are prefer-
ably made of considerable extent, so as to af-
ford a firm bearing tor the buckets. In order
to retain the lm(lwt% in place, bolts 65 are

provided, which extend through the buckets

of both rows and also axially th ough the web
or flange of the wheel. The hook - “Tike pPro-
jections or shouic - nn the bucketsengage or
:;fimulflers formed on the
wheel, and the major portion of thé strain due
to centrifugal action is taken up by these

- shoulderss By thlsumahuctumtlll danger of

hledkaﬂo under centrifugal strain is ulwmtﬂd

and the buckets and W hoel can be made at a

ITIII]II’IH] M COSL.

Referring to iig. 12, it wd] be scen that the

support 61 and the cover 62 arc somewhat
wider than the bucket and that the sharpened
_rear edge of the bucket is flush with the sup-
" port and cover, whereas the front edge 1s
set baclk Sll“]lth" fromsaid support and cover.

It will also be seen that the support and cover

arc beveled or cut away slightly at the en-
trance of the working passage between the
bhuckets. The ()h]{‘mt in this arrange ment is

Lfoansure an unobstructed entrance ot motive

fluid 1o the passage, “ince any rvestriction at
this point tends to create eddies resulting in a

" the lines of division are ih radial planes.

stage. of lower pressure.

or even the whole-

754,29.‘3

decrease in efﬁmency By ha,vmn' the support

and cover pro;]ect beyond the buckets thereis

less liability of injury to the buckets in case
the moving and stationary parts should Imno-
mentarily rub for any cause.

In Fig. 5is shown in plan one section of the -

cylmdmc&l casing 3. 'T'his clearly illustrates
the feature of theinwar dly-extending projec-
tion having a shoulder 66 to receive the dia-
phragn 24 and the nokzles S7 and also that

53

70

75"

represents the passage shown in dotted lines -

for conveying water of condensation from the
diaphragm to a point beyond the.wheel, and
52 represents the gufter which eollects the
water received from the wheel and discharges
it through the opening 56 into :the ad]‘ment
In this figure the
valve 54 is not shown, although the opening

and the seat therefor :
lines. - At 67 are lllustrlted in dotted lines the

are lllu%mted in dotted

openings for receiving the inter Im,dmte re-

taining-bolts 40.

In Fi ig. 7 isshown a lonmtudmal section of o

a nozzle for converting the pressure of the
motive fluid into Velomty and discharging it
qmmst the bucket-wheels. The nozzle com-
prises a plurality of passages, each provided
with a well-rounded bowl 37 a,nrl a.1restricted

throat 68 in the form of a par allelowr‘tm. The

cross-section on line 8 8 at the thmat iS a8 Iin~
dicated in Fig. 8. At9 9 the .sa.f,tmn is'a par-
allelogram of the form illustrated in Fig. 9.

In Fig. 10 is shown the shapeof the stream of
100

motu e fluid as it strikes the bucket-wheel. . It
will be noted that it corresponds doseiy to the

shape of the passages between wheel-buckets.

It has been customary heretofore to. make

the throat 68 of the nozzle or nozzle-section of

‘ircular eross-section and to ﬂ‘ra,duallv change
the form to a rectangle at the point of dis-

(‘11‘11‘0‘0 whmh arrantrement 1,5, generally speak-— _-

however where the VGIOCIW of the fluid stream
s 1 elatwelv low that it is better to change the

cross-section to one having the formof a par-

allelogram, because by so doing the .several
passages or sections may be gr 011[)13(1 1n 8 at-
ner to occupy a smeller space and the angle of
the throats with respect to the wheel can be
improved. The feature of a nozzle section or

I have found |

Torm of the throat from one having a circular

passage having flat diverging walls as con-

| trasted with one havmu ) wlmdrlcal wall with

a rectangular discharg ge-opening is also advan-

tageous, “because it oives a better lateral ex--

pansion to the motive fluid. The reason why

my 1111pr0ved nozzle sections or passages can

be grouped in a smaller space than those hav-
ing circular throats is readily app: arent when
the difference in area between a circle and a
square whose sides equal the diameéter of the
circle is considered. For example, a rectan-

8o

1oy

120

125

gular opening ha,vmtr an area of one Squme 130
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Space occupm{ by the nozzle will be

" tg U}.lr:;t 0... bh.

efficiency. By

and the surfaces uniting the throat with the
ii emllv rounf:i{,d{ tw* t‘“ O RAine.
. 3“9&53014.

WY
AN

-

meh *wmhi Have Id@b one mch lonﬂ' wliereas
8 civcle, nmr 159; & cross-sectional area of one
inch would ‘have a (hfimet’w of 1.198"inches.
In other words, each eylindrical throat ocey-
meq & greater space than a rectangular throat
of . the same cross- -section. Hence the total
‘r&ﬂter
in the forme r case than in the latter. |
The area of the throat of anozzle ornozz 1{-*
ﬂctmn 1s determined by the amount of #uid
which 1 mish pas ss-through it to fulfll the Ccou-
ditions of . oner ﬂ"i@"n. The discharge end of

the nozzle mustbe so shaped that the contour

of the *mm stream as delivered will correspontd
FECEIVING PAsSSage Or passages
between the wheel - bU.CLﬂfS othermse 'dle

will net be iilled, and tllerﬂ will be a loss in
maliing the throat of each

nozzle or ﬂ@ﬁle aec,uon where g nuniber are
grouped together in the form of a paraliero-

gram I can ob‘mm any desired e*zp;msmrr no

matter how small it may be, and » ab the same
time *’!3‘101]11 the  seetions _.;111.0 @ mmmmm
amount of space.” The bowl of each nozzle or
nozzle- 5@{*?1011 shoutd be rounded, so ) as to v

duce the frictional retardation of the %mm |

bowls Jmﬂlu be

It will bﬂ s0en him 03 mkmﬂ' off’ on eﬂ;}m

sections UJ the casing all of the whmm ATE OX-

posed, ¢ Ihl ah.aa wzthuat ,ﬂtemna‘ the m:m rmni_
To put the mat- |
ter in-a different Way,: each casing-section-is

of the mashine as s whols.

commaon to-a plur JIW ot wheei-mam}wr&
I have: shown 1y inyvention in wrmectm

- with a machine having two wheels per stage,
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GO

‘such & consti _
the. vertical: bype; and many of the

thae
1}&tent.sba,t ites T have deseribed the pr muplﬁ
-Ofoper at onofmy invention, mmm._ witnthe

meaning i thevehy g *mchme having two rows

of whee 1-»&;1:(:&?1& n-each ‘ataigfﬂ_; but ¥ do not
wish to be understood as Hmiting myself if}'
uction., Thet uhmf- ah{ Wi 180

IMNroves
ments ave particn miv"{;pplica ble th erefo; but
the in vmtum 15 broad enoughin {ez tain of its
aspects to .inelnde horizon tal mrume&: or tur-
bines operating a¥other : angles, S

. In aceordance. swith "t:ae provisicns of &l

-

po - LT

:Lppmi‘ tus which I now cons 1Liﬂ 10 represent
he best embodiment thereof: hut i desire to

--h.:we it understood that ‘the apparatus shown

is only ﬂmstmium and that) thu:;: mventwn cf,,ﬂ‘
be carried ont i other ways: :

What I-claimas. naw,and ¢ ?ef-,]re to sectire
by Lﬂ wers catent-of . the United “‘%mttf’*‘:._ -

1L slz arr elastic: ﬂm& turbine, the combina~
tion of a plurality of separate mmum*mmia

or shelhﬁ, awheel for each shell, g a donbile oW
of buckets f’m" each wheel, ‘one on eg

the 1:1..-.1118 of the wheel, Euppm‘tH for the huck-

ets whi eh ap 5 %f:gm*ofl to thesidesof the wl 1ed

a-single row, of intermediate buckets for sach
compartment or shell which 3 18 in line with the

ch side o of
iing eylin

W

— ey

: mi'-am* gEey Heans
'”mmf:ctrmm 1116
"',_'cim 1 the outer o ncs of |
.‘{.4{'2 Lir

Aty 5. —

are secured

Sl uh

'-139“11‘{%01‘1 the

tween foe outer ends

the shoulder, and o
securaed Tu iri’m (,ﬂl{
5. in aturbine, ﬂ" oq 3*‘*4*) nation of a “"m‘ S

' l"ﬁ
_ "{""}‘.IJ‘ h..-.l,-'l '

8. Inan elassic-flid
“z”m of a shell, a w hf‘fﬁ‘ withis

'n:vr.'u i
O

E't =
&o

r
- '
- .
' LI
'Il...-ll"-I
-

Ll

s
-l'"!"

M

wheel-perivhery, and nozsioe for de wering 63
motive fluid to the soveral s *Erm“. T
2. inan elastic-Auid fovhine , the combina-

i h-u-'-d-

tion of a pinrality of se 14 1**1”* wr‘mm tments .

or shells, a wheel for each shell having a
smooth periphery, a denble row of bﬂdmta 70
tor cach wh r-{"-tl dupporis for the buckets which .
to opposite sides of the wheel,
2 single row of intermediate *Hf*] eis. foreach
comparime ‘fi or shell which is hltu.itf_ﬁd e~
tween the double FOVE Uf f3L’”]k{"’tﬁ &?‘H‘i 61)}){)- 7
wnwlwpm lphf*l’ﬁ and expanding noz-
zies fordelivering motive finid to'the buckets,
acu nr),f.fﬁ?f* h{wmt; )] mctmm ular *‘}nucw and 18
,,...zm *discharge end |
& En 2 turbine, *‘rhﬂ c(:anim;mhon of a3 heel So
37 "1111,}1’ rf hm*u”* a shouwider formed on one
lf{i" of its u,ﬁ with detachable buckets whmh
extend radially bevond the Fil d,nfl engage
mth sald ahoufdv“ the bottom of the passage
o buckets being loeated beyond the 8s
rim, and a cover mzw eimp in the space be-
T the buckets, L
4 in a furbine, the combination of a
or support havinge a ]miﬂw formed
of its face :.-,*a!f:wnd wble buckets forme
oral with g 2 stpport which envages with the
S[.iﬁillhi”"’ the bottom of the buelket- rm,.%gmﬂ
veing focated heyond f’lu wheelg Fity, Means
for holding the f-'ﬁli%'ﬁj}ﬂi'i} moengagement w u,h -
";"i'}’ii;,m, 1{ v er. u“zr*h 1*« G,
2nas of the. lmc‘?eia |

Y

a-wheel
O ONe

.-"'"‘- ""'"

ﬂﬁ[ Jf *{‘* e 1{11] 1} (,{j: 'C"h U}}l}rﬁ"

ipport ba &nrair- .
! };L}f S uH ‘~;11111"}¢}‘g Ln. t?}@ﬂveu.g L

EI-E:%S,: defacha
Praliee (}i ”’." e
Boulders which ; interiock withthe wheel-
u]ﬂﬁm., means for retaining the buckets in .
I,r zz,{:*:_a; and' s cover which closes in the outer
ends of tho JUPE}% whsreb y the motive fluid -
i5 o iow from one sida to the ’Gui‘{;i...:
urvine, the combination of & wheel
ing o wel with 2 periphera al:

i

LEE* “"‘*

!
‘f“i Emm ﬁu T{w thereof an:
' 5 LRy ak}u hook- ls_e
3 oo with the sho ilders,
'_E;E}::;;i:; jg_iraﬁ-‘%h throigh thi!] ‘ma ﬁ:d?
> bhe wheel, dnd w cover whic h

'-.--"
-
hameed
w
j.'__i‘l
Ut}

cions whis

5 'the hlf;{;’ii"f:‘ Auid. €4 ﬁ{ W Lrom) one gmn
m tue osher.. SETI
_umw'**{u -a welby detachabie. S6gn
buekets havii H h-;ill].{.‘fﬂ for med Ante-
hf}rﬂw ith which {w_:;:,afrﬂ ""flth opriosite
w‘if:‘ | W‘he‘” 2t {14 e

thy (eHi} "rh ha shanlks o m ﬂla{

lﬁ 1?{_,3"" | | o '. R

ifu {_M"" |
vl*ic*l ﬂ’"

{ 29 41

.LE.'&J"L %.% S ¥ '.l'

.h.ul

drieal shoy tders £t
u.=e=‘* th réof, defachs le huek e:tf;, hwrmr DrO-
i "'wﬁm which SIRTRY ge with 1 e shoulders for

| resisting the centeitnenl strair ¢, 4 8ingle row of

o

k..

d inte- go .

mental form mfi provided” mc

n., bm}g{*m drm

7. Inoaturbine, the mm:nmmm m 2w h@-& =
or’ support 23
e m al
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intermediate buckets in the shell and extend-
ing between the wheel-buckets, and a nozzle
tor deliveringa jet of motive fluid to the wheel.

9. In an elastlc-ﬂuld turbine, the combina-
tion of a row of buckets, a support and cover
therefor which project beyond one edge of
each bucket and are flush with the other edge,
a second row of buckets adjacent thereto, and
a support and cover therefor which project
beyond the buckets on the side adjacent to the
the first row of buckets and are flush there-
with on the opposite side.

10. In an elastic-fluid turbinc- the combina-

tion of a plurality of buckets h&vmg sharp-
ened front and rear edges, with a support and

cover therefor which project beyond the

sharpened front edge of the bucket and are
provided with cutwawav surfaces to facilitate
the entrance of motive fluid to the passages be-
tween buckets.

11. In an elastic-fluid turbine, the combina-
tion of a wheel, a casing therefor having a
groove formed in the interior whll, an inter-

mediate buc]xet—qupport whichis seated in said |

garoove, a dla,phr‘wm a shoulder between the

| dmphr.:wm and the casing whereby the former

30

is supported, and nozzles for conver ting the
pressure of the motive fluid into velemty and
discharging it against the wheels.

12. In an eldshc—ﬂmd turbine, the. combina~
tion of two or more wheels, a casing which
incloses the wheels and has a groove formed
in the interior wall, intermediate . buckets

“which are fitted into tlm groove and are situ-

38
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ated entirely within the casing, bolts for se-
curing the buckets in place which are accessi-
ble from the outside of the casing

1S entlrelv inclosed by the casing.

18. In anelastic-fluid turbine, the combina-
tion of a wheel, a casing which incloses the
wheel and has a groove formed in the interior
wall, intermediate buckets which are fitted
into the groove and are situated entirely with-
in the casing, bolts for securing the buckets
in place whlch are accessible imm the outside
of the casing, and an enlargement on each of
the bolts for preventing the escape of motive
ﬂu1d around its body. :

14. Inan elastic-fluid turbme, the combma- |

tion of a wheel, a casing therefor, intermedi-
ate buckets and their support which are en-
tively inclosed by the casing, bolts which en-

ter the casing from the outside, and a conical.

enhrgement under each bolt- hea{l for prevent-

ing the escape of motive fluid around its body.

15. In an elastic-fluid turbine, the combina-

tion of a plurality of wheels having radial

buckets, asectional casing having an inwardly-

extendine. projection formed inte oral there-
with, which overhangs the wheel &nd has a
" nozzle cast therein, sald nozzle comprising.
closely-associated passages fordelivering fluid

to the wheel, a detachable diaphragm between
the wheels Whmh 1*ests on the pm;ectwm smd

B | , - - 754,292

, and, & dia-
phragm for separating adjacent wlmels which .

a shoulder between the projection and the dm—-‘
phragm.

16. In a staged turbme, the combmatlon of
a casing having a projection which overhangs
2 buclxet—wheel a-shoulder which is formed on
its inner wall and outside-of a wheel-periph-
ery. nozzles for the 131*0390131011, a diaphragm

which rests on the projection, a second dia-
phragm larger than the first, wlnch rests on

the shoulder and buckeb-wheels inclosed by
the casing and lor::ated adjacent to the clla-
phragms. ~

17, In a turbme the combination: of a
bucket-wheel, a casing therefor Kiaving.a pro-
jection which extends inward over the buckets

70

30

toward the axis of the wheel, nozzles for de- -
livering motive fluid to the wheelhwhmh are

formed in the projection, a shoulder formed
on the projection, and a dmphragm Whmh 1S

seated on saild shoulder.

18. In an elastic-fluid turbine, the combina-
tion ot a wheel having rows of bucl{ets inter-
mediate buckets <;1tu<1ted between the Wheel»'
buclkets, and a cvlmdrlcal casing comprising
a number of sections, divided in axial planes

which are removable radially to expose the
wheel and intermediate buckets, certain of

sald sections belng provided with nozzles cast.
| therein. |

19. A turbine-casing comprising a cvlmder

90 f’

.95

which is split into sections in radial planes, -

certain of the sections having a plurality of

closely-associated nezzle-pasg,awes and the re-.

mainder being without.

20, In a turbme, the combm&twn of 2
bucket-wheel, a casing therefor cmnpmsmg a
plurality of sections each of which is provided
with a projection that extends inward over the
buckets, and a plurality of closely-associated
noayle-ljasaages which are for med in certain
of the said projections and not in others.

21, Inaturbine, the combination of a casing
having a shoulder formed on the inside there-
of, a cover for the casing, a bucket-wheel, and

a dmplu agm which rests on theshoulder and is-

‘held there by its own weight.and by tshe pres-r

sure to which 1t is subJecLed |
22. Inaturbine, the combinationof a casmg
having two or more internal shoulders formed

thereon a cover for the top of the casing, two
or more bucket-wheels mounted on & common:
shaft, and dxaphratrms which  separate . the:

100

105

110

I 5

wheels one from the other and rest-on the -

shoulders within the casing and are retained -~ .-
128

in place by their own weight and by the pres-
sure to which they are subjected.

23. Inaturbine, the combination of a casing
‘having an internal shoulder formed thereon at
a point between the ends, a bucket-wheel, a
dlaphraﬂ'm which rests on the shoulder and 1S
| held in place byits own weightand by the pres-- =

125

sure to which it is subjected, and nozzles whlch- -

are movable with the diaphragm. .
.. 24. Ina turbine, the combination ofa::: lm-.
“drical casing- hwmﬁ A shoulder and & gulde
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e
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point betwoeen its *’*Iﬂﬁ,.,, a

formed thereon at o

dimpheigm which rests on the shoulder and is
hoid by its own weight and by the pressure
exerted th

1 stereon, and is prey ented fron 3 Hl(}‘-. -
R I_::i.im'ﬁ,]lv ]w* erigaging with said oulde, a
Y

movable W_‘Lt}

}

no:ﬁfflf.!r | '
5. Ir I 27 ﬂ:‘fht stic- Liw] tur! }11“1m,t er*mnumfi-.
tion of buckes-wheels, & casing which H]flu%f‘b

ail of the wheels and s Hepflmwd In axial
piam*‘* shoulders formed on the inner walls of

me *mnw Leiwean the ends, and dia hragoms
g/

wiich separate the space between the W heeh
and are supported by the slwnlumh

6. In an clastic ~faid tarbine, the combina-
tion of a plurality
incloses the whoe s, a pr owc sion on the nner
wail of the casine which is provicded with a
shoulder and o groove, a fhaph“‘wm which
separates one wheel from the next and rests on
the spoulder, and intermediate buckets which
are ssated in the groove. -

7. Tn an elustic-fuid tnrbine, E}‘mt:f(m bina-
tion of o plurality of stages, a wheel mr ﬂﬂ.m
stage, andiustahle Jz“aZemwlmuﬁh to:{' the high-
pressure stage, and fixed intermediates for the
Tfn CI-Drossure sfapes, |

L m velastic-fluid turbine,

the combina-
Lion ol &

Ezmzl.ti* 01 stages working. ab suc-
owmmw b1 maurm, 31 bucLet-ﬂ T
age, nnozzle for each stage, and ir-
rnd eis for cach stage ‘w} 100 5

arafed by 2 clearance from the w hreel- Imf‘*u_-
1

174

Lt Lhe pros sure s Ehe stag t‘““i’{i‘t;”“;“ﬂ,r},,
stanvialiyas and for m{i pm‘w;w Ll

at b awoeihod
5:.‘.;%. Anornzieforn tnrhina CONLT ‘1’15.?; L body

i .
Of eyl having &
ﬁiﬂa &1"” :au”lw (s

?I-““’ I‘E L—iii. F[_}

plurality of closely-associ-
seharge-passages, each hav-
SRSIR IR -,_Iit“-; e ‘C‘HG both of wiieh
SN i cross-section, the dis-
l**e severs pdssages ‘}msw ar-
;{ ver the motive ﬂma in o solid
eais, incombination with a shoulder formed
i Sai body of me"m Pads ‘1(‘@*}% to tm,}w-ﬁ .5€,
and o d E.af;;h Bgio which rests on the shoulder,

£ FELE j ru i
-‘:.1.1.! ar Lii ?J{, ﬁ
o
A

S0, dnat i“‘ i, hm mwrmﬂw ofbneket-
wheols, 8 eng i ther efor, a (ut:)p';rwm b.-;;;.«
me“* G, wmmm f_nst] en expanding nozzle

formed 15

rad] 1&‘*;’ u:')f

aid diaphragm comprising a -
closely-associated sections, each of
whicl 2 throat and a di; seharge end both
‘ “:-'iﬁﬂi} fuf::. 1 parallelograms in eross-section.
i > € nds of thv several passages be-

in aneias ﬁc&-—ﬂu id turbine, the combing-
'J* a bucket-wheel and inter m@matm a de-
14 mi,ml ¥ Surrounding o rov 01? wheel-
}%:’a fmf_i hfww g ORe ed genearly i ine with

:—q-.-d

aNCe wmt”ut} m{:}‘mw and inferme
tate bﬂﬂﬁﬁi’:&:‘ wherahy bhe water {h&d’}fxrge&

the m&nhmwm .-.md a
hm utﬂuuem recelving moti ve ﬂmd h 0111 the

ooRe ) LLM ATI008 *‘rz'lu{lni ’J‘"’h{”'{" ASING, 1N |

Lo dise i wrge the motive Huid m

- e

e L, Ry e R W

~glate b nekets

- whicl

| the under «
forming the ivwmmhi or the openings, mtw

tion of & casing naving sl houlder

N
&0
F

{rom fhﬂ ' mmal d
feet rﬂ

32, In a1 ela 1stic mm{tmbm
tion. of a bucket-wheot
Tocated between wheelibuckets

, the COIN :Jma-

"33, In an LLi‘*wi‘C‘ ﬁ

o cen trifugal ;i’{}rf::é is col-

e %m blﬂe., he (*-:}mbma-

I.’-.
S

"ummﬁ-m ate buckets
, and a perfo-
ated deflector sttuated bemrﬁd the wheel-

buckets fror col ﬁchnu— water ""hmwn h om the".
Y }ILLI L

tion of aplurality of buam&aheeiq interme- - .

to the almph“*wm tm
from the wheel:"

34, In @wd%‘cm *‘imd wb;ﬂe th'e c’emBinﬁ'

| tion of two or more stages, a wheel for each
O v*‘}ef-‘-lm 8 casing which |

stage, a diaphragm ‘“”'hlbﬂ

uepfa,rates one stage
from the next, waber -

CODVEFIng passages
oxbend imz 2 one stage to the next, and
deflectors which are situnted 1 b utex’een the pas-
sages.and the wheels.. |

35. Inan f'l‘f‘-:.“r:ic,-‘f"uid uroine, a plumht‘m}f
separale n a/fh, sections or passages grouped
together and .-.u..mmg%d to discharge motive
Huid as u solid stream, each nozzle section or

passage. h*”“'}s& 2 tm{}m and discharge end
W hich IR CTORR-SACHIoN torm & paral Moamm

cowls which are anterior t0 said nozzle sec-
Lions or 1 REsRges, a casing in which the noz-
sl is formed. and s {11.:1@1119,01:3 which rests on
LRI . *
. in-an elastie-f am Lmbm{g the combina-~
 of 5 caving 12, & bucket-wheel, 8 cover for
thecasing havipy “Z’.;iu“m*ii‘l‘s ten dmo* Openings
| | he apper end ¢ o sald cas-
Ity acting ae the towar we }' for said openings,
anit inter mediate }i:: i.é_a‘ﬂ"’{"}!:a which are roounted
in said openihgs.

37. fnan elsstic-fys

l"“

e umﬂ;, the combina-

it

Hion of g easing, abaeket- m@ M, f},eovermvthb

Casing hm'*? 2 radially-exi

ndmgﬁ CHENINGs on
fdaa, the upper end of said casing

mediate buckets whish are mounted in ssid

cpenings, axially-c mm(.ﬁfzg rozzle-receiving
DENINGS, AR immd wiich are lorated i in the

Ea}#iftﬂ_‘i ’f 1){:" r].
H;{j

‘5,,:1‘1’3,
in an elastic-fiuid turbine; the combina-
, & gutiey
formed in the shoulder for Joiiectmg water
due to condensabion, and 2. diaph }_’ﬂ,.b"}fl mount-
ec on the shoulder.

59, In an elasbic- ﬂmrl turbine, the Lombma-
tion of a casing having a pro Jeet'I on which ex-
tends inwardly over the wheel- buckets, noz-

s o alaphragm between one wheel
and the next, and & deflector which is attached
mﬂl cting Wa‘cer thmwn_'

S0

95

108

el
-
o

115

zles carried thereby, a ou &tm* formed in the

projechion, a passag 20 for arawing the water
from the gutter, and a bucl«’ewvme@l
40. In a tur b‘*?w-t the combination o
‘alu? of buakm -wmei-.ﬁ
each pair of wheels, a uzﬁ..tmml em-mﬁ for the
wieels which is divided in gxial ﬂ&mﬁ each
section eon ;mmg 8 plurality of wheelg

r*ldﬁ;}hr“.@m betwaeu

T a azn G-
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_. 41. Tna turbine, the combination of a plu-

rality of wheels, a sectional casing which sur-
rounds the wheels and is divided in axial

planes, each of said sections being common

to a plurality of wheel-chambers. |
- 42. In a turbine, the combination of- a cas-

“Ing, a diaphragm engaging with a seat on the
casing and normally held in place by the pres- |

sure to-which it is subjected, and means for

‘preventing the diaphragm from leaving its
seat when the pressure thereon is removed.
- 43. In a turbine, the combination of a cas-

ing having a seat formed thereon, a diaphragm-

engaging therewith and normally held against
the seat by the pressure to which i is sub-

jected, and holts which engage with the dia-

phragm for preventing it from leaving: its

8 - . 754,202

seat when the pressure is removed froni the
diaphragn. - L
44. In an elastic-fluid turbine, the combina-
tion of ashell or casing, a wheel mounted there-
in having a single-piece webh. a double row of
buckets for the wheel, supports for the buckets
which are secured to opposite sides of the

and means for discharging motive fluid against
the buckets. e .
In witness whereof I have hereunto set my

hand this 12th day of March, 1903.

o WILLIAM L. R. EMMET.
- Witnesses: : -

Armx. F. MacpoNaLp, -

Herex Orrorp. |
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wheel-web, a single row of usermediate buek- 25
“ets located between the rows of wheel-buckets,
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