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strength-with simplicity of construetion.

' IH 4 ~0’f the AIrTOWS,.. Fig43 iS. ﬁ.tr&nsvex:se Section

1o all 1e:lvom. 7t Tl CORCEPrIL:; .  addition to decreasing the number .of'-par,ts 55
__Beit known that we, Joun G. CALLAN and | it reduces the amount of machine-work. - In
Brace H. HamirToN, citizens of the United | the present embodiment of our invention we
States, residing at Lynn, county of Essex, | find it sufficient to divide the casing into two
5 State of Massachusetts, have invented cer- | parts with the line of division in an axial
tain new and useful Improvements in Elas- | plane; but. the invention'is not to be con- 6o
tic-Fluid Turbines, of which the following is | strued as so limited. - The adjacent meeting
a specification. . ' surfaces of the diaphragm are faced off true,
T'he present invention relates to elastic- | and .when assembled a cylindrical or sub-
to fluid turbines, and has for its object to in- | stantially cylindrical chamber is formed be-
~ crease thelr efficiency and to simplify and re- | tween wheel-compartments. This chamber 65
duca the cost of construction. |18 provided with one or more partitions or
In carrying.out the invention a casing is | their equivalent, which instead of permitting
~provided, which 1s separable into pieces or | the steam to pass directly from one stage to
- 135 sections; the line or lines of division being ar- | the next causes it to describe a substantially
ranged in any desired manner. The interior | circular path in so doing. It is' during the 7o
of the casing has one or more wheel-com- | time that the steam is flowing through the
partments, and each compartmentisprovided | substantially circular path that it either has
with smooth walls to assist in decreasing the | moisture taken therefrom by a separator or
2¢ rotation losses of the bucket-wheels. The | is reheated. This arrangement lends itself
webs of the bucket-wheels are made with | very readily to the objects mentioned, since 75 -
smeoth exterior surfaces which run in close | the direction of the steam may be suddenly
- proximity to the side walls of each wheel- | changed and the path -is relatively long;
~ compartment, and the circumferential wall | which gives the necessary time interval for
25 of the casingis in close proximity to the cov- | the water to leave the steam or the latter to
ers which c%ose in the ends of the buckets. | absorb heat. When a separator is.employed, 8o .
To state the matter in a different way, the | the length of the passage may be further in-
wheel and wheel -compartment are so con- | creased by the use of partitions or bafflers;
structed and arranged that the former fills | which may be stationary or adjustable,.as de-
3o the latter as completely as possible, thereby | sired. =~ = .- ' .
~ reducing the dead space in the chamber to-a | In order ‘to cause the steam to leave the 8;s
‘minimum. When two or more separate | last stage under a predetermined velocity
wheels are provided in each chamber or com- | and to divide equally, or substantially so, be-
artment, it 1s advantageous. to place a ring | tween two discharge-orifices arranged in mul-
35 ﬁetween the wheels at a point adjacent to | tiple, the walls of the exhaust-port adjacent
the periphery, so as to cut off the space be- | to the last wheel are made to Iverge some- go
tween them. This also has the advantage of | what after the manner of dn expansion-noz-
decreasing thedead space within the chamber. | zle. In order that the exhaust may leave
 Wefind it desirable to employa diaphragm | the discharge - orifices without choking, the.
4o for separating the casinginto stages or com- | walls of the casing adjacent to the orifices
partments, which . diaphragm contains . a | are divergent in the direction of the exhaust. 05
- chamber wherein a separator may be located | -~ Other %ea,tﬁres of our invention, owing to .
- forseparating the moisture from the steam as | their somewhat detailed and complex char-
1t passes from one stage or compartment to | acter, will be referred to hereinaffer. ,

45 the other. "Instead of a separator we may, | In  the accompanying drawings, which
~ however, employ a reheater.and lccate it in | illustrate one embodiment of our Invention, 1oo
sald chamber. In a broad sense areheater | Figure 1 is an axial section -of & two-stage
and- a separator serve the same purpose in two-wheels-per-stage elastic-fluid turbine of

- that they both reduce the moisture carried | the jet type, the said section being taken on

so by the motive fluid from one wheel-compart- | line 1 1 o Fig. 3 and looking in the direction
ment to another. The diaphragm is prefer- | of the arrows. Fig. 2 is a partial longitudi~ 105
ably cast intergal with the parts of tlli:)e cas- | nal section through the first stage, taken on
ing, since this .arrangement ' gives great | line 2 2 of Fig. 3 and looking in the direction
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tahen on line 3 3, Fig. 1, and looking in the ! vided with a detachable pl&te‘- or cover 17, to

“which is attached one or more bafflers IS

lmtred d(-,,t(ul ‘xww showing one of the p.:l,(l\— - that extend between the bafllers 15 and as-

g . 5isa pdltldl inverted section = sist in separating moisture from the steam

and looking In ; by causing it to change direction of flow.

6 18 a par- |
tial longitudinal section taken on line 6 6 of |

direction of the arrows. [Fig. 4 is an en-
INE-rings,
taken on the hm 55 of INg. 3
the direction of the arrows. g, 6

Fig.«3 and lookmﬂ‘ n the direction of the ar-
rows. -Fig. 7. 1s an enlarved detail view,

for the intermediate buckets. Piu' 18 a
section taken on the kne 8 8 of I*w 7 and

FIU‘ O-18-g-seetlon ta]\en on line 9 9 of I*w 7.

l represents’ the casing of the lrmdune
which 1s divided into an upper and a low or
section on a horizontal axial- plane.
rough the casing is a shaft 2, which
1s supported 1n bearings 3 carried by brack-

ets 4, that are baited at their lower extrem-
1ty to the end walls of the casing. The cas-

- Ing is divided into compartmentb by a dia-

25

phra, m 5, which contains a-chamber 6,

which recewes steam or other elastu_, ﬁmd

from the first wheel and after causing it to
pass downward and aroupd the whegl-shaft
in the direction of the arrows 7, Kie. 3, is dis-
charged into the bowls. of the &econd-btmre
nozﬁes The chamber 6 extends mrt,umfer-

entially, and 1n order to prevent steam from |
the first stage from being discharged directly

against the second—staﬂ'e noz.z]e& a hood or
partition 8. is prowded which engages the

‘right-hand vertical wall of the diaphragm

35

40

and also the-cylindrical wall 9. The wall ad-
Jacent to the buckets discharging steam
from the first-stage nozzles 1s cut away to
form an exhaust-port 10, which 18 covered
by the hood 8. The size and arrangement, of
the exhaust-port 10 are best shown in Hig. 3,

wherein the broken and dotted line 11 indi-

cates the inner surface of the exhaust-port

first-stage wheel and the hood 8 passes.

and the dotted line 12 the outer.

The angu-
lar space occupied by the exhaust—port 18
substantially the same as that of the hood 8.
In Fig. 5 the lower right-hand opening is the
one through which the exhaust from the

In

- the same figure the upper left-hand opening

50

55

60

65

is the one through which the steam passes to
the second-stage nozzle after passing through
the separator or reheater. 'I'he upper por-
tions of .the chamber 6 are separated from
each other by the partition 13.  (Best shown
in Fig. 3,) This partition unites with a cy-
]111(11‘10&1 wall 14, that surrounds the shaft
and. supports a fp&ckmw Attached to and
forming a part of this cylindrical wall are one
or more bafflers 15, which act as separators
for separating the IIIOIStUI‘e from the steam
and at the same time increase the length of
its path. In the present illustration thlee
of these bafllers are shown.
side of the diaphragm-chamber 6 is provided

“with a neck 16, in which these bafllers are lo-

cated. The lower end of the neck 1S pro-

[Kx- 1

The under'| nally on the shaft.

“with flanges 33, to oppostte sides of which are

822,247

In addifion to the abuw, we may provide
means for further opposing the passage of

| the steam fr* m one side of the chamber to the

“other and separating the moisture.
partially brokm away, to show the *~,upp01t |

means 1s found in the V-shaped pieces 19,

which are situated.directly underneath the

bafflers 15 and are adjustable toward and
away from them. The closer the pieces.are

' to the ends of the bafflers the greater will be
8o

the opposition offered to the passagé of steam,
and the sudden changing of the direction of
flow will cause the water particles to be sepa-
rated from the steam. These pieces are
supported by perforated plates 20, which are

carried by projections on the ba,fﬂers 18 and

~Suitable
means are provided for draining the cham—-_

by projections 21 .on the cover.

bers formed between the baﬂiers 18.

Such a

75

On the exhaust side of the machme an an- |

nularexhaust-passage23is provided, a part of

9o

which is formed intheupper section of thecas-

ing and a part in the lower. -Formed in the
wall adjacent to the buckets discharging
steam or other motive fiuld of the second stage
ts an exhaust-port 24, which is provided with
walls that diverge in ‘the direction of flow of
the motive ﬂmd so as to-impart additional
velocity thereto which is useful in that it

prevents the (,hokmtr of the passage and

causes the exhaust to divide equally, or sub-
stantially so, between the two parts of the
annular passage 23. 'Theoretically as the

steam exhausts from the last Wheel 1t should

9

160

flow parallel to the wheel-axis; but in prac-

tice we have found that this is not always
the case. Hence the arrangement of the
walls of the exhaust-port. As the steam is
discharged into the annular exhaust-passage’
23 1t flows downward and out through the
discharge-orifices 25 and 26, Figs. 3 and 6.
It 1s to be noted that the walls of the exhaust-
passage 23 as they approach the discharge-
orifices ‘gradually diverge in the direction of
flow of the steam, thereby lmpartmg to 1t a
certain amount of velocity, which tends to

prevent the passages of the machine from

choking and also assisting in causing the ex-

105

110

115

haust to flow in substantially equal cLI]’lOllIltS -

through said orifices.

We will now refer to the construction and
arrangement of the wheels. Mounted on the
shaft 2 is a cylindrical support or sleeve 30,

desired. This support engages a collar 31

at one end and a nut 32 at the other and 1s

thereby prevented from moving - longitudi-.
The support 1s prowded

bolted the buoket—wheels 34.. These bucket-

| wheelsordisks aresecured in p] ace by axially-

120

| which may be made 1n one or more pieces, as

125

130
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exténding bolts 35; which pass through them
and the flanges on the support. Near the
periphery of the disks a ring 36, made-in seg-
ments or otherwise, is provided, which is seat-
ed 1n grooves formed in the adjacent surfaces

of the disks. Bolts 37 are eﬁloyed to-

clamp the two disks together. e ring 36

cuts off steam from the space between the

wheels, and since it presents a smooth sur-
face to the exhaust-steam within the casing

1t assists in reducing the rotation losses of the |

wheel. -~ ,
~ It 1s to be observed that the outer surfaces

of the wheels are perfectly smooth and run |
1n close proximity to the smooth flat walls.of .

- the casing. - The object of this arrangément

20

1s to decrease the rotation losses to a mini-
mum. This is accomplished chiefly by giv-

ing to all of the parts smooth or polished sur-

faces and causing thée wheel to fill the cham--
ber as nearly as possible. The superficial |
area of the interior of a wheel-compartment

is approximately the same-as the superficial
area of the wheel therein. Hence there is

little idle space bgtween them wherein eddgr— -
e

- currents of any imaterial consequence can

- wheel and the casing and the buckets to re-
duce rotation losses t0 a minimum. It is|

30

set up. In other words, there is just suffi-
clent clearance between the surfaces of the

large enough, however, to prevent a water-
braking effect being established between
relatively movable surfaces by reason 6f the

- presence of moisture on the said surfaces. " In

35

40

45

this connection it is to be noted that the

heads and nuts on the bolts are countersunk; |

so as to be below the exterior surfaces of the
wheel. - The heads of the inner bolts 35 may

be countersunk or not, as desired. Being

near the axig, of rotation, their effect on the
rotation losses can be disregarded. -~

- In Fig. 2, 38 represents the sectionalized
nozzle for discharging steam against the
buckets of the first-stage wheel. These noz-
zles may be of the expanding type or not and
are attached to the outer wall of the casing

- by bolts or other suitable means. - Situated

50

55

- zle 18 secured to the inside wall of the dia-.

'6;5

65

in line or substantially in line with the first-

stage nozzle is a second-stage nozzle 39, Fig.
1, comprising a plurality. of closely-associ-
ated fluid-discharging passages, which may |
or may not expand the motive fluid and

which discharge 1t at the proper angle against
the wheel-buckets of the second stage. Each

of -the nozzle-passages is provided with a

bowl, a throat, and a discharge-orifice of suit-
able size and shape.. The second-stage noz-

phragm by bolts or other attaching means

and can-be inspected .or removed by taking

off the segmental cover 40, which forms a
part of the chamber 6. We have found it
desirable to mount the first and second stage
nozzles in line or substantially in line with

each other and at:a point above the shaft, | vided witlt s, projection which is seated in a 130

2

| since by so doing we a,re_a,ble. to obtain a pas-
sage for the steam between stages of sufficient.
| length to enable the moisture to be removed.

during its passage. Between each row &f

‘bucket-wheels are mounted intermediate

buckets, which extend over a greater or less

‘o

arc, depending upon the arc covered by the -

nozzles. . They cover a greater arc in the sec-

ond stage than in. the first, owing to the in-

creased volume of steam.

L]

Referring to Figs. 7, 8, and 9, the construc-

buckets and their support will be described.
41 represents the segmental support, which

18 cored out at 42 to reduce its weight. It is
provided with a flange 43, by means of which

1t can be attached to the wheel-casing. The

75

tion and arrangement of the intermediate

8o

inner surface of the support is finished on an

arc struck from the axis of the wheel. In.

this surface ‘is turned a longitudinally-ex-
tending groove 44, which rgceives the outer
ends of the intermediate buckets 45, the lat-
ter being formed integral with a base-piece.

a tongue which*enters the groove in the sup-

om moving mn an axial direction.” Each

In other words, the ends.of the buckets form

90

ort and prevent the buckets as a whole -

bucket may have a tenon or some of the -

tenons can be omitted. - With a groove ex-
-tending longitudinally of the support it is

evident that there will be a small portion of
the groove that will remain unfilled between
the ends of the buckets. Such a space would

as the steam flows through them. ' In order

95

tend to- create- objectionable-eddy-currents

100

to obviate this objection, we place a thin lin-

ing-strip ‘of sheet metal 46 between the
‘buckets and the support. This strip pre-

sents a smooth surface to the steam and is

‘provided with openings which correspond in

shape and size to the projections on the ends
of the buckets and cover the small spaces 47,

| which would otherwise exist between the

buckets and prevent eddy-currents.

~ 'InTFigs. 7 and 8 it is clearly shown how the

tongues or projections 48 on the buckets pass
through openings in the lining-str'p 46.
In Kig. 9 is shown one of the bucket spaces

or passages 49, and it is to be noted that the
| %%per and lower walls are perfectly smooth.
e

buckets themselves are given any suit-
able shape. The lining-strip is shown at the

outer endsof the buckets; but it can be placed

105

110

115

at the inner ends where desrable. It can

also be used on rotary as well as stationary

- buckets.

In order to prevent the steam from leaking
from one wheel-compartment to another and

to the atmosphere, it is necessary to provide

packing-rings, and it is particularly imper-
tant to provide rings which do not require at-
tention. Such a construction is shown'in
Kigs. 1,3, and 4. 50 represents a cylindrical
casing which surrounds the shaft and is pro-

120

125



- flat-sided groove formed in the cylindrical !

1O

3

wall 14 of the diaphragm and is in this man-

ner prevented from moving in an axial direc-
- tion. The casing is grooved internally to re-

ceive one or more partitions-51, and between
the partitions and the stationary end wall of
the casing and the detachable plate 52 are

“carbon packing-rings 53, which are made u

in segments and are held together by coil-
springs 54, which surround themn and are lo-
cated in peripheral grooves.

~ carbon packing is a holder 55, which 1s L-

15

shaped in cross-section and is mounted on
the packing on the side away from the wall
with which the packing engages. Situated

- on one side of the holder and extending be-

partition is a spring 56, which tends at all

tween it and the adjacent stationary wall or

~times to-move the packing in an axial direc-

20

tion. Extending circumferentially ,of the

~ holder and engaging it and the surrounding

“casing is a spring 57, which tends at all times
to force the carbon packing inward toward
‘the axis of the shaft. |

4

The packings located in the heads of the

~ casing which prevent the escape of steam to

35
- ciple of operation of our invention, together
with the apparatus which we now consider to.

" wedesire to have it understood that the appa-

40 ratus shown is only illustrative and that the

the atmosphere each comprises a cylindrical

flanged casing 58, containing one or more car-

bon packing-rings of the type previously de-

scribed. They are retained in place by a
plate 59, the latter being bolted to the casing

by the same bolts which secure the latter to

the head of the machine. | |

- In accordance with the_proﬁsion'é; of the

patent statutes we have described the prin-

represent the best embodiment thereof; but

“invention can be carried out by other means.

45

- What we claim as new, and desire to secure

by Letters Patent of the United States, 15—
I. An elastic-fluid turbine comprising a

casing and wheel-buckets, the latter being

arranged in rows, in combination with a dia-

phragm which divides the casing 1into com-
partments or stages for the rows of buckets,

“and a chamber formed within the diaphragm

50

through which the motive fluid flows in pass-

ing from one stage to another for decreasing

- the amount of moisture contained therein.

2. An elastic-fluid turbine comprising a

- casing which is divided into wheel-compart-

55

ments, in combination with a means for re-
ducing the amount of moisture in the motive
fluid which. causes the fluid exhausting from
one compartment to follow a circular or sub-

stantially circular path around the shait of

6o

05

the turbine in passing to the adjacent com-

partment. S |
3. An elastic-fluid turbine comprising a
divided casing, wheel-buckets 1n the com-

partments, and nozzles for discharging mo-

tive fluid against the buckets, which are sub-

Outside of the |

{ions.

822,247

stantially in alinement with each other, 1n

combination with means for causing the mo-

tive fluid exhausting from one wheel-com-
partment to flow in a circular or substan-
tially circular path before entering an adja-
cent compartment. - - - |
4. An. elastic-fluid turbine comprising a
casing which is divided into compartments,

and wheel-buckets in each compartment, in

combingtion with a chamberwhich surrounds
the wheel-shaft, and 4 hood which receives

70

75

motive fluid from one wheel and directs i1ts

passage into the chamber.
5. An elastic-fluid turbine of the axial-flow
type comprising a-casing, wheel-buckets in

30

the casing, and a nozzle or device for dis-

charging motive fluid against the buckets, in

combination with a passage for the exhaust -

which is arranged in line with the nozzle and
extends ¢ rcumferentially around the casing
and terminates in orifices arranged in multi-

ple. ,

6. An elastic-fluid turbine comprising a
casing, wheel-buckets in the casing, and a

nozzle or device for discharging motive fluid
against the buckets, in combination with an

exhaust-passage, located on the same side of
the axis of the turbine with the nozzle and

9o

discharge-orifices for the passage which are

located at the point diametrically -opposite
from the passage and open in opposite direc-

7. An
casing, wheel-buckets in the casing, and a

nozzle or device for discharging motive fluid

against the buckets, in combination with an

05 |

elastic-fluid turbine co.mpriéing a8

100

exhaust-passage having discRarge-orifices,

and means for imparting additional velocity

to the exhaust from the buckets to cause it to

divide in substantially equal amounts. be-
tween the said orifices. . :

. 8. An elastic-fluid turbine comprisilig .

casing, wheel-buckets, .and a mnozzlé or de-

vice for discharging motive fluid against the

buckets, in combination with an exhaust-
passage having discharge-orifices, and means

105

LIO

adjacent to eagh orifice for imparting veloc-

ity to the escapmg fluid. _

9. An elastic-fluid turbine comprising s
casing which is divided mto compartments,
and wheel-buckets in.the compartments, 1n

combination with a chamber which surrounds

the shaft, receiving and discharge orifices for

the chamber so arranged that the motive
fluid follows a substantially circular path
around the shaft in flowing from one to the
other, and means acting on said fluid while

passing through the chamber for decreasing

the amount of moisture contained therein.
10. An elastic-fluid turbine, comprising a
casing which is divided into compartments,
and wheel-buckets in the compartments, 1n
combination with means for causing the ex-

haust from one compartment to follow & cir--
cular .or substantially circular path i flow-

115

120

126

x13c



822,847

ing from one wheel-conpartiment to the next,
and one or more devices for increasing the

length of said passages. -

11. An elastic-fluid furbine comprising 2
casing which is divided into compartments,
wheel-buckets in each compartment, and de-
vices for discharging motive fluid against the

buckets, in combination with a chamber

10

imdependent - of the wheel - compartment

through which the motive fluid passes in
flowing from one compartment to another,

and an adjustable means for. removing mois-

- ture from the motive fluid and varying the

tS

20

resistance ‘opposed to its passage. = -
12. An- elastic-fluid .turbine comprising a

casing divided into compartments, and noz-

zles or devices for discharging motive fluid

‘against the buckets in'the different compart- |
ments, which are situated at one side of the

axis of the wheel, in combination with a
chamber between compartments which re-

~celves the exhaust motive fluid from one

25

30

35

40

45

- sections in an axial plane, in conibination

50
- for separating the casing

wheel, directs it to the opposite side of the
axis of the wheel and discharges it into a noz-

zle of lower pressure at a point. on the other
side of the axis of the wheel. ' '-
13. An elastic-fluid turbine comprising a

casing,- wheel-buckets, and nozzles or de--

vices for discharging motive fluid against
the wheel-buckets, a chambered diaphragm

which divides the casing into compartments,
and a partition 1 the chamber, which sepa-
rates it-1nto parts, one of said parts acting as.

a recelving and the other as a discharging de-
vice, BT - | o
14. A casing for an elastic-fluid turbine,

which 1s separable into sections, in combina-
tion with a wall for dividing the casing. into
compartments; which is also made in sections
and formed 1ntegral with the casing-sections
and a chamber formed wholly- within .the
- 'wall, one section of the wall forming one part-

of the chamber and another section a differ-

ent part, the chamber being so arranged that

the motive fluid passes through it as it flows
from one compartment to another.

15. A casing for an elastic-fluid turbine of

the axial-flow type, ‘'which is: separable into

with a divided and chambered diaphragm
mto wheel-com-

partments, which diaphragm is formed inte-

~gral with the sections 6f‘the casing, the lines

- ot division coinciding or substantially coin-
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ciding with these of the casing, and orifices
in the-chamber which receive and dischargse
the motive fluid: = R

16. An QIastic-—ﬂuid turbine ~comprising | 1
sets of relatively movable buckets, compart- |

ments for the sets of wheel-buckets, and noz-
zles"having a constant ratio of expansion, in

combination with a means for decreasing the-
moistyre entrained with the motive fluid, a
conduit for conveying the exhaust from one

>3

| §écond conduit for cbnﬁeying the steam after
it leaves the said means to the nozzle of a

lower-pressure st

age. | - Ca
17, An ela,stic-—i%lid' turbine com I'is-iﬂg a

casing, a diaphragm which divides the casing
into compartments, and a separator located

‘within the casing and between compartments
for separating the watet of condensation

from the steam.

- 18. An elastic-fluid turbine _comprising. a

casing, and a diaphragm which divides the
casing into compartments, in combination
with -a separator comprising one or more
plates or partitions which cause the steam to
follow an irregular path in flowing from one

70
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compartment to another for separating the -

moisture from the steam. .

casing, and wheel-buckets; in combination
with a chambered diaphragm for dividing
the casing into compartments, and nozzles

for dischargin%-ﬂuid against the wheel-buck-"
ets, which are

ocated within the chamber.
20. An elastic-fluid turbine comprising a
casing, and wheel-buckets, in' cembination

with a chambered diaphragm for dividing

the casing into compartments, nozzles which

‘are attached to one wall of the chambered
diaphragm; and 4 cover for the diaphragm
95

which when removed exposes the nozzles. -
21. An elastic-fluid turbine comprising a

19.. An elastic-fluid  turbine cdmprisinga,t

85
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casing, and a diaphragm for dividing the cas- -

g into compartments which presént smooth
-surfaces to the buckets, in combination with
| bucket-wheels for the compartments, which

present snooth unbroken surfaces to the dia-

ets to prevent eddy-currents.

. I

ing to reduce the fan-like aetion of the buck-

casing having smooth walls, wheels mounted
therein which are spaced. apart and on-their

peripheral and sidesurfacesrun in close prox- =

1mity to the walls of the casing for substan-

100

phragm and are located in close -proximity -
thereto, the said diaphragm and wheels act-
.. 22, An elastic-fllid  turbine comprising a

110

tially their entire circumference to reduce ro- °

tation losses, and intermediate  buckets
which are located between the wheel-buck-

ets.

23. In an elastic-fluid -turbine', the combi-

ing disks which are secured to opposite sides

- . _ . -I 1'5 .
nation of a shaft, a support sleeved thereon =~
which 1s provide'd Wlth &Ilges ) bucket“_ca'rry_l .

of the flanges, and balts adjacent the wheel |

“peripheries for securing each pair of wheels

120 .

together and whosé ends are disposed below

the surfaces.of the disks to decrease rotation

losses. S T .
24. In an elastic-fluid turbine; the combi-

nation-of a shaft, a support sleeved thereon

~which is provided with flanges, bucket-carry-
ing disks which are secured to opposite sides
-of the flanges, means adjacent the wheel pe-

_ ripheries for securing each pair of wheels. to-
65 set of wheel-buckets to the said means, and a | gether; and rings situated between each pair

125
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of disks in corresponding annular grooves| 34. In an elastic-fluid turbine, the combi-

therein and which act as separators and also
to prevent the motive fluid from contacting
with the central part of the wheel.:

25. In an elastic-fluid turbine, the combi-

nation of a shaft, flanged sleeves mounted

thereon which abut and act as spacers,
wheel-disks mounted on opposite sides of the

flanges, and means for securing the disks in

place. o, S
-~ 26. In-an elastic-fluid turbine, the combi-
nation of a shaft having a collar thereon;

tlanged sleeves mounted thereon which abut

g

and form spacers, a nut for pressing the
sleeves against each other and the collar, and
bucket-carrying disks which -are bolted to

- opposite sides of the flanges.

20

 wall of each of the bucket spaces or passages.

25

- 27. In an elastic-fluid turbine, the combﬂ
nation- of one or more buckets, a support |

therefor, and a lining-strip situated between
the buckets and the support and forming a

28. In an elastic-fluid turbine, the combi-
nation of a plurality of buckets, a base-piece
which is formed integral with the buckets, a

- support, and a lining-strip between the ends
of the buckets and the support.

30

29. In an elastic-fluid turbine, the combi-
nation of a plurality of buckets, a base-piece

which 1s formed integral with the buckets, a

- support, a lining-strip between the ends of

35

the buckets and the support, and attaching |
means which extend through the base-piece.
~1nto the su '

pport. | | .
- 30. In an elastic-fluid turbine, the combi-
nation of a plurality-of buckets, a lining-strip

- through which one or more of the bucket

40
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ends extend, and a sup
buckets are attached, and which is provided
with a groove to receive the bucket ends pro-
jecting through said strip. '

31. In an elastic-fluid turbine,‘the comb.i.'-'

nation of a plurality of buckets, some or all
of which are provided with end projections;
a lining-strip through which the projections
extend, a support, and means for attaching
the buckets and lining-strip to the support.

- 32. In an elastic-fluid turbine, the combi-

nation of a plurality of buckets, a base-piece
to which the buckets are attached, a support,

8 smooth lining-strip located between the
buckets and the support, and retaining de-
vices which hold |

- strip in place. -
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33. In an elastic-fluid turbine, the combi-
nation of a casing-wall, a shaft, and a pack-
ing carried by the wall, which surrounds the
shaft and comprises a sleeve, partitions lo-
cated within the sleeve which.-form grooves
or compartments around the shaft, carbon
packing-rings situated within the grooves

- and adjacent to the partitions and shaft, and

spring-pressed holders for the rings also situ-

~ated in the grooves,

port to which the

the base-piece and lining-

nation of a casing-wall, a shaft, and a pack-

ing carried by the wall, which surrounds the

shaft and. comprises a sleeve; -p art-tions-lo-
cated within the sleeve, carbon packing-rings -

situated within the sleeve and adjacent to

“the partitions and shaft, a holder for each

packing, and a spring for holding each pack-

Ing 1n place.

35. An elaétic-ﬁtiid_ turbine comprising a -

casing, and bucket-wheels therein, in combi-

75

nation with a separator located within the

of moisture carried from one wheel to an-

“other by the motive fluid, and a support for

the. means, which is detachably secured to

‘the casing. e
36. An elastic-fluid turbine comprising a

- casing through which the entire volume of |
motive fluid passés for decreasing the amount

8o

casing, and bucket-wheels therein, in combi-

‘nation with onie or more partitions perma-
nently located within the casing, another

partition or partitions adjacent to the first,
and a detachable cover or plate for the cas-

 ing, which supports the last-mentioned par-

tition. | -

- 37. In an elastic-fluid turbine, the combi-
nation of a casing, a wheel-carrying shaft
therein, a diaphragm which divides the cas-
ing into wheel-compartments and is provided

with a cylindrical wall surrounding the shaft,
and a packing between the wall of the dia-
phragm and the shaft, said packing compris-
1ng a sleeve, partitions therein which divide it
into grooves, packing-rings in the grooves,.
“and springs for urging the rings against the

shaft and the partitions.

38. In-an elastic-fluid turbine, the combi-

nation of a casing, a . wheel-carrying shaft

therein, a cylindrical wall surrounding the.
shatt which is provided with a groove, a pack=
‘ing between the wall and the shaft, said pack--

Ing comprising a sleeve arranged in the groove

of the wall to prevent axial movement there-

95
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of, packing-rings in the sleeve, and springs™

which urge the rings against the shaft.

39. In an elastic-fluid turbine, the mﬂibi— |

nation of a casing, a wheel-carrying shaft

therein, a cylindrical wall surrounding the
shaft which is provided with a groove, a pack-

Ing comprising a sleeve arranged in the groove

of the wall to prevent axial movement there-

of, partitions which divide the sleeve into

grooves, a_ packing-ring in each groove, a
holder for the ring, and means between the

holder and the wall of the groove for urging

115

120

the rings against the shaft and adjacent par-

titions of the sleeve.

40. In an elastic-fluid turbine, the c'o’mbi-?_'
nation of a casing, a wheel - carrying shaft

therein, a wall surrounding the shaft, a sleeve
around the shaft whichis divisible on an axial
plane, means on the said wall for preventing

125

| axial movement of the sleeve, partitions in
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the sleeéve; packing-rings between the parti-

tions, and means for urging the rings against

the shaft and the partitions. -
41. In an elastic-fluid turbine, the combi-

nation of a casing comprising a wheel-com-

partment, a bucket-wheel mounted therein
comprising bucket-carrying disks whose outer
surfaces conform in shape to the walls of the
compartment and are disposed in close prox-

imity to the latter to reduce rotation losses

but separated sufficiently therefrom to pre-
vent a braking effect due to the presence of

‘moisture, and a means for securing the disks
‘adjacent to their peripheries whose outer ends

are disposed below the surfaces of the disks
to permit the said surfaces to be disposed 1n
close proximity to the walls of the compart-
1nent and contributing to reduce rotation
losses. . : - '

42, An elastic-fluid turbine comprising a

compound bucket-wheel, and an inclosing

casing therefor whose walls are located in
close proxim:ty to the buckets to reduce ro-

tation losses, and means carried by the wheel .

and forming a part thereof which contributes
to reduce rotation losses.

43. An elastic-fluzd turbine comprising a
compound bucket-wheel formed of bucket-
carrving disks and a peripheral ring between
the disks, and a casing for the wheel whose
walls are arranged in close proximity to the
buckets to contribute with the said ring to
reduce rotat:on losses. |
- 44, An elastiec-fluid turbine comprising a
casing having smooth inter:or walls, wheel-
buckets mounted within the casing and ar-
ranged n rows, the said buckets runmng in
close proxim:ty to the walls of the casing to
reduce thelr fan-like action, a support for the

buckets whicll w.th the latter substantially
fills the casing to reduce eddy-currents of the
motive fluid, and a nozzle or device for d:s- |

charging motive fluid against a portion of the
wheel-buckets. |
45. An elastic-fluid turbine comprising a

casing and bucket-wheels, in combination .

- with a d.aphragm the walls of which are lo-

cated in close proximity to the buckets to re-

duce rotation losses, and a chamber within |

7

| 'the diaphraocm through which the motive
fluid passes in flowing from one row of wheel-

buckets to another for decreasing the amount

of moisture contained theren.

46. An elastic-fluid turbine comprising
stage-compartments, a bucket-wheel for each
stage - compartment, and fluid - discharging

devices, in ¢combination with a chamber lo-

cated between stage-compartments which re-
ceives the exhaust from one stage, prevents
it from reacting on-the wheel that d:scharged
it, and delivers it into another stage.

47. An elastic-fluid turbine comprising
stage-compartments, a bucket-wheel for each
stage-compartment, ~ and fluid-discharging

devices, in combination with an internal an- -

nular chamber which receives fluid ifrom a
given wheel, and after permitting the same to
circulate without interfering with saild wheel
supplies it.to the discharging devices of the
adjacent stage of lower pressure. -
48. An elastic-fluid turbine comprising

stage-compartments, a bucket-wheel tor each

5@
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stage - compartment, and fluld - discharging

devices, in combination with an annulars
chamber which receives fluid from a given
wheel, and supplies it to one or more dis-
charging devices of a lower-pressure stage,
and a throat or ortfice for the chamber which
conforms in shape to thé entering column of
motive fluid. _ - | |

49. An elastic-fluid turbine comprising
stase-compartments, a bucket-wheel for each

75

30

stage-compartment, and fluid-discharging .

devices, in combination with a champber lo-

cated within the casing of the machine and

between the stage-compartments which re-
cetves fluid from one wheel and delivers it to

another, and walls for the chamber which ex-.

tend into close proximity with the idle wheel-
buckets and cut down the rotation losses.

In witness whereof we have hereunto set
our hands this 5th day of March, 1904.

JOHN G. CALLAN.
BRACE . HAMILTON.

Witnesses: o
Ducarp McK. McKiLwor,
WiLLiaM 3. FISHER.
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