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- Application filed November 7, 1902 ' Serial No. 130,371,

To all whom 1t may concern: -

Be 1t known that I, Auvstin R. Dopes, a
residing ‘at
_in the county of Schenectady,
State. of New York, have invented certain
new and .useful Improvements in Elastic-
Fluid Turbines, of which the followmg IS a
specification. |

Theoretically the efficiency of an elastxc
lgmd turbine of the jet or impact type would

e

delwered by the nozzle or nozzles was all, or

- virtually all, eonverted into ‘v1s 1va or ve-

15

90

- expanding nozzles and intermediate buckets
‘proIiurly associated therewith.- In turbines
s tharacter the velocity of the motive

' 25

of ¢

locity, and the buckef wheel had a peripheral
speed equal to one-half the speed of the fluid
stream. Owing to mechanical considera-

tions 1t is im ractlcal to build: elastic fluad
turbines on these lines, but comparable re-

sults are now atta,med mth turbines having
a, number of wheels in the same shell ‘Wltll

fluid due to the expansion in the nozzle 1s

fractionally abstracted thus giving a rela~

tively low speed. Turbines constructed on

- these lines aré commonly divided into two or

- more stages, each stage being

30

rovided with
8 plurality of Tows of moving uckets. Sit-
uated between the rows of moving buckets

~and . separated therefrom by relatwely small

39.

40

~ in the second, and so on.

- wheel.

clearances, are statlonary or 1ntermediate

buckets which change the direction of |the

motive fluid received from one row of buckets
preparatory to delivering it to the succeed-
ing row of buckets. C learance’ spaces be-

tween. the several rows of moving and sta--

tionary buckets are a necessity for mechan-
ical reasons, and these spaces permit a cer-
tain amount of motive fluid to enter the shell
without doing useful work,
fluid from the ﬁ1 st stage 1s collected and used

the efficieney 'of the machine is impaired.
To minimize the effect of leakage between

moving and stationary parts, 1 divide the
turbine casing into a plurality of stages, and

provide each stage with a single “bucket

moderate predétermined velocity and all or
substantially all of the velocity

nozzle is abstracted by the wheel.

eatest if the pressure of the motive fluid
“1n amount as the shell
‘up to the pressure of the fluid stream.

althouch the |

Fluid 1s delwered to each wheel at a;

due to the.
In this
manner the turbine is given a low speed and,
. the motive fluid which is lost in one stage

55 due to leakage is utilized in the next, and ro

| on, the O'ﬂl}’ complete loss being in the last

sta oe, but since it is only a very small
amount as compared to the total _amount of

fluid used, it can be disregarded.

I have d1scoverecl by test that the leakaﬂ’e
between the moving and stationary buckets
or parts of an elastic fluid turbine 1s deter-

60

mined largely by the pressure in the shell in

which the swheel or wheels are located, 1t be-

ing greater when the shell pressure is less

than that of the fluid stream, and decreasing

ressure 1s 1ncreased
In

other words, where the nozzle end pressure
and the shell pressure are the saine, the leak-
age will be reduced .to a minimum.

The

65

_70

shell pressure can be regulated in a variety

of ways.' I have found the simplest way to
be by pI‘O]_ifll}T proportwnmo' the nozzle area
between

cent shell of lower pressure. Owing to the

shell in question and the adja~

75

fact that the leakage referred to is control-

lable to a large deﬂree by the pressure of the
shell in which it takes place it follows that

the clearances between the nozzles and the‘
buckets can be made an amount which is

sufficient to compensate for all internal

‘strains, expansions, etc without detracting

from the efﬁcwncy of the .app&ratus as &
whole.
The number of stages in the turbine var 1es

‘with the terminal pressures between which it

is to work. It is-desirable in this connection

to have the pressures between one stage and

the next relatively small, s0 as not to cause
undue straining of the parts:
the turbine mto a comparatively laree num-

80

85

90
By dividing -

ber of stages, the peripheral bpeed of the -

turbine Wheels can be made low because the

velocity of the stream of motive fluid can

also be made low, and this without 1111p%11~

ing the economy of operation.
This means that |

When a comparatively large number of
stages are employed, the nozzles are so- pro-

portioned that they will deliver the stream

95

100

or streams of motive fluid to the moving
buckets at a moderate speed, and by reason

of the relatively large number of stages, the
major portion of the energy can be ettra,cted
from the motive fluid, resulting in.
economy 1in operation. By the use of non-

“expanding nozzles or those expanding only
a very small amount, I can obtan a higher

efficiency than where a large amount oi ex-

| pansion. Is employed becauu ¢ in the latter

high

105

110
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case t'hé-eXpahsibn of the steam causes it to | the parts broken a\ﬁ;ay

- show efficiencies for the varying loads which -

10

9>

lose its initial superheat wholly or in large

part before striking the bucket wheel.,
An elastic fluid turbine having a single
wheel per stage with nozzles between stages

‘which do not expand, or expand to only a

very small extent, can' be governed by
throttling over wide variations in load and

are commercially acceptable.  This is due to

- the fact that nozzles of the character de-

scribed are not so sensitive to pressure
changes in their functioning as are nozzles

~ wherein the pressure of the fluid is substan-

15

tially all converted into vis viva or velocity.

By using a single wheel per stage and
- properly proportioning and arranging the

25

arts, the water of condensation discharged

y the first or high-pressure nozzle is utilized

to 1mpart motion to the first wheel, after

which it is collected in the shell and can be
~ drawn off from time to time.
to condensation in the succeeding nozzles or

Any water due

intermediates is utilized in the same manner.

It 1s important to remove the water as soon
as possible, since by so doing the loss of en-

ergy due 1 reconversion is obviated.

“With resFect to certain features, my in-

vention includes any sort of non-expanding

‘nozzle, meaning thereby a nozzle having a
cross-sectional area at the inlet end which

- 18 the same or larger than that of the dis-

~charge end. In certain other aspects, my

35

- 40

Invention also includes any sort of expand-

ing nozzle, meaning by ‘‘expanding”’, a
- nozzle having one cross-sectional area at the
throat and a larger area at the discharge end,

and this irrespective of how the expansion
1s obtained. - -
- With a turbine designed in accordance

with the conditions above specified, I am

- able to obtain a very high eflictency by ab-

45

o0

stracting a large per cent. of the available
energy from the fluid, and at the same time
to provide a turbine with a relatively low |

peripheral speed. _
One object of the present invention is to
rovide a turbine which will efficiently trans-
orm the energy of an elastic fluid into

mechanical power.

A further object of the invention is to im-

prove the construction of turbines by .sim-

| ,plifying_-their construction and decreasing

00

60

their first cost, and also to provide a turbine
in which the parts are so arranged and re-
lated that they may be readily alined and
adjusted, or taken down for the purpose of
inSf)ection Or repair. o |

n the accompanying drawings, represent-
ing an embodiment of my Invention, Figure

-~ 1 1s a vertical section of a turbine having a

- straight-bored nozzle, with certain of the
- parts in elevation; Fig. 2 is a side elevation
of one of the diaphragms or partitions; Fig.
3 18 & plan view of a turbine with certain of |

o5

| taken down for the

912,000

. Fig. 4 is a partial

elevation looking toward the delivery end of
the intermediate buckets ; Fig. 5 is a perspec-

tive view showing how the rings of which the

casing 1s composed are cut away to. receive

the intermediate nozzles or buckets; Fig. 6 -
‘1s a vertical section of a turbine having an

70

expanding nozzle, with certain of the parts
shown in elevation; Fig. 7 is a vertical sec-

tion showing a modified construction of the

Referring more particularly to Figs. 1 and
=, 1 represents the base on which the moving

ported. The casing for the machine com-
prises a plurality of rings 2 which are cut

away at 3, as 1s more clearly illustrated in
Figs. 3 and 5. The object in cutting away

this ring is to enable the intermediate buck-
ets and their supports to be inserted in place.
It also enables the person assembling the

parts bear one to the other and facilitates ad-
Jjustment. = As many of these rings are pro-

vided as there .are stages, and situated be-

tween the finished faces of each pair of rings
is a diaphragm or partition 4. These dia-

phragms are held in place by bolts or other
‘means which may be employed to hold the
parts of the casing together. Each dia-
phragm is provided with a central opening to -
rece1ve the main shaft 5, and also the sleeve 6

which acts as a spacer or distance piece be-
tween adjacent wheels.

order that the mac
_ . purpose of mspection or
repair. I prefer to divide the diaphragm on

_ I find it desirable to
- construct these diaﬁhmgms of two pieces, in
Ine may be more readily

75

‘turbine casing; Fig. 8 is an end view showing .
‘the means employed to support the casing;
and Fig. 9 1s an end view of the buckets.

80 .

-and stationary parts of the turbine are sup-
85

‘machine to see the exact relation which the

gn' 1.
95
100

1_6 5

a horizontal plane, since the nozzles and in-

termediates are carried by the upper part of

the machine, but it is obvious thaf the line of

division can be situated at any other point if

1t 1s found desirable. The meeting faces of

the parts of the disk ‘are shouldered, as
‘shown at 7.
should be relatively long, so as to prevent the .
steam or other motive fluid from passing
from one side to the other. -

The joint between the parts

The diaphragms, being situated between
the rings 2, are rigidly supported at all points

near their circumference, and under ordi-

110

115

nary conditions of service this support is suf-

ficient, because the difference in pressure be-
tween one shell and the next is compara-
tively small. If the pressure is increased,
the diaphragms may be increased in thick-

120

ness, or otherwise strengthened. Each dia-

phragm is provided with an opening 8 which

These nozzles or buckets
are employed to change the direction of the
motive fluid, and ma ‘ . _

form. I have found that where the buckets

125
18 designed to receive the intermediate noz-
~zles or buckets.

be given asuitable .

130 .
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are substantmlly rescent-shaped, asshownpin

Fig. 9, satisfactory resuits can be. optalded.
The oompartments in the casing are prefer-

ably made as small as possible and of the

same size in order to reduce the cooling sur-

account of the iow first cost.

nal pressures more rings are-.added to or

taken away from the structure; 1n this man-

ner a certain flexibility is gwen to the ma-
chme -

The ends of the machine are closed in by-

end plates or walls 9, which also carry the
bearings for the main shaft.

“ably secured: a steam chest 10, and mounted

20

25

;thereto

thel ein is a valve 11 which is adapted to be
moved to and fro over the mouth of the noz-
zle by any suitable means, for the purpose of

varying the volume of motive fluid supplied ‘}
The shouldered projection 12 of the.
nozzle support exténds through the opening

in the casing head. The nozzle 13 is of the
straight-boted type, that is to say, the cross-

sectmn a] area at the throat 18 the same as

~that at the delivery end, and it is secured-to

30

490

514

- lution.

the supnort 12 by suitable bolfs. -
or other motive fluid is caused to expand 1n
the nozzle and a certain amount of pressure
is converted into velocity. This expansion
of the motive fluid is adiabatic because it

neither has heat imparted: thereto nor ab-

stracted therefrom. The upper part of the

casing is pr ovided with a deta,cha.b]e cover 14 .

which is secured in place by a number of
bolts. The object in making this cover de-

- tachable is to permit the interior-of the tur-
40,

bine to be inspected and also to permit the
adjustment of the intermediates.

Mounted on the shaft 5:and keyed thereto,
~agre 9 number of wheels 15.of sultable con- .
struction.

"These wheels are provided with
peripheral buckets of any suitable form. I

have found that a form resembling that of
the intermediate buckets shown in Fig. 9
gperates - very satisfactorily. The ends of
these buckets are provided with a cover 16
‘which confines the motive fluid to a path

substantially 1{)&1‘&]161 with the axis of revo-
"The

1t is also desirable to
‘make them counterparts in construction on

"When it 1s de~-

sired to make a mabhme for dlﬁerant termi-

To the upper
part of the left-hand end plate 9 is detach-

The steam’

[

and also in the succeedmg mtelmedw tes in-
crease slightly in depth. The object of this

8

1s to compensate for the 1110re&sed volume of

the steam due to its decreased pressure. The

intermediates or nozzles are so designed that

they will hold back or msintain o pressure

in the compartment from which they receive
fluid that approximates the pressure of the
fluid stream that is discharged. against the

buckets 1 said compa rtment and thereby
reduce the leakege to a minimum. In order

that each succeeding nozzle or intermediate
may. collect the steam dis

70

75

charged from the

preceding wheel, which steam has'a certain

‘residual- velomty ~and to obviate too great a

radial depth of the buckets, they cover a
greater arc in each Succeedlrﬂ* stage 50 as to

mclude a greater number of moving buckets.’

The wheels, in. addition to being keyed to
the shaft, are retained against longitudinal
movement of the shait by means of the nut
17, 1t being understood that the last wheel

in the series engages with a suitable shoulder:

or its equivalent on the main shaft. Be-
tween each of the wheels is a sleeve or spacer
and this preserves the relation between

'a,d acent wheels and prevents them from

emermg into frictional engagement with
the stationary intermediate buckets. The
wheels are preferably of the same width so as
to simplify the construction of the machin

2s 3 whole. Each wheel is situated in a com-

partment by itself, which for convemerice 1

have termed a shell and each shell las &

pressure, when the apparatus is in operation,

which 1s Qlﬁerent from that of every otlﬁer

shell.
Referring now to Flgs 3,4 a,nd 5, tbe con-

struction and arrangement of the dla,phmgms

and the detachable intermediates will be
The Gut -away portion 3

more clearly seen..
In each casing ring extends over an arc wkich
is somewhat -greater than that covered by

the intermediates themselves. This cut—
away portion is made large enough to permait
a hand or a wrench or both to be inserted

80

85

95 -

100

108

110

for the purpese of adjusting the retaining

bolis, and at the same time enables th o

‘workman to see the exact relation of parts |

‘one to the other. Each intermediate is pro-

vided with a flange 18 that is bolted to the
st bucket-wheel is situated in | 3 idiacent diaphragm. As many

bolts are

front of the nozzle 13, and in close proximity | provided as are necessary to hold the parts

 thereto, a sufficient, cleara’nce however being
09

aﬂowed T hawve-found th&t a clearance of

_'from .05t0 06 of an inch is satisfactory.

On the opposite side ‘of the wheel ﬂndrui
operative relation thereto, is a stationary in-

termediate or. nozzle, which i is designed-to,

80 receive the motive. ﬂmd as it is discherged

bﬁ that t

- from thefirst wheel .and reverse its direction
and discharge it against the vanes or buckets.
_of the second wheel. = This action is repeated
. throughoutthe turbme It is to be noled
je passages 1N the succeedmg wheels

in rigid_alinement,,and by making the holes
in the flange shghﬂy larger than the bol{s
| (Fig. 4), the

intermediate as a whole can be

115

120

given a limited amount of adjustment suf-

ficient to properly aline the parts.

proleets throu_ the openirg in the dia-

phragm, and the face thereof is situated in
“close proximity to the adjacent wheel, andin-.

As.

shown, about one-half of the mtermedlate

125

| such: relation that 1t will dehver the. motwe- .

Hfluid &t the proper angle.-
that all of the retammg bolts 19 which : secure

k

It is to be noted

'_..3%30- -



- the intermediate to the diaphragm are situ--
~ated beyond the periphery of the wheel: and
- by reason of this construction the interme-
- diates can be removed without disturbing the
position of the wheel. _
feature in case of accident, and any of the

10

19

20

25

30

- main shaft.

35

This 1s an important

buckets become damaged, and also where it

1s desired to run the machine under different
conditions of operation, that is to say, in-
termediates can be provided which cover a
- %reater or less number .of wheel Or moving

uckets, and for one power one intermediate

-can be used, and.for a different-power an in-

termediate. covering a different number of

buckets can be uséd. This same feature is
also carried out in the nozzle structure, and I

may use a nozzle that coversa few or many
buckets; as i1s best suited for the conditions of
operation. = | | L

The construction has great advantages |
~where it is desired to make comparative tests
between machines using different angular

Eortions of the wheels. The intermediate

buckets are cut from a segmental ring

182 which is bolted to the flange 18 by the

bolts 192, |
~ In order to prevent the free passage of

motive fluid from one shell to another except
through the intermediate buckets, the dia-
phragms 4 are arranged to make a snug fit
with the separators 6 which surround the

will work satisfactorily, but I do not wish to

be understood as limiting mvself to this or |

any other specific clearance. In order fo

further reduce the leakage at this point, I pro-

- 40

415

o(

with the shaft in a

the shaft.

vide a special packing 20, comprising a

body of carbon which makes a close working

fit with the separator 6. This carbon is re-

tained in a two-part holder 21 (Fig. 2), the
parts of which are bolted together in any
suittable way. The packing is free to move

thereto; in other words, it floats and compen-

sates for any irregularity in the movement of
- Lhave found that it is necessary
- to permit this packing to be free, otherwise

the vibration of the shaft would soon de-
stroy the carbon and render the packing use-
less. The packing is held against the dia-
phragm by the fluid-pressure in the shell in
which 1t is located, and since the pressure in

- the adjacent shell is always lower, no other

55

- anozzle 25 which has a certain amount ofex-
I have found that with a machine
aving the proper number of stages and.

60

retaining means are necessary.

" Referring to Fig. 6, I have shown my in-

vention in connection with a turbine having
ansion.

working-with 150 pounds boiler pressure,

non-condensing, an expansion. of from 1 to.

- 1.04 will be sufficient, but I do not wish to be

understood as limiting myself to this or to

- any other specified expansion, because the

65 same can be varied to suit the conditions of -

i~ The - working .

wheel. L - . _
 The wheels are provided with peripheral
buckets which are covered as before, but the:
‘means employed for securing the wheels to
the “shaft 5 have been slightly modified.
‘Mounted on the shaft is a sleeve 27 provided
~with 'a flange that extends at right angles

A clearance of .01 of an inch

plane at right angles

612,090

operation, and the conditions will -natufalljr

vary with the boiler and terminal pressures,

~and also for other reasons which need not be

spectfically mentioned. -

‘({J&SS a‘ge

bucket, wheels an

care of the increased volume of steam die to
the decreased pressure, and also where nec-
essary to convert a certain amount of the
pressure into velocity, the arrangement be-

diate is abstracted by the adjacent bucket

thereto. This sleeve is rigidly connected
with the shaft and forms a rigid support for

the several wheels. - In the present instance -

each wheel is provided with a relatively thin

Between the adjacent wheel webs are spacers
comprising two disks 29, each of said disks
having a hub which projects toward the

~other. The hubs of the disks are so designed
that when the parts are assembled they are
in contact and prevent the escape of motive

The diaphragms 4 are

fluid at this point.
situated between the faces of the adjacent
disks, and are separated from the hubs by a

small clearance, such as will prevent the es-

cape of any substantial amount of motive

wge 26 through the
nd stationary intermediates-
1s also slightly expanded in order to take

7.(;- |

75

Ing such that all or substantially all of the
velocity due to any given nozzle or interme-

85

ac

‘web 28 which engages with the sleeve 27. I

05

100

fluid. The disks are bolted together and to

‘the wheel webs by bolts 30, and the struc-.

ture as'a whole is united by the bolts 31 that
extend tarough the flange of the main sleeve
and parallel with the shaft 5. -

Mounted on the left-hand end of the head

of the machine is a steam cliest 32, of any

suitable construction, containing a valve 33

105

110

which is designed to vary the volume of fluid

su{Jplied to the nozzle without changing its

veiocity.

also form a part of the. cylindrical casing.

Hach head 1is provided with interlocking

shoulders 37 which engage with correspond-

1ng shoulders on the next succeeding ring.

Referrinét(} F 1g 7, I have shown a slight -
~modification in the construction of the cas-
1ng. 35-and 36 represent end heads which

115

120

By reason of this construction a tight steam

jomt is provided, and the structure is sub-
stantial enough to resist all strains to which

partments or shells. The head 35 is pro-

vided with a bearing 38, and also 'with an

In addi-

opening 39 to receive the nozzle.

it may be subjeéted. A detachable cover 14

1s provided which closes in the several com- 125

tion to'this it is cut away at 40 to permit the'

intermediates to. be inserted in place and 130
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. are rigidly supported at all

45

60
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bolted to the diaphragms. The head 36 is
provided- with a bearing 41 for the main

exhaust condult.is connected.

or shells by the diaphragms 43. The first

diaphragm 1s fitted 1nto a recess formed in |

the head 35 and in one of the rings 44, one-
half of the recess being ior mt.,d 111 the hea,d
and the other part in the ring. The oppo-

site {aces of each ring are cor febpondmmy cut

away or recessed to recelve a diaphragm.

‘Situated on the upper side of the casing is a

COVer whieh engages with the dmphra ms
ana forms & part “of the several® compart-
ments or sheils. . Extending through the
casing and paraliel with the main shaft are
bolts 45 by means of which the structure as a
whoie is clamped together. In the present

iliustration these bolts also extend thro: aeh
the diaphragms near their periphery.

- A casing constructed as just dese bed has
many features of advantage.

The work can
be done in an ordinary bor ing mitl by reia-
tiveiy unskilled workmen, since 1t does not
require speclal accuracy in ‘the finish, and the
stricture as a whole can be qmclmf asseln-

“bled or taken down as occasion demands.

In addition to this the diapnragms are re-
tained in place by the same means which
secure the parts of the casing together, thus
doing away with the necesmty of a second
set of retaining means. By seating thedia-
phragms in a groove or recess formed. be-
tween the ad]acen‘c parts of the casing, they

periphery, and the liabiiity of leakage is
reduced to a minimum. _
Referring to Fig. 8, I have shown a means
whereby the turbine casing as a whoie can be
supported, and the eflects of internai stresses
and straimns reduced to & munmimum. The

casing 1s provided with laterai projections

46-and 47, one projection being situated on
one side of the center and .the other on the
opposite side. I have found it desirabie to
provide each of the ring-like parts which
form the casing with these projections. 1t
1S unneces sary however to provide the dia-
phragms with similar projections, but in the
case of such structures as that shown in Fig.
3, they can be empioyed if desired. These

-p“()]ecuons are arranged to be boited to up-

right standards 48 Lhat are formed on or
%ewfed to the base 1. The end héads of the
casing are provided with radiai ly extendmu*
strenf"thenmﬁ r1bs 49.

In supportlng the turbine casing at oppo—

site points, the turbine «parts can expand

equally in all directions, and the danger due
to the parts getting out of aiinement is re-
duced to & minimum. -~ |

When the machine is in operation there
will be a-certaln amount of water collected

in the several shells or compartments, which : speakmg, 1400 feet  per second.

. steam.
shaft and with an opening 42 to w hich the

The casing !
as a whole 1s divided up into compaz’cments.

points on the

same or substantiai: Ly

-and 1n line with the others.
the nozzies is done so th at the ﬂulfl—-calrymo_

i be as {ree as possible -
85 -

water 1s the result of condensation of the
In order to drain the separate com-
partments, pipes .or condults 50 are con-
nected thereto. Each one of these pipes or

conduits may be provided with a cock 51 for
controliing the passage of water.

LOI]E:l(le.L U.lb Illbuu-]_fu al ul(‘Eh 1or I, Nozzies or

between each sheii or compart-
ment and the next, and these are arranged
in the same straizht {ine and Ubua,uy at the
the "same aistance
from the center of rotation. The-high pres-
sure nozzie degiverim motive fluid {from the
boiler to the first wneel 1s aiso non-expanding
This aining of

passage or passages wil
froni sharp bends and turns, which bends or

| turns cause a decrease in oillclencyjdue to
When this is

eddy—cuwentb and friction.
done, tie general direction of the motive
fluid. throuﬁh the machine wiil- be parailel
with the dllwnfr shaft and the discharge

wiil take piace at a point where 1t 1s rela-

tively unrestricted. [t is to be understood,
however, that the intermediates or nozzleb

cause a certain chiange in the direction of the
motive fluid as 1t passes Lom one. th,el to
the next.

-As above pointed out the {1 111d stream
should issue {rom the ]11011—})1 essure or first
nozzle and also from the stcceeding nozzles
at a relatively low speed. If this bpe&,’d 1s 00
low, however, it will result in an excessively
Zalge numbu of stages, 1l all of the available

70
ln carry Ing out my 1111"(,1111011 i what I -

mtermediaies of a non- expandmﬂ’ type -are
provided

75

80

90

95

100

energy 18 to be abstra(,ted which means a

_machme of high first cost, and one which is

difficult to'operate for mechanical considera-
tions; due principally to the changes in the
relation of parts caused by internal strains
and the wear on the bearing surfaces. The

cost of maintenance is also high. On the

other hand, if the velocity of the motive

fluid per stame is too high, 1t either means two
or more rows of moving bucLets and one or
more intermediates to abstract the velocity

fractionally, or a sinele swheel for the ma-
115
each stage-are employed small clearances are
necessary, and in the case of a single wheel.
with high velocity of the fluid stream there

chine. Where sever al rows of buckets 1n

is a loss of energy owing to the residual ve-
locity remaining in the steam after being
discharged, and consequently a decrease in
efliciency.

Within the limits attainable by the use of
an ordinary conunercial boiler and condenser,
1 have found that when a non-expanding noz-

105

110

120

125

zle is employed to convey fluid from one shell

or. compartment to the next, and there is a

| pressure difference between she]ls of 429,
luid stream is, roughly .

the velocity of the

In other

130
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- words, when the succeeding shell has a pres- |

e :

- sure equal to 5879, of the precéding shell, the

10

15

fiuid will be transferred from the high-pres-

‘sure shell to the low-pressure shell at a speed

of about 1400 feet persecond. If thesecond

shell has a pressure which is less than 589 |
of the first, the fluid will still maintain the

same velocity, and this holds true whether
the change in pressure be small or large.
On the other hand, if the pressure of the
second stage is greater than 589, of the first,
then the velocity
spondingly decreased. r

It will be apparent from the foregoing that
there is what may be termed a “critical

- pomt or pressure’’ in regard to the passage

~area, as shown,

25

- 30

- 39

40

45

several stages will be equa

of steam through a nozzle, and I make use of

this in designing my improved type of tur-

bine, and each shell is operated at this pres-
By prop-
~ . erly utilizing the same velocity in each of the
shells or stages, and providing each of the

sure or as near to it as possible.

passages with the proper cross-sectional
the work Ferformed by the

Reference has a,lre&dy.been made to cer-

tain advantabes accruing from the use of a
single wheel per stage, and to the means for

preventing or reducing leakage. Another

and material advantage in my improved
construction resides in the fact that the
- brake action between the moving and sta-
tionary surfaces, due to the water of conden-

sation, 1s eliminated. There is also a certain
stability to the machine which simplifies the
matter of governing. - This is largely due to
the fact that the changes in terminal pres-

sures within resaonable limits do not upset

the critical pressure relations of the shells. °

By properly designing and Ipr()portioning
the mtermediates or nozzles, I am not only
able to eliminate all or substantially all of the
leakages incident to large clearances by
maintaming the proper shell pressure, but
am able to preserve tﬁe critical relation as to
pressures between shells. | '

-Another feature of advantage in_iny im-

. proved construction resides in the fact that

the residual energy of the steam in the form
of velocity after it has left one wheel is avail-

.able for use i the succeeding stage and is not

55

lost In latent-heat as is the case where a num-
ber of wheels are provided for each stage.
From tests I have demonstrated that with
8 nozzle delivering steam at a velocity of
about 1400 feet per second against a wheel

having a bucket velocity of about 400 feet

- per second, I can abstract 709, of the avail-

60

“able energy from the steam. I do not mean

to say that this is all the energy that cah be
abstracted, it is merely used as . an illustra-

~tion showing a high degree of economy at-

60

tainable with machines constructed in. ac-
cordance with my invention. =~ = _
In the preferred form of my invention, I

of the ﬂ_u'id will be corre- -

advisable. = L
- The method of operating an elastic luid
] 95

012,090

combine the parts in such a manner as to

utilize the advantageous features referred to

‘above, and eliminate the objectidnable fea-

tures of high speed fluid jets, sharp bends,
etc. 1n the working passage which impair the
efficiency. |

70

. A turbine consfru’cted to: inclu_de my in-

vention in its broadest aspect comprises. a -

plurality of shells, each working at substan-
tially the critical fpressure with respect to the
adjacent shells o

70

“higher and lower pressure,

with a bucket wheel for each shell, a high-

pressure nozzle, and an intermediate or noz-
zle between each of the shells which is of a
character to permit the motive fluid to flow
through it without choking and at the same

pressures between the shells.

80

time preserve the critical relation as to

A turbine having eight stages will operate

satisfactorily and in accordance with my in-
vention where the boiler pressure is 165
pounds absolute, with an exhaust pressure

due to a condenser of one pound absolute.

By increasing the bucket speed above 400 =

feet per second I can obtain a greater effi-

clency but owing to the great centrifugal

strains incident thereto I do not consider it

‘turbine under certain of the conditions speci-
fied herein is not claimed herein for it forms
| the subject-matter of my Patent No. 795,256,
- dated;JJ S BURRE A (80T

uly 18, 1905.

~In aceco

ciple of operation oRmy invention, together

with the apparatus which I now consider to
resent the best embodiment thereof, but
tesire to have it understood that the appa-

re
I

ratus shown is only illustrative, and that the
invention can be carried out by other means.
What I claim as new and desire to secure

by Letters Patent of the United States, is—

1. In. a turbine, the combination of
a casing, diaphragms dividing the casing
into compartments, detachable intermediate
buckets, means for securing the buckets to
the diaphragms, bucket wheels for the com-
partments, and a detachable cover for the
casing which forms a part of a compartment.

2. In a turbine, the combination of a

casing, a detachable nozzle for delivering

motive fluid to the wheel, means for securing
the nozzle to the casing, diaphragms divid-
ing the casing

rdance with the provisions of the
patent statutes, I have described the prin-

into separate compartments

85

90

100

105

1o

115

120

or shells, detachable intermediate buckets,

means for securing the intermediate buckets
to the diaphragms, a bucket wheel for each

shell, and a detachable cover for the casing
125

which Torms a part of the compartments.
- 3. In a turbine, the combination of a
casing, a nozzle which is secured to the end

face of the casing for delivering motive fluid

-to the wheel and is removable from the out-
side, means for securing the mozzle to the 130
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casing; diaphragms. which divide the. casitigs
into compartments, and bucket wheels in
sald compartments.. - R
- 4. In a turbine, the combination of &
5 casing, a nozzle which is detachably 'secured
to an exterior surface of the. casing, dia-

phragms which divide the‘casing into com-

partments, wheels for the compartments,
and a detachable cover whick forms a part

10 of the compartments. . . o
- 5. In a turbine which is divided into
stages, the combination of a single whael for
each stage, a nozzle for delivering fluid to the
first wheel; and a detachable cover which
15 forms a part of the closure for a plurality of

- stages. I o -
6. In a turbine, the combination of a
- wheel-carrying shaft, 4 casing, a plurality of
- two-part diaphragms for dividing the casing
20 into wheel compartments, admission noz-
- zles, 8 detachable cover for the casing which
exposes onie or mere wheels, and nozzles or

Intermediates carried by the diaphragms.

7. In a turbine, the combination of a
25 casing, g wheel-carrying shaft, two-part dia--
_phragms which divide the turbine into stages
“and are situated between the wheels, and a
“detachable cover which engages with a dia-
poragm and forms a part.of a compartment.

30 . 8. In a turbine,-"the combination of a
casing, a wheel-carrying shaft, two-part dia-
phragms which divide the turbine into stages
and are situated between the wheels, and a
detachable cover which engages with a plu-

35 rality of the diaphragms. o
. In a turbme, the combination of a
‘casing comprising separable rings or parts,
- with a diaphragm dividing the turbine into
~ stages which 18" held between the rings-or
40 parts, and a nozzle or intermediate which is
secured to the diaphragm and is removable
without taking down the machine. |
10. In a turbine, the combination of s
~casing comprising separable parts, each part
45 being provided with a groove or recess, and a
‘diaphragm for dividing the turbine into
stages which 1s held between the parts. =
11. In a turbine, the combination of a
casing comprising a plurality of separable
50 parts, a plurality or diaphragms each of
which 1s situated between two adjacent
parts for dividing the casing into compart-
ments, means for clamping the parts of the
casing and the diaphragims topgether, and a
55 removable cover for the casing which is com-
- mon to the tworor more compartments.
12. In a turbine, the combination of a
casing comprising a ring or part having a
- cut-away portion, a diaphragm arranged to
60 engage therewith, and a detachable inter-
mediate that is bolted to the diaphragm at a
point adjacent to the cut-away portion of the
ring or part. . - |
13. In a turbine, the combination of a cas-
65 ing, removable diaphragms which divide the

080 - ' N4

] turbine into stages, a bucket wheel for each -

.stage int which the end thrust is substantially
balanced, a mnozzle which delivers motive :
fluid to a portion only of the buckets of the
first wheeE and 1s removable from the out-
side of the casing, means for -securing tie
nozzie to -the casing, intermediates which

| are secured to the diaphragms for recelving |

niotive fluid from one wheel and delivering
1t to' the next, and means for securing the
intermediates to the didphragms.- . ¢
- 14, In a turbine, the combination of a cas-
Ing comprising parts which are recessed on
adjacent faces, a diaphragm situated in the
recess thus formed, a nozzle or intermediate
carried by the diaphragm, and retaining
bolts whieh pass through the parts of the
casing and also the diaphragm. |

15. In a turbine, the combination of a cas-
ing comprising rings which-have interlocking
shoulders or projections, other rings which

forin recesses, diaphragims which are situated
in said recesses, and a detachable cover
which engages with the diaphragms.

16. In a turbine, the combination of a cas-
1ng comprising a plurality of rings which are
placed side by side and bolted together, cach
~of said rings heing provided with a cut-away
portion, and a detachabie cover which cleses
1n the cut-away portion of the rings. -
" 17, In an elastie-fluid turbine, the combi-

each  wheel, fluid-dischiarging devices be-
tween the compartments, one.or more of
which are adjustable toward and away from

the shaft to aline the passages therein with
those in the wheels, and means for securing
the devices in place. - |
18. In an elastic fiuid turbine, the combi-
nation of a casing, a plurality of diaphragms
dividing the casing into compartinents, a
“wheel for each compartment, and adjustable
intermediates which are bolted to the dia-
pRragms. | o ,_ o
19. In an elastic-fluid turbine, the combi-
nation of a bucizet wheel, a device arranged
to discharge motive fluid against the wheel
to produce motion, a shell or casing which
incloses the wheel, and a means construeted

the shell or wheel casing that approximates
the pressure of the fluid at the delivery end
of the fluid-discharging device for reducing
leakage. - L
. 20. Inan elastic-fluid turkine of the multi-
stage type, the combination of a plurality of
bucket wheels, a nozzle arranged to discharge
fluld under pressure against the first wheel, a

| and deliver it to the next, tllg nozzles or de-

and arranged to maintain a pressure within -

70

S

75

80

85

-are provided with cut-awoy portions that

00

95

nation of a plurality of wheels, each provided
| with buckets, a separate compartment for
' 100

110

115

120

120
separate compartment or shell for each
wheel, and other nozzles or devices which
are constructed and. arranged  to receive
| fluid from one wheel compartment or shell

130



vices for succeeding stages after the first be-
~ing proportioned and arranged to maintain

a siell pressure waich approximates that of

tne fluid stream entering the stage from the

preceding nozzle to reduce icakage. |
21. 1o an elastic-fluid turbine, the com-

~ bination of two or more stage compartments

10

working at different pressures, a bucket

‘wheel for each stage, said wheels being ar-

ranged to perform equal amounts of work,
a nozzle or device for discharging fluid
agamst the first wheel to produce rotation,
and stage nozzles or devices for discharging
tluid against the succeeding wheels after the
first to produce rotation, the stage nozzles or
devices being non-expanding 1n character

and of such cross-sectional area that a pres--

- sure ditierence of at least forty-two per cent.

LD
g |

Ce2
<

1s mamtained between shells or

tainied be stages, sub-
stantially as set forth. :

22. In combination, a wall, "o rotating.
member, and a body of carbon which is
sleeved on said member and engages the

watll, - S _

23. In a turbine, the combination of a
casing, diaphragms which divide the turbice
into stages, a wheel for cach stage, and car-

bon packings which float with the shaft and

are-held m engagement with the diaphragm
by the pressure within the compartment in
* .

"~ which it 18 located. -.

40

45

o0

24, In & multi-stage elastic-fluid turbine,
the combination of a plurality of stage comi-

partments working at diilerent pressures, &
5 bucket wheel for cach stage, said whecls -
being arranged to perform equal amounts of

work, 8 non-expanding admission nozzle for
discharging fluid against the first bucket

wheel, andnon-expanding stage nozzles whicl

receive motive Yuid from one stage and dis-

charge 1t against the wheel buckets of an-

other, the nozzles of the severs! stages hav-

ing such a cross-sectional avea that pressure.

difrerences of at least forty-two per cent. are
maintained and a fluid velocity of substan-
tially Tourteen hundred feet per second.
25. In an elastic-fluid turbine, the com-
bimation of a bucket wheel, a casing contain-
1mg & wheel compartment, a non-expanding

nozzle or passage discharging motive fluid

against the wheel, and a passage or conduit

conveying fluid from the wheel compart- |

- ment, which is of such a cross-sectional area

that it will nuwantain a pressure in the com-

partment not exceeding fifty-eight ner cent.
of the pressure at the inlet end of the nozzle,

~ substantially as and for the purpose de-

- seribed.

60

09

26. In an elagtie-fluid turbine of the multi-

stage type, the combination of a plurality of |

stage compartments, a wheel for each com-
partment, said wheels being arranged to

perform equal amounts of work an adinission

nozzle or device, and nozzles or devices con-

veymg iluid from one stage to the next, the |

!
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nozzles between stages being non-expanding

27. In an elastic-fluid turbine, the com-

bination of a plurality of stage compart-
' ments working at substantially the eritical

pressure with respect to the adjacent stages

| of higher and lower pressure, a bucket wheel
for each stage, a high-pressure nozzle for
imparting a relatively low wvelocity to the

fluid and discharging it against the wheel

buckets of the first stage, and a nozzle or
‘device between each of the succeeding stages

for imparting a relatively low velocity to the
motive fluid, which is of a character to per-
mit Ythe motive fluid to flow through it with-

out choking, and 1s of such cross - sectional

1 character and of such cross-sectional area
that pressure difierences of at least forty-two
- per cent. are maintained between the stages.

70

75

80

areq as to preserve the critical relation as to

pressures between the stages, and at the same

time discharge such an amount of motive

85

fluid as will cause the wheels to perform

equal amouits of work.
28. In an elastic-f
bination of a plurality of stage compartments

working at substantially the critical pressure

with respect to the adjacent stages of higher
and lower pressure, a bucket wheel for each

stage, a high-pressure nozzle for imparting a

relatively low velocity to the fluid and dis-
charging 1t against the wheel buckets of the
lirst stage, a nozzle or device between each of
the succeeding stages for imparting a rela-
tively low veloeity to the motive fluid, which
15 ot a character to permit the motive fluid

to flow through it without choking and is of
such cross-sectional area as to preserve the

critical relation as to pressures between the

stages, and at the same time discharge such
105

an amount of motive fluid as will cause the

uid turbine; the com-

90

95

100

wheels to perform equal amounts of work,

and a-governing mechanism for regulating
the adiission of fluid to the
stage. - |

29. In an elastic fluid turbine, the combi-

nation of a plurality of separate shells each

working at a pressure different from that of
every other sheil, a bucket wheel for each
shell, a nozzle arranged to deliver fluid to
the wheel in the first shell, and nozzles which
receive fluid from the sheil of higher pressure
and discharge it against the bucket wheel of

| the adjacent shell of lower pressure at a
veloeity dependent upon said difference in

pressures, each succeeding nozzle after the
tirst being of such area and form as to hold

;high—pressul'g"_- '

110

1"1_ 5

120

back an amount‘of motive fluid which will

maintain the critical relation of pressures

between shells. | B .
30. An elastic-fluid turbine comprising a
casing - that 15 divided into stages, means

125

admitting motive fluid to and exhausting it

l{rom the turbine, and buckets in the stages

for converting velocity of the motive fluid

into useful work as it passes through the 130
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turbine, in combination with means for |

maintaining such a pressure difference be-

tween the stages as will insure a constant

velocity of the fluid with varying loads. |
31. An elastic-fluid ‘turbine comprising a
casing that is divided into stages, means ad-

- mitting motive fluid to and exhausting it
~ from the turbine, and buckets in the stages

10

for converting the velocity of the motive
fluid into useful work as it passes through
the turbine, in combination with a throtthing

_ %ovemor for regulating the supply of motive

uid to the initial stage, and means ifor
maintaining such a pressure difference be-
tween stages as will insure a constant veloc-
ity of the fluid with varying loads.

- 32. An elastic-fluid turbine _comprising a,

casing that is divided into stages, means ad-

- mitting motive fluid to and exhausting it

20.

- combination with means for maintaining a

~ to keep the velocity of the fluid entering the

from the turbine, and buckets for abstract-
ing all or substantially all of the velocity of

the ‘motive fluid as 1t passes through each

stage and converting it into useful work, 1n

critical difference in pressure between stages

- stages cox_lstant during changes 1n. loa(T the

30

pressure in each stage being substantially

that of the fluid entering it and a governing

means controlling the admission of motive
fluid to the initial stage. -
33. An elastic fluid turbine comprising a

F

‘casing that is divided into stages, means ad-

mitting motive fluid to and exhausting it

from the turbine, and buckets in the stages-

for converting velocity of the motive fluid
into useful work as it passes through the tur-

bine, in combination with a stage nozzle for..

directing the motive fluid against the buckets,
the said nozzle being constructed and ar-

that of the fluid stream entering it from the
preceding nozzle.

34. In a turbine, the combination of a
casing provided with a series of normally

fixed partitions, each having a series of
nozzles adapted to expand the motive fluid

35

40

‘ranged to maintain a stage pressure equal to

45

adiabatically and discharge it into the an-

‘nular chambers between said partitions at &
pressure equal to that in said chambers, a
wheel mounted to rotate in said casing and

provided on its periphery with a series of

ceive the fluid
nozzles, the width of each vane beihg appre-

ciably less than that of the annular chamber

in which 1t revolves. S
In witness whereof, I have hereunto set

‘my hand this fifth day of November, 1902.
AUSTIN R. DODGE.

Witnesses: - _
Bexsamin B. Huowr,
HeLEN ORFORD. |

53¢

‘vanes, each having a series of buckets to re- .
ressure issuing from said

55
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