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Ta all. whem it mey eencem

- Be 1t knewn that I, Oeeee JUNGGREN, a citizen of-

. the United States, remdmg at Schenectady, ‘county
- _-ei Schenectady, .State of New York, have invented

5 .certain new and . useful Impreiremeﬂts in Means for

- Inereasmg the Cepeclty of Elastic-Fluid Turbines, of
" which the following is a epemﬁeatwn

The 11m1t1ng feature in prior existing turbines of the
- -multi-stage jet type 1s the last stage wherein the noz-
10 zles cover the entire-or.substantially the entire ‘wheel,

and it is 1mpractlceb1e for many reasons to increase

“the. dimensions of the -nozzles and buckets above a

certain pemt The chief reaeen reeldee in the fact
-+ that if the -buckets are und'uly deep they will not be

- .15.‘ -streng enough to Wlthstand the centnfugal strains.
. The capacity can be increased by increasing _the pres-

. sure of the motive fluid, but this is accompanied by a
sacrifice in economy, because the percentage of energy
abstracted is' less than under normal conditions.

20 - The objéct, of the present invention is to increase the
 capacty of multi-stage elastic-fluid turbines, and more

" especially those of the jet.type mtheut 1ncreaemg the
"+ the bucket speed.,
At the present tunez_ in order to obtain 4 maximum

| 25 output with a minimum size machine, one wheel, the

all of the buckets are active..
-stantially all”, I mean thet the major portion of the

j.vheel.ie somewhat greater than of the first, the active 5!
area of the third stage wheel is greater than,the second,

and the active area of the fourth stage wheel is still

greater and includes all or eubetantially all of the |
‘buckets.’

In other ‘WOI‘dS there 1s an ever incredsing
active Wheel area frem the inlet to the last wheel Where ]

In using the term ‘sub-

buckets is .nermally active under full load conditions.
In carrying out my invention, the same general

stage arrangement above specified i followed except 6.

that I doublé the capacity of the turbine by providing
the last stage with two or more wheels whose buckets -
are all or eubstantlelly all active. This means that the
wheel or wheels in'the stage immediately preceding

the last, instead of having enly a fraction. of their area 7t .

utilized, have their entire area utilized, which means
a corresponding increase in the work performed. To

| state the matter in a different way, thelimitation on tur-
| bines of the multi-stage jet type as:constructed prior

to my invention is the last wheel wherein all. of the 7.

‘buckets are ectwe the other wheels bemg enly par-

tially active.

According te my invention I double the capacity of
the last stage by adding a wheel, both- of said wheels

. last one, 18 80 arranged that the motive fluid acts on-all | being arranged to perform equal or substantialty equal 8

~ or substantially all of its -buckets.

| few idle buckets in certain cases, but practically speak-
ing, all of the buckets are relied upon to perform useful

30- work. .The precedmg stage of higher pressure has a
less number of active buckets which receive fluid from
oz zles or other dieehareing devices preferably-arranged

in one or more groups. The active area of the wheel
represented by a certain number of buckets varies with

35 the number of stages of which the turbine is eempeeed :

and also with the volume of motive fluid to be handled,
" but in any case it should be great enough to hardle

~ the total volume of motivé fluid discharged .by the

- preceding -nozzle or nozzle séctions without -undue
40 restriction, yet small enough to prevent 211 eXCess sup-
ply to the last- stage. To state the matter differently,
‘since the last stage can only handle a certain amount of
fluid due to- its limitation in size, both as to dlemeter
and cross-sectional area of the bucket , spaces’ or work-

45 mg pa,eeage or passages, 1t follows thet if there is to be:

no. restriction to the fluid flow, the stage precéﬂmg

the last must only ‘accommodate such an amount of

fluid, when preperly renozzled by the last stage nozzles,
- as.will be sufficient to fill the bucket spaces of said laet

50 stage, and no more. .
| The same-relation between one. stage- end the next

‘_ emets 1rreepectwe of the terminal pressures, whether

. they be high or low. For éxample, in the case of a

feur-ete.ge me.chme, the: aetwe areq, ef the eeeend etage

There. may be a | amounts of work. *Since the capacity of the last stage:

is doubled, the preceding stage should also be doubled,
and the wheel which was only partially active before -
now becomes fully active. The next preceding wheel,
where such a wheel is employed also has its active area 8
increased, and so on through as many stages as are de-
sired. The motive fluid passes. from one stage to an-
other through suitable nozzles arranged to convert ther-
mal energy into Kinetic epnergy in the form of velocity. .
until the last stage is reached, wherein two or more 9

“wheels ‘are fed in. multiple from a preceding stage of -

higher pressure.  Under most conditions it would be
preferable to employ two wheels in the last stage, but .
in certain cases more may be provided. Arrangements
are prewded whereby the supply of motive fluid to one 9
wheel in the last stage can be.reduced or cut off en-

‘tirely, depending upon the load conditions. When one

wheel is cut out of service it offers very little opposition.
to rotation because of the fact that it is moving in a -
vacuum, or in 2 fluid medium whose density is low. 1¢

. One or more Yalved conduits or passages are employed

to convey- the motive fluid from a preceding stage of
higher pressure to one of the wheels located within the
exhaust chamber, which chamber is or may be subject-
ed to the mﬂuence of a condenser. The other wheel of 1
the last stage may be fed by nozzles in the usual way
from the adjacent stage, or it. mey be eupphed by,
vahred or unvelved cendmte. |
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_ The wheels in the last stdoe are preferably but not

_neceseauly opposed to_each other, 80 that the fluid ex-

hausting therefrom enters the common chamber be-
tween ‘them before passing to the condenser.
means In & vertical machine,—and it may be said that

- the invention includes horizontal nmehmee also —-—tl‘nt

10

the nozzles supplying one whéel discharge dow nw*udly,

‘while the nozzles for the other wheel ‘discharge up-
- wardly.

When the twheels are mounted on the same
shaft end theretele revolve in the same dlrectlen the

- angle of d15Lha,rfre of the lower nozzles must he re-

| vereed with respect to the others.

When the wheels
rotate .in opposite dtrectmee the angle of discharge

would ‘be the.same.

19

The last or what may- be .termed the eddltlenel or

- auxiliary wheel is mounted in the lower part of the base

20

25
' .'nerma,lly contains only exhaust, fluid.

30

35

40

" wall or d1aphra,frm between them is obwviated.

. passages of the last wheel.

‘bolted to the casing or 1s formed as a part thereof.
some cases the supply chamber is made continuous and.
‘one or more canduits employed to convey fluid thereto.
The valves in the conduits may be operated automat- -
~ically or by hand..
'to changes in position of a eeverner or to variations in
- stage pressure.

- Another advantage of my improved cenetructlen re-

of the machine, and since this chamber is normally- of |

ample proportions, it does not have to be enlarged, or

at least enlarged by any considerable amount, hence -

_the longitudinal dimension of the turbme 18 not
changed, or-at least only slightly. »

By reason of my improved construction T can doable
the capacity of a given machine.  In other words, the
active bucket arca has been doubled, and this by the
addition of a single wheel placed in a chember WhICh

The base is or may he cored out to form a supply
chantber for supplying fluid to the nezyles or nozzle

conduit with the source of supply, which conduit is

When automatic they may. respond

sides in the f.EL(.t that the two last wheels discharge into
a common chamber, hence the necessity of a partition,

“way I obtain in the present embodiment, the effect of

49

five wheels with only three diaphragnis. By closing
the chamber in which the upwardly ‘extending noz-
zles and last wheel are located to 2 greater or less ex-
tent, I can.compensate to a greater or less degree for

_any downward thrust which may be exerted by the

other parts of the turbine. _
- pressure may exist under the last wheei which tends to

50

55

60

Oppose any pressure In-the preceding stage Jor stages,

and which tends to relicve the weight on the step or

thrust bearing when the Invention is -e.pplled to eern-
cal constructions. -

Motive fluid may be ad mitted to the first etage by eny "
sultable means responding to an automatic _governor.

I prefer to usec separately actuated valves, ee.ch centrol-
ling a'nozzle or nozzle section, which have an. epen and

a closed position but no intermediate, since by so demg -
Bi may:
- alsd use this same arranigement for controlling the Sup-
ply of fluid to the last wheel.
. rately actuated. valves is more fuhy sct ferth in my ap- -

all tendency to throttle the fluid is avoided.

_plication S. N.-121,110, filed Aug. 26, 1902 a.nd 1$ued
ﬁﬁ J une 26 1906 a8 Pal;ent 824 546

This

The supply chamber may-
be divided into sections, each section connected by a-

In |

1n this

In other words a cértain

Tl e feature of the sepa-

|

|

L J "3

wheel.-

~down the clearance ebnermally on one side and dn-
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When the turbine- .occupies a vertical pOSltIOIl the -
weight of the revolving parts is carried by a step or
thrust’ bea,rmg located at arty convenient point.

In using the term bucket wheel I do not confine my-
self to the construction’ shown wherein two rows of
buckets are meunted On 2 COmMMmOon euppert for fraetlen-_

ally abetreetl ng the velocity of the motive fluid since

70

| oné or more rows can be employed, and whete more than
-a single row is employed each row-can have its oWl .

individual support.
It has been demonstrated in connection with eertam
types of turbines empleylng large wheele that the ad-

79

mission side of the wheels is heated t0 a greater degree

than the exhaust side, which causes a distortion of the
That is to say, the admission side expands
more than the exliaust side and bends.the wheel so that
the wheel buckets erther rub on the etatlenary parts or
on the parts rotating in an opposite direction -or-cut

.80

crease it on the other. Iam able to prevent this objec- 85
tionable distortion by so arranging the wheels or parts-
that the tendency to distortion by one wheel or partis

counteracted or neutralized by another wheel or.part.. .

-I'n carrying out this { ee.tu‘re of my invention the wheels

are suitably mounted on the shaft, and-the nozzles or 90
dlschergme devices arrahged  to dlecharge steam or

“other elastic fluid against the buckets in the proper .
manner.

As"a broad prepoeltlon the fluid - flows-
through ‘one wheel of a ‘pair ih one. direction, and .

-through the other wheel in the opposite dlrectlen 95
‘This arrangement is also desirable in that it reduces the

tendency to énd thrust. The admission side of each

-whecl will operate at a somewhat higher temperature

than the exhaust elde and between the wheels is -

placed a means wherebythe tendency to distortion by ]OO |

one. wheel is resisted by one or more Wheele It is a
satisfactory canstruction to.arrange the wheels in pairs
or to treat them as pairs, and to locate between each
pair a connecting device, wall bridge or strut so that the

tendency of one wheel'to distort is opposed by an equal 105

or substantially equel and eppos;te tendency on the

'-part of the other. wheel or wheels.

In the eccempanymg dramnge which illustrate ene
embodiment of my invention,Figure 1 is.a partial ver- .
tical section of an elastic fluid turbine of the Jet type; 110
Fig."2 is.a ctoss-section of the same on.a reduced-scale
and teken on.the line of division between the base and -

thie lower s¢t of nogzles; and Flg 3isadetailed view in
| 'eectlen of the automati¢ valve for centrellmg the ad-~
- mission of fluid to the last wheel. -

o CI1o
1 represents the vertical shaft-ef a: turbme. which i is

- supported by a step bearing 2. Meunted on the shaft-

are wheels 3 having one 6r more rows of perlpheral

1 buckets. .Surrourding the wheel is a casing 4 made up .
-1in eultable sections. The upper end of the casing is 120 °

closed in by a cover or head 5. The eaemg is mounted .

-upon a base 6, which: rests on a maeonry or other suit-
able foundation. "The base is provided with a cham-_
‘ber 7, which forms a; part of a condenser or is conneeted

to a separate condenser by the conduit 8. Situated be-

‘tween the wheels, with the exception of the last two.
‘are dlephregme 9 which divide the turbine into stagcs. .

The upper diaphragm’ may ‘bé made smallar than the-
rest on account of the heavy préssure to which it is sub- .

]acted ThJB dlaphragm 18 eupported by a. eheu.lder 10. 130
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the first stage.

30

" As the motive
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formed on the inside-of the caging. The shoulder por-
tion is also provided with nozzle passages 11 for supply-
ing motive fluid to the adjacent bucket wheels. The
other diaphragms are also supported on shoulders car-
ried by the casing, but.the nozzles instead of being &

part of the shoulder are formed in or are attached to the
‘diaphragms. The last two wheels are situated at OpPPO-
site ends of the chamber 7 in the base, and discharpe in
opposite directions. That 18 to say, the fluid exhaust-

ing from the upper wheel passes downward while the
_exhaust from thelower wheel passes upward. Situated
below the last wheel is a nozzle 12 which extends en-
tirely around the wheel. - This nozzleis provided with’

a plirality of discharge passages and each passage has

the same character as every other passage. The nozzle {-
passages for the preceding wheel also cover the entire

bucket area, and so also do the nozzle passages in the
preceding stage. The nozzles in the first and second
stagles cover only-a fraction of the total bucket area, but
the fraction-so covered is greater in the second than in

Motive fluid is supplied to the first st'agé wheel by a

plurality of nozzle sections or passages 13 each of
- which is or may be controlled by a separate nozzle

valve 14, the latter being actuated by the piston I5 lo-

ented in o suitable cylinder. The.action of these fluid
electrical or mechanical
means or by a combination of both. "In the preferred.
arrangement these motors are controlled by relay valves

motors n}ay be controlled by

and the latter are controlled by a shaft governor. -

" tain.amount of pressure i8 converted. into velocity

which velocity is abstracted wholly or in part by the

. bucket wheels. The wheel exhausts into 1ts chamber
5 or stage and the steam is then renozzled and the action
‘repeated. ~ In order to supply the 1ast._€wo wheels with.
motive fluid means -ste provided which are arranged:

~ “in multiple. AS the motive fluid is discharged from

40

55

of passa.geg -18.

the third wheel in tHe present embodiment of the in--

vention ‘a part of 1t passes directiy through the nozzles

‘in the adjacent ¢iaphragm and the remainder passes ’
through the conduits 16 which are connected to the
‘chamber or passage 17 formed in the base. . The latter

L]

 ‘communicates with the bowls of the-nozzle 12 by means.
' ' In the conduits 16. are located valves’
. which may be operated by hand or by:automatic means’
"as desired. In certain instances one or more of the
conduits may be unvalved. In Fig: 1 is shown a

manually dctuated stop valve 19 “for controlling the

passage of fluid through the tight-hand conduit. The
left-hand conduit shown 1n dotted linés is unvalved.
~Refeiring to Fig. 2, [ have shown an afrangement |

for supplyitg motive _ﬂuid to a portiim, or to the entire

bucket area of the last wheel depending upon.the load
conditions.

~ into sections and the several gections cover different

areas. It is preferable-although' ot absolutely neces- |
~ gary<to have these sections successively increased in |
.60 ares

L a

et

of nozzle bowls and-the second sec-

tion to

1

M - "R

gections while two.or more should be employed for sup--

65 plying the lagge scctions.

Wh_e:i' all of the conduits

" The chamber 17 instead .of 'e:s‘;tend_ing en-
tirely" around vhe base as shown .in Iig. 1 ig divided |
nto | at different pressures.

.:airéia"él{? For-example the first séction supplies fliid to
& certain number

A, ceTtain gredter number and's0 on. - It will be -

| ceive steam or

16 are shut o
wheel, and it will therefore be idle, but owing to the

fact that it is rotating in a rarefied medium it will offer
only a limited resistance to the rotation of the shaft,

v R -
iciency at

and hence the machine will have %, high ef
light loads.. o
- In Fig. 3,.is shown one form of automatic valve
which may be used for controlling the passage of motive

_3;

i no fluid will be supplied £0 the last -

70

fluid from one stage to the next. This valve in addi- -

‘tion .to controlliﬁg the passage of fluid also tends to

maintain an even pressure in the stage from which the -

fluid is received. I may employ one or more of these.
.valveés and when more than one is provided,'the pre- |
ferred arrangement, theéy should be arranged to op-
. ' arly 80
coristant ‘stage pressure. will be maintained. These |
valves may be weighted in any snitable manner, either
by a constant or by a-variable weight depending upon

erate :successively, since by so doing a more nearly

the conditions’ of operation: . In: the present illustra-. '.

tion I have shown a spring as indicating a suitable form.

85

of weight. '3 tepresents the bucket wheels, 4 the

the 'nozzlheg.:'“_-‘-_’];he_ t;asing- is“ prgﬁiaed with an _'{jpe,ning

4

120 opposite the valve 21. - The valve is of the piston -
type and i§ ‘moved in one direction by the fluid '_pr'{as--.--"'
-sure in the wheel compartment or stage 22, and inan’
opposite direction by a spring or other weight 23.

wheel casing, 9 the diaphragms betweén stages and 11 -

The ‘piston 21 is provided with a tapered end so that -

it will .13_1‘_68911_1:-9; greater area when opened than when -
_ _ | “closed.  This arrangement imparts ﬁt&bilit_y to the op-
fluid passes through the nozzles 4 cer- | -

“hder 24 which'is or may be formed integral with the

95
eration of the valve. Surrounding the piston isacyl-

~wall of the conduit16. The end of the cylinder is pro-
- vided with a head 25 which is bored centrally to re-
- ceive the adjusting sérew 26, the latter engaging an ad-

100
justable abutment located inside of t]:_le"cylind'é;i which —_—

receives one end of the spring and is employed to .

change 118 tension. In order to balance the opposing

pressure to. whieh the valve parts are subjected to ‘a4

greater or less extent, a conduit 27 1s provided which

jocted. When the pressure in the stage 22 exceeds a

predetermined amount one or more of the valves will
open against the action of thelr weights and discharge

fluid into one or more conduits 16. These conduits -

will in turn deliver fluid to the sections of the chamber

'17, and from these sections. fluid will pass through the
passages 18 into the nozzle bowls, thence through the

nozzle passages against the lower wheel.

Referring to Fig. 1, 28 represents. the connection

between the two lower wheels for preventing distop-

“tion; In the present illustration of my. invention the-

105

18 coﬁneéted'to the cylinder at one end and to a stage
of lower pressure than that to which thé valve is sub-

110

f

115

connection 1s used betwéen the last two wheels.only,

but it is to be understood that the invention 18 apphi-

connection takes the form of a cylindrical wall.

downward, It will thus be seen that ‘oth wheels re-

wr '
' -

ther fiyid:from, the ssme compart-

-120
cable to wheels located in other stages and working L
In the.present illustration the: -
The -
under side of the lower wheel, ‘when -in- gperation, is
hotter than the upper side, hence there:is a tendency
- for the wheel.to bend. upward. = On- the’ other, hand, =
the upper side-of the upper wheel is hotter. than the

...ficient.ta- uge one conduit for supplying the small | -lower, hence there 1s a tendency -for the*wheelto bend'

+
L

130,
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‘ment or shell hence the tendency to dlstortlon of b-oth
- wheels is egual or sibstantially so, but in’ Opposity,
directions, and the Lylmdrlcal ’W&ll 28 transfers the
~ tendency of one wheel to distort to the other a,nd the'
& effect of both is thereby neutralized.

" "The turbine illustrated is of the Curtis type and the
| -nozzles shown are of the divergent or expandmg type,
but in its broader aﬂpects the mventmn 1s not limited
to the use of any partlcular kmd of mﬁzzles or other

£¢ fluid-discharging devices. .
In accordance with the prowsmns of the patent
‘statutes, I have {described the principle of operation
. of my invention together with the apparatus which I |
. now consider to represent the best embodiment there-
15 of; but T desire to have it understood that the appara-
tus shown is only illustrative; and that the invention

~can be carried out by other means, .
‘What I claim as new and deawe to se(,ure by Lettels

| Patent of the Umted States, is,—

a0 L In ‘an  elastic-Auid tu1biue, the cbmhindtion of a
' 13,lgh-p1 essure wheel whoase active bucket area is a fraetion
-+ of the. tutﬂl 1l whn:,el of lgwer pressure whose entite bucket

‘nrea is substantiaily active, wheels of simllar but lower
pressure whose entire Lucket areas are substantially ae-

25 thie means for conducting.fluid to the several wheels. a

casing for the wheels, and diaphragms. dlwﬂmg the casing

. into wheel compartments. g
2. In an elastic-fluid tulmne, the combmqtmn nf a
~ “high-pr eﬂsure wheel whose active bucket;area is a fraction

_30 of the total, a 'wheel of lower pressure whose tﬂml bucket

‘aren is active, a pair of wheels of stili Lower piessme |
whose total bucket areas are actlve, stationary means
“arranged in muitiple for supplying the pair of wheels of |
; lt}west pressure fmm the same source, and- f Lasmg that
35 -is commion to the wheels. . |
8. Ina multi-stuge elustic-fluid turbine, the combmatinn‘
of a casing, a hucket wheel, a means for discharging. fluid’
to a2 portion of the wheel, 2 numher of  additional bucket:
wheels, a diaphragm befween the first and Iast mentioned .
4( whezls, and fluid-discharging devices which discharge fluid
simultaneously and in multiple to substantially the entive
area of the last-mentioned wheels.
4. In a multi: stuge clastic-fluld turbine, the cambinatm;:l

. 3 of a casing, a bhucket wheel, 'a means for discharging finid

45 tora portion.of the wheel, a number of additional bucket;

,mheels operatinrr in separate compartments, and station-

- ary fluid-discharging devices ‘receiving fluid in multiple
wiich are arranged in sets, each set surmunding ] bucket
wheel and discharging fluid against it. g ' '

50 5. In a multi-stage turbine; the eombination mf 2 num-

ber of wheels, each arranged in a separate stage or com-
mtment‘ nozzles which discharge motlve fluld ta a por-

tion only of one wheel and to the whole of another, un
auxilinry . wheel, and stationary nozzles which diﬂchurge |

55 fluid in multiplé to the whole of said wheel. |
6. In.a multi-stage tu;hme, the cnmliination of n num-

‘her of wheels, nozzles which discharge fluld to a portlon
-of the high-pressure wheél, stationary nozzles in the low-
pressure stage, which discharge fluid so that it wlll act on
60 .all of the buckets of that stage, and an additional low-
pressure wheel ib multiple with the first, all of fhe huckets |
of whleh are acted upon by the motive ﬁuid
' 7.-An elastic-fluid turbine comprising a bucket whee]
cming, and a condenser chambeyr, in combination with a
§5. pair of bucket wheels located in suid chamber and dis-
| charging into it; and stationary’ dlsclhugp devices ‘deliver-
+Uing fluid to said wheels. |
8. An elastzc-ﬂuid turbine campnsmfr a hucket wheel, a
a J'*lng, .md a condenser chamber, in corﬂbin ttion with a
70 pai: nf Jbucket wheels located in said chamber and dis-
’ ellurﬂm.:, toward ench othm, -and fluid- diSEhﬂl‘“‘Hl" neans
IilOL‘ﬂtE{i on opposite sides of the wheels fﬁr dISEh‘HL,lH”'
fluid against the buckets. |
o -9, An- e:astic-fluid turhine eomprismg bucke.t wheelﬁ,
70 some of which are partially active and the 1em¢1inder fully
&ctite, ia e&mbﬁnatian with a mndenser chamber loea.ted |

F Y

, between a'djacent wheels which are fully active, an'd.means

for conveying fluid discharged from a wheel around a i

| friven ‘wheel and discharging it against another.

~10. An elastic-fluid- turbineé Eﬂﬂlpl‘iﬁlng a casing, bucket

- 80

Wheels mointed therein, means discharging motive fluid.

against the buckets, dmphl*agms for dividing the casing

conduit.for carr;ung the m{}twe fluid around a dlaphragm
and a nﬂzzle or nozzles which communiecates with and re-
ceives motwe fluid from the conduit and d1scharges against

. a4 wheel. - o , _ |
- 11, An elastic- fluid fmbme cnmprismﬂ a mslng bucket |
'wheel& mounted thereln, meansg for dmchawmw motive

fluid against the buckets, dlztphragmq fm:' dividing the cas-

‘ing into compartments, stage nozzles in said diaphrigms,'a -

.into compartments stage nozzles in said dlaphra ms, &

85

90

condiiit for carrying the motive fluid around i diaphragm,

a aupply chamber into which the corduit dl%clmwes and
Jozzle passages Whl(*h receive their supply of motive fluid
from the chamber and discharge it against a wheel,

phragms forming wheel compartments within the ecasing,
and wheels - located in the enmm1tments in cnmhmati{)n
with a condenser (hamhex, wheels within the chamber, ﬂne
located at one end, the other at the opposite end, and noz-

- 13. An elastic- ﬂuld tmhme LOHlpliSlI]“‘ a eflsm;, llaving

- a side Wﬂ]l and heads for (,losmu' the ends ther eﬂf In com-

bination ' with diaplnafrms div iding the casing into - com-

;pmtmentq located between them, wheels for the compart-

95

12. An elastic-fluid turbine comprising- n casing,: dia-

100

-zles which suar 1uund the wheels fmd discharge fluid ngainst .
the buckefts. S - -

105

ments, a wheel sitnated beyond the diaphragm adjacent to - .

the exhaust, a wheel sitnated adjacent to the low-pressure

head, and a means supported by said head for. dischmgmg "
- fluid awamqt the last-mentioned wheel. |
14, An elastic-fluid turbine compusin a casmg which-

ls divided into wheel compartments by d1.1phmn'ms and

wheels,in the compartments, -in combination with nozzles |
In said dmplua*rmq a condult which conveys fluld around

] di&phmgm to supplj a lmci\et wheel- ﬂf lower plesmue

and a valve in said c¢ondulit.

15. In an elastic-luid turbine of the Jet or mlpact type

| the combination of a low- -pressure stage containing two or
“more sheels whose entire bucket area is. actlve, a preced-

Ing stage of higher pressure containing A .gingle wheel

whose entire bucket area is algo active, ,a stage of still

higher pressure cant’ainintr it “wheel. whose bhuecket area is

| only pm*tidlly active, hozzles for c;up[;rlrmw motive ﬂmd

to the turbine, and other nozzles which are %tatinnmy for

. eaﬂveyinrr fluid from one stage to the next, and ‘whose dis-

charge or itwes gladlullv increase- in area from the high-
tn the low- plessum stage. - .

16. In an elastie-fluid ’rmhine the cmnhmﬂ.tmn of a r:ﬂs-
Ing, a diaphragm ov wall for dividing the casing into
stages or wheel compartments, 1 number of chambers de-

110

120
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tivering fluid to the same wheel, and conduits for suppliy-. -

Ing the- chambms t:om a-stage or cnmlhutment of ‘higher
pressire, - ’ >

17. In an elustl{: ﬂuid tuibme the wmblnatmn of a cas-
ing, ﬂ.‘ diﬂphragm or wall for dividlnw the casing into
stages or wheel compartments, a number of LhdHll]&lS de-

135 .

livering fluid to the same wwheel, conduits for supplying

" the. chumbem fmw stage or compartment of higher pres-,
sure, and successively
‘sape of Maid thlough the conduits:

operating valves controlling the pas-

18. In an el‘astie-ﬂu.td turbine, the combination of a cas-
ing, a diaphragm -or wall for dividing the ecasing into

- stages ol wheet compartments, a ‘number of chambers of
different capacity receiving fluid“from a common source

145 .

and dischaiglng it against the same wheel, and ‘means lo-

- cated between said source. -ang the ehamhers for LDHtlﬂ]“H“‘

the passage of fluid. .
19. In an .elastie-flnid turh!ne the combination of

bucket-carrying élements, nozzles m zdevicey for diseharg-
ing fluid against -them in such manner that Osne side of.

each element Is hotter than the other, and a cylindrical
wall located near the buckets for conneeting the elements
30 that their tendency to distortion is neutrniiaad

20. In an elastic:fluid turbine, the c‘onﬂﬂ"natiﬂn of -

| “bucket wheel of large diameter, an inclusing casing, a sec-
“ond wheel also of large diameter ang located within the

140 -

150
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easiﬂg. 8 cyltndrical wall Iocated between the wheels angd

A
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at a point near their peripheries, and nozzles for discharg-
ing fluig tc the opposite sides 1esyeat"401}* of said bucket
wheels.

21 Ima taulii-stage ;mhmeF the combination of a eas-
Ing, ﬂiaﬁhrarmﬁ dividing the casing ‘nio compartments,
internal mpboulders io spnoert the diaphragms, high-pres-
sure wheels, nozzleg which discharge metive fuid to a DoT-
tion of each {}f wrid w wigels, the latier being arranged o re-
celve rﬂmi’a‘n ﬂu 4 in se i‘i-‘b Iow-pregsure wheels arranged
to _re_gai:fe..l mﬁtiv fluid. f roIm t}ra m_gh—;}reaburn wheels; all

ey

ad

-mtiﬂmw" noznles

0t the buckets of which arce aerive, an
: . the Ducitets of

urranged to direct the motive Auid |
e row-pressiure wheeis,

In wifness whereof, T have hereunto sel wy -hangd this
25th day of May, 1804, |
CSCAR JUNGGREN,

Wiinegses -
"~ EDWALD IWIiLLIAMS,

Jr.,
HroyN QnFoRD. o
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