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“tion of turbines of this character.

. successive rows of buckets.
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surfaces are preferably fiat.

tend radially in one
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To all whom it maiy COncerw:

Be it known that I, James WiLLiaM FER-
GUSON, a citizen of the United States, resid-
ing at Sandusky, 1n the county of Erie and
State of Ohio, have invented a new and use-
ful Elastic-Fluid Turbine, of which the fol-
lowing is a specification. .

The present invention relates to elastic-
fluid turbines, and it relates more particu-
larly to a turbine of that type in which the
motive fluid is discharged approximately tan-
gentially upon certain of the buckets and
then discharges axially in opposite directions
upon successive Tows of buckets to entirely
abstract the energy of the motive fluid, the
opposite axial flow of the fluid equalizing the
endwise thrust common in single axial flow
turbines. -

" The objects of the invention are to 1m-
prove, simplify, and cheapen the construc-

Tn carrying out the invention 1 provide
one or more rows of buckets adapted to re-
ceive the motive fluid discharged aPPTOXi-
mately tangentially upon the same, the buck-
ets being uncovered at one or both of their
side ends, so that the fluid can discharge 1n
an axial direction against one, two, 0r MOTE
According to

radial in one direction and axial in another
direction, and their front or fluid impinging
8, | On one or both
<ides of these buckets are arranged in alternate
order rows of stationary, intermediate, and
rotary buckets through which the steam
passes successively from the tangentially-re-
ceiving buckets. ‘The faces of the interme-
diate and rotary buckets are also flat and ex-
direction. The inter-
mediate buckets are arranged at an angle of
forty-five degrees, more or less, with respect

‘ to the tangential-re-

o the axis of rotation or

ceiving buckets, while the rotary buckets

" that receive fluid from the intermediates are
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“disposed at an angle of thirty degrees, more

or less, to the axis of rotation. By arranging
the buckets in this manner greater eXpansion

, of the steam or other motive fluid is obtain-

able, giving the turbine more power and a
higher velocity and economy in the use of
stearm. Furthermore, as the buckets are
flat they can be cut 1n solid disks or seg-
ments by a simple milling operation, thereby
cheapening and expediting the manufacture

I of the buckets.

‘will appear as

The nozzles or fluid-dis-
charging devices for delivering the fluid tan-

gentially may be of any desired construction.
With these and other objects in view, as

Detter understood, the invention comprises

| various features of construction and arrange-

ment of parts to be more fully described here-
inafter and set forth with particularity in

‘the claims appended hereto.

In the accompanying drawings, which
illustrate one of the embodiments of the 1n-

vention, Figure 1 1s a longitudinal sectional
Fig. 2 is a central

view of the turbine.

transverse section. Fig. 3 is a partial side
view of the rotating element of the turbine,
and Fig. 4is a detail view of one of the nozzle-
passages. .

Corresponding parts in the several figures
ore indicated throughout by similar charac-
ters of reference. |

Referring to the drawings, 1 represents the
turbine-casing, which 1s composed of two sec-
tions 2 and 3, separably connected and divisi-
ble on a central transverse plane. 'These an-
nular sections may, 1if desired, be made of
segments
ton convenience in manufacture and assem-
Klino. At the ends of the casing 1 are the
s 4, bolted or otherwise suitably secured
around their peripheries to the annular casing
1, and which are provided with bearings 5 for
haft 6 of the turbine. Secured to the shaft
6 by means of a key 7 are a plurality of disks
or bucket-wheels 8 and 9. The disk 8, ar-

ranged centrally of the turbine, is provided

the nature of the invention 1s
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and suitably connected together

g0

with radially and axially extending buckets

10, as shown more clearly in Fig. 3. These
buckets are uncovered at their peripheral
onds and also at their side ends, so that mo-
tive fluid can be discharged tangentially
against them and then flow therefrom in op-
posite axial directions into the stationary m-
termediate buckets 11. These intermediate

buckets are cut 1n annular members or seg-

ments, and after the ends of the buckets are
covered by rings or COVers 11/, shrunk or
otherwise secured thereomn, they are-suitably
<ecured to the turbine-casing after the buck-
ots have been cut. The intermediate buck-
ets operate to give to. the motive fluid the
proper angle of delivery for discharging upon
fhe succeeding rotary buckets 12 on the
wheels 9. I find in practice that the angle
of delivery of the intermediates is very satis-
factory at forty-five degrees to the buckets 10
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or the axis of rotation. To get the best re-

sults from such. an angle -of, delivery, the.

buckets 12 on the wheels
ranged at thirty degrees
tion. The working passages from the inlet
to the point of fina]

ng, as shown, or
creasing the radial depth
otherwise, as

J'are preferably ar-

may be found best.
the casing
18; mnto :which:. the fluid

- exhaust- chambers

SUCCessIve,  rows: of
therefrom to the atmosphere. or the, condens-

tng system.through: the exhaust-ports-14.
- The buekets: of: the: character: shown.. are

simplé- and: inexpensive, to construct; sinee |

- theycanbe.cutinsolid stocl atithedesired.an-

20

30

35

gles by a sqitablehmi1=1ﬁiingrr_m&9hﬁne;- The seg-
ments or rings. 11/ of-the. intermediate buck-

ets are constructed. to snugly: fit: the interion

wall of:the. casing, andithey may, be.secured
0 place.-in any desired manner-—as, for; in-
stance, the: adjacent: walls.of: the, casingand
segments: are. provided- with: registering
grooves.that receive; segmental keys.15; as
clearly shown in Fig. 1, to prevent:relative
axial idisplacement betwe en. the casing:-
intermediate: buckets, or: they. may. be se-
In place by means of bolts:16; Fig, 1 ]
that. extend, through: radial _
casing.1-and: screw inwardly from the  outs

side of the. casing into t apped -openings.in-the

Iings. or segments- of: the intermediates,
Since. the casing.snugly fits.around-the inter.

- mediate segments or rings, it holds the latter

40

15

in- fixed ;concentric position withi.respect: to
the rotating -buckets. The:wheels. are: pre-
vented from endwise movement ion the.shaft
by means of the. set-bolts 17, Fig: 1:

- The motive fluid is. discharged ‘upon  the
central buckets. 10 biy one or morenozzles.18.
When: a plurality: of. nozzles. are. employed,
they. are preferably. angularly. displaced
around: the bucket-wheel at suttable. dis-

“tances. These. nozzles:may be, constructed

Ol::any approved principle, expanding; non-

- expanding, or.contracting in the, direction of

- controlled - by individual
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discharge. The nozzles recerve; motive fluid
from:;the annular: chest
trally around thecasing, and the, supply: of
motive fluid from the chest:to the, nozzles is
nozzle~valves. 20,

operated-from: a: point:without the ¢ asing: by
the hand - wheel , 21, op -any- other; suitable
means.. The steam-inlet is-1ndicated at- 22
The nozzles.are arranged to:lie:in the,plane
ofdivision;-between, the. sections. 2.and-3 .of
the: casing, and the bassages can be arranged
whollyin one: section , thereby. forming. three

‘walls -of -the nozzle; while. the other section

forms:the fourth wall, or; they may be;made
half in: one section and halfivin the other .sec.
tton:and:arrange

register; when . the. sections are«secured: to-

to the axis.of rota-

exhaust may be non-
expanding by in-
of:the.-buckets or |-
At the

. th discharges. after; the
energy: thereofhas.been abstracted. by. the
' buckets: and; discharges |

openings.in., the

19y extending cen-

T

{

sides.thereof.instead of

structed. “As shown n

|

d:so.that: any two halves |

[
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gether. By this arrangement the work of
cutting, filing, and scraping .the walls of the

done from the open
ifrom the ends of the
the case heretofore.

passages can be easily

passages, as has been

This is an advantageous feature of the pres-

ent construction, since

Figs. 1 and 4, one
half of the nozzle-passage:is. shown.at:23in
section; 2 and theiother half:at 24-an::section 3
otithe casing.

It desired; the nozzles:can be. arranged:in
Supporss, such: as: a; ripg or:segments; which

are. independent; of; ther turbinercasing: and

suttably supported therein,. As. shown; in:
Fig: 1; the steam-chest: 19518:als0:; arranged
partly. in each of the two sections:ofithe .cas-
ng, and- thetwo -Se(-:j;i@nS'ii&l’&:SaGHiEﬁditﬁg%h@ﬂ
by bolts orother.devices: 25,

- While: I have. described; the: imvention; as
applied: to.,what- may. be, termed: a;: ‘“singlé-
St&gﬁ. 7 turbin:e,_;.; 1 f d;e,silreﬁ to . hﬁ?&ﬁ lt 111111(.5_.1 CI
stood:thiat:the - 1nvention c anibe-carried-inte
effectiin connection;. with s multistagee turs
bine. ,
nozzles at the center of the turbine angd cass:
ing the fluid:to. flow:; toward. the:exhaust at

the.ends: thereof: this. arrangement: may: be

reversed and:still,eliminate theend: thrust
and- produce. satisfactory. and efficient; re-
sults.otherwise.. |

1.haye described the prinei le of operation
of the invention, togeth er:;wi:tﬁ; the:apparatus
which-I new.consider:to be t ¢-bestrembodis
ment:thereof: but}I;de,sire;rto'-'.h-aﬁre;;iﬁa:;utl;lcglfer?
stood : that: the- apparatus : showay, is. merely

LY

lustrative.and th'a;tvVari@us}~-4chang@s Annthe.
construction and; arrangement: of iparts.and-

roportions.can be resosted to:without saeri-
E.cinga;&illyi of-the principles.or; advantages.of
the:invention, '

- Whatis.claimed is—

1: In anelastxc—ﬂmdturbme, the,(}@blﬂﬂﬂ“

| tion of radiallyand axiallyextending buckets

and :side:ends

open .atitheit: cireumferential
to receive fluid tangentially.at

and-arranged

their. circumferential end and; te. discharge
the fluid equally from. thesideendsdn an axial
hi:buckets:. arran edito.receive

direction, wit _
the.fluid from,; the.side.endsof 1 lefizst-bucket
to furtherabstract-enengy from:; the fluid;

.. 2- Inianelastio-fluid turbine, the.combinas
tion.: of buckets :
fluid :delivered in E: 5ok
are:open-at: theiz, civcumferential , and,; side
ends, with; successive. rows..of buckets:con-
structed. to. form passages..of juniform. cross-
section and: arranged :to. Teceive: the. motive
Huid iaxially. from, t ¢ first-mentioned buck-

ets;: the cross-section of the.buckets.of alters

na,;te;-rowsfb,.’eimg;_,diﬁerem1fr0m3.4th,ee_zcross;sﬁﬁr |

-

tion of th’ieeintermedigte;mws.- .
3. In anelastie-fluid turbine y the eombina-

tion: of radial and axially-extending buckets

Turthermore,instead of arranging the

which receive:. the motive
a:tangential direction, and
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adapted to receive fluid discharged tangen-
tially against them, intermediate buckets ar-
ranged at an angle to the first for recelving
fluid flowing from the latter in an axial direc-
tion, and rotary buckets arranged adjacent
and at an angle to the intermediate buckets
to receive the fluid discharged thereby, the
cross-section of the fluid passages of theinter-
mediate buckets being uniform and less than

the cross-section of the passages between the
said rotary buckets. '

4 TIn an elastic-fluid turbine, the combina-
tion of radially and axially-extending buck-

ets adapted to receive fluid discharged tan-

sentially, rows of intermediate buckets form-
Ing passages of uniform cross-section dis-
posed at an angle to the passages between the
first buckets, and rotary buckets arranged 1n,
codperative relation to the intermediate
buckets which form passages of different uni-
form cross-section and disposed at an angle

" to the first buckets different from theangle of
" the intermediate buckets.
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5 Tn an elastic-fluid turbine, the combina-
tion of radially and axially extending buck-
ets rotatably mounted and adapted to Te-
ceive fluid tangentially and deliver it axially,
rowsofintermediatebucketsformingpassages
of uniform cross-section and disposed at an an-
ale to the axis of rotation, and rows of rotat-
ing bucketsforming passages of greater cross-
seotion than the aforesaid passages and dis-
posed at a less angle to the axis of rotation.

" 6. In an elastic-fluid turbine, the combina-
tion of a rotatable element, radially and axi-
ally extending buckets arranged thereon
which are uncovered at their circumferential
and side ends to deliver fluid axially there-
from, tangentially-discharging nozzles angu-

larly displaced around the element, and alter-

nately-arranged stationary and rotary buck-
ets forming axially-extending passages, the
passages between the stationary bucket be-

| gagilg

ing of less cross-section than those of the ro-
tary buckets and disposed at a greater angle

to the axis of rotation than the passages of
the rotary buckets.

7. In an elastic-fluid turbine, the combina-
tion of a casing having annular grooves on
itsinternal surface,rows of rotating buckets

mounted therein, rows of intermediate buck~

ets, externally grooved arc-shaped members
supporting the intermediate buckets and en-
ne the interior wall of the casing, and &
key fitted in the grooves of said members and
the casing for preventing relative axial dis-
placement between the intermediate buckets
and the casing.

3. In an elastic-fluid turbine, the combina-
tion of a casing, rows of rotating buckets

| mounted therein, rows of intermediate buck-

3
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ets, annular members for supporting the in-

termediate buckets which are held circum-

ferentially in engagement with the interior

wall of the casing, registering keyways in the

said members and casing, and keys in said
ways for preventing relative axial displace-
ment of the members and casing.

9. In an elastic-fluid turbine, the combina-
tion of buckets having flat fluid-impinging
faces and arranged to receive the motive
fluids delivered in a tangential direction, the
passages between the buckets being of sub-
stantially uniform cross-section and open at

their circumferential and side ends; with

.| buckets having flat fluid-impinging faces and

arranged to receive the fluid delivered from
the side ends of the first buckets.
Tn testimony that I claim the foregoing as

my own I have hereto affixed my signature

in the presence of two witnesses.
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JAMES WILLIAM FERGUSON.

Witnesses: -
GrorgE W. FERGUSON.
WintoN W. FERGUSON
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