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UNITED STATES

PATENT OFFICE.

CHARLES W. DAKE, OF GRAND RAPIDS, MICHIGAN.

REVERSIBLE ELASTIC-FLUID TGRBINE.

No. 862,773,

Sﬁe.ciﬁcation of Letters Patent.

Patented Oct. 29, 1907.

- To all whom it may concern: | )

Be it known that I, CitarrLEs W. DAKg, a citizen of
the United States, residing at the city of Grand Rapids,
coimnty of kent, State of Michigan, bhave invented cer-
tain new and useful linprovements in Heversible Elas-
tic-Iluid Turbmes, of which the following is a speci-
fication. . ' . o
~ This invention relates 1o improvements in reversible
elastic fluid turbines. , o

The objects ot ths invention are, first, to provide an
improved means of reversing the direction of the rota-
tion of the turbine wheel. Second, to provide means
of automatically reversing all of the stages of a multi-
stage turbine when the principal or first stage wheel is
reversed. Third, to simplify the construction of re-
versible elastic fluid turbines and to increase the effi-
ciency of the same within given dimensions.
~ Objects pertaining to details of construction will
definitely appear from the deseription and specification
to follow. o B

I accomplish the objects of my invention by the de-
vices and means described in the following specifica-
tion. The Invention 1s clearly defined and pointed
out in the claims. - o |

Portions of an elastic fluid turbine.suflicient to illus-
trate my inveation are clearly illustrated in the accom-
panying drawing, forining a part of this specification,
in which, e | B '

Figure 1 is a detail axial section of my improved
elastic fluid turbine, ~howing the several puaris in fheir
relative positions, the buckets and guide passages he-
ing shown disgrammatically and not at their corre-
sponding angles.  Only such parts of the casing valves,
rotors or turbine wheels appear’in this view as is neces-
éary to fully understand the invention. " Fig. 2 is a de-
tail section, sumewhat ~nlarged, taken on the irrecular
line X—X of Fiz. 1, looking in the direction of the ar-
row at ithe end ol the line. Only a broken seetion of
the several parts 13 shown, and their relations are here
shown diagrunmaucally. The position of the buck-
ets indicates the direction of rotation, which i3 also
ghown by the arrows A and B. Fig. 3 is a detail side
elevation view, somewhat enlarged, of the central
bucket ring retuoved from the turbine wheel, the op-

48 positely-fucing U-loped buskets being indicated by
the dotted Bnes. Flg, 4 15 o side olevation of one of
the nozzle and sunio passage locks 43, removed tfrom
the turbine, a porition hoang sectizond, the nozzles 16
and the gnide passzos 47 sppearing. Fig 3 is a detail
sectional view, somowhar enlurged. of the nozzle and
- gide passage biocks 42, taken on 2 line corresponding
- tolinc B—B of Fig. 4, and of the line B B of Fig. 1,

the buckets 42 and 43 being syvmmatricai but opposite,
- @0 that they act in opposite dirrctions. Fig. 6 is a de-
3 tail secticnal view, ~lightly enlarced, of the nozzle and
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| ~ Application tilec January 10, 1867, Serial No. 35;11607.

[ in tbe direction of the little arrow and it will be seen
that it 13 exactly symmetrical with the section of the
block 42 ilustiated in Tig. 5. TFig. 7 is a detail sec-
tional view of the nozzle and guide passage block 43,
taken on a line C—<C of Figs. 1 and 4, whic¢h shows the
guide passage 47 for conducting the fluid from one row
of huckets to the rows of buckets on the opposite side
of the guide block to sccure the further reaction of the
| same. Fig. 8 1s an enlarged detail sectional view of the
reversing valve, taken on a line corresponding to line
S—3S of Fig. 1, and Fig. 9 is a detail sectional view on

irregular line Y—Y of Fie. 2 and illustrates the U-
' shaped buckets as here used, the particular form being
the subjeci of @ pending application of mine.

[ In the drawing,
to similar parts throughout the several views.

Referring to the numbered parts of the drawing, only
such portions of an engiiie are itlustrated as are neces-
sary to an understanding of the different features.

'The hase and the bearings for the turbine wheels upd
other parts are not here illustrated at all, because my
' invention does not pertain to them. T show a portion
of the front casing 1, in section, the ring casing 2 for the
first stage, and the ring casing 3 for the secondary stage
of the motor with the diaphragm 44 hetween the same.
I also show a portion in section of the first stage turbine
wheel 4 and also a similar portion of the secondary
stace turbinc wheel 5. |

The bucket rings or segments 6 and 7 are substan-
| trally duplicates, except that they are symmetrical
and point in opposite directions. The bucket ring 8
at the center bas buckets formed ou both sides thereof
 arranged to rotate the wheel in opposite directions,
coacting with the buckets of the said rings 6 and 7,
l respectively, depending on which side of the wheel is
’ in operation and in which direction it s rotating.

Bucket rings or scgments 9 and 10 of the second stage
are exactly sumilar, except of a little larger size than
! the bucket rings 6 and 7 of the first stage turbine wheel,
!

and the central bucket ring 11 is exactly similar to the

central bucket ring 8 of the first stage turbine wheel,
except that it is correspondingly larger.

U-shaped buckets 12 are formed in the bucket ring

6, and rc-act with the U-shaped buckets.12” on the

corresponding side of the eentral ring 8, and on the op-

i pusite side of the wheel there are the buckets 13 in the

! rings 7 and 1YY in'the comresponding side of the central

i bucket ring 8, which are exactly similar to the buckets

l 12 and 12/, except that they are arranged to re-act in

the opposite divection and are synametrical,
i Buckets 14 in the bucket rings 10 and 147 in the side
' of the central bucket ring 11 of the sccondary stage
i turbine wheel correspond to the buckets 13 and 13/
of the firet stuge turbine wheel, and the buckets 15 of
' the bucket rings 9 and 15’ in the central bucket ring
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guide paséage block 42, tuken on a line B--B, louking ] 11 correspond exactly to the buckets 12 and 127 in the

.



- first stage turbine wheel. The buckets 15and 15 face

in the opposite direction from the buckets 14 and 14/ ;
and these have the same relation to each other that the

buckets 12 and 12/ have to the buckets 13 and 13”.
5  High pressure nozzles 16 and 17 are in the nozzle and
| guide  blocks 42 and 42°, respectively, being exactly
- stintlar except symmetrical for delivering fluid to ine
buckets-of the two sides of the prime or first stage of
~the turbine. Nozzles 18 and 19 of the second stage
correspond.to tue nozzles 16 and 17 of the first stage
rotor, being located respectively in corresponding
guide paszage blocks, the blocks being numbered 40
and 41, respectively. Guide passages 47 are through
the nozzle and guide passage blocks 42, 43 and 40 and
41, being exactly opposite and symmetrical in each of
the said pairs of blocks, the details of such guide pas-
sages clearly appearing in Figs. 4 and 7, and their rela-
tive position also being indicted in Fig. 1. "There is a

" row of nozzles and of guide passages in each block.
20 An elastic fluid passage 20 delivers to the rozzles 17
 and a similar passage 21 delivers to the nozzle 16. A
similar passage 22 delivers to. the nozzle 18 and a sim
lar passage 23 delivers to the nozzle 19 of the second
stage.

An annular elastic ﬂu:td chamber 24 delivers fluid to
the several direct acting nozzle blocks, and an annular
fluid chamber 24 delivers fluid to the several reverse
- nozzle-blocks, these annular chambers being indicated
in the cross-section appearing in Fig. 1. Passages 26
and 27 lead from the valve chamber 29 to these annular
chambers 25 and 24, respectively. A valve 28 is pro-
vided for admitting fluid ¢o either of the passages 26
and 27, or for closmg the same as may be required to
operate the turbine in either direction, or to stop it,

35 the ports in the valve being arranged in relation to each

- other, so that, when one is opened, the otheris closed,

and so that both may be closed. The ports are so ar-

ranged that only one can be opened at a time. The

valve casing 29 is provided witk a flange 30 to which a

40 fluid supply pipe 31 is connected. The valve 28 is

provided with a stem 32, which is under control of the

. hand lever 33, by means of which the valve, and con-
sequently the engine, is controlled. |

A small port leads from the annuiar chamber 24 to

45 actuate a valve which controls the admission of the

~ elastic fluid to the secondary stage turbine, and 4 simi-

lar port 34’ leads from the annular chamber 25 to act

upon the same valve when steam is admitted to this

part of the engine to automatically control the flow of

B0 steam to the secondary stage rotor.

to a valve chambér 36, within which is located a pi=-

‘ton valve 35, which has an annular port at its cen-

" ter ande connects the conducting psssage 38 to the

| mgc?»ﬂ’whmﬂle'vﬁvemmiheupperpomtwn,

35 as indicated in ¥ig. 1, or 1o the port or passage 39,

10

13

25

30

when the valve is .mwed downward by ‘the pressure -

" of the steam delivered through the port 34. The port
38’ leads from the valve chamber 36 to the passage 22,
already herein referred to and.described, into the nozzle

80 and guide passage block 40 and the port 39, shown by
dotted lines, leads from the valve chamber 36 to the

~ paseage 23/ and thence tothe passage 23 into the nozzle
-and guide pa.seage block 41 a.lready heretofore de-

~scribed.
8 It ‘ln.ll be oblerved that the various segments and

.

-

These poris lead
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«Ings are secured to the disks or wheelé 4 and 5 by bolts
45, therethrough, the peripheries of the wheels being

dove-tailed and the central rings 8 and 11 being oppo-
sitely dove-tailed. The oppositely-facing rings 6 and
7, &Bdgdﬂd 19, are conformed to these dove-tails, so that,
when the bolts are tightened, all of the parts are posi-
tively located and mcked together in their carrect re-

i Iation.

I desire to remark that many of the details of t‘his
structure can be varied without depariing from the
broad features of my invention. I believe, however,
that I have shown details of the construction that pos-
sess wmerits in themselves, and I desire to claim the
EAIDE spemﬁcallv as well a8 the broad fcature of the in-
vention._ |

H.a.vmg thus described my mventmn what I
88 new and desire to secure by Letters Patent is:
1. In 2 reverslble elastie fluid ttnbine the combination

claim

“of a suitable casing divided by a diaphragm; a primary

and a secondary turbine y/heel, each of which is provided
with a double set of budkets at its peripiwery, consisting
of a central ring with U-shaped buckets facing in opposite

‘directions on the opposite sides thereof, and segments or
rings corresponding thereto and opposite the gome: nozzle

and guide blocks in palrs, one block at least for each set
of buckets facing in opposite directions; annular passages
connected to each series of guide blocks in pairs: a valve

arranged to control the admission of the fuid to eitper

of said passages separately, or to shut off the sald fluid
entirely ; an nutomatie velve. between the two parts of
the engine, the same being a piston valve operated by ihe
elastic fluid; passages leading from tie sonular chambers
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of each side of the primary turbine to opposite ends of the

valve chamber of the piston valve for throwing the auto-
rmatic valve to pass the elastic fluil from the primary to
the secondary turbine; a secondary turbine with passages
controlled by the said automatic piston valve for receiv-
ing the fluid that is delivered from the said primary tur-
bine, all co-acting substantially as deacribed and for the
purpose specified. |
2. In 4 reversible elastic fluid turbine, the combination
of a suitable casing divided by a diaphragm; a primary
and a secondary turbine wheel, each of which I8 provided
with a double set of buckets at its periphery, consisting
of a central ring with U-shaped buckets facing in opposite
directions on the opposite sides thereof, and segments or
rings corresponding thereto and opposite the same :-nogzle
and guide blocks in pairs, one block at least for each get

100
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110

of buckets faclng In opposite directions; annular passages '

connected to each series of gulde. Dlocks in pairs: a valve
arranged to control the admission of the fluid to either of
said passagces separstely, or to shut off the said fluid en.
tirely ; an automatic valve between the two parts of the
engine; passages leading frem the annular chambers of
each side of the primary turbine for throwing the auto-
matic valve to pass the elastic fluld from the primary to
the secondary turbine; a secondary turbine with passagses
controlled by the said antomatic valve for receiving the
fluid that s dellvered from the sald primsary turbine, all
co-ecting substantially as described and for the purpose

specified.

115
120
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3. In & mverslble elastic fAluid turbine, the combination -

of & suitable casing, divided by a diaphragm; a primary
and secondary turbine wheel, each of which is provided

with a doubie set of buckets at its periphery, arranged to
be acted npon to rotate the wheel in opposite directions:

nozzle and gulde blocks in pairs, one bloek at least for -

each set of buckets, tacing in opposite directioms from
each other, arranged to co-act with the corresponding
tows of buckets; passages colinected to each series of
guide blocks; & wvalve arranged to control the admission
of Huld through said passages separately or to shut off
the fluld entirely; an automatic valve between the two
parts of the engine, the same leing a piston valve op-
erated by the elastic fluld; passages leading from - the

.annular chambers in each side of thq primary turbine, to

13(

13.
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- opposite ends of the valve chamber of the plston valve,
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for throwing the automatle valve to pass the elastic fluid

from the primary to the secondary turbinc; a secondary

turbice with passages controlled from the said automatie
plston valve, for receiving the fluid that is delivered from
the sald primary turbine, all co-acting substantially as
descrihed and for the purpose specified.

4. In a reversible elastic fluid turbine, the combination
of a suitable casing, divided by a diaphragm; a8 primary
and secondary turblne wheel, each of which is provided
with a double set of bDuckets at its periphery, arranged to
be acted upon to rotate the wheel in opposite directions;
nozzle and guide blecks in pairs, onz block at least for
each set of buckets, facing in opnosite directions from
each other, arranged to co-act with the corresponding rows
of buckets; passages connected to each series of guide
Liocks : a valve arranged to control the adinission of fluid
through said passages separately or to shut off the fluid
entirely ; ar automatic valve between the two parts of
tLhe engine: passzecs leading from the anoular chambers
in each side of the primary turbine for throwing the

-automatic valve {o pass the elastic fluid from the primary

to the secondary turbine; & secondary turbine with pas-
sgges controlled from the said-sutomatic valve, for re-
ceiving the fluid that is delivered from the said primary

.. ‘turbipe, all co-acting substantially as described and for

the purpose specified. S
5. It a reversibie elastie fluid turhine, the combination

| of & sultable casing divided by a diapbhragm; a primary

30

" 35

and a secondary turbine wheel, each of which is provided

with a double set of buckets at its periphery, consisting .

of a central ring with U-shaped buckets facing in opposite
directions on the opposite sides-.ther=of, and segments or
rings corresponding thereto aug Joposite the same ; nozzle
and guide blocks in pairs, cue block at least for each set of
buckets facing in opposite directions: annular passages

. connected to each series of gulde blocks in pairs; means

40

arranged to control the admission of the fluid to either of
said passages separately or to shut off the said fluid en-

tireiy + an antomatic valve between the two parts of the-

engine, the same lwing a piston valve operated by the elas-

 tic fluid; passages leading from the anpular chambers of

oach side of the primary turbine to opposite ends of the

- vdlve echamber of the piston valve for throwing the auto-

45

60

65

matic valve to pass the elestic fluld from the primary to
the secondary turbine; a secondary turbine with passages
controlled by the said automatic pis’lton valve for receiving
the fluid that is delivered from the said primary turbine,

- all co-acting substantially as descriived and for the purpose

50

specified. -

6. In a reversible elastic fluid turbine, the combination
of a suitable casing divltledb}'."a_d-iaphragm; 1 primary
and a second:ary turbine wheel, each of which is provided
with a double set of Inckets at"irs periphery, consisting
of 2 central ring with U-shaped buckets facing In opposite
directions on the opposite sides thereof, and segments or
rings corvesponding thereto and quﬁsitﬂ thie sanie; nozzlic
and guide blocks in palrs, one biock at least for each get
of huckels facing in opposite dircctions : annular passages
connected to each seriex of guide bhlocks in palrs; means
to control the admission of the fluid to either of said pas-
gapes separately or to shut off the said fluid entirely ; an
gsutomutic valve hetween the two parts nf the engine;
passages leading from the annular chambers of each side
of the priinary turbhine for throwihz the automatiec valve
to pass the elastic fluid from.the primary to the secondary

Cturisine ;. a secondary turbine with passazes controlled by

80

the sald - auntonuttic valve for reveiving the fluid that Is

delivered from the said primary turbine, all “co-acting
substantially as deseribed and for the parpose specitied,

- 7. In a reversible elastic tluld turbine, the combination
of 2 suitable casing, divided by a diaphrazing a primary
and sceonddary iurbine wheel, éach of whirh Is provided
with o double set of bhuckets at its periphery, arranged to

‘he geted upon Lo rolate the wheel In opposite divections;

nozzle and guide blocks in palrs, one bloek at least for
cachiset of buckets, facing in opposite direetions from
each odher, arrapped 1o co-aet) with the corresponding

rows of buckels; nussiages comeclesd to cach series of

gulde blocks; meuns to control - the adwisslon of fluid

through said passages sepafate]:.' o to shut off the fluid

entirely ; an automatic valve hetween the two parts of

the engine, the same being a piston valve operated by the

elastic fluid ; passages leading from the annuvlar chambers
in each side of the primary turbine to opposite ends of the
valve chamber or the piston valve, for throwing the avio-
matic valve to pass the elostic fluid from the primaiy to
the gecondary turbine; a secondary turbine with passazes
controlled from the said automatic piston valve, for re-
ceiving the fluld trtat is Qelivered from the said primary
turbine, all «~o-acling substantinlly as descrihed and fYor
the purpose specified

8. In a reversible elastic fluid turbine, the combination
of a suitable casing, divided by a diaphragm; a pri-
mary and secondary turbine wheel, each of which iIs pro-

vided with a double set of buckets at its periphery, ar-
ranged to be acted upon to rotate the wheel in opposite

direetions ; nozzle and guide blocks in pairs, ore block at

from each other, arranged to co-act with the correspond-
ing rows of buckets:; passages connected to each series
of guide blocks: means to control the admission of fluid
through said passages separately or to shut off the fluid
entirely ; an automatic valve between the two parts of
the engine; passages leading from the annular chambers
in each side of the primary turbine for throwiag the
automatic valve to pass the elastic fluid from the primary

3 :

90

9o

‘least for each set of Duckets, facing In oppasite dicections

100

105

to the secondary turbine; a secondary turbine with pas- ~

sages controlled from the said automatic valve, for re-

receiving the fluid that is delivered from the sald nrimary

turbine, all co-acting substantially as described and for

the purpose specihed. .

9. In g reversible elastie fluid turbine, the enmbination
of a suitable casing; a turbine wheel within the casing.
provided with a double set of buckets at its periphery,
consisting of a central ring with U-shaped buckets facing
in opposite directions on the opposite sides thereof, and
reginents or rings corresponding thereto and opposite the

110

115

same ; nozzle and guide blocks, In pairs, oue at least for

each set of buckets facicg im opposite directions ; passages
connected to czch of saia palr of guide blocks, and 8 valve
arranged to coatrol the adniission of fluid to either of said
nassages, separately or to shut the ssme off entirely, co-
acting for the purpose specitied.

10. In a revcrsible elastic duid turbine, the combina-
tion of a suitable casing; a turbine wheel within the
casing, provided with a double set of buckets at its pe-
riphery, cousisting of a central ring with U-zshapea
buckets facing in opposite directions on the opposite sldes
thereof, and segments or rings corresponding thereto and
oppesite the same; nozzle and guide blocks, in natrs, one
at least for cach set of buekets facing in opposite direc-
tions; passages connected to each of sald pair of guide
blocks, and means to control the admission of fluid to
either of .said passages, separately or to shut fhe same off
entirely, co-acting for the purposc specified. ‘

11. In a reversible elastic fluid turbine, the combina-
tiou of a suitabhle casing; a pair of fluid passages, one for
the direct action and the other for the reverse; a turbine
wheel with double sets of buckets facing t¢ sct in oppo-
site directions, consisting of the web 4, dovetailed at ts
periphery, a ring 8, provided with oppositely-faciag

D-shaped buckets on its opposite sides, fitted to one pe-,

riphery of the web 4, and baving a dovetail at its ipner
patrt, the bioad imrtiun of which abuts against the broad
portion of the dovetail of the webl, both of sald dovetalls
being provided with shoulders, bucket scgments 6 and 7,

120

125

130

135

140

145

on opposife xides of the xaid web, corvesponding to the

buckets on the corvesponding sides. of said ring 8, having
shanks corresponding {0 the xsaid dovetailed portions,
amd a transverse bolt througin the sbhanks and the web
nealr its periphery, for clumpmg the parts together and
Jlocking them in correes velation to each otner, all co-acting
substantially as described and for the purpose specified.

12, In a rveversible elastie fluid furbine, the combina-
tion of a snitable casing; a1 palr of fluid passages, one
for the diveet action and the other for the reverse; a tur-
hine wheel with double sots of Inickets facing to set in
opposite directions, consisting of the web 4, dovetailed at

its periphery, a ring 8, provided with oppositely-facing

il
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U-shaped buckets on iis opposite sides, fitted ‘o the pe- | turbine in each chamber, with a double series of Luckets

riphery of tiie web 4 and having a dovetail at its inper
part, the broad portion of which ubuis against 1he broad
portion of the dovewsil ¢f the web, both of =aid dovetails
@ breing provided with shoutders, bucket segments ¢ and 7T,
on opposite sides of the said web, cnrreépmrriinﬂ to the
buckets on the corresponding sides of said rine S . having
shank:: | corvesponding to the said dovetailed pt}rtimm,
means for clamping the poares together and focking them
10 io correct relation iv eaeh other, all co-acting substan-
tially as described and for the purpose specifisad.
. Im 4 reversible elastic flnid turhine, the combina-
tion of a suitable casing, containing a serics of chambers :
a turbine in each cuamber, with a double series of
]_5 U- ‘tinped buckets arranged to react In opposite directions ;
JAndeperndent guide passuges and nozzles coiresponding to
said double series of buckots; a valve meuns arranged (o
control said fuid passages; and. an autromatie valve ge-
tween the - first chamber and the secend chamber con-
20 trolled by the direct fluid pressure, for directiug the flow
of fluid into the second chamber from the jivrst chamhcr,
co-acting for the purpose specified. :
. 14, Iu a reversible elastic fluid turbine, the combinatian
of a sultablf- casing contgining e series of zhambers: g

=

arranged to react in opposite’ directions: independent
guide passages and nozzles corresponding to sz2id double
series of butkeis: u valve meaps arianged to control said
guide passages; & passage botween the fimst and .ocond
chambers; a’ pision valve to ertrm sald passage; and a
stenIn passage lead! ng from cachb of the Faide [mq...-lgf*s .f
the sald firet {urbine to opposite ends of saic pisten valve
for reversing the throw of the piston valye aufomaticaily
'b} the reverse ¢t the main valve, ¢o-acting for the pur-

QSO '-:pe-..iﬁerl.

1._1:. In a reversibie elastic fluld turbine, the combina-
tion of the casing; a reversibie turbine witl, oppositely
faced U-shsped buckets: nezzle blocks arranged between
the said buckets. having a series of delivery nozzles: ga
corresponding =eries of guide Passages: and means to de-

-iiver to one or the other of said nozzle blocks. cu-acting as

3evified.

In witnesse wheréof, I ha?e bhereuntoe set my hand and

seal in the pre-uencn 0. two witnesses.

| CHARLDS W. DAKE. [L. 8.]
Witnesses:

CHARLES A. MERRELL,

I‘RED I.. CHAPPFLL.
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