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To wll whon o maey concern:

Be it known that [, Croanes W Daxe; a
cifizen of the United States, reshling at the
city of Grand Rapids, county of Kent, State
of Michigan, have invented certain new and
useful Tmprovements in Eiastie-IFluid Tar-
bines, of which the following is a specifiea-
tion. -

This invention relates to improvements in
elastic finid turbines. ’

"The ohjects of this invention ave: first, to
simplify the eoustrnction of such devices
generally, having due regard to their efli-
clency ; second, to provide an improved form
of Luckel in the turbine wheel; third, to

provide an improved form of reversing | L
l iz § is a detail sectional elevation through

guide passage and guide passage Dblock:
fourth, to provide an tnproved construction
of nozzle; fifth, 1o provide an improved
forin of nozzle, permitling proper expun-
ston” of steam in a noezzle having pavaliel
sides; sixth, to provide an improved form
and construction of bueket and reversing
guide passage in,which the steasn in acting
on the bucket is turned less than 180°, and
with the friction reduced to a minimuni; and
s¢venth, to provide a construetion and ar-
rangement of bucket nozzles and reversing
guide passages whereby the buckets of the
furbine. wheel will be substantially filied
with steam from the reversing guide pas-
sage. 'when it receives the direct hupact of
the jets from the nozzles, thus CCONOMLLEINY
the steam at its initial pressure.

Further objects and objects relating to de-
tails of construction will definitely appear
from the detailed description to follow.

I accoruplish the objects of my invention
by, the devices and means described in the
following specification. ‘ _

The invention is clearly defined and
pointed out in the claims.

A structure embodying the features of my
invention is. clearly illustrated in the ac-
companying drawing, forming a part of this
specificatiop, in which:

Figure 1 is a longitudinal detail sectional
view through the buckets and guide pas-
gages of a double-phase turbine; Fig. 2 is a
detail sectional view through the jacket of
the .turbine wheel guide passage block and
nozzle block, showing further details of eon-
struction; Fig. 8 is a detail vertizal sec-
tional view through the nozzle guide pas-
sage block and turbine wheel, taken on the

irveoalar line X--X of Fig. 3; Fig. 4 1s a
sinilar detail soctional view through the re-
cepsing gidde passages and block and the
furbine huckets, taken on the irregular line
Yo X of Fig. 27 Fig. 5 is a detail view
saken on the plane of (he irregular line
1" of Tig. 2, Inoking upward, certain de-
tails being mdicated by dotted lines; Fig. 6
is u cimilar detail view taken on the plane of
the said rvegniar line F—F of Tig. 2, look-
g down on the periphery of the turbine
wheol, which is shown developed into the
flat; Wiw. 7 i< u detail side elevation view of
5 portion of 1he turbine wheel, looking to-
vards the right nf IFig. 9. that figure being
soparated on the line F—F of said Fig. 23

e werzde and guide passage Block, taken on
+ Hoe corresponding to line Z--Z of Fig. 23
Dig. 9 is a detail sectionul view through
hockets and guide passages taken on a line
corresponding to line S—S of Figs. 3 and 4;
Fig. 10 is an enlerged detail sectional view

showing details of the nozzle construction,
iploen on a line corresponding to line XX
of [ig. 2, throngh one of the nozzles and ad-
jucent parts; Fig. 11 is an enlarged detail
longitudinal view taken on a line corre-
sponding to line M—-M of I"ig. 10; and Fig.
12 is a transverse detail sectional view on the
line corresponding to line N—N of Figs. 10
and 11, Kiz. 18 1s a detail sectional view of
the valve 6 appearing in Fig. 1.

In the drawing. the sectional views are
taken looking in the dircction of the little

~arvows at the ends of the section lines, and

sinslar numierals of reference refer o simi-
lar parts throughout the several views.
Considering the nwmbered parts of the
drawing. the cacing of the tnrbine consists
of a front plate 1, an intermediate plate and
ring 2, and a back plate and ring 3, all of
which are suitably bolied -together or held
together by suitable seréws. The inter-
medinte plate extends down between the
tuvbine wheels at 27, The bacgk part of the
same is made to correspond to the front
plate 1 in ils provision for seats for the
enide passage and nozzle Llocks and flanges,
which are numbered the same in the pri-
mnary and seeondary part of this double-stage
turbine here illustrated. In-a single-stage
turbine. the intermediate plate and ring 2
would of course be omitted and the front

plate 1 and back plate 3 would be brought .
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together, thus showing that the number of | 1s indicated by the dotted line in Fig. 9, and

stages in the turbine 1s simply increased by
increasing the mnnber of intermediate plates
2 and adding the necessary turbine wheels,

Portions of the tirbine wheels 4 only are
shown, it being 1 matier of comiion practice
the way these turbine wheels ave seenred to
tho shaft and the shaft supported within the
casing.

Guide blocks 5 contuining the reverse
guide passages 10 are provided for each sec-
tion of the wheel and secured to a suitable

late. The valve 6 is protided for control-
ing the passage of steam to the nozzles, the
same being delivered through the passage 7
to the nozzles of the primary turbine wheel,

and after having pussed from that, is de- |
livered through the secoudary passage 77 to

¥ g . |
the nozzles of the second turbine wheel. The

nozzles 8, one or more, deliver from the pas-
sage 7 obliguely and tangentially to the
buckets 9 of the turbine wheel. A pyrami-
dal-shaped core 8" is provided in one side
of the nozzle 8, having a suitable rib 8 on
one flat side which fits info a slot 87" in the
side of the block 5. A ring 13 is clamped
between the block 5 or series of blocks 5,
where there is a plurality, which forms one
side of the nozzle passage 8, thus producing
a structure which can be easily manufac-
tured by a milling machine, and one into
which the pyramiaal core can bareadily in-
serted by forming a suitable key seat 87 or
slot in the side of the block § to receive the
sume, This block 8, being pyramidally
conical and inserted into the nozzle passage
8, permits the steam to expand in the said
rozzle, the sides of which are parallel to
each other and this permits the expansion of
the steam without flaring the sides of the
nozzle, and tonsequently delivers the same
in direct parallel lines to most effectively
act upon the buckets of the turbine wheel or
rotor. ' ’

The buckets 9 of the turbine wheel 4 are
oblique and cut on a true circle by a milling
machihe in the stepped form, heretofore
ratented to me, and a broad notch 14 is cut,
m the dividing walls, which separate the
buckets from each other, the opposite sides
of the buckets projecting cutwardly at 15,
so that the walls between the buckets are on
an oblique line to the periphery of the wheel,
as ciem'iy appears in Figs. 1, 2 and 9, and by
this means less than half of the circle is em-
braced in the curvature of the said buckets
9. The remainder of the circle is embraced
in the veversing guide passages 10, which
are separated from each other and the noz-

zles 8 by the dividing plate 10/, the form of-}

the buckets clearly appearing in Fig. 9.
The course of the steam or elastic fluid
through the rotor buckets is indicated by
the curved arrow D—E in Fig, 9 and by the
arrow A in Fig. 6. The half of the circle

tliese lines show the extent of shortening of
the discharge end of the passage accom-
plished by the particular form of bucket
and guide passage which T have produced.

It will be noted that the diameter of the
tnrbine wheel on the bucket at the discharge
side is greater than at the receiving side or
ends of the buckets, By thus locating the
buckets and manipulating the milling tool
by cutting the steps therein, the discharge
end of the bucket will be broader than the
receiving enud, ro that the discharge of steam
from the buckets after it has doene its work,
is greatly facilitated and the reaction of the
steam or clastic fluid s secuved to the fullest
extent.  The amount of the widening of the
huckets is proportioned. to give the hest re-
cults with the least’ frietion of the flind in
the buckets.

The guide passage t0 formed by the par-
{ition 10’ opens back “of the nozzle 8, as
clearly appears in Figs. 3, 4 and 8, and con-
sequently fills the buckets 9 of the turbine
wheel with the expanded steam, and before
the hucket passes under the nozzle 8, and
consequently the bucket is partially filled
with stenmn and the fuil effect of the impact
of the nozzle is best secured in this way, the
-ceond expansion of steam having just passed
from the bucket 9 when it is thus passed
partially filled to the delivery point of the
nozzle S.

The direction of the steam to the nozzles
and the action of thie buckets is also indi-
cated by the arrow A in Fig. 6, showing
that the angle through which the steam
passes in acting upon the buckets of the
votor ix much less than 180~

It will be seen that my improved turbine
is very easy to manufacture. The different
passages can be readily cut by a milling ma-
chine. Making the guide block 5 and the
ring 13 of separate parts enables the forma-
tion of the nozzle passage very readily by a
milling machine, making it possible to read-
ily form the seat for inserting the expand-
ing core & and all of the.parts can be
quickly and effectively assembled. T desire

' to remark, however, that the same formation
_of passages that T have here illustrated may
be otherwise produnced, and I wish to claim
the particular form of buckets and passages,
no matter how they may be produced. I
wish to claim the formation of the parts
broadly, and T also tvish to claim the special
features of the organization of the structure.

Having thus described my invention, what
T claim as new and desire to secure by Let-
ters Patent is:

1.--In an elastic fluid turbine, the combina-
tion of a suitablg casing having the front

,FIate suitably flanged; a turbine ‘;rgeel with
buckets 9 at its periphery containing a broad
notch 14, and the outwardly-projecting por-
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tion 15, the said buckets being of the stepped
form; a guide passage block 5 with revers-
ing guide passages 10 therein, separated by
a suitablé partition 10" for reversing the
steam discharged from the said turbine
buckets; a nozzle 8 cut into the side of the

" said block 5 in advance of the guiding pas-
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sage 10 therein; a pyramidal core 8" with a
rib at one side seated in a suitable seat at
the side of said passage 8, the point of said
cone arranged towards the discharge end of
said nozzle; a separate ring or segment 13
clamped between the said guide passage
block and the said flange; a passage 7
through the flange into the guide block 5;
and a suitable valve for controlling the sup-
ply of elastic fluid thereto, all co-acting sub-
stantially as described and for the purpose
specified.

9. In an elastic fluid turbine, the combina-
tion of a suitable casing, having the front

late suitably ffanged; a turbine vheel with

uckets 9 at its periphery containing a broad |

potch 14, and the outwardly-projecting por-
tion 13, shortened by substantially the depth
of the notch; a guide passage block 5 with
reversing guide passages 10 therein, sepa-
rated by a suitable partition 10° for revers-

. ing the steam discharged from the said tur-
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bine buckets; a nozzle 8 cut into’the side of

‘the said block 5 in advance of the guiding

passage 10 therein; a pyramidal core &
with a tib at one side seated in a suitable
seat at the side of said passage 8, the point
of said cone arranged towards the discharge

- end of said nozzle; a separate ring or seg-
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ment 13 clamped between the said guide pas-
sage block 3 and the said flange; a passage 7
through the flange into the guide block 5;
and a suitable valve for controlling the sup-
ply of elastic fluid therelo, all co-acting sub-
stantially as described and fer .the purpose
specified. - R

_ 3. In an clastic fluid turbine!the combina-
tion of a suitable casing, having the front
plate suitubly flanged; a turbine wheel with
buckets 9 at 1ts periphegy containing a broad
notch 14. and the outwardly-projecting por-
tion 15, shortened by sub_stantialfy the depth
of the notch, the said buckets being of the
stepped form; u guide passage block 5 with
reversing wzuide passages 10 therein, sepa-
rated by a suitable partition 10” for revers-
ing the steam discharged from the said tur-
bine buckets;.a nozzle 8 cut into the side of
the said block 5 in advance of the guiding
pussage 10 therein: and a pyramidal core
8" with a rib at one side seated in a suitable
seat at the side of said passage 8, the point
of the said conc arranged towards the dis-

- charge end of said nozzle, all co-acting sub-

65

stantially as described and for the purpose
specified.

4, In au clastic fluid turbine, the combina-
tion of a suitable casing, having the front

3

E]ate suitably flanged; a turbine wheel with
nckets 9 at 1ts periphery containing a broad
noteh 14, and the outwardly-projecting por-
tion 15, shortened by substantially the depth
of the notch; a guide passage block 5 with
reversing guide passages 10 therein, sepa-
rated by a suitable partition 10" for revers-
ing the steam discharged from the said tur-
Liiie buckets: a nozzle 8 cut into the side of
the said block 3 in advance of the guiding

70

passage 10 therein; and a pyramidal core .

& with a rib at one side seated in a suitable
seat at the side of said passage 8, the point
of the said cone arranged towards the dis-
charge end of said nozzle, all co-acting sub-
stantially as deseribed . and for the purpose
specified. S

5. In an elastic fluid turbine, the combina-
tion of a suitable casing; a turbine wheel
with buckets 9 at its periphery containing a
broad notch 14, and the ontwardly-project-
ing portion 15, shortened by substantially
the depth of the notch, the said buckets being
of the stepped form; and suitsble nozzles
srojecting within the broad notch of the
said buckets to deliver elastic fluid thereto,
all co-acting substantially as described ahd
o1 the purpose specified. ‘

6. In an elastic fluid turbine, the combira-
{ion of a suitable casing; a turbine wheel
with buckets 9 at its perjphery containing a
broad notch 14 and thedoutwardly-project-
ing portion 13, shortened by substantially
the depth of the notch; and suitable nozzles
Eyojecting within the broad notch of the said

vekets to deliver elastic fluid thereto, all
co-acting siibstantially as described and for
the purpose specified.

7. In an elastic fluid turbine, the combina-
tion of a suitable casing; a twbine wheel
within the said ¢asing having buckets therein
of the recurved type; o giide passage block
5 therein with reversing gnide passages 10
therein, separated by a snitable pariition 167

for reversing the steam discharged from the
‘said turbine buckets; a nozzle & cut into the

side of the said Dleck 5 in advance of the
guiding passage 10 therein: a pyramidal
core 8’ with a ril at one side seated 1n n snit-
able seat at the side of said passage, tle
point of said eone arranged towards the dis-
charge end of said nozzle, all co-ncting sub-
stantially as described and for the purpose
specified.

8. Tn an elastic fluid turbive, the combina-
tion of a suitable cusing; a turbine wheel
withiin the said casing having buckets therciu
of the recurved type; u guide passage block
with reversing guide passages thereing a
nozzle 8 cut into the side of the said block 3,
in advance of the guiding passage 10
therein; a pyramidal core 8§, with a rib at
one side seated in a suitable seat at the side
of said passage, the point of said cone ar-
ranged towards the aischarge end of said
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nozzle, all c¢o-acling substantially as de-
seribed and for the purpose specified.

9. In an elastic fluid turbine, the com-
bination of a suitable -casing; a turbine
whee? within the said casing having buckets
thevean of the recurved type; a guide pas-
sage block with revérsing guide passages
thercing a nozzle 8 cut into the side of the
said block; a pyramidal core 8, with a rib
at one side scated in a suitable seat at the
side of said passage, the point of said cone
arranged towards the discharge end of said
nozzle, all co-acting substantially as "de-
scribed and for the purpose specified.

10. Tn a multi-stage turbine, the combina-
tion of the front plate, suitably flanged; an
intermediate ring or plate 2—2" conformed

~at one side to the said flange and formed
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similar to the flange plate on its opposite
side, and a back plate and ring 3, conformed
to said plate 2 2’; guide passage blocks ar-
ranged on and secured to the respective

flanges; and turbine wheels in each of the’

said compartments arranged to be acted
upon by the elastic fluid, as specified.

11. In an elastic fluid turbine, the com-
bination of a_ suitable casing; a turbine
wheel within the casing, one side of the pe-
riphery of which is of greater diameter than
the other; over-lapping buckets of the re-
curved type formed in the said periphery,
the receiving -ends of which ‘are at the lesser
diameter, and the discharge ends of which
are at the larger diameter, the said discharge
ends being correspondingly broader than the
receiving ends, a nozzle arranged to deliver
to the receliving ends of sald buckets, as
specified.

12. Tu an elastic fluid turbine, the com-
bination of a suitable casing; a turbine
wheel within the casing, one side of the pe-
riphery of which is of greater diameter than
the other; buckets of the recurved type
formed in the said periphery; the recéiving
ends of which are at the Jesser diameter, and
the discharge ends of which are at the larger
dinmeter, the said discharge ends being cor-
respondingly broader than the receiving
ends, a nozzle arranged to deliver to the re-
ceiving ends of said buckets, as specified.

13. In an elastic fluid turbine, the com-

bination of a “suitable casing; a turbine
wheel within the casing having buckets; a
block secured within the casing having a
nozzle to deliver an elastic fluid to the tur-
bine wheel; and stepped guide passages to
receive elastic fluid from the said buckets at
their discharge end and to deliver said
elastic fluid to the wheel buckets back of the
said nozzle, all coacting substantially as de-
scribed and.for the purpose specified.

14. In an elastic fluid turbine the com-
bination of a suitable casing; a turbine
wheel within the casing having buckets; a
nozzle arranged to deliver elastic fluid to the
buckets, the said nozzle having a pyramidal
core arranged in a slot in the side of the said
nozzle, all coacting as described and for the
purpose specified. ,

15. In an elastic fluid turbine the com-
bination of a casing: suitable turbine wheels
with buckets therein; a nozzle passage
to deliver steam to the said buckets; a

yramidal core with a rib at one side, seated
in g suitable seat at the side of the said
nozgle passage, the point of said cone ar-
ranged toward the discharge end of the noz-
zle, as specified. ,

16. In an elastic fluid turbine the com-
bination of a suitable casing; a turbine
wheel within the cdsing having buckets; a
nozzle arranged to deliver elastic fluid to the
buckets; a tapered core arranged in the side

"of said nozzle, all chyacting as described and

for the purpose specified.

17. In an elastic fluid turbine, buckets of
the U-shaped, recurved type, formed openat
the side at the receiving end, the receiving
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end of the buckets being longer than the dis- -

charge end, the walls between the buckets
being of a formn to correspond to the shorter
discharge end, a nozzle arranged to deliver
to the receiving ends of said buckets, as
specitied. _ ’

In witness whereof, I have hereunto set
my hand and seal in the presence of two
witnesses.

CHARLES W. DAKE.
Witnesses: .
LuLu GREENFIELD,
GERTRUDE TALLMAN,
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