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To all whom 1t may concern.:

Be it known that L. Jou~ Hurcuixas, a subject of the
King of Great Britain, residing at 210 Moorgate Station
Chambers, in the city of London, England, engineer,
have invented certain new and useful Improvementsin
and Relating to Turbines, of which the following 1s a
specification. |

This invention relates to ‘clastic fluid turbines,”
and the object thercof is to provide a turbine In o man-
ner as hereinafter set forth which has a continuous di-
reetion of rotation, driven by the expansion of air, steam
or other fluid, and capable of being suddenly reversed so
as to revolve in the opposite direction.

A further object of the invention is to provide the
turbine with a driving disk having a circumferentially-
extending series of peripheral recesses so as to form a se-
vies of vanes adapted to be impacted by the incoming

‘motive fluid, the surfaces against which the fluid 1m-

pacts being substantially at right angles to the line of
force and each of such surfaces being composed of an
epicycloidal curve in order that cach surface may ¢ a(l-
just itself during the revolution of the disk so that such
force is received upon the curvilinear surface substan-
tially in a succession of such planes as to in fact form a
continuous direct abutment to oppose and take up the
impelling impulse with the maximum economy.

A further object of the invention is to provide a tur-
bhine of such class with motive fluid conducting pipesin
o manner as hereinafter set forth whereby the fluid 1s
conducted to impact at different points of the driving
disk to facilitate the operation thereof, whether the disk
is driven in one divection or the other.

A further object of the invention 1s to provide the tur-
hine in a manner as heveinafter set forth with a plurality
of independent compression chambers arranged in op-
erative relation with respect to the vanes formed on the
driving disk, and to further provide nieans in a manner
a3 hereinafter set forth for adjustably supporting the
said independent compression chambers.

Further objects of the invention are to provide an
olastic Auid turbine which shall be comparatively sim-
ple in its coustruction, strong, durable efficient in 118
operation, having the direction of movement of 1ts driv-
ing disk readily reversed when occasion so requires, and
conveniently set up.

With the foregoing and other objects in view, thﬂ 1mn-
vention consists in the mwel construction, combination
and arrangement of parts hereinafter more specifically
deseribed and illustrated in the accompanying draw-
ings wherein is shown the preferred embodiment of the
invention, but it is to be understood that changes, va-
rintions and modifications can be resorted to which

|

In describing the invention in detail reference is had
to the accompanying drawings wherein like characters
denote corresponding parts throughout the several
views, and in which—

Figures 1 and 2 are longitudinal, sectional views,
showing, respectively, the left and right halves of an
elastic fluid turbine in accordance with this invention,
the section being taken upon line A—B of Fig. 3; Iig.
3 ig o plan, partly in section; Iig. 4 1s a detail showmn'
m plsm the motive fluid supply or conducting pipes;
[Fig. 5 is a horizontal section of the turbine shaft and
driving disk; Fig. 6 is a side elevation of the turbine;
TMig. 7 is a plan and elevation of the motive fluid supply
or conducting pipes for a single-acting type of turbine;
Fig. 8 is a detail in vertical section of the single-acting

turbine reversible driving fittings; Fig. 9 is a section on

line C—D of Fig. 3; Fig. 10 is an end elevation of the
turbine with certain of the parts removed; Iig. 11 is &
sectional detail showing the adjustable supporting
means for the pressure chambers; Fig. 12 shows, dia-
orammatically in cross section drawn to a larger scale,
one of the balls and its races, the dotted lines indicat-
ing the positions of the axis or center of the turbine
shaft, the radius and the theoretical bearing cone of
each ball, and, Fig. 13 is a section on line E—F/ of
Fig. 1. | |

Referring to the drawings by reference characters,
a denotes a bed plate having secured thereto supporting
standards b, which at their upper ends are provided
with openings b’ to allow of the turbine shaft ¢ being
journaled in the standards b. The opening b’ 1s of
much greater diameter than the turbine shaft ¢, but
the latter is formed with annular flanges ¢’ of a diameter
substantially equal to the diameter of the opening ¢/,

but the diameter of the flanges ¢/ is such as not to retard,

the operation of the shaft c. Against one face of each of
the flanges ¢ is positioned a bearing ring ¢* which 1s
aneular in cross section and constitutes one-half of a
hall race for the bearing balls ¢®. The other half of
the ball race is formed by a bearing ring ¢* which is of
the same contour as the ring ¢, and the said rings c¢*
are retained in position by the cap pieces ¢® which are
screw-threaded and engage with the screw-threads
formed on the walls of the openings b’. Each of the
standards b at its top is formed with a lubricant pas-
sage b2 communicating at one end with a lubricant
supply b3 and at its other end communicating with the
opening b’. The function of the passage b* 1s to sup-
ply a lubricating material to the bearing rings ¢?, ¢* and
bearing balls c°.

Tixed upon the shaft ¢ i1s a driving dlsk d having its

periphery formed with a circumfierentially-extending:

come within the scope of the claims hereunto appended. | series of recesses p substantially circular in transverse

5d

60

65

70

79

&0

89

90

05

100

105



0

10

1o

20

30

39

40

45

o0

5353

60

6o

section, forming thereby the periphery of the disk d
with a circumferentially-extending series of vanes ¢.
The vanes ¢ in cross section are cach formed of two
epicycloidal curves intersecting each other at a point
at the original peripheral line of the disk d. The vanes

q constitute surfaces upon which the fluid impacts so-
as to cause the rotation of the disk d, thereby revolving

the shaft ¢. The surfaces of the vanes ¢ are so disposed
that the abutment formed thereby for the impelling

fluid is substantially at right angles to the line of force

and as each surface of each vane is formed upon an epi-
cycloidal curve, such surface adjusts itself during the
revolution of the disk so that such force is received upon
the curvilinear surface substantially in a succession of
such planes as to-in fact form a direct abutment to op-
pose and take up the impelling impulse with the maxi-
UM €COnonLy. |

The disk d as it rotates is adapted to travel through
a plurality of independent expansion chambers, as
shown, three in number, and which are indicated by
the reference characters e, ¢/, ¢*. As the elements
which form each of the expansion chambers are the
same the construction of one chamber will be described,

the same reference characters being applied thereto,
with the exception of the reference characters which

designate the inlet ports for the motive fluid. Rach of

‘the expansion chambers is formed from a pair of seo-

ment-shaped plates having a flattened and a curvilinear
portion e*, ¢, respectively. The flattened portions are
adapted to abut and are secured together by the hold-
fast devices ¢®. The curvilinear portions e are adapted
to straddle the rim of the disk d and between said curvi-
linear portions ¢® the vanes ¢ travel during the rotation
of the disk d. The segment-shaped plates are hollowed
out 80 as to receive a casting ¢’ formed with a hollow
chamber ¢® which receives a heating or cooling medium
¢’ depending upon the character of the motive force
employed. 'The lower face of the casting ¢ constitutes
the outer wall of the expansion chamber. The cham-
ber ¢® which receives the heating or cooling medium:for
the expansion chamber ¢/ communicates at its lower
end with a heating or cooling medium supply pipe 2.
while at its other end is connected with the chamber ¢
which receives the heating or cooling medium for the
expansion chamber e by the branch-conducting pipe 27

- This last-mentioned chamber ¢8 communicates with the

chamber ¢* which receives a heating or cooling medium
for the expansion chamber ¢ by the branch-conducting
pipe z°. The last-mentioned chamber €8 is provided
with a discharge pipe 22. The elements which form the
expansion chambers ¢, ¢/, ¢* also act as a means to guide
the disk d to prevent lateral movement thereof when it
1s rotating. This is evident owing to the fact that the
curvilinear portions e® straddle the enlarged rim of the
disk d as clearly shown in Fig. 9.

The expansion chamber e has the motive fluid inlets
¢’, ¢! communicating therewith, the inlet ¢® communi-
cating with the chamber ¢ near one end, while the inlet
el communicates with the chamber at the opposite-end.
The expansion chamber ¢ has the motive fluid inlets
et and ¢! communicating therewith, the inlet ¢! com-
municating with the chamber ¢/ near one end, while the
Inlet ¢ communicates with the chamber at the oppo-
site end. The expansion chamber ¢2 has the motive
fluid inlets e* and ¢ communicating therewith, the

|
i
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inlet ¢'* communicating with the chamber ¢ near one |

end, while the inlet ¢'* communicates with the cham-

ber at the opposite end.

Within the inlet ¢ is positioned the valve %/, while

in the inlet ¢! the valve 7 is positioned. Within the
milet ¢'! a valve +* is positioned, while in the inlet ¢! a
valve £ 1s arranged, and within the inlet ' a valve k2
is positioned, while in the inlet ¢ a valve r is arranged.
The valves £, £ and 2 are operated simultaneously and
a like action 1s had in connection with the valves »,
and 7°.  The manuer of operating the valves k, ¥/, &2,
r, v and »* will be hereinafter referred to. The inlets
of the various expansion chambers are so disposed with
respect to the vanes ¢, and the latter so constructed,
that the abutment formed by the vanes for the impel-
ling fluid is substantially at right angles to the line of
force.

The turbine as shown in Fig. 1 is provided with a
pair of motive fluid supply pipes ¢ and ¢/, the former
communicating with a motive fluid conducting pipe f
and the latter with a motive fluid conduecting pipe f7.
The supply pipe ¢ terminates in an upwardly-curved
nipple g2 which opens into the upwardly-extending
port ¢'*.  The conducting pipe f which communicates
with the supply pipe g opens into a coupling ¢3 having
two branches ¢*, ¢°. From the branch ¢° extends a
nipple » which opens into the downwardly-inclined

port ¢°.  I‘rom the branch g* extends a conducting pipe

¢ having its end terminating in a nipple 2/ which
communicates with the downwardly-inclined port e'3.
When the valves k, ¥/, k? are opened the motive fluid
1mpacts against the vanes ¢ so as to rotate the disk d in
the direction of the arrow 1.° When the valves I, ¥/,
k* arc opened the valves 7, 7/, r* are closed. The mo-
tive fluid supply pipe ¢/ terminates at its upper end in
an upwardly-curved nipple f* which opens into the
upwardly inclined port e, The motive fluid conduct-
1ng pipe f/ which communicates with the motive fluid
supply pipe ¢’ opens into a coupling f3 having two
branches /4, f5. Ixtending from the branch J*is-a
nipple ¢ which communicates with the downwardly-
inclined port €. Extending from the branch f3 is a
motive fluid-conducting pipe w which terminates in a
nipple @’ opening info the downwardly-inclined port
e''.  When the valves r, #/, 72 are opened and the

~valves £, ¥ and k? closed the motive fluid will be

caused to impact against the vanes ¢ so as to drive the
disk in the direction of the arrow 40—that is to say, in
an opposite direction from that indicated by the avrow
1. The mipples ¢°, », ¥/, f2, ¢t and w’ are connected to
the castings ¢” by the hold-fast devices /Y which extend
through the flanges f7 formed on the nipples and which
bear against the castings ¢*. The motive fluid conduct-
ing pipes f, f/, x and w are retained in position through
the medium of the coupling sleeves f3 and sct-screws

/P The coupling sleeves f® are secured to the segment--

shaped plates by the hold-fast devices .
The valves &, I/, k* ave operated alternately with re-
spect 1o the valves r, #/, #? through the medium of the

following mechanism: To the stem of the valve k is af-

tached the link o; a link o7 is attached to the stem of
the valve 2/ and a link o? is attached to the stem of the

valve k2. Tothe stem of the valve r alink s is attached:
a link ¢/ is attached to the stem of the valve » and a link

$* is attached to the stem of the valve 2. A rod ] is
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5 as the disk d.

Dbranches 50, 50°.
off 99 and in the branch 50" is arranged a cut-olf 24.

’_868,4;'38

attached to the outer ends of the links o/, §7; a rod A/ is
attached to the outer ends of the links s, 02 and a rod &2
is attached to the outer ends of the links o, §*. The
upper end of the rod #/ is articulated to one arm of a
bell erank lever n, the other arm of said bell crank le-
ver being articulated to one end of the rod A.. The lat-
ter has its other end attached to one arm of the bell

crank lever n/, while the other end of said bell erank

lever is articulated to the upper end of the rod #°.  The

bell erank lever » is pivotally connected to a support i,

the lever »/ being pivotally connected to a support /.
The supports 4, 7/ are braced by the cross bare®. A
handle m is attached to the bell crank lever n to enable
(e mechanism for actuating the valves to be shifted
in the dirccetions as indicated by the arrows 2 and 5. 11
ihe handle m is moved in the direction of the arrow 2
the valves k, 17, 12 arce shifted in the direction indicated
by the arrows 3. The links, s, 8/, ¢* will then be moved
in the direction of the arrows 4 causing an automatic
closing of the valves, », 7/, 12 so that the motive fluid
will be caused to impact against one side of the vanes g
and votate the disk d in the divection as indicated hy

the arrow 1. To reverse the dirvection of movement of
the disk d, the handle i is moved 1n the direction ot

the arrow 5. Such action will move the links s, 87, 87
in the direction of the arrows 6, thus opening the
valves r, 77, r* and automatically closing the valves &,
G

in the direction of the arrows 7. When the valves £,

7. k2 are closed and the valves r, v/, 7* opened the mo-.
tive Auid will impact against the opposite side of the-

vanes ¢ and cause the disk d to rotate 1n the direction
of the arrow 40. | g

Within the supply pipe ¢ is arranged a cut-off 37 and
2 cut-off 38 is arranged within the supply pipe ¢’
These cut-offs 37, 38 are connected by the rod 39.
handle 41 is provided for operating the rod 39. When
the rod 39 is shifted in one direction it will open the
cut-off 37 and close the cut-off 38 and a reverse opera-
tion of the cut-offs 37, 38 is had when the rod 39 1s
shifted in the opposite direction.

In Fig. 7 is shown a turbine of single-acting type and
reversely driven.- In such form of turbine 21 (lenotes
o drive wheel which is constructed in the same manner
But one compression chamber ¢ 1s em-
ploved and its constructlon 1s similar to that herein-
after referred to.  The supply pipe is indicated by the
roforence character 50 and which terminates in the
In the branch 50* is arranged a cut-

The branch 50* communicates with an inlet port (not

shown) at one end of the compression chamber ¢ AN

the branch 50 communicates with an inlet port (not
shown) at the opposite end of the chamber e. The cut-
offs 23 and 25 ave provided for the inlet ports:  To the
stem of the cut-off 22 is attached a link 22* and to the
stem of the cut-off 24 is attached a link 24*. The Iinks
992 and 24¢ are connected together by the rod 24°. A
handle 26 is attached to the vod 24°. The cut-offs 22
and 24 ave so disposed that when the handle 20 1s shift-
od in the direction of the arrow 8 the cut-off 22 will be
opened and the cut-off 24 closed and when the handle
96 is shifted in the direction of the arrow 10 the cut-ott
24 will be opened and the cut-off 22 closed. To the
stemn of the valve 23 is hinged a link 27, as at 28 and to

for the reason that the links o, o/, 0% will be moved

A

——r— ——=

—r— —————

—

-

the stem of the valve 25 is hinged a link 27* as at 282,
‘The lower portions of the links 27, 27* are inclined,

while the upper portions extend in a vertical manner
and are bifurcated, as at 27°. Each of the links 22¢,
24+ ig formed with a protuberance 31 which carries a
T-shaped pin 32 extending in the bifurcation 27°.
From such construction it is evident that when the
cut-off 22 is opened a like movement will be imparted
to the cut-off 23 and the cut-offs 24 and 25 will be closed.
When these latter cut-offs are opened the cut-ofis 22
and 23 will be closed. The dotted arrows 12 and 13 in-

dicate the curve described by the levers 27, 27¢ when
disconnected irom the links 222, 242,

In Fig. 7 the
links 27, 27% are shown connected up in working POSi-
tiom.

The large cut-offs or valves 22, 24 are made strong so
as to secure a perfect closure and thus break the pres-
sure that would otherwise bear against the cut-oifs 23
and 25 when the turbine is not in use, but with the full
pressure of working fluid in the branches 508, 50°.
The cut-offs 22 and 24 are provided with a port equal

‘to the internal diameter of the branch pipes 50*, 50",

thus minimizing the construction offered to the work-

ing fluid required upon the disk 21 when rotating. -

The cut-offs 23 and 25 are finely made and graduated
for the purpose of regulating the speed at which the
disk 21 is to be driven. | .

The segment-shaped plates which constitute two of
the elements for forming the compression chambers ¢
are supported through the medium of the inclined barsj
which are adjustably connected to the top.of the sup-

porting standards b. The bars j are secured at their up-
-per ends to the segment-shaped members by the hold-

fast devices 2. The bars j are arranged in pairs, a pair
being positioned at each side of each segment-shaped
member, the bars of each pair being attached to near
ihe end of each of said segment-shaped members. The
lower end of each of the bars j is screw-threaded, as at
42 and extends through a ferrule 34 attached toa cradle-
lug 35 which is secured to a flange 35* upon the top of
the standard b, there being a ferrule 34 at each end of
a cradle-lug 85 so that the cradle-lug 35 will be used in
connection with a pair of rods 3. Upon the screw-

threaded end of the rod j and exterior of the ferrule 34 -

is an adjusting nut 36. |

By the manner of setting up the bars 7 with respect
to the segment-shaped members it 1s evident that the
compression chambers ¢, ¢/, ¢ can be adjusted and in
this connection it will he stated that when the rod j

and cradle-lug 35 have been adjusted the adjustment

of the pressure chambers minutely in their werking
position is effected by turning the nut 36 upwardly or
downwardly upon its bar. By the adjustment of the
nuts 36 upon their bars j the pressure chambers can be
raised or lowered so that the necessary regulation there-
of will be had. |

What I claim 18—

1. An elastic fluid turbine comprising a driving disk
having its periphery formed with a cirecumferentially-ex-
tending series of vanes with each of the faces thereof of

epicycloidal curvature, thereby forming a continuous di-

rect abutment for the motive fluld.

.9 Ap elastic¢ tiuid turbine comprising a driving disk
having its periphery formed with a circamferentially-ex-
tending series of vanes with each of the faces thereof
ot epicycloidal curvature, therehy forming a continuous di-
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chambers opening into the atmosphere

chambers opening into the
cach of said chamhers provided at cach.
cut-offs arranged in each of said.

means for

4.

rect abutment for the motive fluid, and a plurality of
independent expansion chambers communicating with a
motive fluid supply and through which said vanes travel
to receive the impact of the motive fluid, said expansion
and -Suitﬂ.lz}ly spaced
from eaclh other. '

3. An elastice ﬂmd turbine comprising a driving disk

hfwm” its periphery formed with a circamferentially-ex-
tending series of vanes with each of the faces thereol of
epicyeloidal curvature,- thiereby forming a continuous di-
vect abutment for the motive fluid, a plurality of inde-
pendent expansion chambers communicating with a motive
fluid supply’ and through. which said vanes travel to
receive the impaet of the motive fluid, said expansion

chambers opening into the atmosphere and suitably spaced

from each other, and means for

g md chambers.

An elastic fluid turbine comprising a driving dlah
hﬂv]n“ its periphery formed with a circumferentiallyv-ex-
tending series of vanes with each of the faces thereof of
epicycloidal curvature thereby forming a continuous di-
rect abutment for the motive fluid, and a plurality of
jacketed = expansion chambers arranged
each other, communicating with a motive fluid supply and

adjustably supporting

through which said wanes travel to receive the impact of -

the Incoming motive fluid, said expansion chambers open-

ing into the ﬂtmﬂs,.}hme and suitably spaced from mch

cther.

9. An e]astic fluid turbine comprising a drviving disk

having its peviphery formed with a circumferentially-ex-
tending
epicycltoidal curvature thereby forming a continuous di-
rect abutment for the motive fluid, a plurvality of jacketed
expansion chambers ar anged independent. of each other,

communicating with a motive fluid supply and through

which said vanes travel to receive the impact of the in-
coming motive fluid, said expansion chambers opening into
the atmosphere and suitably spaced from each other, ﬂ,nd
means for adjustably supporting said chambers,

G. An elastie fluid turbine comprising a driving disk
having its periphery formed with a circumferentially-ex-

tending series of vanes with each of the faces thercof of

epicycloidal curvature thereby forming a continuous di-
rect abutment for the motive fluid, a plurality of inde-

“pendent expansgion chambers through which said vanes

travel for receiving the impact of the motive fluid, said
atmosphere and suitably spaced
from each other,
end with an inlet port,
ports, the cut-offs in the ports at one end for each of said
chambers alternately operating with respect to the cut-
olfs -in the ports for the other end of said chambers,. an{':l
operating the cut-offs.

7. An eclastie fluid turbine comprising a driving disk

having its periphery formed with a circumferentially-ex- .
tending series of vanes with each of the faces thereof of

epteyveloidal curvature thereby forming a continuous di-
rect abutment for the motive flatid, a plurality of inde-
pendent expansion chambers through which said vanes
travel for receiving the impact of the motive.fluid, said
chambers opening into the atmosphere and suitably spaced
from each other, each of said chambers provided at -each
end with an inlet port, cut-offs arvanged in cach of said
ports, the cut-offs in the ports at one end for each of
saidd chambers alfernately operating with respeet to the
cut-oifs in the ports for the other end of said chambers,
means for operating the cut-offs, and means for ddulbt-
ably supporting .the expansion chambers. | |

8. An elastic fluid tarbine comprising a driving disk
having its periphery formed with & circumferventially-ex-
tending series of vanes with each of the faces thereof of
epicycloidal curvature thereby forming a continuous di-
rect abutment for the motive fluid, a pair of segment-
shaped plates each having the lower portion curved, means
for adjustably supporting said plates, a casting provided
with a pair of ports, said casting interposed hetween said
plates and forming, in counection with the curvilinear por-

fion of said plates, an expansion chamber through which-

said vanes are adapted to passg to receive an impact from
the incoming motive fluid, a nipple opening into each of

independent of

series of vanes with each of the faces thereof of

1 tioned casting,

868,438

*

satd. ports and communicating th a motive filuid supply,

and nieans for alternately closing said ports to reverse-

the operation of the driving disk.

having its periphery formed with a cireumferentially-ex-
tending series of vanes with each of the faces thereof of

epicycloidal curvature therehby forming a continuous  di-

rect abutment for the motive fluid, a pair of segment-
shaped plates each having the lower portion curved,
means for adjustably supporting said plates, a casting

provided with a pair of ports, said casting
between said plates and forming,
curvilinear portion of said plates, an expansion chamber
through which said vanes are adapted to pass to receive
an impact from the incoming motive fluid, a nipple open-
ing into each of said norts and communicating with a
motive fluid supply, and means for alternately closing
said ports to reverse the operation of the driving disk,
sald casting further provided with a chamber con&tltutmb
a Jacket for the expansion chamber. |
10. An elastic fluid turbine comprising a driving dISL
having
tending series of vanes, a plurality of pairs of segment-
shaped plates inclosing portions of the rim of said disk, a
casting interposed between each of said plates and in con-

interposed

nection with the lower portion. of said plates constituting
an expansion chamber through which the vanes travel to

receive an impact of motive fluid each of said castings pro-
vided at each end with a port opening into the expansion
chaniber, a pair of motive fluid supply pipes, a motive fluid
conducting pipes communicating with each of the supply
pipes, a coupling attached to eacl of said motive fluid con-
ducting pipes and having a pair of branches, a nipple pro-

Jecting over a branch. of each of said couplings.and com-

municating with a port at each end of one of said castings,
a motive fluid conducting pipe projecting from the other
hl.:l]th ot one of the couplings and-terminating in a nipple
communicating with a port of another of said castings,
one of said motive fluid supply pipes terminatine at its

“inner ehd with a nipple which communicates with the

a motive fluid
pipe projecting from the other branch of the

other port of the last-mentioned ecasting,
conducting

other of said couplings and terminating in a nipple which

communiciates with the port of the other of said castings,
the other of said motive fluid supply pipes terminating in

a nipple which communicates with a port -of the last-men- .
and means for controlllng the supply of_

motive fluid to sald cagtings.
11. An elastic fluid turbine comprising a driving disk

having its periphery provided with a civecumferentially-ex-

tending series of vanes, a plurality of pairs of segment-
shaped plates inclosing portions.of the rim of said disk, a
casting interposed between each of said plates and in con-
nection with the lower portion of said plates constifuting
an expansion chamber through which the vanes travel to
receive an impact of motive fluid each ot said castings pro-
vided at each end with a port opening into the expansion
chamber, a pair of motive fluid supply pipes, a motive fluid
conducting pipe communicating with each of the supply
pipes, a coupling attached to each of said motive fluid con-
ducting -pip-es and having a pair of branches, a nipple pro-
jecting over a branch of each of said couplings and-com-

_11111111&&111*!‘ with a port at each end of one of said cmtmﬂs
~a motive flnid conducting pipe projecting from the other

branch of one of the couplings and terminating in a nipple
communicating with. a port of another of said castings,
one of said motive fluid supply pipes terminating at its
inner end. with a nipple which communicates ﬁmth the

other port of the last-mentioned casting, a motive fluid

conducting pipe projecting from the other branch of the
other of said couplings and terminating in a nipple which
communicates with the port of the other of said castings,

the other of said motive fluid supply pipes terminating in
a nipple which communicates with a port of the last men-

tioned casting, cut-offs mounted in the ports of each of
sald castings, and means for alternately opening and clos-
ing the cut-oifs in each casting,

12. An elastic fluid turbine comprising a driving: disk

having its periphery provided with a circumferentially-ex- .

tending series of vanes, a plurality of pairs of segment-

9. An eclastic. fluid turbine comprising a driving.disk

in connection with the

'_  1 00

ity periphery provided with a L11'Cumtere11tlal_13r -X-
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shaped plates inclosing portions of the rim of said disk, a
casting interposed between each of said plates and in con-
nection with the lower portion of said plates constituting
an expansion chamber through which the vanes travel to
receive an impaet of motive fluid each of sald cas stings pro-
vided at each end with a port opening Into the expansion

chamber, a pair of motive fluid supply pipes, a motive fluid

conducting pipe communicating with each of the supply
pipes, a coupling attached to,each of said motive filuid con-
ducting pipes and having a pair oinmur_heb, a1 nipple pro-
jecting over a branch ot each of said couplings and com-
municatinge with a port at each end of one of snid castings,
a motive fluld conducting pipe projecting firom the other
bhranel of one of the couplings and terminating in a nipple
communicating with a port of another of said castings, one
of said motive fluid supply pipes terminating at its inner
endl witlh a nipple which communicates with the other port
of the last-mentioned casting, a motive fluid conducting
pipe projecting from thie other branch of the other of said
couplings and terminating in a nipple which communicates
with the port of the other of said castings, the other of
said motive fluid supply pipes terminating in a nipple
which communicites with a port of the last mentioned

asting, cut-oifs mounted in the ports of each of said cast-
ines, means for alternately opening and ciosing the cut-

offs in each casting, and means for adjustably gupporting -

said segment-shaped plates. | |

13, An elastie fluid turbine C(}H'll]l'l*-.lll“ a driving disk
having its periphery provided with a cir cumferentially-ex-
tendine series of vanes, a plurality of pairs of segment-
shaped plates inclosing portions of the rim of said disk, a
casting interposed between each of said plates and In con-

e —— —— . E—— . ——r— - — T

&

nection with the lower portion of said plates constituting

an expansion chamber through whick the vanes travel to
receive an impact of motive fluid each of sald castings pro-
vided at each end with a port opening into the expansion
chamber, o pair of motive fluid supply pipes, a motive finid
conducting pipe communicating with each of the supply
pipes, a coupling attaclhed to each of said motive fuid con-
ducting pipes and having a pair of branches, a nipple pro-
jecting over a Dbranch of each of said couplings and com-
municating with a port at each end of one of said castings,
2 motive fluid conducting pipe projecting from the other
hranch of one of the couplings and terminating in a nipple
communicating with a port of another of said castings,
one of said motive fluid supply pipes terminating at its
inner end with a nipple which communicates with the

other port of the last-mentioned casting, a motive fluid
conducting

communicates with the port of the other of said castings,
the other of said motive fluid supply pipes terminating in
a nipple which mmmunmates with a port of the last men-
tioned casting, cut- offs mounted in the ports of each of
said castings, means for alternately opening and closing
the cut-offs in each casting, means for adjnstably support-
ine said segment-shaped plates, and means for contmlliug
the -.upply of motive fluid to the said supply pipes.

In testimony whereof I have hereunto set my hand in
presence of two subscribing wift nesses. ‘

JOHN HUTCHINGS.

Witnesses :
ALTRED (GEORGE Bmwxms
Jorn CooDn ITARE.

pipe projecting frem the other pranch of the
other of said couplings and terminating in a nipple which
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