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To ol whvory 76 muar corneern:

Beit knownthat I, Eoyer S, FarweLL,a citi-
zen of the United States, residing in Ridge-
wood, 1n the county of Bergen and State of
New Jersey, have invented certain new and
useful Improvements in Turbine-Xngines, of
which the following 1s a specification.

This invention relates to and has for an ob-
ject to provide an improved turbine-engine.

These present improvements have to do
with 2 motor or engine wherein an elastic ex-
pansive fluid under pressure 1s utilized or
forced to perform its work at a number of
suceessive stages 1n 1ts expansion, and in the
embodiment of the invention illustrated here-
in the expansive fluid, which may be steam,
is caused to pass from point to point at its
buckets of a rotary body, thereby 1mpelling
the same forward, in the present instance at
a transverse direction in angular movement
to that at which the steam 1s admitted.

In the drawings accompanying and forming
a part of this specification a form of my in-
vention is Hlustrated, wherein—

Figure 1 1s an end view, partly shown in
central cross-section. Kio. 2 18 a side view,
partly shown in central longltudmal.5@@1}1011.
Fig. 3 is a detail of adevice for changing the
admission-point of the fluid.  Fig. 4 1s an en-
larged cross-section of a thrust-bearing at the
right-hand end of Fig. 2, taken at about the
region of the outermost otl-hole. Fig. 5 15 a
detaill of a valve which may be employed to
assist certain parts of the device, and Fig. 6
1s a detail of a relief-valve.

The worlking parts are shown within a cas-
ing designated inageneral way by 10and which
has at each of its ends a bearing or bearing-

casing 11, in which are a number of bushings !

supporting the journals 12 of ashaft 13, upon

which the wheel or turbine 1s mounted. Such ;

wheel or turbine in the present Instance in
the form illustrated herein comprises two sec-
tions 14 and 15. Kach has its hub fitted upon
a portion 16 of the shatt, one abutting a col-
lar 17 and the other clamped against it and
held in place by means of a nut 18.

The portion which 1s arbitrarily indicated | the next

- of less diameter than the

————re e - . o

?

. same 1n jets.

by the character 14 has a flange 19 project-
ing outwardly ortoward the adjacent bearing,
the perimeter of which flange will constitute
a portion of the body of the drum, the wheel
1n the present instance being in the form of
a drum.

The portion of the wheel arbitrarily indi-
cated by 15 has a flange 20 projectine to-
ward 1ts adjacent bearing and which flange
wlll constitute another portion of the drum.
In the present instance the flange 20 1s shown
» flange 19, Between
he bodies 14 and 15 ’.s fastened a ring 21,
having Hanges 22, secured by bolts 23 to such
body portions and which flanges are formed
to malke-shoulders 24, resting behind shoul-
ders 25 upon the respective portions of the
wheel, whereby the ring is sccurely held i
place without respect to its bolts.  Such por-
tion of the drum 1s shown as of less diameter
than the first portion of the drum and of a
diameter intermediate the portions of the
drum comprised by the flanees 19 and 20.

The perimeter of the drum is shown as car-

ryine the buckets or vanes for receiving the
impact or force of the steam or other tiuil
1in the propulsion of the turbine or wheel.
T'here arve shown herein for the purpose of
Hustration nine riges of vanes 26, three car-
ried by each of the respective portions of the
drum referred to, and the last three rings are
shown as having vanes considerably longer
than the other vanes. T'he vanes are shown
as having wedged or tlaring edges 27 takine
into cor IOﬁ])Oil{llIlU chambers mouml the per-
imeter of the drum.  Iach ring of vanes is
shhown as running adjacent to a nozzle-ring,
(designated 1n a general way by 30.) which
nozzle-rings are cach separate from the others
and separate from the casing and may be slid
Into position. The steam will be recetived in
a chamber 31 back of the first nozzle-ring and
will enter the nozzles 300, passing through the
The first set of nozzles will be
suflicient in area to deliver the steam at a de-
sired velocity and durine a determined inter-
val of time. T he stean will then be received
into a chamber 32, where 1t will pass through

L nozzles, which will be of larger area,
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and will impinge upon the vanes or buckets
of the second ring, entering a chamber 33,
from which it will pass through the third noz-
zle-ring into a chamber 34, and so on through

the respective nozzles, rings of vanes, and .

chambers 35, 36, 37, 38 and 39, from which
latter chamber it Will PASS through the last
nozzle-ring and the last ring of buckets or
vanes into the exhaust 40, which may be con-
nected to a condenser, and a vacuum may be
maintained in such exhaust.

Each chamber will be proportioned to re-
ceive and discharge the steam at each of the

several successive stages in the same inter-

val as the other chambel s receive and deliver.
In the first ring of nozzles there might be
but two no&zles 1n the second a larﬂ‘er num-
ber, all in the same line. The seventh ring
might have nozzles in two rows and the ninth
have the same in three, and the last ring may
have nozzles around its entire area, thus dis-
charging steam through the entire ring of

vanes into a chamber 4:1 which 1s located at

one end ot the casing ‘md 1S 1n communica-

tion with the exhaust.-and 1n which chamber

the last ring of vanes travels.
Steam will be received from some suitable
source (not shown) by a pipe connected to a

coupling, (shown at 50,) which coupling is

shown connected and in communication with
a pipe 51 to supply steam to different points
upon the circumference of the drum, at the
present instance at the top and bottom.
arein theillustration passage-ways,chambers,
&e.. at two different points, two being em-
ployed in the present instance for the pur-
pose of convenient illustration and shown at
the top and bottom for similar reasons and to
avold needless repetition. When the position
““top” or ‘“bottom” or the expression “"up?”
and ‘‘down?” are used, I do not mean that
my invention must arbitrarily worlk in such
positions and directions, but that the draw-
ings in their positions on the sheets so show
them and this description has followed the
dmwmﬂg for the sake of simplicity and ease.
The upper port and slide-valve only are
shown in Fig. 2, the casing at that region be-
ing broken away. In the lower compart-
ments the parts will be substantially the same.
The pipe 51 comprises a steam-chest, in which
is located a suitable slide-valve. The port by
which the steam passes to the first chamber
comprises an annular chamber 52, partially
formed by a bushing 53, and a passage 54 1n
direct communication with the first chamber
81. The bushing 53 acts as a bearing for the
slide-valve 55, which has ports 56 through 1t
to admit steam to the top of the chamber or
steam-chest, which is closed by a cap 57, hav-
ing a gland or stutling-box 58, through which
the stem of the slide-valve passes. The stem

59 1s shown as hollow and permitting the pas-
sage of the stem 60 of the lower shde-valve.
The stem 59 1s pivoted to a lever 61, which is

There

78'7,980

pivoted at 62 to one end of an arm 63, car-

ried upon a rock-shaft 64, and is pivoted at

65 to an eccentric-rod 66, having an eccentric-
strap 67, embracing an eccentric 68 upon a
shaft 69, which is geared by reducing-gear to
the main shaft of the engine.

The stem 60 is connected to a lever 70,
which is pivoted at 71 to the other end of the
arm 63 and is pivoted at 65 to the eccentric-
rod 66. The rock-shatt 64 has fast thereon
an arm 72, which is pivoted to a link 73, piv-
oted at 74 to one end of a bell-crank lever

75, which is pivoted at 76 to a bracket 77
from the frame of the engine, the other end

of which bell-crank lever has forked ends em-
bracing pins 78 on a collar 79, running 1n a

oroove in a sleeve 80, mounted upon the shaft

69 and constrained to rotate therewith by a
spline 81. Such collar is connected to a ball-
governor comprising balls 82 and springs 33
and a collar 84, wherebv upon the rapid rota-
tion of the shaft and the flying apart of the
balls the link 73 will be raised and the posi-
tion of the fulerum 71 and 62 will be changed.
The fulerum 62 will be lowered and the ful-
crum 71 raised, thus changing the position
of the path of movement of the slide-valves
without changing their length of stroke, so
that the amount of the uncovering of the
valve from the steam-chest will be regulated,
or the strokes of the slide-valve may be idle,
owing to the position thereof, until the Speed

of the wheel has been suﬁimently reduced to

permitthe governor- -balls to assume their nor-
mal
and close the ports in regular .order. Upon
the governor - balls fallinﬁ‘ suffcient]y to
chanﬂe the fulcrum the port may remain open
contmuouslv., there being sufficient lead re-
spectively above and | selow the ports for the

slide - valves to move without covering the

ports at all.
In Fig. 3 a device is shown whereby the

steam may upon the governor dropping be-
low the position to keep the ports contintously
openopen a port 90 in the bushing 53, leading
to a port 91 in the pipe 51, which port 90 leads
into a passage-way 92, leadlno‘ into the ¢ 13-
ber 33, whereby the steam w111 pass to a pomt
WhBIelt will be dISChd,I oed in much larger jets
than the jets in the first ring, permitting the

steam to be used In greater volume, but also

requiring, as is obviOUS, a larger amount of
steam. This would happen whenthe governor-
balls drop below the normal condition of low
rotation—as, forinstance, falling off 1n steam-
pressure,iner eased load being thrown uponthe
engine, or loss of vacuum in the condenser.

As was before pomted out or indicated, the
slide-valve will be reciprocated with strokes of
constant length, the governor having a tend-
ency toshift the path in which such excursions
take place or the region of their happening, ac-
cordingly as the speed mayriseortall. Atcer-
tain conditions of the governor the slide-valve

position, when the slide-valve will open
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will reciprocate and will maintain both the |

ports 52 and 90 closed. At other times it will
leupl ocate and regularly open and close the

port 52, holding the port 90 closed, at which
time thfu stcam will act at intervals or by im-
pulses. Still greater change in the condition

of the governor will hold the port 52 continu-
ously open and the port 90 closed, and a still
further change in condition will leave the port
52 continuously open and will open and close
regularly the port 90, so that the steam will
wml tfrom the clmmber 99 at 1ntervals or in
impulses, and in cases of abnormally excessive
loadd according to the present organization
both ports may remain continuously open.
Assuming that the steam admitted into the
chamber or by-pass 92 is at boiler-pressure,
no steam will pass through the chamber 54,
but steam at 1)01101-1)1"0551119 will remain 1dlv
in stch chamber and 1n the chambers 31 and

32, the steam then passing as it is permitted
by the shide-valve through the by-pass 92 and

through the nozxﬁe 200 from the chamber 33.
When steam is admitted by intermittent par-
tlal openings of the port 90, the steam pass-
ing through the by-pass 92 will be below
boiler-pressure. Then it may beassumed that
a certain amount of steam will pass through
the passage 54, and when the two streams meet
they will be at the same pressure. The
amount of steam which will pass throueh the
passage 54 when communication is open to
the by-pass will be dependent upon the pres-
sure in the by-pass below boiler-pressure. In
SUC
1s thrown into the engine, and in case of loss
of vacuum 1t may be desirable to exhaust it
at an earlier period, and a port 93 is provided
for such exhaust, which will be provided with
an automatic relief-valve to open and close the
same, a valve for which purpose is shown in
Fig. 6 and comprising a casing 175, adapted
to be secured to the intermediate exhaust 93
and wherein there isa valve-seat 176 and plate
177, seating thereon. The plate is shown as
carrylng a stem 178, traversing a stufling-box
179 10 the cover of the casing. A weighted
lever 180 may be attached to the stem for seat-
ing tie valve. This device acts in the nature
of a relicf-v alve, and uvon the vacuum or the
predetermined condition of pressure materi-
ally rising in the exhaunst the plate will
litted from its seat against the weight and the
compartments or w OIng faces betweb_n the
intermediate exhaust and the exhaust will be
cut out. If an unweighted plate or valve
were placed in the intermediate exhaust, when-
ever the pressure in the exhaust rose to such
an extent that the pressure in the chamber
communicating with the intermediate exhaust

rose above atmosphere then such intermediate |

exhaust would become active: butin the pres-
ent organization 1t is contemplated that the
pressure 1n the exhaust must rise more than
enough to raise the pressure at the chamber

1 emergencles increased amount of steam !

DG

5

1ate exhaust
Consequently a welghtis

communicating with the intermed
above atmosphere.
provided.
more or less weight may be used, as oceasion
may demand, the valve may be unencumbered
by a welght, or may in certain conditions be
counterpoised.

The reductions in the diameter of the perim-
eter of the drum, as before referred to, will
produce certain shoulders 94, having radially-
projecting taces, so that steam in the chambers
34 and 37 will have a tendency to exert a pres-
sure upon such radial faces and induce the
wheel toward the left-hand end—the end from
which the steam comes. Steam will escape
around the left-hand end of the head or wheel,
escaping from the compartment 31 into the in-
sicle of the flange 19, which may be reearded
as constituting a chamber 95.  This escape of

steam will be gradual, of course; but neverthe-

less there will generally be steam in the same,
and as the compartment 41, which communi-
cates with the compartment 96 within the
flange 20, 18 In communication with the ex-
haust, which will frequently be a vacuum. the
pressure in the echamber 95 will in many cases
overbalance the pressure against the radial
SthUlLILIS as reduced by the vacuum within
the chamber 96. To maintain such balance,
1t may be desirable to connect some device to
the shatt or some part of the head, so that
pressure being overbalanced the 1_){11th will
immediately be regulated, the balancinge of
the pressure on the turbine-head, and be per-
mitted to again float In 1ts bearings. The
shaft 1s shown as carrying a sleeve 100, hav-
ing a channel in which is carried a collar 101,
to which pins 102 are attached, they beine
received by the forkedend 103 of a lever 104,
pivoted to a bracket 105 and havine at its end

an elongated slot 106, receiving a pin 107 of -

a piston -stem 108, which enters through a
sultable stutling-box 109 a chamber 110, which
controlsa steam-valve having a piston 111 for
reculating a valve within a u)ndmt 114, con-
necting: tlle chamber 95 w 1th the exhaust.
Bll(‘ﬂ\ the operation of this steam-piston is
as follows: Steam will be admitted at 113 to
the cylinder 110. The eylinder
within 1t a ('loul le-headed piston or a piston
having two heads 114 and 115 and between
which heads or the chamber between the same
the steam or other operating Huid 1s admitted
af the inlet 113. The principle of the device
15 that a slight movement of the piston-rod
108 will place the parts in position so that
the steam will be ported to one end or the
other of the cylinder 110 and exhausted from
the other and produce a greater movement of
the valve-stem 111 and in the same direction.
When the valve-stem 108 18 moved down, the
valve 116, which 1t carries, will also be moved
down and will open communication through
the port 117 to the interior of the body of the
piston, where 1t will pass by a channel 118 in

In other orecanizations of course
e

has located
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the piston 116 and pass through the opening |
119 to the upper end of the head 114 and press !

such head down, which is rendered possible by
the steam within the lower end of the casing
being exhausted through the opening 120, the
port 121, the chamber 122, and out through
the hollow stem 111 to the port 123. When
the piston moves in the opposite direction or
upwardly of course the upper part ot the cyl-
inder is exhausted and steam 1s admitted to
the lower part. Thusit will be seen that when
the wheel is overbalanced by the pressure
within the chamber 95 exceeding the pressure
upon the radial shoulders as reduced by the
vacuum within the chamber 96 the shaft will
move toward the right and will draw the stem
108 in the direction which would be upwardly
in Fig. 5, causing the valve or piston within
such cylinder to move in the same direction
and open a valve between the chamber 95 and
the exhaust, and immediately upon the bal-
ancing of such pressures the turbine will float
back to its normal position and cause the parts
to close, when the same will run evenly until
the overbalancing again should take place. By
this means a ﬂoatmﬁ' turbine is had, and i in
this instance 1t may be stated that the specific
means for maintaining the balance of pressure
at the respective ends of the turbine-wheel
may be altered as the various occasions re-
quire, the present being shown for the pur-
pose of illustration.

It may be found desirable in certain em-
ployments of the mechanism to provide a
thrust-bearing. In Fig. 2 one of the bear-
ing-casings 11 is shown in longitudinal sec-
tion, and the shaft within such casing 1is shown
with a plain bearing portion 125 and a por-
tion 126 provided with rings. The plain or
bearing portion may be supported by a suit-
able bearing member, in the present instance
supported by floating bushings, and the ring
portion may be incased in thrust-bushings.
The bearing-casing i1s shown as having within
it a split bushing 127, conforming to the cas-
ing and held from rotation therein by means
of a spline, (shown in dotted lines by 128.)
Within such bushing 1sa floating bushing 129,
having a working fit with the Sha,tt but. h*me'
a loose fit with the sur rounding bushmg, per-
mitting an oil-cushion between them. The

ﬁoa,ting bushing 1n the form herein shown is !

provided with rings 129" to prevent it from
longitudinal movement and with a wing 130,

entering a chamber or seat 131 1n the bushing

127 to prevent rotation of such floating bush-
ing. To support the dead-weight of the tur-
bine when the engine is not running or is not
running rapidly, sultable chambers 182 may
be provided and supplied with elastic cushions,
shown as springs 133. After the engine be-

comes free in itsrunning the turbine will float -

in its bearings, as 1s well known.
The end of the bearing-casing 1s closed by
a suitable cap 134, removably held in place by

|

787,980

tap-bolts 185, and has within it a bushing 136,

abutting at one portion the cap and resting
against the split bushing 127, whereby the cap

will hold the same in place. A suitable soft
packing 138 may be provided at the inner end
of the casing, so as to prevent air leaking into
the chamber.

It will be noticed that one portion of the
rings upon the shaft has radially-projecting
faces 139 and faces 140 sloping toward one
end and that the other portion has its radial
faces projecting in the opposite direction, as
are also the sloping faces, this afording bear-
ings against thrust in different directions.
One section of the thrust-bearing portion of
the shaft is illustrated seated in a split bush-
ing 141, held in place by means of a bushing
142, adjusted by a set-screw 143. The other
section may be surrounded by a split bushing
144, having its end reduced to form a shoulder
145 to receive a head 146 of a set-screw 147.
By means of the set-screws 143 and 147 the
several bushings or sections constituting the
thrust-bearing may be shifted longitudinally
in the same direction or may be shifted in op-
posite directions, so as to adjust the position
of the wheel and also to adjust its limit of
movement or to prevent 1t having any move-
ment in an axial direction. A number of oil-
holes 148 are shown, and oil will be freely
supplied to the bearing. The shaft may be
surrounded with a number of oll-rings 149,
running within a chamber 150, so that the
centrifugal force will throw the o1l into the
chamber, which chamber 1s in communication
with the chamber 40, which is connected with

70
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the exhaust, so that oil will be drawn into the

“bearing, the oil of course maintaining the

bearings tight, so that they will not leak to
disturb the vacuum: but the vacuum will have
a tendency of keeping the parts well oiled by
a continuous flow of oil, and the oil-rings will
prevent the oll running along the shaft and
cetting into the parts of the device where it
is not desired.

Fig. 4 is taken on about the position ot the
outermost oil-hole and shows the wvarious
bushings held in their place by means of a
key 151. 1t will be noted that the key 128
not only holds the bushing 127 in place, but
also the bushing 138.

It will of course be apparent that many
details of construction may be made in prac-
tice without departing from the spirit of my
invention, which is not limited to the precise
details of the present illustration.

Having thus described my invention, 1
claim— -

1. A turbine-engine having 11p0n 1ts rotary
element a series 01L vanes; a series of ports of

progressively-increasing area to admit an ex-

pansive fluid thereto and arranged at various
points about the path of rotation ot the said
vanes: means to convey the fluid supplied to
the vanes from one port to the next port in
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the progression; a passage leading to the first

port; a passage leading to a subsequent port
in the progression; a single valve adapted to

acdlmit steam to either of said passages in im- |

pulses; and governor - controlled means to
shift the range of activity of said single valve
from one to the other of said passages.

A turbine-engine having upon its rotary
elemeut a series of working faces to receive
the influence of an expansive elastic fluid: a
series of ports of progressively -increasing
area to admit the fluid thereto and arranged
at various points about the path of rotation
of the said series of faces: means to convey
the fluid supplied to the working faces from
one port to the next port in the progression:
a chamber leading to the first port: a cham-
ber leading to a subsequent port in the pro-
oression; a port in communication with each
of sa1d chambers; asingle slide-valve for said
ports; means to reciprocate the slide-valve,
and means to change its region of reciproca-
tion.

3. A turbine-engine having upon its rotary
element a series of workinge faces to receive
the influence of an expansive elastic fluid: a
series of portsof progressively-inereasing area
to admit the fluid thereto and ar ranged at va-
rious points of utilization about the path of
rotation of the said series of faces; means to
convey the fluid supplied to the working faces
from one port to the next port in the pro-
oression; means to supply the fluid to the
first port; an exhaust normally connected
with the last point of utilization: means con-
trolled by the load to shift the c;upply bo a
subsecuent port 1n the progression: and
means controlled by the pressure in the ex-
haust to shift the connection of the exhaust

to an earlier point of utilization.

4. In a turbine-engine, the combination
with a series of vanes arranged at different
points along the perimeter of a turbine-head,
of means to supply steam to the rings at one
end of the head, an exhaust at the other end
of the head and means controlled by the pres-
sure 1n the exhaust to exhaust the steam from
a point intermediate the said supply and the
sald exhaust.

5. In a turbine-engine, the combination
with a casing, of a rotary element supported
therein; means for driving the rotary ele-
ment by the action of an elastic fluid at sue-
cessive expansive stages; means tfor produc-
ing a pressure toward the supply end of the
engine; and means controlled by such rotary

element for maintaining an equilibrium be-
tween said pressure, and pressures tending to

move the rotary element in the opposite di-
rection.

6. In a turbine-engine, the combination
with a casing, of a rotary o] sment supported
therein, adapted to receive a pressure toward
he discharge end, the diameters of successive
portions of which decrease toward the dis-

N — e —— il

charge end receiving a pressure toward the
supply end; means for driving the rotary ele-
ment by the action of an clastic fluid at suc-
cessive expansive stages and means for equal-
1z1ng the said pressures.

(. In a turbine-engine, the combination
with a casing, of a rotary element supported
therein, the diameter of successive portions
ot which decreases toward the discharge end;
a series of rings of vanes upon the perimeter
thercof; means for supplving steam to said
anes, which when so supplied acts on the de-
creasing area of said rotary element to press
the same toward the supply end of the engine:
a chamber formed by the head of the rotary
clement and the casinge at the supply end
adapted to contain Stmm.,, causIing a pressure
toward the discharge end: and means for
maintaining an cquilibrinum between said pres-
SUTeS.

3. In a turbine-engine, the combination of
a casing carrying Journal-bearings, of a tur-
bine having journals supported ]n satd bear-
ings and embodying a drum portion, a series

of rings of vanes upon the perimeter thereof

to receive the reaction of steam at 1ts succes-
sive expansive stages, the diameter of succes-
sive portions of the drum decreasing and hayv-
ing shoulders adjacent thereto w ith substan-
tmllv radially extending taces directed away

from the supply end of the engine: means to

supply steam to the ring of vanes at the first
stage; means to exhaust from the ring of
vanes at the last stage; chambers formed b
the drum, its respective shoulders and the
casing and when containing steam tending to
cause the turbine to press toward the supply
end of the engine; a chamber formed by the
head of the drum and the casing at the sup-
ply end; a chamber formed by the casing and
the drum at the exhaust end; a conduit hav-
ing a valve connecting said chambers at the
respective ends of the drum: and means con-
trolled by the turbine when the pressure
upon the head of the drum at the supply end
1s not balanced by the pressure upon the
sald racdial shoulders and the head of the
drum at the exhaust end to actuate said valve.
9. In a turbine-engine, the combination ot
a casing carrying journal-bearings, of a tur-
bine hwmu Journals supported by said bear-
Inmgs and embmh ing a hub portion, a series of
rings of vanes upon the perimeter thercof to
receive the reaction of steam at its successive
expansive stages, the length of the vanes of
the respective rings progressively increasing
trom stage to stage and the diameters of the
portions of the hubs respectively carrving the

same correspondingly decreasing and having

ars adjacent thereto with substantially
v extending faces directed away from
the supply end {)f the engine; means to sup-
ply steam to the ring of vanes at the first
stage; means toexhaust from the ring of vanes
af the last stage: chambers formed by the hub

shoulde
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and 1ts respective shoulders and the casing
and when containing steam tending to cause
the turbine to press toward the supply end of
the engine; a chamber formed by the head of
the hub and the casing at the supply end; a
chamber formed by the casing and the hub at
the exhaust end; a conduit having a valve con-
necting said chambers at the respective ends
of the hub; and means controlled by the tur-
bine when the pressure upon the head of the
hub at the supply end is not balanced by the
pressure upon the said radial shoulders and
the head of the hub at the exhaust end to ac-
tuate said valve.

10. In a turbine-engine, the combination

with a casing having journal-bearings, of a
turbine having journals carried by said bear-

ings and embodying an enlarged hub, a series

~ of rings of vanes upon the perimeter thereof

20

25

to receive the reaction of steam at 1ts succes-

sive stages, the length of the vanes increas-
ing from the first stage to the last stage and
the diameters of the portions of the hub re-
spectively carrying the same correspondingly
decreasing and having shoulders adjacent
thereto with substantially radially extending

 faces such faces directed away from the sup-

30
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ply end of the engine; means to supply steam
to the first ring; means to exhaust from the
last ring: chambers formed by the hub, 1ts
respective shoulders and the casing and when
containing steam tending to cause the turbine
to shift on its journals toward the supply end
of the engine; a chamber formed by the head
of the hub and the casing at the supply end

and adapted to receive leakage steam; a cham-

ber formed by the casing and the hub at the
exhaust end and open to the exhaust; a con-
duit having a valve connecting said chambers
at the respective ends of the hub; and means
controlled by the turbine in its movement in-

- cident to the unbalancing of the pressure be-

tween such radial shoulders and the head of

the hub at the exhaust end and the head of the

hub at the supply end to open and close said
valve and maintaln the balance.

11. In a turbine-engine, the combination
with a casing having journal-bearings, of a
turbine having journals carried by said bear-

ings and embodying a series of rings upon the

perimeter thereof to receive the reaction of
steam at its successive stages, the turbine hav-
ing shoulders with substantially radially ex-

- head of the t

¥87,980

tending faces such faces directed away from

the supply end of the engine; means to sup-
ply steam to the first ring; means to exhaust
from the last ring, chambers formed by the
turbine, its respective shoulders and the cas-
ing and when containing steam tending to
cause the turbine to shift on its journals to-
ward the supply end of the engire; a cham-

ber formed by the head of the turbine and

the casing at the supply end and adapted to
contain steam; means to supply steam there-
to: a chamber formed by the casing and the
urbine at the exhaust end and
open to the exhaust; a conduit having a valve
connecting said chambers at the respective
ends of the turbine; and means controlled by
the turbine inits movement incident to the un-
balancing of the pressure between such radial
shoulders and the head of the turbine at the
exhaust end and the head of the turbine at the
supply end to open and close said valve and
maintain the balance. *

12. In an engine, the combination with a
casing, of a wheel rot‘ltable therein; means
for driving the wheel by the mﬂuence ot
steam; a shaft upon which the same is mount-
ed; and a valve controlled by such shaft in its
longitudinal movement to equalize the pres-
sure tending to move the shaft endwise.

13. The combination with a casing, of a
shaft: a steam -driven wheel mounted upon
the shaft and located within the casing and
making compartments at each end thereof;
and means controlled by the longitudinal
movement of the shaft incident to unequal
pressures within such chambers at the heads
of the wheel to open and close a port between
such chambers.

14. In asteam-engine the combination with
a casing, of a turbine journaled therein and
having an amount of play ]c:mo1131:1(1111&11*5:r of
1ts _]Olllﬂdlq an exhaust open to the casing at
one side of the turbine, a compartment with—
in the casing at the other side thereof, and
means controlled by the longitudinal move-
ment of the journals to balance the pressure
upon the respective sides of the turbine.

Signed at Nos. 9 to 15 Murray street, New

Yorlk, N.Y., this 18th day of December, 1903.
ELMER S. FARWELL.
Witnesses: |
Cuas. Livon RuUsseLL,
FreED. J. DoOLE.
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