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To «ll 1whom it may concer. _

Be it known that I, Eryer S. FArRwELL, a
citizen of th
wood, in the county of Bergen and State of
New Jersey, have invented certain new and

useful Improvements in Turbine-Engines, of

which the following is a spectfication.
This invention relates to and has for an ob-

ject to provide an improved turbine for util-

izing the energy of steam or other elastic ftuid
under pressure.  In suech turbines the poten-
tial energy of the fluid is first converted into
kinetic energy and this transferred to the ro-
tatine element by impinging upon a series of
vanes or buckets fastened thereto.

In the drawings accompanying and forming
a part of this specification an 1llustration of
my invention is shown, wherein—
- Figure 1 is a section a lhttle to one side of
the center of Fig. 2 ,;md on a line cutting the
steam-nozzles. Bm 9 1s asectional view, the

right-hand side w hereof is taken on the see-

tlon- lim‘i running trom the top to the bottom
of Fig. 1and the left-hand side whereof is taken
on such line running from the top to the cen-
ter and then diverging toward the lett and
looking in the direction of the arrow pointed
toward such diverging line. Fig. 3 1s a lon-
oitudinal section showi Ing an arrangement ot
the chambers, valves, and governing mech-
anism for controlling the steam or other elastic
fluid at its successive stages, such view being
condensed and partly diagrammatic for con-
venience of 1llustration. Fig. 4 i1s a segment
of the turbine-wheel, showing the arrange-
ment of the vanes or buckets. Fig. 5 1s ade-
tail view looking at the vanes from the same
direction as 1n Klg.
cross - section and with one of them in the
brocess of being placed in position. Hig. 6
is a section of Fige. 5 on the line 6 6 thereof.

Fig. T1s a side view of Fig. 5. Fig. 8 1s a
detail showine the manner in which the last

ane 1s secured in place. IFig. 9 1s a view of
such vane in the process of being secured.
Fio. 10 is a detall of a valve to change the
initial point of steam-supply, and Kig. 11 1s
2 sectional perspective view of such valve.
In the drawings the device 18 shown as

e United States, residing in Ridge-

4. the vanes shown in

mounted in a casing (designated in a general

~way by 20) which has journal-bearings 21 at

each side, in which 1s mounted a journal or
shaft 22 of the rotatable element. One end
of the shaft in Fig. 2 is shown aa broken
away. At the other end is a cap 23, held in
place by tap-bolts, and in which bearing 1s
provided some suitable bushing.24, which may
be separable, the, journal or %ha,tt having a
series of rings 25 to receive the end thrust.
This thrust-bearing may be provided upon
one or both ends of the shatt, as occasion may
require. The shaft may also be provided
with an oil-ring 26 to work 1n a well-known
manner. |

As illustrated in Fie. 2, the turbine head or
wheel comprises a bﬁdy portion 27, shown as
having a chamber ¢
of lichtness, the body belng cmnpmatwolv
broad at 1ts point of contact with the ; journal

and eradually tapering down to a thm ANN1-
lar portion 29, from which it Q0N INCreases

in thickness, providing a suflicient body 30, of
metal, to carry a suitable seat for the Juc]wtq
or vanes, (designated in a gene
In the present instance two concentric rings
of vanes are shown upon each side of the
wheel, the vanes projecting toward the sides
and substantially parallel with the axisof the
wheel and are organized to travel upon the
respective sides of a ring 32 of guide-vanes or
cooperative buckets in the casing. The walls
of the casing at 33 nearly .ﬂtpl_noach to the

. head or flange portion of the wheel which car-

ries the vanes. Steam is admitted through
nozzles, (desionated in a general way by 34,)so

“that steam will be admitted to each side of the

wheel, thus applying force and pressure to
both sides of the wheel and assur ing an even
running and balance thereof. The admission
of steam to the respective sides may be sunul-
taneously or in sequence of order—that is, al-
ternately. 1t the entire available energy ot
the steam be transtormed into kinetic energ

in a single nozzle, the VE‘]OCIM of the ste“m
would be ver y hig h. It in addition it is in-

tended to absorb this energy by a single ring
of vanes, the velocity of these vanes will be so
If the wheel

high as to be very objectionable.

98 within 1t for the purpose

ral way by 31. )
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1s sufficiently small to run with safety, the
number ot revolutions {o give best efficiency
may be twenty thousand to thirty thousand
per minute. In order to reduce this speed,
resort 1s had to dividing the available energy
into several portions, tracsforming and util-
1zing each portion in a different part of the
mechanism.
machine has been organized to utilize the
steam when divided into nine such portions or
stages; but this number of stages may be
oreater or less, as the necessities of the case
require. The velocity of exit from the noz-
zles will be very much reduced, and by util-
1zing that on two or more rings of moving
vanes the velocity of the vanes may be again
recuced to such a point that the turbine may
revolve at a moderate speed and be coupled
direct to the mechanism desired to be driven
without recourse to reducing-gearing.
not necessary, however, to have an independ-
ent ring or rings of vanes for each successive
stage. DBy arranging the nozzles of the suc-
cesslve stages as %hown in Figs. 1 and 2 the
steam from the nozzles of all the stages will
1mpinge uponthesamering or rings of vanes,
but at different points or stations abont its
path of travel in its revolution.

It may be seen 1n the drawings that the noz-
zles for the jets of steam are openings or pas-
sages through bodies 35, which in the present
instance are annular and are normally organ-
1zed for disassemblage from the structure.
In practice 1t has been found that the nozzles
1n such a structure as is here embodied must
be accurately acjusted to the rest of the or-
ganization and that the passage of steam
through such nozzles under certain conditions

“cuts the nozzles, making it necessary to re-

It

palr the same or to substitute new ones.
the nozzles are made directly in the casing., it
1s with difficulty that they are replaced and
with greater difficulty and frequently with
oreatexpense that the body carryinge the same
may be remade, whereas by this feature of
the invention itis possible to cast a ring which
may be turned down to give it an exact and
steam-tight juncture with the casing and to
drill the holesat the proper angle and to ream
the same out as may be desnud thus giving
a much lighter and SII]‘IHBI body tor the worlk-
man to h_a,ndle and one in which the tools re-
quired forits fashioning may be conveniently
applied. 1t will be seen also by reference to

Fig. 2 that the casing 1s made in two sides or

sections bolted together, having their junc-
ture at about the center of the wheel, and that
two nozzle or jet rings are fastened in place
in the casing by the fastening thereof and
that they have no independent fastening, but
are made to fit within suitably-formed chan-
nels and are held 1n position by bolting the
casing together.

The present improvement contemplates the

65 application of steam at its several stages to

In the 1illustration shown the

It 15
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the same revolving body, the steam being con-
veyed from point to point or from stage to
stage and applied to the rotatable body-—the
wheel or turbine—in such manner that the en-
oine may be directly coupled to its work. The
structure shown in the drawings comtemplates
passing the steam from stage to stage and aun-
tomatically controlling its passage and opera-
tion by valves, permitting the steam to actat
1ts successive stages 1n sequence. There are
provided means to utilize the steam at nine
stages or to divide 1t into nine stages in the
performance of 1ts work. The steam after
its primary admission will traverse nozzles
provided therefor, be directed 1n jets against
the first ring of vanes; pass through the vanes,
having a reaction upon the same, and be di-
rected by the cooperative ring or rings of
guide-vanes upon the succeeding ring of mov-
ing vanes, after which the steam will pass to
a chamber, which may be considered as an
exhaust for this stage, from which it will
pass through a valve into another chamber,
supplying other nozzles, and be directed in
jets against the vanes, again being received
in alarger exhaust-chamber, and so on through
the successive stages. Kach valve is arranged
to automatically control the next, and so on
around the apparatus, the first valve control-
l[ing the initial introduction of steam being ac-
tuated by some movable part of the mechan-
1sSm-—as, for instance, a cam or an eccentric or
some otherconvenient device—andmay be con-
trolled by a governor. In Fig. 1thereisshown
a series of nine chambers, each of which is de-
signated in a general way by 40,and which com-
municate by nozzles to the vanes or movable
part of the engine. It will be seen that each
of such chambers is larger than the chamber
beforeit and that the area of the nozzles or the
combined area of the nozzles of each chamber
progressively increases, the arrangement be-
ing such that the interval of discharge of the
entire contents of each chamber will be the
same for all chambers. Cubic contents of
successive chambers will be proportioned to
the volume delivered by the corresponding

sets of nozzles, depending upon conditions un-

der which the steam 1s to act in successive
stages. DBy reference to Fig. 3 a number of
valves (designated in a general way by 41)
will be seen. This view shows the parts in
their positions at the very instant of the seat-
ing of the valve in the first or left-hand cham-
ber. The valves are located 1n chambers 42,
corresponding to the chambers 42 of Kig. 1.
the outlines of which are shown In dotted
lines, and all communicate with the chambers
40, as will be apparent from such figure and
trom Fig. 2. It will be assumed that steam

from the boiller 1s admitted at 43 and finds ac-
cess within the valve-seat 44 or a portion
thereof through the hollow interior of the
valve 45 and passes the port 46 to the piston
chamber or cylinder 47, where it finds access,
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by means of port 48, toa chamberor eylinder |

49 at the top of a piston-valve 50, which car-
ries, by means of a stem 51, the valve 45.
The steam uncler pressure—say, for instance,
one hundred and ffty pounds—will press
upon the piston 50 at both ends. A spring
52 will hold the valve 45 to 1ts seat, 1ts seating
in the presentinstance comprising a top flange
53, resting upon a corresponding flange 54,
and the bottom flange 55 resting upon a cor-
responding flange 56, whereby the valve 45
closes the chamber 57, but permits ready ac-
cess of the steam-pressure to. the parts be-
vond. The chamber 57 1s at all times 1n tree
communication with the chamber 40. The
cviinder 47 1s closed by suitable glands and
packing 58, through which enters a rod 59,
which will be secured to an eccentric or to
some other device for giving 1t strokes of
equal length.,  Such rod is tastened to a pilot-
valve comprising a body portion 60 of smaller
area in cross-section than the area of the cyl-
inder 47, and such body carries at its ends
pistons 61, having steam-tight hit with the 1n-
terior of such cylinder. Some convenient
nmeans will be employed tor imparting to such
piston-valves strokes of uniform length, but
varyinge the interval during which steam will
be admttted to the chamber 49 according to
theload, the Interval being controlled by some
form of governing device, one form of which
is shown 1n Kig. 3. Attached to the rod 59
15 a lever 111, operated by an eccentric 112.
Lever 111 has a moving fulerum attached to
one end of the bell-crank 113, the other end
of whieh i1s connected to the governor 114.
The eccentric may be assumed to be of such
proportions as to impart to the piston-valve
60 uniform strokes of, say, one inch each.
The range of this strole will be varied by the
position of the moving fulecrum 115, which In
turn 1s determined by the position ot the gov-
ernor. T'he piston-valve 60 may move in the
extreme upper portion of the cylinder 47, so
as never to place the port 48 1in communica-
tion with the pipe 62, or it may reciprocate
in the lower part of the cylinder 47, so as
never to put the ports 46 and 43 1nto commu-
nication, depending entirely upon the speed
which the turbine gives to the governor.

Upon the ptlot-valve occupying the position:

shown 1n Kig. 3 the valve 45 in the first cham-
ber will be held upon its seat and no steam
will be admitted to the chamber 40, controlled
by such hrst valve, and the succeeding valves
will also close in rapid succession, so that no
steam will be admitted to any of the cham-
bers to perform work; but upon the govern-
ing device changing the stroke, so that one of
the pistons 61 will occupy a position below
the port 48, communication will

and steam will be exhausted from such cham-
ber through the eylinder 47 and the pipe 62,
which will then malke the steam-pressure upon

be cutb off
between the boiler-steam and the chamber 49 |

S

the lower end of the piston 50 greater than
the steam-pressure upon 1ts upper end and
will unseat the valve 45 against the pressure
of 1ts spring, permitting the steam within the
chamber 42 to find access through the cham-
ber 57 and the port 63 into the communicat-
ing chamber 40, whercupon 1t will passthrough
the nozzles 1in jets against the ring of vanes,

imparting movenment to thesame and passing

trom such ring of vanesinto the next succeed-
ine chamber 42, which 1n the diagram of Fig.
3 1s the central chamber. The steam when it
oets to this chamber may be considered as at
one hundred and twenty pounds pressure, and
for the purpose of this description 1t will be
assumed that the piston 61 has not been again
ralsed, permitting the valve 45 to remain open,
whereby the charge of steam first admitted
will pass to the second chamber 42 and will
be free to pass through the second chamber
57 1into the next succeedinge chamber 40, and
so on through the various nozzles.  After the
piston 61 has been again raised the hrst or
left-hand valve 45 will assume the position
shown, in which position steam will enter
throueh a by-pass 64 1n the eylinder 49 and
find passage by the pipe 65 to the upper part
of the evliinder 49 of the second valve and
press such valve to its seat. Upon the rais-
ing of the piston-valve 50 the portof the pipe
66 1s opened, so that steam will exhaust from
above the second piston-valve 30 through the
pipe 65, the chamber 49 of the first valve,
and the pipe 66 to the third chamber 42, the
pressure -in which may be at about ninety
pounds. If there are but three valves in the
engine, the last of the series will be exhausted,
the same as the second valve, except the pipe
66 1n this instance will go to the exhaust in-
stead of to another valve. Thus 1t will be
seen that each valve works the next in the se-
ries. The first valve being operated hy some
suttable part ot the engine dominates all the
rest, althougheach valveis controlled by the
valve tmmediately precedine.  The springs
52 may be adjusted by hand-wheels or set-
serews 67.
chambers and three valves. This is for the
purpose of illustration merely, although 1n

bodying the featuwres of my invention where-
in the entire energy of the steam will be util-
1zed 1n three stages; but at e, 1 there are
shown compartments and valves to utilize the
steam at nine stages, the operation being sub-
stantially the same as in Fie. 3, 1t of course
being apparent that the mere multiplication

- of this operating apparatus in the detailed de-

seription would be burdensome rather than

- instructive.  The pipes and various parts in
Fie. 1 have the same reference characters ap-
plied to them as in the diagrammatic tllustra-
tion of Fig. 3, and the pipe 66 from the next
to the last valve-piston cylinder runs into the
exhaust. By this system of controlling the

In Fig. 3 there are shown three
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steam or expansive fluid in its passage from
one point ot utilization to another in the sys-
tem 1t is possible to permit the governor to
control the steam almost Instantly. It will
be seen that atter the governor hasseated the
first valve that valve will seat the others, and
the steam will be held imprisoned in the sev-
eral compartments 42 until such a time as the
oovernor permits the first valve to become ac-
tive, In its turn opening the others. If the
oovernor only controlled the first valve and
permitted the steam which had passed 1t to
escape through the jets at all thestages, the en-
oine might run away with itself and do dam-
age; but by this organization all the valves
are automatically closed by the engine respon-
sive to the closing of the first valve.

The vanes or buckets and the guide-vanes
may be arranged in channels about the wheel
and about the casing, which channels in prac-
tice may be undercut, and each vane will have
a steam receiving or working body portion 71
and a base 72, conforming to the undercut
channel. The vanes may be placed in posi-
tion, as shown in Fig. 5, inserting them side-
wise into the channel, then turning them to
position, as 1s shown in fuall-line and dotted-
line position. The ends of the base are
dodged-—that 18, the front face 73 ot one end
1s on a line with the rear face 74 of the other
end, which line 1s at about right angles to the
faces 75 of such ends. "This confcrmation
permits the bases to readily turn in a channel
of their own width. The .

last one or two vanes,
however, cannot be so positioned, owing to

‘there being no room in which they may turn.

When the vanes are being placed in the chan-
nel, they may be driven up tightly together
by means of slight blows of a hammer, and as
the workman approaches the completion of
the ring of vanes he will decide how many
vanes the space will take and will drive the
vanes tighter together or will pass around the
circle with some convenient implement and
slichtly separate the same, somewhat after
the manner a compositor justifies his type,
after which the end vanes will be inserted.
These last vanes will have some other means
of securement than turning them to position,
and to accomplish the setting of the last vanes
the same may be provided with split ends 76,
as seen 1n Figs. 8 and 9, and may be held 1n
place by a suitable wedge 77, the wedge be-
ing placed 1n position, the vanes driven in, as
shown in Fig. 9, and into the position shown
in Fig. 8. The vanes may be provided with
ﬂleads 78, which may rest one against the other
to Steacly the vanes.

After the vanes have been justified they may
be “‘staked” in, so that the sides of the vane-

bases will be securely clamped 1n position and
prevent any movement of the vanes relative
to the body which carries the same.

Engines of this class are frequently con-
nected to work in such a manner that addi-

| 91 to the position shown in Fig. 12.

78%,90%

tional load will be thrown upon them sud-
denly, whereupon 1t will be necessary to in-
stantly and automatically compensate forsuch
changes even at the expense of using a greater
amount of steam for a short period. Simi-
larly an increased demand for steam results
from a loss of vacuum due to the condenser
being overburdened or for some reason refus-
ing to act. It will be seen 1n Fig. 1, as was
heretofore pointed out, that the area of the
nozzles or the sum of the area of the nozzles
for each of the stages increases, so that under
normal conditions and getting the full benefit
of the steam the steam will be first applied in
jets of the smallest and minimum area; but
when the additional load is thrown upon the
engine by shifting the entry of steam to noz-
zles of larger area than that of the first set of
nozzles more power can be brought to bear
upon the vanes, and at each successive stage
of such admission of steam more power will
be had, although a greater amount of steam
will be consumed for each initial charge. DBy
cutting out the nozzles of smallest area a less

- number of nozzles 1semployed and the steam

is used at a less number of stages, 1t being di-
vided into a smaller number of successive
stages. The foregoing shifting of nozzles

may be automatically accomplished by the

means shown in Figs. 1 and 10. Steam 1s ad-
mitted to the engine by the port 80 and passes

7 0

75

30
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95

to the first of the chambers 40 by the conduit

81. The port 80 is within a valve-chamber or
steam-box 82, havinga valve 83 therein, adapt-
ed to seat on a seat 84 to throw the steaminto
conduit 81 and to seat on a seat 85 to throw
the steam into a conduit 86, leading to the sec-

100

ond or a later chamber 40. The double-faced

valve 83 carries a stem 87, upon which is fast
a piston 88, mounted in a cylinder 89, the head
90 of which cylinder is removable. To con-
trol the valve 83, a pilot-valve 1s employed
(shown in Fig. 10) which comprises a cylin-
der 90, in which is mounted a piston-valve 91,
which comprises a reduced body portion and
a palr of enlarged ends 92 and 93, having
working steam - tw'ht it with the cylmder
At one end of the cylmdet is a coiled spring
94, adjusted by means of a set-screw 95. The
chamber 96, containing the spring, 1S con-

105

I'1O

115

nected, by means of the pipe 97, to the con-

denser. When avacuum 1s maintained in this
chamber, the atmospheric pressure acting
through the opening 98 overcomes the ten-
sion of the spring and pushes the valve 91 to
the opposite end. In this position the cylin-
der 89 is exhausted through conduit 99, the
reduced portion of valve 91, and by-pass 100
to the condenser, when the steam-pressure on
the under side of the piston 88 raises the valve
83 to the seat 84, admitting steam to the first
chamber by way of conduit 81. Should the

. vacuum 1in the chamber 96 be destroyed in-

any manner, the spring 94 will shift the valve
In this

120
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position steam will enter the cylinder 89
through the now open port 101, supplied tfrom
the conduit 102 trom the main steam-pipe
103, which supplies the port 80 and by the
aid of the spring will throw the valve 83 onto
the seat 85, admitting steam to the second or
succeedine chamber 40 through the conduit
S6.  The vacuum 1n chamber 96 may be de-
stroved either as a result of the condenser
losing its vacuum or by the governor opening
the vacuum-breaking valve 104.
load require more steam than the full capac-
1ty of the nozzles 1n the tirst stage, the gov-

ernotr will break the vacuum in the chamber

96, but not in the condenser, and shift the
valve 83 to the seat 85, and when the load be-
comes less agnin the governor will close the
vacuum-breaking valve 104 and the valve 83
will return to its normal seat 84, as alrveady
described.  The same actions will tollow the
loss of vacuum by the condenser. In the lat-
ter case, as fewer stages are required to ex-
pand the steam to atmosphere when maintamn-
ine approximately the same ratio of expan-
ston, an exhaust 105 1s provided on the ex-
haust-chamber 42 from one of the later stages.
On this outlet 105 isanautomatic reliet-valve
set to open at any predetermined pressure.
As the construction of this relief-valve is well
known 1n the art and forms no part of my 1n-
vention, it i1s not shown in the drawings.
When the valve 83 1s shifted to admit steam
throueh the passage 86 to one of the later
stages, 16 18 necessary to have a valve 106 to
prevent the steam from flowing backward
through the chamber 42 to the vanes of the
wheel, which would result in considerable loss
of steam. This valve 1s also operated auto-
matically by a small pilot-valve 107, similar
to that shown in Fige. 10.  When a vacuum 18
maintained, this valve 107 will remain open,
and when the vacuum i1s destroyved steam is
admitted back of the piston 108, toreing the
valve to its seat, the pipes 109 and 110 corre-
sponding to conduit 102 and pipe 97.

The present form of engine utilizes the
steam 1n each of several successive stages and
passes the same at each stage through thesame
ring of vanes, which ring may either be one
or more contiguous rings, the steam being
passed through the same several times. In
the present instance the device is shown as

capable of passing the steam through sueh

ring of vanes nine times. The nozzle area
through each stage increases from the first to
the last stage, and when load 1s thrown upon
the engine steam may be admitted to the sec-
ond ora later chamber, so as to uttlize the en-
lareed area of the nozzles from such ehamber.
By this means it 1s possible to admit steam
through large nozzles without having a mul-
tiplication of unnecessary nozzles which will
only be used as such ocecasions of emergency,
but which will be normally inactive. In this

Should the !

- through the ring of

organization all the nozzles are normally ac-

tive, the steam being admitted at a different
point to take advantage of the condition of the
nozzles at such later period.

Although this invention is described as op-
erated by steam, it may equally well be oper-
ated by any other elastic fluld without depart-
ing from the spirit of my invention.

Having deseribec

»ed my invention, 1 claim—

1. In a turbine-engine, the combination
with a rotatable element having upon it a ring
of vanes, of chambers about the path of move-
ment of suchelement; nozzles fromsald echam-
bers to pass steam to the vanes; chambers to
receive the steam after i1ts passage, the same
to store 1t for a subscquent passage; auto-
maticallyv-controlled valves to admit the steam
from the second chambersinto the first cham-
bers for such subsequent passage.

2. In a turbine-engine, the combination
with a rotatable element having upon each side
of 1ts periphery a number of concentric rings
of vanes or buckets, of a ring of guide vanes
or buckets cooperative therewith; a series of
chambers about the path of movement of the
buckets upon each side of the element; a sec-
ond series of chambers about such path; noz-

zles for admitting fluid from the respective

chambers of the first series through the buck-
cts and into the chambers of the second series;
ports between the several chambers of the
second series and the respective chambers of
the first series: valves to control such ports:
steam-controlled means to actuate the valves
successively one from the other; and gov-
ernor-controlled means to actuate one ot the
alves.

3. In a turbine-engine, the combination
with a rotatable element having uponita ring
of vanes or buckets, of a series ot chambers
about the path of movement of such element;
a sccond series of chambers about such path;
nozzles for admitting fluid from the respective
chambers of the first series through the ring
of buckets and into the chambers of the sec-
ond series; means of communicating between
the several chambers of the second series and
the respective chambers of the hrst series;
-alves for controlling such communication;
and steam-controlled means for actunating the
valves successively one trom the other.

4. In a turbine-engine, the combination

with a rotatable element having upon itaring

of vanes or buckets, of a series of chambers
contiguous to the path of movement of such
element; a second series of chamberscontigu-
ous to such path; automatic means to control
the admission of steam to one of the cham-
bers of the first series; nozzles for admitting
fluid from one of the first series of chambers
" buekets and into one of
the chambers of the second series; means of
communication between such chamber of the
second series and the succeeding chamber of
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the first series; a valve to control such com-
munication; and steam-actuated means to con-
trol the valve.

5. In a turbine-engine, the combination
witha wheel having about its perimeter a ring
of vanes disposed substantially paralle! with
the axis of the wheel; a ring of nozzles for
directing the jets of steam upon the vanesthe
prolongation of the line of jet forming a se-

sant to such ring; a series of chambers out-

side of the nozzle-ring to receive steam and
discharge the same through the nozzles; a se-
ries of chambers within the nozzle-ring to re-
spectively receive the steam d lscharﬂ'ed from
the several chambers of the first series; and
automatically-controlled means to admit the

respectively Into the chambers of the first
series.

6. In a turbine-engine, the combination
with a wheel having about its
of vanes disposed substantially parallel with
the axis of the wheel; a ring of nozzles for
directing the jets of steam upon the vanes the
prolongation of the line of jet forming a se-
cant to such ring; a series of chambers out-
sidle ot the nozzle-ring to receive steam and
discharge the same through the nozzles: a se-
ries of chambers within the nozzle-ring to re-
spectively receive the steam discharged from
the several chambers of the first series: and
automatically-controlled means to admit the
steam trom the chambers ot the second series
respectively into the chambers of the first
series, but each to a later chamber than that
trom which 1t received the steam.

7. In a turbine-engine, the combination
with a casing, of a Whee Joumaled therein:
a ring of vanes carried upon each side of the
perimeter of the wheel; means to divide the
expansion ot steam into several stages; a valve

‘and port to control the passage of steam from

one stage to the next stage; and automatic
means to actuate said valves.

8. In a turbine-engine, the combination
with a casing, of a wheel journaled therein:
a ring of vanes carried upon each side of the
perimeter of the wheel; means for supplying
steam at several successive stages to such vanes
upon each side; and automatic means to con-
trol the steam at each stage.

9. In a turbine - engine, the combination
with a casing, of a wheel journaled
a ring of vanes carried upon each
perimeter of the wheel; means for supplying
steam at several successive stages to such
vanes upon each side; a series of valves to
control the steam at each stage; andautomatic
means to actuate the valves.

10. In a turbine-engine, the combination

with the casing, of a turbine-head mounted
therein; vanesupon the turbine-head;

organized to direct steam upon the vanes:
and a series of chambers for supplying por-
tions of the nozzles successively with steam;

perimeter aring

therein;
sicle of the !

nozzles
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a governor-actuated valve to control the ad-
mission of steam to the first chamber of the
series; and valves to control the admission of
steam to each succeeding chamber, each actu-
ated by the preceding valve.

11. In a turbine-engine, the combination
with a turbine-head carrying a number of
vanes, of a number of chambers sarrounding
the same, chambers upon the opposite side of
the ring of vanesto receive the fluid; and valves
for ftdmltmnﬂ the fluid from one receiving-
chamber to the next supply-chamber in se-
quence.

12. In a turbine-engine, the combination

with a rotatable body and a ringe of vanes car-

ried thereby, of means to direct steam upon
the vanes at successive stages; a chamber for
each of such directing means proportionate
to each of the others to discharge in equal
timing therewith; a chamber to receive the
steam at each stage atter 1ts passage through
the vanes:; a valved conduit from each of the
respective receiving-chambers to the next suc-
ceeding primary chambers; and means to ac-
tuate the valves of such conduits in sequence.

In a turbine-engine, the combination
with arotatable body and a ring of vanes car-
ried thereby, of means to direct steam upon
the vanes at successive stages: achamber for
each of such directing means proportionate to
each of the others to discharge in equal tim-
ing therewith; achamber to receive the steam
at each stage after its passage through the
vanes; a valved conduit trom each of the re-
spective receiving-chambers to the next suc-
ceeding primary chambers; and antomatic

means to actuate the valves of such conduits:

In sequence.

14. In a turbine-engine, the combination
with a rotatable body and a ring of vanes car-
ried thereby, of means to direct steam upon
the vanes at successive stages; a chamber for
each of such directing means proportionate to
each of the others to discharge in equal tim-
1ng therewith; achamber to receive the steam
at each stage after its passage through the
vanes, a valved conduit trom each of the re-
spective receiving-chambers to the next suc-
ceeding primary chambers; and means con-
trolled by the steam-pressure to actuate the
valves.

15. In a turbine-engine, the combination
with a rotatable body and a series of buckets
carried thereby, of nozzles to direct steam
upon such buckets; a number of chambers
each constituting a steam-chest for a distinc-
tive portion of the nozzles; ports thereto from
the chambers; a valve to control each of such
ports; yieldable means to seat the same: a
piston-valve cylinder adjacent to each valve

closed at one end and open to the steam-pres-

sure of the chest at the other end: a piston-
valve within each cylinder and carryving the
valve; a slide-valve cylinder open at one end
to the steam at the pressure of the firststeam-
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chest; a port from the median portion ot the
slide-valve cylinder to the closed end of the
frst valve-cylinder: a port from such slide-
valve eylinder at a point beyond such portto
the second
ing such that the slhide-valve may admit steam
to the closed end of the first valve-cylinder to
hold the valve on itsseat, and upon movement
may exhaust from such eylinder into the sec-
ond chest and permit the first valve to open;
a port from each valve-cylinder at a position
to be closed by the movement of the piston-
valve to the open end of the cylinder and
opened by the said piston-valve when at the
closed end of the cylhinder to the closed end of
the nextsucceeding cylinder; a by-pass adapt-
ed to be opened and closed by said respective
movements of the piston-valve to the steam-
chest to passsteam from one chest through such
port to thecylinder of the next piston-valveto
cause thesame to open and close responsive to
the opening and closimg of the previous valve;:
a port from each piston-valve eyhinder to the
second succeeding steam-chest and trom the
next to the last of the series to the exhaust,
and opened to the ports from the sueceedinge
piston-valve eylinder by the opening of the
valve, whereby one valve upon its opening
permits the next succeeding valve to open,
and upon closing permits the same to close.

16. The combination with a movable cle-
ment, of tmpact-receiving members thereon;
means to direct jets of steam therecon: a num-
ber of steam-chests: a port from each steam-
chest to a portion of the jet-directing means:
a valve to close each port: vieldable means to
close each valve; meansto maintaina balanced
steam-pressure on each side thereof; means
to exhaust from one side of the first of the
closing means to overbalance the yieldability
thereof; and means controlled by each valve
to overbalance the yieldability of the closing
means of the next succeeding valve.

17. In a turbine-engine, the combination
with a wheel, of a casing therefor divided
Into two portions on substantially the plane
of the center of the wheel: means to secure
saicdl portions together; a ring of buckets on
each side of the perimeter of the wheel:; a pair
of nozzle-rings one for each side of the wheel
and held in place by the securement of the cas-
ine: a series of chambers about the path of
movement of each of such rings of bucikets
and I communication with the respective
nozzle-rings; asecond series of chambers ad-

jacent to each of the hrst series and adapted
to recelve Huld after its passage through the
nozzles and the buckets; means of communi- |

cation between the several chambers of the
second series and the respective chambers of
the tirst series upon each side of the wheel;
valves for controlling such communication;
and Huid - controlled means to actuate the
valves successively one from the other.

13. In a turbine-engine, the combination

steam-chest, the organization be-

74

with a wheel, of a casing therefor divided nto
two portions; means to seeure sald portions
together; buckets on the perimeter of the
wheel: a nozzle-ring held in place by the se-
curement of the casing; a series of chambers
about the path of movement of such wheel and
In communication with the nozzle-ving; a sec-
ond series of chambers adjacent thereto and
adapted to receive fluid after 1ts passage
through the nozzles and the buckets; means
of communication bhetween the several cham-
bers of the second series and the respective
chambers of the first series; valves for con-
trolling such communication; and tluid-con-
trolled means to actuate the valves succes-
sively one from the other.

19. In a turbine-engine, the combination
with a wheel carrying vanes; of means to di-
rect steam upon the vanes at each of several
successive stages: a port to pass the steam
from one stage to the next successive stage;
alves to control such ports; means controlled
automatically by the load to actuate the lirst
valve; and means controlled by such lirst
valve to actuate the balance of the valves 1n
sequence.

20. In a turbine-engine, the combination
with a rotatable body:; of buckets or vanes
carried thereby to receive steam at each of
several successive stages; chambers to divide
the steam into a number of stages; nozzles

communicating trom such chambers to the

buckets; asupply; avalve to control the steam

at its supply and direct the same into the first

or a succeeding chamber; and comprising a
valve having a seat at each end; ports run-
ninge from the said seats to the said respective

chambers: a piston carried by such valve; a

cvlinder for the piston; a pilot-piston adja-
cent thereto open at one end to the exhaustand
at the other end to the atmosphere; aspring tor
pressing the piston against the atmosphere; a
chamber medially disposed in such piston; a
port from the supply to such chamber; a port
from such chamber to the piston on said valve;
a by-pass around the piston to make communi-
cation between the port going to the valve-
piston and the port to the exhaust; and gov-
ernor-controlled means for breaking the vac-
uum in such port.

91. In a turbine-engine, the combination
with a wheel having buckets thercon; of cham-
bers to receive steam at each of several suc-
cessive stages; nozzles to pass the steam to the
buckets; chambers to receive the steam and
pass 1t to the next successive chamber; a sup-
ply: an exhaust; o valve to direct the steam
into the first or the succecding chamber;
means controlled by the governor and by the
exhaust to actuate said valve; a valve to pre-

ber when cut out; a piston carried by said
valve:; a pilot-valve to control the same open
at one end to the exhaust and at the other end
to the atmosphere; a chamber in sach pilot-
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valve: and ports controlled by the same to ad-

mit steam to such piston or to exhaust from

the same; and means connected to the gov-
ernor to actuate the same.

922. In a turbine-engine, the combination
with a wheel carrying vanes; of means to di-
rect steam upon the vanes at each of several
successive stages; a port to pass the steam
from one stage to the next successive.stage;
valves to control such ports; means controlled
automatically by the load to actuate the first
valve; and means controlled by such first
valve to actuate the balance of the valves 1n
sequence and comprising yieldable means to
seat the valves; a slide-valve cylinder open at
one end to the steam at the pressure of the
first stage; ports controlled by the slide-valve
to open and close said valves; and governor-
controlled means to actuate the slicde-valve.

23. In a turbine-engine, the combination
with a rotatable body, and vanescarried there-
by; of means to direct expansive fluid under
pressure upon the vanes at successive stages;
means to receive the fluid from each stage
after its passage through the vanes; ports to
admit steam from such means to the next set
of nozzles; valves to control such ports; and
automatic means to actuate the valves in se-
quence.

24. In a turbine-engine, the combination
with a rotatable body, and a ring of vanes

carried thereby; of means to direct expansive

uid under pressure upon the vanes at suc-

cessive stages; means to receive the fluid from

each stage after its passage through the vanes;
ports to admit steam from such means to the
next set of nozzles; valves to control such

ports; and means automatically controlled by

the load to actuate said valves.

25. In a turbine-engine, the combination
with a wheel carrying a ring of vanes; means
to direct steam upon the vanes at each of sev-
eral successive stages; a port to pass the steam
from one stage to the next successive stage;
a valve to control such port: and means to
actuate the valve in sequence.

96. A turbine-engine having a rotary ele-
ment carrying concentric rings of vanes; a
casing therefor having vanes interposed be-
tween the vanes upon said rotary element:
means to direct steam successively against
said rings of vanes at each of several portions
thereof; and automatic valves to control the
admission of steam to such several portions.

27. Inaturbine-engine, employing steamat

several successive stages: a governlng mech-
anism comprising a series of valves to control
the admission of Steam to such stages; means
to actuate the first valve; and means con-
trolled by such first valve to actuate the bal-

ance of the valves in sequence.

28. In a turbine-engine, a governing mech-
anism comprising a series of valves all of
which are in active operation; means to actu-

787,907

ate the first valve; and means controlled by
each valve to actuate the next succeeding
valve.

29. In a turbine-engine employing steam at
several successive stages; a governing mech-
anism comprising a series of valves to control
the admission of steam to such stages, and
means to periodically actuate said valves 1n
sequence. |

30. Inaturbine-engine, employing steam at
several successive stages; a governing mech-
anism comprising a valve for each stage;
means to close each valve; means to maintain
a balanced steam-pressure on each side there-
of: means to exhaust from one side of the
first of the closing means, to open the valve;
and means controlled by each valve to open
the next succeeding valve.

31. In a turbine-engine, the combination
with a casing, of a wheel rotatable therein and
carrying a number of rings of vanes; and a
nozzle-ring for each ring ot vanes, the nozzle-
rings severally constituted for disassemblage
from the engine.

32. In a turbine-engine the combination
with a wheel, of a casing therefor divided on
substantially the central plane of the wheel;
means to secure the portions of the casing to-

cether; means on the wheel to receive the 1m-

pulse from jets of steam; and a ring perfo-
rate with nozzles todirect jets upon said means
and held between the portions of the casing
by said securing means.

33. In a turbine-engine the combination

with a wheel, of a casing therefor divided into

two portions on substantially the plane of the

center of the wheel: means to secure said por-
tions together; a ring of buckets on each side
of the perimeter of the wheel; and a pair of
nozzle-rings one for each side of the wheel
and held in place by the securement of the
casing.

34. In a turbine-engine, the combination
with a body carrying vanes; of aseries of sets
of nozzles delivering intermittently jets ot
steam against such vanes; a chamber supply-
ing each set of nozzles, each chamber and 1ts
set, of nozzles being proportioned to discharge
its contents 1n equal time with that of every
other chamber and set of nozzles.

35. In a turbine-engine the combination
with a body carrying vanes, of a series of sets
of nozzlesdelivering intermittent jets of steam
against such vanes in sucecessive stages; a se-
ries of chambers each supplying a set of noz-
zles, such chambers having a progressively-
increasing cubic capacity proportionate with
the discharge capacity of their respective sets
of nozzles, that the contents of every cham-
ber shall be discharged in equal intervals of
time.

36. In a turbine-engine the combination
with a plurality of expansion-chambers to ac-
commodate the successive stages of steam in
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its work; of ports to the respective chambers |

progr eSSIVE‘lT increasing in delivery capacity;
means to sul)plx steani; an exhaust;: and means
controlled by the load to determine at which
chamber the steam shall be supplied.

49. In a turbine-
witha member having an llmlmcut channel for
the reception of vanes, of a seriesof vaneseach
having a flaring base portion whereby the

- vanes may be sucured within such channel,

S

engine, the combination 65

37 In a turbine-engine, the combination | and means to secure the last vane of the ring 7o
with a plurality of e xpalmun chambers to ac- - comprising a vane having an uululufllmwult.l
commodate the successive stages of steam in | to the width of the channel, a splitin such end,
its work: each successive chmnbe adapted to | and a wedge to spread the same to embrace the
contain steam at alower pressure; of portsto undercut.
the1espectwe chanibers progressivelyincreas- | 43. In a turbine-engine, the combination 75
ino in delivery capacity; means to supply ' with a member, of an undercut channel there-
steam: a primary exhaust; and automatic | in; buckets carried thereby and comprising a
means to connect one of the chambers contain- )()dx portion, a base pmtlon to enter the said
ine steam below atmospheric pressure with a | channel and h{u ine end faces flaring to fit the
wwmlan exhaust. same, such end faces disposed upon thmespecﬂ 80

. In a turbine-cngine, the combination j tive smles-, of a line transverse to their planes

wit.h a body adapted to be driven by steam, of | 44, In a turbine-engine, the combination

a series of expansion-chambers effective 1n se- with a member, of an undercut channel there-
quence upon said body at successive stages of | inj buckets carried thereby and comprising a
the steam each ata lower pressure; ports frony lmd\ portion, a base portion to enter the said 83
chamber to chamber progressively increasing | channel and having end faces flaring to fit the

in delivery capacity:; means to exhaust by | same, such end faces disposed upon the re-
aenum from the end of the series: means to | spective sides of a line transverse to their
supply steam to the first or a succeeding cham- | planes, and heads to abut each other

ber of the series: means controlled by loss of | 45. In a turbine-engine, the combmation 0O
vacuum to wdmit steam to the second or a sue- | with a wheel, of an undercut channel therein;
coeding chamber; and means also controlled | buckets carried therchy and comprising a body

by loss of vacuum to connect one of the cham- | portion; a base portion to enter the said chan-
bers normally containing the steam atna pres- | neland having end taces flaring to it the same,
sure below atmosphere w ith the atmosphere. | such end faces disposed upon the respective 95

39. In an envine, the combination with a | sides of a line transverse to their planes, and
body adapted to b 11 iven by steam, of a series | vanes having bases split to receive wedees to
of expansion-chambers effective in sequence | cause the same to conform to the channel.
upon sald body at successive stages ot the 46. In a turbine-engine, the combination
steam: ports from chamber to chamber pro- | with a rotatable bhody and a series of buckets 100
oressively increasing in delivery capacity; | carried thereby,of nozzles to direct steam upon
means to exhaust by vacuum from the end of | such buckets; a number of chambers each con-
the series: means to supply to the beginning | stituting a steam-chest for a distinctive por-
of the series: and means controlled by loss of | tion of the nozzles: - a valve to control the ad-
vacuum to cut out one or more of the ports | mission to cach of such chambers; a cylinder 105
and chambers at both ends of the series. adjacent to each valve open to the steam-pres-

10. In an engine, the combination with a | sure of the chest at one end:; a piston within
body dd.—l[)t(‘d b0 e duve by steam, of a series | each cylinder connected to the valve and op-
of expansion-chambers effective in sequence | erating as a valve to contr ol the succeeding
upon said body at successive stages ot the | valve: “and means for controlling the lirst valve 110
steam; ports from chamber . to chamber pPro- of the series.
gmnmwl} increasing in delivery capacity; 47. In a controlling mechanism for a tur-
means to exhaust by vacuum from the end of | bine-engine, the combination with twoormore
the series: means to supply to the beginning | valves s and seats [orming exits for correspond-
of the series: and automatic means to cut out | ing chests, of a cylinder adjacent to each valve 113
one or more of the ports and chambers at the | closed at one end and open at the chest at the
beoinning of the series. other end; a piston within such cylinder con-

41. In an engine, the combination with a | nected to and operating the valve; a pilot-
hody adapted to bedriven by steam, of a series | valve controlling admission to and exhaust
of expansion-chambers effective in sequence | from the closed end of the cylinder; ports in 120
upon said body at successive stages of the | the cylinder so placed that the [)1&_»1]0!1 working
steam; ports from chamber to ch .:lllll)f‘l pro- | in the eylinder will control the admission to
ummngl\ increasing in delivery capacity; | and exhaust from the closed end of the sue-
means to exhaust by vacuum from the end of | ceeding cylinder; and means for operating
the series; means to supply to the beginning ' said pllot valve. | [25

of the series: and means controlled by the load |
to cut out one or more of the ports and cham-
bers at the beginning of the series.

48. In a turbine-engine the combination
with a rotatable bod,\, of buckets or vanes
carried thereby to receive expansive fluld at
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each of several successive stages; chambers to
divide the steam into a number of stages; a
supply; and a valve to control the fluid at its
supply and direct the same into the first or a
succeeding chamber.

49. In a turbine-engine the combination
with a rotatable body, of buckets or vanes
carried thereby to receive expansive fluid at
each of several successive stages; chambers to
cdivide the steam into a number of stages; noz-
zles communicating from such chambers to
the buckets; a supply:; and a valve to control
the fluid at its supply and direct the same into
the first or a succeeding chamber, and com-
prising avalve having a seat at each end; ports
running from said seats to the said respective
chambers; and means for automatically shift-
ing the valve from one seat to the other.

50. In a turbine-engine the combination
with a rotatable body, of buckets or vanes
carried thereby to receive expansive fluid at
each of several successive stages: chambers to
divide the fluid into a number of stages; noz-
zles communicating from such chambers to

the buckets; a supply: and a valve to control |

the finid at ItS supply and direct the same into
the first or a succeeding chamber, and com-
prising a valve having aseat at each encl; ports
running from the said seats to the said respec-
tive chambers; a piston carried by such valve,
a cylinder for the piston, a pilot-valve adja-
cent thereto adapted to control the port to
sald valve- piston; and governor-controlled
means tor operating said pilot-valve

51. In a turbine-engine, the combination
with a wheel having buckets thereon; of cham-
bers to receive steam at each of several suc-
cessive stages; nozzles to pass the steam to the
buckets; chambers to receive the steam and
pass it to the next successive chamber; a sup-
ply; an exhaust; a valve to direct the steam
into the first or a succeeding chamber:

controlled by the governorand by the exhaust
to actuate said valve; a valve to prevent the
back pressure reaching the first chamber when

neans |
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cut out; and antomatic means for operating
sald valve.

52. In a turbine-engine, the combination
with a wheel having buckets thereon: of cham-
bers to receive steam at each of several suc-

cessive stages:; nozzles to pass the steam to the
buckets; chambers to receive the steam and

pass it to the next successive chamber; means
controlled by the governor and by the exhaust
to actuate said valve; a valve to prevent the
back pressure reaching the first chamber when
cut out; a piston carried by sald valve mov-
ing 1n a suitable cylinder:; a pilot-valve to

control the admission to the exhaust from the

cylinder; and means for opera,tmﬂ said pilot-
valve.

53. In a turbine-engine, the combination
with a casing having a series of chambers
formed therein separated by partitions inte-
gral with the casing; of a nozzle-ring slightly
comcal on 1ts surface; a surface of %ald cas-
ing and partitions correspondingly conical;
said nozzle-ri Ing when in place forming one
wall of the said chambers and making a thht
it with said casing and partltlons and means
for securing said nozzle -ring in place.

54. In a turbine-engine “the combination
with a member, of an undereut channel there-
in; buckets carmed thereby and comprising a
bod; portion, a base portion to enter the said
channel equal In width to the width of the
channel; a split in such base and a wedge to
spread the same to embrace the undercut.

55. A bucket for a turbine-engine compris-
ing a body portion, a base portion having op-
posite faces substantially parallel:; a spht 1n
such base and a wedge to spread the same for
the purpose of fastening.

Signed at Nos. 9 to 15 Murray street, New
York, N. Y., this 1st day of December, 1903.

ELMER 5. FARWELL.

Witnesses:

CHaas. Livoxn RUC;SDLL
C. A. WgED.
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