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No. 7535774.

UNITED STATES

Patented Mereh 1, 1904.

PATENT OFFICE.

JAMES WILKINSON, OF BIR’\/II\T(IHAM ALABAMA ASSIGNOR TO THE WIL-
KINSON STEAM TURBINE (JOMPANY A CORPORATION OF ALABAMA '

—

_GOVEF!N_ING M'EA_NS FOR ELASTIC-F-LUID TUFIB_INES_.' _f

SPECIFICATION fermmg part of Letters Patent No. 7 53 774, dated Mereh 1 1904

(Ne mndel ) |

| Anpheetmn ﬁled J anuery 12, 1904 Serml No, 188 763

To all whom it may concern:

Beit known that I, JAMES WILKINSON, a citi-

zen ot the United Sta,tes1r residing at Blrmmo‘-
ham, in the county of Jefferson "and State of
A]ebema have invented new and useful Im-

provements in (Governing Means for Elastic- |
Fluid Turbines, of which the tollowing is e'

specification.

My invention relates to 1mprovements In
elastic-fluid- governing means for turbines and
rotary motors, which 18 particularly adapted

for use with multlple-stewe turbines, wherein
the flow of fluid is controlled by Velves in the

nozzles connecting the several stages:
It 1s the obJect of my invention to reduce

the waste of the valve-controlling fluid and in--
‘crease the economical operation “of the motor-

by using an impact pressure-governor, which
forms the subject-matter of a separate eppllce-
tion, to control the supply-valves and adapting

the supply valves to control the admission of

a relay-actuating pressure to passages leading
to rows of valves across the stages and to
cause the exhaust-pressure from the passages
to do useful work by discharging it into the
supply-nozzles.

ling valves is subsequently converted into ve-

~ locity and delivered against a rotor or bucket

30

wheel, whereas it has been. the general prac-

tice heretofore to exhaust it into the atmos-
phere or condenser or into a lower stage,

- when one or more of the fractions of its veloc-

35 .
- struction and arrangement of parts hereinafter

described, and more particularly pointed out

40

1ty abstraction 1s lost.
My invention further comprises the con-

1n the elelms, reference being had fo the ac-
companying drawings, in Whleh--—-

Figure 1 is aside view, partially in section,
of a three - stage turbine, showing the con-
troller-nozzle and the governor means there-
for in elevation. Kig. 2is a vertical sectional

- view broken away and taken on a curved

45

plane through the first two stages of a tur-
bine and llluetretmj:r the D‘OVBPHOF-HOZZIB and

a series of'turbine supply and stage valves,

and also showing a portionof the inner casing

with the outer shell removed. Fig. 31san en-

struction comprises
phragm-partitions 2, a,nd a shell formmO‘ an
exhaust-chamber 3, which interlock, and are
surrounded by a etrenﬂ'themno'-shell 4, pro--
vided with a shoulder 5, engaging a corre-
sponding “shoulder 6 around the shell 8.. I

provide an-annular mternel channel 7 within
‘| -the shell and insert therein a locking-strip 8,

suitably bolted to the shell by tap-screws 9 and
provided with a flange which engages the sup-

In this manner all the fluid-
- pressure utilized for the purposes of control-

of rotating buckets form workmﬂ‘ passages

through a stuffing - box 15, secured to the
.heed 1 and reeessed to receive the packing-

block, “whose 1nwerdlv disposed shoulder 18
18 1nternelly channeled at 19 to receivea pack-

- larcred transverse seetlonel vView. showmo' in 50
,srde elevation a supply and a stage Velve and
their respective operating means.

Similar reference-numerals refer to the same

partd throughout.

The turbme eccordmfr to my preferred con- 55
supply head 1, dia-

60

ply-head 1. - The bWo supply a.nd exheuet ends
and the mtermedla,te sections are held firmly

1n position against internal pressure between
the shoulder 5 and the locking-strip 8.

The

compartments into which the interior of the 7o

turbine is divided by the dia phragms 2 form

stages, within each of WhICh rotates a wheel

10, promded with a peripheral row of buckets
11, disposed opposite to the supply-nozzles

12 and the stage-nozzles 13, leading through 75

the supply - head 1 and the sueceedmfr dle—- ;

phragms, so as to deliver the motor fluid
at an angle against the rotating buckets.

In

this manner the succeeding noz,ales and rows
80

within Wthh the motor fluid is freetlonellv'

converted into velocity, which is transmitted

by wheels 10 to the turbine-shaft 14, to which
they are rigidly keyed. This shatt extends

ring 16, which rests upon the top of a re-
cessed ﬁller - block 17, inserted within the
stuffing-box 15, and mounted upon a similar
90 .

Ing-ring 20, Whlch engages the side of an an-
nular automatic’ pressure - reducing ring 21,

such as isdescribed inmy Patent No. 7: 39 965.
This ring moves between two rotating seats
22 and 23, rigidly secured to the said shaft,

the former being held against a vertical move-
ment by the nut 24, engaging suitable threads

95
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on the shaft. This pressure - reducing ring
leaves a clearance around the shaft for the
oraduated flow of pressure betweenit and 1ts
two seats, which flow is controlled by the au-
tomatic movements of the rings, seénsitive to
the differential in the pressutres above and be-
low it. This action being fully described in

iy Letters Patent aforesaid will not be fur-
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of the turbine.

ther referred to herein, except to point out an
improvement whereby it 1s my 1ntention to
dash-pot the movements of this ring. With
this object in view I provide an annular shoul-
der 27 on the top of shoulder 18, and I also

form the flanged portion25 of the ring, which

is digposed within the low-pressure chamber,
on its under side with an annular channel 26,
into which said shoulder 27 enters and fits sut-

ficiently close to act as a piston with a dash-

pot effect to prevent undue oscillation or sud-
den movements of the ring 21. It will be seen
that I provide a series of three of these auto-
matic pressure - reducing rings 21, the inter-

mediate one of which moves between two ro-

tating seats 23 and 1s mounted in an annular
block 28, held between the block 17 and the
head-section 1. The lower pressure-reducing
ring is mounted in a channeled shoulder 29,

formed integral with the supply-head of the

turbine, and movesbetween the lower seat 23
and the shouldered hub 30 on the wheel 10 1in
the first compartment. In this manner the
several rings act automatically to gradually
reduce the pressure existing in their respec-
tive low-pressure chambers, so that in con-
junction - with packing 16 they practically
overcome a leakage of pressure about the shaft
from the first stage. 1 dispose one of these
automatic rings 21 between the central open-
ingin each diaphragm 2 and the shaft, the chan-
nel 19 and packing-ring 20 being here disposed
within said diaphragm. It will be noted that
the hub of the wheel on the second compart-
ment is not shouldered, as at 30, so that the
ring 21 moves between this top surface and
the hub of the wheel above it as seats. Here
the shoulder 27 is formed integral with the
under surface of the diaphragm, and the hub
10 is provided on either side with tubular ex-
tensions 31, forming sleeves surrounding the
shaft” opposite the two lower diaphragms.
Similar sleeves surround the shaft between
the several wheels and also between the seats
23 and serve as distance-sleeves between these
parts, by which they are held firmly in place
between a shoulder 82 on shaft 14 below wheel

10 and the nut 24. These sleeves also have
the effect of reducing the area of the clear-

ance between the rings and the shaft and also

to protect the shaft from the action of steam

or other motor fluid. The lower wheel 10 1s
disposed immediately above the exhaust or
condenser chamber 3, which is preferably of
the same diameter as the wheel-compartments
and forms a continuation of the inner casing
This permits the shell 4 to be

753,774

slipped down after the locking-strip 8 has been

removed until it rests on aflanged foundation-
plate 83, rigidly secured in place by cap-
setews 34 between the end plate 35 and the

inwardly-flanged end of the wall of chamber

3. Theshaft14 extends centrally through the
exhaust-chamber and is mounted in- an end
bearing 36, which is preferably adapted to
support the shaft on oil circulating under high

pressure through pipes 37 and 38 through

said bearing. ' I preferably place within the
chamber 3 a circular condenser or feed-water
heater 39, having water-legs 40 40, connected
by tubes 41. Water is admitted by pipe 42
to one of said water-legs, and after circulating
through tubes 41 and the other head is with-
drawn through pipe 43. The usual exhaust-
port 44 is also provided, as well as an outlet-
opening 45 for the water of condensation in
the exhaust-chamber. |

|  Motor fluid is admitted by an inlet-port 46

70

75

30

to an annular supply-passage 47, formed with-

in the enlarged periphery of the head 1, and
disposed nearer to the shaft center than the
row of supply-nozzles 12, to which it delivers
motor fluid through branch passages 48, bored
substantially radially from the periphery ot
the head into passage 47 and intersecting the
nozzle-passages. I close these passagesbeyond
the nozzles by inserting plugs 49, preferably
having elongated bodies and screw-threaded
heads, which engage countersunk threads at

QO

95

the outer ends of passages 48. These passages

may be formed in any desired manner; but I
prefer this manner because of economy 1n con-
struction. Asshown in Fig. 2, I provide each
of the nozzles 12 with a differential reciprocat-
ing supply-valve 50, which comprises heads 51

100

and 52, mounted integral upon the stem 53 of

a piston 54. Around the upper periphery ot
the supply-head 1 I bore a series of chambers
threaded at their upper ends and internally
shouldered to form a seat for the sectional
cylinder for the piston 54 and seats 55 and
55% for heads 51 and 52, respectively, of each
valve 50. The lower portion of this chamber
torms the induction end of the nozzle 12, and
to increase the economy of construction I pro-
vide a block 56, which is inserted in this lower
portion and provided with a passage forming
the intermediate curved portion of the noz-
zle, whose delivery end leads from this block
at an acute angle to the plane of rotation ot
the bucket-wheel 10. The branch passage 43
admits motor fluid to the lower portion of the
chamber 57, within which the head 51 of the
valve is disposed. This pressure has access
to the head 52, which moves pressure-tight in
an open cylinder 58 between the reduced
lower portion of chamber 57 and the en-
larged upper portion 59. The lower face of
heads 51 and 52 and seats 55 and 56 therefor

105

ITO

115

L2C

125

are beveled. The stem 53, carrying valve 50,

passes. through a suitable stuffing-box 640,

seated on the first shoulder in the chamber. -

130
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groove and filler-block 80.
ner passages 72 and 73 lead through shell 61-
65 and the head to similarly-formed channels .in |

753,774

"A tubular shell 61, inserted in the upper end

of the chamber in the head, abuts against the
stuffing-box 60 and forms a cylinder for the
piston 54, which is beveled on each end, the
lower of which engages a bevel-shoulder 62,

forming a seat therefor, and the upper of |

which engages a bevel-seat 63, formed in the
screw-plug 64, which closes the upper end of
an opening in the head and constitutes the up-
per head of the cylinder for piston 54. Pack-
ing of any desired character may be inserted
in the recess formed in the block 60 to pre-
vent leakage of pressure between the piston-
cylinder and the valve-chamber. The piston

54 is circumferentially cut away to form a

large annular chamber 65 and two small an-
nular chambers 66 and 67. The portions of
the piston between -these chambers fit pres-
sure-tight within cylinder 61, so that there is
no communication of pressure between these

chambers except by a passage 68, connecting

chambers 65 and 67. A passage 69 leads trom
the chamber 66 down through the center of

the stem 53 and valve 50 and through a

nozzle extension 70, disposed within the iIn-
duction end of the nozzle 12. A passage T1

leads from the lower portion of chamber 57

up through the head and shell 61 into the cyl-
inder, and passages 72 and 73 also lead lrom
this oyhnder through the periphery of the
head and dlaphmﬂ’m and communicate with
the two ends of one or more eylinders for ac-
tuating a Stage valve or valves, as will be
hereinafter described. Chambers 74, formed
in the plugs 64 and constituting the upper
ends of the cylinders 61, are connected by a
continuous passage 75, leaclmcr from a suitable
source of governed pressure which 1s thus
admitted to the upper ends of the series of cyl-

inders 61 to_actuate the pistons 54 therein

and control the action of the supply-valves 50.
The several pistons of a row may thus be sev-
erally controlled by the governed fluid-pres-
sure, and to provide for the successive oper-
ation of the valves 1 make each succeeding
piston of the series of relatively Increasing

cross-sectional area, as shown more clearly in

Fig. 2, so that the Uovemed pressure offers a
suooesswely_ Increasing pressure resistance
agalnst the substantially constant pressure of
the motor fluid against the valves 50, which
are all of uniform proportions. An equaliz-
ing-passage 76 leads from passage 69 through
stem 53 above head 52. A port 77, disposed
within the cylinder 61 below its lower valve-
seat 62, communicates by a branch passage 78
with an annular passage 79 common to all the
cylinders and leading to an exhaust or con-
denser pressure. This passage 78 leads up-
wardly through shell 61 and then at right

angles through the head to the passage 79,

which is formed in the head by a channeled
In the same man-

1 ders 81.

99.

the la,tter’s'-peripllefy, which channels con-

a8

tinue through one or more of the diaphragms

In the line of the fluid’s flow and enter the

upper and lower ends, respectively, of cylin-

These eylinders are formed by re-
cessed blocks 82, inserted in chambers bored
around the diaphragm and closed by SCrew-
plugs 83. Beveled pistons 84 reciprocate in
these cylinders and have stems 85 leading
through suitably-packed openings 86 throu 0'11
blool{s 82 and provided each with a tr.'a,ns-
verse .opening 87, flaring at both ends and
adapted to receive the end of a crank 88,
bolted or otherwise secured to arotary stzﬁ*e-
valve 89, disposed within the diaphragm and
at the contracted portion of nozzle 13. The
block 82 and the diaphragm are cut away to
g1ve the necessary play for crank 88.

preferably being formed by openings bored
radially into the diaphragm’s periphery and
closed by screw-plugs 90. The opening 87 1s
flared to provide for converting the recipro-
cating movements of stem 85 to semirotary
motion without any binding or undue friction
between parts.

My improved governing moohamsm for the
valve- oontrollmcrﬂmd-pressure forms the sub-
ject-matter of a pending application, and,

briefly described, comprises a nozzle 91 Whose.
stem or body portlon i1s disposed within a

passage 92, leading downwardly through the

Suit-
able seats are provided for these valves 89,

75

80

90.

95

head and oommumoatmg with a branch pas-

sage 48, leading from the supply-passage 47.

The stem of the nozzle is packed to move pres-

sure-tight in passage 92 and has its jet end

dlsposed within a chamber 93, formed by are-

cessed block 94, inserted in a sultable cut-away
portionin the head. An operating-stem 95 for
the nozzle extends through a packing-gland in
block 94 and is pwota,lly connected to a lever-
arm 96,connected near its center to a slip-col-

larona speed-ﬂ'overnm 97, by which the nozzle

100

105

1s raised or lowered and connected atitsend to -

an arm 98, which is oscillated by an eccentric

governor 97 and back up to drive the eccen-

tric 99, which gives an oscillatory movement

to the nozzle. Passage 75, communicating

110

An endless belt 100, drlven by a pulley -
101 through a worm-gear 102 on shaft 14,
passes over idlers 103 to a pulley 104, drwmcr '

I15

with the upper ends “of the series of oylm- :

ders 61, leads through block 94 and enters

ohamber 93 1mmed1a,toly above the port fora

passage 105 through the supply-head, which

1s curved at its clelwory end 106, Where 1t

120

acts like nozzles 12 to deliver the controller- |

stream agalnst the wheel 10 after it has per-
formed its valve-controlling function. The
nozzle 91 through its ¢constant communication
with the motor-fluid supply through passage
92 delivers a continuous jet of ﬂuld ‘more or

-~

125

less of which, according to the nozzles gov-

ernor- _controlled position, enters the open Lend
of controller-passage 75, which is closed at its

130
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by stage expansion.

other end, and : acts with injector effect to vary
the potentml of the pressure therein. As the
noxz..le is lifted the pressure in passage 75
rises until it becomes successively superior to
the constant pressure against valves 50, and
the latter are moved to a closed position. On
the contrary, as the nozzle is lowered an
ejector effect is produced by the jet in pas-
sage 105, while the injector effect 1n passage

15 “decr eases, so that pressure in the latter 1s

lowered,and the valves are successively opened
by the pressure of the motor fluid. The con-
stantly-flowing stream is thus diverted to con-
trol the a.,lves while it does useful work in
the turbine. A valve 108 in passage 105 may
interrupt thls flow, when the fluid-pressure
will bank up in chamber 93 and passage 15
and close all valves to shut off all the fluid-
supply. The oscillation of the nozzle 91, ef-
fected by eccentric 99, causes it to intermit-
tently raise and lower the controller-pressure
to pulsate the valve or valves at or neare st the
Ccr 11310*11 point of regulation. |
It will be noted that there will beno loss or
waste of the valve-actuating fluid-pressure in
controlling the row of supply-valves 50, and

it is the further object of my invention to pre-

vent any such loss oceurring while my gov-
erning mechanism is reqmred to control the
stfw‘e-vq,lves of a compound turbine Opel“ltlllﬂ
With this objectin view
I ‘Idapt the piston 54 to act as a valve to di-
rect the motor fluid as a relay-power to actu-

" ate the motors controlling the stage-valves.

35

40

50

55

60

Piston 54 by reason of its beveled ends will as-
sume no intermediate operating positions, so
that when stationary it will be at one or the
other end of itsstroke. Referringto Fig. 2 and

considering the load to be 1ncreasing, “nozzle
91 will raise the potentml of -the controller-

pressure until piston 54* will be moved down
to close its valve 50. Before this movement
occeurs it will be noted that the motor-fluid

pressure is admitted below stage-piston 84 to

hold it open through passage 71, chamber 65,
and passage 72. At the same time the pres-
sure above piston 84 is reduced by the ejector
action of the fluid in nozzle 12 in connection
with extension 10 of passage 69, with which
the upper end of cylinder 81 commumcate

through passage 73 and chamber 66. As pis-
ton 54 moves downwardly the high pressure
in chamber 65 is cut off from passage 72 and
enters passage 73 through passage 68 and
chamber 67, which is opposite said passage 73
when the plStOIl is lowered. - At the same
time passage 72 is placed in communication
with chamber 66, so that as the high pressure
admitted above 1’)1%{3011 84 moves it downwardly
the fluid-pressure in the eylinder and in pas-
sage T2 will escape through passage 69 to noz-
zle 12 and do useful work. The discharge of

this pressure into passage 69 causes the pres-
sure in chamber 59, through equalizing-pas-

| 'aﬂa,mst plston H4.

753,774

sage 76, to assist in seating the valve. After
the V‘lee is closed the stacre—pl essure will ex-
ist in passage 69, chamber 59 above valve-

head 52 in passage 72, and below piston 84

in cylincder 815 but this pressure being lower
than the supply-pressure existing in passage
73 and above piston 84 this piston will be
firmly held to its seat with stage-valve closed.
As the valve 50 rises the ejector action 1n pas-
sage 69 reduces pressure in chamber !
by creating a partial vacuum in said passage
and clmmber 66 causes a quick discharge of
the pressure from passage 73 thr oufrh said

chamber and passage, which assists the pres-

sure above piston 84 in moving 1t upw‘u*dlgr
and compensates the increased power required
to open the stage-valves 89 and overcome the
friction of rest, due to the unbalanced condi-
tion of the v alve when closed. As the valve-
head 52 moves out of cylinder 58 into cham-
ber 52 it becomes balanced except to the con-
stant end pressure against stem 53, since the
supply - pressure has access to ‘Lll sides of

valve 50 equally. The exhaust-ports 77 ad-
mit an atmospheric pressure below the pis-
ton 54, which is proportioned to counterbal-

ance the constant end thrust of the supply-

pressure against stem 53 when exposed fto a

| predetermlned critical governed pressure. In

this manner when valve 50 is open 1t 1s bal-
anced, and its downward movement will com-
mence when the governed pressure overcomes
the said end-thrust pressure. When the valve
is closed, it will be opened when the supply-
pressure acting atra,mst the  larger of the

valve-heads overcomes the Governed pressure
The valves will be de-
Swned to maintain the unbalancing end-thrust
pressure the same 1n both its open and closed
positions. It will thus be seen that each ot
the reciprocating pistons for thesupply-valves
acts as a valve to direct a relay-power to the

controlling-motors for a row of valves across
the several stages, for passages 72 and 73 may

lead across all the stages and connect with a
cylinder 81 in each stacre, by the radially-dis-
posed branch passages 72* and 73% Iig. 3.
Following the line of the fluid’s ﬂow, I pro-
vide a row of nozzles 109 for the controller-

stream of fluid across the stages controlled by

independently-actuated rotary valves 110. 11

desired, valves 108 and 110 may be simulta-

neously controlled manually or in any desu‘ed

manner.

I provide an annular steam or superheatmtr
jacket 111 about the turbine, formed by a re-

70

59 and .

75

30

Q0

95

100

105

II1C

IIS

120

cess in the inner face of the shell 4, through

“which steam may be circulated bV pass‘mes-

112 and 113, Fig. 1.

I use the rec1promt1nﬂ' valves for the initial

stage, because I find it difficult to properly
lubricate slide or rotary valves on account of

‘the superheated condition of the motor fluid

at this and its high pressure. In the succeed-

125
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Ing stages, where the pressure-will have been
recduced, lubricant may be readily supplied to

any desired character of valve.

I claim— | | -
1. In a turbine operating by stage expan-

sion, a plurality of supply-nozzles, independ-
ent valves therefor, and a plurality of stage-

valves, one or more of which are opened and-

closed under the control of each of said supply-
valves. . o --
2. In amotor adapted to fractionally expand

the motor fluid, a plurality of supply-nozzles,
valves therefor, and means to successively op- |

erate sald valves, in combination with a plu-
rality of valves between two compartments
where the fluid is fractionally expanded, pas-
sages leading to each of said latter valves to
deliver an actuating fluid to open or close them

successively under the control of said supply- |

valves. ] _ _
3. In a governing means for multiple-stage

“turbines, supply and stage valves, passages,

25

20

connecting each supply-valve with one or more

stage-valves, which are alternately opened to
a high and low pressure by the movement of

sald supply-valve, and a governing means to

control the independent operation of said sup-
ply-valves. - | -

4. In a governing means for multiple-stage
turbines, a.supply-valve, means to actuate said
valve, a stage-valve, passages leading to said
stage-valve, and a valve-actuating fluid which

1s admitted to said passages to open and close

- 35

40

50
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sald stage-valve under the control of said ac-
tuating means for the supply-valve and which
1s exhausted from said passages into the first
stage.

5. In a governing means for multiple-stage
turbines, supply-valves, fluid-actuated stage-
valves, and means to utilize the same power
means to open and close part of said stage-
valves, when a supply-valve opens or closes.

6. In a motor, a nozzle-passage, a valve
therefor,and an actuating-piston for said valve
which is recessed to form, in connection with
1ts cylinder, peripheral chambers.

7. Ina motor, nozzle-passages, valves there-
for, cylinders and pistons for actuating said
valves, each of said pistons having annular

channels, and valve-actuating fluid-conduits

-with which said channels communicate.

8. In a motor, fluid-supply passages, valves
therefor, an actuating-piston for each valve

recessed to form chambers in which different

pressures are maintained, and passages to de-

liver said pressures to other valve-actuating

means. . --

9. In a motor, a fluid-supply nozzle, a valve
therefor, a fluid-actuated piston connected to
sald valve and provided with a plurality of

annular channels which form pressure-tight

chambers with the piston’s cylinder, means to

maintain different pressures in said chambers,
and fluid-conducting passages, leading to an-

other valve, which are alternately opened to

said chamber-pressures.

10. Inarotarymotor, nozzle-passages, fluid-

actuated valves therefor, and means to ex-.

haust by an ejector action the valve-actuating

fluid, after it has performed its work, into a

motor-fluid-supply nozzle.
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11. Ina governing means for a multiple-.
stage turbine, supply and stage valves, pas-

sages conducting an actuating fluid to said .

stage-valves, and means ‘to exhaust said pas-
sages mto a supply-nozzle. |

12. In & governing means for a multiple-

stage turbine, stage-valves, means for actuat-
ing sald valves by fluid-pressure, and means
to exhaust the valve-actuating fluid-pressure
%nt% a stage by an ejector action of the motor
1aad. | o -
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13. In a governing means for a multiple- -

stage turbine, stage-valves, fluid-conduits
leading to said valves, and means to exhaust
the valve-actuating fluid, after it has per-
formed its work, against a rotating bucket
element by the ejector action of a stream of
motor fluid. | '
14. In a governing means for a multiple-
stage turbine, stage-valves, two fluid-conduits
leading to each valve, and means to admit a
high pressure to one conduit as the other is
exhausted into the motor - fluid supply to a
stage. | | | -
15. In a turbine operating by stage expan-
sion, supply and stage nozzles, fluid-controlled

valves therefor, and means to-discharge the.

valve-controlling fluid, after it has performed
its work, against a bucket element in-the

1nitial stage. |

90

95_-

100

16. In a turbine operating by stage expan-

sion, fluid-actuated stage-valves, fluid-conduits
leading to said valves, and ejector means to

‘exhaust the valve-controlling fluid, after it

has performed its work, into an induction-
nozzle for a preceding stage. .

17. In a turbine, a nozzle-passage leading

at an angle through a supply-head and having -

a detachable intermediate portion.

18. In a turbine, a nozzle-passage leading

at-an incline through a stationary portion,
and a block seated in a recess in said portion
and formed with a curved passage-way con-

| stituting a portion of said nozzle.

19. In a turbine, a nozzle, a valve therefor,

an actuating-stem for said valve, and a pas-
~sage leading through said valve and stem for

the purposes specified.
20. In a turbine, an

posed to the pressure in said induction-pas-
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sage and a passage leading from said nozzle-

opening and through said valve and opening
into & multiported valve-chamber.

an actuating-stem disposed within a valve-
chamber, passages leading from said chamber
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21. In a turbine, a nozzle, a valve having

1nductlon-passage, a 120

valve therefor having a nozzle-opening ex- .
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and a passage through said stem and valve,
and means to move said stem to place said
valve-passage into communication with one
or the other of said first-mentioned passages.

09. Tn a turbine, supply and stage nozzles,
valves therefor, two passages leading from a
supply - valve to a stage - valve - operating
means, and means to operate said supply-

valve, and means under the control of said last-

mentioned means to admit high pressure to

one of said passages and exhaust the other
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into a supply-nozzle for the first stage.

93. In a turbine operating by stage expan-
sion, reciprocating supply-valves for the first
stage, and rotary valves, controlling the flow
of fluid between stages, whose operation 1s con-
trolled by said supply-valves.

94. In aturbine wherein the velocity of the
motor fluid is fractionally abstracted, the com-
bination of supply, nozzle - passages and re-
ciprocating valves therefor, with nozzle-pas-
sages leading between compartments wherein
the velocity of the motor fluid is fractionally
abstracted, semirotary valves therefor, and
means controlled by said supply-valves to op-
erate said semirotary valves. |

95. In a motor comprising compartments
wherein the velocity of the motor fluid is frac-
tionally abstracted, the combination of a re-
ciprocating supply-valve, a rotary valve be-
tween compartments, and fluid -pressure
means to control the operation of said valves
in rows across the stages. |

96. In a turbine, nozzles, valves therefor,
and actuating means for a valve, a passage for
fluid-pressure to actuate another valve, and
conduits, one opening into a nozzle and the
other communicating with the motor - fluid
pressure, which are alternately placed in com-
munication with said passage by the move-

‘ment of said*actuating means.

97. In a turbine, nozzles, valves theretor,
and actuating means for a valve, passages for
fluid-pressure to actuate another valve, and
conduits, one opening into a nozzle and the
other communicating with the motor - fluid
pressure, which are alternately placed in com-
munication with said passages by the move-
ment of sald actuating means.

98. In a turbine, a nozzle-passage leading
through a stationary element and having a
curved intermediate portion, and a piece In-
serted in said element and forming the curved
intermediate portion of said nozzle.

99. In a turbine, a rotary turbine-valve, a
crank to move said valve, and an actuating-pis-
ton whose stem has an opening to receive said

- crank.
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30. In a turbine, a rotary turbine-valve, a
crank to move said valve, and an actuating-pis-
ton whose stem has a flaring opening to re-
ceive sald crank.

31. In agoverning mechanism for multiple-
stage turbines, a supply-valve, an operating-
stem therefor, and a plurality of annular chan-

753,774

nels around said stem, and a passage-way con-

necting two of said channels. |
39. In a governing mechanism tor multiple-
stage turbines a supply-valve, an operating
part for said valve movable therewith and pro-
vided with a plurality of separate channels,

means to maintain the motor-fluid pressure in

7C

two of said channels and the pressure below

the valve in the other, and means for operat-

ing a stage-valve which is exposed to the pres-

sures in said channels.

33. In a fluid-pressure-governing mechan-
ism for turbines, an oscillating controller-noz-
zle governing the admission of motor fluid to
the turbine. | |

34. In a motor, the combination of rotating
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buckets, one or more nozzles delivering motor -
fluid thereto, means for controlling the flow

of fluid through said passage or passages, and
a governor-controlled oscillating nozzle for
controlling the action of said means. :

35. In a motor, a fluid-pressure-controlled
valve,and fluid-impact controller means there-
for comprising an oscillating nozzle,and means
to oscillate and shift said nozzle.

36. In a motor, a fluid-pressure-controlled
valve.and fluid-impact controller means there-
for comprising an oscillating nozzle, an ec-
centric means to oscillate said nozzle, and a
governor means to shift its position.

37. In afluid-pressure motor, a plurality of
supply-valves, and a plurality of fluid-pres-
sure-operated stage-valves, one or more of
which open or close in correspondence with
each of said supply-valves.

38. In a governing mechanism for multiple-
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stage turbines, a plurality of supply-valves, a

plurality of fluid - actuated valves for each
stage, and means to connect said stage-valves
in independent rows across the stages, each of
said rows being controlled by one of said sup-
ply-valves. |

39, Ina governing mechanism for turbines,
fluid-actuated supply and stage valves, means
to group each supply-valve with one or more
stage-valves, and a governing means to actu-
ate said groups of valves independently.

40. Ina governing mechanism for turbines,
fluid - pressure - controlled supply and stage
valves, means to group each supply-valve with
one or more stage-valves, and a governing
means to intermittently actuate one or more
of said groups while holding the others open
or closed.

41. Ina governing mechanism for multiple-
stage turbines, supply and stage valves, a gov-
ernor-controlled power means for successively
operating said supply-valves, and means, un-
der the control of said supply-valves, to suc-
cessively operate said stage-valves,

492. In a governing mechanism for multiple-
stage turbines, a plurality of independent sup-
ply -valves, and a plurality of independent
fluid-actuated stage-valves, whose operation 1s
controlled by said supply-valves. |
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43. Tna governing mechanism for multiple-
stage turbines, a plurality of independently

. and successively controlled supply-valves, a

1O

“supply and compartment valves 1n

governor-controlled power means for operat-
ing said supply-valves, stage-valvesand means
to transmit the operating power from sald sup-
ply-valves to successively operate said stage-
valves. .

44. Tn a turbine, meanstor fractionally con-
verting the motor-fluid pressure into velocity,
wheel - compartments, supply - valves, fluid-
pressure-actuated valves
of fluid discharged from a wheel- compart-
ment, and a governing means controlling said

ently-operated groups.
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4%. In agoverning mechanism for multiple-
stage turbines, a plurality of fluid-pressure-
operated supply and stage valves, and a gov-
ernor means to control said valves in inde-
nendent rows across the stages and to succes-
sively operate said independent rows.

46. In a governing mechanism for multiple-
stage turbines, a plurality of fluid-actuated
supply and stage valves, independent fluid-
conducting passages leading to said stage-
valves which are successively operated by an
actuating fluid,admitted to said passages under
the control of said supply-valves.

47. In a governing mechanism for turbines,
fluid-pressure motors, fluid-conduits leading
from one to another of said motors, motor-
fluid supply and stage valves, piston-valves 1n
qaid motors for the supply-valves which con-
irol the admission of pressure to conduilts
leading to a motor or motors for stage-valves,
and a governing means to serially operate said

piston-valves.
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48. In a turbine, fluid-pressure-controlled
supply and stage valves, and passages to con-
duct actuating fluid between supply and stage
valves which lead through the tu rbine-casing.

49. In a turbine, fluid-actuated supply and
stage valves, and passages to conduct the ac-
tuating fluid between supply and stage valves
which are disposed inside of the outer casing.

0. In a turbine, supply and stage valves,
and fluid-pressure motors for actuating said
valves disposed within the turbine.

51. In a multiple-stage turbine, a plurality

of wheel-compartments, a plurality of sup-
ply-passages and a plurality of passages be-
tween compartments, valves for sald passages,
fluid-pressure means to operate
independent groups comprising supply and
stage valves, and a controller means to pul-
sate the valves of at least one of said groups
while the valves of the other groups are held
open or closed. _ -
59. In a multiple-stage turbine, a plurality

of supply and stage nozzles, valves therefor,

rotating buckets, and a fluid-pressure-gov-
erning means for said valves controlling their
operation in. independent groups Or TOWS
seross the stages and intermittently operating

to vary the volume according to the

| valves thereln.

ments, a series of rotary stage-valves

said valvesin

7

a Trow to pulsate part of the fluid-supply -

throughout the stages. , ..

53 In a turbine operating by stage expan-
sion, two or more working passages compris-
ing supply and stage nozzles, valvestherefor,
and rotating rows of buckets, 1n combination
with a fluid-pressure governing means which
‘ntermittently opens the valves of one of said
working passages to pulsate the flow of fluid
therethrough, while the valves of the other
working passage or passages are
_ load on the turbine.

54. Tn a fluid-motor, a working passage 1n
which the velocity of the motor fluid 1s frac-
tionally abstracted, and a rotary fluid-actuated
valve in said passage. '

~55. In a turbine, a diaphragm-partition
therein, a fluid-passage therethrough, a valve
for said passage, and actuating means for said
valve carried by said diaphragm.

56. In a turbine, a diaphragm - partition

| therein, a fluid-passage through sald partition

and a valve therefor, and actuating means for
said valve seated in said partition. '

=7 In an elastic-fluid turbine operating by
stage expansion, 4 stage-valve that 1s unbal-
anced when closed, and means to open said
valve by a relay power. _

5. In an elastic-fluid turbine operating by
stage expanslon, a diaphragm-partition there-
in dividing
ments, a series of valve-seats

by openings around 1ts periphery, and stage-

59. In an elastic-fluid turbine operating by

the interior into stage-cornpart-
therein formed
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held closed
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stage expanslon, a diaphragm-partition there-

in dividing the interior into stage-compart-
seated
in peripheral openings around said diaphragm
and controlling the admission of fluid-pressure
to the succeeding stages.

105

80. In an elastic-fluid turbine operating by |

stage expansion, & diaphragm-partition there-
in, passages forming nozzles therein, and
valves controlling the admission of flmad to
said passages seated in the nozzle-passages in
said partition. '

61. In an elastic-fluid turbine operating by

stage expanslon, a-diaphragm-partition there-

in,a series of rotary valves seated in the periph- |

eral openings in the turbine-head and around
the diaphragm, and pressure-controlled means
for operating said valves. |
9. In an elastic-fluid turbine operating by
stage expansion, means to deliver a part con-
stant and part pulsatory supply of elastic fluid
to the first stage, and means to pulsate part of
the supply to the succeeding stage or stages.
Intestimony whereof T have signed my name
to this specification in the presence of two sub-
seribing witnesses. o

 JAMES WILKINSON.

Witnesses:
R. D. JOHNSTON,
H. M. HARTON.
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