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Sorial No. 113,530. (No model )

To all whom it may concern
- Be it known that I, Tore GUSTAI‘ EMANUEL

-LINDMARJ{ a sub]ect of the King of Sweden

anc Norwav and a resident of Stockholm,

Sweden, have invented a new and usetul Im-—

provement in Regulators for Elastic - Fluid

Turb: f hhtl tll 1=
urbines, of which the fo 0w1r10 is a specifi

cation.

The 1nvention relﬁttes to areg uhtmﬁ' device

for elastic-fluid tur bme~wheels. and 1ns for

its object to regulate the quantity of fluid sup-
plied to the tur ‘bine according to the load with-
outcorrespondmﬁ throttlmﬂ of the admission- :
| 10 are openmgs d to d’, registering with the
' The successive ‘mnulal open-

pressure. |
The invention consists in tho, comb1mt10n

with an elastic-fluid turbine-wheel, of means-
for admitting live working fluid from a source
of supply to both inlet and outlet of said
wheel, also of means for regulating the flow
of hve working fluid so admltted, also of means
i with the chamber 6

for effecting this. regulation automatwallv

The invention leso consists in the construc-
tion, as herein set forth, whereby the said in-
vention is applied to a compound turbine

wherein the fluid undergoes progressive ex-
pansions 1n successwe wheels.

In the accompanying drawings, Kigure 1 18

a partial longitudinal section of a compound

.30

35

40

so vided by partitions into as many chambers ¢ |

the admission-valves..

turbine em bodymﬁ' my sald invention.  Kig.
92 illustates a modification wherein the succes-
sive units are disposed 1n separate casings.
TFig. 3 is a view, partially in'section, illustrat-
ing the devices for automatically operating
Fig. 4 1s a longitirdi-
nal section of a governor ad apted for use w1th
my said invention on the line # 2z of Iig. b,
and Fig. 5 is an end view of the Welcrht% in
sald governor of Hig. 4.
‘Similar numbers and letter
indicate like parts. |
Referring first to Fig. l 1 I'epresents the
wheel - casing, preferably made in two pm'ts
secured together in any suitable way. On the
lower half of the casing are the bed- pla,te% 2,
which support the shaft-standards 3, in which
standards the shaft 4 is journaled. 7 is the
casing-head on the inlet side, said head being
provmed with an annular chamber 6 and
flanged at 5. The interior of the casing is di-

of reference

| . GF'C‘E
4. Three flanged partitions 8, 9, and 10 are

| openings eto &

¢ as there are wheel-bodies on the shaft

shown 1n Fig. 1, and in the chambers thus

formed are IOC%ted the wheel-bodies 1. 11 111

IV, which are fast on shaft 4. The wheels
here 1
provided, as usual, with buckets suitably ar-

ranged in an annular opening of the body
Thus
| in wheel -body 1 there 1is an opening ¢, in

:'m'med nearthe mrcumterem ce ther eof

wheel-body 11 an opening 4, in Wheel-budv
111 an 0pemnﬂ ¢, and in wheel-body IV an
opening ¢. In the head 7 and partitions -8 9

ings @’ to ¢ progressively increase in width.

11 is the main supply-pipe for steam or other

elastic fluid (which passes in the direction of

llustrated are of the axial-flow type,

_ PATENT N OFFICE- o
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the arrow) provided with branches b &' & 8*,

which branches communicate, 1‘8‘51)601&11?01?,

containing wheels I IT III. The said cham-
bers are therefore connected in parallel rela-

tion to the source of supply of live working

fluid.  The chamber- ¢’ i1s not connected by

branch: tg"pipe 11 nor is any chamber suc-
In ea,c,h |
branch b b B R s a throttle-valve a ¢ o cs,

ceeding ¢’ connected- to sald pipe.

70
6 and the chambers ¢ ¢.¢",

75

The operation of the device oi Fig. 1 1s as -

tollcjws. Assume valves a to ¢ to be Qper.

i

The motor fluid passes at full pressure to the

several chambers: but as it enters on both
sides of wheels 1 11 I1I there will be no flow
through the bucket-openings ¢ to ¢ of said
wheels, and in them the fluid will do no work;
but there will be a flow through opening f:Z*t{)
wheel 1V, and this will be the first working
Wheel of the compound turbine. Asitsopen-
ing ¢ is larger than -that of any of the pre-

cedmo‘ Wheuls this wheel will work (as com-

pared with said preceding wheels) with the
maximuim. of motor fluid, and therefore with

90'.

a maximum efficiency, the fluid being admit-

ted at full pressure to said wheel.
valve ¢® to be throttled. Pressure on the dis-
charge side of wheel 1T will be lower than

that on the inlet side, and hence a flow will

Assume

95

take place through wheel 111, which will be-

oin todo work. Themme alvefa 1s closed the
hrﬂer the amount of ﬂmd which will pass.
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through wheel III, and, finally, if said valve
be completelyclosed,then all the fluid will trav-
erse wheel 111 before actuating wheel 1V but
inasmuch as the openings ¢” ¢ are smaller than
4’ ¢ wheel 111 works with a smaller volume of
motor fluid than did wheel 1V. Hence the
eficiency of the compound motor is less. If
now in like manner valve ¢° be throttled or
closed, then wheel 1I can be made the first
working wheel. and, similarly, if valve ¢ be
throttled or closed wheel I will become the
first working wheel, the wheel and inlet-
openings, however, becoming progressively
smaller. It will therefore be obvious that in
each instance every degree of work can be ob-
tained by suitably regulating or closing the
valves @ to «"—that is to say, the pressure of
the motive fluld coming to the wheels I 11,
&c., can be increased or deereased, the flow
lnereaeed or decreased, and the work of- the
whole machine increased or decreased.

In Fig. 2 I show a modification in which in-
stead of mounting all the wheels upon a single
shaft they are arra,ne'ed on separate shefts
and inclosed 1n separ rate casings 'V VI VII.
A pipe 12 leads the e*{heust trom casing V to
branch & between valve ¢ and casing VI and
a similar pipe 13 leads the exhaust _from cas-
ing VI to branch /° between valve ¢’ and cas-
ing VII. |

In Fig. 3 I illustrate means for operating
the threttle Velves a ', &c., autometleelly
Two valve-casingsinter pesed respectively, in
branches 4§’ are indicated at 14 and 15, cas-

ino 14 being shown in section to eXhlblt the
mternel construction, which 1s the same in all
the casings of the series. The upper portion
of the casingis enlarged at 16 to form a cham-
ber into which projects the conduit 17, having

a closed end and openings in the walls which

are covered by the double valve ¢. Thevalve-
stem 19 is connected with a piston 18, movably
arranged 1n the cylindrical portion 20 of the
casing. The cylindrical space below the pis-
ton 18 contains a helical spring 21 and com-
municates, through a pipe 22, with the similar
space 1n casing 15 and other casings of the
series and also with the cylindrical chamber
23 of a throttling-valve 24, which i1s controlled
by the governor 25 on the shaft 4 of the com-
pound turbine. Valve 24 is conical and car-
ries on its stem a piston 26, whichis operated
by means of a bell-crank lever 27 from a pin
28, which 1s moved to the right or leftof the
drawing by the governor 25. Pipe 22, on

the other side of the throttling device, may

lead to the atmosphere or as desired. The
operation of this automatic apparatus 1s as
follows: The motive fluid flows through the
main pipe 11 into the valve-casing 14. The

‘piston 18, fitting loosely in its cylinder 20,

allows of a certain leakage of fluid to the cy-
lindrical space below said piston, and hence
to pipe 22. The amount of pressure of the

motive fluid in said space and pipe is deter-..

1 thrott.

1 36 and nut 37.

760,003

mined by the position of the throttle-valve
24, If said valve 1s completely opened by
the governor, (which occurs at the greatest
speed of the turbine,) then the fluid-pressure
above piston 18 will overcome the fluid-pres-
sure below 1t and that of the spring 21 and
the valve ¢ will be closed. If, however, the
e-valve 24 is more or less closed or shut
then the pressure below 1it, added to the pres-

sure of the spring 21, overbelenees the pres-

sure of the motive fluid above the piston 18,
and the valve ¢ will be opened. The position
of said valve ¢, therefore, is dependent upon
the position of the throttle-valve 24, or, In
other words, upon the speed of the compound
turbine. ~

‘The valve in casing 15 and other casings in
the branchesof themain pipe 11 are sxmﬂerly
constructed to the above
Their springs 21, however, are relatively
wealer, so that the valve (seV «’) having the

Weekeet spring is cloeed
valve «°, then the valve ', and at last the valve

(. The_ cutting off of the motive fluid occurs
oradually, according to the position of the
throttle-valve 24, and hencea gradual regula-
tion of the motive fluid eceordmcr to the load

i1s obtained.

- described valve. -

irst and then the

70.
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A form of governor 25 adepted to actuate |

the pin 28, is represented in Figs. 4 and 5.
It is provided with a tapered shank 25*, in-
serted in a recess in the turbine-shaft 4 and
carrying the body portion, which consists of
a recessed circular portion 29, a ring portion
30, and connecting-arms 31, one-of which is

95

100

indicated by dotted lines in Fig. 4. 32 and -

33 are two arc-shaped welghts surrounding
the ring 30 and of bell-crank form, each hav-
ing a knife-edge 34, by which it is fulcrumed
in the circular portion 29 of said body, and

each having a pin 35, which bears against the

cdisk 1s carried by the pin 28.
Within the ring 30, which is threaded, is a
nut 37, through which the pin 28 passes. A
helical spring 38 is interposed between disk
By operating the nut the
pressure of said spring is regulated, and said
spring also serves to keep the weights closed
in upon the body.
of the turbine, and hence of the shaft 27, is
exceeded, the weights 32 33 spread apart by
centrifugal force and in so doing move their
pins 35 against the disk 36, and the latter
moves the pin 28 outwardly and to an extent
proportionate to the speed. When the speed
diminishes, the pin 28 1s moved inwardly by
the action of the spring 38.

I do not limit myself to a multiple steam-
turbine of the specific type herein illustrated,
since other forms of multiple steam-turbines
are known. '

T claim—
1. In combination with an elestle fAluid tur-

disk 36. Said

105

1I0

When the limit of speed

I1§5
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125

hine-wheel, a device controlling the admission

of live working fluid to the inlet of said wheel,

130
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and a device controllmﬂ' the a,dmlssmn of live

working fluid to the out]et ot said wheel SU b-— |
stantially as deseribed.

9. Tn combination with an elastlc-ﬂmd tur-

bine-wheel, a casing for said wheel, a device
luid
to said casing on the inlet side of said wheel, |

ccmtmlhnﬁ' the %dmlsmon of live working t

a device for controlling the admission of live
WOI‘LIHU’ fluid to said casing on the outlet side

operating sald devices to vary the steam-pres-

sure exerted by said fluid respectively on the

opposite sides of said Wheel, substantially as
described.

3. Tn combination with an elastic-fluid tur-
bine-wheel, a device for controlling the admis-
sion of live working fluid to the inlet of said

wheel. a device for controlling the admission
of live working fluid to the outlet of said wheel

and means controlled by said wheel for oper-

ating said devices to vary the steam-pressures
“exerted by said fluid respectively on the oppo-

site sides of said wheel, substantially as de-
scribed.

4. Inacompound elastic-fluid turbine of the

type wherein said fluid undergoes progressive
expansions in a series of successive wheels,
means controlling the admission of live work-
ing fluid to the opposite sides of each of said
wheels, substantially as described.

5. Inacompound elastic-fluid turbine of the
fluid undergoes successive
expansions in a series of successive wheels,

type wherein said

means for controlling the admission of live
working fluid to the opposite sides of each

wheel oi a number of wheels less than all in

said series, substantially as described.

6. Inacompound elastic-fluid turbine of the
type wherein said fluid undergoes successive

expansions in a series of successive wheels,
means for controlling the admission of live
working flmid to the opposite sides of each
wheel of a number of wheels lessthan all in
said series; the said selected wheels being dis-
posed successively at one end of the com-

“pounded series, substantially as described.

55
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7. In combination with an elastic-fluid tur-
hine-wheel, means for admitting live working
fluid simultaneously to both sides of said wheel’,
and a device governed by the speed of said
wheel for regulating the admission of said
fluid to the exhaust side of said wheel, sub-
stantially as deseribed.

8. In combination with an elastic-fluid tur-
bine-wheel and itsinclosing casing, a-valve for
admitting live working fluid to the inlet side of
said wheel a valve for admitting live working
Auid to the exhaust side of Sald wheel, ..an(l
means controlled by said wheel for governing | e

i |

‘the said valves, substantially as described.

9. In combination with an elastic-fluid tur-
bine-wheel and its inclosing casing, a valve for
admitting fluid to the inlet of said wheel,a valve
foradmitting fluid to said casing on the exhaust
side of said wheel, and means controlled- by

of said Wheel and means for independently

said wheel for governing said valves, the said
means ‘being ‘constructed and arranged to
throttle the valve communicating with the ex-

haust side prior to throttling said inlet-valve, -
~substantially as described. -
10. In combination with an elastie-fluid tur- -

bine-wheel of the axial-flow type, means for

controlling the admission of live working fluid
to both snﬂe% of S"le wheel, sub.st.«mtmlly as de-

75

seribed. -
11. In a compound el%qtlc—ﬂmd turbine, a

.70 )

casing having a series of successive wheel-
chambers and in the walls of said chambers.

inlet-openings of progressively larger area, a

series of wheels in said chambers having

.80

bucket-openings of progressively larger area -
communicating respectively with said inlet- ;
openings, means for connecting sald chambers

in parallel relation t6 a source of working
fluid, and means for regulating the admission

of said live working fAaid to each of said cham- -

bers, substantially as described.

12. In a compound eélastic-fluid turbine, a
casing having a series of successive wheel-.

chambers and in the walls of said chambersin-
let-openings of progressively largerarea, ase-

:::90' -'

ries of wheels in said chambers having bucket-
openings of progressively larger area commu- -
nicating respectively with said inlet-openings,

“means for connecting said chambers in paral- .

95

lel relation to a source of working fluid, and
means controlled by said turbine for regulat-

ing the admission of said live working ﬂmd to
each of said ehmnbers, 'substfmbmllv

“geribed.

as de-
" TO0O

13. The combination with a compound elas-
tic-fluid turbine having a plurality of wheels

disposed in successive communicating cham-

bers, means for connecting said chmnber*& in -

parallel relation to a source of live-steam sup- |
ply, valves for regulating the flow of said steam

in said connecting means, and a governor con-

10%

trolling said Val‘ves and itself actuated by %.-;md' -

tur bme., substantially as described.
14. The combination with an elastic-fluid

T10

turbine-wheel, of the inlet-pipe 4, casing 14, in

said pipe, valve ¢ in sald casing,

valve-stem -
19 and piston 18 thereon, throttle-valve cham-
ber 23, pipe 22 communicating with said cas--
ing 14 and said chamber 23, valve 24 in said

15
chamber, turbine-shaft 4, and means for con-: .

trolling said valve 24 relatively to the speed -

of said shaft, substantially as described.

15. The -combination with-an . elastic-fluid
turbine-wheel of the inlet-pipe ), casing 14
having cylindrical extensioninterposed in said

pipe, valve a in said casing, valve-stem 19, pis-

120

ton 18 on said stem and Wlthm said CVh]fldI'IC‘Ll :

extension, spring 21 below said piston, throt-
tle-valve c]mmber 23, pipe 22 communicating 1
with said cylindrical extension below said pis-
ton, and with said chamber 23, valve 24 in said
“chamber, turbine-shaft 4 and means for con-
trolling said valve 24 relatively to the speed of
130

said shaft, substantially as described.
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16. The combination with a compound elas-
tic-fluid turbine, having a plurality of wheels
disposed in successive communicating cham-
bers of the inlet-pipes 6 &', casings 14, 15 in-
terposed in said pipes, valves @, ¢’ in said cas-
ings, valve-stems 19 and pistons 18 thereon.
springs 21 in said casings below said pistons,
pipe 22 communicating with said casings and
said chamber 23, valve 24 1n said chamber, tur-

to bine-shaft 4 and means for controlling said

valve 24 relatively to the speed of said shaft;

760,003

sald springs 21 1n sald casings 14, 15, being of
different elastic strengths, substantially as de-
scribed. o

In testimony whereof I havesigned myname 15

to this specification in the presence of two sub-
scribing witnesses. |

TORE GUSTAF EMANUEL LINDMARK.

Witnesses:
WarpEMAR BoMmAN,
H. RIiDDERSTOLPE.
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