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To all whon it may concern:
Be it known that I, Carn RicHARD

Wancir, a subject of Lae King of Sweden,

and a resident of Fre iton, county of Mer-
cer, and State of New ‘ersey, have invented
cortain new and usetul Tmprovements in:
Elastie-Fluid Turbines, of which the follow-

Cing is g4 specifieation.

This invention relafes to improvements in
clastie fluid turbines, .and' particularly” to

Cimprovements in turbines. designed to be
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operated  simultanecusly upon steam of a
plurality - of - different " pressures, derived
from a corresponding plurality of sources.
An example of such turbine is, a turbine
designed to be operated simultaneously upon

_high pressure steam derived from a hoiler

- steam. Since the load on the turbine may
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or other suitable source, and upon exhaust
steam derived from some other engine. -

It is highly desirable, in the case of ex-
haust turbines, that as great a proportion
of the load on the turbine shall be carried

by means of the exhaust steam as pessible, !
‘the high pressure or boiler steam being used

only to supplement the action of the exhaust

be variable, and since the supply of ex-
hanst steam to the turbine may be variable,
T have found that it is desirable io provide
automatic governing means which shall
admit fo the turbine only that amount ef
boiler or high pressure steam required to
supplement the nction of the Jow pressure

| of the turbine is effected, for lower loads, by
adjustment of the Jow pressure valve. In
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or exhaust steam; and in the goverring :

mechanisi herein described, two valves are

provided, one controlling the supply of ex-
haust or low pressure steam, the other con-
troliing the supply of boiler or high pre

sure steam, these valves being operated by |
cuitable meshanizm “so that, in regulabing :

the supply of steam to the turbine, the high

ressure valve remains closed altogether
unti! the low pressare steam proves insuffi-
cient to enable the turbine to carry its load,
and then sich high pressure valve is opened
to such exient only as is required to enable

the turbine o carry its load; snch mech- !

anism being farther so arranged that, upon
decrease of load of the turbine, the high
pressure valve regulates the supply of high
pressure steam to the turbine, the low pres-
sure valve remaining wide opens until high
pressure stean: is no longer required, and

‘then said high pressure valve is closed en-

tirely, and further regulation of the action

{his way all of tlie Jow pressure steam avail-
sble is utilized, and only so much high pres-
sure steam is employed as ds requived to
enable the turbine to carry itsload.© -
In the specific- embodiment of my inven
tion herein illustrated and deseribed, I have
shown a turbine-of well known type, com-
prising a single votary blade-carrying mem-
ber, and a plurality of nozzles arranged to
project steam -against the blades of sud
rotary member, certain' of these nozzles
being understood to be of a shape-adapting

- fTiem for efficient use of low pressure steam,

and other of said. nozzles being understood
to be of a shape adapting them for efficient
use of high pressure steam; and I bave fur-
ther -iltustrated separate valves for regulat-
ing the supply of steam separately to these
two classes of nozzles, and a centrifugal

_governor, and means operated thereby con-
{trolling separately the high pressure valve

and the low pressure valve to such extent
that the high pressure valve is not opened
until the low pressure valve is practically
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wide cpen, and said high pressure valve'iis’

closed before any material closing of the
low pressure valve has occurred.
Tn a companion application of even date

herewith Serial No. 501,297, T ilustrate and

deseribe other turbine regulating means em-
bodying the broad invention likewise em-
bodied In the turbine herein illustrated and

described, but = specifically - different: m,

among other features, that two governors
are employed, one for the high pressure
valve and the other for the low pressure
valve, said governors being adjusted so that
the high pressare valve is opened after the

: low pressure valve is operred and is-closed

before the low pressure valve is closed. I
do not, in the present application, claim the
features common to the two erigines, as such
featnres in common ave claimed in my said
application Serial No. 501,297,

The objects of my invention are to im-

: prove turbines intended to be epaerated si-

i
1
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multaneously by the working fluid derivew

: at different pressures from a plurality of

sources; to operate successively a plurality
of valves controlling supply of working
finid from a plurality of different sources;
to carry as great a proportion of the load as
possible by working fluid of one pressure,
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adinitting only: such peoportion of working
fluid of the other-pressure or pressures as
may be required to carry the load; to

control the supply of both working flnids by .

means of a single governor; and to make the
turbine relatively simple, compact, efficient
and reliable. S : o
I will now proceed to describe my inven-
tion with reference to the seccompanying
rawings, S
T said drawings: Figure 1 shows av end

- elevation of one construction of turbine em-

[
L343

bodying my invention, the gearing of the
type of turbine illustrated wnd centrifugal

governor -of such turbine, being omitled.

. Fig. 2 shows a vertical transverse scction

" of the turbine through the primary steam

" chest and the valve chambers. Fig. 3 shows

a vertical section through the center of the
valve chambers, taken on a plane at right

‘angles to that of Fig. 2. "Tig. 4 shows a ver-
“tieal axial section of the turbine.

Fig. 5

. shows a detail axisl section of the centrifn-

gal governor employed for adjusting the
vaives. Fig. 6 showsz detail sectisn through
the high pressure steam chest on a plane at
right ahgles to Fig 8. Fig. 7 shows a de
tail elevation.and partizl section of the noz-
zle ring, and Fig. 8 shows o detail trans-
versa Fragmentary doveloped section throngh
snid ring and one of its mozeles. Iig. ¢

shows a plan view ot the turbine.  Fig. 16

_-shows a defail fragmentary end ecievation of

35

“the valve chamber on the liwe w— o
Fig. 10. Fig. 12 shows a detail horizontal

410

50

a portion of the turbine embodying an al-
ternative arrangement of valves, and Tig.
i1 shows a detnil vertical section through

i
X

section through il valve chamber on the
line w—x of Fig, 11, 3ig. 13 shows a de-

. - el i
tail vertical sectton through the valve cham-

ber on the line y—y of Fig. 11, and Fig. 14
shows 'a detail vertical section through the
valve chawber on the Ine z=—2 of Fig. 10.
Referring now to the drawings, and ul
first to Fiew. 1-9 inclusive, 1 designates the
asing of the wheel chamber of the turbine,
2 designates (hevotary bucket-carrying wleel
within said easing, and 2 designates the
shaft upon which said wheel is mounted.
T do pot in the drawings show the bueitels
themseives in detadl, but 35 will be under-
stoed thiat the sare are arranged wpon the
periphery of the wheel 2. I the ordinan
wanner. b designates a nozzle ring sueh as
empiyed i this clase of turbine, amd 6
:fog pressuve prinary  stesm
Huting an annelar chamber with-

i the casing L i

Tlie nozale ring 3 separates
this low “pressure afeam chest 6 from the
whee! chanber 7, zaid nozzle ring compris-
ing en axmular portion 8 projeciing through

» cavrespending annular space formed 1a the

L and in this asauiar portion S of the
there is » seoondary steam chest

wpan a stem 26

9. Tor convenience in governing, this sec-

ondary steam chest % cusiomarily dividesd

into g plurality of separate chambers 9% 9%,
9°, ete., and in the wall of the annular por-
L i) . R . .

tion 8 of the nozzle ring opposite certain of
the chambers 98, 98, 9¢, ‘etc., are a plurality
3 Oy VT 3 H .

of valve seated openings 10, one for each

such chazaber; and for each ‘Sach opening

there is a corvesponding valve 11 the stems
12 of these valves,in the construction shown
in the deawings, extending outward through

suitable siuffing boxes, being arvanged to be

operated by suitable hand levers 14  As

_many. expansion nozzles 15 may lead from

one of these chambers 9%, 97, elc, as found
convenient. In the construction shown, two
nozzles lead from each such chawber; as in-
dicated partienlarly m Fig. 7, but this num-
ber is ‘not material and will be vamed, a
convenionce of design makes desirible.
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The low pressure primary steam chest 6,
is provided with an admission port 15, Fig.

2, to whish is connected a dow pressure valve

chiamber 17 having in it a suitable regulating

vaive 18
forred t

The valve openings 10 above ve-

ply. of this
sleanm enest
valve 18, adjusted by a suitable centrifugal

sressure steam to the primary

_grovernor, as hereinatter deceribed. - The par-

ticular. form of  low pressure regulating
valve 18 s
halanced puppet-valve, cdmpr
edges 95 . seating againg

ising two valve
corresponiding

i 15 contreiled Dy ithe regulating:

99

. serve to lead the low pressure or
Fexdraust steam from the primury steam chest
6, to the corresponding nozzles 15, The sup-

W
3

hown,.is o hollow, double seated, =
i 100

ported seats 27, this valve being wounted”

Low pressure steans is ad-
niiled to an inlerriediaie space 17° and,
when valve 18.1s open, passes directly past

the lower edge 25 of valve 18 and throngh

the port of the lower valve seat 27 into the

chamber 17¢ of valve chamsber 17, and also
passes through the port of valve seat 27 and -

naszt the voper edge 25 of the valve 13 iufo
i ) o Sl e "
a chamber 17¢ and thence through the in-

terior of the hwllow valve 18 und the port-of

Ler 17 of low pressure valve chamber 17,
ind thence into the low pressure primary
stenm chamber 6. S :
Above the Jew pressure valve chamber 17
is & high pressure valve.chamber 22 to ihe
intermedinre portion 22¢ of which high pres-
sure steam is supplied.  This infermediate
chamber 322 iag vorted valve seats 24, for a
balsgeed reglnting vatve 23 comprising two
valves meunuted. upon the same stero 234
which stemn 33 mounted to ¢lide i bearings

in the lower wail of the high pressure valve |

chamber 22 and in the bonpet 22% of that
vaive chamber. The upper portion of the
em 96 of the low pressure regnlating valve
is restuced and alse works through the
aring orifice in the lower wall of the high

%

ey
LAl B I

ree

119~

tha lower valve seat 27 inte the lower eham- -
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- the supply of high pressure steam. to the
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pressure valve chumiber 22, heing directly
eneath the high pressnve valve stern 285,
When the valves 23 are seated, aud vaive 18
is-also seuted, there is a-slight spoce between
the low pressure valve stem 26 and high

‘pressure valve step ; but when the low

pressure valve 18 has opened somewhat, its
valve stem 26 abuts against valve stem 232,
and further raising of valve 18 raises the
high pressure valves 93 against the pressurc
of a spring 23%. Therefore, one movement

- of the stem 26 serves to open both valve 18

20

and valve 28, valve 18 opening first and
after it valve 23; and in closing, the two
valves move together until tha valve 23 has
closed, after which valve 18 continucs its
downrward motion alone. When valve 23 i
opened ‘high -pressure steam admitted info
the chamber 22° passes chrough the ported
seats 24 into the umin portion of high pres-
sure "valve chamber 22, and thence passes
through a conduit 22 into a high pressure

~ steam chest 20, from whence pipes 19 lead

to certain high pressure nozzles connected to-

corresponding ‘chambers 9%, 9.9, ete., in
the nozzle ring 5; these pipes 19 passing
through suitable stufling boxes 19¢ in the
front of casing 1. In the high pressure

- steam chest 20, saitable valves 21 (IFig. 6)

35

40

are provided for regulating irdependently

several .pipes 19.

The valve stem 26 passes through a suitable
guideorifice in the luwer wall of the low pres-
surevalve chamber 17, into the high pressure
Ezeam chest 20, and is there connected to one
arm of a bell crank lever 29, the other arm
of whicli- is outside of the high pressure
steatn chest 20 and is arranged to be actu-
ated by a centrifugal givernor 50; a gov-
ernor spring 31 asting upon this bell erank
and tending to cause the bell crank to fol-

- low the stem of the governes when the same

45

80

55

50

is. retracted. . - S

I do not limit myself to any partic
type of governor fer adjusting the va'zs,
but the particnlar gevernov illustrateq in
Figs. 2 und 5 is convenieny for the purpose,
and comprises centrifugal weights 38, hav
ing knife edges 39 bearing against a disk
40 mnounted upon a shaft 41, and springs 42
and 43 pressing against a disk 44 fiself
preseing againse the heads of screws 45 car-
ried by the inner end of the governor
weights 88, It will be obvious that as ihe
shaft 41 rotates, these governor weights 38
tend to ily out, such, tendency being resisted
by the springs 42 and 43, and also by the
spring 31 shown in Fig. 3. :

As shown particularly in Fig. 9 this tur-
bine comprises, as is usual in tarbines of the

At s eyl e et e et

particalartype tlustrated, pinions 47 mount- |

#d upon the turhine wheel shaft 3 and in-

terneshing with gears 48 cn opposite sides |

ot he pirtons 47, and theuselves monnted

upole 1wo shafts 41, Irom either of these
shafis =1 pewer may be faken off. - Gu rne
of these shatts 41 the speed governor 30

inthe oﬂ)om-

above mountioned, is monnted.
tion ¢t this tuvhine, as alrendy deseribed, the
governor o adjusts the valves that as great
a-portion of the total ‘power deveioped as
pussible, is developed: from the low pressure

steany: Csnch vegulation being - uutoraatic, -

But the opevator may, and will customarily.

contre! the operation of the turbine more or.

less, by hand, by entting various of the high
pressure and fow pressure nozzles into sid
out of uetion. by means of the valves i und

i 1i; respectively, so that i the load carried

s materially less than the low’ pressure
steam alone is able to carry, only a part of
the low pressure nozzles will be in sorvice:
or if the load carried is such us to rvegnive
sonte, but not all,of the high pressure nos-
zles, some of these high pressure nozzles will
be out of service; the purpose being to avoid
throtthng and wire ‘drawing as much as

possible, by having only ilwee nozzles in -

sertice. which ure absclutely required for

-carrying the load; the low pressuve regulat-.

ing valve being therefore, customarily, wide
open, and the high pressure regulating valve

80

on the point of opening; though when the -

load conditious. or the supply of high pres-
sure ‘and low pressure steam, are very va-
riable. a greater working margin may be
provided, by leaving open more nozzles than
are absolurely required by conditions exist-
ing at.the moment. ; :

As shown in my companion applicition Se-
rial No. 501,297, 1 inay provide an emevgency
valve and suitable pipe connections for per-
mitting a portion of the high pressuve steam
to flow into the Jow pressure stean chest 6,
and thence to the Jow pressure nozzles; this
high pressure steam being either throtiled
down te or above the pressure intended 1o be

maintained normally in the low pressure

steamn chiest, ory if excessive over-load 1s to be
carried, so that economy of operaiioun is not
$0 iuportant, stears may be admitted to the
low pressure steam chest at mach higher
ressires, the supply of low pressure stewm
E:eing eut off altogether. S

It will be apparent that the turbine may

be started either with Yow pressure steam or

with high pressure steam. as may be most
converient: and that if the machine is in
cperation, the governor will autamatieally
adjust the valves so that as great a propor-
ticn as possible of the load will Fe carried
by the low pressure steam. o
It seiily of course, be apparent that, shonld
there ba any occasion for doing so, the valve
mechanism can bhe rearranged so that as
much as possible of the load 1s carried by the
high pressure steam, ond the low pressure
steam-1s used only to supplement the action
of the bigh pressire stemm. It will also he

understood that, in the ease of a turbine of

95
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120

115




- alternative type of valve gear, in which the
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proper eapacity with respect to the load to
he carried, the turbine can carry its full load
at normal speed if operated either with low
pressure steam alone, or with high pressure

steam alome, or if opérated partly with-high
“pressure-and partly with low pressure steam,

In Figs. 10-14 inclusive, 1 illustrate an

Ligh pressure and low pressure valves, in-
stead of being one above the other, are ar-
ranged side by side in separate vaive cham-
bers. In these drawings, 50 designates the
high pressure valve chamber into which high
pressure, stean is-admitted through a povt
P Figs. 13 and 51 designates an interme-
diate space in sald chamber and communi-
cating through ported valve seats 52 with

the - uiterior of valve chamber 3. This-

chamber 51 commumnicaies with ligh pres-
sure stean chest 20, frop whiel the pipes 19
lead to the high pressure nozzles. The'high
pressure regulating valve 33 is'a double bal-

ancel puppet:valve, and iseperated by abell-.

erank lever 54, oue avm of which is within

“the high pressare steam chest 20 »ad cham-
“berat, the oithier arm of sueh beli-crank being

outside of the high pressure steam chest and

ceonmected high pressure steam spaces. The

low pressure valve chamber 55 is at the side
of the high pressure valve chiwmber 50, and
15 provided with-a port 535 for the admis-

“ston of low pressure steam to its interior.
“OWithin it s an intermediate chamber 58

having peried valve seats 37 connecting it
with the interior of valve chamber 35, This
iiterior chamber 56 communicates by a port

sa6* with the Jow pressure steam chest 6 of

40

»
i

the turbine.  The low pressure regulating
valve 3% is o double balanced puppet. valve,
and it is operated by a bell crank lever 59,
one arm of which is within the space 56 and
the other arm of which is eutside of the low
pressure steam chest, and is arranged to be
actuated by the stem of the governor 30.
This Lell erank has secured to it another
arm, 60, which 15 directly i fropt of the ex-
ternal arm of the high-pressure-valve bell
crank 545 and a spring 61 connects these
two arms, and another weaker spring 62 is
conneeted to bell erank 54 and to some fixed
portion of the machine. " In the operation of

- the turkbine, ns speed rizes above normal and

o
(42}

60

the governor operates aceerdingly, the armn
0 is moved te the left of Fig. 11, the mo-
tion of such arm being transmitted throngh
spring 61, with little or. no extension of that
spring, to bell erank 54, the high pressure
“alves 53 being thereby woved toward their
seats, and, finally, closed: and if the speed
rises still further, the governor moves arm
60 still farther to the left and since bell
erank 54 s no longer able to move in that
direction, valves 33 being seated, motion is
communicated to the low pressure valve 38
only, uniil finally said valve may be closed

l

‘nea rly ar comp]etely. -As speed falls, valves

A8 open first, owing to the greater stiffness

of sprine 61, and if snch valves be open

-wide, furtlier decrease in speed causes open-

ing-of the valves 53, , ,
"It will be obvious that numerous mecha-
nisins may e devised for the joint control
and suceessive opening and closing, of high
‘pressure and low pressure valves, by the ac-

70

tion of a single governor, the mechanism' 75

herein illustrated and described: being only
two of the many which might he devized.

What I claim is:— : o

1. An-elastic fluid turbine comprising a

-rolor, high - pressure - working - fluid supply

means. and- lower - pressure - working - fiuid
supply ~means therefor, and governing
means controlling {lie supply of both:such
working flnids and arranged to begin the

-supply . of cue such fiuid after the supply of

the other finid is begun. and to discontinue
the supply of one such finid before the sup-.
ply of the other fluid is discontinued, com-
prising separate high pressure and low pres--

80
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save puppet valves in line with one another g¢

and arranged to be actuated one by the
other, but disconmected one with respect to

the: other ard arranged tc seat independ- -

euntly, and 1 single governor and connecting -

devices connecting said ‘wovernor to one of g5

-said valves, the valve so connected to the

governor being arranged: to be moved from
its seat before it encounters the other valve

and moves said latter valve from its seat in -~
turn, the said latter valve being arranged to ‘100

seat, auring closing of the valves, before the

seating of that valve which is connected to -

the governor, o ' U
2. An elastie fluid turbine comprising in

combination a rotor, high pressure and low 105

pressure nozzles for supplying working fluid -

‘thereto, and governing means controlling.

the supply of working fluids to such nozzles

! comprising separate high pressure and low"

pressure puppet valves in line with one an- 110

other and arranged to be actuated one by
the other, but disconnected one with respect -
to the other and arranged to seat independ-
ently, and a single governor and connect-

i

ing devices connecting said governor to one 115

of said valves, the valve so ronnected to the °
governor being arranged to be moved from-
its seat before it-encounters the ‘other valve

and moves said latter valve from its seat in -

turn, the said latter valve being arranged to 126

seat, during closing of the valves, before the -
seating of that valvé which is connected to

the governor:

3. An elastic fluid turbue comp'risin;r a

votor, high - pressure - working - flud supply 125

means and lower- pressure - working - finid
supply means therefor, a high pressure valve
chamber and a low pressure valve chamber
and puppet valves therein for controlling

flow of high pressure working fluid and low 180
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pressure working fluid e
yalves arranged in line with one another and
_one arranged to open the other when itself
‘open, and after it has been opened some-

5 what, and » singlé governor arranged to ac-

tuate that valve which is arranged to open
the other. . L

4. An elastic.-fluid turbine comprising a
rotor, a high pressure valve chamber and a

10 low pressure valve chamber, and high pres-

sure and low.pressuie puppet valves located

. therein and in'line'with one another, the low

pressure valve disconnected from thé high
pressure valve but arranged to lift the high

15 pressure valve from its seat after said low

pressure valve has been lifted from its seat,
said valves arranged to seat independently,
“a centrifugal governor driven by the turbine
and a pivoteg Jever actuated: by said gov-

20. ernor and connected to the stem of the low
pressure valve and arranged tq move said
valve from and toward itsseat.

5. An elastic flaid turbine comprising =
turbine casing having in it a rotor chamber, |
25 -a robor therein having a series of buckets, a |

spectively,- said

plurality of separute steain chests m said
casing and expansion nozzies extending from
said- steam chests to the rotor chamber and
arranged all to direct working fluid directly
against the same scries of-buckets, the noz-
zles of certain of said steam chests of differ-
ent expansion ratio than the nozzles of
others of - said steam chests, independent

working-fluid-supply-means - for the steam
3:
' ratios, independent pappet supply valvesfor -0

chests having expansion nozzles of different

said independent - working - fluid - supply-
wieans, and 1 speed governor and means op-
erated thereby for operating said valves ar-
ranged to operi said valves successively and
to permit same to close in reverse order to
their order of opening. : S
In testimony whereof I have signed this
x
ing witnesses. ‘

CARL RICHARD WALLER.

Witnesses: ..
~H. M. MagsLE, ,
- Frang -E. Rarrya~.
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specification in the presence of two subsertb-




