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UNITED STATES PATENT OFFICE. 
CARL RICHARD WALLER, OF TRENTox, NEW JERSEY, ASSIGNOR. To DE LAVAL STEA.E. . 

TURBiNE COMPANY, OF NEW YORK, N. Y., A CoRPor ATION OF New JFRSEY. 
ELAST:-FLUID TURBINE. 

9; 1,092. Specification of Leiters Patent, Patented Sept. 27, 90. 
Application filed June 10, 1909. Serial No. 501,298. 

To all ution it may concern: 
Be it known that I, CARL Rich ARI) 

WA,itt, a subject of lie King of Sweden, 
and a resident of Treton, county of Mer 
cer, and State of New ersey, have invented 
certain new and useful improvements in 
Elastic-Fluid Turbines, of which the follow 
ig is a specification. . 

'ihis invention relates to improvements in 
elastic fluid turbines, and particularly to 
improvements in turbines. designed to be 
operated simultaneously 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 boiler 
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 tie turbine shall be carried 
by means of the exhaust steam as possible, 

is 0. 

35 

40 

50 

Stean. 

the high pressure or boiler steam being used 
only to supplement the action of the exhaust 

Since the load on the turbine may 
he variable, and since the Supply of ex 
haust steam to the turbine may be variable, 
I have found that it is desirable to provide 
automatic governing means which sha 
admit to the turbine only that amount of 
boiler or high pressure steam required to 
supplement, the action of the low pressure 
or exhaust steam; and in the goverri 
mechanism herein described, two valves are 
provided, one coatrolling the supply of ex 
haust er low pressure steam, the other con 
troliing the sipply of boiter or high pres 
sure steam, these valves being operated by 
suitable me:hanism so that, in regulating 
the supply if steam to the turbine, the higli 

of the turbine is effected, for lower loads, by 

ing : 

pressure valve remains closed altogether 
until the loy pressiure steam proves insuff 
cient to enable the turbine to carry its load, 
and then such high pressure valve is opened 
to such extent only as is required to ensible 
the tarhine to carry its load; such 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 open until high 
pressure steann is no longer required, and 
then said high pressure valve is closed en 
tirely, and further regulation of the action 

adj 

able is utilized, and only so much high pres 
sure steam is employed as is required to 
enable the turbine to carry its load. . . . 

In the specific embodiment of my inven 

jitsiment of the low pressure valve. In 
ihis way all Of the low pressure steam avail 

tion herein illustrated aid described, I have 
shown a turbine of well known type, con prising a single rotary blade-carrying mem 
bel', aid a plurality of nozzles arranged to 
project steam against the blades of said 
rotary member, certain of these nozzles 
being understood to be of a shape adapting 
tien for efficient use of low pressure steam, 

65 

70 
and other of said, nozzles being understood 
to be of a shape adapting them for efficient 
use of high pressure steam; and I have fur 
ther illustrated separate valves for regulat 
ing the supply of steam separately to these 
two classes of nozzles, and a centrifugal 
goverior, and means operated thereby con 
trolling separately the high pressure valve 

7. 

and the low pressure valve to such extent 
that, the high pressure valve is not opened 
intil the low pressure valve is practically 

86 

wide open, and said high pressure valve is 
closed before any material closing of the 
low pressure valve has occurred. In a companion application of seven date 85 
herewith Serial No. 561,297, illustrate and describe other turbine regulating means em 
bodying the broad invention, likewise en 
bodied in the turbine herein illustrated and 
described, but specifically different in, 
among other features, that two governors 
are employed, one for the high pressure 
valve and the other for the low pressure 
waive, said governor's being adjusted so that 
the high pressure valve is opened after the 
low pressure valve is opened and is closed 
before the low pressure valve is closed. I 
do not, in the present application, claim the 
features common to the two origines, as such 
features in common are claired in my said 
application Serial No. 501,29. 
The objects of my invention are to im 

prove turbines intended to be operated si 
multaneously by the working fluid derived 
at different pressures from a plurality of 
sources; to operate successively a plurality 
of valves controlling supply of working 
fluid from a plurality of different sources: 
to carry as great a proportion of the load as 
possible by working fluid of one pressure, 

90 
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2 desigrates the rotary bucket-carrying sylltel 

2 971,092 
admitting only such proportion of working 9. For convenience in governing, this sec: 
fluid of the (ther pressure or pressures as 
may be required to carry the load; to 
control the supply of both working fluids by 

5 means of a single governor; and to make the 
turbine relatively simple, compact, efficient 
and reliable. . . . - - - 

I will now proceed to describe iny inven 
tion with reference 

In said drawings: Figure 1 shows ar, end 
elevation of one construction of turbine en 
bodying my invention, the gearing of the ev w - - - a 

type of turbine illustrated and centrifugal 
governor of such turbine, being omitted. 
Fig.2 shows a vertical transverse Scetion 

5 

of the turbine through the primary steam 
chest and the valve chambers. Fig. 3 shows 
a verticai section through the center of the 

2n valve chambers, taken on a plane at right 
angles to hat of Fig. 2. Fig. 4 shows a ver 
tical axial section of the turbine. Fig. 5 
shows a detail axial section of the centrifia 
gal governor employed for adjusting the 

25 valves. Fig. 3 shows; detail sectin through 
the high pressure steam chfist, on a plane at 
right, singles to Fig. 3. Fig. 7 shows a city 
tail gleatien and partial section of the noz 
zie ring and Fig. 8 shows a detail trans 

fragie: tary ic veloped section this figh. 
said ring and one of its nazzies. Fig. 9 
shows a plan view of the turhini. Fig. G 
shows a detail fragmentary end elevation if 
a portion of the turbine enabodying an al 

35 terrative arrange inent of valves, a? Fig. 
it shows a detail vertical Section through. 
the valve challer on this line at-4 of 
Fig. 10. Fig. 12 shows a detaii horizontal 
section thi" its valve chaiber on the 

40 iine a--a of Fig. ii. Fig. 13 shows a de 
tail vertical section through the valve chain 
her on the line y-y of Fig. 11, and Fig. 14 
shows a detail vertical section through tie 
valve lattier on tie Erie 2-2 of Fig. 10. 

45 Referring novio, the drawings, and at 
first to Fies. 1-9 inclusive, 1 designates the 
casing of tire wheel chamber of the turbine, 
within said easing, and 3 designates the 

50 shaft. ipon which said wheel is mounted. 
I do not in the irawings show the liticizcts 
firessives in tigiitii, bit, it will be it:er'- 
sicci ti at the sare are : "raige ui-o: the 
periphery of the wheel 2, iii the ordinary 

55 in a nihi’. 5 designates a nozzle ring staci as 
en); 3: in this class at tubiiie. anti 

* - - i pressi'e prii aay steaf, 
if :til initial chan her withi 

it the easing i. The nozzle Fig 5 separatt's 
so this low pressure stearn chest fj froan the 

wheel chamber 7, said nozzle ring compris 
ing an artular portion 8 p!' iculing through 

trading in lar space formed in the 
i., iii.; this a failiar pui?till S of the 
sing there is a Se: indiy steam choi;t 

2:32 is 
3 nozze s 

to the acconianying 
. . . . . . . . . . . 12 of these valves, in the construction shown 

| 

f 

convenient. In the construction shown, two 

ondary steam: chest is customarily divide 
into a plurality of separate chambers 9, 9", 
9, etc., and in the wall of the annular port 
tion 8 of the nozzle ring opposite certair of 
the chambers 9, 9°, 9°, etc., are a plurality 
of valve seated openings 10, one for each 
Stich chainber; and for each Such opening 
there is a corresponding valve. 11; the stel}}s 
in the drawings, extending outward through 
suitable siuffing boxes, being arranged to be 
operated by suitable hand levels 14. 
mary expansion nozzles 15 may lead from 
one of these chambers 9°, 9°, etc., as foulic s 

nozzles lead froni) each stich chamber, as ill 
dicated particularly in Fig. 7, but this nuin 

As 

70. 

ber is not material and will be varied, as 
convenience of design makes desirable. 
The low pressure primary steai chest 6, 

is provided with in a dinission port, 13, Fig. 
2, to which is connectic aiow pressure valve 
(iii)aber it having in it a suitable regulating 
aive is. The valve openings 10 above re 
ferred to serve to lead the low pressure or 
t xi aust, s: gaia iron the primary steam chest 
6, to the corresponding ruzzles i5. The Sup 
illy of this pressure steam to the primary 
steam cinest 6 is contried y the regulating 
valvels, adjusted by a suitable centrifugal 
governor, as hereinafter described. The pir 
ticular form of low pressure regulating 

90 

3. 5. 

waive 18 shown, is a hollow, double seated, 
fiancel pupiat valve, comprising two waive 
‘edges 25 seating agains: corresponiling 

100 

ported seats 27, this valve being isolated: 
sliga: a steii. 23. Ow pressure stcani is ad 
initied to all intermediate space 17 and, 
when valve i8, is open, passes directly past 
the lower edge 25 of valve 18 and through 
the port of the lower valve seat 27 into the 
chamber 17 of valve chamber 17, and also 
passes through the port of valve seat 27 and 
ast the liter edge 25 of the valve is into 

a chamber 1 and thence thrutigh the in 
terior of the incllow waive 18 and the port of 

105. 

0. 

the lowe' valve seat 2 inte the lower clan 
i!er 17 of iow pressure valve chaliber 1, 
and thfice into the low 
stean chamber 6. a 
Above the lovy pressure valve chamber 7 

is a high ph 
internetire portion 22 of which high pres 
stirs stea is supplied. This interinediate 
chamber 22 has ported valve seats 24, for a 
lili teeti regulating vaire 23 comprising two 

it'? ution the sanie stern 23-, 
not tuted to slide in bearings 

valves isotti 
which sit'; 

chamber 23 and in the bonnet 22 of that 
waive chainher. The upper portion of the 
stem 26: (f the lov pressure regulating valve 

is fitteed and also works through the 
pearing trifice in the lower wall of the high 

pressure riinary 

in the if wet waii of the high pressure valve 

5 

tre valve chaniber 22 to tie 

20 
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30 the supply of high pressure steam to the 

... O 

pressure valve set 23°. 

971,092 
oressure valve chamber 22, being directly 
eneath the high pressive valvestern 23. 
Whet the valves 23 are seated, and waive 13 
is also seated, there is a slight, srice beiveen 
the lov pressure valve stem 26 and high 

; but whet: the low 
pressure valve 8 has opened somewhat, its 
valve stem 26 auts against valve stem 23, 
and further raising of valve 18 raises the 
high pressure valves 23 against the pressure 
of a spring 23°. Therefore, one moverent 

4. -da 

of the stem 26 serves to open both valve S 

20 

steam chest 20, from whence pipes i9 lead 
to certain high prosStare nozzles connected to 

and wave 23, valve iS opening first and 
after it valve 23; and in cit sing, the two 
valves move together until tie valve 23 as 
closed, after which valve 18 continues its 
downward motion alone. When valve 23 is 
opened high presstile steam admitted info 
the chamber 32 passes through the ported 
seats 24 into tie itain portion of high pres 
sure valve chamber 22, and thence passes 
through a conduit 225 into a high pressure 

corresponding chamber's 9, 9.9, etc., in 
the nozzle ring 5; these pipes 19 passing 
through suitable stuffing boxes 19 in the 
front of casing 1. In the high pressure 
steam chest 20, suitable valves 21 (Fig. 6) 

35 

are provided for regulating independently 
several pipes 19. - . - 
The valve stem 26 passes through a suitable 

guideorifice in the lower wall of the low pres 
sure valve chamber 1, into the high pressure 
Siram chest 20, and is there connected to one 
arm of a tell crank lever 29, the other arm i of which is outside of the high pressure 

40 
steam chest 20 and is arranged to be actu 
ated by a centrifugal governor 30; a gov 
ernor spring 31 acting upon this bell crank 
and tending to cause the bell crank to foll 
low the stem of the governo: when the same 

45 

so 

55 

60 

is retracted. 
I do not limit myself to any particl:lar 

type of governor fe; adjusting the va. , 3s, 
but fire particular governor illustrated in 
Figs. 3 and 5 is convenient for the purpse, 
and coin prises centrifugal weights 38, 
ing knife edges 39 bearing against a disk 
40 nounted upon a shaft. 4, and springs 42 
and 43 pressing against a disk 44 itself 
pressing against the heads of Screws 45 car 
tied by the inner end of the governor 
weights 88. It will be obvious that as the shaft 41 rotates, these gover for weights 38 
fend to ily out, such tendency being resisted 
by the springs 42 and 43, and also by the 
spring 3i shown in Fig. 3. 
As shown particularly in Fig. 9 this tur 

line comprises, as is usual in turbines of the 
particular type illustrate, pibious 47m unt 
ed upon the turhine wheel shaft 3 and in 
it "meshing with gears 48 Cin opposite slides 
of the pitions 47, and theiselves mounted 

E. tie supply of low pressure steam 

apoli i yo sihafts 41. From either of these 
shafts : power uay be taken off. (in f':1e 
of ties sh:fts 41 the speed gover: 30 

itled, is mainted. se", altose : 
tion ci this tribite, as already described, 
gover r so adjusts the waives that as great 

tion of the total power leveloped as 
ille, is developed from the low pressure 

stean : 
But the ele V - L. Y. operator may, and will customarily. 
contro tire operation of the turline more or 
less, by hand, by cutting various of the light 
pressure and iow pressure nozzles into a titl 
out of action. y nears of the valves xi : nel 
li, respectively, so that if the load carried 
is laterially less than the low pressure 

the 

s: 1ch regulation being. Lutonatic. 

steam alone is able to carry, only a part of 
the low pressure nozzles will be in service; 
or if the load carried is stich as to require 
sone, but not all, of the high pressure noz 
2les. Some of these high pressure nozzlies will 
be out of service; the purpose being to avoid 
throttling and wire drawing as much as 
possible, hy having only itse nozzles in . . . 
service which are absolutely required for 
arrying the load; the low pressure 
ing valve being therefore, customarily, wide 
open, and the high pressure regulating valve 

regulat 90 

on the point of opening; though when the 
load conditions, of 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 a.s.liately required by conditions exist 
jing at the moment. - 
As shown in my companion application Se 

rial No. 50 297, may provide an emergency 
valve ail suitable pip connections for per 
litting a portion of the high pressure steana 
to flow into the low pressure steal chest 6, 
and thence to the low pressure nozzles; this 
high pressure steam being either throttled 

wit to or above the ressure intender to be 
mixitti:iiied ornia (ly in the low tessure 
stea in ci;est, or, if excessive over-load is to be 
carried, so that ecolony of operatio, is not ...) 

so it::portant, steam may be adulitted to tie 
ow pressure steam chest at much highe t hest at ch, higher 

eing cut off altogether. . . 
It will be apparent that the turbine may 

be started either with low pressure steam or 
with h pressure steam, as may be most 
convenient; and that if the machine is in 
operation, the governor will aut')natically 
sist the valves so that as great a propor 
tion as possible of the load will he carried 
by the law pressire steam. 

It will, of course, be appare it that, should 
there be any occasion for doing so, the valve 
mechanism can be rearranged so that as 
much as possible of the load is carried by the 
high ressire steam, and the low pressure 
steam is used only to supplement the action 
of the ligh press' restestin. It will also he 
understood that, in the case of a iuri)ine of 

115 
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high pressure valve ch 

971,092 

proper.'pilgity with respect to the lead to nearly or completely. As speed falls, valves 
he carriet, the turbine can carry its full load 
at normal speed if operated either with low 
pressure steam alone, or with high pressure steam alone, or if opérated partly with high 
pressure and partly with low pressure steam. 
In Figs. 0-14 inclusive, l illustrate an 

alternative type of valve gear, in which the 
high pressure and low pressure valves, in 
stead of being one above the other, are ar 
range side by side in separate valve cham 
bers, in these drawings. 50 designates the 

aber into which high 
pressure, steam is admitted through a port 
it). Figs. 13 and 51 designates ai interie 
(iiate space in said chainber. aid ceintini 
icating through ported valve seats 52 with 
tle iiiterior of valve chamber ). This 
eila aber 51 communiciates with high pres 
stare steam chest 20, froja which the pipes 19 
lead to the high pressure nozzles. The high 
'essure regulating valve 53 is a double bill 

ancel puppet-valve, and is operated by abell 
rank lever 

the high pressure steam chest 20 'nd chan 
yer 5, the oilher arm ofs 

54, one arm of which is within 

a ... - :h heli-crank being 
outside of the high pressure steam chest and 
connected high pressure steam spaces. The 
low pressure valve chamber 55 is at the side 
of the high pressure valve ch:Liber 50, and 
is provided with a port 5.5" for the admis 
ston of low pressure steam to its interio'. 
Within it is an intern'diate chamber 58 
having ported valve seats 37 connecting it 
with the interior of valve chamber 55. This 
interior chamber 56 connaliticates by a port 
55" with the low pressure steam chest f of 

40 

4. 5 

tie turbie. The low pressure regulating 
valve 5S is a double laianced uppet valve, 
alid it is operated by a bell crank ever 59, 
one arm of which is within the space 56 and 
the other arm of which is outside of the low 
pressure Stein chest, and is arranged to be 
actuated by the Stein of the governor 30. 
This bell rank has secured to it another 
arm. 60, which is directly in front of the ex 
ternal arm of the high-pressure-valve bell 
crank 54; and a spring (1 connects these 
two arms, and another weaker spring 62 is 
connected to bell crank 54 and to some fixed 
portion of the macline. In the operation of 

- the turbine, as speed rises above normal and 

s 5 

the governor operates accordingly, the arin 
(9 is moved to the left of Fig. 11, the mo 
tion of such arm being transmitted through 
spring 61, with little or no extension of that 
spring, to bell crank 54, the high pressure 
valves 53 being thereby moved toward their 
seats, and, finally, closed: and if the speed 
rises still further, the governor moves arm 
6() still farther to the left and since bel 
crank 54 is no longer able to move in that 
direction, valves 53 being seated, notion is 
communicated to the low pressure valve 5S 

site puppet valves in line with one another 

5S open first, owing to the greater stiffness 
of spring 61, and if such valves be open 
wide, further decrease in speed causes open 
ing of the valves 53. 

It will be obvious that numerous mecha 
nisins may be devised for the joint control 
and successive opening and closing, of high 
pressure and low pressure valves, by the ac 
tion of a single governor, the mechanism' 
herein illustrated and described being only 

70 

75 
two of the nany which might be devised. 
What I claim is:-- 
1. An elastic fluid turbine comprising a 

rotor, high-pressure - working - fluid supply 
means and lower-pressure-working-fluid 
supply nieans therefor, and governing 
means controlling lie supply of both such 
working aids and arranged to begin the 
supply of one such fluid after the supply of 
thenflier fluid is begun. and to discontinue 
the supply of one such fluid before the sup-. 
ply of the other fluid is discontinued, com prising Separate high pressure and iow pres 
aid arranged to be actuated one by the 
other, but disconnected one with respect to 

80 

85. 

96 

the other and arranged to seat independ 
ently, and a single governor and connecting 
devices connecting said governor to one of 
said valves, the valve so connected to the 
governor being arranged to be moved from 
its seat before it encounte's the other valve 

turn, the said latter valve being arranged to 
seat, during closing of the valves, before the 
seating of that valve which is connected to the governir. 

2. An elastic fluid turbine comprising in 
combination a rotor, high pressure and low 

95 

and moves said latter valve from its seat in 
100 

pressure nozzles for supplying working fluid. 
thereto, and governing means controlling. 
the sh;iply of working fluids to such nozzles 
comprising separate high pressure and low 
pressure puppet valves in line with one an 
other and arranged to be actuated one by 

10 

the other, but disconnected one with respect . 
to the other and arranged to seat independ 
ently, and a single governor and connect 
ing devices connecting said governor to one 
of said valves, the valve so tonnected to the 
goverior being arranged to be moved from 
its seat before it encounters the other valve 

i5 

and moves said latter valve from its seat in 
turn, the said latter valve being arranged to 
seat, during closing of the valves, before the 
seating of that valve which is connected to 
the governor. 

3. An elastic fluid turlile comprising a rotor, high-pressure - working - fluid supply 
neans and lower-pressure-working-filid 
supply means therefor, a high pressure valve 
chamber and a low pressure valve chamber 
and puppet valves therein for controlling 

20 
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only, until finally said valve may be closed flow of high pressure working fluid and low iso 

  

  



at 1,092 to 
pressure working fluid respectively, said plurality of separate step in chests in said 
valves arranged in line with one another and easing and espansion unozzles extending from 

. . . . one arranged fo open the other when itself said steam chests to the rotor chamber and arranged all to direct working fluid directly open, and after it has been opened some- - against the same series of buckets, the noz 5 what, and a single governor arranged to ac 3 

tuate that valve which is arranged to open zles of certain of said steam chests of differ 
the other. . . . . . . . . . ent expansion ratio than the nozzles of 

t 4. An elastic-fluid turbine comprising a others of said steam chests, independent 
rotor, a high pressure valve chamber and a working-fluid-supply: means for the steam. 

s to low pressure valve chamber, and high pres- chests having expansion nozzles of different 3i. ratios,independent puppet supply valves for 
said independent working-fluid-supply 
means, and a speed governor and means on 

sure and low-pressinre puppet valves located 
... therein and in line' with one another, the low pressure valve disconnected from the high 
15 pressure valve from its seat after said low 

pressure valve but arranged to lift the high 
pressure valve has been lifted from its seat, 
said valves arranged to seat independently, 
a centrifugal governor driven by the turbine 
and a pivoted lover actuated by said gov 

erated thereby for operating said valves ar 
ranged to open said valves successively and 
to permit same to close in reverse order to 
their order of opening. 

in testimony whereof I have signed this 

4: 

specification in the presence of two subscrih 
ing witnesses. - 

CARL RICHARD WALLER. 
Witnesses: . . - 

II. M. MARBLE, 
FrANK E. RAFFMAN. 

20 ernor and connected to the stem of the low 
: . . . . pressure valve and arranged to move said 
. . . . . valve from auditov, aid its seat. 

5. An elastic fluid turbine comprising a 
turbine casing having in it a rotor chamber, 

.. 25 a rotor therein having a series of buckets, a 
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