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Y.

ELASTIC-FLUID TURBINE.

SPECIFICATION forming part of Letters :Patént No. 745,575, dated December 1, 1903.
Application Aled November 18, 1001, Serial No. 82,5670, (No model)

Be it known that I, CHARLES G. CURTIS, a
citizen of the United States, residing in the
borough of Manhattan, city of New York,
State of New York, have invented a eertam

‘newand aseful Impmvemenb in Elastic-Fluid

Turbines, of which the following is adescrlp-
tion.

My invention relates to elastic-fluid tur-
binesconstructed and operated upon the prin-
cipleof the turbineof my Pa,tants Nos.566, 967
566,968, and 566,960.

_The ob,;ect of my invention is primarily to |

provide compound elastie-fluid turbines with
effective means for reversing the direction of
rotation, a result which has not heretofore
Lbeen practically accomplished and which is
of great importance, especially for marine
turbines. In carryingout thisfeature of my
invention in a compound turbine in which
two or more sets of moving vanes and inter-
mediate stationary vanes are inclosed in a

' single shell 1 provide for each of the two or

3¢
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- 1ng vanes.
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ing sets of moving vanes.
reversing intermediate stationary vanes there

more annular sets of moving vanes an addi-
tional annular set of moving vanes set in the
opposite direction.. These additional sets of
vanes are the reversing-vanes, designed to re-
verse the direction of rotation of the turbine.
To codperate with these reversing-vanes, I
provide the necessary number of sets of sta-
tionary intermediate vanes, which are sup-

ported from the shell preferably at some other
point of the circunmference than that occu-

pied by the stationary intermediate vanes
which cobperate with the regular sets of mov-
The direct and reversing sets of
stationary intermediate vanes are supported
at different distances from the center in or-
derto properly ccoperate with the correspond-
In line with the

is mounted upon the shell a suitable nozzle
for delivering the elastic fluid to the ecom-
pound moving and  stationary reversing-
vanes. DBoththedirectand reversing nozzles
are preferablysectional nozzles—such as that
described in my application, Serial No.
666,379, filed January 12, 1898—and both may
be provided with regulating-valves foropen-
ing and closing more or less of the sections to

- secure var 1&1310113 in the volume of the elastic

P T N S | TR B W TRy T .

- passage.
‘versing,the reversing-passage can bedesigned
to take a greater flow of steam than the di-
rect passage.
-eompmmd moving and stationary reversing-
| vanes in the law-piesmre shell of the tur-

| fluid passing through the nozzle while,main-

taining a practically constant expansion; but
in cases, such as marine tarbines, where a
high degree of efficiency in the nse of the
elastic fluid is not essential in reversing, the

55

volume of the elastic fluid passing through |

the reversing-nozzle may be controlled by a
- throttle common to all the sectmns of the-
‘nozzle.

The arr anﬂ*emeﬂb so far described is appli-

cable to the case of a single-shell turbine as
‘well as to the sections of a multiple-shell tur-
bine, the two or more shells being connected
together with respect to the reversing-vanes

as thay are with respect to the diréct vanes;
but in turbtnes of the latter type—i. e. those
constructed to operate upon the stage- expam

sion principle described in my Patent No.

566,969 and involving two or more compound

‘sections inclosed in separate fluid-tight shells
| connected in succession—1 have found that it
is only necessary to provide the compound

moving and stationaryreversing-vanesin one

of the sections of the turblne, since in the

case of a two-section turbine provided with

‘reversing-vanes only in one section there can
‘be secured from such reversing-vanes for the
same flow of steam as used on the direct
‘vanes a proportion of the power developed

by the direct vanes varying from sixty-five

‘to eighty per cent., according to the degree
of expansion provided in the reversing-pas-
-sage, beeause the terminal pressures of the

entire turbine are available in the reversing-
If a greater power is desired for re-

I prefer to locate the set of

bine, because, due to the lower pressure and

greater rarefacmen of the atmosphere in the

shell of this section, the power which will be

lost by the ehurnmg action of the moving re-
| versing-vanes when the turbineis runningin

|
i

the normal direetion will be reduced __1;0_ a

minimum,and, farther, because the constrae- .

tion is simplified on account of the fact that
no additional exhaust connection has to be
made for the reversing-vanes, since the elas-
tic fluid passing throuﬂ'h sueh_ vanes can be
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“discharged directly into the shell and will ] section of the turbine, the wheel K is couni-

IO
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pass out of the regular exhaust-opening in
that shell.

My present invention farther relates to im-
provements in the construction of the sec-
tional nozzle of my turbine and in the valve
mechanism emp]oyed therewith, as well asin
1mpr0vements in the wheel eonstruetlon and
in various other details, as fully hereinafter
set forth. .

In the accompanying drawings, Figuare 1 is
a top view of a two-section turbine embody-
ing my improvements. Fig. 2 is a vertical
section lengthwise of the shaft of the same
turbine. Fig. 3 18 a section at right angles
to Fig. 2 on line 3 3 in Fig. 2, illustrating the
construction of and method of mounting the
direct stationary intermediate vanes of the
low-pressure section of the turbine, FKig. 4
is a vertical section on line4 4 in Fig. 2 look-
ing to the right at the shell of the low-pres-
sure section of the turbine and showing the
bowls of the sections of the direct and revers-
ing nozzles, the shell being broken away to
show an edge view of one set of direct and
reversing moving vanes. Fig., 5 is a radial
section lengthwise of the shaft of the lower
portion of the low-pressure section of the tur-
bine, taken through one of the sections of the
reversing-nozzle. Fig. 6 isa section at right
angles to Fig. 5 on line 6 6 in Fig. 5. FHig. 7
is a cross-section taken on line 7 7 in Fig. 5
Fig. 8 is a view showing some of the moving
and stationary reversing-vanes developed,
with the position of the adjacent moving di-
rect vanes indicated in dotted lines. Fig. 9
is a section on line 9 9 in Fig. 2 looking to
the right, illustrating the valve movement
for controlling the sections of the direct noz-
zle for the second stage of the turbine. Fig.
10 is a sectional view on line 10 10 in Fig. 2,
illustrating the valve movement for control-
ling the sections of the direet nozzle of the
first stage of the tuarbine; and Fig. 11 is a sec-
tional view through the sections of the nozzle
of the first stage of the turbine. Figs. 5, 6,
7, 8,and 11,1t will be observed, are on a larger

 scale than the other figures of the drawings.
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A and B are the shells of the two sections

of the turbine, which are placed side by side

and have passing through them centrally the

shaft C. The shells are made in upper and-|

lower halves bolted together, the lower halves
being provided with lugs 12 for sapporting
them from the base. (Notshown.) Stuffing-
boxes 13 14 15 are provided where the shaft
passes through the shells, while on the onter
heads of the two shells are bearings 16 17, by
which the shaftis supported. The shells are
secured together at their centers by means of
an annular angle-casting 18, which is bolted
to the two shells, while one or more braces 19
may also be employed to maintain the rela-
tion of the shells toeach other. D and E are
the wheels, which are mounted upon the shaft
within the two shells. |

Referring now particularly to the second i ate stationary reversing-vanes 30.

posed of a number of wrought-metal disks 20,
there being preferably as many of these disks
as there are sets of moving vanes carried by
the wheel. These disks are clamped upon a
hub 21, which is mounfed npon the shaft
within the shell B. DBetween the disks are
angle stiffening-bars 22, which extend radi-
ally from.the hub 21 to practically the pe-
ripheries of the disks, and clamping-bolts 23,
passing through the disks and the stiffening-

“plates, hold the several parts firmly together.

Upon the peripheries of the disks 20 are se-
cured rings 24, of wrought metal, which abut

agalnst each other with rabbet joints, so as to

furnish mutual support and also to close the
space between the disks against the entrance
of the elastic fluid and to connect the clear-
ances on opposite sides around the station-
ary vanes, soas to diminish the effect of leak-
age. 'The annular sets 25 of direct moving
vanes are carried by the rings 24, being cut
therein from the peripheral facesof the rings
so as to be integral therewith. Surrounding
each set of moving direct vanes 25 is a set of

moving reversing-vanes26. Hach set of mov-

ing reversing-vanes is cut in the peripheral
face of a wrought-metal ring 27, which is
shrunk over the outer ends of the vanes 25,
closing the outer ends of the direct - vane
spaces. 'T'he outer ends of the reversing-
vane spaces are closed by an encireling band
28, which is preferably made in sections and
is secured in position by bolts 29, which pass
through the band 28, vanes 26, and band 27
into the vanes 25, thus not only securing the
covering-band 28 upon the reversing-vanes,
but .;11%0 securing the entire reversing-vane
structure to the dlrect vanes. The eenters
of the direct and reversing moving vanes are
placed in line, as illustrated in Fig. 8, so that
the bolts 29 can be passed directly through
both sefs of vanes. The intermediate sta-
tionary reversing-vanes are located, prefer-
ably,in the lower half of the shell band have
a length sufficient toembrace the entire width
of the jet of elastie fluid delivered by the
reversing-nozzle and flowing through the
moving reversing-vanes. 1he sets of sta-
tionary reversing-vanes 30 are constructed
integral with a wrought-metal band 31, up-
on which they are supported, by being cut in
the outer face of a curved block, of which
said. band forms the inner face. The outer
ends of the stationary vanes 30 are covered
by curved plates 32, which -are secured: to
the stationary vanesbyrivets 33.. The sets of
stationary reversing-vanes are secured to a
pad 34, which is bolted in an opening in the
shell B by means of bolts 35, which hold the
curved plates 32 in channels on the inner face
of the pad 34. Thereversing-uozzle If passes
through an opening in the inner head of the
lower half of the shell B, so as to deliver the
elastic-flnid jet to the first set of moving re-

versing-vanes 26 in line with the intermedi-
The. re-
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versing-nozzle F is composed of a casting 36, | ports 57, over which slides a valve 58, hav-

in which are formed nozzle-sections 37 and |
I have not found it necessary to provide as

bowls 38, forming a sectional nozzle of the
character deseribed in my application before
roferred 0. The nozzle-sections and bowls
37 38 formed in the casting 36 of the revers-
mn'-nﬂzzle are the same as the similar sections

formed in the casting 39 of the nozzle for the

first stage of the turblne Fig. 11, which will
be presently described, emept tha,t the noz-
zle - sections are turned in the 0pp051te di-
rection. Secured to the casting 36 1s a hood
40, Fig. 2, which covers all the nozzle-see-

'“ tlons, and eonneeted with this hood is a pipe

20

Z5

30

41 for supplying elastic fluid to the reversing-
nozzle.

" The sets of stationary inter medmte direct.

vanes 42 for the second stage of the turbine
are constructed in the same manner as the

stationary reversing-vanes except that they

are turned in the opposite direction, being
made integral with a band 43 and covered by
a curved plate 44, which is secured to the
vanes 42.
vanes are located in the upper part of the tur-
bine, being secured to the shell by bolts 45
and spacing-blocks 46, so as to be located in

line with the direct moving vanes, with which
The nozzle G for the second

they cobperate.
stage of the turbine and its coopelatmﬂ‘ valve

| mechamsm are so similar in construction to

the nozzle of the first stage of the turbine that
a description of it will be deferred until aftenr
the nozzle of the first stage of the turbine,
which is more fully 111ustrated is described.

The wheel D of the first stage of the tur-

| '.'bme is built up like the wheel E, except that

49

~ bolted in an opening in the top of theshell A |

50

55

bo

- ing 3¢ i8 bolted another casting 55, covering

65

other seft.

it may have a smaller number of disks, and
the sets of moving vanes 47 of the wheel D
may be cut- upon two rings 43 49 instead of
upon fourrings. The moving vanes 47 have
their outer ends encircled by bands 50 se-
cured thereto. The intermediate stationary
vanes 51 are constructed in all respeets like
the stationary reversing-vanes 30 except that
they are turned in the oppnmte direction and
are secured in a similar manner to a pad 52,

The nozzle H of the first stage of the tur-
bine is composed of a casting 39, already re-

ferred to, Fig. 11, which is seeured in an open-

ing in the upper half of the outside head of
the shell A, opposite the stationary interme-
diate vanes 51, which carry the elastic-fluid
jet from one set of moving vanes 47 to an-
The casting 39 is provided with
a series of nozzle-sections 53 and bowls 54,
such nozzle-sections terminating at their dis-
charge ends in thin partitions, so that the
separate streams of elastic fluid combine-at

the delivery end of the nozzle into a substan- |
" ber,

tially single stream, as described in-my ap-
plication before referred to. Upon the cast-

the bowls of all the nozzle-sections, and in the
casting 55 are partitions 56, extending back

These sets of direct stationary |

ing an area suificient tocover all of said ports.

many valve ports and conduits leading to the

sections of the nozzle as there are sections in-

the nozzle itself in order to secure an efficient
governing of the turbine. In the case of the

nozzle H for the first stage of the turbine I
have shown one such port and condnit for

every two nozzle-sections; but it is evident
that if the nozzle-sections were smaller and
oreater in number there might be more than
two of such nozzle-sections for each port and
conduit. Upon the casting 55 is secured the
valve-case 59, in which the valve 58 slides.

The.valve-case 59 is connected with a supply-
pipe 60 for supplying the elastic fluid thereto.
To operate the valve A8, 1 provide a rod 61,

having a screw- thredded inner end workmﬂ*
in a nut 62 in the valve 58. This rod passes
through a stuffing-box 63 in the valve-case
59, a,nd outside thereof it passes through a
bea,rmﬂ' G4, on opposite sides of which bear-
ing it is prowded with thrust-collars 65 to pre-
vent longitudinal movement. Theonterend
of the rod 61 has mounted loosely upon it a

beveled gear 66, which is locked to the rod by

a hand- ﬂper&ted cluteh 67. Another beveled
oear 68, carried by a shaft 69, meshes with
the gear 66. The shaft 69 may ba-turned by
a handle 70 or by connection with a speed-
governor, and by its movement the rod 61 will

‘be turned and will open more or less of the

ports 57, thus varying the number of the noz-

tion of the turbine under variations of load.

{ The elastic-flaid jet after passing from the

nozzle H through the compound series of mov-
ing and stationary vanes 47 and 51 is dis-
charged from the last set of moving vanes 47,
oppe:)swe the exhaust-opening I of the ﬁrst
shell.

Between the exhaust-opening I and the di-

rect nozzle G of the second sheil is located a

connecting-box 71, whieh is similar to the

| casting 55 of the nozzle H, being divided by

partitions 72, which extend back from the

partitions separating the bowlsof thesections
of the nozzle G to ports 73 at the other end
of the partitions 72.

The nozzle G is formed
of a casting 74 similar to the casting 39 of the
nozzle i, but having a much greater length,

S0 as to pmmde for the greater ¢ross- secmonal
area of the nozzle for the low-pressure stage of
the turbine, and in this casting 74 are formed
the nozzle-sections 75 and bowls 76, which
correspond with the similar parts 53 and 54
of the nozzle H.” The partitions 72 form four
condunits leading from the nozzle-sections
back to the ports 73, which are four in num-

three of the nozzle-sections. (SeeFigs. 1and

1 9.) Valves 77 78 eovers the ports 73 and slide

each one of these conduits embracing

8,_.
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zle-sections through which the elastic fluid
will pass and maintaining an efficient opera-

105

IIG

115

120

I235

130

in guides formed between the casting 71and =

the exhaust-opening 1.

from the partitions between the bowls 54 to | piﬂle‘lte]}T twice the length of the valve 77,

The valve 78 has ap-
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and is so placed with relation to the ports

which it covers that where all the ports are
covered by both valves and the valves are
moved to the left to uncover the ports the
valve 77 will first uncover its ports and the
valve 78 will then uncover its ports, while if
the ports are all open and the valves are
moved at the same speed to therightto cover

the ports the valve 78 will first close its ports

and then the valve 77 will close its ports.
This relation of the valves is illustrated in
Fig. 9. To move the two valves, they are
connected together by a rod 79, from which
extends a link 80 to a nut 31, which nut is
moved by a serew-rod 82. This serew-rod is
held against longitudinal movement by a
bearing 83 at itsinnerend. It passesthrough
a stufiing-box 84 out through the side of the
shell A surrounding the exhaust-opening I
and 18 provided on its end with a beveled
gear 85, which meshes with a beveled gear 86
on the end of the shaft 69. The beveled gear
86 1s larger than the gear 85, so that the speed
of rotation of the screw-rod 82 is greater than
that of the shaft 69.- On the other hand, the
serew-rod 61, which moves the valve of the
nozzle H, has a less speed than the shaft 69,
its gear-wheel 66 being larger than the gear-
wheel 68 on theshaft 69. Thedifferent speeds
imparted to the screw-rods 61 and 82 by the
shaft 69 are such that the movements of the
valve 53 and the valves 77 and 78 will be co-
ordinated, so that the valves controlling the
two nozzles will be moved proportionately.

The function of the cluteh 67, which per-
mits thevalve-rod 61 to be disconnected from
the operating-shaft 69, is to allow of adjust-
ment of the valves of the second-stage nozzle
independent of the movement of the valves
of the first-stage nozzle, so that the interme-
diate pressure of the elastic fluid, or that pres-
sure which exists at the exhaust-opening I
of the first shell, may be varied sufficiently to
seciure the most effective working of the tur-
bine as an entirety. The casting 71, which
is placed between the two shells and is bolted
to both of them, serves additionally to hold
the shells in a fixed relative position and to
produce a rigid construction.

The supply -pipes 41 and 60 for the elastic
fluid are connected with a pipe 87, leading to
the steam -boiler or other source of elastic
fluid, and a two-way valve 88 is located at the
junetion of the pipes 41, 60, and 87, so that
the elastic fluid can be directed into either
pipe 41 or 60 and can be throttled more or less,
if desired.

K is the exhaust for the second stan'e of the
turbine, which will be connected mth the con-
denser and through which the elastic fluid
from the direct vanes, as well as from the re-
verse vanes, is discharged.

What I claim is—

1. The combination, in an elastic-fluid tur-
bine, of a delivery-nozzle and moving vanes
for producing forward motion; and an expan-
sion sectional nozzle and moving vanes, upon

|

!
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which the elastic fluid delivered by sald ex-
pansion sectional nozzle acts two or more
times in succession, for producing backward
motion, substantially as set forth.

2. The combination, in an elastic-fluid tur-
bine, of an expansion sectional nozzle and

moving vanes, upon which the elastic fluid.

delivered by said expansion sectional nozzle
acts two or more times in succession, for pro-
ducing forward motion; and an expansion
sectional nozzleand moving vanes,upon which
the elastic fluid delivered by said expansion
sectional nozzle acts {wo or more times in sue-
cession, for producing backward motion, sub-
stantlally as set forth.

3. In an elastic-fluid turbine, the eombma-
tion with an inclosing shell and a wheel there-
in, of two or more sets of moving vanes mount-
ed on said wheel for producing the forward
rotation of the turbine, and a corresponding
nuamber of sets of moving vanes mounted on
said wheel at a different distance from the
center for producing reverse rotation of the
turbine, one or more sets of stationary inter-
mediate vanes for each class of moving vanes,
the two classes of intermediate vanes being
supported by the shell at different portions
of its circumference, and independent nozzles
coﬁperating with the two classes of moving
and stationary vanes and entering the shell in
line with the two classes of stationary vanes,
substantially as set forth.

4. In an elastie-fluid turbine, the combina-
tion with the shell and wheel, of two series of
compound moving vanes mounted on the
wheel at (11ﬁ'erent distances from the center

and having their vanes reversed to produce

rotation of the turbine in opposite directions,
two series of stationary intermediate vanes

mounted ondifferent circumferential portions .

of the shell and supported at different dis-
tances from the center so as to cooperate with
the two seriesof moving vanes, and independ-

ent sectional nozzles cotperating with the two
classes of moving and stationary vanes and

entering the shell in line with the two classes
of stationary vanes, substantially as set forth.

5. In an elastic-fluid turbine, the combina-
tion with an annularsetof direct vanes formed
integral with a wrought-metal wheel-rim, of
an annular set of reverse vanes formed inte-
oral with a wrought-metal ring surrounding
the direct vanes and secured thereto, substan-
tially as set forth.

6. In an elastic-fiuid turbme, the combina-
tlonwithanannularsetofdirect vanesformed
integral with. a wrought-metal wheel-rim, of
an annular set of reverse vanes formed 1nte-
oral with a wrought-metal ring surrounding
the direct vanes and secured thereto, and a
band encireling the ends of the reverse vanes,
substantially as set forth,

7. In an elastie-flunid turbine, the combma-
tion withan annularsetof direct vanes formed
integral with a wrought-metal wheel-rim, of
an annula,r set of reverse vanes formed mte-
ogral with a wrought-metal ring surrounding
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the direct vanes, the centers of the direct and |

reverse vanes registering, a band encircling

the ends of the reverse vanes, and bolts pass-
ing through the said band a,nd the reverse

vanes 1nt0 the direct vanes, substantially as

set forth.

8. In an elastic-fluid turbine, the combm&-
tion with movable vanes and coOper ating noz-
zles operating by stage expansion for produc-
ing forward motion, Of means for producing
baekward motion conmstmﬂ‘ in an expansion-
nozzle and movable reverse vanes located in
one stage only, upon which movable reverse
vanes the fluid jet delivered by said expan-
sion-nozzle at high velocity acts two or more
times in succession at a single stage of expan-

sion, substantially as set forth.
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9. In an elastic-fluid turbine, the combina-
tion with movable vanes and co6perating noz-
zles operating by stage expansion for produc-
ing forward motion, of means for producing

baekwa,ld motion cﬁnmstmﬂ* in an expanslon-.

nozzle and movable reverse vanes located in
the low-pressure stage only, upon whiech mov-

able reverse vanes the fAuid jet delivered by

said expansion-nozzle at high velocity acts
two or more times in succession at a single
stage of expansion, substantially as set forth.

10 In an elastic-fluid turbine, the combi-

nation with movable vanes and coodperating
expa,nsmn -nozzles operating by stage expan-
sion Tor producing forward motion, “of means
for producmﬂ' backward motion eensmtmﬂ‘ in
an expansion - nozzle and movable reverse
vanes located in the low-pressure stage only,
upon which movable reverse vanes the fluid
jet delivered by said expanamn -nozzle at high

velocity acts two or more times in suceession

at a single stage of expansion, substantially
as set fmth

11. In an elastic-fluid turbine constructed

in sections inclosed in separate flnid - tight

‘shells econnected in succession, the combina-
“tion with eompound moving and stationary |
vanes in each of the two or more shells, and -
cooperating nozzles for producing the direct -

rotation of the turbine, of compound moving
and stationary vanes in the low-pressure

shell, and a cobperating nozzle for prodacing |
the reverse rotation of the turbme substan-

tially as set forth.

12. In ‘an elastic-fluid turbine, & turbine-
wheel composed of two or more wrouglt-
metal disks clamped © together, two or more
wrought-metal rings secured to such disks at
their peripheries, and_vanes formed integral
with said rings, substantially as set forth.

13. In an elastie-fluid turbine, a turbine-
wheel composed of two or more wrought-
metal disks clamped together, two or more

- wrought-metal ringssecu wred to such disks at

65

their peripheries, vanes formed integral with
said rings, and wrought-metal bands encir-
cling said vanes and secured bhelete, sub-

sta,ntlally as set forth.

14, In an elastic-fluid turbine, a turbine-
wheel composed of two or more wrought-
metal disks and intermediate radial stiffen-
ing - bars elamped together, two or more

wrought-metal rings secured to such disks at

their perlpherles vanes formedintegral with
said rings, and wrought-metal bands BICITr-
cling sald vanes fmd secured thereto, sub-

'stantmlly as set forth.

15. In an elastic-flaid turbine, 4 moving-
vane wheel having its rim formed of two or
moreabutting wroun'h t-metal rings, each hav-

ing one or more annular rows of vanes formed

mte{rml therewith, substantially as set forth.
16. In an ela.stm fluid turbine, the eombi-

nation of two or more wrought-metal rings

each having one or more annular rows of
vanes formad integral therewith, such rings

being rabbeted mﬂ'ether aubstanmally asset

fmt,h
17. In an elastic-fluid mrbme, the combi-

nation with a sectional nozzle, of conduits for
supplying the elastic fluid to such sections,

each embracing a plurality of nazzle-secbwnb

substantially as set forth.
18. In an elastie-fluid turbine, the com bi-

| nation with a sectional nozzle, of conduaits

less in number than the nozzle-secmons ex-

tending back to valve-ports, and valve mech-

anism For opening and closing such ports,

sabstantially as set forth.

19. In an elastic-fluid turbine, the combi-
nation with a sectional nozzle and conduits
leading back to two sets of valve-ports, of two
valves connected together and moved simul-
taneously, one ha,vmﬂ* 5 greater width than
the ports it covers, so as to-open said ports
only after the other valve has opened its
ports, substantially as set forth.

" 20. In an elastie-fluid turbine, the combi-
nation with two turbine-sections coaneeted in
succession, each section having a delivery-

nozzle and controlling-valve mechanism, of
| means for adjuasting the valves of the seeond

section independent of those of the first sec-
tion to vary the intermediate pressure inde-
pendent of variations in the terminal pres-
sures, substantially as set forth.

91. In an elastic-fluid turbine, the conbi-
nation with two or more turbine-sections con-

| nected in succession, each section having a

delivery-nozzle and controlling-valve mech-
anism, of means connecting such valve mech-
anisms for simultaneons and proportional
movement, and means for adjusting the con-
nection with either orboth valve mechanisms
to vary the intermediate pressure independ-
ent of variations in the terminal pressures,
substantially of set forth.

This specification signed and W1tnessed

.thlS "’95111 day of October, 1301.

CHARLES G. bURTIS

- Witnesses:
JNo. ROBT. TAYLOR
JOHN LOUIS LOTSGH
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