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To all whom f may concern:

Be 1t known that I, Riciiarp H. Ricr. a
citizen of the United States, residing at
Liynn, county of Issex, State of Massachu-
setts, have mvented certain n»w and useful
Improvements 11 Klastie-Iluid Turbines, of
which the following i1s a specification.

The wvpresent invention relates to elastic
flurd turbines. and more especially to those
of the impact tyvpe, and has for its objects
to 1mmprove their eflicicney and also their
constriiction. |
- In the accompanying drawing which 1lus-
trates one of the embodiments of my mven-
tion, Ifigure 1 1s a partial axial section of a

vertical shaft turbine; Ifig. 2 1s a detail see-

tional view tuken on line 2—2 of Fig. 1;
and I'ig, 3 1s a view in «ide elevation of u
turbo-generator.

1 indicates the base of the turbine havingr
an outlet 2 through which the exhaust steam
normally passes to a condenser or i1t may
Bolted to the base 1s
a sprder 3 that supports the step- and lower
guide - bearings. o
and carried by the base is a packing 4 io
prevent the escape of steamn from the cham-
bered base: or the entrance of air.

5 mdicate the main shaft upon which are
secured the bucket wheels, a single wleoi
with two rows of buckets being provided for
each stage.

Mounted on the base 1s a wheel casing 6

made up in segmental sections of suitable
size. the uppér or high pressure end of the
casing bemg Iareer in diameter than the
bottom or low pressure end
of the casing is provided with a head 7 hav-
ing a ceniral vore through which the shaft
passes and a packing 8 to preven: the escape
of steam or other elastic-motive fluid. In
the head are passages 9 communicating with
the valve chest 10 and with the sections or
passages of the divergent nozzle 11 Dbolted
or otherwise secured to the under side of the
head. These admission nozzles cover a rela-
tively small wheel arc and have a greater
ratio of exponsion than the stage nozzles so
as to reduce the pressure within the first
stuge or wheel compartment to such a low

vadue under all conditions of operation as |

to keep the strains on the casing within a
safe marein.

The 1dea of a multistage impact type of
turbine operating with a greater pressure

Above the gulde-bearmg’

The npper end |
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drop in the first than in any one of the sub-
sequent stages 1s not of 1tself broadly new
but I provide for a materially greater Fres-
sure drop than has been contemplated here-
tofore, and by reason of this and other fea-
tures am enabled to obtain superior results.
Turbines of the character referred to are
provided with stage nozzles which are nor-
mally in service and other stage nozzles
which are put into service automatically or
otherwise as the load increases and the

stealn pressure in the first stage tends to

build up.or when additional steam .is need-
ed. When the stage valves operate auto-
matically they are arranged, in so iar as pos-
sible, to maintain a constant stage pressure
under varyirn_ conditions of load. By re-

ducing the pressure in the first stage to an

extremelv lor value as 1 do, it 1s lower at
light loi.as than 1s neczssary to safeguanrd
the wheel casing, hence when the load in-
creases to maxirmura the pressure will only
rise by a certain predetermined amount, the
tntal value of which does not exceed the safe
workimg limits of the casing and its parts.

From this it will be understood that I am’

able to dispense with stage vaives, and hence

1]l of the stage nozzles will constantly be

service when the turbine 1s 1n use. As has
been poimnted out, the veloctity of the fluid
zsuing from the udmission nozzles is greater
:bgn that from the stage nozzles, hence in
grder to extract an amount of velocity from
the steam in the first stage comparable with
that extracted 1n the subsequent stages the
bucket speed should be higher. This is at-
tained by making the first stage wheel larger
:in dianieter than the wheels of the subse-
quent stages. Owing to the fact that the
pressure 1n the first stage 1s cbnormally low
as contra~fed with pressures previously em-
ployed, 1 am able to utilize n wheel of large
diameter and this withou. high rotation
losses because of the low density of the
steam. 15y * rotation losses” J 1nean tie
losses due to friction between the wheel and
the surrounding medinm and the fan-like
action »f the wheel buckets. Decreasing the
first stuge pressure as deseribed renders it
easier 1o pack the wheel shaft where it
passes through the casing head. Other
things being equal it also reduces the weight.
of the casing, head, diaphragm, ete. Dis-
pensing with stage valves reduces mechan-
ical complication and initial cost. Further
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1t decreases the number of parts which have | a chamber of large cross-section without in-

to be looked after by the engineer in charge
of the muachine.

As above stated, in my lmprovcd turbie
the velocity of the steam in the first stage is

higher than in any of the remainder and the |

said stuge does considerably more work, in

the tur l}mc ustrated about one-third of the

total, the remainder being divided about
cquallv between the last three stages. By
initially providing for a large thop In pres-
sure 1n the {irst stage, ana one greater than
1s required io mcrclv pmtcct the parts of the
wheel casing from excessive pressiwe, 1t fol-
lows that thc pressure may be quite largely
augmented 1n the first stage as the load in-

~creases without, however, cndangermrr the

casing, and since tlte pressure distribution in
the stafrcs changes somewhat under these
conditions the lower pressure stages will
automatically do more work as the pressure
1ncreases.  As the load falls off the pressures
in the several stages gradnally change uiltil
the initial condition is resumed. AS an ex-
ample of the pressure relations: that of the

supply may be 200 pounds absolute, the pres-

sure in the first stage 30 pounds absolute,
and that of the exhaust 1 pound absolute.
1he great drop in pressure due to the nozzle
11 havi Ing alt'crgent walls results ip a high
spouting TEIOCLtV of the steam. In order to
effectually utlhze th:s velocity 1 provide a
bucket wheel 12 in the first stage of consid-
erably larger diameter than those of the suc-
ceeding stq*rc:. and owing to this large di-
ameter the bucket speed closely approaches
the theoretical for the conditions mentioned.
For example, the bucket speed may be 500

feet per second with a normal spouting ve-
locity at the nozzle end of 2200 feet DEr sec-
ond. The diameter of the upper ena of the

casing 1s greater than that of the lower end .
At

to accommodate the large bucket wheel.
the point of change 1n diameters a shoulder
15 provided upon which rests the largest dia-
phragm 13 in the machine. It is not only
larger 1n diameter but it is also thicker.
surrounding the diapliragm 1s an annular
chamber 14. the annular outerr and bottom
walls being formed by the casing, the inner
wall by the periphery of the dhaphragm and
the upper wall by a relatively thin metal
ring 15 riveted or otherwise attached to an
intcrnal projection on the wheel casing and
to the peripheral edge of the tll.zpln.tfrm
This ring 1s cut away at a pomnt directly
ander the admission nozzles to form a seg-
mental opening of suitable shape and area
to permit the steam exhausting from the
wheel Lo freely enter it. It is to be noted
that the annular chamber T surrounds the
dinphragm 13 1ustead of heine conlined in
aosmall are divectly hetween the exhanst
side of the fir<t wheel and the nozzles of the
bext stage. Pl arrange Imm pornits of

i~ el — - w—_—

from theé admission nozzles.

creasing the axial length of the turbine by

any apprccml}lc fimmmt Owing to the rrreat
drop in préssure in the a{hnhamn nozzles the
volume of the steam increases enormously
by the time it enters the chamber and to
utilize this to its best advantage all of the
stage nozzles leading into the Second sta age
as well as those ]cmlmn' into the %uuccdmfr
stages are active. Bolted to the lar gest dia-
phmﬂ'm 15 a stage nozzle 16 that lllll)’lrtb
velocity to the steam and completely sar-
rounds the seeond stace wheel so that all or
practically all of the Duckets will be active.
This nozzle or the sections thereof are fed
with steam from thie annular chamber 14 by
passages 17 cored m the. peripheral portion
of the diaphragm. Owing to the fact that
the chamber 14 is annular and communicates
with all of the second stage nozzles the latter
are all supplied with steam at the same pres-

sure,

The stage nozzles may be divergent or non-

dwcrgcnt in character, 1n any ev vent the ve-
locity of the motive fluid discharged thereby
will be considerably less than that dlscha.rcrecz
For e‘mmple,
the spouting velocity of the steam at the
ends of these no7zles may be 1600 feet per
second when that of the admlssmn nozzle is
2200 feet per second. Under these condi-
tions the bucket speed of the low pressure
stages can with advantage be about 425 feet

per - second.

In the second stage compartment 18 1s a
bucket wheel 19 of considerably smaller di-
ameter thap the one in the first stage. This

| wheel as well as the ¢thers in the turbine are

each provided with two rows of buckets 20
and ntermediate buckets 21 between the
rows. In the first stage these intermediates
cover only a ccmparatwcly small wheel are,
suhstantmlly the same as covered by the d.d-
mission nozzles, while in the ﬂcccnd and 1n

the succeeding stﬂge:‘; they cover the entire
wheel circumference. |

The diaphragms between the stages of the
lower pressure differ in eonstruction from
the Iarge high pressure diaphragnm. Since
the construction of these diaphragms and
(hetr supports are the same a deseription of
one of them will be sufheient.

Formed on the immner wall of the wheel

casiug 18 a shoulder 22 and <cated thereon 1s
¢ ring 23 comprising an inner and an outer
cast metal portion and sheet metal part-
ttons dividing the space between them nto
passages all of which extend in the same di-
reetion and dhiseharge steam al the same
angle to the wheel buekets. In making these
rings the <heet metal partltumf-; are pnt into
the core and the eore is then placed in the
tiold in the usual manner. The part of the
miohl forming the mner portion of the ving
15 ponred ]1!*-.[ AMier the metal has had o
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chance to cool somewhat the outer portion ) same casing since this is a desirable con-

of the ring 1s poured. In cooling the outer
portion will contract somewhat and instead

. 0of the partitions being under tension, as

. which 1 regard as being an important ad-
In so far as the broader features
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would be the case 1f the parts were poured
simultaneously, they are under compression

vaniage.
of my invention are concerned they are not
to be construed as limited to the particular
construction of these rings and diaphragms.
The outer portion of the ring rests on the in-
ternal shoulder of the casing while its inner
portion 1s provided with a shoulder to re-
ceive the diaphragm preper. This dia-
phragm 24 is provided with a shaft opening
and supports a packing sleeve 25 of suitable
character around the shaft.- It is provided
with concentric ribs to strengthen it; and also
with sheet metal disks 26 on opposite sides
each of which present a smooth surface to
the steam in the compartment so‘as not to
oppose 1ts movement, snd also to decrease
the size of the wheel compartment so as to
limit the amount of steam contained therein.
Located above the casing is a stool 27 that
supports the casing 28 of an electric genera-
tor. The upper end of the turbine sheft is
grovided with a guide bearing 29 supported
y the stool. On the end of the shaft is a
coupling 30 for uniting it with the generator
shaft 31 above it. The guide bearing is
supported at suitable points by the stool and

between the points of support are spaces to-

permit of access to the bearing. From this
1t follows that the heated air from around
the turbine would pass directly into and

through the generator thereby increasing its

temperature and endangering its life. To
prevent this a ring shaped plate 32 is pro-
vided that is bolted to the stool or other
support: It 1s provided with one or more
openings through which access may he had
to the parts above, and these openings are

covered by doo s 83 that are held in place

by bolts or other means.

By reason of my improved construction I
am able to produce a turbine which has a
relatively low shaft speed and at the same
tune one having high economy of operation.
The parts are simple and rugged in con-
structioir and the machine can be erected or
taken down with a minimum expenditure
of time and labor. By using a larger first
stage wheel and a casing having two diame-
ters. ample provision can be made for the
annular chainber receiving steam therefron:
and this without unduly increasing the axial
length of the machine. Since I avoid the
use of stage valves and separate nozzles con-
trolled thereby the first cost of the machine
1s materially reduced as is also the number
of purts. The cost of attendance and main-
tenance 1s also reduced.

1 have shown the wheels all located in the

struction but the invention is not to be con-
strued as so limited unless specified in the
clanns. e

I obtain the high bucket speed of the first
stage by uasing a larger wheel than in the
later stages and mounting all of the wheels
on the same shaft, but in those cases where

a divided shatt arrangement can be utilized -

the same advantage may be obtained by ro-
tating one shatt faster than the other with

- wheels of sultable diameter.

In accordance with the provistons of the
patent’ statutes, I have described the prin-
ciple of cperation of myv invention, tocether

- ' .
with the apparatus which I now consider to

represent the best embodiment thercof. but
I desire to have it understood that the ap-
paratus shown 1s only illustrative, and that
the 1nvention can be carried out by other

- Ileans,

What I claim as new and desire to secure
by Letters Patent of the United States, 1s,—

1. A turbine that 1s divided into stages of
expansion, divergent admission nozzle which
discharges the motive fluid into the first
stage at a pressure that 1s only a small per-
centage of the nitial pressure with a corre-
spondingly high velocity so that a larger
percentage of the work will be performed in
the first stage-than in anv one of the later
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35

stages and the casing strains under varving -

load conditions and the leakage losses will
be reduced to a relatively low value, a wheel
for said stage that has a bucket speed great
enough to effectively convert the high ve-
locity of the fluid into mechanical work.
stage nozzles each of which converts a lesser
percentage of the pressure into velocity than
the said admrssion nozzle. a wheel for each
of the low-pressure stages located adjacent
1ts nozzle which acts on the impact plan to

100

105

fructionally extract the velocjty, each wheel

having a bucket speed which is less than
that of the initial stage, shaft means for
carrying the wheels, inclosing means. for the
wheels, and exhaust-receiving means.

2. In combination, a turbine divided into
stages, admission and stage nozzles, the
former having a greater ratio of expansion
and 1mparting a greater velocity to the mo-
tive fluid than the latter, bucket wheels for
the stages all of which act on the impulse
plan to extract the velocity produced by the
nozzles 1n successive operations, one of the
high pressure stage wheels operating at a
higher bucket speed and wverforming a
greater aimount of work than a low pressure
stage bucket wheel, and an exhaust conduit.

3. In a multi-stage turbine, the combina-
tion of a casing. means dividing the turbine
into separaie wheel compartment: or stages,
a supply chest, admission and stage nozzles,
the former shaped to cause a greater drop
In pressure and a higher spouting velocity
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of the motive fluid than the latter, bucket
wheels in the stages, the buecket wheel 1 the
lirst stage having a grealer diameter than
the remaining wheels and perforniing nmore
work than said wheels, and an exhaust con-
cduit.

4. In combination, a turbine divided 1nto
staees, admission nozzles which cover a Iim-
ited wheel are and cause a greater drop 1n
pressure between the source of supply and
the first stage than do all of the stage noz-
zles combined, stage nozzles, u bucket wheel
for the first stage acting on the impulse
plan, the buckets of which have a greater
velocity than those of the subsequent stages,
bucket wheels for the remaining stages also
acting on the mmpulse plan to extract the
velocity of the motive fluid 1n successive
operations, and an exhaust conduit. |

5. In combination, a turbine divided by
diaphragms into stages, an admission nozzle
which 1mparts a greaier velocity to the mo-
tive fluid than do the stage nozzles, a bucket
wheel codperating therewith whose diame-
ter_is greater than that of the wheel of the
stage of lowest pressure and which performs
more work, an annular chamber which re-

ceives the finid exhausting from the first !

stage and supplies 1t to the next, stage noz-
zles converting the pressure of the fiund nto

velocity, certain of siuid nozzles recewving

motive fluid from said chamber, rotating
buckets for the remaining stages all of which
act on the impulse -plan, and an exhaust
condux. |

6. In a turbine, the combination of a
shouldered casing, a supply conduit, a re-
inovable diaphragm resting on one of saud
shoulders and which divides the casing mto
compartmehnts, an annular chamber which 1s
located between the periphery of the da-
phragni and the mner wall of the casing,
wheel huckets exhausting into the chianber,
stage nozzles receiving motive fluld from
the chamber, the conduits in the peripheral
face of the diaphragm supplying motive
fluid to said stage nozzles, additional dia-
phragms resting on =houlders 1n the cas-
ing for dividing the latter mnto other con-
partments, stage nozzles and rotating buck-
efs for the last mentioned compartments,
aiud an exhaust conduit.

7. In a turbine, the combination of a eas-
ing having portions of different druneter
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with a1 shoulder between the one of larger ;
diameter heing loeated at the high pressure

ered, o diaphragm for dividing the casing
which rests on the shoulder. smaller dia-
phiragms also for dividing the easing which

are supported hy the portion thereof having

the smaller diameter, an annubar chambor
Lounded by the first menbioned dupheagm,
(he shondder aud the imner wall of the eas

ing, rotating buckets for the compartments
separated by the diaphragms, admission and
stage deviees discharging fluid to the buck-
ets, and an exhaust carrying means.

8. Tn a turbine, the combination of a cas-
ing having a hish pressare portion of greater
diameter than the low pressure portion with

- a shouider between, a diaphragm whiceh rests

on the shoulder. divides the casing into com-
partments and 1s provided with passages
communicating with the fluid discharging
deviees of the adjacent stage, an annular
chamber which surrounds the diaphragm and
supplies fluid to the passages, means divid-
ing the casing into additional compartments,
acdmission and stage devices for discharging
motive {luid, buckets for the compartments

65
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80

for extracting energy from the motive fluid, -

and an exhaust conveving means.

). 1n an elastic fluid turbine. the combina-
tion of a casing, means dividing 1t into
stages or compartnents, rotating buckets for
the stages which abstract velocity from the

motive fluid due to the nozzles, those 1 the

first stage performing a greater amount of
work than thoese in any other stage, a sup-
port for tiie buckets, the portion for the high
pressure stage buckets being greater in caamr

eler than the remainder to give a hipt ¢

bucket speed, admission nozzles whioh impart
to the fluid & greater velocity accoun:isinled
by a creater pressure drop than «o the stage
nozzles, the said admission nozzles supplying
Hutd to only a hmited nuuber of bucekets,
stage nozzles which inipet velocity to the
fInid and discharge it t _i1 of the buckets 1n
the remaiming stages: wiid an exhaust con-
Veving means. . :
10. In an elastie fuad turbine, the com-
hination of a shonlo ered easing, a dlaphragm

whiech rests on the shoulder and divides the

easing mto compartnenis, a :1_1111111:1'1‘ nozzle
ont the low pressure side of the diaphragm,
and passages 1 the diaphragm which open
on the peripheral face thereof and convey
fluid to the nozzle on the side thereof.

11. In a turbine, the ¢combination of a cas-
ing, wheel Luekets therein, a vertical shaft
carrving the buckets, a device driven by the
shafi. bearines for said shaft, 2 means for
preventing tlnid at high temperature from
around the turbine passing upward into the
said device, a door in said means through
which access may be had to {he parts of said
device, aud means for conveying motive fluid
to and from the {nrbine.

In witness whereof, T have hereunfo set

Sy had this fiith {i.i_\"nf February, 1908S.

RICTLARD 1L RICE.

Witne--es:
Jony A MeMaaes, Jre

Hlesey ) Warsrespaage.
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