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CHARLES G. CURTIS, OF NEW YORK, N. Y., ASSIGNOR, BY MESNE ASSIGNMENTS, TO GENERAL
RLECTRIC COMPANY, A CORPORATION OF NEW YORK. |

ELASTIC-FLUID TURBINE.

- Wo. 879,748, .

To all whom 1t may concern: |
Be it known that I, CrarLEs G. CURTIS, &

citizen, of the United States, resident of the

borough of Manhattan, city, county, and

State of New York, have invented a certain

new and useful Improvement in Hlastic-
Fluid Turbines, of which the following 1s a
specification. R

The object I have in view 1s to produce an

elastic fluid turbine especially designed as a

marine engine of high power, but capable ot

“use for other purposes, to be as simple as

possible in construction and occupy as little
space as possible, and at the same time have
a high efficiency and a relatively low speed.

- Another object is to reduce the number of

diaphragms separating the stages. Owing
to the fact that the high pressure stages use

nozzles and fixed intermediates which ex--

tend only a portion of the way around the
circuimnference of the casing, it 1s necessary to
have the diaphragms arranged between, for
example, every three or four sets of buckets,
otherwise the steam would flow around the

parts of the casing not covered by the inter-

mediates, but i the low pressure stages

owing to the greatly increased volume of the

steam, it becomes possible to use nozzles and
fixed intermediates which extend all the way
round, and therefore diaphragms are not re-
quired and the number of sets of buckets

and intermediates can be multiplied greatly | -
utilized to reduce the pressure of the elastic

exceeding those in the high pressure stages,
provided the expansion of the steam 1s prop-
erly taken care of, 4. e., provided the noz-
zle end pressure be sufliciently high and suit-
able expansion be provided passing through
the buckets. - |

Another object of the invention is to re-
uee or partiaily relieve the end pressure on
the turbine wheels which necessarily results
from the conditions existing in the turbine
of the annular and pressure character.

In carrying out my invention L construct

a turbine having a rumber of expansion

stages in accordance with the principle set
forth in my Patent No. 566,969, and 1 em-
ploy for the high pressure stages a jet tur-
bine, preferably compounded in each stage;
while for the low pressure stages, 1 employ
the annular form of turbine comstructed in
one or more stages and highly compounded
in each stage. - - |

~ The hLigh pressure stages are constructed
in accordance with the principle of my jet |

e
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intermediate bearing between
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patents. There may be two or more "of
these high pressure stages, preferably as
many as four, each provided with a sectional
nozzle made in accordance with my Patent
No. 700,744, The nozzle of the first stage
is preferably an expansion nozzle, while the

nozzles of the succeeding high pressure stages
.are preferably without expansion. The first-

stage nozzle is not necessarily an expansion
nozzle, as the difference in velocity between
the nozzles is relative, therefore all of the
high pressure stage nozzles can be non-ex-
pansion nozzles, the succeeding high pres-
sure stage nozzles beyond the first passing
less than their capacity. Iach of these high
pressure stages has prelerably two or more
sets of moving buckets, preferably four sets
of moving buckets and three sets ol inter-
mediate buckets being used for each stage.
The ecircumferential area occupied by the

nozzles and intermediates 1s progressively

oreater throughout these high préssure stages
and the working passage through the moving
and stationary buckets of each stage 15 ex-
panded in the direction of flow of the elastic
fluid. The several high pressure stages are
inclosed in a common shell, which 1s divided
into separate compartments, i which pro-
gressively lower pressures are mamntained, by
diaphragms which carry the sectional noz-
zles. The high pressure jet stages will be

fluid down to a definite point which may be,
for illustration, atmospheric pressure.

The wheels of the high pressure stages are
mounted upon a common shaft, and this
shaft also extends through the shell of the
low pressure stage or stages and carries the
wheels in such shell. The shaft is preferably
supported. by end bearings-as well as by an
the shells of
the high and low pressure stages. The low
pressure stages, which may be two or more
in number, are mounted in a commeon sheli,
and consist of wheels carrying each a rela-
tively large number of annular rows of mov-
ing buckets, there being preferably as many
as eight of these rows in each stage, wnich
{:@Jj};ez‘ﬁm Cwith  intermediate stationary

huckets carried by the shell snd extending
completely arpund the circumfersnce. Liach
of the low pressure st is provided with a

ABISHCN

; ~ 3 b . gy b . 1 :
comaniete annular secfional nezzie made I

1

aceordance with the prineipls of my Fateny

L ¥

turbine which has been made familiar by my
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No. 700,744, but without expansion between
the throats of the nozzle sections and their
delivery ends. The moving and stationary
buckets are made progressively.-of -greater

o height so as to give the proper expansion of

the working passage through them. The
shell containing the low pressure stages is

~ divided into separate compartments corre-

" s%onding with the number of stages, prefer-
10 ably by means of partitions or ciaphragms
- which extend.inwardly from the shell only
part way to the shaft. These relatively
narrow annular diaphragms carry at their

Inner openings, rings which make a close fit
with drams carried by the wheels of the ad-

T
~ Joining stages. ‘

The moving buckets of ;fhe low preé%re

- stages may be made without bands or cover-
ings on their onter ends and move in close
contact with finished surfaces upon the shell,

.20 ‘
| and the rows of stationary intermediate
buckets may also be made without covers on

their inner ends, these buckets working close

tween the rows of ‘moving buckets. Both
the moving and stationary buckets of these
low pressure stages may, however, be pro-
- vided with bands or covers. To prevent as

25

' the first low pressure stage and the first set

‘to finished annular surfaces on the wheels be- _

far as possible the escape of the elastic fluid.
at the clearance between thé nozzle end of |

of moving buckets in' that stage inwardly

Into the space around the shaft and between
~the head of the shell and the first wheel, I
provide lateral projections, lips Or Ting seg-

- 35
- ments in accordance with the construction

disclosed in my Patent No. 726,032, which |

- project laterally from the nozzle end over the
~1nner surface of the wheel so as to transfer
40 _ |
- drical surfaces. These lips extend entirelv
~ around the circumference and
‘made adjustable radially 'so as to reduce to
- the minimum the clearance between the lips
45 nee L
with a true circular surface over which the

hips project. - These laterally projecting lips
I 11 ' the

Or ring segments not only serve to reduce
leakage inwardly from the clearance between

50 the nozzle and the first set of moving buck-
~ets, and tend to restrict the leakage to that
~ which takes place around the outer ends of

- the moving buckets where the elastic fluid
‘will rejoin the stream flowing through ‘the
and moving

b5 successive sets of stationary |
- buckets. I may also employ the laterally
piolecting lips at the énd of the nozzle for
the second low pressure stage although it is

~ Dot so-important to prevent the inward leak-
60 age at this point on account of the lower pres-

sure.. . - o o
. 1 propose to employ relatively high pres-
- sures at the nozzle ends of the low: pressure
- . annular- stages.

§5  elastic fluid is de'lﬁre;'eld_f to the nozzle of the

the clearances from the radial to the cylin-

are preferably

As for illustration, if the

and the wheel rim, the latter being finished | to give the proper . +
tend directly through the webs of the wheel -

connecting the space between the -shell head

-

chamber . of the. first
through

sure stage and is delivered by the nozzle of
‘the second low pressure stage to the buckets

| sectic ilustrating a turbine embo

879,748

first low pressure stage at atmospheric pres- -
sure or 15 lbs. absolute, the elastic fluid may

be delivered to the nozzle of the second low

pressure stage as 5 lbs. absolute, while the

‘pressures at the nozzle ends of the first and ,,

second low pressure stages may be apPProxi-
mately 10 or 11 lbs. absolute for the nozzle of -
the first stage and 3.or 4 lbs. absolute for the
nozzie of the second stage. The working
passage through the moving and stationary 75

‘buckets of each stage will be sufficiently ex-
‘panded to cause the desired gradual decline )
In pressure and the.resultant production of

velocity. The effect at full loads will be
therefore to cause the elastic fluid to act by gg

1mpulse and reaction in the low pressure an-

nuiar stages. At less than full loads, the
pressure difference between the nozzle end
and the stage in any given stage will be less
than at full loads, and the fluid will therefore Q5

operate more by impulse than by reaction,
the reactive effect decreasing as the load de-—
~creases, but not necessarily in the same pro-

portion. . The inward leakage at the end of

‘the nozzle for the first low pressure stage will gg

on account of the relatively high pressure at
the nazzle end, produce considerable pres-
sure upon the wheel 0 ‘the first low pressure
stage exerting a thrust towards the exhaust
end of the machine. ‘I propose to relieve g5
this pressure by providing a channel for the L
flow of the elastic fluid from the space be- -
tween the head of the shell and the wheel of

the first low pressure stage into the exhaust

space of the first dlow pressure stage. This 190

channel may be a_pipe connecting the head

of the shell and extending outwardly around

the shell to a connection through its side with

the exhaust chamber of the first low pressure -
stage and 1n this pipe may be located g relief 105

valve set for a: definite pressure so that the
~pressure upon the wheel of the first low pres-

sure stage may be relieved to any desired exX-
tent; or, if desired, openings of sultable size
relief of pressure may ex- 119

and the wheel with the exhaust chamber of
the first” low pressure stage. The elasticc
fluid whieh is thus delivered :to the exhaust 115

stage without passing
the moving and stationary buckets

of that stage mingles with the elastic fluid:
delivered by the buckets of the first low pres- - -
120
of that stage:.

| Stage:” The pressure which: is pro-
duced on the

wheel of the second low pres-

‘sure stage by the. inWard*lea,kS%e at the noz-.

zle end of that stage is not s iclently high j25
to make necessary the relief of the pressure -
at that point, although, if degired, this can
be done, in a similar way.
~In the drawings, Figure 1 is aloafii_;lidinal -
yig my . 13¢ -

gl
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pressure stage. - Fig. 3 is an clevation and
half seetion of the low pressure stages show-

the pressure on the wheel of the first low
pressure stage; and Fig. 4 is a'section through

the moving and stationary buckets of one of
the low pressure stages illustrating the em-
ployment of covers. for the ends "of such
buckets. L
A, B, C, D, are the high pressure stages,
and IX and I, are the low pressure stages.
: - pressure stages are 111-
closed in shells G, and II.  The shait I, ex-
tends through both shells, and carries the

wheels of the several stages. This shalt 1s.

supported by outside bearings J, K, and by
an intermediate bearing L.

. . These diaphragms and the head
of the shell carry the nozzles 2. The wheels
3 of the high pressure stages carry two or

more annular sets, preferably four, of moving
buekets 4 between which in the line ¢
opposite the nozzles are the segmental sefs of

of tlow

stationary intermediate buckets 5, supported
by the shell. The nozzles 2 and the station-
aty buckets 5 occupy progressively an in-
creasing portion of the circumierence as lus-

trated. The shell H- of the low pressure
stages is divided-into two compartments by
‘g narrow diaphragm 6 extending from the
‘sheil to a drum 7 carried by the wheels 8 of
5 the adjoining stages.

The diaphragm 6 car-
ries rings 9 on its inner annular edge sc as to

give an extended surface which is brought as
close as possible to the drum 7 to reduce

leakage. . The wheels 8 of the low pressure
stages carry annular sets of moving buckets

10 which coéperate with intermediate sets
of stationary buckets 11 carried by the shell.
These moving and stationary buckets are.
pfeferab'lv without covers on their ends as

iustrated in Fig. 2. Kaeh of tlie low pres-
sure stagesds provided with a relatively large
number of mwoving buckets pretferably as
many as eight rows of such buckets being em-
ploved in each stage. 'The nozzles 12 of the

low pressure stages are sectional nozzles

which extend around the entire circumfer-
once and deliver the elastic fluid to the entire
set of moving buckets opposite them. The
nozzle for the second low pressure stage is
carried by the diaphragm 6 while the nozzle
for the first Jow pressure stage is carried by
the head of the shell I, The exhaust of the
last high pressure stage 1) is connected with
the nozzle of the fivst low pressure stage by a
channel M, which widins out Into a com-

19

M Ay A

Phe elastic fluid delivered by the second low
' N Ay : e - . . 4] ,- e by -4 1"
oressure stage I passes outb ab the exhaust 15,

The end of the nozzle 12 of the first low pres-

. The shell G 1s
divided by diaphragms 1 into separate com-
partments.

}
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, OW P _ it of ‘adjustment. These
ing a modification of the manner of relieving

TFig. 3.

‘as set forth.

as illustrated in my Patent No. 726,032, A

ts 15 and made a;djustablé by a cam 16

number of plates 14 will be employed to per-

_ plates overlap
the clegrance between the nozzle end and the

S

70

wheel so a5 to reduce the 1&_&]{:«1%'& imwardly at

first set of moving buckets. The pipe 17
provided with a relief valve 18 connects the
head of the shell H with.the chamber into
which the elastie fluid is delivered by the

first low pressure stage  and from which1t 1s

taken by the nozzle 12 of the second low
pressure stage F. Instead of employing the

pipe 17 extending around the shell, for the

relief of the pressure on the wheel of the first
low pressure stage K, channels 19 may be
formed directly in the wheel as illustrated n
_ While I prefer to leave the ends of
the moving and stationary buckets ol the
Jow pressure stages uncovetred, these buck-

‘the clearance between the nozzle end and the ™

75

ets mav be provided with covers-as illus-

trated m Fig. 4.

- What I claim 1s+— _
1. In a stage expansion elastic rud tur-

bine, the combination of high pressure jet

90

stages and low pressure annular stages, op--

erating at low velocity and high pressure at
the nozzle end, substantially as set forth.

2. In a stage expansion elastic fluid tur-

bine, the combination of two or more high

pressure jet stages having moving buckets
and provided with nozzles and stationary -

termediate buckets occupying a part only of
the circumference, with two or more low
pressure annular stages each having a greater
number of annular buckets than the high

pressure stages, and provided with nozzles
and stationary intermediate buckets occu-
pying the entire circumference, substantially

3. In a stage expension elastic flutd tur-

bine, the combination of twd or more high

pressure jet-stages having each two or more

sets of moving bueckets and provided with

nozzles and stationary intermediate buckets
occupving a part only of the circuniference,

with two or more low préssure annular stages

each having a greater number of annular
buckets than the high |
provided with nozzles and stationary inter-

' mediate buckets occupying the entire cir-
cumference, substantizlly as set forth.

4. In an elastic fluid turbine, the combina-

pressure stages and

09

100

105

110
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tion with an annular nozzle and an ann-u-l'att-;]g@

‘set of moving buckets to which the nozzle

dalivers the elastic fluid, of a lateral projec-
tion extending across the inner clearance be-

tween the nozzle end and the moving buck-

ets and transferfing the elearance from ra-

dial to cylindrieal surfaces, substantially as.

set fortn.. o | o
5. Aun elastic fluid- turbine comprising &
plurality of stage compartments werking at

sure stage carvies the plate 14 which is held | different pressures, a nozzle for a high pres-

k-2
Lot

130



sure stage which converts the available pres-

sure thereof into velocity, and whose end
pressure 1s substantially the same as that of
the exhaust from the stage compartment,

-wheel buckets codperating therewith to ab-
stract the velocity, an annular nozzle for a
low pressure stage which partially converts

- the available pressure of the stage into veloe-

. 1ty and has an end pressure considerably in
10

excess of that of the exhaust from the stage

- compartment, a wheel having rows of buck-

15

20

‘ets, all of which are active, and a complete

annular row of intermediate buckets, the

sald rows of intermediate and wheel buck- ;
ets alternately converting the pressure of
the fluid into velocity and abstracting it as

the fluid flows through the stage compart-
ment. , | |

6. An elastic fluid turbine comprising a
plurality of stage compartments working at

~ different pressures, a nozzle which converts

- the "available pressure of a high pressure
stage into velocity, wheel and intermediate
buckets which fractionally abstract the ve-
locity of the fluid received from the nozzle,

- a wheel for the buckets which is balanced as

-

to flud pressures, an annular low pressure

-nozzle which converts only a certain percent-

- age of 'the available stage pressure into ve-

- 30

40

stract 1t as the

locity, wheel and intermediate buckets ar-

ranged 1n rows, all of which are active and
cooperate with the nozzle to abstract the

velocity from the fluid due to the nozzle and
also to afltemategr create velocity and ab-

haust,..

7. An elastic .ﬂuiid‘JtUrl')ine :(:.O'n'ri'prising a
plurality of stages working at successively -

s

decreasing pressures, nozzles for the high

pressure stages that convert the available
. pressure of each of the high pressure stages
- nto " velocity, wheel buckets codperating:
~therewith which abstract the energy of the

 fluid without imparting velocity thereto, an-

45

nular nozzles for the. low pressure- stages

. Whi'c_h,cf)mrelrt only a limited portion of the
‘available pressure of each stage into velocity, |

wheel and intermediate buckets arranged to

abstract the velocity ot the fluid as received

o0

from the annular nozzles and also to create

velocity and abstract it by successive steps
a8 the fluid flows through the stage, wheels

for the buckets, and supports for the 'low
pressure intermediate buckets, the wheels

60

. for dividin the casing into stage compart- |
ments, bucket wheels for the high pressure |
- stage compartments, bucket whéels for the !

and supports - codperating to prevent -the

fluid from flowing from a point of high to
8 point of low pressure without passing
through the bucket spaces. L

8. An elastic fluid turbine comprising a
cﬁéing-, high and low pressure diaphragms

low pressure stage compartments having a

uid flews toward the ex- _ : .
R - | 1 difference in pressure between the opposite 100

4 | - 870748

greater number of rows of buckets than those 65
of the high pressure stages, expanding noz-
zles for high pressure stages, intermediate
buckets therefor, the nozzles and buckets y
covering less than the full circumference of
the wheel, annular nozzles for the low pres- 7¢
sure stages which convert a portion on yof
the ‘available stage pressure into velocity, .
and intermediate low pressure buckets,the
wheel and intermediate buckets of the low
pressure stages being constructed and ar- 75
ranged to work by impact of the motive
flaid under certain load conditions and to
work by impact and reaction under other
load conditions. T |
9. An elastic fluid turbine comprising a 80
“plurality of high pressure stages working on ',
the partial flow plan, low pressure stages -
working on the total flow plan, nozzles for
‘the high pressure stages, rows of wheeél buck-
ets theretor, nozzles for the low pressure 85
stages, and rows of wheel buckets therefor . -
which alternately convert the pressure of the
fluid into velocity and extract it, the num-
ber of rows of wheel buckets being greater
in the low pressure stages than in the high. 90
10. In an elastic fluid turbine, the com-
bination with a turbine whed! and a nozzle
delivering the elastic fluid to the wheel
throughout its. entire circumference, of a
channel connecting the wheel chamber on. 95
opposite sides of the wheel so as to relieve
‘the pressure produced upon the wheel by the
iward leakage at the nozzle end, and a relief
valve in said channel to maintain a-definite

sides of the wheel, substantially as set forth. -
11. In an elastic fluid turbine, the com-

bination with dn inclosed shell, of a turbine
‘wheel therein and a nozzle delivering the
elastic fluid to -the entire circumference of 105
‘the wheel, of a lateral projection on the shell -
‘across the inner clearance between the noz-
zle end and the wheel, and a ¢hannel connect-
ing the chambers on opposite sides of the
wheel, substantially as set forth. |

12, In an elastic fluid turbine, the com-
bination with two annular stages each pro-
vided with a numberof sets of moving buck-
ets and with a nozzle dehivering the elastic
fluid throughout the entire circumference, of 115 -
means for reducing the inward leakage at the =
nozzle end of the first stage, -and means for
~discharging the pressure on the first wheel
produced by -inward leakage at the nozzle
“end Into the nozzle chamber of the second 120
stage, substantially as set forth. =~ =

This' specification signed and witnessed

this tenth day of August, 1904. '

CHARLES G. CURTIS.

110

- Witnesses: = :
© JNO. - RoB’T TAYLOR,

Leonarp H. Dyer. |
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