No. 811,984 PATENTED FEB. 6, 1906,

- J. WILKINSON,

ELASTIO‘ FLUID TURBINE
APPLICATION FILED MAY 29, 1905.

_ — did d il l _ M M“’”_R o
2 \\\ \m. £0

B , z ))))))) DX

o1 Lvenior

: - -- ' - A wTPEs S/ K r175 osr
-%Ltueo}mi - .

éMJKﬂW _ 'JS:;
el _ - C%W

atw




1!

~ pensate overload conditions. _
provided with any desired number of supply

UNITED STATES PATENT OFFICE.
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ELASTIC-FLUID TURBINE.

‘No. 811,084,

| Speciﬁc'a;tiﬂn of Letters Patent.

.&PFl.ileﬂ,tiun filed May 22, 1905, Serial o, 261,676,

To all whom it may conecervn:

Be it known that I, JaAMEs WILKINSON, &

“citizen of the United States, residing at,
Providence, in the county of Providence and
State of Rhode Island, have invented new
~and useful Improvements in Elastic-Tluid
Turbines, of which the fallowing is a specifi-
cation. - R _

- My invention relates to improvements In

the construction of multistage elastic-fluid
turbines, such as' shown and described in
Letters Patent No. 766,921, 1ssued to me Au-
cust 9, 1904, wherein a plurality of overload

supply-nozzles are provided for an initial
high~pressure stage and utilized to introduce

into such stage sufficient motor fluid to com-
The turbine is

~and corresponding stage nozzles for deliver-

2Q

ingmotor fluid to drive it under normal loads.

In my present invention 1 prefer to mtro-

- duee the overload-supply of fluid into the ini-
tial stage or first wheel-compartment, and

since the overload capacity of such turbines

is usually about fifty per cent. of their esti-

ares of the overload-nozzles will be substan-
tially one-half of that of the supply-nozzles.

- 'This proportion may be varied in accordance

20

. here adopted as merely illustrating general

practice. - Assuming then that the turbine

N illustrated has an overload capacity of fifty
. per cent., I prefer to use as many overload-

38
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~ efficiency. - Accordingly I provide the tur-
‘bine with an initi‘gl stage having supply-noz-
0
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- ing stages and rows o

nozzles as there are supply-nozzles, designing

them to have a capacity of about fifty per

cent. of the supply-nozzles and arranging

-each overload-nozzle in juxtaposition to and
- codperative relationship with a supply-nozzle. |
1 provide the initial stage to whicll these noz-
zles admit fluid-pressure with a discharge
nozzle or nozzles, preferably one for each pair.
‘of codperating nozzles. o
~ The introduction of the overload-supply of
fluid-pressure to an initial stage requires that

the turbine be specially designed to utilize
this excess volume of fluid with the highest

zles designed to convert a relatively larger

‘percentage of pressure into velocity than is
converted by t 1ef511b¥;)ly—nozzles for succeed-
of buckets to fractionally

- abstract the velocity “from the expanded

1

mated full-load capacity the cross-sectional

-

at a lower velocity.

I streams of motor fluid a sufficient number of

times to produce a speed of bucket rotation
substantially corresponding. with that ob-

tained by the rotating buckets in the succeed-

ing stages which are acted upon by the fluid
This 1nitial stage, 1n
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which the high fluid velocity is fractionally

abstracted, I term a *‘velocity-stage,” where-
as the succeeding stages are termed ‘‘pres-

sure-stages’ ‘and are preferably provided
with single rows of buckets, so. that there
will be no fractional abstraction in them of
the fluid velocities developed by the succes-

sive expansions of the fluid in supply-nozzles

for the pressure-stages. If the initial veloc-

ity-stage be provided with normal-load sup-
ply-nozzles. designed to expand the fimd-

70

pressure to such a volume that the capacity

of the nozzles required to discharge 1t effi-
ciently into a succeeding pressure-stage will

substantially correspond with the combined

75

capacity of both normal and overload supply- .

nozzles, the efficiency of the turbine under
normal-load conditions will be substantially

unaffected by the provision of the overload- '

nozzles, whereas when the latter are brought
into service this efficiency will not be mate-
rially reduced, for the pressure will be raised

| in the first stage to a point where it becomes
with the requirements for each engine, but 1s

substantially equal to the initial high-pres-
sure supply and the discharge-nozzles from

the velocity-stage will act as supply-nozzles

for the suceeeding pressure-stages, of which
there may be a large number, or for the suc-
ceeding working 'passage of the turbine,
which may be of any desired character. A

sure-stages may thus be provided with an in-

8o

Qo

turbine having any desired number of pres- -

itial velocity-stage at its supply end, the nor-

mal-load supply-nozzles for the latter stage

having a cross-sectional area approximately

even where the turbine has a large number of
pressure-stage compartments succeeding the

95
two-thirds of that of the stage-nozzles dis- -
charging therefrom. It will be evident that
only a-small number of rows of buckets are
‘necessary for the velocity-stage 1n any case,
100

velocity-stage. The nozzlés which connect

the several stage-compartments subsequent
to the first two being properly proportioned

'in accordance with the increase in volume of
the fluid as it is fractionally expanded In
-flowing through them will act at substan-
tially the same efficiency whether the mitial

.

105




B ¥

10

2.

pressure be that of the motor fluid as supplied |
to the first stage or as expanded therein and

discharged therefrom under normal condal-
tions. ' |

ing the initial or supply end of ifs working
passage formed as a velocity-stage—1. ., one
provided with a bucket element adapted to
operate efficiently under fluid moving at
oreater velocity than in other parts of the

 working passage, said velocity-stage. having

15
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discharge - openings so proportioned to the
fluid-admission openings that under an over-
load condition the motor fluid is caused to
bank up in said stage until it practically
flows therefrom into the succeeding portion
of the working passage at substantially the

same pressure as that of the fluid-pressure
‘supply to the turbine. '

My invention further consists in the details
of construction and arrangement of parts, in

~ deseribing which reference will be made to

25

the accompanying drawings, forming & part |

of this application, in which—

Figure 1 is a side elevation of the turbine.

provided with my improvemenf{s and broken
away to illustrate a portion of the working

- passage across stages for the fuid-pressure.
- Fig. 2 is o partial sectional view taken on a

30
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‘the sectional inner casing together.

circular axial plane through the turbine,
which will illustrate the construction and ar-

rangement of parts constituting the working

passage. |

Qimilar reference - numerals refer to the
same parts throughout the drawmgs.

The turbine as illustrated comprises an
outer casing 1, surrounding the several dia-
phragms 2, which divide the mterlor of the
tiirbine into wheel compartments or stages,
their outer flanged peripheries abutting and
forming the inner casing of the turbine. A
locking-ring 3 is detachably connected te the
outer casing 1 and serves as an abutment
which engages the supply-head 4 and holds
Within
each stage is disposed a bucket-wheel 5, keyed
to the turbine-shaft 6, which projects through
the supply-head 4 and the exhaust-head 7

and is supported in suitable bearmngs 3,
the bed-plate 9, which sup- |
The bucket-wheel 5 in

mounted upon
ports the turbine.
the first or velocity stage is provided with
two rows of buckets 10, between which 1s dis-
posed a row of stationary intermediates 11,

suitably secured to the inner casing. These

intermediates are curved in the opposite diI-
rection to that of the buckets 10.

~ Fluid-pressure enters the turbine through

an inlet-passage 12, which communicates

60 with a supply-passage 13, formed in the head

63

4. From this supply-passage a number of
nozzles 14 lead obliquely through the head
and discharge fluid-pressure against the buck-
ets 10. The turbine mav be provided with

any desired number of these nozzles sufficient |

I desire to pm'te(':t . broadly, a turbine hav-

19 are

of motor
Tocity-stage. The working passage for the
‘motor fluid discharged from said velocity-

811,084

to take care of all normal-load conditions to

which it may be subjected—in other words,

to deliver sufficient fluid-pressure to the tur-
| bine to operate it up to what is termed *‘full
load” or approximately that. To take care

of overload conditions to which the turbins
may be subjected, 1 ‘
auxiliary overload-nozzles 15, which lead in
the same oblique direction through the sup-
ply-héad, each auxiliary nozzle being preter-
ably disposed in close relationship with one
of the nozzles 13. I provide separate vaives
16 and 17 to control the adrnission of fiuid-
pressure to the nozzles 14 and 15, respec-
tively. It will be noted that the overload-
nozzies 15 are of considerably smaller capac-
ity than the supply-nozzles 14, as they will
not be called upon in the construction illus-

| trated to supply fluid-pressure to take care of
‘more than a fifty-per-cent. overload. Since

T desire to provide an overload-nozzle for co-
operation with each supply-nozzle, it wili be

avident that the former will deliver suflicient

flzid-pressure for overload conditions 1f they
are substantially half the capacity of the

‘nozzies 14. The stage into which the sup-
ply-nozzles discharge is the velocity -siage,

and it will be noted that the buckeﬁwwh%}:iz}

~4

each of the succeeding stages is provided
with but & single row of buckets 18. i
fluid-pressure supplied to the veiocity-siuge

is partially converted into velocity in the

supply-nozzles, and: this velocity 1s iraction-
huckets 10, af-

ally abstracted by the rows of |
ter which the fluid - pressure is discharged
through a mnozzle or nozzles 19 against the
buckets 18 in the next stage, each discharge-
nozzle being disposed so as to receive tne
streams of motor fluid delivered to the veioc-
ity -stage. by its corresponding cobperating
nozzles 14 15 and to further expand the
same. The steam flows through each of the

succeeding diaphragms through stage-nozzle

passages 20 of increasing proportions to ac-

commodate the expanded condition of the

fluid, any desired number of succeeding pres-
sure-stages being used.

plates 21, starting at a pomt near the inlet
end and continuing to the discharge enc o:
the nozzle. |

The supply-nozzles 19for thefirst pressure-

provide & number of

Lre
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_ The nozzles 18 and
preferably subdivided by division-

Forf
bary
£y

stage 'are SO Froportioned that the cross-sec- -

tional area of each corresponds substantially
with the combined cross-sectional area of the
pair of nozzles 14 and 15, wihich codperate
therewith, it being understood that it is prei-
erable, but not essential, to have the'sucees-
sive rows of nozzles 19 and 20 across stages
maintain the separate identity of the streams
uid as initially supplied to the ve-

stage may be of any desired character within
the scope of my mvention, it only being nec-

T |
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essary to so design the buckets and the sta- ' nozzles are designed to expand the fluid-pres-
. ' - : 'G. ' h
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tionary guides or nozzles as to produce a
. speed of bucket rotation substantially equal
" to that obtained by the buckets in the veloc-

.

IO

1ty-stage. |

- Under normal conditions the stream of mo-
~ tor fluid flowing through a nozzle 14 wiil be

expanded thereby and also by its action upon

‘the buckets 10 in its passage through the ve-

locity-stage, so that the discharge-nozzle 19

~ for that stage will be properly proportioned

L

fluid’s flow, it will be evident that the turbine

to receive the fluid in 1ts expanded condition
and discharge it at high efficiency into the

first pressure-stage. The supply-nozzles 14
for the velocity-stage being proportioned rel-
atively to the first nozzles 19 in the line of the

under ‘these conditions will be operating at

- 20

.-

hichest efficiency. If dvérload conditions

oceur, one of the overload-nozzles 15 will be

opened. This presents a condition in. which
 the cross-sectional area of the pair of open.

cooperating nozzles will substantially equal
the cross-sectional area of the corresponding
discharge-nozzle. It will therefore be evi-

“dent that the velocity-stage will tend to be-

- come a high-pressure supply-chamber for

nozzles 19, and they will discharge more mo-
tor fluid into the succeeding pressure-stages
than before. The velocity -stage being a
small fraction of the turbine, the fact that the
fluid does little or no service therein during

. the- overload. conditions is more than com-

35

- 40

;lgrensated for by the increased power derived

om the large number of rows of buckets for

‘the succeeding working passage, due to the

oreater volume of motor fluid flowing there-
through. The greater the number of over-
load-valves open in the first stage the greater

will be the pressure therein; and it will be evi-

dent that when they are approximately all

open they will have the effect of raising the

‘pressure 1n the velocity-stage toa point where

50
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1t substantially equals that of the imtial sup-
ply, in which case the steam will flow through |
the velocity-stage as through a steam-supply |
passage and exert its driving effect in the suc-

ceeding working passage. Thus the varia-

tion in the power derived from the fractional

abstractions of velocity in the velocity-stage
under overload conditions will not materially
effect the general efficiency of the turbine.

" The nozzle-valves may be operated b
hand, having stems 22, which project thrmtgﬁ
the head, and have handles 23, as shown, or
any desired governor-controlled ‘mechanism
such as shown In my aforesaid Letters Patent

~ may be used to operate them.

60
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The supply-nozzles for the several stages
may be ui]? any desired shape or proportion as
the design of the turbine may require to best
carry out the operation  hereinbefore de-

~ seribed, and a similar operation may be ob-

05

tained where the velocity-stage has only a
single row of buckets, provided 1ts supply-

sure sufficiently. _ D
_Having thus described an illustrative em-

bodiment of my invention, but without lim-
| iting myself thereto, what 1 clalm as new, and
‘desire to protect by Letters Patent, 1s-—

ad ]

1. In an elastic-fluid turbine, a working

“passage for the motor fluid therein comprising

70

successive rows of rotating buckets, means

to deliver the motor fluid at greater velocity
to the first row or rows of buckets than to the
succeeding rows, and means to discharge

| fluid from said buckets subjected to the
1| higher velocities, said means consisting- of

openings of substantially the same cross-sec-

75
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tional area as the initial fluid-supply open-

ings, for-the purposes described. -

2. In a turbine, rows of nozzles 006}}617&1;%_
“ing with rows of revolving buckets, bucket-
‘wheels supporting said buckets and disposed

in separate wheel-compartments in combina- -

tion with fluid streams for moving said buck-

ets, means to cause the streams to act with

oreater velocity on the first row or rows of

buckets than on the succeeding rows, and 1n-
dependent valves for cutting sald streams
info and out of service, said nozzles being so

gﬂ,

proportioned for the first stages that when

said valves are open, therow or rows of buck-
ets in the first wheel-compartment are sub-

stantially cut out of service. |
. 8. In aturbine, the provision of a velocity-
stage compartment, motor-fluid supply and

discharge openings therefor of substantially

the same cross-sectional area, rotatable buck-
ets therein, means te control the supply of

‘motor-fluid tosaid compartment, and a work-

L ]

ing passage comprising stationary cuide de-

rotating buckets into which passage the mo-
tor fluid flows from said velocity-stage com-

935
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vices for the fluid and interposed rows of
105

partment and In which the velqcity devel-

oped in its passage through the turbine is ab-
stracted. '

4. Tn a turbine, a compartment and means

therein for fractionally abstracting velocity
from fluid-pressure and converting 1t Into ro-
tary motion, fluid supply and discharge ports

for said compartment of substantially the
same cross-sectional area, valve means to

vary the supply of fluid to said compartment, .

and one or more compartments having means

110
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therein to further abstract velocity from the

fluid-pressure discharged from said first-men-
tioned compartment. - -

5. In a multistage turbine, supply-nozzles
and cooperating bucketsforeach stage adapt-
ed to drive the turbine under normsl-load

conditions, the supply nozzle or nozzles for

the initial stage being adapted to convert a
rreater per cent. of the fluid-pressure mnto ve-
ocity than the succeeding nozzles and one or
more overload-nozzies adapted to discharge

fluid-pressure, to compensate overload con-

ditions, into said initial stage, the cross-

120
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- sectional area for lhe discharge opening or

Io

rate compartments to whic

openings for said

thereto. o S S
6. In a turbine having a }i»lluraﬁty of sepa-~

sure 1s delivered in succession, nozzle- as-

sages connecting sald compartments and ro-.

tatable buckets within said stages which co-

- operate with said nozzle-passages and con-

L5
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vert fluid velocity into mechanical power, in
combination with a plurality of nozales for
admitting. an overload supply of pressure to
the turbine, said overload-nozzles being equal
in number with the supply-passages for the
compartments into which they discharge, but
of less capacity. e

7. In a multistage turbine in which the

fluid-pressure is fractionally expanded, the

. combination with a supply-nozzle for an ini-

25

tial stage, of an overload supply-nozzle ar-
ranged 1n juxtaposition to said.

succeeding stage, said nozzle-passage

being
cisposed in line with the fluid streams flow?

‘stage corresponding sub- |
.. ‘stantia{fly with the combined cross-sectional
~area of the nozzles supplying ﬂuid,—pres.s'ur'e.

the fluid-pres- |

my hand in presence of two’

_ supply-noz- |
- zle, and a discharge-opening from said initial
stage formed by a nozzle-passage leading to a |

owling

811,084

through said supply and overload nozzlés and

being of a capacity calculated to cause the
motor fluid to flow through the said initial

stage without material driving effect upon

31

the buckets therein when the overload-no#- _

zle 1s In service.

8. In a multistage turbine having a phi- -

rality. of supply-nozzles for-an initial stage
designed to admit sufficient Auid to drive the

nozzles designed to admit an additional Sup-

ply of motor fluid to said initial stage, said
overload-niozzles being of smaller capacity
than -the supply-nozzles and arr&nge(f

1 In close relationship with a supply-nozzle,
| and stage-nozzle passages leading from said

______

| initial compartment and communicating with
asucceeding stage.

3.

turbine up to its full load capacity, the com-
bination with a plurality of overload supply-

3

~each

45

+ In testimony whereof I have hereunto set '

nesses. - | . o
N ~ JAMES WILKINSON.
Witnesses: |

S. G. JAMESON,

J. dJ. DEVvENISH,

subscribing wit-
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