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UNITED STATES

PATENT OFFICE.

FRANCIS HODGKINSON, OF WILKINSBURG, PENNSYLVANIA, ASSIGNOR TO

THE WESTINGHOUSE MACHINE COMPANY,

OF PENNSYLVANIA.

FLUID-PRESSURE TURBINE.

SPRCIFICATION forming par{: of Lefters Patent No. 677,082, dated June 25, 1901.
Application filed April 38,1899, Renewed May 31,1901, Serial No. 62,626, (No model)

7o all whom it muay concern:

Be it known that I, FRANCIS HODGKINSON,
a subject of the Queen of Great Britain and
Ireland, residing at Wilkinsburg, in the
county of Allegheny and State of Pennsylva-
nia, have invented a new and useful Im-
provement in Fluid-Pressure Turbines, of
which the following is a specification. |

My invention relates to fluid-pressure tur-
bines; and it has for its object to provide an
engine of this type which shall be compact
and comparatively inexpensive in construe-
tion and which shall be economical in ifs
consumption of motive fluid and have a maxi-
mum output of mechanical energy.

Intheaccompanying drawings, Figurelisa
longitudinal section through a turbine em-
bodying my invention, a portion of theframe
and of one of the shaft-bearings being broken
away. Fig. 21s a detail sectional view of a
portion of the engine shown in Fig. 1. Iig.
3 18 a transverse seetwnal view of the engine,

a portion of one of the ring-segments being |

broken away. Fig.41sa detml “sectional d_e-
velopment, on an enlarged scale, of a portion
of the mechanism, the section being taken on
line z « of Fig. 3. Fig. 5 18 a longitudinal
sectional view of a double reversible engine,
parts being broken away. Fig. 6 is a detail
sectional view corresponding to Fig. 2, but
showing a modified construction.

Referring particularly to Figs. 1, 2, 3, and
4 of the drawings, the frame 1 of the engine

comprises a cylinder 2, an inlet-port 3 at oneé :

end and an exhatst-port 4 at the other end

of said cylinder, a suitable base structure 5,

and shaft-bearings 6 and 7. A shaft 8 is
journaled in the bearings 6 and 7 and is pro-
vided with a drum 9, the diameter of which
is materially less than that of the infernal
It will be understood
that instead of making the parts Sand 9 sep-

arately and fastening them together, as

shown, they might be formed as a single in-
tegral structure of either solid or hollow for-
matmn and of any desired len frth and diam-
eter.

The interior of the cylinder 2 is provided

with a series of sets of circumiferentially-ar- |

ranged guide-vanes10. The individual guide-

erence to the guide-vanes.

and a maximum 1in the set ad;

eter.
- that for any given diameter of cylmder and

provide passages 11 of deswable form and 1o-
' cation to properly direct the motive fluid
against the movable members, to be herein-
after deseribed. Theform and arrangement 55
shown in the drawings I have found to be
well adapted for successful operation; but
my invention is not limited in this reﬂ‘ard

The drum 9 is provided with a plurahty of _
sets of blades or buckets 13, which may have 6o
approximately thesame form and dimensions |
as the guide-vanes 10. These blades or buck-
ets are urcumferentmlly arranged on the pe-
riphery of the drum, and the several sets al-

ternate with the sets of guide-vanes 10. Each 65 :

set of blades or buck;etsloeeuples the entire
circumference, and in order to utilize the
motive fluid most advantageously the blades
are reversed and reversely inclined with 1ef— -
70
‘In an engine having its cylinder and its
dram each of umform diameter from end to
end the number of guide-vanes 10 will bea
minimum in the set adJacent to the inlet-port.

haust-port, the numbers in the intervening
sets being properly gr aduated to provide pro-
0'1esswel} increasing passage-space corre-
sponding to the rate and degree of expansion.
of the motive fluid.
space between the terminal guide-vanes of
each set is occupied by a rlnﬂ'-sefrment 12,
which may be either solid or hollow it bemc}' -
understood that passages 11 of suitable shape __
and dimensions are provided between the 85
terminal guide-vanes and the adjacent ends
of the rmtr-seﬂ'ment’s
OT IOore dmmeterb of cylmder or drum or
both,aprogressively-increasing passaﬂ'e-spaee

will be provided between the inlet-port and 9é |

the exhaust-port; but the desired initial pas-
sage-space for any diameter other than that
at the inlet end may be secured in whole or
in part by a variation in the length of the
cuide- vanes instead of by an increase in g5 .
nnmber with reference to the numbsr in the
last set corresponding to the preceding diam-
In general it may be stated, therefore,

drum the number of guide-vanes per set will 100
vary progressively fwm end toend. Theset

vanes are so constructed and arrann‘ed as to | adjacent to the exhausb—port may occupy the

jacent tothe ex- 75 o

The circumferential 8@

In engines havingtwo =
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entire circumference or only a portion of the
circumference, as may be found desirable.

In case it should be found expedient and |
desirable to make the c¢ylinder and drum of

the engine of conical form—a. e., of gradually-
increasing diameter from end to end—the va-
riation in the nuamber of guide-vanes per set

would also preferably be approximately uni-

form between the inlet and exhaust ports.

It will be seen that the ends of the guide-

vanes 10 and the inner peripheries of the
ring-segments 12 are in close proximity to the

| Surface of the drum 9 and that the ends of
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the blades or buckets 13 are in close proxim-
ity to the inner surface of the cylinder 2.
There will be a considerable leakage of mo-
tive fluid, however, unless aumhmy paekmrr
devices are used.

In order to minimize the leakage, I provide

the drum 9 with a series of annular shoulders
14, these shoulders being located adjacent to -

the ends of the several sets of guide-vanes
and in close proximity tothe edges of the cor-
Jespondmfr ring-segments on the inlet- -port
side.
- In order to insure a proper working rela-

tion between the ring-segments 12 a_nd the

shoulders 14, 1 plovide the bearing 6 with
means for effectmfr a limited lonmtudmal
adjustment of the shaft 8 and for p1eventmn'
longitudinal reciprocation of the same when
in operation.
citudinally-adjustable head 15, having a se-

ries of annular internal grooves, in which are .

located corresponding rings, fmmed on the
shaft 8, and dd,]ustmn'-selews 16 and 17.

Suitable packing-rings or stuffing-boxes sur-
round the shaft at the ends of the frame or

casing 1, as is usual in such relations. -

Both the drum 9 and the casing 1 are ex--

tended beyond the inlet-port toward the bear-

ing 6, and suitable packing-rings 18 are lo-

cated between these parts. (See Fig. 1.) 1

"have shown the drum as provided with an-
| able.

nular shoulders 19, similar to shoulders 14,

for cboperation with the rings 18; but other |

forms of packing devices may be em ployed,
if desired. The casing or frame 1 is also
provided with a passage 20, leading from the
space at the end of drum 9 to the exhaust-
port 4 for the egress of any motive fluid that

may leak through or-around the packing de- |

vices 18 and 169.

tive fluid is admitted through the inlef-port

it will pass through the passages 11 between -
the guide-vanes 10 of the first set, by which :
it will be directed agains’t the adjacent blades -
14 of the first set and by its impact and ex-

pansive force will set the drum in motion.

As the drum rotates the steam will expand

and be directed by the next set of passages
11 against the adjacent blades of the next set,
and so on, until the exhaust-port is reached.

The successive increase in the number of pas- |

sages 11 per set enables the expanded steam

This means comprises a lon-

677,082

| to act againsta progressively-increasingnum-

ber of blades 14,
I desire it to be understood that any de-
sired number of passages 11 may be provided

in the first and last sets and also in the in-

tervening sets, the ratio of increase in num-
| ber from set to set depending upon the con-

ditions of fluid - pressure and speed undel
which the turbine is to operate.
In Fig. 5 1 have shown a reversible enﬂ'me

suitable for use in any relation where it is
desired to drive the engine-shaft in either di-

rection at the will of the engineer. Thisen-
oine eomprises a frame or casing 1*, having
twocylinders 2* and 2°, provided 1espeetwely,
with sets of guide-vanes 10* and 10°, like

those shown in Figs. 1to4. The motwe fluid

issupplied tother espectwe cylinders through
inlet-ports 3* and 3® and exhausts thwugh
ports 4* and 4*. The shaft 8* is provided

80

with two drums 9* and 9° or a single drum

extending through the two cyhndels, as may
be (1esued The dr um or drum portions, as

‘the case may be, are respectively provided
| with sets of blades or buckets 14* and 14°, and

90 l- .

suitable packing devices 18* and 19* are pro-

vided intermediate the two eylinders. It will
be readily seen that if the guide-vanes and
blades are properly constr ucted and arranged
the shaft 8* may be rotated in either dire_c.-
tion at will by admitting motive fluid into the
one or the other of the 1nlet -ports.

In Fig. 6 I have shown a means of modlﬁed
constrm,tmn for preventing -the passage of

fluid through the engine without doing work.

annular recesses of like cross-section in the

drum 9° so as to make working contact with

the ends of the gunide-vanes and with the in-

ner peripheries o'f the corresponding ring-seg: -~

ments.

s

95

160

| This means COI]SISBS of spring-rings 21, setlnm |

I05

It will be understood thatany smtable kind o

of motive fluid may be utilized, though steam

and that the details of construction may be
varied from whatisshown and described with-

out departing from the spirit and scope of the' S

invention.
T claim as mmy invention—

110
will generally be found most readi‘ly avail-
It will also be understood that any - -
suitable kind of governor may be employed

1. Inasteam-turbine, the combination with -

{ a rotatable drum h_avmﬂ' a series of annular
It will be understood from the fmen'omn' 1
description that when the steam or other mo- |

groups of blades or buckets, of a stationary
member having a cylinder for said drum, an

inlet-port adapted to supply steam at boiler- =

pressure, an exhaust-port and a
groups of guide-vanes alternatmﬂ' with said

10tabable groups of blades or buckets the

number of vanes in the successive groups in-

| creasing from one end to the other of a given
diameter of engine eylinder and drum, where-
| by the expansion of the steam 18 advanta-'
| geously utilized.

2. Inasteam-tarbine, the combination with
a rotatable member provided with a series of

| annular groups of blades or buckets, of a sta-

series of

120
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tionary member provided with an inlet-port
adapted to supply steam at boiler-pressure,
an exhaust-port and a series of groups of
gulde-vanes alternating with said rotatable
groups of blades or buckets, the number of
vanes pergroupincreasing progressively from
a minimum at the inlet end to a maximum
at the exhaust end of the turbine, whereby
the expansion of the steam is advantageously
utilized.

5. Inafluid-pressure turbine, the combina-
tion with a rotatable drum provided with a se-
ries of annular groups of blades or buckets,
of a casing having inlet and exhaust ports,
and a plurality of groups of guide-vanes alter-
nating with said rotatable groups of blades
or buckets, the number of vanes per group
increasing progressively from one end to the
other of a given diameter of engine cylinder
and drum, and a series of ring-segments oe-
cupying the spaces between the terminal
vanes of the several groups.

4. In afluid-pressure turbine, the combina-
tion with a shaft or drum provided with a se-
ries of annular groups of blades or buckets,
of a casing provided with inlet and exhaust
ports and with a series of groups of guide-
vanes alternating with said groups of blades
or buckets, the number of vanes per group in-
creasing progressively from the inlet to the
exhaust end, and a series of ring-segments
occupying the spaces between the terminal
vanes of the several groups.

5. In a fluid-pressure turbine, the combi-
nation with a casing having a plurality of
groupsof annularly-arranged guide-vanesand
ring-segments, of a shaft or drum provided
with a plurality of groups of blades or buck-
ets alternating with the groups of guide-vanes
and ring-segments and with a plurality of
annular shoulders which are respectively in
close lateral proximity to the edges of the
ring-segments of the several groups.

6. In a fluid-pressure turbine, the combi-
nation with a casing having inlet and exhaust
ports and a series of annularly-arranged
groups of guide-vanes and ring-segments, of
a rotatable shaft or drum provided with a
series of annular groups of blades or buckets
alternating with the groups of guide-vanes
and ring-segments and with a series of an-
nular shoulders in close lateral proximity to
the edges of the respective ring-segments,

and a thrust bearing for said shaft or drum
to maintain a proper working relation be-

| tween said shoulders and said ring-segments.

7. In a fluid-pressure turbine, the combi-

-nation with a casing having inlet and exhaust

ports and a series of annularly-arranged
groups of guide-vanes and ring-segments con-
structed and arranged to provide a progress-
ively-increasing passage-space from the inlet
to the exhaust end, of a shaft or drum pro-
vided with aseries of annular groups of blades
or buckets alternating with said groups of
gulde-vanes and ring-segments and with a
series of annular shoulders respectively in
close lateral proximity to the edges of the
ring - segments of the several groups, and
means for maintaining & proper working re-
lation between said shoulders and said ring-
segments. |

3. In a fluid-pressure turbine, the combi-
nation with a casing havinginletand exhaust
poris, a series of annularly-arranged groups
of guide-vanesincreasingin number per group

from the inlet to the exhaust end and ring-.

segments occupying the spaces between the
terminal vanes of the several groups, of a
shaft or drum having a series of annular
groups of blades or buckets alternating with
the groups of guide-vanes and a series of an-
nular shoulders in close proximity to the
edges of the ring-segments of the several
groups and means for maintaining a proper

working relation between said shoulders and

sald ring-segments.

9. In a fluid-pressure turbine, the combi-
nation with a casing havinginlet and exhaust
ports and a series of annularly-arranged
groups of guide-vanes and ring-gsegments con-
structed and arranged to provide a progress-
1vely-increasing passage-space from the inlet
to the exhaust end, of a shaft or drum pro-
vided with a series of annular groups of blades

or buckets alternating with said groups of

guide-vanes and ring-segments and with

means for preventing or reducing the leak-

age of motive fluid betweenthe ring-segments
and the shaft or drum.
In testimony whereof I have hereunto sub-

scribed my name this 28th dayof Mareh, 1899.

YWitnesses:
H. C. TENER,
YWESLEY G. CARR.

FRANCIS HODGKINSON.
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