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To all whom it may concern:

Be it known that I, Wirriam J. Carr-
WRIGHT, a citizen of the United States, re-
siding in the borough of Manhattan, of the
city of New York, in the State of New York,
have invented certain new and useful Im-
provements in Elastic-Fluid Turbines, of
which the following is a specification, refer-
enice being had to the accompanying draw-
ings, forming a part hereof, this application
being a division of application Serial No.
364,942, filed March 27, 1907,

This invention relates to elastic fluid tur-
bines of the type known as parallel-flow, in
which the motive fluid flows through vane
spaces or buckets in a direction generall
pavallel with the axis of the wheel. In such
turbines it is desirable that the angle of the
axis of the inlet portion of each moving
bucket or vane space shall be relatively ob-
tuse while the angle of the axis of the outlet
or tail portion of each bucket or vane space
shall be relatively acute, in order that the

greater effect of impact of the fluid entering -

the vane spaces and the greater effect of re-

action of the steam emerging from the vane:

spaces may be realized. As a result of this
relation between the iulet and cutlet portions
of the vane space., the inlet portions are
wider than the outlet portions and the pos-
sible effect of imnpact is lost by reason of the
distance between the walls of the inlet por-
tions. .

It is the object of this invention to in-
crease the efliciency of turbines of this type
and to enable the effect of impact in such
turbines to be more fully realized, and in ac-
cordance with the invention the inlet end of
each of the moving buckets or vane spaces
is subdivided by the insertion of one or more
intermediate vanes, such intermediate vanes
being shorter than the principal vanes, so
that the outlet or tail portions of the buckets
are not subdivided, there being no interme-

5 diate vanes between the tail portions of the

principal vanes. In the stationary buckets
or vane spaces the intermcdiate vanes, if
used at all, being also shorter than the prin-
cipal vanes are interposed between the tail
portions of the principal vanes. By this
nwans the advantages in twrbines of the par-
allel flow type of more nmumerous surfaces
for impact of the motive fluid as well as of
successive impact of the motive fluid upon
that which has already entéred the bucket or

vane space, are fully realized, together with
the advantages of a free flow of the motive
fluid through the tail portions of the buckets
O vane spaces and otP?he reactionary effect
of the motive fluid issuing from such unob-
structed tail portions. '

The invention will be more fully described
hereinafter with reference to the accom-
panying drawings in which, for purposes of
tllustration and explanation of the nature of
the invention, there is shown a practical em-
bodiment thereof. '

In the drawings—Figure 1 is a view in
vertical central section of a steamx turbine
which embodies the invention. Fig. 2 is a
detail view, illustrating on a larger scale the
construction and arrangement of the buckets
or vane spaces. Fig. 3 is a detail view in
perspective of one of the principal vanes re-
moved from the turbine wheel. Fig. 4 is a
detail view in section on the irregular plane
indicated by the line 6—6 of Fig. 2. FKig. 5
is a detail view showing, on a smaller scale
than the three preceding figures, a portion of
the turbine wheel with one of the vanes. to
further illustrate the preferred manuer of
mounting the vanes on the wheel. [ig. 6
is ‘a view similar to Fig. 2 but showing a
slightly modified arrangement of the vanes.
Fig. 7 is a view in longitudinal central sec-
tion of a portion of a turbine of a different
tﬁpe from that shown in Fig. 1. but having
the present improvements applied. Fig. 8
1s & detail view, somewhat dlagrammatic in
its nature, illustrating more particularly the
arrangement of the buckets or vane spaces of
the turbine shown in Fig. 7. Fig. 9.is a de-
tail view, partly in elevation and partly in
section through the vanes at the right hand
of theintermediate vanesof one of the wheels
shown in Fig. 2, illustrating the union of the
vanes.

In the embodiment of the invention illus-
trated-in the drawings the shaft ¢ of the tur-
bine is mounted to rotate in suitable bearings
supported by the body » and head & of a
generally circular casing which is shown as
mounted upon a suitable base 4* "The body
b is preferably stepped or snecessively re-
ducedl in dinmeter from the annular inlet or
feed chamber &* which is secured (o and
forms a part of the head 7', to the annulur
exhaust chamber 2% To the inside of the
casing body 7 are secured he vings < which
support the stationary vanes «" and «*, which
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form the stationary buckets or vane spaces,
to be more particularly described herein-
after. To the shaft ¢ are secured rotating
turbine wheels d, d, to which are secured the
vanes d’, ¢ which form the moving buckets
or vane spaces through which the motive
fluid flows in a general direction parallel
with the axis of the wheel. Through the
head &’ are formed the nozzles &%, b¢, through
which the steam or other elastic fluid is ad-
mitted to the buckets of the first wheel d.

The buckets or vane spaces inay be formed
in any convenient manner, but preferably by
milling into the rim of each wheel ¢ two
slots, as at ¢* and d*, one from each edge
and at right angles to each other, or other-
wise related to each other according to the
form of the vane d’. a hole d° having been
The vane d’,
having received a suitable form by drop
forging or drawing, as indicated in F1g. 3,
is provided on its lower edge with flanges
2° and dF which fit into the slots &* and &*
respectively, each flange being grooved, as
at d°, to receive a locﬁing pin @® which is
driven into the groove or hole d° and the
groove d° to hold the vane securely in posi-
tion. Each vane ¢’ may also be provided on
its upper edge with a flange ¢ which can
be brazed or welded to the next vane as indi-
cated at ¢! in Fig. 9 to further strengthen
the construction. The intermediate vanes
d® may be seated in slots in the rim of the
wheel and secured by pins in the same man-
ner as the principal vanes J’. When all of
the vanes have been assembled in the wheel
and properly brazed or otherwise integrally
united the wheel iy be placed in a lathe
and turned down to a smooth surface and
properly balanced. The stationary vanes ¢’
and ¢* may be secured in the stationary rings
¢ in a similar manner.

As shown in Fig. 2 but one intermediate
vane d? is interposed between two adjacent
principal vanes, dividing the total vane
space and doubling the number of vanes for
impact of the steam.- In Fig. 6 two inter-
mediate vanes d? are shown as interposed
between two adjacent principal vanes ',
dividing the vane space in thirds and treb-
ling the number of vanes for impact of the
steam. As shown in both Figs. 2 and 6, the
improved wheels are arranged to coiperate
with expansion nozzles * of the on{inary
type, while in Figs. 7 and 8, the iimnprove-

ment is shown as applied to a parallel-flow :

turbine in which expansion nozzles are not
employed. All of the buckets are shown as
carried by a single wheel &'t and all of the
stationary vanes by a single shell ¢**.  Vari-
cus other arrangements of revolving buckets
or vane spaces and stationary vane spaces
with relation to each other and with refation
to the nozzles might be devised to embody
this part of the invention by which in a par-

i

033,693

allel-flow turbine, with the angle of the axis
of the inlet portion of cach bucket or vane
space relatively obtuse and the aungle of the
axis of the outlet portion relatively acute,
an increased number of blades is afforded
for impact of the motive fluid while the free
flow of the fluid through the tail portions of
the buckets is not restricted.

Not only do the infermediate vanex afford
additional surfaces for impact but as each
pressure bucket or vane space passes the
nozzle or the outlet of a stationary vune
space, the motive fluid cutering the succeed-
ing bucket or vane space exerts an impulse
like a blow upon the fluid which, having en-
tered the preceding portion of the bucket or
vane space, fills the tail portion of such
bucket or vane space into which the several
subsidiary inlets are merged. An additional
driving impulse is thus secured and more-
over the fluid in the tail portion of the vane
space is driven out with an rdded hpulse
and a corresponding increase of reactionary
effect is secured. %t will e observed not
only that the tail portion of the vane space
is straight and of uniform width, facilitat-
ing the outflow of the motive fluid and
avoiding retardation thereof, but as the area
of the outlet is large the reactionary effect

of the issuing fluid 1s greater than would be 9

the case if the same area were divided by in-
termediate vanes in the tail portion in cor-
respondence with the intermediate vanes in
the inlet portion. There is, therefore, a dis-
tinct advantage, in this direction, in making
the intermedinte vanes short. Various
other reasons for increase in efficiesicy due to
the provision of the short intermediate vanes
in the inlet or head portions of the buckets
or vane spaces will readily suggest them-
selves in view of the explanation herein
given, but it is not necessary to attempt to
enumerate herein all of the incidental ad-
vantages.

I claim as my invention:

1. A parallel-flow turbiuve wheel having
buckets or vane spaces with the angle of the
inlet portion ;zlatively obtuse and the angle
of the outlet portion relatively acute and
short intermediate vanes subdividing the m-
let portions.

2, A parallel-flow turbine wheel having
buckets or vane spaces with the angle of the
inlet portion relatively obtuse and the angle
of the outlet portion relutively acute and
short intermediate vanes subdividing the in-
let portions, the subsidiary inlets formed by
the intermediate vanes werging into the tail
portion of the corresponding vune space.

3. A parallel-tlow urbine wheel having
buckets or vane spuces with the angle of the
inlet portion refatively obtuse and the angle
of the outlet portion relatively aneute and
short intermedinte vanes subdividing the in-
let portions, the subsidiary inlets formed by

75

80

85

90

100

110

120

—
(84
@

130



<

10

20

933,603

the intermediate vanes merging into the tail
portion of the corresponding vane space, and
the tail portion of each vane space being of
uniform area in cross-section from the point
of merger of the subsidiary vane spaces.

4. A parallel-flow turbine wheel having
buckets or vane spaces with the angle of the
inlet portion relatively obtuse and the angle
of the outlet portion relatively acute and
short intermediate vanes subdividing the in-
let portions, the subsidiary inlets formed by
the mtermediate vanes merging into the tail
portion of the corresponding vane space, and
the tail portion of each vane space having
straight and parallel sides.

5. In a parallel-flow turbine a carrying
body having slots in its rim, each of sai
slots having a pin seat, vanes having flanges
entered in said slots and grooved, and pins
engaging said pin seats and grooves to re-
tain the vanes, the edge of the outer portion
of each vane being integrally united to the
body of the next vane.

6. In a parallel-flow turbine having a
plurality of turbine wheels, principal sta-

8

tionary vanes forming between successive
wheels stationary buckets or vane spaces
having the angle of the inlet portion rela-
tively obtuse and the angle of the outlet por-
tion relatively acute, and short intermediate
vanes subdividing the inlet portions.

7. In a parallel-How turbine the combina-
tion of a plurality of turbine wheels having
buckets or vane spaces with the angle of the
inlet portion relatively obtuse and the angle
of the outlet portion relatively acute and
short intermediate vanes subdividing the in-
let portions, principal stationary vanes foru-
ing between successive wheels stationary
buckets or vane spaces having the angle of
the inlet portion relatively obtuse and the
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angle of the outlet portion relatively acute,

and short intermediate vanes subdividing
the inlet portions.
This specification signed and witnessed
this 2nd day of July, A. D., 1907.
WILLIAM J. CARTWRIGHT.
Signed in the presence of—
W. B. GreeLEY,
Anmerose L. O’Siga.
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