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Lo all whom it may concern.: ‘
Be it kmown that I, Armxawpzm 'L

Kasipy, a citizen of the United States, and

a resident of Hssington, in the county of
5 Delaware and State of Pennsylvania, have
invented a new and useful Improvement in

Elastic-Fluid Turbines, of which the follow-

ing is a specification.

My invention relates to elastic-fluid tur-
10 bines, more particularly te that type em-
ploying a double-flow, low-pressure section,
and it has for its object to provide apparatus
of the character designated which shall
have relatively wide low-pressure blading
15 adapted to receive elastic fluid therebetween
and to discharge it peripherally oratthe tips,
whereby ample discharge area, small leaving
angles; and the application of the energy of
the elastic fluid to portions of the blades
20 moving at high effective speeds may be pro-
vided, whereby high over-all efficiency may
be maintained and the construction of tur-
bine units of larger size and higher speed
rendered possible.
256 Another object of my invention is to pro-
vide a novel arrangement of blading and
casing structure to assure the division of
elastic finid for flow through the blade por-
tions of the double-flow section.

These and other objects are accomplished
by the structure disclosed in the following
gpecification and in the drawings in’ which
Fig. 1 is a longitudinal sectional view of
my improved form of turbine; Fig. 2 ig-a
plan view of the lower portion of the turbine
cylinder or casing; Fig. 3 is a longitudinal
sectional view of a modified form of my in-
vention; Iig. 4 is a sectional view taken
along lines IV—IV of Figs. 1 and 3; Fig.
40 -5 -is a separated perspective view of one of

the blades employed in Figs. 1 and 3; Fig.

6 is a detail sectional view showing a further

modified form of my invention; Figs. 7 and

8 are sectional views taken along the lines

45 VII—VII and VIII—VIII respectively of

Fig. 6; Figs. 9, 10 and 11 are detail views

showing further modified blade structure;

Fig. 12 is a detail sectional view showing a

further modified form of my invention;

50 Tigs. 13 and 14 are detail views showing a
further modified form of my invention.

In accordance with my invention, I pro-

vide relatively wide blading for the low-

pressure; double-flow section which is adapt-
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ed to receive elastic fluid between the sides
thereof and to discharge such fluid at the
tips or peripherally. Blading of this char-
acter is advantageous for many reasons,
among which may be mentioned ample dis-
charge area for the low-pressure elastic
fluid, discharge at small angles, in view of
the fact that ample discharge avea is pro-
vided, and the application of the energy to
portions of the blades moving at high effec-
tive speeds, the type of blade used being
more fully disclosed in an application of
Henry F. Schmidt, Serial No. 482,768, filed
July 6, 1921, and assigned to the Westing-
house Electric & Manufacturing Company
and in my application, Serial No. 487,517,
filed July 21, 1921, and also assigned to the
Westinghouse FElectric & Manufacturing
Company. It is, therefore, possible to con-
struct a turbine having a double-flow sec-
tion to operate more efficiently, if blading of
this character is used.
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Referring now to the drawings for a more

detailed description of my invention, I show
a turbine including a rotor 10, a cylinder or
casing 11, and blading carried thereby con-
stituting  the single-flow and doubleflow
sections to be more particularly hereinafter
described.

The single-flow section of the turbine may
include blading or energy-abstracting ele-
ments of any suitable type. For example,
I show an impulse stage of the multi-ve-
locity type comprising a plurality of mov-
ing rows of blades or vanes 12, reversing or
redirecting guide blades or vanes 13 inter-
posed between the moving rows of blades,
and a plurality of nozzles 14 for discharg-
ing steam at high velocity into the first row
of moving blades. -The vanes or blades 12
are carried by a suitable drum portion 15 of
the rotor 10, the latter being inclosed by a
supplemental casing 16 supporting the ex-
panding nozzles 14. The casing 16 is se-
cured to the turbine casing 11 in any suit-
able manner.

The impulse blading is followed by a plu-
rality of fractional expansion stages, each
of which comprises a stationary row of
blades 18 and a moving row of blades 19 car-
ried, respectively, by means of a shell por-
tion 20 of the casing 11 and by the rotor 10.
After passage through the rows of blades
18 and 19, the elastic fluid is divided into a
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plurality of portions, as will be more fully
hereinafter described, for passage through
suitable guide blddes or vanes 22 and 23 for
dn‘ec’cmo elastic fluid between the sides 24
and 25 of the relatively wide blades 26 and
27, rvespectively, of the double-floiv section.
The elastic fluid enters between the sides 24
and 25 of the relatively wide blades and is
discharged from between the peériphéral
edges 28 and 29 thereof. Preferably, the
blades 26 and 27 have outer curved, hook
or'trough-like portions 80 and 81 so as to
provide for the- discharge of elastic fluid
at small angles as well as to provide for a
better distribution of the mass of each of the
blades, in-a ‘manner more fully set forth in
my application aforesaid. Ample-discharge
area is provided by suitably choosing the
blade width. The blades 26 and 27 -ave pref-

erably provided with a plurality of guides

32 and 32’ in order to assist in changing the
divection of the elastic: fluid received be-
tween the sides of the blades 26 and 27 to-
ward the peripheral edges 28 and 29 thereof
as well as to reinforce the blading structuve.

The double-flow wide blades 26 and 27 are
arranged within the exhaust chamber. It is,
therefore, necessary. to segregate-the exhaust
space from the motive fiuid supply space in
order to provide for the proper arrangement
of blading and the proper control of the mo-
tive fluid. I, therefore, provide the casing
or cylinder with interior diaphragm or par-
tition elements for this purpose. The up-
per portion of the cylinder or casing 11 is
provided with a chordal diaphragm or par-
tition element 33, see Fig. 4, which is con-
tinuous with inwardly- extendin partition
or diaphragm elements 84 and 3.), the latter
partition or diaphragm elements register-
ing . with  diaphragm elements 86 and 87
cqrued by - the lower portion "of the cas-
ing. - The blades 22 and 23 are sup-
poued by the diaphmgl’n or partition ele-
ments 34, 85, .36 and 37. It will, there-
fore, be seen - that the cyhnder‘or casing

11 is-divided interiorly by means of the

diaphragm or partition elements 33, 34, 35,
36 and 37, and the blades or vanes 22 and
23 into motive fluid supply spaces 38-and 39
connected by means of the sector space 40
included ‘between the top of the casing or
evlinder 11 and the chordal dlaphlaom 33.
Motive fluid is dischavged from the blading
18,19 already veferred to and is divided in
anV of the ways herein described for passage
to the steam Supply spaces 38 and 39, from
whence it flows through the guide v: \nes or
blades 22 and 23 for entry between the sides
24 and 25 of the relatively wide blades 26
and 27. A eylindrical packing member 39’
1s carried by the casing and cooperates with
the tips of the blades 23 to prevent steamn
leakage about the adjacent turbine bearings,

It is neeessary to divide the motive fluid

discharged from the blading of the single-
flow section into a pluraLty of portions For
Dassage through the guide vanes or blades

99 and 23 to act upon the relatively wide
blades 26 and 27. In the Figs. 1, 8, 6, 9 and
10, I show a row of Dlades 49, which are
ulatwely wide and are adapted to discharge
motive fluid both laterally and pelmherally,

“the laterally discharged portions entering
the guide vanes or blades 22 to be directed :

between the wide blades 26 and the periph-
erally discharging portion -passing through
the passageway 40 and entering the- supply
space 39 from which it flows between the
guide vanes or blades 23 and thence between
wide blades 27 in the manner already re-
ferred to.

In Figures 1, 3 and 5, I show a convenient
way of Plalung the wide blades 42, that is,

to provide « separate leaving side, energy- :

abstracting porticn 43 which is preceded by
a po;tiop 44 which 1s relatively longer than
the portion 43 and is provided with an outer
curved or hook-like portion 46. The inner
portion of the blade portion 44, beneath the
hook-like portion, is Qubst‘mtnlly flat and
is of a height substantiall ly equal to th'1t of
the leaving side portion 43. The leaving
side poﬁum 43 and the hoolk or curved-lile
portion 46 may be made of any suitable de-
sign so as to discharge motive fiuid at a
suitably small angle so that the reactive ei-
fort of the \douty energy of the motive
fluid may be applied both laterally and pe-
ripherally, The corner left, due to the fact
thot the blade portion 48 is shorter than the
portion 44, may conveniently receive an an-
nular angle bar section 47 which may be
spot-welded, soldered, or secured in any
other suitable manner to the tips of the blade
portions 43 and to the sides of the hool por-
tions 46 of the blade portions 44. By mak-
ing the leaving side portion 43 Qcpalatnl)
irom the por tion 44, 1t is possible to sum-
plify and cheapen the manufacture of the
blade members 42,

The angle section 47 affords ample qp’l(,“
for a corner of the blade-holding means ca
ried by the inwardly- extondmo dmphmg;n
element 34 so that the lefwmg edge of the
portion "u may be arranged close to the
guide blades or ans 22.

In Figs. 6, 7 and 8, I show a further
modified h\-m of bla (1@ “element 42 w hexein
each blade is made in one piece, with later:
and peripheral curved or hook-like dlf~
charge edges whereby the motive fluid may
be discharged at a small angle both later-
ally and peripherally for passage through
the blading of the double-flow section in the
manner already refeired to.

In some cases it may be advantageous to
employ guide vanes or ribs in connection
with the blades 42. Accordingly, in Figs.
9, 10 and 11, I show ribs 50 in connecuon
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with blades of the type already described,
the ribs being suitably located and curved
s0 .as to positively assure the division of
elastic fluzd into laterally and peripherally-
discharging portions. The ribs 50 may be
made of angle sections and spot-welded to
the blades; and, in order to more rigidly
hold the assembled blade structure in place,
as well as to diminish vibration, the ad-
joining edges of the angle sections may be
welded or brazed together,

In Fig. 3, the guide blades 22 and 23, as
well as the last row of stationary blades 18,
are arranged radially, whereas, in Figs. 1
and 2, the last row of stationary blades 18
and guide vanes or blades 22 and 23 are
inclined so as to give the motor fluid a
radial component of direction so that said
fluid may be more readily passed toward the
peripheral edges of the blades 42, 26 and 27.

A further way of dividing the elastic fluid
into a plurality of portions for passage
through the blading of the double-flow sec-
tion is shown 'in Fig. 12. In this view, the
elastic fluid discharged from the last row
of moving blades 19 is divided into a plu-

rality of portions by means of a suitably -

curved annular member 52 of a conical or
cup-shape contour, the outer portion being
guided thereby to the pasageway 40 for pas-
sage therethrough and thence to the end
space 89, " ‘

In Fig. 13, there is shown a further modi-
fied form of my invention in which the last
row of stationary blades 18 is followed by
a moving row. of blades 53 and a row of sta-
tionary guide blades 54 of substantially tri-
angular contour, which is advantagecus for
the reason that the row of blades 53 may be
made relatively long and increased in cross-
sectional area toward the roots, in order to
strengthen them and increase the area sub-
ject ‘to centrifugal stresses. Fig. 14 sliows
diagrammatically how sections of the blades
58 and 54 of Fig. 13 would appear. The
blades 53 and 54 have substantially straight
portions followed by suitably curved leav-
ing edges.  The guide blades 54 are secured
in any suitable manner to the specially
formed right-hand portion 55 of the dia-
phragm or partition element 34, the inward-
ly projecting partition element 35 at the
other side being like that of the other views.
One advantage of the construction last de-
seribed is that the last row of moving blades
53 may be made relatively long with the
preservation of sufficient strength, due to the
tapered formation.

The operation of apparatus made in ac-
cordance with my invention will -be appar-
ent from the foregoing description.  Energy
is abstracted from the steam by the moving
vows of blades 12 and 19 until a low pres-
sure and large volume is reached. There-
after, the steam is divided into two portions

8

for action on the rows of wide blades 26 and
27, the latter being peculiarly capable of
handling large volumes with high blade effi-
ciency.

From the foregoing, it will be apparent
that I have devised a turbine of the semi-
double-flow: type in which the double-flow
low-pressure portion includes moving rows
of blades or energy-abstracting elements
which are capable of handling large quan-
tities of low-pressure motive fluid with high
blade efficiency. The particular type of low-
pressure blading provides for high over-all
efliciency as well as permits of the construc-
tion of larger high-speed turbine units than
heretofore.

While I have shown my invention in a
plurality of forms, it will be obvious to
those skilled in the art that it is not so lim-
ited, but is susceptible of various other
changes and modifications, without depart-
ing from the spirit thereof and I desire,
therefore, that only such limitations shall be
placed thereupon as are imposed by the pri-
or art or as are specifically set forth inthe
appended claims.

What I claim is:

1. In an elastic-fluid turbine, a double-
flow section including a pair of rows of mov-
ing blades adapted to receive elastic fluid
laterally and to discharge it peripherally or
at the tips.

2. In an elastic-fluid turbine, the combi-
nation, with a single-flow portion, of a
double-flow portion including 2 pair of mov-
ing rows of blades adapted to receive elastic
fluid laterally and to discharge it peripher-
ally or at the tips and means for dividing
the elastic fluid passing from the single-flow
portion into a plurality of portions for co-
operation with said rows of blades.

3. In an elastie-fluid turbine, the combi-
nation of a plurality of energy-abstracting
elements constituting a single-flow section
and a plurality of rows of energy-abstract-
ing elements constituting a double-flow sec-
tion, the moving rows of said latter section
adapted to receive elastic fluid laterally and
to discharge it peripherally or at the tips.

4. In an elastic-fluid turbine, the combi-
nation of a plurality of rows of energy-ab-
stracting elements constituting a single-flow
section, a plurality of rows of energy-ab-
stracting elements constituting a double-flow
section, the moving rows of energy-abstract-
ing elements of said latter section adapted to
receive elastic fluid laterally and to dis-
charge it peripherally, and means arranged
between the single- and the double-flow sec-
tions to divide the elastic fluid discharged
from the single-flow section into a plurality
of portions for cooperation with the energy-
abstracting elements of the double-flow sec-
tion.

5. In an elastic-fluid turbine, the combi-
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nation of a single-flow section, a double-flow
section including a plurality of rows of mov-
ing blades, and & row of moving blades ar-
ranged between the single- and the double-
flow sections adapted to divide the elastic
fluid paseing thervebetween into a plurality
of portions for cooperation with the moving
blades of the double-flow section.

6. In an elastic-finid turbine, the combi-
nation of u single-flow section, a double-flow
section including a pair of rows of rvelatively
wide moving rows of blades adapted to re-
ceive elastic fluid laterally and to discharge
1t peripherally or at the tips, 2 row of rela-
tively wide moving blades arranged between
the single- and double-flow sections and
adapted to discharge elastic fluid both Iat-
erally and peripheraily, means for directing
the laterally discharged portion of elastic
fluid between one moving row of wide blades
of the double-flow section and means for

conducting the peripherally discharged por--

tion of elastic fluid to the other row of rela-
tively wide moving blades of the double-
flow section.

7. In an elastic-fluid turbine, a double-
flow section comprising a pair of rows of
moving biades adapted to receive elastic
fluid laterally and to discharge it peripher-
ally or at the tips, whereby adequate dis-
charge area, small leaving angles, and ap-
plication of the energy to those portions of
the blades moving at high effective speeds
may be provided, and full peripheral ad-
mission means for guiding the elastic fluid
for entry between said moving blades.

8. In an elastic-fluid turbine, the combina-
tion of a cylinder or casing, means carried
by the casing for dividing the latter into an
elastic-fluid supply space and an exhaust
space, a pair of rows of blades arranged in
the exhaust space, each row adapted to re-
ceive elastic fluid at one side and to dis-
charge it peripherally or at the tips, and
guide means carried by said means for
guiding the elastic fluid for entry between
the blades.

9. In an elastic-fluid turbine, the combina-
tion of a cylinder or casing, diaphragm or
partition elements arranged therein and
dividing the space thereof into an exhaust
chamber and connected end supply cham-
bers, a plurality of rows of relatively wide
moving blades adapted to receive elastic
fluid laterally and to discharge it periph-
erally or at the fips arranged in said ex-
haust space, and guide means carried by the
partitions or diaphragm members defining
the inside walls of end supply chambers for
euiding elastic fluid for entry between the
relatively wide moving blades.

10. In an elastic-fluid turbine, the com-
bination of a single-flow section, a double-
flow section, and a row of moving energy-
abstracting elements adapted to discharge

1,526,792

clastic fluid both laterally and peripherally,
and means for conducting the laterally and
peripherally discharged portions of elastic
finid to separate portions of the double-flow
section for further energy abstraction.

11. In an clastic-fluid turbine, the com-
bination of a single-flow section, a double-
flow section, and a row of relatively wide
blades arranged between the sections hav-
ing lateral and peripheral energy-abstracting
portions and adapted to discharge elastic
fluid both laterally and peripherally, and
means for conducting the lateral and periph-
eral portions of elastic fluid to separvate en-
ergy-abstracting - elements of the double-
flow section.

12, In a turbine, a row of relatively wide
moving -blades each of which is composed
of a front portion having a curved- oi hook-
like energy-abstracting tip followed by a
separate curved hoolk-like energy-abstract-
ing element.

13. In a turbine; a row of ‘wide blades
composed of front portions having outer
curved- or heok-like portions followed by
shorter portions made separately and suit-
ably curved for discharge laterally at u
small angle, and lashing means secured to
the tips of the blade portions.

14, In an elastic-fluid turbine, the com-
bination of a row of moving blades adapted
to receive elastic fluid laterally and to dis-
charge it peripherally,and a row of station-
ary guide blades inclined with respect to the
moving blades so as to give to the elastic
fleid a component of motion in a radial di-
rection to assist in the peripheral discharge.

15. In an elastic-fluid turbine, a single-
tflow section, a row of moving blades adapt-
ed to discharge elastic- fluid both laterally
and peripherally, the last row of stationary
blades of said single-flow section being suit-
ably inclined to give to the elastic Huid a
radial component of motion to assist in the
peripheral discharge, a double-flow section
including a pair of rows of moving blades,
means for conducting the laterally - dis-
charged portion of elastic fluid to one row
of blades of the double-flow section, and
means for conducting the peripherally dis-
charged portion to the other row of blades
of the double-flow section.

16. In an elastic-fluid turbine, a single-
flow section, a row of moving blades adapted
to discharge elastic fluid both laterally and
peripherally, -the last row of stationary
blades of said single-flow section being in-
clined to give to the discharged elastic fluid
a radial component of motion to assist in
the peripheral discharge, a double-flow sec-
tion including a pair of rows of relatively
wide moving blades adapted to receive elas-
tic fluid at the sides and-to discharge it
peripherally and a pair of rows of guide
blades inclined with respect to said wide
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blades so as to give to the elastic fluid a of elastic fluid from said first row of blades
radial component of motion to assist in the to the other row of guide blades.

- radial discharge, the laterally discharged  In testimony whereof, I have hereunto 10
portion of elastic fluid from said first row subscribed my name this 4th day of January,

5 of moving blades passing to one of said 1922.
rows of guide blades, and means for con-
ducting the peripherally-discharged portion ALEXANDER T. KASLEY,



