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UNITED STATES

1,452@?925
PATEN'E‘ @FFICE

JALEXANDER T. KASLEY oF ESSII\TC:TOI\T PENNSYLV!\NIA, ASSIGNOR TO WESTING-’
HOUSE ELECTRIC & MA'\TU"'.AC URING COMPANY A CORPORATION OF' PENNSYL-

B ANTIA.

TURBI’\IE :

Apphca‘mon filed Dﬂcember 12,-1921.

To all whom it mﬂy concern. - -

Be it known that I, ArpxaNpER T KASLmY
a 01tlzen of the Umted States, and a resident
of JLSS1H‘Tt071 in the county of Delaware and
Btate of Pennsylvan a, have invented a new
and. useful Improvement in Turbines,; of

which. the :following is a specification, this

application being a “continuation in part of

my application, Serial No, 486 517 filed .

July 21, 1921.

My ‘invention relatos to steam or elas’ﬂc-
fluid turbines, and more parucularlv to low-
pressurs bladmg of the relatlvely wwide type
which rreceives steam or elastic. fluid later-
'ﬂly and chscha,rges it peripherally, and it
has for its object to provide low-pressure
‘blading of this character which shall be so
designed as: to. operate- with -little, if -any,

vibration-or deformation due. to- centruuval‘

bending stresses and which shall be: cap'xble
of bean' easily and cheaply manufactured. :

A further object ofimy invention is to pro-
xide in'connection with blading of the char-
acter designated, means. which shall deflect
the steam or elastic fluid from an axial toward
a radial direction and which sha,ll remforﬂe
the blading structure.

-In the chawmgs, fof*an a ,)a"t of ﬂus,

apphmt’on, Fig. 118 a sectlonaﬂ view.of a
turbine with one form of my improved blad-
ing applied thereto; Fig. 2:is a perspective
view
shown in Fig.

01 a

1; Figs. 8, 4 and 5 are sec-

tional views qu{en along the lines TIT—III,.

IV—IV and V—V respectlvely of Fig. 2;
Tlg 6 is a detailed view showing a shorhtly

odified form of blading; Fig. 71 is a view
fﬂmnwr to Tig: 1, but showm(r a. modified
form of 70W-pr ssure blading ; - Fig. 8 is a
sectional view taken along- the line VIII—
VIIT of Fig. 7 and viewed in the direc-
tion of the: arrow; Fig. 9 is-a view
similar to Fig. 1, but showing a still further
modified form on my Improved low-pres-

sure blading; Fig. 10.1s a detail view of a

portion of the blading structure employed in

Fig. 9; and Figs. 11 and 12 are -diagram- -

mqtm views illustrative of certain features
of my invention. :

. In the - construction of steam or. elastlc
fiuid turbines, “particularly of ‘the large
high-speed - type, it has  heretofore been
fovnc to be necessary to provide the last row
or.group of rows of :moving- blades with

‘ing which disc

larger scale of one of the blades

Serial No. 521 872

large leavmc angles m order to handle the
large Volumes of Jow-pressure steam or elas-

55

tic. fluid for: the reason- that, for a given 2
speed, the blade helght is limit ed Dby theal- ~: -

Jowable stress of -the- materlal of which the

-blade -is. made; and, of course, as the leav-

ing: angles are ‘made larger the eﬁcwncy of
the blading declines.-

60 -

In the construction of hlgh -power smglé ‘

unit turbines, difficulties have been met with -
on accotnt of excessive blade speeds due to-

the. large rotor; or disk diameter and the last

row of tall moving blades necessary to pass.

65

the elastlc fluid -1t the latter is to-be dis- +
charged without téo much residual energy.

In the apphcatlon of Henry I Schinidt, Se-
rial No. 482,768, filed .July 6, 1921, and. as-

signed to the ‘Wesumghouse Dlectrlc and”

l\ﬁnu{’acturlng Company, there is. disclosed -

and claimed relatively wide-last-row blad-
arges peripherally or periph-
erally and lat erully, thereby making it pos-
sible to inirease the exit area by increasing

75

the hlade width instead of the blade helo'hu, ;

as formerl 7, and mﬂl’mgg it possﬂole to pro-
high- power turbine units without en-

vide
countering excessive blade speeds

"The bladi ing disclosed. and claimed in said
application of Henry: F. Schmidt is ‘rela-

tively. wide and it is capable of handling"

large volumes of low- pressure elastic. fluid
or steam and .of . dlschalgmﬂ the - latter at
small 2 nﬂles, thereby resulting in high:blade

80 -

85

efﬁ@ency in 7mproved turbine performance o

and:in’ makino' it practicable . to. eonstruct
large, high- speed turbines which operate

90

Wlth hlgh efficiency. = In the Schmidt tur-

bine, adequate qlscharge area at small leav-

ng ancrles is provided by havmg the steam

or. " elastic fluid discharged pe*'lpherallv or’

at the tips, thereby. rendermg it possible to
make the discharge area equal: at least.to the
area swept by the inlet sides of the blades
merely by choosing a width of blade which
will serve this purpose. It is characteristic
of' the Schmidt type of low-pressure or ex-
haust movmg blades that they are relatively
much wider than corresponding blading of
the axial-flow type. - In other words, the di-
rection: of flow of steam. bebv*een the blades
js changed and the steam ig expanded and

discharged peripherally so that. adequaue

di “charore area-1ay be provided, with the
preservqtlon of efﬁcwnt dmch‘!rge angles,
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- the blading, whereas, with axial-flow blad--

10

=

merely by choosing a propef width., It will
be obvious: that & change in width is net ac-
companied by any change in unit stress in

ing, an increase in the discharge area is se-
eured by making the- blades taller or by
choosing larger discharge angles. = As axial-
flow blading is made taller the centrifugal
stresses increase until a point is reached be-

yond which it is not safe to go and further .

discharge area may be provided. only by

- gauging or providing the blades with larger

discharge angles which produce-less efficient
blading for the reasen that the larger the

- discharge angle the larger beconies the axial

eompenent of the réactive effort.,  The ca-

- pacity of axisl-flow blading te handle large
© volumes ¢f elastic fluid efliciently is limited
* which is not true of blading ¢f the wide type

disclosed heréin and in the Schmidt appli-
cation aforesaid. Sirice width is'a material
factor in providing adequate discharge area

 with the latter type of blading, it is to be

sunderstood that the terms “wide” and “rela-

tively wide” are used in-this spécification

 and the appended claims to designate blad-
. ing of this character which differs markedly

over axial-flow blading heretofore used.
“1'his type of blading is alse capable of con-
verting a greater portion of the kinetic

_ energy of the elastic fuid or steam into use-
- ful work than éan be cenverted by blading of

the ordinary type for the reason that, with
the peripherally-discharging type of blading,
the reactive force or effort 1s applied to por-

tions of the blading moving at high effective

“- blade speeds. -

40

50
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Tt is the object of my invention to im-
prove the type of low-pressure blading dis-
closed in. the application of XHenry §S.
Schmidt, aforesaid, so that it may be mote

- easily and cheaply made and may be of such

a design as to secure better operation. The
contour of my improved blade is such that

"it-may be easily rolled or drop-forged, or a

row of blades may be built up of laminae
or sections and secured together in any suit-
able manner. Better operation is secured by
so designing each blade that the center of

“gravity thereof falls approximately midway

of the circumferential thickness thereof,
whereby centrifugal bending stresses’ and
possibly resulting deformation or vibration
of the blades are avoided. S
Referring now more particularly to the
drawings for a detailed description of my

~ invention, in Fig. 1, T show a turbine com-

prising a cylinder or casing 10 having bear-
ings 11 of any suitable type for appropri-
ate journal portions of the rotor 12. Any

- suitable energy-abstracting elements are car-

- tied by the casing and rotor for abstracting-

65

energy by the expansion of steam or elastic
fluid.” For example, I show a stage 12 o
the niultivelocity impulse type, ¢omprising

1,469,925

one or more nozzles 13 adapted to discharge
steam or elastic fluid at gl velocity into
the first row of impulse blades or buckets
14 from: which: the steam or eclastic fluid
passes to the re-directing: blades. or vanes 15
to be re-directed against the second row of

series of fractional expansion -stages com-
prised by the stationary and moving rows.
of bladés 17 and 18 carried by the cylinder
or casing 10 and by the rotor 12, respec-
tively. The steam or elastic fluid undergoes

70

impulse blades or buckets 16, followed by a

75

pressure-velocity conversion in the nozzleror

‘nozzles 13 and the velocity energy:is:ab-

stracted in two stéps by the impulse blades

80 -

or buckets 14 and 16. Thereafter, the steam -
is fractionally expanded in the stages com:-

prised bg the stationary and moving rows of
blades 17 and 18, and the steam then passes

“from the last row of nioving:blades 18 at a

low pressure for action upon the blading of
my improved form-of low-pressure stage 19
comprising a row of guide blades 20 earried
by the cylinder or casing 10 and a row" of
relatively wide blades: 21 carried by- the
roter 12: N
The guide blades 20 dischiarge ‘steam or

86 -

90

elastic fluid between the blades 21 and the

steam or elastic fluid is discharged from the
latter peripherally or radially and Iaterally
or axially. .. Each blade 21 lhas an inner ra-

85 -

dial or plane portion 22 having a suitable

root portion 23 for attachment to the rotor
12. :*'Fhe radial or plane portions 22 are-ar-
ranged in approximately axial planes and
constitute supports for the outer curved,
spoon-outline, or ‘trough-like = portions 24
constituting energy-abstracting portions for
the blades.: Thecurved, spoon-outlire, or-
trough-like portions 24 extend from the in-

100

let sides of the blades across the tops there- -

of, around the rear corners, and thence in-
wardly; and, as illustrated in Figs. 1 and
2, the inwardly-extending portions may

-merge into the inner radial portions 22; al- -

though it is to be understood that the-in-
wardly-extending- curved portion may ex-
tend inwardly to any desired extent. This
form of curved gpoon-outline, or trough-like

construction - permits of the discharge of

steam or elastic fluid both peripherally and
laterally at smiall sngles. e
" Ag shown in Fig. 1, the casing or cylin-

110

18

—

der 10 is provided with a portion 25 which,

not only constitutes a support for the guide
blades 20, but also serves to cover the outer
portions of the inlet sides of the trough or
spocn-outline portiens 24 defining nozzle
expanding passages between the blades;
thereby preventing the cross-flow of steam
or elastic fluid into the latter passages.” A
suitable plate 26 is secured to the rotor 12
and is arranged-to cover the rear radial por-
tions of the blades 21, R

- Fach of the blades 21 is SO ‘design“ed that

120

125

130
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its center of gravity falls substentlally mld-
way of the thickness thereof, thereby avoid-

ing the development of centrlfugal bending

stresses which might tend to cause it-to vi-
brate or be deformed.

- The inlet edges 21” of the blades 21 may
be suitably inclined in accordance with the
blade velocity, steam, or elastic fluid velocity,
and. the angle of dlSChBI‘O'e of the steam or

elastic-fiuid from the gu1de blades 20. See».

- Figs. 2, 8, 4, and 11.

15

25

Ref ermng to the velocity dlarrram shown’

in Iig. 11, the .vector. o represents the ve-

1001ty ‘and direction of discharge of motive

fluid leaving the guide blades: 20 the vector

b reptesents the blade velocity, and the vec-

tor ¢ represents the relative velocity of the
motive fluid with respect to the blades 21.
The inlet side 21’ should, therefore, be so
curved as to be tangent to the i 1ncom1ng mo-
tive fluid, that i is, to the vector ¢.
words,. ‘the curvature of the inlet edges of
the wide blades is determined by ‘the “direc-
tion and velocity of discharge from the
guide blades an

- ing blades.

30
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In Fig. 6, I show a modified form of my
blachncr in which the curved, or- spoon-out-

line outer portions define expandingr pas-

sages 27, a throat being indicated at 28,
whereby ‘the bla ding may be capable of not
only handling large volumes of elastic fluid,
but also of securing grefxter _expansion
thereof.

In Figs. 7 and 8, 1 show ‘a firther modi-
fied form of my 1mproved peripherally-dis-
charging, low-pressure turbine blading. In
these views, T show a row of rehtlvely wide
blades 80 havmg inner radial or plane sup-

-porting portions 81 arranged in axial planeev

and adapted to be: secured to the rotor 12 by
any suitable root connection 32. Curved or
spoon-outline portions 33 are carried at the
tips of the blades 80 and coopemte to défine

nozzle or expanding passages for the pur-
pose of abstracting energy from steam or
elastic fluid passing therethrough. Steam

or elastic fluid is chschmraed between the in-

let edges of the blades 30 bV means of guide
blades 20 in the manner heretofore de-
seribed.

As the steam or elastic fluid enters be-
tween the blades 30 of Figs. 7 and 8.in sub-
stantially an’ axial direction and -is_dis-

charged ‘therefrom at the tips or periphery,

S it s _desirable to provide deflecting miéans to
. 1Y

80

65

secure a change in direction of flow of the .

steam with a minimim degree of eddying.
Ancovdmgly, I have provided each blade
with a series of ribs 34 c¢arried by the faces
of the radial portions 31. ‘Preferably, these
ribs are made of curved angle sections se-
cuved to the radial or plane portions 31 of
the blades in any suitable manner, as by
spot-welding, The angle guide members or

- In-other™

hy the Velocity.of the mov-.

ribs 84 are provided with angle portions 35
which are adapted to- contact, as shown in

Fig. 8, to constitute partltlon or wall ele-
ments

in order to divide and -deflect the
steam or elastic fluid for discharge through
the passages defined by the curved or spoon-
outline oortmns 335 and, in order that the
portions 125 ‘may eontact throughout the
lengths of the gulde members 34, it -is nec-
essary that such portiong 85 shall be made

- of tapering chlth on account of the radial
_divergence of the blades.

The' portions 36

S ,

70

5.

cf the guide members 84 are adapted to be..

blades 80 in order to hold the guide mem-
bers 84 in place. The guide members 34 are

spot-welded to the blades 30 before the latter ~

are assembled. - -

In Fig. 7, the eylmder or casing 10 is
prov1ded with a portion 25 which not only
supports the fixed guide hlades 20, but also
covers- the outward portions' of the curved,
or spoon outline portions 83 in the ‘manner

and- for the purpose de°er1bed in connectlon—_

with Fig. 1.
~In ngs 9 and 10,1 show a further modi-

fied form of wide blade 37 for the last stage
‘19, The wide blades 37 are composed of a
plurality of -laminations ‘88, -having blade-
- forming portlons 39 and hub- formlncr por- ¥

tions 40, The laminations 38 may be
punched from any suitable sheet 'metal,
either as single pieces or in sections.
laminations are piled together lengthwise

of the rotor 10 so that the blade forming °

portions 39 register o constitute the wide
blades 37. The blades 37 comprise inner
radial’ supporting portions 41 and outer

curved; spoon-outline, or trough-like energy-:
»abstracﬁng portions 42, arranged sunllarly

o the corresponding. portmns of Fig. 7 “In

spot-welded to the radial portions 31 of the . -

80

85

090

The. '

106

order to prevent side-spilling of steam or .

elastic. fluid- from the blades 37 and to as-
sure the change in direction ther eof 80 that

it may be chqcharged peripherally;-it is nee- -

essary ' to Dblock the -spaces between ~the

blades; and, I have, therefore,. provided a

110

suitable blockmo plate 438 for this purpose. -

The lammated constriction is advanta-

geous in that it is possible to build up a blade .
structure of any suitable width economically

and for the further.reason that the result-
ing structure is stronger as the blade-form-
ing portions 89 are integral with the hub-

tormmg portions 40, thereby avoiding *he 7

use of ordinary root connections.
In all of the modlﬁcatlons afor ememloﬂed
high blade efficiency is maintained by the

preservation -of -small discharge .-angles.
This will be dpparent from diagrammatic

120 ~

Iig. 12, wherein the line d, tangent to the
inner eoge of ' the . outer. portlon of the -

curved -or spoon-outline portion, reoresents

the direction of discharge of motive fluid
and the line ¢ is Uhe tanaent to the blade,
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tip eircle

By
s

The angle ‘¢ between the lines

d and e is the angle of discharge and it will

“be-noted that it 18 relatively small.

- Apparatus made in accerdance with my

“fluid is expanded in the higher pres-
tages of the turbine and it is dis-

sure stage 19, having- the relatively wide
moving rov of reaction blading which re-

ceives the st

o
o
o
[
>
w
e
o
=3
e
4

peripherally and.-laterally. - The
steamn ot elastic flnid is expanded and dis-
charged from the mozzle passages, defined
by the carved, spoon-outline; or trough-lilee
portions of the wide blades, at small angles,
the festure of discharging at small angles
being possible due to the fact that the dis-

_charge area may be made sufficient merely

25

by choosing a. suitable width of blade. :
T4 will be obvious to those skilled in-the
art that my new. type of blade is capable

of securing. better turbine operation. My

new blades are capable of handling large
volumes of low-pressure, elastic fluid or
steam; .of -expandin

&

" gteam te low-pressures, of operating at high

30

blade sfficiency 2s the elastic finid or steam

" is discharged at small angles and.the reac-

.35

40

45

instead of height.

tive effort of the high velocity elastic fluid

or steam is applied to the blade portions
moving at high effective speeds; and of op-
erating at high speeds as the discharge area
is secured-by increasing the blade width
By using my wide ex-
haust blading, it is therefore possible to con-
struct large, high-speed turbine units and

‘nnits which opervate more efficiently than

heretofore. L ,

While I have shown my invention ia .a
plurality of forms, it will be obvious to those
skilled in the art that it is not so limited but
is susceptible .of various other changes and
modifications without - departing from the

- spirit -thereof, and I desire, therefore, that
~only such limitations shall be placed.there-

60
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upon as are imposed by the prior art or as

are specificially set forth in the appended

claims. S ' - o
What T claim- is: T
1. Tn an -elastic-fluid turbine, a last row

‘of moving blades having inner radial or

plane portions and outer curved portions
adapted to receive elastic fluid axially and
to discharge it. peripherally. _,

2. 1In an elastic-fluid turbing,. a row of
peripherally-discharging moving “Dlades

-adapted to receive glastic fluid at:-one side,

the center of gravity of each blade being

- disposed symmetrically with respect to the

circumferential distribution of mass thereof.

’8. A turbine -blade having a radial por-
tion -and a curved tip-discharging pertion,

on operates -as fellows: Steam or:

m-or clastic fluid flowing in
ially. an axial direction and dis-
ipherally or in a radial diréc--

¢ the  elastic fluid or-

1,468,885

the center of gravity of the blade falling
within the radial pertion. BRE ‘
4. In an elastic-fluid turbine, a row of
peripherally-discharging blades having in-
ner radial portions and outer-curved por-
tions to provide for the discharge cf elastic
fluid 2t a small angle. Do e
5. In an elastic-fluid turbine, a-row of pe-

ripherally-discharging blades -having inner

radial portions and —outer curved portions
arranged to discharge elastic fluid at a small

0

5

angle, and -elastic-fluid or steam deflecting

‘means cooperating with the radial portions

of the blades. . o .

6. In an elastic-fluid turbine, a low-pres-
sure stage including a last row of relatively
vide blades adapted to receive -elastic fluid
axially and to discharge it peripherally, each
of the blades comprising an .inner radial
portion and an outer curved portion.. ...

7. Tu an elastic-fluid turbine, a row: of
blades adapted to receive elastic fluid at one
side and comprising inner-radial and outer
curved, energy-abstracting portions. C

8.. A “turbine blade comprising an inner

energy-abstracting portion at the tip.

9. A turbine blade comprising an inner
radial portion and an outer spoon-outline
or trough-like portion, the center of gravity

‘of the blade falling within the radial portion.

10. A _turbine blade  comprising . inver
radial and an cuter spoon-outline or trough-
like portiom, the center of gravity of the
hlade falling midway of the thickness of the
radial portion of the blade, whereby centrif-
ugal bending moments are ayoided. = .

11, In an elastic-fluid turbine, a ldst row

of moving biades, each comprising an 1a--
ner radial portion and an outer spoon-out-

line or trough-like portion, the outer por-

80

85

96

‘substantially plane portion and a curved, .

9%

100

105

tions of the speom-outline or trough-like .

portions defining passageways for the ex-

pansion of elastic fluid peripherally. -

- 12. In-an elastic-fluid turbine, a last row
of moving blades having energy-abstract-
ing “outer portions .and - inner supporting
portions therefor secured in - position sub-
stantially in axial planes. =~ = '

18 Tn an elastic-fluid turbine having a 12

rotor, a last row of moving blades having
energy-abstracting outer portiong a
ner supporting portions arranged substan-
tially in axial planes and secured fo said

rotor throughout the width of said inner

portions. . : ; .

14. In an ‘elastic-fluid turbine having a
rotor, a last row .of moving blades having
outer, peripherally- or tip-discharging en-

ergy-abstracting portiong carried by inner 2
portions arranged in substantially axial

planes and secured throughout the width

thereof to said rotor. e :
15. In an elastic-fluid turbine, the. com-
bination of a last row of blades adapted to

and In-.

118

120

130
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receive elastic fluid at one side and to dis-
charge it at the tips, each blade having an

outer curved portion to provide for the dis- -

charge of elastic fluid at a small angle and
an inner: “ubstantmdy plane portion, and
contacting guide ribs or partition members
carried by the blad des to define guide means
for the elastic fluid to assure the change in
direction of flow thereof for discharge into
the curved portions.”

16. In an elastic- ﬂum turbine, the com-

bination of a row of wide blades, adapted
to receive elastic fluid at one side and to
discharge it at the tips and each of which
comprises
inner substantially plane pOI’ulOIl and rib
or partition means secured to the phnv por-
tions and suitably curved to assure the
change in direction of elastic fluid received
at one side of the bla ,les for discharge at
the tips. : v '

17. In an elastic-fluid turbine, the com-
binatien of a row of blades adapted to re-
ceive elastic fluid at one
charge it at the tips thereof, each blade

comprising inner substantially plane por-:

tions and an- cuter curved portion and
the mass thereof being so disposed that
its center of gravily falls
tially midway . thereof,

and = similarly

placed guide I‘le secured to opposite sides:

of each blade, the guide ribs of adjacent
faces of adjacent blades cooperating to de-
fine pa.rt.ition or wall elements to secure a
change in direction of elastic fluid received

‘at one side of the blades for discharge at the

tips.

18. In an elastic-fluid turbine, the com-
bination of a row of blades adapted to
receive elastic fluid at one side and to dis-

' chmge it at the tips, each blade having an

4B

outer curved portion and inner substantially
plane portion, and contacting curved guide

Tibs spot-welded to the inner substantially

plane portions.
19. In an elastic-fluid  turbine, the com-

bination of a row of blades adapted to re-.

ceive elastic fiuid at one side and -to dis-
charge it at the tips, each blade compris-
ing an outer curved portion to provide for
the discharge of elastic fluid at a small an-

gle and an inner substantially plane por-

tion, and gm&e members of angle.form spot-

'Welded to the blades and contactlncr to. de-

fine partition or wall elements adapted to
secure  a Ura&ual change. in dlrectlon of

an outer curved Dortlon and an.

side and to dis--

. substan-

o

elastic ﬂuld 80 - that 1t may be dlscharged

toward the blade tips.
-20. In an’ elastic-fluid - turbine, the com-
bination of a row of blades adapted to re-

ceive elastic fluid at one side and to dis--

charge it at the tips .and contacting and
curved guide ribs spot-welded to the blades

elastic fluid so that the latter may-be dis-
charged toward the tips of the blades. .
21. In an elastic-fluid turbine; the com-

80

-to assure a gradual change in direction of

85

bination of a row of blades aqapted to re-

and to. dis-
and curved
has one an-

ceive elastic fluid at one side
charge it at the tips thereof
angle members, each of which

‘gle portion spot-welded to a blade and the

other angle portion serving as a. gmde or

‘Darl‘tltIO'l member

22. In an elastic-fluid turbine adapted to
dlSChiLI’gD elastic fluid transversely to :the
direction in which said fiuid initially flows
therein, -the combination of a last row of

~b1ades,adapted to receive elastic fluid at

one side and to discharge it at the tips there-
of and ribs carried by the blades to assure
the gradual change in direction of ‘elastic
fluid passing therebetween.

70.

5

80

23. In an elastic-fluid. turb*n'e adanted to -

discharge: elastic fluid transversely to- the

direction in which said fluid initiall y flows

therein, the combination of a last row of’

blades aaabted to ‘receive elastic fluid . at

the sides and to discharge it at the tips i

thereof and ribs carried by the blades and
adapted to constitute partition or wall ele-

88

menfs therebstween, whereby the direction

£ flow of elastic fluid is changed and the
bludes press each other.
24, In an elastic-fluid turbine

celve elastic fluid at one side and to dis-
charge it at the tips thereof and contact-

ing ribs carried by the blades .to assure a-
change in direction of flow of the elastic :

fluid and to reinforce the blades.

‘the com- -
bination of a row of blades adapted to re- .

95

100

25. In an elastic-fiuid turbine, the com- :

bination of a row of blades compmsmg inner

-radial portions and outer curved portions

to discharge elastic fluid peripherally at
small angles and contacting guide members
carried by the blades for deflecting the
elastic fluid and bracing the blade structure

In testimony whereof, I have hereunto-
subscribed my name th1s Tth day of De—‘

cember 1921.
ALEXANDER T KASLEY
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