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~ leaves the curved portion for the quitting
tangent, when the centrifugal force suddenly
- becomes zero again. There is thus a sudden -
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~Be it known that I, CrHarLES P. STEIN-
METZ, & citizen of the United States, residin
at Schenectady, county of Schenectady, an

State of New York, have invented certain |
- new and useful Improvements in Buckets for

Elastic-Fluid Turbines, of which the follow-
in%‘is a specification. - o

his invention relates to buckets or blades
for elastic fluid turbines, and its object is to
provide a bucket so shaped that it will vary

~ the centrifugal force of the elastic fluid flow-
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- through a straight or tangential portion and
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nary type of buckets, the elastic fluid enters

passes thence over a curved portion which is
-the arc of a circle, from which it departs on a

tangent again. ~In the entering tangent the.

fluid moves in straight lines so that no cen-

! trifu%al force is exerted. On entering the
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_ ar. portion of the bucket the centrifugal
force suddenly rises from zero to a finite
value which remains constant until the fluid

shock imparted to the fluid column at each

T i

end of the circular portion of the bucket,

causing compression on entering the bucket
and expansion on quitting it, giving rise to

- ‘oscillations which result in a-loss of .energy
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and cause wasteful eddy currents in the

steam. -
. By my invention I provide for an increase,
of the centrifugal force from zero or a finite-

- small value at the beginning of the-curved

40 X
- - crease of centrifugal force from the middle
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portion of the bucket.to a given maximum at
the middle of said curved portion, and a de-

of the bucket to the beginning of the quit-
ting tangent, where it fa%ls to zero or a finite
small value again. I prefer to provide for a
regular and gradual increase and decrease of
the centrifugal force. But this is not abso-

_ lutely essential, as the variation may be at
'_ first I‘ﬂ,pld and then __-more:_ gl‘a,dua_,l,' ()r_.'vice- :

versa. In the following description, how-

50 ever, I shall assume that the variation is to
- be uniform and regular. = - o

“The formula for centr_ifiigal. fOrcé (F=MV )

-

- | shows that the force varies inversely as the
| radius, if the mass and: velocity remain con-
1 stant. In the stream of steam flowing
| through a turbine bucket the masg and the
, there-

‘vélocity do not alter appreciably. her
fore, the curve of the bucket is such that the
radius of curvature shortens from infinity or
a small finite value to a given minimum and
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‘then lengthens to infinity or a small finite

-steam will increase and decrease accordingly.

' tr i _ . . I The ratio of variation may be different; for
- ing through it, preferably in such a manner.|
- .that the increase of centrifugal acceleration.
and retardation are constant.. In the ordi-

instance, the successive radii may all vary
‘by-a-constant quantity, or each may differ
from the preced '
tion thereof.

| - The result .of,_cbhstruéting_ a bucket on

‘these lines is that the steam leaves it in a jet

| value -again, the centrifugal force of the

_—

ing one by a constant frac- '
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' of constant velocity moving in a uniform diT |

' rection, which renders. it, of maximum effi

| ciency when directed against the buckets of

| another wheel. This result is not possible if

shocks are imparted to the steam by the sud-

70

| den’ application and withdrawal of centrifu- .

gal force in its passage through the bucket,

whereby it leaves the bucket in a scattered

;lgt, varying in velocity and in direction.

?

re 80
he invention 1s, therefore, of especial value

in turbines which extract the velocity energy

from the steam in several successive wheels. .

“In the accompanying drawing, Figure 1 is

a diagram of a curve composed of a plurality
of arcs of equal length described by radn

which form a harmonic progression of a

| given initial radius; Fig. 2.is another dia-

' gram in which _each radius-is -seven-eighths

n —T Lol

~of the preceéding one; Fig. 3 shows the out-

| line of several turbine buckets conforming to
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these curves; and Figs. 4 and 5 are slightly

modified forms of buckets having somewhat
thicker edges. . -~ .
It will be noticed at a glance that the

the arc 1 is described, of a given length .

‘The next. arc 2 is described with a radius
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| curves are spirals. In Fig. 1, the radius X =
1s laid off at some given length, and with this
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g2:‘ the arc 3 with arqdipé f,f and'.so'-Oil,-'th,e- o

lengths of all the arcs being the same, and

the successive radii being a harmonic pro-

gression ;—that .is, the. reciprt)cals of an
arithmetical progression varying by one, the
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initial radius being unity. The" spiral is
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made up of the a,rc'é,l, 2,‘ 3,'etc., @nd by using | ‘recééd solely fo the curve of the working su-
a long radius to start with and making the ! face of the bucket, as hereinbefore set.forth.

arcs short, the curve will be fairly smooth.
- The mathematical equation of the curve
in rectangular coordinates, is rather com-
plicated and need not be set forth here. -

- The curve shown in Fig. 2 ig'laid out as
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- more than offset by the elimination of shock

follows: First, draw a straight line'4—>5 and.

with this as a radius describe the arc a.-. The

point 6 on the line 4—7 is distant from the
~ point 4 one-eighth of the length of the line
4—5 or4—7. With theline 6—7 as aradius,

the arc b is described, of the same length as
the arc @. The distance 8—9 is seven-

‘eighths of the line 6 —7 or 6 —9, the dis--
- tance 10-—11 js.seven-eighths of the line.
- 8—9 or 8—11, and so on.. -Each of the

arcs ¢, d, ¢, etc., is-equal to g. The curved

- spiral line is made up of the arcs @, b; ¢,

etc. A body .of given mass moving  alon
either of these curves at uniform speed w1

. 1415 (which ‘it.is very nearly) then the

centrifugal: force of -the-body as it moves

times that which it had along the.ar¢ m.

curve in laying out:.a turbine bucket. ~In- m t i
the drawing, that pertion'of the curve shown | wall thickened toward the edges to give the
y black has't _ | necessary thickness of stock for mechanical
evident that the length of the portion taken | D -

will depend upon the width of the bucket,
‘which in the drawing is.represented by the
%Pa_,cé, between the parallel lines 16—17.
The lines 18 indicate the walls of the nozzle

in heavy black has been selected; but it'is

25 and also the direction of the steam flow-

ing from the nozzles, and make angles of 24°
with the line 16. The quitting angle, that |
- 18, that between theline 17 and t’he% |

is 30°. 'The sides of the bucket coincide-

with the lines 18—19 at the points 20—21.

From the point 20 to the point 22, on the.| best methods of forming the bucket surfaces
center line of the bucket; the ¢urve is of de- |

creasing radius, while from the point 22 to.

the point 21 it is just the
curves being duplicates. -
The dotted semi-circle 23

reverse, the two

slight increase in surface . friction- will be
and eddies. =~
The back wall 24 of the steam passage may

8 curve parallel with the front of the passage,

be.of any suitable configuration; preferably
GO |

- as shown. The height of the bucket may be.

such as the size of the wheel requires; and it
may or may not provide for an expansion of

the steam, as preferred. With these matters |

- | stated, starts: with zero curvature, and the

.. curvature gradually incredses to a maximum
- at the center line of the bucket, and then de-
| creases again to zero at the exit. The low

1 inside the curve.

of the bucket shows the line of the ordinary
bucket. Tt is apparent that the . spiral
-bucket has a somewhat longér curve; but the

‘through the erc_p is“ome and three-fourths |

* ‘The back wall of the bucket is a straight

line up to-the point opposite the beginning

of the front wall. The front wall, as before

curvature at the ends of the buckets results

in an extremely thin knife edge, and where -

this is impracticable for mechanical'or other

reasons I employ the arrangements shown in
Fig. 4. In this figure the bucket .curve
‘starts not at zero curvature but at a given
1 small radius as at. 26, ‘which decreases to-

ward the center line of the bucket. The
dotted line 27 indicates the circular or stand-

ard bucket.” It will be noticed that with
.| this drrangement the edges of the buckets
her ol these cu | | may be thickened to the desired degree.
. be subjected to a regularly increasing centiit- |

ugal force which at:any given point is pro--
portionsl to the length of the radiys at that

This bucket shape gives a less sharp edge but

‘it impresses ‘a. certain small centrifugal ac-
10118 _, h of the radius at that | celeration to the fluid at the point of en-
point, - For instance, if the radius 12—13
18 one and three-fourths. times. the radius.

trance, which, however, 1s very small com-
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pared to-the standard bucket and may be-

‘disregarded. - o | |
- In Fig. 5 18 shown a bucket with the front

wall shaped to give the correct acceleration

_ whicn 16 ¢ rc m. | from-zero to the given maximum at the en-
. Fig. 3 shows the:utilization: of a8 spiral
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trance and’ a decreasing acceleration from

maximum to zero at the exit with the back

reasons. = . . o _
In the drawings the arcs of successive radi

are shown of equal length since this is the

preferred arrangement but i is within the

'scope of my invention to make them of differ-
The point of maximum curva--

ent lengths.
ture as shown in the drawings coincides with
the center line of the bucket structure but
for_different conditions I may locate it :on
either side thereof. - |

. I have shown what I consider to be the

but they areto be understood ‘as being only
illustrative, since the buckets may be formed

| 1 a varlety of ways so long as the generic
|.Teature . of the invention is preserved. -

.+ The buckets shown are intended primarily
Tor steam turbines but 1t is obvious that they

may be used with material advantage in tur-

‘bines using other kinds of elastic fluid.
. The nozzles or other fluid -discharging de-

vices may be of any suitable form or con-

| struction and expanding or mnonexpanding

in character.

~ Whatl plaiﬁl as new, and desire to secure
- by Letters Patent of the United States, 15,

1. An elastic fluid turbine bucket having

& cutved surface developed by radii which

vary in a harmonic progression. |
2. An elastic fluid turbine bucket havin
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66 my 'invention_'h_as;nathing Yo do, bemg di- | a curved surface developed by a radius which 130
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o -'cesoecf_' .

_ shoiens up to the mlddle pomt of the bucket
- and then lengthens. - '

3. A U-shaped elastlc ﬂmd turbme bucket;_
" having a surfece composed of two spiral

curves.

4, An elastlc ﬂmd turbme bucket ha,vmg'f :
a surface composed of two splra,l curves, one.

the reverse of the other.

5. An elastic fluid turbl.ue bucket hamn

means for gradually varying- the centrifuga,

- force of "the steam ﬂomg through 1t to ob- _

viate shock. -
6. An elastic ﬂuld turbme bucket hevm

“means for first gradually increasing and then
gradually decreasing the centrifugal force of
the steam ﬂowmg through 1t to obwate _

- shock.

-

7. An ela,stlc ﬂuld turbme bucket hcvmg_
means for first uniformly increasing and then
uniformly decreasing the centrifugal force |
of the steam ﬂowmg through it.

8. An elastic fluid turbine bucket hamng

twostraight end portionsat an angle with each
other;, and an ,intermediate curved portion |

25 which is tangent to the straight portions at

30

e polnt.

tlon Wthh is tengent to the str alght portmns -
at each-end and is described by constantly
*.decreesmg radii {rom said ends to 1ts middle
point. -
" 710. An elastic ﬂuld turbme bucket hfwmg-
‘two straight end portions at an angle with
~each other, and an intermediate curved por-

| tion which is tangent to the straight portions
‘at each end and is described from said ends
| to its middle point by radii which decrease in
‘a harmonic progression.
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11. In an elastic fluid bucket, the combl—- '

g | nation of a device which dlsche,rges motive
fluid at a suitable velocity and angle with a
tow of buckets situated in front, of the device
‘and receiving the fluid therefrom, each of the
| saxd buckets bemg provided with a wall
which gradually increases the centrifugal
force and com{;ressmn of the fluid entermg |

from an initial to a maximum wvalue, and

gradually decreases the centrlfugel force and
‘compression of the discharging fluid from the
‘maximum to a

redetermined value. =
In witnhess w ereof I have hereunto set

j_'_'my hand thls 20th dey of November 1905.
each end and is described b gecreasmg radu i |
- from said ends to its mlddfr : '
- 9. An elastic fluid turbine bucket hawug |
- two straight end portions at an angle with |
eech other, end an mtermedlate curved por-

CHARLES P. %TEINMETZ
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