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To all_w?zom 1t may concern: R
Be it known that I, CHARLES P. STEIN-

at Schenectady, county of Schenectady,
State of New York, have invented certain

‘new and useful Improvements in Buckets for

- Hlastic-Fluid Turbines, of which the follow-
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Ing 1s a specification.

Investigations show that in an impact

elastic fluid turbine as the fluid flows through
the working passages and acts on the bucket

- faces, a loss occurs which decreases the effi-

of the machine. This loss is due prin-

ciencly
y to the turning of the fluid stream by

cipal

5 the curved face of the bucket, and to the

shock due to the impact of the fluid particles

~ on said face.

- My invention has forits obj ect to improve

the shape of the working face of the buckets

2%
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~ face 1s composed of circular portions joined
by a straight portior, the bucket also being |
l. In these forms the centrif-
ugal force of the fluid stream on the entrance
‘stde of the bucket is less than would be the
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- unsymmetrieal.

-and thereby eliminate or largely reduce the

loss mentioned above. To reduce this loss
to & minimum my improved buckets are pro-
vided with an entrance portion that is very
much less curved than the exit portion, and

the shock or impact angle is made as small
as possible consistent with the effective ex-

traction of energy from the motive fluid. -

In one of the forms illustrative of the in-

vention the working face of the bucket is

composed of circular portions struck from .
different radii, the said bucket being unsym-:
etrical and having different entrance and

exit angles.: In a second form the working

- case with a bucket whose face forms a part of
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a cylinder, the common constyuction in elas-
tic fluid turbines of the impact type, and 1s

less on the entrance than on the exit side.

Tn both of these forms the shock or impact

angle is less than would he the case with cir-

cular buckets and the same nozzle angle.

In athird and preferred form of my inven-
tion the working face of the bucket 15 com-
noged of spirally curved f}')ortions so that the

centrifugal force of the fluid stream 1s grad-

~vally increased from zero or a small finite
"-va,{ue to o maximum and.decreased again to

 zero or to a small finite value at the point of

-discharge.

The bucket is also unsymmet-
rical. o N
Since the release of the fluid stream or jet

residing.

|
i

from _cen_trifuga',l acceleration can take place
without injurious effects much more rapidly
than its application, I so arrange the buckets

' that the discharge or exit side 1s shorter than

the inlet. In the: preferred form of my in-
vention the point of maxinium curvature will
be fairly near the exit, and the.initial part of
the centrifugal acceleration will increase at
a much slower rate than the centrifugal de-

celeration. To produce s small impact an-
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gle, the entrance portion of each bucket from

the entrance to the point of maximum curva-

ture may consist of two spiral parts joining

each other and such that the second; or mid-

 dle portion of-the bucket, gives a greater rate
of 1ncrease of curvature and so of centrifugal .

acceleration, than the first or entrance por-
tion. o |

In the accompanying drawing, showing
buckets illustrative of my invention, Figure 1
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is an end view of a bucket having a small

shock of impact angle whose walls are com-
posed of circular portions of different curva-
ture; Kig. 2 1s an end view of & similar bucket
having curved portions united by straight
portions, ahd Kig. 3 15 an end view of my pre-
ferred form of bucket composed of spiral

parts having different rates of increase of

curvature. - S
Referring to If1g. 1,.1 indicates a compound

‘bucket which may be integral with or sepa-

rate from 1ts support as desired. When
separate, any good mechanical means may be
employed to unite the buckets with ther
support. .The working face of each bucket
1s composed of two circular portions 2 and 3,
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the radius by which the portion 2 is struck

‘being considerably longer than that em-
Elo}red for portion 3. The rear faces of the

uckets.are similarly shaped but made with
shorter radn. The cross-sectional -area of

‘the bucket spaces or working passage should

be great enough to carry the motive fluid
without choking on the one hand or permait-
ting it to unduly expand on the other. The
angle of entrance of the buckets i this par-
ticular embodiment i1s 31° and the angle of
discharge 27°. The line 4 1s tangential to
the rear face 5 of the bucket and mdicates

the direction of movement of the steam parti-
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cles in the jet. The line 6 1s tangential to the

curve of the working face of the bucket at the
point of intersection with the line 4 and the
angle between these two limes 1s 38° which 1s

the shock or impact angle. Owing to the

io o o



~ true cylinder.
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péculiar curvature of the bucket face this
angle is. very much smaller than would be

possible for a givennozzle angle and a bucket

with a circular face, meaning by “‘circular
face”’ a bucket whose face forms a part of &

In' Fig. 2 is shown another form of com-
pound bucket wherein the curved portions 2
and 3 of the bucket are joined by a straight
portion 7, the rear wall of the bucket follow-

mg the same arrangement. In. this case, the

angle of impact is 30°, which 1s less than in

the first 1llustration.

In Fig. 1 as the steam enters the"bucke‘t |

its centrifugal force immediately rises to a

" moderate value and later rises to a maximum

20

value which is maintained until the steam 1s
discharged. - | | N |
In Fig. 2 as the steam enters the bucket 1ts

centrifugal force immediately rises to a mod-
‘erate value, then decreases to zero as 1t

reaches the straight portion and finally rises

" to the maximum which is maintained until

- the steam is discharged. In both of these
cases, however, the centrifugal force of the -
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bucket, and the shock angle 1S Ver

steam in the inlet portion of the bucket is less
than it.would be in the case of acircular
much
smaller. Hence a turbine fitted with either
of these two forms has the advantages accru-

ing from moderate initial centrifugal com-
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pression of the steam and a small shock an-
cle. ' | | |
oD

In Fig. 3 is shown the preferred form of my

invention wherein the working face of the

bucket is composed of three curved portions
9. 3 and 8. In this embodiment the length

of the curved or inlet portion 2 greatly ex-

ceeds the length of the curved or discharge
portion 8. The angle of impact is small, be-
ing 30°, so that I gain all of the advantages

resulting therefrom. - As the stcam passes

over the portion 2 to the point of impact, the
raie of increase of the centrifugal force 1s
small.  From this point to that of maximum
curvature, the rate of inerease of centrifugal
force is larger.  From the point of maximum

curvature to the exit the rate of decrease of
ceuntrifugal force is large. - -
The portions or sections 2 and 3 are made

up of two different spiral curves having dif-
ferent rates of increase of curvature. It will

be noted that the bucket is unsymmetrical

with the inlet portion much longer than the
discharge portion. “his means that the mn-
crease and deerease of the centrifugal foree of
the steam takes place aradually, but the rate
of increase is less than the rate of decrease or
refease. : | | '
i oaccordance with the provisions of the
patent statutes, T have desceribed the primae-
ple of operation of my nvention, together
with the apparatus which 1 now consider to

~represent the best embodiment thereof; but 1|
~desire to have it understood that the appara- | the other.

L
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tus shown is only illustrative, and that the m-
vention can Le carried out by other means.

" What I claim as new, and desire to secure

by Letters Patent of the United States, is,—
1. A bucket for an elastic fluid turbine,
having a working face composed of entrance
and exit portions of varying curvature, one
of said portions being less curved than an-

other to produce a }T&I:i&tion_in the c*ent1~if}1ﬂ_ |
oal force of the fluid jet as it flows over it. 7

9. A bucket for an elastic fluid turbine
having a working face compesed of entrance -
and exit portions of different and varying

curvature, the entrance portion being less

curved and the rate of its change of curva-
ture also being less than that of the exit por-
tion, so that the centrifugal force will be less
| on the entrance than on the exit portion.

3. A bucket for an elastic fluid turbine,

having a working face composed of two or
more portions of dissimilar and varymg cur-
vature to produce a gradual variation in the

8-
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centrifugal force of the fluid stream as it

flows over said face. B L
4. A bucket for an elastic fluid turbine
having a working face which 18 so xshaﬁped
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that the centrifugal force of the motive uid

is less on the entrance than on the discharge
side, said force gradually increasing from

zero or a small finite value at the inlet to a

maximum value and then gradually decreas-
ing to zero or a small finite value at the
outlet. | | |

5. A bucket for an elastic fluid turbine, .

having a working face one portion of which

is shaped to gradually increase the centrifu-

zal force of the jet to the maximum and has
an angle of impact which is less than that of
a cylindrical surface with the same entrance

‘angle, the discharge portion being shaped to

100°
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oradually release the jet of its centrifugal

foree at a'greater rate than it was acquired.

6. A bucket for an elastic fluid turbine '

having a working face comprising inlet and

outlet portions, the inlet portion bein
cirved to gradually increase the centrifuga

force of the jet and the discharge portion be-
ing curved to gradually decrease the centrifu-

gal {force of the jet, the said inlet portion be-
1118 longer than the outlet. S .
7. A bucket for an elastic fluid turbine

110
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having a working face coniprising inlet and

outlet portions, the inlet portion forming a
part of a spiral curve which gradually 1n-
creases the centrifugal force of the jet, the
discharge portion also forming a part of a

spiral curve which releases the jet of said
force at a grenter rate than it was acquired..
8. An unsymmetrical bucket for an elastic

{luid turbine having a curved working face, -

the entrance angle of which 1s greater than

the discharge angle, the said face being com-

posed of two portions forming reversed spiral
curves, one of said curves being longer than
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9. An unsymmetrical bucket for elastic
fluid turbines, having a curved working face
whose entrance angle is greater than the dis-
charge angle and is composed of two portions

5 forming reversed spiral curves, the inlet por-
tion being longer than the outlet and shaped
‘to gradually increase the centrifugal force of

the fluid jet to the maximum, the outlet por-

tion being shaped to release the jet of its cen-
10 trifugal force at a greater rate than it was
acquired. -

10. An unsymmetrical bucket for elastic |

- ftuid turbines having a curved working face,
. the inlet portion of which has a varying cur-
8- vature which causes the centrifugal force to
increase at a given rate for a certain distance
along said face and then causes it to increase
ab a greater rate to a maximum at the begin-

ning of the discharge portion, said discharge |
20 portion having a varying curvature which
decreases the centrifugal force at a greater
rate than it was increased by the inlet por- |

tion.-

11. An unsymmetrical bucket for elastic |
- 25 fluid turbines having a curved working face, _

| the inlet poi'i;,ion of w]:uch is longer than the

discharge portion and is formed on spiral
curves whose curvature gradually increases
at a given rate for a certain distance along

sald face, and then increases gradually at.a 35

greater rate to & maximum at the beginning

of the discharge portion, said discharge por-

tion being for erﬁtm a spiral curve w ose .
curvature graddally decreases at a greater

rate than the curvature of the inlet portion 35

Increases. - |
12. A bucket for an elastic fluid turbine
having a- working face formed of three por-
tions of different curvature.” -

13." A bucket for an elastic fluid turbine 40
having a working face formed of three spiral

| curves having different rates of increase of

curvature, . | G %h o .
' In witness whereof, I have hereunto set
my hand this 5th day of N ovember, 1907. . 45

'CHARLES P. STEINMETZ. L

Witnesses: . -
BEnsaMin B. Hurz,
- HrLEN ORFORD.
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