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Yo all whom it may concern.

Be itknown that I, FrEDERICK W. GORDON,
a citizen of the United States of America, re-
siding at Hartford, in the county of Hartford
and State of Connecticut, have invented cer-
tain new and useful Improvements in Fluid-
Actuated Turbines, of which the following is
a specification.

My invention relates to fluid-actuated tur-
bines, and has for its object the provision of
an improved machine of the kind mentioned.

A further object of the invention is the pro-
vision in a fluid-actuated turbine of a series of

- connected sets of carriers having peculiarly-
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formed blades against which the force of the
motive fluid is exerted, one set of carriers ro-
tating in one direction and another set in an
opposite direction. ’

~ A tfurther object of the invention is the pro-
vision of a casing having a steam-chest, shafts
mounted within said casing, a set of blade-car-

.riers controlling one shaft, and a set of oppo-

sitely-rotating blade-carriers controlling the
other shaft.

—25— Further objects of theinvention will be here-

- turbine with parts in elevation.
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inafter stated. ,
* In the accompanying drawings, Figure 1 is
alongitudinal vertical section of my improved
Fig. 2 is a
transverse section on line 2 2 of Fig. 1 look-
ing in the direction of the arrow, and Fig. 3
is a diagram illustrating the mode of opera-
tion of the invention. :

Like characters designate similar parts
throughout the several views.

Referring to the drawings, the numeral 5
designates a casing; 6, a steam-chest; 7, an
inlet-pipe leading to said steam-chest, and 8 a

- base from which the casing rises. Designated

by 9 are bolts for securing the steam-chest to
the casing, although other devices for accom-
plishing this result may be employed, if de-
sired. . : '
Journaled in a bearing 10 of the casing is a
tubular shaft 12, which carries a pulley or
other power-transmitting instrumentality 13,
and rigid with this shaft is a carrier 14, hav-
ing a series of semicircular blades 15. Pro-

-~ Jecting from thecarrier 14 is a drnm 16, which

may be secured to a flange of said carrier by
bolts 17 or otherwise. Keyed or otherwise se-
cured to the drum at 18’ is a carrier 18, having
a chamber adjacent to its periphery, in which
are transverse blades 19, spaced regularly
from each other and of the form or approxi-
mately the form illustrated in the diagram
Fig. 3. Designated by 20 is a shaft which
passes through the tubular shaft 12 and is
stepped at one end in a bearing 21 of the steam-
chest and carries at its opposite extremity a
pulley 22 or other device by which power may
be transmitted. - Keyed to this shaft is a-car-
rier 23, located adjacent to the carrier 18 and
having a chamber in which semicircular blades
24, formed on a shorter arc than that of blades

19, are transversely disposed, ‘as illustrated
| in Figs. 1 and 3. Keyed to drum .16 at 25

is a carrier 25, also-having a chamber adja-
cent to its periphery in which transverse semi-
circular blades 26 are mounted, the arc. on
which said blades are formed being shorter

- than the arc of blades 24. Secured to shaft

20, between the carriers 14 and 25, is a carrier
27, having a chamber 27" adjacent to its pe-
riphery in which semicircular blades 28 are
mounted, the arc of said blades being shorter

than that on which blades 26 are formed, as

shown in Figs. 1 and 3.

From what has been stated it will be seen
that the connected carriers 18, 25, and 14 and
drums 16 rotate together and impart move-
ment to the tubular shaft 12 and pulley 13 in
the direction of the arrow 29, Fig. 3, while the
carriers 28 and 27 impart their movement to
the shaft 20 and pulley 22 in the opposite di-
rection, or that of the arrow 30.
be.seen that the peripheries of the carriers
23 and 27 run in as close contact with the
inner -surface of the drum 16 as is possible,
suflicient clearance being of course permitted.

In the casing 5 is a port 81 for the escape
of the exhaust, which may be conveyed to any
desired point.

Referring to the diagram Fig. 3, the inven-
tion operates as follows: A is a line repre-
senting the angle at which the motive fluid
supplied through inlet 7 to steam-chest 6
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‘strikes the semicircular blades 19 of the car- -
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rier 18, and this angle is about twenty de-
grees. B is a line representing the direction
and velocity of the steam or other motive
fluid, and this velocity may be taken at two
thousand four hundred feet per second, and
the speed of each carrier or section of the
turbine may be taken at two hundred feet per
second. C on the diagram by its direction
and length represents the speed of the blade
or bucket of the carrier, and as the length of
line B is nine inches and the length of C is
three-quarters of an inch the proportion will
be that of twelve to one, the same ratio as
the speed of the steam and the speed of said
blade or bucket. The receiving edge of the
first blade or bucket 19 coincides with the
line D, and the steam will issue from this
bucket at the same speed at which it enters;
but in the direction in which the bucket is
running it will have lost twice the speed the
bucket has traveled during its passage along
the surface of the bucket. Asthe steam acts
against the the bucket on the line D it would,
were the bucket stationary, be deflected on
the line D*, the angle of which is equal to the
angle made by line D with the center line E:
but it loses the distance C, representing the
speed of the bucket, and it will act upon the
buckets 24 of carrier 23 on the line D', said
line indicating the angle of the receiving
edge of each bucket 24. Line D denotes the
direction and velocity of the steam when it
reaches the buckets 19 of carrier 18, and after
acting on said buckets it reacts at the same an-
gle and with the same velocity and loses by the
velocity of the bucket to line D', in which direc-
tion and velocity it would act upon the second
bucket 24 were it not for the fact that the car-
rier 23 of said second bucket is moving atitsef-
fective velocity, the result being that the steam
will reach said second bucket 24 of carrier 23
on the line designated by D? in the diagram._|
Steam issues from said second bucket at the
same velocity and angle as designated by
the second line D7 but, due to the speed of
the carrier of said second bucket, is thrown
therefrom on the line D®and were it not that
the carrier 25 of the third series of buckets
261is in motion would act upon the third bucket
in the direction of said line D?*; butas said car-
rier 25 is also in movement in a direction op-
posite to carrier 23 the effective speed and ve-
locity with which the steam will act upon the
third bucket will be approximately on the line
designated by D* on the diagram. By reason
of the speed of the carrier 25 steam will issue
from each of the third series of blades or
buckets 26 about on the line designated by D°
and would act upon the fourth blade or bucket
28 of carrier. 27 on said line D® were it not
that said fourth bucket is moving in the op-
posite direction, and the effective velocity of
the steam will, due to this fact, be exerted
against said. fourth buzket about on the line

D“.' Steam would issue from said fourth bucket

791,415

on the line D° were it not that said bucket is
moving in a contrary direction to that of the
third bucket 26, and due to this fact the steam
leaves the fourth bucket about on the line D,

and it would act upon the fifth bucket 15 of 70

carrier 14 on said line D7 were it not that said
carrier is rotating in a direction opposite to
that of carrier 27 and will therefore cause
the steam to escape on about the line DY, on

which line the exhaust would escape if car- 75

rier 14 were stationary; but as said carrier is
in motion in a direction opposite to carrier
97 the exhaust from said fifth bucket will be
about on line D°.

From the diagram it will be scen that with 8o

steam delivered at a velocity of two thousand
four hundred feet per second and with the car-
riage rotating ata velocity of two hundred feet
persecond four hundred fect will be absorbed

by the buckets 19 of the first carrier 18, four 85

hundred feet by the buckets 24 of the second
carrier 23, four hundred fect by the buckets
26 of the third carrier 25, four hundred fect
by the buckets 28 of the fourth carrier 27,

and four hundred feet by the buckets 15 of the 9o

fifth carrier 14, or, in all, two thousand feet,
the sole waste being a velocity of four hun-
dred feet, part of which will be taken up hy
the parts through which the steam is applied

and through which it exhausts and another 9y

part in the skin or surface resistance of the
buckets. TFurthermore, as the angle of dis-
charge from each bucket is substantially the
same as the angle at which the steam acts

upon it and as the speed of the steam is con- roo

stant the parts will be so balanced that the
carriers will have substantially no tendency
to move longitudinally of their shafts. It
will be observed from said diagram that the

blades or buckets of the carriers are formed roj

on progressively-varying arcs, thereby pro-.
viding for the full action of the steam on the
blades of the respective carriers at continually-
changing angles, so that the flow of steam is
gradually converted into an axial line.
first set of buckets 19, against which the steam
acts, is as near a semicircle as the permissible
direction of the steam will admit, and if the
jet of steam is thrown against said buckets at

an angle of substantially twenty degrees then 115,

if the buckets 19 were stationary the entrance
edge of each bucket would have an angle of
exactly twenty degrees with the plane of the
carrier 18; but as the carrier 18 is in motion

in the same direction as the steam the velocity 120

of the steam 1in relation to the buclkets is the
difference of the velocities of the steam and
carrier, and this is the velocity of the steam
on each bucket. So, too, the velocity of the

ejection of steam from a bucket would be the 125 ‘
initial velocity of the steam (less friction) if
the bucket were stationary; but the carvier
being in rotation the bucket is leaving the
steam behind, and hence the velocity of the
moving steam and the bucket is the initial 130

This 1710
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velocity of the steam less twice the velocity
of the bucket, and the resultant direction of
the steam Would be determined by a line rep-
resenting the initial direction of the steam
and a line representing twice the velocity of
the bucket in the direction the bucket is mov-

ing, and the third line completing the trian-

gle would be the resultant of the other two,
giving the direction and the velocity. To
further absorb the foree of the steam, the car-
rier 23, having the buckets 24, is arranged in
close proximity to the carrier 18, and the
working surfaces of the blades or buckets of
said carrier 23 are each formed on an arc
shorter than the arc of each bucket of the
first set. The arc of each bucket 26 of the
third carrier is shorter than that of buckets
24 of the second carrier, and so.on, the bucket
28 of the fourth carrier 27 and buckets 15 of
the fifth carrier 14 being on progressively
shorter arcs, asshown by the diagram. Pref-
erably the arcs of all the sets of buckets from
the first to the last are arcs of a circle of the
same diameter to facilitate their manufacture
and limit the number of tools necessary for
milling the bucket-surface; but the form of
the buckets may be varied in other ways to
accomplish the desired result without depar-
ture from the invention. By judicious plot-
ting the entrace-angles of each set of buckets
are determined, so that the steam will not
strike the bucket at its entrance-angle, but
shdes over it. As the steam leaves one car-
rier it acts without a blow upon the buckets
of the next carrier and is reversed: in its di-
rection to the extent of the contained angle
formed by tangents to the entrance-angle and

the delivery - an@le of each bucket less the

change due to double the velocity of each
bucket, and so on, until it leaves the last set
of buckets. In this manner the work done
by the steam is multiplied in a practical way,
the high peripheral velocities of other con-
structions are avoided, and a better absorp-
tion .of the power of the steam is obtained.

I am well aware that in prior constructions
reversely-rotating wheels or carriers having
curved blades have been employed; butin no
instance of which I am aware have said blades
been provided with working svrfaces on grad-

ually shorter or shallower arcs for the pur- |

pose herein described.

While the sides of the carriers are shown in
close relation to each other, yet they may, if
desired, be spaced a slight distance apart, for
with the velocity at which the steam travels
it could leap a considerable distance without
appreciable loss.

By inclosing the carriers within the drum
16 a compact and strong engine is provided,
and leakage or ‘‘spill” of the steam from the
respectlve carriers to the interior of the cas-
ing-is avoided.

Tt will be observed that the carriers 18 and
25 are in the form of rings or wheels having

-may be varied within wide limits.

no hubs, whereas the oppositely-rotating set -

of carriers 28 and 27 are spaced the desired

distance apart on the shaft 20 by their hubs:

23' 91,

The shafts and carriers may be readily as-
sembled and placed in position through the
open side of the casing, after which the steam-
chest 6 and pulley 13 and 22 may be secured
in place.

While semicircular blades or buckets are
deemed preferable, other forms may be sub-
stituted therefor without departure from the
invention. Furthermore, the invention is not

limited to any particular number of sets of -

oppositely-rotating carriers, nor to any par-
ticular number of carriers to the set, for these
So, too,
the invention is not restricted to pulleys for
transmitting power from the oppositely-ro-
tating shafts, for any suitable devices may be
employed for this purpose without departure
therefrom. - The blade-carriers may also be
of different form from that shown without de-
parture from the invention.

Having thus described my invention, what
I claim is—
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1. The combination, with a rotatable car-
rier having a series of curved blades, of asec- .

ond rotatable carrier having a series of curved
blades formed on an arc shorter than that on
which the blades of the first carrier are formed,
one of said carriers being rotatableina dlree—
tion opposite to that of the other; and a cas~
ing having supply and exhaust ports.

9. The combination, with a casing having
supply and exhaust ports, of a shaft jour-
naled in said casing; carriers secured to said
shaft, and each having a series of curved
blades, the arc on which one series of blades
is formed being shorter than that of the other
series; a second shaft surrounding the first-
named shaft, and also journaled in the casing;
a series of carriers secured to said second
shaft, a series of curved blades on each car-
rier of the second shaft, each series of blades
being formed on an arc shorter than the arc
on which the preceding blades are formed;
and means for transmitting power from the
shafts.

3. The combination, with a casing having
supply and exhaust ports, of a pair of shafts,
one mounted within the other; a series of car-
riers, each having a chamber adjdacent to its
peuphery, secured to the inner shaft; curved
blades in each of said chambers; a carrier se-
cured to the outer shaft, and havmo~ a cham-
ber adjacent to its perlphery, and curved
blades in said chamber; a drum projecting
from said carrier; carriers, each having a
chamber adjacent to its periphery and curved
blades in said chamber, secured to the drum,
the blades of all the carriers being progress-
ively shallower; and power-transmm‘mncr ele-
ments carried by the shafts.

4. In a fluid-actuated turbine, the combina-
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tion, with a carrier having curved blades, of a
second reversely-operable carrier also having
curved blades drawn on an arc shorter than
the arc of the blades of the first carrier; and
means for transmitting power from said car-
riers.

5. The combination, with a series of con-
nected carriers operable in one direction and
having progressively-varying curved blades,
of a second series of reversely-operable car-
riers also having progressively - varying
blades; and means for transmitting power
from said carriers.

6. The combination, with a casing having
supply and exhaust ports, of a tubular shaft
journaled in the casing; a carrier rigid with
said tubular shaft, and having blades; a drum
projecting from the carrier; annular carriers
keyed to the drum, and each having blades; a
shaft within the tubular shaft; a carrier hay-
ing blades, the hub of said carrier being keyed
to the shaft within said tubular shaft; another
carrier having blades, and the hub of which
is keyed to the shaft within the tubular shaft;
and means for transmitting power from said
shafts.

7. The combination, with a carrier having
curved blades, and operable in one direction,
of a second carrier having blades varying in
curvature from the blades of the other car-
rier, and operable in an opposite direction,
whereby the motive fluid will be received by
one set of blades at an angle varying from
that at which it is received by the other set
of blades.

8. The combination, with a casing having

791,415

supply and exhaust ports, of reversely-oper-
able sets of carriers, and blades or huckets
of progressively-varying curvature carried
by said carriers. ‘

9. The combination, with a casing having
supply and exhaust ports, of reversely-oper-
able carriers, each carrier having curved
blades, and the curve of one set of hlades va-
rying in depth from that of the other set of
blades.

10. The combination, with a casing having
supply and exhaust ports, of a primary car-
rier having curved blades to receive the mo-
tive fluid; a reversely-operable carrier having
curved blades of less depth than the blades
of the primary carrier; a carrier operable in
the same direction asthe primary carrier, and
having curved blades less in depth than the
interposed, reversely-operable carrier; a sce-
ond reversely-operable carrier having curved
blades of less depth than the preceding car-
rier; a third carrier operable in the same di-
rection as the primary carrier, and having
curved blades of less depth than the preced-
ing reversely - operable carrier; a shaft to
which one set of carriers is secured; a tubu-
lar shaft surrounding the other shaft; and
a drum projecting from said tubular shaft,
and to which the other sct of carriers is se-
cured.

In testimony whereof I aflix my signature in
presence of two witnesses.

FREDERICK W. GORDON,

Witnesses:

Francrs E. Broperrr,
Cuas. F. Scrnerz.
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