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UNITED STATES

PATENT OFFICE.

' GEORGE WESTINGHOUSE, OF PITTSBURG, PENNSYLVANIA, ASSIGNOR TO THE WEST-
- INGHOUSE MACHINE COMPANY, A CORPORATION OF PENNSYLVANIA.

© No. 804,927,

‘Specification of Letters Patent. |

 PLUID-PRESSURE TURBINE.

Patented Aug. 4, 1908,

- Application flled February 12, 1904, Serial No. 193,354,

To all whom it may concern: o ‘
Be it known that I, GEorGE WESTING-
'HOUSE, a citizen of the United States, and a
resident of Pittsburg, in the county of Alle-

5 gheny and State of Pennsylvania, have in-
vented ‘& new and useful Improvement in

Fluid-Pressure Turbines, of which the fol-

lowing is a specification. . R
.My invention relates to fluid-pressure tur-
16 bines, and it has for its object to provide an
-engineof this character whichshalleffectually

and economically utilize the energy of ex-

panding fluids and which shall be simple and
_“compact in structure and relatively inexpen-
15 sive to manufacture as compared with here-
tofore known types. : ’

.

. My invention is illustrated in.the ;a;ccom-'

panying drawings, in which -

, - Figure 1 is a vertical, longitudinal section
20- of a turbine constructed in accordance- there-
with. . Fig. 2is a vertical section on line IT—

.II of Fig: 1. - Fig. 3 is an enlarged, sectional
view of a portion of the rim of the rotatable
member. Fig. 4 is a view, partially in side

25 elevation and partially in section, of a tur- |

" bine embodying a modification of my inven-
- tion, and Fig. 5is a view, in-end elevation, of
- the rotatable. member thereof. '

’ shown and

The engine herein

.means of steam and, for convenience .of de-

* seription, will be referred to as a-steam tur-
. bine, but it is not limited to such specific use-
to the exclusion of others which 1t may be |

35" found feasible to employ in practice.
 Asillustrated in the drawings, the frame 1
~of the engine compfises a cylindrical casing 2
. and inclosing end ‘brackets 3 provided with
- suitable bearing housings 4 and 5 for the
40 bearings 6 and 7 of the shaft 8 upon which
- the rotating member 9 is mounted.. .An inlet
port 10 opens into & chamber 11 from which
steam is supplied, through a %ass_age 12, to

the discharge nozzles 13 whicl

45 ferentially disposed directly over the center
- .line. 14 of the rotatable member 9. These
" nozzles or.expansion passages 13 are made of

‘such size and shape and are set at suich angles

'~ to, the tangents to the’circumference of the
‘56 member 9 as to insure satisfactory expansion
of the fluid and suitable impact of t]ge/.same

- on the buckets. While I
“nozzles grouped at the upper side of the cas-
_'ing,-1 desire it to be understood that they
55 may be disposed about the periphery of the

described -
20 was primarily designed for operation by

| and opposite to the series of grooves 21, but,
if desired, the said grooves may be provided

are circum- |

' partitions, but it is to be understood that the

: ; -if desired, be so provided.
ave shown the

rotatable member in any other desired man- -
ner and that any number of nozzles from one

to a full circumferential set may be employed.

The rim 15 of the rotatable member 9 is
provided with peripheral grooves 16, 17,,18 gp
and 19, the. curvilinear, wedge-shaped por-. .
tion 20 forming the wall between the grooves
16 and 17 being located on the center line 14
of the wheel, directly beneath the nozzles 13.

It is to be noted that the grooves 18 and 19 g5 -
are of materially larger dimensions than the .

?rooves 16 and 17, in order to compensate
or the reduced velocity of the steam after it

leaves the. nozzles 13, - Although I have

- shown only two sets of such grooves, it is to '7@ .

be understood that any other number may
be employed which will satisfactorily utilize
the velocity of the steam. On both sides of
the central grooves 16, 17, 18 and 19, are se-
ries of grooves 21, which also increase in di- 75
mensions with the distance from the nozzles . -
13 in order to allow for the further expansion
of the steam after it has acted upon the rota-
table member in the grooves16,17,18 and 19.
The inher periphery of the casing 2 is pro-
vided, on both sides of the nozzles 13, with"
eripheral grooves 22 corresponding to those

80

“1n- the rim 15 of the rotatable member, but

displaced laterally with reference thereto,
.passages 222 permitting of the distribution
of the steam about the circumference of the-
rotatable member. = Collars or rings 23,
‘properly secured in the casing 2, are pro- -
vided: with grooves 24 corresponding with

85"

90 .

‘in the casing itself without departing from .
the spirit of the invention. , .
In order to form buckets and guide vanes,

longitudinal slots242intersecting the grooves 95

_are provided respectively in the rim 15 of the

rotatable member, in the casing 2 and in the -

collars 23, and.: partition strips or blades 25
are inserted and secured therein by calking or
in any other suitable manner. I have found
it convenient, however, to provide only the

106

 portions of the periphery of .the casng 2.

which are nearest the nozzles 13 with such
whole or any fraction of the periphery may, -105:.

¢ Tge angl_e,swhic]i :
the partitions 25 make with the tangents to

‘the periphery of the rotatable member 9 and

the form and dimensions of the grooves in-
the rim 15, the casing 2 and the collars 23 115



2

may be readily detérmined by those skilled |

in the art and are such that the velocity of

- the steam may be most effectually and eco-

10

16

20

nomically utilized. : :
In order to further utilize the energy of

the steam after it has left the buckets, I have

provided circumferential sets of blades 26 at

the ends of the rim 15 of the rotatable mem-

ber and corresponding sets of guide vanes 27

‘at'the ends of the collars 23, the blades and
vanes being constructed and arranged in ac-

cordance with the usual practice in connec-
tion with turbines of the well known Parsons
type, it being understood, however, that this
is not an essential feature of my invention.

In operation, the steam is partially ex-
panded in the nozzles 13 and is discharged,
at high velocity; into the buckets in the pe-
ripheral grooves 16 and 17, by which its di-

rection is reversed, and it is then discharged

into the grooves 22 in the casing 2 and, sub-
sequently, into the distributing passages 22°,

" “the velocity thereof attained in the nozzles
_ being given up to the rotatable member.

.25

30

36

40

From the distributing passages 22° the |

stedm passes through a series of pressure
drops in the grooves 21 and 24, the velocity
thereof being abstracted at each step, and af-
ter operating upon the blades 26 and the
vanes 27, it is discharged into the exhaust
chamber 28 and from thence-into the ex-
hauvst port 29.
In order to
and, at the same time, to permit of free rota-
tion of the shaft, I provide the shaft 8 with
sets of flanges or collars 30, in the grooves be-
tween which any suitable packing material
31 may be employed. Packing rings 32,
having L-shaped cross-séctions, surround the
said collars and packing material, their an-

- nular surfaces bearing respectively upon sta-
~ tionary Babbitt wearing rings 34 and rotata-

45

50

ble wearing rings 35. pressure being exerted
upon the rings 35 by mieans of springs 36,
substantially as shown. Similarly, packing
rings 37 bear upon Babbitt wearing rings 37°
in the outside of the end brackets 3, pressure
being exerted by springs 38 to insure good
contact between said parts. -

- In order to provide for longitudinal ad- |

. justment of the rotatable member 9, the

60

bearing 7 is constructed in two parts, each

‘having flanges 39 which intermesh with |
‘flanges 40 on the shaft 8. Secured to one |
65
. bolt 42 whic

end of the uplll)er half 41 of the bearing 7, is a

threading in the end 43 of the bearing hous-
ing 5, bears op

shaft 8 may be moved longitudinally in one
direction, and in the other direction by means

 of the bolt 44.

85

One end of the shaft is provided with a
worm 46, which meshes with a gear 47 at one

- >

prevent leakage of the steam

804,027

end of & spindle 48 carrying, at its upper end,
a ball governor 49, though it is obvious that
the governor may be of any other desired
type or may be operated in any other suit-
able manner. If the speed of the turbine in-
creases above the normal, the collar 50 is
raised, thereby operating a bell crank lever
51 one end of which is connected, by means
of links 52 or in any other suitable manner,
to the free ends of piston rods 53, and pistons
54 close one or more of the expansion pas-
sages or nozzles 13. By means of this ar-
rangement, the speed of the turbine is gov-
erned and maintained practically constant.

While I have shown the nozzles as indi-
vidually provided with pistons for governing
the supply of steam thereto, it is to be under-

| stood that, if desired, the structure may be

so modified as to permit a single piston or
valve to effect the same result.

In Fig. 4, I have shown, as a modification
of my invention, a turbine comprising & ro-
tatable disk 55 having concentric, annular
grooves 56 in one face and radial partition
strips 58 set at the proper angles, and an ad-
jacent casing 59 similarly provided with con-
centric, annular grooves and radial partition
strips. Steam 1s introduced through the
nozzles 60 near the center of the disk, and
during its passage from the center to the cir-
cumference, imparts kinetic energy thereto.

1 Both sides of the disk may be provided with

threads in the end 43 of the
bearing housing 5, while a bolt 44, also |

the end of the lower half 45 of |
.the bearing. By means of the bolt 42, the |

concentric, annular grooves and a plurality
of disks may be mounted upon tﬁe same
shaft, if desired. : :
Certain of the features of the construction
of the turbine may be altered and other ar-

70

75

80

90

96

109

rangements of parts may be employed, if de-

sired or convenient, and the.details of con-
struction of the engine as a whole may be
otherwise varied from what is shown within

| the range of the knowledge of those skilled in

the art without departing from the scope of
my invention. : B
- The partitions 25 referred to obviously
must be placed close enough together and at
such an angle as to insure the proper action
and reaction of the steam as it passes from
roove to groove. They are preferably in a
ine parallel with the axis, but it would not
be a departure from my invention to arrange
| them in a slightly spiral direction.

The arrangement of the form of blade de-
scribed has the effect of entraining any steam
that tends to leak longitudinally in such a
' manner as to cause such leskage to act ef-

fectively along with the steam which en-
| trains it. » - ‘ '

When the engine is intended for use for
' marine purposes; & separate short drum con-
' taining the impulse part referred to under

numerals 13, 16, 17, 18, 19 and 20 may be
put in & cylindrica;i extension, but so ar-

ranged that when steam is admitted to this
 portion instead of to the central jets, the

124
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130
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shaft of the engine will revolve in the oppo-
site direction.: . L o
I claim as my invention: :
1. In an elastic fluid turbine, a stationary
member provided with a plurality of sepa-
rately-controlled . inlet ports, a. rotata le

member adjacent thereto, each of said mem-

" member provided with a plurality of gov-| »
“buckets, and a series of grooves adjacent to

15

bers being provided with annular sets of
grooves and intersecting partitions codper-
ating therewith to form buckets, the dimen-

sion of the grooves increasing with the dis-.

tance from the inlet nozzles. . )
2. In an elastic fluid turbine, a stationary

ernor - controlled - inlet. ports, a. rotatable
member adjacent thereto, each of said mem-

‘beis being provided with annular sets of

20

grooves and intersecting partitions. codper-

‘ating therewith to form buckets; the dimen- |-

sions of said grooves in¢reasing with the dis-

tance from said nozzles. » :

3. In an elastic fluid turbine, 2 statioﬁai-y
member provided with a motive fluid inlet, a

. rotatable member adjacent thereto, each of

25

said members being provided with sets of
annular grooves and intersecting partitions

~ codperating therewith to form buckets, the
- dimensions of said grooves. increasing with

30

 the distance from the inlet openings; and the

set or sets nearest said openings comprising a

._number of grooves of larger dimensions than

86

. adapted to fractionally expand the fluid dis-

~ 40

the succeeding sets. =~ = o .
4. In an elastic fluid turbine, a rotatable
member having anpular. sets of buckets,

formed by annular grooves. and intersecting |

strips, adapted to. abstract the energy-from
the motive fluid supplied to said turbine by
impact, and blades located adjacent: thereto

charge from said buckets and abstract the
available energy by impact and reaction..

5. In an elastic fluid furbine, a plurality of

 separately-controlled fluid nozzles adapted

45

to partially convert the pressure energy of

the motive fluid into velocity energy, a plu- |-
rality of annular grooves formed in the rotor

_of said turbine and adapted to abstract the

50

available energy by impact, and means for
fractionally expanding the motive fluid-dis-
charged from said grooves and abstracting

‘the available energy by impact and reaction.

55

6. In an elastic fluid turbine, a plurality of
separately-controlled fluid nozzles, a lural-
ity of annular sets of buckets formed by an-
nular greoves and intersecting strips adapted

to receive motive fluid-from said nozzles and {-

g series of alternate rows of moying blades

50

“vided with a

“ing fluid nozz

_ ripheral grooves on each side of said discharg- |
ing nozzles and rows of stationary vanes.ad-

65

and stationary vanes adapted to receive the
fluid discharged from said buckets. = ..

- 7. Inafluud
urality of inwardly-discharg-
es, ‘a _plurality .of Tows of pe-

jacent to each set of grooves, a turbine rotor

| position with the grooves in’

Fress’ure’ turbine, a stator pro-

| from the nozzle

provided with annular grooves alternating in

‘8.

the stator and

annular rows of blades alternating with the

-stator vanes. : ‘ -
8. A fluid pressure turbine comprising a

70

stationary member having a plurality of di-
vergent nozzles and a rotatable member ad- ...
jacent thereto, each of said members being -

_provided with a plurality of annular grooves

adjacent to said nozazles which increase in’

" dimensions with-the distance from the noz-

zles, and intersecting partitions, set at an
angle with corresponding radial blades, co--

[v13

operating therewith to form annular sets of - .

‘said plurality of grooves which also increase

85 -

in dimension with the distance fromi said noz-

zles. : :

9. In an elastic fluid turbine, a plurality of
fluid nozzles adapted to partially convert the
ggssu—re energy

inetic energy in the form of velocity, & Elu'-
rality of annular sets of peripheral buckets-
adapted to partially abstract the energy by
impact, and alternate rows of moving blades
and stationary vanes adapted to fractionally
expand the motive fluid discharged from said
buckets and to abstract the available
by. impact and reaction., . _

10. A fluid-pressure turbine comprising a
stationary member provided with one or
more nozzle openings, a plurality of annular
grooves located on both sides of the nozzle
_‘ogenings and increasing in dimensions with
the distance therefrom and a series of grooves
on both sides of the said plurality of grooves
which also increase in dimensions with the
distance from the nozzles, and an adjacent
rotatable member having peripheral grooves '
corresponding tothose in tﬁ » casing but alter-
“nating in position therewith, both of.said
members being provided with partitions in-
tersecting the grooves therein which codper-
ate therewith to form annular sets of buckets.

11. A fluid-pressure turbine comprising a
stationary member having one or more noz-
zle openings therein and a rotatable member-
adjacent thereto, each of said members be-
ing provided with sets of annular grooves.
and intersecting partitions codperating there-
with to form buckets, the dimensions of the
groovgsincrgasing with the distance from
the nozzle openings and the set or sets nearest
‘the said openings being of larger dimensions
than. the succeeding set or sets. . : '

12. A fluid-pressure turbine. comprising a
stationary member having one or more noz-
zle openings therein and a rotatable mem-
ber adjacent thereto, each of said members
being provided with sets of annular grooves:
and Intersecting partitions ‘cobperating
therewith to form buckets, the dimensions

85
of the motive fluid into -

90

energy

95
100
105

110

115

120

125

-of the grooves increasing with the distance .

) ?enings and the set or sets
‘nearest ' the ‘said openings comprising a

130
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&

smaller number of grooves of larger dimen-
sions than the succeeding set or sets.

13. In an elastic fluid turbine| a rotatable
member having a plurality. of annular sets
of peripheral buckets adapted to abstract
the energy from the motive fluid by impact,
and slternate annular rows of stationary
vanes and moving blades arranged to frac-
tionally expand the motive fluid discharged
from said buckets and abstract the available
energy by impact and reaction.

14. In an elastic fluid turbine, a rotatable

member provided with & plurality of annu-
lar sets of peripheral buckets, in combina-
tion with alternate annular rows of radially
extending stationary vanes and rotatin.
blades adapted to receive the motive flui
delivered by said buckets. : '

15. In an elastic fluid turbine, a rotatable
member provided with a plurality of pe-
ripheral buckets, in combination with alter-
nate annular rows of radially extending sta-
tionary vanes and rotating blades. =

16. In an elastic fluid turbine, a rotating

s member provided with & plurality of annu-

lar sets of peripheral buckets, in combina
tion with annular rows of stationary vanes
and moving blades.

17. In an elastic fluid turbine, a fluid noz-
zle adapted to partially convert the pressure
energy of the motive fluid into kinetic
energy, a plurality of annular sets of pe-

_ ripheral buckets adapted to abstract the

36

available energy from the motive fluid by

impact, and alternate annular rows of sta--

- tionary vanes and moving blades arranged
- to fractionally expand the motive fluid dis-

40

charged from said buckets and abstract the
available energy by impact and reaction.
18. In an elastic fluid turbine, a fluid in-
let nozzle adapted to partially convert the
pressure euergy of the motive fluid into

‘kinetic energy in the form of fluid velocity,

in combination with a rotatable member

894,927

“provided with a plurality of annular sets of

peripheral buckets and alternate .annular
rows of stationary vanes and moving blades.

19. In an elastic fluid turbine, means for
partially converting the pressure and ther-
mal energy of the motive fluid into kinetic
energy in the form of velocity, a plurality of
peripheral buckets adapted to agstmct the

available energy of the motive fluid, and al-.
ternate annular rows of stationary vanes:

and moving blades arranged to abstract the
available energy of the motive fluid dis-
charged from said buckets.

45

50

55

20. In combination in an elastic fluid tur-

bine, annular rows of peripheral buckets and
alternate rows of stationary vanes and mov-
ing blades.

21 In combination in an elastic fluid tur-
bine, annular rows of codperating moving
and stationary peripheral guckets, and al-
ternate rows of stationary vanes and moving
blades. ’ !

22, In an elastic fluid turbine, in combi-
nation with means for partially converting
the pressure and thérmal energy of the mo-
tive fluid into kinetic energy in the form of
velocity, a double-flow stage comprising pe-
ripheral buckets adapted to abstract the
available energy of the motive fluid and to
deliver the motive fluid in two separate
streams toward each end of the turbine, and

“alternate annular rows of stationary vanes

and moving blades located on each side of

60

65

70

75 .

said buckets and adapted to abstract the .

available energy of the motive fluid dis-
charged from said buckets. -

In testimony whereof, I have hereunto
subscribed my name this 25th day of Janu-
ary; 1904. ‘

GEO. WESTINGHOUSE.

vWi'tnesses:
Wn. H. CapEL,
“H. C. TENER.
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