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. 2o diameters of which correspond to those of the

 main or working steps carrying the rotary |
- rings of blades plus an amount cerrespendmo*__
:__'__usu.elly to the radial length: of the blades in
- therings of blades upon those stéps or to the
25 mean radial length of the blades in the rings
o of blades where several rings of blades of dlf—'
-~ ferent length are used on each step, the re-

versely—ermn ed steps bem%)preﬂded in lieu

IIIQ'TE:NO- 815:155 . I

fTo all whem et may eeneern L

"LAGAR, & subject of the King
and Irelend residing at Newecastle-upon-
Tyne, in the eounty of \Terthumberlend
- land; have invented Improvements in Tur-
R .'bmee of which the followingis & specification.

ow turbines, which have several
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“Be-it known that I, Huen Fe;mcxs FoL-

In ex1e,l~

© . sets of rotary and stationary blades and in

- I0-

which the rotary blades are mounted upon a

~ stepped sheft or drum (hereme,fter called the

: '-'f.-”spmdle

- from the m.let to the exhaust, 1t is-usual; in |

' ~order to balance the end thrust of the steam |
-oF other working fluid; (heremefter referred
. toas‘“‘steam ”)upen theretery rings of blades

~ and annular surfaces of the steps of the spin- |

: " “dle to provide the spindle at its inlet end-

“rotor,”’) mereesmg 111 dlemeter

" with similar but reversely—arra.nged steps the

7 of blades wit
| _30.'

“ordinary labyrinth packin

devices, thus fermmg what are usually calle

_ R belenee—pletene so that the end pressure of
~ the steam upon the annular surfaces of these

~ balancing steps or pistons is equal to and

 counterbalances the steam-pressure upon the:
first-mentioned steps. and the rotating rings
- of bladeg carried thereby. In order to insure

. that the pressure of steam upon the corre-

 sponding working and balancing steps shall |

. be exactly equal during the working of the

4

_ turbine, the parts of corresponding diameter
7 of the twe sets of steps are connected by pas-
- sages or ports, the outer side of the largest |

'_ ~ ba ance-piston being connected with the ex- |
~ haust.’

“With this ermngement however, as

the balance-pistons have to be made of dlffer-;
- ént digmeters that are dependent upon and
- _approXimate to the different diameters of the
.~ rotary rings of blades in the corresponding

-~ sets thereof which they are designed to coun-

terbalance’ or upon the mean diameters of
- the rings of blades in the several sets When.-.; -
| ~ the: rings of blades in each set are of varying

dlemetel 1t fellows tha,t the tul bme -casing: @ end b—-—-there correspond belence—pletene dﬁ

of Great Britain |

ng-

——

preetme To obviate this, accor dmﬂr to this

bine-blades.

In one arrangement I rémove the la,rgesti'

balance-piston from the spindle at: the ‘inlet

and largest set of rings of blades, such bal-

the steam-space between the two last bladed

packing being rcmded between the piston
and -the wall ef the chamber to retard the
flaw of steam from the piston-chamber to the
exhaust-chamber. The front or exhaust end

| of the chamber containing the belence—plsten '_
of next smaller size and located at the inlet
end of the turbine is conneeted as usual, to.
the steam-space between the two last, bla,ded.

steps of the spindle, while.the steam-space

side of said next smaller balance - piston.

diameter.

wherem—- S

ance-piston being arranged in s, chamber the
rear or pressure end of which'is connected to

steps of the spindle, the usual 1abyrmth'
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- JERSEY, A CORPORATION OF NEW JERSEY.

or “steter” hes to be mede ef a stepped

| shape to accommodate the balenee—plstons
and when there are a number of such pistons

the casing at the correspondingend of thetur~

,bine has £o be made of consider able diameter

to accommodate the outermost and largest™

balance - piston, which' is ob]eetmnable i

55

60

Invention a balenee—-p1ston is prov :Jed at the
‘exhaust end of the turbine-spindle adjacent"
to and inside the outer walls of the exhaust-
chamber between 1t e,nd the la,st set ef tur—]

end of.the turbine and attach it ‘thereto at =~
the exhaust end at a part thereof adjacent to 70 .
and inside the outer end wall of the exhaust- =
chamber located at the outlet end of the last

‘between the two first ‘bladed steps of the_-r--_"f ' :
spindle is connected to the rear or pressure

This arrangement. enables the diameter: ef_,ge o
the inlet end of the turbine-casing to be're- =

duced, although the balance-piston for the .
last bladed pertlon of the- epmdle 18 of larn'e -

The ma,nner of cerrymg out the 1]1V611t1011.5 05

is illustrated by the a.ccc)mpa,nymg drawmgs o

Figure 1 repreeems, pertly in 10ng1tudme,l"' o

the balance-pistons:

The turbme—spmdlecomprlses three bleded
steps:a, b, and ¢. . -To two:of ‘oltness:e-«--—-tr.u&mlselyJF

eectlon and partly in elevation with the’ rmge L
of blades removed, an exemple of turbine 1s¢”
| constructed eecordmg tothisinvention.: Flgs

2 and 3 are detail views, to. a larger scele of
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and e, provided with labyrinth packing de- .1

vices d” and e of ordinary type, the pistons d
and ¢ being arranged on the opposite side of
the steam-inlet 7 of the turbine-ca,sing g to
the bladed steps ¢ and b, and the adjacent
end surfaces of the bladed step @ and the pis-
ton d being in direct communication, while
the adjacent end surfaces of the bladed step
b and the piston e are in communication
through a pipe or passage ¢* in the usual man-
ner. ‘Lo balance thé end thrust on the inlet
end of the bladed step ¢ instead of a balance-

giston arranged as an annular step of larger
1ameter than the piston ¢ and at the farther
side thereof from the bladed stepsa, b, and c,
there is employed a piston %, separate from
the piston e and placed in a space or chamber
1 at the exhaust end of the bladed step ¢,
that part of the space or chamber 4 that is
farthest from the step ¢ being in communica-
tion with the steam-space j between the last
two bladed steps b and ¢ of the spindle
through symmetrically-arranged assages F,
extending through the spindle and the piston,
so that the rear end surface of the latter is
subject to the pressure of the steam in the
sald space 5. The front end of the space or

chamber m containing the balance-piston e

- at the opposite side of the steam-inlet 1 is

30

35

435

55

60

03

‘the said space or chamberi. |
q q are glands between the ends of the tur- |

shown in the-illustrated example in commu-
nication through the pipe n with the steam-
space ) between the two last-bladed steps of
the spindie. '
taming the balance-piston % is separated
from the exhaust-space o by an ordinary
labyrinth packing device 4’ between the pis-
ton & and the inwardly-projecting wall i’ of
bine-casing and the spindle. -
Turbines constructed according to this in-
ventton have advantages over those of pre-
viously-known construction. For instance,
they are more compact and loss of steam and
Eower is reduced, since it is possible to employ
iner clearances upon small balance-pistons
than can be used with small ones, hoth be-
cause any deviation or vibration of the spin-
dle causes a greater variation of clearance

the larger the piston, and also because such

large pistons, having a high peripheral ve-
locity, are liable to cause serious damage if
they should come accidentally into hard con-
tact with the part of the casing or cylinder
that surrounds them. Also, owing to thishigh
peripheral velocity, the unavoidable presence
of water in the packing-grooves causes very
considerable friction and loss of power.

~ Other advantages are that one equalizing-

passage in the casing or cylinder can be dis-
pensed with and both the glands ¢ ¢ are sub-

Ject to about atmospheric pressure.

The details of construction may be altered
without delmrtmg ‘from the essential fea-

tures of the invention.

|

The space or chamber 4 con- |

at th-the largest portion of the spindle,

815,155

What I claim ig-—

L. Ina turbine the combination of a bladed
-asing; a bladed spindle located therein, hal-
ance-pistons located in separate chambers
having separate exhausts, and each a dapted

‘to balance a portion of the endwise thrust on

the spindle due to fluid-pressure, one of said
pistons being outside the exhaust-space.

2. In a turbine,the combination of a hladed
casing having an Iinlet for motive fluid and an
outlet for exhaust, a spindle lociuted within
sald casing and provided with groups of
blades fixed upon portions of said spindle of
different diameters, a balance-piston for each
group ot blades, the balance-pistons for the
several groups, except that for the group
upon the largest portion of the spindle, being
of different diameters' and arranged in a
chamber that is common to them, is of differ-
ent diameters to suit the pistons, and is in
communication with the interior of the cas-
ing at different parts thereof so that each bal-
ance-piston will be subject to the action of
motive fluid of the same pressure as that to
which the corresponding group of blades is
subjected, and the balance - piston for the
group of blades upon the largest portion of

the spindle being arranged in a chamber thut

1s separate from that containing the other
balance-pistons, has a separate exhaust, and
s In communication with the interior of the
casmg at a part thereof between its ends.

3. In a turbine,the combination of a bladed
casing having an inlet for motive fluid and an
outlet for exhaust, a spindle located within
sald casing and provided with groups of
blades fixed upon portions of said spindle of
different diameters, a balance-piston for each
group of blades, the balance-pistons for the
several groups, except that for the group

' being
of different diameters and arranged in g
chamber that is common to them, is of differ-
ent diameters to suit the pistons, and is in
communication with the interior of the eas-
g at different parts thereof so that each bal-
ance-piston will be subject to the action of
motive fluid of the same pressure as that o

- which the corresponding group of blades is

subjected, and the balance - piston for the
group of blades upon the largest portion of
the spindle being arranged in o chamber that
1s separate from that containing the other

halance-pistons, is upon the opposite side of

the outlet-space to the blades and is in com-
munication with the interior of the casing at

a part thercof between its ends.

4. In an axial-flow turbine, the combina
tion of a bladed casing or stator having an in-

let-space and an exhaust-space, a spindle or
rotor within said casing, blades and halance-

pistons upon said spindle, one of satd pistons
bemg at the inlet end of the turbine and an-

- other at the exhaust end of the turbine atl the

exterior portion of the exhaust-space, and a
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terior side of the balance-piston with the in-

- terior chamber of the turbine to furnish fluid |
- under pressure thereto above the exhaust-

5 pressure, substantially as described.”

5. In an axial-{low turbine, the combina-
. tion of a bladed casing or stator, a bladed

- s{)indle or rotor located therein, an exhaust-

o ~chamber arranged between the bladed spin-
dle and one end wall of the casing or stator, a |
‘balance-piston upon said rotor arranged be-.

 tween tha exhaust-chamber and the end wall

~of the casing, a balancing-chamber between
- sald balance-piston and the end wall of the
casing, and a passage through the rotor con-
- necting the interior of the casing with the bal-

| paissa:ge thmugh the rotor connecting the ex-
8. A chambered support,.a blade

| pressure balance-pistons thereon, means of o
| communication from a chamber to one pis- . -

-one- of the

other independent means for balancmcig. -

exhaust-chamber a single balance-piston,and-

rotor,

ton and from the same ‘chamber separate

means of communication to a second piston, -
pistons béing spaced from the

blades. -~ -7 0T

-~ 9. ‘A chambered support, & rotor; pressure - B
balance-pistons thereon, means of communi-

| cation from a chamber through the rotor to
one piston and from the same chamber means 35
-of communication outside the rotor to a sec- -

ond piston, .. -

8
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