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. Dbines, Of'Whi'ch‘thefbl]owiniisa'speciﬁcation.'
. In-axial-flow turbines wh everal
- - sets.of rotary and . stationary blades and.in |

5

which have several

which the rotary blades are mounted upon a
- -stepped shaft or drum (hereindfter called the .

.. “spindle”)increasing in diameterfrom thein-.

- the spindle at its inlet end with similar but |
. _.. teversely - arranged steps the diameters-of:|
. .20 which: correspond to those of the main or

- blades
- radial length of - .
. .blades upon those steps or to the mean radial |
length of the blades in.the rings of blades:
-~ where several rings of blades’of different’

- length are used on each -’Si;ep;"' the reversely-

" 40 turbine, the parts of .
. .of the’two sets of steps are connected by pas-|
L ff"f es: or ports, the outer side' of the largest.|

. sponding sets thereof which they arede- |
- 50 signed to counterbalance or.upon the mean |
S dlainet'ers of the rings.of blades in"the sev-

let tothe exhaust itisusual,in order to balance

* the end thrust of the steam or other working

" wofkin?’i%eps’ carrying the rotary rings of

B 30

-arranged steps being provided in lieu of |

15 fluid (hereinafter referred to ss“ steam’) upon
.. the rotary rings of blades and annular. sur-
< faces of the steps of thespindle, to provide

ength of the’ blades in the rings -of

- F o
-

1 .
- L]
—

; . ‘bladeswith rotary labyrinth-packing devices,
thus forming ‘what are usualy called ‘‘bal-

~-ance=pistons,’’ so that the end pressure.of the

e !
- terbalances the steam=-press

‘e

R
'

-

v, . -ferent diameters  that are ‘dependent upon’
7 and approximate to.the different diameters.
of. the rotary rings of blades in the corre-

' - g
T .

[ 'the ﬁ_irbiiie'-'ba;'sing;’jﬂ'h_as to be made of a
stepped shape to accommodate the balance-
-pistons, and when there are a number of such:

Be it known that I, Hvar Francis Fur-
" LAGAR, & subject of the King of Great Brit-

ain and Ireland, residing 4t Newcastle-upon- |
" . 5 Tyne;in the county of Northumberland, Engy -
... " 'land, have invented Improvements in Tur-

lus-an amount equal usually-to .the

I"to the steam-space b

‘ment; althou
1nlet end of
S Al ons,’” 80 that 1 _ of the | requires
-, steam-upon the annular surfaces of these bal- |
o steps or pistons is equal to and coun- -
- oerbadall he steam- _I__-éup_()n-thé_'ﬁISt-,
" 35 ‘mentioned 'steps: and the rotating rings of
- - ‘that the pressureof steam upon the corre--
~~ sponding ‘working and balancing steps shall |
" be exact Y equal during.the working of ‘the |
the parts of corresponding diameter.

‘bladed p
.:‘madeog? Fu _ .
.an_arrangement necessitates the placing of -~ =~
| the glands at the two ends of the turbine-cas: .
ing and the two bearings for the turbine-spin-
dle at a. greater distance apart than is nec-
essary in-the case of a turbine according to -~ *
‘the first-described arrangement and having - =
‘the same number and. diameters of rings of =

“:In order to insure.|

. eral sets, when the rings of blades in each
" set are of ‘varying dismeter:it: folloys tha

pistons'the casing at the corresponding end

' HUGH FRANCIS FULLAGAR, OF NEWCASTLE-UPON-TYNE, ENGLAND,

Patented March 13, 1906, ~
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of .the turbine has to be made of considerable =~
diameter to:- accommodate-the outmost and
largest’ ‘balance-piston; which is objection-
“able in practice. To: obviate this, I have
herétofore removed the largest’ balance-pis-
ton from the spindle at the inlet end of the
‘turbine and attached it thereto at the ex-
haust end at a part thereof adjacent to-and 65
-nside the outer end wall of the exhaust-
chamber located at the outlet end of the last -
-and largest set of rings of blades, such bal-
‘ance-piston being arranged in a chamber. the .
rear or pressure end of which is connected to
the steam-space between the last two bladed -

steps of the spindle, the usual labyrinth- = -

packing being provided between.the piston -
-and the wall. of-the chamber to retard the =~ =~
flow of steam from the piston-chamber to the
‘exhaust-chamber. = The front or exhaust end.
‘of the chamber containing tlie balance-pis-
ton of next smaller size and located at the in-
let end of the turbine was connected, as usual;
the _ tween the, two- last
bladed steps-of the spindle. ' This arrange- -
%h 1t enables the diameter of the
the turbine-casing to be reduced,

F. L

that the balance-piston for the last

-
L

large diameter. Furthermore, such

blades, and has consequently necessitated the -
S us, U1e oute SR rgest .|-use of alonger and stronger spindle.” More-
anéé_—ﬁ%‘irston being connected with the ex- |
haust. - -With this arrangement, however, as
the balance-pistons have to be made of dif--

rtion of the spindle should still be.

r .

85
go -

9§

over, balance-pistons of large diameter re- =
.quire to be made in one piece with the spindle '
1.or to ‘be very firmly attached to the same,
thus adding (o “the -cost of manufacture.
Furthermore, it is impossible to eniploy such
‘line clearances upon large balance-pistonsas
‘can be used with smaller ones, both because:
-any -deviation or vibration of the spindle. -

| causes a greater variation of clearance the ..,
‘larger thé piston and also.because such pis-
hat | gns having ‘a hight peripheral velocity are:. -

100
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liable to cause serious dﬁ,magé if they should |

come accidentally into hard contact with the
part of the casing or cylinder that surrounds
them. Also, owing to this high peripheral

5 velocity, the unavoidable presence of water
in the packing-grooves causes very consider-

able friction and loss of power. -
Now this invention has for object to ob-
. viate the disadvantages above described at-
10 tending the use of balance-pistons of large
diameters. For this purpose in order to
counterbalance the end thrust upon. the
largest step of the turbine-spindle or drum
and the blades carrted thereon a separate

15 piston is employed, situated, preferably, in a
“space or chamber at the exhaust end of the.
turbine and having an effective end or trans-
verse area substantially less than the annu-
lar area of the large piston heretofore usually

20 employed for the purpose. This separate
~ piston is therefore of much smaller diameter
than the one it replaces. In fact,it isusually.
smaller than the large end of the spindle, and
conisequently can be formed at the exhaust
25 end of the spindle adjacent to a portion there-
of of reduced diameter without interterin
with the passage of steam from the blades to

~ the exhaust-chamber, which in one arrange-
ment surrounds the space or chamber con-

30 taining the sald separate balance - piston.
- Steam is admitted to the back of this piston
between it and the outer end wall of 1ts space
~or chamber by means of a passage preferably
provided within the spindle itself and extend-
35 ing from the steam-space between the last
two sets of rotary blades, the free escape of

~ such steam to the exhaust being prevented
by a labyrinth-packing device of the kind
hereinbef}g)re referred to located between the

4o periphery of the balance-piston and the wall
- of the adjacent portion ef tte exhaust-cham-
ber when this chamber surrounds that con-
taining the separate balance-piston. The
outer end of the last balance-piston at the

45 Inlet end of the turbine is connected with the
exhaust, and the labyrinth-packing device.
therefor may be made of such additional
length as is necessary to reduce the leakage
. at this point to the cf;sired extent. By this
so arrangement the last balance-piston at tre
~inlet end will counterbalance not only the

end thrust upon the corresponding bladed |

step of the turbine-spindle, but also a portion
- of the end thrust. upon the next or largest
s bladed step of the spindle, so that the bhal-
. ance-piston for counterbalancing the re-
maining portion of ‘the ‘end thrust on the |
largest bladed step can be made of substan- |
 tially less diameter than heretofore practi-
60 cable. -~ . .
+ The manner of carrying out the invention
~ isillustrated by the accompanying drawings,
wherein—— = = . . S

o Fi‘gures'l'f'a}ndQ repi*esent,: p’ai*tiY'in I_Qngi-- 4

tudinal section and partly in elevation with
the rings of blades removed, two examples of
turbines constructed according to this inven-
tion. . |

In the example shown in Fig. 1 the turbine-
spindle comprises three bladed steps a, b, and

¢. To two of these—namely, a and b—there

correspond balance-pistons d and ¢, provided

with labyrinth-packing devices d’ and ¢ of

the ordinary type, the pistons d and ¢ being
arranged on the opposite side of the steam-1n-
let f of the turbine-casing g to the bladed

| steps @ and b and the adjacent end surfaces ot

the bladed step a and the piston d being in di-

'65

75

rect communication, while the end surface of -

the bladed stép b, facing the effective side

of piston, ¢, is in communication through =
pipe or passage ¢’ with this effective side of
piston e. To balance the end thrust.on the
inlet end of the bladed step ¢,instead of a bal-
ance-piston arranged as an annular step of

larger diameter than the piston e and at the

farther side thereof from the biaded steps a,
b, and ¢, there is employed a piston 2, sepa-

rate from the piston ¢ and placed in the ex-
o | ample now being described in a space or

chamber 4 at the exhaust end of the bladed
step ¢, that part of the space or chamber +

that is farthest from the step ¢ being ;m com-
munication with the steam-space 7 between

the last two bladed steps b and ¢ of the spin-

dle through symmetrically-arranged passages.
k, extending through the spindle and the pis-

ton, so that the rear end surface of the latter,
which is the effective side, i1s subject to the
pressure of the steam in the said space j
Also the front end of the space or chamber m,

containing the balance-piston ¢ at the oppo-

site side of the steam-inlet £, instead of bemng
in communication with the steam-space 7 be-

tween the two last bladed stepsof the spindle,

as heretofore, is in direct communication by a
pipe n with the exhaust-chamber 0. The 1n-
effective side of the piston e therefore com-
municates with the.exhaust. The space or
chamber % containing the balance-piston A is
separated by an ordinary labyrint‘ﬁ) -packing
device &’ between the piston - and the 1n-

-wardly-projecting or reéntrant wall o’ of the

exhaust-chamber o, which surrounds the said

SE&GB or chamber 2. By this arrangement.
the end thrust due to a given difference of

pressure at the two ends of one bladed step—
namely, c—of the spindle is balanced by add-
ing this difference of pressure to that acting

upon the b&lance—piston—-—-—-namelg, e—which

etween the

balances the difference of{:»rgssaur'e l
adeastep-—namely,

twoendsofthepreviousb

“b—and by applying the same difference of*

pressure to & separate or additional piston—
namely, h. Inthis way the balance-pistome

balances not only the end thrust on its own

30

9o

95

7. 100
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bladed step-b of the spindle, but also part of

the end thrust on the bladed step c, so that

A



- the separate piston & has only to balance the |.
. Temaining portien of such end thrust. As a
- . result of this arran ement the balance-piston |
- h for the largest bladed step ¢ can be made
. 5 with an effective area substantially less'than

. ton that would in the ordinary wa be pro-
. vided at the . _ 1ce~-pi P
. ton ¢, and by-ixing such piston'k on theend | 3. In a longitudinal-flow turbine, the com= .
bina}ti(jana,% .
therein, separate chambers in the casing, bal-
‘ance-pistons in the chambers, and ducts for
of _ . ). | connecting the chambers to various points
... . Into the exhaust space or chamber 0. Fur- |
- for the turbine-spindle need not be.greater
" “than heretofore usual for a turbine of-equal.

- 10

" step ¢ that it will not i

cpower. . . T T
- .To c¢ompensate for the absence of .a bal-

.20

. piston ¢, the labyrinth-packing device ¢’ for
- such piston is made of greater length than
- usual to secure the required retardation of

.-~ the larger step of the spindle is arranged in a
30
- . ance-piston d by a fixed wall s with [ibyrinth-’
e Ea;cl_cing device £. - The rear side of the piston

.- bladed.steps b and ¢ of thespindle. 'Therear |

- side-of the chamber m of the. piston. e s in
' commiunication through the passage ¢? with
. the stéam -space -between the two bladed

| 40

- L.Inalongitudinal-flow:turbine, a bladed |

- plurality of steps, an’equal plurality of bal- |
o a'nce-,pmtons*'ther,éfor;_.-;a'-fs'ep.ara‘te_;.cham_ber;-m’
60" * E
.. separate exhaust-communication” for said

- leakage. ..
- . the exhaust end :of the turbine may be ar-
. ‘ranged at the inlet end thereof, as shdwn in

- cation with the exhaust-chainber o through a
~pipe n-common to them: - This arrangement
..acts In the same way as that shown 1n Fig. 1,

; the end-thrust on the largest bladed step c of | ducts connecting the chambers to various T

the effective annular area of the. balance-pis-

made so much smaller in diameter-than the |

_ nterfere with the pas-
‘sage of steam from the blades of that step.

portion p of the turbine-spindle it’ can be

thermore, the distance apart of the glands g ¢

ance-piston at the.outer end of the balance-:

-

L - ’

" The piston } instead of being arranged at

Fig. 2. In this case, the balance-piston for
sﬁace' or chamber ¢, that is separated from |
the space or chamber m containing the bal-

" 18 In communication through a pipe &/ with
the steam -space j between the last two |

'steps a and b of the spindle. The front ends
‘of the two chambers ¢+ and m are in commuhi- -

e

" the spindle being balanced partly by the pis- I .-
- ton e and partly by the'piston k, which i$ se- |

- .cured upon the reduced’forward end p of the |
' turbine-spindle and is for 8 given size of tur- |

F

bine made of much smaller diameter than the
ordinary balance-piston, which'it replaces. . -

‘without departing from the essential features |

casing, a-bladed spindle therein comprising & |

“the casing for one of said balance-pistons, a.

separate chamber, and a communication for
sald separate chamber:to ‘the working pas-
.sage of the turbine intermediate the inlet and |
-exhaust thereof. . - oo U

ing the chambers to the exhaust.. .. .

. 5."In a longitudinal-flow turbine; thecom-.

| bination of & bladed casing;*a bladed spindle. - .
-therein, and a plurality. of. pistons subjected go -

to different pressures for balancing endwise =~

‘thrust, .one of the lower pressure-subjected = -

2, In a'longitudinal-flow turbine, a'bladed -

equal plurality of balance-pistons therefor, a

chamber- for one of the pistons, a separate -

stepped chamber for the remaining pistons,.
| and ducts connecting the chambers to vari-- R
S points along the working passage of the . =

ous po

laded casing, a bladed spindle

| along the working passage of the turbine. -
- 4,-In'a Jongitudinal-flow turbine, the com-
{ bination of a bladed casing, a bladed spindle - . .
“therein, separate chambers in the casing, bal-~ ..
.| ance-pistons in the chambers, .separate ducts™
-for connecting the chambers to various points

along. the working passage of thie turbine in- .
cluding imniediately separate.ducts c(j@egt_..}_ M-

. 4

therein ‘comprising :a- plurality -of steps, an

y

.
LI
|
. o 44

‘pistons having the inner'margin of its effect~ .
1ve surface of less diameter than the outer : - L .
‘margin ot the effective surface of any other g5 =~
piston.. oo o o

6. In a longitudinal-flow turbine, the com- R
| bination of a bladed ca.sin% E:! |

~ ol a , ‘bladed spindle:
‘therein comprising a plura

plurality of pistons for balancing endwise 1

| thrust, one of the pistons having its effective - -
surface nearer the axis than its correspond--

‘Ing step-surface, .- T oo

100

bination of & bladed casing, a bladed spindle

‘equal plurality of balance-pistons therefor, a. : -
chamber for one of the pistons, a separate”
stepped chamber for the remaming pistons,.. =

110

oints along the working passage of the tur- . * .
ine, and the solitary piston having the inner. -
‘margin -of its-effective surface of less diame- T
ter than the outer margin of the effective sur- <~
1 face of the largest of the remaining . pistons. _
X | laces.. - |- "8 In#longitudinal-low turbine, the com- =

The details of construction may be altered:|:

| therein comprising a plurality of Steg)gj* abal
. .|“ance-piston-subject on one-face to a

. pressure for the blades of'-a_j-sma'llérstep;“_a,nd'--

120

& balance-piston having the inner margin-of . .

its effective surface of less diameter than the = -
outer margin. of the effective-surface of the .

.| face’to admission-pressure for the blades of a' ;
| larger step. -~ . SR

former ‘balance-piston and subject on: one
i2g

‘bination of & bladed casing; ‘a bladed spindle - -
“therein, a'chamber in the casing and removed
- Lirom the exhaust end thereof; a balance-pis~ 130

Ll

' .
. Ll -
- .

A
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ton therein, a chamber in the exhaust end of

" the casing, a second balance-piston therein,

- bination of a bladed casing, a bladed spindle

and means for subjecting the second piston
to a pressure of steam equal to that at a point

1intermediate the inlet and exhaust _'of the

turbine. | -
10. In a longitudinal-flow turbine, the com-

“ therein Compri_siﬂg_ a, 'plura,lity' of St'epS; an

10

£5

20

equal plurality of corresponding balance-pis-
tons therefor, a chamber in the exhaust end

of the casing for one of the pistons, means for

subjecting said piston to admission-pressure

for the blades of the largest step, a composite

chamber in the head end of the casing for the
remalining pistons, and means for subjecting
said pistons to admission-pressures respec-
tively for the blades of the remaining steps.

11. In.a longitudinal-fiow turbine, the com-
bination of a bladed casing, a bladed spindle

therein comprising a plurality of steps, an

- equal plurality of corresponding balance-pis-
- tons therefor, a chamber in the exhaust end

25

|30

35

of the casing for one of the pistons, ducts in :

the spindle connecting said chamber and the
inlet of the largest step, a composite chamber
in the head end of the casing for the remain-
ing pistons, and means for subjecting said

pistons to admission-pressures respectively

or the blades of the remaining steps. ,
“12. In alongitudinal-fiow turbine, the com-
bination of a bladed casing, a bladed spindle

tons therefor, a chamber in the exhaust end

of the casing for one of the pistons,said cham-.
ber surrounded by the exhaust-spaee -of the

~ turbine, means for subjecting said piston to
admission-pressure for the blades of the

A0

45

50

tons t

largest step, a composite chamber in the head

end of the casing for the remaining pistons,
and means for subjecting said pistons to ad-
- mission-pressures respectively for the blades

of the remaining steps.

bination of a bladed casing, a bladed spindle

therein comprising -a plurality of steps, an-

equal

lurality of .corresponding balance-pis-
ons therefor, a chamber in the exhaust end
of the casing for one of the pistons, means for
subjecting said' piston to admission-pressure

' for the bladesof thelargest step, a composite
~ chamber in the head end of the casing for

55

‘the remaining pistons, means for subjecting
said pistons to adinission-pressures respec-

tively for the blades of the remaining steps,

‘and means for .subjecting the unbalanced .

~ opposite sides of the pistons to exhaust-pres-

60 |

-~ equal plurality of corresponding balance-pis--

.65

sure.

therein comprising & “plurality of steps, an

tons therefor, a chamber in the exhaust end

of the casing for one of the pistons, said |

for subjecting said

13. In alongitudinal-flow turbine, the com- |

14. Inalong itudin&l-_—ﬂoiv turbine , the com- |
bination of. a bladed casing, a bladed spindle

. 815,154

chamber surrounded by the exhaust-space
of the turbine, ducts in the spindle connect-
ing said chamber and the inlet of the largest
step, a composite chamber in the head end
of the casing for the remaining pistons, and
means for subjecting said pistons to admis-
sion-pressures respectively for the blades of
the remaining steps. - ,

15. Inalongitudinal-flow turbine, the com-
bination of a bladed casing, a bladed spindle
therein comprising a plurality of steps, an

| equal plurality of corresponding balance-pis-

tons therefor, a chamber in the exhaust end
of the casing for one of the pistons, said

chamber surrounded by the exhaust -space
| of the turbine, ducts in the spindle connect-
ing said chamber and the inlet of the largest
‘step, a composite chamber in the head end of

the casing for the remaining pistons, means

remaining steps, and means for subjecting

the unbealanced opposite. sides of the pistons

to exhaust-pressure. , o
16. In a longitudinal-flow turbine, the com-
bination of a bladed casing, a bladed spindle

therein comprising a plurality of steps, an
equal Elurality of corresponding balance-pis-

ns therefor, a chamber in the exhaust end
| of the casing for one of the

ton _
pistons, said

chamber surrounded by the- exhaust - space

_ | of the turbine, ducts in the spindle connect-
~ therein comprising -a plurality of steps, an
-equal Elurality of corresponding balance-pis-

ing said chamber and the inlet of the largest

step, a composite chamber in the head end

of the casing for the remaining pistons, and
means for subjecting the unbaf

site sides of the pistons to exhaust-pressure.

- 17. In alongitudinal-flow turbine, the com-
bination of a bladed casing,a bladed spindle
therein comprising a plurality of steps, a bal-
ance-piston subject on one face to admis-

sion-pressure for the blades of a smaller step,
and a balance-piston at the exhaust end of a

larger step and having the inner margin of
its effective surface of less diameter than the
outer margin of the effective surface of the
former balance - piston. and subject on one

_ aid  pistons to admission-’
pressures respectively for the blades of the

19

75

8o

90.

95

100

anced oppo-

105

110

face to admission-pressure for the blades of -

sald larger step.

- 18. A'longitudinal-flow turbine, a casing
‘therefor having chambers, and pressure bal-
‘ance-pistons in said chambers, the turbine-

exhaust having communication with the in-

effective side of a Flumlity of pistons.

'19. A rotor, balance-piston thereon, a sta-
tor, and separate chambers in the stator for

the pistons, a plurality of the chambers hav-

ing communication with the exhaust.

T 1'5

(20

20. A turbine - spindle, a casing therefor

having. fluid-chambers, a pressure -balance-
piston in one of the chambers, and means ot
communication leading through the spindle

from one of the other chambers to the effect-

ive side of the piston.

21. A turbine having an exhaust-chamber

125

130



- I0

*_ ‘with statichary reéntrant inner walls, and a !
- pressure balance-piston peripherally coacting

with the reéntrant inner walls, = =

. 22. A stepped turbine - spindle having ‘a
.5 pressure balance-piston of less diameter than
- the low-pressure portion of the spindle,; an
-~ exhaust-chamber with stationary reéntrant
. 1nner walls said piston coacting with the re-

“entrant mner walls. =~~~ oo
23. In a turbine, a rotor, a plurality of .

L bea,'rings : _there'for,' and -8’ pressure balance-

~ piston near each bearing; the ine
- of a piston being open to'exhaust. - =

15 With the .
.- balance-pistons - on' the rotor near its ends;
- means for placing the effective 'sides of the

- pistons in communication with the 'working |
~ passage at different points, and means for
placing the ineffective side of a piston in com-~

20

~ '24. In a turbine, a casing, a rotor co

- . .

' actmg

a working passage,

with the casing to form

~munication with the exhaust. ..

s

25. In a turbine, a casing, a rotor coacting

- with' the casing to form a working passage,
- balance-pistons on the rotor located in sepa- | -

rate chambers, means for placing the effect-

o inefféctive side.

- HUGH FRANCIS FULLAGAR.

~ Witnesses: -

S

ive sides of r..'the.. :

! pistons In communication -
‘with the working passage at different points,
| and means for placing the ineffective side of a
‘piston in communication with the exhaust.
~-26. In a turbine, the combination of a -
| bladed casing having an inlet for motive fluid
and an outlet for-exhaust, a spindle located
‘within said casing and comprising blade¢ an-
‘nular steps increasing in diameter from said -
‘1nlet toward said ouflet, and a balance-pis-
‘ton for each step, the balance-piston for the

35

step of largest diameter being located in & .

| chamber that is separate.from that contain-
ing the other balance-piston and has a sepa- -
rate exhaust and is in' communication with

40 .

the interior of the casing at & p‘ar_t."thereof be- - -

tween 1ts sald inlet and outlet:

 Signed at Newcastle - upon - Tyne, in the

county of Northumberlan

CHARLES EpGAR GROUNSELL,

» 'thfS,_.z 1 St. d_a;y of
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