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by me on the sa; > Lhe
- catlon a construction of turbine eIn
end thrust due to the pressure of steam on

20

~ To all whom it may concern:
- Be it known that I, Huen Francis Fri-
LAGAR, a subject of the King of Great Britain
and Ireland, residing at Newcastle - upon- |

'HUGH FRANCIS FULLAGAR, OF NEWCA STLE-UPON-TYNE, ENGLAND,

 ASSIGNOR TO ALLIS-CHALMERS COMPANY. OF JERSEY CITY, NEW

. JERSEY, A CORPORATION OF NEW JERSEY. ~

| No. 815,281, .

ey

Tyne, in the county of Northumberland, Eng-
- . land, have invented Improvements in Steam-
- Turbines, of which the following is a specifi- |
~ecation.. 7 T
_In order to avoid the use of a large outer

—_
r P

“balance-piston in steam-turbines of the kind
- commonly ‘used for driving dynamos and
-other machines and having a rotary stepped

spindlé or drum (hereinafter called & drum”’

and balance-pistons designed to counteract
the end thrust on the several steps of ‘the
. drum, T have deseribed in the specification of
- another application for Letters Patent. filed

IE)esame day as'the present appli-.

wherein the

- 'the largest step of the drum and the blades
- . carried thereby is counterbalanced by a sepa-

- * rate balance-piston that has an effective an-,
- ‘nular area equal or approximately equal to
that of the large balance-piston usually em-
. ployed for the same purpose and which ex-
.. ‘tends into a steam space or chamber (herein-

- after called for distinction-'_-.a-"‘.pist()n#cha;m;_
i ber’”) that is preferably arranged at the ex-
> haust. end of the turbine, the

25

I

- ameter:than the .one for which it is substi-
han the large end of
the drum, and subjected to. the pressure of
' d ‘piston-chamber-
from- the steam-space between the last two
- sets'of rotary blades of different diameters
_ steam from the piston-cham-
~ ber to the exhaust-chamber -being retarded as _

- and leakage of

._ _4{_) 

seéparate bal-

~ance-piston being made .of much smaller di-

tuted, usually smaller than
steam supplied to the said:

far as possible by packing device of ordi-
. nary kind eomprising interacting circumfer-
. ential Ves an T101S o
- . tween the periphery of the balance-piston and

- the wall of the piston-chamber. -

50

“ters'and a sing]  (her _
called for distinction the ““main piston’) that
.18 located at the forward end of the drum and

tur

which usually have' a parallel or cylindrica)
“drum and sets of blades of different ‘diame-
e balance-piston (hereinafter

I

grooves and projections located Be-

ines that are designed for marine use and.

. Specification of Letters Patent,

L

Tl
L

‘In diameter, enables the main .
‘made smaller than has hitherto been the case.
The auxiliary balance-piston may be arranged
-on the rear or the forward end ‘of the drum. o
. For ‘marine purposes _
ranged turbines ‘are ‘sometimes combined, -
ome of the turbines (heremafter calléd for dis.
.tinction the ‘“main’” turbine) being designed

that upon admitting

to the main turbine and b0~ _
réeversing-turbine the latter, as well as the -
-propeller, will be rotated in the reverse direc-
tion for going astern, the .drum of the main

e o _I’aj:ented Iﬁareh,lsj;go'éii' N
: ".-'.':.'ADPH'ﬂiﬂ-tiﬂﬂ_ﬁieﬂ}.fﬂﬁgﬁ_'ﬂ.t' -1_3{1904.' Serial No. 2_21,2_5,5._-'.-._._ .' T |

o

eSsar}T for correct balance Of'éte&m'Pr essures,

so-that there may be an end thrust on the

drum caused by the steam-pressure and un-

55

balanced thereby in order to counterbalance

‘the end thrust on’the drum, in the opposite .
direction due to the action of the propeller .

driven by the turbine; and the Invention has:
1 1or its object to provide for the balancing of.

such turbines by means of balance-pistons .

~smaller in diameter than those heretofore em-
ployed, the use of large balance-pistons being .

-objectionable for the reasons stated in the- °
aforesaid specification. -

- “FFor this purpose in a steam-turbine of the

of this auxiliary piston -which itself is small

for going ‘ahead and the other (hereinafter -
called fordistinction the ¢ reversing-turbine’’)

. —

65

-Kind last referred to the rotary drum is pro-

-vided according to this invention with a sepa-.
‘Tate balanice or auxiliary piston arranged ad- -
“Jacent to a portion thereof of reduced diame-
ter, so as to form ‘an annular surface of the
-Tequired area upon which steam from the in-

let end of the turbine is caused to act in'such *© =
a way as to counterbalance directly any de- L

sired proportion of the end thrust on the 7
“drum -dUe,-to.steamfpreSsure. " The provision |

piston to be

two coaxially - ar-

being-designed for going astern.: - Each tur- :
bine-drum 1s. provided with & main piston
, and- go’
-each turbine has its own inlet for steam, so "

. steam to the inlet of the =
main turbine this turbine will rotate the cor- ..
responding. propeller in a direction for-going
.ahe:afd.;the.drum_.'_fothé--_reversii;g—turbine-"be-4"--. 5.
. saamber. - .. | ing simultaneously rotated in the sqme direc~- ~
- :Now'the present invention relates to steam- |

tion, and upon cufting off the supply of steam -

admitting it to the =~

‘urbine - rotating in the same direction,

: : L and | Steam le‘aking past the packing device suyp- .
18 usually made smaller than would be nec- rounding each

main piston is usually led to

\

60-__' -
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the exhaust through the corresponding tur- |

bine-drum.: . o N |
- In combined turbines for the purposes

-mentioned according to this invention the

main piston at the rear end of the reversing-

turbine has substituted for it an auxiliary
balance-piston which is
~-same diameter and the rear end of which has |

~an annular surface upon which steam sup-

‘10

~direction when the main turbine is in use, |

s

- scribed, to the exhaust.

20

plied through a separate pipe acts in such a
manner as to tend to press.the auxiliary bal-
ance-piston and turbine-drums in a forward

and thereby partly counterbalance the steam-

‘pressure on the drum and rotary blades of
- that turbine, steam leaking past the packing

device of such auxiliary balance-piston being
suitably led, preferably |
Steam leaking past

‘the packing device of the main-balance-pis-
ton of the main-turbine drum may ﬂow-to the

exhaust through the drum, as before.
the use of an auxiliary balance-piston

- By

in _t%;e manner hereinbefore described the
-main. balance - piston can be made much
smaller than would otherwise be necessary,

which, as will be readily understood, is a mat-

ter of considerable practical importance.

3°

The. carrying out of the invention is illus-

trated in the accompanying drawings, of
- which Figures 1 to 4, inclusive, represent,

- partly in longitudinal section and partly in

55

elevation, sufficient for -the purpose of four |
examples of turbines constructed according

to this invention. |

In each of the EXampleStilluétmted in Figs;'
1.and 2 the rotary turbine drum or spindle.

- comprises a hollow outer cylindrical portion

40

after'sometimes called the ““drumi e, that is
. supported by the smaller or reduced end por-

45

a, a central portion a’, formed by a shaft, and

intermediaje annular end portions or carriers

. @*, these parts being rigidly connected to-

gether. so-as to form a hollow drum, herein-

tions a® a* of the central portion ¢’ within the

turbine-casing b, the drum and casing carry-

ing, respectively, sets of rotary and station-
ary blades ¢*'and b* of different diameters.

In some cases the parts @ a’ a® of the drum

may be made In one piece. ¢is the main bal-

- ance-piston, arranged on the forward end of

the drum and within 4 chamber.¢’ in the ad-

“jacent portion b’ of the easing b, and ¢ is a

33

propeller fixed upon a shaft secured to the

rear end of the turbine-shaft a’. - :.
~In the example shown in Fig. 1 the drum «

18 provided at its rear end- with an auxiliary

‘balance-piston ¢, arranged in a chamber ¢;
- that extendsaround the reduced portion a*of

6o

the drum ¢ and is formed in the adjacent por-

tion b* of the casing b. The rear end of the

- chamber ¢’-is in communication, through the
“piston g, holes ¢* in the intermediate portions

65

“ a? of the drum, the interior of the-outer por-

tion ¢ of the drum, and an _-@,nnUI_ar-_,slit ¢° be-

preferably of the

as hereinafter de-.

end of the

and in front of the main piston c.

-chamber k.

—

815,281
‘tween the forward intermediate portion a?

and the piston ¢, with the steam-inlet § of the
‘turbine, so that live steam will enter the

chamber ¢, where it, will press upon the rear

ton g and the drum a forward in opposition to
the force of the steam acting on the front an=

nular end portion & of the drum, that extends

outward beyond the-periphery of the main
piston ¢; and on the rota,rfy blades a*, the es-

| cape of steam from the forward end of the

piston ‘¢ to the exhaust-chamber % of the

Eiston g and tend to move the pis-

70

75

drum a being retarded by a packing device 7,

such as herembefore referred to, arranged be-

-tween the piston g and the surrounding por-

tion b® of the casing b. m is a passage for
conveying to the exhaust-chamber k steam

that has leaked into the chamber ¢’ past the
packing device n of the piston c. -
~ In the example shown in Fig. 2 the auxil-
‘1ary balance-piston g is arranged on the re-

duced forward portion a* of the turbine-drum

8o

Between

the pistons ¢ and ¢ there is an interven- |

ing stationary wall or division o, that sur-

rounds the reduced portion a* of the drum

and is provided with a packing device g or a
gland arranged between it and a longitudinal

extension ¢g* of the auxiliary balance-piston

g. For supplying steam from the inlet 7 to

| act on the rear end of the piston ¢ the inlet 7

has a branch passage s, leading to the space
between the rear end of the piston ¢ and the

9°L

95

wall o, and between the forward end of the -

chamber ¢’ of the piston ¢ and the exhaust-
chamber & there is a passage ¢ for leading

100

away the steam that escapes peripherally of |

the piston ¢ past the packing device . Steam
| leaking past the packing device n of the
105

main piston ¢ is led back through that piston
and the turbine-drum a to the exhaust-

When either of

the turbines shown in' Figs.

1 and 2 is in operation, the forces tending to

move the drum @ rearwardly in its casing b

are the end thrust, due to the action of the

steam on the blades, and the pressure of the
steam on an annular portion A of the drum of

a radial width equal to the difference be-

tween the radii of the outer portion a of the
drum and of the main balance-piston ¢,while

the forces which tend to move the drum a in
-the other direction and which should balance
the former forces are the forward thrust, due -
| to the action-of the propeller upon the water,

and the pressure of the steam on the rear end

of the auxiliary balance-piston g¢.

Figs. 3 and 4 show two examples of com-
bined turbines constructed according to this
mvention.
drum constructed as hereinbefore described

In each case @ @’ a? is a bladed

for going ahead, and % is a bladed drum fixed

TIO

11§

120

125

to and coaxial with the drum ¢ and adapted

for going astern.

The drums ¢ .and u have-
‘balance-pistons ¢ and g, respectively, each 130
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- kind hereinbefore referred to, the piston ¢ be-
Ing adapted to act as an auxiliary b alance-.
piston to the main piston.¢. 4 is the steam- |

IO

- .two turbine-drums. The casing b in each
- ‘caselsprovided with a passage z for conduct-

~inglive steam into the chamber g’', formed by |-
. -the piston g and the adj acent portion b2 of the

15

20

by the shaft ¢’. The passage z leads from
- therear end of the chamber ¢’ of the piston ¢
‘to a three-way valve 1, whichis in communi.

30"

- the drum w is to be used the passage z.can by

 means of the valve I be placed in communi- | i: Steam leaking past the packing device n 6f

-5 1nlet of the main turbine, and Z 1s the steam- 4 .of _ _
-1let of the reversing-turbine. - The balance- |- In each of the examples. shown in Figs. 3.7
- piston ¢.and the drum a are made hollow, as | and 4 in order to
~ before, so that the steam that leaks past the
' piston ¢ can escape therethrough to the eéx-
-haust-chamber %, which is common to the |

- press the auxiliary pistdn ¢ and the two tur-
- bine-drums in & forward direction when the
- main turbine. is in use, so.as to: counteract
~partly the rearward end thrust of the steam |
-on the forward end portion A of the drum o
* - and its rotary blades.:. R
. In the example shown in Fig. 3 the revers-
‘ing-drum ¥ is at the rear of the main drum a,
and the auxiliary balance-piston ¢ is- ar-
25 ranged at the rear of the drum % and on the

. 1nlet j of the main turbine and through g pas-
- sage 3 with the exhaust-chamber %, so that
- 'when the drum ¢ is to be used the steam-inlet, |

.7 can by means of the valve 1 be placed in

prqwdedﬁmth a packing ltlie'ﬁc'e: " or 7 of the | Y

casing b, and wherein the steam will tend to |

reduced end portion ¢* of the drum formed

cation through a passage 2 with the steam- |

-

communication with the passage 2, and when

motion of the main turbine the outer periph-

an annular groove 7, which is always in com-
-munication with a pipe 8; provided with-a . -
valve 9, by means of which the annular cham-

‘ber formed by the groove 7 and the surround-
g part of the casing b can be placed into
‘communication with the exhaust-chamber %, 85
| Fig. 3, or 4, Fig. 4, when the main turbmme1s~. .

| packing devicé between thé. steam-inlet’ 2
- and the chamber ¢" may be employed for re-- "~
‘tarding the escape of steam. .. = T
. The valve 9 may in each case be connected
| with the valve 1, so'as to be automatically '~ -
opened and closed on the corresponding op- 1oc
eration of the latter valve., -~ = = =~

sage 2 with a three-way valve 1, adapted to
-place’it in communication by means of a pas-

| sage 2 with the stearn-inlet 7 of the main tur=.
| bine:or by means of ‘the. passage 3 with the ..
exhaust-chamber 4 .of the 'reversmgiturbiné.- o T

yd revent steam that has
| leaked past the packing device I of .the aux-
iliary - balance-piston -q from the passage z
and chamber ¢’ from acting upon the blades
of the. reversing-drum’ % and retarding the - -

ery of the piston g.is formed at a part thereof
near to the steam-inlet « of the drum u with -

8o .

| to be used.  The portion ot the packing de- = - _
{ vice [ between the annular groove 7 and the -~
rear end of the drum « is sufficient in axial = .
léngth to prevent steam that has reached the
groove 7 from passing forward to the drumw ~ -
‘versing-turbine is to be used, the valve 9 is
.closed in order that the entire length of the R
95

90 -

.I00

~cation with the exhaust-chamber k through | the main piston ¢ mayin each case and, as

40

. the reversing-turbine drum u and its auil- |
- 1ary bﬂl&nce#ﬁlsmny are arranged in front of |
the main turl

" them and the ‘piston ¢ a portion. g*. of. the.;:;,.p__a;s't-the,pa,cking,l of the piston ¢ginto the an- = =

55

steam-inlet j through passage 2.. This may
- -be accomplished by rotating the valve 1 one
- hundred eighty degrees: The steam i3 of
. course cut offfrom steam-inlet 5 and ad- |
. itted to inlet & of. the reversing-drum 4. |
45 Under these conditions both ends of the | f
' ‘drum @ are in communication with the exX-
- haust, and the drum ¢ cannot by any. possi-
~ bility operate to compress fluid into its inlet |
7, and thus retard the operation of the ‘re-.
- versing-dru

. -passage 3 and ‘also into communication with |

ning astern,

L in déveloping. power for run--

‘bine-drum ¢ and have between |

piston and the drum a.

-
. L] oy

Tor going ahead, steam is admitted at j, acts Tic.
.upon the ‘blades of the drum a, and passes © -
‘thence,: into- the exhaust-chamber 'k, -and ..

shown in Figs. 3 and 4, conveniently be led to’ o
the exhaust-chamberZ through the said-main 105
- The operation in the case: Gf theturblnes o
shown in Figs. 3 and 4 is as follows: When - -
the-propeller ¢ is being driven by the drum ¢~

steam also admitted at § presses against the:
forward. end portion % -01P | | 1.a, 8
Steam escaping past the packing n 'going to t1s
e g oo - the exhaust-chamber k through the piston.¢ -~
- In"the modified . example shown. in Fig. 4 '

and the drum a. : Steam from the inlet 5 also.
passes through the pipe 2, the cock 1, and the

bassage z to the rear end of the piston g, .
|-agamnst which it presses; any’steam. escaping.

r26

- drum of smaller diameter and around that ‘nular space 7 passing thence into the exhaust= :

. portion a stationary wall ‘or division o, pro-
- vided with a packing device ¢’. The steam-

60

- end of the drum u.. - The chamber ¢/, formed

s

between the rear end of the piston g, the cas-
ing b, and the wall o, s

onnected by the pas- |

N

led with a pac _ the steam- | pipe-8 and the cock 9, and so avoiding acting .
‘Inlet 7 of the main turbine leads to the for- | ' -
- ward end of the drum @, and the steam-inlet

chiamber %, Fig. 3, or 4, Fig. 4, through the

| upon the blades of the drum u: In the tur-"r25

L of the ¢ ' Steam-inlet | bine shown in Fig. 4 steam is prevented from -

- of the reyersing-turbine leads to the rear | escaping: from.the chamber ¢’ of .the piston g .

{ %o the forward end of the.chamber ¢/ of piston
¢, and 80’ to -the- exhaust-chamber: &, by the

packing [ of the partition o." The forces tend- .

1 30°
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- ing to move the drums ¢ and  in their casing | tween said piston and the turbine-casing in a

_ bare as stated in reference to the drum a.of | direction away from said drum and for caus-

- Figs. Fand 2. o .. | ng said steam to exert upon said drum a re-

When the propeller ¢is being driven by the | sufta.nt-,exid thrust in the direction opposite
* 5 drum w for going astern, steam is admitted at | te: the. aforesaid direction, a second piston, 70

%, acts upon the blades of the drum u, and | means for peripherally of said-second piston

- passes thence into the exhaust-chamber %, -retarding the escape of steam between said

‘Fig. 3, or 4, Fig. 4, while the escape of steam | second piston and said casing and for causin

from the rear end of the drum u past the pis- the last-mentioned steam to produce on saiﬁ'
10 ton g nto the passage z, and thence through second. piston an end thrust in the direction 7x
the pipe 3 (which is in this case in communi- | o posite to that of the first-mentioned end

cation with the passage z through the cock 1)}t irust, and means for leading to exhaust
, Into the chamber k, Fig. 3, or 4, Fig, 4, is re- ~steam that will have escaped past the said
tarded by the packing ﬁ_evice l, the cock 9 be- | two pistons in the directions indicated. |
. 15 1ng then closed. The forces tending to move | 4. A steam-turbine comprising a bladed 8o
~ the drums ¢ and u forwardly in their casing b | drum, a piston fast to said drum and located.
aré the end thrust, due to the action of the | af the in et end of said drum and less in diam-
steam on the blades of the drum u, and the | eter than said end, means for peripherally of
pressure of steam on an annular portion 4’ of | said piston retarding the escape of steam be-
- 20 the drum u of a radial width equal to the dif- | tween sald piston and the turbine-casing in a 83
- ference between the radii of the drum and | direction away from said drum and for caus-
- the piston g, while the force that tends to | ing said steam to exert upon said drum a re-
move the drum @ in the other direction is the | sultant end thrust in the direction opposite.
rearward thrust due to the action of the pro- | to the aforesaid direction, a second drum
- 25 peller upon the water, - - | adapted by blading for rotation in the direc- go
- What I claimis— . _ | tion opposite to that-for which the first-nien-
1. A steam-turbine comprising a bladed | tioned drum is bladed, a second piston fast
drum, a piston fast to said deum and located | to said second drum and located at the inlet
at the inlet end thereof and less in-diameter | end thereof, and means for peripherally of
30 than said end, means for peripherally of said | said second piston retarding the escape of gz
~ piston retarding the escape of steam between | steam between sald second piston and said =
sald piston and the turbine-casing in a direc- | casing and for causing the last-mentioned
- tlon away from said drum and for causing | steam to produce on said second piston an.
- said steam to exert upon sald drum.a result- | end thrust in the direction opposite to that of
. 35 ant end thrust in the direction opposite to | the first-mentioned end thrust. S
~ the aforesaid direction, a second piston, and { 5. A steam-turbine comprising a bladed
‘means for peripherally of said second piston | drum, a piston fast to said drum and located
retarding the escape of steam between said | at the inlet end of said drum and in contact
second piston and said casing and for causing | with and less in diameter than said end,
40 the last-mentioned steam to produce on said | means for peripherally of said piston retard- 1os
- second piston an end thrust in the direction -ing the escape of steam between said piston .
. opposite to that of the-first-mentioned end | and the turbine-casing in a direction away
thrust. S : | from said drum and for causing said steam to
2. A steam-turbine comprising a bladed | exert upon said drum a resultant end thrust
45 drum, a piston fast to said drum and located | in the irection opposite to the aforesaid di- 110
at the inlet end of'said drum and in contact ‘rectien, a second drum adapted by blading
withand lessin diameter than said end, means | for rotation in the direction opposite to that
for peripherally of said piston retarding the for which the first-mentioned drum is bladed,
escape of steam between said piston and the | a second piston fast to said second drum and -
so turbime-casing in a direction away from said located at the inlet end thereof, and means Iy
- drum and for causing said steam toexert upon | for peripherally of said second piston retard-
sald drum a resultant end thrust in the direc- |.ing the escape of steam- between said second
tion opposite to the aforesaid direction, a sec- Ppiston and said casing and for causing the
ond piston, and means for peripherally.of sald | last-mentioned steam to produce on said sec- -
55 second piston retarding the escape of steam.| ond piston an end thrust in the direction Op- 120
between said second piston and said casing | posite to that of the first - mentioned end
and for causing the last-mentioned steam to | thrust., - S N o
- produce on said second piston an end thrust |~ 6. A- steam - turbine comprising a bladed
~1n the direction opposite to that of the first- drum, a piston fast to said drum and located
6o mentioned end thrust. | gt the inlet end of sajd drum and less in diam-- 125 -
3. A steam-turbine comprising ‘a.bladed | eter than sald end, means for peripherally of
- drum, a piston fast to said drum’and located sald: piston retarding the escape of steam be-
at the inlet end of said drum and less in diam- | tween said piston and.the turbine-casing in a

100

- eter than said end, means for peripherally of . direction away from said drum and for caus-
‘65 said piston retarding the escape o steam be-

P

ing said steam to exert upon said drum a re- 130




-k e

* - said second drum and in contact with and lo-
cated at the inlet end thereof, and. maeans for

sultant end thrust in the dlrectlon opposn:e to

. the aforesaid dlreotlon a second drum adapt—-_

dlreomon'*
op posite to tnat for which the ﬁrst men-

ced. by blading for rota,tion in the

tioned drum is bladed, a second piston fast to

- penpherally of said second p1ston retarding

. the escape of steam between said secon
10 _Plston and said casing and for eausin the_
- . - last-mentioned steam to produce on said sec-

. | - _ond piston an end thrust in the direction op-

posite. to tha,t of the ﬁrst mentlonod end

- “eter than said end; meansfor peripherally of

.20

| .':'3_0'.

4o
7 atthe

mentione

- - said piston retardmg the escape of steani be-
tween said piston and. the turbine-casing in a
'; ,dJreotlon away from said drum and for ¢ caus-
. ing said steam to exert upon said drum are-
- sultant end thrust.in the direction opposite
- to the- aforesaid ‘direction, a seoondp

o 2 g

rum is bladed, a second piston fast to

second piston an end thrustin the di-

-~ rection ogposﬂ:e to. that of the first-men-
thrust, and means for leading to
- exhaust. steam that will have escaped past |
~ the sa,ld tWo plstons in tho dJreotlons mdl—- 1
- ca,ted :
U8 A steam turbme comcf)nsmg a bladed
rum-and located
et end of said drum and less in diam-
‘eter than said end, means for peripherally of
. said piston rotardmg the escape mP
- - tween said piston and. the turbine-casing in a-
- 45
- ing said steam to exert upon said drum:an
~ end thrust in-the direction op] yosite to the
. aforesaid. direction, s sécond. -
- with and fast to the ﬁrst-mentloned drum'
o ‘and adapted by blading for rotation in the di- -
rection: ol()iposme to tha,t for which the first-
| drum is bladed, & ‘second piston-
~_ fast to said second drum’ and . located -at the
~ inlet end thereof, means for enabling that end
of said second plston which is farther from
- said second drum to be
-cation either with the mlot of the first-men-
‘tioned drumorwith an exhaust—spaoe accord-
_ing as the first-meritioned or the second-men-=
‘tioned drum is to ‘be used, and means for

tioned en
drum m]plston fast to said

difection away from said drum and for.caus-

rum coaxial

. when said end of said seoond ‘piston is in.com-

55 oa.smg from S&ld end of 8aK second plston l stea.m to produce on sald second pmton an- 130 o

_munication with said inlet retarding periph-:
-”..orally of -said ‘'second piston; the éscape of

steam. between said. seoond iston and said

drum .
adapted by blading for rotation i in the direc-
- “fion (zipgomte to that for which the first-men--

~ tione

- said second drum and located at the inlet end
- ., thereof, means for peripherally of said second
piston retarding the escape of steam between
- -said- second -piston and ‘said:casing and.for
. .causin f the last-mentioned steam to produce
~on sai

steain be-'-

placed into communi--

L 815,281 o o

‘thrust. - -
70 A stea,m turbme comprising g bladed-a;l
“drum, & piston fast to said drum and located

| drum a

‘drum, a

and for oausmtr the last—mentmned steam to

.produoe on said second plston an end thrust
‘1n.the: direction 0pp051te to ¢
mentioned end thrust.

9. A steam-turbine comprlsmfr a bladed
yiston fast to said druin. and located
at tbu inlet end of said drum and in oonta,ot

hat of the ﬁrst- -

70

~_7mth and- less in -diameter than said end,;

means for peripherally of said piston retard-."_ '

ing-the escape of steam bet“ een said piston
~and the turbine-casing in a direction away -
from said drum and f01 causing said steam to
“exert upon said drum an end thrust i in-the -
| direction opposite to the aforesaid direction; - _'
8o
| first-mentioned drum and adapted by blad-_,’] -
“at'the inlet end of said drum and less.in diam- .

‘second druin. coaxial with and fast to. tho

drum to be la,ced

said second piston the: esc&pe of steam be-

5

Jing for rotation in the direction opposite to -
_that for-which the first-mentioned driiin is-
‘bladed, a second piston fast to said second
drum and located at the inlet end. thereof, 85
means for: enablmcr that end of said second-_. o
‘piston -which 18 talthel from said second ..
Into oommumcatmn
either with’ tho inlet. of the first-mentioned -
“drum or with an exhaust-spa.ce according as
‘the first-mentioned or the seoond-montloned i
‘drum 1s.to be used, and nieans for when said
end of said secand piston is in communica == .
‘tion with $aid inlet retarding peripherally of

gg -
tween said second . piston and said casing. -
from said -end of said second piston and: for
| causing the'last-mentioned steam to produoo L

Go .

on said second piston an end thrust in the

_direction opposite: to that of the ﬁrst-men—_i;'
‘tioned end thrust.’ -

100

10, A steam—turbme oomprlsmg a bladod;l- .

ram.’ coa\lal |

viston fast to said drum and located -
at the inlet end of said ‘drum and less in-di-
ameter than'said end, means for peripherally
‘of said piston rotardm the escape of steam
between said pistori and the turbine-casing in
adirection away from said drumand for caus—“
ing said steam to exert upon said drum an -
-end thrust in the direction opposite to the
aforesaid direction, a second -
| with and fast to the first-mentioned drum
-and adapted by bladmg for rotationin the di-
rection. opposite to that for which the first-
‘mentioned .drum is ‘bladed, a second piston
fast to said second drum and in contact with. -
-and located at the inlet end thereof, means
for ‘enabling that end of said second’ piston -~
which is farther from said second drum to be
placed. into communication either with the 120
inlet ‘of the first~mentioned drum or with'an .
‘exhaust-space according as-the first-men-
‘tioned or the second-mentioned drumisto be
used, and means for when said end of said sec~ -
.ond plston is in communication withsaid inlet
‘retarding  peripherally of said second piston -
1 the'escape of steam between said second pis-
-ton'and said casing from said end of said sec-.

120 :::.. |

125

ond piston and for causing the last-mentioned . -
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| end thrust in the dilré.e_tion opposite to that of | tioned drum or with said exhaust-space ac-
- the first-mentioned end thrust. o

10

. with and fast to the first - mentioned drum |
-and adapted by blading for rotation in the di-

1§

‘between said piston an _ _
‘a direction away from said drumand for caus-

11. A steam-turbine, comprising a bladed

druny, a piston fast to said drum and located !

at the inlet end of said drum and less in di-
ameter than said end, means for peripherally
of said piston retarding the escape of steam
d the turbine-casing in

ing said steam to exert upon said drum an

end thrust in the direction opposite to the
aforesald direction, a second drum coaxial

rection opposite to that for which the first-

. mentioned drum is, bladed, a second piston

- Tast to said second drum and located at the
‘Inlet end thereof, means for enabling that end

20

of said second piston which is farther from

sald second drum to be placed into commu- |
-« mecation either with the inlet of the first-men-

- tloned drum or with an exhaust-spaceaccord-

ing as the first-me¢ngioned or the second-men-
tioned drum is to be used, packing means for
‘when'said end of said second piston is in com-

munication with said inlet retarding periph-

“erally of said second piston the escape of

steam between said second piston and said

30

casing irom said enﬁ
means for causing t

to produce on said second piston an end
thrust in the direction opposite to that of the

of said second piston,

- first-mentioned end thrust, a passage leading

35

from anannular spaceat the end of said pack-

Ing means nearer to said second drum to.an

exhaust-space, a valve-adapted to control the.

- flow of steam through said passage, and pack-

45

ing means located between said passage and

-the otherend of said second piston and adapt--
ed when said valve is open to prevent steam:
“thathasleaked past thefirst-mentioned pack-

Ing means from passing to said second drum.

12. A steam-turbine comprising a bladed
drum, a piston fast to said drum and located
‘at the mlet end -of said drum and less in di-

~ ameter- than said- end, ‘means for peripher- |
ally of said piston retarding the escape of

~ steam between said piston 'and the turbine-

50

casing in a direction away from said drum
and for.causing said steam to exert upon said
driiin’ an end thrust in the direction opposite

- to'the aforesaid direction, a second drum co-

“axral with and fast to the first - mentioned

~drum and adapted by blading for rotation in

55

the direction opposite to that for which the

- first-mentioned drum is bladed, a second pis-

ton fast to said second drum and located at

‘the 1nlet end thereof, passages leading from

- the end-of said second piston opposite to said

60

second drum, from the inlet end of the first-

- mentioned drum, and from an exhaust-space,

a three-way valve to which said passages lead

e last-mentioned steam

:

' cording as the first-mentioned or the second-

mentioned drum 1s to be used, and means for
when said end of said second piston is in

communication with. said mlet retarding pe-
T1pherally of said second piston the escape of
-steam between.saild second piston and said
casing from saild end of said second piston
‘and causing the last-mentioned steam to pro- -

duce on said second piston an end thrust in

70

75

the direction opposite to that of the first-

mentioned end thrust. -
- 13. A steam-turbine comprising a bladed
drum, a piston fast to said drum and located

{-at the inlet end thereof and less in diameter

than said end, means for retarding peripher-
ally of said piston the escape of steam be-
tween sald piston and the turbine-casing in'a
direction away from said drum and for caus-
ing said steam to exert upon said drum an
end thrust in the direction opposite to the
aforesaid direction, a second _(Erum' coaxial
with, fast to, and having _ 3
jacent to the exhaust end of the aforesaid

drum and adapted by. blading for rotation in
the direction (épgosite to that for which the -

first-inentione

rum 1s bladed, a second pis-
ton fast to sald second drum and locate

end of sald second piston which is farther

at
| the inlet end thereof, means for enabling that

8a -

its exhaust end ad- .

90

95

from said second drum to be placed mto com-. .

munication either with the inlet of the first-

mentioned drum. or with an exhaust-space

according as the first-mentioned or the sec-

ond-mentioned drum is to be uséd, and means

for when said end of said second piston is in

100

communication with said inlet retarding pe- -

ripherally of said second piston the escape of
steam between sald second piston and said

‘casing from said end of said second piston
and causing the last-mentioned steam to pro-
| duce on said second piston an end thrust in
| the direction opposite to that of the first-

mentioned end thrust.
14. A steam-turbine comprising a bladed

drum, a piston fast to said drum and located :

at the mnlet end thereof and less.in diameter
than said end, means for retarding peripher-

ally of said piston the escape of steam be-

tween said piston and the turbine-casing in a

“direction away from said drum and for caus-

ing said steam to exert upon said drum an
end- thrust in the direction opposite to the
aforesaid direction, said piston and drum be-
ing adapted to allow steam that has escaped

ms

ITO

115

120

past sald means to pass through them into

the exhaust-space of said drum, a second

drum coaxial with, fast to, and havm%.its ex-
end of the

haust end adjacent to the exhaust
aforesald drum and adapted by blading for
rotation in the direction opposite to that for
which the first-mentioned drum is bladed, a

- and which is adapted to enable said end. of | second piston fast to said second drum and

65 nication either with the inlet of the first-men- |

sald second piston to be placed into commu-

located at the inlet end thereof, means for
enabling_.t];gtj end of said second piston _wh 1ch

125

130
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s farther from sald second drum to be placed to pmduce on: sald second plston an end:
;into communication either with the inlet of | thrust in the direction opposne to that of the

~the first-imentioned drum or with an‘exhaust- | first-mentioned end thrust. B L
. space according as the first-mentioned or the | -15. A reversible turbine cemprlsmcr a. plu- R

.5 second-mentionsd drum is to be used, 'said | rality. of opposed sets of ‘blades, and con- .20

+second piston and second drum. being: closed-. trollable means for placing both ends of a set.
“to the passage through them of steamithat |.of blades not déveloping power In communb-j |

- has escaped past the second piston to the end - cation with the exhaust.’ & o
" thereof farther.from said second drum, and | .. Signed. at Néwcastle- upon Tvne in the.

ffq__ means for when said end of said. second pis- | county of Northumberland this ‘?’lst da,v of 25
" ton is'in communication with said inlet re-. July 1904.

“tarding peripherally of said second piston the | HUGH FRANCIS FULLAGAR
~escape of steam between said secord piston | WltnesseS' L
.+ and said casing from said end of said second °  CHARLES EDGAR GROUNSELL

T 5 plStO]l and causmg the last—mentloned steam - JAMES ROU’I‘LEDGE

¢
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