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to all whoem of inay coneersis
beit known that I, Paroie Francis Oporx,

~ehgineer, a subject of the King of Great Brit-
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2o and Ireland, residing
Wimbledon, London, England, have invent-
ed certain new and useful Imprevements in
Multiple-5Stage-Reaction Turbines: and I do
nereby declare the following to be a full clear,
and exact description of the invention, such
aswill enable others skilled in the art to which
it appertains to make and use the same.

My mvention relates to multiple-stage-re-
action turbines, and has for its object the con-
struction of a turbine of this type which shall
avoid the following defects of the multiple-
resction turbines as hitherto constructed:

First, o loss of steam between the ends of the

rotor-blades and the casing and the ends of
the stator blades and rotor; second, great
length between centers of bearings, causing
danger of breakdown by the rotor-blades
coming m contact with the inner walls of the
casing; third, dangers and difficulties due to
unequal expansion between rotor and éasing,

-especially with highly - superheated steam;

fourth, difficulties in the packing-boxes and
losses in connection with air being drawn into
the condenser.,

Referring to the drawings, Figure 1 repre-
sents & vertical sectional view of the turbine,
according to my invention. - Fig. 2 is partly
a horizontal section and partly a plan view
with the casing removed. Fig.

2
_ r. 3 18 8 Cross-
section taken in the line A B of the Fig. 2,

showing the segments carrying the fixed

blades and encircling the revolving blades.
Fig. 4 1s a sectional detail showing the 1a ¥§-
rmth packing-rings of smaller diameter and
the adjacent blades. Fig. 5is a sectional de-
tall showing the labyrinth packing-rings of
larger diameter on the opposite end of the
turbine.
blades.
In carrying out my invention T make use of
8 disk or wheel ¢, firmly attached $o o shaft

b and having on its periphery & flange ¢/, on
the outeredge of which areformed or attached.

blades ¢*>. On the side of this disk are fixed
weldless tubes ¢ ¢/, alsc carrying revolving

50 blades ¢* ¢%, respectively. The ring ¢ is made

55

.

considerably longer than the ring ¢ The
ends of the blades do not come in near con-
tact with the inner periphery of the outer cas-

ing, and the radial clearance may be made in-

definitely large.

at 85 Worple road,

¥ig. 61s a detail and shows also the

or other suitable material, are attached at

one end only and are free to expand toward
the other end. The outer end of the ring of

smallest diameter fits on and is supported by

iy the direction of the shaft. Similar tubes
¢ d', carrying the rings of fixed blades @* @,
are attached to the outer casing at one end
only, the point of attachment e correspond-

6o

a bracket ¢, which is free to slide lengthwise

ing as nearly as possible to the position where - -

the shaft b 15 held. By this simple arrange-

ment all difficulties connected with uneven.

expansion are avoided, as these tubes carry-
g thefixed and revolving blades, being made
of thesame material and approximately of the
same thickness, will be heated by the steam

passing through the turbine equally at every

point, and being fixed at one end only the ex-
panston of bothwill be equal. The fixed and
revolving bladesare covered or closed by light
rings f,and the clearance between these rines
and the succeeding set of blades can be made
exceedinglysmall and will remain constant un-
der all conditions of working, whether run-
ning light or under full load, with saturated
or with highly-superheated steam. It is of

course an essential condition for this. method

of working that the disk should revolve in

the same relative position axially—in other
words, that as regards axial thrust the disk

should be in equilibrium so as to exclude the
possibility of any appreciable wear on the
thrust-block. A novel and perfectly auto-

matic method of balancing the thrust has

therefore been itroduced. It consists of a
thrust-block g, formed in the usual way with

~concentric rings turned on the shaft, corre-
‘sponding to grooves formed in a bearing, the

peculiarity, however, being that the rings
have a slight clearance approximately equal
to hall the clearance between the fixed and
revolving blades of the turbine. The shaft
can move, therefore, slightly axially in both
directions. Oil under pressure is pumped
into the thrust-block, W?zi rtal
amount of resistance to the axial movement.
t one end of the turbine there is a system of
labyrmnth packing h, consisting of fixed and
revolving rings with points of near contact
on one side only, Fig. 4, and at the other end

of the turbine there is another larger set of

packing-rings 2, Fig. .5, whose point of near
contact 1s alse on one side only, but opposed

to the smaller set of packing-rings. This set

of packing-rings incloses a chamber %, this

Yhe tubes, which are made of steel, bronze, | chamber being in communication by the pipe

ch offers a certain
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1"

' ._-Z-Wi‘“th. 'a,_éhamber]m; into which ‘the steam

- passing through the first set of nacking-rings
“escapes. At the commencement the clear-

ance in the thrust-block will allow the thrust

& to move the rotor slightly from left to right.

- This will cause theleakage on the smailer set
~of packing-rings to increase and the leakage

- from the larger set of packing-rings to de-
© crease: Hence the pressure in the chamber
o
. will Inerease, and this pressure, reacting omn
- the end-exposed area of the disk @, will coun-

k inclosed by these two sets of packing-rings

teract the thrust.

Should the thrust decrease so that the bdl;

ancing eflort of the steam in the chamber be-
comes greater than the thrust, the rotor will

. move slightly from right to left, which will
* cause the smaller set of packing-rings to be-
. come tighter and to pass less steam, while

- 20

the larger set of labyrinth packing-rings wili

allow steam to pass from the chamber into the
" exhaust r,so that the pressure in the chamber

‘decreases until the equilibrium is restored.

The area of the disk inclosed by this chamber

is so calculated that.a pressure of about one
and one-half atmospheres, absolute, balances
the thrust under normal load and is slightly

- above the atmospheric pressure when run-

20 of t

_ an asutomatic balancing of the thrust under

“all gonditions, can hardly be overestimated,
‘since it means increased economy, owing to

3 s the reduction of leakage and to the possibil-

" ity with a given speed of commencing at a

higher peripheral velocity of rotor. The sys-

 tem of balancing is also attended with an-

. other distinct advantage, inasmuch as it does

40
. the

away with the difficulties experienced with
packing - boxes, as- they are exposed

" -mpeither to high-pressure steam nor to vacu-

| m% drawn into the condenser.
4

am and there is no possibility of air or o1l be-

" It must-not be forgotten that just in the
same way as the leakage between the blades

' is diminished by the system of equalizing the

- expansion between the revolving and fixed
- blades and the automatic system of balanc-
ing, so is the system of labyrinth packing
~  made far more effective and simple than has
. - hithefto been possible.
- I now come to the last point to be con- |
“sidered—namely, the reduction of length of
my turbine over others of the same type.
*  "With the same number of turbine-rings the |
reduction of length would amount to about .

o

~ fifty per cent., due to, first, the possibility of

- 6o
- _ancing occupies far less space than the bal-
ancing-drums hitherto used ; third, the equali-

commencing at a higher initial velocity of

drum second, the method of automatic bal-

. zation of expansion between the blade-car-

rying elements avoids the neccssity of large
clearances between the fixed and re-

-

X190,

nin%jlight or. without load. - The importance |
s system of equalizing the expansion of
~ the rotor and stator elements, combined with

>3 822,149

volving blades to allow for uﬁefmal expan-
sion; fourth, the shaft passing into the bal-

ancing-chamber being not exposed to vacu-
win the bearings, thrust-block, &c., can be
brought close up to the disk.
is still further reduced by the telescopic ar-
rangement shown, by which the turbine 18
divided into high and low pressure stages.
The steam enters at n and passes into the
circular recess 0. It then passes alternately
through the fixed and revolving biades into
the chamber p between the tubes ¢ and ¢,
which. form a receiver.
through the next set of blades into the cham-
ber ¢ and from thence through the set of

blades on the periphery of the flange o’ of the

disk ‘@ into the exhaust-chamber r. Thus

The length.

It ‘then passes.

So

where two tubes are employed, as shown m .

the drawings, thefirst set of turbine-blades on
the ring ¢ may be said to be the high-pres-
sure set, those on the tube ¢ may e said to
be the middle-pressure set, and those on tie

periphery of thé disk the low-pressure set.
This latter arrangernent is not bought at the
cost of accessibility of the parts.

_ Ag soon as
the outer cover is removed the tubes earry-

ing the fixed blades can beinstantly removed
and the fixed and revolving blades be exam-

90

ined ‘without disturbing the bearings or re-

moving the rotor. In this respect the acces-
sibility compares favorably with the Parsons
type, where it i1s necessary to remove the ro-
tor to examine the fixed blades 1n the lower

| portion. |
The saving of space is of course far more.

striking onlarger sizes and is of the utmost im-

95

100

portance when dealing with turbine for ships’

propulsion.

" The removal of the defects mentioned

means the clearance between the blades Te-

mains practically constant, whether the tur-

+

bine is running with saturated or superheat-
ed steam, light or at full load. | :

105

In conclusion, one word as to the relative

cost of manufacture of my turbine. This
should compare favorably with the turbine

11O

at present in use for the Tollowing reasons:

The biades being short can be stamped in
lengths of suitable material, these lengths or
ribbons of -blades being merely bent round

“and fastened in grooves on the rotor and sta-

tionary rings, forming thus a more solid, ac-
curate, and at the same time considerably
cheaper method than at present in use.

rings being made of weldless tubes require

very little machining, and the expensive
process of balancing the turbine 1s oreatly
simplified. The reduction on length means
also a reduction in weight, and the machining
of the outer casing is very simple, a point of

oreat importance especially with-large units.

~ Having described my invention, 1 declare
what I claim 18— S

1. In a turbine, the combination of a sup-
porting-frame . a casing therein provided
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mth fixed ﬁle@S said casing being fastened 1 one set near each end, and said sets | oeing of 35
“at one end and free to Q?,'Jﬂ}&ﬁﬁd at the other | different diameters m:ad QT .f..ﬂgeﬂ to face in
- end, and & rotary part carrying blades lo- | opposite dﬁwm@m said casing and roiary
mted within said easing, said rotary part be- | part being m&ﬂ i ﬂé‘rﬂmd ab one end only and
5 ing fastened at ons enc d to a su .;gjm b, and fTee wm to *ﬁmmm@ nopposiie direct aé:am S Lbsi*m—-

to expand ab the mzmr %Hﬁ substantially #< ° ally a3 described. - 40
demmh&a ' - ' [ 8. In a turbive, the combi mation of a sup-

. In 5 turbine, the '*-am'ﬁf naion of & Sup- “mmw-‘““amw anc f bPwo-part casing each
B pommﬂ a; AE, & CASIHG gherein provided part berng provided with ﬂvﬂd Mmma FOMT b~
1o wWith hixed bls d% ATy {*mmp mmn E:‘mfm&l m T g‘:@m one of said ﬂ?“ﬁalﬁﬁ s being

ab oue end and feen to o LR | at the ofher aryer than the other snd mm entrie there 45
ea&d and a rotarv ik ey JL“ ) blades lo- witn feay mg a steqm-cham} r therabatwe eel,

'f

Ly 3.
[ ot . ,,? o e TR Ul by b A ' Wl e | Th b | =y
ﬁ:ed witiun SR CARNg, S m“az v part | and o rotary parbeemp %ﬂﬁ of?" cwo paris eaech
§
:

. oeing i fastened at cne end to a suppert snd | esirving a_yhﬂﬁ o3, one pard being larger and ar-
15 ﬁ‘@e to expand ai the other end, said cas ANNT | 13 ﬁ“ﬂf‘{{ wumﬂ a'ws:aiﬂ' i"@hiimew to the other,

~and rotary p yart belng fastened b OPPUsite | and d CASINY and ‘ud rotary. part being 3o
N |

- ends 8o as 1o expand and contract telestopie- | _m:::ﬁfm d at one end only and ﬁ‘% to expand
ally in opposit e directions, substantia 33” 28 ¢ ab the other in opposite mraea_,mus buﬁ,ﬁ:ifm—-
d@ﬁ{mmﬁ | T | u;ﬁ”? as described.

go* 3. In a turbine, a:h@ {*smbhmiimi of & sup-~ | 8. Inaturbine, a rotary paﬁ therefor com-
p@?&lnmmurm a casing monated therein, and priaang an axis, a ﬁ«‘mﬂ i miv secured fo said
- provided with fixed Lwd%:m srotary partpro- | axie, 2 cylin wdricad part provided with blades 7

vided with blades mounted wi *E:s;'zi said cas- 1 on ws ateide seoured m one end to said disk,
her end - hem@' me o expand, and &

- 1ng, said rotary pary being provided with two
Narger eviinder carrying blades coneentric

25 sets of 1o xbyrinth p*}f*i{m.;“mm e:,f s:iil erent
‘dameters, one set beimg Iseated nead edch | with s zﬁd ﬁmt—mﬁmed @yimdeﬁ“ and fastened so
| af one end to said disk and free to expand at

the other end, substantia ﬂiy as deseribed.
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‘end, said casing ‘and wm ﬂ,mm ; p vt bein
each fastened at one end only an ﬂ lapted tfo

expand in opposite ﬂ?’"& tions, sul ﬁﬁflhﬂh | Inm fest 1mfm whereof { have affixed my
3@ as described. - - . | sivnature i presence of two witnesses. '
- 4. Ine turbine, § Eﬁemmm_{mu@?mz aeasing E‘.,.L;T_LEP FRANCIS ODBIE.
pmmti@d with - fixe d biades, a rotary part | Witnesses: R '
therein provided 'mth blades, two sats of - . D, JAMESON
kﬁbwmﬂh PACKIng-Iings o zaid 3 otary part, | . 1. Rawmn,
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