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To all whom it may concern: |

Be it known that I, HuGH FraNCIS FUL-
LAGAR, a subject of the King of Great Brit-
aln and Ireland, residing at Newcastle-upon-
1Iyne, in the county of Northumberland, Eng-
land, have invented Improvements in Com-
pound Steam-Turbines, of which the follow-
Ing is a specification. B

This invention has reference to fluid-pres-
sure turbines of the compound type wherein
the energy of the motive fluid (hereinafter re-
ferred toas“steam ”) is utilized to produce mo-
tion by causing the steam to impinge succes-
sively upon rings of vanes, blades, or paddles
(hereinafter called ‘“blades”) which form a
number of simple turbines that are usunally
fixed to a common shaft or spindle. Insuch
motors 1t 18 necessary for economy to prevent
the passage of steam from one turbine toan-
other except by the proper openings between |
the blades, and as, owing .to the high veloc--
ity of the parts, steam-tight packing is im- |
practicable or undesirable, very fine clear-
ances are used between the rotating and sta--
tionary parts to prevent or retard the passage |
of the steam. The totalleakage through any
such clearance due to a given difference of
pressure increases with the diameter around |
which such clearance is situated; and, more-
over, 1t 1s found in practice that the friction
caused by the presence of waterinsuch clear-|
ance between the fixed and rotating parts is
very large and increases very rapidly with the
linear velocity of the parts. It is therefore
of the utmost importance in any given tur-
bine to keep the diameter around which such
clearances are situated and the number of
such clearances as small as possible. When

around a number of drums, the diameter of
the annuiar clearance-spaces (of any simple-
turbine) is necessarily as large as the drum
at that part, and, moreover, to prevent end
pressure, which would result from the action
of steam on the end of such drumsg, a rotat-
Ing balance-piston or a reversely-arranged
turbine is required to be coupled to the spin-
dle carrying the drums, and around such
there are a number of additional annular
clearance-spaces, also of large diameter.

In axial-flow turbines of the type referred.
to, wheroin the snececessive rines of blades

forming the simple turbines are fixed toa

common drum or eylinder, it is necessary in

order to allow for the required expansion of
the steam often one hundred fold or more
and at the same time to maintain the velocity
of the steam reasonably uniform to increase
the steam -opening through the successive
rings of blades from the inlet to the exhaust.
The area of steam-opening through the last

55
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ring of blades being fixed by the necessity of

allowing the steam to escape at a velocity not

greatly exceeding the velocity of the blades,
the opening through the preceding rings of
blades. can be diminished by reducing the
diameter of the rings of blades in steps to-
ward- the inlet end or by reducing the radial

length of the blades in the same sequence.

Usually a combination of these two methods
18 adopted, the-diameter of that part of the
spindle holding the first row of blades being,

for example; commonly “about half that of

the part holding the last row of blades, and
& bladein the first row being from about one-
fifth to one-tenth of the radial length of those

in the last row. As, however, the momentum
absorbed from the steam by the rings of blades

decreases very rapidly with a decrease in the
linear- velocity, the reduction of diameter ne-
cessitates the use of a very large number of

fixed and rotary rings of blades Leing com-
monly employed inacompound turbine. De-
creasing the radial length of the blades, on
the other hand, increases the proportion
which the leakage area around the rings of

75

30

rings of blades, as many as eighty pairs of

blades bears to the passage-way through them

and necessitatesthe use of annular clearance-

spaces of correspondingly large diameter on go

the rotating balance-piston or the reversely-
arranged turbine used to balance end thrust.
Consequently . compound turbines as here-
tofore usually construected require the use of
a very large number of rings of blades of com-

paratively small diameter and necessitate

that the clearance-spaces toward. the inlet

end.of the turbine shall be reduced to the

smallest possible limit, which renders such
turbines costly and delicate. |
Now thisinvention has reference to a com-
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pound steam-turbine designed to obviate the

above - mentioned disadvantages and which
can be made in a more compact, conven-
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ient, and economical manner and run at] out the length of the turbine. The blades f

a slower speed than the compound steam-
turbines at present in use. Ifor this purpose
the invention consists in various novel fea-
tures of construction and combinations and
arrangements of parts, all as hereinafter de-
seribed, and more particularly pointed out
in the claims.

In the accompanying illustrative drawings,

Figure 1 is a central longitudinal section, and
TFig. 2 a side elevation, showing a steam-tur-
bine constructed according to this Inven-
tion. Figs. 8 and 4 are cross-sections on the
lines A A and B B, respectively, of Kig. L.
Fie. 5 showsin longitudinal section the outer
and adjacent portions of two sets of station-
ary and movable blades and their carriers.
Fig. 6 is a sectional plan taken on the line
C C of Fig. 5, the section being taken in a eir-
cular direction. Figs. 7 and 8 show, respec-
tively in side elevation and plan, part of one
of the fixed carriers with a segmental set of
stationary guide-blades. Figs. 9and10show
theinnersurfacesof two grooved strips which

when placed with their grooved surfaces to-

oether form a compound segmental-shaped
holding device for a set of stationary guide-
blades. Fig. 11 is a plan of a few of the ro-
tary blades, drawn to alarger scale than Figs.
5 and 6. Ifig. 12 shows, to a larger seale than
Fig. 1, part of the central portion of the tur-
bine with baffling devices between stationary
and rotary parts thereof.

The casing « of a compound steam-turbine
according to thisinvention is provided with a
number of transversely-arranged walls or par-
titions b, (hereinafter called *“ walls,”) that di-

vide itsinteriorinto a number of flat or short

transversely - arranged chambers ¢, through
which the turbine-spindle d extends clear of
the said walls and in each of which is a disk-
like wheel e, that is fixed to the spindle and
provided with a ring of blades f around 1ts
circumference, which is made large in com-
parison with that of the spindle d, upon which
it is mounted. The steam entering the tur-
bine through one of the branch passages g 1s

econducted to a number of carefully-formed

apertures or passages /i, formed in the rear
end wall % of the first chamber ¢, near to the
outer periphery thereof and opposite to the
ring of blades f on the outer periphery of the
first wheele. Thesteam after passing through
these passages I and impinging upon the
first ring of blades f reaches the second cham-
ber ¢ through similar passages /i, that are
formed in the intervening transverse wall 0,

‘near the outer periphery thereof, and directs

such steam against the ring of blades f on
the second wheel ¢, and so on to the last
wheel e, whence the steam passes to the ex-
haust m.

‘passages 1. in each of the transverse walls b
of the successive chambers ¢ is made to In-
crease from the inlet end in such proportion
that the velocities of the issuing streams of
steam are approximately constant through- 1 tween them.

the said walls or the casing «.

The total area of the groups of
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of each wheel are made of crescent shape 1n
section and are so arranged as to form.a prac-
tically parallel passage-way between each ad-
jacent pair of blades, (see Fig. 11,) so thab

the steam will experience practically no drop

in pressureon its passage through each of such
rings of blades. The blades are also symmet-
rically arranged with reference to the sides of
the wheels, as shown. The outer diameter of
each ring of blades f is such as to leave be-
tween such ring of blades and the casing «
an annular clearance-space o' of ample depth
in a radial direction. A wide annular inner
baffler n' may also advantageously be pro-
vided at the inner end of each ring of blades

£, so that the effective portions of each ring
of blades that come opposite each set of steam-

passages 1. in the fixed walls 6 will be con-
fined between concentrically-arranged annu-
lar baffling devices n and n/, that are wider

in an axial direction than either the blades f

or the wheel ¢ carrying them, so that the
edges of such baffling devices can be arranged
to rotate inany desired proximity to the walls
b on either side, while ample clearance both

radially and axially is allowed to the blades
f and the wheel e, so as to prevent any pos-

sibility of these parts comingin contact with
Each of the
outer baffling devicesn may conveniently eon-
sist of a ring or hoop of some suitable non-
corrosive sheet metal or alloy—for example,
brass—secured to the outerends of the blades
f by forming the latter with projecting por-
tions ', Fig. 5, that are passed through holes
in the ring or hoop 7 and then riveted over
the latter. Each of the inner baffling devices
n' may be formed by laterally-arranged an-
nular flanges or enlargements at the outer
peripheral portion of the corresponding disk-
like wheel e. Such annular flanges are, how-
ever, preferably made much thinner than

shown, so as, in effect, to become thin wear-

ing-strips, or, as is preferred, each of such
baffling devices n’ may be formed, like each
outer baffling device n, of a ring or hoop of
sheet material secured to the inner end por-
tions of the said blades f, close to the outer
periphery of the wheele. By the use ot such
outer and inner baffling devices steam will be
prevented to a large extent from spreading
laterally, and by making them wider than the
blades fand disks or plates e considerable
clearance can be allowed between such parts
and the walls b, and by making them thin
should they accidentally come in contact with
either wall at any time the abutting parts
will readily be worn away to a small extent
without causing any inconvenience. Secured
around and to the outer ends of each set of
the blades is a ring or hoop n to prevenb
steam passing outradially between the blades

and to minimize fan-like action—that 1s to

say, any action of the rotating blades to throw
in an outward direction steam passing be-
The entrance /i’ to the passages
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I in the stationary transverse walls 0, Fig. )

0, face the direction in which the steam leaves

the preceding ring of blades f, and the pas-

sage-ways are curved to again turn the steam
Intoatangential direction toward thenextring
of blades . The cross-sectional area of each
passage i is made smallest at a point more or
lessabout haif-way through the corresponding
wall b, and from this point to the outlet A2 it
increases in the desired ratio of the expansion
to be given to the steam, so that the steam is-

‘sues in an approximately parallel stream and

strikes the next rotary ring of blades f with
substantially the full velocity due to the drop
in pressure from.that obtaining:in the pre-

~ceding turbine-chamber ¢ or in the steam-sup-

ply pipe or passage g. By the construction
described the steam has little or no tendency
to spread or pass over the ring or hoop n; se-

cured around the ends of each ring of blades

/> so that ample clearance can be provided
allaround the wheel e and its ring of blades 7
and the ring or hoop 7 thereon both radially
and axially. The steam, moreover, will com-
municate little or no end thrust to the
spindle d, because the fluid-pressure on the
two sides of each wheel e is approximately
equal. The drop in pressure is therefore
with the construection described caused to
take place only while the steam is passing
through each wall b from one ehamber ¢ to
the next chamber, the pressure throughout
each chamber being approximately uniform.
There 18 therefore a tendency to leakage be-
tween each disk e and the adjacent wall b by
reason of the central opening o in the latter,
through which the spindle d passes.

A bafiling device p is therefore placed be-
tween the inner end of each wall b and the
spindle d or, as shown in Fig. 12, between
the inner portion of each wall b and one or
both sides of the c¢entral portion of each
wheel e, so as to prevent or retard the escape
of steam from one chamber ¢ to another
through the clearance-space o between the
inner end of each stationary wall and the
spindle.  In this position, owing to the com-
paratively small diameter of the parts, it is
possible to employ a more complete and effi-
cient baffling device than it is possible to use
around the outer circumference of a ring of
blades, so that the diameter of the spindle
being small the leakage of steam can be re-
duced to almost any desired extent,

For the first few wheels e the rings of blades

J are preferably made of the same radial
Jdength, as shown, the number of the steam-

passages /i in the walls b of the chambers ¢
successively increasing until they form a con-
tinuous or nearly-continuous annular series
of openings, after whieh to allow for the fur-
ther expansion of the steam the radial length
of the passages /i in the remaining walls b

and the radial length of the blades f on the

remaining wheels ¢ are gradually increased.
With the construction deseribed, the leak-
age being practically independent of the di-

i

ameter of the wheels and th.ere being no very

small clearance-spaces between parts of large

diameter to cause friction through the pres-

ence of water and danger from risk of con-
tact of fixed and rotating parts, the diameter
of the several simple turbine-wheels ¢ can be

‘made as large as convenient, and as the ro-

tary rings of blades f have a high linear ve-
locity very few simple turbine-wheels ¢ are
required, from one-half to one-tenth of the
number used in axial-flow compound tur-

£
Ll
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75

bines as at present eonstructed being suffi- .

cient for a given pressure of steam when the
shaft is revolving with a given angular ve-

locity. For an eight-hundred-horse-power

motor there may, for example, be only about

80

fourteen wheels e of a diameter of about two

feet fourinches, (about seventy centimeters,)

the radial length of the rings of blades f—
say for the first five rings—being equal and,

‘say, of about half an inch (= 1.27 centime-

ters) and the radial length of the remainder
gradually inecreasing toward the exhaust.
The spindle. d, being short, is well suited for
steady running, and any axial clearances in
the baffling devices p, hereinbefore deseribed,
or in the glands ¢ at the ends of the casing
will not be subject to much alteration by ex-
pansion or bending of the spindle, and as
there are no small clearance-spaces in a ra-
dial direction wear of the spindle-bearings
q" will not affect the working of the turbine,

50 that the constant risk of serious damage

that is liable to take place with ecompound
tarbines of the ordinary type is entirely

avolded. Furthermore, the various parts of

the compound turbine are well adapted to be
made and finished separately ou an inter-
changeablesystem. Alsofailuve of theblades

90 .
95
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J on one of the turbine-wheels ¢ is not liable

to cause damage to those of the remaining

-turbine-wheels, and should such failure oc-

cur it can readily be made good by the sub-
stitution of spare parts—an important consid-
eration with marine turbines. The number
of such spare parts necessary to be stocked is

-also small. | S o
In carrying out my invention the casing a

18 preferably made in two halves with a hori-
zontal joint in the plane of the axis of the
spindle. Annular grooves r are formed in
the inner surface of the casing to hold the
stationary transverse walls b, each of which

18 also made in halves in the form of half

disks or rings, and when provided near its
outer periphery with correctly-formed steam-
passages f to form the steam-jets are placed

1In the annular grooves » of the casing and

sultably secured therein, as by calking the
sides of the grooves r or by calking a strip
s, Iig. 5, of brass or other soft metal into each

groove alongside the corresponding disk or

ring. To form the steam-passages h, two or
more equidistant segmental notches { may

IIG

115

120

125
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conveniently be cut in the outer periphery of

each wall b, the ares covered by these seg-

mental notches increasing in area succes-
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sively from the inlet end to about the middle
of the length of the turbine, where the cen-
tral and remaining disks are nearly surround-
ed by segmental notches. Ineachsegmental
noteh £ is fixed a segment, preferably of some
non-corrosive metal or alloy, such as brass,
with the steam-passages h carefully formed
in them. Each of these segments may con-
sist of several thicknesses of metal with the
openings in each milled to the proper shape,
or each segment may be built up of blades v,
carefully shaped to give the required form to
the passages h between them and held at
their inner and outer ends in a compound
holding device or devices, as shown, for ex-
ample, in Figs. 5 to 9, inclusive, where a-sin-
ole compound holding device is used, con-
sisting of two segmental strips w « of brass
or other metal fitting side by side, the adja-
cent sides of the two strips being formed with
notches 7 to receive the blades v, which are
embedded for part of their width in each strip
and are firmly held between the two, oppo-
sitely-arranged segmental slots z of the de-
sired length and radial depth being formed
through the two strips for the passage of
steam to and from the passages i between the
blades ©. The inner peripheral portion of
this compound holding device w x is held 1n
a groove 1 milled in the base of the segmental
notch 7 in the wall or disk 0, and the outer
peripheral portion of the said holding device

is made of sufficient width to fit the annular |
oroove 7 in the easing a, which holds the

said wall or disk b and which may be secured
in place by calking in the same manner as
the said wall or disk. The inner and outer
peripheral portions of the pair of strips w @
may be disconnected from each other, so as to
form two separate compound holding devices;
but the construction shown is preferred.
The rotary disk-like wheels ¢ may conven-
iently be all made of the same diameter, as
shown, for the sake of cheapness and inter-
changeability and may be of steel plate turned
to shape toinsure balance, the several wheels
being threaded on a spindle d, provided with
a longitudinal feather or key and secured in

place between a collar 2 and a nut 3 on the

spindle. The rings of blades f may be at-
tached to the outer periphery of the disk-like
wheels ¢ in any suitable manner. |
For preventing or retarding the flow of
steam from chamber to chamber ¢ through
the central openings o in the transverse walls
b, through which the spindle d extends, sev-
eral baffling devices mmay, as shown in Fig. 12,
be arranged between the inner central sta-
tionary portions of each wall b and the adja-
cent parts of the rotating wheels e, such baf-
fling devices comprising thin concentrically-
arranged rings p, each of which may be com-
posed of a single thickness of material, or, as
shown, of several thicknesses bent or folded
to present successive bafiling edges with in-
terposed spaces to the steam tending to flow

past them.

] |

‘baff
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tached to one or to both sides of the walls b
or to one or both sides of the opposing wheels
e, or, as shown in Fig. 12, to both the walls O
and the wheels e. 1t is preferred, however,
to fix the baffling devices p to one side only—
say the left-hand side—of each wheel e and to
the opposite or right-hand side of the adja-

cent fixed walls b, so that the distance be-

tween the free edges of all the baffling devices

p and the surface of the wall or disk toward

which they extend can be simultaneously ad-
justed by endwise movement of the spindle
d. By the construction and arrangement ot
ing device described leakage of steam
through the holes o can be reduced in a very
effective manner without any direct contact
between fixed and movable parts of the tur-
bine, while at the same time providing am-
ple radial clearance between the said parts.
Should the edge of a baffling-ring p acciden-
tally touch the opposite face, being compara-
tively thin it will readily wear itself clear
without causing undue friction, heating, or
strain to other parts of the turbine. The cen-
tral portion of each wall b, where such a baf-
fling device is situated, may conveniently be
made in the form of a ring or bush 10, with
one or more flanges 11 fitting one or more re-
cesses 12, turned in the adjacent part of the
outer portion of the wall b. 'This construe-
tion will facilitate making a steam-tight joint
at this part and cheapen manufacture.

For drawing off water from the bottom of

‘the chambers ¢ to the exhaust-passage n, and
‘thereby obviating any friction which such

water may cause by contact with the rings of
blades f, holes 13 of small diameter are formed
in the lower part of the transverse walls 0,
or each of the chambers ¢ may, as indicated
in dotted lines in Fig. 1, be provided with a
suitably-controlled drain-pipe 14.

" The glands or packings g for the ends of

the spindle d are made in halves, as usual,
and of any suitable consiruction.

Turbines constructed as deseribed are
equally applicable for use with any elastic
fluid. As will be understood, they are lubri-

| cated by causing lubricant to continuously

flow under pressure through the spindle-bear-
ings and thrust block or blocks when used, as
heretofore usual. ' |

It will be evident that various changes can
be made in the details of construction of my
apparatus without departing from the spirit
and scope of the invention solong as the rela-
tive arrangement of parts shown in the draw-
ings or the mode of operation described In
the specification is preserved.

What I claim 1s— -

1. A compound fluid-pressure turbine com-

prising a casing having an inlet at one end

and an outlet at the opposite end,transversely-
arranged walls fixed in said casing and each
provided nearits outer periphery with a num-
ber of passages extending therethrough from
one side thereof to the opposite side, a rotary

These baffling-rings may be at- | spindleextendinglongitudinally throughgaid
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‘opposite end,
fixed in said casing between its ende and each
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casing and walls, ample radial clearance be-
ing Ief t between said spindleand walls,wheels

.ﬁted to said spindle and arranged to rotate

In the chambers formed between said walls,
rings of blades arranged on the outer perlph-
ery of sald wheels in proximity to the pas-
sages 1n said walls, and annular baffling de-
vices ﬁxed to the outer ends of said blades
sald baffling devices being of greater w1dth
than said bledee and arran G*ed to leave am-

ple radial clearance bebween them a,nd the

interior of said casing. -

2. A compound fluid-pressure turbine com-
prising a casing having an inlet at one end
and anoutietatthe opposite end,transversely-

arranged walls fixed in said casing and each |

prowded nearits outer periphery with a num-
ber of passages extending therethrough from
one side thereof to the Opp031te side, the total
area of the groups of passages in the succes-
sive plates gradually increasing from the in-
let toward the outlet as set forth a rotary
spindle extending longitudinally throunh said
casing and wa,lls, but out of contact mth the
latter, wheels fixed to said spindle and ar-

ranﬂ'ed to rotate 1n the chambers formed be-

tween sald walls, rings of blades arranged on
the outer pempherv of sald wheels.in proxim-
ity to the passages in said walls, and annular
baffling devices attached to and of greater
width than sald blades. |

3. A compound fluid-pressure turbine com-
prising a casing having an inlet for motive
fluid at one end and an exhaust-outlet at the
transversely -arranged walls

provided nearits outer periphery with groups
of steam-passages. extendmﬂ' from one side
thereof to the other, spmdle extending
through said casing and walls but out of con-
tact W1th the latter, wheels fixed to said spin-
dle and arranged 130 rotate in the transverse
chambers between said walls, rings of blades

fixed to the onter perlpher'y of said wheels

and between the groups of passages through
sald walls, and inner and outer annular ba,f

fling devices at the inner and outer ends of

eaeh ring of blades, said baffling devices be-
ing made of greater width than sald blades
and erranwed near to the walls of said eham-
bers.

4. A compound fluid- pressure turbine com-
prising a casing having an inlet at one end

“andanoutletat the oppeswe end,transversely-

arranged walls fixed in said casing and each
prowded nearitsouter periphery w1th a num-
ber of passages extending therethrough from
one side thereof tothe oppomte side, Lhe CrosS-
sectional area of each passageincreasing from
one point thereof to the exit in the same ratio
as the expansion to be given to the steam in
passing from one ehember to the next, a ro-
tary spindleextending longitudinally bhroun"h
sald casing and walls but with ample radial
clearness between it and said walls, wheels
fixed to sald spindle and arranged 130 rotate

'F

and outlet for motive

rings of blades fixed to the outer perlphery
of emd wheels 80 as to rotate between the
passages 1n adjacent walls, and annular
baffling devices attached to the outer ends of
sald ringsof bladesand arranged toleave deep
radial ennulal spaces between them and the

interior of said casing, substantially as de-
seribed for the purpose specified.

5. In a compound fluid-pressure turbine,
the combination of a casing having an inlet

and outlet for motive ﬂmd transvereely-ar-i
ranged  walls fixed in said casing and each

formed near its outer periphery with groups
of steam- -passages each of which is made to

‘increase in cross-sectional area from one

point to the outlet thereof in such a ratio
that the working fluid will expand fully to
the increased Volume corresponding to the
required diminished pressure, before leav-

ing said passage, a rotary spindle extending

thtouwh sald casing and through openings in
sald W&HS but out of contact w1th the latter,
wheels fixed on said spindle and mounted 0

1otate 1in the chambers formed between said

walls, rings of blades fixed to the outer pe-
mpherlee of sald wheels located between the
groups of passages, in said walls, and ar-

ranged so that practically pamllel passage-
ways are formed between the adjacent blades,

and baffling devices arranged between the
fixed and movable parts but out of rubbing
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80

go

contact therewith and adapted to retard pas-

sage of motive fluid from one chamber to the
next through the central opening in the in-

100

tervening Well substantially as deserlbed for

the purpose Speelﬁed

6. In a compound fluid- preseme turbine,

the combination with a casing having an inlet
and outlet for motive fluid and a rotaryepin-_

dle extending through said casing, of trans-
versely-arranged walls fixed in said casing

and formed near their outer peripheries with
~openingsextending therethrough, separately-

formed guide-blades removably fixed in said
openings, and arranged to form steam-pas-
sages by and between them, wheels fixed to

sald spindle and arranged to rotate between
saild walls, and rings of Dblades fixed to the
outer peripheries of said wheels and arranged

to revolve past said guide-blades.

7. In a eempound fluid-pressure turbme
the combination with a casing having an mlet
:iuld and a rotary

105
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120

spindle extending through said casing, of

transversely-ar rano*ed wa,lls fixed in said cas-

ing and each formed nearits outer periphery
‘with segmental-shaped notehes, and provided

with segmental holding devices each carry-
ing a group of fixed guide-blades having pas-
sa-’ges between them,
spindle and arranged to rotate between said

walls, and rings of blades fixed to the outer

periphery of said wheels so as to revolve past
the passages between said fixed blades.
8. In a compound fluid-pressure turbine,

'the combination with the turbine casing end

in the chambers formed between sald walls, | spindle, of transverse walls fixed i in said cas-

125

wheels fixed to.'eaid :

[3:
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ing and each formed with openings near the | central portions of said walls and wheels and

outer periphery thereof, groups of guide-
blades removably fixed in said openings,
wheels fixed to said spindle and arranged to
revolve between said walls, movable rings of
blades fixed to the outer periphery of said
wheels, the guide-blades in each group there-
of being shaped and arranged to form be-
tween them passages the inlets of which face
the direction in which the steam leaves the
preceding ring of rotary blades and the re-
maining portionsof which are inclined to the
side of the nextring of rotary blades, and an-
nular baffling devices attached to the inner
and outer ends of said movable blades and
made of greater width than said blades and
arranged so as to leave the effective radial
depth of the movable blades equal to about
the radial depth of said guide-blades. |
9. Acompound fluid-pressure turbine com-
prising a casing having an inlet and an outlet
at the respective ends thereof, transversely-
arranged walls fixed in said casing and each
provided near its outer periphery with a num-
ber of curved guide-passages for extending
therethrough from one side to the other, a
rotary spindle extending longitudinally
through said casing and walls but out of con-
tact with the latter, a number of wheels of
the same diameter fixed to said spindle and
arranged to rotate between said walls, rings
of blades fixed to the outer peripheries of
said wheels, said passages and blades being
made of different radial lengths at different

parts of the turbine, concentric annular
baffling devices at the inner and outer ends

of said rings of blades, and bafiling devices
fixed between the rotary and fixed parts and
adapted to retard passage of motive fluid
from one chamber to the next through the
intervening wall.

10. A compound fluid - pressure turbine
comprising a casing, having an inlet and an
outlet for motive fluid, transversely-arranged
walls fixed in said casing and provided near
their outer peripheries with passages extend-
ing therethrough from one side to the other,
a spindle extending through said casing and
walls but out of contact with the latter, tur-
bine-wheels fixed tosaid spindleand arranged
to rotate in the chambers between sald walls,
and baffling devices arranged between the ro-
tary and fixed parts, substantially as de-
seribed. |

11. A compound fluid - pressure turbine
comprising a casing having an inlet and an
outlet for motive fluid, transversely-arranged
walls fixed in said casing and provided near

~ their outer peripheries with passages extend-

6o

ing therethrough from one side to the other,
a spindle extending through said casing and

walls but out of contact with the latter, tur-

bine-wheels fixed tosaid spindleand arranged
to rotate in the chambers between said walls,

near said spindle, substantially as described.

12. A compound fluid - pressure turbine
comprising a'casing having an inlet and an
outlet for motive fluid, transversely-arranged
walls fixed in said casing and provided near
their outer peripheries with passages extend-
ing therethrough from one side to the other,
a spindle extending through said casing and
walls but out of contact with the latter, tur-
bine-wheels fixed tosaid spindle and arranged
to rotate in the chambers between said walls,
and baffling devices arranged between the

central portions of said walls and wheels and

consisting of concentrically-arranged rings
fixed to one of said parts.

~ 18. A compound fluid - pressure turbine
comprising a casing having an inlet and an
outlet for motive fluid, transversely-arranged
walls fixed in said casing and provided near
their outer peripheries with passages extend-
ing therethrough from one side to the other,
a spindle extending through said casing and
walls but out of contact with the latter, tur-
bine-wheels fixed tosaid spindleand arranged
to rotate in the chambers between said walls,
and baffling devices arranged between the
central portions of said walls and wheels, and
consisting of concentrically -arranged rings
fixed to the opposing surfaces of both of said
parts, substantially as described.

14. In a compound fluid-pressure turbine,
stationary walls fixed transversely to and
within the casing of the turbine and each
formed nearits outer periphery with segmen-
tal-shaped notches, segmental-shaped com-
pound holding devices fixed in said notches
and each composed of two parallel strips hav-
ing segmental-shaped holes therethrough and
notches on their adjacent faces, and a group
of blades spaced apart and held between the
notched surfaces of each compound holding
device, substantially as described.

15. In a compound fluid-pressure turbine,
stationary walls fixed transversely to and
within- the casing of the turbine and each
formed near its outer periphery with segmen-
tal-shaped notches, segmental-shaped com-
pound holding devices fixed in said notches
and each composed of two parallel strips hav-

ing segmental-shaped holes therethrough and

notches on their adjacent faces, and a group
of radial guide-blades held by and between
the two parts of said holding device and
shaped and arranged substantially as de-
seribed and shown for the purpose set forth.

16. A compound steam-turbine comprising

' g casing having a steam-inlet passage at one

end and an exhaust-passage at the other end,
a plurality of transverse walls fixed in sald
casing and formed with groups of steam-exit
passages near their outer peripheries, the
cross-sectional areas of the groups of passages
in the successive walls gradually increasing

65 and baffling devices arranged between the 4 from the inlet end of the turbine to the out-
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let end bhereof a rotary spindle extending |

centrally through said casing and walls, bub
out of contact with the la,tter a plulahry of
wheels of uniform diameter fixed to sald spin-
5 dleand arranged Lo rotate between said walls,
and rings of blades fixed to the outer periph-

eries of said wheels and having practically

paralle] passage-ways between the adjacent
blades, the steam-passages in said walls and
10 the rings of blades being arranged opposite

i

one another and made of different radial

lengths at different parts of the length of the
turbine, substantially as deseﬂbed

Signed at Newcastle-upon-Tyne this 27bh
ddy of August, 1901.

"HUGH FRANCIS FULLAGAR

Witnesses:
W. SPELMAN BURTON,-'
- PERCY CORDER.
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