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To all whom (& may concer:

Beitknown that I, CHARLES M. JONES, a é1tl1-
zen of the United States, residing in the city
and county of Philadelphia, State of Pennsyl-
vania, have invented a new and useful Im-
provement in Steam-Turbines or Rotary Kn-
oines, of whichthe following is a specification.

My invention relates to an improved con-
struction of a steam-turbine or rotary engine
which renders such motors highly efficient and
economical at the slowest desired rates ot

speed, whereby they are fitted for general
power purposes.

My invention also consists of novel means
for enabling the direction of rotation of the
turbine-shaft-to be as readily reversed as in
the shaft of an ordinary reciprocating engine,
the turbine power and efliciency not being
materially lessened after such reversal.

1t also consists of novel improvementsof va-
rious detalls whereby the econmmcal and eth-
cient motor is produced.

It further consists of novel details of con-
struction, all as will be hereinatter fully set
forth, and particularly pointed out in the
claims.

Referring to the drawings, Figure 1 repre-
sents a longitudinal section on line « «, Fig. 2,
of a turbine embodying my invention. Fig.
2 represents an end view of Fig. 1, partly in
section, with portions of the device removed.
Fig. 3 represents a sectional view of a portion
of the mechanism 1n detached position. Fig.
4 represents a sectional view, on a somewhat
larger scale, of a portion of the device. Fig.
5 represents a sectional view, on an enlarged
scale, showing the steam-tight joint between
certain fixed and moving parts. Fig. 6 rep-
resents a sectional view of the steam-tight
joint as modified for certain purposes. FKig.
7 represents an elevation of a portion of the
device, showing the base or brackets by
means of which the motor may be bolted
down or secured. Fig. 8 represents a longi-
tudinal section showing a modification in the
connection of certain elements of the device.
Figs. 9, 10, and 11 represent sectional parts,
showinge my means for securing proper cross
area of the steam-passages where the fining
down of the guide and drive blade edges tends
to increase such passage areas, Kig. 9 being
a section taken on line C D in Fig. 11. Figs.
12 and 13 represent partial sectional views
showing modifications of the reversing-valve.
Fig. 14 represents a partial section showing

modifications of the reversing-valves some-

what different from that seen in Figs. 12 and
13. FKig. 15 represents a sectional view of a
portion of a turbine of a modified form.

Similar numbers and letters of reference
indicate corresponding parts in the figures.

My turbine consists in its preferred form
of a casing or cylinder 4, to which are bolted
or otherwise secured steam-tight covers or
bonnets 8 and 9, that carry bearings A and
B, in which the turbine-shaft 24 revolves, the
inner portions of the bearings being fitted as
stuffing-boxes to prevent leakage from around
the shaft.

Kach of the covers or bonnets has centrally
located an annular steam-chest 18 and 292, that
may be supplied with steam from the boilers
or other sources through the inlets 20 and 21,
respectively, and each cover has also an ex-
haust-chamber 27 and 26 and the exhaust-out-
lets therefor27”and 26, respectively, through
which the exhaust-steam may be led to a con-
denser or elsewhere.

Secured to the turbine-shaft 24, which in
the ordinary construction extends beyond the
casing are drive-disks composed of drive-
rines 17 and drive-blades 19 therebetween,
while fixed against rotation by a key 40 or
otherwise are guide-disks composed of guide-
rings 16 and guide-blades 6, 1t being seen that
the sald guide-disks and drive-disks alternate

‘with each other and that the rings form the

walls of annular passages in which are situ-
ated the guide-blades and drive-blades. Be-

tween the bonnets and the first or outer guide-

disks are movably secured the reversing-
valves, which are ported disks composed of

radiating bars 23 and port-rings 15, the cen-
tral ring forming a hub that pivots around an

extension of the bonnet, preferably substan-
tially as shown, or around the turbine-shaft
itself or otherwise, as desired, while the outer
rings form continuations of the walls of the

annular passages through the guide and drive
disks above referred to.

Bolted or otherwise. fastened to the pe-

riphery of the valve-disks are standards or

brackets 44, which, through the medium of
links 43, fitted with suitable pins or studs, en-
oage withthe reversing-arms42,thatare keyed

to the reversing-shatt 34, which by means of

the reversing-lever 41 may be rotated in bear-
ings which may, if desired, be formed in the
walls of the pockets 35 and 36 and provided

with stufing-boxes 45 to prevent leakage ot

steam therefrom.

Between the guide-disksand formed to clear
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the peripheries of thedrive-disks are distance-
rings 37, which prevent the guide-disks bear-
ing against the drive-disks and which instead
of being distinct members, as shown, may be
portions of the guide-disks or may be simply
stepped rings or projections formed on the
inner surface of the casing 4 itself.

The cylinder head or bonnet 8 has pockets
7 and 11, each of which communicates with a
distinet pair of the radially-adjacent passages
formed by the blade-disk and valve-port rings,
and alternate pockets 28 and 12, each of which
likewise communicates with a d]stmct palr of
radially-adjacent passages, but with passages
that would otherwise be separated by the par-
tition-rings 13 of the first set of pockets.
The second or opposite cylinder-head 9 has
like alternating pockets, and both sets of pock-
ets Torm return-bends that direct the flow of
the steam or other motive fluid through par-
ticular pairs of passages. The mdmtmﬂ side
walls of both sets of pockets or return- bencs
in each bonnet are so located and formed that
either set may be closed completely by the
proper movement ot the valve-disk, the radi-
ating barsof which mask or cover one system
of return-bends, while the ports open the al-
ternate bends for the free flow of steam
through them. _
The racially adjacent guide-blades of each
guide-disk are inclined in opposite directions
as regards an axial plane of reference, the
blades b
guide-disks inclining in the same general (i-
rection, and the same 18 true of the drive-
blades, (except in certain cases to be herein-
after explained,) which being set at a differ-

ent angle from that of the guide-blades de-

flect the streams of motive fluid flowing from
the latter, and so receive the impulsive pres-
sure tending to rotate the turbine-shaft.

The operation of the turbine is as follows:
Steam being admitted to the centr {Llly-*located
steam- c,h'ef;ts 18 and 22 and the reversing-

ralves 23 and 25 being placed in their proper
posmmm the wor L.mcr fluid enters the first or
central passage and sweeps through to the re-
turn-bends 3, which defleet it and cause it to
fiow from said bends 3 to the bends 7. From
the bends 7 the steam passes to the bends 10,
from 10 to 11, and from 11 it escapes through
the extreme outer or exhaust passage into the
exhaust - chamber 26, from which it flows
through the outlet 26™ to the condenser or
elsewhere. The reversed inclination of the
cisk-blades in radially-adjacent passages, he-
fore referred to, causes the opposite lines of
flow 1n such adjacent passages to combine in
forcing the turbine-shaft to revolve in some
one particular direction, such direction being
determined by the aetml in¢lination in any
specilic case and by the lines of flow of the
motive fiuid as well.  To reverse the turbine.
the reversing-lever 41 (%upposed to be 1n po-
sition seen in Kig. 2) is t

etween corresponding rings of all the

dotted position 417, (seen in Fig. 2,) which
movement rotates the. valves 23 and 25, caus-
ing thelr faces to cover the set of return- Tbends
in each bonnet that were formerly open, while
their ports open each set of alternate poclkets
or bends formerly closed, the central portions
of the valves also closmo the openings from
the previously-open steam-chest and opening
the opposite chest and the peripheral portions
of the valves, closing one exhaust and open-
ing the opposite exhaust. The motive fluid
now enters the first or central passage from
the steam-chest 22, flows to the alternate re-
turn-bends 28, from 28 to 30, from 30 to 12,
thence to 29, and from 29 through the last
or exhaust passage to the exhaust-chamber
27, and through 27" to the condenser or else-
where, the reversed direction of flow in each
passage acting on the reverse side of the drive-
disk blades, and so forcing the turbine-shaft
to revolve 1n the opposite direction to the
previous motion, as shown by the arrows «
and 6 in Fig. 3. In whichever direction the
turbine 1s rotating the motive fluid enters the
central passage first and thence travels
oradunally toward the periphery of the disks
by way of the various passages and return-
bends, as 1s evident.

In turbines heretofore in use direct reversal
has been accomplished by admitting the live
steam to the exhaust end of the motor and
exhausting 1t from what is properly the live-
steam end. Since 1n any case the live or
high-pressure steam is of much less volume
weloht for weight than at exhaust, the proper
or ** oo-ahead » live-steam passages must be
of l(j.ss cross area than the exhaust channels
or passages 1n order that the motive fAuid
may pass through with suflicient velocity to
develop the necessary impact- pressures, and
the turning of the boiler - steam in at the
oreater cross-sectioned passages for reversal
forces 1t to pass through them at slow speed,
developing no proper impact reaction against
the drive-blades, while at the same time the
contracted area through which 1t must erowd
its way toward the (,hfmned exhaust prevents
a proper weight of ﬂow and canses a heavy
loss of total power and efficiency, and so

great are these losses that in practice sepa-

rate turbines used only for the reverse mo-
tion are considerecd by many as essential ad-

juncts in spite of the extra cost, complication,

and weight entailed. In my turbine thesteam
in all cases enters the central passages first,
as explained, and exhausts from the per I[Jh-
eral spaces, the only contraction during the
flow being that due to difference of areas of
ends of the individual channels and not. as
with the ordinary system, to difference of the
areas of the ends of extreme channels, so that
the weight of steam passed, its velocity, and

avallable energy are in my turbine closely

equal for both go-ahead and reversed motion,

thrown over to the | which valuable features I claim as being new.




795,516

In order that the radiating blanks of the
reversing-valves 23 and 25 may not obstruct
the proper flow of the motive fluid to or from
the turbine-blades, I make the cross-sections
of said blanks, taken on such a line as Z Z,
Fio. 2, something as shown in Fig. 3, the
passage being formed to guide the steam or
other fluid without unduly-abrupt changes of
direction. In some cases I may curve the
blades of the extreme or outer guide-disks
themselves to give easy lead for the steam
Howing between the disks and the return-
bends, the valve-sections being modified to
suit.

To enable the turbine to operate efficiently
at slow speeds of revolution, it is necessary
not only that the resistance due impact and
friction of the working fluid passing through
should prevent too great velocity of flow, but
that the retarding effect upon the drive-disks
of said friction should, where possible, be
eltminated and turned to the useful purpose
of adding to the motor effort. Up to the
present time turbines have been designed with
the general inclination of the revolving or
drive blades taken as regards an axial plane
of reference the reverse of that of the guide-
blades, so that the working fluid in escaping
from the drive-blades has a tangential velocity
component in opposition to the tangential
component of the drive-blade’s circular mo-
tion. As the torce of fluid friction acts on
the blade and passage surfaces in the same di-
rection as the stream’s line of flow, such a
method of construction gives rise to the re-
tarcding component before mentioned and ab-
sorbs a large percentage of the available en-
ergy of the working fluid. To overcome such
loss of ethciency, I incline the drive-blades of
my turbine (which blades 1 prefer to make as
plain as possible and of the general cross-
section shown in Fig. 4) in the same direction
as the guide-blades, but at a less angle than
the latter, so that the stream of workinge
fluid pnssin o between the blades, asshown by
the arrow 327, Fig. 4, has a tangential com-
ponent of motion T in the direction of rota-
tion of the drive-disk and exerts a cor respond-
ing effort due to triction alone to assist the
Impact-pressure 1n turning the tur JII]O-ShEL t.
The iimit to which this pnnmple of
tion applies 1s that at which the drive-disks
are neutral in so far as being directly affected
by the tlnid friction, and in this case the drive-
blades stand practically parallel to an axial
plane of reterence, and it is evident that the
drive-blades may be set at such an angle,
within the implied limits, that the axial com-
ponent of the force ot fluid friction acting
tangentially on the surfaces of the passages
and blades of said disks, as well as the axial
forces on the disks due to direct variations of
the pressures in the streams of motive fluid,
may be locally neutralized or balanced by the
axial component of the motive luid’s impact-

- construc-

pressure acting normally or at right angles
to sald surfaces, thus rendering 1t unneces-
sary to fit special thrust-bearings for taking
up the axial thrust of the drive-disks and shaft.

This method of eliminating the retarding ef-

fects on the drive-disks of the fluid friction
and of causing such friction to assist the tur-
hine’s motion, as well as of locally balancing
the axial forces of the friction, impact, and
static pressure of the motive fluid, is new.
It is applicable to turbines of radial-flow type,
as well as to the parallel-flow construction here
shown and described, and I claim 1t as patent-
able. In practice I do not entirely confine
myself to this manner of inclining the drive-
blades, which is of the greatest value when
the turbine-passages are contracted and the
flow of working fluid rapid. Where the pas-

sages are l‘u'cre and the fluid frietion of less

moment than the dircct 1impulsive effect, I 1n-
cline the blades after the ordinary method in
ogeneral use.

Except in Figs. 5 and 6 the blade-disks are
shown with plane faces, the adjacent rings

merely touching; but in actual practice where

the turbine 1s of reasonable size leakage be-
tween the passages must be prevented, dnd
steam-tight packing i1s necessary. Lo avoid
the friction and inconvenience of using the
ordm‘wy packing composed of metallic rings
held in grooves or recesses and pressed against
the ‘LdJ(:Lcent surfaces to be rendered ¢t 1_,ht by
means of springs or otherwise, I preferably

construect the turbines with the joint substan-

tially as shown in section in FKie. 5. In this
ficure, which is merely an enlargement of a
portion of the longitudinal section shown 1n
Fie. 1, 16 and 17 designate blade-ring sec-
tions; but instead of having pl.;me, faces the
part 16 is fitted with a hooked ring 33, that is
held securely by bolts, such as 4:7, while 17
has a lip or hook 48, that engages with said
ring, both lip and ring being practically con-
tinuous (except for necessary divison to allow
of their being hooked together) or forming

complete circlesaround the turbine-shaftaxis.

Except at the hub and periphery each face of
each blade-ring 1s preferably fitted with this

joint, which while allowing free and unre-

stricted play for vibration and unequal expan-

‘sion, such as must occur in motors of any size,

is practically steam-tight as long as the tur-
bine-disks revolve, and 1n some cases I may
cut spiral or other scores or grooves in the
faces and edges of the interlocking members
to assist the friction and rotational effect of

the mere surfaces in retardinge the flow of

steam through the joint.

The lip 48 1s shown as being tormed of the
solicdd metal of the blade-ring:; but insome cases
I prefer making it of a distinct piece, as is 33,

in which case I consider 1t advisable to use a

separate system ot bolts for securing 1t to the
blade-rings. In some turbines I may make

the hooks or lips solid on both sets of disks,

&
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making the latter disks in sections, which may
be holted or otherwise fastened together after
the joint-rings are interlocked.

Instead of boltmﬂ‘ the hooked rings to the

blade-rings any other suitable means for fas-

tening them may be employed. At the hub
and periphery of the disks I usually employ
no packing between the blade-rings, as the

lealiage at those pointsisbut trifling in amount
and of no particular moment.

To pack the joints between the valve-port
rings and the rings of theadjacent guide-disks
W1Lhout the use of separate packing-rings, I
employ the tongue and groove shown 1n sec-
tion in Fig. 6, which is an enlarged portion of
thesection shown in Fig. 1, the latter for clear-
ness showing simplv plain joints between the
various rings. -ﬂ

The joint shown 1n Kig. 6 18 an improve-
ment over the ordinary tongue and groove for
the reason that the surfaces between which
the fluid must enter and pass out are inclined
in such directions that when the turbine is in
co-ahead gear the higher-pressure steam flows
past the joint relatively as shown by the arrow
31, while the lower-pressure steam lows past
%Sh()wn bythearrow32. Theflow inthe direc-
tion (relatively to the inclined or beveled sur-
face)of the arrow 31 tends both by velocity and
triction orattraction to prevent the particlesof
the working fluid fromentering the joint, while
the flow shown by thearrow 32 tends by impact
against them to keep particles in the joint
from issuing therefrom. Insome caseslmay
employ this type of joint for the drive and
guide disk rings instead of the interlocking
rings shown in Fig. 5, and where 1t 1s expe-
dient I make the surfaces of the latter spe-
cies of packing with the above-stated inclina-
tion, and in some turbines I may use both
constructions and may also employ plain pack-
ing-rings set out by springs or otherwise, as
circumstances may dictate.

In Fig. 5 ¢
single 1ip or hook; but two or more such in-
terlocking membersmay be litted, and instead
of the single tongue and groove of Kig. 6 a
number of such may be emplm ed.

The joint shown in Fig. 6 may be modified
by cupping one ring and forming the other
ring to it as per the dotted lines in the fig-
ure. This construction preserves the princi-
ple before specitied of the inclined surfaces
and may be supplemented with a tongue and
oroove, or the surfaces of the tongue and
groove may be Inclined and extended to the
eylindrical surfaces of the blade-rings, form-
ing a simple¥-joint, while preserving the fea-
ture of inclining in relation to the directions
of the flow of the working fluid for the pur-
pose before explained.

When necessary, the joints between the
blade-rings may be of the ordinary beveled
rariety, one ring formed to slightly overlap
another,

e i Py

he rings are shown as having a

or, if the turbine is small and the |

parts can be accurately fitted,reliance may be

nad on the closeness of plain-faced rings su p-
plemented, if desired or necessary, with Spi-
ral grooves, as described in Fig. 5.

I‘O make the joint between the walls and
partition-rings of the bonnets and the faces
of the reversing-valives, I prefer to rely on
plain seraped surfaces, the valve-disk being
held up to the bonnet by springs or other de-
vices suitable for such purpose, which as they
form per se no part of my invention are not
shown in the drawings.

‘Where unequal expansion or the warping
of the valves and bonnets require it, packing
strips or rings, or both, held 1n suitable scores
or grooves 1n the valve or bonnet faces or
otherwise fitted, may be used, and such pack-
ing may also be fitted to pack the joints be-
tween the valves and the outer or extreme
couide-disks.

In Figs. 1, 2, 5, and 6 the inner and outer
boundaries of the blade-rings are shown for
simplicity as straight lines; but since the
drive and guide blade edges must be much
thinner than their main section to avoid ob-

| Struc ne the flow of the steam or other work-

ing u_u“l parallel or straight-lined ring-sec-
tlons WOU]d 1n effect, cause the cross-area of
the passages between Lh(, blades to alternately
contract and expand in relation to the steam
passing through and the expansion of area,
which would cause decreased velocity in the
flowing fluid, would be at the points where
the tull maximum velocity is required to-
generate the proper impulsive pressure. 1o
prevent such fluctuations of stream velocity,
I secure uniform area of passage cross-section
by hollowing the mid-portions of the blade-
rings, as shown in Figs. 9 and 11, or by in-
troducing false rings # and v of proper sec-
tion, as shown 1n Kig. 10, and in some tur-
bines I use both means of accomplishing the
desired object. The hollowed form of the
blade-r ings proper may be obtained by bmld-
1ng up or Inser tmg pleces between the blades,
and the false rings bhetween the true blade-
rings may also be separate pieces inserted
and secured in posifion between the blades.
The gain in efficiency due to so maintaining
the proper area of passage at the blade edges
1s so great and 18 so radical a departure from
the ordinary practice that I claim it is a dis-
tinct advance in the general construction of
1mpact motors of tlus type. In addition to
their value In compensating for changes of
cross-area of the passages false rings are in
many cases necessary to stiffen the radially
long blades in the passages at and near the
exlnust portion of the disks b;f limiting their
flexural continuity.

In Fige. 8, which is on substantially the
same section-line as Kig. 1, the guide-disks
16 and 6 and distance-pleces 37 instead of
being prevented from revolving are fastened
together and may revolve in the opposite di-
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rection to the drive-disks secured to the tur-
bine-shaft, becoming themselves a second set
of drive-disks, both such sets when in opera-
tion reversing their direction of motion on
the reversing-valves being properly moved.
In this construction the disks 16 and 6 are
carried, preferably, by the central bosses or
hubs 38 387 of the outer disks pivoting about
the shatt, one or both hubs extending through
the caqmw—bonnet stufiing-boxes and hwma
an outside ﬂange-coupling 68 and 65 or other
attachmentfor transmitting power. - In Fig. 8
no fixed guide-disksareshown: butin practice
I prefer fitting between the valvesand the first
revolving disks proper guide-disks to increase
the efiiciency of the first series of revolving
blades. -This modified form of turbine is valu-
able In situations where the double direction
of rotation can be made use of, as a given rela-
tive speed of the two sets of disks (to which
the power is mainly due) requires but half
the actual rotative speed of shaft that would
ex1st with one set of blades fixed or standing.

With this arrangement leakage of the worh~

ing fluid from between the Shaft and sleeves

or boss extensions may be prevented by suit-
able stuffing-boxes at 64 and 67, or depend-
ence may be placed in the fit of the sleeves
themselves. Itisreadily seenthat, if desired,

such sleeves or extension-pieces may be dis-

tinct members bolted or otherwise fastened to
the disksinstead of being partsthereof and that
instead of the mainshaft 24 extending through
with a coupling 66 it mayv be shorter than
the sleeve of the second set of disks and its
encd be covered in by a plate at 64 or by that
end of the sleeve being made solid. Itisalso
plain that either set of disks may be used as
oulde-disks by preventing the rotation of the
shaft or sleeves, as the case may be, and that
the main shaft-coupling 69 may be secured to
the shaft, as is 66, and that both sleeve and
shaft may be stopped shortin the bearingand
the ends covered by a plate or flange or other
suitable device to prevent leakage. It isevi-
dent that this modified turbine may be used
as a reversing-motor without the use of any
reversing-valves whatever, since a system of
clutches or their equivalent may be fitted that
will prevent either set of blade-disks from
revolving while the opposite set of disks is
connected to a line of shifting, the clutches
engaging either set of disks at the will of the
operator. Where this method of reversal of
motion 1s applied, I pr etembly make the
bl"l.deS of each Set of disks of the °* reaction”

"* half-moon ” pattern, the general angle of
each system of blades as regards an axial
plane being symmetrically opposite in each
passage to that of i1ts fellow system.

Fig. 15 shows a modification of the return-
bends or alternating pockets by means of
which one of the steam-chests 22 and one of
the exhaust-chambers 27 may be dispensed

with, the turbine still beine reversible and of |

but slightly-reduced power when in backing
motion. In this form instead of the alter-
nate return-bends 28 being as in Fig. 1 the
curved back walls at 62 do not exist, and when
the reversing-valves are in proper backing-
gear the working fluid, which is shut out of
the first or central passage, passes from the
steam-chest 18 through the opened pocket or
bend 28 (the back wall of which rounds into
the chest at 63) and the valve-ports being
open to these bends enters the second passage
R and sweeping through, as shown by the
dotted arrows, reverses the turbine, the first
passage S being cutoutoridle. In the same
way the outer or back wall of 29 being stopped
ofi and rounded into the exhaust-chamber
metal at 60 instead of the working fluid tak-
ing the path shown by the dotted arrow Z° it
sweeps at once 1nto the exhaust-chamber 26,

-as shown by the arrow 61, leaving the passage

I idle, the exhaust-chamber 27 not existing.
As In any case the turbine can be con-
structed with an even or an odd number of

passes between the inlet and exhaust, both

steam-chest and exhaust-chamber may be at
the same end of the motor.

In Figs. 12 and 13 I have shown reversing-
valves of a different form than those already
described. Instead of rotating, these valves
52, 53, b4, 55, and 56 slide parallel to the tur-
bine-shaft and uncover and cover the ports 46
47 48 49 50 51, &c., for passing the working
fluid 1nto and out ‘of the VArious passages.

Fig. 12 shows the valves of one end in go-
fthead oear, while in 13 they arein ba,ckmﬂ‘ or
reversing position and, as clearly shown do
not give as clear and easy a lead for the steam
as does the arrangement before described.
These valves may form complete rings around
the shatt, or each may be in two or more dis-
tinct pieces and instead of having stems pass--
ing out through stuffing-boxes and secured to
a yoke 70 for connection to suitable reversing-
oear may be actuated by any other suitable
means. Theopening and closing of the ports,

and the directions of flow through them as per
the arrows Z Z' 77, &c., in both go-ahead and
backing position, 1s clearly shown and requires
ne particular explanation.

Fig. 14 1s a partial cross-section showing
valves that open and close the proper ports by
rotation. These ports are sunilarly situated to
those shown 1in Figs. 12 and 13; but instead of
sliding lonﬁ‘ltudmallv the valves 57 cut out or
close and open the proper ports in the passage-
walls 58, which are practically identical with
those in Figs. 12 and 13, by turning through
a small angle around the shaft-axis as center,

and 1t 1s readily seen that both a sliding longi-

tudinal motfion and a turning about the shaft-
aXx1s may be combined to produce the same de-
sired result. With the types of valve seen in
Figs. 12, 13, and 14 both ends of the turbine
are fitted substantially alike. |

In some cases instead of having steam-chests




in the bonnet I may connect the steam-pipe to’

one end of the turbine-shaft, which I then
malke hollow and by proper ports or openings
in the bonnet-center extensions or hubs cov-
ered by the valves or otherwise admit steam
to or shut it from the passages, and in par-
ticular instances I lead the steam or other
worlking Huid to the middle of the first or cen-
tral pass, whence it flows 1n both directions
toward the return-bends in the bonnets, which

beine modified 1n relation to the valve-ports
and radiating bars return 1t from each end

acaln toward the center of the next passage,
which by means of an opening at its middle
causes it to again flow outwardly toward the
bonnets through the radially adjacent passages
between the blades, or the steam or other
working fluid may entel the ends of the first
PASSEes, and flow reversely to the manner just
described, or combination of such lines of fow
through the turbine may be used, the guide

and dnw blade 1nclinations belno mﬂde to

properly contorm to such arrangements.

Instead of the reversing mechanism shown
in Figs. 1 and 2 any other suitable device for
actuatine the valves may be employed, and
such devices may engage with the valves at
any proper point instead of at the periphery,
as shown, and the steam-tight chambers 35
and 36 (which in any case may be separate
from the casing or eylinder and bolted or oth-
erwise fastened to it) may be dispensed with
and the reversing members be located else-
where. |

The main-shaft stuffing-boxes, shown as
within the shaft-bearings, may be exterior to
them, or the bearings may be separate from
and fastened to the bonnets or may be sepa-
rate and secured to entirely exterior founda-
tions, and sucih bearings may, where found
desirable, be supplemental by htting the cen-
tral bosses of one or more guide-disks to act as
supports to take up the spring of the shaft,
and as many of the blades of such supporting-
disks as may be necessary or desirable-may
be omitted and the central supporting-sleeve
be held by single struts, the rings being re-
tained to preserve the passages.

The steam-chests 18 and 292, shown as cast
with the bonnets, may be separate pieces and
bolted or otherwise properly fastened on, as
may be the exhaust-chambers, or these latter

may be part of the cylinder or shell or be sepa-
rate and bolted or otherwise secured thereto,
the exhaustfrom the passages between the disk
blades being led to such changed position by
suitable formation of the bonnets near the
valve-peripheries or by means of openings at
or near the edgees of the valve’s outer rim or
otherwise.

In the drawings the bonnets and shell or
cylinder are shown without jackets: but such
jackets for cither steam or other hot gases
may be supphed, and even the disk ringsand

!’1"‘
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the valve-bars and port-rings may be made

hollow and supplied with jacketing - steam
through suitable channels or piping, if desired
or expedient.

The return-bends or alternating pockets,
Figs. 1, 2, 3, 8, and 15, shown and described
as part of the bonnets proper, may be In
disks or portions thereof separate from the
bonnets between such covers and the valves
and may be the members to rotate instead of
the valves, which may then remain lixed, ov
both valves and such return-bend disks may
move when the direction of motion of the
turbine is being changed. Also instead of
the alternating pocl«:et& being entirely sepa-

rated, as %how n, any or all of the members of
a distinct set may be in free communication
v means of suitable connections, such con-
nections, properly proportioned, forming re-
ceivers or reservoirs into which the rapidly-
advancing column of motive fluid may store
a, portion of 1ts kinetic energy during the pe-
riod of relatively lessening velocity at re-
versal of motion, the reabsorption of which

‘energy by the column of fluid after said re-

versal of motion adding materially to the
turbine’s operative economy. When the tur-
bine is of moderate dimensions, 1 preferably
secure the proper receiver action by enlarg-
ing the volume of the return-bends proper
over that necessary to merely pass the mo-
tive fluid. In either case the motive fluid
enters the receiver-spaces through gradually-
increasing areas of passage and leaves such
reservoirs at gradually-increasing speeds
through decrease of passageareas. When wa-
ter is the motive fluid, the return-bends or al-
ternating pockets may in addition be con-
nected to proper air-chambers to absorb the
sarplus shock of the steam’s reversal.

In the drawings the return-bends are shown
as without interior ribs or braces; but in prac-
tice stays or partitions ot any sort consistent
with the flow of the motive fluid may be in-
troduced for strength, subdivision, or other
purpose.

Instead of the bonnets being macde separate
from the eylinder one may be cast with 1t or
both may be cast with portions of the casing,
which may be bolted or otherwise secured to-
gether, etther directly or with an Intermedi-
ate piece between, and one or more such pieces
or members may be built up of two or more
sections, as may be deemed desirable or nec-
essary. and the guide-disks or the drive-disks,
or both, as well as the other details, may be
built up instead ot being formed of one piece.

Where the turbine 1s to run in one direc-

- tion, I prefer discarding the reversing-valves

and fitting the outer or extreme end guide-
cdlisks close against the bonnets, 1n which case
1 modify the return-bends by substituting for
the alternating pockets continuous scores or
orooves, circumscribing the axis of the tur-
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bine-shaft, that connect the proper pairs of
passages, and in such instances but one steam-
chest and one exhaust-chamber are needed.

In the drawings the disk-passages are shown
as parallel from end to end:; but in practice

where an expansive fluid 1s used the exhaust
ends of at least the passages at and near the
periphery of the turbine are best made with
sonme flare to give area sutficient to keep down
to reasonable limits the velocity of flow of the
expanding working fluid.

In my motor the inlet at the central passage
allows the passage-ring boundaries to be rea-
sonably separated radially, while restricting
the passage cross-area to the proper value for
forcing the small volume of high-pressure
steamn to sweep through at sufficient velocity
to generate the necessary impact against the
blades. "T'he 1nereased area required of each
passage by the steam expanding as 1t sweeps
.throvgh 1s had with a fairly-uniform ring
separation by reason of the greater area due
a set radial distane2 apart as the mean or cen-
tral radius of the passages increase. With
Inlets at the periphery in turbines of this gen-
eral type already in use the proper initial pas-
sage areas would require so close a radial dis-
tance between the rings that the loss of en-
eroy In forcing the steam to pass between the
close surfaces against the capillary attraction,
viscosity, &c., would reduce the motor effi-
ciency to a very low tigure. Again, with the
central inlets, as here proposed, the exterior
loss of heat mainly takes place from the steam
that has done most of the work required of
it and 1s about to be exhausted from the mo-
tor, while with the live steam at the periphery
exterior radiation redueces the initial energy
beforethe fluid has done any appreciable work
whatsoever, and so requires an increased
weleht of steam for a given output. In my
turbine by reason of the small losses through
exterlor radiation, leakage between passages,
and retarding components of “friction on the
revoiving disks, as hereinbefore explained, I
am able to recluce the velocity of flow through
the passages and so confine the steam in the
motor for a much longer period than would
be economical with other constructions.

To confine the steam and prevent its too
qulickly escaping, I multiply the number of
disks and passages until the sum of the re-
sistances of the blades in deflecting the work-
1ng fluid and of the friction of the blade and

passage-surfaces equals (slightly modified for

the leakage and radiation at the desired ve-
locities gf flow) the total difference of pres-
sure between entrance and exhaust, and as
this adjustment can be made for any rotative

be run at the slowest, as well as the highest,
rotative velocities.

The speed of flow of the working fluid be-
ing properly selected to furnish with the given

number of sets of revolving blades the nec-

speed of disks 1t follows that the turbine can

L

ort, the slowest disk veloci-

essary rotating e

‘ties can be had with the fullest economy, the

more so as the losses by fluid friction are
much less with slow flow than with the high
speeds. |

My motor, which is essentiallya * pressure-
turbine,” as the variations of pressure of the
steam (or other working fluid) lowing through
it are due to the internal resistances and not
to free expansion, is preferably governed
where the load fluctuates by a simple throt-
tling device, such as i1s used on many engines
of the ordinary reciprocating type. Cut-off
governors admitting the steam ‘in ‘ gusts”
may be employed:; but the sudden changes of
internal pressure and temperature are not
conducive to economy. Partial closing of the
exhaust - outlet may also be resorted to as a
means of changing the power and speed, or
combinations of such appliances may be em-
ployed as with other motors. |

1t will be apparent that changes may be
made in the detalls of construction -without
departing from the spirit of my invention, and
I do not, therefore, desire to be limited in
each case to the same.

Having thus described my invention, what
I claim as new, and desire to secure by Letters
Patent, 1s—

1. In a parallel-flow multipassage turbine,
a series of concentric rings, blades or impact
members therebetween, and means for regu-

lating local variations of velocity of flow of

the motive fluid passing between said rings.
2. In a parallel-low multipassage turbine,
a series of concentric rings, blades or 1impact
members therebetween, and means for elimi-
nating the retarding effects on the rotating
elements of the force of fluid frietion acting

on the revolving blade and passage-surfaces.

5. In a parallel-flow multipassage turbine,
a series of concentric rings, blades or impact
members therebetween, means for regulating
local variations of velocity of flow of the mo-
tive fluid passing between said rings, and
means for eliminating the retarding efiects on
the rotating elements of the force of fluid
friction acting on the revolving blade and pas-

SaQ e-surta,ces

4. In a parallel-flow leltlp‘LSS‘LGe turbine,
a series of concentric rings, blades or 1n'1pact'
members therebetween, and means for limit-
ing In the individual passages the flexural con-
tinuity ot sald blades.

5. In a parallel-flow multlpfts‘safre turbine,
a series of concentric rings, blades or impact
members therebetween, means for regulating
local variations of velocity of How of the mo-
tive fluid passing between said rings, and

- means for stiffening said blades.

6. In a parallel- ﬂow I’I]llltlp‘tSS&U'G turbine,
a series of concentric rings, blades or 1mpact
members therebetween, means foreliminating
the retarding effects of the force of fluid fric-

. tion acting on the revolving members and



means tor limiting in the individual passages
the flexural continuity of said blades.

7. In a parallel-flow multipassage turbine,
a parallel-flow multipassage series of concen-
tric rings, blades or impact members there-
between, means for regulating local variations

of velocity of flow of the motive fluid passing

bebwecen said rings, means for securing a use-
ful effort from the force of fluid friction act-
g on the blade and passage-surfaces and
means for stiffening said blades.

8. In a parallel-flow multipassage turbine,
a serles of concentric rings, blades or 1mp¢1ct
members therebetween, me.:m.s tor forming
between abutting ring-faces flexible iointq
and means for mndoung sald jolnts impervi-
ouis through the impact and attractive actions
on the idle flnid between sald faces of the mo-
tive Huid radially adjacent the main streams
of How.

9. In a parallel-flow multipassage turbine,
a series of concentric rings, blades or impact
members therebetween, means for forming
frictionless | omtsbetween abuttingring-faces,
and means 101 rendering said joints impervi-
ous through the impact clﬂ(] attractive action
on the idle fluid between said ring-faces of
the motive fluids radially adjacent ‘the main
streams of flow.

10. In a parallel-flow multipassage turbine,
a series of concentric rings, blades or 1mp%t
members therebetween, means for forming
flexible frictionless 1omt% between clbuttmo
ring - faces, and means for
joints impervious through the action on the
idle fluid between said almttmtr ring - faces
of the motive fluids radially ‘1dt].:went main
streams of flow.

11. In aparallel-flow multipassage turbine,
a series of concentric rings, blades or 1mp.;1c,t
members therebetween, means for forming
frictionlessjoints between abutting ring- hces
and means for rendering said joints impervi-
ous through the gentntugfﬂ action of the ro-
tating rings on the idle fluid between said
abutting ring-faces.

12. In a parallel-flow multipassage turbine.
a series of concentrie rings, blades or impact
members therebetween, means for forming
flexible joints between abutting Imﬂ—fftcm
and means for rendering said joints impervi-
ous through the centritfugal action of the ro-
tating rings on the idle fuid hetween said
abutting ring-faces.

Ina parallel-flow nm]tipacssaﬁe turbine,
~a serles of concentric rings, blades or 1mpa,0t
members therehetween, mmm tfor forming
frictionless flexible joints between abutting
ring - faces, and means for rendering said
joints impervious through the centr 1iuu al ac-
tion of the rotating rings on the 1(11(3 fluid
between the faces of said abutting rings.

14. In a parallel-flow multipassage turbine,
a series of concentric rings, blades or mmpact
members therebetween, means for forming

renclering C;ald |

!
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- frictionlessjoints betweenabutting ring-faces,

and means for rendering sald joints impervi-
ous through the action on the idle fluid be-
tween said abutting ring-faces of the flowing
motive. fluids radially adjacent the main
streams and of said abutting ringsrelative ro-
tative velocity.

15. In aparallel-flow multipassage turbine,
a series of concentric rings, blades or impact
members therebetween, means for forming
flexible joints between abutting ring-faces,
and means for rendering said joints impervi-
ous through the action on the idle fluid be-
tween said abutting ring-faces of the flowing
motive fluids radially ac 1 jacent main streams
and the relative rotative Velou_t_}- of said abut-
ting rings.

16. Ina parallel-flow multipassage turbine,
a series of concentric rings, blades or impact
members therebetween, means for forming
flexible frictionless joints between abutting
ring - faces, and means for rendering said
joints impervious through the action on the
1dle Huid between said abutting ring-faces of
the rotative velocity of the revolving rings
ancd the motive fluids radially adjacent main
streams of flow.

17. Ina turbine, a plurality of rotative ele-
ments, series of blades or 1mpact members
fixed ther eon, means for directing the flow of
the motive fluid hetween alternate series of
blades, and means for changing at will the
connected alternation of the blade series.

18. Ina parallel-flow multipassage turbine,

a plurality of distinet passages, the areas of

sald passages increasing from the axis to the
periphery of sald turbine, means for admit-
ting the motive fluid to the central or axial
passage, means for conducting the motive fluid
from each inner passage to the next outer pas-
sage, means for exhausting said fluid from the
outer or peripheral passage, and means for
reversing at-will the axial directions of the

flow of said motive fluid while preser vinﬂ the

general lines of flow between the axial and
perlphel al passages.

19. In a turbine, a plurality of rotatable
members, series of blades or impact members
fixed thereon, means for directing the flow of
the motive fluid against said blades, means for
directing the flow of the motive fluid between
alternate series of blades, and means for chang-
ing at will, the direct alternation of connected
series for the purpose of reversing the tur-
bine’s direction of rotation.

20. Ina parallel-low multipassage turbine,
a serles of concentric rings forming passages
therebetween, blades or impact members be-
tween said rings, means tor divecting the How
of the motive fluid through said passages,
means Tfor regulating local variations of veloc-
1ty of flow of the motive fluid passing through
said passage and means for reversing at wﬂl
the direction of low of the motive fluid through

individual passages while preserving the gen-
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eral line of flow between inlet and. exhaust,

whereby the turbine’s motion is reversed.

21. Ina parallel-flow multipassage turbine,
a series of concentric rings forming passages
therebetween, blades or impact members be-
tween sald rings, means for directing the tlow
of the motive ﬂlJ.ld through said passages,
means for reversing at Wlll the direction of
dow of the motive fluid through individual
passages while preserving the geneml lines of
low between inlet and exhaust whereby the
turbine motion is reversed, and means for se-
curing a useful effort from the force of fluid
triction acting on the blade and passage-sur-
taces.

22. In a turbine, a plurality of passages,
blades or impact members 1n said passages,
means tor directing the flow of the motive
Auid through said passages, means for revers-
ing the direction of flow of said fiuid through
incdividual passages, whereby the turbine mo-
tion 1s reversed, means for regulating local
variations of velocity of flow of said motive
Huid passing through said passages, and means
for securing a useful effort from the force ot
fluid h‘letlon acting on the blade and passage-
surfaces.

23. In a parvallel-flow multipassage turbine
comprising a cylinder or casing, bonnets or
covers for the ends of such casing, disks com-
posect of aseries of concentric rings with blades
or impact members therebetween, shatting

4

supported by bearings and carrying within

sald casing a set of said disks alternating in
position with disks otherwise supported, in-
lets to admit the motive fluid to the central or
axlal passages between the concentric disk
rings, grooves, scores or return-bends, for di-
recting the flow of the motive fluid from each
mner passage between concentric disk rings
to the next outer passage between such rings,
outlets for the exhaust of the motive Huid from
the peripheral or exhaust passages, reversing
at will valves for reversing the axial direction
of flow of the motive fluid in the individual
passages between concentric cdisk rings, while
preserving the general lines of flow between
the turbine’s inlets and exhausts reversing-
gearing for operating said reversing-valves
and packing members for abutting surfaces.

24. In a turbine, a plurality of passages, re-
turn-bends or alternating pockets for direct-
ing the flow of the motive fluid through said
passages, means for transtforming the kinetie
~energy of thestreams of motive fluid entering
sald bends or pockets into actual head or in-
creased pressure within said bends or pockets,
anc means for transferring from said increase
head or pressure theequivalent kinetic eneregy
to the outward-flowing motive-fluid streams.

25. Ina parallel-flow multipassage turbine,

a plurality ot rotative elements, blades or 1im-
pact members carried thereon, means for di-
recting the flow of the motive fluid against
sald blades or members, and means for locally

<

| b“ﬂ*’mem@ axial forces due to the action on the
rotative members of the friction and pressure
of the motive-fluid streams.

26. A rotary engine comprising a rotary
disk having a series ot inclined transverse pas-
sages at different distances from the center,
means for admitting a steady flow of motive
fluid at one side of Smd disk for rotating it 1n
one direction, means for admitting a steedy
flow of motive fluid at the opposite side of
said disk for rotating it in the reverse direc-
tion, and means for dlreetmcr a steady flow of
the motive fluid from each series of passages
to the next series. |

. A rotary engine comprising a rotary
dlSL hwmo a plmahtv of series of inclined
transverse passages atdifferent distances from
the center, means for admitting steam at one
side of said disk for rotating it in one direc-
tion, means for admitting steam at the other
side of said disk for rotating it in the oppo-
site direction, and means for directing the
steam from eaeh series of passages to the next.

28. In a turbine, a rotary member having a
plurality of series of blades or 1mpact ele-
ments at different distances from its axis orf
rotation, means for directing a steady flow ot
the motwe fluid against said impact elements,
means for dlreetmcr a steady flow ot the mo-
tive fluid between altet nate series of blades,

“and means for changing at will the directing

fluid connections between said blade series.

99. In a turbine, a rotary member having a
plurality of series of blades or impact ele-
ments at different distances from its axis of
rotation, means for directing a steady flow of
the motive fluid eueeesswely acainst said 1m-
pact elements, means for d1reet11:10' a, steady
flow of the motive fluid between alterna,te series
of impact elements and meanstor changing at
will the fluid-directing connections between
said series of elements or blades.

30. In a turbine, a rotary member, a plu-
rality of series ot blades or impact elements
at various distances from the axis of rotation
carried thereby, means for directing a steady
flow of the motive fluid against eald blades,
means for directing a eteady flow of the mo-
tive fluid between successive series of blades,
and means for changing at will the fluid d1—
recting connections between successive series.

51. Tn a turbine, a rotary member, a plu-
rality of series of b..a,des or.1mpact elements
at various distances from the axis of rotation
carried thereby, means for directing a steady

flow of the motive fluid against said blades,

means for directing a Steadv flow of the motive
fluid between successive series of blades, and
means for changing at will the fluid-directing
connections between successive series of im-
pact elements. - |

32. In a turbine, a rotarv member having a
plurality of impact members at different dis-
tances from its axis of rotation, means for di-
recting the motive fluid against said impact




members, and means for reversing the action

bers.

plurality of impact members at different dis-
tances from its axis of rotation, means for di-
recting the motive fluld successively against
sald impact members, and means for revers-
1ng the action of the motive fluid on 1ndivid-
ual 1mpact members.

34. In a turbine, a rotary member having a |
plurality of impact members at different dis-
tances trom its axis of rotation, means for di- .
recting the motive fluid against said impact
members and successively from inner to outer !

1mpact members, and means for reversing the
actlon of the motive fluld on individual im-
pact members while preserving the general
outward movement of the motive fluid.

35. Ina turbine, a rotary member having a |

plurality of series of blades or impact mem-
bers at different distances from its axis of ro-
tation, means for directing the motive fluid
from one series of Dblades to another, and
means for changing the order in which the
different blades of each series are acted on by
the motive fluid, substantially as described.

36. Ina curbine, a rotary member having a
plurality of series of blades or impact mem-
bers at different distances from its axis of ro-
tation, means for directing the motive Huid

795,616

- successively from one series of blades to the
of the motive fluid on individual impact mem-
- which the different blades of each series are
35, In a turbine, a rotary member havine a |
. described.

next, and means for changing the order in
acted on by the motive fluid, substantially as

37. Ina turbine, a rotary member having a
plurality of series of blades or unpact mem-
bers at different distances from its axis of ro-
tation, means for directing the motive fluic
from one series of blades to another, and
means for changing at will the fluid-directing
connections by which the fluid i1s directed
from one series of blades to another, sub-
stantially as described. |

38. In a turbine, a rotary member having a
plurality of series of blades or impact mem-
bers at cifferent distances from i1ts axis of ro-

tation, means for directing the motive fluid

successively from one series of blades to the
next, and means for changing at will the fluid-
directing connections by which the fluid is di-
rected from one series of blades to the next,
substantially as described.

39. In a fluid-impact machine, the combina-
tion of rotatable ported members or valves,
and pocketed covering plates or bonnets, as
specified and described. |

CHARLES M. JONIS.

Witnesses:

JOHN A. WIEDERSHEIM,
Wi Caner WIEDERSHEIM,
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