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To all whom it may concern:

Be it known that I, Crares A. Karser,
a_citizen of the United States, residing at
New York city, in the borough of Brooklyn
and State of New York, have invented cer-
tain new and useful Improvements in Tur-
bines, of which the following is a full, clear,

and exact description.

My invention relates to steam turbines,
and has for its particular object to provide
a reversible steam turbine which can be
manipulated to operate in either direction
with perfect efficiency. ‘

The invention is further dgsigned to se-
cure the reversal in a gradual or abrupt way
as desired, so that the sction can be very
nicely controlled, as is very desirable in some
cases, for example, in its use with boats
and launches. :

In one of its aspects the invention consists
of a_revoluble element having concentric
annular series of blades or vanes against

- which the steam is impelled, first from one

side and then from the other of the element,

and which act together to impel the element

rotarily. The direction in which the steam

acts on each annular series of blades can be

controlled, and is reversible throughout the
entire system, so that the direction of rota-
tion is controllable. ‘
Another aspect of the invention consists in
the arrangement of the partitions and walls
for the respective passages at either side of
the revoluble element, which are movable
simultaneously and properly to secure a re-
versal in the path of the steam throughout
the entire system, and by a simple manipula-
tion of a single part or wheel on the outside
of the casing of the turbine. L
The invention further consists in the
features of construction’ and combination
hereinafter set forth and claimed. - - '
In the drawings: Figure 1 is a sectional

view of u steam turbine embodying the prin- -

ciples of my invention; Fig. 2 is a side ele-
vation of the same; Fig. 8 is a face view of
the removable element or wheel ; Fig. 4'is a
detail and somewhat diagrammatic view
showing the relations of the fixed and mov-
able vanes or blades; Fig. 5 is a detail sec-
tional view showing certain features of the

. reversing mechanism; this section is taken

on the line V-V of Fig. 2.
The ordinary steam turbine allows the

steam to expand ébntjnuou'sly from the inlet.

to the outlet ports or connections, the expan-
sion at each stage of the action corresponding

65

to a reduction in the pressure and a tendency -

to increase the velocity. The arrangement of
the fixed and the movable vanes or blades of
the turbine is, however, such that the. veloc-
ity is absorbed at successive stages, so that
the steam does not acquire an excessive ve-
locity in passing through the system, but
remains at a substantially constant average
velocity. .

The essential prineciples to be observed in
designing a steam' turbine are to so ar-
range the passages for the steam that it may
traverse the entire system at this general
average ‘velocity without being throttied or
restricted at any point. The aggregate area
of the passuges must therefore gradually
increase on .account of the expansion of the
steam. The second principle of design is
that the arrangement of the fixed and the
movable vanes must be such as to absorb the
velocity of the steam, which tends to in-
crease at every point, at successive stages, so
that the velocity does not become excessive

at any stage and give rise to undue losses

by friction against the walls and passages.
In other words, the steam turbine should
have free unrestricted passages from one
side to the other, so that in the absence of
fixed and movable vanes the steam would
acquire its full theoretical velocity from the
particular pressure used, but this theoretical
very high velocity should be prevented by
the action' of the movable vanes which sue-
cessively absorb a part thereof at a plural-
ity of different and successive stages. In
carrying out the present invention I aim’ to
secure these conditions of design in addition
to making the turbine veversible.

‘Referring to the drawings in which like
parts’ are designated by the same reference
sign, 1 denotes a frame or casing, in which
is journaled the revoluble element 2. This
is conveniently keyed on the shaft 3, rotat-
ing in the journal bearings 4, of the casing,
which are provided with glands or stuffing
bozﬁes, so as to make the bearings steam-
tight.

g5 indicate annular passages within the
casing 1 into which the steam is initially
admitted through one or more pipes or
openings 6.. The passages 5 therefore con-
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stitute chambers in Which the steam is ini-
tially collected under the full working pres-
sure. - These chambers.terminate in annular

‘ports 7, closely adjacent to the revoluble ele-

ment or wheel 2. . The revoluble element 2 is

provided with an annular series of vanes 8, |

adjacent to the initial or steam supply ports
7.9, 10, 11, 12 and 13 designate additional
annular series of vanes all concentric with
the vanes 8 and forming part of the wheel
2. The different series. of vanes are sepa-
rated by spacing rings 14, and the different
rings have annular grooves 15, in their side
faces, which coGperate with certain nor-
mally fixed partitions or walls, and which
serve to direct the steam properly with re-

- spect to the vanes 8, 9, 10, 11, 12 and 12.

20

16 and 16" denote walls or partitions,
which codperate with grooves 15 of the ring
14, and it will be observed that the parti-
tion 16’ is projected so that it enters the
ring 15 on the right-hand side of the wheel.

The partition 16 is, however, withdrawn to

the left, so that it does not enter or ap-
proach the groove 15 on the left-hand side
of the wall. It will be understood that
these partitions or walls 16 and 16" are an-
nular or ring-shaped, concentric with the

- axis of the wheel so as to enter the grooves
30

35

40

4

5

5

6

6

5
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15 uniformly throughout the length thereof.
There are provided.additional annular par-
titions 17, 17/, 18, 187, 19, 19’ and 20, 20".
All these annular partitions are adapted to
enter corresponding grooves 15 of the wheel
2, and the arrangement.is such that the dif-
ferent partitions are always normally in al-
ternate positions, that is to say,.the parti-

tions are withdrawn first on one side and

then on the other of the wheel going from
the center to the circumference thereof. The
remaining. partitions are, positioned in the
grooves 15 alternately, first on one side of
the wheel, and then on the other, proceeding
from the center to the circumference. The
result of this is that a sinuous path is pro-

vided which threads or winds through the-

wheel from side to side thereof, proceeding
from the center to the circumference. This
is the path which the steam traverses, and
it is evident that since the steam moves from
the center toward the circumference of the
wheel, a gradually increasing cross sectional

~area is obtained therefor because there

" ave a large number of vanes near the cir-

5

0

o

‘cumference than near the.center of the
wheel. This is one of the required condi-

‘tions and compensates for the expansion of.

the steam in its passage. \ ‘

- Between the various partitions there are
provided fixed vanes 21. These vanes have
a-certain action in controlling the direction
of the steam, but they are not intended to re-

strict the flow thereof in any way. In other

words, the steam.is intended to have a free
path of flow through the entire turbine, the

.cessive stages:

939,514

t velocity being checked at a plurality of

stages not by throttling, but by the action of
the movable vanes.

The action of the steam in propelling the

wheel is as follows: Supposing the parti-
tions 16, 16", 17, 17/, etc., are in the positions
shown, steam enters through both the ports
7, 7. TFrom the port 7 the steam can only
escape by passing to the left, through the
vanes 8, and from the port 7, the steam is
able to pass directly outward, past the ring
14, on accourit of the withdrawn position ot
the partition 16. The combined flow of the
two ports 7, 7/, therefore, passes into cavity
of the fixed blades 21, adjacent to the mov-
able vanes 9, and immediately traverses such
vanes 9, passing through the wheel from one
side to the other thereof. The steam then
flows past the withdrawn partition 17/, and
successively through the wheel from side to
side, acting on the vanes 10, 11, 12 and 13,
finally issuing through the openings 22, into
annular passages 23, which communicate
with an exhaust pipe 24. It will be observed
that the area available for the passage of the
steam at every point is quite large, and the
steamn is not- throttled at any point of its pas-
sage. The velocity, therefore, tends to in-
crease at every point, and would increase to

the theoretical maximum, or to a point where ¢

the surface friction abserbed the power, un-
less the velocity were checked at the suc-
The velocity is checked by
the relation of the fixed and the movable
vanes, as will be clearly understood from a
consideration of Fig. 4. In this figure a por-
tion of the vanes 9 of the wheel are shown,
this being generally a section on the line z—a
of Fig: 1, looking in the direction of the ar-
rows. Under these circumstances the steam
is freely passing from the port 7 directly
into the spaces between the blades 21 on the
left-hand side of the figure. The stean is

| free to expand from between the blades 21
toward the right.

This is because the spaces
between the blades 21 on the ripjht-hanc{ side
of the wheel are nearer to the exhaust than
those on the left-hand side, and so conse-
quently the steam thereat is at a pressure
several pounds less than that which 1nitially
enters at the ports 7. For convenience the
spaces between the blades 21 on the left will
be denoted by reference character A, and the
spaces between blades 21 on the right will be
denoted by reference character B. Thus
steam in the passages A is at about the boiler
pressure, while steam in passages 13 1= at a
somewhat lower pressure. The diffevence of
pressure between the steam in the passages
A and B is therefore available to inipel the
steam into a state of velocity. moving from
the left toward the right. This effect iz, of
course, at once attained, and it is evident that
there is no throtthing action on account of
the ample width of the passages A and 1 at
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every point. But in its passage from left to
right the steam encounters the movable vanes
9 of the wheel, and these vanes are moving
with sufficient rapidity, so that the steam
which is reflected from their surface has less
actual velocity than previously to such re-
flection. If the movable vanes are moving at
about half the velocity of the steam, and the
steam strikes these vanes so as to be reflected
rearwardly therefrom, it is evident that
nearly the whole of the veloeity of the steam
is absorbed by the movable vanes. This is
the theoretical desired result, and is secured
In practice with sufficient accuracy by having
the vanes 9 of generally the form shown in
Fig. 4 and inclined to the passages A. By
reason of the blades 21, the steam is most free
to expand in a forwardly inclined -direction

" from the passages A, and the vanes 9 of the

wheel are inclined backwardly enough to
properly reflect the steam from the passages

A, and absorb the velocity thereof, When
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the steam finally enters the passages B, it
does so at the lower pressure corresponding
to the work done in giving it velocity, but

this velocity is not present when it enters the"

passages B, because it has been absorbed by
the movable vanes 9. From thie passages B
the steam passes outward to the next set of
fixed blades 21 and movable vanés 10 in ex-
actly the same way as it initially entered the
passages A from the port 7. The steam pro-
ceeds throughout the entire wheel and loses
a part of its pressure at each stage, the gen-
eral velocity remaining about the sarhe since
the theoretical constantly increasing velocity
is absorbed at successive stages by the mov-
able vanes, The steam finally passes into the
exhaust pipe, spent in pressure and velocity,
with all the avzilable energy absorbed there-
from. o

I will now describe the features by which
the steam turbine is made reversible so as
to work exactly as well in the opposite di-
rection to that above set forth in connection
with its forward movement. The. various
annular partitions 16, 167, 17, 17/, etc., have
been described as occupying certain posi-
tions, some entering the grooves 15, while

‘others are withdrawn from such grooves.

Means are provided for simultaneously

shifting all of the partitions each to an ex-.

actly opposite position to that of Fig. 1.
Under these circumstances the annular par-
tition 16 would be moved inward so as to
enter the left-hand groove 15 of the ring 14,
and the partition 16" would be withdrawn
so as to provide a free space past the ring
14 on this side. Under these circumstances
the steam would find a sinuous passage
through the turbine wheel from side to side,
similar in all respects to that of the oper-
ation already deseribed, except that the
steam would act on the opposite faces of the
movable vanes to those of its previous ac-

tion. For example, referring to Fig. 4, the
steam would pass from the passages B,
toward the passages A, and would aet on
the upper faces of the movable vanes 9. On
aecount of the fact that the vanes 9 and the
blades 21 are exactly the same when con-
sidered from one side as they are when con-
sidered from the other, it is obvious that the
steam will aet in exactly- the same way
whether it passes from B toward A, or from
A, toward E In one case, however, the tur-
bine wheel will be impelled in one direction
and in the other case in the other direction.
For the purpose of shifting the amnular
partitions 16, 16", 17, 17/, ete., each is pro-
vided with a plurality of threaded studs 25,
which pass through stuffing boxes 26, in the
turbine casing.
" 27 indicates internally threaded sleeves or
nuts which act upon the threaded portions
of the studs 25. These sleeves or nuts ro-
tate in bearings 28, ‘being constrained
against longitudinal movement by the nuts
29, and the shoulder 80. 31 indicates a
coned portion of ‘each of these sleeves or
nuts, upon which is placed a gear wheel 32,
which may be thereby fastened tightly in
any desired angular relation. = The various
threaded -studs 25 are situated in the same
radial planes, as clearly shown in Fig &,
and are separated by equal distances. The
gears 82 are of the same size, and all inter-
mesh with one another, and with an addi-
tional central gear 33. 34 is an additional
gear which meshes with one of the gears 32,
and 35 is a gear meshing with 34, and which
has a hand wheel 36, by which it is turned.
When' the hand wheel 36 is turned, it is
evident that the motion is transmitted to
every gear of the entire system on one side
of the turbine, because all of the gears mesh
with one another, and with the central gear
33. Accordingly the various - internally
threaded sleeves 27 are turned in one diree-
tion or the other, depeniding on the rotation
of the gears. Since any two adjacent gears
rotate 1n opposite directions, it is evident
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that the various annular partitions will be

moved alternately, first inward and then
outward, as is required. The systems of

115

gears on both sides of the turbine are made:-

to operate simultaneously by having a shaft
37, which extends from the hand wheel 36
to gears 38 and 39, similar to the gears 34
and 85. Of course it is not absolutely nee-
essary to have six of these studs 25 projeet-
ing from each of the annular partitions 16,
167, 17, 17/, ete. In small turbines three
studs from each partition will probably an-
swer all requirements. It is best to have
enough studs from each partition to insure
an absolutely parallel movement  thereof.
It is merely necessary to properly position
the various gears upon the cone surface 31,
and afterward tighten  them, whereupon
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the apparatus is ready for use. The turbine
may be reversed as often as desired by turn-
ing the hand wheel 36, and it is evident that
the reversal is quick or gradual, soft or ab-
rupt, according to the way in which the
hand wheel is manipulated. This is par-
ticularly advantageous for use in boats and
launches, which have to be delicately con-
trolled in making a landing. ‘

A feature of the invention lies in the man-
ner in which the various annular partitions

or walls 16, 167, 17, 17/, ete., are supported”

from the casing. * For this purpose I make

use of a soft metal filling 40, between the

partitions and the casing, in which said
partitions may move toward and from the

“wheel.

What T claim, is:— :
1. In a steam turbine, a wheel having con-
oentric series of vanes, fixed vanes for di-
recting steam to said series of vanes-first
from one side and then from the other for

the successive series, and annular partitions

laterally movable toward and from the wheel
whereby the path of the steam may be alter-
nated throughout the system.

2. In a steam turbine, a casing having

~ fixed vanes rigidly attached thereto, a wheel

30
35

40

revoluble between the fixed vanes and also
having vanes thereon, and annular parti-
tions between the fixed vanes movable to
change the direction of the steam through
the wheel. :

3. In a steam turbine, a wheel having a
series of vanes, fixed vanes or blades on
either side of the vanes of said wheel, said
fixed vanes on one side of the wheel having

exactly the same rélation to the vanes there-:

ofsas the fixed vanes on the other side of the
\vﬁeél have to said vanes and annular parti-

“tions movable axially between said fixed

45

vanes to change the direction of the flow of
steam.

4. In a steam turbine, a wheel having a
series of vanes, said vanes having exactly the
same . characteristics when considered from
one side of the wheel as they have when con-
sidered from the other side, both in the mat-

“ter of form and direction, fixed vanes on

50

60

either side of said wheel, said fixed vanes
having the same characteristics and relations
0 the movable vanes on one side of the wheel
as they have on the other, and annular parti-
tions movable . axially between said fixed
vanes to changé the direction of the flow of
steam. ,

- 5. In a steam turbine, a wheel having a
series of vanes inclined to the direction of
movement of the wheel; said vanes having
the same shape and direction when consid-

-ered from one side of the wheel as they

65

have when considered from the other, in-
clined fixed vanes or blades on either side of
the wheel, the fixed vanes on each side be-
ing adapted to direct steam against the vanes

939,514

of the wheel to produce movement thereof,
the fixed vanes on one side having the same
form and characteristics with respect to the
vanes of the wheel as those on the other side,
and annular partitions movable axially be-
tween said fixed vanes to change the direc-
tion of the flow of steam.

6. In a steam turbine, a wheel revoluble
in a fixed casing and having a series of
vanes inclined to the direction of movement
of the wheel, each -vane being curved and
bent at its edge and being the same in di-
rection and form when considered from one
side of the wheel as when considered from
the other. and annular partitions movable
toward and from the wheel for admitting
steam against said vanes from one side or
the other of the wheel, whereby the wheel is
impelled in exactly the same way in each
case except that the direction is reversed.

7. In a steam turbine, a wheel having a
series of vanes inclined to the direction of
movement of the wheel and having the same
characteristics when considered from one
side of the wheel as from the other both in
form and direction, a series of partitions

axially movable to admit stean to said vanes

from either side of the wheel, and annular
partitions movable axially between said fixed
vanes to change the direction of the flow of
steam. : .

8. In a steam turbine, a wheel having con-
centric series of vanes disposed in the same
plane of rotation and also including -rings
having grooves on théir lateral edges, an-
nular partitions movable toward and from
the wheel from opposite.sides thereof and
adapted to enter said grooves, and means
for moving said partitions toward and from
the wheel, adjacent partitions being moved
in opposite directions whereby steam may be
admitted through the vanes in either di-
rection.

9. In a steam turbine, a wheel having con-
centric series of vanes, a plurality of an-
nular partitions ou both sides of the wheel
each having a plurality of projecting studs,
and means acting on said studs for moving

.all of the partitions simultaneously, alter-

nate partitions being moved alternately to-
ward and away from the wheel whereby the
steam 1is admitted to the wheel in a different
path at every point thereof. '

10. In a steam turbine, a wheel havin
concentric series of vanes, annular parti-
tions on both sides of the wheel having pro-
jecting threaded studs, sleeves on said studs,
and means for rotating all of said sleeves
whereby the partitions are moved toward -
and from the wheel to reverse its direction.

11. In a steam turbine, a wheel having
concentric series of vanes, annular parti-
tions on both sides of the wheel having pro-
jecting threaded studs, sleeves on said studs

-and intermeshing gears for rotating all of
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said sleeves whereby the partitions are

moved toward and
verse its direction.

12. In a 'steam turbine,
concentric series of vanes, a plurality of an-.
nular partitions each having threaded studs,
threaded sleeves on said studs each having
coned portions, and interineshing gears.
adapted to be secured on said coned portions
in angularly adjustable relation.

13. In a steam turbine,
concentric series of vanhes, a plurality of an-
nular partitions each having threaded studs,
threaded sleeves on said studs, and radially

rom the -wheel to re-

a wheel having

a wheel having

arranged intermeshing gears on said sleeves, |

said gears meshing ‘with a single central
gear, ' '

14. In a steam turbine, a wheel having

concentric series of vanes, a plurality of an-
nular partitions each having threaded studs,

gular velocity. = .

said. partitions and

" threaded sleeves on sa.id studs in radiaily ex-

tending rows, intermeshing gears on said
sleeves, and means whereby all of said gears
are simultaneously rotated at the same ‘an-

15. In a steam turbine, a revoluble ele-
ment having concentric series’ of vanes, a
series of annular partitions cobperating with

5

25

said vanes, a casing in which said annular ..

“partitions are movable toward and from the
- wheel, an$d' a soft metal filling surrounding
supporting them from

the casing. o : L o
In witness whereof, I subscribe my sig-
nature, in the presence of two witnesses. -

CHARLES A. RAISER.

Witnesses: .
AvrrEp W. Procror,
W, M. STocKBRIDGE.
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