C. @ CURTIS,
. ELASTIO FLUID TURBINE.

APPLIOATION FILED AUG. 1, 1907,

Patented Mar. 7, 1911, -

986,368,

2 BHEETS-SHEET 1.

e

2
z

S,
G

Witnesses :

' ntgr-_
< g‘
Attorneys.




C. G. CURTIS,
ELASTIC FLUID TURBINE,
) APPLICATION FILED ATG, 1, 1907, o
986,368. Patented Mar. 7, 1911.

2 BEEETS-SHEET 2.

 Witnesses T Tgvegitor




10

15

20

25

30

40

45

UNITED STATES PATENT OFFICE.

CHARLES . CURTIS, OF NEW YORK, N. Y., ASSIGNOR, BY MESNE ASSIGNMENTS, TO
v GENERAL ELECTRIC COMPANY, A CORPORATION OF NEW YOR¥ )

ELASTIC-FLUID TURBINE.

986,368,

Specification of Letters Patent.

Patented Max. 7, 1911,

Original application filed Tanuary 19, 1898, Serial No. 867,144 Divided and this application filed Angust 1.
: ) 1907, Serial No, 386,522.

Do all whom 2t may concern: '

Be it known that I, Cuaries G. Corms,
a citizen of the United. States, residing at
New York city, in the county and State of
New York, have invented a certain new and
useful Improvement in Elastic-Fluid Tur-
bines, of which the following is a specifica-
tion. ' A

This is a division of my application for’

patent Serisl No. 667,144 filed January 19,
1898. : ' .
The object T have in view is to produce an
apparatus for converting the energy of
steam ov other elastic fluid into mechanical
rotation with a greater efficiency than has
heretofore been obtained. ‘ :
An clastic fluid may conjain energy in th
forni of pressure or of v# véve, and_under
proper conditions  may be delivered to a

“turbine wheel by @ nozzle as a stream with
any desired portion of its original energy

convyerfed into vés vépa within certain Yimits.
Tt the flow of the steam through the work-
ing passage of the.turbine is accompanied
by-a stress upon surfaces thereof properiy

arranged snd designed, mechanical rotation-

of the apparatus and utilization of the fluid’s
energy will be had.
has DLeen attained by making the movable

elements of the working passage in the form -

of a curve concave toward the direction of
rotation, and the centrifugal force of the
particles (as the direction of their {low has

_thereby been changed) has been relied upon

to cavse the desived rotative stress or driv:
ing effort.
of tilizing the s vive of the. stream -is
YOry satis@ctory., the power developed on
the shaft being a very large percentage of
the amount, which theory would indicate as
possible, in view of the angles, velocities, ete;
while in steam or other elastic flnid turbines,
a uch smaller” percentage. of the corre-

sponding amonnt has heretofore been ob-
tained. "This is believed to be due, in part

at least, to the current misconception. that

“an elagtic: fluid having a considerable wvis

50

wive may. be treated as water, an inelastic

fluid, and utilized in a furbine in the manner
which has been fonnd satisfactory in water
turbine practice. - o

" . Comparing a reciprocating steam engine

Heretofore this result

Tn water turbines this method

" and under conditions such as would he fouud

1 and a steam turbine, the®ylinder wall losses,
ag well as the mechanical friction of the
one, are substantially eliminated in the other, .

and there appears to be no sufficient reason
why a properly designed steam turbine
should not be-a much more efficient utilizer
of steam energy than a reciprocating en-
gine. One reason at least, for the failure to
obtain the very greatly improved economy
referred to, is believed to be due to the fail-

1 ure heretofore to provide for the steam or

the nature of the fluid. _

An’incompressible fluid entering a curved
vane passage at any given velocity flows
through it in a stream of uniform density

elastic fluid,.a working passage adapted to

and sweeping -around its curve under like -

conditions will miaintain a stress upon the

- concave walls, each layer of particles press-
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ing upon hut not compressing the layer ad-

jacent to it toward the concavity, and will
issue therefrom in a solid stream of uniform.

and unchanged density (except as. friction

‘may cause eddies) but at a reduced absolute

velocity. An elastic fluid.entering such 4
passage at an enormously higher velocity and

78

undergoing a change of direction of flow, .~

will exert a stress by centrifugal force at the

points of change, but as the fluid is compres-

¢ible the stress of each layer of fluid upon’
the layer adjacent to it-will compress the -

latter and the density of the stream will no
loenger be uniform over any given cross-sec-
tion.

the - wall of the passage, and least at the
edge of the stream farthest removed there-
from. “An analysis of this phenomenon of
centrifugal compression shows that the com-
pression cane only be-obtained by a_conver-
sion of ¥is wive into pressure; or in other
words, by a sacrifice of the velocity of flow,
in practical cases, the energy thus trans-
formed into pressure ig a very considerable
portion of the total energy in the ilnid.
These facts have not been appreciated here-

- tofore, and the buckets or vane passages of
elasti- fluid turbines have been heretofore.

designed to operate on the same general
principles in this respect as those of water

_turbines. This“is a serious mistake, since

80
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n. It will be greater at the concave sur- . ..
- face wheve the rotative stress is exerted on
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‘the vis viva thus necessarily converted into

pressure may readily be wasted by re-expan-
sion of the fluid under conditions not
adapted to insure the due restoration of wis
viva, and unless the due restoration of wis
»iva and utilization thereof is had, the effi-
ciency of the turbine is unnecessarily re-
duced. * As. usually designed for use with

“an elastic fluid, the curved vané passage of
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-+ ¢ross sectional

‘water turbine practice has from this point

of view peculiar advantages. The centrifu-
gal-stress causing rotation is all. upon one
side of the passage, and the compression thus
localized is great, while the conservation of
this pressure and the due restoration of vis
viva thereafter is, if not impossible, at least,
attended with unnecessary difficulty. The
tendency to eddy currents and frictional re-
tardation is also great, and the unnecessarily
large variation m density over any given -
area complexifies the whole

" problem. - - .

I have devised a new principle of bucket.

_ action applicable to-an elastic fluid whereby

30
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"go conversion . from oés wive into
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5 a stream of such fluid may be used in a work:

ing passage 50 as to exert a rotative stress
upon moving surfaces forming part of such
passage, and in such a way as to largely con--
serve the energy which the maintenance of
this ‘stress converts into. pressure and make
it available for use thereafter. L
I bave found that the energy of an elastic
fluid entering at'a given velocity a converg--
ing sided passage, or one having a gradually
‘diininishing ¢ross-sectional area, will under-
pressure
without substantial choking (or change in
the guantity flowing per second), provided
the- contraction of the passage is not too
great, and the fluid will be found .at the
successive cross - sections at the pressures,
volumes and velocities corresponding to such
conversion. If such a passage is free

-move in the direction of the flow of the,

.. 45

fluid, the stress upon the. converging walls
will drive it forward. This principle of

“bucket action may be superimposed upon

&0

the old principle of such action by centrifu-

‘gl force on a curve, but in its more simple-

or elementary form it consists in delivering

-the stream -of fluid (preferably at a high

velotity and low pressure) into a’ movable

* vane element, forming the whole or a part
.of the working passage, and whose axial
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line in its anterior })‘ortipn is thit of the |
fluid’s direction of flow. "Fwo or 'more” of
the walls of this portion, however, converge,

“decreasing the cross-secttonal area in the di:
rection of flow! td a minimum cross:section

suflicient to carry the fluid, without choking,
at the volume and the. velocity correspond- -
ing to'a pressure equal to that which the
virtual wis' wiva 'is capable -of causing ‘in_
such a passage without substantial interrup-

086,368 . -

portion the wis viva 'wiiﬁh‘rwhich the fluid
_entered the passage is \
into pressure, its -passage from point to

point being attended by progressive decline:

‘in_velocity. and- increase :in-‘pressure. The
axial line of this anterior -portion"f -the
fiovable element being at an -dcute afigle to
the direction: of rotatioh, any stress exerted
upon the converging- surfaces thereof . will
tend to rotatethe apparatus. The:fluid, de-
livered in this way to the passage, impinges,
upon converging opposing surfaces and- the

argely reconvertad N
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rotative stress is thus had, not oni one curved
surface only, but on-two or more sides of

the stream and under conditions insuring its

80

more uniform density, and ‘a certain recov- -

ery of the energy converted into pressure:

so. that it may thereafter be utilized. The -

rate of flow at each point will be the same,. -
-85

the cross-sectional area at all points being
such as to carry the weight of fluid deliv-
“ered per second to the passage, at the ve-
locities, volumes and- :
eral points. ' | AP

The fluid might issue from the movable
element into the exhaust, or into a station-

pressures at the sev-

90 N

ary element at this point, but this is not the..
,preferable -plan, nor would the whole prin- - -

ciple of bucket action thus be shown. Re-
garding the description, so far as relating

95

to the bucket action in the anterior portion. - -
of the movable element, what follows- re- -

lates to the bucket action in the middle and

posterior portions of the movable element. -
The fluid enters’ the middle portion
through the funnel throat of -the. anterior

portion under a desired pressure (but not

|;exceeding the maximum as indicated) and

-at a corresponding- velocity and golume, the
"velocity being, however, relatively low in
any case.  The middle’ portion ‘may ‘be
efther a curved passageé adapted to turn the

Ktream through the desired cliange of angle .

t a relatively low velocity, subjected to a
relatively small - centrifugal -compression,
frictional retardation ahd eddy currents, as

100
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disclosed ‘and specifically claimed in my- ap- .

plication for patent, Serial No. 667,144, or.
the stream may enter an enlarged chamber,
in which substantially all of 1ts remaining
“eis vivg- will be ‘¢onverted intg pressure.

115

In either -case” the outlet- for the fluid, .-

whether - from- such curved -portion or from
such endarged chamber, will be through a
posterior: portion of the movable element
whose first cross-sectional area will be such
‘as-to carry the fluid or permit its estape at
‘the pressure, volume and 'velocity there ex-:
isting. This posterior portion will- ?rcfer-
“ably" have walls diverging ‘in the direction
: of-flow and an axial angle as obtuse as pos-
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-sible to the plane of ‘rotation; and-at any - 3

‘rate; such as that' the largest cross-sectional

area of the posterior portion shall be in the -

. » :

tion of flow:. Tn:this converging anterior

general direction opposite to that of rotation.

130
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In this posterior portion of the movable
element the fluid will expand and have iis
remaining energy converted into iy vive to
the extent permitted by the increase of
cross-sectional ares of the passage, ity flow
from point to point being accompanied by
a progressive increase of velocity and de-
cline 1n pressure. As in the anterior por-
tion, so in this posterior portion the siress
upon suifaces converging toward the direc-
tion of rotation will be a votative stress
svhereby the energy of the fluid will be con-
verted into mechanical powep.

While T prefer to produce the maximum
conversion of wis wéra into pressurc in the
anterior portion of the vane space, any de-
gree of such conversion is advantageous,
and is within the scope of my present inven-
tion. s ~

At the discharge end of this posterior
portion of the movable element, the fluid
shoudd preferably be at-a low pressure and
Ligh - vivtual velocity. If not then dis-
charged into the exhaust, it will be reeeived
by an oppositely rotating element or into a
stutionary element, and after having its di-
vection of flow changed, be delivered to a
subsequent clement, ete. The number of
clements may be few or many in namber,
according to their peripberal speed and the
degree of efficiency desived. :

My invention is also applicable to a sta-
tionary intermediate elenfent in the working
passage in which the fluid’s direction of flow
15 changed. Such change being necessarily
accompanied by compression, eddy currents,
frictional retardation, etc., it is as important
to conserve the energy thus necessarily con-
verted from wis wive info. pressure and to
reconvert it into wis vive under conditions
insuring due restoration thereof in the sta-
tionary as.in the movable elements. It will
be observed that the principle of bucket ac-
tion thus described may be combined with
the older and usual one, by providing in the
anterior portion a concave surface together

with the other converging surfaces, and such

a -mode of operation inay give improved
officiency as compared with the usual methaod.
The density of the fluid will be more uni-
form and the energy converted into pressurs
by centrifugal compression will be more
largely conserved and utilized -after due
restoration of wis wire had. In combining
the two methods as above, it will be desir-
able to have the greater amount of change
of direction tuke place after the velocity of
the =tream has been very considerabiy re-
dieed in snch a contracting portion of the
vane passage. as ig indicated. above. T do
not intend to limit the ceope of my invention

_in this vespect, hotrever.

Referting now fo the more simple or cle-
moeninry form of the new principle of bucket
action ahnve deseribed and to the movable

kS

element as s whole (comprising anterior,
middle and posterior portions} the siress
of the flnid upon the surfaces of the passage

at various poinis may be favorable or un- -

favorable to its rotation, ox neutral. A sub-

-stantial preponderance of stress favorable.
‘to rotation is obtained, however, and the

middle portion, whether in the form of an
eplarged chamber or not, will contribute
thereto, for even if this portion is not of the

‘curved type but comprises a large reservoir

or chamber, the stress of the fiuid ‘ithevein
will be exerted upon an area of surfhce in
the direction of rotation greater than that
of the back wall, so that even if the
maximum pressure which can be had at any
point therein were assumed to exist at all

points, a portion of the encrgy of the fluid

wonld be utilized therein. -The ‘fact that
zones of gradually increasing pressure must
be found near the discharge end of'the an-
terior portion, and zones of gradually dimin-
ishing pressure yonst be found near the de-
livery end of the posterior portion of the
passage respectively, if the fluid’s flow is to
continue without' choking (that is to say,
withount change in the quantity flowing per
second) insures a grealer utilization- of
energy than would be found under the con-
ditions assumed in the preceding sentence.
The principle of bueket action herein de-
seribed is mot applicable to inecompressible
fluid turbines. If the attempt were made
to operate such a turbine as is herein de-
scribed with an inelastic, incompressible
fluid, such as water, the .action of the fluid
in it would be essentially different firom that
of an elastic-fluid. Water enterine a prop-
erly designed contracting passage under a
given velocity will reach a maximum ve-
locity at the point of greatest contraction;

and this velocity will be that due to its-

hydrostatic head. Such a passage will choke
the flow (that is to say. vednee the quanlity
Jowing per second) if the fluid enters it at
this maximum velocity dne to s head, and
after this choking has established a reduced
rate of flow, it will be found that at- the
orifice, or receiving end of the contvacting
passage, the veloclly of the streant is less and
1ts hydrostatic head -grester, while as the
contractéd end is approached the hydrostatic
head decreases and the veloeity increases,
On the contrary, with an elastic fluid T have
found that the effect of contraction of the
passage, 11 not carried too far, will be to
convert iy wiva into pressure without eatis.
ing any choking (that is to sav. redpetion
of quantiiy flowing per-second). Thi fact
stated above as to the adtion of water ‘flow-
ing through a comtracting passage has been
well known and has heen velied on in the
design and construction of water tirbine
nozzles, whevein a velocity of discharge
equal to that due to the hydrostatic head is

~1
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desired. The ievérsibilit of.‘t‘;h‘e action with -

water bas also been understood, as shown
in the discharge ends of injectors delivering
a stream of feed water to-a boiler wherein
a pressure is maintainied.. I have found that
the action of an elastic fluid in such a pas-
$age is entirely different as has been shown,
and the function .of such a passage in.an
elastic fluid turbine is also different.

- In the accompanying drawings forming a
“part hereof, Figure 11s a horizontal section

lustrating two vane spaces embodying my

present invention. Fig.2 is a vertical sec-
ticn through the, central line of one of the
vane spaces of Fig. 1 showing slightly di-
verging top and bottom walls.: Fig. 31is a

section similar to Fig. 2, showing a different’

arrangement.of the top and bottom walls of
- the vane spaces of Fig. 1. Fig. 4 is a hori-

20
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zontal section of my improved buckets, illus-
trating the same general form as in ¥ig. 4,
‘but having the posteriér portions of the vane

“spaces placed nt a greater angle. Fig. 5 is
o 'a vertical section through the central line of
25

one of the vane spaces of Fig. 4, illustrating
a-parallel disposition of the top and bottom
walls of the vane space. Fig. 6 is a horizon-
tal development of the nozzle, and a part of

_the buckets of a turbine having two sets of

‘movable buckets and one set of intermediate
stationary buckets involving my invention.

= Y.

. Fig. 7is'a view illustrating the top and bot-

T35

40

tomr walls of one line of vane spaces in the
turbine of Fig. €. Fig. 8 is a horizontal sec-
tion illustrating two of my improved vane
spaces of a modified form, and adapted to a
relatively high bucket velocity as compared
to the velocity of the fluid. Fig. 9 is a view
illustrating the top and bottom walls of one
of the vane spaces of Fig. 8. Fig. 10 is a

*view illustrating the application of my im-

50
55
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proved vane spaces to the case of a turbine

comprising two sets of buckets moving in’
- opposite directions, the first set of buckets

discharging directly. into the second set of
buckets. Fig. 11 is a top view of a portion
of the turbine wheel partly broken away to
illustrate two of the vane spaces and show-
ing a method .of construction by which my
improved vane spaces can be cheaply and
effectively constructed. Iig. 12 is a vertical
section on the line 12—12 of Fig. 11, looking
in the direction. of the arrows crossing that

line. Fig. 13 is a view of the inner face of

the ring carrying the forwardly projecting

portions of the vane spaces, the opening to

one vane space being shown and the vane
space itself being developed in dotted lines.
Fig. 14 represents a modified form of the
figures shown in Figs. 12 and 18, showing in
section one of the vane spaces in one of the
rings. - Fig. 15 is a séction through the
throat of the portion of vane space shown in
Figr. 14, illustrating a round throat of a
diameter equal to the depih of the vane

$58,368.
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space, and the dotted lines showing the rec-
tangular form at the other end of the vane
space. _ - ‘
In my improved bucket shown in Fig. 1,
the anterior portion of the vane space f has
a diminishing cross-sectional area in the di-

rection of flow and converts to.a greater or

less extent the wis vive of the elastic fluid
into pressure, the degree of conversion being
determined by the size of the contracted in--
nier end or throat ¢ of this portion. The
posterior portion A of e vane space has an

enlarging cross-sectional area, due to the di-

vergence of all its walls, and a throat . .

The throats ¢ and ¢ enter and leave the cen-
tral enlarged space or reservoir k& in which
the vis viva of the elastic fluid is still fur-

80

ther or wholly converted into pressure dur- .

ing the change of " direction of flow and
ander conditions which insure the due res-

toration of wis vive in the posterior por-

tion. 'The relation between the cross-sec-
tion at ¢ and ¢ must be such as not to cause
choking or interrnption of flow, having re-
gard to the pressures, volumes and velocities
there exisfing, and to the utilized and
wasted energy. The stress upon the con-
verging side walls of the anterior portion f
of the vane space tends to drive the buckets
forward, and a similar effect is produced by
the stress upon the diverging wills of the
posterior portion 4 of the vane space.
Tn order to obtain desired cross-sectional
area at the throat ¢, as compared with that .
of throat ¢, whether equal, greater or less,
the top and bottom walls of the vane space
may diverge more or less, as_illustrate in

85
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Figs. 2 and 38, or-they may be parallel or: ‘

converge, _

In Fig. 4 a form of bucket sifnilar to that
of Fig. 1 is illustrated, but an enlargement
of the throat ¢ is secured by giving the pos-

108

terior portion of the vane space a greater

angle, in which case the top and bottom.
walls of the vane space may be parallel, as-
illustrated in Fig..5. - ‘

310

In Fig. 6 is illustrated a (;ompound tup-

bine having two sets of movable buckets B
and C mounted upon the same shaft and ro-
tating in the same direction, and a set of
intermediate. stationary buckets D. Vane
sprces with the central reservoir %, and
others with curved middle portions {, are
illustrated both in the -movable and sta-
tionary vanes; to.show that either form of
construction ‘may be employed. : The deliv-
ery nozzle E is one having diverging walls
so as to convert a considerable amount of
pressureinto vis viva. The figure is in-
tended to illustrate adelivery. nozzle which
does not produce a maximum conversion of
pressure into vis vive, the remaining pres-

‘sure being converted into pis viva in the

vane spaces of the turbine.. Since the vane

‘spaces of each set, as shown in Fig. 6, have

115
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the same angle ot their recciving and dis-
charging endn,enl wrgement of cross-sectional
ares “at various pmnts may be lid by vary-
ing the vemml diension or bucket deptl,
and this muay be had by a divervence of the
top and bottom walls of the vaue s wces, as
Hustrated in Iig. 7. '

My improved buckets ave applicuble to
compound turbines having any mamber of
movable or statinnary e]u:wnts, or to such
turbines of the jet type in which the fluid is
pasved through the same set of buckets two

COr mare thum in »mwusmn. or to turbines

20

of the outward and inw ard flow types, or
any other types:

" In Fig. 8 vane spaces are illustrated hav-
ing 2 central reservoir and ansvmmetrical in
form ifi that the posterior portions of the
vane spaces have n sharper or less angle
than the receiving portlons.  Such an ap-
paratus is adapiced for nw;wl for the com-
pression of air or other elastic fluid. This
figiive also illustrates a curving of the con-
verging and diverging frovt An:i rear walls
of the recciving and discharging portions of
the vane pussage so as to corvespond wilh
the acinal movement of the steam particles

- in the vane spaces relative to the movement

356
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--be represented by the line ¢, which is par-
allel to the axis of the throat g.

45

of the vane spaces themselves, this complex
nction being analyzed by the diagram shown
in dotted lines. "T'he elastic fluid enters the
vane space with the velocity m 0. The ve-
locity of the bucket is 2 w.  Therefore n o
represents the virtual angle at which the
fluid enters the vane space. . While the fluid
passes through the anterior portion of the
passage its velocniv becomes reduced, and
when it reaches the throat g, its velocity, for
example, will be represented by the length
m ¢.. The viriual angle of flow will therefore

Between
the receiving end of the anterior portion

and its throat the virtual angle of inflow

will gradually change so that the trie theo-

“yetical shape of this portion sheuld be more

or less curved, depending upon the -change
in veloeity of the fluid Floduced by the con-

* tracting passage, and also upon the relative

=

30
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ciples.

-walls.

velocities of the fluid and that of the mov-

able buckets. Similarly the posterior por-
tions should theoretically be given a curved
form, as shown in Fig. 8, the change of di-
rection being worked out -on similar prin-
The constructlon illustrated by this
figure may be used without the central res-
ervoir %, and with the curved middle portion

of the vane space having parallel front and
" rear walls.

It can also be used with 4 con-
struction wherein the posterior portion of
the vanc space has parallel front and rear
Due to the sharper or less anglé of
the posterior portions of the vane spaces, a

“c¢onsiderable increase in the depth. or verti-

48

ml dimension in the middle portions of the

S

vane gpaces is necessary, as illustrated in

"Fig.'9, in order that the throat 7 shall have

the necessdry crossisectional arvea velative to
that of the throat g.

The principles hervein desciibed T have
dlso applied to the operation of compress-
ing air or other elastic flnid or imparting
a velocity to a body of snch fluid with the
saiue relative improvement in efficiency. as
comparea with the apparatus described
in my  pending appheation  Serial  No.
601 (;0() filed August 4, 1896, Dy rotating
a series of huc lwts, employing the principles
herein showu, In the direction opposite to

that in wlhieh it would turn if used as a

motor and at a proper speed relative to the
awount of compression or the velocity of
flow which it is desired to obtain, the ef-
feet of-these buckets will be to draw the
ajv or other elastic fluid info thelr anterior
portions. producing compression of the fluid
therein by the ;:md\mll'v dnninishing eross-
section of these portions, and then while
siich hiad s under’ inereased pressure and
retduced veloeily, changing ity divection of
How as desived and ‘deliver ing it either by

means of pavallel or diverging. walled pos-)

terior portions which serve to convert
pressuve into velocity, tothe stationary or
recelving portions of the apparatus where-
in the »is eéive may either be preserved as
converted

velocity  or ity the reguired
pressure as desired. :
In Fig. 10 two turbine wheels I and

G are illustrated rotating In opposite di-
rections, the vane spaces of the wheel F
discharging directly into the vane spuces
of the wheel (x. This figure simply illus-
trates the fact that my nnpmvvd principle
of bucket action is applicable to hulnm,s
of this character.

T Figs, 11; 12 and 13 a desirable con-
struction for my improved form of bucket is
illustrated. H and T are Lwo steel rings
which are riveled (ogether and may be
mounted upon any portion of the turbine

heel, for example, the disk K, or one sec-
tion of it, by means of the flanges » and .

These steel rings are cut with suitable tools
so as to form the vane spaces, one part of
thé vane spaces being formed in each ring
and the vane spaces being completed. by
the joining of the rings. With ‘this con--
struction the central reservoir %, when em-

~ploved, may be formed -partly by radial en-
Jlargement of the passage.

The .construc-
tion avoids the necessity for the use of outer

are secured, as employed by me in former
constructlons

90

95

100

105

120

and-inner rings between which the buckets -

125

In Fig. 18 only one of the opemngs-

nthrough ‘the ring ‘H is illustrated in order’

to avoid confusion.
1t is evident, as ah‘eady Indlcated that

I also intend. to use my improved buckets

180
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j'and principle of buclet 4action, both - for

10

© and wheréver the direction of flow of-an

15

 claimed herein, but will be made the -sub-

20

“tion is included in the claims which I make

in described as applicable to a turbine using'

compressing air ‘or other elastic. fluid %nd
for imparting velocity to them, by a re-:
versal of theoperation, and T wish it un-
derstood that this weversal of the opera-

herein to the present invention.
- It will be e@bserved that the method here-

an’ elastic fluid, is also applicable whenever

elastic fluid moving under a cousiderable
velocity due to its wis viwa, is to be changed.
I intend to apply for a patent or patents
on ifs use in connection with other kinds
of appdratus.

-The method herein described is mot
ject of a separate application for patent.
In accordance with the provisions of the
patent. statutes, I have described the prin-
ciple of my invention, together with the ap-
paratus which I now consider to represent
the best embodiment thereof, but I desire
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to have it understood that (he a pparatus

i)

shown is merely illustrative and that the.
invention can be carried out in other ways. -

" Having now described my invention, what

I claim as new and desire to secure by Let- .

ters Patent, is:
"~ 1. An elastic fluid turbine of the axial

flow type, having an annular opening and
buckets disposed therein, the said. opening -

having a contracted inlet and a contracted
outlet. o . :

9. In an elastic’ fluid turbine., a turbine
wheel provided- at its periphery with two

tings each carrying a portion of each vane

space and completing the vane spaces when
they are attached togéther, substantially as
set forth. _ R

This. specification signed and witnessed
this 30th day of July, 1907.

CHARLES G. CURTIS.

Witnesses:
Troxarp H. Dyrx,
Jorrw L. Lorscrd
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