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Mo all, whom ut may concern: 
Be it known that I, CHARLEs G. CURTIs, 

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. - - 

This is a division of my application for 
patent Serial No. 667,144 filed January 19, 
1898, 
The object I have in view is to produce an 

apparatus for converting the energy of 
steam or other elastic fluid into mechanical 
rotation with a greater efficiency than has 
heretofore been obtained. 
An elastic fluid may contain energy in th 

forn of pressure or of vís viva, and under 
proper conditions may be delivered to a 
turbine wheel by a nozzle as a stream with 
any desired portion of its original energy 
convertedl into vis tiva, within certailu limits. 
If the flow of the steam through the work 
ing passage of the turbine is accompanied 
by a stress upon surfaces thereof properly 
arranged ind designed, mechanical rotation 
of the apparatus and utilization of the fluid's 
energy will be had. Heretofore this result 
has been attained by making the movable 
elements of the working passage in the form 
of active concave toward the direction of 
rotation, and the centrifugal force of the 
particles (as the direction of their flow has 
thereby been changed) has been relied upon 

5 to cause the desired rotative stress or drivs. 
in water turbines this method ing effort. 

of tilizing the ris 'i'a of the stream is 
very Satisfactory, 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, etc., 
while in steam or other elastic fluid turbines, 
a 11uch Smaller percentage of the corre 

- spondling amont has heretofore been ob 
tained. This is believed to be due, in part 
at least, to the current misconception that 
an elastic fluid having a considerable vis 

50 

via may be treated as water, an inelastic 
fluid, and utilized in a turbine in the manner 
which has been found satisfactory in water 
turbine practice. . - . . . . 
Comparing a reciprocating steam engine turbines. This is a serious mistake, 

1 and a steam turbine, the cylinder wall losses, 
as 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 

55 

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 
ure heretofore to provide for the steam or 
elastic fluid, a working passage adapted to 
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 
and sweeping around its curve under like 
conditions will maintain a stress upon the 
concave walls, each layer of particles press 

60 
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ing upon but 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 a 
passage at an enormously higher veiocity and 

75. 

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 
sible the stress of each layer of fluid upon 

S0 

the layer adjacent to it will compress the . 
latter and the density of the stream will no 
longer 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 con 
pression ean only be obtained by a conver 
sion of iris viva into pressure; or in other 
words, by a sacrifice of the velocity of flow, 
and under conditions such as would he jould : 
in practical cases, the energy thus trans 
formed into pressure iš a very considerable 
portion of the total energy in the laid. 
These facts have not been appreciated here 

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

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

?1??C? 

-85. . 
in. It will be greater, at the concave sur-. . . 

face where 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 vis. 

5 viva, and unless the due restoration of vis 
viva 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 vane passage of 
water turbine pragtice 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 

20 large variation in density over any given . 
cross sectional area complexifies the whole problem. 

I have devised a new principle of bucket. 
action applicable to an elastic fluid whereby 

5 stream of such fluid may be used in a work. 
ing passage so as to exert a rotative stress 
upon moving surfaces forming part of such 

O 

passage, and in Such a way as to largely con 
serve the energy which the maintenance of 

80 this stress converts into. pressure and make 
it available for use thereafter. 

have found that the energy of an elastic fluid entering at a given yelocity a converg 
ing sided passage, or one having a gradually 

85 dininishing cross-sectional area, will under. 
gº conversion - from yis viva into pressure 
Without substantial choking (or change in 
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 to 
nove in the direction of the flow of the 
fluid, the stress upon the converging walls, 
will drive it forward. This principle of 
bucket action may be superimposed upon 
the old principle of such action by centrifu 
gal force on a curve, but in its more simple 
or elementary form it consists in delivering 
the stream of fluid (preferably at a high veloéity and low pressure) into a movable 
vane element, forming the whole or a part 
of the working passage, and whose axial 
line in its anterior portion is that of the 
fluid's direction of flow. Two or more of 
the walls of this portion, however, converge, 
decreasing the cross-sectional area in the diº 
rection of flow to a minimum cross-section 
sufficient to carry the fluid, without choking. 

40 
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ing to a pressure equal to that which the 
virtual vis viva is capable - of causing in|| 
Such a passage without substantial interrup 

65 tion of flow. In this converging anterior 

entered the passage is 

in velocity, and increase in pressure. 

i ably have walls diverging in the direction at the volune and the velocity correspond. 

986,868 . . 

portion the vis viva Y????! the flui argely reconyert?d 
into pressure, its passage from point to 
point being attended by progressive decline 
axial line of this anteriorportion bf the 
movable element being at anåcute anglet 
the direction of rotatioh, any stress exerted upon the converging surfaces thereof, will 
tend to rotate the apparatus. The fluid, de 75 . 
livered in this way to the passage, impinges, 
upon converging opposing surfaces and the 
rotative stress is thus had, not on one curved 
surface only, but on two or more sides of 
the stream and under conditions insuring its 
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, . 
the cross-sectional area at all points being 85. 
such as to carry the weight of fluid deliv. 

80 

ered per Second to the passage, at the ve 
locities, volumes and pressures at the sev 
eral points. - • • 
The fluid might issue from the movable 

element into the exhaust, or into a station 
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 novable element. . . 
The fluid enters the imiddle portion 100 

through the funnel throat of the anterior 

90 

portion under a desired pressure (but not 
the quantity flowing per second), provided exceeding the maximum as indicated) and 

at a corresponding velocity and volume, the 
velocity being, however, relatively low in 105 
any case. The middle portion may be 
either a curved passage adapted to turn the 
tream through the desired change of angle . 
A. a relatively low velocity, subjected to a 
relatively small centrifugal compression, 110 
frictional retardation and eddy currents, as 
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 its remaining 115 
is riva will be converted into pressure. 
In either case the outlet for the fluid, . . . 
whether from such curved portion or from 
such enlarged channber, will be through a 
posterior, portion of the movable element 120 
whose first cross-sectional area will be such 
as to carry the fluid or permit its escape at 
the pressure, volume and velocity there ex 
isting. This posterior portion will ?? W 

125 
of flow and an axial angle as obtuse as pos- : sible to the plane of rotation, and at any . 
rate, such as that the largest cross-sectional area of the posterior portion shall be in the 
general direction opposite to that of rotation. 130 
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In this posterior portion of the movable einent as it whole (congrising. anterior, 
element the fiujd will expand and have its 
remailing energy coverted into i:is yief to 
the extent permitted by the increase of 
cross-sectional area, of the passage, its flow 
from point to point being accompanied by 
a progressive increase of velocity and de 
cline in pressure. As in the anterior por 
tion, so in this posterior portion the stress 
upon surfaces converging toward the direc 
tion of rotation will be a rotative stress 
whereby the energy of the fluid will be coil 
verted into mechanical power. 
Whii? II prefer to producè the maxim til 

anterior portion of the vane space, any de 
gree of such conversion is a dit vantageois, 
and is within the scope of my present in veri 
tion. ; , 

At the discharge end of this posterior 
portion of the movable element, the fluid 
slotid preferably be at a low pressire and 
lig}; virtual velocity. If not then dis 
chaigeti into the exhaust, it will be received 
by an oppositely rotating element or into a 
stationary element, and after having its di 
i'ection of flow changed, be delivered to a 
Subsequent element, etc. The number of 
elements may be few (or nu any in number, 
according to their peripheral speed and the 
degree of efficiency desired. 
My invention is also applicable to a sta 

tionary intermediate element in the working 
passage in which the fluid's direction of flow 
is changed. Stich change being necessarily 
accompanied by compression, eddy currents, 
frictional retardation, etc., it is as important 
to conserve the energy thus necessarily con 
verted from 13 ás vit (a into, pressure and to 
reconvert it into vis vie (é 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 node of operation inay give improved 
ficiency as rompared with the istial nethol. 
The density of the fluid will be more uni 
form and the energy converted into pressure 
by centrifugal compression will be more 
largely conserved and utilized after due 
restoration of is ti's had. In combining 
the two methods as above, it will be desir 
able to have the greater amount of change 
of direction take place after the velocity of 
the streal has been very considerably re 
sticel in sitch a contracting portion of the 
vane assage, as is indicated above. I do 
not in it end to limit the Stone of my invention 

' in th; i < l'espace('f, how" (ever. 
IRefe' i' ino now to the nore simple or ele 

in it. : y frin of the new principle of bicket 
actio) above described and to the movable 

middle and posterior portions) the stress 
of the fluid upon the surfaces of the passage 
at various points may be favorable or un 
favorable to its rotation, or neutral. A sub 
stantial preponderance of stress favorable 
to rotation is obtained, however, and the 
middle portion, whether in the form of an 
en larged 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 fuid therein 
will be exerted upon an area of Stilface in 
the direction of rotation greater than that 

conversion of vis tija into pressure in the of the back yw ail, so that is even if the 
maximum pressure which can be had at any 

5. 

point, therein were assumed to exist at al. 
points, a portion of the energy of the fluid 
would be utilized therein. The fact that 
zones of gradually increasing pressure Enlist 
be found near the discharge end of the an 
terior portion, and Zones of gradually dimin 
ishing pressure must 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, 
without change in the quaintity flowing per 
second) insures a greater utilization of 
energy than ywould be foundunder the con 
ditions assumed in the preceding sentence. 
The principle of bucket action inerein de 

scribed is not applicable to incoln pressible 
fluid turbines. If the attempt, were made 
to operate such a tarbine as is herein le 
scribed with an inelastic, incompressilole 
fluid, such as water, the action of the fluid 
in it would be essentially different from that 
of an elastic fluid. Water enterin a prop 
erly designed contracting passage under a 
given velocity will reach a maximum Ye 
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. I'ed ice the quility 
flowing per second) if the flui ente's it at 
tinis maximum velocity dine to its het i, ai el 
after this choking has established a receil 
rate of flow, it will le found that at le 
orifice, or receiving eid of the contacting 
passage, the velocity of the strean is less ait 
its hydrostatic heatl greiter, while as the 
contractéd end is approached the hydrostat i 
head decreases and the Yelocity increases. 
On the contrary, with an elastic fluid I have 
found that the effect of contraction of the 
passage, if not carried too far, will be to 
convert is si?t into pressure without ('a lis 
ing any choking (that is to say, rediction 
of quantity flowing per second). This fact 
staíe?i above :S to the action of water "fiov - 
ing through a crint racting passage his hean 
vvell known and has been "eliº o in the 
design and construction of water tirhile 
nozzles, wherein a velocity of discharge 
equal to that due to the hydrostatic head is 
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desired. The reversibilit of the action with space, and the dotted lines showing the rec 
water has also been understood, as shown in the discharge ends of injectors delivering space. 
a stream of feed water to a boiler wherein 
a pressure is maintained. I have found that 
the action of an elastic fluid in such a pas 
sage 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 1 is a horizontal section ilustrating two vane spaces embodying my 
present invention. Fig.2 is a vertical sec 
tion through the central line of one of the 
vane spaces of Fig. 1 showing slightly di 
verging top and bottom walls. Fig. 3 is a 
section similar to Fig. 2, showing a different 

. arrangement of the top and bottom walls of 

20 
the vane spaces of Fig. 1. Fig. 4 is a hori zontal section of my improved buckets, illus 
trating the same general form as in Fig. 1, 
but having the posterior portions of the wane 
spaces placed at a greater angle. Fig. 5 is 
a vertical section through the central f of 

25 

30 

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

35 

40 

tom walls of one line of vane spaces in the 
turbine of Fig. C. 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 

line. 
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. Fig. 12 is a vertical 
section on the line 12-12 of Fig. 11, looking 
in the direction of the arrows crossing that 
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 13, showing in 
section one of the vane spaces in one of the 
rings. Fig. 15 is a section through the 

... 65 

throat of the portion of vane space shown in 
Fig. 14, illustrating a round throat of a 
diameter equal to the depih of the vane 

Fig. 13 is a view of the inner face of 

angle, in which case the to 
walls of the vane space ma 

tangular form at the other end of the vane 
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 

70 

rection of flow and converts to, a greater or 
less extent the is vival of the elastic fluid into pressure, the degree of conversion being 
determined by the size of the contracted in 
ner end or throat g of this portion. The posterior portion h of the vane space has an 
enlarging cross-sectional area, due to the di 
vergence of all its walls, and a throat , i. 
The throats g and i enter and leave the cen 
tral enlarged space or reservoir k in which 
the is via of the elastic fluid is still fur 

80 

ther or wholly converted into pressure dur 
ing the charge of direction of flow and 
under conditions which insure the due res 
toration of vis via in the posterio: po 
tion. The relation between the cross-sec 
tion at 9 and i must be such as not to cause choking or interruption of flow, having re 
gard to the pressures, volumes and velocities 

85 

90 
there existing, and to the utilized and 
wasted energy. Che stress upon the con 
verging side walls of the anterior portion f 
of the vane space tends to drive the blackets 
forward, and a similar effect is produced by 95 
the stress upon the diverging walls of the . 
posterior portion h of the vane space. 

In order to obtain desired cross-sectional 
area at the throat i, as compared with that 
of throat 9, whether equal, greater or less, 
the top and bottom walls of the vane space 
may diverge more or less, as illustrated in 

100 

Figs. 2 and 3, or they may be parallel or. 
converge. . . . In Fig. 4 a form of bucket similar to that 
of Fig.1 is illustrated, but an enlargement 
of the throat i is secured by giving the pos 

0. 

terior portion of the vane space a greater 

illustrated in Fig.5. 

and bottom. 
be parallel, as ... 10 

In Fig. 6 is illustrated a compound tur 
bine baving 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. Wane 
spaces with the central reservoir k, 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 Eis one havingdiyerging walls 
so as to convert a considerable amount of 
pressure into vis, viva. The figure is in 
tended to illustrate a delivery, nozzle which 
does not produce a maximum conversion of 
pressure into vis viva, the remaining pres 
sure being converted into pris vivain the 
vane spaces of the turbine. Since the vane 
spaces of each set, as shown in Fig. 6, have 

15 
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the same angle at their receiving and dis 
(la ’gitig ensis, el 'gement of (':'oss-sectional 
area at Varios points hay le had by vary. 
ing the vertica dime}:sion or backet de ptlt, 
and this may he had by a divergence the 
top and i botton walls of the vi a 11 : si scies, as 
illstrated in Fig. 7. 
My in proved buckets are applicable to 

c: Impound turbines ba ving any a umber of 
movable or stationally elexerts, or to such 
turbines of the ict type in which the fluid is 
passed through the sanie set of Juckets two 
or more ties it sticcession, or to turbines 

20 

25 

of the outward and inward flow types, or 
any other types: 

In Fig. 8 vane spaces are illustrated hav 
ing a central reservoir and a symmetrical in 
form if that fle posterior portions of the 
vane spas: es: lh, ve a sh:a ºper or ?ess angle 
then the 'eceiving politics. Such an ap 
pä1'aius is adapicyl for reve "sal for the con 
pression () f rail' (our other teas: tic fl trid. This 
figl'e also ili s? "za tes a (:ur A ing Kof the con - 
verging ånd diverging fou i and 1rear Walls 
of the receiving and discharging fortions of 
the vane passage so as to correspond with 
tlit actual my Yement of the stean particles 
in the valle spaces relative to the movement 

35 

40 be represented by the line n, g, which is par 

45 

of the vane spaces, themselves, this complex 
action being analyzed by the diagram shown 
is dotted lines. The elastic fluid enters the 
vane space with the velocity in o. The ve 
locity of the bucket is an . Therefore o 
represents the virtual Algie at which the 
fluid enters the vane space. While the fluid 
passes through the anterior portion of the 
passage its velocity becomes reduced, and 
when it reaches the throat ty, its velocity, for 
example, will be represented by the length 
m, q. The viriual angle offiow will therefore 

ailel to the axi? of the throat (y, Betwee: 
the receiving end of the anterior portion 
and its throat the virtual angle of inflow 
will gradually change so that the true theo 
retical shape of this portion should be more 
-or less curved, depending upon the change 
in velocity of the fluid produced by the con 
tracting passage, and also upon the relative 

50 

60 

ciples. 

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 construction illustrated by this 
figure may be used without the central res 
ervoir k, and with the curved middle portion 
of the vane space having parallel front and 
rear walls. It can also b? used with a con: 
struction wherein the posterior portion of 
the vane space has parallel front and rear 
walls. Due to the sharper or less angle of 
the posterior portions of the vane spaces, a 
considerable increase in the depth or verti 
cal dimension in the middle portions of the 

5 

Vane spaces is necessary, as illustrated in 
Fig. 9, in order that the throat i shall have 
the necessary cross-sectional area relative to 
that of the throat. g. 
The principles herein desciibel i have 

ast) applied to the operation of compress 
ing air or other elastic fluid or imparting 
a Velocity to a body of sich fluid with the 
saille 'elative improvement in efficiency, as 

i compa l'ed with the apparatas described 
in my pending application Serial No. 
(301,606, filed August 4, 1896. By rotating 
a series of buckets, el ploying the principles 
!herein showa, in the direction opposite to 
that in willich it would turn if used as a 
motor ald at a proper speed relative to the 
an}(): 11t of compression or the velocity of 
flow which it is de-ired to obtain, the ef 
fect of these lickeis will be to draw the 
aii' ()' other elastic flirict into their anterior 

() 'tiolis, pro clicing compressions of the fluid 
thereia ly the gradually (inninishing cross 
secº ti yn ºf these portions, andil then while 
sì ch ?i id is traier increased pressure and 
relucted velocity, changing its direction of 
?lov as desired and delivering it either ly 
lineans of parallel or diverging walled pos: 
terior portio) is Which serve to convert 
pressure into yelocity, to the stationary or 
receiving portions of the apparatus where 
in the y is 'i ( may either be preserved as 
velocity or converted iii) the required 
pressure as desired. 

II Fig. 10, two turbinae wheels if and 
G a l'e illustrated rota ting in opposite di 
rections, the vane spaces of the wheel F. 
discharging directly into the vane spaces 
of the wheel G. This figure simply illus 
trates the fact that uy improved principle 
of bucket action is applicable to turbines 
of this caracter, 

la Figs. 11; 12 and 13 a desirable con 
structio; for my improved for in of backet is 
illustrated. H and I are two steel rings 
which arge riveted together and may be 
not inted upon Ty portion of the turbine 
wheel, for example, the disk K, or one sec 
tiot of it, by means of the flanges r and s, 
These steel rings are cit, with suitable tools 
st) as to for the vane spaces, one part of 
the vane spaces being formed in each ring 
aid the vane spaces being completed by 
the joining of the rings, With this con 
struction the central reservoir k, when em 
ployed, may be formed partly by radial en 

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

70 
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90 

95 

. (5 

O 

Li5 

20 

and inner rings between which the buckets 
are secured, as employed by me in former . . 
constructious. In Fig. 13 only 
through the ring His illustrated in order 
to avoid confusion. 

It is evident, as already indicated, that 
I also intend to use my improved buckets. 

25 
one of the openings . . 

80 
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and principle of bucket action, both : for to have it understood that the a [Pp]latulo 4 ) 
compressing air or other elastic fluid and 

.0 

for imparting velocity to them, by a re 
versal of the operation, and I wish it. un 
derstood that this leversal of the opera 
tion is included in the claims which I make 
herein to the present invention. 

It will be observed that the method here 
in described as applicable to a turbine using" 
an elastic fluid, is also applicable whenever 
and wherever the direction of flow of an 

15 

20 

elastic fluid moving under a considerable 
velocity due to its vis viva, is to be changed. 
I intend to apply for a patent or patents 
on its use in connection with other kinds 
of apparatus. . . . . . . , 
The method herein described is not 

claimed herein, but will be made the sub 
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 

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: O 

1. An elastic fluid turbine of the axial 
30. 

flow type, having all annular opening and 
buckets disposed therein, the said 3i 
having a contracted inlet and a contracte 
outlet. 

2. In , an elastic fluid turbine, a turbine 
wheel provided at its periphery with two 
rings each carrying a portion of each vane 
space and completing the vane spaces when 
they are attached together, substantially as 
set forth. ? " . . . .??? 

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

CHARLES G. CURTIS. 
Witnesses: 

LEONARD H. DYEr, 
JoIIN.I. L('rsCI. 

40 

35 

?? 

  

  

  

  


