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To all whom it may concern:
_Be it known that I, Cuarres G. CurTis, 2
citizen of the United States, and a resident
of the bworongh of Manhattan, city, county,
5 and State of New York, have invented a
certain new and useful Improvement in
Elustic-Fluid Furbines, of which the follow-
ing is = deseription. ,
'The object I have in view is the produc-
10 tion of a turbine, which will be of high
efficiency and of smali bulk, and which will
: be particularly applicable for marine pur-
poses, although it may be used for other
. purposes, : S
‘ L 'l‘lho tmrbine is preferably of the drum va-
riety, although such form is not essential,
and it may be of the annular or forced flow
variety, althongh it may be modified by com-
bining it in the higher stages with a turbine
20 or turbines of jet form, in which only a pro-
portion of the periphery of each wheel is.
acted wpon at one time by the elastic fluid.
_In-exder to secure the maximum of effi-
cieney I provide a turbine with buckets all
25 upon the same angle, and working with equal
velocities, and developing equal energy in
each wheel and in which the.buckets in-
erease in depth toward the exhaust in such
a relation as to develop equal velocities and
30 ¢qual energies in each row of buckets, and
provide a passageway for the increased bulk
of the steam as it expands toward the ex-
haust.  This increased depth is gradual and’
in order to secure the maximum cfficiency
shoulid he made upon the line of .a curve
which may be determined by calculation.
. Such = form of turbine will produce the
; ereatest efficiency. but it-may be.open to the
abjection of having tco great a depth of
40 hyckets for the last few stages, and also in
having too slight a depth of buckets for the
first stages. The practical trouble with the
exhanst end of the turbine may be overcome

as will be necessary in order to secure the
proper increase of space to accommodate the
increased bulk of steam, but in order to
permit of a greater angle of entrance and
discharge in the buckets, as would be the g0
case if all of the last few rows of buckets
were of the same height. . The objection to
having the first few rows of buckets of the
proper theoretical depth in order to provide . .
for the bulk of steam passing through is g5 ’
that-if the denth of the buckets for the in-
termediate portion of the turbine be prop-
erlv proportioned for .correct theoretical
conditions the depth for the first few rows
will be exceedingly small, and in fact may 7o .
not. exceed the actual clearance between the
fixed and movable surfaces. This objection
may be overcome by forming the first rows
of buckets to operate upon the jet type and
nsing only a portion of the periphery of 715
cach wheel at a given time, and so construet-
ed that the wheels may be arranged in sepa-
rate casings, or if desired, in groups of a
smal! number of wheels, each group within a
casing, the several casings to be connected 39
together by passages properly proportioned
to accommodate the increased bull of steam,
and to properly direct it over an increas- .
ingly larger portion of the periphery of the ‘
wheels as it travels in the direction of the g5
exhaust.

Tn the drawings Figure 1 shows the curve
of volumes in a turbine having 25 rows of
moving buckets and 24 intermediates, the
buckets being all of the same angle and 82
working with equal velocities, and arrange:! -
to develop equal energy in edch stage. Ifig..
9 shows a diagrammatical view of bnckeis
and intermediates of the saine number. show-
ing the increased depth of the buckets to- 95
ward . the exhaust to accommodate the
inereased bulk of steam due fo expansion.
Tig. 3 shows in-diagrammatical form a tur-

o

35

s¢

bv increasing the angle of entrance and dis-
charge of the wheel and intermediate buck-
ets so ms to compensate for the decrease in
height. which will be nccessary in order to
have the depth of the buckets conform to
the volume curve. The last few buckets
townrd the exhaust can be of uniform depth,
the amgle of entrance and discharge being
in sueh proportion as to provide for the in-
ercased bulk of fluid. If desired the depth
of the huckets of the last few stages may be
graduwally increased, not so much, however,

bine having 19 rows of buckets, the wheels
of the first eight rows heing arranged in 100
pairs to form jet turbines, and the wheels

of the remaining eleven rows being arranged .
in the form of a single annular turbine, most

of the buckets being of increasing depth

toward the exhaust, the last three rows of 105
buckets being of equal depth, but with in-
creasing angles of entrance and delivery. .
Fig. 4 illustrates a development of the tur-
bine similar to that illustrated in Fig. 3,
‘with the addition of nozzles for each stage 17
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‘in the iz{ lurbines and a nozzle for the an-
nular furbine. Fig. 5 is a development of
the turbine illustrated in Fig. 4, showing the
incressed angles of entrance and discharge
5 of both wheels and intermediates and Fig.
© 6 is a longitudinal sectional view of an em-
. bodiment-of the invention showing a turbine
similar to that developed in Fig. 5. -

Tu all the views like parts are designated

1¢ by the same reference characters. :

In Fig. 1 the line ¢—b represents the en-
ergy of foot pounds developed per pound of
steam. ¢ represents the moving vanes and &
the fixed parts or nozzles. The line ¢—f

15 represents the ‘curve of volumes in cibic

- feet. For clearness of illustration the en-

ergy of foot pounds per pound is presumed

to be 10,000 foot gounds for each row of

buckets. Working om an expansion of from

20 175 pounds to 1.9 pounds ahsolufe and

based on a redvaporation of 50 per cent. of

condersed increment for each expansion the

pressure within the steam passages at the

ifferent stages would be as shewn in Fig.

25 1. The volumes weuld increase from about

three cubic feet per pound in the first stage

to about 300 for the 25th, and the curve
of volume would be 2 steadily rising one.

In thesturbine illustrated in Tig. 2 the

80 depths of wheel buckets and nozzle buckets
are regulated in accordance with the curve
illustrated .in Fig: 1. ‘Instead of having
the buckets secured to a drum of cylindrical
form such as would be tlie cuse if they were

" 85 made directly. in accordance with the chart

illustrated in- Fig. 1, the drum is formed
upon a curve calculated to be the same as
that of the upper, outer or free edges of
the bnckets, so that 'a line drawn through
40 the center of each bucket will be straight
and parallel to the shaft of the drum. By
this means the size of the turbine will be
reduced and will be smaller than if a cylin-
drical drum were used. Ir{ & turbine con-
45 gtructed as shown in Figs. 1 and 2 the last

few rows of buckets would be undesirably

deep. - In Tig. 8 a means is shown for
avoiding this, in which the last three rows

of buckets are of equal depth. In order to

50 provide for the.increased <:lame of steam
due to expansion, the angles of entrance
and discharge of these buckets are increased.
As already described in connection with

_ Figs. 1 and 2, the buckets ir. the first fow
55 yows of the turbine will be undesirably
_Jow, and in a full sized machira their depth
may not exceed the actual clearance between
the fixed and moving parts. In order to
avoid this objection the xrst rows of buck-
ets may be made of greater depth, aud the
nozzles may be so arranged as to discharge
‘upon but a portion of the periphery of each

wheel at the same Sme. The depth of the |

buckets 2nd areas of nozzles discharging
upon them will be pri.perly caleulated so as

ry

to provide the proper area through which
the steam would pass. :

In Figs. 3 and 4 the first eight rows of .
buckets are arranged in the form of a jet .
turbine, two rows of wheels being arranged 70
in each sét. In Fig. 4 the devefopment e
the turbine illusirated in Fig. 8 is iilus- -
trated. Here the first eight rows of wheals

‘are arranged in sets of two, the nozzles and

wheel buckets having the same angles of 75
entrance and delivery. The nezzles and
intermediate nozzles are arranged in seg--
ments of a circle, the segments increasing
in depth in successive sets toward the ex- °
haust. The fourth set discharges in the an- 80
nular flow turbine, in which the entire pe-
riphery is utilized. The first row of buck-
ets-of the annular flow turbine will under
these conditions have a reasonahle depth so -
as to be efficient. . Thiz depth will increase 85
gradually and in accordance with the curve
Hlustrated in ¥ig. 1 until its d-pth becomes
the niaximum practicable, wiarn the buck-
ets may be of uniform depth and the angles
of entrance and discharge increased. " 90

In Fig. 5 & represénts a yow of wheel =
buckets and ¢ a row of nozzles of an em-
bodiment of the invention which is intended
only to be an illustrative example. These
have the same angles of exit and enirance 8§
as -of the preceding rows cf buckets in the -
turbine. The entrance of the wheels as °
shown is 37 degrees and the angle of exit”
is 22 degrees. The angle of entrance of the |
nozzies is 60 degrees and the angle of exit 100
is 26 degrees. . This is calculated for a turs -
bine having a peripheral speed of 850 feet
per second, and 1400 feet ‘per second steam
velocity, with a nozzle Witg an efficiency of -
92.5 per cent. In the three succeeding stages 106
it is shown that the angles of entrance and ="
éxit of the wheels and nozzles increase. - fis-
the 17th wheel and % the nozzle precedin
it. 1is the 18th wheel and m the nozzle prek . -
ceding it, # the 15th wheel'and o the no#- 110
zle preceding it. As shown the angles of
entrance and discharge of these passrges are
as follows: In the 17th wheel the angle of
entrance is 47 degrees.and the angle of dis-. ..
~harge 28 degrees; for the nozzle preceding 118
this, the angle of entrance is 60 degrees and * -
the angle of discharge is 25 degrees. In
the 18th wheel the angle of entrance is 61"
degrees and the angle of discharge is 36
degrees; for the nozzle preceding it the 12¢
angle of entrance is 66 degrees and the angle
of discharge is 33 degrees. In the 19th
wheel the angle of entrance is 78 degrees
and the angle of discharge 46 degrees; .for .
the nozzle preceding it the angle of enfranes 125,
is 74 degrees and the angle of discharge 42,, -~
degrees. T ' L

In the examplé illustrated all the angleg _
of discharge of the nozzles preceding wheel o
n are 20 degrecs and their entrance angles 130
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are 60 degrees, and the entrance angle of the

37 degrees and its discharge is 22 degrees.
A structural form of turbine is shown in
Fig. 6. This turbine is a-praciical form
of that developed in Fig. 5. Four jet
stages A, B, C, D, and one annular stage E
at the low pressure eud of the turbine are

- shown, all having movable buckets ¢ and

10
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fixed intermediate nozzles d, there bein% two
sets of the former and one set of the latter
in each of the high pressure stages. . The

annular stage has eleven sets of moving .

buckets ¢ and ten sets of fixed intermediate
nozzles 4, the depths of the first eight sets
of moving buckets being gradually increased
upon the curve shown in Figs. 1 and 2, and
the remaining three sets of moving buckets
being all of the same depth, but becoming
gradually flaiter, as described in connection
with Fig. 5. Any form of wheels or casing
can be used, a convenient form being illus-
trated and being quite similar to that dis-
closed in my co-pending applieation for

atent Serial No. 114,357, filed July 3, 1902.
?Vheels F and diaphragmms G similar to
those disclosed in that application are illus-
trated in Fig. 6. A shaft H supports the
wheels and a casing I incloses the wheels
and diaphragms and supports the interme-
diate nozzles. :

Having now described my invention what
I claim as new and desire to secure by Let-
ters Patent is:

1. In an elastic fluid turbine, the combi-
nation of wheel buckets and fixed nozzles,

.a portion of the wheel buckets and nozzles

being all on the same angle and increasing
in depth toward the exhaust, in such a.rela-
tion as to develop equal velocities and en-
ergies in each row of buckets, and a portion
of the wheel buckets and nozzles not in-
creasing in depth in such relation, but hav-
ing the angles of cnirance and exit in-
creased, so as to provide a passageway of

. the proper size for the increased bulk of
the elastic fluid as it expands toward the
. exhaust. :

2. An elastic fluid turbine, having wheel
buckets and fixed nozzles, a portion of the
wheel buckets and nozzles being all on the
same angle and increasing in depth toward
the exhaust, in such a relation as to develop

50

equal velocities and energies in each row -

of buckets, and a portion of the wheel 55

Duckets and nozzles not increasing in-depth
il such relation, but having the angleg of
entrance and exit increased so as to provide’
a passageway of the proper size for the in-
creased bulk of the elastic fluid as it expands
toward the exhaust, in combination with
high pressure jet stages. - _

3. In an elastic fluid turbine, the combi-
nation of wheel buckets and fixed nozzles,
a portion of the wheel buckets and nczzles
being ail on the same angle and providing
for progressive increase of dimensions of the
expanding fluid solely by increase of depth
toward tne exhaust, and a portion of the
wheel buckets and nozzles not increasing in
depth in such relation but providing, wholly
or in part, for the increased bulk of fluid
by having the angles of entrance and exit
increased so as to provide a passageway of
proper size. . '

4. In an elastic fluid turbine, the combi-
nation of wheel buckets and fixed nozzles,
a portion of the wheel buckets and nozzles
being all on the same angle and providing
for progressive increase of dimensions of
the expanding fluid solely by increase of
depth toward the exhaust, and a portion of
the wheel buckets and nozzles not increasing
in depth in such relation but providing,
wholly or in part, for the increased bulk of

fluid by having the angles ¢f entrance and.

exit increased so as to provide & passageway-
of proper size, in combination with higl
pressure jet stages.
This specification signed and witnessed
this 18th day of August, 1905, _ :
CHARLES G. CURTIS.

Witnesses:
Jxo. Roer. TayLor,
Aserr Lovuis Sirra,
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