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Application filed Wovember 18, 1809,

7o all whom i may concern:

Be it known that I, Cuarrss Brars Rear-
ICK, a citizen of the United States, and resi-
dent of the city, county, and State of New
York, have invented a certain new and use-
ful Invention Relating to Elastic-Fluid Tur-
bines, of which the following is a specifica-
tion, taken in connection with the accom-
panying drawings, which form part of the
same.

This invention relates to elastic fluid tur-
bines and relates especially to steam or other
elastic fluid turbine construction in which
assembly is facilitated by the use of detach-
able nozzle members mounted in alined noz-
zle apertures in the casing.

In the accompanying drawings showing in-

a somewhat diagrammatic manner several
illustrative embodiments of this invention,
Tigure 1 is a vertical longitudinal section.
Fig. 2 is a transverse section substantially
along line 2—2 of Fig. 1. Fig. 3 is an en-
larged transverse section showing a nozzle
member. Fig. 4 is a corresponding cross-
section along the line 44 of Fig. 3. Iig. 5
is a perspective view corresponding to Ifig.
3. 1ig. 6 is a longitudinal section showing a
different form of turbine. Iigs. 7 and 8§ are
transverse sections thereof along the lines
T—T and 8—8 of Fig. 6. TFig. 9 is a partial
longitudinal section showing another modi-
fied construction; and ¥ig. 10 is a diagram
indicating the arrangement of nozzle mem-
bers.

In the illustrative embodiment of this in-
vention shown in ¥igs. 1 to 5 of the draw-
ings, the turbine casing may be formed as by
casting in several longitudinal sections, such
as 1, 110, which may of course be removably
secured together in any desired way. The
casing may of course be provided with a
number of transverse partitions to form the
various chambers 29, 30, 31 and 32, for ex-
ample, and these partitions are preferably
formed with a heat insulating air space
which as in the case of the air space 36 may
extend throughout the entire area of the par-
tition, which is more desirable, between the
first stage chambers where the steam temper-
atures ave higher. If desired, however, these
alr spaces, such as 37, 38, need not extend out
to the periphery of the partition at least be-
tween the lower stages. It is of course un-
dersteod that the sides of these partitions
may be given a convex form or a flat or coni-
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ecal contour, as in the case of the walls around
the air space 38, and if desired a similar air
space 35 may be formed in the end partition
of the casing adjacent the first stage. Any
desired form of bearings may be used to sup-
port the shaft 2 of the turbine and the bear-
ings 3, 4 are merely indicated diagrammati-
cally. Suitable stuffing glands, such as 5, 6,
may be used arcund the shaft at the ends of
the casing in connection, if desired, with
bushings cotperating with the inner faces of
the end partitions. The wheel sections 17,
18, 19 and 20 which may be rigidly secured
upon the shaft 2 in any desired way, may
have any desired construction and be formed
with buckets in any desired way, a solid con-
struction being indicated in which the buck-
ets 22 are separated by the integral bucket
partitions 21 (see Iigs. 2 and 3), although it
1s of course understood that any other con-
struction or form of wheel may be used in
“connection with corresponding nozzle mem-
bers.

The ‘nozzle members are preferably de-
tachably mounted in the casing so as to co-
operate with the wheels and this may be
effected by forming nozzle members, such
as 23, in which the nozzle tube 18 cobper-
ates with the adjacent partition so as to re-
ceive the impelling flud from the annular
admission port 7 and supply pipe 11. The
nozzle tube 13 also largely supports the noz-
zle member which as indicated may com-
prise a primary nozzle and cobperating re-
turn passages guiding the impelling fluid
the desired number of times through the
wheel buckets before it is released into the
chamber. A convenient form of nozzle
member is indicated in Figs. 8, 4 and 5 in
which the nozzle tube 13 communicates with
the nozzle chamber 24, preferably leading
the steam simultaneously into a number of
-the wheel buckets 22 from which it is dis-
charged at the other side of the wheel into
a return passage 26 between the nozzle dia-
phragms 78, 79, so as to be brought around
to the inlet side of the wheel and pass a
second time through the codperating buck-
ets 22 after which if desired it may enter
the return passage 27 within the end dia-
phragm 82 and be similarly guided for a
third pass through the wheel Dbuckets.
Each veturn passage is of course arranged
with respect to the wheel bucket so as to
secure the desired advance along the wheel

60

65

70

75

80

85

90

95

100

105

110



10

15

20

25

30

35

40

45

55

60

65

2]

and deliver the steam into buckets ahead of
those from which it has issued at the end of
the previous pass, and it seems desirable in
order to guide the impelling fluid and pro-
mote its uniform distribution to provide
suitable distributing flanges, such as 25, se-
cured to the rear aiaphragms and extend-
ing adjacent to the forward diaphragms of
the return passages. These distributing
flange may as indicated in Figs. 8, 4 and 5
be smoothly curved so as to give a sub-
stantially uniform cross-section to the re-
turn passage and promote the uniform dis-
tribution of the steam therein at the time it
is delivered from the return passage into
the wheel buckets without danger of chok-
ing or otherwise impeding the steam flow.
If desired also suitable semi-circular or
other relief openings 126 may be formed
in one or more of the diaphragms so as to
allow the escape of any accumulation of
dead or comparatively slow moving steam
naturally present in the space within the
guard flanges 25 inside the high velocity
steam whirl. If desired, suitable guard
flanges, such as 109, shown in Fig. 8, may be
formed on the nozzle members to prevent
leakage along the line of the buckets, al-
though such flanges are not in all cases
necessary. The nozzle members may be se*
cured in any desired way in the nozzle aper-
ture in the casing as by flanging out the

- free end 42 of the nozzle tube so as to draw

its flange 81 against the partition 80, or if
desired, a threaded end 63 may be formed
on one of these nozzle tubes 62 as indicated
in Fig. 9 or a suitable tightening nut 70
may have a threaded engagement with the
projecting end of the nozzle tube 71 shown
in Fig. 9 which is a more desirable form
of connection for most purposes. Suitable
retainers 83 (see Figs. 2 to 5) may also be
provided adjacent the ends of the nozzle
members and these retainers of any form,
such as the pins 33 by their engagement
with the adjacent partitions rigidly hold
the nozzle members in proper. codperation
with the wheels so as to maintain the desired
clearance with respect thereto.

If desired, the nozzle members of a tur-
bine may be made of the same size and the
desired expansion from one stage to another
may: be secured by increasing the number of
nozzles in the various stages, This arrange-
ment is-shown in Figs. 1 to 4 and an illas-
trative nozzle diagram is indicated in Fig.
10 in which four nozzles are provided for
the first stage and six, eight and twelve for
the succeeding three stages. By using such
an arrangement the nozzle members may be
mounted by boring alined nozzle apertures
through the casing, these apertures extend-
ing through as many partitions as neces-
sary to secure theiproper number .of-nozzles

. in -each stage and then the nozzle members

%
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may be readily and removably mounted in
these apertures so that accurate alinement
with respect to the wheels is readily secured.
For example, the series of nozzle apertures
for the nozzles 13, 14, 15 and 16 may be read-
ily bored through the various casings shown
in "Fig. 1 by the use of proper jigs so as to
accurately position them and then after
mounting these nozzle members in the parti-
tions in any desired way, the apertures
formed in the end partitions may be closed
as by the plugs 12, 34. In this arrangement
four such series of nozzle apertures could be
formed in the casing spaced apart at 90 de-
grees as indicated in Fig. 10 and the corre-
sponding nozzle members mounted to codper-
ate with the different wheels which are dia-
grammatically indicated by the different
sized dotted circles, the inner circle repre-
senting the first stage wheel and the outer
circle the fourth stage or low pressure wheel.
To provide the two additional nozzles for
the second stage wheel two sets of nozzle
apertures may be bored from the low pres-
sure side of the casing through all the parti-
tions except the last, producing apertures in
which the nozzle members 95, 96 and 97, 98,
99, 100, are mounted, as indicated in Fig. 10,
thus providing the two additional nozzle
members 95 and 100 for the second stage
wheel which would thus have six nozzle
members. Other alined nozzle apertures
may be bored through the proper casings
at the desired intervals so as to provide the
nozzle members 102 and 107, for instance,
for the third stage wheel as well as the noz-
zle members 101 and 108 for the low pres-
sure wheel which may also have the addi-
tional nozzle members 103, 104, 105 and
106 mounted in apertures which in such
cases would merely extend through the outer
partition and the dividing partition within
on both sides of the low pressure chamber
82. It is of course understood that the high
pressure steam supplied to the annular ad-
mission passage 7 feeds the various nozzle
members cobperating with the first stage or
high pressure wheel 17 by passing through
the nozzle tubes, such as 18, 83. This steam
after passing through the wheel buckets is
discharged into this first stage chamber 29
and then on passing through the nozzle tubes
such as 14, 83 is expanded and acquires ve-
locity to impel the second stage wheel 18 as
it passes through its buckets. Finally the
steam from the fourth stage chamber 82 is
received in the annular expanded exhaust
passage 8, 9 and is discharged from the ex-
haust pipe 10 to the condenser, if desired.
While this complete interchangeability of
all the nozzle members in a turbine is desir-
able for many reasons, such as minimizing
the number of differently constructed parts
required, many of these advantages may be

~secured by mounting different sized nozzle
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members in the same or different sized noz-
zle apertures so as to codperate with the dif-
ferent wheels, as is indicated in Fig. 9. In
this case, the wheels 74, 75, 76 and 77 mount-
ed on the turbine shaft 62 are shown as pro-
vided with buckets 22 which progressively
increase in width and capacity from the high
pressure to the low pressure end of the tur-
bine. The nozzle members 64, 66, 69 and 72
correspondingly increase in width and ca-
pacity so as to properly codperate with the
wheel buckets, and 1t is of course understood
that all the nozzle members codperating with
any one wheel would be of the same size so
as to be completely interchangeable. By
boring this alined series of nozzle apertures
through the different casing partitions from
the low pressure side these nozzle members
may all be readily mounted in position by
securing their nozzle tubes 62, 65, 68 and 71
in the corresponding casings so that the noz-
zle tube 62 and corresponding nozzle mem-
ber 84 receives steam from the annularly ar-
ranged admission passage 61 while the annu-
lar exhaust passage 78 receives the steam
from the low pressure chamber and dis-
charges the same through a suitable exhaust
pipe, after closing the apertures in this end
partition in alinement with the nozzle aper-
tures in the other partitions. The increase in
size of the various nozzle members may be
made sufficient to secure the desired expan-
sion without increasing the number of nozzle
members used with the wheels of the differ-
ent stages, although of course the nozzle
members may inecrease both in size and in
number from one stage to another, if de-
sired. It is also understood that detachable
nozzle members may be used with one stage
turbines having only a single wheel and
many advantages, such as interchangeability
and ease of assembly may be secured with
such constructions.

‘While of course the return passages may .

be formed of expanding cross-section so as
to secure an expansion of the steam or other
impelling fluid between the various passes
in a single nozzle member these return pas-
sages may be uniform throughout the nozzle
members, as indicated in Figs. 1 to 5, and
this minimizes leakage losses between the
wheels and nozzle members. In some cases
return nozzle members may be mounted on
the same wheel to receive the steam dis-
charged from the wheel buckets into the
chamber and after expansion if desired con-
duct the steam or other impelling fluid sev-
eral more times through the wheel buckets
before discharging it into the chamber of
the succeeding stage. For this purpose, suit-
able return nozzle members 151 may be em-
ployed, as indicated in Figs. 6 to 8, and it is
of course understood that any desired num-
ber of nozzles and return nozzles may be
mounted in connection with any wheel. The

a8

nozzles 51 may be formed and mounted as
previously described and the return nozzles
151 may be provided with the admission pas-
sages 48 receiving the steam from the cham-
ber and terminating in suitable nozzles, di-
recting the steam into the desired number
of buckets 22 and after it has been guided
by suitable return passages through these
buckets to the desired extent it may be dis-
charged through the return nozzle tube 49
communicating with the connected nozzle
tube 50 of the nozzle member 51 of the next
stage. The turbine is indicated in Fig. 6
as having its two wheels 4, 45 mounted upon
the shaft 46 having the bearings 47 and
glands 59, 60 in the casing which is shown
as having the solid end partiticns 39 and
intermediate partition 56 between the cham-
bers 54, 55 of the two stages, although it is
understood that suitable air spaces may be
formed in these partitions if desired. The
steam under these circumstances passes from
the admission port 40 through the nozzle
tube 41 of the nozzle member 51 and after
being discharged into the chamber 54 enters
the admission passage 48 of the return noz-
zle member and then as described after pass-
ing through this nozzle member 151 and
the connected nozzle member 51 of the next
stage the steam is discharged into this low
pressure chamber 55, then after passing into

| the admission passage 52 of the secondary

return nozzle 151 and through the wheel

buckets to the desired extent the steam is

discharged through the return nozzle tube
53 into the exhaust passage 57, 58.

Having described this invention in con-
nection with a number of illustrative em-
bodiments, forms, proportions, numbers and
arrangements of parts, to the details of
which disclosure the invention is not of
course to be limited, what is clalmed as new
and what is desired to be secured by Letters
Patent is set forth in the appended claims.

1. The elastic fluid turbine comprising s
longitudinally divided casing having parti-
tions provided with air spaces to form cham-
bers for the various stages, a shaft carry-
ing bucketed wheels running in said cham-
bers, nozzle members cobperating with said
wheels and comprising nozzle tubes, return
passages angularly arranged with respect
to the wheel buckets and provided with dis-
tributing flanges extending from the rear
diaphragms of each return passage adja-
cent the front diaphragms thereof, and re-
turn nozzle members comprising nozzle
tubes, admission apertures and return pas-
sages, said nozzle tubes being removably
mounted in alined nozzle apertures bored
through a number of said partitions, the ad-
ditional nozzle members for the lower stage
wheels being mounted in nozzle apertures
bored through the partitions from the low
pressure side of the casing.
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2. The elastic fluid turbine comprising a
longitudinally divided casing having parti-
tions to form chambers for the various
stages, a shaft carrying bucketed wheels
running in said chambers, nozzle members
codperating with said wheels and compris-
ing nozzle tubes, return passages angularly
arraiiged with respect to the wheel buckets
and provided with distributing flanges ex-
tending from the rear diaphragms of the
return passages adjacent the front dia-

_phragms thereof, said nozzle tubes being re-

movably mounted in alined nozzle apersures
bored through a number of said partitions,
the additional nozzle members for the lower
stage wheels being mounted in nozzle aper-
tures bored through the partitions from the
low pressure side of the casing.

3. The elastic fluid turbine comprising a
longitudinally divided casing having parti-
tions to form chambers for various stages,
a shaft carrying bucketed wheels running
in said chambers, nozzle members codperat-

ing with said wheels and comprising nozzle

tubes and return passages angularly ar-
ranged with respect to the wheel buckets,
said nozzle tubes being removably mounted
in alined nozzle apertures bored through
said partitions and retainers to hold said
nozzle members firmly in alinement with
respect to said wheels.

4. The elastic fluid turbine comprising a
divided casing having partitions to form
chambers for the various stages, a shaft
carrying wheels running in said chambers,
nozzle members cobperating with said wheels
and comprising nozzle tubes, said nozzle
tubes being removably mounted in alined
nozzle apertures formed in said partitions
and being held firmly in cobperation with
said wheels by retainers.

5. The elastic fluid turbine comprising a
divided casing formed with a chamber, a
shaft carrying a bucketed wheel running in
said chamber, nozzle members codperating
witlh sald wheels and comprising nozzle

~ tubes, and return passages angularly ar-
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ranged with respect to the wheel buckets
and provided with distributing flanges ex-
tending from the rear diaphragms of the
return passages adjacent the front dia-
phragms thereof, said nozzle tubes being
mounted in nozzle apertures formed in said
casing.

6. The elastic fluid turbine comprising a
divided casing having partitions to form
chambers, bucketed wheels to run in said
chambers, nozzle members cooperating with
said wheels and comprising nozzle tubes and
return passages, said nozzle members being
removably mounted by fastening means
cooperating with alined apertures bored
through a number of said partitions.

7. The elastic fluid turbine comprising a
divided casing formed with a chamber, a

1,003,203

wheel running in said chamber and nozzle
members codperating with said wheel and
comprising nozzle tubes and return passages,
sald nozzle tubes being mounted in aper-
tures formed in said casing.

8. The elastic fluid turbine comprising a
casing formed with a chamber, a turbine
wheel running in said chamber and nozzle
members coGperating with said wheel and
comprising nozzle tubes and return pas-
sages, said nozzle tubes being mounted in
apertures in said casing.

9. The elastic fluid turbine comprising a
casing formed with a wheel chamber, a
bucketed wheel mounted in said chamber
and a nozzle member provided with dia-
phragms forming a return passage angu-
larly arranged with respect to the wheel
buckets and formed with an external guard
flange and with a distributing flange ex-
tending from the rear diaphragm of said
return passage adjacent the forward dia-
phragm to direct fluid a number of times
through the wheel buckets before discharg-
ing the same into said chamber. ,

10. The elastic fluid turbine comprising a
casing formed with a wheel chamber, a
bucketed wheel mounted in said chamber
and a nozzle member provided with dia-
phragms forming a return passage angu-
larly arranged with respect to the wheel
buckets and formed with a guard flange and
with distributing flanges extending from the
rear diaphragms of said return passage ad-
jacent the forward diaphragms to direct
fluid & number of times through the wheel
buckets before discharging the same from
said nozzle member.

11. The elastic fluid turbine comprising a
casing formed with a wheel chamber, a
bucketed wheel mounted in said chamber
and a nozzle member provided with dia-
phragms forming a return passage angu-
larly arranged with respect to the wheel
buckets and formed with a distributing
flange extending from the rear diaphragm
of said return passage adjacent the forward
diaphragm to direct fluid a number of times
through the wheel buckets before discharg-
ing the same into said chamber.

12. The elastic fluid turbine comprising a
casing formed with a wheel chamber, a
bucketed wheel mounted within said cham-
ber and a nozzle member provided with dia-
phragms forming a return passage angu-
larly arranged with respect to said wheel
buckets and provided with a distributing
flange substantially parallel to the outer
portion of said return passage, there being
a relief aperture formed in said nozzle mem-
ber communicating with the space within
said distributing flange to allow fluid to
escape therefrom into the wheel chamber.

13. The elastic fluid turbine comprising a
casing formed with a chamber, a bucketed
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wheel mounted in said chamber, a plurality
of nozzle members codperating with said
wheel and comprising nozzle tubes and re-
turn passages, said nozzle members being
removably mounted in said casing and re-
tainers holding said nozzle members in aline-
ment with said wheel.

14. The elastic fluid turbine comprising a
divided casing formed with a chamber, a
bucketed wheel mounted in said chamber, a
plurality of nozzle members codperating
with said wheel and comprising nozzle tubes
and return passages, said nozzle tubes being
removably mounted in alined nozzle aper-
tures in said casing.

15. The elastic fluid turbine comprising a
casing formed with a wheel chamber, a
bucketed wheel mounted within said cham-
ber and a nozzle member provided with dia-
phragms and with a distributing flange be-
tween said diaphragms forming a curved re-
turn passage angularly arranged with re-
spect to said wheel buckets, there being a re-
lief aperture formed in one of said dia-
phragms communicating with the space
within said distributing flange to allow fluid
to escape therefrom.

16. The elastic fluid turbine comprising a
divided casing having partitions to form
chambers, bucketed wheels to run in said
chambers and nozzle members cobperating
with said wheels and comprising nozzle
tubes and return passages said nozzle tubes
being removably mounted in alined nozzle
apertures formed in said partitions and a
number of said nozzle members for each
wheel being interchangeable.

17. The elastic fluid turbine comprising a
casing formed with a wheel chamber, a
bucketed wheel mounted within said cham-
ber and a nozzle member provided with dia-
phragms and with distributing flanges be-
tween said diaphragms forming a plurality
of curved return passages angularly ar-
ranged with respect to said wheel buckets
and having inwardly opening forward sides,
there being relief apertures formed in said
diaphragms communicating with the space
within said distributing flanges to allow
fluid to escape therefrom.

18. The elastic fluid turbine comprising a
divided casing having partitions to form
chambers, bucketed wheels to run in said
chambers, nozzle members coSperating with
said wheels and comprising nozzle tubes and
return passages and return nozzle members
comprising nozzle tubes, admission aper-
tures and return passages, sald nozzle tubes
being mounted in alined nozzle apertures
formed in said partitions and said nozzle
members being held firmly in codperative
relation with said wheels.

19. The elastic fluid turbine comprising a
casing formed with a chamber, a wheel to
run in said chamber, a nozzle member codp-

S

erating with said wheel and comprising a
nozzle tube and return passage and a return
nozzle member codperating with said wheel
and comprising a nozzle tube, admission
aperture and return passage, said nozzle
tubes being mounted in apertures formed in
sald casing and said nozzle members being
held in cocperative relation to said wheels.

20. The elastic fluid turbine comprising a
casing formed with a wheel chamber, a
bucketed wheel mounted within said cham-
ber and a nozzle member provided with dia-
phragms and with distributing flanges be-
tween said diaphragms forming a plurality
of curved return passages having inwardly
opening forward sides, there being relief
apertures formed in said diaphragms com-
municating with the space within said dis-
tributing flanges to allow equalization of
fluid pressure through said relief apertures.

21. The elastic fluid turbine comprising a
casing formed with a wheel chamber, a
bucketed wheel mounted within said cham-
ber, a nozzle and a cobperating return mem-
ber provided with diaphragms and with a
distributing flange between said diaphragms
forming a curved return passage angularly
arranged with respect to said wheel buckets,
there being a relief aperture formed in one
of said diaphragms communicating with the
space within said distributing flange to
allow equalization of fluid pressure through
said relief apertures.

22. The elastic fluid turbine comprising a
casing formed with a wheel chamber, a
bucketed wheel mounted within said cham-
ber,a nozzle and a codperating return mem-
ber provided with diaphragms and with dis-
tributing flanges between said diaphragms
forming a plurality of curved return pas-
sages angularly arranged with respect to
said wheel buckets and having substantially
open forward sides opening inward, there
being relief apertures formed in said dia-
phragms communicating with the space
within said distributing flanges to allow
equalization of fluid pressure through said
relief apertures.

23. The elastic fluid turbine comprising a
casing formed with a wheel chamber, a
bucketed wheel mounted within said cham-
ber, a nozzle and a return member provided
with diaphragms and with distributing
flanges between said diaphragms forming a
plurality of curved return passages having
substantially open forward sides opening in-
ward, there being relief apertures formed
in said diaphragms communicating with the
space within said distributing flanges to
allow equalization of fluid pressure through
said relief apertures.

24. The elastic fluid turbine comprising a
casing formed with a wheel chamber, a buck-
eted wheel mounted within said chamber, a
nozzle and a return member provided with
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dlaphmgms and with a distributing flange
between said diaphragms forming a curved
return passage -having a substantially open
forward side to receive the fluid discharged
from said wheel buckets and pass the same
a second time therethrough.

25. The elastic fluid turbine comprising a
chamber, a bucketed wheel running in said
chamber, a nozzle and a codperating return
member - codperating with said wheel and
provided: with diaphragms and distributing
flanges between said diaphragms to form
(;urved return passages having substantnlly
open: forward sides and relief apertures
formed in said diaphragms adjacent said
wheel.

-26. The elastic fluid. turbine comprising a
chamber, a: bucketed wheel running in said
chamber, a nozzle and a codperating return
member cobperating with said wheel and
comprising diaphragms and' a distributing

- flange between said diaphragms to form a
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curved return passage and a relief aperture
formed in sald diaphragm within said dis-
tributing flange and adjacent said wheel.

27. The elastic fluid turbine comprising a
chamber, a bucketed wheel running in said
chamber, a nozzle and a cooperatlno member
codperating with said wheel and provided
with: diaphragms and a distributing flange
extending forward from one of said dia-
phragms to form a curved return passage
between them having a substantially open
forward side and a relief aperture formed in
one of said diaphragms within said distrib-
uting flange.

98. The elastic fluid turbine comprising a

casing formed with a wheel chamber, a buck-
eted: wheel mounted within said chamber,
nozzle and a cobperating return member
provided with a rearwardly extending guard
flange adjacent said wheel and with dia-
phragms and with a distributing flange be-
tween: .sald  diaphragms forman" a curved
return passage having a substantlally open
forward: side to receive the fluid discharged
from said wheel buckets and pass the same
a second time therethrough.

29: The elastic fluid turbine comprising a
chamber, a bucketed wheel running in said
chamber, a nozzle and a codperating return
member cobperating with said wheel and
provided-with a rearwardly extending flange
adjacent said wheel and with dnphr‘toms
and- distributing flanges between said. dia-
phragms. to form curved return passages
having inwardly open forward sides and re-

lief apertures formed in said diaphragms

‘Ld]‘LCBnt said: wheel.

30. The elastic fluid turbine comprising a
chamber, a bucketed wheel running in said
chamber, a nozzle and’ a coopemtmcr return
member codperating: with: said’ wheel and a
rearwardly extending guard flange adjacent

7 said wheel and with dlaphracrms to form a

1,003,208

- curved return passage and a relief aperture

formed in said diaphragm adjacent said
wheel,

31. The elastic fluid turbine comprising a
chamber, a bucketed wheel running in said
chamber, a nozzle and a codperating return
member coopemtmo with said wheel and
provided with a rearwardly extending guard
flange adjacent said wheel and with dia-

phraoms to form curved return passages and

a relief aperture formed in one of said dia-
phragms adjacent the wheel.

32. The elastic fluid turbine comprising a
casing formed with a wheel chamber, a
bucketed wheel mounted within szid cham-
ber and a nozzle member provided with a co-
operating nozzle tube supporting said noz-
zle member and with dnphr‘lome forming a
curved return passage to receive fluid dis-
charged from the wheel buckets and return
the same for another passage through the
wheel buckets before discharging the same
into-said chamber.

33. The elastic fluid turbine comprising a
casing formed with a wheel chamber, a buck-
eted wheel mounted in said chamber and a
nozzle member provided with an integral
supporting nozzle tube with a guard ﬁanne
extending along the wheel bucl cots and with
dmphmoms fornnng a curved return pas-
sage to receive the fluid discharged from the
wheel buckets and return the same for an-
other passage through the wheel buckets be-
fore cischarging the same into said chamber.

34, The elastic fluid turbine comprising a
casing formed with a wheel chamber, a buck-
eted wheel mounted in swid ch‘unbor a Nnoz-
zle and a codperating return member pro-
vided with a guard flange extending rear-
wardly along the wheel buc]’ets and with a
curved return passage to receive the fluid
discharged from the wheel buckets and re-
turn the same for another passage through
the wheel buckets before discharging the
same into said chamber.

85. The elastic fluid turbine comprising a
longitudinally divided casing formed of a
plurality of members provlded with integral
partitions to form chambers, a shaft carry-
1ng bucketed wheels to run in said chambers,
nozzle members codperating with said wheels
and comprising nozzle tubes, said nozzle
tubes being removably mounted in alined
nozzle apertures bored through a number of

said integral partitions from the low pres-
sure side of the casing and a number of said

‘nozzle members for each wheel being inter-

changeable.

36. The elastic fluid turbine comprising
a longitudinally divided casing made up of
a plurality of members each prowded with
a number of integral partitions to form
chambers, a shaft carrying bucketed wheels
to run in said chambers, nozzle members co-
operating with said wheels and comprising
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nozzle tubes, said nozzle tubes being re-
movably mounted in alined nozzle aper-
tures bored through a number of said in-
tegral partitions from the side of said cas-
ing.

37. The elastic fluid turbine comprising a
casing formed with a wheel chamber, a
bucketed wheel mounted in said chamber,
a nozzle and a codperating nozzle member
provided with diaphragms forming a re-
turn passage angularly arranged with re-
spect to the wheel buckets and formed with
an external guard flange extending rear-
wardly adjacent said wheel buckets and
with a distributing flange extending from
the rear diaphragm of said return passage
adjacent the forward diaphragm to direct
fluid a number of times through the wheel
buckets before discharging the same into
said chamber.

38. The elastic fluid turbine comprising a
casing formed with a wheel chamber, a
bucketed wheel mounted in said chamber, a
nozzle and a codperating nozzle member
provided with diaphragms forming a re-
turn passage angularly arranged with re-
spect to the wheel buckets and formed with
o guard flange extending rearwardly ad-
jacent said wheel buckets and with distrib-
uting flanges extending from the rear dia-
phragms of said return passage adjacent
the forward diaphragms to direct fluid a
number of times through the wheel buckets
before discharging the same from said noz-
zle member.

39. The elastic fluid turbine comprising
a longitudinally divided casing formed of
a plurality of members provided with inte-
gral partitions to form chambers, a shaft
carrying bucketed wheels to run in said
chambers, nozzle members codperating with
sald wheels and comprising nozzle tubes,
sald nozzle tubes being removably mounte!
in alined nozzle apertures bored through
o number of said integral partitions, said
partitions being formed with heat insulat-
Ing air spaces between the various wheel

7

stages and a number of said nozzle members
for each wheel being interchangeable.

40. The elastic fluid turbine comprising a
lengitudinally divided casing made up of
a plurality of members each provided with
a number of integral partitions to form
chambers, a shaft carrying bucketed wheels
to run in said chambers, nozzle members co-
operating with said wheels and comprising
nozzle tubes, said nozzle tubes being remov-
ably mounted in alined nozzle apertures
bored through a number of said integral
partitions, said partitions being formed
with heat insulating air spaces between va-
rious wheel stages.

41. The elastic fluid turbine comprising a
casing provided with a wheel chamber, a
wheel mounted within said chamber and
provided on its periphery with an annular
series of inclined substantially semi-circu-
lar lapping buckets, nozzle members codp-
erating with said wheel to deliver fluid into
the buckets thereof and return nozzle mem-
bers provided with curved return passages
and with admission apertures and cobperat-
ing with said wheels to receive fluid from
sald chambers and discharge the same there-
from after passing said fluid a plurality of
times through the buckets of said wheels.

42. The elastic fluid turbine comprising a
casing formed with a wheel chamber, a
wheel mounted within said chamber and
provided on its periphery with an annular
series of inclined substantially semi-circu-
lar lapping buckets, a nozzle member co-
operating with said wheel and a return noz-
zle member provided with a return passage
and with an admission passage and with a
guard flange coGperating with said wheel,
to receive fluid from said chamber and pass
the same through the wheel buckets before
discharging said fluid from said chamber.

CHARLES BEMIS REARICK.

Witnesses:
Harry L. Duncax,
Jessie B. Kavy.

Copies of this patent may be obtained for five cents each, by addressing the “ Commissioner of Patents,
Washington, B, ¢.”
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