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To all whom it nwfyl concerm:
" Be it known that I, Benyamin S. CHURCH, a

citizen of the United States of America, re-

siding in the city, county, and State of New
York, have invented a certain new and usetful
Improvement in Expansible-Fluid Turbines,
of which the following is a true and exact de-
scription, reference being had to the accom-

panying drawings, which form a part thereot.

My invention relates to the construction ot
turbine-engines for use with expansible fluids,
such as steam. | o |
It has for its object to provide an engine of

this character which will utilize the power ot

the steam admitted to it to a very high de-
gree, which is especially adapted to avoid the
loss of power through leakage, in which pro-

vision is made for so distributing the impulses

which actuate the turbine as to balance them
as nearly as possible, and in which provision
is made for operating the engine at a com-
paratively low rate of speed without sacri-
ficing the available energy in the steam and

without unduly increasing the size of the en- _

| - | ferent pressure—a condition, of course, which 73
is most likely to promote injurious leakage
“and loss of power. |

gine as a whole.

My engine embodies a construction in which

a bucket-wheel is employed having a circum-
ferential series of buckets in connection with

a casing having a series of chambers and di-

recting-ports, each chamber communicating
with the one in advance of it through a port,
and the buckets successively and with the one
at its rear through the buckets and the port
Jeading from said rear chamber in succession;
and a very important feature of my invention
consists in making the ports of progressively
oreater area corresponding to the increasing
volume of the steam and each of such area as
will give passage to the same weight of steam
in the same time and in making the chambers
also of progressively greater areaand each of
considerably greater area than the volume of
the steam actually passing through the tur-

‘bine at the pressures existing in the chambers..
In this way I to a large extent eliminate the

element of accelerated velocity due to the pro-
gressive expansion of the steam, reconverting

much of the veloecity generated in each pas-
sage of the steam through the buckets into
50 pressure in the receiving-chamber, and thus

facilitate the mode of operation which I pre-
fer and in which the steam at each passage of
the buckets moves with the same velocity.
One of the leading features of my inven-
tion congists in dividing the steam admitted 55

at one side of the turbine-wheel into two

volumes and passing each volume in opposite
directions around the circumference of the
wheel to a discharge port or ports lying at
the.opposite side of the axis of the wheel to 60

“the admission-port, each of -the divided vol-
| umes of steam being caused to act repeatedly
‘upon the blades of the turbine-wheel, the
“chambers through which it passes being pref-

erably of increasing area and the ports of 65

“such increasing size that each will pass the

‘same weight of the expanding steam and with
the same degree of velocity, so that the va-
rious impulses given to the turbine-wheel will

‘be equal. It will readily be seen that by this 7b

arrangement the pressure on both sides of the.
wheel is practically the same and also that

‘it avoids bringing together into close juxta-

position volumes of steam at materially dif-

. Another important feature of my invention -
consists in providing the turbine-wheel with .
two peripheral lines of buckets and causing o
the steam on its way from the admission to -

‘the exhaust port to pass alternately through
buckets of the two systems. This construc-

tion enables me to double the number ot drops- |
in steam-pressure between the admission and 335
discharge ports, with a corresponding diminu-

tion in the speed at which the turbine should
normally run for highest efficiency, and, ar-

ranging the buckets on opposite sides of the

supporting-disk, as I do by preference, it also 9o

“enables me to balance the pressure on the wheel

‘with great nicety. | = :
Other features of my invention will be best.
understood asdescribed in connection with the

“drawings, in which they are illustrated, and in- 95

which— o |

. Figure 1 is a vertical cross-section through
an engine having my improvements, taken on

the line 1 1 of Fig. 2. Fig. 2 is a longitudi-

nal section taken on the line 2 2.0f Fig. 1; 100
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Fig. 3, a similar section taken on the line 3 8 | the wall B* of the plate and opening into the

of ¥ig. 1; Fig. 4, a similar section taken on | chambers into which the annular space be-
the line 4 4 of Fig. 1. TFig. 5 is a cross-sec- | tween the flanges B* and B~ is divided, as
tion through one of the side castings of the | above described. Near the center of the plates

5 engine, taken on the line 5 5 of Fig. 6. Fig. | B their faces are recessed, as indicated at B®, 70

6 1s a face view of this side casting. Fig. 7 | so as to make room for the enlarged hub por-

1s a detail view, on a larger scale, showing the | tion D’ of the plate D% a considerable clear-
buckets of the turbine, the directing-ports | ance being preferably provided, as indicated -
through which the steamis led to the turbine, | in Fig. 1, and annular oil-receiving Zrooves

1o and the chambers connecting with the admis- | B* being formed in the plates communicating 75

' sion and directing ports. Fig. 8isa diagram- | with the outer faces of the plates by ducts at
matic view indicated as being taken on the | the bottom, as indicated at B". - Some recep-
curved section-line 8 8 of Fig. 4. Fig. 9 isa | tacle or conduit should of course be supplied

- tace view of one of the castings between which | to carry off the oil from the ducts BY, though,

15 the disk of the turbine-wheel turns. Tig. 10 | as this may be of any desired construction, I 8o
1s a similar view of a modified and preferred | have not illustrated such a receptacle in the
torm, and Fig. 11 is a cross-sectional view | drawings. ' -
taken on the line 11 11 of Fig. 10. C C are bearings fitted in the bearings B? of

A 1ndicates the frame or standards upon | the side plates and serving to support the shaft
20 whichthe turbine-engine is supported. Upon | D, which, with its hub portion D® and disk D?, 83
- the top of the standards, as shown, are annular | have been already mentioned. By preference
bearings A’, in and upon which are support- | the shaft and disk are made integral, asisalso
ed the side plate-castings BB, these side plate- | the annular rim D® at the end of the disk D7, -
castings being made with hub-like extensions | which fits nicely over the edge of the annular

25 B’ which fit into the anuular flanges A’, as | ring B® and is provided, as shown, with two 9o
shown best in Fig. 1, and in which are formed | series of buckets, (indicated at D*and a',) said
circular bearings, as indicated at B? for the | buckets extending in opposite directions from
shaft D of the engine. . the edges of the rim D? the buckets lying im-

B° indicates bracing-ribs for the side cast- | mediately over the walls and veins B* and B’,

3¢ ings B, and B’ outwardly-extending flanged | as is indicated in the drawings. 05
annular ribs between which and a peripheral The *‘casing,” so to speak, of the engine is -
extension B* of the plates B extend a series | made up of two plates B B and the three ad-
of partitions B’, dividing the spaces between | ditional parts, each of which may conveniently
the flanges B* and B* into a series or, prefer- | be a single casting, (indicated at E, K, and H,)

35 ably, as shown, into two series of chambers, as | the casting E being provided with an admis- roo
indicated at &’ §* 6°, &c. '- sion-port (r at its top and an exhaust-port

B® is an annular ring which may be formed | atits bottom. Thecasting E isannular, form-
integral with the plate B or separate and fitted | ing between its curved outer wall and flat in-
to 1t, as indicated in Figs. 10 and 11, and which | ner wall E’' an annular chamber, which is di-

40 serves to support the walls B” of the directing- | vided by partitions (indicated at E? and best 105
ports, through which the steam is admitted to | shown in Fig. 4) into two series of chambers,
the turbine, and also the directing-veins B’, | (indicated at ¢ &' ¢, &c.,) the chamber ¢ being
which lie between said walls B", as best shown, | common to both series, and one series extend-
for instance, in Fig. 7. - ing on each side of the annular casting until -

45  The two plates B B fit nicely but clearing | it connects, through the common bottom cham- 110
the disk D”, which supports the blades of the | ber ¢, with the exhaust-port G’: and it will be
turbine, a very small clearance in a well-bal- | observed that the chambers are progressively
anced engine being sufficient to prevent inju- | of greater capacity. KEach of the chambers
rious friction, and in order to avoid or at least | formed in the annular casting K 1s provided

50 greatly diminish the loss of efficiency through | with two openings through flat face B’ of the 1153
leakage between the disk and the plates B B | casting, one series (indicated at E*) extending
I form in the faces of said plates a series of | through the outer edge of the flat face and
fluid-packing grooves, which irrespective of | communicating with the chambers o’ ¢* 0%, &c.,
any particular arrangement will serve their | formed in the casting H, to be hereinafter de-

55 well-known function of preventing or greatly | seribed, while the other.series of openings I20

‘diminishing leakage. By preference,however, | (indicated at E*E?, &c.). communicate through
I form these grooves in the faces of the plates | the inner edge of the flat face E' with the se-
B, which faces are indicated at B, as is shown | ries of chambers?’ #% &ec., formed in the right-
at B"—that is tosay, running across the faces | hand plate B, as indicated 1n Fig. 1, the simi-

6o of the plates at lines substantially transverse | lar chambers formed in the left-hand plate B 125
toa line connecting the admission and exhaust | in said figure being indicated at 9 o ¢, &ec.
ports of the engine——the said grooves either | The casting F is of a generally similar char-
extending through the edges of the plate, as | acter to the casting K, except in the arrange-
indicated in Fig. 9, or by preference commu- | ment of its partition-walls, (indicated at F*,)

65 nicating with apertures B”, formed through | the differences being exactly shown in Fig. 4, 130




where the pertltlon-wells B of the cest1n0' E
are' 'shown in section and the part1t10n-—wells

F* ‘of ‘the casting F m dotted lines. Fach

ot the chambers ¢" ¢% &c., of the casting F

is provided with two openmws ‘through the
flat face-plate F’, those formed through the

- outer face of the face—plate being indicated

10

20

30

35 i

40

at F"” end commumcatmg with-the ehambers

a! 'n? n®:&c., formed in the casting H, while

the openmcrs (mdlcated at F°) formed through.

“the inner'edge of the face-plate communicate
| B, from which it enters the chambers b’ 0" in

with the series of chambers ¢*¢* &ec., formed

on ‘the edge of the left-hand. face- plete B.
The centrel casting H, lying between the cast:

ings E and F, has an annular outer wall and
also  a, narrower inner wall (indicated at H')

whiéh fits nicely about the outer tace of the
“wheel:rim D? end from which extends lateral
dwlsmn—plates those lying to the right, as
shown’in Fig. 1, being indicated at H end'
shown in Fig. 2, eud those lying to the left

being indicated at H*® and shown in Fig. 3.
The dlvlslon-pletes H* register with the par-

titions B’ of the right- ~hand casting B, and
those lying to the left register with the par-
titions’ B5 of the- left-hand casting B, as 1is
clearly shownd in TFigs. 2 and: 3.
central flange H* extends upward from the in-
| __nHeﬁr ring H to an intermediate annular ring
respectwely, from the bars H* and H3 sepa-.
rate the inner zone of the casting H mto two
“series of chambers, those lymcr at the right

Aﬂ a,nnular

while partition-walls H* and H®, rising,

hand of the center, as indicated in Fig. 1, be-
ing indicated at s 13, &., (see Fig. 2 )and

'those to the left-hand of the center ef the en- .
gine, as shown in Fig. 1, being mdlceted at

% A 33 &c., as mdlceted in Fig. 3. The space

flymg between the intermediate ennular wall
H® and the outer wall of the casting H is di-

~vided by transverse partitions H” into cham-

45

...55;

b

double serles 1s mdlca,ted at o 0
chambers o': 0%, &c., commumcatmfr Wlt]il the
chambers & & &c., of ‘the casting K, as al-
ready descrlbed a,nd as.shown in Fig. 8 while

'bers, one or, rather a double series of which

18 mdlca,ted atn’ 7'.n° &c., Whlle the other

the chambers 7’ #? “&e., communicate w1th the

chambers /" f2 &c of the casting F. A se-|

ries of openings Hin the mtermedlete parti-

tion H® connect the chambers »’ 7, &c., with
‘the chambers- %’ A% &c., and a series of simi-
lar opemnffs (mdlcated at’ H) connect’ the
‘chambers ¢ ¢%, &c., with the chambers 7’ 7, &c.
In opera,twn steam is admitted to the en-
‘gine through the port G, entering the central
chamber (1ndleeted at e a,nd best shown in Fig..
4,) from Whlch it passes’ downward- into the |
two chambers &’ &' of the right-hand casting:
B (see Fig. 9) from the dlreetmg—ports formed.
‘in the ring D', and communicating with these
chambers the steam’ passes to and impinges |
‘upon the buckets of the turbine and then

passes into the two chambers 4’ #' in the an-

o 65 nula,r cestmcf H, thence 113 passes upward into |

sbass

% &c., the.

the two chambers n' . (see Flgs ) and 3.) and,
‘thence into the two chambers N a

of the

left-hand casting. F..- (See Figs.-1, 6;and 8.)
From these two chembers the steam passes to

the chaimbers ¢’ ¢ in the left—hend casting B

and thence through the ] proper directing-ports
1t 1s 1mp1nfred upon the buckets of the wheel
and after passing- through the wheel’ enters

the chambers 7' /' in the castmg H, from which

it passes to the chambers o’ 0 and from these
chambers to the:chambers ¢* ¢ in the: casting

the right - hand casting B, passmg thence

through the dlreetmg-ports., agaln- through

the buckets of the wheel, .This elrculetlon of

the steam throuﬂ'h the various-chambers and
of the engine continues, one volume

ports

.-ll"""':.ﬁ"'\'

75

8o

passing around the periphery of the wheel to

the right ‘and the other around the periphery
of the wheel to the left until they are merged
in the chamber:
through the chamber " and the chamber ¢"
to the exhaust - port .
chambers is progresswely larger, as shown,

to accommodate the increasing volume of the

steam as it expands and by preference to
overcome the momentum .of the steam, so

that each chamber will serve practically as a
reservoir from which the  steam will 1ssue
through the directing-port against the buck--

ets of the wheel with only sueh velocity as

The area of the.

£ from which they pess "

Qo

95

it should have, owing to the difference in

‘| pressure between adjacent connected cham-
bers, this engine workmﬁ' most satisfactorily

When the parts are preportloned so as to

effect a uniform drop in temperature be-
tween each pair of connected chambers, the
ports in all casés: bemg pmportmned as al-

ready stated, to passin g giventime a uniform
weight of steem and with identical Velocltles

100

105' 3

SO that each impulse communicated to ‘the - ,
buckets of the turbine is umform in force and

‘velocity with the others. _
- It will readily be understood that by d1V1d-

ing the volume of steam as described and pass-
ing the divided volumesin opposite directions
around the pemphery of the wheel I avoid
leakage such asis due in engines of this char-

acter to the Juxtap051t10n of relatively very
high and very low pressure chambers, and it

arrangement of parts is one which effects a

true and perfect balance—-———e matter of consid-

II 5
'wﬂl also be clear that my construction and .

erable importance in engines of this character,

which will necessarily rotate at a high rate of
speed though my constructlon, as will be ob-

120

vious to those skilled in the art, enables me.

to run at a'much lower rate of Speed than has

been usually practicable with turbine-engines .
‘125

or at least pra,etmed Wlth a proper economlcel
use of steam. |

Having now desembed my mventlon whet 1

claim as new, end de81re to secure bjf Letters;

Patent, is—
1. A turbme for expensﬂ)le ﬂulds ha,vmg a

.1"'-2-['3 o



1o

L5

20

30

35

40

45

55

6o

05

4

wheel provided with a circumferentially-ar-
ranged series of buckets, in combination with
a casing having a multiple series of chambers
and directing-ports, each port leading through
the bucket to a succeeding chamber, the ports
being progressively of increasing area corre-
sponding to the increasing expansion of the
fluid and each adapted to give passage to the
same weight of fluid 1in the same time, and
the chambers being progressively of increas-
ing area and of matermlly greater area than
the volume of the steam actually passing
through the turbine at the pressures existing
in the chambers whereby the velocity of the
entering stea,m is checked and the velocity of
the steam passing out through the ports regu-
lated by the pressure in the chambers.

9. A turbine for expansible fluids having an

admission-port and an exhaust-port on oppo-

site sides of the center, a circumferentially-ar-
ranged series of buckets on the wheel proper
and two series of chambers and directing-
ports leading from the admission to the ex-
haust port, one series arranged on each side
of the wheel and said chambers and ports com-
municating with each other through the
buckets of the wheel. |

3. A turbine for expansible fluids having an
admission-port and an exhaust-port on oppo-
site sides of 1ts center, a circumferentially-ar-
ranged series of buckets on the wheel proper,
two series of chambers, one arranged on each
side of the wheel between the admission and
exhaust ports, said chambers being progres-
sively larger and each of -area sufficient to

checkthe velocity of the steam passing through

1t, a series of ports, one leading into each
chamber from the buckets of the wheel and
a series of directing-ports, one leading from
each chamber to the buckets of the wheel said

directing-ports being progressively larger and

each adapted to pass a uniform weight of the

progressively-expanding fluid at unlform ve-
locities.

4, A turbine for expansible fluids having a
disk-like wheel secured to its main shaft and
provided with buckets around its circumfer-
ence in combination with a wheel-casing hav-
ing parallel plates forming a nice fit with the
sides of the disk-like center of the turbine,
sald casing-plates having a series of fluid-
packing grooves on their faces lyling opposite

to the disk, admission and exit ports situated
on opposite sides of the wheel-center and two

series of chambers and directing-ports, one
series extending on each side of the wheel
from the admission to the exhaust ports, the
chambers of each series communicating with
each other 1n series through the directing-
ports and the buckets of the wheel.

5. A turbine for expansible fluids havmg a
disk-like wheel secured to its main shaft and
provided with buckets around its circumifer-
ence 1n combination with a wheel-casing hav-
ing paralle]l plates forming a nice fit with the

753,855

| sides-of the disk-like center of the turbine,

said casing-plates having a series of fluid-
packing grooves on their faces lying opposite
to the disk, said grooves extending across the
face of the casing and 811bsta.ntl:9|,ll}:r at right
angles to the line. connecting the inlet and ex-
ha,ust ports, admission and exit ports situated
on opposite sides of the wheel-center and two
series of chambers and directing-ports, one
series extending on each side of the wheel
from the admission to the exhaust ports, the
chambers of each serles communicating with
each other in series through the directing-

ports and the buckets of the wheel.

6. A turbine for expansible fluids having a

- disk-like wheel secured to its main shaft and

provided with buckets, around its circumfer-
ence in combination with a wheel-casing hav-
ing parallel plates forming a nice fit with the
sides of the disk-like center of the turbine,

said casing-plates having a series of fluid-

packing grooves on their faces lying opposite
to the chsk said grooves extending across the
face of the casing and substantially at right
angles to the line ¢ connecting the inlet and ex-
haust ports and said casing having openings
through its edges leading into chambers on

.the sides of the turbine and into which open-

ings the fluid-packing grooves open, admission
and exit ports situated on opposite sides of
the wheel-center and two series of chambers
and directing-ports one series extending on
each side of the wheel from the admission to
the exhaust ports, the chambers of each series
communicating with each other in series
through the directing-ports and the buckets
of the wheel.

7. A turbine for expansible fluids having in

combination a wheel provided with two cir-

cumferentially-arranged sets of buckets ar-
ranged side by side, a casing having inlet and
exhaust ports set. opposn:e to each other, par-
titions arranged in the casing to divide it into
two sets of chambers of increasing size, one
set extending from the iInlet to the exhaust
port on each side of the wheel, and directing-
ports leading from each chamber to the suc-
cessive one throucrh the buckets of the wheel
and alternately through buckets of the sepa-
rate sets of buckets.

8. A turbine for expansible ﬂmds having in
combination a wheel provided with two cir-
cumferentially-arranged sets of radial buck-
ets arranged side by side, a casing having 1n-

let and exhaust ports set opposite to each

other, partitions arranged in the casing to di-
vide it into two sets of chambers of increas-
ing size, one $et extending from the inlet to
the exhaust port on each side of the wheel and
radially - arranged directing - ports leading
from each chamber to the successive one
through the buckets of the wheel and alter-
nately through bucketsof the separate sets of

buckets. ' o
9. A turbine for expansible fluids having in
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combination a wheel provlded with two cir-

cumferentially- arrenged sets of buckets set

~ side by side, a casing having inlet and exhaust
ports, a series of ﬁmd-chambers formed in the

casing between the inlet and exhaust ports
connected in series through the bucketsof the
wheel and arranged to sueeesswely deliver

the fluid :;‘the;r'lt:u:m;els;r to buckets of the two se-.

ries. .

combination a wheel provided with two cir-

cumferentially-arranged sets of radial buck-
ets set side by side, a casing having inlet and |
exhaust ports, a series of fluid - chambers

formed in the casing between the inlet and
exhaust ports connected through buckets of

the alternate series, and directing-ports one

leading from each: chamber to the buckets and

10. A turbinefor expansﬂole fluidshavingin.

s

all arranged to deliver the ﬂuld fo the inner |

edges of the radially-arranged buckets.

11. A turbinefor expa,nmbleﬂuldshavmﬂ'm -
combination a wheel provided with two cir- -
-eumferentmlly arranged sets of ‘buckets, a

casing having inlet and exhaust portsarranged
on opposite sides of the wheel-center, two se-

ries of fluid-chambers formed in. the casing

connecting the inlet and exhaust ports on op-

posite sides of the wheel, said series of cham- ‘

bers being connected in series through the
buckets of the wheel, and arranged to suc-

20

25

30

cessively deliver the ﬂmd alternately to buck- |

ets of the two series.
BENJAMIN 8. CHURCH

Wltnesses
JoserH F. O’NEILL,

D. STEWART.
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