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UNITED STATES PATENT OFFICE.

-ROSCOE 8. 'P_RINDLE,'_OF NEW YORK, N. Y., ASSIGNOR OF ONE-HALF
~ TO. CHARLES H. TOMPKINS AND VINCENT C. TOMPKINS, OF NEW .

" YORK, N. Y.

~ No. 838,482,

 To all whom it may concern:

Be it known that I, Roscok S. PRINDLE, a

. citizen of the United States, residing at New

York, in the county of New York and State

5 of New York, have invented certain new and

useful Improvements in Self-Condensing

" Turbines; and I do hereby declare the fol-

lowing to be a full, clear, and exact descrip-

tion of the invention, such as will enable

1o others skilled in the art to which it apper-
tains to make and use the same.

My invention relates to improvements in

steam-turbines; and the objects of myinven-

. tion are to produce a device of this character

15 which may be driven at the very highest

- possible speeds dependent only on the tensile

strength of the material, to practically do'

away with friction, to have the running parts
“accurately and automatically balanced,and to
20 have them so arranged that when in rotation
they will be supported on practically nothing
but fluid. _
A further object is to have the apparatus
_ self-condensing and - free from .torsional
z5- strains, the power which the apparatus pro-
.duces being utilized ‘as hereinafter described.
With these objects in view my invention
consists in the constructiops and combina-
tions of parts, as hereinafter described, and
.30 particularly pointed ‘out in the claims.

In the accompanying drawings, Figure 1-|

represents a cross-section of a steam-turbine

and a centrifugal pump combined. * Fig. 2 is

" a side view of the same, Ef,rtly in section, the
35 section being taken on t

. rotating part or runmer, the section: bein
¥ takemin two planes. . Fig. 4 is a side view o
- & modification, the rotating part or runner
‘40 shiown ther'e,in'-bei;if‘ of the open type. Fig.
. 5is.a cross-sectional )

" tating part 'shown in Fig. 4. - Fig. 6 is'an end
. view of the rotating part or runner of the
closed type, such as is shown in Fig: 3. Fig.

¢5.7 is'an elevation showing the means whereby |

+ .power is taken from the steam-turbine and
' - utilized. Fig. 8is s cross-section of a modifi-

cation, showing separate condensing means.
Fig. 9.1s a broken cross-section of a modifica-

s0 tion, showing a self-condensing. steam-tur-
* bine, a pumnip, a liquid-motor, and an electric
- generator, all in one structure; and Fig. 10 is

.. "a detail view, partly in section, of one of the'
Fig. 11 js a cross-section of an-.

-bearings. 08S-5eC!
55 other modification; and Fig. 12 is a bottom

Specification of Letters Patent;
Application fled March 6, 1802, Berial No. 96,828,

- companion ' application o
‘titled ‘‘Method of transmitting power.”
_This shaft is mounted in boxes b ¢, supported-

ee different planes.-
- Fig. 3.is a'side view, partly in section, of the

view .of the runner or ro--

 Substantially
~and on either side theréof are two wings s and ¢,

SELF-CONDENSING TURBINE. =~ -

' ._Pateﬁted%‘ié; 1906. E .

plaﬁ view, partly in section, of the runner .
shown in Fig. 11. Fig. 13 is a cross-section -

- of another modification, showing a steam-

turbine and combined centripetal and cen-
trifugal pump; ard Fig. 14 is a detail view
showing the means for supporting and ad-

60

justing the pressure-ring.

Referring to Fig. 1, a represents a shaft on
which the rotating runner:is sup}l)orted while . .
atrest. In motion it is practically balanced 65
so. that there is very little friction between
the shaft and the casing, or said shaft may be
supported on water-bearings, as shown in my
even date, en-

70

in extensions upon the casing, said boxes.

‘having removable heads d ¢, which are fas-
‘tened thereto by bolts f. . In each end of the

shaft a seét-screw ¢ is inserted, and a washer ‘75
or spacing-block A is held between the head
of said screw and the end of the shaft. An-
other set-screw 4 passes through the head e
and contacts with the head of the screw é]

By this arrangement the shaft may be ad- 80

“justed or ma,lylr be allowed a slight lateral play.
s

The casing shown is the casing of one type of

centrifugal pumps supported on a standard

k and provided with inlet-pipes I and m,

which deliver to o Elosite sides of the rotating 85
art or runner. ’JI.‘) is rotating part or runner
ischarges into a discharge-chamber n, made

in the form of a volute and showrt as ia,rgest

at the bottom, where the discharge takes

place, although I do not resttict myself to go

“this arrangement, either of suction or dis- .
‘charge, as the inlet-pipes might ceme in from.
.the side or the top and the discharge-orifice -

may be placed.in any desired position. The

-rotating part or runner secured to the shaft a 95
.in any desired manner is composed of two op- -

positely-coned portions o and p, which are .
united by two oppositely-coned portionsgand .

r, arranged at tight angles to the first coned
portions and constituting a guiding - vane.
arallel to this guiding-vane

and thewater discharged by therotation of the
runner passes through the passages between
the wings s and ¢ and the vanes ¢ and r; these ..
wings being of coursecut away at the center
to allow the liquid to’freely enter the central
and inclosed . part ‘of the runner. From

points near the central part of the runner
-curved spiral webs v run to, the periphery of 110



Q .

the runner. The parts of these webs which
pass between the wings s and the central vane
are ‘enlarged and extended to form arms
completely connecting the vane and 'side
wings. ~ I do not restrict myself, however, to
the number of webs and arms shown, nor to

" having them made exactly in the form of a

10

15

20

25

30

true spiral, the number, pitch, and throw of
the webs and arms depending upon the vol-
umes, speeds, and powers of the combined
turbine and pump. On each of the wings s

-and ¢ and symmetrically arranged in regard

to the central vane are rings of impeller
blades or vanes ». . In Fig. 1 I have shown
these rings arranged about midway of the
wings s and ¢; but it is obvious that they may
be arranged either nearer the inner periphery
or nearer the outer periphery thereof, as

"may be desired. . These blades and vanes are

made. of any desired size, shape, and thick-
ness. Parallel with these impeller-blades
and mounted in recesses in the casing or at-
tached thereto are similar rings of deflecting
blades or vanes w. x represents a steam-

ipe for the delivery of steam to said rings or
El&des and vanes which-is split.up into
branch pipes v and 2, provided with hand-
valves 1 and 2, delivering to each side of the
casing, respectively. I prefer to use four of
these 1nlet-pipes on each side spaced equally
apart; but I do not restrict myself to any

- number or position thereof. Steam may be
~ conveyed by an annular passage cored out of

-35

-steam to" the
rand, moreover,
 that different pressures of steam may be ap-

the casing, if desired." fact, any of the
usual and well-known means for supplying
imE)eller-blades may be used,

so arrange the apparatus

- plied to.different parts of the rings of the im-

c 40

peller-blades, the pressures on either side of

. the runner being, however, balanced. In

" the weight of the runner

this way-I am enabled to %‘agtically support

v the pressure of
the steam used to drive it and also to cause
the runner to be automatically and perfectly
balanced in the center of the casing. " In this
figure I have shown on either side of the cen-
tral vane a single row of impeller-blades and

" a single row of diverting-vanes. It is ob-

50

vious that T am tiot restricted to-such an ar-
Tangement. I can use as many rings of im- |

_.peller-blades (provided the same number is

55

used on the same side of the central vane).
and ‘as’ many rings of reacting or diverting.
blades'as I desire, which latter series of rings
will be fixed to the casing, such arrangements
being well known in’ steam-turbines. In
this way I am enabled to obtain energy from

~ the steam by impact, reaction, expansion, or

6o

any combination thereof. . Between the
wings s and ¢ and the casing are passages 3 4,

" into which the steam emerges after passing

- 65"

through  the impeller-blades.  These pas-
sages 3, and 4 are contracted at their outer:
ends, the result being that when the rotating

. 833,482

part is driven the water or other fluid pa,ssi.t:}‘gl

out between the wings s and ¢ and the central
vane into the discharge-chamber n draws
along with it the steam through these nar-
row passages out of the passages 3 and 4 and
condenses’it, also at. the same time .drawing
out any air that there may be in the casing

70-

or entrained in the steam. In this way the

steam is jetted against & moving column of
water, and ‘condensation is practically in-
stantaneous. ' Moreover, there is a steady

-current of water passing through the dis-
charge-chamber in a circular direction, and

the exposure of the exhaust-steam to this
moving column of water causes instant con-
densation, -as in a jet-condenser, the result

75

8o

being that the water driven by the runner

carries with it. the condensed steam and any

air that may be present and discharges them . -

all through the exhaust-opening.  This, in

effect, allows the rotating part or runner to-
run in a vacuum, rendering it possible to run.
‘the a

paratus at high speeds with a compar-

85

atively small quantity of steam. This in- .

stantaneous condensation greatly reduces
the power necessary to operate the appara~
tus. 5 and "6 represent circular anoular

90 .

guide-plates secured to the casing and over- -

laEping the inner perigheries of the ringssand-
t,

ut notin contact therewith, it being one of.

the essential features of my invention that-
| the rotating part or runner shall be compelled -

95

to rotate entirely free from the casing, there--

by diminishing friction and

ermitting no
slip of the liquid column.

The purpose of

these guide-plates 5 and 6 is to direct the wa-

ter coming in from the pipes 7 and m into the
spaces between the rings s and ¢ and ‘the cen-
tral vane. o . B

As shown in Fig. 2, the side wings s and ¢
are cut away, as shown at 7. This cut-away

100

105

portion is in the form of & spiral, commene-

ing at the outer edge of one-of the arms.8 and

gradually depending until just behind the _.

next succeeding arm, being approximately
in the form of a reversed spiral, the deepest
part being behind the runner-arm. at the
Eoint of vacuum, since the pressuregenerated

y each one of the arms is greatest at the .
:point 9, and behind the arm 8 there is a vacu-

um when the apparatus rotates in & liquid,
In Figs. 1, 2, and 3 the centrifugal pump
shown is of the closed runner type-—that isto

110

115.

say, it has wings ¢ and ¢, between which and . -

‘the central vane the water passes. I may’
‘use, however, a rotating part of the open run-

ner type, as shown in Kigs. 4 and §, in which

' the side plates are eliminated and the rings of -
' impeller-blades are attached directly to the
‘arms. :

For the purpose of _
from being thrown out and condensing the'

‘steam before it passes through the impeller-

blades the rings let into the casing which in-
close the diverter-blades may be made to

120

L , 2125'.
preventing the water

130
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8

ovérlap ‘the rings. cafrying the impeller- | cally does awa, .‘,With friction of both _si,ir,\ﬁq_

blades, this arrangement being shown in Fig.
5, and the inclosing rings being numbered
10. Moreover, I prefer to make the impelle.-

5 blades mounted upon the runner concaved,

so that the steam coming in strikes the bot-
tom thereof and is thrown out at an angle
‘thereto, which angle is directed towsrd the
discharge-chamber, whereby the tendency of
the water and the steam is to flow outward
into said discharge-chamber in the same di-
rection, the speed of rotation of the runner
- not permitting the water to enter the impact-
-space. - o \

15 In Fig, 7 is shown a side elevation of m
. combined steam-turbine and pump, Whicﬁ

10

drives a Pelton wheel or other water-motor,

which motor in turn supplies power for any

desired purpose—such, for instance, as the-

2o shaft for a dynamo, to which in Fig. 7 the
shaft of the water-motor is coupled. -In
practice it. would not.do to couple a dynamo-
shaft directly to the axle of a turbine for sev-
eral reasons. In the first place, very high
25 speeds are necessary, to obtain the highest ef-
ficiency from a steam-turbine.. Fifty thou-
sand revolutions a minute is not an excessive
number. This is far in excess of any rate of
speed at which the shafts of dynamos have
up to the present time been driven. Com-
mercial dynamos are never driven more than
five thousand revolutions a minute, and the
average is considerably less than this. It is
evident, therefore, that it is impracticable
merely from consi erations of speed to couple
the shaft of a-.dynamo directly to the shaft of
‘my’ steam-turbine runner. Another reason
is that I desire to make the steam-turbine

* small in size and cheap in construction,which
40

30
35

to. the shaft of a dynamo, for which purpose,

among others, my improved apparatus has

been d_esigneti.— i{

been driven commorly at much higher speed
45

latter case the objection woul

Another reason 1s that if the dynamo were

coupled directly to the shaft of the runner a
torsional strain would be set up in said shaft,

50 which is one.of the things I desire. to avoid,

since this strain would result in a tendency to

destroy the balance of the turbine, deflecting

the shaft and binding the gears, and 1gaking

“very carefully arranged and eleborate bear-

55 ingsnecessary. -Moreover, if such a forsional

strain existed it would be exceedingly diffi--
. cult, if not impossible, to cause the combined.
- turbine and runner to float upon the liquid—a-

. thing which is one of the especial objects of
6o my invention and which results in special
. and very great advantages. In my construc-
tion the very lightest kind of turbine; com-
" pared with the amount of power obtained
therefrom, can be used on account of its ex-

65. ceedingly i:igh speed .and because’ it practi-

«pparstus. - For these reasons I prefer to use

- motor the power for driving the dynamo or

could not be done if it were coupled directly | a stesm-inlet pipe which delivers intoacham-

oreover, dynamos. have

than other kinds of machinelg' so tllllat in the.
e still greater:. |

uid, and metallic contact. Of course there is

a slight amount of skin-friction of the liquid:

in the pump; but this is so small compared -
with the amount of friction in ordinary tur- 70
bines that it is practically negligible. Inmy -
construction nearly all the strains are prac-
tically e.pplied at the point of impact of the .-
steam upon the impeller-bledes and usually .
near the periphery, the result being that 75
these strains are comparatively slight, are
equally distributed without shock, and there-
fore do not interfere with the working of my
a small steam-turbine, as described, to run 8o
that at a very high speed, and by mesns of -

.the water discharged to run-a Pelton wheel or

some other suitable construction of water-
motor at a much lower speed, from which
83
other machinery is directly obtained.- By
means hereinafter described the speed of the

turbine itself and of the water-motor may be-
‘ reiulated as desired. '
n

Fig. 7, 47 represents a steam-turbine of-
the construction already described and shown;
for example, in Fig. 1. 48 represents a Pel-
ton Wheell) or other desired form of water-

90

-motor. - The steam - turbine and wheel are

connected by a pipe or waterway 49, which.gj
connects with the discharge-chamber of the - .
steam-turbine and delivers the impelling
fluid to the motor 48. To the shaft 50 of the

" water-motor is coupled the shaft of a dynamo-

51. If desired, however, this.shaft 50 could 1oc
be used to run any form of machinery in any . -
of the usual ways. The means for governi

the rate of speed for the steam-turbine will . .
now be described. In Fig.7, 52 represents _ -
IOS
ber 53, from which branch pipes 54 and 55
conduct the steam to the steam-turbine. A
pipe 56 is connected with the discharge-
chamber of the centrifugal pump and at its
other end is connected with the casing 57,in 110"
which is a diaphragm or piston. . This is con- '
nected to avaﬁ)ve in the.chamber 53 and.issa =+ " ...
arranged - that - the varying pressure in the.
discharge-chamber of the pump actuates the
diaphragm or piston and thereby the valve, 115
admitting or ‘cutting off the steam to" the

“pipes 54 and 55 as desired.. The variations = .

may be adjusted as desired by a hand screw
and spring, as commion in pressure-regulators. = ..

“Thus it will-be seen that the pressure in the 1zo
.discharge-chambeér of the combined turbine-. ;.

and pump automatically regulates the speed.-

Of course the water-moter 48 is liable.to run-
at-different _speeds, a,ccording’ a8 the load is ~ = .
increased or diminished. - Thisisregulated m 125 .

the usual way by meansof thevalyes58 and. .
59, which control the fluid-jéts whith drive the -/

‘water-motor, which is preferably made with / o

double sets .of buckets in the usual way. - =
The speed of the water-wheel canberegulated = 30



a

by any usual form of governor, such as a
_centrifugal governor. If the speed is in-
" -creased above a certain limit, the amount of
. water passing through the jets is automatic-
5. ally diminished by this governor. . This re-
“sults in-a greater pressure in the pipe or wa-
" terway 49, which in turn increases the pres-
sure in the discharge-chamber of the com-
bined steam-turbine and pump, which, by
the mieans already described, acts to cut off
part of the supply of steam to said turbine,
thereby reducing the speed. This regulating
action. is practically instantaneous, and this

I0

establishes - positive and extremely close -
speed regulation, dependent simply upon the

g
. speed to which the water-motor 48 is set.

. In Fig. 8 another modification of my ap- |
“paratus is shown, in which the condensation.

18 effected by some other liquid than that
2o which is discharged into the chamber n.

" In pumping beer, for example, it would not

‘be desitable to have the steam condensed by

~the outflowing -stream of beer, since “this
-would dilute the beer too.much. In Fig. 8,
‘therefore, the condensation is effected by
‘separate means.: The apparatus shown in
this figure is practically the sime as shown
in Fig. 1, with the exceptions hereinafter
. ‘mentioned. - 60 and 61 represent the steam-
30 inlet pipes, and 62 and 63 represent the

25,

‘dense the. steam used as a motive power.

. These inlet-pipes deliver into circular cham--
bers 64 and 65. Outside of the rings s ¢ and.

'35 mounted on the runner are other wings 66 and

67, nearly parallel to the wings 62, but sepa-

rated therefrom by passages. The wings 66
_and 67 'are of considerable less width than
the rings's ¢, whereby open spaces 69 and.70

40
chambers 64 and 65 with these open spaces
69 and 70. In this modification the rings of
the impeller-bladesare mounted on the wings
66 and 67 instead of upon the rings s . 73
and 74 represent outlet - pipes for the water
after it has been used to condense the steam:.
-These water-pipes connect with ecitcular
. chambers 75 and 76, cut out of the casing,

45

there being a free passage between the rings

s t and the wings 66 and 67 into these cham-
bers 75 and 76 for the water used for condens-
. - ing purposes and there being other passages
- from the spaces. 78 and 79 just inside of the

- tings of impeller - blades. for the passage of

55 steam ‘into the chambers 75 and 76. The
. " water coming in through the pipes 62 and 63
- may be under considerable pressure,-if de-
- sired. The résult of this arrangement is that
~the steam is condensed and carried with the

.50

'6Vo'> water through the pipes 73 and 74 without |

- _b‘ei._ni.mingled ‘with the beer or other liquid
. ‘which is foreed into the the discharge-cham-

»17’," . . iyt PRy D . )
- In-Fig. 9is shown a steam-turbine, a cen-
'65_trifugal pump; 2 water-motor; and an elec-

mlet-pipesfor the water which is used to con-

tor.

are formed. . Orifices 71 and 72 connect the

833,482

tric generator; all in one unitary structure,

‘Fig. 10 showing details thereof. 80 repre-

sents a centrifugal pump of the closed-runner
type, similar to that shown in Fig. 1, pro-
vided with curved impeller-arms, side wings,
and rings of impeller-blades mounted there-
on. ‘The casing of all thése structures may
be divided into: either vertical or horizontal
sections. 81 represents the upper part of the .
stationary casing, which is cored out, leaving
plates 82 83, with a passage 84 therebetween.

- This fits upon another stationary part 86, be-

ing united thereto:by bolts 85.  The part 86
is cored out, leaving passages 87, 88, and 89,
the passage 88 being the water-inlet and the

assages 84, 87, an(% 89 being the water-out~
ets. The part 86 rests upon the stationary

. base 90, being united therewith by bolts 91,

which base is also cored out: to form passages,
which are continuations of the passages 87,
88, and 89. Steam is admitted through a

70

75

8o

85

pipe 92 (shown in dotted lines) and through -

a passage cut in the casing 81 into an annular

space 93, cut out in the casing 81, from -

whence it passes from between the diverter-

g0

blades 94 and against thd impeller-blades 95, -

causing the pump-runner to revolve, as al-
ready described. These blades may be com-
pounded or used in'multiple, if desired, there-
by utilizing the principles of impact, reaction,
expansion, or any combination whereof, and
the water-motor hereinafter described may

desired. Secured. adjustably to the base 90,
by mesns of bolts 96, 1s a metal ring 97, which
supports the field-coils of an electric genera-
In this case a generator of direct cur-
rent is uised; but 'l may of course use a gen-

-erator of alternating currents, if destred.
‘The coils 98-are supported oh cores 99, united
‘to the ring 97 by bolts.100. Secured by
‘bolts 101 to the ring-97 are one or' more

bracket-arms 102, in which is supported a
sliding brush-supporting ring 103, which may
be fastened in said brackets in any desired

position by screws 104.. Brushes 105 are car-.
tied in brush-holders 106, supported by the

ring 103, and may be adjusted in a circle

around the ‘commutator as desired. The -

commutator 1u/ is of the usual type and

mounted on the shell or casing 108, which -

supports-the armature-coils 109, made in the

95

-also be compounded or used in multiple, if *

100
105
110

I;‘S

usual way. - These coils of course revolve in

close proximity to the field-coils, but do not

-touch them. - The shell or casing 108 is sup-
‘ported on antifriction-rollers 110, preferably

iz20

mounted in spacing-rings in the usual man-

ner to form 2 cage.  These antifriction-roll-

‘ers are supported-on’ a ring 111, preferably

made of hardened steel annular in its general

125

form, but thickest at the bottom, as shown -
in Fig. 10, this ring 111 beilg mounted on the .

stationary casing 81 86. The 1111s, in

fact, an eccentric bearing-ring, an§ by means.
.of & serew-bolt 112 and hand-wheel 113 this,

1 30.';
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ring may be adjusted around the periphery
of the casing 81 86, thereby adjusting the ar-
mature structure in relation to the field-coils
end pump-runner. The object of this ad-
justment is to vary the reaction-pressure
irom the buckets 116 upon the pump-runner
80, so that when running this pump-runner
will be automatically bafanced_, the line 117

"being eccentric to the central vane of the

pump-runner 80, as already described in con-

nection with Fig. 4. After this adjustment

is made the frame supporting the field-coils
is adjusted so that these coils will be concen-
tric with the armature-coils in the usual man-
ner by means of the adjusting-screws 96, for
example, commonly used in alining engine-
type generators. The armature structure is
driven by means of buckets secured on the
interior thereof, against which the liquid dis-
charged by-the pump-runner directly im-
pinges. On the interior of the movable cas-

-Ing 108 is a ring 114, cut away on each side,

as shown at 115, for the reception of the part
82 of the stationary casing..~ On the inside of

this ring 114 are mounted buckets arranged |

in a double series, so as to split up the cur-
rent of water thrown against the same after
its energy has been utilized and to divert it
on either side into the discharge-passages.

These_buckets 116 are concaved. and also
-eurved reversely to each other, as shown in

Fig: 9, coming to a line 117 in the center,
which line is outsidé of the ‘central vane of
the runner and in the same plane. The ad-

mission of the water to the water-wheel may
“be controlled in any desired way—for exam-

ple, by means similar to that shown in Fig. 7
or any of the common ways of controlling
volume and angle of impact of the stream of
water. Moreover, I do not restrict myself in

-.any way to the exact details of construction.
- The pump-runner, for example, may be of

45

" multiplex.
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-tor all in one unitary structure.

-the open type instead of the closed type. It

may be. simple, compound, or multiplex.

‘The means for driving the runner by means .

of steam may also be simple, compound, or
The particular shape and- ar-
rangement of the buckets against which the
water is thrown by the centrifugal pump
may also be varied. - Instead of a direct-cur-

. Tent generator an alternating-current genera-

tor may be used, and, in fact, all the details

may-be varied greatly, the central idea of.
. this form of the mnvention being the making

of a steam-turbine, a.pump, and ‘motor
driven by said pump, and an electric genera-

. this apﬁ)aratus’Can be used -directly as an en-

6o

.gine,'a

that is necessaryto do being to take
off the field-coils, commutators, &c., making

- the casing 108 a pulley instead of having it

. -modification. , i ,
" "In Fig.’9-1.have:shown a very small tur-’
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carry the armature-coils. = Power can also be

taken from a shaft torsionall

‘the divertér-blades.

Moreover,:

y by a slight

S

bine-wheel and pump-runnercombined which
I desire to run at very high speeds. It isnot
feasible or desirable that the casing carrying
the armature-coils should be run at the same
high speed, and by a proper proportioning of
the parts this will not be the case. It will be
understood that the speed of the turbine-
wheel and pump-runner may be anywhere
from ten to one hundred times as fasf as the
speed at which the armature is driven, thus
illustrating one of the important points of
this invention, the flexibility of the transmit-
ting medium rendering it possible to use very
small amounts of water moved at a very high
speed and pressure to obtain large amounts
of power. ~As already described in connec-
tion with Fig. 7, the speed to which the ar-
mature is set in the beginning may be used to
govern the speed of t%e whole apparatus.’
In Figs. 11 and 12 I have shown still an-
other modification of my apparatus in which
a vertical pump is used—that is to say, a
pump whose runner runs in-a horizontal
Elane and whose axle, if one were used, would
e in a vertical plane. This modification,
like all vertical centrifugal pumps, may, if
desired, be submerged when in use, thereby

obviating the necessity of priming the pump..

If, however, this modification were used in
connection with a suction-pump, priming

- would be necessary before starting the pump,

asisusual. 118represents the casing, which
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may be made either in the form of a shell or

in sections, if desired. In one part of the
casing a steamway 119 is cored out, connect-

100

ing with a steam-pipe at any desired point. -
This delivers into a circular passage 120,
which passage is connected by ports 121 with

The regulation of the
sgeed may be accomplished by variations-in
the pressure affecting the amount of steam
conducted, as already described in connection

‘with Fig. 7.. After passing through the parts

121 the steam impinges upon the diverter-
blades 122, which are curved in opposite di-
rections. These blades may be made in one
piece or separate, as desired, and by means of
said blades the steam is divided into two col-
umns or continuous jets, which jets pass be-
tween the impeller-blades 123 and 124, se-

-cured on either side of the diverter-blades
122, said impeller-blades being mounted on
.the central vane 125 of the pump-runner.
These bladés are shown as exposed to the -

moving column of water on their outer edges
after impact, as described in connection with
the open type of runner, (see Fig. 5,) or, if
desired, they may be housed, as in the closed
type of runner. »
sides of the central vane 125 in the runner is

located an inlet-passage 126 and an outlet-

passage 127, which passages are joined to-

(Shown in Fig. 1.) On the-

T3
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gether by a continuous open space 128, ex-

tending around the central portion of the
,:ﬁpumpfrux_;ner. In these passages 126 q.nd

: 130 -
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" 127 are located reversely-covered arms, as

io

15

shown in Fig. 12, the arms in the passage 126
serving to draw the liquid toward the center
centripetally and the arms in the passage
127 serving to throw the same out from the
center centrifugally. = The top of the pump-

runner is curved upward, as shown at 129,

approximately in the form of a cone, and this
top is provided with curved arms, which aid
in drawing the liquid up through the dis-
charge-passage 130, 131 representing the in-
let, which is a continuous orifice with the ex-

.ception of the arms 132 and 133; which are

supported on the base-plate 134. The lower
central portion of the pump-runner is cut

- . away, as shown at 135, and outside of this

22

cut-awsy portion is an enlargement or.boss

136, located in a correspondingly-shaped de--

ression 137 in the base, whereby a bearing
or the pump-runner is formed. Connecting
with the depression 137 is a ‘waterway 138,
(or a separate pipe may be used, if desired,)
which waterway or pipe is connected with
the discharge chamber or passage 130, the

result being that after the runner is set in

, motion water is forced through the pipe or

way 138 into the depression 137 and around
the boss 136, after which the water passes

- out between one side of the pump-runner and
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the base. This arrangement furnishes a

convenient and effective water bearing for |

the :combined pump -runner and turbine-
wheel, whereby said .combined structure is

“supported on fluid during its rotation, any

tendency to -wabble or oscillate being cor-

rected by the balanced columns of water and

steam which act upon the combined turbine-
wheel and pump-runner. Moreover, the
outflowing current between the lower side of
the pump-Tunner and the base will tend to
steady the pump-rununer in its rotation, re-
quiring very little initial pressure on aceount

of the l-a.r(ige area exposed to overcome any

downward thrust when the pump is workin;

under high pressure. It is obvious that if

desire to force the water to any considerable
height this may be accomplished by using
in. connection with a single discharge - pipe
a number of these pumps located one above
the other with a -continuous steam-supply
for all of said pumps, each one of which can
be regulated independently of the others by
the nreans alre@d%r described in connection

. with Fig. 7. Tf the pump is to be used sub-
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merged, the inlet pipes or ways for the steam
are- made double to avoid condensation,
there being an air-space between the pipes
or-a suitta,nlﬁe‘ non-conducting material being

" placed between said pipes.

While T have shown in Figs. 11 and 12 a
combined centrifugal and centripetal pump,

it is obvious .that I could use & centrifugal

: pump alone, a'centripetal pump alone, or any.

65",

combination thereof, and, further, that the
water inlets and outlets may be placed in any

833,482

desired position within or Without the cas-

ing. , :

In cases where it is desirable the steam-
turbine may be mounted separately from the
pump-runner—for example, where the pump-
runner is submerged—and yet furnish a

70

stream of water whereby the pump itself may

be driven, as already illustrated in conrec-
tion with the water-motor, as shown in Fig.
7, which water is conveyed by impact to the
pump-runner itself. _

In several of the modifications the casing
is shown as stationary and the runner rota-
table therein. It is obvious that this ar-
rangement could be reversed and that the cas-
ing could be made rotatable and the inner
part stationary. v '

‘In Fig. 9 I have shown a water-motor di-
rectly coupled to the shaft of a dynamo. It
is obvious that this shaft could be used in va-
rious other relations to transmit power. In
some instances it is desirable to reversé the

motion of the shaft, as in marine work. This

reversal may be quickly and easily effected in
the following manner: The water-motor
may be provided with two sets of buckets
curved in opposite directions and with sepa-

rate sets.of corresponding jet-nozzles. A

balanced valve located in the main water-

supply pipe leading from the pump to the’

water-motor is provided in connection with
saild oppositely- a,rra,n%ed jet-nozzles. By
simply moving this valve the water-jets are
directed to one or the other set of reversibly-
arranged buckets, depending on the direction
of rotation of the motor-shaft. Thisreversal
acts as a brake on the water-motor, quickly
stopping it and then reversing it, all without
interrupting the motion of the steam-turbine
wheel or interfering with its control, which

‘depends, as stated before, on the pressure in:

the discharge-chamber of the pump. -More-
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over, by moving this valve so that it will di-

rect jets of varying and unequal power upon
the oppositely-arranged sets of buckets the

.speed and direction of rotation of the motor-
‘shaft may be exactly and almost instanta--

neously - regulated. This valve may of
course be operated either pneumatically, hy-
draulically, electrically, or by any desired
mechanical devicesfroma distant point. For

example, the valve in the engine-room of a

ship may be directly operated from the pilot-
house thereof. - This is an important feature,
inasmuch as the reversal of the operating-
shaft'does not-necessitate the slowing down,
stopping, and starting again of the prime
mover, as is the case with all motive devices
known tome. Moreover, the prime moveris

- maintained at all times in its highest state of

efficiency and readiness to transmit its. en-

‘ergy in my invention. .

My invention is especially designed to re-
duce to a minimum thé weight, space, cost,
and vibration of the device and at the same
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time to increase its simplicity and durability
and economy in the use of fuel. In marine
work it furnishes a central power-station for
a}llli uses to which power is applied on board
ship.

In Fig. 13 is shown a cross-section of a
combined centrifugal and centripetal pump
and steam-turbine. In this figure, 139 rep-
resents the casing provided with a water-in-
let 140, which is divided into two branches
141 and 142, which deliver to opposite sides
of the pump-runner.. 143 represents the dis-
charge passage or chamber, preferably in the
form of a volute largest at the bottom. I
have shown the water-inlet pipes as coming
from below and the discharge-passage at the
bottom. It is obvious, however, that these
passages may be located in any desired po-
The upper part of the volute is pro-
vided with a passage into which is fitted a

steam-ejector pipe used for priming the pump

in the usual way, as has already been de-
scribed in connection with the other modifi-
cations. The pump-runner itself is provided
with a central vane 144, made in the form of a
This is‘mounted upon a cen-
tral part 145, which part is provided with
extensions 146 and 147, in which the sup-

- porting-shafts are mounted. These exten-

.30

sions are cut away, as shown at 148 and 149,
for the reception of the hollow shafts, which
are confined therein by nuts 150 and 151.
The supporting -shafts 152 and 153 are

'~ hollow and provided with enlargements 154

35

and 155 at their inner ends. The passages
156 and 157 in said shafts are turned upward
and inward at their inner ends, as shown at
158 and 159, for the purpose of discharging

" streams of ‘water upwardly and .inwardly

40

45

o

against' the pump-runner to sustain the
weight and overcome any lateral thrust
thereof. These shafts pass through bearings

160 and 161, located in extensions in the.

casing, and into boxes 162 and 163, which are

“provided with removable heads 164 and 165,
secured to-said boxes by bolts 166 and 167.

Lock-nuts 168 and 169 engage these shafts,
and bolts 170 and 171 secure these lock-nits

in position. The outer ends-of the shafts
are squared, as shown at 172'and 173, for the .
purpose of receiving the head of a wrench,.

- whereby said shafts may be.adujsted in or-

[}
e

_ ner.

. 6o

der to-perfectly balance the pump-runner:
174 and 175 represent pipes connected with

. the discharge-passage 143 or with any source
of water under pressure for the purpose of
. providing water bearings for -the '{)ump-run- |
es located in.

these pipes for controlling the pressure and”

176 and 177 are valves

volume of the water therein. 178and 179rep-
resent inlet-pipes for the steam, which passes

_ between diverter-blades 180 and 181 and

,65

thence into the impeller-blades 182 and 183,
which are mounted on the pump-runner.

have‘shgwn‘qne ring qf itgpel-ler{bladés and

“a perfect balance.

7

one ring of diverter-blades on each side of
the central vane; but it is obvious that-more
may be used, the diverter-blades being se-
cured upon the casing and the impeller-
blades upon the pump-runner, whereby I
am enabled to utilize the principles of 1m-
pact, reaction, and expansion. Indeed, the
whole apparatus may be used either simple,

70

compound, or multiplex, as desired. The .

pump-runner itself is provided with wings
184 and 185, approximately parallel to the
central vane 143. Between these wings and
the central vane aré curved impelier-vanes
186 and 187, so arranged as to drive the lig-

‘uid out into the discharge-passage 143.

Another set of curved arms 188 and 189 are
mounted on the outer sides of the runner.
These arms are curved in the opposite direc-
tion from the arms 186 and 187 and serve to

.draw in the liquid centripetally and deliver

it into the pump-runner near the center, from
whence it is discharged centrifugally. These

75
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arms of course do not extend up to the cen-

tral portion of the runner, as it is necessary
to leave a passage there for the influx of the
water. - Moreover, the runnér itself is cut
away from the center, as shown at 190 and
191, to afford a free passagé for the water or

other liquid.. By this construction I am en-

abled to run the apparatus at a very hignh.

Q0
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speed without using a separdte pump to feed -

the centrifugal part of the runner, as is.com .

mon in apparatus of this type, the vacuum
being éstablished and maintained at alltimes.
Between the wings 184 and 185 and the cas-

ing are passages 192 and 193, which connect,
~with the discharge-passage 143-by narrower.
‘passages 194 and 195, the result being that

the liquid thrown out by the centrifugalac-
tion of the pump-runner draws with 1t the
steam after it has passed through the im-
peller-blades into the discharge-passage 143,

tco -

o5

where said steam is condensed, the appara- '

tus thus acting as a most efficient self-¢on:
denser. Moreover, any air that -there may
be in the apparatus or that is brought in.
along with the steam is also drawn out and

discharged inthesame way.  Thisform of the

110°

apparatus, like the other forms, is self-balanc-. '

ing, owing to the reason that it is built sym-

metrically and that the moving columns of

liquid and gas impinge upon its opposite -

sides with equal pressure, thereby insuring
i . To aidinthisaction, espe-
cially if on account of the defects of the ma-

terial the plane of gravity should not ex-

actly coincide with the plane of rotation or

made large enough so as to extend some dis-

‘tance into the discharge-passage 143, ~Afy
tendency to-wabble or oscillate will "be au- .

115
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.for ‘other reasons, the central vane 144 is .

125 -

tomatically corrected by reasons of the va-

riations in  liquid - pressure which would

To still further aid in and -insure this auto-

1| be caused by the.oscillation of this vane.’ :
130
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‘thrown out .
‘discharge-passage 143 is divided temporarily

8

matic. balancing action in reference to the
weight or running thrust of the runner itself,
a ring 196 is mounted ‘on the outer rim of the
vane 144. This ring is provided with two
oppositely-arranged curved faces 197 and

198, whereby by means of the central vane

and the ring attached thereto the liquid

y - centrifugal action. into the

into two moving columns or streams. Any
tendency of the runner to vary from its
proper position of rotation—by settling, for
example—will résult in diminishing the area!
of the water-passage and will immediately
diminish the pressure at that point and in-.

- crease the pressure at the opposite side of the

runner, whereby this tendency will be auto-
matically corrected. This results from the
fact that the stream of water is divided into

four different moving streams ot columns,

two on each side of the central vane, through

“ the different i.nlets and outlets ¢commeon to-

25

each set. - This rmg 196 may, however, be
separated from said central vane, although

located in proximity thereto, and in Fig. 14 1 |

have shown means for supporting and ad-
justing it.\ -199 represents a rod passing
through the casing and provided with a

- hand-wheel 200. This rod is secured in po-
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sition by lock-nuts 201. "As many of these
rods as desired may be used; but 1 prefer to
use at least three, preferably spaced at equal
distances apart, two below the center of the
casing and one above it. It may also, if de-
sired, be supported eccentrically Upon lugs

.arranged in the volute passage 143. " This
ring 196 may be adjusted so that it will be”

eccentric to the central vane 144, preferably
nearest to said vane at the bottom, the re~
sult being that.the pressure of the discharged
liquid being greatest at the bottom reacts
against the runner, thereby overcoming its

~.Wei%})1t and the thrust due to its rotation. It |

can be determined whether the runner is run-
ning in its proper position by the means de-
scribed :n connection with the runner shown
in Fig. 5 or in any other convenient way—

for example, by having ports fitted with
glass <covers cut in the casing at suitable |

points. : ,
While I have thus described my invention,
I wish it to be distinctly understood that I

do not limit myself in the slightest degree to |

the details of construction shown and de-

-scribed. The motive fluid, for instance,

may be gas, air, water, or other liquid or any
combination thereof. The apparatus may
also be used as a condensing or non-condens-
ing apparatus, although I prefer to use it as a

self-condenser. The main point of my in- |

vention is the production of a combined run-
ner and impellr(;r in a single structure, which
structure is capable of running freely without
contact with-the casing and without any
support except fluid support, noiselessly and

838,482

without vibration or wear, and With'pmcisi- '

cally no friction. - Moreover, in this way I

am enabled to get, the highest possible speeds

and efficiencies with a minimum of cost,

WeIi_%ht, and space occupied by the apparatus.

laving thus described my invention,what

I claim as new, and desire tosecure by Letters
Patent, is— : .

1. The combination of a steam-turbine and

& centrifugal pump, the steam-turbine wheel

and pump-runner being made in a single
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unitary structure and including pump-vanes °

and turbine-vanes located symmetrically

with respect to a central plane, said com- -

bined structure being provided with steam-
vanes and pump-vanes on each side of said

8o

central plane, whereby a perfect balance is -

maintained.

2. The combination of a casing, a steam-

- turbine, and a centrifugal pump, said casing
‘being provided with steam -and water inlets

and outlets, the steam-turbine wheel arnd

- pump-runner being made in a single unitary

structure, said structure being provided -on
each side of a central plane with curved
pump-vanes, and a ring of steam-vanes lo-
cated outside of said pump-vanes, whereby a
perfect balance is maintdined. - .

3. In a steam-turbine, a movable part or
runner, composed of a central portion, curved
arms, wings substantially parallel thereto
a;(lid rings of vanes attached thereto on either
side. o , :
'4. In a steam-turbine, the combination of
a steam-turbine wheel and runner, made in a
single unitary ‘structure, and a casing sur-
rounding the same; passages being left be-
tween said structure and said casing, where-
by the water discharged by the runner ex-
hausts the steam and condenses it and also
eqtiains any air within the casing along
with it. - -
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5. In a steém—turbine, a rotating part or |

runner, consisting of a double-coned central
portion, a double-coned vane secured there-
to, curved arms, wings substantially parallel
to said arms, and rings of vanes or blades se-
cured on the outer side of each of said wings.

iio

. 6. The-combination of a casing, having

rings, of blades or vanes, steam-inlets there-
for, a combined steam-turbine wheel and
centrifugal pump-runner, supported within
said casing and made in one unitary struc-
ture, said structure being adapted to rotate
freely in said- casing without touching it and

and extending close to the inner edges of the

wings of ‘said structure, but not touching
them. - o R

In testimony whereof I affix my signature
in presence of two witnesses. .
o * ROSCOE S. PRINDLE.
Witnesses: - R

. CLarENCE A. BaTEMAN,
GusTavE R. THOMPSON.
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-circular guide-plates secured to said casing
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