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NATHAN F. BURNHAM, OF YORK, PENNSYLVANIA.

TURBINE WATER-WHEEL.

SPECIFICATION forming part of Letters Patent No. 438,878, dated October 21, 1890.
Application filed June 14, 1890, Serial No, 355,439, (No model.)

To all whom tt may concern: -
- Beitknown that I, NATHAN I¥. BURNHAM, a
citizen of the United States, residing in the
city and county of York, in the State of Penn.-
sylvania, have invented certain new and use-
ful Improvementsin Turbine Water-Wheels,
of which the following is a specification.

My invention relates to that class of tur-
bines in which the supply of water to the

buckets of the wheel is controlled by a verti-

cally-moving eylinder-gate. Its objectsareto

cuide the gate properly in opening and clos-

ing, so as to prevent undue wear or friction
of the parts; to pack the joint between the
supporting-cylinder or draft-tube and gate,
so as to prevent leakage and compensate
wear; to direct the water properly upon the
buckets, so as to secure the maximum effect
at every stage of the opening of the gate; to
provide means for readily raising and lower-
ing the gate and holding it in any desired
position, and, finally, torender the gate buoy-
ant or self-poising, so as to counteract 1its
weight and facilitate its opening and closing.
These ends T attain, first, by causing the gate
to traverse in fixed guides, which always
maintain itin proper relation to the wheeland
cover; second, by interposing a self-adjust-
ing packing-ring between the supporting-cyl-
inder or draft-tube and the cylinder-gate,
which ring accommodatesitself to variations
in the relation of these parts caused by wear
or other incidents; third, by combining with
the cover fixed water-guides which project
into the chuteways and cause the water to

be thrown upon the wheel in proper relation
‘thereto to produce the best effect at any stage

~ of adjustment of the gate and chutes; fourth,
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by raising and lowering the gate by means of
a worm-gear mounted upon the cover, which
not only adjusts the gate, but holds it in such
adjusted position; fifth, by counterpoisingthe
weight of the gate and its connected parts by
means of springs interposed between the gate
and cover; sixth, by counteractingthe weight
of the gate and its attachments by means of
a buoyor float connected therewith, and, sev-
enth, by certain novel constructions, combina-
tions, and organizations of instrumentalities,
hereinafter described.

The subject-matter claimed will be desig-

[ nated in the claims at the close of this speci-

fication.

The accompanying drawings show so much
of a turbine water-wheel embracing all my 55
improvements inthe best mannernow known
to me as is necessary to illustrate the sub-
ject-matterclaimed. Some of these improve-
ments, however, may be used without the
others and in wheels differing somewhat in 6o
their details of construction from those here-
in shown and described. .Unless otherwise
specified, the parts are of usual well-known
construction.

Figare 1 represents a plan or top view, 05
partly in section on the line1 1 of Fig. 2, show-
ing one half or section of the buoy which floats
the gate and its connected moving parts, and
with parts of the cover broken away to show
the chutes and stationary water-guides; Ifig. 2, 70
avertical central section on theline 2 2 of Fig.

1: Fig. 3, a horizontal section on the line 3 3

of Fig. 2. Figs. 4, 5,and 6represent, respect-
ively, vertical central sections through the
cover, the chutes and gate, and the support- 75
ing-eylinder or draft-tube, illustrating their
details of construction; Fig. 7, a similar sec-
tion on the line 7 7 of FKig. 1, showing one
side of the cover, the supporting-cylinder, the
interposed vertically-moving ecylinder-gate, 3o
and one of its sustaining-springs; Fig. 8, a
plan view of one of the stationary water-
onides detached; Fig. 9, a side elevation of a
portion of the apparatus, showing the gate
about half open; Fig. 10, a horizontal section 85
on the line 10 10 of Fig. 9. Iigs. 11 and 12
are sectional detail plan views showing modi-
fications of the gate, chutes, and guides; and
Fig. 13, a vertical transverse section on the
line 13 13 of Fig. 12, showing the details of go
the gate-guldes. -

A supporting-cylinder or draft-tube A is

shown as provided at its upper end with an
external annular flange A’, curving outward
and downward to facilitate the inward flow g5
of the water. A slight inwardly-projecting
annular flange ¢ constitutes a part of this
flange A’, for a purpose hereinafter described.
A bridge or cross B is secured in the lower
part of the supporting-cylinder by screws b 100
and supports a central wooden step B’.

A wheel C, hereinafter more fully described,
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18 secured on the lower end of a spindle D,
provided at its bottom with a concave bear-
Ing turning on the step B’, above mentioned.

The cover 1s crown-shaped, consisting of a
slightly-arched ring E, from which spring a
series of curved outwardly-inclined sections
E’, having horizontal external flanges e at
their upper ends. An annular flange ¢’ ex-
tends first horizontally outward and then ver-
tically downward from the bottom of the cover
outside of the lower parts of the inclined sec-
tions B’ and surrounds the top of the wheel,
which turns freely within it, a small space suf-
ficient for that purpose being left between
them. | | |

The supporting-eylinder, cover, and other
parts, hereinafter described,are held in proper
relation to each other by accurately-turned
vertical bolts or guide-rods If, shouldered at
their ends and terminating in serews. These
rods are interposed at suitable intervals be-
tween the flanges A”and e of the supporting-
eylinder and cover - sections, respectively,
against which their shoulders abut, the
screwed ends of these guide-rods passing
through these flanges and being secured in

~ place by nuts f, thus always maintaining the
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parts in the proper fixed relation.

A tubular standard G is provided with an
external bottom flange ¢, inserted in a cen-
tral opening in the cover E, and secured
thereto by screws ¢’. The upper portion of
this standard carries the usual adjustable
bearings H, consisting of wood follower-
blocks actuated by screws 7, passing through
the casingin which the blocksmove. A gland
or stufiing-box H’ surrounds the shaft above
these adjustable bearings. Stationary water-
guides I aresecured to the lower cover-flange
e’ by bolts or screws 7',
shown as consisting of an inner horizontal
portion resting on the top of the flange e, a
vertical portion extending downward outside
of and parallel with the vertical portion of
that flange, and a horizontal wing or blade <,
extending outward between the chutes and
operating as hereinafter more fully explained.

The gate KX consists of a lower cylinder k
of a diameter slightly less than that of the
supporting-cylinder A, within which itis free
to move vertically, and of an upper ring or
gate section &’ of larger diameter, the two sec-

- tions being connected by a horizontal flange

55

k* at the top of the lowersection and the bot- |

tom of the upper one, so that the twosections
in fact constitute a single cylinder-gate.
A loose self-adjusting packing-ring J, of

~ leather, rubber, or other suitable material,

60

rests on the flange A’ and projects slightly
over or beyond the inner flange ¢, S0 as to fit
snugly against the gate-cylinder. Flanged
segments 7 overlap this packing-ring, and are
held in place by bolts j'. The packing-ring
J 1s made slightly narrower and thinner than

thespace between the flange A’ and the clamp-

ing-segments 4, so as to allow the ring to move

T'hese guides are

above mentioned.

eral play of the cylinder of the gate should

such there be. The pressure of the water is
sufiicient to hold the ring at all times prop-

70

erly against the gate-cylinder to pack the

joint properly to prevent leakage, which is

1ts only function.

The chutes L are formed integral with or
bolted securely to the flat portion or flange

k? of the gate at suitable intervals and con-

stitute its upper portion. These chutes are

shown as having three vertical sides or walls,

the outer side [ constituting in effect the
outer wall of that portion of the gate. The
front wall /* and inner or rear wall I’ extend
therefrom inward, converging to a point near

the Inner rim of the flange k* so as to dis-
| o ?

charge the water properly upon: the buckets.
The blades or wings ¢ of the stationary water-
guldes I project between these chutes, con-

forming closely in shape with the chute-open-
1ngs, but fitting loosely therein, so- that the
chutes are free to travel vertically between

the guides as the gate opens or closes.
Guide boxes or bearings I/, secured to the
gate at suitable intervals, constitute bearings

~or guldes through which the connecting-bolts

or guide-rods F pass, thus securing the aceu-
rate alignment and adjustment of the gate
and preventing it. from binding, wearing, or
turning. | -

In Figs. 1, 2, and 3 the guide-rods F are
shown as passing through guide sleeves or
boxes I/, composed of Babbitt metal, cast in-
side the chutes, and held in place therein by
lugs l7. o

In Figs. 11, 12, and 13 the guide-rods I are
shown as passing through boxes or brasses I.’,
bolted to the outer side of the rear wall I’ of
their respective c¢hutes. | .

The top surface of the gate-flange %?* and
the bottom surface of the cover-flange €', as
well as the corresponding under sides of the
stationary water-guides I, are accurately
turned, so as to make a close joint when the

‘gate 1s closed, at which time the top of the

flange £* is held close against the under side
of the cover-flange and stationary guides
The inner walls of the

75

30

Q0

95

100

105

II0O

115

chutes, it will be observed, lie outside of the |

cover-flange and slide past it in opening and
closing the gate. _
‘gether with the central hub M, constitute a

(rate-arms m, which, to-

spider, are secured to the top of the chute
portion m/.
A rack N, secured vertically on oneside of

‘the hub M, engages with a worm-gear n on a

vertical shaft N/, turning in bearings #?n® on
the cover to raise and lower the gate. The
advantage of this worm-gearing over an or-
dinary rack and pinion is very great, as the
worm, being applied directly to the rack on
the hub of the gate-arms, exerts great power,
and besides holds the gate at any desired
adjustment without fastening devices, such

as would be necessary with ordinary gearing.

Spiral springs O are secured at one end to

slightly horizontally to compensate any lat- | the gate-flange 4* and at their other end to
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the overhanging cover-flangee. Asshown in | struction, which it could not otherwise do.

Fig. 7, these springs may advantageously pass
inside the walls of those chutes not occupied
by the guide-rods, where they are well pro-
tected and act effectively. The strength ot
these springsis preferably such as to balance
the weight of the chutes, gate, spider, and
rack when the gate is one-third open, which
counterbalancing is obviously of great ad-
vantage in adjusting the gate. This device

answers very well for small gates; but to-

counterbalance large gates, which with their
appurtenances sometimes weigh more than a
ton, would require very strong springs, SO
strong in fact as to be practically inconven-
ient. I have therefore devised a method of

 counteracting the weightof the gates and mov-

20

ing parts, which in effect constitutes a floating
cate. ThisI doby combining with the gate a
buoy or float of sufficient buoyancy to sus-
tain the weight of the gate and its parts with-
out other mechanism. Ipreferably make this
buoy of an annular form divided vertically
into segments, so.as to facilitate its attach-
ment to and removal from the gate. Iig. 1
shows one of these segments P as made of a
semicircular or half-ring form. It may be of

" sheet metal and connected with the gate by
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upright standardsp, respectively bolted there-
to and projecting above the gate, so that the
bottom of the buoy is above the top of the
chuteway, thereby leaving the water-way at
all times unobstructed. The buoy is prefer-
ably of sufficient eapacity-to support the gate
and its attachments at any stage of adjust-
ment. The buoy and springs may of course
be used either separately or together,asocca-
sion requires.

I am aware that a water-wheel and 1ts cas-
ing have been so constructed with a central
air-chamber combined therewith as to coun-
teract to some extent the weight of the wheel;
pbut so far as I am aware I am the first to
combine a buoy or float with a gate movable
independently of the wheel.

Waste-pipes P’ pass from each section of
the float down through the floor of the pen-
stock, (not shown,) so as to let out any water
that may leak into the float, the pipe being
long enough to pass through the penstock

when the gate is raised to its highest point.

55
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The crown or hub of the water-wheel C is |

shown as bell-shaped or concave from its up-
per circumference to its lowest point near
the shaft, so that the waterimpinging against
the under side of this curved hub tends to
lift the wheel and exert its full power upon
the buckets, which are preferably of the shape
shown., -

When lowered to its greatest extent, the
oate is wide open. As it rises, the water 1is
aradually cat off from the bottom, the flange
k2 always constituting the bottom of the chute-
way. The attachment of the bolts or guide-
rods ¥ totheupper outwardly-inclined flange-
sections permits the gate-bearings L to rise
above the cover or crown-plate K without ob-

The chutes rise with the gate-ring, shiding
past the cover-flange ¢’ and the fixed water- 70
ouides I, thus causing the water to impinge
in the most effective manner upon the wheel
so long as the gate is open to any degree, as
will be readily understood. |
Having thus fully described the construc- 75
tion, organization, and operation of my im-
l proved cylinder-gate turbine water-wheel,
what I claim therein as new and as of my
own invention 18— |
1. The combination, substantially as here- 8o
inbefore set forth, of the supporting-cylin-
der or draft-tube, its external flange, the

| crown-shaped cover, its upwardly-projecting

outwardly-inclined sections, their external
flanges, and the shouldered rods connecting 3s
the flanges of the draft-tube and cover-sec-
tions.

2. The combination, substantially as here-
inbefore set forth, of the supporting-cylinder
or draft-tube, its external flange, the crown- go
shaped cover, its upwardly-projecting out-
wardly-inclined sections, their upper flanges,
the lower flange of thecover,the central tubu-
lar standard, the shouldered rods or bolts con-
necting the supporting-cylinder and cover, 95
the bridge or cross, the shaft, its adjustable
bearingsin the tubular standard, and the bell-
shaped hub of the wheel, the upper portion
of which rotates inside of the downwardly-
projecting edge of the lower cover-flange. 100

3. The combination, substantially as here-
inbefore set forth, of the supporting-cylinder
or draft-tube, its external flange, the cover,
its upper flanges, the shouldered bolts or
rods connecting the draft-tube and cover, re- 105
spectively, the gate-cylinder inside the sup-
porting-cylinder, its upper flange, the chutes
mounted thereon, and the guide-bearings in
the chutes sliding on the rods connecting the
draft-tube and cover. 110

4. The combination, substantially as here-
inbefore set forth, of the supporting-cylinder,
| its external flange, the cover, its upper ex-
ternal flanges, the rods connecting the flanges
of the cylinder and cover, the vertically-mov- 113
ing eylinder-gate having its lower portion In-
| closed by the draft-tube, its chutes, and the

guide-bearings of the gate sliding on the rods.

5. The combination, substantially as here-
inbefore set forth, of the supporting-cylinder, 120
its external flange, the cover, its upwardly-
projectingoutwardly-inclined flange-sections,
the rods connecting the draft-tube and upper
cover-flanges, the lower flange of the cover,
the gate-cylinder sliding inside the support- 125
ing-cylinder, the gate-cylinder flange, the
chutes secured thereon outside the lower
flange of the cover, guide-bearings therefor
traversing the rod, the hub sliding on the
tubular standard, and the gate-arms connect- 130
ing the hub and chutes, whereby the chutes
work entirely outside of the cover.

6. The combination, substantially as here-
| inbefore set forth, of the supporting-cylinder
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or draft- tube its external ﬂa,nﬂ'e the crown- | tical rack mounted on the side of the hub,

langes, rods con-

shaped cover, its external

necting these flanges, a packm@-mnﬂ* project-

ing inside the supporting-cylinder, the gate
ring or cylinder working inside the ]_’JELOkIl]ﬂ-

'rlng, 1ts external ﬂanﬂe, chutes mounted on
this flange, and guide-bearings in the chutes

traversing the 1‘0ds conneeting the support-

1ng-cylinder and cover.

7. The combination, substantially as here-
inbefore set forth, of t.he supporting-cylinder,

1ts external flange, the gate-cylinder movable

therein, the ﬂfmﬂed 1'*111&-11016111’10* segments,
and the self-ad justing packing-ring movable
between the flange and segments and inter-
posed between the cylinders to prevent leak-
age.

’8, The combmatmn substantially as here-
inbefore set forth, of the supporting-cylin-
der, 1ts external ﬂange, the cover, 1ts upper
flanges, the bolts connecting the eylinder and
cover, the lower flange of the cover, the gate-
cylinder moving within the supporting-cylin-

der, the packing - ring interposed between

these eylinders, the chutes on the gate slid-
ing past the lower flange of the cover, and
the spider connecting the tubular standard
and gate.

9. The combination, substantially as here-
1n-
der, its exfernal flange, the cover, its upper
ﬂcmp*es, the rods connecting the cyhnderand
cover, the lower flange of the cover, the wa-
ter-guides fixed thereon, the cylinder-gate
working inside the casing, 1ts flange, the
chutes mounted thereon, guide-bearings on
the chutes sliding on the rods,and the spider
connecting the chutes and tubular standard,
the organization being such that the depth of
the chute-openings diminishes as the gate
rises by the sliding of the chutes outside the

gate-cover and between the fixed guides.

10. T'he combination substantla,lly as here-

inbefore set forth, of the supporting-cy lin-

der, its external ﬂanﬂ*e, the cover, its upper
ﬂanges, the rods connecting them, the lower
flange of the cover, the gate-ring inside the
supporting-cylinder, its external flange pro-
jecting over that of the supporting-cylinder,

~chutes or guides on the gate-flange, fixed wa-

ter-ﬂmdes on the lower cover- ﬂanﬂe, between
Whleh guides the chutes ftraverse, guide
sleeves or bearings on the chutes traversing

the rods connecting the supporting-cylinder

and cover, and the bell-shaped hub of the
water-wheel, having the under and outer sur-
face of its crown ﬂush with the bottom of the
lower cover-flange and fixed guides.

11. The combination, substantially as here-
inbefore set forth, of the flanged supporting-
cylinder, the flanged crown-shaped cover, the
rodd connecting their flanges, the cylinder-

gate movable vertically in guide-bearings on

the rods past the lower flange of the wheel-
cover, the standard mounted on the wheel-
cover, the hub sliding on the standard, arms

and a worm-gear on & vertical shaft turnmn
in bearings on the cover and engaging W’li]l
the rack to adjust and hold it in the desired
position. |

12, The combllmtlon, 5ubstanufﬂly as here-
inbefore set forth, of the erown-shaped flange,
wheel-cover, the ﬂanﬂ‘ed draft-tube, the rods
connecting the ﬂ&nges of the draft-tube and
cover, the cylinder-gate, its guide-bearings
on these rods, its chutes surrounding the
cover, the tubular standard mounted on the
cover, the hub surrounding the standard,
arms connectlnw the hub and chutes, a raek

carried by the hub and a worm-gear engag-

ing with the rack and carried by a shaft par-
allel with the standard and turning in bear-
ings on the wheel-cover.

13. T'he combination, substantially as here-
inbefore set forth, of the supporting-cylinder,
1ts external flange, the crown-shaped cover,

1ts external flanges, the rods connecting them,

the lower flange on the. cover, the gate ring
or cylinder inside the draft-tube, its external
horizontally-projecting flange, chutes thereon
movable vertically outside the lower cover-
flange, the central tubular standard of the
cover, the spider connecting the chutes and
standard, the rack on the hub of the spider,
and a worm-gear mounted in bearings on the
cover and engaging with the teeth of the
rack to adj ast and 1101(1 the gate in the posi-
tion desired.

14, The eombumtlon ,substantially as here-
inbefore set forth, of the supporting-cylinder,
the cover, the bolts connecting them, the cyl-
inder-gate, its chutes, guide-bearings on the
chutes sliding on the rods, and counterbal-

-aneing-springs connecting the cover and gate.
15. The combination, substantially as here-

inbefore set forth, of the supporting-eylinder,
the cover, their connecting-rods, the gate-cyl-
inder, Lhe chutes mounted thereon, the spider
and 1"'301{ connected with the chutes and the
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spring connecting the cover and gate and

counterbalancing its weight and that of the
moving parts connected therewith.

16. The combination,substantially as here-
inbefore set forth, of the supporting-cylinder,
1ts external flange, the cover, its upper flange,
the rods connecting the cover and supporting-

‘cylinder, the gate-ring inside the latter, its ex-

ternally-projecting flange, the chutes mount-
ed thereon,and the counterbalancing-springs
attached to the cover passing down inside the
chutes and secured to the gate-ring flange.
17. The combination, substantially as here-
inbetfore set forth, of a supporting-cylinder or
draft-tube, its external flanges, a cover, its
external flanges, rods connecting the draft-

t tube and cover, a gate-ring, means for mov-

ing 1t vertically relatively thereto, chutes car-

ried by the gate-ring, and an annular circum-

ferential buoy or float connected directly with
the gate-ring.
18 The eombm&tmn substantially as here-

conneetmo the hub and gate, a str-'mnht ver- | inbefore set forth, of a supporting-cylinder,
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a cover, rods connecting them, a gate-ring
movable vertically in guides on these rods,
counterbalancing-springsconnecting the gate-
ring and cover, and acounterbalancing-buoy
connected with the gate-ring.

19. The combination, substantially as here-
inbefore set forth, of asupporting-cylinderor
draft-tube, a cover, rods connecting them, a
cate-ring movable vertically in the support-
ing-cylinder, its externally-projecting flange,
chutes carried thereby and movable on the
rods, and a counterbalancing-buoy secured to

the gate-ring above the chutes so as to leave .

the water-way unobstructed.

20. The combination, substantially as here-.

inbefore set forth, of the flanged supporting-

cylinder, the flanged cover, the rods connect- |

| ing them, the tubular standard, the spindle

passing therethrough, the wheel, the gate-
ring inside the supporting-cylinder, its exter-
nal flange, chutes carried thereby, onide-
bearings on the chutes traversing the connect-
ing-rods, a spider conneecting the cate-ring
and standard, a rack on the spider, worm-
cearing on the cover actuating the rack, and
counterbalancing mechanisin connected with
the gate-ring.

In testimony whereof I have hereunto sub-
seribed my name. ~ |

NATHAN F. BURNHAM.

Witnesses: ~
W.T. NELSON,
J. . BAKER.
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