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UntTED STATES PATENT OFFICE.

JAMES W. RICKEY,

OF MINNEAPOLIS, MINNESOTA, AND MORTIMER G.

BARNES, OF STERLING, ILLINOIS; SAID BARNES ASSIGNOR TO SAID

- RICKEY.

WATER-WHEEL-PENSTOCK CONSTRUCTION.

SPECIFICATION forming part of Letters Patent No. 703,216, dated June 24, 1902,

- Application filed March 10, 1802, Serial No, 97,481,

(No model.)

To all whom it may concern: .
Be it known that we, JAMES W. RICKEY, of

Minneapolis, Hennepin county, Minnesota,

and MORTIMER G. BARNES,of Sterling, White-
side county, Illinois, ha,ve invented certain
new and useful Implovements in Water-

Wheel-Penstock Constructions, of which. the'

following 18 a specification.

Our invention relates to improvements in
the construction of water-wheel penstocks ar-
ranged in series of two or more, and particu-

lmly to that class generally known as ‘““open

penstoecks ”or ‘“‘open wheel-chambers,” either
expression signifying penstocks wherein the
water is not under pressure, the surface of
the quiet water therein being on a level with
thesurface of the waterin the mill- pond,head-
race, or forebay with which the penstocks
are directly connected.

Theinvention also relates more particularly

to penstocks of masonry construction, either
stone or concrete, or both.

In constructing a series of open masonry
penstocks it has been necessary heretofore to

build massive and expensive bulkheads at

the closed ends of the penstocks to resist the
pressiire of water against them, and corre-
spondingly heavy parbltlon-wa,lls between two
or more adjoining penstocks to withstand the
hydrostatic pressure of the water in a full

penstock when an adjoining one was empty;

said bulkheads and walls, When made suffi-
ciently thick and heavy to provide properly
for these pressures, occupying a considerable
portion of the total superficial area covered
by a hydraulie-power house.
of such construetion it has been found impos-
sible to compute with any degree of accuracy

the way in which the stresses in the partition- |

walls and bulkheads arising from the hydro-

static pressure of the water in the penstocks

will act, and hence it is customary in con-
structmn'such bulkheads and walls to provide
for an excess of strength, though the cost of
construction and the area occupled are there-
by increased.

The object, therefore, of our invention is
to economize in area covered by reducing the
thickness of the partition-walls and bulk-—

subjected, a,nd one in which the

stresses and the way in which they will act
can be readily computed, and consequently
only the actual computed stresses need be
provided forin the construction. These two
features—namely, the reduction of the gross
superlficial area occupied by a power—house of
a given capacity and the accurate determina-
tion of the stresses and theirlines of action—
constitute a valuable improvement in pen-
stock construction, as both tend to materially
lessen the cost of a hydlauhe -power develop-

ment.

The invention consists ﬂ'enerally in prowd-
ing open water-wheel penstocks with parti-
tion-walls composed of metallic framework or

‘beams and a concrete or stone arch-filling.

Further,theinvention consistsin providing
compamtwely thin semicylindrical metallic
bulkheads tanﬂ'ent to and anchored to the par-
1;1131011 walls.

Further, the invention consists in connect-

ing and tymﬂ' together the tops of the oppo-

site partition- Walls to prevent them from be-
ing forced outward by the pressure of the wa-
ter in one penstock when one or both of the
fmd,]omln(r ones are empty.

Further, theinvention consistsin improved

| means for anchormn* the lower ends of the

bulkheads to the ﬂoor of the penstock to pre-
vent the water from leaking out between the

1 | floor and the bulkheads.
In penstocks |

Further the invention consists in. various

construetions and combinations, all as here-

inafter deseribed, and partlculally pointed
out in the claims.

In the accompanying drawings, formmﬂ‘
part of this specification, Fl“‘lll'e 11is a pla.n
view, partially in horizontal secmon of a se-
ries of three open adjoining Watel—wheel pen-
stocks. Iig. 218 a sectlon on the line « ¥ of
Fig. 1. Flg 3 is a detail showing the man-
ner of securing or anchoring the lower edges
of the bulkheads to the penstock-floor. Fig.
4 18 a section on the line u v of Kig. 1.

In the drawings, 2 represents a series of

| heads to a minimum, to effect a large saving 5o
in cost of construetwn, and prowde a struc-

ture capable of resisting any stress to which
1t may be
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floor common to all of them and which we
prefer to designate as the ‘‘penstock-floor,”
though it is sometimes referred to as the
““wheel-pit arch.” Forclearness of illustra-
tion we have omitted the water-wheels and
their shafts or fixtures from the drawings.
4 represents the draft - tube openings

throngh which the water, having passed

throuﬂ'h the water-wheels, is dlseharged into
the Wheel-plt We have shown two draft-
tube openings in each penstock; but any de-
sired number of them may be provided.

5 represents beams, (here shown as I-
beams,) which compose the vertical members
of the framework forming part of the pen-
stock partition - walls. The lower ends of
these beams 6 are firmly embedded and fixed
in the masonry of the penstock-floor, while
the tops are secured by means of brackets
6 or other suitable connections to the caps 7.
(Herein shown as channel-beams.) These
caps may be flat or any other suitable shape
and areconnected by tie rodsor bars 8, which
preferably extend continuously over ‘all the
penstock partition-walls and are secured to
sald caps at the points of intersection there-
with. 'The function of the cap 7 is to trans-

~ fer the hydrostatic load which comes on the

30

to the tie-rods §. In eac

beams h partition-

~wall the spaces between the beams 5 are filled

35

40

with concrete 9 from the penstock-floor up to
any desired height above the high-water line
10, which represents the surface of the water
in the penstocks. Thefilling 9 may bein the
form of flat arches or double-curved arches,

or a combination of the two, or any other

suitable shape of arch. It is evident that if
the two outside penstocks are empty while
the middle one 1s filled up to the high-water

~ line the concrete filling between the beams

50
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5 will act under the normal hydrostatic load
as arches and will transfer this load to the
beams 5, which 1n turn will earry part of
it to their lower ends, where it is sustained
by the penstock-floor, and the remainder of
the load will be carried to the tops of the
beams & and there be transferred by the
brackets 6 to the caps 7, which in turn will
transfer this part of the load to the tie-rods

8. The hydrostatic loads on each of the two |

walls of any penstock being equal and acting
in opposite directions, the stresses in the tie-
rods 8, due to the pressure of the water on
the two opposite penstock-walls, must bal-
ance each other, and hence there will exist a
condition of equilibrium underall conditions,
whether both the adjoining penstocks are
filled with water or one ﬁlled and the other
empty

Between the walls of each penstock is fitted
a semicylindrical metallic bulkhead or shell
11, tangential to the flanges of the adjacent
beams 5 and securely fastened thereto, pref-
erably by rivets 15. We have shown the

bulkhead fastened to the beams, but it may
be secured to the concrete filling or fo both l

“open penstocks, (three in ntlmbel ,) and 3 a | the beams and. the filling.

1

703,216

At the bottom of
the shell or bulkhead, secured toit byrivets or
other suitable means, is an angle-iron or other
suitable shaped part 16, hamno' one flange
secured to the bulkhead and the other fas-
tened by screws or other suitable means to a
curved wooden sill 17, that is embedded in
the penstock-floor under the lower edge of
the bulkhead. Thisangle-bar formsa water-
tight cut-off and prevents any leakage of
water from the penstock between the lower
edges of the bulkhead and the floor. When
the penstock is filled with water up to the
water-line 10, the water presses normally
against the semiecylindrical bulkhead at all
points, and it is evident that all stresses ex-

isting in the shell are those of tension only.

Consequently if the shell where it is tangent
to the penstock-walls at the flanges of the
beams 5 be continued backward and secured

70
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to one or more flanges of the partition-wall

beams the beams to which the shell is con-
nected willtake np thefull thrust of the water
against said shell.
the flanges of the two adjacent beams of the
0pp051te walls or to additional beams, if de-
sired, by rivets or other suitable means the
beams and shell form, asit were, a box-girder,
and the pressure of the water upon the shell,
which tends to push it forward, is transferred

by sald girder and also by the framework and
concrete filling in the penstock partition-walls

to the penstock-floor, from whence it is carried

into the pit-walls 18 and foundations 19 of the

building. Bythisconstruction athin metallic
shell will with perfect safety and great econ-
omy fulfil the same functions and take the
place of a cumbersome, thiek, and expensive
masonry bulkhead.

Weareaware that circular tubes for water-

wheel cases have been used heretofore, but
only 1n connection with closed penstocks
where the water in the wheel case or tube is
under pressure. We make no claim to this
application of the invention, but confine our-
selves to open penstocks, as above described,
and particularly in connection with concr ete,
stone, or masonry construction.

We claim as our invention—-

1. A seriesof two or more open water-wheel

penstocks having partition-walls between
them, said walls being composed of upright
beams having their lower ends anchored to
the penstock- ﬁoor a suitable filling material
between the beama of each wall and tie rods
or bars connecting the tops of said walls.

2. Aseriesof two or more open water-wheel

| penstocks having partition - walls between

them, said walls bemg composed of upright
beams having their lower ends embedded or
set into the penstoek floor, a suitable filling
material between the beams of each wall, caps
horizontally arranged upon the top of each
wall and secured to the beams thereof, and

‘tie rods or bars extending over said walls and

connecting and tying the: walls and the caps
thereon together.
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3. Aseriesof twoormore open water-wheel |

penstocks having partition-walls between
them, said walls being composed of upright
I-beams having their Jower ends embedded
or set into the pens‘oock-ﬂoor a concrete fill-
ing material between the beams of each wall
and forming arches, channel-bars upon the
top ot each wall and secured to said I-beams,
and angle tie bars or rods secured to said
ehannel bars and connecting and tying the
tops of said walls together.

4. In aseries of two or more adjoining wa-
ter-wheel penstocks, the combination, of par-
tition-walls separating the &d;]omm pen-
stocks, with semicylindrical metallic bulk-
heads closing the ends of said penstocks, re-
spectively, and tangential to and secured to
said walls.

5. In a series of two or more adjoining wa-
ter-wheel penstocks, the combination, of a se-
ries of partition-walls separating the adjoin-
ing penstocks, sald walls being composed of
uprlﬂ'ht beams having their lower ends em-

- bedded in the penstoek -floor and a suitable

30
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filling material between them, with semicy-

'11ndrlca1 metallic bulkheads closmo' one end

of sald penstocks and secured to said parti-
tion-walls, and tie rods or bars connecting the
tops of said beams and walls and tying them
together.

6. In a geries of two or more adjoining wa-

ter-wheel penstocks, the combination, of a se-

ries of partitionsseparating theadjoining pen-
stocks, with semlcyhndmcal metallic bulk-
heads anchored at their ends to said walls and
closing the open end of said penstocks, and
means for forming a close water-tight joint
between the lowel edges of said bu]l{heads
and the floor of said penstocks

7. A series of open water-wheel penstocks,
comprising a suitable floor provided with
draft-tube openings, partition-walls between
adjoining penstocks and consisting of metal

beams having their lower ends anchmed to |

3

said floor and a suitable filling material be- 45

tween said beams, means connecting or tying
the tops of said walls together, semicylin-
drical metallic bulkheads anchored at their
ends to said walls and tangential with re-
spect thereto, beams embedded in said floor
at the bottom of said bulkheads, and angle-
bars secured to said embedded beams and to
said bulkheads.

8. In a series of two or more open water-
wheel penstocks, the combination, of a series
of partitions separating the ad;jomm pen-
stocks and composed of metallic frames em-

bedded at their lower ends in the penstock-

floor and having a suitable concrete filling

with semieylindrical bulkheads having their
ends riveted to the frames of said partltlon-
walls and tangential thereto, and tie rods or

| bars extendmfr across sald walls and secured

to said frames and tying them and said walls
together.

9 In an open water-wheel penstock a semi-
cylindrical metallic bulkhead closing one end
of the penstock, and walls whereto said bulk-
head 1s anchored.

10. In an open water-wheel penstock, walls
composed of beams having their lower ends

‘anchored to the penstock-floor, a suitable fill-

ing material between the beams of each wall,
and means for tying the upper portions of
sald walls together.

In witness whereof we have hereunto set
our hands, JAMES W, RICKEY at Minneapo-
lis, on the 27th day of February, 1902, and
MORTIMER G. BARNES at Sterling, Illinois,
on the 18t day of March, 1902.

JAMES W. RICKEY.
MORTIMER G. BARNES.
Witnesses to smnature of Rlckev
- RICHARD PAUL |
M. C. NOONAN.
Witnesses to signature of. Barnes:
GRACE A. D TYOR,
W. D. POWDRS
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