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To all whom it may concern:

Be it known that I, Freprrick W. BAL-
1LARD, a citizen of the United States, and a
resident of Cleveland Heights, county of

‘5 Cuyahoga, and State of Ohio, have invented
+ new and useful Improvement in Hydro-
Electric Power Plants, of which the follow-
ing is a specification, the principle of the
invention being herein explaine and the

10 best mode in which I have contem lated
applying that rinciple so as to distin-
ouish it from other inventiods. :

 In the development of power from a fluc-
tnating water supply of relaﬁve% low head,

15 as for example, from a river or li
having a gradual fall and limited storage
capacity, it often becomes necessary to fur-
nish additional power during low

eriods’ in the summer time, or times of

20 drought, as also in times of flood when the

. hydraulic installation utilized in develop-
~ ing such power is apt to be © drowned out,”
that is the available head is very much re-

~ duced by the backing up of water in the

o5 tail-race. In the pre’va;iﬁn
additional power is generally urnished by a

steam auxiliary plant which is ob] ectionable

" both because of the cost of operation and

~ the large initial expenditure. involved in In-

30' stalling such steam plant and maintalning
the same in operative condition.

By the present invention 1 propose to ob-

~viate the difficulties heretofore encountered
‘n furnishing such additional power to hy-

35 draulic installations of the king in question,
by utilizing any excess of the supply of
_water at the plant to raise water to a rela-
tively high head and- then employing the
water thus raised as an auxiliary source of

40 power when such main supply 1s deficient.

To the accomplishment of this object, sald
invention, then, consists of the means here-
inafter fully described and particularly

pointed out in the claims.
45  The annexed drawings and the following

" description.set forth in detail certain mech-

~ anism embodying the invention, such dis-
closed means constituting, however, but one

of various mechanical forms in which the-

50 principle of the invention may be used.
""In said - annexed drawings:—Figure 1
represents topographically a power develop-

" ment system embodying my several 1m-

. provements; Fig. 21s a sectional view, more

55 or less diagrammatic in character, repre-

ke stream

water

g practice, such

‘whereby the generator may be driven by

senting one approved form of hydraulic 1n-
stallation embodying such invention, for use

in: connection with such system; and Fig. 3

similarly represents an alternative form of .

installation. | | | | 60
Referring first of all to Fig. 1, the river

A there appearing, is of the general class

‘previously referred to, wherein a fluctuatin

water supply of relatively low head is avail-
able for power development purposes. By 65
means of a dam ¢ or the like, such relatively
low head is utilized in a hydraulic installa-
tion located at a’. Located on a mountain
or high hill in the vicinity of such hydraulic
installation is a storage reservoir A’, the 70

effective head of which is considerably

greater than that of the water in the river
at . My method of developing power then,
consists as has been indicated, 1n substan-

tially absorbing the supply normally avall- 75

able at @ in the generation of power, util-
izing any excess of such supply to ralse
water to such storage reservoir A’, and then
eleoying. ‘the water thus raised as an
auxiliary source of power when the supply 8o
at a is deficient. o ' 3

In the plant illustrated in Fig. 2, both
hydraunlic installations, viz. the one operat-

ing at the lower head of the river, and the

one operating at tlie higher head of the stor- 85
age reservoir, are housed together. A tur-
bine wheel B of the usual type will ordi-
narily be employed in the first installation,

while a Pelton or other impulse wheel op-

érating at high pressure will be used 1n con- 90
nection with the supply from the storage
reservoir. As shown in said figure of ref-

erence, I mount a pump B’ of centrifugal

type in alinement with the shaft b of the

turbine, so that by means of a suitable clutch 95
b’, said pump may be connected or discon-
nected as desired. A main a? leading from
said pump to the storage reservoir A’, serves
equally to conduct the water delivered by
the pump -when in operation, and to re-
turn such water for.use in connection with
the impulse wheel B? that operates at the
higher head of the storage reservoir. Such
impulse wheel is conveniently mounted 1m
o linement with the generator which is adapt- 105
od to be driven from the turbine through
intermediate belting ¢, clutches ¢" ¢ being

100

provided between the generator and said

turbine and impulse wheel respectively, -
110
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either or both of said wheels. The centrmit-
ugal pump B’ For raising the water to the.

higher elevation' of the storage reservoir
may likewise be placed in. alinement with
the generator if desired, as shown in dotted
outline to the right in the figure under con-
sideration. Said pump whatever its. loca-
tion 1s designed to be operated whenever
the full output of the plant is not required.
Certain of the generating units, of which
one 1s represented by the generator Cjust de-
scribed, are then-shut down, and the corre-

sponding pump connected to be opérated
from’ the turbine. Conversely, in' times of -
low water, drought, or.in times of fiood,
- when the capacity of the hydraulic installa-

tion operating at low head, is not sufficient

1o meet the demands for power, the clutch

connecting the impulse wheel with the gen-
erator will be closed, the turbine being at

the same time disconnécted.  Water irom

- the main «* leading to the storage reservoir

29

18 now supplied: to such impulse wheel and

the generator operated by means of the
power which has been stored in such reser-
voir. In case some power is still available
from the turbine wheel, the latter, of course,

; can be left connected ‘and both sources of
- power simultaneously utilized. If will be

30

S0

understood, of course, that it is frequently
desirable in plants of this sort,” to have
avallable an auxiliary power supply for
short periods of time during the day when
the demand
than the capacity of the power plant, in
order to meet what is known as the “peak

~load”.. When this is the case, the storage

resexvoir may be drawn upon equally as

well as in the instances just discussed. -
In the modified form of plant illustrated

i Fig. 8, I show the adaptation of my in-

vention to a location where a reservoir can-
not be located sufficiently mear to the hy-

~ draulic installation’ operating at low head

45

B0
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to render feasible the direct pumping of the

water from such installation into the reser-

-volr, because of the long and expensive water
“mains that would be required, and the fric-
tional loss encountered in forcing the water
‘through such distance. . Under .these cir-

cumstances, 1t is contemplated that ‘it will
be more economical to transfer the excess
power, that the first .installation is capable
of developing at times, in the form of elec-
tricity to the second installation, and there
utilizing such current to pump water to the
storage elevation from some local source of

supply. Accordingly the two installations
respectively operating at the different heads

are here shown as separately housed, and
may possibly be located a number of miles
apart. The low pressure installation con-
sists, as before, of g turbine wheel B con-
nected to drive a generator C, the leads ¢
irom the latter being connected both with

5,8 8

ior power might be oreater .

7 :

the translating devices ', for whieh it ic
the object of the plant to supply power, and

with a motor C? in the. second installation.
LMotor.C?, when connected with leads ¢, 1S ar-
ranged to operate a pump B?, corresponding

o

with pump B’ of Fig. 1, to raise waten

storage reservoir (not shown). From such
reservoir the water, thus raised is in turn
adapted to be withdrawn through the same
main ¢®, and supplied to an impulse whee!
B* connected to drive a second generator (°
which latter can be connected in the same

circutt ¢® as the generator ¢ of the first in-

stallation’ and the motor (? of said seeond
installation, when the latter is employed in

‘utilizing the exceéss power from the first in-

stallation.” The mode of operation with such
modified arrangement of plant will obviously
be substantially the same as that previously

described in -connection with the first form

of plant. In utilizing the stored power in

the reservoir as an auxiliary, ‘the mpulse

wheel in the second installation is provided

‘with water under the high head of such’

reservolr. Under these circumstances, the
switch ¢* to the motor is opened and that ¢f
to the generator- C® closed. Current is ac-
cordingly transmitted back through the elec-
tric circuit, this generator being run, in other
words, in parallel with the generator in the
first installation to supply power to the elec-
tric circuit for the power distribution SyS-
tem. . As before, either installation may be

“here employed by itself, or, if cesireqd, both
may. be used simultaneously, as the exigencies .

of the water supply at the first installation

‘may demand; furthermore such second in-
| stallation is obviously available in case the

generators in the first installation are en-
tirely shut down, due to accident or other
cause than mere failure of the water supply.
- Other modes of applying the principle of
my 1nvention may be employed instead of
the one explained, change émg made as re-
gards the mechanism herein disclosed, pro-
vided the means stated by any of the follow-
Ing claims or the equivalent of such stated

means be employed.

I therefore particularly pomt out and dis-
tinctly claim as my invention :— . B

l:" A power plant comprising a hydraulic
installation operable at a relatively low
head, a second hydraulic installation oper-
able at a relatively high head, and means for
ntilizing excess power developed at the first
installation to raise water to such relatively
high head for use in said second installs-
tion. '

2. A power plant comprising an electric

generator, a hydraulic installation operable

at a relatively low head and adapted to drive
sald generator, a second hydraunlic installa-
tion operable at a relatively hich head and

likewise adapted o drive said generator, and

F{? G

‘through a main ¢® to an adj acently located

30
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meahs afiapted' to be b_perate& by sa_i_ﬁ'ﬁrst
installation to raise water to such relatively
high head for use in said second installation.

3. The combination with power absorbing

means, of a plant for supplying power
thereto,. comprising a hydrauiic insta:iation
operable at.a relatively low head, a sscond

hydraulic installation operable at a relatively

high ‘head, each of said installations being

adapted to actuate said power absorbing

means, and means adapted to be operated by
said first installation to raise water tc such

relatively high head for use in said second

~ installation. -

__ 1.5_

20

4, The combination with an -electric~_su§—
ply system, of a power plant for supplying

current thereto, comprising current-generat- |
‘ing means, a hydraulic installation operable
at a relatively low head, a second hydraulic

installation operable at a relatively high
head, each of said installations being adapt-

~ed to actuate said current-generating means,

hhhhh

and means adapted to be operated by said

first, installation to raise water to such rela-

tively high head for use in said second 1n-
stallation. ' | -

o 3

5. The combination with an electric-sup-

ply system, of a power plant for supplying
current thereto, comprising an electric gen-

‘erator, a hydraulic installation operable at

s, relatively low head and adapted to be
coupied to said generator, a second hydraulic
installation operable at a relatively high

head and likewise adapted to be coupled to
the same generator, and means adapted to :

be operated by said first installation to raise

water to such relatively high head for use

in sald second installation.
Signed by me this 14th. day of June, 1909,

FREDERICK W. BALLARD.

Attested by—

Axna L. G,
Jxo. . OBERLIN,
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