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To all whom it may concerm:

Be it known that I, JosEPH C. FRALEY‘, a

citizen of the United States, residing at No.

1833 Pine street, in the city and county of

Philadelphia,and State of Pennsylvania,have
invented certain new and useful Improve-

Fluid-Pressure, whereof the following is a
specification, reference being had to the ac-
companying drawings.

It may be noted that my application, Serial
No. 175,761, filed October 5, 1903, for Letters
Patent of the United States for improvements
in apparatus for developing and utilizing

ratus which, broadly speaking, involves simi-
lar conditions to those existing in the appa-
ratus herein set forth. |

My invention relates to the development

and utilization of fluid-pressure for dynamie
purposes, the characteristic principle of op-
eration being eumulative action so organized

as to permit supply and withdrawal of fluid
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under sustained pressure. By “cumulative
action” I mean the behavior of a plurality of
fluid columns when so combined in series as
to exert a pressure substantially equal to that
of a single column whose height is represent-
ed by the sum of the heights of the individ-
ual columns.

The invention can be appropriately ex-
plained by reference to a typical instance of
its practical embodiment, and I have accord-
ingly selected as such a stand-pipe for a hy-
draulic system, where of course the purpose
is the delivery of water under pressure. 1do
not, however, restrict myself to this particu-
lar application, as the invention may be util-
ized for other dynamic purposes. -

Referring now to the drawings, Figures 1

and 2 show in elevation a tube of peculiar

form by means of which the underlying phys-
ical principle of the invention may conven-
iently be explained. In Fig. 3 I have illus-
trated the application of the invention for
the purpose of a stand-pipe, the device being
shown in vertical longitudinal section.
Fig. 4 I have again illustrated the application

of the invention for the purpose of a stand-

pipe, the system, however, exhibiting a fur-

ther development of the main or characteris-

tie principle.

g
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flaid-pressure, comprises claims for an appa- | level.

- InFigs.land2a tube is shown, which may
e supposed to be of glass for the purposeof

inspeetion. This tube has at one extremity

' 2 long leg A, whose lower end is connected

with a series of undulations A’, similar to one
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another, but of much less height than the leg

tions be filled with liguid, the upper portions

1 thereof being occupied by air, the several
| columns therein contained will of course be
in equilibrium with each other and will bal-
‘ance a similar liguid column in the long leg

'A. This condition is shown in Fig. 1, where
the line B B indicates the general liquid-
If, however, liquid be poured into
the long leg A of the tube, it will tend to dis-
place the immediately adjacent body of lig-

| uid in the first undulation, causing the liquid

‘to rise therein toward the top portion, and
the movement of this confined body of lig-
uid will be transmitted by the adjacent con-
fined body of air to the body of liquid in the
next .undulation, tending to similarly dis-
place it, and so on through the series of un-
dulations. This displacement will continue
until the total height of the column in the
long leg is substantially equal to the sum
of the heights of the several columns in
the.nndulations, asiliustrated in Fig. 2, where
the level of the liquid in the long leg is shown
at b', and the upper level of the series of dis-
placed columns is shown at 6. Air being
compressible, the actual conditions will vary
slightly from those which would exist if the
whole movement of displacement were uni-
formly transmitted throughout the entire se-
ries; but for purposes of illustration thistac-

‘tor may be considered as negligible. by pro-
| tracting the undulating portion of the con-

duit any desired degree of pressure may be

attained at the basic end of such an appa-

ratus, S . .
.~ The physical movement of the fluid in the
various columns is attended by a progress-

ively - inereasing pressure, due to the fact

that the displacement of the normal level has
the effect of not merely lengthening that col-
umn which rises, but also of shortening to
the same extent the opposing column by
which it was formerly balanced. The con-
verse of this is of course true, and hence with-

If the lower half of the several undula-
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pressure will, unless compensated, be attend- | flow and pass down said pipe into the lower

ed by diminishing pressure in a similar pro-
gressive ratio by reason of the tendency to-
ward equilibrium exhibited in all the several
columns. ~

It will be furthermore noted that the ex-
tent of the movement of the several columns
is limited by the following conditions: If the
body of lighter fluid be forced beyond the
level where it is confined or trapped by the

surface of the next adjacent column of heav-

ler fluid, the lighter fluid will rise through
the heavier one and the positions of the eol-
nmns will be disturbed, resulting in disor-
ganization, more or less complete, of the
system.

Referring now to the application of the in-

‘vention for the purpose of a stand-pipe, as

shown in Iig. 3, C represents a closed vessel
or reservoir having an inlet D, (shown in
dotted lines,)connected withthedelivery-pipe
of the pumping system, (details not shown.)
Sald vessel is also provided with an outlet d,
connected with the distributing system, (de-
tails not shown,) the main controlling-valve
of the outlet being indicated at d’. The ves-
sel C is the region of ultimate pressure in
the system; but while it incidentally affords
pressure in accordance with its own height
1ts substantial function is to store the water
in sufficient quantity to meet momentary ex-
cesses of withdrawal over supply without too
great fall of the water-level within it.
Adjacent to the vessel C, I arrange a plu-
rality of vessels C' C* C® C¢, similar to one
another in height and cubic capacity, each
of whieh, with the exception of the end one
of the series, (in this instance (%) is closed
to the atmosphere. At a level which in the
present case is half the vertical height of
sald vessels each of them is provided with a
transverse diaphragm, as indicated at E' E?
E® K%  Pipes ' I? F3 F* lead from said dia-
phragm to a level close to the bottoms of the
several vessels. Pipes G G' G? G? lead, re-
spectively, from the upper portion of one ves-
sel to a point below the diaphragm of the
next vessel of the series. These diaphragms
divide the vessels into upper and lower com-
partments, the area of cross-section of which
should preferably not be less than the area
of eross-section of the reservoir vessel C.
The several vessels C' to C4, inclusive, may

- be provided with valve-controlled inlets I’ 12

I* I* below the level of the diaphragms, said
inlets being connected with a source of sup-
ply of airunder pressure. Thelast vessel, C4,

~of the series is open to the atmosphere at the

top, being shown as provided with an over-
flow or outlet pipe J.

At the commencement of the operation let

- it be supposed that the outlet d, leading to

65

distributing system, is closed by means of the
valve d’. 'The pump is actuated to force wa-
ter into the apparatus through the inlet D.
As soon as the reservoir vessel C is filled to

the level of the pipe G the water will over- |

compartment of the vessel C', where it will
rise until its level seals the bottom of the
pipe I'. As the air can no longer escape

from said compartment, the further entry of

water will result in the compression of the

confined body of air below the diaphragm E’

until a degree of tension has been reached
which will compel the water thereafter enter-
ing to rise through the pipe F' into the upper
compartment of the vessel C' above the dia-
phragm E', where it will accumulate until
sald upper compartment of the vessel is filled
with water tothelevel of the pipe G'. There-
upon the water will overflow down said pipe
and 1nto the closed vessel C?, where a similar
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action will take place, resulting in the over-

flow of the water into the next vessel C3, and
so on throughout the series until the water
has filled the upper portion of the last vessel
thereof, when it may overflow into any de-
sired waste-channel. Undertheseconditions

i the air in the lower compartment of the last

|

vessel, C% below the diaphragm E* will be
under a pressure equal to the height of the
column of water from the level ¢* of the wa-
ter in sald lower compartment to the level ¢°
of the surface in the upper compartment.
The confined body of air below the diaphragm
E* will communicate this pressure through
the pipe G® to the top of the water column in
the vessel C° Consequently the confined
body of air beneath the diaphragm X2 of said
vessel C° will be under a pressure equal to
that transmitted from the vessel C? plus the

pressure due to the water column in the ves-

sel C°itself, said column extending from the
upper water-level down to the level ¢ of the
waterin its lower portion. Similarly the dou-
ble pressure thus developed will be trans-
mitted by the confined body of air through
the pipe G° to the top of the next water col-
umn in the vessel C?, and said column in C?
will exert a threefold pressure upon the con-
fined body of air below the diaphragm E?,
sald pressure being thence transmitted by

‘said body of air through the pipe G’ to the

top of the column in the vessel C', at whose
base a further increment of pressure will be
exerted, and finally the sum of all the pres-
sures thus cumulatively developed will by
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means of the confined body of air below the

diaphragm E’ be transmitted to and exerted

upon the water in the vessel C. Said vessel

C may therefore be considered as the reser-
voir portion of a stand-pipe containing water
at a pressure equal to the sum of the series
of individual pressures and by proper main-
tenance of the water-level through the action
of the pumping system may be utilized for

the distributing of water, just as in the case

of an ordinary stand-pipe.

One factor which should be noted in I;h'e.

operation of an apparatus of this character

is the compressibility of the air confined be-
tween the base of one column and the top of
the next and the consequent diminution of
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its bulk, which permits the rise of water in |

the bottom portion of a vessel to alevel some-
what above the lower extremity of the pipe
leading down from its diaphragm. Thisrise
of the water-lavel is progressive through-the
series, and it is conventionally indicated in
Fig. 3. To the extent that the water thus
rises in the lower part of the vessel it bal-
ances a certain portion of the total column,
and thereby detracts from the theoretical de-

oree of pressure which could be developed.

Where the total pressure is not high, the ef-
fect due to the diminution in bulk of thecon-
fined air may be negligible; but should its
elimination be deemed desirable this can be

accomplished by pumping air under pressure
into the lower portions of the several vessels. |

For this purpose I have indicated as adjunc-
1t
will be obvious that by forcing a sufficient,
quantity of air into the lower portions of the
several vessels a degree of tension can readily
be attained which will insure the minimum
water-level therein under normal conditions.

Of course if the demand upon the reser-
voir vessel C substantially exceeds the sup-
ply pumped into the same the water-level
therein will fall, and a corresponding fall
will oceur in the upper compartment of each
one of the vessels of the series, accompanied
by & rise of the water-level in the lower com-
partments of said vessels and a correspond-
ing reduction of the total pressure developed
by the system. It is therefore important in
the practical operation of such a device that
the normal level of the waterin the reservoir

C should be maintained as- far as possible,
‘since otherwise the efficient pressure of the

whole system will tend to fall more and more
rapidly unless artificially maintained, as by
pumping air into the lower portion of the
vessel C'. | |

As a featureof practical value I wonld call

attention to the faet that such a system of

storage of water under pressure may be placed
at or below the level of the earth, and thus
the unsightliness of an ordinary stand-pipe
structure and other practical objections to
the use thereof can be avoided. .
Referring to the application of the inven-
tion illnstrated in Fig. 4, I have there shown
a system which in one aspect is similar to the

system shown in Fig. 3, but possesses further .

capacities. The structure of Fig. 4 is also a
stand-pipe system, having a reservoir.vessel

pipe m, said reservoir communicating witha
series of vessels M’ M?* M° M* consirueted
and combined as previously described. In-
stead, however, of relying upon or reguiring

a supply-pump capable of delivering water
directly to the reservoir vessel M against the
nltimate high pressare existing therein the'

water-supply throughout the system may be
maintained by the use of a plurality of pumps,
each one of which need only have the capacity

of delivering water ata pressureequivalent to

that of an individual column of the series.

It is not deemed necessary to redeseribe
those portions of the apparatus which corre-

' spond directly with the portions shownin Kig.

3, sothat Ishall now proceed to indicate only

s

70

' the further features of importance, which are

in communication with the source of water-
supply, is arranged to deliver water through
the pipe P*to the upper portion of the vessel

Mt A second pump, P3, is arranged with its

intake Q2 leading from the lower portion of

{ the vessel M* and its delivery-pipe p° lead-

[

considered as closing the intake Q°.

phragm m?® thereof. Similar pumps, P? P/,
and P, are interposed between the remain-
ing vessels and connect each with the next
throughout the series, the intake and deliv-
ery pipes of said pumps being indicated by
letters of reference in accordance with the
distinetions previously employed, so that
further detailed description is unnecessary.
The communication between the several ves-

sels of the series through the pipes N N’ N2?.

N3 is .controlled by means of valves n, n,
n?, and 7?3 so that said vessels may be iso-
lated from one another.
of each of the closed vessels is provided with

O O’ 02 0%, respectively. At the commence-

The upper portion -~
1th 95
a valve-controlled air-outlef, as indicated at

as follows: A pump P, having its intake Q*

75

8¢
ing to a point in the vessel M°above the dia-

Q0

ment of the operation when it is desired to

charge the whole system with water the

valves n n' n?nd are closed, so as to cut off
communiecation between the vessels, and the-

air-outlets at O O’ O* O®are opened. If now
the pump P? be actuated, the vessel M* can

be filled to the top, since the water cannot

descend beyond the limit of compressibility

| of the air confined below the diaphragm m?,

IO3J

105

owing to the fact that the valve n° is closed,

and the piston of the pump P° may also be
W hen
the water has accumulated in the vessel M*

to the desired extent, the pump P° is actu-
ated and will fill up the vessel M?® by drawing’
off the water from the lower portion of the
vessel M4, the action of the pump P* being,

of coursse, continued to maintain the water-
level in the vessel M“.

action, all the remaining vessels will be filled.

described and the system is fully charged
with water, it is obvious that the pressure in

each one of the vessels will be simply that
which corresponds to the height of the.indi-

vidual water column therein, since said ves-
sels are not vet 80 connected as to cumuia-

tively transmit the pressure from one to an-
other. If now the air-outlets O O' O* O° be

closed and the valves n n' n® n® be opened,
the camulative transmission of pressure irom
vessel to vessel will take place exactly as in

‘the apparatus shown in Fig. 3 and the wa-

ter in the reservoir vessel M will? be under a

_ Similarly the pumps
P2, P, and P being successively thrown into

I1IC

I15

When the operation has proceeded as thus -
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pressufe equal to the sum of the individual
pressures of the series. Asin the instance
previously described, air may be forced in

through the inlet-pipes R’ R* R? R* to com-

pensate the loss of bulk due to compression,
if desired; butthisis obviously an adjunctive
and not an essential feature. The valve m/
controlling the delivery of water to the dis-

tributing system being opened, it is of course |

necessary that the demand upon the reservoir
vessel M should be supplied by pumping wa-
ter thereto in order to maintain the efficient
water-level throughout the apparatus. For

this purpose the series of pumps P P’ P2 P3P+

1s actuated, and a continuous stream of water
will then be forced through the apparatus
from end to end, being finally delivered at
the pressure characteristic of the vessel M.
It will be seen, however, that no one of the
pumps in said series need be capable of éx-
erting any greater pressure than is represent-
ed by the height of one of the individual col-
umns of the series, since the water at the in-
take of each pump is under a pressure corre-
sponding to its position in the series, and the
only effort required of the pump is to lift the
water to the height of the next column.

For convenience of illustration and in order
to fully explain the principle of operation I
have shown as many pumps as there are ves-
sels; but it is obvious that such a multiplica-
tion of pumps is not essential, since a less
number of pumps of proper pressure capacity
could convey water from any part of the sys-
tem to any other region of higher pressure.

As the claims in this particular application
are not addressed to the apparatus itself, I do
not deem it necessary to describe such modifi-
cations thereof, but only advert to their possi-
bility in order that I may avoid any seeming
limitation. The characteristic feature of the
system shown in Fig. 4 is that it permits a

-8tep-by-step transference of the fluid under
pressure throughout the apparatus without |

requiring a pump capable of sustaining the
total pressure of the system, and whether the

steps be relatively large or small the prinei-

ple remains the same.

I would further state in order to avoid mis-
understanding that the use of the air-outlets
O O, &ec., and valves n n', &c., is not essen-
tial to the system, as the results which are
obtained by these elements could obviously be
otherwise attained.

Having thus described my invention, I de-

sire to point out that its essential principle is

the combination of a plurality of fluid col-
umns in such relation to one another that the
base of one column is operatively connected
with the upper portion of the next column by
an interposed and confined body of a lighter
fluid insuch an organized relation throughout
the whole system as to permit the supply and
discharge of fluid under the ultimate pressure
thus obtained, while maintaining the seriesof
coiumnsin unstable equilibrium. The use of
a plurality of fluid columns for purely static

745,589

purposes, such as a gage for the mere exhi-

bition of a degree of pressure exerted upon
the fluid itself, is not within the scope of my
claims; nor do I ¢laim, broadly, the employ-
ment of an interposed body of light fluid,
such as air, for the purpose of transmitting
hydraulic pressure to the surface of heavier
fluid, such as water. It must, furthermore,
be borne in mind that while the ultimate
body of filuid upon which the cumulative
pressure 1s exerted may incidentally add to
the total pressure of discharge because of its
own vertical height, yet its essential function
need not extend substantially beyond the
provision of a reservoir from which the dy-
namic discharge takes place and to which
fiuid 1s to be supplied in order to maintain
the essential condition of unstable equilib-
rium throughout the series proper. Hence
the body of fluid in such reservoir is not nec-
essarily to be considered as one of the series
of pressure-producing columns, although it
may be so organized as to become part there-

of, provided the other essential conditions are

present.

WhileI have in the accompanying illustra-
tions shown four columns whose cumulative
pressure 1s transmitted to the reservoir and
have employed the term ‘“series’ in deserib-

ing the same, I do not thereby imply that the

method requires the use of such number or
any particular number, provided there be
such a plurality as will substantially embody
the principle of cumulative action as here-
inbefore set forth. -

I would also state that in describing the

system shown in Fig. 4 and the step-by-step

conveyance of fluid under pressare thus ef-
fected I have set forth that the several ves-
sels may at the outset be separately charged
and then thrown into combination. I do not,

however, limit my claim in this connection

to such mode of 1nitially establishing the col-
umns. Moreover, in so far as concerns the
separate establishment of a plurality of col-
umns and their subsequent connection in se-
ries I have in an application of even date
herewith (Serial No. 141,252) set forth and
claimed a method of developing pressure
which,broadlyspeaking,involves similar con-
ditions, and consequently I do not specific-
ally claim it herein. |

I claim—

1. The hereinbefore - described method of

developing, cumulatively transmitting and

maintaining pressure, which consists in es-
tablishing a plurality of fluid columns, con-
nected in series by interposed confined bodies

of lighter fluid, extending from the base of

each column of heavier fluid to the upper
portion of the next column of such heavier
fluid in the series; utilizing the cumulative
pressure for the discharge of fluid from the
region of nltimate pressure; supplying fluid
to said region; and maintaining said columns
in unstable equilibriumn. |
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2. The hereinbefore-described method of
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developing, cumulatively transmitting, and
maintaining pressure, which consists in es-

tablishing a plurality of fluid eolumus, con- |

nected in series byinterposed confined bodies
g of lighter fluid, extending from the base of
each column of heavier fluid to the upper
nortion of the next column of such heavier
flnid in the series; withdrawing fluid from
theregion of ultimate pressure; and progress-

seribing witnesses.

10 ively conveying fluid thereto from a region of |

| lower pressure in the seriesitself; while main-

taining said columns in unstableequilibriunm.
In testimony whereof I have signed my

name to this specification, this 30th day of .

January, 1903, in the presence of two sub- 15

| JOSEPH C. FRALEY.

Witnesses: | -
- JamEes H. BELL,

~ C. BRADFORD FRALEY.
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