“No. 746,318, PATENTED DEC. 8, 1908.

J. C. FRALEY.

ART OF DEVELOPING AND UTILIZING FLUID PRESSURE. -
APPLICATION FILED JAN. 31, 1903. . | | -

X0 MODEL.

S\ U

_ “_““‘11‘ 2 \‘.‘.‘.‘_\ .
:N 1‘° N @s | \ SN 1
| \ g i \ '*‘?/ N
Ve BN

=~ -

N N
1,-3 :.

) ” N
*‘. ‘ ‘
»> st oo . W W W . W il :
o >, -
' ‘ @ \
\ = \ :
@ \“,“.‘.‘.‘.‘ T 0 T LWL T L W W L L : &
» ] ¥
N ' wuuns e {!
' AT W ¥
5 et ot
'il O\ A g,
' . PR s “““‘.“

*“‘ t -.‘-.‘-“11‘1‘"‘"“‘
‘*‘. ““‘11.“‘-.‘“‘“
{ 2
m \ \‘n‘m BAAARAT AR R ERRR R RSNy,

7
7

- - - A A . A S A e s g o e s ey s ey gy P [

vl

N\
\
N N
\ R\
R\ T\
\ SR\
\ TR\
\ R
\, W \
N
\ TR T
N b
L
\ B

t"‘" oy W Q
3 .
N .

<N o B
Lg%i)m U N Q S._...,

T e e u&

AL -
" e W W Ey A A A A Sl i gy g sl mmy sy O omm e mmy ompe

L A
/
¢
’
’
/
4
E
E
/
/
4
#7
. N TETED
by ¥

WITNESSES: |INVENTOR:

>
*y

N

A

B
N
BN
N

- THE NORRIS PETERS CO. PHOTOLLITHO.. WASHINGTIN, D, .

S Wk 0 s R

—— e e ———

- T T g

T - l-:..l"lll'..: ] 5;1'.:'-. "E: ':. i ' --'-u-.:'-""'-".':"ﬂ il .. ¥ '|'_|:: .I;'. :‘II" '-I; |II|li.|.rr I:rhl . 1oF i
1 iy Iiii ihr 11, I Il': . -,| |:|""|" III'T'rinlﬂl'"II[ﬁII'I:l ||_1| !-I h !I . ﬁ: ..Ill =, !' H




No. 746,818, I PATENTED DEC. 8,‘1903; '
7. C. FRALEY. -
ART OF DEVELOPING AND UTILIZING FLUID PRESSURE

| APPLIGATIOR FILED JAN. 81,1903, _
NO MODEL, - - - g SHEETS—SHEET 2.

5 NI D oy
| N f]' |||!l: : ;'”[HI!II, § b j : hﬁ,-I*H
: ‘\\ 'N H‘i = "H;; _ .
| II.,..:-JI'! [“;”1 P |
R UK
wep L L Ll
l[]_|.|,|f| -
: ]
R
:
- 5
§ R
o . !
R | N ;
¢ .
| | -
- N\ |
3 w\ -0 I ' | .
. J ' : WIS & .-r'f “ ” ] | . ‘ | - |
N' : 111 i!![!:!lh ‘ W l'%i 'ty ”hhll!l’[ K !!:IIIIIII:” |I ! ‘g f I
N | .
: I e SESSSSSIIE III[ |
E L
| ', N W IV REIC

L]
Wb gl ek B mply el ek o e mbE o mie S mk pln e e o W R E
-

N
N
z TN
ESUINS
_ I bl {;;nhl M R E;?H}Eil‘l I'nhl
WITNESSES: i .!H, |;|[ |[!|i1|

M & &/3 T L
Coradparoal N .

THE NORRIS PETERS €CO., PHOTO-LITHO,, WASHINGTON, D.: c.




- No. 746, 318 - IR -P_ATENTED DEC. 8, 1908,
J. ¢, FRALEY. -
ART OF DEVELOPING AND UTILIZING FLUID PRESSURE c :

, APPLIGATION FILED JAN. 81, 1903.
NO MODEL. | 3SHBETS#SHEET3

'l
t ‘1.‘.11.,
N “'I.'I.'I.‘:‘Iuﬁ.‘.l‘ 1L '“ 1
| B + Py il I
. . - l ||| S

11 L I'I I ' I *// .
! \‘-.-h:\.‘-i.u‘.'lq. | l | "l-‘ll"l.. “ I A _,f.- ,‘
b : 11.1.1“ 'il | t‘-‘* /

e \ I nll thiglal
RN S | " ! [ I
S, S ! ! 17/
“‘-‘-‘“ : i 1_1.1-‘-“
) l . t‘t‘t““““t

£y
< Ty . N‘ .
v S U ' |
N * ' _
\ | |
\ \‘l‘ﬂl111“.1‘111‘1‘\.1.1‘.1‘1‘1‘111t‘t‘_\ _ .
) I . . \

\11.1“11

'
_.l-—_—.—.——hi—-i.n—-l.-I—l—-——i—ll—'--l-ll--ul--l—l-

g4

.’

o,
’

N AN

"

L]
L] B h— b e - -y . L — —_— -y — - — — g— — b

: F- |
[ ,utt\.“m‘, " I l| “‘.1“.‘11111111. IIII | %
"Hl ! ul hnti, 'r INIT TR
Elllllllllffll 31N "I\
i. I 1 l I‘ ‘1‘.‘.1.1111‘11111111“! Il | E .
S PQ :
\'1..1.1* ‘.‘.‘11.1‘ I I|| il N
popt TS S , ”“I ”rrll
0 |l '
‘i\."\-‘lﬂn‘\““ Hr I |Il='lhll|” | ot
: “"‘““ T RHITLH I ““‘.‘“
".‘ ] 1““-‘_“1&.“
““‘_‘“‘ .
anat® -

\
N
Wil

2N\

F 4
ef
6’

-7
T3
- ' Ty
N st
>
7

'J‘
‘111“ N
... wennwaat® k““.‘“h‘l“l““t‘h Il ( E
: f”:liilu ¥ T o
™ HHH (| |tu Il | .
@ i L
“““ b [ INVENTOR
““‘ . ——ct “‘i ”tl ‘i .
1 e - 'I“li”llf
‘1111 “t‘ n l'”l:II’!'IH““ N “‘
' "h-"lu"ln‘"‘-‘- 'H "['” i M 14 s
" ' 1.11111.1-‘“" ‘| H Il E It T e S
W § ' N A
2’ Loy ™ f | 7"% t***“ I ; - 1.‘—11.1‘1-1-‘““““
I ) ) . ) I "‘.ﬁ -
. .I ' . . L] [ . : - . r




| '.I.\To 746,318,

Pa,tented Deeember 8, 1903

UNITED STATES PATENT .FFICE.

J OSEPH C FRALEY OF PHILADELPHIA PENNSYLVANIA

ART OF DEVELOPING AND UTILIZING FLUID PRESSURE

SPECIFIGA.TION forming pert of Letters '.Pa.tent Ne 746 318, da,ted. December 8, 1903
' | Applmatwn ﬁled J a.nuﬂ,ry 31, 1903. Serial No. 141.252. (No moﬂel) .'

k7 aZZ whom it may concerm: T
Be it known that. I, JoserH C. FRALEY a

citizen of the Umted Sbetes, residing at No

1833 Pine street, in the city and county of

Philadelphiaand State of Pennsylvania, have

invented certain new and useful Improve-

ments in the Art of Developing and Utilizing

Fluid - Pressure, whereof the:following is a

~specification, reference being had to the ac-

10

companying drawings.
Apparatus of the character couvemently

- employed in the method herein set forth and

15

claimed forms the subject-matter of my ap- [.p
plication, Serial No. 175,761, filed October o,
1903, for Letters Patent of the United States
for 1mprovement~s in apparatus for develop-

ing and utilizing luid-pressure. It may alsobe

 noted that my application, Serial No. 141,251,

20

filed January 31, 1903, for Letters Petent of-
the United Sbatee for improvements in the
-art of developingand utilizing fluid-pressure,

- which was allowed under date of May 13;

25

1903, comprises claims for a ‘method of de-

velopm pressure which, broadly speaking,

involves similar conditions to those existing
1in the apparatus herein set forth. |
My invention relates to the development_

~ and utilization of fluid-pressare by what may

30

~ appropriately be termed the “cumulemve

trdnsformatlon thereof.
‘The primary object of the invention is to

' eonvert a relatively low pressure, such as

 that obtainable by the discharge of fluid un-

35

der a head of limited height, into higher pres-
sure dynamleally available as such and cor-
responding in degree to that obtamed from
a much greater head. -

The underlying pI‘H]ClpIe of operatmn is

- baeed npon my discovery that when several

40

of the next in series by means of confined

" bodies of lighter fiuid the pressuare at the base
of the ultimate column will be substantially |

- equal to that which would exist at the base

50

“of a'single column whose height is represent-
- ed by thesum of the heights of theindividual
- columns.

In said. application, Serial No.

141,251, 1 have set forth and broadly claimed
lhe met,hod of thus developing cumulative
. pressure irrespective of the. mode by whlch

pressure-producing fluid columns-are so com-
. bined in series as to establish communication
between the base of each column and the top

i
|
|
I

rality of low

‘ing this prineiple of the cumulative transmis-

‘gion of pressure—in the case of a waterfall of
‘limited head, forinstance—I have furtherdis-

covered that the several columns of heavier

' the columns of ﬂmd are esta,bhshed Employ-

55

fluid (in this instance water) can be individu-

ally established toa height corresponding with
the head or fall by the mere inflow of water
into proper receptacles, that thereafter the .
ecolumns can be so thrown into communica- |
| tion with each other as to transform the plu- -

pressures into a muech higher -

ressure at the end of the series and that a
portion of the fluid can be discharged under

~such high pressure to develop energy in any
‘appropriateform. Suchdischargeis attended

by an approach toward equilibrium through-

| out the eerles, but by individual discharges
in the regions of the respective columns the

latter can be again individually restored to a -

latively transform -and transmit the total

pressure to the re.c.uon of operative discharge.

‘height eorleepondmg to the actual head or
fall and again combined in series to cumu- -

75 -'

Thus a succession of impulses each: corre- =~ =

sponding to a. relatively high pressure ex-

hibited in a given discharge of fluid can be
obtained, although the initial pressure of -the
The development
of energy by this method is of course attended
by a total expenditure of fluid which is cor-
‘respondingly large in quantity.
cases, however, where a water-power of large
volume, but low head, is sought to be utilized . -
| the amount of. water expended is not econom- -

fluid be rela.t,wely small.

In

ically important provided the requisite pres-

sure can be conveniently attained, and it 18
‘under these conditions that I believe my in-
vention will prove eepeclally valuable.

Inthe accompanying drawings I have illus-

many -

30 _::

90

tmted the application of the invention by

means of an elementary or typical appa,ra.bue, |
but it must be understood that its scope is in

no way limited to such an embodiment.

In each of said drawings the appardtus is .

represented in similar vertical longitudinal
‘section, Figure 1 showmg certain controlling
-elelnents in what may be considered as the
first operative position for the separate es- . .

tablishment of the individual columns. Fig.
9 shows said elements in.a position which

Icc .

they may, if desnred occupy a.l: an mtermedl- |




IO

5

=

ate stage of operavion or where the pressure
18 undergoing cumulative transformation:
and I'ig. 3 shows said elements in the nltimate
position corresponding to the operative dis-
charge of that portion of the fluid which is
subjected to the total cumulative pressure.
T'he apparatus consists of a continuous
elongated conduit—as, for instance, iron pip-
ing—comprising a series of similar undu-
lations, 1n this instance, three in number,
(indicated at A, B, and C.) Commencing at

the left-hand end of the figure the leg a

(whose vertical height is shﬂ*htly in excess of
the height of the waterfal]) is continued at
168 lower extremity a short distance horizon-
tally, as shown at a’, and leads to the cham-

~ber D of a three-way valve d, which has a

20
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discharge-orifice d’. From the said chamber
D the piping continues, preferably as shown,

with a. slight inecline a? to the region of the
next unduldtlon where it rises Vertleﬂlly, as
shown at a3, and leads by a return-bend at
the top to the next vertical leg 6. At a point
between the leg ¢ and the chamber D an in-
let-pipe E is connected, said inlet-pipe being

provided with a floating check-valve e so ar-

ranged in the valve-chamber e’ as to permit
the downflow of water through the pipe E,
but prevent any upward flow therein by clos-
ing against a seat at e. A transverse pin or
stop e® prevents the check-valve ¢ from clos-
ing the outlet at bottom of the chamber ¢'.
Above the check-valve ¢ the pipe E commu-
nicatesat I’ with the source of water-supply—
as, for instance, a forebay, whose wall is
shown at K, the normal level of the water
being indicated by the dotted line £.

The undulation at B is constructed and ar-
ranged In a manner exactly similar to that
just described in the case of the undulation
at A, the corresponding parts being indicated
by the small letters 6 with numerals like
those employed in connection with the small
letters a. It is also provided with a water-
inlet pipe I, controlled by the check-valve

Jand connected at F' with the source of sup-

ply in the forebay K. A three-way valve g,
arranged in chamber G, is interposed in the
same relative position. as the valve d. The
next undulation at € has a vertical leg c,
which terminates in a nozzle ¢', controlled by
a simple discharge-valve A in the chamber H.

-T'he leg ¢ 18 provided with an inlet-pipe I,

controlled by a check-valve 7 and connected
at I' with the source of water-supply. The
nozzle ¢’ is represented in full lines as lead-
ing to an inclosure at J, which may be con-
sidered as conventionally indicating any suit-
able motor device adapted to be actuated by
water or alr under pressure, or, as illustrated
by the dotted lines at J', the system may ter-
minate in & mere jet..

As this application relates, broadly, to a
method of developing pressure irrespective
of particular mechanism, it is of course not
limited by the nature of the devices for con-

verting the energy of the discharge into me-

ocecurred are shown in Fig. 2, where
be observed that the column in the leg 18
{ still in its initial condition of e%abhahment |

746,318

chanical movement, and I therefore have
merely indicated the locality where the en-
ergy 18 displayed without attempting to set

“forth further details.

Assuming that the working parts are in the

| positions shown in Fig. 1 and that no water

has yet entered, theaction is as follows: The
water flows down the three inlet-pipes E, F,
and I and rises in the legs a, b, and ¢ to the
level of the dotted line ?c but does not over-
flow into the legs a®or b3, as the return-bends
at the top of the undulations are above the
actual water-level. The three-way valves d
and g are in a position to afford outlet from
the pipe portions a® and b* to the atmosphere,
so that the rise of water 1n the vertical legs
a, b, and ¢ is not impeded by the compression
of airin the adjacent portions of the conduit.
When the legs are thus filled, the valve ¢ may

75

S0

be turned, as shown in Fig. 2, so as to close

the outlet ¢’ and establish communication be-
tween the leg b and theslightly-inclined pipe
portion 6%, whereupon the column of water in
the leg b will momentarily fall by reason of

the fact that a portion will flow through the

valve ¢ into the incline 6% compressing the
alr ahead of it, and thereby reducing some-
what the bulk of the confined body of air be-

‘tween the surface of the water at I. in said
incline and the top of the water column in the .

leg ¢. This fall in the leg b i8, however, im-
mediately compensated, because the check-
valve f will operi and permit the water to flow
in until it rices in the leg b Lo the original
level k. During this operation the water in
the leg ¢ becomes subjected to the pressure
of the column in the leg b, transmitted by
means of theconfined hodyof airin theincline
b and upright 3. The pressure at the dis-

charge-valve /iisthereforesubstantially twice .

that, due to the natural head. 'The check-
valve 2 prevents the water in. the leg
pipe I from backing into the forebay under
this increased pressure, and hence the full
head 1s maintained in said leg c.
tions of the working parts in the leg b and
the water-levels therein after this action has

1t will

¢ and

The posi-

90

95

I00

IOG
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When the column in the leg b .has been thus .
finally established, the valve d is turned so.~ '

as to connect the leg o with the incline ¢

120

whereupon a similar initial fall of the column ..

in the leg a will occur, compressing the air
in the incline a® and upright a?;

by the entry of more water through the pipe
E.

reason of the fact that the inerement of pres-

‘sure thus transmitted toits upper surface oc-
| casions a further-compression of the airin the
incline 6° and upright 5% thereby reducing
When

the bulk of the confined body of air.

T'his action will also cause a slight per--
| manent fall in the column in the let‘r b by

but the col--
umn in the leg ¢ will be imnmediately restored

125

130

the entire series of legs has been thus thrown .
into communication, the conduit will contain
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3

~ a series of water columns correSpondmg in Iapparent dynamic result to some extent and .

10

‘number with the undulations, and the base of
“each column (excepting the ultimate one) will

be connected to the top of the next by an in-

terposed confined body of air, so that the sum

of the individual pressures of the several col-

umns will be cumulatively transmitted to the

ultimatecolumn. Ifthen the discharge-valve

h be opened, as shown in Fig. 3 the water
will be forced out at the nozzle c ' with a pres-

sure which initially will be equal to the sum

- of thetotal pressures thus cnmulatively trans-

formed, but which will of course fall in an in-
creasing ratio as the several columns deseend
together. It may thereforenot beexpedientto
permit the entire dlseharge of the water from

the leg ¢, but to arrest-it when the water has

| descended in the vertical legs a, b, and ¢ and |
flowed into the inclines a* and b2 attaining,
for mstance the levels indicated at N, N, N?,

n,and n, respeetwely, but not yet cemmg to
a state of equilibrium. Torecharge the sys-

20

tem, the three valves d, g, and h are turned
into the positions shown in Fig. 1, when the

water will flow out from the melmes a? and b?

through the outlets d'and g’ and anew supply
will flow into the legs a, b, and ¢ through the

“inlets E, F, and 1 until the three columuns

~ have been reéstablished, when the series of
operations ;|uet described may be repeated.

30
35

. 40

45

50

~ ing conditions in Fig. 2 such order of pro- |
| under relatively high pressure is obbamed_-

Thus a succession of impulses, due to the op-

erative discharge of a body of fluid under the
“total avallable pressure, can be obtained at

the nozzle ¢’ or other terminal of the series,and

it canreadily be seen that-by the employment |
of several such systems discharging alter-
nately at a common point the method lends
itself to a practically continuous action. I |
“havenot, however, in thisapplication laid any

stress upon nor do1 herein claim the particu-

lar apparatus by means of which the method
may be applied, my purpose being simply to

indicate the general character of the method
itself by means of the very elementary appa-
ratus shown and described. Furthermore, I

“would state that altheugh I have described

the operation as comprising, so to speak, an

intermediate stage between the establishment
 of theseveral columns and their ultimate dis- |

charge and have represented the correspond-

‘cedure is not in any way essential.

- Instead of successively turning bhe three-
~way valves g and d to permit the primary
compression .of the air and the reéstablish-

ment of the columns after their momentary

slight fall the entire set of valves g, d, and

h may be simultaneously opened to the posi-

. ‘tions shown in Fig. 3, whereupon the cumu-

60

|||||||||||||||
_________________

lative action will oeccur as before; but the
momentum of the several eolumns descend-

ing togebher to bhe full hmlt modlﬁes bhe

r

| fected by such modifications of procedure as
these or others which are consistent Wlth the .

under some conditions this variation of de-

tail in the operation may be considered pref-

erable to the order of operating the valves

first deseribed.

Itis apparent hewever, that '.

the identity of the invention is in no way af-

underlym o principle herein set forth.

In the drawings I have shown a strueture-' . i

prowdmﬂ for three columns; but obviously

a series would comprehend the use of merely
two such columns or any greater number
‘whieh is consistent with practical conditions.
In the type of apparatus above set forth
water and air are the two fluids employed,
and the operative element is described as be-

ing a water-discharge. I do not, however,

limit my claims to the use of any parbleular .

kind of fluids provided they be of different

specific gravity, nor do I mean to imply that,

the dynamic result must be exhibited as
dlseharge of the heavier fluid, for it is- 0bv1-

ous that the ultimate pr essure may be exert-‘: o o

ed upon a confined body of air, for instance,

8o

and that an air-discharge under these con- '

ditions would be entirely within the prmclple R
' 90

and scope of the mventmn
I claim—

1. The method of developmtr and utlhzmg U

flunid-pressure which consists in separately

establishing a plura.hty of fluid columns; con-
necting the same in series by interposed con-
fined bodies of lighter fluid leading from the
base of one column to the top of t,he next; and
permitting the operative discharge of ﬂmd'

under the cumulative pressure thus attained.
2. The method of developing and utilizing
flnid- -pressure which consists of ~separately

establishinga plurality of fluid columns; con-

95 _

Ico

necting the same in series by interposed con- =~

fined bodies of lighter fluid, leading from the .. -
10§

| base of one column to the top of the next;

b

permitting the operative discharge of fluid at :

the region of nltimate pressure, by the move- .

equilibrium; permitting the discharge of a

portion of the fluid which is thus moved to-
ward the position of stable equilibrinm; and

- said. columns; ;

separately - reéstablishing

| mentof the individual columns toward stable

1o

whereby a snccession of eperatwe dlscharges:, -

from a head of relatively low pressure.
- In testimony whereof I have mgned my -
name to this speclﬁcatlon this 30th day of
January, 1903, in the presence of two sub-- |

ecrlbmg Wltneeses

JOSEPH o FRALEY

Wltnessee o
JAMES H. BELL
O BRADFORD FRALEY
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