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( Ne rr.ledel y

To acZZ whom it ma,y concern:

Be it known that I, JULIUS G. POHLE, a Gltl
zen of the United States, residing at New. York
city, in the county of New York, and in the
State of New York, have mvented certain new

and useful Improvements in Processes of and

Apparatus for Elevating Liquids; and I do
hereby declare that the following is a full,
clear,and exact deseription thereof referenee

bemn‘ had to the aecompenymfr dra,wmﬂ*s, in
whwh—- B

Figure 1 shows a view of my apparatus

E fpa,1 fly in vertical section, and partly in eleva-

- tenks or stand-pipes of the upper partof the

tion; Kig. 2, a view on an enla,lged scale of
a lonrrrtudma.l vertical section of the lower

part of the apparatus, shown in Fig. 1; Fig.

3, a view of a mod1ﬁed arra,nﬂ'ement of the

- . apparatus; Fig. 4, a detail V1ew on an en-

- .20

larged scale, shewmg the air’ dlstmbutmg |
reservoir, with the casing of its lower end par-

tially broken away, and. Fig. 5, a detail view

showing an eduction piperunning up outsuie_-
of the respectne stand pipe.
Letters of like name and kmd refer to Ilke'

perts in each of the figures.

In the United States patent granted to me |

December 6,1392, No., 487,639, there is shown,

- . ‘described and clalmed a process of elevating
- 30,

liquids, in the cerrylnn" out of which an open

. ended eduction-pipe is partially submerged

in a body of the liquid to. be raised, and com-
- pressed. gaseous fluid, preferably air, is con-

S tmuously introduced mto the lower part of

35

40.

- . that portion which orlgmally stood in the |
~ pipe has been forced out, issubdivided by the

. 45 gaseous. fluid into smell portions before it

the eduction-pipe,in such manner, as to form,
in the pipe, a

of the pressure of the external hqmd after

| .reaehes the level of the liguid outside of the

50

pipe; and a continuously upward flowing se-
ries of well defined alternate layers of gaseons

fluid and-short layers of liquid are formed
and forced up the pipe. The result is, that,

-after the proeess 18 once started the llq_llld---_

the submerged part of the pipe.
seribed in my sald patent, with the submerg-

oence.

series of bubbles. of the com-
- pressed gaseous fluid, containing enough of
-the latter to exnend aCross the pipe, and
form pipe-fitting piston-like layers in -the
column ot liquid. within the pipe; ; sothat the
column of liquid rising in the pipe, because

Hh

will be contruueusly eleveted in the eductlon-
pipe and discharged from the mouth thereof,
oven where the la,tter ig sitnated far abeve
the level of the body of liquid surroundmn'

~Asfully. de-

55

ence of the pipe equal to about three fifths of |

its entire length, a rapid and substantially
continuous flow of liquid from the upper end

of the pipe ean be secured, with the gaseous

fluid .at a pressure less, tha,n that of the
weight of a column of the liquid extending
up in the pipe, from the pointof entry of the
fAluid, to the level of the surrounding liquid.
The manner and prineiple of the Workmﬂ of

my said process are fully set forth in my S&ld-
patent, and need not be etplelned e.t lenﬂ'th_

in the present case.
As described, the process and eppa,ra,tus are

60

6 5_"

0

well adapted for the economiecal raising of

the liquid to a height, above the body, in
which the eduction-pipe is submerged, equal
to or two thirds of the extent of the submer-

submergence.

vention, set forth in and covered by this ap-
plication, to make my process applicable

“where, asis often the casein mines, the water

The possible height of elevation of
| liquid, above said body, depends upon the
With thisfact in view, it hag
been the special purpose of my present in-

8o

or other liquid is to be raised to a consider-

-able height, and the depth of the body of lig-

uid to be acted upon, is not sufficient to en-

able the required submergence to be obtained
Dby sinking the eduction- -pipe directly in it

and to make it possable to secure any extent
of submergence needed for the raising of

liguid to the height desired for any. one di-

‘rect lift through a single eduetlon-plpe, and
‘to this end my mventron consists-in the pro-

cess, and in the apparatus and pe.rts thereof,

as hereinafter specified.

In the drawings A designates a mme-sump

or other receptacle, from which the water is
to be elevated many times the depth of the

liquid contents. thereof. As indicated, such

depth is six feet, but it can be more or less,
without mterfermn‘ with the successful op-
eration of my process, if the parts of the ap-
;paratus used are varied accordingly, in the
manner to .be suggested heremafter

Par-

90

95

100 .
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tially submerged in the body of waterin said

~ sump or receptacle, is the upright eduction-

10
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pipe B, shaped like the corresponding part
shown in my said patent; that is, having the
enlargement or chamber b, at its lower end,

connected with the main part of the pipe by |

a taper or conical partb’. Such enlargement,
while desirable, can be dispensed with, with-

out departure from my process; as covered

herein. For support of the pipe, 80 as to
leave its lower end open, to allow free flow of
the water, from the sump, up through it, L
show legs or standards 0% 0% resting on the

sump-bottom; but do not confine myself to
such construction. Any other form of sup-

port can be used instead.
A pipe C, connected with any suitable

source of supply of gaseous fluid, for ordi-

nary purposes, preferably, air, has a part C’
running down into the lower end of the educ-

tion-pipe, or the enlargement b therein, and

its end turned upward, so as to discharge sub-
stantially in line with the main part of pipe
B. Its mouth ¢ is, as shown and described,

in my patent referred to, preferably made up-

wardly flaring, so as to cause the air issuing

from it to spread out and form bubbles as

large as possible.
The eduction-pipe

level of the water in the sump or receptacle

A, a distance about equal to the length of the

submerged portion of the pipe, that is, about
six feet, and there discharges into the upper
end of a stand-pipe or deep tank D, which can
be conveniently made in the form of a pipe,
as it need not have a diameter much larger

than the second eduction-pipe B’, which ex-
tends down within it, to or nearly to its bot-
tom, and can be supported in the same way

aspipe B. With stand-pipe D filled from the.

latter pipe,as indicated, I secure about twelve

feet submergence of eduction-pipe B’. Where
the final lift, from the lower level, is to be to:
a point one hundred feet above the bottom of

the sump, I prefer to make the depth of stand-

pipe D a little greater than twelve feet, so as
to secure about twelve and a half feet sub-.

mergence of pipe B’. A branch C’ from pipe
C, enters the lower end of pipe B’,being there
turned and shaped the same as the corre-
sponding portion C’ of
scribed. |

The eduction-pipe B’ runs up above the
level of the liquid in stand-pipe or tank D
about twelve and a half feet, so that its dis-
charge mouth is about twenty five feet from
Here it discharges
into a second stand-pipe D’ which is twenty
five feet deep,and in which is submerged the
third eduction - pipe B* fifty feet in length,
constructed like the others already described,.
and also having a correspondingly arranged:
andshaped inlet pipe C’, for introducing com-.
pressed air or other gaseous fluid intoits lower
portion. This pipe B? in turn, discharges

the bottom of the sump.

into the fifty foot stand-pipe D? in which is

B extends up above the

pipe C, already de-.

539,600

half submerged the eduction - pipe B one
hundred feet long, made like the others al-
ready described, and having the same kind
and arrangement of air or fluid introducing
device C’, '

- With the compressed air or other gaseous
fluid introduced into the lower part of edue-

tion-pipe B3, through the respective pipe C’,

in the manner desecribed in my said patent,

the water will be elevated up through and dis-
charged from the upper end of the eduction-
pipe, at a height of one hundred feet above

‘the bottom of the sump or receptacle A. If,
for any reason, it is desired that the extentof

elevation be one hundred feet above the level
of the water in the sump, such end can be

75

80

easily attained by making one or more of the

eduction - pipes, and the respective stand-
pipes, a littie longer. .

- While I have found one hundred feet to be
the most convenient extent for one lift, as the
pressure of the air used to secure it by my
process, need not be more than forty five
pounds, I, of course, do not limit myself to
such alift. If desired, the described arrange-
ment can be continued, 80 as to bring into
use longer stand and eduection pipes; and in-
crease the length of lift, to any required ex-
tent, the only limift being the strength of the
pipes and the amount of air or gaseous fluid
pressure available. It will, of course, be un-
derstood, that, where the depth of the body

O

95

of water to be acted upon is greater than that

mentioned above, and indicated in the draw-

ings, the length of the first eduction-pipe and

the depth of the first stand-pipe into which
such pipe discharges, can be made correspond-
ingly greater, so that the desired length of
lift of eighty or one hundred feet might be
secured with fewer stand and eduction-pipes,
or a longer lift might be obtained with the
number and arrangement of such pipesshown

and deseribed. :

" Since, as indicated hereinbefore, it is not
necessary that the submergence-tanks D, D,
D?, should be much larger than the respective

‘eduction pipes B/, B? B3 they can be made

in the form of pipes and arranged close to-
gether in the bottom of the mine, so as to take
up but very little room. I can, then, secure

any desired length of submergence of the last

one of the series of eduction-pipes, however
shallow the sump may be, without obstruct-
ing, to any objectionable extent, the mine or
other shaft up which the water is to be ele-
vated. This can be done; also, without any

objectionabie complication of apparatus, and
‘atbut very slight expense, since it necessarily -

involves only an increase in the number of

pipes used. Having secured the desired:

length of lift, in the manner shown and de-

seribed, if the distance to which the water or

other liguid is to be raised is greater than
such length, I have the last eduection-pipe B’

discharge info an elevated stand-pipe or sub-

mergence tank D3, which is supported, in any

100
105
110
115
120
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desired manner mth its bottom above that | known forms of reducing valve% capable of
- of stand-pipe. D2 and, preferably, at or near | being set to maintain the requlred pressure

the top of the Iatter. As shown in Fig. 1,

such pipe D3 stands with its bottom at the

IO

level of the top of stand-pipe D? and has a
height equaltothelength of the educmon pipe
B3® above the liquid, in-which the latter is

~-submerged. From this elevated stand-pipe
- D3 another eduction-pipe B* takes the liquid |
and discharges it into a higher stand-pipe or
_submerwence -tank D* arranged, with refer-
ence tostand-pipe DB,JI]St a8 the latteris with

relation to D2
A branch pipe ¢’ from air pipe C entelb

the lower end of pipe B% and discharges com-"

- pressed - air or. other gaseous .fluid into the
- same, in. the same manner as do the other

- 20

‘branch air pipes, into their respective educ-
“tion pipes already described. This arrange-

ment is continued with a serles of success-
ively higher and higher stand-pipes, of simi-

lar length or depth, and the eduction-pipe in |
each lower stand-pipe, discharging into the

next higher one, until the point to which the

liquid is to beraised,is finally reached by the |

discharge mouth of the highest eduction-pipe.

- the same. lenﬂ‘th as -the -unsubmerged por-'|

30

35

s
. or, running down into the respectwe stand-

In the apparatus, as shown in Fig. 1, the
suceesswely higher sta,ud-plpes are ShOWD of

tions of . the respectwe eduction-pipes dis-

charging intothem. With this construction,
i of course,:
T ‘merﬂence of the eduction-pipes. -

get only about one half sub-
If it is de-
s1red to increase this submerﬂ'ence, for in-

‘stance, to three fifths, which, as I have found
by practlee, insures ‘the very best result in

the elevation of the water in an eduction- |

- -pipe.by my process set forth in my patent re-
. ferred to, the bottomsof the successive stand-
- -cedingones,in the mannerindicated in Fig. 3.

pipes can be set below the tops of the pre-

With the construction and armnn‘ement

~described, the air or other gaseous ﬂmd un- ;
der pressure, may be supplied by the main |
- pipe C,acting as a distributing reservoir con-

nected with the various eductmn pipes, by
pipes or branches extending directly from
such pipe in through the respeetwe stand-
pipes, to the proper points within the educ-
tlon-plpes as shown in full lines in Fig. 1,

~ pipes, as indicated in dotted lines in Hig. 2.

In either case the branch pipes shounld all be

- provided with valves or cocks ¢, whereby the

flow of compressed air or fluid to the respect-

ive mouths within the lower parts of the

eduction p1pes, may be adjusted, so that just

- enough air or fluid may be 1ntroduced into

. the colum_ns of liquid in the various ones of

such latter pipes. - While, it is sufficient, for

“the purpose of regulating the supply of air
to the needs of the various elevating devices.
~of which my present apparatus is made up,

- that the valves ¢, ¢, should be ordinary ones,

| desu‘ed employing,

of air in the parts of branch pipes C’, enter-
ing the respective eduction pipes, mthout
reference to the pressure in pipe C.

In order to enable the elevation of the lig-
uid in the longer eduction-pipes to be started
‘most easily, mthout the necessity of using a
high pressure of air or gaseous fluid, to lift

.bodlly out of each pipe the column of liquid

first standing therein, I use one or more sup-
plementary  air 1ntroducme‘ pipes C?, C3

‘which, bemg connected with the air supply

main or plpe C and provided with suitable

stop-cocks ¢, ¢’, enter the long eduction-pipe
‘at different pomts above the place where the -

branch pipe C’ is to deliver its air. When

the elevation is to be commenced, the upper

one -of these supplementa,ry plpes, where
there are more than one, 1S opened first, so

that the compressed air can flow into the

eductiongpipe, and force that part of the col-

| umn of liguid, which-is above such -supple-

mental pipe,up and out of the eduction pipe.

This reduces the weight of liquid-to be raised
| bodily by the alr en_tering throungh the dis-
|

charge end of pipe C. If the column of wa-
ter 18 very long, 1t can be further divided and
partially 1emoved by air admitted through
‘the second or lower supplementary air intr 0-
ducing pipe C? C%
removal of de’t of the column of water,acom-
par&tlvely low pressure of air can be used,
‘both in the SUpplementary pipes, and in the

branch pipe C’in the lower end of the edue-

3

With this preliminary

75

80

90

95

ICO .

tion-pipe, to secure the removal of the col-
umn of water standing in the eduction-pipe, -

‘even when the latter is very long, so as to
leave the way clear for the rush of water up

tion and upward movement of the alternate
| layers of air and liquid, in accordance with
my process deseribed in my said patent.

In Fig. 4 I show an air distributing reser-
voir K, which I have used to advantage where
several air pipes running to different educ-
tion pipes are used. It eonsmts of a casing,

prefera,bly, but not necessa.rﬂy, cylindrical.
in general shape, having the pipe E’ through

which the compressed air or other gaseous

105

in the lower part of the eduction-pipe in such -
‘manner, as to secure the continuous forma-

110

115

fluid is supplied to it from any deswed com-

‘pressing apparatus, and suitable couplings e,
e, e, for the various air pipes C’, ¢/, C/, which

are valved at ¢, ¢, ¢, in order tha,t the flow of

air through them may be regulated, as re-

quired. for the work to be done by the an.

-from the respective pipes.
- In order that no moisture may collect in
the reservoir to freeze there, or vary the ca-

pacity of -the latter, I place the casing at a

slicht angle, so that any moisture will run
down to.one end thereof, and then continue
‘the inner end of one of the air pipes inward,

to be operated by ha,nd I contemplate where | so that its inner end will be close to the cas-
1nstead any of the well

120

125

130 :

ing bottom at the lowest portlon themof in
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turned on thwu"h the plpe (/ leadmfr to the.:.:

third eduction pipe B3 s0 as to raise the water
therethrough into tank or stand-pipe D>

As less pressure of air is needed to elevate
the water through the shorter eduction pipes,
the respective valves ¢, ¢, are, after the regu-
lar flow of water is established, adjusted, so
as to regulate the flow of air to the require-
ments of the different parts of thie apparatus.

With the water being discharged, from the
eduction pipe I3%, into stand-—plpe D*, from
which the long lift is to be made, the supple-

mentary air-pipe branches C?, C? can first be_

opened to remove from stand-pipe B° a por-
tion of the column of liquid standing therein,
above the air admitting branch pipe C’, and
the air is then turned on through the latter,
so as to establish and continue the elevation
of the liquid from tank or stand-pipe D? up
through and from said eduection-pipe. The
qupplementaly air pipes C? C?° can then be
closed, and water will be taken continuously
from the su mp or receptacle A, and delivered
from the upper end of eduction—pipe Bs.
Here it enters the first of the series of stand-
pipes or submergence-tanks which are ar-
ranged at different heights in the manner
descnbed and shown in the drawings. AsS
the lower one of said stand pipesis filled from

the eduction pipe B3, so that the water rises |

up in the edunction pipe BY the compressed
air or othel fluid is turned on, so as to enter A

not be in the mine shaft, or Whele it may be
liable to injury.

Having thus described my invention, what
I claim is— |

1. As an improvement in the art of elevat-
ing liquids, the process which consists in con-
necting the lower end of an eduction-pipe
with the body of liquid to be raised so that
such liguid will rise toa certain extent within
thepipe,introducing compressed gaseousfluid
into the latter, below the level of the liguid
therein, so as to elevate the liquid and cause
it to flow from the upper end of the pipe, re-
ceiving the outflow in a suitable tank con-
necting with the liguid in the tank—a second
eduction pipe, having its lower end farther
below the level of the liquid with which it is
connected, than the first eduction pipe, and
introducing compressed gaseous fluid into the
second eduction pipe, at a point below that

f;;-;helght en;sen here the depth GfSUbIIlGI ﬂenaaig;
é%ééf?é@f eductmn plp@ m the Sump m 1eceptaelﬁ;;:zeaés:;=és:':;:;s;'z;-?;i':

105

110

115

I20

to which the water from the tank would rise -

by the action of gravity,substantially as and
for the purpose specified.
- 2. As an improvement in the art of elevat-

ing liquids, the process which consists in sub-

merging a portion of anopen-ended eduction-

pipe in the body of liquid to be raised, intro-

ducing compressed gaseous fluid into such
pipe below the level of thesurroundingliquid,
so as to raise the liquid within the pipe up
and out of the s

125

[30

same, receiving the outflow




60

5
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from the pipe in a suitable_taﬁk, s’“ubmérg’in g

a portion of a second longer eduction-pipein

the tank more deepiy than the first pipe is
‘submerged;and introducing compressed gase-
ous fluid into the second pipe, at a point be-
low the level of the liquid: in the tank, sub-

- stantially as and for the purpose set forth.

I0

3. As an improvement in the artof ‘elevat-
ing liquids, thee process which consists in sub-
merging a portion of an open-ended eduction-
pipe in the body of liquid to be raised, intro-
ducing compressed gaseous fluid into such
pipe at a point below the level of the sur-
rounding liquid, so as to raise the liquid up
in and from the pipe, receiving the outflow

-~ from the latter in a tank deeper than the

. 20

body of liquid to be raised, submerging a sec-
ond open-ended eduction-pipe more deeply
in the tank than the other pipe is submerged,
and introducing compressed gaseous fluid

“into the lower portion of the second pipe, so

25 - ol y - |
-~ ing water, the process which consists in sub-

  30

35

40

45

- fluid into the lower portions of the several |
eduction-pipes, and in the longest eduction-

50 .
~ compressed gaseous fluid is admitted to the
lower part thereof, substantially as and for

the puarpose set forth. -

6. In an” apparatus for elevating water in

55

‘as to raise the liquid up in and from the

same, substantially as and for the purpose
described. . L | S
4. As an improvement in the art of elevat-

merging a portion of an open-ended eduction-

pipe in the liquid to be raised, introducing
~gaseous fluid into such pipe, below the level

of the liguid, and above the lower end of the
pipe to first expel the water above the point

of introduction, and then introducing com-

pressed gaseous fluid into the lower portion

~ of the pipe near its lower end, substantially

as and for the purpose shown, .

5. As an improvement in the art of elevat-
ing liquids the process which consists in ar-
ranging a series of suceessively longer open-
ended eduction-pipes,and successively longer
and longer stand-pipesor tanks, respectively,
so that each successive eduction-pipe is sub-

merged more deeply in its respective stand-

pipe or tank than the preceding one, caus-
ing each eduetion pipe to discharge into the
tank or stand pipe of the next longest educ-
tion pipe, introducing compressed gaseous

pipe, between the level of the liquid in which
it is submerged and-above the point at which

combination with an open-ended eduction-
pipe connected with the body of liquid to be
raised, 8o that such lignid will tend to rise up
in the pipe, means forintrodueing compressed
gaseous fluid into the lower part of the pipe

below the point to which the liquid rises from-
- the source of supply, a tank or stand-pipe re-

- ceiving the liquid from the upper end of the

6

eduction-pipe, a .second longer open-ended

eduction-pipe connected with the liguid in
the tank, so that such ligquid tends to stand

~ higher in it than itdoes in the first eduction

pipe, and means for introducing compressed
gaseous fluid into the lower part of the see-
ond eduction pipe, substantially as and for
the purpose described. - . wo
7. In'an apparatus for elevating water in
combiuation with an open-ended eduection-

Pipe, partially submerged in the body of lig-

uld to be raised, means for introducing com-
pressed gaseous fluid -into the lower part of 5
such pipe, tG raise the liquid up in and from |
the pipe, a tank into which such pipe dis-
charges,a second longeropen-ended eduction-

‘pipe submerged more deeply in the liquid in

the tank, than the first pipe is in its body of 8o
liquid, and means for introducing compressed
gaseous fluid into the lower part of the sec-
ond pipe, to raise the liguid up in and from

the same, substantially as and for the pur-

I'ﬂ

pose specified. S

- 8. In an apparatus for elevating liguid, in
combination with a series of tanks or stand-
pipes made successively longer and longer, a

series of open-ended eduction pipes made sue-

cessively longer and longer, and the shortest go

‘one connected with the body of ligquid to be

raised, so that such liquid tends normally to

Tise to some distance in the same, and the -

others connected with the respective tanks or
stand-pipes, so that each successive one is 95
connected with its respective tank or pipe at
a point farther below the upper end thereof,

than the preceding eduection pipe is, suitable

connections whereby each shorter eduction-

Ppipe discharges into the stand-pipe or tank of 100 -

the next longer one, and means for introdue-
ing compressed gaseous fluid into the lower
parts of the several eduection-pipes, to raise
the liquid up in and from the pipes,substan-
tially as and for the purpose shown. ~ 108
9. In an apparatus for elevating liquid, in |
combination with a series of tanks or stand-
pipes of successively greater and greater
depths,a series of open-ended eduction-pipes.
of successively greater and greater lengths, 11o
the shortest one partially submerged in the
body of liquid to be raised, and the others
partially subinerged in the respective tanks -
or stand-pipes, so that each sucecessive.one is

‘submerged to a greater depth in its respective r1s

tank, than the preceding one, suitable eon-
nections whereby each shorter eduction-pipe
discharges into the stand-pipe of the next

| longer one, and means for introducing com- |
pressed gaseous fluid into the lower portion 120

of the respective eduction-pipes to raise the
liguid up in and from such pipes, substan-
tially as and for the purpose set forth. - .

- 10. Inan apparatusforelevating liquids, in

| combination with a suitable tank or recepta- 125 - -

cle for the liquid to be raised, an open-ended
eduction-pipe connected therewith, so that -

-the liquid will normally rise therein from the

tank or receptacle, means for introducing =
compressed gaseous fluid into the lower part 130
of such pipe, an elevated tank or stand-pipe '

'-receiving the liquid discharged from the up-
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per end of such eduction-pipe, a second longer | eduction-pipe, substantially as and for the 10
open-ended eduction-pipe having its lower | purpose described.
end connected with the lower part of such In testimony that I claim the foregoing I
stand-pipe and its discharge end at a higher | have hereunto set my hand this 25th day of

s level than that of the other eduction pipe, | April, 1893.
means for introducing compressed gaseous |
fluid into said eduction pipe between its ends Witnesses:
and means for introducing compressed gase- | JAS., B, HUTCHINSON,

- ous fluid into the lower portion of the second CHAS. J. WILLIAMSON.

JULIUS & POHLE.
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