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METHOD AND APPARATUS FOR LIFTING WATER. 
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To all thom it may concern: 
Be it known that I. LEVIT. EdwarDs, a 

citizen of the United States, residing in 
Philadelphia, Pennsylvania, have invented 
certain new and useful Improvements in 
Methods and Apparatus for Lifting Water, 
of which the following is a specification. 
My invention relates to a method of and 

apparatus for lifting and delivering water 
from a low level to a higher one in a sub 
stantially continuous, economical and effi 
cient manner. 
An object of the invention, is to provide, 

in such a method and apparatus, a series of 
steps or operations carried out by certain 
novel mechanism whereby the friction of a 
moving column of water is reduced to a 
minimum, and the losses due to such cause 
are in a great measure eliminated. 
A further object is to provide an air lift 

mechanism wherein the column of water 
moving to the point of discharge or reser 
voir has a free, unobstructed 
throughout its travel under the action of air 
under pressure. 1 
Another object of the invention is to pro 

vide for staged reduction of the acceleration 
of the moving column of water through the 
conducting medium whereby friction is ma 
terially reduced. 
A still further object is to provide an air 

discharge nozzle located at a predetermined 
submerged point within the well and below 

: the inlet of the water delivery pipe or con 
duit whereby the moving column of water, 
induced by the action of the discharge air, 
is out of the zone of the air mechanism and ; 
its adjuncts and therefore has a free flow by 
way of the unobstructed delivery conduit. 
In air lifts as heretofore constructed it has 

been found in practice that the frictional 
losses due to obstructing pipes or other parts 
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of the air controlling means increases the 
frictional loss of the moving column of wa 
ter and impairs the efficiency of the lift to 
a serious degree. 

with the depth of submersion so that lifts 
in use at the present time give a minimum. 
efficiency with a minimum submersion. By 
my present invention I have provided a con 
struction wherein the friction of the moving 
water is relatively exceedingly small, and in 
practice of the invention I have found the 
efficiency of the device has been increased to 

passage. 

Furthermore, such lifts. suffer a reduction in efficiency in accordance 

approximately sixty per cent, greater pump 
ing capacity per cubic foot of air used than 
has heretofore been possible. This increase 
in efficiency prevails irrespective of the 
depth of submersion in comparison with 
other tvpes of air lifts, with the result that 
the quantity of water discharged per cubic 
foot of air is a maximum for the particular 
location of the air jet with respect to the 
Water level. 

It further consists of other novel features 
of construction, all as will be hereinafter fully set forth. 

For the purpose of illustrating my inven 
tion, I have shown in the accompanying 
drawings one form thereof which is at pres 
ent preferred by me, since the same has been 
found in practice to give satisfactory and 
reliable results, although it is to be under 
stood that the various instrumentalities of 
which my invention consists can be variously 
arranged and organized and that my inven 
tion is not limited to the precise arrange 
ment and organization of these instrumen 
talities as herein shown and described. 

Referring to the drawings: Figure 1 rep 
resents a sectional elevation of an air lift 
for water, embodying my invention; Fig. 
2 represents a section on line 1-1 of 
Fig. 1: Fig. 3 represent a sectional eleva 
tion of a portion of the delivery pipe show 
ing more particularly the connector between 
adjacent sections of the delivery pipe; Fig. 
4 represents a longitudinal section of the air 
discharge nozzle and its adjuncts in opera 
tive position adjacent the inlet to the deliv 
ery pipe: Fig. 5 represents a section on, line 
5-5 of Fig. 4; Fig. 6 represents a section 
on line 6-6 of Fig. 4; Fig. 7 represents a 
section on line 7-7 of Fig. 4; Fig. 8 repre 
sents a section of a modified form of the 
mixing tube or nozzle: Fig. 9 represents a 
section of a portion of one of the conduits 
for water showing a modification of the in 
vention; Fig. 10 represents another embodi 
ment of the air discharge nozzle. 

Similar numerals of reference indicate 
corresponding parts. - 

1 designates the well proper, having the 
delivery pipe or conduit 2 extending down 
wardly therein with its inlet end submerged 
to a suitable depth below the level of the 
water in the well and its outlet end ar 
ranged to discharge into the reservoir or 
tank 3 as will be readily understood. The 
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well 1 is here shown as a pipe or casing 
terminating within the water bearing strata, 
but it is to be understood that I do not wish 
to be restricted to the use of such a piping 
as obviously the bounding walls of the well 
may be variously constructed without de 
parting from my invention. The tank 3 is 
provided with an outlet pipe 4 leading to a 
suitable reservoir or point of use located at 
any convenient point according to require 
ments. In connection with the delivery 
pipe or conduit 2 it will be noted that in the 
preferred embodiment of my invention the 
same increases in diameter from the bottom 
toward the top, such increase taking place 
at suitable stages and the respective pipes 
of different cross sectional dimensions being 
connected by the connectors 5. These con 
jectors 5 are preferably of frusto-conical 
form having upwardly tapered walls di 
verging toward the top of the discharge or 
delivery pipe, thereby lowering the accelera 
tion of the moving column of water and 
consequently reducing the friction. In con 
nection with the delivery pipe 2, attention 
is directed to the fact that the several sec 
tions thereof have their end portions ar 
ranged in abutting relation in order to form 
a continuous uninterrupted discharge chan 
nel with no lost energy due to the water 
impacting against shoulders, projections or 
the like. The type of joint above referred 
to is illustrated in Fig. 3 by the reference 
numeral 6 and the abutting portions of the 
joint are retained in place by a suitable 
coupling ring 7. 
8 designates the inlet section or foot piece 

of the delivery pipe, the same being of suit 
able length and having the inlet end thereof 
outwardly flared as shown at 9 and termi 
nating in a knife edge 10 directed toward 
the incoming water in order to cut or divide 
the water entering the pipe from the main 
body in the well. Such a construction not 
only provides a relatively wide inlet mouth 
but also forms easy curves for the flow of 
the water and consequently results in less 
friction. In the present instance the inlet 
section 8 is cast as a part of the casing 11 
which has as an integral part thereof the 

It will be understood, air jet or nozzle 12. 
however, that I do not wish to be limited 
to these parts as a single casting, as this is 
only the preferred form shown by way of 
example, and it will be obvious that the con 
struction may be readily changed to suit 
requirements. The nozzle 12 is preferably 
of tubular form to provide a chamber 13 
into which the air under pressure is ad 
mitted from the channel 14 formed within 
the casing 11. That portion of the casing 
joining the nozzle structure is preferably 
substantially of diamond shape in cross sec 
tion as shown in Fig. 6, the longitudinal 
axis of the diamond being arranged parallel 

tion as heretofore explained. 
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to the axial flow of the column of water so 
that there is a minimum amount of resist 
ance offered to the free flow of the water. 

Referring more particularly to the noz 
zle 12, it will be seen that the walls thereof 
approaching the outlet opening 15 are of 
curved contour, being outwardly flared from 
a point adjacent the air inlet 16 and then 
converging, and terminating in the nozzle 
opening 15. 

17 designates a mixing tube located in 
alinement with the inlet section 8 and the 
nozzle 12, having a portion encircling the 
end of the air nozzle for the purpose of 
causing an initial movement of a portion of 
the liquid and mixing it with the incoming 
air prior to impacting with the column of 
water in the delivery pipe. The attaching 
means for this mixing tube consists prefer 
ably of a lug 18, shown as cast integrally 
with the casing and adapted to seat against 
a similar lug 19 of the tube 17 and be 
clamped or riveted together, as will be 
understood. It will be noted in cross sec 
tion that these lugs have correspondingly 
tapered end portions 20 forming relatively 
sharp edges in the path of the moving water 
to reduce the resistance to the flow. The 
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mixing tube 17 is open at both ends, having 
the lower end outwardly flared as shown at 95 
21 to encircle the discharge end of the 
nozzle and provide a suitable circumferen 
tial passage for the water. The flaring side 
walls of this tube are also tapered to pro 
vide the knife edge 22 which is opposed to 
the direction of flow of the water and per 
forms the same function of reducing fric 

The opposite 
end of the tube 17 forms a discharge open 
ing 23 located below, even with or within 
the inlet of the section S as conditions indi 
cate, the said parts being, as previously de 
scribed, substantially axially alined so that 
the mixed air and water are projected di 
rectly into the inlet section and mingle with 
the main body of water drawn or forced 
directly into the delivery pipe. The walls 
of the tube 17 bounding the outlet 23 are 
tapered toward the said outlet to a rela 
tively sharp edge so that the two masses of 
moving water become effectively merged 
without producing eddy currents or the like. 
In connection with the flared inlet end of 
the tube 17 it will be noted that the curva 
ture of this part is substantially concentric 
with the curve of the outer wall of the noz 
zle, thereby providing an easy path of flow 
for the water. 
24 designates a valve piece, preferably of . 

conical form, which is adapted to operate 
exterior of the discharge opening 15 of the 
nozzle to regulate and adjust the quantity of 
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air delivered from the nozzle according to 
requirements. The valve 
shown, is connected to a stem 25 which passes 

piece 24, as here 
30 
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exterior of the casing 11 and has connection, 
by way of a return bend pipe 26, with the 
operating rod 27 which extends upwardly 
through the well to a suitable point above 
ground where it may be manually or other 
wise controlled. The delivery pipe is pro 
vided with guide lugs 28 arranged as neces 
sary to support and permit proper movement 
of the rod 27 as will be understood. It will 
also be evident that the air supply pipe 29 
extends from the casing 11 up through the 
well and has suitable connection with a 
source of compressed air. 
In the modification shown in Fig. 8, I 

have provided the mixing tube 17 with in 
ternal spiral grooves 30, giving the effect of 
a rifled surface and adjacent which I prefer 
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ably provide spirally arranged vanes 32 so 
that the mixed air and water passing 
through the tube are given a spiral or swirl 
ing movement which causes a thorough in 
termixing with the main body of water and 
prevents the formation of air pockets in the 
delivery pipe with a consequent loss of effi 
ciency. - 

As a further modification have indicated 
in Fig. 9 a portion of one of the water con 
duits provided with an anti-friction lining 
31, preferably of vitreous materials such as 
enamel or the like which presents a hard, 
polished surface for contact with the moving 
water, in order to still further reduce the 
frictional losses. While I have in this in 
stance shown this lining as applied to a sec 
tion of the délivery pipe, it will be under 
stood that the inlet section 8, mixing tube 17 
and other parts of the mechanism exposed 
to the flow of the water may be similarly 
coated without departing from the spirit of 
my invention. 
In Fig. 10 I have shown another embodi 

ment of the valve for controlling the air 
nozzle, wherein the valve piece 24 is located 
within the nozzle and provided with a con 
ical portion which is arranged to seat against 
the interior wall of the nozzle and thus op 
erates in the reverse manner from that de 
scribed for the construction shown in Fig. 4. In the operation of the device the delivery 
pipe is positioned within the well proper and 
arranged to terminate at a suitable depth be 
low the level of the water in the well so that 
the inlet section 8 and the nozzle adjuncts 
operating in conjunction therewith are lo 
cated at the most effective depth for efficient 
lifting of the water. The gravity flow of 
the water naturally, causes it to rise within 
the well casing 1 to the level of the surround 
ing body of water, and the admission of com 
pressed air through the nozzle structure and 
beneath the column of water contained with 
in the delivery tube causes the said column 
to be set in motion upwardly and discharged 
into the tank 3. The action of the device is 
substantially continuous, the water being 

lifted by way of the delivery pipe under the 
action of the air, and owing to the elimina 
tion of a large part of the frictional losses 
the quantity of water discharged by the ap 
paratus is a maximum as compared to the 
quantity of air supply. It will further be 
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noted that the valve rod 27 may be manually 
or otherwise operated from a point exterior 
of the well so that the valve piece may be 
adjusted to suit requirements and supply the 
proper quantity of air for the purpose in 
tended. A disadvantage inherent in previ 
ous air lifts is that frequently the air noz 
zle becomes clogged with mud, sediment or 
other debris, thereby rendering the appara 
tus temporarily inoperative and necessitat 
ing the removal of the parts before the ap 
paratus is again in condition for use. By 
my present construction, however, this dis 
advantage is eliminated since the valve rod 
27 may be shifted to entirely open the nozzle, 
thereby permitting the air pressure to blow 
out the collected sediment or debris clogging 
the outlet. 
The novel method which I have devised, 

and of which the foregoing apparatus illus 
trates one means of carrying it out in prac 
tice, consists in introducing air under pres 
sure to a submerged point in a well, there 
discharging the air and mixing it with a 
body of water below a column of water to 
be lifted, and discharging the moving mix 
ture of air and water into the column of wa 
ter. By this method a certain quantity of 
water becomes intimately mixed with the 
compressed air and is given an initial veloc 
ity which combines with the column of water 
to be lifted so that air pockets are eliminated 
and the air more effectively acts in the ca 
pacity of a discharging medium for the wa 
ter. The method further consists in reduc 
ing the acceleration of the moving column of 
water as it approaches the delivery point, 
such reduction of acceleration, being accom plished by expansion of the conducting me 
dium at different levels or stages according 
to the depth of the well and other require 
ments. 

It will now be apparent that I have de 
vised a method and apparatus for lifting and 
discharging water in a continuous manner, 
with a maximum degree of efficiency, and 
wherein frictional resistance is either elimi 
nated or reduced to a minimum. In this con 
nection attention is directed to the construc 
tion of nozzle, the casing, the mixing tube. 
and the inlet section, wherein the parts 
thereof which are opposed to the direction 
of flow of the water are provided with rela 
tively sharp edges formed by converging or 
tapered surfaces, so that that portion of the 
moving water having these parts in its path 
passes along lines offering the least resist 
ance to the flow and reaches the inlet to the 
delivery pipe with comparatively small fric 
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tional losses. It will further be noted that 
the air discharge nozzle and its adjuncts are 
located both below the inlet to the delivery 
pipe and the main column of water to be 
lifted, so that this latter in its passage to 
the discharge point does not contact with 
any parts of the nozzle, mechanism, and 
therefore has a free, unobstructed flow 
throughout the length of the said delivery 
pipe. 
The mixing tube which partially encircles 

the air nozzle is preferably constructed so 
that its cross sectional area decreases from 
the inlet end for the water to a point Sul)- 
stantially opposite the end of the valve 
piece. and consequently. in view of the fact 
also that the flaring end is concentrie with 
the curve of the nozzle, there is a water space 
provided about the nozzle which gradually 
decreases so that the water flows along free 
easy curves within the said tube. This line 
of flow is further effectually aided by the 
conical projecting end of the valve piece 
which serves to prevent the formation of a 
pocket at the end of the nozzle which might 
otherwise cause reverse or eddy currents. 
The entire construction, therefore, of the 
nozzle, the valve and the mixing tube, is such 
as to provide long curved surfaces and knife 
edges in order that the least possible resist 
ance may be offered to the water moving 
over such surfaces. Furthermore, by pro 
viding for the adjustment of the air valve 
at the end of the air nozzle it is possible to 
directly throttle the air at the discharge 
opening, and secure a higher velocity of the 
air jet and expansion of the air at this point. 
While I have, in the foregoing description, 

referred to the device as used as an air lift 
for water, I wish it understood that I do not 
wish to be limited to this specific use, since 
obviously it is equally applicable for use in 
connection with other liquids, and the term 
“water 'is therefore employed only by way 
of example. It will also be understood that 
I have used the term “delivery pipe” in its 
broad sense as a conduit for conveying 
water, and therefore I do not wish to be re 
stricted as to its scope. 
Having now described my invention, what 

I claim as new and desire to protect by Let 
tel's Patent is: 

1. In an apparatus for lifting water, the 
combination of a well, a delivery pipe ex 
tending into said well, a foot piece secured 
to said pipe and having a flaring unob 
structed inlet end submerged in the body of 
water, a nozzle located below said foot 
piece and arranged to discharge air under 
pressure into said foot piece and means to 
supply compressed air to said nozzle. 

2. In apparatus for lifting water, the com 
bination of a well, a delivery pipe extending 
into Said well and having a foot piece termi. 
nating in a submerged unobstructed inlet, a 

into a body of water and having 
merged inlet, a nozzle located below said in 
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nozzle located below said foot piece and ar 
ranged to discharge air under pressure into 
said delivery pipe and means to supply com 
pressed air to said nozzle. 

3. In apparatus for lifting water, the com 
bination of a well, a delivery pipe extending 
into said well and having a foot piece termi 
nating in a submerged unobstructed inlet, a 
nozzle located below said foot piece and ar 
ranged to discharge air, under pressure into 
said delivery pipe and means exterior of said 
delivery pipe to supply compressed air to 
said nozzle. 

4. In an appal'at is for lifting water, the 
combination of a delivery pipe extending 
into a body of water, an inlet section secured 
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to the lower end of said pipe having a flaring . 
unobstructed inlet end... a nozzle provided 
with an outlet located below said inlet sec 
tion and arranged to discharge air under 
pressure into said inlet section, and means 
to vary the size of said outlet, said means 
being operable above the level of the body 
of water. 

5. In an apparatus for lifting water, the 
combination of a well, a delivery pipe ex 
tending into said well, an inlet section se 
cured to the lower end of said pipe, a nozzle 
located below said inlet section and arranged 
to discharge air under pressure into said in 
let section, and a mixing tube having a por 
tion encircling said nozzle and having its 
discharge end located in alinement with 
said delivery pipe and in close proximity to 
the inlet of said inlet section. 

6. In an apparatus for lifting water, the 
combination of a well, a delivery pipe ex 
tending into said well and having a foot 
piece terminating in a submerged inlet, a 
nozzle located below said inlet and arranged 
to discharge air under pressure into said de 
lively pipe, and a mixing tube arranged to 
project mixed air and water into said de 
livery tube and having a gradually decreas 
ing cross sectional area for a portion of its 
length whereby a water space is provided 
between said tube and nozzle, having rela 
tively long curved bounding walls offering 
minimum resistance to the flow of water. 

7. In an apparatus for lifting water, the 
combination of a delivery pipe extending 
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into a body of water and having a sub 
merged inlet, a nozzle located below said in 
let and having its outlet arranged to dis 
charge. air under pressure into said delivery 
pipe, and a valve piece for said outlet hav 
ing a substantially conical part extending 
exterior of said nozzle, the converging sur 
face of which forms substantially a continu 
ation of the outer walls of said nozzle. 

8. In an apparatus for lifting water, the 
combination of a delivery pipe extending 

a...sub 

let and having its outlet arranged to dis 

120 

30 



30 

1213,170 - 5. 

charge air under pressure into said delivery 
pipe, a valve piece for said outlet having a 
substantially conical part extending ex 
terior of said nozzle, the converging surface 
of which forms substantially a continuation 
of the outer walls of said nozzle, and means 
operable above the level of the body of water 
for adjusting the position of said valve piece. 

9. In an apparatus for lifting water, the 
combination of a well, a delivery pipe ex 
tending into said well and increasing in 
cross sectional area at intervals from the 
inlet end of said pipe, frusto-conical con 
nectors respectively joining adjacent sec 
tions of different cross sectional dimension, 
an inlet section secured to the bottom of said 
pipe having an unobstructed inlet, and a 
nozzle located below said inlet section and 
in alinement there with whereby air under 
pressure is discharged beneath the column 
of water contained within said delivery 
pipe. 

10. In an apparatus for lifting water, the 
combination of a well, a delivery pipe ex 
tending into said well, an inlet section se 
cured to the bottom of said pipe having 
outwardly flared tapered walls forming a 
relatively sharp edge disposed in the path 
of movement of the water, a nozzle posi 
tioned below said inlet section and ar 
ranged to discharge air under pressure into 
said inlet section, and a mixing tube par 
tially encircling said nozzle and having the 
side walls thereof forming the discharge 
opening concentrically arranged with re 
spect to the flaring walls of the inlet section. 

11. In an apparatus for lifting water, the 
combination of a delivery pipe extending 
into a body of water, an inlet section secured 
to the bottom of said pipe having outwardly 
flared, tapered walls forming a relatively 
sharp edge disposed in the path of move 
ment of the water, a nozzle positioned below 
said inlet section and arranged to discharge 
air under pressure into said inlet section, 
and a mixing tube partially encircling said 
nozzle and having the side walls forming 
the discharge opening concentrically ar 
ranged with respect to the flaring walls of 

the inlet section, and the opposite end of said mixing tube having tapering walls 'forming a relatively sharp edge disposed in 
the path of the moving water whereby fric 
tional losses are reduced. 

12. In an apparatus for lifting water, the 
combination of a delivery pipe extending 
into a body of water, a casing supported 
adjacent the inlet end of said pipe, a nozzle 
positioned below the inlet end of said pipe 
for discharging air into said delivery pipe, 
and means for connecting said nozzle to said 
casing, said means embodying tapering sur 
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faces forming a relatively sharp edge dis 
posed in the path of movement of the water, 
whereby friction is reduced. 

18. In an apparatus for lifting water, the 
combination of a delivery pipe extending 
into a body of water, a casing supported ad 
jacent the inlet end of said pipe, a nozzle 
located below the inlet end of said pipe and 
arranged to discharge air into said delivery 
pipe, a mixing tube for air and water ar 
ranged about Sail nozzle, said tube and cas 
ing being provided with means for reduc 
ing the friction of the moving water. 

14. In an apparatus for lifting water, a 
delivery pipe extending into a body of water. 
and having a submerged unobstructed inlet, 
a foot piece secured to said pipe and termi 
nating in an inlet, and a nozzle located be 
low said inlet and arranged to discharge air 
under pressure into said inlet section, said 
delivery pipe having a lining of anti-fric 
tion material. 

15. In an apparatus for lifting water, a 
delivery pipe extending into a body of water 
a foot piece secured to said pipe and termi 
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nating in an unobstructed inlet and a nozzle 
located below said inlet and arranged to dis 
charge air under pressure into said inlet 
Section, said delivery pipe having a lining 
of anti-friction material. 
In testimony that I claim the foregoing 

invention, I hereunto set my hand this 31st 
day of March, 1915. 

L. T. EDWARDS. 
In the presence of - -- 

C. H. WIssMANN, 
FLORENCE DEACON. 
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