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UNITED STATES 

1,698,619 

PATENT OFFICE. 
GEORGE BLOW, OF KNOXVILLE, TENNESSEE. 

IQUIDESTING APPARATUS, 

Application falled June 11, 1925. Serial No. 86,512. 

This invention relates to apparatus for 
lifting liquids and while capable of general use, is particularly adapted for lifting 
water, oil, or other liquids from wells, 
shafts, reservoirs, bilges or the like. 
The common method of lifting liquids, 

particularly from deep wells or shafts, is by 
a pump located in the well and operated by 
a rod or wire line from the surface. The cylinder, piston, and valve are necessarily 
placed at the bottom of the well, while the 
driving mechanism of various types, is lo 
cated at the well head. The disadvantage 
of this method and apparatus is the neces 
sity for frequent repairs to or replace 
ment of the working parts because of fric 
tion therebetween or clogging of the same by 
sand and the like. Since most of the parts 
are inaccessible by reason of their location, 
repairs to or replacement of the same re 
quires the expenditure of considerable time, 

- with the consequent increased cost of main 
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liquid lifted; and which insures control of 
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tenance and decreased efficiency of the ap 
paratus. . 
The principal objects of the present in 

vention are to provide liquid lifting ap 
aratus which overcomes the defects and 
isadvantages inherent in known apparatus 

such as above referred to; which carries out 
a method utilizing the principles of the air 
lift and the hydraulic jet; which produces a 
differential of pressure on the nozzle tip for 
the hydraulic jet by decreasing the density 
or weight of one of two normally balanced 
columns of liquid by means of suitable 
medium such as air injected therein; which 

on the lines 4-4, 5-5, 6-6, and 7-7, of maintains, a constant pressure on the noz zle by a driving column of liquid supplied 
at the head thereof through the medium of a 
ressure tank; which discharges the liquid 
reely into the pressure tank and enables 

lifted liquid to be conducted therefrom by overflowing of the tank; which maintains a 
constant pressure on the driving column of 
liquid by discharging the lifted liquid into 
the pressure tank; which secures the required 
differential of pressure by injection of the 
air at the desired depth in the column of 
the differential of pressure by the volume 
of air ????????????? or by the depth of submerg 
ence of the air pipe. 

Broadly stated, this invention consists in 
overcoming the static balance of two 

55 columns of liquid, hereinafter designated 

the driving column and the discharging 
column by decreasing the weight or density 
of the discharging column, preferabl 
through the medium of a suitable gas suc 
as air injected into said column or a portion 
thereof; producing a hydraulic jet directed 
upwardly through the discharging column, 
by the differential of pressure obtained on 
the jet nozzle tip when the columns of liquid 
are unbalanced; causing liquid to circulate 
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in the system by maintaining constant pres 
sure on the head of the driving column, 
preferably through the medium of a bulk 
of liquid into which the discharging 
column overflows; and lifting liquid from 
a well or the like with the hydraulic jet 
and the discharging column. . 
This invention may be embodied in a 

variety of mechanical expressions, one of 
which is shown in the accompanying draw 
ings, but it is to be expressly understood 
that the drawings are for purposes of ill 
lustration only and do not define the limits 
of the invention, reference being had to the 
appended claims for this purpose. * 
In said drawings, 
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Fig. 1 is a longitudinal section through 
???? embodying the invention and 
S own installed in a well or other reservoir 
of liquid to be lifted; 

Fig. 2 is a side elevation of a foot nozzle 
or ejector adapted to be submerged within 
the well; 

Fig. 3 is a vertical section on the line 3, 
3 of Fig. 2; 

Figs. 4, 5, 6 and 7 are horizontal sections 
Fig. 2: - 

??????'s is an enlarged detail section of the 
pipe coupling shown in Fig. 1, illustrating 
in detail ???????! nozzle; Fig. 9 is a horizontal section on the line 
9-9 of Fig. 8: a 

Fig. 10 is a longitudinal central section 
through a pipe coupling provided with 
another form of supplemental nozzle; 

Fig. 11 is a horizontal section on the line 
11-11 of Fig. 10; and 

Fig. 12 is a vertical section on the line 
12-12 of Fig. 11. 

Referring to the drawings, wherein like 
characters designate like parts throughout 
the several views, 5 and 6 indicate two con 
centrically arranged liquid containers in the 
form of pipes which reach to or near the 
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bottom of a well 7 and terminate in a foot 
nozzle or ejector 8 submerged in the liquid 
of the well. The upper end of pipe 5 is 
secured in any suitable manner within an 
opening 9 formed in the bottom of a pressure 
tank 10 which constitutes in effect, an en 
larged head for the pipe. 5. Pipe 6 projects 
into tank 10 through opening 9 and has its 
upper open end disposed above the surface 
of the liquid in said tank. An air pipe or 
hose 11 projects through the upper open end 
of pipe 6 and extends downwardly within the 
latter a distance less than the full length of 
pipe 6 and determined by the depth of the 
well and the amount of liquid in the hole. 
Saidair hose or pipe is connected with any 
suitable air pump or motor (not shown). 
When the apparatus is installed, the system 
is filled with any suitable driving fluid such 
as water or oil. The nozzle 8 provides com 
munication between pipes 5 and 6 and the 
two columns of liquid in said pipes are thus 
normally maintained in static balance. 

Foot nozzle or ejector 8 preferably com 
prises a single casting having one movable 
part therein. As here shown, the casting 
provides concentrically arranged liquid con 
tainers in the form of an outer pipe 2, and 
an inner pipe 13 joined to said outer pipe 
by hollow legs 14 which define ports 15 ex 
tending through the walls of the pipes adja 
cent the lower ends thereof. Pipes 12 and 
13 are threaded or otherwise suitably secured 
on the lower ends of pipes 5 and 6 and legs 
14 serve to conduct liquid from pipes 5 and 
i2 into the nozzle. The nozzle proper com 
prises the inturned upwardly directed end : 
16 of pipe 13 and the bottom closure 17 of 
pipe 12, the pipe end 16 and bottom closure 
17 having opposed surfaces suitably curved 
to direct liquid descending downwardly 
through legs 14 upwardly through the nozzle 
and pipe 13. The inturned pipe end 16 is 
provided adjacent its base with a plurality 
of pressure ports 18, and a seat 19 of rubber 
or other suitable material for a sleeve valve' 
20 which is slidably mounted in pipe 13 and 
normally rests on seat 19 as indicated b 
dotted lines in Figs. 1 and 3. When seated, 
said valve closes port 15. and prevents liquid. 
in Well 7 from entering pipe 13. r 

Sleeve valve 20 is provided with a converg 
ing, diverging bore 19, which serves as a 
throat for the hydraulic jet produced by the 
foot nozzle. The valve has a comparatively 
loose fit within pipe 13 so that it may fail 
by its own weight to close ports 15. Pipe 
13 is provided intermediate its ends with 
flanges 21 and 22 and valve 20 is provided 

60 intermediate its ends with an annular flange 
23 which during movement of the valve has 
sliding contact with the annular space de 
fined by flanges 21 and 22. The upper and 
lower surfaces of flanges 21 and 22 are pref 
erably provided with seats 24 and 25 for 

of 

the system as long 

1,698,619. 
flange 23 and said seats may be of rubber or 
any other suitable cushioning material. 
Above flange 22, the pipe 13 is provided with 
a plurality of ports 26through which liquid 
of the driving column in pipes 5 and 12 may 
be directed upwardly within pipe 13 against 
the lower surface of a comparatively wide 
annular flange 27 at the top of the sleeve 
valve, the driving fluid admitted between 
flanges 22 and 27 together with fluid ad 
mitted or directed through pressure ports 18, 
serving to lift valve 20. Flange 27 is pref. 
erably provided with a piston ring 28 but 
the provision of packing between said flange 
and pipe 13 is not essential since any leakage 
at this point would not interfere with the 
operation of the apparatus. ? ? 
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Supplemental nozzles are preferably pro 
vided by a plurality of inclined ports 29 
formed in pipe couplings 30 for the sections 

pipe 6 and said nozzles serve to direct 
Small streams of liquid from pipe 5 up 
wardly into pipe 6 (Figs. 1, 8 and 9). The 
???????????????????f’ jets may also be produced by 
the construction shown in Figs. 10, 11 and 90 
12 wherein the coupling 31 for adjacent sec 
tions of pipe 6' is provided with a substan 
tially flat nozzle having a wide hollow base 
32 extending across pipe 6 and terminating 
in ports, 33,33, through which the liquid is 
admitted from pipe 5. The liquid after be 
ing admitted within the hollow base 32 is di 
rected in a relatively small stream or jet 
upwardly into pipe 6' by the side and end 
walls 34 and 35 which for this purpose con 
verge upwardly to provide a port 36 located 
axially with respect to pipe 6 and through 
which the liquid is ejected therein. 

100 

During operation of the apparatus, a suit- h- 
able gas such as air is forced through pipe 
11 and discharges from the lower end there 
of into the liquid contained in pipe 6. This 
decreases the density or weight of column 
C which is now composed of air and liquid. 
Column B is composed of liquid alone. Col 
umn A is also composed of liquid alone 
and is under a constant head of pressure 
from tank 10. Therefore the unit pressure 
of column B, C, at the nozzle, is le 
driving column A. A jet of water will 
therefore flow from the nozzle upwardly 
through the throat 19' of valve 20 and ????? 
the discharge conduit provided by pipe 
There will thus be a constant circulation iun 

as air is discharged 
from pipe 11. It will be noted that the op 
eration is in part an air lift, with the dif 
ference that the high percentage of sub 
mergence required by that method is not 
necessary with the present method. The dif 
ference in pressure at the nozzle may be regu 
lated by the amount of air injected into dis 
charging column B, C or by the depth of 
submersion of the air pipe- or hose 11. It 
is to be particularly noted that the action 
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of the air injected in discharging column B, 
C is not that of forcing water out of the 
discharge pipe. The air simply changes 
the density or weight of the discharging 
column or a portion thereof and consequent 
ly produces the aforesaid differential of pres 
sure on the nozzle tip by the unbalancing 
of driving column A and discharging, col 
umn B, C. When the hydraulic jet has been 
produced in the manner stated the higher 
pressure of column A acts to direct liquid 
through ports 26 against the annular flange 
27 of sleeve valve 20. The high pressure 
driving column A also acts to direct liquid 
through pressure ports 18 against the base 
of the sleeve valve, and the combined effect 
of these pressures on the sleeve valve, assist 
ed by friction of the jet through throat 19' 
of valve 20 lifts the valve to its upper posi 
tion as shown in Figs. 1, 2 and 3. Ports 
15 are thus opened and oil or other liquid 
in the well 7 is admitted into pipe 13 ad 
jacent the nozzle. The hydraulic jet pro 
duced by the nozzle and throat 19' has the 
property of creating a suction behind it and 
carrying along any fluid entrained by this 
suction. Liquid from the well therefore 
flows to the hydraulic jet and is lifted with 
the discharging column B, C. Column B, 
Coverflows at the upper end of pipe 6 into 
tank 10. A certain proportion of liquid 
overflows from tank 10 into an inclined 
trough 37 which leads to a storage tank 38 
preferably disposed at a level lower than 
that of the pressure tank 10. The liquid 
flowing from pipe 6 into tank 10 serves to 
maintain the head of pressure on column. A 
constant. The liquid overflowing from tank 
10 constitutes the liquid lifted from the well, 
while the balance of the liquid lifted is re 
tained within the system as circulating 
liquid. When columns A and B are unbal 
anced in the manner stated, the driving 
column will produce supplemental jets 
through the supplemental nozzles and these 
supplemental jets assist the lifting of column 
B, C and constitute what might be termed 
“booster jets. Any desired number of sup 
plemental nozzles may be employed and 
they may be placed at suitable intervals in 
the length of the pipe for column B, C. 
The total pressure on the booster nozzles 
will vary with ???????? but the differential of 
pressure under which they act will be the 

53 game for every point below the air discharge. 
When it is desired to stop the lifting oper 

ation, the supply of air to the discharging 
column B, C is cut off. The jet will then 
flow until a static balance between columns 
A and B, C is obtained, at which time there 
is no differential of pressure to hold up the 
sliding sleeve valve 20. The valve therefore 
falls by its own weight onto seat 19, thereby 
closing ports 15 and preventing oil or liquid 
in the well from entering pipe 13. Closing 
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well from entering pipe 13 but also serves 
to retain driving liquid within the system 
and prevent discharge of the same into the 
well when the apparatus is not in operation. 

It will thus appear that I have provided 
liquid lifting apparatus simple in its con 
struction and operation, entirely automatic, 
and producing a continuous non-pulsating 
flow which can easily be regulated by vary. 
ing the amount of air supplied or the depth 
of submergence of the air pipe. The present 
apparatus is capable of handling sand, slimes 
and other solids which are destructive to 
known equipment for pumping or lifting 
liquid. If a number of wells are to be 
“lifted' as on an oil lease, a central power 
plant may supply air through lines to appa 
ratus installed in each of the wells. More 
over, lifting of liquid from all of the wells 
may be controlled from the same point by 
suitable valves on the line to each well. In 
this way, superintendence and maintenance 
may be concentrated and reduced to a mini 
mum. It is to be expressly understood that 
the driving liquid may be oil, or water, or 
both, and that the apparatus is capable of 
lifting liquids other than oil an 
Moreover, the air or other suitable density 
reducing medium may be injected into the 
discharging column through various types of 
orifices, and nozzles other than the one par 
ticularly disclosed herein may be employed 
for |????????????????? the hydraulic jet. It is to be 
further understood that other methods and 
devices may be used to decrease the density 
of one of the two normally balanced columns 
of liquid without departing from the spirit 
of this invention. These and other changes 
in the procedure and the form and construc 
tion of the apparatus are therefore intended 
within the limits of the appended claims. 
What is claimed is:- 1. In a liquid lifting apparatus, the com 

bination of communicating containers for 
two normally balanced columns of liquid, a 
device for aerating one liquid column to re 
duce its density, a nozzle for producing, a 
hydraulic jet in the aerated column by the 
driving effect of the other column, and a 
valve in the path of said jet and actuated 
thereby to automatically establish commun 
ication between the container for the aerated 
column and a well or the like, whereby 
liquid in the latter, flows to the hydraulic 
jet and is lifted with the aerated column. 

2. In a liquid lifting apparatus, the com 
bination of communicating containers hav 
ing two normally balanced columns of 
liquid therein, means for unbalancing said 
??????????? and causing the liquid in one con 
tainer to discharge into the other container, said means comprising a device for aerating 
one column and a nozzle producing a ? 
draulic jet in the aerated column by t 

of the valve not only prevents liquid in the 
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driving effect of the other column, and 
communication between the container for 
the aerated column and a well or the like, 
whereby liquid in the latter flows to the hy 
draulic jet and is lifted with the discharg 
ing aerated column. . 

3. In combination, two containers dis 
posed one within the other adapted to be 
placed in a well or the like and terminating 
in a nozzle directed upwardly within the 
inner container, a valve in the inner contain 
er controlling communication between the 
latter and the well, and means for direct 
ing fluid, under pressure against said valve 
to lift, the same and admit liquid from the 
well into the inner pipe adjacent said noz 

i zle. 
20 

4. In combination, two containers dis 
posed one within the other adapted to be 
positioned in a well or the like, a nozzle di 
rected upwardly within the inner pipe, and 
a valve for controlling the passage of fluid 
from the well into the inner pipe, said valve having a throat receiving the jet from said 
nozzle. 

5. In combination, two liquid containers 
disposed one within the other adapted to be 
positioned in a well or the like, a nozzle on 
the outer container directed upwardly with 
in the inner container, and a valve slidably 
mounted within the inner container and 

40 

having a converging-diverging bore provid 
ing a throat for receiving the jet of said 
nozzle, Said valve controlling the passage of 
fluid from the well into the inner pipe. 

6. In combination an inner and an outer 
conduit having an inlet port and terminat 
ing in a nozzle directed upwardly within the 
inner conduit, a valve for admitting fluid. 
through said port between the inner con 
duit and the nozzle, and means for directing 
fluid under pressure from the outer conduit 

against said valve to lift the same and open 
means acted upon by said jet and controlling said port. 

7.In combination an inner and an outer 
liquid container having an inlet port in the 
walls thereof, said containers terminating in 
a nozzle directed upwardly within the in 
ner“container, a valve in the inner container 
normally closing said port and normally 
seated over said nozzle, and means for di recting liquid under pressure against said 
valve to lift the same and open the port. 

8. In combination an outer and an inner 
conduit terminating in a nozzle directed up 
wardly within the inner conduit, said con 
duits having one or more ports in the walls 
thereof, a valve in said member normally 
closing the port or ports and having a throat 

45 

50 

55 

for the jet from the nozzle, and means for 
directing liquid under pressure from the 
outer conduit against said valve to lift the 
same and E. the port or ports. 

9. In combination an outer and an inner 
conduit terminating in a nozzle directed up 
wardly within the inner conduit, said mem 
ber having one or more ports in the walls 
thereof for admitting liquid between the 
inner conduit and the nozzle, a valve nor 
mally seated over the nozzle to close the 
ports and having a throat for the jet of the 
nozzle, and means for lifting the valve by 
fluid pressure from the outer conduit. 

10. In combination, two containers dis 
posed one within the other and adapted to 
be placed in a well or the like, a nozzle di 
rected upwardly from the outer into the in 
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ner of said containers, an opening from said 
well to said inner container, and a pres 
sure actuated valve normally closing said 
opening, and operable by a jet from said 
nozzle impinging thereon. 
specification. 

GEORGE BLOW. 
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Intestimony whereof I have signed this 

  


