
K. KELLEY ET AL 2,674,202 

STAGE LIFT APPARATUS FOR WELLS 

April 6, 1954 

zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzZZZZZZZZZZZZZZZZZZZzzzzzzzzzzzzzzzZzZzZzZZZZZZZZZZZZZZZZZ) 
Filed May 12, 1952 

  

  

  

  

    

  

  

  

    

  

  

  

  

  

  

  

  

  

  



Patented Apr. 6, 1954 2,674,202 

UNITED STATES PATENT OFFICE 
2,674,202 

STAGE LIFT APPARATUS FOR, WELS 

Kork Kelley and Alleine Kelley, Venice, Calif. 
Application:May 12; 1952, Serial No. 287,386 

(C. 103-260) 6. Claims. 

This invention relates to well equipment. and 
more: particularly, to a. pump-and a pump System. 
for lifting fluids from wells. 

Jet. Or Venturi type: pumps, insofar as is known. 
to us, are used to lift well-fluids, only from shal 
low Wells whose depths do not exceed two or three 
hundred' feet. Since their effectiveness is limited: 
by the turbulence, created by the restrictions 
placed in the passage or "throat' of the pump to: 
increase: at a particular point in the passage the: 
Velocity of the power fluid passing through the 
pump; Moreover, a plurality of such conven 
tional jet, or Wenturi pumps, cannot be employed 
efficiently in series, to lift well or production fluid 
from great depths since: each of the pumps would 
have to have: a pump of such cross-sectional area. 
as to allow fluid discharged from lower pumps 
in the system to pass upward without causing back 
pressure: to be set up, which would slow down the 
velocity of the fluid passing through the lower 
pumps and thus destroy the Wenturi effect in the 
lower pumps. It is, desirable, therefore, to pro-. 
vide a jet, pump in which the turbulence is held 
to a minimum. It is also desirable to provide; a 
jet pump, a plurality of which can be connected 
in. Series, in a production: string to lift well fluid 
from great depths. 
Accordingly, it is, an object of the invention. to: 

provide a new and improved pump, 
It is, another object of the invention: to provide 

a new and improved pump of the jet type. 
It is still another object of the invention to 

provide a new and improved pump of the jet 
type for lifting well fluids. 

It is a further object of the invention to provide. 
a new and improved pump of the jettype in which 
the turbulence of the fluids is reduced to a mini 

. 
It is a Stili further object. Of the invention to 

provide a new and improved pump. system for 
lifting fiuids from Wells. 
It is... a. still further" object of the invention to 

provide a new and improvedpump;System employ 
ing a plurality of pumps connected in series; for 
lifting fluids from...wells. 
For a better understanding of the invention, 

reference" may be: had to the following descrip 
tion taken in connection with the accompanying 
drawing and its. Scope; will be pointed. Out, in the: 
appended claims. 

Inithe' drawing, 
Figure it is a vertical sectional view of a weli 

showing the pump system of the invention in 
place for lifting fluids from the well to the surr. 
face; 

Figure 2 is an enlarged vertical sectional view. 
of one of the pumps of the pump system shown in 
Figure:: . 

Figure. 32 is a sectional view taken on the line. 
3-3 of Figure2; and 

2. 

2. 5 

s 

35. 

40. 

50. 

60; 

2. 
Figure 4 is a fragmentary view. of a portion. 

of the pump shown in Figures. 2. and, 3, with Some 
parts broken away. 
Referring now to the drawing, the reference 

character 0, designates, a well having the usual 
casing , extending from the surface to the: Well 
fluid, producing formation, 12. A tubing string 
3, shown, as a single tubing but which is ordi 
narily composed of a plurality of Sections, ex 
tends from the surface: to the-bottom of the Well 
and is provided at its lower end, with a strainer 
4. A seating shoe or sealing device 5 is se 
cured in the tubular string adjacent its lower end 
to seal between the tubing string and the frusto 
conical surface or shoulder 6 of the lowermost 
pump of a series of pumps. It connected in, series 
in a production string f8 through which well fluid 
is pumped from the bottom of the well to the 
surface. The pumps 7 are connected between: 
adjacent sections 9 of the production string 8. 
Power fluid is pumped from the Surface down 

between the tubing string. 3 and the production. , 
string 8 and enters into the pumps; T through 
the port, holes. 20; in the tubular jackets 2 of 

D the pumps. The power fluid is prevented from 
passing into the well, by the seating shoe. 5 
which forms; a fluidtight seal between the lower 
most pump. 7 and the tubing string 3. The 
power fluid is under relatively high pressure' and 
flows: with relatively high velocity through the 
pumps; T thereby drawing well fluid through the 
strainer 4, and up through the production string. 
8. 
The tubular jacket, 2.f. of each of the pumpS 7 

is internally, threaded at both of its ends. The 
externally threaded lower end of a section 9 of 
the production string is engaged in the upper 
threaded end of the tubular jacket. While the 
lower threaded end of the jacket receives the ex 
ternally threaded reduced section 22 of a man 
drel 23, the lower end of the jacket abutting the 
annular shoulder 24 of the mandrel. The lower 
end 25 of the mandrel is internally threaded to 
receive the upper externally threaded end of a 

a lower section 9 of the production string. 
An outer sleeve 26, which maybe; integral with 

the mandrel, extends upwardly from the mandrel 
past the internal shoulder 27 of the jacket 2 and 
into the: reduced portion 28 of the central bore: 
of the jacket. 
The outer sleeve. 26 is provided with a pair of 

diametrically: opposed lateral holes. 29 through 
which power fluid may pass into a transverse 
conduit 39 whose opposite ends are secured to 

: the outer sleeve 26 by welding or in any other 
suitable manner. A jet sleeve 3 extends up 
wardly from the transverse conduit into an inner 
sleeve 32 which is held in position and is secured 
to the outer sleeve 26 by webs 33. It will be 
noted that the upper end of the jet sleeve 3 is 
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disposed intermediate the ends of the inner sleeve 
32 and that the upper end of the inner sleeve 
is disposed below the upper end of the outer 
sleeve. It will also be noted that the jacket and 
the sleeves are disposed concentrically with re 
spect to the central longitudinal axis of the 
jacket and that each sleeve is spaced from the 
other sleeves so that fluids may pass through the 
cylindrical passages between the sleeves and be 
tween the outer sleeve and the jacket. 
The mandrel 23 is provided with an inner an 

nular fiange 34 which serves as a seat for a ball 
check wave 35. 
The operation of each pump 7 will now be ex 

plained. The power fluid pumped from the Sur 
face down between the tubing string 3 and the 
production string enters into the tubular jacket 
2 through the port holes 20 and passes through 
the lateral holes 29 in the outer sleeve 26 into the 
transverse conduit 3). From the transverse COn 
duit, the power liquid fdows upwardly through 
the jet sleeve and into the inner sleeve 32. The 
power fluid jetting from the jet sleeve Creates a 
pressure differential with the inner sleeve be 
tween the upper and lower portions thereof 
which tends to move fluid upwardly in the cylin 
drical space between the jet and inner sleeve 
from the lower portion of the outer sleeve 26. 
This pressure differential also tends to move the 
ball check valve 35 upwardly as the well fluid is 
moved upwardly by the pressure differential so 
that well fluid is allowed to raove upwardly fron 
a lower section 19 of the production string í3 
through the mandrel 23 and into the outer 
sleeve 26. 
A mixture of power fluid and well fluid is thus 

caused to flow upwardly from the upper end of 
the inner sleeve 32. This flow of the mixture 
tends to set up a pressure differential within the 
outer sleeve 26 between its ends which also tends 
to cause well fluid to flow upwardly in the cylin 
drical space between the outer and inner sleeves. 
Power fluid also flows upwardly in the pump 

jacket 2 in the cylindrical space between the 
outer sleeve 26 and the jacket. This upward flow 
of the power fluid also tends to create a pressure 
differential in the outer sleeve 26 between its 
upper and lower end which also tends to move 
well fluid upwardly through the outer sleeve. It 
will now be seen that in each pump , a central 
rod-shaped stream of power fuid jets upwardly 
from the jet sleeve 3 and an outer cylindrical 
stream of power fluid which is concentric with 
the central rod-shaped stream jets upwardly 
from the cylindrical space between the outer 
sleeve 26 and the jacket, both streams tending to 
create pressure differentials which move fiuid 
from the lower end of the outer sleeve upwardly 
to the upper section 9 connected to the upper 
end of the jacket. 
A very important function of the cylindrical 

stream of power fluid is to reduce the turbulence 
which would otherwise occur above the upper 
end of the outer sleeve 26 if only the central rod 
shaped stream of power fluid were present. In 
effect, the well fluid is carried between tWO up 
wardly moving streams which prevent the ex 
treme turbulence found in conventional jet or 
Wenturi pumps, 
The inner sleeve 32 also tends to decrease or 

minimize turbulence since the upper end of the jet 
sleeve is disposed intermediate its ends, the por 
tion of the inner sleeve above the jet sleeve Serv 
ing as a guide to direct upwardly the flow of the 
mixture of power and well fluids. The use of the 
inner sleeve also minimizes the obstructions in 
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4. 
the pump to upward flow of fluid since if the 
inner sleeve were not present, the jet sleeve would 
have to be of greater diameter so that cylindrical 
space between the jet sleeve and the outer sleeve 
would not be so great that the central rod-shaped 
stream jetting upwardly from the jet sleeve 
would not create a sufficient pressure differential 
between the upper and lower ends of the outer 
sleeve. The use of the inner sleeve permits the 
use of a jet sleeve of relatively Small diameter 
and the combined obstruction of the outer sleeve 
caused by both the jet sleeve and the inner sleeve 
is not as great as would be the obstruction of a 
jet sleeve of the necessarily greater diameter 
needed if the inner sleeve were not provided. 
Each of the pumps 7 functions in the above 

described manner except that only the lowermost 
pump draws pure well fluid through its mandrel 
23, since each upper pump draws a mixture of 
power and well fluids delivered to its mandrel 23, 
the mixture acquiring an increasingly greater 
proportion of power fluid as it moves upwardly 
through each pump T. The pump system em 
ploys a plurality of the pumps fi 7, Spa, ced as de 

5 sired along the production string, to lift the well 
fluid from even extremely deep Wells to the Sur 
face. The pumps being connected in series in 
the production string, the pump system functions 
to lift the well fluids in stages to the surface. 
he ball check valves 35 prevent downward flow 

of illuid in the production String. 
It will be seen now that a new and improved 

pump has been provided which employs a cen 
tral rod-shaped stream and a cylindrical stream 
of power fluid formed by a jet sleeve 3, an outer 
sleeve 25 and a tubular jacket 2 f to create a 
pressure differential to move fluid through the 
outer sleeve. Moreover, it will be seen that an 
inner sleeve 32 has been provided between the 
jet sleeve and the outer sleeve which minimizes 
the turbulence in the fluids flowing through the 
pump and which also permits the use of a jet 
sleeve 3 of relatively Small diameter. Further 
more, it will be seen that a single tubular string 
3 may be employed to deliver power fuid simul 
taneously to a plurality of the pumps 7 con 
nected in series in a production string 8 dis 
posed in the tubular string 3. 

It will be apparent that many changes and 
modifications can be made in the described and 
illustrated pump and pump system without de 
parting from the invention and it is intended, 
therefore, in the appended claims to cover all such 
changes and modifications as fall within the true 
Spirit and scope of the invention. 
What is claimed is: 
i. A pump comprising a tubular jacket having 

a central bore and a lateral aperture for admitting 
power fluid into said central bore; a first sleeve 
having a central bore disposed in said tubular 
jacket means between said first sleeve and said 
jacket below said lateral aperture for preventing 
downward flow of power fluid therebetween; a 
jet sleeve extending into said first sleeve, said 
sleeves and said jacket being" concentrically: 
aligned; means communicating with said central 
bore of said jacket and the lower end of said jet 
sleeve for admitting power fluid from said cen 
tral bore of said jacket to said jet sleeve, said 
sleeves being spaced from said jacket and from 
One another whereby power fluid flowing into said 
Central bore of Said jacket through said aper 
ture may flow into and upwardly through said 
jet sleeve and upwardly between said jacket and 

75 Said first sleeve to produce a rod-shaped stream. 
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and a cylindrical-shaped stream for creating a 
pressure differential in the central bore of said 
first sleeve. 

2. A pump comprising a tubular jacket having 
a central bore and lateral ports for admitting 
power fluid into said central bore; a first sleeve 
having a central bore disposed in said tubular 
jacket; a second sleeve disposed in said first 
sleeve; a jet sleeve extending into said second 
sleeve, said sleeves and said jacket being concen 
trically aligned means between said first Sleeve 
and said jacket below said lateral ports for pre 
wenting downward flow of power fluid therebe 
tween; means communicating With the jet sleeve 
and said cential bore for admitting power fluid 
from said central bore of said jacket to the lower 
end of Said jet sleeve, said sleeves being spaced 
from said acket and from One another Whereby 
power fluid flowing into said central bore of said 
jacket may flow into and upWardly through said 
jet sleeve and upwardly between said jacket and 
said first sleeve to produce a rod-shaped strean 
and a cylindrical-shaped stream for creating a 
preSSure differential in the central bore of Said 
first sleeve. 

3. A pump comprising a tubular jacket having 
a first portion providing a large central bore and 
a Second portion providing a Small central bore; 
a lateral aperture in said first portion for ad 
mitting power fluid into Said large central bore; a 
first sleeve in Said tubular jacket having a cen 
tral bore and extending from Said first portion 
into said Second portion; means between said 
first sleeve and said first portion below said lat 
eral aperture to prevent downward flow of power 
fluid between the first sleeve and the jacket; a jet 
sleeve disposed in said first sleeve, said sleeves 
and Said jacket being concentrically aligned; 
means communicating With said jet sleeve and 
Said large Central bore for admitting power fluid 
from said large central bore to the lower end of 
Said jet sleeve, Said sleeves being spaced from 
said jacket and from one another whereby power 
fluid flowing into said large central bore of said 
jacket may flow into and upwardly through said 
jet sleeve and upwardly between said jacket and 
Said first sleeve to produce a rod-shaped stream 
and a cylindrical shaped stream for creating a 
preSSure differential in the central bore of said 
first sleeve. 

4. A pump comprising a tubular jacket having 
a first portion providing a large central bore and 
a second portion providing a small central bore; 
a lateral aperture in said first portion for ad 
mitting power fluid into said large central bore; 
a first sleeve in said tubular jacket having a cen 
tral bore and extending from, said first portion 
into Said Second portion; means between said first 
sleeve and said first portion below said aperture 
to prevent downward flow of power fluid between 
Said first sleeve and said jacket; an inner sleeve 
disposed in said first sleeve; a jet sleeve extend 
ing into Said inner sleeve, said sleeves and said 
jacket being concentrically aligned, the upper 
end of said inner sleeve being spaced vertically 
between the upper ends of said first sleeve and 
said jet sleeve; means communicating with said 
jet sleeve and Said large central bore for admitting 
power fluid from Said large central bore to said 
jet sleeve, Said sleeves being spaced from said 
jacket and from one another whereby power fluid 
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6 
flowing into said large central bore of said jacket 
may flow into and upwardly through said jet 
sleeve and upwardly between said jacket and said 
first sleeve to produce a rod-shaped stream and 
a cylindrical shaped stream for creating a pres 
Sure differential in the central bore of said first 
sleeve. 

5. A pump comprising a tubular jacket having 
a first portion providing a large central bore and 
a Second portion providing a Small central bore; 
a lateral aperture in Said first portion for ad 
mitting power fluid into said large central bore; 
a first sleeve in said tubular jacket having a cen 
tral bore and extending from said first portion 
into Said Second portion; means between said 
first Sleeve and Said first portion and below said 
aperture to prevent downward flow of power fuid 
betWeen said first sleeve and said jacket; an 
inner sleeve disposed in Said first sleeve; a jet 
Sleeve extending into said inner sleeve and have 
ing its outlet end disposed intermediate the ends 
of Said inner Sleeve, Said sleeves and said jacket 
being Concentrically aligned; means communicat 
ing With Said jet sleeve and said large central 
bore for admitting power fluid from said large 
central bore to Said jet sleeve, said sleeves being 
Spaced from Said jacket and from one another 
Whereby power fluid flowing into said large cen 
tral bore of Said jacket may flow into and up 
Wardly through Said jet sleeve and upwardly be 
tWeen Said jacket and Said first sleeve to pro 
duce a rod-Shaped Stream and a cylindrical 
shaped strealin flowing for creating a pressure 
differential in the central bore of said first sleeve. 

6. A purnip comprising a tubular jacket having 
a first portion providing a large central bore and 
a Second portion providing a Small central bore; 
a lateral aperture in said first portion for ad 
mitting power fiuid into said large central bore; 
a first sleeve in said tubular jacket having a 
Central bore and extending from said first por 
tion into Said Second portion; means between said 
first sleeve and said first portion to prevent down 
Ward flow of power fluid between said first sleeve 
and Said jacket; an inner sleeve disposed in said 
first sleeve intermediate the ends thereof; a jet 
sleeve extending into said inner sleeve and hav 
ing its outlet end disposed intermediate the ends 
of Said inner sleeve, Said sleeves and said jacket 
being concentrically aligned; means, communi 
Cating With Said jet sleeve and said large central 
bore for admitting power fluid from said central 
portion to Said jet sleeve, said sleeves being spaced 
from Said jacket and from one another whereby 
power fluid flowing into said large central bore 
of Said jacket may flow into and upwardly 
through Said jet sleeve and upwardly between 
Said jacket and Said first sleeve to produce a rod 
shaped stream and a cylindrical shaped stream 
for Creating a pressure differential in the central 
bore of Said first sleeve. 
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