June 3, 1958 G. E. MOHNKERN 2,837,029
HYDRAULIC SUBSURFACE PUMP AND MOTOR

Filed Sept. 14, 1954

==

HH/ _//2 _//0
NG ]
N |
AN 28N
N% EN N A
NN
/5 NI
T N 15
] N
T *
1]
7 ’\ N
4 /
NI AL 372 R
\iim’
N
N
3 ¢ \Z:\
PN
\ § \
NN
N % ’ /
N % /6
/9\"‘%1 _'
N ] 20
§|f‘
|
YAN
N |
N N
1
NININ /8
Nl
V] a
40 _ e

2 Sheets-Sheet 1

TP L

A2
i
A 0

15 /5

AT
C\w 2/

A

\ 10

16

N 20

sz &

23

2
I Agx-/za

28 —*@

INVENTOR.
GERALD E. MOHNKERN,

B 0 sl X el

his Attorney.



837,029

2

June 3, 1958

G. E. MOHNKERN
. HYDRAULIC SUBSURFACE PUMP AND MOTOR

Filed Sept. 14, 1954

2 Sheets-Sheet 2

w

T =
Q) ok % )
N M © ~ <
\ A\ RN N ; = s .AN S
_..VL// __/\ \/\ TIT7 7 k/ =77 TTTITITT T 7 WW mm
NN NN // < \A\NNR = M Ay 2
e AANANNNNKS 0 &
= 9
=
_w/ STUTEARRRA A NARRRURAANARNS //% \ \ \\\ \\ e ———— m m
777 Hrrrri] A 2 S NN AN ANAANN\N = AANARRRRNSANARAANNRN <
J.I./l //\«A/h 22207 220l LLL Z VIO IYIONE 4 Z 2. .Vrl.
o_a Q
N
" N
| © Q N RY v
“\\ Z ] -—\ yd yod \\/ < Z. /\\/\\/H 2221070 ye V/ 2L Z \v /K/ “ﬁ,\\\\ /\:‘ %
e S, T~ ~N N ¥ < NI i\;m\fl\z hvr \\%\_.
| A 2!/. (‘\wﬂ T
' i I@ < < ALY 20J\ “ \\ 1// / N
(e m— _
r T ; AA&““MMWNMN AAANRNRN

AN

L. VA4




United States Patent Of

2,837,029
Patented June 3, 1958

1CC

2,837,029
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Application September 14, 1954, Serial No. 455,030
2 Claims. (Cl. 103—46)

This invention relates to an improved hydraulically
operated subsurface motor and pump combination.

In the subsurface pumping art, such combinations are
known as “rodless pumps,” and they can be used for
pumping oil wells in lieu of the more common sucker
rod pumps. A rodless pump is installed near the bottom
of a well and its motor is actuated by a stream of oil
or cother liguid pumped down the well. The motor con-
ventionally includes a barrel, a piston reciprocable therein
and joined to the reciprocable element of the pump, a

main valve for alternately applying power fluid to oppo-

site ends of the piston for producing upsirokes and down-
strokes, and usually a pilot valve for shifting the main
valve at the ends of the strokes. Chenault Patent No.
2,191,369, dated February 2, 1940, shows a rodless
pump in which both the main valve and the pilot valve
are housed within the motor piston, thereby dispensing
with longitudinal passages in the walls of the motor barrel.
Such passages not only are difficult and costly to form,
but they necessitate thicker walls. Pumps of this type
must be installed in tubing of limited cross-sectional di-
mensions, commonly a two inch inside diameter. Conse-
quently all space occupied by the barrel walls is at the
expense of piston area.

The Chenault patent shows a double-acting pump, that
is, a pump with inlet and discharge valves at both ends
of its barrel. Such a pump must have longitudinal pas-
sages in its barrel walls, but was used to balance the
load on the motor on its up and down strokes. Single-
acting pumps are simpler and have become standard for
sucker rod installations. They do not require longitudinal
passages in the barrel walls, but ordinarily they deliver
fluid only during the stroke in one direction and their
power requirements on the two strokes are unbalanced.
Nevertheless the greater piston area possible because of
the absence of longitudinal wall passages assures that the
capacity of a single-acting pump of given outside diameter
is at least as great as that of a double-acting pump.

A later Chenault Patent No. 2,679,806, dated June 1,
1954, shows an arrangement for using a motor of the
type shown in the first Chenault patent with a single-acting
pump. Although the power requirements on the two
strokes are balanced in this later patent, the volumes of
fluid delivered to the surface are unequal. The total
volume delivered to the surface of course eguals the
volume of exhaust power fluid displaced by the motor
plus the volume which the pump lifts or forces from the
well. ‘The motor displaces exhaust power fluid on both
strokes, but the pump forces more fluid from the well on
its downstroke than on its upstroke. A further disadvan-
tage is that any change in the size of either the motor
or pump necessitates a change in the other to maintain
balanced power requirements.

An object of the present invention is to provide an
improved hydraulic motor and pump combination which
altogether avoids longitudinal passages in the barrel walls
and has both balanced power requirements and equal fluid
deliveries on the two strokes.
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A further object is to utilize a hydraulic motor re-
sembling that shown in the first mentioned Chenault
patent with a comventional single-acting pump and yet
provide balanced power requirements and equal deliveries
on both strokes,

A further object is to provide a hydraulic motor and
pump combination in which the motor and pump are in-
dividually balanced, whereby changes can be made in
either without affecting the balance of the other nor of
the combination.

A more specific object is to provide a combination of
the foregoing type in which the motor has a stationary
piston otherwise constructed as shown in the first men-
tioned Chenault patent and = traveling barrel, said barrel
being coupled to the reciprocable element of a conven-
tional single-acting pump.

In accomplishing these and other objects of the inven-
tion, I have provided improved details of structure, a pre-
ferred form of which is shown in the accompanying draw-
ings, in which:

Figure 1 is a diagrammatic vertical sectional view, not
to scale, of a motor and pump combination constructed
in accordance with my invention;

Figure 2 is a vertical sectional view of the upper portion
of the combination more nearly as it actually may bs
constructed although somewhat simplified;

Figure 2a is a vertical sectional view of the mid-portion,
being a continuation of Figure 2; and

Figure 25 is a vertical sectional view of the lower por-
tion, being a continuation of Figure 24.

Referring mainly to Figure 1, which is much simplified
over the actual construction shown in Figures 2, 2¢ and
2b, my motor and pump combination is situated at the
bottom of a well which contains outer and inner concen-
tric strings of tubing 12 and 12. A stationary upper
piston tube 13 is connected to the lower end of the inner
tubing 12 through a coupling 14, which contains ports
15 communicating with the outer tubing 1. A stationary
motor piston 16 is fixed to the lower end of the upper
piston tube 13 and carries a depending lower piston tube
17, which likewise is stationary. The piston houses a
main valve 18 and a pilot valve 18 (Figure 2). The valves
and the internal passages in the piston are not disclosed
in detail since they are identical with the showing in
Chenault Patent No. 2,191,365, A traveling motor cylin-
der 20 receives the piston 16 and carries upper and lower
cylinder heads 2% and 22 within which the respective
piston tubes 13 and 17 are closely fitted. The outer tubing
10 supports a stuffing box 23 located below the motor
piston and cylinder. The space within the outer tubing
bounded by the coupling 14 and stuffing box 23 forms a
chamber C. )

A stationary barrel 24 of a standard single-acting pump
is joined at its upper end to the stuffing box 23. The
lower end of this barrel carries a conventional standing
valve 25. A pump plunger 26 is mounted for reciproca-
ble movement in the barrel 24 and carries a conventional
traveling valve 27. The upper portion of the pump barrel
contains relief ports 28 to permit escape of any fluid
which leaks past the plunger 26. An extension tube 26
is joined to the bottom of the lower cylinder head 22
of the motor and carries 2 coupling 38 at its lower end.
A pump tube 31 is jcined at ifs respective ends to the
coupling 38 and to the pump plunger 26. The extension
tube 28 contains a plurality of poris 32.

To operate the pump, a stream of power oil is pumped
from the surface down the inner tabing 12 and upper
piston tube 13 into the motor piston 16. The valves
within this piston alternately direct this oil to the space
within the motor cylinder 26 above the piston and that
below the piston. The valves also relieve the other of
these spaces to the lower piston tube 17, from which
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the exhaust power oil flows into the chamber C through »

the extension tube 29 and its ports 32..  Consequently the
motor cylinder is driven up 'and down, and it raises and
lowers the pump plunger 28,

For the moter to be balanced it is only necessary for
the upper and lower piston tubes 13 and 17 fo be of the
same cross-section.  Both the effective power piston area
and moter displacement area on both the upstroke and
downstroke are then the same. Numerically each of
these four quantities equals the cross-sectional area of
the bore of the motor cylinder 20 less the cross-sectional
area of one of the piston tubes 13 or 17. Therefore on
each stroke exhaust power oil displaced from the motor
forces oil from the chamber C through the ports 15 and
up the outér tubing 18, and the volume of this oil equals
that pumped down the well to drive the motor.

For the pump to bs in balance it is only necessary
for the outside cross-sectional area of the pump tube 31
to be cone-half the cross-sectional area of the bore of the
pump barrel 24. On the downstroke a volume of oil
proporticnal to the cross-sectional area of the bore of
the barrel is forced through the traveling valve 27 into
the pump tube 31. This tube and also the chamber C
already are filled with oil; consequently a volume of oil
equivalent to that forced into the pump tube 31 is forced
from this tube through the extension tube 29 and its ports
32 into the chamber C, blending with the exhaust power
cil from the motor. - As.the pump tube 31 travels down-
wardly out of the chamber C, the effective volume of
this chamber contimally increases. With the parts pro-
portioned as described, half the ci} forced from the pump
tube 31 into the chamber C replaces the volume gained
because the pump tube is traveling out of the chamber;
and the other half forces oil from this chamber through
the ports 15 and up the outer tubing 19 to the sufface.
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On the upstroke the pump tube 31 re-enters the chamber .

- C and the effective volume of this chamber contimiously
diminishes. . A corresponding volume of oil again is
forced from the chamber through the ports 15 and up
the tubing 18." Because of the proportioning, this volume
equals that forced from the chamber on the downstroke.
rom the foregoing description it is seen that the motor
and pump are individually balanced, and the  balance
of one is in no. way dependent on the balance of the
other. -Consequently different sizes of either -may be
supstituted without- affecting the other.

of that displaced by the motor and that displaced by
the pump.
tained, the volume from each is the same on both strokes.
It follows also that the power requirements are the same
(net‘lpctinfr the negligible weight of the moving parts),
since the effective areas and the volumes deplaced are the
same,

While I have shown ‘and described only a single em-
boaimum of the invention, it is apparent that modifica-
tions may.arise.
to the disclosure set forth but only by the scope of the
appended claims.

Iclaim: ) :

1. A hyédraulic subsurface motor and pump combina-

_tion, the motor portion of said combination comprising

a piston of substantially uniform outside diameter, upper -

and lower stationary piston tubes of equal cross-sectional
area connected to opposite ends of said piston and be-
ing of a smaller outside diameter than the piston, a travel-
ing cylinder of substantially uniform inside diameter
closely. -receiving said piston, upper and lower cylinder
heads of equal cross-sectional area fixed to the -ends of

said cylinder and through which the respective tubes-ex-

tend in closely received relation, a main-valve and a
pilot-valve housed in said piston for directing ‘power

fluid from said upper-tube alternately to-the ‘upper-end

‘The volume of-
fluid forced up the well on any stroke equals the sum’

As long as proper proportioning is main-

Therefore, I do not wish.to be limited -
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of said piston, where it acts on the bottom of said upper
cylinder head to produce an upstroke of said cylinder,
and to the lower end of said piston, where it acts on the
top of said lower cylinder head to produce a downstroke,
said valves relicving the opposite end of said pistoa in
each instance to said lower tube, the pump portion of
said combination being single-acting and comprising a
stationary cylinder below said traveling cylinder, said sta-
ticnary cylinder having relief ports adjacent its upper
end, tubing engaging means fixed to said stationary cylin-
der above said ports and preventing flow from said ports
into the space thereabove, a standing valve ‘adjacent the
lower end of said ‘stationary cylinder; a reciprocable ¢le-
ment in said stationary cylinder, a traveling valve in said
reciprocable element, a tube-connecting said reciprocable
element with said ‘traveling cylinder, the cross-sectional
area of said last named tube being one-half that of the
bore of said stationary cylinder, and means at the-top
of said stationary cylinder closely - receiving said Jlast
named tube and preventing downward flow therepast;
whereby the pump delivers. substantially -equal volumes
of fluid on both its upsiroke and downstroke and: the
load on the motor is balanced on both strokes. '

2. A subsurface pump installation including inner-and
outer strings of tubing and a hydraulic motor and pump
combination housed within said outer tubing, the motor
portion of said combination comprising a piston of sub-
stantially uniform outside diameter, upper and lower sta-
tionary piston tubes of equal cross-sectional area con-
nected to opposite ends of said piston and being of a
smaller outside diameter than the piston, the upper end
of said upper piston tube being conmnected to the lower
end of said inner tubing, a traveling cylinder of substan-
tially uniform inside diameter closely receiving said
piston, upper and lower cylinder heads -of equal: cross-
sectional area fixed to the ends of said cylinder and
through which the respective tubes extend in closely re-
ceived relation, and a main valve and a pilot valve housed’
in said piston for directing power fluid from said inner
tubing and said upper tube- alternately to the upper end
of ‘said piston, where it acts on the bottom.of said up-
per cylinder head to produce an upstroke ofsaid cylin-
der, and to the lower end of said piston, where it acts.on-
the top of said lower cylinder head to produce a down-
stroke, said valves reliéving the -opposite end of said
piston in each instance to said lower tube, the .pump:
portion of said combination being single-acting and com- -
prising a stationary cylinder below said traveling cylin-
der, -said stationary cylinder having relief ports- adjacent
its upper end, means fixed to -said stationary cylinder
above said ports and engaging said outer tubing to pre--
vent flow from-said ports into the portion of said outer
tubing above said stationary .cylinder; a standing valve
adjacent the lower end of said . stationary cylinder, -a
reciprocable element in said stationary cylinder, a travel--..
ing valve in said reciprocable element, a tube connecting
said reciprocable element with said traveling -cylinder;
the cross-sectional area of said last named tube being one-
half that of the bore of said stationary cylinder,-and
means at. the top of said stationary cylinder closely re-
ceiving said last named tube and preventing downward
flow therepast, whereby the pump delivers substantially
equal volumes of fluid on both its upstro;{e and down-
stroke and the load on the motor is balanced on both
strokes.
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