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1

This invention has reference to the pumping
of deep wells by rod operated pumps. The gen-
eral object, and other further particular objects,
and corresponding accomplishments, will appear
from the following preliminary observations and,
in-greater particular, from the then following
detailed descriptions of preferred forms of ap-
paratus for my pumping system.

When oil is being pumped from a deep well
by a rod actuated pump, and particularly when
the oil is heavy and viscous, the pump rods some-
times sink in the oil so slowly that the rate of
pumping is very much restricted. . In the ordi-
narily used pumping system the rods are located
inside the tubing through which the oil is being
pumped to the surface, with the rods in direct
contact with the pumping column. Attempts
have been made to somewhat overcome the diffi-
culty by applying force to the upper end of the
rods to force them down; but no great amount
of downward force can be applied to the long
slender rod without buckling the rod: so that this
attempted solution does not effectually cure the
difficulty.

To completely overcome the difficulty, I provide
in my system that the pumping rod shall be kept
entirely out of contact with the pumping col-

“umn, by utilizing a tube which immediately sur-
rounds the rod, with the pumping column outside
that tube. Then, a fluid of low relative viscosity
may be maintained in the rod-surrounding tube,
either merely for the purpose of preventing en-
try of the well fluid to the tube, or for the pur-
pose of lubricating the rod, or for both of those
purposes. Broadly speaking, the fluid may be
either gaseous or liquid, heated or cold, and the
body of such fluid may be maintained statically
in the tube around the rod or it may be con-
stantly forced into the upper end of the tube at
such pressure and in such quantity as to continu-
ously force some of the lubricating fluid out into
the pumping column, with various beneficial re-
sults. In this description I will speak of the rod-
surrounding fluid as the “lubricating” fluid to

verbally distinguish it from the well fluid, al- 4

though in some cases (e. g. where the fluid is
a gas) it does not in itself have any positive
lubricating quality; but it can be said to have
a relative lubricating quality compared with the
heavy and viscous well fluid. Generally speak-
ing, the rod-surrounding fluid may be more ac-
curately defined as a fluid of relatively low vis-
cosity.

The lubricating fluid will, in general, be more
fluid, or lighter and considerably less viscous
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than the well fluid, and its admixture with the
well fluid tends to lighten the pumping column
and render it less viscous and therefore easier
to pump. If a gaseous fluid is used, its admixture
with the well fluid forms a pumping column
which is lightened and acts, pro tanto, like a gas
liftt. And furthermore, if the fluid is pumped
down the tube in heated condition, it tends to
fluidize the pumping column by raising its tem-
perature. .

The apparatus for my system may take various
forms. For instance, a relatively small tube may
directly and fairly closely surround the pump
rods, inside the ordinary tubing; and the pump-
ing column may then be pumped upwardly in the
tubing outside the lubricating tube. On the other
hand the usual tubing, or a pipe which takes its
place, may be. used as the lubricating tube, and
the pumping column may. then be pumped up to
the top between the tubing and the well pipe.
Such variations of the apparatus, as well as other
variations of apparatus and functions are set out
in typical and preferred forms in the following
detailed description, referring to the accompany-
ing drawings in which, ‘

Fig. 1 is a longitudinal section, with parts in
elevation, showing my pumping system as it may
be applied to a well, utilizing the. special inner
lubricating tube;

Fig. 2is a lower continuation of the parts shown
inFig.1;

Fig. 3 is an enlarged longitudinal section of
certain portions of the apparatus shown in Fig. 1;

Fig. 4 is a similar longitudinal section showing
4 modified form of apparatus in which the well
fluid is pumped up through the well pipe ex-
ternally of the tubing; :

Fig. 5 is a similar section showing further modi-
fications;

Fig. ba is a diagram showing means for con-
trolling the application of pressure to the lubri-
cating fluid;

Fig. 6 is a similar section showing further modi-
fications; :

Figs. 7 and 8 are longitudinal sections show-
ing the upper and lower parts of another modified
form of apparatus. ‘

It may be noted that, for clarity of illustration,
the sectional views of Figs..3 to 6 are somewhat
distorted, as compared with the relative dimen-
sions of my working designs, the length dimen-
sion of the parts as shown in those figures being
shown at a smaller scale than the transverse
dimensions.

Referring first to Fig. 1, 10 designates a well
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pipe or well casing within which the ordinary
tubing i1 is shown. The pump rods are shown
at 12 entering the upper end of the well through
stuffing box 13. For purposes of simplicity, none
of the usual joints are shown for any of these
parts, nor for the inner tube which directly sur-
rounds the pump rod, and it will be understood
that whenever I refer to a pump rod, I mean
to include that element whether solid or hollow,
and also to include cable: which is sometimes
used. The inner tube is shown at 14, surround-
ing the pump rods more or less closely, and the
space |15 between tube 14 and tubing {1 is, in this
design, the space through which ‘the well fluid
is pumped to the top. The upper end of tubing
{1 is hung from a cap 20 which closes the upper
end of the well pipe, and the upper end of inner
tube. 14 is hung from an upper part of cap 29,
or from another cap 21 seated on cap 28, The
upper cap 21 has a pipe connection opening 22
‘throiigh whieh ‘the rod-surrounding fluid is in-
trodilced under suitable pressure; and the lower
cap 20 has pipe connection openings 23, com-
muticating with the space between tube {4 and
tubing 11, to carry away the pumped oil. Fluid
under regulated pressure and in regulated quan-
tity may be introduced at 22 ‘through the line
indicated ' diagrammatically . at 22¢ from "the
pump indicated diagrammatically at 22b.
Reference is now had more particularly to Fig.
3-which is ‘an enlarged section showing the ap-
paratus-from a level just below the lower .end
:of the pump rod proper down to the pump plunger
and its working valve. The. well casing ‘is not

shown in this enlarged view. The lower end ;

of:pump ‘rod 12 is shown as -eonneected with:a
special - tubular. connector ' 23, :having perfora-
tions 26 so ‘that the fluid which is forced down
tube 14 under: pressure, may enter the interior
of connector’ 25. - Extending : downwardly from
connector 25 there is tubular rod 21 through
which the fluid may pass on downwardly to a
valve controlled outlet 28 at the lower ‘end of
tubular rod 21 and preferably just above the
upper end of pump plunger 29, -As typically
illustrated here ‘the .outlets 28 are formed. in a
valve: cage 80 which is attached to the lower
end of tubular rod 21, and pump plunger 23
is attached to the lower end -of ‘valve cage 308
by the connection sleeve 3(. The pump plunger
may be of any suitable kind; it is here jllustrated
a8 one-which has the cage 32 for working valve
83 -at the top of the tubular portion 34 of the
‘plunger.. i S
‘Tubular ‘rod 21 forms in effect a downward
.continuation of pump. rod i2. At some suitable
point above valve cage 30, and preferably close
.to-the valve cage, tubular rod 21 passes through
a double packing unit 3% which, in this form
of the device, is stationarily mounted in the inner
tube 4. As shown in detail in Fig. 3 this pack-
ing unit is mounted in a special collar member
36 which is connected between the upper por-
tion 14 of the inner tube and a lower portion
18¢: which extends on downwardly from collar
member. 28. Seeing that collar member 36 is
merely structural, and forms in effect a part of
tube 14, the collar is not shown in Fig. 1, tube
{4 being there shown simply as extending con-
“tinuously past-packing 35. The lower portion of
tube ‘14, specifically the part 14e, as shown in
-Pig. 3, has openings 31 through its wall to form
‘passages leading from. the inside of ‘the tube
to the pumping column sbace between the tubs

.and tubing. 11, This lower part:14aof tibe 14

s preferably locally enlarged as illustrated and
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~cage 30.

at its lower end it preferably. carries the pump
barrel £9. The pump barrel seats, as usual, ab
its lower end on a suitable seating 41 which is
carried by tubing 1. Pump barrel 49 carries the
usual standing valve 48a. For simplicity, in Fig.
1 pump barrel 49 is shown as if it were simply
o downward -continuation of the lower part of
tube 14. The reason for so mounting the pump
barrel on the lower end of tube 14 is to make
provision for lowering the pump barrel, the pump
plunger, and the tubular rod 27 assembled in
packing 35, all together as cne unit when the
After
those - parts ‘are lowered and ‘the pump barrel
seated, then the pump rods may be lowered in-

side tube 14. - A special rod joint is provided so

that the lower end of the pump rod may then be
effectively connected to the lower tubular rod
27. As shown in Fig. 1, a special connector
member 50 is mounted on the lower end-of-the
pump rod proper. 12, equipped with a -special
thread 51 which takes a similar thread at: the
upper end of the short piece of pump.rod 12z
which is immediately connected with fitting 28.

‘Assuming ‘that- the pump rods - and  pump
plunger are being reciprocated vertically, the well
finid is taken in at the lower end of the pump
barrel past valve 40c and is ‘pumped upwardly
in the usual manner by the plunger valve 33.
This upwardly -moving pumping column .flrst
passes upwardly into the interior -of lower tube
i4g and then out through openings 31-into the
pumping column space 15 hetween tube 14.and
tubing 1, and thus to the top of the well. The

pumping -column may be prevented from. enter-

ing the inner ‘tube {4 simply by the pressure
which is maintained on the fiuid in that tube.
Assuming for -instance that. packing 3% is not
used, so that the interior of lower tube t4a is
directly open . to.the upper portion :14-of -that
tube - (instead of being open to it through tubu-
lar rod 21 and valve cage 39), then if the fluid
in tube 14 is maintained under sufficient pres-
sure, the pumping column cannot move upward
through tube (4 but must move upwardly outside
that-tube. -And the same thing is true if packing
35 is uged and the fluid is majntained in. tube

14 and in tubular rod 217, and if no valve is used

in valve cage-20. Under any such condition, if

o static-body of fluid.is maintained-in tube {4

under a pressure just -equal to the pressure--of
the pumping column at or-just above openings

.31, the pumping -column cannot move upwardly

through tube -14. -And, under those conditions,
the lower end of the statically maintained fluid
body will not materially flow -out into the well

.fluid of the pumping column. .

The same general operating -conditions  (pre-

_venting the pumping column from -moving up-

wardly through tube I4) may of course be -at-

-tained by not providing a passage for the lubri-

cating  fluid ‘downwardly through ‘rod 21 past
packing ‘35; or by providing what amounts:to the
same thing, an upwardly closing valve 60 invalve
In either such arrangement, the pump-
ing column is prevented from moving up through
tube 18 by the fact that rod 27 passes through
packing '35 and is itself ‘closed.against upward
flow.of fiuid. . In any such arrangement: leakage
of the well fluid past packing 35 is prevented by
the statically maintained fiuid pressure above the
packing. -~ Aside from preventing that leakage it
would not be necessary to.maintain a pressure on
the fluid in tube 4. ‘ :
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-Of all such arrangements I prefer at present
to-utilize one which provides a downwardly open-
ing valve through which the lubricating fluid
may be forced out in lesser or greater amounts
into the pumping column. So I preferably pro-
vide the downwardly opening valve 60, closed up-
wardly by spring 61, in valve cage 30. Tn effect
this valve prohibits upward passage of pumping
column fluid from lower tube-14¢ into the upper
tube portion f4. And.thus, in functional effect
the valve 60 is the equivalent of a downwardly
opening annular valve which would control the
annular passage which packing 35 seals off, as-
suming that rod 27 were solid: I prefer how-
ever to make the arrangement as'shown in Fig. 3
because of the simplicity and reliability of the
valvular means thereby provided. .

One of the reasons for using an upwardly.clos-
ing valve, such as that shown at 60, or one which
will perform' the same functions as-above out-
lined, and particularly for using a valve which
is closed upwardly by some spring pressure, is
to control the discharge of the lubricating fuid
into the pumping column. Assuming for in-
stance that spring 61 puts an equivalent pressure
of 25 1bs. per sq. in. on valve 60, then valve 60 will
only open downwardly if the pressure on the
lubricating fluid is raised to a point equal-to the
pressure of the pumping column at the valve plus
25 1bs. per sq. in. or more.- Thus, if it is not de-
sired to discharge any of the lubricating fluid into
‘the pumping column, the lubricating fluid may be
maintained at a pressure (at the valve) which'is
either equal to the pressure of the pumping col-
umn at that point, or in excess of that pressure
by an amount less than 25 lbs. per sq. in. - The
spring pressure imposed on the valve thus pro-
vides for variatigns or inaccuracies of the lubri-
cating fluid pressure with relation to the pump-
ing column pressure, the latter being of course
subject to variation in the pumping operation.

On the other hand, if it is desired to discharge
lubricating fluid into the pumping column in any
quantity, large or small, the pressure on the lubri-
cating fluid is raised to a point sufficient to open
valve 60. If it is desired merely to maintain tube
14 full of lubricating fluid, it may be desirable to
raise the pressure to the point where a small
amount of that fluid is constantly or intermit-
tently discharged past valve 60, in order to be as-
sured that tube 14 is filled with the fluid. Main-
tenance of a higher pressure on the lubricating
fluid, and introduction of a commensurate volume
of that fluid, will cause a discharge past valve §0
of & correspondingly larger volume of that fluid
into the pumping column. :

As I have stated before, the lubricating fiuld
may be either gaseous or liquid.  If it is gaseous,
and introduced under sufficient pressure and in
sufficient quantity to discharge into the pumping
column in any appreciable volume, it will act to
lighten the pumping column as well as to Auidize
it, and in fact it will, in proportion to the volume
of introduction act like a gas 1ift on the pumping
column, ‘

On the other hand, a suitable lubricating liquid
of relatively low viscosity will, if discharged in
any appreciable quantity in the pumping column,
tend to fluidize the pumping column. Suitable
lubricating liquid for the purpose may be for in-
stance oils which are more fluid or lighter and
less viscous than the well fluid; or the Iubricating
liquid may be any suitable low viscosity liquid,
preferably but not necessarily, miscible with the
well fluid, and which has the funtcion of render-
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ing the well fluid more lquid and less viscous.
Generally speaking, a lquid of lower viscosity
than the well fluid, and miscible with it, or form-
ing a more fluid solution with it, is suitable.

With any kind of lubricating fluid, pumped
down the lubricating tube in any substantial
quantity, heat may be carried to the pumping
column to reduce its viscosity. For that purpose,
& lubricating liquid is preferable to gas, having
a greater heat carrying capacity than a gas. If
such a liquid is heated to a fairly high tempera-
ture and is pumped down and into the pumping
column in fairly large quantity, the pumping
column may be appreciably heated and reduced
in viscosity throughout its length by rise in tem-
perature alone.  ‘The heat may be transferred to
the pumping column by conduction and radiation
through and from the inner tube {4, and by con-
duction when the lubricating fluid finally dis-
charges into the pumping column.

In the preceding discussions of operation of
my system it has been assumed that the dis-
charge of the lubricating fluid or gas into the
pump column is close to the pump. The level at
which that takes place is determined, in the ap-
paratus form of Fig. 3, by the relative position of
openings 31. - That level may be at any suitable
or-desired distance above the pump.

Fig. 4 shows a modification which is, in gen-
eral structure, similar to the structure shown in
Figs. 1 and 3, but in which the well fluld is
pumped out in the annular space immediately
inside the well pipe 101. In thig arrgngement
the pumping column immediately surrounds the
tube or tubing which carries the lubricating fiuid;
and that tube or tubing may be of any suitable
size. For instance it may be the same pipe or
the same size pipe which is ordinarily used as
tubing in a-well, or it may be a pive of special
or smaller than tubing size.- The lubricating tube
141 shown in Fig. 4 will communicate at its upper
end to the fluid introduction opening 22 of Fig. 1.
The rod (ecorresponding to rod (2¢) is shown at
121a, the tubular perforated connector is shown
ab 251 and the tubular rod extension at 271 pass-
ing through the packing 35f, all substantially
similar to the corresponding parts in Fig. 3. 'The
valve cage at the lower end of tubular rod 274
is shown at 30f with itg upwardly seating ball
valve 80f and discharge opening 28{. The lower
end of tube 14i¢ carries a packer 180, illustrated
here diagrammatically, of any suitable type to
tightly and sealingly engage the inner wall sur-
face of well pipe 101. The pump plunger is shown
at 291, carrying the plunger valve 331, and con-
nected to the lower end of valve cage 301 in the
same manner as before described. The pump
barrel 401 is in effect carried by the lower end of
tube t4la, being shown here as carried by the
packer unit 100 which is carried by that tube.

The operation of this form is substantially the
same as that of Fig. 3 except that, from the prac-
tical standpolint, the pumping column is moved
upwardly inside the pipe which is ordinarily the
well pipe instead of ordinarily the tubing. The
lubricating fluid is introduced into and main-
tained in, or is pumped down, the lubricating
tube {41 in the same manner as before described,
and out past valve 601 into the space between
30t and i4!a, and thus into the upwardly moving
well fluid which is moving out through openings
3171, In fact, the mode of operation of the form
shown in Fig. 4 is exactly the same as that shown
in Figs. 1, 2 and 3, as tube {41 is functionally the
same as tube 14, and well pipe 101 is functionally
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the same as tubing 11 of Figs.'1 to 3. The only
marked. structural | difference -between the :two
forms i the structure by which' the lower end of
the ‘space between rthe' outer.and inner- pipes s
sealed -off. In Figs, 1.'and 3 the lower end of the
space ‘between tube {4 and tubing 41 is sealed
off by the-fact that pump barrel 40 sealingly fits
or-seats ‘in the tubing. ‘In. Fig. 4 the sealing.of
thelower end’of the pump column’ space between
titbe 141 and well:pige 191, or the sealing between
pump barrvel 40{ and- well: pipe 4914,+is raccom=
plished by packing {80.

- The structure of ‘Fig. 5:is'in the main the same
as-that shown-in Fig. 4, with the exception of
the packing, 5o the other parts of Fig. 5are-desig-
‘nated with the same numerals as applied to Fig. 4.

.-Thstead. of -utilizing -the packing-which is.sta~
tionarilyset in tube-i4{:as in Fig: 4, the:-device

of Fig, 5-utilizes a-packing unit: in the formof a .

piston 35{a which-is fixed on tubular:rod 27f.and
moves through the pumping stroke with.that rod.
The result-is that the pressure of the lubricating
Auid-is maintained downwardly on the piston-and
thus exerts a.force tending to move-the pump

plunger downwardly and.tending to streteh -the 23

vods. - The amount of that positive downward
force - depends -upcn -the effective area of -piston
35ig and also on -the pressure which is main-
tained 'on the.lukricating fluid. . That pressure
“may-be considerably higher than the well fluid
.pressure, ‘being controlled by the “strength -of
-spring-§ti. <Due-to the presence of valve 601,
‘the effective ared on which the downward pres-
.sure- of the lubricating fluid is exerted, is equal

to the total area -of a circle whose diameter is.

the. diameter -of packing piston 35ie minus the
.eross-sectional area of pump rod (2la. )

. This downwardly exerted force may be ubilized
:simply for-keeping the rod in stretched. condition
-and - to -accelerate the downward. movement of
_the rods end pump; or it may be utilized to op-
erate a double-acting pump on the downward
-stroke. . Double-acting pumps are well known
.and need no-particular description here. In.gen-

eral, they -are pumps with special valvular ar-
‘rangements in: their plungers, so that they pump -

fluid upwardly -on the down stroke as well as
the up stroke. To pump on the down stroke the
plunger of course must be forced down, and the

downward pressure on packing 35ig may be uti-

lized for that function. This form of my-appara-
tus also facilitates the use of a -cable as the
_pump rod.

‘Also,.in the arrangement of Fig. 5, the pressure

on the lubrieating fluid may either be maintained. .

constantly or may be applied at the top of the
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“well only during the downward stroke, being re- '

.Heved during the upward stroke.  Fig. 5o shows
‘disgrammatically how this may be accomplished.
“In‘that figure the pump rod is represented at-i2i

and the upper end of tuke {41 is shown as hang-"

“ing ‘from the head 21{ so that opening 221 com-=
taunicates with the tube.  Fluid supply line 22t¢
"is controlled by a two=way valve 22{c which takes
“pressuie fluid from pump 221b. The valve, when

¢otinects the line 2%t with pump pressure line
9914 and with an exhaust outlet line 221e. As
“ah llustration, valve arm 2217 will be in the posi-
“tion shown in full lines to connect line 221a with
“pressure line 221d during the down stroke of the
“fod. ‘The rods are shown, for instance, at the
“upper end of the stroke: where 'a pin or lug §9
“hag coitacted and raised the lever arm 98, con-

T’ﬁégt@"@iby f]i‘x:ik’i‘91 to valve arm’ 2217, to raise it to 75

80

~actuated through say 2 90° throw alternate1y365

.'(0

8
the-full line position at the end-of the: upstroke. -
On -the down -stroke the valve ‘remains.in that
position until, at the end of the down stroke, the
rod lug 85 contacts lever §8 and moves it:down
to-throw-the valve to the dotted line position.

Fig. 6.shows another variant which may: ~he
applied -to “any of the forms hereinbefore..de~
seribed; the modification having:-to do.solely with
the location of -the:valve ‘which relieves-the
lubricating fluid into: the pumping column. The

-guter pipe,-is.in this.instance shown: as well; pipe

102. The.inner tube is shown-at 142 and.the
lower. part of the pump rod,. solid.in-this.in-
stance,.is.shown:at-122. -A: special fitting--90..i8
inserted in the-length of tube.142-and carries
valvular means 602 which opens to.allow passage
of lubricating fluid -from . the -tube 142 into.the
pumping column in pipe 102; but . closes.against
passage of-fluid in the opposite -direction. --This
valvular.means is inserted.in tube 142 above:the
packing unit. 352, . -Below the packing .unit .the
lower extension (42a of the tube has the opening
312 and carries:the packer 100. The remainder
of the pumping mechanism -is not here illus-
trated as it is-or may be the same-as shown.for
instance in Fig. 4. .

All' of the -foregoing apparatus. designs have
been designed. in- particulars. to .suit a pump-of
the type known as a fubing.pump; that.is, one
in which the pump barrel is lowered with the
tube which -surrounds the rods—or :in usual
pumping:. practice is lowered . with..the tubing.

Figs. 7.and. 8 show a design of my apparatus

specifically ‘adapted for utilizing a.pump of .the
type known-as an insert pump—wheré the whole
pump apparatus, including the pump. barrel, is
lowered with the pump rod. ) - ’
In Fig. 8 the outer pipe 183 .is shown as’if i}
were the well pipe,-and. packer 108 packs off’ the
annulatr space between that pipe:and the inner
tube 143. The pump barrel.or liner 483 is down-
wardly -seatable at its lower end on.a seat-in-
dicated at -413 in tube 143. Within the pump
barrel there is the usual foot valve 463¢ and.the
reciprocating pump plunger 283 with 'its. work-
ing valve 333. At a point-above .the upper end
of the plunger stroke tube 143 has the.openings
373 through which the pump. column passes. out

‘into the space: between. pipe 193, 'and tube "143.

'The pump barrel or liner 483, in. this.form of
the apparatus, extends.on upwatdly as illustrated,
and it has openings 373« registering with .open-
ings 313. ’
Hollow pump rod 213, -equipped with. the down-
wardly opening valve 683 which acts like.that of
Figs. 3 and 4, extends. .upwardly .from . pump

plunger 283 . for some. distance and at its upper

end, where it has: the openings.or perforations

‘283, it is joined. to. the pump rod. 128.

~.In .this -form - of -the apparatus I.provide.a

packing which forms a-seal.between: the. up-

wardly . extended .pump. liner;-438 .and:rod 213,

to perform.the same.general function which.is

performed by packing 35 of Fig. 3. In'Figs, 7.and
8 however I show a different form of packing.
And I also provide another packing.or-seal to

‘close -off the. space between pump- liner-433.and

tube ‘(43 to prevent .the lubricating. fiuid.from

‘passing downwardly -around-liner 403 .and. thus

into the .pump column . without being controlled
by valve 683.: : ‘

The first. mentioned packing is here! shbwn.as
being in the form.of a series of .tubular -metal
liners-85 immediately surrounding pump rod 313
and. held endwise between-a ~shoulder. ring 84
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which is fixed in pump liner 403 and the lower
end 83 of a packing carrying fitting 82 which is
threaded into the upper end of pump liner 463.
The liner sections 85 are held in a sleeve §1 which
is also confined endwise in the same raanner.
Other details of this type of metal liner packing
are well known and need no further deserip-
tion.

The fitting 82, at the upper end of the pump
liner 403, carries a seal 89 of the well known
double flange type which is expanded by pres-
sure. Seals of this type are usually made of
metal or leather and are expanded by pressure
exerted upon them in either direction. When
expanded by the pressure of either the lubricat-
ing fluid or of the pumping column, this seal
will sealingly engage the inner wall of tube 143;
but when the pressures are relieved the seal
will be loose so that it, together with the other
parts of the apparatus, may be withdrawn up-
wardly through tube 143.

Some means is provided for limiting the up-
ward movement of the pump rod and plunger
above the normal pumping stroke with relation
to the pump barrel or liner. For instance, this
may be provided by an upwardly facing shoulder
213a¢ on rod 213 adapted to engage shoulder
ring 84. To remove the whole pumping ap-
paratus, including the pump barrel from the well,
it is only necessary to pull upwardly on the pump
rods, and when shoulder 213a engages shoulder
ring 84, the pump barrel and all parts connected
with it will be lifted off the pump barrel seat
413, so that the whole bump apparatus may be
removed from the well on the pump rods. Cor-
respondingly, the whole pump apparatus may be
inserted in the well on the bump rods.

One of the characteristics of the several struc-
tures described is that the pump (the pump bar-
reD) in operative position is carried or supported
on the inner tube and that, regardless of how
the pump barrel is so carried, there is an effective
seal hetween the outer tube and the pump barrel.
It is that seal that functionally associates the
pump (the pump barrel and the standing valve)
with the outer pipe by forming a base for the
pumping column in the outer pipe. In the sev-
eral described structures, the seal ig formed in
different. manners. In Figs. 7 and 8 whera the
pump barrel proper is mounted within a lower
extension of the inner tube, the seal between the
outer pipe and the -pump barrel is physically
formed of the seal between the outer pipe and
the inner tube, and the seal (or fit) between the
inner tube and the pump barrel proper. In Figs.
1 to 3 and 4, 5, where the bpump barrel proper
forms a lower extension of the inner tube, the
seal is a single one directly between the pump
barrel (or the tube) below openings 37 or 311.
In Figs. 1 to 3, the seal is formed by the pump
barrel fitting in the outer pipe (the tubing).
In Figs. 4 and 5 the seal is the packer 100. In
any of these cases it is only necessary that the
seal be below openings 37, 371, 372 or 313, and
consequently the seal may actually contact either
the pump barrel proper or the lower part of the
inner tube. Seeing that the function of the seal
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is to associate the barrel with the ocuter pipe, the
seal will be broadly referred to ags g seal between
the barrel and cuter pipe, and for that purpose
the barrel will be considered hroadly as extending
upb to the openings 37 ete.

I claim:

1. Apparatus for pumping liquids from wells
comprising the combination of, an outer pipe
extending from the surface down into the well,
a rod-operated pump of the reciprocating dig-
placement member type associsted with the outer
pipe and adapted to raise a column of well fluid
through that pipe to the surface, a pump op-
erating rod extending down within the outer pipe
and connected to the displacement member of
the pump to operate it by vertical reciprocation,
an inner tube immediately surrounding the pump
rod throughout a substantial portion of its ver-
tical length, an imperforate piston fixedly
mounted on the pump rod to reciprocate with
the rod in and near the lower end of the inner
tube above the displacement member and exposed
on its upper face to the pressure of fluid aboveit
in the inner tube, and means for maintaining a
body of relatively non-viscous fluid above the
piston in the inner tube around the pump rod
at a pressure which at least substantially balances
the pressure of the well fluid column at the lower
end of the inner tupe.

2. Pumping apparatus as defined in claim 1 and
also including means for supplying non-viscous
fluid under pressure to the upper end of the in-
ner tube, and valvular means operated in con-
sonance with the reciprocation of the pump rod
and controlling the supply of said fluid under
pressure.

3. Pumping apparatus as defined in claim 2 and
in which there is a passage communicating the
interior of the inner tube above the piston with
the well fluid column in the outer pipe, and a
loaded check valve controlling said Passage and
opening at a predetermined pressure to pass fluid
from the interior of the inner tube to the pump
column.

4. Pumping apparatus as defined in claim 1 and
in which there is a passage communicating the
interior of the inner tube above the piston with
the well fluid column in the outer pipe, and a
loaded check valve controlling said passage and
opening at a predetermined pressure to pass fluid
from the interior of the inner tube to the pump
column.

MARCUS W. HAINES.
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