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UNITED' STATES PATENT OFFICE

APPARATUS FOR PUMPING WELLS,

Lloyd- E. Elkins,. Renic: P. Vincent, and Henry
Schaefer,: Tulsa; Okla., assignors.to-.Stanolind-.-
Oil:and Gas Company, Tulsa, Okli., a.corpora-:
tion of Delaware -

Application May 7;1952, Serial No, 286,516
9 Claims. - (CL 103--52)-

l‘: 21";

This invention pertains to:a-pumping-system Figure 4 is-a-cross-sectional view-of ‘the:plinger:-
for - wells . employing - gas lift- cyeling - plungers. shown in Figure:3 having the skirt portion of:the:
More« particularly; this ‘invention-relates to an: plunger.-compressed-to-the same-outside- dimen-
improved: apparatus for-producing wells-employ-. sionsas the-solid head-portion;-.
ing a-cycling gas lift plunger. - 5 Figure.5" is-a- cross-sectional:-view taken: on::-

Various - means- have-been proposed-for pro- line :5--5-0f ‘Figure 4 showing the’skirt portion:ofi:
ducing a well'by use-of a:cycling gas lift plunger. the plunger-in its deformed position as-it -woeuld:
A system.of this-type-is disclosed in U. S. Patent. be if passed .through-a conduit:having a:diameter::
1,932,496 “Wellensiek. - In--a- copending applica- of . the same - size as: the head: portion: of the:
tion; United: States .application; Serial Number.-10 plunger;

261;7114 Vincent filed-December 14, 1951, various . Figure 6:is-a cross-sectional-view.of:a:modifica~. .

improvements ' in - the- Wellensiek - system. have. tion:of“the plunger.shown in- Figure: ¥ incwhieha::.
beeniproposed whereby- the lifting gas/oil: ratio of theskirt: portion.of the plunger:is: extended by

suchr-pumping: systems :may- be materially de- the'addition of a cylindrical:slegve; -

creased..: In the-improved.:method- and - appa~-: 15  Figure 7.is a cross-sectional view of iastill-fur=. .
ratus;: the- power« tubing: string is- temporarily-: ther:modification of the plunger shown:in Figures...
plugged at the.bottom onee.each cycle so that the 3 and.8:wherein. the:iplunger:is equipped:with: a;.
gag remaining.in:-the: power. tubing aiter-the well - heag and tail portion-and with: a:.center skirt or.::

fluids have.been discharged from the production: body. portion disposed:between:the head:and tail;::-
tubing: is .not:wasted:: That is, in:this improve-- 26 and:

ment;: only: about . half of the gas. in the system- Figure 8 is a.cross-sectional.view of an-alters.
after a slug.of well fluids is. produced-is. wasted.. nate. plunger:-showing:a  head-and: skirt.-con-.
By.this:-means the pressurein-the production tub-. structed of different'materials. .

ing:is periodically reduced:to:substantially atmos-. In:this invention-which; as-indicated above; is.: -
bheric pressure, thereby:facilitating the flow 0f - 25 an:improvemeni:upen-the.cycling gas lift: plunger:..
wellfluids:into.the. production tubing. without, at: system, the production:and-power tubing: strings.-
thesame time, unnecessarily:wasting:gas.. are. of different::nominal:internal - diameter: and

It:is -an: object. of rthis. invention to:previde:an-. the.:gas: lift: plunger:-cycles: down. .through: the:
improvement: in: the..cycling..gas.1ift . plunger -or: power tubing:and-up.through: the production tub=:.
free:piston-systems:by whichthe capacity of 'such .=y ing.. The plunger provides:a: seal or.divider.:im: -
systems :can: be- increased; particularly: where.a: theilarger: tubing-and preferably: seals;:both tubs.:.
well iscequipped with a small:size:casing: - It is a.-  ing:strings te prevent:fluid:from.by-passing the:.
more:specific: object of this: invention: to.provide. plungerin-either string: -Referring now.specifics ..
anzimproved:cycling: .gas lift ‘plungerosystem in.-  allyto Figures:l'and 2 for.a:more.detailed descrips::.
which-the quantity of gasin the gas accumulation: g5 tion.of the:invention;:a well:is:equipped witha: .
chamber::or:power. tubing. caw. be: variedsover.a.. casing:{8:having a tubing-head 1. | This tubing:
wide:range. It:is:still:a more:specific:.object:of:  head has:two openings.12 and {3 which are.sealed; .
this. invention te provide:in:a. cycling: gas.lift:© as:by:welding;around:a power:tubing .14 and:a: -
plunger system. power.tubing: and- production:.  production:tubing 15; respectively; Both:nower:
tubing. strings.of different sizes.and to-provide:a 4o tubing:i4:and produetion-tubing:string;(5-exten
cycling gas: lift: plunger. which: will operate. in - down-into-the well and casing-0 to:a depth bel
power tubing  and.production: tubing strings of- the: working fluidilevel.of ‘the:well. ; Typically, -
different: size. These.and other.objects. of: this, the two strings extend to the:bottom: of ~thes well o

invention will become apparent from the following. and-are: connected-by. a:lowerhead: 16:forming .-
description.. In: this- description. reference will' 45 continuous  conduit: within: the. well. . At .the;:
be made to the accompanying drawings in-which: . lower end-of ‘the tubing, preferably .in:the-head:
Figure 1.is.0of a ecross-sectionsl view-of wellhead 16, this-conduit is provided with.a well fluid-inlet.::
apparatus suitable for.use in the herein-described- {T. In.some cases it is desirable-to use;a.stand-:.
cycling gas.lift plunger system: ing:valve.{8 in the well fluid- inlet: to prevent the:.

Figure 2 is a-cross-sectional view of that -part 5, well fluids.in the conduit; from-being: displaced -
of the apparatus located in the well which is used. back.into the well whpn pressure:is: apphed within: -
in- this.system; . the conduit to lift the well fluids.,. This: ,standmgs«n

Figure 3 is-a cross-sectional .view:of a: typical: valve - may.be-of :the remoyvable: typ
gas. lift. plunger. for use in a . .cycling. gas-lift. . be:fished out: through sthe: produ
plunger. system employing power tubmg and. pro- ‘x5 replaced: or. repaired..  Asx perforatged plat g A9:.
duction tubing of different sizes; . , , which' is plaged:in head. I6; andconforms.to the: -

0
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contour of the opening in the head may form part
of the standing valve cage to facilitate removal
of the standing valve. This perforated plate pre-
vents plungers from falling into the stonding
valve opening in the head and directs the piunger
up the production tubing. In some cases it may
be desirable to leave out this perforated plate,
and the system will operate satisfactorily, since

the plunger tends to follow the well fluids around «

the U-bend in head {8 when standing valve {8 is
used to prevent these fluids from flowing out
through well fluid inlet {7.

15

As disclosed in the above-mentioned copend-

ing application Serial Number 261,714 Vincent,
it is generally desirable to place a constriction
21 near the lower end of the power tubing. This
constriction, as explained in greater detail here-

inafter, holds the plunger in the power tubing

as the gas pressure above the constriction and
plunger increases up. to a predetermined amount.
By this means the lifting gas/oil ratio of the
well may be decreased. While our gas lift system
which employs power tubing and production tub-
ing of different sizes may be operated: without
the constriction angd retain some of the desirable
characteristics of the system, we prefer such a
constriction. This constriction is placed in the
power tubing several joints above the lower end,
preferably at about the working fluid level of the
well. By this means the capacity of the con-
duit below the working fluid level is increased.
An orifice 22 connecting the power tubing and
the production tubing immediately below the con-
striction allows the liquid level in both tubing
strings to equalize, thereby additionally ihcreas-
ing the capacity of the conduit below the working
fluid level so that more fluid can be lifted each
lifting cycle. The lower ends of power tubing
{4 and production tubing 15 thus provide an
accumulation chamber 23 in which well fluids
accumulate between cycles of the plungers.
Other means for providing a large volume aceu-
mulation chamber are disclosed in the gbove-
mentioned copending application Serial Number
261,714 and can be incorporated in this system.

At the surface a plunger injector apparatus is
provided to control the injection of gas into the
power tubing and to insert plungers into the gas
stream as desired. The plunger injector apppa~

ratus also separates plungers from the fluids pro- 3

duced from the well and reinjects them into the
power tubing. The upper end of the production
tubing {5 contains a U-bend 24 which directs
well fluids and plungers down into a plunger
hopper 25. The plungers may also be inserted
into the hopper "and withdrawn therefrom

15

30

40

through an opening 27 which is plugged with a -

removable cap 28. The hopper 28 consists of a
perforated tube 256 which has substantially the
60

same internal diameter as the nominal diameter
of the power tubing. This perforated tube has
a flared top 29 which fits in riser 3{. Riser 3i

has' the same nominal diameter as production’

tubing (5. Well fluids after displacing the
plunger into perforated tube 26 pass through thse
perforations 32 into the annulus 33 between per-~
forated tube 26 and riser 3i and thence into flow
line 34. The well fluids and lifting gas flow into
a tank or a separator or the like through this
flow line. The lifting gas may be separated from 7
the well fluids in the separator and the lifting
gas may be returned to the well to be reinjected
and lift additional well fluids.
plungers in tube 26 is driven down by the well
fluids into a plunger injecting valve 35. This

One of the

65

73

4

valve comprises a long piston having a diamet-
rical bore 38. The plunger injecting valve is
urged to the right, the closed position, by &
spring 27 so that the diametrical bore 35 is nor-
mally in registry with perforated tube 26. When
the valve is in this normal position the gas inlet
port 38 from gas supply line 38 is closed pre-
venting gas from entering the power tubing (4.
When the plunger injecting vaive is in the leff,
the open position, the diametrical bore 36 reg-
isters with port -38 and power tubing {4 per-
mitting lifting gas to flow from the gas supply
line 89 into power tubing {4. As this valve moves
to the left it carries the bottom plunger 49 in
the pluniger “hopper with it in the diametrical
bore .38.- When this bore is in registry with gas
inlet port 38 the lifting gas in gas supply line
39 drives-the plunger infto power tubing {4 ahead
of the lifting gas charge and dlsplaces the
plunger down the power tubing.

The plunger injecting valve-is opened perxodl-
cally by applying a pressure fluid through line
41 to the chamber £2. This pressure fluid then
acts on the valve head-43-to displace the valve -
to the left. As the valve is displaced to- the
left, the lower end of perforated tube 28 is cov-
ered by the long piston on the valve sc that the
plungers in the tube cannot move downwardly.
The valve is neld to the left-against the force of
spring 37 by the continued application of pres- -
sure in line 4{ until a predetermined amount of
2as pressure is built up in power tubing 14, until
a predetermined amount of gas has been injected
into that power tubing, or until‘'a predetermined:
time has clapsed. - Preferably; the injection of--
power fiuid into chamber 42 is controlled by a
time cycle injector. The valve can, of ‘course,
be controlied by hand-operated means or by any
other means.  When the pressure in line 4f-is
eventually removed; the valve réturns toits nor-
mal or closed position causing diametrical bore
38 to register again with perforated tube 26 and
at the same time closing gas inlet port 38 so
that gas will rot flow into power tubing {4. As -
diametrical bore 38 registers with perforated tube
28 an additional plungeér is forced by the pro-~
ducticn tubing pressure down into diametrical
bore 36. A perforation 44 may he provided in
the valve housing to.relieve the pressure in dia-
metrical bore 38 so that well pressure will force
the plunger into position. This perforation is
then clogsed by the bottom plunger as it comes
into position so that well fluids are not wasted.
Obviously; the plunger injector and the gas in-
jection may be controlled separately as by pro-
viding a separate control valve on the gas supply
line 3% which may be operated by the sa/me or'"
some other control means. * }

In operation, gas supply line 29 is connectéd to
2 source of high pressure gas whlch may be a
high plessuze eas well or a gas compressor dis- B
charge line. ~A number of plungers 48 are then
inserted into the plunger hoppeér through open-
ing 27 and the plungers are forced down so that
the bottom plunger is lodged in diametrical bore
3% and the other plungers are resting in series,
one above the other, in perforated tube 28. Pres-
sure is then applied through line 41 to valvé head
43 dloplacmg plunger injecting valve 35 to the left
against compression spring 37 and injecting the ‘
vottom plunger into the power tubing ahead of
the gas.charge as above-described. The flow of
gas through diametridal bore 36 which registers
with gas inlet port 38, continues by holding plung-
er injecting valve 35 in-the left hand position
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untily the- first: plunger- reaches: constriction .24 :
After:the firstiplunger: reaches:the: constriction:-
the: pressurerin the:power:tubing commences:to:.
rise; and: gas: injection: intos the: power-tubing: is:
continued untilithe.amount of gas:impowerstubing:. -
14; is: sufficienti-to: raise: a .slitg:of the wellfluids.;
inthe accumulation. chambertothessurface:. The:
amount:of: gas: depends. upon:the: pressure:ane:.
the:pressure: may: be: varied: over:a: considerables
range-depending upon: the amount:of: Auid lifted: 19
per - eyele; . the: relative: sizes::of the:twa tubing:
strings; and-the:liker. In:practicerwe have:féund::
that:when:about-one:-Harrel of: liguid:is;raised:in::
a 2-inch production tubing tlie pressure:shouldibe:
built up:in:a: 1Y% -ingh: power:tubing:to: about- 200
p..s;. i regardless:-of: wellzdebth.. - Asithe-ratio:-oft
production . fubing: diameter:.to: power: tubing:
diameter:inereases thepressure:in:-the powertubs-
ing: obviously:: must: be: increased to: provide: an::

bt

b

adeguateramount of -gas-to displace: the: same:
amount;;of: well fluids::to: the; surface; Albernan:
tively; it-will.be-apparent:that-in .some; cases-the:
power:tuking: can bexmaderlarger than: the:pros-
duetion :tubing for-a: more:economie -utilization:,
of thelifting.gas., As indicated.abeve; the:rela--
tive:sizes:of..the -two. tubing: strings-may : thus:he:
adjusted in; acecordanee:with::this: invention. to-
provide any:variable:operating condition required-
to.produce: a.well.with a.minimum-lifting.gas/oil.
ratio::. Qbviously, also-the sizes-of the:two tubing 3
strings.may be adjustedtoprovidea-high.capacity:
production tubing in a small casing which will.not
accommodate g.power.tubing:of the same; diam-
eter: as the.production.tubing. - In:6%: inch:0.D.:.

w0
t

28 ppund casing, for.example, we have.found.that.: 35.

inq.order- that- the:production: tubing: be .2. inech:
E. U. E., the:power.tubing must:be reduced.to. 1.V
inch:E.;U..E..tubing... The same. size.casing. pers.
mits. use: of. 2. inch: E:. U,, B.. production. tubing:
with:1%.inch.B. U, E. powen tubing.:.

When the.first plunger:reaches, constnctlona 21
and.the pressure: in, the  power. tubing; has. been
ingreased: to:previde. the amount of-gas.required.
to.lift the well fluids.in accumulation chamber: 23,..
the pressure. on line..41.is. deereased, allowing. 5
spring.371,to ‘maoye,plunger. injecting; valve; 35;t0..
the right.and close.gas port.38... At thesame time, .
diametrical. bore. 36.is again.placed..in regisiry:
with perforated:tube 26.allowing.the next{ plunger..
to: be. driven: hy. the. flow; line. pressure.down.into.. 59
the: diametrical bore. :

After. sufficient.time Jlas:,,ela,ps_ed,foL the well to.
fil]. aceumulation. chamber. 23, another, cycleé .i§
commenced by.opening-plunger.injecting.valve.35...

490

When, this..valve.is open,the.second.plunger .i§: 53, ]
‘production: tubing; strings,. ..

injected, into the. power: tubing,. Additional.gas;
is.injected. into, the . power tubing behind .the,
plunger until the pressure.in the power tubing;is:
great enqugh - to.force. the, firsy. plunger.: through;
constriction 21. The pressure in power: tubing.14-
required: t6 displace:the:first plunger through
consfriction. depends. upon.a: number: of. factoxsx
including;the resilieney, orchardness of. the-plung--
er, the cross-sectional area.of,.the.constriction,;
and thelike. - This:constrietion hasan area.great a5
enough-to permit:the plunger to be:driven through

it by the gas pressure which:is-available:sat.the gas:
supply. . On.the.other: hand, the constriction,is:
made small. enough,so.that.a plunger. will.not:ke.»
forced:through:it at-the gas-cutoff :pressure; i.-ex: 79
the pressure:at..which. the. volume; of “gas-in.the.
power::tubing. is: adequate: to:lift - a: slug: of: we}l
fluids-to. the- surfaces:. ; Typically, the:area:
constriction-may. hedn:the: range‘o 5+0.9-times:the-
area.of;the power; tubmgu When:the;gas:pressure: ;

- displacing:well:finids:therefrom: - The:plunger:i

-at.the :surfaee; thesseeond: plunger:is:preferably:

. 20.

A or: the-like;.-

-duit-and the.plunger:is:placed.inthe:supply: ho

o, tional.area.of the: expandediskirt.at.its:areatest:
- diameter: is. substantially. equal:te, the.cross-secs.:

6
inzthe:powerdubing:has:been:increased:tora:point
atwhich:the:plungeris-extruded:througk the:cons«
striction;:therplunger is:driven:down: through:the:.-
power :tubing:side ofithe: aceumulation: chamber::

then :displacediaround: the> Usbend:.in: head:
where:it expands:to: the:larger -area: of:tlie Pros.:.
duetion: tubing:; 15:and: them:upward .throughs: thes:
production: tubing: to; thersurface: . Asdindicated:
ahayey:the:volume of:gas:trapped ihipower:tubing:.
14 between:the:first:and; second plunger:is:ades:
quate:to;displace:the-first:-plunger-togetter withy
its:load of :well: fluids: torthessurface.. . When:thei: -
well-fluids and the plunger -which: follews:arrive:

arriving- ats;; constriction: 21+ Ini:some  casesyi
may-be-:desirable:to.provide an.excess;supplyzofs:
gas-hetween:the.two:plungers:tosinsure; that the:
first:plunger. with its:lead: of well:fluids:reaches::
thesurface:.-

At-the surfacesthe:slug:ofiwell -fluids:inm:producs -
tion. tubing:. 15 -Hows..around:U-bend: 24 through:
riser: 3} perforations:32; annulus:33; flow line:34;.:
and thenee into:a: receptacle:such.as: a: separator:
The:plunger “following: ther stug:of
well, fluid; and-separating: it.from the-driving ga
is.driven.downsinto: -perforated-tube 26 where it:iss
compressed.to.the diameter-of, the:power-tubing:
The well fluids-are:thus.discharged from:the:con«»

per readysto.make another trip.- The:numben;ofi;
plungers Jocated.in:this-hoppen: ma:ywb&»vaned ;ati
will;.  Obvicusly;. - absent:: -the. restriction; -.oney
plunger is adequate for continued operations:
With. the:consfriction. the  minimum: number: of °
plungers,; required in.the-system, is:two: Even:
thaough. in.: the. preferred-embodiment. ther system::
can.be: operated. with two.plungers; we:preferssevs:
eral. more,. typically,.:10. or-more.:- The.greater..
number:is.preferred. because we.have found that:
there.is some.wear; on the. plungers..: A, plunger..
in;continuous operation.may:run, for.example,for..
thirty days.and.by.supplying.a-layge.number of:.
plungers. the wear. onseach, plunger. is. reduced,:

. broportionately, in.a given length.of . time; so.that..

as.the.number.of plungerss increased.the period.
of. time between, replacement: .of. the plungers.is:
inereased-proportionately. .

Referring, now. to.. Flgure 3, an. expansible:
plunger.. typically, consists .of a -ballzlike. head;
portion. 59, and.a.conical:skirf :portion;5l,.. The;
head which. may, be.a.ball,, as..indicated,. or; a:
cylinder.coaxial .with the. axis 52.0f. skirt 54-FHas:a.
diametér. substantially .equal to:the nominal, di=-
ameter.,of: the.smaller: of: thie .power. tubing, and.
In.its:normal.or: un=:.
stressed.condition the skirt.expands.te.the diam-
efer. of.the larger. of. the power: fubing,and pros..
diction:. tubing, string... Thatis, the:cross=sec

tional.area of.the.opening.in the larger: tubing.,
The. skirf::is.desirably: as;large.as, or. larger, thans
the maximum diameter.of the:darger tubing.. The:
cross=sectional.area of:the skixt.51 tapers, as.in-
dicated,.so-that: at, any. plane .aleng.and, perpens.
dicular. to.the; axis.of.the.plunger. the. cross-secs
tional area -of. the,.skirt .is:no.-greater than.the,
cross-sectional'area.cf:the head. .Inthe preferred:
embodiment.the:cross-sectional-area:ofthe. skirt:
portion:at.any.such.plane is-less;than.the crosss.-
sectional.area:of; the:head; Thisg,snuttle;;-_cpcks».u
like plungep.is preferably:constructed:inonepiece:
of;an:elastic.material suchs as\synthetw rubbers:
5- typically, Hycar.or neoprenes:
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: Referring now to-Figures 4 and 5, the plungeris:
shown in its deformed position which is its con-"

dition as it is driven through the power tubing or
the smaller of the two tubing strings. In this
condition the skirt does not provide a seal in the

tubing but the head portion does since it has the :
same diameter as the diameter of the smaller:

tubing.  That is, the skirt portion of the plunger

is folded as shown in Figure 5 and being folded it :

does not provide a continuous seal around- the
outside with the inside of the small tubing. A
modification of the plunger above described -is

shown in Figure 6. In this alternate embodiment

the head portion 53 is cylindrical, i. e., longer in

the axial dimension of the plunger than the head:

portion of the plunger shown in Figure 3. This
longer head is sometimes desirable in order to

keep the plunger properly oriented in the pro-
duction or larger tubing string. :The skirt of this -

plunger is like the skirt in the above-described
embodinient except that it is extended by a sleeve

54 which has an outside diameter substantially ®
equal to the maximum diameter of the skirt 51"

and which is also substantially equal to the maxi-
mum drift diameter of the larger tubing string.
This additional length of skirt is sometimes de-
sired to reduce the slippage of well fluids past the
plunger as the plunger is raised through the pro-
duction tubing. The maximum cross-sectional
ares of the cylindrical portion of the skirt on any

plane perpendicular to the axis of the plunger is,

like the conical portion, less than the cross-sec-

tional area of the openmg in the smaller tubing

string.

- Still another alternative plunger design is
shown in Figure 7. -In this embodiment the
plunger has a head portion §5 and a tail portion

56. The diameter of the head and tail of this
plunger embodiment is substantially equal to the’
diameter of the smaller tubing. A central ex-
pansible or body portion 57 of the plunger has an
outside diameter substantially equal to the nomi- -

nal diameter of the larger tubing string. The

total cross-sectional area of the resilient material -

on any plane perpendicular to the axis within the

central expansible portion is also preferably less’
than the cross-sectional area of the head or tail
The thin walls of the"
central expansible portion form a cavity 58 which

portion of the plunger.

may be filled with air so that the outside diam-

eter may be varied substantially to accommodatev :

changes in the inside diameter of a conduit. Al-
ternhatively a passage 59 may be prov1ded through
the tail portion 58 so that when the plunger is

placed in a well the cavity 58- becomes filled with”
well fluids. By inserting this plunger in the ¢on--
tihuous conduit so that the tail portion 56 is ex-‘j
posed to gas pressure as the plunger rises through i
the production tubing, the pressure in cavity 58

bscomes greater due to friction than the presstre
on the outside of the body portion and thus this
pliiniger produces & good seal with the inner sur-
face of the production tubing and reduces the
by-passing of well fluids around the plunger

As indicated above, in the preferred embodi-.

ment, a constriction is placed in the lower end of

the power tubing so as to reduce the lifting gas/oil”
ratio. However, this invention is not limited to-

the use of such a constriction. Without a con-
striction it is sometimes unnecessary to use a
resilient material in the head portion of a plunger.

Since the power tubing and the. production’ tubing"
are of different sizes, however, a means is pro-

vided for a portion of the plunger fo be expan-
sible. As shown in Figure:8 a-plunger for a cy-

10
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cling ‘gas-1ift plunger system-may be imade of: a:
hard -head portion: 61 -and- a resilient skirt:62..
The head may be constructed of,; for example,:
wood, metal, or the like.. ‘The skirt which is re-:
silient, as-discussed above, is then connected to:
the head by any suitable means such asa bolt 63.
The skirt may be disc-like, as indicated, or it may
be conical, as discussed above.  The plunger em-.:
bodiment, as indicated, is adapted for use normal-
ly only in a cycling gas lift plunger system which-
does not employ a constriction. - It may beused in:
a system employing a constriction provided the:
constriction is made of resilient matenal such as ;
synthetic rubber or the like. o E
From the foregoing “it’ can be seen that we'
have shown by various examples how a cycling”
gas lift plunger system can be opérated when the
production tubing and power tubing are of différ-"
ent sizes. As stated, it is often considered desir-:
able for a number of reasons to use power tubing-
and production tubing strings of different 'size.-
In the preferred embodiment this invention has-
been described with"the larger string generally-
constituting the production string. It will be ap="

" parent that in some cases the reverse might be”

preferred. Various otheér modifications of-the"
apparatus and system of operation will be ap-'
parent to those skilled in this art. This inven--
tion should not therefore be " construed to be:
limited to the above description. It should be
limited only by the scope of the appended clanns :
We claim:
1. A pump for lifting well ﬂulds from-a well-
comprising parallel production tubing and power-
tubing extending into said well below the work-
ing fluid level therein, said production tubing and-
said power tubing being of substantially different
sizes, means at each end for connecting said: power‘
tubing and said production tubing together as a
continuous elongated conduit, a constriction in-
said power tubing at about said working fluid level
of said well, an inlet for well fluids below said
constriction for admitting well fluids into said-
conduit within said well, a standing valve in said
inlet, a multiplicity of plungers in said conduit,
a plunger injector for delivering said plungers in
series into the upper end of said power tubing,
means to inject lifting gas into said power tubing’
behind each of said plungers and means at the
upper end of said elongated conduit for separat-’
ing said plungers from said well fluids and dis-
charging said well fluids from' said conduit.
2. A pump according to claim 1 in which said
plungers comprise a first relatively rigid part hav-

-ing a diameter about equal to the diameter of the

smaller of said production tubing and said power
tubing and a second relatively flexible part hav-:
ing a diameter about equal to the diameter of
the larger of said productlon tubing and sald-
power tubing. ’

3. An apparatus accordmg to claim 1-in- whlch‘
the diameter of said constriction is in the range’
between about 0.5 and 0.9 of the nommal dlame-
ter of said power tubing. ’

4. In an apparatus for gas lifting a well vmh
plungers including a relatively large production:
tubing and a relatively small power tubing ex-
tending into said well below the working fluid
level therein, a constriction in said power tubing
at about the working fluid-level of said well, the
diameter of said constriction being in the range
between about 0.5 and 0.9 of the nominal diame-
ter of said power tubing, a head at-the lower end
connecting said production tubing and sald powel
tubing together,an inlet for admitting well: ﬁu1ds=
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into said head, a standing valve in said inlet,
plunger injecting means comprising hopper and
valve means at the upper end of said production
tubing and said power tubing, said head and said
plunger injecting means connecting said produc-
tion tubing and said power tubing together and
forming a continuous elongated conduit, said hop-
per means separating said plungers from the well
fluids and discharging said well fluids from said
conduit as said well fluids are lifted through said
production tubing by said plungers, said valve
means being adapted to admit lifting gas inter-
mittently into said power tubing, and upon open-
ing to discharge a plunger from said hopper into
said power tubing ahead of said lifting gas, and
a multiplicity of said plungers in said conduit,
each of said plungers comprising a solid part hav-
ing a diameter about equal to the diameter of said
power tubing and a skirt part having & diameter
about equal to the diameter of said production
tubing.

5. In a cycling gas 1lift plunger pumping sys-
tem for wells including a producing tubing and a
power tubing of different sizes connected together
at the bottom to produce a continuous conduif in
a well, a, plunger comprising a head having sub-
stantially the same diameter as the smaller of
said production tubing and said power tubing and
a skirt having substantially the same diameter as
the larger of said production tubing and said
power tubing, said skirt being adapted to be de-
formed so that it is as small as said head where-
by said plunger may be cycled through said con-
duit and will seal both said production tubing
and said power tubing.

6. In a pumping apparatus for wells including
a production tubing, a power tubing, means at
each end for connecting said production and said
power tubing together as a continuous elongated
conduit, an inlet for well fluids at the lower end
of said elongated conduit, a plunger injector for
delivering a series of plungers into the upper end
of said power tubing, means for injecting lifting
fluid behind each of said plungers, and means at
the upper end of said elongated conduit for sepa-
rating said plungers from said well fluids and dis-
charging said well fluids from said conduit, the
improvements comprising production tubing and
power tubing of different nominal diameters and
a, plunger having a first part adapted to seal the
smaller of said production tubing and said power
tubing and a second part adapted to seal the
larger of said production tubing and said power
tubing.

7. In an apparatus for gas lifting a well with
plungers including parallel production tubing and
power tubing extending into said well below the
working fluid level therein, said production tub-
ing being larger than said power tubing, means
at each end for connecting said power tubing and
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said production tubing together as a continuous
elongated conduit, a constriction in said power
tubing, an inlet for well fuids at the lower end of
said elongated conduit, & plunger injector for
delivering a series of plungers into the upper end
of said power tubing, means for injecting lifting
fluid behind each of said plungers, means at the
upper end of said elongated conduit for separat-
ing plungers from said well fluids and discharging
said well fluids from said conduit, and a cycling
gas lift plunger comprising a resilient head hav-
ing substantially the same diameter as said power
tubing and a skirt having substantially the same
diameter as said production tubing, said skirt
being adapted te be deformed to pass through
said power tubing and to expand and seal said
preduction tubing.

8. A plunger for lifting well fluids in a well
equipped with a cycling gas lift plunger system
having g relatively large production tubing and
a relatively small power tubing comprising a cy-
lindrical head having a diameter substantially
equal to the nominal diameter of said power tub-
ing and a skirt coaxial with the axis of said head
and having a diameter substantially equal to the
nominal diameter of said production tubing, said
skirt being adapted to be deformed to pass through
said power tubing and to expand and seal said
production tubing.

9. In an apparatus for lifting well fluids in a
well equipped with a cycling gas lift plunger sys-
tem having a relatively large preduction tubing
and a relatively small power tubing connected to-
gether at both ends to form a continuous elon-
gated conduit with well fluid inlet means at the
bottom and with well fluid discharge means and
gas injection means at the surface, said power
tubing having a constriction near the lower end,
a plunger comprising a resilient cylindrical head
having a diameter substantially equal to the nomi-
nal diameter of said power tubing and a conical
skirt, the apex of said skirt being connected co-
axially to said head, said skirt having substan-
tially the same diameter as said production tub-
ing and being adapted to be deformed to pass
through said power tubing and to expand and
seal said production tubing.

LLOYD E. ELKINS,
RENIC P. VINCENT.
HENRY SCHAEFER.
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