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This invention relates generally to systems for
increasing the flow of wells, particularly oi] wells,
and deals more especially with a system operable
in conjunction with an oil well pump for increas-
ing the normal flow from the oil bearing sirata
to the pump by application to the strata of elas-
tic waves of sonic character, i. e., waves of com-
pression and tension travelling in the strata at
the speed of sound.

The prcsent application is a continuation-in-
part of my prior application entitled Method and
Apparatus for Boundary Layer Control, Serial
No. 771,808, filed September 2, 1947, which appli-
cation was a continuation-in-part of my prior
application entitled Method and Apparatus for
Pumping, Serial No. 761,456, filed July 17, 1947,
and Issued as FPatent Number 2,444,912 on July 13,
1948, The present application is also a continua-
tion-in-part of my prior application entitled
Sonic System for Augmenting the Extraction of
Oil from Oil Bearing Strata, Serial No. 8799, filed
Pebruary 17, 1948, now Patent No. 2,667,932,

The above-mentioned parent applications, to-
gether with » United States Patent Number
2,437,458, deal iroadly with methods and appa-
ratus {or augmenting the flow from oi} bearing
strata to a well by application to the strata of
elastic waves of sonic freguency (e. g., 20 to sev-

ral thousand c. p. 5.) in such a manner as to
cause such waves to travel in the strata for sub-
stantial distances from the well, i. e, up to sev-
eral hundred feet radially into the formation.
The precise explanation of the phenomena in-
volved has not been determined with absolute
certainty o the present time, bui experimental
evidence reveals an increase in tha mobility of
the oil contained in the sandstone up to the order
of 58¢:. By conirast, no increase is found in the
rate of travel of water under the same conditions.
The various factors involved appear to include
heating of the petroleum fluids as a result of
sound wave energy dissivation, causing increased
gas pressure, a8 well as reduction in the viscosity
cf the oil, and therefore augmented oil migration
through the formation. Again, it is known that
oil is trapped in earthen formations by water
films bridgingz the gaps between sand particles,
or closing off the pores in the formation. Peri-
odic vibration of the formation by transmitting
sound waves thercthrough causes or permits the
oil droplets to puncture these water films, and so
to become freed for migration. As a further fac-
tor, it is known thab oil exhibits boundary layer
adhesion to the surfaces of the sandstone, which
seriously impedes the flow of the oil to the well.
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This boundary layer condition can be materially
reduced by transmitting sound waves through
the sandstone, which has the effect of reducing
the frictional drag of the formation on the well
fluid by agitating, breaking up and scrubbing
away the boundary layers of the fiuid which are
otherwise bound adhesively to the formation.

The above-mentioned parent applicaticns dis-
close various methods and apparatus for generat-
ing sound waves, and apblying the same to the
formation for transmission therein to accomnlish
the desirable ends already mentioned. In those
applications there have been disclosed several
embodiments of the bread invention character-
ized by the application of the invention to the
well pump itself, and the present application is
directed broadly to these applications of the in-
vention, and contains applicant’s broader claims
directed thereto.

A major object of the invention may therefore
be stated to be to provide a method and appara-
tus for utilizing a deep well pump, or an auxiliary
apparatus associated with a deep well pump, for
radiating sound wave energy into the formation
for the purpose of auginenting the rate ¢f migra-
tion of well fluids from the formation to the well.

It is known that the flow of oil through an oil
bhearing formation to a well hore sunk therein
depends, in the last analysis, upon the pressure
differentials between points in the formation, on
the one hand, and the interior of the well bore,
on the other. A feature of the present invention
is the radiation of sound waves deep into the
formation, thus enhancing the ability of the oil
te travel through the formation according to the
principles discussed in the foregoine, and simul-
taneously therewith, lowering the pressure in the
well bore by operating a pump therein, thus in-
creasing the pressure differential between the
formation and the well bore. This novel procass
consisting in simultaneous radiation cf waves

rom the bore into the formation, and lewering
of the pressure in the well bore, thereby increas-
ing the pressure differentials as described, estab-
lishes optimum conditions for recovery of cil, and
wiil not only augment the flow from a satisfac-
torily producing well, but will enable oil recov-
ery on an economic bhasis under conditions other-
wize so unfavorable as would indicate akandon-
ment of the well.

According to one major varient of the inven-
tion, there is utilized a sonic deep well pump of the
general type disclosed in my aforesaid Patent
Number 2,444,912, and which in a typical form is
characterized by longitudinal transmission of
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sound wave enersy from a wave generator ab the
eround suriace down the pump tubing, resulting
in a vevtical ascillation of the lower end of the

angd of a check valve carried thereby.
The ¢hieck valve alternately opens and closes with
the ozeillatory movement of the tubing, and
puMpPs well finid up the tubing as fully explained
in sald prior patent. The lower end portion of
this pump tubing is, accoraing to the invention,
so tormcd as to act at the same time as & genera-
tor of sound wWaves which are transmitted to and
thence ragdiated inwo the formation.

According to another major variant of the
jnventicn, an ordinary conventional sucker rod
pump is employed, but to the lower end of the
pump bubing ig suspended a sound wave gener-
ator. which is driven py pressure energy bled off
from the liguid column in the pump tubing.
7t will be seen that in both cases, 1 accomplish,
first, pumping within the well, so as to lower
the pressure in the lower end of the well bore
and thus increase pressure differentials hetween
points in the iormation and the well bore, and
at the same time, and simultaneously therewith,
I accomplish radiation of sound wave energy
tinough the oil bearing formation.

Various additional objects and features of the
invention will appear from the following detailed
description of present illustrative embodiments
thereof, refervence for this purpose peing had to
the accompanying drawings, in which:

Figure 1 is a view partly in jongitudinal sec-
tion and partly in elevation, showing an empodi-
ment of the invention;

Figure 2 1% & cross-section taken on line 2--2
in Figure 1,

Meare 3 5 8 view, partly in
tion ond partly in elevation,
embodiment of the invention;

Fieure 4 is a view partly in
tion and partly in elevation,
embodiment of the invention;

Figure 5 is a cross-section taken on line 5—5

pump LUCINE

longitudinal sec-
showing another

lonzitudinal sec-
showing another

Figure §is o view showing ancther modification
4; ang

Figuve 7 is view showing another modification
of the embodiment of Figure 4.

referring first to the embodiment of the inven-
tion shown in Figures 1 and 2, numeral {0 desig-
nates reneraily the usual perforated casing em-
bedaded in praduction formation 1{. Pump b~
ing 2, only fragmentarily illustrated, and which
will be understond to bhe entirely conventional in
its extension to the oround surface, kas mounted
therein thie usuaal plunger {3 carrying travelling
valve 14 and adarted to be reciprocated by sucker
rod siring 16, The drawing snows only the lower
portion of the well, the well equipment above
and at the ground surface being understood 83
entireiy conventional and not requiring iftustra-
tion berein. Fump tubing 12 has screwed onto
its lower end o tubular body |5 having a later-
ally opening intake port §7 controlizd by stand-
ing valve {8 and urged against its sead by spring
(9. Below valve 18152 wall 20 pierced by a small
fluid port 2!, which may discharge fiuid down-
wardly from the pump tubing into & pipe section
22 To the lower end of the latter is coupled,
as by flexibie coupling 23, a sound wave generator
which in this specific iltustrative embodiment
comprises a gyratory elastic tube or pipe sec-
tion 25, which In the present instance carries at
its lower end 2 quid driven wave generator unit
26. The latter comprises a head 21 coupled to

of the cinbodiment of Figure
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the lower end of pipe section 25 and furnished
with an internal annular groove forming a race
28 for a gyrating ball 22, the latter being driven
by a tangential fluid iet discharged from tan-
gential nozzie 30 communicating a3 indicated
with the lower end of pipe section 25, The lower
end of body 21 has a fluid discharge port 21.
11 operation, the pressure of the fiuid column
which exists in the pump tubing during pump-
ing operation, just as in a1l conventional pumps
of this type, is imposad on the finid at nozzle 22
during each down stroke of the pump plunzer 13
(the valve ball 14 being unzeated at such timel,
and fiuid is accordingly discharged from nozzie
20 to drive ball 23 in a civeulayr path at velatively
high velocity. This gyrating ball exerts 2 CeN-
trifugal force against the lower end of th2 alastic
pipe 25, causing the latter to be continuously sub-
jected to 2 rotating force vector in a transversc

plane. The force vector is designed o bhe 0
sufficient magnitude to bend or deflect the jower

end of the pipe 11 a circular path in a trans-
verse plane. This circular hending detlection of
the elastic pipe a4 ig propagaied the iength of
the pipe so that each section therect participates
in the gyratory action. The nozzle may be de-
signed to drive the ball, under the columu pres-
sure available, at any desived speed, usually
the range of 10 to 1000 R. P. S. preferably the
frequency of rotation of the ball is made to cor-
respond with the fundamental resonant fve-
quency of the pipe 23, which results in resonating
the pipe and establishing a standing wave there-
along, the latter heing characterized &y velocits
nodes (points of minimum transverse deforma:-
tion) located at 14 of ils length from each eni
and velocity anti-nodes (points of paximuin
transverse detormation) at iis center and at bhoth
ends. This standing wave is the rosult of elastic
waves of transverse deformat
gitudinally up pipe 25 and refl
end, the reflected waves int
nant freguency to give the nodes and anti-
as described.

It should be noted that the gyras v
tion of each section of the pipe vy bhe anabyse
to be the resultant of two transverse vibrabions
occurring in directions at right angies to one uli-
other, and with 90° phasc difference Letween
them. The geperator thus comhines ihe eflect
and power of two rni-girestional vibrators oper-
ating in quadratuie on girection lines at right
angles to one another. and is thervefore. in effect,
s harmonic vibration generator. 1t is of course
within the scope of the invention ta suhstitute 8
generator which oscillates o vibrates in but one
direction. The action of the pipe 25, whether
gyratory (oscillation along two direction lines in
quadrature phase) or ogecillatory (Lo and ro)
along a single directicn line, resulis in transmis-
sion of elastic wave energy to and radially cut-
ward through the immediate surrounding me-
dium, which is the well fluid understood to he
present in the casing. The sound waves in the
well fluid are thus transmitted to the casing, and
out through the casing perforations (which may
pe desirably, in some cases, enlarged to sugment
the wave transmission) into the surrounding oil
pearing formetion. The sound waves arriving at
the casing alse get the casing into vibration, and
the casing in turn fransmits the sound waves inte
the oil bearing formation. The gsound waves thus
applied to the formation are transmitted therein
far substantial distances as elastic waves of ten-
sion and compression, travelling with the velocity
of sound in the medium, and as already explained,

2) -
nodes




2,680,485

5

these waves augment the oil flow rate through the
formation and from the formation into the well.
In operation, the pump plunger 13 is reciprocated
by means of sucker rod string 15 and the usual
reciprocating mechanism al the ground surface
(walking beam or the like) with the effect of rais-
ing the oil column in the tubing {2, and with the
further effect of depressing the pressure within
the casing 18 at the bottom of the well. This
Iowered pressure of course results in migration of
oil flow to the well from the surrounding forma-
tion, and in combination with the effects of the
radiated sound waves, there is achieved a sup-
stantially augmented production rate from the
well. In many cases, marginal wells can in this
manner be placed back on economic production,
and in substantially all cases, enhanced produc-
tion can be nchieved.

Reference is next directed to the embodiment
of Figure 3, which illustiates a form of the inven-
tion applied to a sonic pump of the type first dis-
closed in myv aforesaid Batent Number 2,444,912,
In said figure, numeral 36 designates the perfo-
rated easing in the vell bore, and 37 is an elastie
stea! pumn tubing suspended therein from coil
type springs 2§, the ubper end of said tubing de-
Livering well fiuid to pipe 38. A sonic wave vibra-
tion generator 49, afterwards to be described, is
nounted on the top end of the tubing, and oper-
ates to send alternating longitudinal waves of
tension and compression down the tubing 37 for
transmicsion to the lower end thereof. Consider-
ing the support of the pump tubing from the
spring 38 in more detail, the tubing 37 has near
its upper end an enlarged head or collar 41, The
tubing 371 is received in an aperture €2 formed
in a horizontal top plate 43, the head 41 over-
hanging and bearix 2 downwardly on said rlate
arownd cperture 42 for the support ¢f the column.
Vertical Paced below top plate 43 is g horizon-
tal bottom or hase plate 48 carried by a tubulayr
mermver £5 and nee 48 holted to casing head
flange 47. Beotwecn base plate £4 and top plate
43 are o plurality of eoil springs 43, positioned cn
verticnl ping 83 set tizhtly into hase plate §4 ang
projecting with o working, sliding gt through
hores i in {ap £ 43, The weight of the tubing
37 is thus Ln ived {0 sprincs 338, and thence
to the casing supnorted by the earth.

Coupled to the lower end of the tubing is an
enlarged tunine section or hollow piston £2, of
substantini length, preferabply approximately a
aquarter-wave lenoth of the wave generated in the

ump tubinge by the oscillation generator 48. This
enlarged tubing section or piston 52 has a rela-
lively close it with the casing, so as to prevent
substantial liguid flow in an upward direction in
the annular space hetween it and the casing. The
lower end portion of the pisten 52 has a bottom
closure wajl 54, furnished with perforations &S
forming valve passaces contrelled by a like plu-
rality of ball valves 86, the latter being furnished
with suitable cages 57 of any desired character.
In the illustrated embodiment, the lower end of
casing 36 carries a perforated line 69, having a
closed bottom 6¢ resting on the bottom of the
well hole,

The vibration generator 43 may be of any de-
sired type, but as here shown is provided with a

casing 62 within which are meshing opvositely .

rotating gears 83 carrying eccentric weights 64
which balance cut horizontal vibrations but cays-
ing vertical vibrations to he additive to produce
a substantial resonant oscillatory force in 2 ver-
tical direction. The driving pulley 65 of the sound
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wave generator, mounted on the shaft for one of
the spur gears, is driven by an electric motor or
any other suitable prime mover (not shown)
through belt 66.

In operation, this generator 43 transmits elas-
tic waves of tension and compression down the
pump tubing, causing the check-valved piston 52
2t the lower end thereof to be longitudinally re-
ciprocated through a short displacement distance
at the frequency of operation of the generator.
‘This action, and the preferred establishment of
resonance in the tubing, are fully discussed in
my Patent Number 2,444,912, Each down stroke
of bottom end wall 54 with the tubing occurs at
an acceleration greater than gravity, and the
check valve balls accordingly unseat during such
time. Fluid displaced by the downwardly travel-
ling wall 54 therefore flows upwardly through
the ports 55 and fills the void above the wall 54
caused by the down stroke of the latter. On the
up stroke, the check valve balls will geat, and the
column of fluid thereahove is elevated. The os-
cillating piston 52, working with relatively close
fit within the casing, functions to niove a sub-
stantial quantity of well fluid, and hence fur-
nishes a good wave transmission coupling to the
fluid. Sound waves are accordingly set up in the
fluid, travelling downwardly to the lower end of
the liner, where they are reflected and returned
upwardly. ressure and velocity impulses are
thus created within the liguid medium, and these
are transmitted to the liner and to the surround-
ing formation, being thus applied to the forma-
ticn and thence radiated for substantial distances

5 In the formation as elastic waves travelline in

the formation with the speed of sound.

It should be noted that of the many embodi-
ments of pump disclosed in my aforesaid Pat-
ent No. 2,444,912, only that of Figures 5 and ¢
will afford any practical degree of coupling with
the liguid. In the other embodiments, sound
waves would not in practice be radiated as far
as the oil bearing formaticn outside the casing.
For example, the end area of the pump tubing
in the embodiment of Figure 4, or the end area
of any of the pistons used with the embodiment
of Figure 20, would be an insufficient fraction
of the cross-sectional ares of the casing for any
effective wave transmission counling to the ex-
ternal well fluid to be expected. The insignificant
amount of fluid moved by these areas an each
down stroke thercof simply escaves by moving
radially out of the way and then up in the large
annular space between the pump tubing and the
casing, with exceedingly poor coupling efficiency.
By having the pumping member nearly fill the
casing, however, as does the flared type of tub-
ing end of Pigures 5 and § of said patent, a sub-
stantial quantity of fluid is positively driven, as
by a piston in a cylinder, and. sufficient wave
energy is transferred to the well fluid to be
radiated out into the formation. Even with the
embodiment of Figures 5 and § of said patent,
however (see also Figure 6 of my application
is some disadvantage in
that a substantial quantity of fluid is enabled to
escape up or down past the flared tubing end
on each of its strokes. This by-passing fluid
represents loss of sound wave energy, and the
improved embodiment shown in Figure 3 of the
present application, characterized by the pro-
vision of a long close-fitting lower tubing section
or piston 42, minimizes this loss, and assures
maximum radiation of scund wave energy.

My prior Patent No. 2,444,912 has described
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in detail the generation of sound waves of such
frequency as will establish longitudinal waves
of compression and tension in the pump tub-
ing, these waves being of a wave length which
is preferably short relative to the length of the
tubing, and in no event longer than substantially

four times the tubing length. Said prior patent .

also described the preferred establishment of
standing wave resonance in the pump tubing,
and described how the sound waves in the tub-
ing cause vertical oscillation of the check-valved
lower end of the tubing, and consequent pump-
ing.

Tt will be evident how the closed, check-valved
lower end of the enlarged tubing section or pis-
ton 52 of the present invention, oscillating ver-
ticaily at the lower end of the pump tubing, will
transmit longitudinal sonic waves to the liguid
column I in the liner below. 1t is preferred, for
maximum energy transmission, to establish a
condition of substantial standing wave Treso-
nance in the liguid colunn [, and a desirable con-
dition in accordance with the invention is a
correlation between sound wave frequency and
ligeid ecjumn length establishing substantially
an odd number of quarter wave lengths in the
Lguid celumn, In this connection, it will of
course be understood that a wave length for a
piven frequsney will nct be the same in the liguid
column as in the steel pump tubing because of
the differing velocities of sound in the two media.
Trom a vractical standpoint, the standing wave in
the lignid column in the liner may be between
a quarter and a half wave in length, a wave
length in this sense being the length of a wave in
the well fluid at the sonic frequency prevailing.
A standing wave a little longer than a guarter
wave in length is dizgrammed in Figure 2 at s,
the wave envelone indicating velocity amplitude
of liquid narticles cf the column.

In practice, oscillator 40 ic preferably oper-
ated at a frequency which will establish 2 longi-
tudinal standing wave in the pump tubing, thus
assuring vumping under optimum conditions.
and at a freguency which will also establish a
standing wave in the liguid column within the
To accomnlish this last, adjustment in the
of the liguid column may he made by
or lowsring the pump tubing. It will
12 nessible to readily Aind an operating
freguency and a Houid column length such that
an averione freguency of the fundamental gen-
erated will give the desired condition of standing
wave rheonance in the liguid column. In some
cases the tubing will resonate at the fundamental,
and in some it too will rescnate at an overtone
frequency.

Under the standing wave conditions described,
Hquid varticles comprising the column 1 will
oseillate at high amplitude, and high amplitude
pressire waves will accordingly be created and
will imninge on the walls of the casing and/or
liner, causing the same to vibrate strongly against
the formotion and thus apply wave energy there-
tn. This wave energy is thereupon propagated in
the formation as elastic waves of compression and
tension, travelling in the formation with the speed
of soupd. The resonated liguid column thus
serves as a sonic wave coupling medium between
the enlarged wave-generating lower end of the
pump tubing and the formation.

Figure 4 shows another embodiment of the in-
venticn employing a sonic type of deep well pump,
but having characteristics departing from those
of the embodiment of Figure 3.
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10 designates the casing in the well
pore, and 11 the elastic steel pump tubing, again
provided at the top with sonic wave vibration
generator 12 (which may be the same as the cor-
responding generator of the embodiment of Fig-
ure 3). The upper end of tubing 11 is provided
with flow delivery pipes 13. Casing head T4 has
a packing 1% permitting some degree of vertical
oscillation of the pump with reference to the cas-
ing head and casing. The upper end of the casing
is provided with gas vent T1.

In the present illustrative embodiment, the
lower end of the casing carries a perforated liner
80, cut off a predetermined distance below the
lower end of the well hole, is indicated at gi. In
the open well hole 82 below the lower end of the
liner is positioned 2 solid rubber column 83 of
some elastic rubber-like material, preferably a
synthetic capable of withstanding deleterious ac-
tion of the well fluids. The lower end of pump
tubing 11 carries a fianged collar 84 which rests
on the upper end of this solid rubber column 83,
and the entire weight of the pump tubing and
sound wave generator 12 is imposed on the rub-
per column. The pump tubing thus stands in
compression on the rubber column, compressing
the latter vertically and causing it to expand
laterally into intimate pressural contact with the
sides and bottom of the well hole.

The tubing

Numeral

3{ has a section Tig opposite per-
sorated liner B0 which is provided with fluid in-
Jet holes 86, and a short distance thereabove the
tubing is provided with a check valve unit 81,
comprising seat ring 89, valve hall o8, and cage 9 (.
Additional check valve units of a similar nature
may he provided, if desired, at vertically spaced
points in the pump tubing, at such spacings and
for purposes clesrly discussed in my aforesaid
prior Faient No. 2,444,912,

To center the pamp tuhing in the casing, and
to prevent encagentent between the tubing and
casing such s would result in loss of vibration
energy into the casing, I preferahly utilize on the
casing a plarality of rubber spools &R, secured
in place with a cahle 81 which D2s8ES through
the spocls and encircles the tubing, as clearly in-
dicated in Figures 4 and 5. Tach such spool 90
is similar in shape to a segment of a doughnut.
These spoocls have radii 52 and 93 conforming with
the radii of thic pump tubing and casing, respec-
tively. A numher of these rubber spool units may
pe used on the tubing at snitably spaced vertical
intervals.

In operation, the vibration generator 12
jaunches longitudinal waves of tension and com-
pression down the pumy tubing, these waves
travelling to the lower end of the tubing, and
there being reflected back up the tubing as fully
described in my punip Fatent Number 2,444 912.

Portions of the tubing are thus set into vertical
oscillatory movement as a result of the passage of
these waves, and the described check valves in
the tubing therefore oscillate vertically, causing
well fluid entering the tubing by way of ports 86
to be pumped up the tubing to the delivery pipe
13 at the top. It will be evident that the pump
tubing may have some vertical oscillatory move-
ment with reference to the casing head 74 at the
top, but this is accommaodated hy the packing T5.

The particular novel characteristic of the em-
bodiment of Figure 4 is the resting of the lower
end of the pump tubing on the solid rubber col-
umn 83, the tubing thus standing in compression,
and placing the rubher coluinn under compres-
sion, so that it expands laterally into intimate
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contact with the formation. In the operation of
the pump, the lower end portion of the pump
tubing oscillates vertically against the rubber col-
umn 82, thus transmitting sonic waves of tension
and compression to the rubker column, and these
waves are in turn applied by the rubber column
to the walls of the formation, whence they are
radiated in the formation as elaztic waves travel-
ling with the velocity of scund. The solid rubber
column thus serves in this insinnece as the cou-
pling means between the longitudinally oscillating
pump tubing and the formation. It is of advan-
tage, though not an essential, to genersie a sonic
frequency by means of generator 12 which will
resonate the tubing 74 and set up a condition of
standing wave resonance thergin. Preferably,
the wave frequency will be such as to establish a
velocity anti-node (point of maximum velocity
amplitude) at the lower end of the tubing. The
upper end of the tubing will of course be the
location of ariother velocity anti- node, and there
may he additional velocity anti-nodeg spaced a
half wave length apsrt along the lensth of the
tubing. If a plurality of check valves are em-
rloved, thece will prefersbly be located ot or near
these velosity anti-node vezions. The lowermost
check valve 8Y may advantageously Le located
suficiently near the lower engd of the tubing to
have substantial velecity araplitude by reascn of
its proximity to the lowermost veloeity anti-node
of the tubing.  Alternately, the lovermost check

valve 87 mmay he lceated adiamcent the veloeity
anti-node newt above that at the iowermost end
of the tubing., Az s tated, st T wave reso-

ye

nance is the preferred and mc-tt efT
cperaticn, and rezults in maximum
ference down the vump tubin 2 and into ¢
maticn. Ilowever, substantial o wzantities of en-
Crgy can 1itted tne tubing and
into the formation even without standing wave
resonance, and this feature {s accerdingly to be
considercd as an important and preferred fea-
ture, but one not entirely indispensikle to suc-
cessful operation.

In Figure 6 J have shown a modification of the
lower end portion of the apparatus of Rigure 4,
wherein ‘hc perforated liner, designated in this
instaime by numeral ¢, is not cut off at or just

below the on er end ¢f the pump tubing, but ex-~
tpnd downwardly and iz provided with closed
lower end 5. 'Tle rubber column, indicated in
this instance by numeral 8'241, here is inserted in-
side the liner, and iz compr s.s,e'J tightly there-
against by assuming the e ht of the pump tub-
ing, the same as in Figure 4 To facilitate radial
expansion and contraciicn of the liner section oc-
cupied by the rubber column 82 with the cyclic
expansive forces exerted by the latter in the oper-
ation of the pumn, the liner naay be formegqg with
a plurslity of lonzitugdinai siois or splits 96.

The operation of the modification of Figure 6
is in all fundamental respects the same as that
of Figure 4, with the additional feature that the
straps 97 intervening between the slots 96 al-
ternately bulge and contract with the cyelic ex-
pansive and centractive movements of the rubber
column 82a under the sonic wave impulses re-
ceived from the lower end of the pump tubing
resting thereon. The alternately bulging and con-
tracting straps 91, in intimate contact with the
formation, will be seen to apply sonic vibratory
energy to the formation, causing elastic waves
to be radiated in the forimation as before.

Figure 7 shows a further modification of the
lower end portion of Figure 4, wherein the liner,

Ticient type of
energy trans-
he for-
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designated in this instance by numeral 199, has
af the top an outwardly turned flange {0{ resting
on a rubber ring 102 carried by the inturned
flange 103 on the lower end of casing I184. Pump
tubing 105, understood to be of elastic steel and
to be equipped at the top with a vibration gen-
erator like that employed in the other embodi-
ments, is screwed into a coupling ({0 furnished
with an external annular flange (i which rests
on the liner flange 181, and is therefore resiliently
supported by the rubber ring {82, The pump
tubing is continued downwardly within the per-
forated liner 100 by a tubing section {05« screwed
at the top into coupling 118, and this tubing sec-
tion 188c is provided near the bottom with a
check valve unit {{4 having the usual seat ring
115 and check valve ball { 16.

The novel characteristic of the embodiment of
Figure 7 is that the pump tubing stands in com-
pression against the top of the liner, which is in
turn resiliently supported upon the lower end of
the casing. Sound waves travelling longitudi-
nally down the pump tubing from the sound wave
generator at the top will effect a vertical oscilia-
ticn of the coupling member {18, causinz the liner
to oscillate vertically on the resilient ring §02.
The lower end of the liner will be understood to
be resting on bottom, and the liner will accord-
ingly be caused to alternately expand and con-
tract at the sonic frequency of the vibration
generator, thereby applying sonic wave energy to
the walls of the formation, whenece elastic waves
of tension and compression are set up in the for-
mation and are propagated deep into the forma-
tion with the velocity of sound. The liner will,
in addition, have a substantial degree of vertical
oscillation, which will result in transmission of
shear waves into the formation.

Several of the illustrative embodiments of the
invention have shown a conventional installation
employing a perforated liner suspended from the
lower end of the casing. It will be understood
that this is for illustrative purposes only, and
that the invention is equally applicable to other
conventional types of oil well installations includ-~
ing those wherein the casing itself is perforated
and no liner is employed, as well as those in which
an unlined open hole is provided below the lower
end of the casing.

The invention thus provides a process for aug-
menting the production from a pumped oil well
by radiating into the formation elastic waves of
sonic frequency (by which is meant frequencies
anywhere in the approximate range of 20 to sev-
eral thousand C. P. 8.), thereby increasing the
ability of the petroleum fluids to migrate thr ough
the formation, and, at the same time, depressing
the pressure in the lower end of the well bore by
operation of the well pump, whereby the petro-
leum fiuids in the formation, whose mobility is
increased by the sonic vibratory action in the
formation, is caused to migrate through the
formation in the direction of the well bore under
augmented pressure differentials. "i'he further
advantage is gained that a producinz well can
thereby be maintained in constant state of opti-
mum flow, as distinguished from a practice con-
sisting in occasionally pulling the pump, and
treating the formation by means of sound wave
equipment run into the hole in the place of the
bump for the purpose of shaking and opening up
the formation for freer flow to the well. Maxi-
mum recovery from a given well is assured by the
use of a device in accordance with the invention,
used in conjunction with or operated by the
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pump, to sustain continuing elastic waves in the
oil bearing formation around the well bore during
actual pumping of the well,

A numper of present embodiments of the inven-
tion have been disclosed for illustrative purposes
only, and it will be understood that various
chanees in design, structure and arrangement
may be made in these illustrative embodiments
without departing from the spirit and scope of
the invention as defined in the appended claims.

I claim:

1. In an oil well, the combination of: a well
pump operable within the well bore, said pump
inciuding a pump tubing and a check-vaived
plunger reciprocable therein, and a sound wave
generator in the well bore below said pump tub-
ing operable by the hydrostatic pressure head of
well fuid in said pump tuping to generate sound
waves and to radiate said waves into the sur-
rounding oil bearing formation.

2. Apparatus for pumping a well and for simul-
tancousiy augmenting the riow of well fluids from
the surrcunding formation to the well bore, that
comprises: an elastic tubing positioned in said
well bore and reaching from the ground sur-
face tp the vegion of the oil bearing formation,
4 lateraily enlarged piston element on the lower
portion of said tubing in the space petween the
tubing and ihe wall of the well bore, a check
valve at the lower end portion of said tubing, and
a generater of clastic waves at the ground sur-
face dnvingly coupied to said elastic tubing to
send alternating Jongitudinal deformation waves
of tension and compression down the same where-
by Lo vertically oscillate the lower end portion
of s2id tubing and said check valve and piston ele-
ment.

3. Apparutus for augmenting the fluid flow
through @« porous fiuid bearing earthen forma-
tion surrounding & well bore sunk therein, that
comprises: an elastic tubing positioned in said
well bore and reaching from the ground surface
to the resion of the oil bearing formation, re-
silient means supporting said tubing near the up-
per snd thoereof, whereby said tubing is suspended
in tension, & laterally enlarged piston element on
the lower portion of said tubing in the space bhe-
tween the fubing and the wall of the well bore,
and a generaior of clastic waves at the ground
surface drivingly coupied to said elastic tubing
to send alternating jongitudinal deformation
waves of tension and compression down the same
whereby to vertically oscillate the lower end por-
tion of said tubing and said piston element.

&, Apparatus for augmenting the fluid flow
through a porous fluid bearing earthen forma-
tion surrounding a well bore sunk therein, that
comprises: an clastic tubing positioned in said
well bore and reaching from the ground surface
to the region of the oil bearing formation, 2
resilient column lodged in the lower end of the
well bore in engagement with the wall surfaces
of said bore, the lower end of saig tubing rest-
ing on said column, and said tubing standing in
compression on said column, and & generator of
elastic waves at the ground surface drivingly cou-
pled to said elastic tubing to send alternating
longitudinal deformation waves of tension and
compression down the same whereby to vertically
oscillate the lower end portion of said tubing and
saig resilient column, whereby said column is
cyelically deformed and exerts corresponding
periodic deformation forces on the wall surfaces
of said hore causing elastic waves of compression
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and tension to be set up and propagated in the
formation.

5. A combination as defined in claim 4, where-
in said resilient column comprises a solid body
of rubber-like material in intimate engagement
with the adjacent sides and bottom of the well
bore.

6. Apparatus for pumping a well and for simul-
taneously augmenting the flow of well fiuids
from the surrounding formation to the well bore,
that comprises: an elastic tubing positioned in
said well bore and reaching from the ground sur-
face to the region of the oil bearing formation,
an oil inlet opening in the side of sald tubing
near the lower end thercof, a check valve in the
Jower portion of said tubing above said inlet
opening, @& solid body of resilient, rubber-like
material lodged in the lower end portion of the
well bore in intimate engagement with the ad-
jacent sides and bottom of the well bore, the
lower end of said tubing resting on said body.
and the tubing standing in compressicn there-
on, and a generator of elastic waves at the
ground surface drivingly coupled to said elastic
tubing to send alternating longitudinal deforraa-
tion waves of tension and compreszion down
the same wherebhy to vertically oscillate the jower
end portion of said tuking and ¢aid check valve
and resilient body, whereby said check-valve
cyclically lifts well fluids in sald tuking, and
whereby said resilient body is cyclically aeformed
and exerts corresponding periodic deformation
forces on the wal surfaces of said bore cauzing
elastic waves of compression and tension to be
set up and propagated in the formation.

7. Apparatus for augmenting the fuid flew
through a porous fluid bearing carihien forma-
tion surrounding a well bore sunk therein, that
comprises: an elastic tubing positicned in said
well bore and reaching from the ground surface
to the region of the oil bearing formaticn, a ¥e-
gilient body supported in the lower cnd cf said
bore in pressure wave transmitting relation with
said earthen formation, the lower end of said
tubing supported on said body, and said tubing

' standing in compression supported by said boay.

and a generator of elastic waves at the ground
surface drivingly coupled to said elastic tubing
to send alternating longitudinal deformation
waves of tension and compression down the same
whereby to vertically oscillate thie lower end pov-
tion of said tubing and said resilient hody, wihere-
by said body is cyclically deformed and trans-
mits corresponding periodic compressive forces
on said earthen formation causing elastic waves
of compression and tension to be set up and
propagated in the formation.

8. Apparatus for augmenting the fiuid flow
{hrough a porous Auid bearing earthen Torma-
tion surrounding a well bore sunk therein, that
comprises: an elastic tubing positioned in said
well bore and reaching from the ground surface
to the region of the oil bearing formation, 2
resilient. body supported in the Jjower end of said
pore and coupled to said formation to transmit
pressure impulses thereto by virtue of periodic
deformation of said body, the lower end of said
tubing supported on said body, and said tubing
standing in compression supported by said body,
and a generator of elastic waves at the ground
surface drivingly coupled to said elastie tubing
to send alternating 1ongitudinal deformation
waves of tension and compression down the same
whereby to vertically oscillate the lower end por-
tion of said tubing and said resilient body, where-
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by said hody is cyclically deformed and trans-
mits corresponding periodic comypressive forces
on said earthen formation causing elastic waves
oi compression and tension to be set up and
propagated in the formation.

9. Apparatus for pumping a well and for si-
multanesusiy avgment ing the flow of well fuigs
frem the surrounding formation to the well ore,
thal comprises: an elastic tubing positioned in
said well bere and reaching from the ground
surface to the region of the oil bearing forma-
tion, a check valve at the lower end portion of
said tubing, a penerator of elastic waves at the
ground surfoace drivingly coupled to said elastic
tubing to send alte mating longitudinal deforma-
tion waves of tonsion and compression down the
same whereby to vertically oscillate the lower
end portion of said tubing and said check valve,
end radinling iveans on s3id lower end porfion
of said tuhing for radiating vibrations into the
surrounding well fluids and formation.

10. For use in reducing the clogeing of oil
flow passages in a production oil well having
a pump tuhing and pump means connected
thereto, an elastic sound wave generator with
an output charncteristic adapted to generate
elastic sound waves for Lguid and solid media
having the resistance of petroleum containing
media to sound wave vibration at the frequency
of said generator, an elastic sound wave trans-
mitting means cperatively combined with said
generator and adapted to counle said generator
to a liquid or solid wave energy receiving media
in said well, said transmitting mearns having an
attachment mesns for mounting it on the pump
tubing of said well and near the inlet of said
purn, =0 as te wosition said transmitiing means
in the producing region of said well, and a power
connection means for connecting said generator
to a power source in said preduction field, where-
by a suflicient average rate of power delivery
may Dbe cenducted fram said power source to
said transmitter and radisted therefrom as elas-
tic sound wave energy which is thereafter trans-
mitted into said producing field so as to reduce
the clogging of the oil flow passages and thereby
increase the average production rate for said
production well

11. A combinati iefined in claim 10 where-
in the said ¢ vibrator connected to
said producti : &0 as to generate vibra-
tiong therein, and wherein said wave transmitting
means is connected to s2id tubing so as to receive
vibrations

12. A comBinction as defined in claim 10 where-~
in said wave trrnsmitiing means has an enlarged
surface for contact with well fluid.

13. For use in reducing the clogging of oil flow
passeges in a production oil well having a produc-
tion tubing ang pump means connected thereto,
an elsstic sound wave generator with a coupling
means for connecting to the production tubing
of sald well and having an output characteristic
adapted to gercrate elastic waves of tension and
compression in said tubing at the frequency of
said gererator, an elastic sound wave transmitting
means adapted e couple said tubing to a liquid
or solid wave energy receiving media in said well,
said transmitting means having an attachment
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for mounting it on said productizn tubing of said
well 50 as to be vibrated in response to said waves
in said tubing, and o power coinection means for
connecting said generator to a power source in
said production field, whereby a sufiicient aver-
age rate of power delivery may be conducted from
said power source to said transmitter ang radi-
ated therefrom as elastic sound wave eneroey
which is thereafter transmitted into said pro-
ducing field so 2s to reduce the clogging of the oil
flow passages and thereby increase the average
preduction rate for said production well.

14, Apparatus for augmeniing the fHuid fow
through a porous oil bearing earthen fovimation
surrounding a well bore sunk thersin, com nrising:
a casing lining the well horve, a perforated liney
at the lower end portion of said casing, an elastic
tubing positioner] in the well hore ang reaching
from the ground surface to the region of the oil
bearing formation, said tubing being adapted at
its lower end portion for firm engagement with
said lirer, and a generator of elastic waves at
the ground surface drivingly coupled to said
elastic tubing to send alternating longitudinal
deformation waves of tension and compression
down the same whereby to vertically oscillate the
lower end portion of said tubing and said liner.

15. A combination as defined in claim 14,
wherein the casing and liner have overlapped op-
positely facing shoulders, and a resilient element
is positioned between said shoulders to provide a
resilient support of the liner on the casing.

18. For use with vibratory sonic pumps in an
earthen well, an acoustic coupler for radiating
elastic waves into said well, said coupler being
constructed and arranged for mountirg on said
pump adjacent the pump inlet and so as to be
vibrated by the pump, said coupler also having
a wave transmitting surface for contact with
liquid or solid media in said well when said
coupler is mounted on said pump, and said cou-
pler having a wave transmitting response when
vibrated at the frequency of vibration of said
pump.

17. In oil well producing apparatus, the com-
bination of: a deep well pump operable within a
well bore, said pump having a pump tubing, a
sound wave radiator mounted near the lower end
portion of said tubing and positioned opposite
the production formation and adjacent the pump
inlet, said radiator being acoustically coupled to
the surrounding well fluids and solid formation,
and a sound wave generator coupled to said radi-
ator so that said radiator radiates sound waves
into the formation while said pump creates pres-
sure differentials between the formation and said
well bore,
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