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This invention relates generally to systems for 
increasing the flow of wells, particularly oil wells, 
aid deals more especially with a system operable 
in conjunction with an oil well pump for increas 
ing the no'nal flow from the oil bearing strata 
to the punan ly application to the strata of elas 
tic Waves of Solnic chai'acter, i. e., waves of com 
preSSion and tensio: iavelling in the strata at 
the Speed of Sound. 
The proS&nt application is a continuation-in 

part of Iny prior application entitled IAethod and 
Apparatus for Boundary Layer Control, Scrial 
No. 771,308, filed September 2, 1947, which appli 
cation was a continuation-in-part of 1:ly prior 
application eititled Method and Apparatus for 
Pumping, Serial No. 761,456, filed July 17, 1947, 
andissuedas Patent Number 2,444912 on July 13, 
1945. The niesent application is also a continua 
tion-in-part of Iny prior application entitled 
Sonic Systein for Augmenting the Extraction of 
Oil fron Oil Bearing Strata, Serial No. 8799, filed 
February 17, 1918. now Patent No. 2.667,932. 
The above-mentioned parent applications, to 

gether Yª'i tlh nª United States Patent Number 
2.43,458, deal iroadly with methods and appa 
ratus for augmenting the flow from oil bearing 
Strata, to a well by application to the strata of 
elastic waves of Sonic frequency (e. g., 20 to sey 
ial thous&nd C. p. s.) in such a manner as to 

cause Silch Waves to travel in the strata for sib 
stantial distances from the well, i. e., up to sev 
eral hurried feet radially into the formation. 
The precise explanation of the phenomena in 
Volved *:25 not been determined with absolute 
Cel'tailty to the present time, but experimental 
evidence reveals an increase in the nobility of 
the oil contained in the sandstone up to the order 
of 58%. By confrast, 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 
Solund wave energy dissipation, causing increased 
gas presslle, as well as reduction in the viscosity 
of the oil, and therefore augmented oil migration 
through the fo:mation. Again, it is known that 
oil is trapped in earthen formations by water 
films bridging the gaps between sand particles, 
Ol' closing off the pores in the formation. Peri 
odic Vibration of the formation by transmitting 
Sound Waves therethrough causes of permits the 
oil droplets to juncture these water films, and so 
to become freed for migration. As a further fac 
tour, it is known that oil exhibits boundary layer 
adhesion to the Sullifaces of the sandstone, which 
Seriously impedes the flow of the oil to the Weil. 
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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 fluid which are 
otherwise bound adhesively to the fol'nation. 
The above-mentioned parent applications dis 

Close various methods and apparatus for generat 
ing sound waves, and applying the same to the 
formation for transmission therein to accomplish 
the desirable ends already mentioned. In those 
applications there have been disclosed several 
embodiments of the broad 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 inay therefore 

be stated to be to provide a method and appara 
tus for utilizing a deep well punp, or an auxiliary 
apparatus associated with a deep well pump, for 
radiating Sound Waye energy into the formation 
for the purpose of auginenting the rate of liga - 
tion of well fluids from the formation to the well. 

It is known that the flow of oil through an oil 
}}earing formation to a well bore 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 
to travel through the formation according to the 
principles discussed in the foregoing, and sign:ll 
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 Wel bore. This novel process 
consisting in simultaneous radiation of waves 
from the bore into the formation, and lowering 
of the pressure in the well bore, thereby increas 
ing the pressure differentials as described, esta, b -- 
lishes optimum conditions for recovery of cil, and 
wiil not only augment the flow fron a satisfac 
torily producing well, but will enable oil recov 
ery On an economic basis under consitions other 
wise so unfavorable as would indicate abandon 
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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sount? : v c energy f'on a wave generator at the 
ground g-face down the pump tubing, resulting 
in a vattical oscillation of the lower end of the 
pulp tibing and of a check valve carried thereby. 
The cleick valve alternately opens and closes with 
the scij R foi y movement of the tubing, and 
punps well fluid up the tubing as fully explained 
ili sa i ti prior patent. The lower end portion of 
this puiap tubing is, according to the invention, 
So for in Cd as to act at the Same time as a genera 
to of sound waves which are transmitted to and 
thence radiated into the formation. 
According to another major variant of the 

in 'elition, an ordinally conventional Sucker rod 
puni) is employed, but to the lower end of the 
pump it iing is suspended a Sound wave gener 
ator, which is driven by pressure energy bled off 
from the liquid column in the pump tubing. 
it v. 2 be seen that in both cases, I accomplish, 
first, inning within the well, so as to lower 
the pressure in the lower end of the well bore 
and thus illcrease pressure differentials between 
points is: the fort nation and the Weli bore, and 
at the are tine, and Simultaneously there with, 
I accoli)ish radiation of Sound wave energy 
till Qug the oil boe:ring foll'Ination. 

Va:Cl: 5 aciditional objects and features of the 
inv' Un , iil appear from the following detailed 
desci'ition of present illustrative embodiments 
thereof, reference for this purpose being had to 
the Ki (:compR nying drawings, in which : 
Figue 1 is a view partly in longitudinal Sec 

tion and partly in elevation, showing an embodi 
melt of the invention, Fig tile e is, R. C' OSS-Section takeh on line 2- -2 
in ºgue 1 ; Figue 3 is a view, partly ill longitudinal Sec 
tuin oli 33:tly in elevation, Showing another 
ernbodi:netit of the invention; Figl:e 3 is a view partly in longitudinal Sec 
tion all d partly in elevation, showing another 
et; di Et. Cf tae invention; 

Figuil'e 5 is a cross-section taken on line 5-5 
Of le 4; Figure 6 is G. vie wy. Showing another modification 
Gi ti: e (einbºglinent of Figure 4; and 

Fig'e 7 is view, slowing another modification 
of the ernoogiinent of Figure 4. 

Referring first to the embodiment of the inven 
tion 523 in in Figures 1 and 2, numeral f) desig 
nates eneraliª fhine usual perforated casing enn - 
bedded in paradiction formation it. Pump tub 
ing F2, only fragmentarily illustrated, and which 
will be aliel's Citi to be entirely conventional in 
its 2Xe Sioli to the ground surface, has mounted 
there in the uStai punger 3 carrying travelling 
valve 4 and adapted to be reciprocated by sucker 
rod Sting. 5. The drawing shows only the lower 
portion of the well, the well equipment above 
and at the ground Surface being understood as 
entirei conventional and not requiring illustra 
tion herein. Pump tubing 2 has screwed onto 
its ovie end a tubular body 6 having a later 
ally Opening intake port controlled by stand 
ing valve 8 and urged against its seat by spring 
9. Below valve f8 is a wall 20 pierced by a small 

fluid port 2, which may discharge fluid down 
Wardly fron the pump tubing into a pipe section 
22. To the lowe' end of the latter is coupled, 
as by flexibie coupling 23, a sound wave generator 
which in this specific illustrative embodiment 
comprises a gyratory elastic tube or pipe sec 
tion 25, which in the present instance carries at 
its lower end a fluid driven wave generator unit 
26. The iatter comprises a head 27 coupled to 
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the lower end of pipe section 25 and furnished 
with an internal annular groove fol'ning a race 
28 for a gyrating bail 29, the latter being driven 
by a tailgential fluid jet discharged from tan 
gential nozzie 30 communicating as indicated 
with the lower end of pipe section 23. The lowel 
end of body 27 has a fluid discharge port 3 f. 

() operation, the pressure of the fuid countil 
which exists in the pump tubing du?ing punp 
ing operation, just as in Ell corn venticol plInpS 
of this type, is imposed on the fluid at nozzle 23 
during each down stroke of the punlp plunger 3 
(the valve bali 4 being unseated at Su?h tine , 
and fituid is accordingly discil’ged flo: nOZE 
20 to drive bal 29 in a. Circulat pat! at relatively 
high velocity. This gyrating ball exerts a cell 
trifugal force against the lowei' end of the gastic 
pipe 25, causing the latter to be continuously sub 
jected to a rotating force vector in a transversc 
plane. The force vector is designed to ia () 
Sufficient nagnitude to benti Olir deflect, tle o'r er 
end of the pipe i? a circula patin in 3 trans 
verse plane. This circular beinding defection of 
the elastic pipe 25 is propagated the i ength of 
the pipe so that each section there of participates 
in the gyratory action. The nozzle nay be die - 
signed to drive the ball, :nder the coluinn pies 
Sure available, at any desired speed, isually in 
the range of 10 to 0.30 R. P. S. Freferably the 
frequency of rotation of te ball is na de to c} - 
respond with the fundariental resonant fe 
quency of the pipe 25, Wilhich results in iceSonating 
the pipe and establishing a standing wave there 
along, the lattel' being cinal acticelized 3 y velocity 
modes ( points of minimum trasve se die form:: - 
tioli) located at 3 of its legii fron each el . . 
and yelocity anti-nodes (points, oi na kin' in 
tranSve’Se defon B, tion Y a t i LS 2:llte; and at bort. 
ends. This standing wave is ta: ; e l’est Of easti: 
vaves of transverse defornatici propa gatei oi) - 
gitiedinally up pipe 25 aliad refl:2: 'iCd from ;&8 u;};} * 1 
end, the refected M.; y es it : ' ft 2 : the le:) - 
nant frequency to give the nodes and anti-nodes 
as described. It should be noted that the gratory de crying 
tion of each section of the pipe nay be a lai 
to be the resultant of two trans 'else viliatiki is 
OCCulring in directioS at right ange; to de 4 - 
other, and with 90° phase differenze setween 
thern. The generato) thus cornhills's ill effect, 
and power of two uni-dire:tional vibrato's eps: - 
ating in quadrature on direction lines at right. 
angles to One another, and is therefoire, in effoci, 
a harmonic vibration Fenera toi'. It i; of course 
Within the scope of the invertion to Sunstitta a 
generator which oscillates or vibrates in but, one 
direction. The action of the pipe 23, whether 
gyratory (oscillation along two direction incs in 
quadrature phase) o oscil2.)ly (to and 'o) 
along a single direction line, "esuits in transnis:- 
Sio of elastic wave energy to and l'a, iially out 
Ward through the in lediate Surrounding in e 
diurn, which is the well fluid understood to c 
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 
be desirably, in some cases, enlarged to augment 
the wave transmission) into the surrounding oil 
bearing formation. The sound waves arriving at 
the casing also set the casing into vibration, a1) 
the casing in turn tranSnits the sound waves into 
the oil bearing formation. The sound waves thus 
applied to the formation are transmitted therein 
for Substantial ciStarCEs as elastiC vWaves of ten - 
sion and compression, travelling with the velocity 
of Sound in the medium, and as aiready explained, 

"??, ??: ... . . 
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these waves augment the oil flow rate through the 
formation and from the formation into the well. 
In operation, the pump plunger 3 is reciprocated 
by means of sucker rod string 5 and the usual 
reciprocating mechanism at the ground surface 
(walking bean or the like) with the effect of rais 
ing the oil colurin in the tubing 2, and with the 
fulrthel affect of depressing the pressure within 
the casing 3 at the botton of the well. This 
lowered 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 
ladiated Sound waves, there is acilieved a sub 
stantially alignented 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 car he chieved. 

Reference is next directed to the embodiment 
of Figure 3 which illustrates a form of the inven 
tion a pillied to a Sonic pump of the type first dis 
closed in niny aforesaid latent Number 2,444,912. 
In said figure, numeral 36 designates the perfo 
lated easing in the well bore, and 3 is an elastic 
steel pain) taling suspended therein from coil 
type Sijiligs 38, the upper end of said tubing de 
livering 3 gll fuid to pipe 39. A Sonic wave vibra 
tion generator 5, afterwards to be described, is 
mounted on the top end of the tubing, and oper 
ates to Seld alternating longitudina waves of 
tension and compression down the tubing 37 for 
transissiCH fH the lov er end thereof. Consider 
ing the support of the pump tubing from the 
Spring 38 in more detail, the tubing 37 has near 
its up)er end ari enlarged head or collar 4 . The 
tubing 3 is received in an aparture 2 formed 
in a hol'izontal top plate 43, the head 4 over 
hainging and bearing downwardly on said plate 
a l'Oulìfd : ?S?:'tu 1'e 42 fon' the support of the collinn. 
V ???’tici). } 3ed below top plate 33 is a horizon 
tal boit en rº pasº plate 48 carried by a tubular 
nether 5 and :::::nce : 8 bolted to casing head 
fiange it. Betw,' &c., base plate E4 and top plate 
43 are g siya; SplingS 8, positioned on 
ventica pitis; 53 s y into base plate 44 and 

working, sliding fit through pl’oj e?t, ing A iii . 
}›?? ?`{'S ?? E. te i 3. The weight of the tubing 
S is this t!: S failed to Spirings 38, and thence 
to thf? Ca5ing: Su!}}}}{x}'ted by tije earth. 

Cotilled to the lower eiid of the tubing is an 
enlarged tirins; section or hollow piston 52, of 
substantii ength. preferaily approximately a 
quarter-wa (; length of the we we generated in the 
ampo flui) iling beyº (the oscilla, tion generator 49. "This 

enlaged ibing Section or piston 52 has a rela 
tively close it with the casing, so as to prevent, 
Substantial li; lid ?low in an upyard direction in 
the anillai's;23 e between it and the casing. The 
lower end ortion of the piston 52 has a bottom 
closure wall 54, furnished with perforations 55 
forming valve passages controlled by a like plu 
'ality of ball valves 55, the latter being furnished 
with suitable cages 5 of any desired character. 
In the illu Strated embodiment, the lower end of 
casing 36 carries a perforated line 69, having a 
closed bottom 6 í "esting on the bottom of the 
well hole. 
The vibration generator O may be of any de 

sired type, but as here shown is provided with 3, 
casing 62 within which are neshing oppositely 
rotating gears $3 carrying eccentric weights 64 
which balance cut horizontal vibrations but caus 
ing vertical vibrations to be additive to produce 
a substantial resonant oscilatory force in a. 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 40 transmits elas 
tic waves of tension and compression down the 
pump tubing, causing the check-valved piston 52 
at the lower end thereof to be longitudinally re 
ciplocated 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 
ny Patent Number 2,444,912. Each down stroke 
of botton 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 56 
Calised by the down stroke of the latter. On the 
lip stroke, the check valve balls will seat, and the 
column of fluid therea ibove is elevated. The os 
cillating piston 52, working with relatively close 
fit, within the casing, functions to nove a sub 
Staitial quantity of well fluid, and hence ful' - 
nishes a good wave tranSinission 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. Pressure and Velocity impulsas are 
thus created within the liquid medium, and these 
are transmitted to the liner and to the surround 
ing formation, being thus applied to the forma 
tic) and thence radiated for Substantial distances; 
in the fol'nation as elastic waves traveling ill. 
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 6 
will afford any practical degree of coupling with 
the liquid. In the other embodiments, sound 
Waves would not in plactice be radiated as far 
as the oil bearing formation outside the casing. 
For example, the end area of the pump tiping 
in the enbodiment of Figure 4, or the end area 
Of any of the pistons used with the embodinent, 
of Figure 20, would be an insufficient fraction 
of the cross-sectional area of the casing for any 
effective wave transmission coupling to the ex 
ternal well fluid to be expected. The insignificant 
amount of fluid moved by these areas on each 
down stroke thereof simply escapes 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 Figures 5 and 6 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 6 of said patent, 
however (see also Figure 6 of my application 
Serial No. 8,799), there 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 Sound 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 COirl:ession 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 
Ilg, 

It Will be evident how the closed, check-valved 
lowei eild of the enlarged tubing section or pis 
tOn 52 Of the present invention, oscilating ver 
tically at the lower end of the pump tubing, will 
translit longitudinal sonic waves to the liquid 
colun: l in the liner below. It is preferred, for 
na Xium energy transmission, to establish a 
condition of Substantial standing wave reso 
nance in the liquid coluinn l, and a desirable con 
ditio: im accoi'dance with the inventiom iS a 
co)relation between sound wave frequency and 
ligiid caulin length establishing substantially 
all odd number of quarter wave lengths in the 
ligiid column. In this connection, it will of 
CGl: 's:ë te t}linderstood that a wave length for a 
give)) fl'elic:ncy will not be the same in the liquid 
COilin as in the Steel om it: pilng because of 
the differi ing velocities of sGun di jin the two media. 
it's a i'actical standpoint, tha standing wave in 
the liquid coluinn in the lisher may be between 
a dialter and a half wave in length, a wave 
length in this sense being thc length of a wave in 
tie well fluid at the sonic frequency prevailing. 
A stainding wave a little longer than a quarter 
Wave j) eligt is diagranned in Figure 2 at S, 
the a we ariyehole indicating velocity amplitude 
of liquid halticles of the column. 
In actice, oscillator 4 is preferably oper 

altecod at a frequency which will establish a longi 
tu dinal Standing wave in the pump tubing, thus 
LLLLLLLLS0LLS S aaH arHLL0L aLLLLLLLS GHLLLLLLL0SLL LaLLLLLLLS 
and at a firequency which will also establish a 
stadig w'av'e in the ligid column within the 
jiher. So accoinplish this last, adjustment, in the 
el of the liquid column may be made by 
LLDi LLSG aS LDLLDLuHlmLSG SLLLLL HHHHHHHLLtLLL LaLLLLS LLLLLLS LLLLLL 
li.33 y if lossilla to readily find an operating 
feti is: y axnd a, i? iid column length such that 
: ) ve'0e frequency Of the fundamental gen 
erated will give the desired condition of standing 
wave is llance in the liquid column. In some 
Cases the tubing will resonate at the fundamental, 
and ill SOIife it, too will rescinate at an overtone 
frequency. 
Unce1 the standing wave conditions described, 

liquid particles comprising the column l will 
oscilla to at high amplitude, and high amplitude 
pressure waves will accordingly be created and 
will im ringe on the was of the casing and/or 
line', causing the same to vibrate strongly against 
the fojinition and thus apply wave energy there 
to. This wave energy is thereupon propagated in 
the formation as elastic waves of compression and 
tension, traveling in the formation with the speed 
of sold. The resonated liguid column thus 
Serves as a Sonic wave coupling Inedium between 
the enlail’ged wave-generating loYiwer end of the 
lomp tubing and the folmation. 

Figure 4 shows another embodiment Of the in 
Weiltic employing a Sonic type of deep well pump, 
but having characteristics departing from those 
of the embodiment of Figure 3. 
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Numeral 70 designates the casing in the well 

bore, and 7 the elastic steel pump tubing, again 
provided at the top with Sonic Wave vibration 
generator 72 (which may be the same as the cor 
responding generator of the embodiment of Fig 
ure 3). The upper end of tubing f is provided 
with flow delivery pipes T3. Casing head 74 has 
a packing 75 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 77. 

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 8. In 
the open well hole 82 below the lower end of the 
liner is positioned a 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 7 carries a flanged 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 T2 is imposed on the rub 
ber 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 í has a section l i a Copposite pel'- 

forated liner 80 which is provided with fluid in 
let holes 86. and a short distance thereabove the 
tubing is provided with a check valve unit 87. 
comprising seat ring 89, valve ball 98, and cage 9. 
Additional check valve units of a sinhilar nature 
may he provided, if desired, at vertically spaced 
points in the pump tubing, at such spacing S and 
for purposes clearly discissed in my aforesaid 
prior Patent No. 2,444,912. io center the limp tuhing in the casing, and 
to prevent engagement between the tubing and 
casing such as would result, in loss of vibration 
energy into the casing, I preferably utilize on the 
casing a plurality of rubber spools St, secured 
in place with a cable 8 which passes through 
the spools and encircles the tubing, as clearly in 
dicated in figures 4 and 5. Each such spool 90 
is similar in shape to a segment of a doughnut. 
These spools have 'adii 93 and 93 conforning with 
the radii of thic pump tubing and casing, respec 
tively. A number of these rubber sool units may 
be used on the tiking at Sita biy Spiced vertical 
intervals. In operation, the vibration generator 72 
launches longitudinal waves of tension and con 
pression down the pump tubing, these taves 
travelling to the lower end of the tubing, and 
there being reflected back up the tubing as fully 
described in my punlp Patent Number 2,444,912. 

Portions of the tubing are thus set into vertical 
oscillatory novement as a rasult 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 
3 at the top. It will be evident that the pump 

tubing may have sone vertical oscilatory move 
nent with reference to the casing head 74 at the 
top, but this is accommodated by 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 rubber Coluinil under compres 
sion, so that it expands laterally into intinate 
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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 
uinn 83, thus transmitting sonic waves of tension 
and conpression to the rubber column, and these 
waves are in turn applied by the lubber column 
to the walls of the formation, whence they are 
'a diated in the formation as elastic waves travel 
ling with the velocity of sGlind. The solid rubber 
column thus selves in tilis inst:nce as the coll 
pling means between tine Cingitudiinally oscillating 
unap tubing and the formation. It is of advan 

tage, though not an essential, to generate a Sonic 
frequency by means of generator 72 which will 
resonate the tubing and sei a condition of 
Standing waive resonance therein. referably, 
the Wave frequency will be such as to establish a 
velocity anti-node (point of in aximum velocity 
amplitude) at the lower end of the tubing. The 
upper end of the tibi will of course be the 
location of arother velocity anti-node, and there 
inay be additional velocity anti-nodes spaced a 
half wat ve idength uport, along tine length of the 
tubing. If a plurality of check valves are en 
ployed, these will prefers bly be located at or real 
these velocity i ti-node regionas. The lowermost 
check waive 8 nay a digntageously be located 
sid?teientz' hear the lover end Gf the tubing to 
13 a y c $3'ü'C3':'.. :) tija vege city; a'?';}itude oy reason of 
its proxi:ity to the low'Criost velocity anti-node 
Of the tuiciini. Alternately, , E’N? OSt, Check 
v aäY.?e 87 } x2,3:y,* }: se :Cc, teci ... the velocity 
allti-Odie in abcve that St iowermost end 
Of his to As Stat3d, il WaYe ireSo 
iiance is the pi'sferred and liost, efficient type of 
CD Elat:Crî, ara? resuits in tax:ii un energy trans 
ference dov': the purp tubing gld into the for 
1}:13 tiQ:}. 330 vº hstantial yuantities of en 
K:rgy c3}} }}ë ited to , in tibing and 
into the for:is: tigri even without standing wave 
resonance, and this feature is accordingly to be 
conside Cd as an insportant and preferred fea 
ture, but Grie lidt, entirely indispensible to suc 
ceSsfi opez'ation. 

In Figure 6 3 have shown a modification of the 
lower end nortion pf tine apparatus of Figure 4, 
Wherein tie perforated iner, designated in this 
instance by numera? 5:0, is not cut off at or just 
beeld: ',' the Cºwe” eld cf the pump tubing, but ex 
tends down $3rdly a si is provided with closed 
lowe end 95. e l'uber counn, indicated in 
this ili:Stance fºy nunº: e:ra! 8?a, here is inserted in 
side the lias:', aid is congressed tightly there 
against, by as Surai: weight of the pump tub 
illg, the Salse as ill Figi'e 4. To facilitate radial 
eXpansion &lid contraction of tile liner section oc 
cupied by il e l'ubber coiugnº 32 with the cyclic 
eXpansive fo:'csS axerted by the latter in the oper. 
ation of the put, the lin2r , lay be formed with 
a plurality of longitudinai sicis or splits 96. 
The Operation of the modification of Figure 6 

is in all funcialmental respects the samme as that 
of Figule 4, With the additional feature that the 
Straps 97 intervening between the slots 96 al 
ternately bulge and contract with the cyclic ex 
pansive and CCnti'active novellents 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 9, 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 forination as before. 

Figure 7 Shows a furthier modification of the 
lower end portion of Figure 4, wherein the liner, 
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designated in this instance by nulneral it), llas 
at the top an outwardly turned fange í 0 ? resting 
on a rubber ring O2 carried by the inturned 
flange 03 on the lower end of casing C4. Pump 
tubing 05, understood to be of elastic steel alad 
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 Winich rests 
on the liner flange if, and is therefore l'esiliently 
Supported by the rubber ring O2, the pump 
tubing is continued downwardly Within the per 
forated liner 00 by a tubing section f (5a screwed 
at the top into coupling fo, and this tubing sec 
tion 25a is provided near the botton with a 
check valve unit 4 having the usual seat ring 
15 and check valve ball 6. 
The novel characteristic of the embodiment of 

Figure 7 is that the pump tubing stands in con 
pression against the top of the liner, which is in 
turn resiliently supported upon the over 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 oscill 
tion of the coupling member f8, causing the liner 
to oscillate vertically on the resilient ring (2. 
The lower end of the liner will be understood to 
be resting on bottom, and the line 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, whence 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 instalation 
employing a perforated liner Suspended floin 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 

nnenting the production fron a punped oii 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. S.), thereby increasing the 
ability of the petroleum fluids to migrate through 
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 wel bo'e under 
augmented pressure differentials. Ti'he further 
advantage is gained that a producing well can 
thereby be maintained in constant state of opti 
mum flow, as distinguished from a piactice con 
sisting in occasionally pulling the punp, and 
treating the formation by means of sound wave 
equipment run into the hole in the place of the 
pump for the purpose of shaking aid opening up 
the formation for freer flow to the well. Maxi 
mum recovery from a given Well is 2.SSuled 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 eiastic waves in the 
oil bearing formation around the well bore during 
actual pumping of the well. 
A nu noe' of present embodiments of the inven 

tion have been disclosed for illustrative purposes 
only, and it will be understood that various 
changes 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 clai? : 
1. In all oil well, the combination of: a well 

purnip operable within the Well bore, said pump 
including a pump tubing and a check-Waived 
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 in uid in said pump tubing to generate sound 
waves and to radiate said waves into the Sur 
rounding oil bearing formation. 

2. Appara Èuis for pumping a well and for Simul 
tancousiy augmenting the tow of well fluids from 
the surrounding formation to the well bore, that 
comprises: an elastic tubing positioned in said 
weil poi'a and reaching from the ground Sur 
face to the region of the oil bearing formation, 
a laterally enlarged piston element on the lower 
portion of said tuping in the Space between the 
tulding and tine wall of the wei bore, a clneck 
valve at the lower end portion of Said tubing, and 
a geilerator oi elastic waves at the ground Sur 
face if virgiy coupled to said elastic tubing to 
seni ai tennaing longitudinal deformation WaVeS 
of tension and compression down the same where 
ily to visitically oscillate the lower end portion 
of said tubing and said check valve and piston ele 
Iyen. 
3. Appal'; tus for augmenting the fluid flow 

tlhrough i porcus fiuid bearing earthen forma 
tion surrounding a well bore sunk therein, that 
comprisis: an elastic tubing positioned in Said 
well bore ind reaching from the ground Surface 
to the 'ession of the oil bearing formation, re 
silient means supporting said tubing near the up 
per scì ereoi, whereby said tubing is Suspended 
in tension, a liteially enlarged piston element on 
the Gve portior of said tubing in the Space be" 
twcen the tubing and the Wall of the well bore, 
and a geiei'ator of elastic waves at the ground 
surface drivingly coupied to said elastic tubing 
to send alternating longitudinal deformation 
waves oí tension anci compression down the same 
whereby to vertically oscillate the lower end por 
tion of said tubing and Said piston element. 

4. Apparatus for augmenting the fluid flow 
through a porous fluid bearing earthen forma 
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, a 
resilient coiumn lodged in the lower end of the 
well bore in engagement with the wall surfaces 
of said bore, the lower end of said tubing rest 
ing on Said column, and Said tubing standing in 
compleSSion oil said column, and a 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 
Said resilient column, whereby said column is 
cyclically deformed and exerts corresponding 
periodic defornation forces on the wall surfaces 
of Said bore 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 fluids 
from the Surrounding formation to the well bore, 
that comprises: an elastic tubing positioned in 
Said Well bore and reaching from the ground Sul 
face to the region of the oil bearing formation, 
an oil inlet opening in the side of said tubing 
near the lower end thereof, a check valve in the 
lower portion of Said tubing above said inlet 
opening, a Solid body of resilient, rubber-like 
material lodged in the lower end portion of the 
Wel 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 compression there 
on, and a generator of elastic waves at the 
ground Surface drivingly coupled to said elastic 
tubing to send alternating longitudinal deforma 
tion waves of tension and colripessio in down 
the same whereby to vertically oscillate the lowe' 
end portion of said tubing and said check valve 
and resilient body, whereby said check-valvg 
Cyclically lifts well fluids in said tuling, and 
whereby said resilient body is cyclically dicioned 
and exerts corresponding periodic decrragation 
forces on the wall surfaces of said borc causing 
elastic Waves of compression and tension to be 
Set up and propagated in the formatioli. 

7. Apparatus for augmenting the fuit fo\v 
through a porous fiuid bearing carticin orna 
tion surrounding a well bore sunk the gin, that 
comprises: an elastic tubing positionari in said 
well bore and reaching fro; the ground surface 
to the region of the oil bearing fol'nation, a re 
silient body supported in the lowe' aid of said 
bore in pressure wave transmitting relation with 
Said earthen formation, the lower eind of Said 
tubing Supported Orl 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 elastic tuiting 
to send alternating longitudinal deformation 
waves of tension and compression down the saline 
whereby to vertically oscillate the lower end por 
tion of Said tubing and Said resilient body, Winere 
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 sst, up and 
propagated in the formation. 

8. Apparatus for augmenting the fiuid flow 
through a porous fluid hearing earthen o'nla 
tion surrounding a Well bore sunk therein, that 
comprises: an elastic tubing positioned in Said 
well bore and reaching fron the ground surface 
to the region of the oil bearing fol'rnation, a 
resilient body supported in the lower end of said 
bore and coupled to said formation to transmit 
pressure impulses thereto by virtue oi 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 eastic tubing 
to send alternating longitudinal deformation 
Waves of tension and Complession 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 body is cyclically deformed and trans 
limitS Corresponding periodic compressive forces 
On Said earthen for nation causing elastic waves 
of compression and tension to be set u and 
pl’OpAg3, ted in the fornation. 

9. Apparatus for punnping a well and for si 
LGL0ESL0LLcaGa0LS g0LLGLLLLL LLLL SLLGLL LLL LLLL tLL 
foil the Surrounding formation to the well lore, 
that comprises: an elastic tubing positioned in 
Said Well bore and 'eaching 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 generatol of elastic waves at the 
ground Sliface drivingly coupled to said elastic 
tubing to Seni alterinating longitudinal deforma 
tion) Wavë's Crf f£nsion and compression down the 
sa}ne where:y to vertically oscillate the lower 
end portion of Said tuling and said check valve, 
2.1nd adji: g : ; ; eis on said lower end portion 
of Said thing for radiating vibrations into the 
Sul’’’Ouriding well fluis and formation. 

10. For use in reducing the clogging of oil 
flow passages in a production oil well having 
a pump tuihing and pump means connected 
thereto, an elastic sing wave generator with 
an output chain ?telistic adapted to generate 
elastic síou Indi wa vies for liquid and solid media 
having the resistalace of petroleum containing 
media to sound v. 3. ve vil ration at the frequency 
of said generator, an elastic sound wave trans 
initting nears operatively combined with said 
generator ad 3, dapted to couple Said generatol' 
to a liquid or solid wave energy receiving media 
in Said well, said trains hitting nears having an 
atta haert insas for lountig it, on the pump 
tubing of said well and near the inlet of Said 
prinn, So as to icosition said transniting reals 
in the producing region of said well, and a power 
connection means for connecting said generator 
to a power source in said production field, where 
by a sufficient average rate of power delively 
may be conducted from said power source to 
Sid trªnsmitter 3 di radiated therefron as elaS 
tic sound wave energy which is thereafter trans 
mitted into S:tid producing field so as to reduce .. 5 
the clogging of ths oil filow passages and thereby 
increase the average ploduction rate for said 
production well. 

t. A coli 
i; the said 
Said prodicio :: tilbying So as to gerera, te vibra 
tic as therei, and whe'eir said wave transmitting 
neas is coincited to said tribing so as to receive 
Y'ik'3 tjO:s - r' efi"oi:. 

2. A colinition as defined in claim 0 where 
in said wave transnitting means has an enlarged 
Surface for COMI; fact, Wºjth well ftijd. 

13. For use in reducing the clogging of oil flow 
passages in a praduction oil weli having a produc 
tion tubing and pump neans connected thereto, 
an elastic sound wave generator with a coupling 
means for connecting to the production tubing 
of said well and having an output characteristic 
adapted to generate elastic waves of tension and 
corn pression in Said tubing at the frequency of 
Said generator, an elastic sound wave trainSnitting 
reans adapted to couple said tubing to a liquid 
or Solid Wave energy receiving media in said well, 
Said transmitting means having an attachment 

iii) as fined in claim 10 where 
: () is a vibrator connected to 

14 
for mounting it on said prodliction tui)iing of Said 
well So as to be vibrated in respon Se to Sªid vi, aves 
in said tubing, and a power coininection : ca)S for 
connecting said generator to a power sorce it 

º said production field, whereby a sufficient aver 
age rate of power delivery may be colducted fron: 
said power source to said transliter aid adi 
ated therefrom as elastic Sound wave elei';3' 
which is thereafter transmitted into said pro 
ducing field So as to reduce the clogging of the oil 
flow passages and thereby increase the arc: age 
production rate for said production v'ell. 

14. Appalatus for augmenting the fillit i:ow 
tlhrough a porous oil bearing eä:"th2:n fy'inašioin 
Surf'Ounding a Wel spore Sunk tä2e reizi, corprising. 
a casing lining the well joie, a perforated inci' 
at the lower end portion of said casing, ai: elastic 
tuling positionel in the Wei bore aid '33.ching 
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 liner, 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 wisereby to vertically osciliate the 
lower end portion of said tubing and Said liner. 

15. A combination as defined in clairn 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 ca Siling. 

16. 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 mountig 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 Coll 
pler having a wave transmitting response when 
vibrated at the frequency of vibration of said 
po UNIO. 

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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