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_ 1 

WELL BORE ACOUSTIC APPARATUS _ 

CROSS-REFERENCE TO RELATED APPLICATION 
This application is a combination of copending appli 

cation Ser. No. 52,484, ?led July 6, 1970, now aban 
doned, which was in turn a divisional application of 
then copending application Ser. No. 658,513, ?led 
Aug. 4, 1967, now US. Pat. No. 3,520,362. 

BACKGROUND OF THE INVENTION 

Previously known techniques for stimulating mineral 
producing wells include acidizing, jet perforating, frac 
turing by explosives and fracturing with hydraulic pres 
sure, to mention a few of the more commonly used 
techniques. Such techniques have been used ad 
vantageously but have a number of signi?cant disad 
vantages not the least of which result from the in 
troduction of foreign material into the well, such as 
acid and sand particles. To overcome such disad 
vantages it has been previously suggested that acoustic 
energy be utilized for stimulating well production. 
Although this seemed feasible, commercial success did 
not follow, seemingly because of the practical difficulty 
of delivering suf?cient acoustic power to the producing 
formation. Moreover, signi?cant amounts of acoustical 
energy were dissipated throughout the ?uid standing in 
the well bore without signi?cant bene?cial effect on 
the producing formation. . 

It is my general purpose to provide improved well 
bore acoustic apparatus for such uses as efficiently 
stimulating mineral producing wells. 

I BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a side elevation view illustrating apparatus 
‘constructed in accordance with the principles of my in 
vention; ' 

FIG. 2 is a side elevation view in longitudinal section ' 
of the apparatus shown in FIG. 1; 

FIG. 3 is a fragmentary side elevation view in longitu 
dinal section of apparatus used to jet the wall of the 
bore hole in the region to be treated; 

FIG. 4 is a side elevation view in longitudinal section 
of a modi?ed form of apparatus in which ?uid is 
discharged through an outlet of selected size at the bot 
tom of the apparatus; 

FIG. 5 illustrates in side elevation view an alternate 
form of acoustic filter which may be used with the ap 
paratus of FIG. 1; 

FIGS. 6 through 9 illustrate by side elevation 'view in 
longitudinal section alternate forms of acoustic ?lters 
(sometimes called acoustic energy isolation means) 
used to con?ne acoustic energy to a selected region or 
zone. 

DESCRIPTION OF A PREFERRED EMBODIMENT 

With reference to FIG. 2 of the drawing the letter A I 
designates an acoustic vibration generator assembly 
which includes an oscillator unit B and a coupling 
device C. The coupling device C communicates with 
fluid adjacent a producing region designated‘by the 
letter F in FIG. 1. An upper resonator or acoustic ?lter 
D is disposed above the generator assembly and a lower 
resonator or acoustic ?lter E is disposed beneath the 
generator assembly. 
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Describing the above components in greater detail, 

beginning from the top of FIG. 2, the numeral 11 
designates a threaded coupling of a tubing member, 
which is received ‘by a mating threaded portion 13 of a 
housing 15 which contains a resonator D having a cavi 
ty l7 de?ned by an interior cylindrical surface 19 of the 
housing 15, an exterior cylindrical surface 21 of an in 
sert 23, a ?ange 25 on an upper region of the insert 23, 
and a radial shoulder 27 on a sub 29 secured by threads 
31 ‘to housing 15 and by threads 33 to an upper portion 
of a housing 35 of the acoustic vibration generator as 
sembly A. Since the insert 23 is removable in this in 
stance, suitable seal means are used, as indicated in 
FIG. 2, to prevent ?uid flow to or from cavity 17 except 
through apertures 37 extending obliquely through the 
sub 29. The word “tubing” is used broadly to encom 
pass any elongated tubular member. 

Housing 35 of the generator assembly A contains the 
acoustic coupling device C and the oscillator unit B, 
both of which may be of the type described in the 
patent application “Drilling Methods and Apparatus 
Employing Pressure Variations In A Drilling Fluid," 
Ser. No. 552,788, ?led May 25, 1966. (Now US. Pat. 
No.-3,405,770, issued Oct. 15. 1968). As described in 
that application, the coupling device C is tuned to the 
operating frequency of the oscillator unit B, and has 
one or more exit ports 39 extending through exterior 
surface 41 of the housing into communication with the 
?uid surrounding a small diameter sub 47. The inven~ 
tion is not limited to the speci?c forms of oscillators 
and coupling devices described in the above mentioned _ 
application but encompasses, at least in its broadest 
aspects, other suitable forms of oscillator units and 
coupling devices, although the above ?uidic (i.e., con 
taining no moving mechanical components) devices 
appear to be most advantageous since they eliminate 
moving mechanical parts. 
The lower region of the housing 35 of the generator 

assembly has a small diameter region 43 connected by 
threads 45 to a similarly small diameter sub 47 which 
has its lower region secured by threads 49 to the hous 
ing 51 which contains lower resonator or ?lter E. An 
axial bore 53 extends downward through the upper 
resonator D, sub 29, generator assembly A, and sub 47. 
Bore 53 terminates in this instance at the top of housing 
51. However, in other embodiments this bore will com 
municate with passages for’ the ?ow of ?uid 
therethrough. 

In FIG. 2 one or more apertures 55 are formed 
obliquely in housing 51 to communicate between the 
annulus and a cavity 57 formed on a lower region of the 
housing by a sleeve 59 secured by threads 61 to the 
housing and by a plug 63 secured by threads 65 to the 
sleeve 59. The relative sizes of the apertures 55 and 
cavity 57 are selected such that the resonator is tuned 
substantially to the operating frequency of the oscilla 
tor unit B. _ 

The volume of ?uid between the wall of the bore 
hole and the exterior surface of sub‘47 and the small 
diameter regions of housings 35 and 51 define an ex 
terior acoustic tank 66 opposite the region or zone to 
be treated and having dimensions correlated with the 
dimensions of the apertures 39 and cavity 69 of the 
coupling device" C to properly couple the oscillator unit 
with the acoustic load. 
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In operation fluid is pumped by means not shown 
through the axial bore 53 to feed the oscillator unit ‘B 
which generates acoustic energy. This acoustic energy 
is transmitted by acoustic coupling device C and the 
exit ports 39 to the acoustic tank 66. Fluid then returns 
to the surface of the well bore in the annulus de?ned by 
the exterior of the apparatus and the wall 67 of the bore 
hole. Consequently acoustic energy is transmitted to 
the fluid in the interstices in the mineral bearing forma 
tion which is illustrated in FIG. 1 as being opposite the 
sub 47. The distance F in F IG. 1 may be varied by in 
serting different lengths of subs between the housing 35 
of the generator assembly A and the housing 51 of the 
lower resonator E to vary the length of the treated 
zone. Acoustic energy will normally travel both upward 
and downward through the well bore but is effectively 
prevented from doing so in this instance through 
utilization of the upper and lower resonators or 
acoustic ?lters D and E. Resonators D and E are used 
as side branches with inlets at points one quarter wave 
length above and below the acoustic tank 66. This ef 
fectively‘causes the acoustic impedance looking into 
the annulus from acoustical tank 66 to be very high, 

. thus preventing any appreciable loss of acoustical 
power either up or down the annulus. 
Very effective well stimulation may be accomplished 

by the use of the above described apparatus. Any type 
?uid may be used as motive power for the apparatus, 
and thus a fluid may be selected for compatability with 
the formation to be treated. Only the selected regions 
or zone of the well need be affected by the stimulation 
process. Both the length of the treated zonetand the 
depth of treatment into the producing formation may 
be controlled through the use of proper ?uid properties 
and frequencies of operation. In addition, the use of 
large pressure variations for well stimulation may be 
used in conjunction with or simultaneous with hydrau 
lic fracturing techniques. It is not necessary to use 
mechanical packers to accomplish the stimulation 
operation; thus stimulation in open holes may be ac 
complished without side wall damage. 

Best results may be obtained by utilizing pressure 
variations having frequencies in the range from 25 to 
5,000 cycles per second. The amplitude of the pressure 
variations required for effective stimulation depends 
upon the formation to be stimulated; however, good 
results may be expected with pressure variations rang 
ing from 250 psi peak to peak to 3,000 psi peak to 
peak. Lower frequencies of operation are best when 
stimulation is required in the mineral bearing formation 
a considerable distance from the well bore while the 
higher frequencies of operation are best when it is 
necessary to treat shallow distances into the producing 
formation. In addition, the length of the apparatus is af 
fected by the selected frequency. The apparatus for low 
frequencies is in general rather long while the ap 
paratus for high frequencies may be quite short. A 
wave length may be calculated by dividing the velocity 
of wave propagation in the drilling ?uid in the annulus 
in feet per second by the frequency of operation in cy 
cles per second. From the calculated wave length, the 
length of the required apparatus may be determined. 
Apparatus of the type described above and as shown 

in the drawing may beused to stimulate the production 
from mineral bearing earth formations by a combina 
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4 
tion of cleaning, fracturing and enlargement of the for 
mation pores or interstices. Such apparatus has a high 
degree of efficiency due to the prevention of excessive 
energy loss upward or downward through the ?uid in 
the bore hole. 

In some instances it seems desirable to jet the wall of 
the bore hole in the treated zone while simultaneously 
stimulating the treated zone with acoustic energy. In 
FIG. 3 is illustrated a sub 71 having a threaded upper 
portion 73 and a threaded lower portion 75 which may 
be secured respectively to the housing 35 and the hous 
ing 51 of FIG. 2. An internal bore 77 communicates 
with a radial bore 79 which in this instance receives jet 
nozzle 81 which may be retained by a snap ring 83 and 
sealed with an O-ring 84. Fluid pumped from the sur 
face of the well is discharged from the nozzle 81 against 
the wall of the bore hole. By rotating the apparatus and 
altering its elevation, ?uid may be discharged against a 
substantial area of the bore hole wall in the treated 
zone. This technique may be especially advantageous 
in removing foreign particles from the wall of open 
bore holes to enable more effective penetration of 
acoustic energy into the producing formation. The noz 
zle 81 or its equivalent may be oriented to discharge 
?uid horizontally or obliquely; and possibly it is best to 
discharge the ?uid upward in the direction of ?uid flow 
returning in the annulus to the surface. 
A number of forms of the apparatus may be used for 

isolating the acoustic energy to a selected zone other 
than the acoustic ?lters shown in FIGS. 1 and 2. One 
such alternate form of apparatus is illustrated in FIG. 4 
where the numeral 85 designates the body of a lower 
acoustic ?lter having a sleeve 87 secured by threads 89 
to its lower region. A terminal section 91 is secured by 
threads 93 to the sleeve 87 and an axial passage 95 ex 
tends through body 85, communicating with a bore 97 
in an insert 99 forming an annular cavity 101 between 
sleeve 87 and insert 99. Terminal section 91 has a bore 
103 which communicates with a nozzle 105 sealed‘ by 
O-ring 106 and secured by snap ring'107 to discharge 
?uid from the bottom of the apparatus. Moreover, 
body 85 has one or more oblique apertures 109 (the 
entrances of which are spaced on quarter wave length 
or an odd multiple thereof below acoustic tank 66) 
which communicate between the annulus and the cavi 
ty 101. Suitable seal means are provided between‘ the 
insert 99 and the remainder of the apparatus to con?ne 
?uid ?ow through the apertures 109. Cavity 101 and 
passages 109 constitute a Helmholtz resonator tuned to 
the operating frequency of the oscillator unit, which 
receives only a portion of the ?uid ?ow, the remainder 
passing through a selected size nozzle 105 to enable 
washing of the bore hole wall along the entire length of 
the treated zone. 

F IG. 5 illustrates another form of acoustic ?lter 
adapted in this instance for utilization in de?ning the 
lower extremity of an isolated zone. This ?lter has a 
cylindrical body 111 having its upper end 1 l3 threaded 
for securement to the remainder of the apparatus and 
further having a plurality of enlarged regions 115 that 
form inertance sections with‘the' wall of the welLCon 
sequently, one or more external ?uid cavities 117 are 
formed along the length of the body. This structure 
forms a series of inertance sections and expansion 
chambers which isolate the treated zone from the 
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remainder of the bore hole. For additional information 
on this type ?lter see for example the second edition of 
“The Fundamentals of Acoustics” by Kinsler and Frey, 
John Wiley, Inc. publishers, New York, New York, 
1962, page 209. 
Another form of acoustic ?lter is illustrated in FIG. 

'6. In this apparatus an upper body region 119 is 
adapted for engagement with a lower body region v121, 
which has a cavity 123 that receives a ?exible, ?uid im 
pervious membrane 125 ?lled with gas under pressure 
introduced through a suitable aperture 127 and con 
nection 129. A metal fastener 131 may be bonded to an 
upper portion of the membrane for threaded secure 
ment to the body 1 19 and for convenient communica 
tion of the membrane interior cavity 133 with aperture 
127. Cavity 123 is larger than the membrane 125 when 
unexpanded. When lowered in the bore hole, the pres 
sure of the gas confined by the membrane’s cavity 133, 
and the ?uid pressure communicating with the mem 
brane through apertures 135 in the body 121 become 
equalized such that the membrane may assume the 
shape illustrated in FIG. 6. The plurality of apertures 
135 and high pressure gas in cavity 133 form a low 
acoustic impedance side branch to the quarter wave 
length transmission line (formed by the annulus 
between the exterior of body 119 and the bore hole) 
which results in a high acoustic impedance looking 
down the annulus from tank 66. If necessary, more than 
one such acoustic filter may be used to further reduce 
power loss, and if so, it is disposed a half wave length 
from the first ?lter as indicated in FIG. 6. 

In FIG. 7 is illustrated another form of acoustic ?lter 
in which a body 137 having an internal cavity 139 
which terminates on its lower end with a plug 141. 
Cavity 139 is fed by very large apertures 143 and is a 
quarter wave length long or an odd multiple thereof. 
Moreover, the distance from the upper shoulder 145 to 
the apertures 143 is one quarter wave length or an odd 
multiple thereof. The impedance looking into apertures 
143 is very low, and forms a side branch to the quarter 
wave length transmission line formed by the bore hole 
and the exterior of body 137 as indicated in FIG.,7. The 
impedance looking downward into the annulus from 
the acoustic tank 66 is,'on the other hand, very high. 
Another form of acoustic energy isolating means is il 

lustrated in FIG. 8, the principal distinguishing charac' 
teristic of this apparatus being that it utilizes mechani 
cal (as contrasted with the previously described 
acoustic) isolator elements that may be referred to as 
packers. The acoustic vibration generator assembly A 
has disposed on its upper end a packer body 147 having 
a resilient packer element 149 which may be expanded 
into engagement with the wall of the bore hole or cas 
ing 67 of FIG. 1. In instances where ?uid is to be 
pumped through the annulus to the surface of the well, 
a quarter wave length passage 151 is formed in the 
body 147, bypassing packer 149. The upper end of the 
passage 151 is formed obliquely in this instance to in 
tersect a straight portion 153 plugged above their inter 
section as shown. Threads 155 are provided for secur 
ing body 147 to the (tubing) stringi(not shown). Con 

I‘ ventional packer gripper elements 163 which may be 
operable in one of the conventional manners engage 
the casing, or perhaps rigid bore hole wall, to urge up 
ward and outward the resilient packer element 149. A 
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lower packer is secured to lower portion of the acoustic 
vibrator assemblyA having a body 165 and a resilient 
packer element 167 which is expanded when the 
gripper elements 169 engage the wall of the bore hole. 
The lower packer element 167 is spaced as close as 
practicable to the external acoustic tank 66. The upper 
packer element 149 is preferably placed as close as 
practicable to the top of the acoustic tank 66 but in this 
embodiment, owing to the space limitations created by 
the internal components inside the acoustic vibrator as 
sembly A, the upper packer element is placed one half 
wave length from the top of the acoustic tank 66. In 
either instance acoustic vibrations are prevented from 
travelling up or down the bore hole past the packer ele 
ment while enabling DC ?ow through passage the 
passage or flow restriction means 151. If DC ?ow is to 
be limited or is not wanted up the annulus past the 
packer element 149, as might possible occur when 
using acoustic energy in combination with conven 
tional fracturing with hydraulic pressure, tube 151 may 
be restricted or totally plugged, thus enabling the 
packer element 149 to function both as a DC and AC 
?ow restriction or block. 

In FIG. 9 is illustrated apparatus which does not in 
clude the use of an external acoustic tank. The housing 
173 contains an oscillator unit B and a coupling device 
C of the type shown in FIG. 9 of the above mentioned 
patent application. Here however a terminal portion 
175 prevents ?uid ?ow from the lower end of the 
coupling device C, and one or more large apertures 177 
extend radially through housing 173 in approximately 
the mid-region of the coupling device and preferably in 
the mid-region of the mineral bearing region to be 
treated. Acoustic isolator elements such as Helmholtz 
resonators are spaced on quarter wave length or an odd 
multiple thereof above and below the apertures 177. 
My invention is not limited to the speci?c forms of 

apparatus shown since there are a variety of oscillator 
units, acoustic coupling devices and resonators which 
fall within the scope of my broad concept. Therefore, 
while I have shown my invention in only a few of its 
forms it should be apparent to those skilled in the art 
that it is not so limited but is susceptible to various 
changes and modifications without departing from the 
spirit thereof. The primary apparatus disclosed above 
utilizes the energy in the ?uid ?owing down a drill 
string to generate acoustic vibrations which are trans 
mitted into the annulus in the vicinity of a mineral hear 
ing formation. The acoustic energy in the annulus is 
con?ned to a selected zone or region through utiliza 
tion of isolator elements which may be of the type 
described above. An additional apparatus employs 
utilization of DC ?ow through a suitable ?ow restric 
tion means, such as a nozzle, for jetting the wall of the 
bore hole in the treated ‘region to remove foreign 
matter such as ?lter cake, thus increasing the penetra 
tion and effectiveness of the acoustic stimulation. An 
additional apparatus comprises the utilization of DC 
?ow blocks and/or restriction that isolate the AC ?ow 
to the selected zone while simultaneously enabling 
large ?uid pressure build-up in the selected zone. This 
enables the use of conventional hydraulic fracturing 
techniques concurrently with isolated acoustic vibra 
tions. Further, the apparatus may be used in a well bore 
in any instance where large pressure ?uctuations are 
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required. Modi?cations to the above methods and ap 
paratus which come within the broad scope of my in 
vention will become apparent to those skilled in the art. 
What is claim is: 
1. Well stimulating apparatus comprising: 
an acoustic vibration generator including an oscilla 

tor unit adapted for disposition in a well bore on a 
tubing string member; said oscillator unit commu 
nicating with ?uid pumped down the tubing string; 

an acoustic coupling device communicating with said 
oscillator unit and discharging ?uid and acoustic 
energy into the region to be stimulated; 

acoustic energy isolation means spaced above the re 
gion to be stimulated, said acoustic energy isola 
tion means enabling ?uid to ?ow upward through 
the annulus while preventing upward acoustic 
energy transmission. 

2. The apparatus de?ned by claim 1 which further 
comprises a ?ow restriction means disposed in the ap 
paratus and communicating with the ?uid pumped 
down the tubing string to jet a ?uid onto the wall of the 
bore hole. 

3. The apparatus de?ned by claim 1 wherein said 
acoustic energy isolation means comprises a resonator 
with its entrance on the exterior of the apparatus 
spaced respectively one quarter wave length or an odd 
multiple thereof from a selected elevation in the region 
to be stimulated. 

4. The invention de?ned by claim 1 in which said 
acoustic energy isolation means comprises expansible 
packer elements extending between the apparatus and 
the cylindrical wall of the well, said apparatus having a 
quarter wave length or an odd multiple thereof passage 
with openings communicating with the annulus respec 
tively above and below the packer element above the 
acoustic coupling device to enable ?uid ?ow up the an 
nulus while blocking acoustic energy transmission up 
the annulus. 

5. The apparatus de?ned by claim 1 in which said 
acoustic energy isolation means comprises a body in 
cluding a plurality of axially spaced, enlarged, annular 
portions to define with said well wall a number of in 
ertance sections and expansion chambers in the annu 
lus. _ 

6. The apparatus de?ned by claim 1 in which at least 
one of said acoustic energy isolation means comprises a 
sealed gas-?lled membrane disposed in a cavity and 
communicating with the ?uid in the annulus. 

7. The apparatus de?ned by claim 1 which further 
comprises an acoustic energy isolation means spaced 
below the region to be stimulated. 

8. Well stimulation apparatus comprising: 
an acoustic vibration generator including an oscilla 

tor unit adapted for disposition in a well bore on a 
tubing string member; 

said oscillator unit communicating with the ?uid 
pumped down the drill string; 

an acoustic coupling device communicating with said 
oscillator unit and discharging ?uid and acoustic 
energy into the region to be stimulated; 

acoustic energy isolation means consisting of DC 
?ow blocks spaced above and below the acoustic 
coupling device to prevent loss of acoustic energy 
or upward ?ow of ?uid to produce hydraulic frac 
turing as well as acoustic stimulation of a selected 
region. 
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9. Well stimulation apparatus comprising: 
an acoustic vibration generator including an oscilla 

tor unit adapted for disposition in a well bore on a 
tubing string member; 

said oscillator unit being driven by the ?uid pumped 
down the tubing string; 

an acoustic coupling device connected with said 
oscillator unit to discharge ?uid and acoustic ener 
gy into a region of the well to be stimulated; 

a DC ?ow restriction means disposed above said 
acoustic coupling device to control DC ?uid ?ow 
pressure; and 

acoustic energy isolation means also disposed above 
said acoustic coupling device to limit acoustic 
energy loss in said well bore. 

10. The apparatus of claim 9 in which acoustic ener 
gy isolation means are also disposed below said 
acoustic coupling device to limit downward acoustic 
energy transmission. 

1 1. Well stimulation apparatus comprising: 
an acoustic vibration generator including a ?uidic 

oscillator unit adapted for disposition in a well 
bore on a tubing string member; 

said oscillator unit being adapted to communicate 
with and to be driven by ?uid pumped down the 
tubing string; . 

an acoustic coupling device communicating with said 
oscillator unit and discharging ?uid and acoustic 
energy into a region to be stimulated; 

acoustic energy isolation means spaced above the re 
gion to be stimulated, said acoustic energy isola 
tion means enabling ?uid to ?ow upward through 
the annulus preventing acoustic energy transmis 
sion. 

12. Well stimulation apparatus comprising: 
an acoustic vibration generator including a ?uidic 

oscillator unit adapted for disposition in a well 
bore on a tubing string member; 

an acoustic coupling device communicating with said 
oscillator unit and discharging ?uid and acoustic 
energy into a region to be stimulated; 

acoustic energy isolation means spaced above the re 
gion to be stimulated, said isolation means includ 
ing a large volume cavity and at least one smaller 
volume entrance port. 

13. Well bore acoustic apparatus comprising: 
an acoustic vibration generator including an oscilla 

tor unit adapted for disposition in a well bore on a 
tubing string member; said oscillator unit commu 
nicating with ?uid pumped down the tubing string; 

an acoustic coupling means communicating with said 
oscillator unit for coupling acoustic vibrations with 
?uid in a selected region of the well bore; 

acoustic energy isolation means acoustically commu 
nicating with the ?uid in the well bore to limit 
acoustic energy to the selected zone while 
enabling ?uid to ?ow upward through the annulus 
between the tubing string and the well bore. 

14. The apparatus de?ned by claim 13 which further 
comprises a ?ow restriction means communicating 
with the ?uid pumped down the tubing string and up 
ward through the annulus to provide pressure build-up 
in the selected region. 

15. The apparatus de?ned by claim 13 wherein said 
acoustic energy isolation means comprises a pair of 
resonators with their entrances on the exterior of the 
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apparatus spaced respectively one quarter wave length 
or an odd multiple thereof above and below said 
coupling means. 1 . 

16. The invention de?ned by claim 13 in which said 
acoustic energy isolation means comprises expansible 
packer elements extending between the apparatus and 
the cylindrical wall of the well, said apparatus having a 
quarter wave length or an odd multiple thereof passage 
with openings communicating with the annulus respec 
tively above and below the packer element above the 
acoustic coupling device to provide ?ow restriction 
means for increasing pressure in the selected region 
and to enable ?uid flow up the annulus while limiting 
acoustic energy transmission up the annulus. 

. 17. The apparatus de?ned by claim 13 in which said 
acoustic energy isolation means comprises a body in 
cluding a plurality of axially spaced, enlarged, annular 
portions to define with said well wall a number of in 
ertance sections and expansion chambers in the annu 
lus. 

18. The apparatus de?ned by claim 13 in which at 
least one of said acoustic energy isolation means com~ 
prises a sealed gas-?lled membrane disposed in a cavity 
and communicating with the ?uid in the annulus. 

19. Well bore acoustic apparatus comprising: 
a housing adapted to be connected with a tubing 

' string member; > 

a fluidic oscillator carried by the housing and having 
an input connected with the axial passage through 
the tubing string member; 

an acoustic coupling means connected with the out 
put of the ?uidic oscillator and having at least one 
exit port extending through the surface of the 
housing; 

acoustic energy isolation means adapted for fluid 
communication with said exit port of the coupling 
means to limit acoustic energy to a selected zone 
in the well bore. 

20. Well bore acoustic apparatus comprising: 
a housing adapted to be connected with a tubing 

string member; 
a ?uidic oscillator carried by the housing and having 
an input connected with the axial passage through 
the tubing string member; 
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an acoustic coupling means connected with the out 
put of the ?uidic oscillator and having at least one 
exit port extending through the surface of the 
housing; 

acoustic energy isolation means adapted for fluid 
communication with said exit port of the coupling 
means to limit acoustic energy to a selected zone 
in the Well bore; 

?uid ?ow restriction means to cause pressure build 
up in the selected region. 

21. Well bore acoustic apparatus comprising: 
a housing adapted to be connected with a tubing 

string member; 
a ?uidic oscillator carried by the housing and having 
an input connected with the axial passage through 
the tubing string member; 

an acoustic coupling means connected with the out 
put of the ?uidic oscillator and having at least one 
exit port extending through the surface of the 
housing; _ _ 

a pair 0 resonator means, each comprising at least 
one aperture spaced a selected distance above or 
below the exit port of the coupling means and 
communicating with a cavity inside the housing, 
said resonator means functioning to limit acoustic 
energy to a selected zone in the well bore. 

22. Well bore acoustic apparatus comprising: 
a housing adapted to be connected with a tubing 

string member; 
a ?uidic oscillator carried by the housing and having 
an input connected with the axial passage through 
the tubing string member; 

an acoustic coupling means connected with the out 
put of the ?uidic oscillator and having at least one 
exit port extending through the surface of the 
housing; 

a pair of resonator means, each comprising at least 
one aperture spaced a selected distance above or 
below the exit port of the coupling means and 
communicating with a cavity inside the housing, 
said resonator means functioning to limit acoustic 
energy to a selected zone in the well bore. 

?uid flow restriction means exterior of the apparatus 
to cause pressure build-up in the selected region. 


