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Rbstract

injection of Liguids into the gzound, the tocl has a

For pulsed I
The tool has an insert,

g cylinder, having through-slots.
d against the retating cylinder. AS the cylinder

rotatin

which is presse .
the rotor cover/uncover the slots in the

By suitably shaping the

rotates, the slots in

insert, creating the regquired pulses.

slots, the puls=sz can have a fast rise-time from c¢losed to Open.
=2

The insert 1z shaped to minimize flow interference.
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at-surface Tool for Pulsed Injection of Liguids

ol iz intended for enhanced distribution of injection

[001] The to
such as waterflooding

fluids in environmental site applications,
and ip situ remedial injections.
[002] The benefits are known of applying pulses to liquid that is

being injected into the ground.

[003] Designers know that a tool for creating pulses has to cater
£or & wide range of f£luid pressures (from e.g 20 psi to e.g 1800
psi). The ligquid can be water, oil, or heavy muddy sludges.
Particulate matter can be present in varying guantities.

Injection fluids can be dangerously corrosive. Under such a
variety of cenditions, a simple, scalable toel is preferred,

which can be easily maintained and easzily adjusted.

1004] The zelatively shallow depth of many environmental sites
{e.g thirty metres) allows the pulses to be generated from a tool
loecated at the surface, as opposed to being located down-hole.
Lomating the tool downhole can pose problems of providing a
mechanical drive to the tool, which are much simplified when the

tool i=s at the surface.

[005] The present tcol may be regarded as a being based ¢n a
traditional ball-valve. By driving the ball to rotate
continuously, & ball-valve can be so operated as to break up the
flow of liguid into discrete pulses. The resulting pulze-
sreating tool is used in conjunction with a reservolr of the
liguid tc be injected, a motorized pump with power source, an
accumulator, pressure contreollers, instruments, and so on, and
with a downhole-conduit for conveying the injected liguid, with
pulses, down into the well, porehole, or other hele in the

ground.
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[00&] The pulses from a continuocusly-rotating ball-valve pulse-
injection system have a number of advantagecus performance
charactaristics. The generated pulses, for example, are of high
amplitude of flowrate, because of the un~restricted flow path
through a ball-valve. The system works well alse for low-flow
applications bezcause a bhall-valve has {or can have) zere leakage
when closed. The ball-valve system works for high-pressure
applications because tolerances can readily be maintained, within
the valve’s pressure rating. The tool is simple and easy to

clean, and is lightweight and easily operable.

[007] However, a traditional ball-valve does neot have all the
characteristics of a good pulse-creating teel. For examplé, the
rige times of the pulses would not be rapid or sharp. That is to
say, a ball-valve moves from fully-closed to fully-open only very
slowly, whereas desirably a pulse-valve zhould open instantly, cor
almoat instantly, and then should remain wide open during the
injection-phase of the pulsing cycle. Also, preferably, a pulse-
valve should close very rapidly, and remain fully closed during

tthe clesed-phase of the pulsing-cycle.

[008] In a traditional ball valve, the valve opens slowly and
non-linearly. In a pulse-creating tool of the kind as described
herein, changes to the shapes of the ports in the ball, and to
the shapes of the windows 1in the ball-housing, can enable the
valve to go from fully-closed to fully-open in just a fraction of
the swept arc of rotation of the khall, as compared with the slow
opegning rise-time (i.e with the long cpening rise-arc)
attributable to Lthe ports and windeows in a traditiconal ball-

valve.

[Q023] Although the pulse-creating teool of the kind as described
herein c¢ould be based on a ball-valve, the preference iz to
replace the ball with 2 cylinder. It is generally easier
(cheaper} te make, to mount, and also to seal, a rotating
cylinder than a rotating ball.
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[0010] List of the Drawings
Fig.l is a sectioned end-elevation of an exemplary pulsing-

creating tool.

Fig.2a i3 a sectioned side-elevation of the tool of Fig.l.

Fig.zb 1s a diagrammatic zide-elevation of an electric motor,
used to drive the rotor of the teol of Fig.l

Fig.3 is & pictorial viaw of the rotor of the tool of rig.l.

Fig.4 is a pictorial view, and . . -

Fig.5 is & sectioned side-slevation, of the body of the toel of
Fig.1

Ficas.6a, 6b, 6c are side, sectioned side, and bottom, views of the
imsert of the tool of Fig.l.

Figs.7a,7b are over and under pictorial views of the insert of
the tool of Fig.l.

Fig.8 is the same view as Fig.l, but incsludes arrows that show
the flow of ligquid through the teool during the injection-
phase of the cyclic operation of the tool.

Fig.2 is the same view as Fig.l, but shows the rotor rotated to a
position in which the injection-phase is about to end, and
the closed-phase of the operation of the tool is about teo
begin.

Fig.1l0 is a diagram showing the teol set up for use for downhole
pulse-injection of a liquid into a well.

Fig.ll is a sectioned end-elevation of another pulse-injection
tool.

Fig.l2Z is a sectioned side-elevation of the %Tool of Fig.ll.

00113 In Figs.1-9, the pulse-creating toel 20 includes a
pody 23. A rotor 25 rotates in beawings 27 in the body 23. A
roupling 29 connects the rotor 25 to the armature of an electric
motor 30, and the housing of the metor 30 is bolted to the body
23.

[(0012] The rotor of the togl is required te rotate, typically

up to 400rpm or seo. The bsarxings 27 of course are selected as

4
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peing suitable for the zpeeds and loads applied. 7The thrust and

journal loads on the rotor 25 are not large, however, and the

bearing specification 1= not a demanding one. The bearings

should be zealed in a manner appropriate to the liguids being

injected.

[0013] The body 23 1s formed with threaded holes 32,34, in
which are fixed an inlet-connector 36 and an outlet-connector 3€.
2n insert 40 is mounted inside the inlet-connectoer 36. Female
curved-faces of the insert 40 rub against complementary male
surved-faces of the rotox 25 during operation, peing urged into
contact with the rotor by the pressure of incoming water through
+he inlet-connector 3&. The designer might, if desired, arrange
for a spring, te maintain rubbing contact between the imsert 40

and the reotor 25.

[o0L4] The rotor 25 contains three apertures, inn the form of
elongated retor-slots 43. As the rotor 25 rptates, the =zotor-
slots 42 alternately align and misalign with respect to an
insert-aperture, in the form of an elongated insert-slot 45, in
the insert 40. When one of the rotear-slote 43 aligns with the
insert-zlot 4%, the liguid can pass through the teol; when npone
of the rotor-slots 43 aligns with the insert-slot 45, the tool is
closed to the passage of liquid therethrough. Thus, liguid is
delivered through the ocutlet-connector 38 in pulses, when the

roter 25 is rotating.

[0015] The designer can vary the number of rotor-slots 43 in
the rotor 25, from one to as many as c¢an be physically
accemmodated within the roteor. The designer can provide the
desired open-time versus closed-time ratio, and can so arrange
the leading and trailing edges of the slots tc ensure that the

apertures open instantaneocusly, or gradually.

[0016] When the pulse-creating tool is located at the

surface, it is a simple matter Lo change some of the components

5
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ting characteristics

inside the rool, and thus to change the opera

of the tool.

meters that <an pe varied from the surface during

m include the pressure ©

be provided, ro maintain
and the speed of the

100171 Para

an injegqtion progre

£ the inscoming liguid

(an aeccumulator should the ingoming

sure at 2 regsonably uniform level),

an be varled, to change L

pres
he fragusncy of the pulszes.

motor =

[0olel The insert 40 performs a number of functions. First,

as to its shap#,

the insert is shaped to collect incoming flow

from the inlet-connector 36, and te funnel the lLiguid into and

inimum interference to flow. It

through the insart-slot 45 with m

may be noted that it would be difficult to provide smooth gradual

n= 1if the flow paths had to be machined inte the solid

insert makes it & simple matter to

zransitio
vody 23, but the separate

provide the smooth transition.

roalal fecond, the insert 40 is movable, being guided for

movement relative to the body 23, and therefore for movement

relative to the rotoxr Z3 (the rotor 25 being carried in bearings

27 in the body 23). The ingert 40 can move radially towards and

away From the rotating rotor. Therefore, the insert, upon being

provides good sealing thergbetween.
out of the zotor

pressed against the rotor,
Alse, a movakble insexrt ¢an accommodate some run-

(though that should be minimized). The insert can be made of

metal or plastic.

(0020] The apertures 43,45 are in the form of elongated

alots. ©On the other hand, the flow passage in the CoOnnectors
36,38 iz a round tube. Thus, & transition 47 18 required to
e from the round form to the elongated-slot

The

provide a smooth chang
form, and the transition in the insert provides that.
designer should see to it, in fact, that all flow passages
present as 1ittle interference to the flow as possible,

commensurate with the desire for the valve to open wide as

6
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[0021] Fig.10 is a view of the pulﬂe—injectiom tecl installed

in a well., A reaervoir—conduit 70 connects & reservolr 72 and an

injection-pump 74 to the inlet-connector 26. A downhole-conduit
76 is connected to the outlet-connectoxn 38, and extends down to

the injection-depth in the well, i.e down to the perforations 78

in the well-casing.

[0022] Figs.11l,12 depict & variant of the pulse-creating
toml. In the variani, the slectric motor drive is the same as
described previously. The roter 52 is mounted for rotation, in

bearings in the body 54, also in the mannher as described

pervicusly.

[0023] The variant tool 50 differa from the previous tools 1in
that now the insert 56 is associated with the outlet-connector 58
rather thanh with the inlet-cennsctor 60, and alsgc in that now the
water enters the rotor 52 axially rather than radially. Also, in
rhe varianmt 50, the insext 56 is biased against the rotor 52 by

means of a spring 63, instead of (or in addition to) by means of

an induced pressure differential acting on the insert 36.

[0024] The rotor 52 in Figs.11,12 is proviced with just one
rotor-slot 65, The roter-slot passes right through the annular
wall 67 of the hollow interior chamber 62 of the rotor. The

designer might provide two or more rotor-slots rather than just

one, as explained previocusly.

[0025] A major function of the teool is to impose pulses onto
the liguid being injected, and, as mentioned, it iz impertant in
many cases of injectioen of ligquids into the ground, that each
pulae should have a very rapid rise-time. That 13 to say, the
pulse-aperture of the tool should open as rapidly as possible,

preferably explosively.
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[0026] The rotor-aperture in the rotor and the insert-
aperture in the insert should be so configured as to provide this
rapid opening. When these aperturas are in liguid-flow alignment
with each other, they create the pulse-aperture. When the rotor-
aperture and the insert-aperture are in the form of elongated
rotor- and insert-slots, the pulse-aperture created by the
alignment of thoze slots also has the form of an elongated pulse-

slot.

[C027] The pulse-slot is of a icng-by-narrow shape. The long
length of the pulse-slot is measured in a direction parallel to
the axis of rotation, and the narxrow width of the pulse-slot is
zligned at right angles to the axis of rotation. As the rotor
rotates, the width of the pulse-slot starts at zero just as the
pulse-slot cracks open, then increases to & maximum, and then
closes to zere. While the »otor-slct remains oubt of alignment
with the insert-slot, the pulse-slot of the pulse-injection teoel

remaing closed.

[0028] (The designer might wish to arrange for a bypass flow,
which bypasses the pulse injection tool. The bypass may be bﬁilt
into the tool bkedy. The bypass enables injection flow to be

present throughout the pulse-cycle, even when the pulse-aperture

is closed.)

[002%9] The leong edges of the rotor-slot and cof the insert-
slot -=- being the edges that move away from each other as the
pilse-g3lot opens —- are termed the leading-edges cof the pulse-

slot. For the opening of the pulse-slot to be explosive, the

leading-edges should be parallel to each other.

[0030] Attention is drawn to the dimensions of the pulse-
slaot, as c¢reated when the insert-zlet and the rotor-slot are in
alignment. The dimensions are related to the diameter OC-D cm of

the outlet-connectcor 38 -- assuming that teo be circular.
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(o031l The length of the pulse-3lot (being PS-L Cif, measured

=D
parallel Lo the axis of rotation) preferably should be about o

The width of the pulzse-slot (P3-W cm) varies

w 1.3, COr MOre.
rarmed PS-Wmax cm. PS-Wmax

hetween Zero and a maximuam value,

preferably should be 0C-D X n.6, or less. Preferably, PS-Wmax

should be about one—third of P3-L, ©F less,

100321 as mentioned, the lezding—edge g3 of the ipnsert-zlot
a5 should be parallel to the leading-edge 87 of the rotor-slot
&5, and preferably the two leading-edges should be parallel to

the axis of rotation.

[0033] The maximum area of the pulse-slot (pbeing PS-Amax,
whare PS-Bmax = PB-L X Fo—Wmax), when fully open, preferably
ahould be about the same 43 the liguid-conducting throat-area of
the outlet=-connecter, belng abeut 0.8 x (0C-D)?, or larger. {The
real value of P3-Amax would be a 1ittle smaller than the value
indicated by the above formula, given that the pulse-slot has
rounded cornsrs.)

[0034] The marner in which pulse-injection operates will now
he described. When the pulse commences, the liguid pressuxe
downstream cof the pulse-aperture rises. If the liguid pressure
rises very rapidly, a shock-wave ig creatad. The faster the rise
time of the liguid pressure, as the pulse commences, the greater
the energy-content of the shockwave, and the greater its

penetrative powsr.

[0035] The pressure pulse, along with its high-~energy shock-
wave, travels along the downhole=-conduit to the point of
injection, at depth. To depths of about fifty metres, it can be
expected that the pulses are still intact. It can be expectad
also that the shock-wave assoglated with the explesive start of
the pulse, when the shock-wave emerges out into the ground
formation surrcunding the borehole, also retains much of its
energy-content. Preferably, the downhele-conduit ghould be made

of rigid metal: 1if the downhole—conduit were e.g a flexible hose,

9
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i uated
the pulses and shockwava would or might be zeverely attel

upon reachind injection depth.

ro03el It can be sxpected that the shockwave will penetrate

greater distances, vadially out from the borehole, than the

actual liquid being pulse—injected.

[(0037] Thus, an ongoing pregram nf injecting ligquid into a

porehole in the ground ca
of phases. At first, imposing pulses omn the injected liquid can

n he expected to take place as a series

pe expected Lo cause the ligquid to f£ill up the (porous) ground
formation around the borehole more effectively and morne
thoroughly than simply injecting the liquid under staric

pressure.

[0038] Wher the imposed pulses are also accompanied by high-
anerny shockwaves, the shockwaves penetrate the ground and cause
a momentary increase in the porosity of the ground formation
material (i.e a momentary increase in the size of the pores), at
a point in the ground, as the shockwave propagates through that
peint. This momentary locsening can be very effactive in
allowing the ligquid being injested, under prassure, inte the
formation, to penetrate a little further outwards from the
horehole, #ach pulse.

[0039] Thus, pulse-injection, and especially pulse-injection-
plus-ghockwaves, snables the ground formaticn around the borehole
to become more thoroughly saturated, for greater radial

distances.

(00407 The ability of the shockwave to prepagate through the
ground depends on the state of sdaturation of the ground. If the
ground is ansaturated, the shockwave guickly dissipates. As the
ground becomes more saturated (as liguid injecticn proceeds over
a pericd of time}, the shockwaves can pgnetrate further, =.9 a

di=tance of saveral tens of metres outwards from the well.

10
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(00411 Thus, a first phase of an injection program is

concerned mainly with raising the 1iquid-content of the ground

formation to a aaturation level. puring this first phase,

whether or not pulses are imposed on the liguid being injected 1s

not so important -- although pulsing even during this first stage

e effective e.g 0 alleviate fingering of the injected

can b

liguid.

[0042] The second phase starts as the ground becomes
saturated, i.e the ground formation becomas capable of sustaining

2 back pressure resistance during injection. Mow, the benefits
of pulsing (as opposed to static injection) become more marked,
ip terms of enabling more liguid to pe injected into the already-
saturated ground, and of enabling the liquid to penetrate

radially further out inte the formaticn.

[0043] The third phass starts as the ground formation reaches
the limit of the pulse-induced over-saturation. At this point,
the ground is =o saturated, and the back pressure in the ground
iz s0 high, that, just after the pulse-valve closes, the back
pressure can éven be higher than the ligquid pressure remaining in
rhe outlet-connector; in that case, a tendency might exist for
liquid to flow back into the well, from the formation, during the
clogsed-portion of the overall pulse cycle. When such "suckback”
does occur, it can be beneficial in causing the liguid 1in the
ground outside the well to beceme unified into a single cohéerent
hody of liguid, threugh which the pulses and shockwaves can
propzgate very efficiently —- enabling, in turn, the over-
saturation condition of the formation te be extended radially

further ocutwards.

[0044] The tools as described herein are capable of imposing
cyclic pressure-pulses onto the injected liquid, and are capable
alsc of imposing shockwaves onto those pulses. Thus, the full

potential of the tool usually will be realised during the third

phase of an injecticen program.

11
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[0045] However, =van though the tool as described herein
would pe selected for the ipjection program because of its
performance during the third phase, navertheless the teool is
egually if not more sffective, compared with other types of
injection tool, during the earlier phases (assuming the other
tools would be operated 1ikewise under the usual regime of

limited injection pressures).

[o04e] As menticned, the designer should take steps Lo
mirpimize the attenuation experienced by the shockwaves and the
pulses as they travel along the downhole-cenduit. In the design
of Figs.11l,12, the insert-slot B5 receives the liguid that hasa
just passed through the pulse-aperture, and the tranzition 89
conveys that liguid directly into the sutlet-connester 58, and

thence into the down-hole conduit 76.

[0047] The insert 56 includes a thin-walled tube 90, which
fits spugly in the hole of the outlet-connector 58, whereby the
liguid is moved inteo the down-hole conduit with a minimum of
opportunities Lo enter nooks and crannies within the tool, on the
downstream side of the pulse;slmt. when the liguid-Iflow
sonducting conduits are smooth and unbroken, the diszipation and

attenuation of enargy in the pulses and shockwaves 1s minimized.

[co4s] Tn the desicn of Figs.11,12, the insert is pressed
against the rotor, whereby the female curved-faces of the insert
56 make contact with the male curved-faces of the rotor 25,

thereby creating a liguid-seal around the pilse-aperture.

10049] In Fig.l1ll, the roteoxr is so orientad that the pulse-
aperture is closed. At this time, the liguid pressure in the
autlet—connector (being the dewn-hole pressure) is falling, and
the pressure (being the supply pressure) inside the hollow

interior of the rotor 52, and inzide the housing 54, is rising.

12
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(00521 In Fig.1Z, the rotor 1a turning clockwise, and is so

oriented that the pulse-aperture, though closed, is Jjust about to

open. That is to =22y, the leading-edge 87 of the rotor-slot 65

just coincides with the leading-edge 83 of the insert-sleot 85.

[(0051] It may be noted that, in Figs.1ll,12, the regulting
pressure differential acting on the insert, urging the insert
towards the reotor, is, or can be, the same, whether the insert is
associated with the ilnlet-connector (Figs.1-9) or with the
sutlet-connector (Figs.ll,12), aince the zone 22 bhehind the
imsert is at the reserveoir or supply pressure. The areas of the
insert over which the pressures cffectively act is different,
hewever, as betwsen the Figs.1-2 arrangement and the Figs.11,12
arrangement, and therefore the biazing force exerted by the

pressure differential 1s different.

[oos2] In Figs.Ll1,12, the spring 63 assists in creating the
desired amount of biassing force on the insert 56, as will ensure
that the pulse-aperture, when clesed, is effectively sealed. It
may ke ncted that (cold) liguid is passing constantly through the
tool, which helps to¢ keep the rubbing faces from overheating,

sven though pressed guite tightly tegether.

[0053] The tool has been described as it relates to the
injection of liguids intec the ground. Often, the ligquid will be
plain water. However, sometimes, the liguid will contain air or
other gases entrained or dissolved therein. Such gases tend to
hubble out of the liguid as the pressure of the liguid drops.
This could be a problem if the amount of gas is sufficient to
prevent the liguid itself from filling the pores of the ground
formation, and thus to pravent the body of ligquid in the ground

from taking on the characteristies of a unitary coherent body.

[0054] The reference pumerals used in this specification are:
20 pulse—-creating tocl
23 body
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25 rotor

27 bearings, body to rotor

29 coupling

30 electric motor

32 threaded hole for inlet-connestor
34 threaded hole for gutlet-connector
36 inlet-connector

38 outlet~connector

40 movable insert

43 rotor-slot

45 insert-slot

47 transition, slet to round, in insert
50 variant of pulse-creating tool

52 rotor

54 body (or housing) of tool

56 insert

538 outlet-connector

a0 inlet-ceonnector

63 spring

65 rotor=slot

&7 annular wall of rotor

69 hollew interior chamber of rotor
70 reservoir-condulit

7z reservolir

74 ligquid injection pump

76 downhole-conduit

78 perforations in well-casing

83 leading-edge of insert-slot

85 insert-slot

87 leading-edge of roton-slot

89 tranzition

80 thin=-walled~tube of insert

B2 zone behind insert.

[005E] The designations of scome of the dimensions of the
tool, as ussd herein, are:

14
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Claims

Claim 1. A tool for generating pulses in a flow of liquid passing through the tool, wherein:

the tool includes a body, and the body includes an inlet port and an outlet port, for
conveying the liquid into and out of the tool;

the tool includes a rotor, which is mounted in the body for rotation about an axis;
the rotor has a curved-face, which is circular with respect to the axis of rotation;
the tool includes an insert, and includes an insert-guide;

the insert-guide is structured to guide the insert for movement relative to the body
towards and away from the rotor, in a guided-direction;

the guided-direction is either perpendicular to the axis of rotation or has a major
perpendicular component;

the insert has a curved-face, which is so profiled as to complement the curved-
face of the rotor;

the insert includes a through-hole in its curved-face, termed the insert-aperture,
which is open to a through-flow of liquid,

the rotor includes a through-hole in its curved-face, termed the rotor-aperture,
which is open to the through-flow of liquid;

one of the apertures is connected to the inlet port and the other to the outlet port;
the tool is so structured that, in operation, with the rotor rotating, and with liquid
being passed through the tool under pressure, from the inlet port to the outlet port:
(a) the insert is biased into contact with the rotor;

(b} the curved-face of the insert makes rubbing contact with the complementary
curved-face of the rotor, curved-face to curved-face;

(c) the rotor-aperture alternates cyclically, in time with the rotation of the rotor,
between being in liquid-flow-conducting alignment with the insert-aperture, and
being out of alignment;

(d) a liquid-flow-conducting pulse-aperture opens between the rotor-aperture and
the insert-aperture when the rotor-aperture and the insert-aperture are in
alignment;

(¢} the pulse-aperture alternately opens and closes, on a repeating cycle, in time
with revolutions of the rotor, whereby the liquid that emerges from the outlet-port
emerges in cyclic pulses.

17
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Claim 2. A tool as claimed in claim 1, wherein:
the curved-face of the rotor is a male right cylinder, being a solid of rotation with
respect to the axis;
the curved-face of the insert is an insert-sector of a complementary female right
cylinder;
the insert is so structured that:-
(a) the insert-sector occupies less than 180° of the male right cylinder;
(b) the insert-aperture is symmetrically disposed about a plane that is parallel to
the said guided-direction, and is radial to the axis of rotation; and

(c) the sector is symmetrically disposed about the same plane.

Claim 3. A tool as claimed in claim 1 or 2, wherein:
the insert-aperture has the form of a long narrow insert-slot;
the rotor-aperture has the form of a long narrow rotor-slot;
the insert-slot and the rotor-stot have respective leading-edges, being those edges
of the slots that, as the two slots come into alignment, during rotation, are the
edges of the slots that move apart from each other;

the leading-edges of the slots are parallel to each other.

Claim 4. A tool as claimed in claim 1, 2 or 3, wherein:
one of either the inlet-connector or the outlet-connector is here termed the
connector;
the connector has a circular liquid-flow-conducting throat;
the insert-aperture is characterizable, as to its length-by-width shape, as a long-
by-narrow insert-slot;
the insert includes a liquid-flow-conducting transition connecting the circular
throat with the insert-aperture;
the transition is so configured as to ensure that changes in velocity of liquid flow,

as the liquid flow passes between the circular throat and the insert-aperture, are

smooth and gradual.

18
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Claim 3. A tool as claimed in any preceding claim, wherein the tool is so structured that,
during operation of the tool:
the insert-aperture is in liquid-flow-conducting communication with the inlet
connector;
the rotor-aperture is in liquid-flow-conducting communication with the outlet

connector,

Claim 6. A tool as claimed in claim 5, wherein the tool is so structured that, during operation
of the tool:
the insert has upstream-facing surfaces, which are exposed to direct velocity
impingement by incoming liquid under pressure;
the insert has downstream-facing surfaces, which are not subjected to velocity
impingement;
the downstream-facing surfaces of the insert are smaller than the upstream-facing
surfaces;

whereby the insert is biased into rubbing contact with the rotor.

Claim 7. A tool as claimed in any one of claims 1 to 4, wherein the tool is so structured that,
during operation of the tool:
the insert-aperture is in liquid-flow-conducting communication with the outlet
connector;
the rotor-aperture is in liquid-flow-conducting communication with the inlet

connector.

Claim 8. A tool as claimed in claim 7, wherein the tool is so structured that, during operation
of the tool:
the rotor is formed with a hollow interior chamber;
liquid passes from the inlet connector into the chamber, then from there through
the rotor-aperture, then from there through the insert-aperture, then from there

through the outlet connector.

Claim 9. A tool as claimed in claim 7 or 8, wherein the insert is biased into forceful rubbing

19
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Claim 10,

Claim 11.

Claim 12.

contact by means of a mechanical spring.

A tool as claimed in any one of claims 1 to 4, wherein the tool is so structured
that, during operation of the tool:

a portion of the curved-face of the insert makes rubbing contact with the curved-
face of the rotor, that portion being termed the rubbed-portion;

the insert-aperture and the rotor-aperture being in at-least-partial alignment
whereby the pulse-aperture is created, the pulse-aperture is encircled by the
rubbed-portion; and

the pulse-aperture is thereby sealed against leakage of liquid between the curved

face of the insert and the curved (ace of the rotor.

A tool as claimed in claim 1, wherein the pulse-aperture is in the form of a long
narrow pulse-slot, in that:

the pulse-slot has a length;

the pulse-slot has a maximum width;

the maximum width is one third of the length, or less.

A tool as claimed in claim 1, wherein the pulse-aperture is in the form of a long
narrow pulse-slot, in that:

the pulse-slot has a length;

the outlet connector has a circular liquid-flow-conductiag throat, having a
diameter;

the length is 1.3 times the diameter, or more.

Claim 13. Combination of a hole in the ground with a tool that embodies claim 1, wherein:

the tool is located at ground surface, and the combination includes:-

(a) at surface, a reservoir of pressurized liquid, and a reservoir-conduit for
conveying the liquid to the inlet-port;

(b) at surface, a motor for driving the rotor in rotation;

(¢) a downhole-conduit, which is capable of conveying liquid from the outlet port
down into the hole;

20
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a working depth of the hole is the depth, in the hole, at which the pulsating liquid
is discharged from a bottom end of the downhole-conduit; and

the working-depth is a distance from the outlet port of the tool, of fifty metres, or

less.

21
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