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& (57) Abstract: A distance holder (1) for connection to, and rotation with, a drill string (2) in an earth formation drilling device
arranged to supply a jet of abrasive fluid for the purpose of providing a borehole (2) by removing earth formation material through
abrasion, comprises a chamber (16) which is essentially rotational symmetric and which is to face the earth formation material, and a
jetnozzle (S) arranged for discharging a jet of the abrasive fluid in said chamber. The chamber comprises a deflector (12) positioned
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in the path of the fluid jet discharged from the jet nozzle.
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DISTANCE HOLDER WITH JET DEFLECTOR

The invention is related to a distance holder for
connection to, and rotation, with a drill string in an
earth formation drilling device arranged to supply a jet
of abrasive fluid for the purpose of providing a borehole
by removing earth formation material through abrasion,
said distance holder comprising a chamber which is
essentially rotational symmetric and which is to face the
earth formation material, and a jet nozzle arranged for
discharging a jet of the abrasive fluid in said chamber.

Such a distance holder is disclosed in
WO-A-2005/040546. Said prior art distance holder provides
an abrasive fluid jet which is directed towards a slot in
the circumference of the chamber. The jet, which is
directed through the slot, exerts an abrasive action on
the earth formation within the chamber whereby a cone
shaped bottom is obtained. Subsequently, the jet
direction 1is reversed by the lowest part of the bottom
into an upward direction. The cuttings or abraded
particles as well as the abrasive particles are
transported to the surface by the fluid; at some height
above the bottom the abrasive particles are extracted
from the fluid and fed back into the jet nozzle. By means
of the fluid which is jetted through the nozzle, said
abrasive particles enter a new cycle of abrasive action,
and so on.

In practice it appears that the wall of the hole
thus obtained lacks a certain smoothness. A good borehole
quality is however important for obtaining earth
formation data by means of sensors. Pad-type down-hole

evaluation sensors are applied onto the wall of the
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borehole, and the contact between such sensors and said
wall is gravely impaired by a less than smooth borehole
wall gquality. Moreover, parasitic pressure losses may
occur, and furthermore borehole cleaning by the fluid
flow through the annulus towards the surface may be
impaired. Also, energy is lost when forming grooves in
the rough borehole wall.

The object of the invention is therefore to provide
a distance holder of the type described before which
allows the drilling of a smoother borehole. Said object
is achieved by providing the chamber with a deflector
positioned in the path of the fluid jet discharged from
the jet nozzle.

The distance holder according to the invention,
first of all allows the borehole bottom to be abraded by
the fluid jet which is issued from the jet nozzle.
Subsequently, as said abrasive fluid jet collides with
the deflector, the direction of the jet is changed to an
orientation which comes closer to the vertical direction.
The jet thus obtains an almost vertically downwardly
orientated direction, which is decisive for obtaining a
smooth borehole wall instead of a grooved one.

The prior art distance holder comprises a jet nozzle
which is oriented obligquely with respect to the axis of
rotation for making the jet of abrasive fluid intersect
the borehole axis. Thus, a borehole bottom is formed
which has the cone shape. According to the invention
however, a borehole bottom is formed which has a first
cone with a certain top angle, and underneath a second,
truncated cone with a smaller top angle than the top
angle of the first cone. These top angles can be
influenced by the orientation of the jet nozzle and by

the orientation of the deflector. In this connection,
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preferably the deflector is oriented for deflecting the
jet of abrasive fluid in a direction enclosing an angle
with the axis of rotation which is smaller than the angle
enclosed by the jet nozzle and said axis of rotation.

More preferably, the angle enclosed by the jet
nozzle and the axis of rotation is approximately twice
the angle enclosed by the deflector and the axis of
rotation, when seen in a section according to a radial
plane which includes the center line of the jet nozzle.

After abrading the earth formation, the abrasive
fluid jet reaches the lowest parts of the borehole bottom
at the foot of the lowermost cone and will have
subsequently to flow back in upward direction through the
annulus. As a result of the limited play between the
outer surface of the distance holder and the borehole
wall, the fluid could continue upwardly along the outside
of the distance holder. However it is preferred to make
the fluid flow in circumferential direction, and to this
end the deflector and the radial plane which includes the
center line of the jet nozzle may enclose an angle which
differs from 90 degrees.

The circumferential flow component may in particular
be applied in an embodiment of the distance holder
wherein the outermost end of the chamber comprises an
essentially cylindrical skirt which extends over at least
a part of the circumference of the chamber, said skirt
being provided with at least one slot, said deflector
adjoining said slot.

The deflector directs the fluid flow in
circumferential direction through said slot towards the
outside of the distance holder, after which the fluid
flow will be oriented upwardly. In this connection, the

deflector may extend slantingly between an end adjoining
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the skirt and an end adjoining the slot. Said skirt has
an outer surface and an inner surface; preferably the
distance of the deflector, near or at the end adjoining
the skirt, to the axis of rotation is approximately the
same as the radius of the skirt inner surface. At the end
adjoining the slot, the distance of the deflector to the
axis of rotation is approximately the same as the radius
of the skirt outer surface.

The deflector itself can be carried out in several
ways; preferably said deflector comprises at least one
plate, e.g. of tungsten carbide. However, the deflector
may also comprise assembled plates.

Good results are obtained in case the size of the
deflector, when seen in circumferential direction, is
approximately the same as the width of the abrasive fluid
jet at the position of the deflector and issued by the
jet nozzle. Preferably, the deflector comprises an
inwardly facing planar deflector surface.

Reference i1s made to the jet cutting device with
deflector as disclosed in WO-A-02/092956. Said prior art
deflector does not form part of the chamber included in a
distance holder. Thus, the effects obtained by said prior
art deflector are not the same and cannot provide the
required smoothness of the borehole wall.

The invention will now be described further with
reference to an embodiment of the distance holder as
shown in the drawings.

Figure 1 shows a first view in perspective of the
distance holder according to the invention.

Figure 2 shows a second view in perspective of the
distance holder.

Figure 3 shows a vertical cross-section through the

distance holder during service in a borehole.
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Figure 4 shows a bottom view of the distance holder.

The distance holder 1 as shown in the drawings 1-4
forms part of an earth formation drilling device and is
connected to the drill string 2 as shown in figure 3.
Said drill string 2 contains a feed channel 3 by means of
which the pressurized fluid is fed to the bottom of the
borehole 4 in the earth formation 5. The distance
holder 1 comprises a jet nozzle 6 which on the one hand
is connected to the feed channel 3 in the drill string 2
and on the other hand to the abrasive particles supply 7.
This abrasive particles supply 7 is supplied with
abrasive particles 8 which originate from the collecting
surface 9, onto which said abrasive particles 8 are
attracted by means of a magnet (not shown) beneath said
surface 9.

As shown in figure 1-4, the distance holder 1
comprises a chamber 16, which has a trumpet shaped upper
part 15 as well as a generally cylindrical skirt 17. The
jet nozzle 12 discharges in a recess 25 provided in said
trumpet shaped surface 15. In the embodiment shown, said
cylindrical skirt 17 has concentric parts 18, 19 of
different diameters; other embodiments are possible as
well. As shown in figure 3, the center line of the jet
nozzle 6 and the axis of rotation 10 enclose an angle
Alpha. Moreover, the jet nozzle 6 is positioned in such a
way that the jet of abrasive fluid intersects the axis of
rotation 10. Thereby, a first cone 11 is formed under the
influence of the abrasive action of the particles 8.

After forming the first cone 11, the jet of drilling
fluid collides with the deflector 12, in particular the
flat inner surface 13 thereof. Said deflector 12, or the
flat inner surface 13 thereof, and the vertical enclose

an angle Beta which is smaller than the angle Alpha
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enclosed by the jet nozzle axis and the axis of

rotation 10. In particular, said angle Beta can be half
the angle Alpha. After colliding with the deflector 12,
the abrasive fluid continues its path downwardly into the
borehole, but at a steeper angle. Thereby, a truncated
cone 14 is formed, which has a smaller top angle than the
first cone 11. This path of the abrasive fluid jet
provides a smooth character to the wall 4 of the
borehole.

The skirt 17 has a slot 20 through which the fluid
flows out of the chamber 16. Said slot is bordered by the
deflector 12. As shown in the figures, and in particular
in figure 4, at the end of the deflector 12 bordering
said slot 20, the inner surface 13 of the deflector 12
has a certain radial distance D1 to the axis of
rotation 10. At the opposite end of the deflector 12, as
seen in circumferential direction, the inner surface 13
has a distance D2 to the axis of rotation which is
smaller than the distance D1. The distance D1 is about
equal to the diameter of the outer surface 22 of the
skirt 17; the distance D2 is about equal to the diameter
of the inner surface 23 of the skirt 17. Thus, the inner
surface 13 of the deflector runs slantingly between said
inner surface 22 and said outer surface 23 of the skirt.

This orientation of the deflector 12 promotes the
fluid flow as indicated by the arrow 21 in figure 4.
After colliding with the deflector surface 13, the fluid
does not only obtain a more steeply downwardly oriented
direction, but also a component in circumferential
direction. As the deflector surface 13 reaches a diameter
D1 which is about equal to the diameter of the outer

surface 22 of the skirt 17, the abrasive fluid is able to
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generate a hole with a sufficiently large diameter for
accommodating the distance holder 12.

After said deflection of the abrasive fluid in
circumferential and in upward direction, it is guide
further through the helically extending part 24 of the
slot 20.

The bottom surface 27 of the skirt 17 is provided
with inserts 26 of an abrasion resistant material so as
to promote the drilling of the borehole further and so as
to protect said bottom surface against excessive wear
during the rotation of the distance holder 1 together
with the drill string 2. Similarly, the outer surface 22
of the skirt is provided with abrasion resistant material
deposits 28. Examples of these materials include tungsten
carbide, polycristalline diamond (PDC) and thermally
stabilised polycristalline diamond (TSP). Preferably, the
deposits 28 comprise tungsten carbide, and the inserts

comprise TSP.
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CLATIMS

1. Distance holder (1) for connection to, and rotation
with, a drill string (2) in an earth formation drilling
device arranged to supply a jet of abrasive fluid for the
purpose of providing a borehole (4) by removing earth
formation material through abrasion, said distance

holder (1) comprising a chamber (16) which is essentially
rotational symmetric and which is to face the earth
formation material, and a jet nozzle (6) arranged for
discharging a jet of the abrasive fluid in said

chamber (16), characterized in that the chamber (16)
comprises a deflector (12) positioned in the path of the
fluid jet discharged from the jet nozzle (6).

2. Distance holder (1) according to claim 1, wherein
the jet nozzle (6) 1s oriented obliquely with respect to
the axis of rotation for making the jet of abrasive fluid
intersect the borehole axis (10).

3. Distance holder (1) according to claim 2, wherein
the deflector (12) is oriented for deflecting the jet of
abrasive fluid in a direction having an angle Beta with
respect to the axis of rotation (10) which is smaller
than the angle Alpha enclosed by the jet nozzle (6) and
said axis of rotation (10).

4, Distance holder (1) according to claim 2 or 3,
wherein the angle Alpha enclosed by the jet nozzle (6)
and the axis of rotation (10) is approximately twice the
angle Beta enclosed by the deflector (12) and the axis of
rotation (10), when seen in a section according to a
radial plane which includes the center line of the jet

nozzle.
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5. Distance holder (1) according to c¢laim 2, 3 or 4,
wherein the deflector (12) and the radial plane which
includes the center line of the jet nozzle enclose an
angle which differs from 90 degrees.

6. Distance holder(l) according to claim 5, wherein the
outermost end of the chamber (16) comprises a skirt (17)
which extends over at least a part of the circumference
of the chamber (16), said skirt (17) being provided with
at least one slot (20), said deflector (12) adjoining
said slot (20).

7. Distance holder (1) according to claim 6, wherein
the deflector (12) extends slantingly between an end
adjoining the skirt (17) and an end adjoining the

slot (20).

8. Distance holder (1) according to claim 6 or 7,
wherein the skirt (17) has an outer surface (22) and an
inner surface (23), and the deflector (12) near or at the
end adjoining the skirt (17) has a radius which is
approximately the same as the radius of the skirt inner
surface (23) and at the end adjoining the slot (20) has a
radius which is approximately the same as the radius of
the skirt outer surface (22).

9. Distance holder (1) according to any of the
preceding claims, wherein the deflector (12) comprises at
least one plate.

10. Distance holder (1) according to any of the
preceding claims, wherein the deflector (12) comprises a
tungsten carbide.

11. Distance holder (1) according to any of the
preceding claims, wherein the size of the deflector (12),
when seen in circumferential direction, is approximately

the same as the width of the abrasive fluid jet at the
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position of the deflector (12) and issued by the jet
nozzle (6).

12. Distance holder (1) according to any of the
preceding claims, wherein the chamber (16) has a trumpet
shaped inner surface (15).

13. Distance holder (1) according to claim 12, wherein
the trumpet shaped surface (15) comprises a radially
extending recess (25), the jet nozzle (6) discharging in
said recess (25).

14. Distance holder (10 according to any of the
preceding claims, wherein the deflector (12) comprises an

inwardly facing planar deflector surface (13).
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