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(57) A rotary drill bit for use in
drilling deep holes in subsurface
formations comprises a bit body
having a leading face and a gauge
region 12, a plurality of cutting
element (not shown) mounted at
the surface of the leading face of
the bit body, a passage in the bit
body for supplying drilling fluid to a
plurality of openings 14, 15 in the
leading face of the bit body, and
one or more junk slots 17 in the
gauge region of the bit body,
whereby drilling fluid emerging
from the openins flows over the
leading face of the bit body and
past the cutting elements thereon,
so as to cool and clean the cutting
elements before exiting through the
junk slot. At least one of the
openings 14 is located in an area of
the leading face adjacent the gauge
region, and is angularly spaced
from the nearest associated junk
slot 17, the flow path between the
opening and the junk slot being
such that, in normal use of the bit,
drilling fluid flowing from the
opening to that junk slot flows
substantially tangentially along an
outer peripheral region of the
leading face of the bit, adjacent the
gauge region, so as to flow past
cutting elements in that peripheral
region.

The drawing(s) originally filed was/were informal and the print here reproduced is taken from a later filed formal copy.
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SPECIFICATION

Improvements in or relating to rotary drill
bits

The invention relates to rotary drill bits for use
in drilling deep holes in subsurface forma-
tions, and of the kind comprising a bit body
having a leading face and a gauge region, a
plurality of cutting elements mounted at the
surface of the leading face of the bit body, a
passage in the bit body for supplying drilling
fluid to a plurality of openings in the leading
face of the bit body, and at least one junk slot
in the gauge region of the bit body, whereby
drilling fluid emerging from said openings
flows over the leading face of the bit body
and past cutting elements thereon, so as to
cool and clean the cutting elements before
exiting through said junk slot.

The invention is particularly, but not exclu-
sively, applicable to drill bits of this kind in
which the cutting elements are in the form of
preforms of polycrystalline diamond spaced
apart over the leading face of the bit. Such
preforms may be mounted directly on the bit
body or mounted on studs which are received
in sockets in the bit body. This invention
relates, however, primarily to the cooling and
cleaning of the cutting elements and is thus
also applicable generally to bits using other
types of shaped manufactured cutting ele-
ments.

The cutting elements will normally be
spaced over the leading face of the bit at
various distances from its axis of rotation,
from positions close to the axis to positions
close to the gauge region. Conventionally, the
openings in the surface of the bit body to
which drilling fluid is supplied are normally
located fairly close to the axis of rotation of
the bit so that drilling fluid emerging from the
openings flows outwardly over all parts of the
leading face of the bit to the junk slots at the
outer periphery. In some cases, however, aux-
iliary openings may be provided at locations
intermediate the axis of rotation and periphery
to augment the flow of fluid across the outer
parts of the bit. Channels may be formed in
the leading face of the bit extending away
from the axis of rotation thereof to direct the
flow of drilling fluid. For example, the cutting
elements may be mounted on blades extend-
ing away from the axis of rotation of the bit,
the blades defining between them channels
for the drilling fluid, and the cutting elements
being so mounted on the blades that fluid
passing outwardly along the channels flows
over the cutting elements so as to cool and
clean them. The openings for drilling fluid in
the surface of the bit are often in the form of
nozzles inserted in sockets in the bit body.

The cooling and cleaning of the cutting
elements by the drilling fluid is, in conven-
tional bits of this type, most efficient in the
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vicinity of the openings which are in the
region close to the axis of rotation of the bit.
This is due to the high velocity of flow and
turbulence of the drilling fluid as it emerges
from the openings. The drilling fluid spreads
out as it passes outwardly away from the axis
of rotation of the bit, however, and its velocity
and turbulence therefore decrease with the
result that the cooling and cleaning effect of
the fluid on the cutting elements located to-
wards the outer periphery of the bit is greatly
reduced. The less efficient cooling of the outer
cutting elements, and the consequent higher
temperatures to which they are thus submit-
ted, can lead to early failure of these cutting
elements, rendering the bit unusable for fur-
ther drilling in spite of the fact that a large
proportion of the cutting elements nearer the
axis of rotation of the bit may still be in good
condition. The present invention therefore sets
out to provide a drill bit construction in which
the cooling and cleaning of cutting elements
near the outer periphery of the drill bit is
improved.

According to the invention a rotary drill bit
for use in drilling deep holes in subsurface
formations comprises a bit body having a
leading face and a gauge region, a plurality of
cutting elements mounted at the surface of
the leading face of the bit body, a passage in
the bit body for supplying drilling fluid to a
plurality of openings in the leading face of the
bit body, and at least one junk slot in the
gauge region of the bit body, whereby drilling
fluid emerging from said openings flows over
the leading face of the bit body and past
cutting elements thereon, so as to cool and
clean the cutting elements before exiting
through said junk slot, at least one of said
openings being located in an area of the
leading face adjacent the gauge region, and
being angularly spaced from the nearest asso-
ciated junk siot, the flow path between said
opening and junk slot being such that, in
normal use of the bit, drilling fluid flowing
from the opening to that junk slot flows
substantially tangentially along an outer per-
ipheral region of the leading face of the bit,
adjacent the gauge region, so as to flow past
cutting elements in said peripheral region.

By an associated junk slot is meant a junk
slot which is intended, during normal opera-
tion of the drill bit, to receive a substantial
proportion of the flow from the associated
opening. In some bit designs a junk slot
which is physically close to an opening may
not, in fact, receive a significant proportion of
the flow from that opening due to the configu-
ration of the intervening surface of the bit. For
example, the intervening surface may include
fences or blades which permit the passage of
only a small leakage flow from the opening to
the junk slot. In such a case, the junk slot is
not regarded as being associated with the
opening.
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Although some arrangements are already
known in which openings for drilling fluid are
provided adjacent the gauge region of a drill
bit, in the known arrangements the relative
dispositions of these outer openings and the
junk slots, and also the arrangement of the
cutting elements on the bit body, are not such
as to provide the tangential flow along the
periphery provided by the present invention.
For example, U.S. Patent Specification No.
3,215,215 shows an arrangement having
nozzles located adjacent the periphery of a
drill bit, but in this case the flow from each
nozzle passes radially inwards towards the axis
of rotation of the bit and radially outwards to
an adjacent junk slot and does not promote
flow of drilling fluid in the peripheral direc-
tion. In International Patent Specification No.
WO 84 /00186 there are again described
arrangements in which nozzles are provided
adjacent the gauge region of a drill bit, but in
this case the arrangement is such that drilling
fluid emerging from the nozzles flows in-
wardly towards the axis of rotation of the drill
bit before flowing outwardly again to junk
slots in the gauge region. There is thus no
substantial peripheral flow from the nozzles.

With the arrangement according to the pre-
sent invention the turbulent and high velocity
flow from the nozzles adjacent the gauge
region of the bit will extend across a large
part of the outer peripheral region of the
leading face of the bit on its way to the
nearest junk slot. The cutting elements which
lie in that part of the flow will therefore be
efficiently cooled and cleaned.

In order to provide a useful length of flow
path between each opening and its nearest
associated junk slot, the angular separation of
the opening from the junk slot is preferably
not less than 40°.

The shortest distance between the opening
and the gauge region, measured over the
leading surface of the bit, may be less than
1/6 of the diameter of the bit body at the
gauge region and is preferably less than 1/8
of said diameter. In some cases it may be
preferable for the shortest distance to be less
than 1/10 of the diameter of the bit body at
the gauge portion.

Alternatively or additionally, the shortest
distance between the opening and the gauge
region, measured over the leading surface of
the bit, may be less than 1/2 of the shortest
distance between the opening and said near-
est associated junk slot, and is preferably less
than 1/3 of said distance. In some cases it
may be preferable for the shortest distance
between the opening and the gauge region to
be less than 1/4 of its shortest distance from
said junk slot.

In one embodiment according to the inven-
tion there may be provided a plurality of
openings spaced apart substantially symmetri-
cally around an outer peripheral area of the
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leading face of the bit body, and a plurality of
junk slots spaced apart substantially symmetri-
cally around the gauge region. In this case
each said opening is preferably located sub-
stantially equidistantly between two junk slots.
For example, there may be provided two sub-
stantially diametrically opposed openings and
two substantially diametrically opposed junk
slots arranged symmetrically with respect to
the openings.

In an alternative embodiment there may be
provided three openings angularly spaced
apart by substantially 120°, and three junk
slots also spaced apart by substantially 120°.
In this case also each opening is prefarably
located substantially equidistantly between
two junk slots.

In any of the arrangements according to the
invention, there is preferably provided at least
one opening spaced radially inwardly of said
outer peripheral area of the leading face of the
bit body. Thus, further openings or nozzles
may be located in any conventional arrange-
ment in the vicinity of the axis of rotation of
the drill bit, or intermediate the axis of rota-
tion and the gauge region.

There may be provided on the surface of
the bit body a plurality of blades extending
outwardly with respect to the axis of rotation
of the bit, cutting elements being mounted on
said blades.

In this case, the outer extremities of at least
certain of the blades may extend across the
path of flow from a peripheral opening to its
nearest junk slot, whereby, in use, drilling
fluid flows transversely across said outer extre-
mities of the blades.

In another specific embodiment according
to the invention, substantially all of the open-
ings in the leading face of the bit body lie on
the opposite side of a diameter of the bit body
to substantially all of the junk slots. There
may be provided, in such an arrangement, a
plurality of junk slots arranged side-by-side
around a portion of the gauge region, or only
a single junk slot. In such an arrangement,
preferably substantially all the openings are
located in an area of the leading face of the
bit body adjacent the gauge region.

The last mentioned arrangement provides
the advantages of the invention since flow
from at least certain of the openings will flow
around peripheral regions of the leading face
of the bit body as it passes to the junk slot or
slots. However, the disposition of the open-
ings and junk slots on opposite sides of a
diameter of the bit also provides a further
advantage. It is sometimes required to change
by a few degrees the direction of a hole being
drilled. For example, it is normal for a first
portion of a hole to be vertical before continu-
ing with the hole at a small angle to the
vertical. Various methods are used to initiate
the change of angle of the hole being drilled.
However, one method, which is sometimes
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used with tri-cone roller cone bits, comprises
providing the bit with only one assymetrically
disposed nozzle for drilling fluid, the other two
nozzle positions normally provided being
blanked off. At the depth selected for change
of drilling angle, rotation of the bit is stopped
and the bit is moved up and down in the last
few feet of the hole while drilling fluid is
pumped through the single nozzle, the bit
being suitably orientated according to the re-
quired direction of the change of angle. The
fluid being pumped through the single nozzles
erodes one side of the hole. This process is
repeated every few feet until a few degrees of
angle (which may be as little as one or two
degrees) have been built up. From then on, a
conventional angle building assembly can be
used controlled by weight on the bit.

A bit of the kind last described, therefore,
in which most or all the openings for drilling
fluid are on one side of the bit, may be used
in the manner just described to initiate a
change in the angle of the hole being drilled
by stopping rotation of the bit in the appropri-
ate orientation and pumping drilling fluid
through the openings.

In the last described arrangement according
to the invention, means may be provided to
define flow channels in the leading face of the
bit body extending from each opening at one
side of the bit to an associated junk slot at the
opposite side of the bit. Such channels may
be defined by blades on which the cutting
elements are mounted and/or by fences ex-
tending across the surface of the leading face
of the bit. The cutting elements may be
mounted on the blades and/or in the chan-
nels themselves. The provision of such chan-
nels may improve cleaning of the cutting
elements since in the event of a partial block-
age in one of the channels, the pressure
across the blockage will rise and the velocity
near the partial blockage will tend to clear the
blockage by erosion and/ or pressure differ-
ence.

In any of the arrangements according to the
invention, each cutting element may be of the
known kind comprising a preform having a
thin hard facing layer of superhard material,
such as polycrystalline diamond, bonded to a
less hard backing layer. Aiternatively, each
cutting element may comprise a preformed
unitary layer of thermally stable polycrystalline
diamond material bonded to the material of
the bit body or to a stud insertedin asocket in
the bit body. Alternatively, the thermally sta-
ble cutting element may be cast into a matrix
bit body, with or without a cast in back
support of comparatively rigid material.

The following is a more detailed description
of embodiments of the invention, reference
being made to the accompanying drawings in
which:

Figure 1 is a diagrammatic side elevation of
a drill bit in accordance with the invention,
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Figure 2 is a diagrammatic end view of the
drill bit shown in Figure 1,

Figures 3 and 4 are similar views to Figures
1 and 2 of an alternative form of drill bit,

Figure 5 and 6 are end views of further
forms of drill bit,

Figure ba is a scrap section of a part of the
bit shown in Figure 5,

Figure 7 shows a modified form of the drill
bit of Figure 5,

Figure 8 is a partial end view of a still
further form of drili bit according to the inven-
tion in which the cutting elements are
mounted on blades on the bit body, and

Figures 9 to 13 are similar views to Figure
8 of alternative arrangements in accordance
with the invention.

Referring to Figures 1 and 2, there is
shown a rotary drill bit for use in drilling deep
holes in subsurface formations, comprising a
bit body 10 having a leading face 11 and a
trailing gauge region 12. Cutting elements are
mounted over the surface of the leading face
of the bit body. The precise nature of the
cutting elements and their disposition and
mounting on the leading face of the bit body
do not form an essential part of the present
invention and the cutting elements are not
therefore shown in Figures 1 and 2. It will be
appreciated that the invention is applicable to
drill bits employing any type of cutting ele-
ments, such as preforms of polycrystalline
diamond or other types of shaped manufac-
tured cutting elements arranged in any confi-
guration over the leading face of the drill bit.

The bit body 10 is formed with a shank 13
for connection of the bit to the drill string and
the shank 13 and bit body 10 are formed
with an internal passage (not shown) which
supplies drilling fluid to openings in the lead-
ing face of the bit body. The gauge portion
12 of the bit body is formed with junk slots
and the arrangement is such that, in use,
drilling fluid emerges from the openings in the
surface of the bit and flows across the leading
face of the bit body to the junk slots, thus
cooling and/or cleaning the cutting elements
past which it flows.

As previously explained, in conventional
drill bits of this kind, the openings for drilling
fluid, which may be in the form of nozzles
inserted in sockets formed in the material of
the bit body, are normally located in the
vicinity of the central axis of rotation of the
drill bit, or intermediate that central axis and
the gauge region. According to the invention,
however, in the arrangement shown in Figures
1 and 2 there are provided two peripheral
nozzles 14 which are diametrically opposed
and are located in an area of the leading face
11 of the drill bit adjacent the gauge region
12. Two further nozzles 15 are located on the
same diameter as the nozzles 14, but nearer
the central axis 16 of the drill bit. _

The gauge region 12 of the bit is formed
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with two junk slots 17 which are diametrically
opposed and symmetrically spaced with re-
spect to the nozzles 14. The gauge region is
also formed with relief slots 18 which do not,
however, extend into the leading face 11 of
the drill bit and do not therefore consitute
junk slots.

In operation of the drill bit, drilling fluid
emerging from the nozzles 15 nearer the axis
16 flows outwardly across the face of the bit
to the junk slots 17 in the conventional man-
ner so as to cool and clean the cutting ele-
ments in the region between the nozzles and
junk slots. However, due to the relative loca-
tions of the peripheral nozzles 14 and the
junk slots 17, flow from these nozzles passes
mainly tangentially along an outer peripheral
region of the leading face 11 of the bit,
adjacent the gauge region, as indicated by the
arrows 19. Since it is the flow in the vicinity
of a nozzle which is the most turbulent and
has the highest velocity, locating the nozzles
14 adjacent the periphery and a significant
distance from the nearest junk slot ensures
that the fastest, most turbulent region of flow
extends over cutting elements which are lo-
cated in the peripheral region and provides
efficient cooling and cleaning of these ele-
ments. The cooling and cleaning is thus more
efficient than would be the case if, as in
conventional drill bits, the nozzles 14 were
located nearer the axis of rotation of the bit
and more junk slots were provided in the
gauge region.

To assist in restricting the flow from the
nozzles 14 to the tangential direction, elon-
gate fences may be provided on the surface of
the drill bit radially inwardly of each nozzle
14, as indicated in chain lines at 9 in Figure
2. Although, in Figure 2, two nozzles 15 are
shown in the vicinity of the central axis 16 of
the bit, any suitable number and arrangement
of these nozzles may be employed. For
example, there may be provided only a single
nozzle 15.

In the alternative arrangement shown in
Figures 3 and 4 there are provided three
peripheral nozzles 14 equally spaced at 120°
and, similarly, three equally spaced junk slots
17. Again, flow from each nozzle 14 is forced
to flow across an outer peripheral region of
the leading face of the drill bit in order to
reach the nearest junk slot. The flow may, as
in the Figure 2 arrangement, be restricted to
the tangential direction by fences inwardly of
the nozzles 14, one of such fences being
indicated in chain lines at 9 in Figure 4.

In the alternative arrangement shown in
Figure 5 there are provided four nozzles 20,
21, 22 and 23 and four junk slots 24, 25,
26 and 27, the nozzles and junk slots being
grouped together side-by-side on opposite
sides of a diameter of the bit. In this arrange-
ment the cutting elements 28 are mounted on
blades 29 formed on the leading face of the
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bit so as to define channels 30 between the
blades. In addition further cutting elements

31 are mounted around the periphery of the
leading face of the bit, and elements 42 are
provided near the centre of the bit.

Each cutting element faces in a direction
having a component into the associated chan-
nel 30 and is therefore cooled and cleaned by
the drilling fluid flowing from the nozzle along
the channel to its associated junk slot. In the
case of the two outer nozzles 20 and 23, the
path of flow of drilling fluid from these nozzles
to their associated junk slots 24 and 27
respectively passes tangentially along opposite
outer peripheral regions of the leading face of
the bit so as to cool and clean the peripheral
cutting elements 31.

The arrangement shown in Figure 5 is by
way of example only and the number and
disposition of the nozzles and/or junk slots
may be varied. For example, only a single
junk slot might be provided. Although in the
arrangement shown the channels 30.are de-
fined by the blades 29 on which the cutting
elements 28 are mounted, the channels might
also be defined partly or wholly by fences on
the surface of the bit, and in this case some
or all of the cutting elements may be mounted
within the channels 30 defined by the fences.
Such an arrangement is shown in Figure 7 in
which the fences are indicated at 29a.

In the modified arrangement of Figure 6 the
positions of two of the nozzles, 20 and 21,
and their respective associated junk slots 24
and 25 are interchanged. This has the advan-
tage that the cutting elements on the blades
29 furthest from the axis of rotation of the bit
all face at least partly towards the flow from
the nozzles, so as to optimise the cooling and
cleaning effect of the flow of drilling fluid.

The provision of the channels 30 in the
arrangements of Figures 5 to 7 maintains a
restricted flow path from each nozzle to its
associated junk slot with only limited cross-
channel leakage. If total or partial blockage of
any channel with drilling debris should occur,
this will cause a high pressure difference
across the blockage since the fluid passing
into the channel from the nozzle cannot divert
to an alternative flow path. Consequently, the
high pressure difference will tend to clear the
blockage. In the case of a partial,or partially
cleared, blockage of the channel, the flow
path past the blockage will be restricted,
leading to increase in velocity of the flow and
consequent erosion of the blockage by the
drilling fluid flowing past it. Channel arrange-
ments such as those shown in Figures 5 to 7
thus reduce the risk of cutter failure through
lack of cooling and cleaning due to blockage
of the flow of drilling fluid.

As previously described the assymetric ar-
rangements of the kind shown in Figures 5
and 7 may also be used for initiating a
change in the angle of a hole being drilled.
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As previously mentioned, any conventional
arrangement may be employed for the cutting
elements, and Figure 8 shows an arrangement
in which cutting elements indicated diagram-
matically at 32 are mounted on blades 33
which extend in a generally radial direction so
as to provide channels for drilling fluid be-
tween the blades. In the arrangement shown
in Figure 8 there are provided nozzles 34
close to the gauge region 12 of the bit as well
as nozzles 35 nearer the central axis of rota-
tion of the bit. As in the previously described
arrangements, the junk slots, such as is indi-
cated at 36, are so located in relation to the
peripheral nozzles 34 that drilling fluid pass-
ing from each nozzle 34 to an associated junk
slot 36 flows across the outer peripheral re-
gion of the leading face of the bit between the
junk slot and the nozzle. Thus, in the arrange-
ment shown in Figure 8, this peripheral flow
will pass over at least the outer extremities of
the blades 33 which lie between the nozzle
34 and junk slot 36, and the blades are
configured to permit such flow.

It will be seen that the arrangement of
Figure 8 incorporates a further junk slot 37
which is, physically, nearer the peripheral noz-
zle 34 than the junk siot 36. However, the
blade 38 carrying cutting elements adjacent
the nozzle 34 provides less clearance between
it and the formation than the blades 33, so
that, in normal use of the bit, there will be
less flow of drilling fluid from the nozzle 34 to
the junk slot 37 and a major portion of flow
from the nozzle 34 will be across the blades
33 to the junk slot 36.

Figures 9 to 13 show diagrammatically al-
ternative configurations where, in each case,
flow from a peripheral nozzie 34 to the associ-
ated junk slots 36 takes place across outer
peripheral regions of the leading face of the
bit so as effectively to cool and clean the
cutting elements in those regions. In each
case there may be some flow from the periph-
eral nozzle in other directions, but the major
proportion of the flow is in the peripheral
region.

In an alternative arrangement, not shown,
there may be associated with each peripheral
nozzle and its associated junk slot a fence
which extends in a peripheral direction radially
inwardly of the outer periphery of the bit, so
as to define between the fence and the gauge
region a peripheral channel which provides a
direct restricted flow path from the nozzle to
the junk slot, cutting elements being mounted
in the channel or facing at least partly into the
channel.

In any arrangements according to the inven-
tion in which fences are provided on the
surface of the bit body to provide flow paths
for the drilling fluid, such fences may be
resilient or in the form of brushes as described
in British Patent Specification No. 2,148,978.

Arrangements according to the present in-

70

75

80

85

90

95

100

105

110

115

120

125

130

vention may also have the advantage that the
drill bit is particularly suitable for reaming
operations where only cutters adjacent the
periphery of the bit act on the formation.
Conventional drill bits, where the hydraulics
systems are designed for effectiveness in ordi-
nary drilling, will not generally give good
reaming performance due to inadequate cool-
ing and cleaning of the peripheral cutting
elements.

In a number of the arrangements described
above, the drill bit is provided with additional
nozzles for drilling fluid spaced radially in-
wardly of the peripheral nozzles provided in
accordance with the invention. In such cases,
the flow area provided by the peripheral
nozzles is preferably not less than half of the
total flow area provided by all the nozzles.

CLAIMS

1. A rotary drill bit for use in drilling deep
holes in subsurface formations comprising a
bit body having a leading face and a gauge
region, a plurality of cutting elements
mounted at the surface of the leading face of
the bit body, a passage in the bit body for
supplying drilling fluid to a plurality of open-
ings in the leading face of the bit body, and at
least one junk slot in the gauge region of the
bit body, whereby drilling fluid emerging from
said openings flows over the leading face of
the bit body and past cutting elements ther-
eon, so as to cool and clean the cutting
elements before exiting through said junk slot,
at least one of said openings being located in
an area of the leading face adjacent the gauge
region, and being angularly spaced from the
nearest associated junk slot, the flow path
between said opening and junk slot being
such that, in normal use of the bit, drilling
fluid flowing from the opening to that junk
slot flows substantially tangentially along an
outer peripheral region of the leading face of
the bit, adjacent the gauge region, so as to
flow past cutting elements in said peripheral
region.

2. A drill bit according to Claim 1, wherein
said openings located in an area of the lead-
ing face adjacent the gauge region provide
not less than half of the total flow area
provided by all the openings in the leading
face of the bit body.

3. A drill bit according to Claim 1 or Claim
2, wherein each cutting element comprises a
preform having a thin hard facing layer of
superhard material bonded to a less hard
backing layer.

4. A drill bit according to Claim 1 or Claim
2, wherein each cutting element comprises a
preformed unitary layer of thermally stable
polycrystalline diamond material.

5. A drill bit according to Claim 4, wherein
each thermally stable cutting element is cast
into a matrix bit body.

6. A drill bit according to any of Claims 1
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to 5, wherein the angular separation of said
opening from said nearest associated junk slot
is not less than 40°.

7. A drill bit according to any of Claims 1
to 6, wherein the shortest distance between
the opening and the gauge region, measured
over the leading surface of the bit, is less than
1/6 of the diameter of the bit body at the
gauge region.

8. A drill bit according to Claim 7, wherein
the shortest distance between the opening
and the gauge region, measured over the
leading surface of the bit, is less than 1/8 of
the diameter of the bit body at the gauge
region.

9. A drill bit according to Claim 8, wherein
the shortest distance between the opening
and the gauge region, measured over the
leading surface of the bit, is less than 1/10 of
the diameter of the bit body at the gauge
region.

10. A drill bit according to any of Claims 1
to 9, wherein the shortest distance between
the opening and the gauge region, measured
over the leading surface of the bit, is less than
1/2 of the shortest distance between the
opening and said nearest associated junk slot.

11. A drill bit according to any of Claims 1
to 10, wherein the shortest distance between
the opening and the gauge region, measured
over the leading surface of the bit, is less than
1/3 of the shortest distance between the
opening and said nearest associated junk slot.

12. A drill bit according to any of Claims 1
to 11, wherein the shortest distance between
the opening and the gauge region, measured
over the leading surface of the bit, is less than
1/4 of the shortest distance between the
opening and said nearest associated junk slot.

13. A drill bit according to any of Claims 1
to 12, wherein there is provided a plurality of
openings spaced apart substantially symmetri-
cally around an outer peripheral area of the
leading face of the bit body, and a plurality of
junk slots spaced apart substantially symmetri-
cally around the gauge region.

14. A drill bit according to Claim 13,
wherein each said opening is located substan-
tially equi-distantly between two junk slots.

15. A drill bit according to Claim 14,
wherein there are provided two substantially
diametrically opposed openings and two sub-
stantially diametrically opposed junk slots ar-
ranged symmetrically with respect to the
openings.

16. A drill bit according to Claim 13 or
Claim 14, wherein there are provided three
openings angularly spaced apart by substan-
tially 120°, and three junk slots also spaced
apart by substantially 120°.

17. A drill bit according to any of Claims 1
to 16, wherein there is provided at least one
opening spaced radially inwardly of said outer
peripheral area of the leading face of the bit
body.
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18. A drill bit according to any of Claims 1
to 17, wherein there is provided on the sur-
face of the bit body a plurality of blades
extending outwardly with respect to the axis
of rotation of the bit, cutting elements being
mounted on said blades.

19. A drill bit according to Claim 18,
wherein the outer extremities of at least cer-
tain of the blades extend across the path of
flow from a peripheral opening to its nearest
junk slot, whereby, in use, drilling fluid flows
transversely across said outer extremities of
the blades.

20. A drill bit according to Claim 1,
wherein substantially all of the openings in
the leading face of the bit body lie on the
opposite side of a diameter of the bit body to
substantially all of the junk slots.

21. A drill bit according to Claim 20,
wherein there is provided a plurality of junk
slots arranged side-by-side around a portion of
the gauge region.

22. A drill bit according to Claim 20,
wherein there is provided only a single junk
slot.

23. A drill bit according to Claim 21,
wherein substantially all the openings are lo-
cated in an area of the leading face of the bit
body adjacent the gauge region.

24. A drill bit according to any of Claims
20 to 23, wherein means are provided to
define flow channels in the leading face of the
bit body extending from each opening at one
side of the bit to an associated junk slot at the
opposite side of the bit.

25. A drill bit according to Claim 24,
wherein said channels are defined by blades
on which the cutting elements are mounted.

26. A drill bit according to Claim 24,
wherein said channels are defined by fences
extending across the surface of the leading
face of the bit.

27. A drill bit according to Claim 26,
wherein the cutting elements are mounted in
said channels.

28. A rotary drill bit for use in drilling deep
holes in subsurface formations comprising a
bit body having a leading face and a gauge
region, a plurality of cutting elements
mounted at the surface of the leading face of
the bit body, a passage in the bit body for
supplying drilling fluid to a plurality of open-
ings in the leading face of the bit body, and at
least one junk slot in the gauge region of the
bit body, whereby drilling fluid emerging from
said openings flows over the leading face of
the bit body and past cutting elements ther-
eon, so as to cool and clean the cutting
elements before exiting through said junk slot,
at least one of said openings being located in
an area of the leading face adjacent the gauge
region such that the shortest distance between
the opening and the gauge region, measured
over the leading surface of the bit, is less than
1/6 of the diameter of the bit body at the
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gauge region, and the opening being angu-
larly spaced by not less than 40° from the
nearest associated junk slot, whereby the flow
path between said opening and junk slot is
such that, in normal use of the bit, drilling
fluid flowing from the opening to that junk
slot flows substantially tangentially along an
outer peripheral region of the leading face of
the bit, adjacent the gauge region, so as to
flow past cutting elements in said peripheral
region.

29. A rotary drill bit for use in drilling deep
holes in subsurface formations comprising a
bit body having a leading face and a gauge
region, a plurality of cutting elements
mounted at the surface of the leading face of
the bit body, a passage in the bit body for
supplying drilling fluid to a plurality of open-
ings in the leading face of the bit body, and at
least one junk slot in the gauge region of the
bit body, whereby drilling fiuid emerging from
said openings flows over the leading face of
the bit body and past cutting elements ther-
eon, so as to cool and clean the cutting
elements before exiting through said junk slot,
at least one of said openings being located in
an area of the leading face adjacent the gauge
region, such that the shortest distance be-
tween the opening and the gauge region,
measured over the leading surface of the bit,
is less than 1/2 of the shortest distance
between the opening and the nearest associ-
ated junk slot, and the opening being angu-
larly spaced from said junk slot, whereby the
flow path between said opening and junk slot
is such that, in normal use of the bit, drilling
fluid flowing from the opening to that junk
slot flows substantially tangentially along an
outer peripheral region of the leading face of
the bit, adjacent the gauge region, so as to
flow past cutting elements in said peripheral
region.

30. A rotary drill bit for use in drilling deep
holes in subsurface formations comprising a
bit body having a leading face and a gauge
region, a plurality of cutting elements
mounted at the surface of the leading face of
the bit body, a passage in the bit body for
supplying drilling fluid to a plurality of open-
ings in the leading face of the bit body, and at
least one junk slot in the gauge region of the
bit body, whereby drilling fluid emerging from
said openings flows over the leading face of
the bit body and past cutting elements ther-
eon, so as to cool and clean the cutting
elements before exiting through said junk slot,
at least one of said openings being located in
an area of the leading face adjacent the gauge
region, and being angularly spaced from the
nearest associated junk slot, the shortest dis-
tance between the opening and the gauge
region, measured over the leading surface of
the bit, being less than 1/6 of the diameter of
the bit body at the gauge region and less than
1/2 of the shortest distance between the
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opening and said nearest associated junk slot,
whereby the flow path between said opening
and junk slot is such that, in normal use of
the bit, drilling fluid flowing from the opening
to that junk slot flows substantially tangenti-
ally along an outer peripheral region of the
leading face of the bit, adjacent the gauge
region, so as to flow past cutting elements in
said peripheral region.

31. A rotary drill bit substantially as herein-
before described with reference to any of the
accompanying drawings.
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