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(57) Abstract: A nozzle (28) for substantially bifurcating a drilling fluid passing therethrough and for use upon a rotary drill bit is
disclosed. Such a nozzle may include a nozzle body having at least one passage therethrough, wherein the at least one passage may
& comprise a converging region (120) , a diverging region (122), a throat (124) and an exit aperture (130) , wherein at least a portion
& of the diverging region is substancially bifurcated. Further, a method of communication drilling fluid through a nozzle for use on a
o rotary drill bit is disclosed. Particularly, a drilling fluid may be introduced into a passageway of a nozzle of the present invention,
caused to pass through a converging region and diverging region thereof, and substantially bifurcated within at least a portion of
the diverging region. A further aspect of the present invention contemplates a rotary drill bit (10) including a nozzle of the present

invention.
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CONVERGING DIVERGING NOZZLE FOR EARTH-BORING DRILL BITS,
METHOD OF SUBSTANTIALLY BIFURCATING A DRILLING FLUID
FLOWING THERETHROUGH, AND DRILL BITS SO EQUIPPED

TECHNICAL FIELD
The present invention relates to nozzles for use in subterranean
earth-boring drill bits and drill bits so eq{lipped and, more particularly, to nozzles
exhibiting a converging diverging geometry and having a substantially bifurcated
of adjustment to direct drilling fluid to different locations on and around the

drilling apparatus.

ABACKGROUND

Subterranean drilling operations g'gnerally employ a rotary drill bit that is
rotated while being advanced through rock formations. Cutting elements or
structures affixed to the rotary drill bit cut the rock while drilling fluid removes
formation debris and carries it back to the surface. The drilling fluid is pumped
from the surface through the drill string and ouf through one or more (usually a
plurality of) nozzles located on the drill bit. The nozzles direct jets or streams of
the drilling fluid to clean and cool cutting surfaces of the drill bit and for the
aforementioned debris removal. ‘

Because of the importance of the cooling and cleaning functions of the
drilling fluid, others in the field have aftémpted to optimize these benefits by
spéciﬁcally orienting the nozzle exit to direct the drilling fluid to a predetermined
location on a cutting surface of the bit. For example, U.S. Patent No. 4,776,412
to Thompson describes a nozzle assembly designed to resist rotational forces while
directing drilling fluid to a predetermined rotational position. The nozzle’s
internal chamber is preformed to direct the fluid at a specific angle. Likewise, in
U.S. Patent No. 4,794,995 to Matson, et al., a nozzle is disclosed that changes the
direction of fluid flow by angling the exit of the nozzle chamber. Again, the angle
of exit is predetermined and may only be rotated about its longitudinal axis. U.S.
Patent No. 4,533,005 to Morris is another example of an attempt to provide a '

nozzle that may be reoriented to provide fluid flow in a specific direction.
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* Other exampleé of nozzles for delivering drilling fluids include: U.S. 4
Patent No. 5,380,068 to .Raghaven; U.S. Patent Nos. 5,494,124,‘ 5?632,349, and
5,653,298 to Dove et al., and U.S. Patent No. 6,311,793 to Lar"sen 'et al. - E
Further, U.S. Patent Application No. 2004/0155 125 A1 to Kramer et al. discloses
a nozzle having a somewhat oval opening. U.S. Patent Application :
No0.2004/0069540 A1 to Kriesels discloses high pressure fluid jet nozzles héving,
in one embodiment, a slotted opening. 4

The limited ability to control drilling fluid émanating from a ﬁozzle ina
desired fashion necessarily limits the potential efficiency of the cleaning and
cooling functions of the drilling fluid. Further, since conventional nozzles direct
flow of drilling fluid along a single direction or path at a relatively high velocity,
impingenient of the drilling fluid emanating from a conventional nozzle upon a
portion of the drill bit (i.e., a blade or other portion of the body thereof). may
cause excessive efosion or wear to occur. Particularly, in the case where a nozzle |

is designed for providing a single flow stream of drilling fluid toward multiple

‘paths (e.g., two junk slots), excessive erosion and wear may occur on the leading

end of the structure(s) (e.g., blade) separating the single flow stream into the
multiple paths. ’

Thus, it would be advantageous to provide a nozzle for use in subterranean
earth-boring drill bits which provides suitable cuttings removal impetus, but which
reduces undesirable erosion of the drill bit within which installed during use. It
would also be advantageous to provide a nozzle design that distributes the drilling

fluid emanating therefrom more evenly than conventional nozzle designs.

DISCLOSURE OF THE INVENTION
In accordance with the present invention, a nozzle for subsfantially A
bifurcating a drilling fluid passing therethrough and for use upon a rotary drill bit
(inclusive of other earth-boring tools as known in the art, as defined hereinbelow)
to enable selective and efficient cleaning and cooling of the rotary drill bit and its
cutting structure by drilling fluid passing through the nozzle during subterranean

earth-boring operations.
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According to the invention, a nozzle is structured to substantially bifurcate

" a driiling fluid passing therethrough. The nozzle may- be configured for

securement into a nozzle orifice formed within a drill bit. More specifically, the
nozzle comprises a nozzle body and a housing that secures the nozzle body within
the nozzle orifice. Thé nozzle may be formed of any-suitable material with
adequate abrasion and erosion resistance, such as tungsten carbide, or ceramics.
Alternatively, the nozzle passage may be lined with an abrasion and erosion
resistant material. The nozzle may be preferably removably secured within the
nozzle oriﬁce'by suitable mechanicél means known in the art including threaded
sleeves or retainers or permanently secured therein by brazing, adhesive bonding,
or Welding. |

As mentioned above, the present invention contemplates a nozzle for use
on a rotary drill bit for fornﬁng a subterranean borehole. For example, é nozzle
according to the present invention may include a nozzle body having at least one
passage therethrough for directing a flow of drilling fluid from a fluid outlet
opening on a face of the drill bit. Further, the nozzle element may be configured
for positive securement within the rotary drill bit. Also, the at least one passage
may comprise a converging region having an entrance and extending to a throat
and a diverging region extending from the throat to an exit aperture, wherein at
least a portion of the diverging region is substantially bifurcated.

In another aspect of the present invention, a method of communicating

 drilling fluid through a nozzle for use on a rotary drill bit for forming a

subterranean borehole is encompassed. Particularly, a drilling fluid may be
introduced into a passageway for directing a flow of drilling fluid from a fluid
outlet opening on a face of the drill bit. Also, thé drilling fluid may be caused to
pass through a converging region of the passageway and then through a diverging
region of the passageway. Additionally, the drilling fluid may be substantially
bifurcated within at Jeast a portion of the diverging region of the passageway.

A further aspect of the present invention contemplates a rotary drill bit for
forming a borehole within a subterranean drilling. More specifically, the rotary

drill bit may include a bit body having a face and at least one cutting element
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mounted on the face of the bit body. Also, at least one nozzle may be installed
within the bit body and configured for communicating drilling fluid from an
interior thereof to the face of the bit body. Particularly, the at léast one nozzle

may comprise a passageway including a converging region having an entrance and

~ extending to a throat and a diverging region extending from the throat to an exit

aperture, wherein at least a portion of the diverging region is substantially |
bifurcated.

Features from any of the above-mentioned embodiments may be used in
combination with one another in accordance with the present invention. In
addition, other features and advantages of the present invention will become ‘
apparent to those of ordinary skill in the art through considefation of the ensuiﬁg

descriptidn, the accompanying drawings, and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A shows a partially sectioned side view of a rotary drill bit
according to the present invention;

FIG. 1B shows a side cross-sectional view of a rotary drill bit similar to
that of FIG. 1A, but with an asymmetrical fluid passage; 4

FIG. 1C shows a roller cone type rotary drill bit inclu(iing a nozzle of the
present invention;

FIG. 2A shows a perspective view of a nozzle according to the present
invention;

FIG. 2A-A is a simplified cross-sectional view of a nozzle of the present
invention positioned within a drill bit body; '

FIG. 2A-B is a simplified cross-sectional view of a nozzle of the present
invention positioned within a drill bit body; |

FIG. 2B shows a perspective view of the passageway of the nozzle shown
in FIG. 2A; | ‘

FIG. 2C shows a front view of the passageway shown in FIG. 2B, as if the

viewer were looking into the exit aperture thereof;
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FIGS. 3A-3D show schematic front views of different embodiments of an

" exit aperture of a passageway as shown in FIGS. 2B and 2G;

FIG. 4A-1 Shows a side view of the passageway shown in FIG. 2B,
Wherein separation features extend within a portion of the diverging region
thereof; | | ' v

FIG. 4A-2 shows a side view of the passageway shown in FIG. 2B,
wherein separation features extend within the diverging region and at least a
poﬁibn of the converging region thereof; -

FIGS. 4B-4D show side views of different embodiments of a passageway A
as shown in FIGS. 2B and 2C;

FIGs; 5A and 5B are partial conceptual views showing differeht
geometries of a portion of a.converging region and an exit aperture of a
passageway accofding to the pfesent invention; | |

FIG. 6A shows a side view of a passageway of the present invention,
showing a spread angle between anticipated, bifurcated flow streams; and

FIG. 6B shows a top elevation view of a rotary drill bit including nozzles

of the present invention.

BEST MODE(S) FOR CARRYING OUT THE INVENTION
Referring to FIG. 1A, an exemplary drag-type rotary drill bit 10 is shown
in a partial side and partial sidé crosé-sectional view although the present invention
possesses equal utility and applicability in the context of a tricone or roller cone
rotary drill bit 31 (see FIG. 1C) or other subterranean drilling tools as known in
the art whjch employ nozzles for delivering fluids to a cutting structure during
use. Accordingly, as used herein, the term “rotary drill bit” includes and

encompasses core bits, roller-cone bits, fixed-cutter bits, impregnated bits,

‘eccentric bits, bicenter bits, reamers, reamer wings, or other earth-boring tools

utilizing at least one nozzle for delivery of a drilling fluid as known in the art.
As shown in FIG. 1A, rotary drill bit 10 may generally comprise a bit

body 23 including a plurality of longitudinally extending blades 14 defining junk

slots 16 therebetween. Each of blades 14 may define a leading or cutting face 19
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that extends radially along the bit face around the distal end 15 of the rotary drill

~ bit iO, and may include a plurality of cutting elements 18 affixed thereto for

cutting a subterranean formation upon rotation of the rotary drill‘bitVIO.
Furthermore, each of blades 14 may include a longitudinally exténding gage
portion 22 that corresponds to an outermost radial surface of each of blades 14,
sized according to approximétely the largest-diameter-portion of the rotary ‘drill bit
10 and thus may be typically only slightly smaller, if at'all, thaﬂ the diameter of
the borehole intended to be drilled by rotary drag bit 10. |

The upper longitudinal end 17 of the rotary drill bit 10, as shown in FIG.
1A, includes a threaded pin 25 including threads 27 for threadédly attaching the
rotary drill bit 10 to a drill collar or downhole motor, as is known in the art. In
addition, the plenum 26 or bofe longitudinally extends within rotary drag bit 10
for communicating drilling fluid therewithin through nozzles 28 disposed on the -

face of the rotary drag bit 10. Nozzles 28 may comprise nozzles according to the

. present invention, as discussed in further detail hereinbelow. Threaded pin 25

may be machined directly into the upper longitudinal end 17 of the bit body 23
(i-e., typically a so-called “shank,” as known in the art) as may bit breaker
surface 21 for loosening and tightening the tapered threaded portion 25 of the
rotary drill bit 10 when installed into the drill string. ‘ :

A plurality of cutting elements 18 is secured to the blades 14 of the rotary
drill bit 10 for cutting a subterranean formation as the rotary drill bit 10 is rotated
into a subterranean formation. Although FIG. 1A shows two nozzles 28, it should
be understood that, more generally, at least one nozzle 28 according to the present
invention may be mounted within a drill bit 10 for directing drilling fluid toward
at least one desired location at the bottom of the subterraneaﬂ borehole being cut.
For instance, the at least one nozzle 28 may be threadedly secured at an outer
surface thereof within a nozzle recess 30 formed in the bit body 23 (having .
complementarily formed cast or machined threads) and may include fluid
passagewdy (not shown) through which the drilling fluid is discharged, as
described in further detail hereinbelow. Additionally, an annular channel (not

shown) in a periphery of nozzle 28 may be adapted to receive or position a sealing
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element such as, for example, an O-ring between the nozzle recess 30 and thé

nozzle 28 for sealing therebetween. Thus, during use, a drilling fluid may be

* communicated through nozzles 28 through plenum 26 in the rota‘ryvdrill bit 10.

For further clarity, FIG. 1B shows a side cross-sectional view of a rotary

~ drill bit 10 about its longitudinal axis 33. More particularly, FIG. 1B illustrates

one embodiment of a nozzle recess 30 within rotary drill bit body 23. A noézle 28 |
may be preferably removably secured within the nozzle recess 36 by a suitable
mechanical affixation mechanism (e.g., threads, pins, retaining rings,' etc.).as
known in the art. For example, threaded surfaces, sleeves, or retaihers may be
utilized for affixing nozzle 28 within nozzle recess 30. Alternatively, permanent
securement of nozzl¢ 28 within nozzle recess 30 may be effected by way of at
least one of brazing, adhesive Abonding, or welding.

Generally, drilling fluid is intended for cleaning and cooling the cutting

elements 18 and carries formation cuttings to the top of the borehole via the

. annular space between the drill string and the borehole wall. It will be understood .

Aby those of ordinary skill in the art that a bladed-type rotary drill bit 10 may be

configured to incorporate the at least one nozzle 28 within one or more blades 14 -

- extending from the bit body 23.

Further, as mentioned above, it should be noted that thé present invention
exhibits equal utility with all configurations of rotary drilling bits, reamers, or
other subterranean drilling tools, without limitation, having blades or otherwise
configured, while demonstrating particular utility with rotary drill bits wherein
controlled fluid flow is beneficial to the hydraulic performance thereof.

Generally, the present invention contemplates that a nozzle passagéway of
a nozzle may be configured for substantially bifurcating a flow of drilling fluid
passing therethrough. As used herein “substantially bifurcating” é drilling fluid
flow means that two substantially distinct drilling fluid flows are formed from an
incoming drilling fluid flow, wherein each of the two substantially distinct drilling
fluid flows include at least about 25% of the incoming drilling fluid flow. Such a
configuration may more evenly distribute (spatially) drilling fluid passing through

a nozzle according to the present invention in comparison to a conventional
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nozzle. As another advantage, substantially bifurcating a flow of drilling fluid
through a nozzle may also reduce erosion of a portion of a bit body or a portion of
a bit blade along the nozzle axis (i.e., in the dirc;ction of exiting fluid flow) which
fnay otherwise occur in response to drilling fluid impingement from a
conventionally conﬁgﬁred nozzle.

A nozzle of the present invention will now be described. Particularly,

FIG. 2A shows a perspective view of a nozzle 28 according to the present
in\}ention. As shown in FIG. 2A, a nozzle 28 of the present invention may
comprise a nozzle body 110 having at least a portion thereof configured for
securing the nozzle body 110 within a nozzle recess (e.g., nozzle recesses 30 as
shown in FIGS. 1A and 1B) of a rotary drill bit. In general, nozzle 28 includes a -
passageway 114 defined by an interior of nozzle body 110 that extends between an
inlet 126 and an exit aperture 130. Thus, as may be appreciated, in a drilling

fluid environment, a pressure differential (i.e., higher to lower) between a fluid
proximate inlet 126 and a fluid proximate exit aperture 130 may cause fluid to

flow through passageway 114 from inlet 126 toward exit Aaperture 130.

More particularly, nozzle 28 is defined by a nozzle body 110, an interior
of which defines passageway 114 éxtending between an inlet 126 and an exit
aperture 130. Passageway 114 may be generally conﬁguréd for communicating a
drilling fluid that passes into inlet 126 through passageway 114 and exits nozzle
body 110 at exit aperture 130.4 Further, nozzle body 110 may be configured for
resisting erosion due to drilling fluid passing through passageway 114. For
example, nozzle body 110 may comprise a ceramic, a cermet, or another relatively
hard, erosion resistant material as known in the art. In one embodiment, nozzle
body 110 may comprise a cobalt-cemented tungsten carbide. Such a configuration
may be resistant to the abrasive and erosive effects of drilling fluid during a
drilling operation. In another embodiment, ndzzle body 110 may be formed of,
for example, steel which is lined with an abrasion and erosion-resistant material
such as tungsten carbide, diamond, ceramics, hardfacing, or polyurethanes.

Furthermore, nozzle body 110 may be configured for securement within a

rotary drill bit. For instance, nozzle body 110 may include a threaded surface for
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engaging a complimentarily shaped threaded surface that is formed within a drill
bit (not shown). Further, nozzle body 110 may include an annular chanm.al' (not
shown) in a periphery thereof that is adapted for receiving a sealing element such

as, for example, an O-ring for sealing between a nozzle recess (e.g., nozzle recess

* 30 as shown in FIGS. 1A and 1B) formed in a rotary drill bit and the .‘nozzle body

110. In further detail, FIGS. 2A-A and FIG. 2A-B, show two embodirnenfs ffor
attaching nozzle body 110 to a drill bit body 112. Particularly, FIG. 2A-A shows
a simplified cross-sectional view of a nozzle 28 installed within a bit BodytZOO,
wherein a retaining ring 250 is attached to the bit body 200 along an attachment
region 210. Retaining ring 250 may be attached to the bit body 200 by way of a
threaded surface, a braze, welding, pins, or as otherwise known in the art.
Similarly, FIG. 2A-B shows a simplified cross-sectional view of a nozzle 28' ‘
installed within a bit body 200, wherein the nozzle 28 is one-piece and includés an

attachment region 220 for attachment to the bit body 200. As shown in FIGS.

- 2A-A and 2A-B, a cavity 202 may be formed in the bit body 200 for accepting a
sealing element (e.g., an O-ring) for sealing between the bit body 200 and the

nozzle 28. Also, a conduit 220 formed in the bit body inay be configured for
conducting drilling fluid to the nozzle 28.

It may be further appreciated, that the orientation of a nozzle according to
the present invention may be important since a substantially bifurcated flow
therefrom may be directed according to the orientation of the nozzle. Therefore,
the present invention contemplates that the nozzle may be configured for
attachment to a drill bit at a selected orientation. In an embodiment wherein the

nozzle includes a threaded surface for attachment to a drill bit body, accu'racies, of

‘at least about + 2° (e.g., orientation of an axis such as horizontal axis 103 as

shown in FIG. 5A, with respect to a desired or selected orientation) may be
abhieved. Further, at least one mark or indicium formed on the nozzle may
indicate an orientation of the nozzle. For instance, at least one mark or indicium
may indicate an axis about which a flow through the nozzle is bifurcated. Such a

configuration may allow for selective orientation of a flow through a nozzle of the
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present invention, which may be desirable when a nozzle of the present invention

A‘ is installed within a drill bit, as discussed in further detail hereinbelow.

In further detail, fluid passage 114 formed within the nozzle body 110, as

‘shown in FIG. 2B, may be generally described as including a

diverging-converging geometry wherein at least a portion of the diverging
geometry ié configured for substantially bifurcating or dividing drilling fluid
passing therethrough. FIG. 2B shows a perspective view of passageway 114
in(.;luding inlet region 118, conver—girig region 120 extending to throat 124, and
diverging r'egipn 122 extending from thfoat 124 to exit aperture 130." As known in ‘
the art, converging-diverging nozzle geometries may also be known as “venturi”
nozzle geométries. As shown in FIG. 2B, inlet 126 may have a substéntially
constant or unchanging shape within inlet 'reg.ion 118. For-example, inlet 126 as
well as inlet region 118 may be substantially circular, substantially elliptical,
substantiélly rectangular, substantially triangular, or cross-sectionally shaped as
otherwise desired or known in the art.

Within converging region 120, the afea' of passagévvay 114 may generally
decrease in the direction of flow therethrough to throat 124. Optionally, the shape
of inlet region 118, at entrance 119 of converging region 120, may be
substantially retained in a direction toward throat 124, if desired. Throat 124 is a
portion of passageway 114 substantially transverse to the flow of fluid
therethrough defining a minimum aréa thereof. In one embodiment, throat 124
may comprise an oblong shape derived from two 11/32 diameter circles that at
least partially overlap with one another. More generally, throat 124 may comprise
an oblong shape derived from two circles having a diameter between about 0.635
cm and 1.270 cm that may at least partially overlap with one another. In addition,

throat 124 may contain circles having a diameter between about 0.635 cm and

'1.270 cm that may be separated by an arbitrary finite distance. Of course, the size

and shape of the throat 124 may exhibit various shapes (oval, elliptical,
rectangular, triangular, etc.) and sizes as desired. In turn, the configuration of a
nozzle body 110 may be adjusted in relation to the throat structure and the size

and shape of a cavity within a drill bit for positioning a nozzle of the present
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invention therein may correspondingly be adjusted in relation to the nozzle bddy
110. 4 | -
Further, as shown in FIG. 2B, diverging region 122 may extend from:

throat 124 toward exit aperture and may include at least one flow separation

~ feature 140 extending generally from throat 124 to exit aperture 130. :FIOW

separation feature 140 may be configured for at least partially separating a ﬂow of
drilling fluid through passageway 114 into two distinct flows. Iﬁ addition, it
should be noted that while the embodiments shown herein generally irllcludev two
flow separation features 140, the present invention contemplates that at least one
flow separation feature 140 may be configured for at least paﬁially separating a
flow of drilling fluid through passageway 114 into two distinct flows, without
limitation. Thus, as shown in FIG. 2B, divergiﬁg region 122 may comprise .
enlarged conduits 132A and 132B communicative with one another by a narrow
conduit 133. Such a configuration may substantially bifurcate or divide a flow of
drilling fluid passing through diverging region 122 of passageway 114.

That is, drilling fluid flowing through passageway 114 may pass through
inlet region 118, into converging region 120 (which may accelerate such drilling -
fluid), further into throat 124, and through diverging region 122 wherein two
substantially distinct flows or streams may be developed Withih enlarged
conduits 1324, 132B. Of course, drilling fluid may flow within narrow conduit
133 and may be communicated between enlarged conduits 132A, 132B
thérethrough. ' |

As may be appreciated, many variations of fhe geometry shown in FIG. 2B

are encompassed by the present invention. For instance, FIG. 2C shows a front

'view of passageway 114 as if the viewer were looking into exit aperture 130 As

shown in FIG. 2C exit aperture 130 may include two generally rounded areas
defined by enlarged conduits 132A and 132B, respectively, and the centers of
which are separated by a distance X. In one embodiment, exit aperture 130 may
include substantially circular ’portions thereof that each exhibits a diameter D.
Alternatively, portions of exit aperture 130 may be substantially elliptical,

substantially oval, substantially oblong, generally arcuate, straight, or as otherwise
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may be desired, without limitation. Diameter D may be selected as desired,
without limitation. Fdr example, diameter D may be between about 0.318 cm and
about 2.540 cm, without limitation. 4

| - Also, as shown in FIG. 2C, exit aperture’ 120 includes two flow separation
features 140 wherein ﬂow separation features 140 comprise smooth radiuses or
fillets exteﬁding between each of enlarged conduits 132A and 132B and having a
radius R. Furthermore, each of enlarged conduits 132A and 132B may be
connected to one another by narrow conduit 133 defined between flow separation
features 140, separated by distance T. Distaﬁce T-may be selected as desired,
without limitation. For example, distance T may be between about 0.000 cm and
about 1.270 <':m,‘ without limitation. -Alternatively, flow ,Separation features 140
may actlially, at some position within passageway 114, completely separate
enlarged conduit 132A fromren‘larged conduit 132B; |

As may be appreciated, with reference to FIG. 2B, the geometry of exit
aperture 130 may be generally exhibited or maintained within diverging region
122. Of course, within diverging region 122 the geometry of exit aperture 130
may smoothly transition from a smaller substantially identical geometry proximate t
to or generally at throat 124 in relation to a selected diverging shape function.
Accordingly, diameter D and distance X may substantially continuously decrease
in a direction from exit aperture 130 toward throat 124.

Conversely, distance T'may sﬁbStantially continuously decrease (i.e.,
pinching between a drilling fluid flow between enlarged conduits 132A and 132B)
in a direction from throat 124 toward ekit aperture 130 or, alternatively, may
exhibit an intermediate transitional or constant geometry therebetween. Such a
configuration may advantageously inhibit or reduce a level of particle erosion due
to drilling fluid passing through narrow conduit 133, since particle erosion may
depend, at least in part, upon relatively high velocity fluid flow and impingement
thereof upon a surface. ' |

Summarizing, the geometry of exit aperture 130, notwithstanding flow
separation features 140, may be substantially congruent to a geometry exhibited

generally at or proximate to throat 124, wherein the diverging region 122
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comprises a substantially continuous transition therebetweerl. Thus, it may be
appreciated that enlarged conduits 132A and 132B may be related to the geometry
exhrblted by exit aperture 130.

Accordingly, the present invention contemplates a wide variety of
geometries for exit aperture 130 (FIGS. 2B and 2C). -For example, FIGS. 3A-3D
illustrate exemplary embodiments of exit apertures 130A-130D. Particularly,
FIG. 3A shows exit aperture 130A including rounded areas defined by enlarged
conduits 132A and 132B in exhibitirrg a diameter D1 wherein each of the centers
of the enlargect conduits 132A and 132B are separated by a distance X1. .
Furthermore, flow separation features 140 may form generally rounded fillets
extendirlg between enhanced conduits 132A and 132B that further define narrow
conduit 133 having athickness T1. As shown in FIG. 3A, enlarged conduits
132A and 132B aslw'vell as narrew conduit 133 may each be substantially
symmetrical about vertical axis 101 and horizontal axis 103. Alternatively, at
least one of enlarged conduit 132A, enlarged conduit 132B, and narrow conduit
133 may be unsymmetrical about at least one of vertlcal axis 101 and horizontal
axis 103.

FIG. 3B shows exit aperture 130B including rounded areas defined by
enlarged conduits 132A and 132B in exhibiting‘ a diameter D2 wherein each of the
centers of the enlarged conduits 132A and 132B are separated by a distance X2.
Also, as shown in FIG. 3B, narrow eonduit 133 may be asymmetrical about
horizontal axis 103. In addition, narrow conduit 133 may exhibit at thickness T2
which provides a relatively ample (compared to thickness T, as shown in FIG. 3A)
communication between enhanced conduits 132A and 132B. Selecting
characteristics of the flow separation features 140 may provide the ability to adjust

or tailor at least one of the respective fluid jets which flow from exit aperture

'130B during use of the nozzte associated therewith. It may be further noted that

exit aperture 130B, as shown in FIG. 3B, is substantially symmetric about vertical
axis 101.

In another embodiment, FIG. 3C shows exit aperture 130C including
rounded areas defined by enlarged conduits 132A and 132B in exhibiting
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diameters D3A and D3B, respectively, wherein each of the centers of the enlarged
conduits 132A and 132B are separated by a distance X3. Also, as shown in FIG.
3C, narrow conduit 133 may be positioned asymmetrically with respect to vertical
axis 101 (i.e., not centered between the centers of enlarged conduits 132A

and 132B). Accordingly, FIG. 3C shows exit aperture 13QC includiﬂg enlarged
conduits 132A and 132B, wherein enlarged conduits 132A and 132B are -
unsymmetrical with respect to vertical axis 101. Suéh é conﬁgufation may allow
for a greater flow rate of drilling fluid through enlarged conduit 132B in relation
to a flow rate of drilling fluid through enlarged conduit 132A. Of course, it may
be appreciated that selecting characteristics of the enlarged conduits 132A and
132B may provide the ability to adjust or tailor at least one of the respective fluid
jets which flow from exit aperture 130C during use of the nozzle associated '
therewith. ‘

In yet another embodiment of exit aperture 130, FIG. 3D shows exit
aperture 130D including rounded areas defined by enlarged conduits 132A and
132B each exhibiting a diameter D4 wherein each of the centers of the enlarged
conduits 132A and 132B are separated by a distance X4. More particularly, FIG.:
3D shows enlarged conduits 132A and 132B wherein each exhibits a substantially
circular shape. In addition, as shown in FIG. 3D, narrow coﬂduit 133, exhibits a
thickness T4 and is formed by the intersection of substantially circular enlarged
conduits 132A and 132B.

It should be understood that although the above embodiments depict
enlarged conduits 132A and 132B as having generally rounded features, the

present invention is not so limited. Rather, the present invention contemplates

‘that the geometry of enlarged conduits 132A and 132B may be substantially

circular, substantially elliptical, substantially oval, substantially oblong,
substantially rectangular, substantially triangular, or as otherwise desired or
known in the art. Accordingly, as may be appreciated with respect to the above
discussion, many alternative configurations are encompassed by the present

invention.
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Similarly, the present invention contemplates numerous embodiments of
passageway 114. In one consideration, substantial bifurcation may occur solely

within a portion of a diverging region 122 of passageway 114, or within at least a

‘portion of converging region 120 as well. For éxample, in one embodiment of

passageway 114A, as shown in FIG. 4A-1, flow separation features 140 may
extend from exit aperture 130 generally toward throat 124 and within at least a

portion of diverging region 122. Of course, the size, shape, and configuration of

flow separation features 140 may be selected for influencing a characteristic of
- drilling fluid paséing through passageway 114A. In another embodiment,

‘optionally, as shown in FIG. 4A-2, passageway 114B may include flow separation

features 140 extending at least partially within converging region ‘120;

The present invention also contemplates various configurations related to
the size, shape, and position of a converging region 120 and a diverging region
122 of passageway 114. For instance, FIGS. 4A-1 and 4A-2 show side schematic
views of passageway 114 wherein throat 124 is positioned substantially centrally

between entrance 119 of converging region 120, depicted by reference line B-B,

- and exit aperture 130. Selecting a position of throat 124 (depicted by reference

line A-A) may be advantageous for influencing at least one characteristic of at
least one or both of the bifurcated (i.e., substantially distiﬁct) drilling fluid jets or
flows exiting the exit aperture 130 of the passageway 114. In an alternative '
embodiment, FIG. 4B shows péssagéway 114C wherein throat 124 is located
prbximate to entrance 119 of converging region 120. Alternatively, in yet a
further alternative embodiment, FIG. 4C shows passageway 114D wherein throat
124 is positioned proximate exit aperture 130.

More generally, the pre'senf invention contemplates that a configuration-

(i.e., size, orientation, position, shape, etc.) of the conyerging region, the throat,

the diverging region, and the flow separation features may be selected for

influencing a characteristic of drilling fluid exiting a nozzle of the present
invention. For example, the present invention contemplates that the geometry of
any of the converging region, the throat, and the diverging region may be

substantially circular, substantially elliptical, substantially oval, substantially
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oblong, substantially rectangular, substantially triangular, or as otherwise desirgd

or known in the art. Accordingly, the present invention encompasses many

alternative configurations.

In yet a further aspect of the present invention, different shapes and
orientations of converging region 120 may be employed. For examplé, FIG. 5A
shows a substantially elliptical converging region 150A (shown proxirﬂate .
throat 124), wherein the major axis of the elliptical covnverging fegi,on 150A is
oriented generally parallel to horizontal axis 103. Alternatively, a méjor axis of
an elliptically shaped converging region 150 may be oriented at any selected angle
with respect to horizontal axis 103. Such a configuration may provide desirable
flow streams or jets emanating from a nozzle 28 according to the present
invention. In another embodiment, as shown in FIG. 5B, converging region '150B
proximate to throat 124 may comprise a substantially circular shape. Similarly, -

such a configuration may provide different (with respect to the converging region

- 150A shown in FIG. 5A), yet desirable flow streams or jets emanating from a

nozzle 28 according to the present invention. 4

- As a further consideration, a so-called spread angle may be affected by the
geometry of the passageway 114. As shown in FIG. 6A, spread angle represents
the angular separation exhibited between exiting drilling fluid jets from a nozzle of

the present invention. Such an angular separation may be advantageous for

 distributing drilling fluid within junk slots of a rotary drill bit.

For example, FIG. 6B shows a top elevation view of rotary drill bit 10B,
(i.e., similar to rotary drill bit 10 as shown in FIGS. 1A and 1B) including a
plurality of longitudinally extending blades 14 defining junk slots 16 therebetween. -
'Each blade 14 may carry a plurality of cutting elements 18 tﬁereon for cutting a
subterranean formation upon rotation of the rotary drill bit 10. More particularly,}
nozzles 38 of the present invention are shown in three positions upon the face of
the rotary drill bit 10B. Further, arrows from each of nozzles 38 represent two
drilling fluid streams emanating therefrom, respectively. As may be appreciated,
an angular separation (e.g., a spread angle , as shown in FIG. 6A) between each

of the arrows from each of the nozzles 38, respectively, may be different and may
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be selected for providing drilling fluid to individual, circumferentially adjacent

~ junk slots 16 without excessive erosion of the blade 14 circumferentially

therebetween. In yet a further application of a nozzle of the present invention,
FIG. 6C shows a rotary drill bit 10 generally as shown in FIG. 1B, whefein a
nozzle 38 is affixed Wiﬂlin a nozzle recess and spread angle is configured for
encompassing a plurality of the cutting elements 18 positioned on blade 14. Such
a configuration may be advantageous for cleaning of cuttings of a subterranean
fofmation during use of the rotary drill bit 10.

In addition, the inventors herein :have Asimulated different parameters
regarding the geometry of a passageway and drilling fluid flow therethrough.
Particuiarly, Va so-called parametric design study has been performed with the aid
of computational fluid dynamics. ‘Thus, general obse;vations regarding the
relationship between a convérging region; diverging region, and a throat ofa
passageway have been explored. Generally, the present invention cOntemplateé
that a position of throat 124 may be between about 10% to 50% of the overall
distance between the entrance 119 of the converging region to the exit aperture
130. More specifically, positioning the throat from the exit aperture 130 toward
the entrance 119 by a distance of about 20% of the overall distance between the
entrance 119 of the converging region to the exit aperture 130 was found to
consistently produce a maximum spread angle and maximum relative jet
strength.

| More specifically, jet stréngth may be quantiﬁed practically as a
(normalized) measure of a maximum jef velocity generated by a fluid flow exiting
a nozzle in relation to a velocity of a fluid flow at the axis of the nozzle, at a given
distance along the axis of the nozzle. Such a quantification may be useful for
comparison of nozzle effectiveness. For a given nozzle, a normalized jet velocity
(at the axis of the nozzle) may be designated to have a magnitude of 1; therefore,
the jet strength may be determined by dividing the maximum velocity of a jet by
the jet velocity at the axis of the nozzle. A jet strength near 4 may imply a
relatively robust jet spread with very low velocity between the two bifurcating jets

or at the nozzle axis. Accordingly, a higher jet strength may imply a lower
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erosion for a blade pos‘itioned along the nozzle axis and in-between the bifurcated
jets (see Fig. 6B). ‘ A | '

In another geometric aspect of the present invention, orienting a majof axis
(elliptical, oval, oblong, or otherwise elongated) of a converging region of a
passageway substantially parallel to a horizontal axis of an exit apertufe may
produce a greater spread angle . On the other hand, 'orienting a major axis :
(elliptical, oval, oblong, or otherwise elongated) of 2'1 convergin;;y region of a
passageway substantially perpendicular to a horizontal axis of an exit‘aperture may
produce a more powerful or efficient drilling fluid distribution. Further, for
example, the size of enlarged conduits (at the exit aperture 136) may be about
0.635 cm to about 1.270 cm. Of course, a size of the exit aperture may be -
selected with respect to associated equipment for operating a rotary drill bit (e.g.,
pumps, mud-type, etc.). As a further consideration, a size of an area of the throat

(taken substantially transverse to the flow of drilling fluid) may be between about

- 50% to 80% of a size of an area of the inlet (taken substantially transverse to the

flow of drilling fluid). Such a configuration may provide desirable flow |
characteristics of drilling fluid passing through a nozzle having a passageway
exhibiting at least one above-described attribute. It may be further noted that the
jet spread is decreased with respect to an increasing throat areé. - Also, a larger
throat area having an oblong shape with the minor axis (narrow) of the throat
oriented perpendicular to the horizontal nozzle exit axis (labeled 103 in FIG. 5A)
exhibits greater jet spread for a given throat area. Jet spread is highly related to
the radial distance from the nozzle axis to the edge of thé throat in the direction of
the horizontal nozzle exit axis (labeled 103 in FIG. 5A). 4
' Thus, the present invention contemplates that the direétion, size, and
configuration of substantially bifurcated jets, flows, or flow regimés exiting a
nozzle of the present invention may be preferentially tailored for delivering
drilling fluid for cleaning, cooling, or both cleaning and cooling cutting elements
upon a rotary drill bit.

While certain representative embodiments and details have been shown for

purposes of illustrating the invention, it will be apparent to those skilled in the art



WO 2006/081342 PCT/US2006/002735
-19-

that various changes iﬂ the methods and apparatus disclosed herein may be méc_ie
witﬁout departing form the scope of the invention, which is defined in the '
appended claims. For example, other nozzle body and passage s‘ize;s.and S
cross-sectional shapes may be employed; and varibus alternative struc‘:t;ufes may be

5  employed for attaching the nozzle body to a rotary drill bit.
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CLAIMS
What is claimed is:
1. An appératus for forming a subterranean borehole, the apparatus

including a nozzle comprising:
a nozzle body configured to be secured within a drill bit; and
at least one fluid passageway extending through the nozzle body from an inlet to an
exit aperture, the at least one fluid passageway comprising:
a converging region extending from a converging region entrance to a throat,
~ the cross-sectional area of the at least one fluid passageway being a
minimum at the throat; and
a diverging region extending from the throat to an exit aperture, at least a
portion of the diverging region of the fluid passageway being

substantially bifurcated.

2. The apparatus of claim 1, wherein a cross-sectional area of the at least
one fluid passageway at the throat is between about fifty percent (50%) and about

(80%) of a cross-sectional area of the at least one fluid passageway at the inlet.

3. The apparatus of claim 1, wherein a distance between the converging
region entrance and the throat is between about ten percent (10%) and about fifty
percent (50%) of a distance between the converging region entrance and the exit

aperture.

4, The apparatus of claim 3, wherein a distance between the converging
region entrance and the throat is about twenty percent (20%) of a distance between

the converging region entrance and the exit aperture.
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" 5. The apparatus of claim 1, further comprising an inlet region
extending between the inlet and the converging region entrance, a portion of the at
least one fluid passageway extending through the inlet region between the inlet-and-

the converging region entrance.

6. The apparatus of claim 1, wherein at least portion of the con\}erging

region is substantially bifurcated.

7. The apparatus of claim 1, wherein the cross-sectional area of the at

least one fluid passageway at the throat has an oblong shape.

8. “"The ai)paratus of claim 1, wherein the substantially bifurcated portion
of the diverging region of the at least one fluid passageway comprises: r
a first enlarged conduit; and

a second enlarged conduit.

9. The apparatus of claim 8, wherein the first enlarged conduit and the
second enlarged conduit each have a diameter that varies between the throat and the
exit apérture, the diameter of the second enlarged conduit being equal to the :
diameter of the first enlarged conduit at all points between the throat and the exit

aperture.

10.  The apparatus of claim 8, further comprising a narrow conduit
providing fluid communication between the first enlarged conduit and the second

enlarged conduit.

11.. The apparatus of claim 8, wherein the first enlarged conduit is
configured to direct a fluid flowing therethrough out from the exit aperture in a first
general direction, and wherein the second enlargéd conduit is configured to direét a
fluid flowing therethrough out from the exit aperture in a second general direction

that is oriented at an angle relative to the first general direction.
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12. The apparatus of claim 1, further comprising:
a bit body having a face; and

-at least one cutting element mounted on the face of the bit body;

wherein the at least one nozzle is installed within the bit body and configured for
corﬁmunicating drilling fluid from an interior thereof to the face of the bit
body. ’

13. The“apparatus of claim 12, wherein the bit body comprises-a plurality
of longitudinally extending blades defining junk slots therebetween, and wherein the
at least one cutting element mounted on the face of the bitv body comprises a plurality
of cutting elements, each longitudinally extending blade having a plurality of cutting

elements thereon.:

14.  The apparatus of claim 13, wherein the at least one nozzle is
configured to direct a first stream of fluid in a first general direction towards a first
junk slot and to direct a second stream of fluid in a second general direction towards

a second junk slot.

15. The apparatus of claim 13, wherein the at least one nozzle is
configured to direct a stream of fluid out from the exit aperture in a spread angle, the
spread angle encompassing a plurality of cutting elements on a longitudinally

extending blade.

16.  The apparatus of claim 12, further comprising an orientation feature
on at least one of the bit body and the at least one nozzle, the orientation feature
configured to indicate an orientation of the at least one nozzle with respect to the bit

body.
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“17. A method of communicating drilling fluid to a face of a rotary drill
bit for forming a subterranean borehole, compnsmg . _
introducing a drilling fluid into a fluid passageway extending between an inlet -
disposed within an interior region of a drill bit and an exit .aperturé disposed
at a face of the drill bit; .'

causing the drilling fluid to flow through a converging reg1on of the fluid
passageway from the inlet to a throat reglon

causing the drilling fluid to flow through a diverging region of the ﬂuld passageway
from the throat region to the exit aperture; and ' 7

substantially bifurcating the drilling fluid at least within a portion of the diverging

region of the fluid passageway.

1'8. The method of claim 17, wherein substantially bifurcating the dfilling

fluid comprises: |

substantially separating the drilling fluid into a first fluid stream and a second fluid
stream,

directing the first fluid stream in a direction towards a first junk slot defined between
two longitudinally extending blades of the drill bit; and |

directing the second fluid stream in a direction towards a second junk slot defined

between two longitudinally extending blades of the drill bit.

19.  The method of claim 17, wherein substantially bifurcating the dﬁlling
fluid comprises: ' |
spreading the drilling fluid across an angle; and
directing the drilling fluid towards a plurality of cutting elements mounted on the'

_ face of the drill bit.
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20.  The method of claim 17, Whereln causing the drilling fluid to flow
" through a convergmg region comprises causing the drilling fluid to flow through a
convergmg region of the fluid passageway from the inlet to a throat reglon the fluid
»passageway having a cross-sectional area at the throat region that is between about

5 fifty percent (50%) and about eighty percent (80%) of a cross-sectional area of the
fluid passageway at the inlet.
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