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1. FIELD OF THE I NVENTI ON This invention relates to ar r

cone rock bit and: particularly to the manipul ation of the hydrégﬁ?gf¥’
ener gy exiting.the fluid jet nozzles retained within the rock 10 bit as
the bit works in an earthen formation borghol e. More particularly,
this invention relates to the use of one or nore diffuser type nozzles

in the outer peri phery of a rgbgﬁﬁYceﬂﬁgrﬁgéKbgiTbody t her eby

* providing inproved cross flow by rncreasrng bu uid 15 notion across
the borehole bottom The use of diffuser nozzl es al so provides
additional cone cleaning w t IEEKGROUNI @I THEN G NVENEI OB Wel | as al | owi ng
for detritous renoval past the diffuser jets positioned near the gage
of the bit as the bit works in a borehole. 20 Di ffuser type nozzles
normal |y arg used oFIELDNOFhEHE INVENTEONor done portion of a rotary cone
bit to renove debris that accunul ates or "balls" in the space above the
cones centrally of the bit when the bit is in operation. The, use 8f
diffuser jets on gaghisf ipyeatyoBorelates e FOTEPeELRR yogkiBLEi #Rd;
the softer, Sbbﬁ%ichﬂﬂﬁiyoEo thetabhipil1hei6at b€6nshe hydraulic energy

exiting the fluid jet nozzles retained within the rock

10 bit as the bit works in an earthen formation borehole.
More particularly, this invention relates to the use
of one or more diffuser type nozzles in the outer
periphery of a rotary cone rock bit body thereby
providing improved cross flow by increasing bulk fluid
15 motion acfoss the borehole bottom. The use of diffuser
nozzles also provides additional cone cleaning without
eroding the cones as well as allowing for detritous
removal past the diffuser jets positioned near the gage

of the bit as the bit works in a borehole.

© 20 Diffuser type nozzles normally are used only in the
center or dome portion of a rotary cone bit to remove
debris that accumulates or “balls” in the space above the
cones centrally of the bit when the bit is in operationm.
The use of diffuser jets on gage of rotary cone bits is
25 especially effective in the softer, sticky types of

earthen formations.
- 2. BACKGROUND

30 The use of nozzle jets in rotary cone rock bits to
clean the cutting surfaces of the cones and to sweep the
borehole clean of detritous as the rock bit is advanced
in a borehole is well known in the petroleum industry.

Normally, a three cone rock bit consists of a center

- 35 diffusion jet and three high flow/high velocity jets

adjacent each 120 degree leg segment of the bit body and
positioned near the peripheral edge or gage of the bit.



2.+ BACKGROUND 30 The use of nozzle jets in rotary cone rock bits to
clean the cutting surfaces of the cones and to sweep the borehol e cl ean
. of detritous as the rock bit is. advanced in a borehole is well known in
- the petrol eumindustry. Normal Iy, a three cone rock bit consists

. of a center 35 diffusion jet and three méﬂ1flom/h|gh velocity jets
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10 cone surface, excessive cone erosion may occur resulting
in lost inserts and damage to the cutter cones.

U.S. Patent Numbers’ 4,369,849 and 4,516,642 attempt
to direct £fluid flow in such a manner as to move
detritous from the borehole bottom. The '849 patent

15 utilizes multiple nozzles at various angles with respect
to the axis of the rock bit. The nozzles are also
positioned around the dome area in a spiral pattern. The
spiral nozzle configuration attempts to create a spiral
flow path of fluid on the borehole bottom.

20 The ‘642 patent teaches directing a stream of fluid
through a nozzle at the leading cutting edge of a rotary
cutter cone to both clean the cutting elements of the
cone and to move formation cuttings away from the
advancing roller cone. In a multiple cone bit, each cone

25 has its own fluid nozzle. The nozzle is canted or angled
toward the leading edge of the rotary cone to clean the
cone cutters extending from the surface of the cone.
Unfortunately, the cuttings tend to circulate on bottom
due to the nozzles being circumferentially spaced around

30 the rock bit body. _

U.S. Patent Numbers’' 4,126,194; 4,187,921 and
4,189,014 are assigned to the same assignee as the
present invention. These patents generally teach
sweeping the bottom of a formation to remove debri

35 therefrom.

The ‘194 patent teaches the use of two nozzles, one
each in 120 degree leg segments, the third 120 degree leg



to the' axis of the rock bit. The nozzles are al so posi ti oned around the
done area-in a spiral pattern. The spiral nozzle configuration attenpts
. to create a spiral flow path .of fluid on the borehole bottom 20

| The ' 642 patent teaches directing a streamof fluid t hrough a nozzle at
' the leading cutting edge of a rotary cutter cone to both clean the

‘ cutting elements of the cone and to nove formation cuttings amay from
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concept nozzles. The pressure differential between the pair of
nozzles encourages crossflow thereby sweeping the
borehole bottom during rock bit operation.

The ‘014 patent was also designed to enhance

15 crossflow of drilling fluid over a borehole bottom. Two
nozzles, one each in 120 degree leg segments are mounted
in the bit body so that they extend slightly from a dome
portion of the bit. Each nozzle is sealed on the gage
side of the 120 degree leg segment to assure crossflow of

20 fluid toward the remaining nozzleless 120 degree leg
segment. The nozzleless segment is open to the borehole
annulus for passage of the detritous up the annulus to
the rig floor. A flow diverter is mounted in the center
of the dome to decrease the dome area thereby increasing

25 the flow velocity around the diverter and across the bit
face. The diverter also serves to discqutage the
accumulation of formation cuttings that ' tend to
accumulate or “ball up” in the center of the bit adjacent
the dome. .

30 If the detritous is not efficiently removed, the
rock bit regrinds the cuttings endlessly resulting in
shortening'the life of the rock bit and a lessened bit
penetfation rate.

U.S. Patent Number 5,293,946 teaches and claims a

35 'divergént type fluid nozzle for one piece drag rock bits.
The nozzles are designed to take advantage of the Coanda
~effect whereby the fluid adheres to the diverging nozzle



has considerable nerit, the pickup tube | acks sufficient size to handl e
a | arge volune of cuttings, The '921 patent utilizes opposed

| extended nozzles in a two rotary cone rock bit. Crossflow of hydraulic
~fluid 10 is generated by cavitating one of the two opposed

- nozzles. The pressure differential between, the pair of nozzl es

encour ages crossflow thereby sweeping the borehol e bottom during rock

bit operation. wa11 downdPfeaRllbfPatgat ea%a?ésgeeeabane&ft%h%nhfm&sl&
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penetration rate Pat'en Griber 5,293,946 teaches and clains a
35 di vergent type fluid nozzle for one piece drag rock bits. The

nozzl es are designed to take adymmhfgcoff ThheroaRdaon. ef fect whereby the
~fluid adheres to the diverging nozzle

15 According to this invention there is provided a
rotary cone rock bit for use in an earthen formation, the
rock bit being operable with drilling fluid, said rock
bit comprising:

a rock bit body having a first end adapted to

20 be connected to a drillstring and a second cutting end,
said second cutting end comprising one or more rotary
cutter cones rotatively retained on journal bearings
extending from one or more rock bit leg segments
connected to a dome portion formed by said bit body, said

25 bit body further forming a plenum chamber therein for

' receiving said hydraulic drilling fluid, said chamber
being in fluid communication with the first open pin end,
and

one or more diffuser jets, the diffuser jets being

30 formed by nozzle means, said nozzle means being connected
to said dome portion of said bit body near an outer
peripheral edge of the dome and adjacent a gage diameter
formed by the bit, said nozzle means forming a first
entrance end and a second exit end in communication with

35 a fluid passage formed by the nozzle means, a restricted
throat section intermediate said first and second ends of
said nozzle means, said fluid passage below, in use, said



4 -wal I downstream of the throat section of the nozzle t her eby
mnimzing turbulent flow exiting the nozzl es. By opening up the nozzle
| exit, the patentee's teach that the nozzle is less apt to clog.

- G ogging of the fluid 5 nozzles is a distinct possibility of drag type
rock bits since the nozzle is necessaridy positioned in the cutting
face of the drag bit imediately adjacent the borehole bott om
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nmeans, sai donoezbeimmans bei ng connected to said done portion of said
_bit body near an Ou%@%ferably there are three approximately 120 degree
leg segments, each leg segment forming for said nozzle
means retention means nearest said outer peripheral edge
of said dome portion of the bit.

15 In one embodiment there are three diffuser nozzle
means, one in each leg segment of said rock bit, said
diffusion nozzle means being positioned nearest the gage
diameter formed by the rock bit.

In a further embodiment a fourth diffuser nozzle

" 20 means is positioned in the center of the dome above the

rotary cones, said center diffuser nozzle means serving

to prevent borehole debris from balling in the center of

the bit above the cones as the bit works in an earthen
formation.

25 In another embodiment there are two diffuser nozzle
means, one in each leg segment, the third leg segment
being without a nozzle means, wherebya cross-flow of
fluid moves from the two diffuser nozzle means toward the
leg segment without a diffuser nozzle means resulting in

30 a sweep of detritous material across the bottom of a
borehole.

Advantageously a combined angle of a conically
shaped nozzle means is 30 degrees or less.
_ According to a feature of this. invention there is
" 35 provided a rotary cone rock bit for use in an earthen'
formation, the rock bit being operated with drilling
fluid:



peri f)h'eral edge of the done and adj acent a gage di aneter formed by the
bit, said nozzle neans formng a first entrance end and a second exit
end in communication with 35 a fluid passage fornmed by the nozzle neans, a

. restricted throat section intermediate said first and second ends of
' said nozzle neans, said fluid passage belo§4 In use, said
' throat section being conically shaped and Biv
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nozzl e means S%E&ngformed by a nozzle body, said nozzle bodies are

connected to the dome portion of the bit body, the nozzle

bodies are connected to the dome portion of the bit body

near an outer peripheral edge of the dome and between two

15 of the three 120 degree bit leg segments connected to the

dome, a third dome portion between the bit legs being

without a diffuser jet, the nozzle body forming a first

entrance end and a second exit end in fluid communication

with a fluid passage formed by the nozzle body,

20 intermediate the first and second ends of the nozzle body

is a restricted throat section, the fluid passage below

- the throat section is conically shaped diverging from the

smaller in diameter restricted throat section to a larger

in diameter second exit end of the nozzle body, the

25 conically shaped divergent nozzle portion serves .to

diffuse the fluid without inducing turbulent flow as the

fluid exits the second nozzle exit end thereby generating

additional bulk fluid motion since the diffused fluid

existing the nozzle has an increased surface area

30 resulting in increased bottom hole cleaning, the portion

of the dome without a nozzle further creates a cross-flow

of fluid that moves from the pair of diffusion jets, one

each in two of the three 120 degree leg portions toward

the 120 degree leg segment without a diffusion jet

35 resulting in a sweep of detritous material across the
bottom of the borehole. '

The present invention primarily uses diffusion type



pé pfe‘vent borehol e debris fromballing in the center of the bit above

the cones as the bit works in an earthen formation. 25 I n anot her
, enbodi nent there are two diffuser nozzle means, one in each | eg segnent,
| the third | eg segnent bei ng wi thout a nozzl e neans, wher ebya
i cross-flow of - fluid noves fromthe two diffuser nozzle nmeans toward the

. 1l eg segnent wi t hout a di ffuser nozzle mean$ resul ti ng in 30 a sweep of
detritous materjal ottorgof a
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the rock bit belng operated drill
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further formn I rein for receiving the drilling fluid, the
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a pair of diffuser tip&his dnventigny tisednherent bepefisst ofned fhpser
nozzl e body, S%d&ﬂ@é' 8réOodRY ¥& crea@.@mﬁptéﬁihéﬁcéhecﬁ@gé PRI by Ol £Of
the bit body, t é)across the hole bottom and to enhance cone cleaning
by locating the diffuser nozzles in the outer perlphery
of the bit body to increase the bulk flow of £fluid
through the bit hence improving the bit rate of

15 penetration.

As fluid leaves a diffuser nozzle, it continues to
diffuse outboard creating a larger fluidic surface area
to entrain fluid. This generates greater bulk fluid
motion. '

20 A diffused spray will better clean cones by moving
the flowing fluid closer to the cones. Since the
diffused fluid travels at a slower velocity, cone erosion
is less likely, especially due to splashback of fluid
from the borehole bottom as the bit works in a borehole.

25 Since the diffused spray will impinge over a larger
area of the hole bottom, more of the hole bottom will be

 cleaned by jetted fluid flow.

The conically shaped nozzle serves to diffuse the
fluid as the fluid exits the nozzle thereby generating

30 additional bulk fluid motion since the diffused £luid
exiting the nozzle has an increased surface area
resulting in increased bottom hole cleaning and less cone
erosion.

An advantage then of the present invention over the

35 prior art is the use of diffusion nozzle jets in place of
high velocity, high flow nozzles located around the outer
periphery of a bit body nearest the gage diameter formed



bodi es are connected to the done portion of the bit body near an outer
peri pheral edge of the donme and between two 15 of the three 120 degree bit

.l eg segnents connected to the donme, a third done portion between the

. bit 1egs being wi thout a diffuser jet, the nozzle body formng a first

. entrance end and a second exit end in fluigl conmunication with a fluid
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t he cones and to enhance cross
the art rotary cone rock bits.

BRIEF DESCRIPTION OF THE DRAWINGS
15

The invention will now be described by way of
example with reference to the accompanying drawings in
which:-

FIGURE 1 is a perspective view of a typical rotary

20 cone rock bit used in this invention that wutilizes
hydraulic fluid to cool the bit and to remove the debris
from the bottom of a borehole when drilling in an earthen
formation;

FIGURE 2 is a cross-section of a prior art high

25 flow, high pressure nozzle jet illustrating a high flow,
narrowly confined stream of hydraulic fluid exiting the
nozzle;

FIGURE 3 is a view taken through 3-3 of Figure 1
illustrating the location of diffusion nozzle jets

30 relative to the outer peripheral edge of the dome portion
of the bit body;

FIGURE 4 is a partial cross-section of the bit body
depicting one of the diffusion nozzle jets used in this
invention mounted in the dome portion of the bit nearest

35 a gage diameter of the bit in communication with the
plenum chamber formed by the bit body, a center diffusion



acroés the hole bottomto increase the rate of penetration on the bit in
a borehole. 5 - One of the inportant features of the present
invention is the creation of a wider field of fluid wi t hout turbul ence
created by the larger conical cone of exiting fluid. In this

i nvention the inherent benefits of diffuser 10 nozzles are used to create
an enhanced cross fIOM/of fluid acros the hol e bottom and to enhance
cone cl eaning t fu ZZlcegin t he outer periphery
of the bit boon?etto@u(’anlé1 M o 380397 B e bl OdbE Pe | P
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area of the ho?grQ%ttonl more of the hole bottomw || be cl eaned by
jetted fluid f The conically shaped nozzle serves to diffuse

t he fluid as the fluid exits the nozzle thereby generating 30
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nozzl e has an increased surf — I ncreased bottom hol e
“cleaning and | cone e : @QQEQQe then of the
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perlphery of a bit bo near est gage dianeter
designated as 10, con31sts of a rock bit body 12,

15 threaded pin end 14 and a cutting end generally
designated as 16. The cutting end of the bit 16
comprises cutter cones 22 that are rotatably attached to
‘a bearing journal extending from the bottom or shirttail
portion 20 of leg 18. Each of the cones, for example,

20 contain a multiplicity of cutter inserts 24 secured to
cones 22. The rock bit, however, may have milled teeth
rotary cones without departing from the scope of the
invention.

The prior art illustrated in Figure 2 depicts a

25 standard nozzle body 2 seated within a nozzle opening 5
formed in a dome portion 3 of a rotary cone rock bit. The

' nozzle bod? 2 is typically secured within a nozzle
opening 5 by a threaded nozzle retainer 4. An O-Ring 6
prevents leakage between the interior of the rock bit

30 body and the threaded retainer 4. A high flow/high
velocity stream of fluid [“mud”] 7 exits the nozzle and
impacts the borehole bottom 25. If the high velocity
stream of mud 7 should strike the rotary cones, cone
erosion and lose of inserts retained in the cone surface

35 is a distinct possibility thus cutting short the life of
the rock bit.

With reference now to Figure 3, the preferred



8+ -'by the bit. Anot her advantage of the present invention over
t he prior art is inproved bottom hol e cleaning through the use of
~diffusion-type hydraulic nozzles instead of high 5 flow, high pressure
nozzl es commonly used around the peri pheral edge of state of the art

. bits. Still another advantage of t present invention over the
i prior art is inproved cleaning of the rotd cones w thout erosive

- d to th 0 b i ce of
darmge Lo Lhe conemd hopuahails uigedOcahdihinslafuigrales 1o PlECsel
of state of Jth@teﬁCi iot hhe dome =owifasie 40. For example, tBRleEFof

DESCRI PTI ON OF tHdE dIRAINGE Hozzles areTmscaﬁéérEdj%’bdﬂﬂ leHPWehs iigseni bed
by way of exaégjlegl hﬁ_re%ere ce to the acco a ng dravvlngs N

whi ch: - cEPRRE v ited %%Fpl 8BPTFot ar Jt2¢-scone
rock bit uséd iprefferable cr mw\sith'ecm Utd |daﬁusid_wdromﬂ]jem fAsuicd ds@ &eol

the bit and to h ebg i fil.O h tt rehol e_wh
drilling in an t{elgér?ﬁ &ab std @f f’he bit g5 gaﬁ%eﬁ%@ a(g aanq-ﬁ%ess ge(‘f‘?’ieon of
a prior art hi ety |lamle mlgﬂalpmgsqapamtzl efj thej Hififusedi sgream gf

flow, narrO\Mmlcdnrgﬂ@fh@ta%rapéfﬁyfm%&lféy'§b exiting the  nozzle;
FIGURE3|saV|eWtak | gure |IIustrat|ngthe

"l ocation of diffusicdh éy%l?gtgenter jet nozzle 30 is positioned in
10 the middle of the dome to inhibit the build up of debri

above the cones 22 as the bit works in a borehole. The
diffused stream of £fluid from the center jet nozzle has
a lower velocity and thus is less prone to damaging the
cones 22 through erosion [see Fig. 4].

15 Referring now to Figures 4 and 5, Figure 4
illustrates a rotary cone rock bit 10 working in a
borehole 23. A diffusion nozzle 30 is located in the dome
40 nearest the dome periphery 27. As heretofore stated,
a diffusion nozzle 30 is located in each 120 degree leg

20 segment 18 of the bit body 12 [see Fig.3].

A center diffusion jet nozzle 30 is additionally
located in the middle of the dome to prevent bit balling
above the cones.

With specific reference to Figure 5, the diffusion

25 jet 30 seats within the dome 40 and is secured within the
threaded inlet 39 formed in dome 40 by threaded retainer
ring 38. A flange 43 of retainer ring 38 engages
shoulder 41 of the nozzle body 32 and O-Ring 37
positioned adjacent nozzle inlet 34 inhibits leakage of

30 hydraulic fluid past the retainer 38 when the retainer
ring is tightened within the threaded inlet 39. The
nozzle body 32 forms an inlet 34 and an exit 36.
Intermediate ends 34 and 36 is a reduced in diameter
throat section 35. '

35 A conical exit nozzle portion 44 is preferably
formed below the throat section 35. The diverging walls
of the cone creates a conical flow of fluid exiting



30 réFative to the outer peripheral edge of the dome portion of the bit
 body; FIGURE 4 is a partial cross-section of the bit body

depicting one of the diffusion nozzle jets used in this

i nvention

nounted in the dome portion of the bit nearest 35 a gage di aneter of the
. bit in communication with the plenun1iganber f or med by the bit body, a

. center diffusion

j et being

mounted in theqepnher é&lﬁhgsdQ%ﬁt‘MHL the flulﬁ|§%§§é§|éh§18{§f§?é§0t|0n

of the preferred di ment” of 't he i Aventi on

strat a di
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generates greater bulk fluid motion as seen in Figure 5
resulting in an increased bulk fluid motion as heretofore
stated.

A diffused spray of fluid will better clean cones by
moving the flowing fluid closer to the cones made
possible by the wider field of fluid created by the
larger conical cone of exiting fluid. Since the diffused

fluid travels at.a lower velocity, cone erosion is less

likely, especially due to splashback of fluid from the
borehole bottom 25. . Moreover, since the diffused spray
42 exiting nozzle exit 36 will impinge over a larger area
of the borehole bottom 25, [as seen by the overlapping
cones 42 in Fig. 4], more of the hole bottom 25 will be
cleaned of detritous by the jetted fluid flow 42.

It would be obvious to use less than three diffused

‘nozzles in the outer peripheral gage area of the dome 40

without departing from the scope of this invention. One
of the 120 degree leg segments could, for example, be
sealed off resulting in a cross-flow of fluid £from the
remaining two diffused nozzles 30 toward the nozzleless
portion of the dome to more effectively sweep the
borehole bottom of detritous.

Moreover, it would be obvious to utilize one or more
conventional or noncoventional prior art nozzles such as
a standard nozzle 2 (Figure 2) in combination with one or
more of the preferred divergent nozzles 30 in a rotary
cone rock bit to achieve a cross-flow of fluid on the
borehole bottom without departing from the teachings of
this invention.



porti.On 20 of leg 18. Each of the cones, for exanple, 20 contain a

mul tiplicity of cutter inserts 24 secured to cones 22. The rock bit,
however, nmay have mlled teeth - rotary cones w thout departing fromthe
'scope of the i nvention. The prior art illustrated in Figure 2

- depicts a 25 standard nozzle body 2 seat e(ere ithin a nozzle opening 5
formed in a done portion 3 of a rotary co rock bit. The nozzl e body 2

i Lypically securedii BiG? I85! Be ondMSIN NONTEDY R (Bl £R0Eda RS

retainer 4. An ORn prevents Ie etween t eln erior o
rock bit 30 bWWtW%%r%c&%ﬂ%@%ﬁ%é@Y@lff%w ghanesydihgr than

velocity streaniyd grafsrtedldodidaEXshspd heatgre |19y amls ihv@Reisnt he
bor ehol e bottom 25 f theélirn gh vel oci t st rea au g;ﬁshoul d strike
et

the rotary cones, osiPdn aﬁﬂi‘“? e B¢ |ﬁ§ %Qe &d iREIRMZ0ne
surface 35 i% ancn:l:l:'sf_icm:lthnmsscndmlbé ynatdm&n:LttHe g ssit taridedddat idn of t he
rock bit. the x% &at e%ﬁ@&ﬁt%ﬂ’ fw?tgbgﬂrﬁeg Qﬁgp b el

10 di f fusion T je ner al esl are R caJt ed in
t he dome surfad’ehemEOfForT% ide the@rmcn-pal mmeﬁﬁrrﬁlmsmm@@rare

| ocated adj acenind handes | PhEr Aperat B510€ & Gfnd hor A RREPULARD deanges

~apart. It is 5 preferaple to position the diffusion nozzles as close to
the gage 28 of % Hiped i Hhatk 39 na&vaﬂpagéesﬁdth% repreggnty iy ikest

cl eani ng camacidmbadimdre: sliwdicte hasier baenoillustihved axd tdewrtileed) fitisi on
nozzl es .30' should be understood that within the scope of the
appended claims the invention may be practiced otherwise

than as specifically illustrated and described.



A di ffusion center jet nozzle 30 is positioned in 10 the niddle of the done
to inhibit the build up of debri above the cones 22 as the bit wor I n
~a borehole. The di ffused streamof fluid fron1the,cenLeFfref’HBEzrgshas
a lower velocity and thus is |less prone to damaging the k
t hrough erosion [see Fig. 4]. 15 Ref ggring now: gmﬁ mm\mﬂ\\“ d
"5, Figure 4 illustrates a rotary cone rock bit 1 kn @ "
~borehole 23. A diffusion nozzle 30 is located in the done 40 near est
~the done perlpher§ 27. As heretofore stated, a diffusion nozzle 30 is

| ocated in eacftRsHS degree | eg 20 segnent 18 of the bit body 12 [see
"Fig.3]. .1.A cant eotdii/f usdbna jwickodbdlte BOri sussldiiln ogaal | garthen

| ocated in the_m f t d e g above- the
cones. f&%ﬁ%kgogdlf?%erggﬁ%%nCEE ¥§%ﬁﬁﬁ épgéé%%g 3”%¥hs$%ﬁ %%n?et 30
seats withi B tﬁéuddnesaddam@qhshm&nmqmpnmsumgn t he t hreaded inlet 39
formed in dome 40 by tkacﬁ@dSﬂtera ‘Havmg rANgi 38 enf AdaR2R 43 Obe

retainer ring 38 engag shoul 41 of _the nozz] e body 32 and O Ring
37 p03|t|oﬁ€6n§&F§@eﬁP ﬁo@E}%lﬁﬁFéP93%P¢rﬁu%ﬁqg?q E8k&d890end0 Fotfaulic

fluid past theséeb@an@ut&&nyweahd heonet P8 118 one & Nfotré togatgnedeiethi n

~the threaded inlet 39. 0zzl e. body. 32 f nl et nd an
exit 360 | RPBRed oAl R FPSRPS TR IOTRIE e ThibP s e Eendlig
throat sectbonf3bm Ime or moreoniceH kit t Lagzskgmpoksi memedtedortaf eaabl y

formed bel ow tﬁgfn{ehr 03k 266 lﬁ%“e% gge T BLAI BIRYY S saidObilhepsape

Creates a conlca fl'low o
further forming a plenum chamber therein for receiving

said hydraulic drilling fluid, said chamber being in
fluid communication with the first open pin end, and
15 one or more diffuser jets, the diffuser jets being
formed by nozzle means, said nozzle means being connected
to said dome portion of said bit body near an outer
peripheral edge of the dome and adjacent a gage diameter
formed by the bit, said nozzle means forming a first
20 entrance end and a second exit end in communication with
a fluid passage formed by the nozzle means, a restricted
throat section intermediate said first and second ends of
said nozzle means, said fluid passage below, in use, said
throat section being conically shaped and diverging from
25 the lesser diameter restricted throat section to the
larger diameter second exit end of the nozzle means, the
conically shaped divergent throat section serving to
diffuse the fluid without inducing turbulent flow as the
fluid exits said second exit end thereby generating
30 additional bulk fluid motion due to the diffused fluid
exiting the nozzle having an increased surface area
resulting in increased bottom hole cleaning and less cone

erosion.

35 2. A rotary cone rock bit as claimed in claim 1 wherein
there are three apprpximately 120 degree leg segments,
each leg segment forming for said nozzle means retention



pozzl€ exit 36 that, as the fluid | eaves the diffuser nozzl e

continues to diffuse outboard 42 toward borehol e bottom 25 thereby
"creating a larger surface area to entrain fluid. The:ic m Hm‘“; mﬁm
the diverging 5 wall is about 30 degrees or |ess or about ﬂ m
a center line of the nozzle. A larger angle would result ° *in¢separfati‘on”
of the fluid fromthe diverged wall causi turbul ent flow of the
fluid. The co e zl r Ik fluid il on as
seen in Flguremggﬁg rééé ??Eg%%%%ﬂ?@ﬁgfegéggpﬁéfgifF&% ﬁl%ﬁlgm%bme
heret of ore RQxfien of bit di ffused spray of fluid will better clean
cones by novi ng t he flomﬁng fluid closer to the cones nade possi bl e
by the w der fleld g& fluid created Ey the 15 coni_cal cone of |,
exiting fluid. R ARY (RO Tock PRE; 3St‘F % A0 F i whersdn y,

. cone erosiorbi s:Heess are thikekydidfpeeralnozzdee rearsp asibaik ehchl llie@ from
the o Dorehol s RLLOL25 5N SoNar LELNCRANe HALdsed, SBLae pelle

~exiting nozzle e

i'ngé over area 2o
bott om 25, [as bsiatg mosiel |rmmeﬂgt the mddamertem Foraied iyr &hef t he
hol e bottom 25 pMdi hE-. cl eaned of detritous by the jetted fluid flow
42. It would be obvious to use |less than three diffused

nozzles in the outer peripheral gage area of the done 40 25 without
departing f:lml)gmt he sscmm:am‘y idoine 'trﬂ:‘d’:knbh.ﬁgas%‘lhimecli ofn 12 ikl 3 W@ﬂ&%ﬁln' eg f
segnents cou 0 resulting _in a.cross oW 0
fl gl d fromthe? (%Jh%f‘tl%rdlnﬁﬁfggd oAt eslssop?%gﬁ?‘an?ﬂe Jrszfltha ess
portion of the qmmen oOfmtheeﬂbmet ialosivie diee protery8 Ocdmeshobaiocenment

"detritous. dlfflm:te%zl% e %e%-i?%" 't%“?r%%#t‘ iob:’r‘éh%'i% %bg'ir €

- conventional or_noncovention
"nozzl e 2 (Fi guf@om halldayaiimhtthen aanterof &he 1tnﬁb@V§ftbﬁe09ﬂéﬁeﬁﬁed

prior art n

di vergent naozzlgfe 3id Recr KOt Vard 2@l Fdentiidtidmo achi eve a cross-fl ow
of fluid on the borehol e bottom w t hout departing fromthe teachi ngs of
5. A rotary cone rock bit as claimed in any of claims
1 or 2 wherein there are two diffuser nozzle means, one
in each leg segment, the third leg segment being without
20 a nozzle means, whereby a cross-flow of fluid moves from
the two diffuser nozzle means toward the leg segment
without a diffuser nozzle means resulting in a sweep of
detritous material across the bottom of a borehole.

25 6. A rotary cone rock bit for use in an earthen
formation, the rock bit being operated with drilling
fluid:

a rock bit body having a first open pin end adapted
to be connected to a drillstring and a second cutting end

30 comprising three rotary cutter cones rotatively retained

- on journal bearings extending from rock bit leg segments
connected to a dome portion formed by the bit body, each
leg segment being about 120 degrees apart, the bit body
further forming a plenum therein for receiving the

35 drilling £luid, the chamber is in fluid communication
with the first open pin end, and

a pair of diffuser type jets, the diffuser jets



this‘fnvention. :
~would al so be obvious that the diffused flow pattern mfam be generat ed

by diffuser shapes other than the preferred conical a”uuq
this invention. It will of course be realized t Hm

nodi fications can be made in the design arjl‘%> operation of the prése’nt
. invention without departing frontthe spiri thereof. Thus while the

Prvent fon haveokesy PEMTLEOR, pors (HpBRLT Bat g%’;?atlondg?gl?ﬁp?5§ent

its best 10 ememetdst@htbn ﬂame peehlonlqﬁttrm dui tadb Ay s thiebedzzile
shoul d be unde%ﬁq_@@ bhal Wninddt dd@ o5 @MRE Rfnel B®rtion BEe'E?Ed iiltabg&
i nvention may ng%tlcggrotgermnse t han_asS speci fical l'ustr

and descri bed. nea ou pegippgisal edge of the dome and between two

5 of the three 120 degree bit leg segments connected to the

dome, a third dome portion between the bit legs being

without a diffuser jet, the nozzle body forming a first

entrance end and a second exit end in fluid communication

with a £fluid passage formed by the nozzle body,

10 intermediate the first and second ends of the nozzle body

is a restricted throat section, the fluid passage below

the throat section is conically shaped diverging from the

smaller in diameter restricted throat section to a larger

in diameter second exit end of the nozzle body, the

15 conically shaped divergent nozzle portion serves to

.~ diffuse the fluid without inducing turbulent flow as the

fluid exits the second nozzle exit end thereby generating

additional bulk fluid motion since the diffused £fluid

existing the nozzle has an increased surface area

20 resulting in increased bottom hole cleaning, the portion

of the dome without a nozzle further creates a cross-flow

of fluid that moves from the pair of diffusion jets, one

each in two of the three 120 degree leg portions toward

the 120 degree leg segment without a diffusion jet

25 resulting in a sweep of detritous material across the

bottom of the borehole.

7. A rotary cone rock bit as claimed in claim 1 wherein
a combined angle of a conically shaped nozzle means is 30
30 degrees or less.

8. A rotary cone rock bit substantially as herein
described with reference to and as shown in Figs. 1, 3-5
of the accompanying drawings.



1 A’ rotary cone rock bit for use in an earthen formati on, the rock
bit being operable with drilling 5 fluid, said rock bit conprising:

a rock bit body having a first end adapted to be - connected to a
drillstring and a second cutting end, said second cutting end
conprising one or nore rotary cutter Gqnes rotatively retained on

journal bearings extending 10 fromone or nore rock bit |eg segnments

connected to a done porti orpdof R St PiderkRdke sai d bit body
further form ng a pl enum chanﬁﬁ—r%%rn—mr—raé&w said hydraulic
drilling fluid, said chanber being in fluid communi cation with the first

open pin end, and 1% rota:gne:dife %rc@; o £ f E@?ruéétﬁ'x etamuélrﬂ‘ FesRatiehS
bei ng forned
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a fluid passag e nozzl'e means, hr dat’ 'secti on
i nter nedi at e sdile faxid &mijoie@bﬁdn@ﬁa%eofcontl%%%l b Adffuseaputboaird

fluid passage hetypind HSQaryeird surfatéH Oéli*eéeﬁbl @AhtheliRg £afical | yhehaped
and di vergi ng L{ 25 1he Ieszﬁgdgigﬂit trlcted t hr,oat sggthpn to the
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rotary cone roc [aimed In claiml1l wherejin there are three
appr oxi mat el y ERFHging indoalbprpetton helg eigapifgnent forming for

said nozzle neans retention
FIGURE 4



4 -° means nearest said outer peripheral edge of said dome portion
of the bit. 3. Arotary cone rock bit as clainmed in claim2 wherein
5 there are three diffuser nozzle neans, one in each |eg segnent of
said rock bit, said diffusion nozzle neans bei ng positioned nearest the
gage di aneter fornmed by the rock bit/3 10 4. A rotary cone rock bit
‘as clainmed in claim3 wherein a fourth diffuser nozzle neans is
positioned in the center of the done above the rotary cones, said

- center di ffuser nozzle neans serving to prevent borehole debris
fromballing in the center of the bit above the cones as 15 the bit works
‘in an earthen formation. 5. A rotary cone rock bit as clainmed in any
of cl ai s 1 or 2 wherein there are two di ffuser nozzl e nmeans, one

in each leg segnent, the third | eg segnent being wthout 20 a nozzl e neans,
whereby a cross-flow of fluid noves from the two diffuser nozzle neans
toward the | eg segnent w thout a diffuser nozzle nmeans resulting in a
sweep of detritous -material acraoss the bottom of a borehole. 25 6.

A rotary cone rock bit for use. in an earthen

FIG.1




formation, the rock bit being operated with drilling fluid: a
rock bit body having a first open pin end adapted to be connected to a
drillstring and a second cutting end 30 conprising three rotary cutter
~cones rotatively retained on journal bearings extending fromrock bit

| eg segnents connected to a done pogkjon formed by the bit body, each
‘| eg segnent being about 120 degrees apart, y further formng
‘a plenumtherein for receivi ng\IT the chanber is in '
. fluid comuni cation wth t dg a pair of

di ffuser type jets, the diffugs
15 being fornmed by a nozzl X
to the dome portion of the bit} Y&

the donme portion of the bit bgg t’%tsg
dome and between two 5 of thé NOAORNNA

YA ] es are connect ed

pheral edge of the
g segnents connected

to the dome, a third dome sofﬁﬂzﬁl | egs being
w thout a diffuser jet, the c&;};ﬂ;i}- 5t entrance end

and a second exit end in fluid

v X a fluid passage
fornmed by the nozzle body, 10 intefnedip

and second ends of the

nozzl e body Is arestricted ﬁhroat Fecti-n, he f¥ui d passage bel ow
the throat section is conically shaped Fiverbing fromthe smaller in
dianeter restricted throat section to | ar ger i n diameter second exit
end of the nozzle body, the 15 conical?& shaPed di vergent nozzle portion
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' leg portions toward

diffise the fluid without I nduci ng turbulent flow as the fluid exits the
. second nozzle exit
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