. NOZZLE RETENTION DEVI CE FOR ROCK BI TS BACKGROUND OF THE

| NVENTI ON 1. Field of the Invention This invention relates to
r épl aceable nozzles for rock 5 bits utilizing drilling fluid to renove
detritus froman earthen formati on borehol e. More particularly,
this invention relates to a retention device utilized to secure

repl aceabl e nozzles in NOZAGK RE 'b?%EVIg-E“Fdi?\ﬁ@ gﬁg’ des a neans
to both 10 m.nimze flui erosi of. an as%Jre a nore unitormitl ow of

drilling fluid contained wi t hiB& k bit body to
the nozzles. 1. 2. riBddkafothe Invenglgﬂeplacenent nozzles require a nmeans

For o "securing nodids 1av8Ekigh fetardd b Reb atBabl s, DEr BTl Rt 08K
directly intso bdgsbiutidddaing drmlixngﬂi%nmdthatremowa detxritus vidtaledannt o

bores forned '%a&%ﬁe&?@%rﬁhElgﬁdﬁo ehole. Yeéld-in nozzle sleeves have been
used in rotary cone rock F Several years for ease of

manuf acturing. An MoZent Wz‘}llcuﬂ-laéﬂﬁfm i kS adaventiensediti@temz ARs 3ia
a rel ati velpsteation a&aeeeubmezéar ﬁBdséduﬁéef'é 1&cé£usle ﬂé@ﬂyers Dh

whi ch a portion t.he passage way cl.ude wel ded-in sl eeve,
if a sleeve is &cltkl DY B § 2. E{" lé?%sPBﬂVJ'ﬁllﬁsaﬁd BE3Rd tr?oz]??%
bodi es is alo mlm;rd.lzeprﬁihimnerosﬁ;dmsm@fabqulreuhl aopree ssuifomovilod eof

results in a Uil yc0b1Lg BahelPhea LRl S plelRh EBtmed b EnkSrock

replaced due to thée aresu
erosion. 30 bit| bodyn&o &hesnegziesa rock bit can typically be

related to fougp par ngud wei ght, nud abrasiveness, flow velocity
and geonetrical discon{rnurties i. end, corpers, and the I|ke
The current nozzle BGPEHFFUﬁnt n°EGﬁFgg§F3PF6ﬁsaa?%a¥?n?fe%9+¢9f¥%ﬁ?1ne
capacity byiscr dationgraclSbitgh f Imhied mtﬂfeoca:yymazer rateheipnc adgttodr 64 i n
the bit adj_acent. the efqge bore e tranc h_flow.r ales ayse,

ee a @ ther

the fluid fl&ﬁcufr&ngse’ba?’a ape Feshapital; % eBfTndc Rine

directly into the bit body or into a sleeve that is in turn
welded into bores formed in the rock bit body.
‘Weld-in nozzle sleeves have been used in rotary cone

.20 . rock blfb for several years for ease of manufacturing. An
1nterna1 plenum interfaces with secured nozzles via a
relatively narrow passage bore formed adjacent to the

'_plenum, of which a portion of the passage way is included
in the welded- in sleeve, if a sleeve is utilized.

25 i_f.Internal erosion, in and around nozzle bodies is a
_major problem . A ‘loss of hydraulic pressure downhole
results in a trip out of the borehole and often times the
bit is replaced due to the extent of damage to the bit as

~ a result of fluid erosion.

0 Internal erosion in a rock bit can typically be
related to four_parameters, mud weight, mud abrasiveness,
flow velocity and geometrical discontinuities i.e. gaps,
bend, corners and the like. The current nozzle retention
configurations are limited in flow capacity by creating a

35 high fluid velocity over a sharp corner formed in the bit
adjacent the passage bore entrance. High flow rates cause
the fluid flow to separate at the corner creating



2 " recirculation zones with sufficient energy to erode the

surroundi ng nmetal surface that, as heretofore stated, has caused bit
washout . Anot her potential problemw th the state of the art 5

wel d-in sleeve is gaps forned between the %I[eeve and the | eg or bit body
I nterface. Gaps nmay occur at this: iMerface if correct manufacturing

procedures are % ui | r h
of the gap fgesﬁﬁgﬁlgggg?er g‘?ﬁ hiis gf %1@.{%?1% rf%q%} \(lz\gﬁsgr%gg q;e}pé
recircul ation %’éﬁﬁ@umﬂ-ﬁ%mﬁﬁélg&b‘rm &t ciaghthegetiafpre atatedoddashe
surroundi ng negaliseqt Bati ahkrotzeadi ng to bit washout . It is an
object of this inveption to provide.a nozzle ret ntion device that vaI
i ncrease the fluid ST‘B'V'\P‘EﬁpRé’tFthglt m’-‘&}éﬁ e state of the art .
SUMMVARY OF FHEwéNi/EMI elleeve is gﬁhpm)rﬂongedobb.bweennthat sleevbeand the
provi ded a noz t e rther t

fluid nozzl %ésvm ﬁ lbb%gd \ikxﬁgrf;fggﬁ "bit &\ﬁe]r hg‘gf f;?éﬁg upg{h‘rsiesam
end of the nozznberﬁaeﬁtuzaﬁ dmnrmctz:ommf@mt@tymg wbraceduresd aenmat

formed by sai dgoPibwaqdy Hf%ﬁe.@ﬂﬂfh £1S0 Wy %%%eﬁﬁe% the déPel Sf the

retention device being ad to receive Sajd fluid_nozzles, said
nozzl e retentigRPdeA cBuch t%ﬁ"’]ﬁ?ran haryshe rvifthemiddndend £ai Fausest
upstream 20engeciftdlatfont 2oaekr wmzmheghmlg@ afitan suﬁfercm raifermjy

edge fornmed by_said fLir upy t reamend edl rd a
strai ght bore E%C?F%‘eo?h?ai rﬁ%@?@é‘ng %\%ta@n é\%lé-g &S%ng &8
i nt er nedi at e swaghdutst and second ends, V\/nereby the arcuate flui d

inlet serves to 30 F gg e{._.{._ &g\t—?ﬁ”i‘g"é‘gtﬁf g}pzsﬁl&&d& %d'#o%zle'

turbul ence of the f stant| y reduc erosive e
associ ated w tﬁeﬁ?§ﬁ19ﬁl G%Y%?%stféﬁfd wil thewfluid flow Gapardty
enmbodi nent 15 hethréugheaf hoggdlent rance at sai d 35 first wupstream end is

parabolic in shape. I'n ang p gﬁ eéﬁﬂﬁﬁexméﬁm the arcuate fluid

entrance is elliptical in s
According to this invention there is prov:.ded a nozzle

retention device for the retention of replaceable fluid
nozzles within the body of a rock bit, where a first
20 upstream end of the nozzle retention device communicates
with a £luid pléhum formed by said bit body, a second
downstream end of the nozzle retention device being adapted
‘to receive said fluid nozzles, said nozzle retention device
having an arcuate fluid entrance at said first upstream
25 end, éaid arcuate entrance beginning at an outer peripheral
edge formed by said first upstream end and proceeding
inwardly toward a straight bore section of said nozzle
retention device posgitioned intermediate said first and
second ends, whereby the arcuate fluid inlet serves to
30 increase the flow of fluid to the nozzles, reduce
turbulence of the fluid and substantially reduce the
erosive effects associated with high velocities and
turbulent flow. _ |
In one embodiment the arcuate fluid entrance at said
35 first wupstream end is parabolic in shape. In an
alternative embodiment the arcuate £fluid entrance is
elliptical in shape.
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3 Preferably said nozzle retention neans is a sleeve that is

secured within the body of said rock bit. ' Advant ageously the
surface fornmed by the upstream end of said sleeve in use in contact with
adrilling fluid 5 contained wthin said ptenumis nmade of a nmaterial ‘that
IS more wear .and erosion resistant than3the material of a downstream
portion of said slegv ne enhodi nent the surface materi al of sal d
upstream end of sai Hr@f'%:@%]@ ssaid; lﬂﬂj"s’(]\& Fatpriion Apeanfadebd| Pleey

downst ream porthav bé 4€cared ﬁiﬁ@i&e t e MBSy I dLid rock bit.

Advant ageously the fl UI tranc id t u ream en
about one quarter Oﬁé\g&x@ﬁ%ﬁus he sur%aac% qf FZ’FeP“%gﬁf

the ratio betwefnsaid rﬂaléevestlnpsnsleeam eadnbact sm.dhstac adghllinge fé.aiﬂl on
is 15 fromi.7 [}y%}] (FRY “E?[ae! (=W [ eyvice
I's machi ned} éd‘t‘?%%‘? ‘3 ‘#'%?#’r‘\ st%{@ "E'P sai Q,k%zé ﬂ‘at%&'?'gtl Qﬂaﬂ: ie _
embodi ment t heM@®e z Wearetand | enowvncé’qsgsrcepﬁectmrz hthea mateniadveofhat is

arranged to bed@%ﬁ@ﬂﬂ@&nbﬁaﬁﬂﬂoﬁhsfr§§£dbele39eb0d!n56ﬁé éhaba&aeﬁt the
repl aceabl e noz

desired di,stgnc om a borehol e
oD oty Cor rperEafe) mafeBlall oF SRfd | vRACTeUm €BAy Obaaid Blaevanis
A strean i ned tungdtentcariside s hAdvamtdageotbiyf the tdownatpsdane portdmh odf

t he nozzl e, sI SLY8: she%‘}rgelss&é?% p# %gf'l entrance is generally rounded or

elliptical. The roun uid entrance is formed at the
first upstream -Rdvantageeusky)zthe areceate flpid entnange @t said

el liptical entgpnge @ﬁﬂtféaﬁteﬁ& Dyt ShoRerond rt%iﬁebf far@k by the
first upstreamend of" the sl eeve and proceeds I nwar d y toward, a straight

bore section forned ’Byatq’i‘érren"slrié&?ée ath & "hq%en&b FﬁFéPrﬁ?&t&’F@"t he
first and seheongiesds upbtireans letid aandl hea 1d Usicheat ghit ebdiet Beatibhuiig

I nlet for b hes e ryes to increase the flow capability of
fluid to tnﬁg %Eé 165 '\rfcgdlfjgi%g separation 35 of the fluid which

substantially reduc@envamenbbyvehe nezzbet sehenbiont dévirehipi gachiged
velocities.  gjrectTyewiehdn ntrd €68y Obse! N €P6EE bI¥ENti R LAGEERTES
embodiment the nozzle retention device is formed within a
sleeve that is arranged to be extended beyond the rock bit
20 body such that said replaceable nozzle may be positioned a
desired distance from a borehole bottom for efficient
removal of detritus from said borehole bottom.
A streamlined fluid entrance is formed at the first
upstream end. of the nozzle sleeve. The streamlined
25 entrance is generally rounded or elliptieal. The rounded
or elliptical fluid entrance is formed at the first
upstream end of the nozzle sleeve. The rounded or |
elliptical entrance begins at an outer peripheral edge
formed by the first upstream end of the sleeve and proceeds
30 inwardly toward a straight bore section formed by the
sleeve and positioned about intermediate the first and
second ends of the sleeve. The rounded or elliptical fluid
inlet formed by the sleeve serves to increase the flow
capability of fluid to the nozzles by reducing separation
35 of the fluid which substantially reduces the erosive .
effects associated with high fluid velocities.
The welq.-in sleeve of the present invention increases



4 the fluid ftow capacity through a repl aceabl e nozzl e by I ncreasi ng
the entrance flow area and by reduci ng geonetrical discontinuities into
the jet nozzle. ~One of the design approaches resulted in a sl eeve
with 5 an upstreamrounded or elliptical entrance that blends into a
straight bore section that interfaces wi t h4t he nozzle receptacle. The

I [ i ntal.l ed l.d ' st rai hol ' '
body that prodtSisEtiat dbow "edpat iy Bhrouah s f%%f?%{éé’?%?g#ﬁaﬁ%t B e
internal jet lindweasim@nuthéor emtriapcehe ffiqw boalyea and byhe redudigig
bore secti on 0%?3:{%%99&&1%?&8&1 1 %Y Pes in§aoag@nf§h O£t hened to nove

€ nozzle c er~fr

an exit plane oser to or furt Qm a borehol e bottom
to inprove bot t PR RE the slesign gpproachgsyresuhhed,dn H Heswe with

pr ovi det an gr Oaﬁﬁql{%sthr_éﬁﬂzﬁﬁﬁme_ ; d’lﬁixegtla&pi:ﬂéhlfeéheﬁéﬁcé ntiat h:ﬂ.étr_fdllsl et

pl enumto shi e i ui d velogity, areas, from erosiaon. i

anot her al t er rfat P%‘Eaéﬁgf'oaﬂi‘q ss?ﬁtb?’?)-\/itgé%aﬁ%%a}ﬁ?s WiER| Eﬁgntnor?aztleeri al
that is roundefe@épeatlie!l i CPhe aglédnee 208 eintakiosd t (weltiedielin ian stinsdghtt hat

will resist er,osion i | oyj.di [ e i apagiat 0
t he nozzl e.POTe h°1e\ll\{¥?§“%in %gvé:n aglgﬁ% hgéa_ vé:rl_{a!teli_ pé#%_érmﬁr tE @tE,{S ?éﬁ
provi de i ncexternal | sudfatewofothme 1ggz forging Fns@ dhey intgamal et

Sl eeve vi t 192 kg dssleRimeELLRALACE] thil Bienbeapce to the  nozzles.
ther & [

It is yet ano vant age,over_the prior art : rqvid a _weld-in
sleeve that nay Bee skrrighbdbore sectiondk tr&&?%c%teg'%?‘??oi%% RS t
pl ane- cl oser tghertERedUbt MEsndtienead iy aftstes apoekim phanehaficthe mozzkwVal
of detritus fromthe boreho bot t om F %q%

OF THE DRAW NC&loser to 1gf ?WS’HFFonPWTI anc?v‘\?rx?eh°c}eesc1?‘?'¥ega'ﬁb§g\§ay O%DJ,LQ\I
exanple Wi tbotederhote tdeahéngcconpanying drawings in which: 35

Figure 1 gea per spagl iy Jleyt ffe 2 SRR 088 MESK provilde vhhh &redRsh S

on one of e fluid nozZles, lgure .2 1s a %art_l al ]IDZ br oken avay
cross-section pésistant material that extends into the jet bore plenum
' shield high fluid velocity areas from erosion. still

another alternative approach is to provide an erosion
resistant material that is rounded or elliptical at the
20 entrance to the weld-in sleeve that will resist erosion
while providing increased fluid flow capacity to the
nhozzle. |
It is an advantage then over the prior art to provide
increased fluid flow to the nozzles by providing a weld-in
25 sleeve with a rounded or elliptical fluid entrance to the:
nozzles. |
It is yet another advantage over the prior art to
provide a weld-in sleeve that may be shortened or
- lengthened to Jlocate a .nozzle exit plane closer to or
30 further from“a borehole bottom to enhance the removal of
detritus from the borehole bottom.
BRIEF DESCRIPTION OF THE DRAWINGS
The invention will now be described by way of example
with reference to the accompanying drawings in which:
35 Figure 1 is a perspective view of a rotary cone rock
bit with emphasis on one of the fluid nozzles,
_Figure 2 is a partially broken away cross-section of
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5 a prior art nozzle sleeve welded into a bit leg forging aperture,

Figure 3 is a cross-section of a nozzle sleeve of the present invention-:
wel ded or mounted within a straight bore 5 forned in a bit |eg forging,
Figure 4 is a cross-section of an extended nozzle sl eeve of the present
I nvention welded within a straight boreSformed in a bit |eg,

Figure 5 is a cross-section of an alternati ozzl e 10 s| eeye erein a
rounded ‘i nl et QOPFF@"’S AEFEy 19%21e oFhesve WFigﬁaal’rnEPoﬁ Pt ei?gwgﬁﬂfgﬂfﬁga'l ,

and _ _ gt@res a cross section of an alternative nozzle sl eeve
conflguratlon ere and erosion r.esist

n_a we er osi:t iLoned
in an inlet orifice +%ﬂﬂ?n T% ?rﬁ?ﬂ%???%ﬁﬁ%?§n° e@bnognlghF}§n8§ ?S %ﬁg
| i ner ext end| noréeséent ainvept ton rwé hded b ynaqunted el thiin gogfraight boren

the Figure enc te like parts.
DESCRI PTI ON° GZ‘%%%RE&—E%&EE%W AND BEST MODE F .
CARRYI NG OUT THE | NEESHTYEN4 is a wqqﬁ-r%#@r%eotfoaﬁ offeended h§°|26't1$ry

cone rock bit g)eg¢8ehHel laledq:%émitednaﬁerﬂ&dmmmédo&lmm hi stkadght?,
pin end 14 and a cuttin end aL desi gnated as 16. A fluid chamber
or plenum 13 iRo¥Fg hegm tﬁFn ﬂ% 12. 25 The pl enum 13 communi cat es

with the open pin enﬂgﬁﬁesa thaa crobpdseattonfbﬁidn(aﬁ&prnayivnt@pzzﬂ@
rock bit bqutﬁ ég\g h&r%ﬁ. att aghethali | 1h1 &L " £BY thOlg )is A FFmell!

formed by & i%hesoa portion of the tlurd plenum 13
(Figs. 2 and 3fyom EbcerQSLOnegsstet@Rtéﬁ@tﬁlcnﬁ4¢mtb|t 30 body 12 toward

the cutting end 16 g iﬁﬁ% Bl g aAc&*étsfsegecueﬁneflﬁnl altekahtivly neeeilecd
to each | eg 20 throu -] our.nal B;grln ext endi hg i nto,.each con%'fronla

shirtail 22 SbﬁevﬁecpéélsﬁréﬁansW gin-a wear g ergRIONg reggstant
exanmpl e, has ajpHeti @ld Cpb#n.@ioﬁédcuht ein | DRket sotrifdqei dieddimtd ytepahed

2ngrﬁega;hpagpégﬁﬁg P&eeve, %% entrance/%AL%ﬁérff§é¥oé§t§¥§iﬁ§‘%ﬂto a
plenum formed by the rock bit body.
In the Figures, like reference numerals denote like
parts.
DESCRIPTION OF THE PREFERRED EMBODIMENTS
20 AND BEST MODE FOR.: CARRYING OUT _THE INVENTION
With reference to Figure 1, the rotary cone rock bit
generally designated as 10 consists of rock bit body 12,

pin end 14 and a cutting end generally designated as 16.

A fluid chamber or plenum 13 is formed within bit body 12.

25 The plenum 13 communicates with the open.pin end 14 so that
hydraulic £luid (mud) may enter the rock bit body through

an attached drill string (not shown). A dome 17 formed by
the bit body defines a portion of the fluid plenum 13
(Pigs. 2 and 3 ). Rock bit legs 20 extend from the bit

30 body 12 toward the cutting end 16 of the bit. A cutter
cone 18 is rotatively secured to each leg 20 through a
journal bearing extending into each cone from a shirtail 22

of the leg 20 (not shown). _

Each cone 18, for example, has a multiplicity of

35 cutter inserts 19 equidiétantly spaced around each of the

cones 18. ' '
A lube reservoir system 24 supplies a lubricant to
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6 ' beari ng surfaces defined between the interior of the cones 18 and

the journal. A m ni -extended nozzle generally designated as 2 is
shown protruding froma nozzle retention sleeve generally 5 designated as
30 (Fig. 37). The mni-extended nozzle is the subject of a related

patent application entitled COMPOSI TE NCZZLES FOR ROCK BI TS fil ed

Cct ober 4, 199 r . SaL.i 6 n sstLgnhed_.tpo, t he sane
assi gnee asﬁ’e%gq S‘Pes?é‘r# algr?vse%telgfgh.e%Be%‘%e.gTﬁlélgprgFg?réaf SF ﬁ"ﬁu?%n?s
depi cts a countldr apsk &he jowamaldr.e 3 formed in leg forging 20 that

comuni cates wWith a RSB InddS 4SS aeﬁsr§1i§ aegggﬁgtgat qgPl £ngm 13
t shouf der

foll owed by a counterbore 4 that termnates a . I'n nozzle
retention bodySfeWR PHRFIIdRNGN AN MReiFle sretentipn slpeve gererally

sharp corners 7 desigtldteds a8 30 I CRLGEA3I N~ ar ahee RMMITANGEendd® 15 25TE ds

nozzl e sl eev eneral l esi gnat.e 8. he reduced di er
entrance i ncregglgs gﬁgjﬁﬁh‘ %l?gw-ag %%ﬁ?l patent, ?HBIéﬁf’I?éﬂBe ?%tﬁa{;?e‘ﬁe
sl eeve 8 t hus ZOMROSITE NOZAZESNFORrRACKBITafiled October 4, 1994 Mmmdever,

t he sharp corn 7 e | ujGy f sghar Ald i 9 . r
stresses as vvel?jlr'%aiss%r %F\"g%g'.tgoldﬁ'hdé@graonsq ve c%%?ﬁ?[‘g%@o%%?%hﬁgg
The current weR& ithespxesent inyenSigmple, for a 25 31.1cm (12[err] inch)

Rit (D}irr]uF 3. 180P1‘h]§e1-1185196£0fé)nt Dber i _f%i F_@C@e ictg (4 %&h&@?)b@@é a
eriialenr] e Sl L tuene (Lol sl oh! Lot Compuntcagas elbn
inch), Dierr] pl2ngfcm3.l. OA istera)ipghts bord 3 risAfdeilledatintcofplenun?. I3
(50 5 b oy D R £ FOFRRAYTIE Bioll s
velocity by nadmi nnngzgel arefentsiomai odybok®. hol The genumt kotzrapsee to
retaining bpdy gt3afightedode bht bt e 40 sharp corner 7 as well as a
reduced-~in-area entrance to the standard nozzle sleeve
generally designated as 8.
| The reduced diameter entrance increases the mud flow
velocities into the entrance to nozzle sleeve 8 thus
20 accelerating ahy erosion that may occur.

Moreover, the sharp corners 7 creates fluid flow
separation and high shear layer stresses as well as adding
to the erosive capabilities of the fluid.

The current weld-in sleeve 8, for example, for a

25 31.lcm (12X inch) bit (D, = 3.18cm (1.25 inch), D, = 2.69cm

_ D?

(1.06 inch)) has a A./A, ratio of 1.39 (where A, = I 4 and

D?

A, =TI 4 while the new high flow sleeve 30 (D, = 4.4cm

(.75 inch), D, = 2.69cm (1.06 inch))has a A./A, ratioc of
2.73 (see Fig. 3).

30 Turning now to the preferred embodiment of Figure 3,
the new sleeve design generally designated as 30 lowers the
entrance velocity by machining a larger straight bore hole
32 in the sleeve retaining body 15 formed by bit body 12 to
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7 " the pl enum 13. By manufacturing, for exanple, an

elliptical shaped surface 36, high efficiency entrance 35 in the sleeve
30, the sleeve now takes full advantage of the |l arger straight bore 32
in bit body 12. Entrance 35 5 leads to elliptical contour 36 that tangents
an internal straight bore 39 formed by | eeve body 31, entrance 35 and

exit plane 37 The eeve, pf.or app! ks . we unct|

29 f ormed btekf%e?ll??i‘émexﬁ “end E; oﬁ?ﬁgggﬁgg\higg\go §g %xraﬁkglst' rai g t
bor e openi ng |elllipzt:s¢abvehapeénSUDﬂaQed?615hé9h efSnclency entrancpy 35
reducing the oW renge }{ékg‘é' 3% buéﬂ%féeﬁ}%%@etakesnkﬁﬁﬂcsd%aqager of
(Dlerr]), higher F ui I"oW rat es can passed t hrough the”sl eeve

30 without riskheflargerofatrapghtsbegee 3gedn Mite PPXY 32 Al e BRETRREPO 351
2. 73 correspontsadd eor edugpticalericrtitng figlithae! eahgenes 2AYdiacernale

The same 1 FERBSREBOTe S8 APTRAISY 218R (P05 Thic fpcrenee 35 pod ©

Alerr]/Alerr] exit ppIamev®¥d i n sl eeves nay range from1.75 20 to 10 .
Wi thout departing f'fe'l?én d1e gacgdﬁgeﬁ%% s Wl RiH 'a‘?:”t%-;e uncture 2

Furthernore, gap ar T eat ed g acernent e state o t he
art sl eeves 8 foxmed bhﬁmndf—lhﬁi emptr cﬁ@%s 7sof| ithienflaeve S cangd| the

interface ggp @fﬂ&ﬁﬂ Béréhspéhsﬁ dasiae 39eapd EEEeﬁE‘iBhnbdd9t ns G

bore 32 in 1t 12 are | ocated at relatlveylowflwd | ow
vel ocity ar eaPLy, %ddy current erosion is -decidedly mnimzed.:
It woul d be obvi oussyortdueiall ithie caitrErceaneel GEityP byt dnorkesisgadesuch

as a quarter rouerdaé){:emgisgg%%go(gg obv%‘g}ezd%tf r&qgr 10 ri"at%%oQ.%rP%’et hi s

i nventi on. ior iq e Ty SR rance
the el lipticalpasseduchsoughdthecslenee i3 withoufhtrisk é’fSQrOSJdinr ectihe

into the b b&?&'ﬁ‘elée&&wgré ﬂf/@&riréﬂﬂoféf’@t'f‘? o FEEPSh ﬂ&las ﬁea@sad on.

Wth reference now ure ,, an alternative enbodi >étended
‘nozzl e sl eeve ¢REERBFEY £ eglerify of 50% over the current we -in

sleeve design (sleeve 8 in Fig. 2), assuming D, is the same
for both sleeves and equals 2.69cm (1.06 inch).

The A./A, ratio for weld in sleeves may range from 1.75

-20 to 10 without -departing from the teaching of this
invention.

Furthermore, gap areas created by improper placement
of the state of the art sleeves 8 during the weld-in
process is eliminated. Since all interface gaps between

25 the sleeve design 30 and the machined straight bore 32 in
bit body 12 are located at relatively low fluid flow
velocity areas 35, eddy current erosion is decidedly
minimized.

It would be obvious to form elliptical entrance 36

30 into other shape such as a quarter round or parabolic
without departing from the scope of this invention.

It would also be obvious to machine the entrance 25,
the elliptical'cohtour 36 and the internal straight bore 39
directly into the bit body 15 without departing from the

35 scope of this invention. _

With reference now to Figure 4, an alternative

" embodiment extended nozzle sleeve generally designated as’
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40 forns an entrance 45 that transitions into elliptical portion 46 that
In turn tangents on internal straight bore 49 fornmed by sl eeve body 41.
The exit plane 47 may be extended distance "A'; the length of the

ext ensi on 5 dependi ng upon the desired distance the exit of the nozzle

is with respect to a borehole bottom ( not8shown ) to ef fect the best
bott om hol e cleaoég by the nozzle

nozzle sleevédY @Fd&&tﬁﬁncfehé‘sld:}%ﬁ&{ﬁ%%qr}ﬁ n’e‘bt%e?%g f‘ﬁ@
outer surface prttivn deatmt imtrnheangeatghbnbdneerpehi agraighhebekeeve
retention body, [ oy,to R r er, Al naLi ve
enbodi nent of %%e zz?‘ebgl eg;\efée%%nerafl %/\lees %r%téﬁ%ssggh% 47a n&ﬂl gté d
wherein a: erosaxﬁenda;l stdistancgrentAb?2 fohes lengtle upt rehen eﬁ?&tgnﬁﬂ-aée of

the nozzle g %fer?% Eggo RiceS @HEE B 182 Estﬁéef@ﬁé%y
formed of tu gsten %a i tﬂsé@%n&té&é?l%?ns entranccla' 5? t | eads -

to elliptical dbnwth g@ﬁﬂﬁﬁt t'éﬂgé‘nt@@h%}r%hlimﬁﬁ?g A0 2Rkt £ ﬁw§9 of to

sl eeve body 5%ffect the Bedtcddttdhadler dleanlingybybeotly hdzgae 2el(Figs the
nozzl e sl eeve ﬁodi es of Figs. 2 to 4) is fabricated from steel and the
tungsten carbide is netalurgically bonded to  the steel at interface 58.
25 An obvi ous Temnsxtterdsd noezder bslleevegntht TP melded atst&hp

sleeve is 4p 5‘?’%‘% S{@gﬁ’?@ﬁ%& bdtiect e o@t‘E@t iﬂrface of tﬁaesmeéi’rée

sl eeve design respect to
pl aci ng t he nand ccherraight boxg eraning t’-ﬁ'eti"Gr ﬁ&FFUﬁ B'SF@HBF@“\A@PFXm
whil e nmaintai jéi)g 30 a robust design. The |nternal strai ght bore hole
O oy« oSS RebaR, e Lo P ate ] iRy PRt Upar Qe 1
shown in Fi guremdodiihént uof deiee frestzliec sleawsy denersddyt designatednast 5
Eggglggsagbgg m%taggigeggnﬁg%%Fégrnofﬁﬁés SLK##%E?§E+# ex eﬁgédg%gggﬁgé
t ubes (nottséowpptream end surface of the nozzle sleeve .
erosion resistant segment 52 is preferably formed of
tungsten carbide. Segment 52 forms entrance 55 that leads
to elliptical contour 56 that tangents straight bore
20 section 59 of sleeve body 53.

Typically the nozzle sleeve body 53 (as well as the
nozzle sleeve bodies of Figs. 2 to 4) is fabricated from
steel and the tungsten carbide is metalurgically bonded to
the steel at interface 58.

25 An obvious means to join the carbide segment 52 to the
steel sleeve is to braze the segment to the steel body 53.
" The nozzle sleeve designs illustrated with respect to
Figs; 3 to 5 adapts well to placing the nozzle receptacle
closer to the formation borehole bottom while maintaining
36 a robust design. The internal straight bore hole section
39, 49 and 59 can be increased or decreased in length
during manufacturing to move the nozzle exit closer to the
borehole bottom as shown in Figure 4. This unique feature
may be used to enhance bottom hole cleaning without using
35 large carbide pieces (like mini-extended nozzles) or long
cantilevered nozzles such as full extended nozzle tubes
(not shown).



9 A protective nodification is depicted wth respect to Fi gure

6 wherein an erosion resistant extended |iner. or sl eeve 64 is secured,
for exanple, by brazing the |iner at an interface 68 forned between the
sl eeve body 63 and the 5 liner 64. The upstreamend 66 of the |iner 64
extends into ‘"t he plenun113 such that thé drilling fluid is accel erated

over the erosion regi FECEEGeGQ?&EE§CgP¥b€glé h&%ﬁ&@?%ems'%&@éﬁ 65

fromthe vul nerable s rrock onen
of liner 64 is %e%eséd whexein gno@r@a?«@nr oﬁwnanmpgxtgaﬁﬁéndmrofor

nozzl e sleeve §Qeeve Maia séBﬁréJi?e.iSr@xarﬁp]!\@ waéwtw@ PihdLraed
bet ween exit 67_of eve b%gy 61 a d.the borz: Sle&’r‘ﬂqy rete tll_?n

body 15 of bit aRgin cEfile é’eﬁﬁﬁeﬁu
i nvention té 1bihepwepassPlyesupstieaneerclittisenft yhe lbnkrbu se:étrmtdﬁ‘rnmj as

well as roll erefigNgIbRGl 9! Such thar e diitiidy 1Y 36 é)%ceerlgﬁella%%é

that vari ous ons can esign and ©
the present ino¥aritheexopion deqﬁrsuarg‘: fendnﬁShbhggum@vlm th@rmzceams

while the pringiggl a5 SFr&f €RASWAGHEAb1e é\{@efoﬁécﬁf bq_ger,_q; Sied he

i nvention have been expl al ned in what 1s now considered to represent its
best enbodi men®¥PICCHNELH EFQFEBeen Eﬁr}qu%rtr%@ eliney 64sdpi Begestedk LI be

under st ood 1bhagrebiréi 83t Iﬁerm@ape.nof qim:m[amemlﬂl 6@ @t hdZ¥ & Bldurantg®n

may be practicgg, obhersige Al a5e5Po) Thathbd g uiHH3028" kormea

A nozzl e ret enbebweenvexitie? oficskaawmthady 6L and the bore 70 in sleeve
retention body 15 of bit 10.

It would be obvious to apply this present invention to

15 flow passages in fixed cutter type rock bits (not shown) as

well as _roller cone rock bits.

1.

It will of course be realized that various
modifications can be made in the design and operation of
the present invention without departing from the spirit

20 thereof. Thus while the principal preferred construction
and mode of operation of the invention have been explained
in what is now considered to represent its best embodiments
which have been illustrated and described, it should be
understood that within the scope of the appended claims the

25 invention may be practiced otherwise than as specifically
illustrated and described.
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repl aceabl e fluid nozzles within the body of a rock bit, where a first
upstream end of the nozzle retention device 5 communicates with a fluid

pl enum fornmed by said bit body, a second downstream end of the nozzle
retention device bei ng adapted to receive said fluid nozzles, said
nozzl e retention device having an arcuatl® fluid entrance at sald

first upstreangi$g+#§gid arcuate entrance begi nning at an 10 outer

peri pheral edg _ by said first upstreamend and pr oceedi ng
inwardly toward a stir-ai gt negzlecretentbdnsdedice forzIther etaftuntuionieof ce

posi tioned int e Vegﬁ Aol 1321 £ fid Sﬁoz%lé’éldvf%ﬁgdtﬁ‘?dﬁog?h%rfel&y 2 apgpate

fluid inlet ser I NCr ease to the nozzles,

reduce 15 turbl‘j’lbé%'@e %ffltlf?é: fURAtrean endRhrkhe ngzzle|keteneion devicee

effects assori icathutiildatiisyivitd] ecifigd afmenum trgimdE By fd00d bit body, 2
A device as clained in_claiml1l wherein PE ﬁ arcuat e fI d entraﬁée at

said first upsfr e3RHFYRY Fownstyeam, sid ghozzle ret
clainmed in cl ahe:.hg\/\/r&ﬂ@tred heo reeetvat saﬂ.&wfdud.rit maozzdess addidincezkle n

shape. 25 g’?le#:'el ie Ehsav(i ]ﬁfﬁfi'é}&rﬂ@é er: S?Jﬁd

wherein said nozz e § on rreans s% eeve secur e
t he body of saifd nsgc mupsibream snd, SaIﬂ arquaﬁanen;nﬁpQﬁzbeﬁ&nnnnqnaﬁrﬁm

wherein they oﬁltrefzaga Ph@&élbud%;eefaﬁ.ﬁéafwns@m Qf:.r'é%' dpsteedf &RdUmed |
al hed W

n
contact with a dr a
o " bt pracsiedifig, ibumr v, Soyard s, Btreight Brge TeetioR oF Fatd o
downst r eam por hiczzlef retietitionsdesiee positionedbintérsediate asatd afimest i n

claims5 wherei I;rfozf'%econd ends, whereby the arcuate fluid inlet serves to
increase the flow of fluid to the nozzles, reduce
15 turbulence of the fluid and Substantially reduce the
erosive effects associated with high velocities and
turbulent flow. | '

2. A device as claimed in ciaim 1 wherein the
20 arcuate fluid entrance at said first upstream end is
parabolic in shape.

3. A device as claimed in claim 1 wherein the
arcuate fluid entrance is elliptical in shape.

25
4. A device as claimed in any preceding claim
wherein said nozzle retention means is a sleeve that is
secured within the body of said rock bit.
30 5. A device as claimed in claim 4 wherein the

surface formed by the upstream end of said sleeve in use in
contact with a drilling fluid contained within said plenum
is made of a material that is more wear and erosion
resistant than the material of a downstream portion of said

35 sleeve. '

6. A device as claimed in cZ_I.aim 5 wherein the

MTLLLE
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surf ace material of said upstreamend of said sleeve is t ungsten

car bi de. 7. A device as clainmed in claim5 or 6 wherein the 5
downstream portion of said sleeve is nade of steel. 8. A device
as clainmed in any preceding claim wherein the arcuate fluid entrance at
said first upstream end i s about one qudkter of a circle. 10 9.

A device as clalned in.a ecedin claim - wherein the_ratio between
the first upstPBA gﬁdmﬁﬁfﬁéﬁxi of §??i.&ﬁPtESP@ ﬁéang paid, Sleeves ig
10. 0. 15 tungsten devbddeas clainmed in any preceding claimin
combination with a rock bit wherein the nozzle retention device is
machi ned directly within the body of said rock bit. 20 11. A
devi ce as clained i A-cl aBndevisser asn cladmedz ine claimeSepr] ¢n whereia ithe
formed withisn aoﬁhQEY'éahhﬁbrtioﬁr sengsﬂd s1b&vdei §xheadeds beyoad, the rock
bit body such that said repl aceabl e nozzl e may be positioned a desired
di st ance froma borehole bottomfor efficient renoval of detritus 25
from said borehol e Bottom dev:.ce as 121laAmedzzlin r&hyntpmétmi e claim

sach of the  IBABSHRnEHes 2EuRrs, fauil Shcrghle®att sald Mt Ltddh

end is about one quarter of a c1rcle.

10
9. A device as claimed in any preceding claim
wherein the ratio between the first upstream end and said
straight bore section is from 1.75 to 10.0.

15 10. A device as claimed in any preceding claim in
combination with a rock bit wherein the nozzle retention
device is machined directly within the body of said rock
bit -

20 | 11. A device as claimed in claim 1 wherein the nozzle

retention device is formed within a sleeve that is arranged

to be extended beyond the rock bit body such that said

replaceable nozzle may be positioned a desired distance

from a borehole bottom for efficient removal of detritus
25 from said borehole bottom.

12. A nozzle retention device substantially as herein
described, with reference to and as shown in each of the
embodiments of Figures 3-6.

30

* c L M H *



