WO 98/ 59147

PCT/ US98/.12623 DRI LL BI T DI RECTI ONAL NOZZLE Background of the I nvention
Fiel d of YHE¥FEntion The present invention rel ates gener AGHUY98126331 | i ng
wel | bores through the e h_ Wi Vol Dit. More -
specifically, the pr esenﬁﬁ%&%ﬁyﬁpﬁﬁﬁi‘&ﬁ%@ructure and use of a
nozzl e enployed to direct and control the flow of drilling fluids exiting
froma drill bit. Brief Description of the Prior Art Background of the
Invention Wells drilled in Backgraund efithedayemiigny forned with the use of a
rotating drill bit 10 positioned at the bottom of a tubular drill string.
Rotation of the bit progressively cuts away the earthen formati ons engaged
by the bifiel@etieanivextior®a Wel | bore. Drilling fluids punped down the drill

string to the bit exit the bit face through nozz|es sthrat eqi cally disposed
in the bit bodyhe gmesent mﬁmonsel%tswnp@llﬁ%gﬂ}ngdﬁ@ﬁ boggscthroughithe earth withy; +  and
assi ste i n L 0G.-.a o i - L1 K aBhdat ai n
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back to téfa iEide emplbpaico difeopaid auntiobtliediovwobdf driltindfltids egiting dront Adkilit he
drilling fluid exit the bit with a flow pattern and velocity that are
suited fobita given bit design, as well as the anticipated well drilling
environment. Nozzles carried in the drill bit function to direct and
control the flow path and the pattern and velocity of the drilling fluids

exi ting tBeiePDescriftion of the PrigriArt Blckghntidesf thednesiitioumari |y provided with
internally threaded nozzle receptacles that can receive_external lﬁbt hr eaded
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| eave 25 the nozzle at an angle relative to the nozzle axis, the final
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angularly 30, durjng use. One technique for preventing such novenent is to
cenmerk> t hwithigthe welhbpre aad carry formation cuttings hegkdoghe well sudase: ed axi al and
angul ar positi Thi c g rd ?l'ﬂﬁ r ) o ing the
possi bl e fail u?}eljp 81% BP %g&%]e#e}%guﬁéé%ﬁ%g{e}%f yﬁrder'; al mpﬁggrflggzgzlflg%dﬁ%p %ge as
wel | as tpatteth difd velocity thanaresnited f53 al givene bib design, as dvelleislthe antiripated welt z| e
after it 5}:1? been cenented within the receptacle, Proper final
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nozzl e body.
orientation of the nozzle body once seated in the bit receptacle does not affect the proper

operation of the fluid jetting action of the nozzle. However, where the fluid is to leave

25  the nozzle at an angle relative to the nozzle axis, the final angular disposition of the nozzle

within the receptacle determines the direction of flow of the exiting fluid over the bit
body.

A nozzle having a directional exit flow pattern must remain firmly anchored within

the nozzle receptacle after its installation so that it does not move axially or angularly

30  during use. One technique for preventing such movement is to cement the nozzle within



The nozzle is desirably constructed froman extrenely hard material such as ‘

tungsten carbide that is very difficult to machine. For this reason, nodzzle
assenbl i esWQ 8/9947quent | y constructed as nulti-part conponergcr/tsmftzéaic! ude
a tungsten carbide body and a surrounding steel sleeve with the threads
machi ned into the softer steel material-20f the 15 sl eeve. In sone of the
prior art designs, the sleeve is brazed or otherw se bonded to the nozzle
body to prdheneceptacly atthe desicediaxial pad spgaitarposition.ol ks tasbiaue suffermvarious
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nozzl e construction to determne final, seated orientation of a directional
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may be angularly positioned wthin the sleeve before the assenmbly is placed
in thelPecéslsewel e 5 so that the nozzle body is properly oriented when the

nozzl e and sl eeve assenhly is seated. This pti.,or art design, described in
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body to hold the nozzle orientation once the nozzle has been seated in the

r ecept acl e pemnittheiozdlé gndreeeplaglerthrgad pasterisdo betimid with the noazle flamudiesctionct t he
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receptacle,, or atter7£ti ng to match nozzl e and receptacle thread patterns,
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prevent such _
a single material body with an externally threaded surface. Creation of a precisely molded

thread pattern that will meet with the internal threads of a specific nozzle receptacle such
the final, seated position of the nozzle in the receptacle results in a predetermined
orientation of the directional nozzle is also difficult to achieve. In general, techniques that
30 require matching nozzle and receptacle threads in single body or bonded nozzle

construction to determine final, seated orientation of a directional nozzle relative to the



20- rotation. Retaining the proper orientation of the nozzle body within
the sl eeve before the assenbly is finally seated can also be difficult
because of‘V(?ﬁsésgéﬂ ppage that may occur before the assenbly FPSTU§P33263%4t ed.
U S. Patent No. 4,794,995 to Matson de_sjc_ri bes a directional nozzle assenbly
that is held in place by an externally threaded sleeve. As with the

Morrison desi t t SQN. design relies on frictional engagenent
bet ween t?lké‘s%%&ea\%ggﬂ%}wﬁ&ﬂ@qﬁ%%ﬁ@ug%@ to prevent rotation of the nozzle
wi thin the sl eevge pfioPfaktOinciadés Barutipledistiegivziiaadesigiinoyhich axeehamalyl

interlock rather than frictional engagenent to prevent_pozzle rotation is
descri bed thisadedgsplipgieayn clpgsly iHWG?%&Q)’lF‘S“?ﬂ@RﬁQBHF’ Wh@ﬂﬂéﬁ%b%‘@ys a
specially &Q@ Lb el ARG ' ' hﬁ?ﬁ'!} ' Q&% slots
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a nozzle flow passage extendi ng between an 1 nlet "end 15 and an outl et end
of sai d nalesired Hodl nokde edignthtion dehearthersleege saficmlyoseated withint thennbzzlee

condu tsed thrg%.‘%h said nozzle flow passage and exit said nozzle outlet end;
and an?i nt'&RKT ng mechani cal structure di sposed between said nozzle body
and sai d sl eevewsle yid Moeridd pridoattesiaaioffeRaAprSvehRels AR tfethifiRENE
structure at different angular positions relative to each other whereby

sai d nozzlcementing thepozzle within the recaptatle] of 22EmMpting thoatabaiozgleand sedeptacted

I iti ‘Wi t hi id tacl e, id.Jjntecrl ocki t t
conpr | Si paTread el HedraRreprBEanal H JMAREPAdPERT SSCRIBIR B sai d
sl eeve st rdusing! @sedbetahdbPiteYreliR! 6H FrictRRiICGBE ekt HUIOR t& prdvaREe siicnt our s
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be
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surface caontagt, area.that Limts relatdve, 25 apgul ar ot ion between said
nozzi e body oty & ffely Fatsd b efhert B bciyse LR Fopdi i may oFGE 1 o1 ng
surfaces deforaMedssomisiy iy Sty ooves and ridges on the mating sleeve and
nozzl e surfaces. Wien seated in a nozzle receptacle, the nechanical | ocking

eng ?g enent bet #é8nP Qtrlé Ng 65‘96§9|€1MM:$% lé@"@?es arlireptional eoa;masge@blwhao y
: . Y : o .
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by a @enveaiig®fefies on frictional engagement between the sleeve and the nozzle body to prevent

rotation of the nozzle within the sleeve.

A prior art nozzle design that employs a mechanical interlock rather than frictional -
engagement to prevent nozzle rotation is described in U.S. Patent No. 4,776,412 to
Thompson. The design employs a specially shaped bit receptacle having circumferentially

30  spaced slots that mate with corresponding spaced nibs formed at the base of the nozzle

body. A specially configured drive tool is employed to seat an externally threaded sleeve



- 4a - socket drive tool to rotate the conbined nozzle and sl eeve assenbly
into and out of seating engagenent within the bit receptacle. The fornation
of a rel aWWQes/5914%r ge nunber of ridges and grooves in the rediwoshsh2623
surfaces between the sleeve and nozzle permt the two conponents of the
nozzl e assenbly to be angul arly displaced at relatively small angular -
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o ovt o SR RAAE 13 S Y e S Bharel 47 hAB P I aprste Coparieg
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directional nozzle assenbly that may be accurately seated in a drill bit at
a desired angul ar position. 20 Anot her object of the present
invention is to provide a nogzl e assel{}fﬁl)f tetﬁl may -5- be adjusted to

di fferent angul ar positions i FRPERRE MEPNR i s retained.in mechanical l y
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present invention is to Eqrow de a directional nozzle assenbly that may be
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the present Inventl
The formation of a relatively large number of ridges and grooves in the mating

20  surfaces between the sleeve and nozzle permit the two components of the nozzle
assembly to be angularly displaced at relatively small angular increments to ensure close
control over the final seated position of the nozzle in the bit receptacle.

The provision of a drive surface area at the nozzle exit end permits the use of a
conventional socket drive tool to seat and retract the nozzle assembly. The mechanical

25  interlock between the nozzle and the surrounding sleeve enables the use of the
conventional drive to rotate the nozzle and sleeve assembly simultaneously.

From the foregoing it will be appreciated that a primary object of the present
invention is to provide 2 directional nozzle assembly that may be accurately seated in a
drill bit at a desired angular position.

30 Another object of the present invention is to provide a nozzle assembly that may
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Fi.gure 2 is a vertical cross-section illustrating a nozzle assenbly of the"
pr esent i@&&g}i on seated within a threaded nozzl e receptacl (azi nadrill bit
body; Fig P 5 view taken al ong the line 3-3 of Fi gurg TGP a1 ng
the exit end of 25 the nozzl e assenbky and bit arrangenent of the present
invention; Figure 4 is a view taken aldng the line 4-4 of Figure 2

il lTustrati . Il 8l 0t LE UGt . ion..of .t he nozzl.e
nssenbl y B iRgEle Ao PO iy hid{ e SBEEN!78 iR ih iRchiidny

Cross- sec]dm_e@bngﬁg_ewehddvmtﬂea{dzﬂg rét?epﬁ_d]'efi ed formof the nozzle asserrbl y of
the present invention. -6- Description of the Preferred Enbodi nents A

drill bit indi céetemothenobiget of the presenhinvegfioneis o psovide golirestionnl mearisped

with diregtd ' f r t ] i.on.  The nozzle
Assonl | ottty udf i B 3GnET B ShndrbuRiardn® SRR LA bORYentoRal T e
drill %it dHoelyool.The drill bit 5 assenbly 10 is connected by a threaded
pin 12 to the bottom of ,a dri stri.ng g,not illustrated) through which

I . .
drilling fl uiddtiaako anphiestofitheprospat inyantign tp prevideariozaleassembly,in whichd by

h . ) . . . e
cont rol 11 3% "ol iy BEFRLRds B et pBor GRLOR A CRB At Dspg
vel | as t & saedlinkinbemnofceRipontts tat kieasimple bad Megdentive kel fablioateand ehiptoyl | ow

velocity. 10 Wth reference to Figure 2, a Freferred formof the

nozzl e gs senbl y\mobjest of the pigsess F&Y@nﬁOﬂ@?ﬁtW@Yldff @dinﬂ?&aé qr&’ﬁ‘é’& aﬁmr@bimgmt y
\ enb| ; ) ; <
e oulth oy afiBrtint ab Bl el eha Bl TOBRER VAGT b ARy BHARE° T

nozzl e ashedhbazlelrbcépiadleldes an axially extending a main nozzle body 15 with
an axially extending central nozzle flow passage 16. The nozzl e body is
construct ed of Anspbjeat gf ther preseahinyertionds topreside & singlnazzlecasgembly design

er osi on-r gsi s e 4 : ; rance end
T hat o2 hPBludiBiPE bitlo préide REdsd dirdheaR T DA I ATERbEAR 2 C0C0
secti ons ingtallationsléibthe Bitewitipnineed fon meechdnidalie caneming, blagingpossthgsvis® has
substgnti a oss-sectional dinensions as the bit flow passage

|1y the same c
14b. e R E“tg’o‘iﬂ}‘d%é@fms AR with an, exit end 18 at which the nozzle
passage termn i ﬁﬂiq el 1y
away fromthe @ﬁ??rgﬁﬁ%gnggts,ng?@?%g\ﬂg?g@%ESPgttgﬁg?é} ?ﬁ@ﬁ%ozz béﬁgagr oduce
a jet floss ethesuwill bamoerx ifitlly uniderstomzizdnd appreciaeeddbyr refirermee tofthd fetloaisigw 13.
The int eraor .surfa’cgi of, the fl.ow passage 16 is configured as desired to
produce a%@BaRgss SRecication g laims) o\ and flow rate through the nozzle. As
illustrated by joint reference to Figures 2 and 4, the external surface of
the main 25 body 15 is of a substantially axially extending cylindrical
formwith axially extendi BrigfiDeseriptiond ofithe Pralgiags 20 f or ned al ong t he
centr sectiog. of the external .nogzzl.e bod urfac The central poytion of
t he n%szI e bodglgfgeFés%é?mﬂé)gakféﬁab"cﬁ%%gﬁ?é“ a‘?ﬁ%ﬂ“’l‘ﬁ@ﬂf‘@ﬁ&?% Y eeve
structur eec{diﬁﬂ&dviﬂ{aairé‘&ibﬁalhﬂzﬂ@_%ss%ﬂantB@PreI&ﬁirﬁ)eﬁ&‘diﬁ structure is
constructed of steel or other suitablé€, easlily nmachinable nmaterial. Wth
the sl eeve 30 Figyre 2ids avertical oresstsectiomiliustrating aowzile assomply efithalprgsentxt endi ng

9r00ves 23w B e Bl ARS8, 1 T eeve

Figure 3 is a view taken along the line 3-3 of Figure 2 illustrating the exit end of

25  the nozzle assembly and bit arrangement of the present invention;
Figure 4 is a view taken along the line 4-4 of Figure 2 illustrating details in the
construction and operation of the nozzle assembly of the present invention; and
Figure 5 is a vertical cross-sectional view illustrating a modified form of the nozzle

assembly of the present invention.



-7- grooves 19 of the nozzle body 15. This engagenent of the respective
grooves and ridges between the nozzl e body and the surrounding sl eeve
provi de a weolamisgal interlock or interference that preventpctivgesiéd e
body 15 from noving angularly relative to the sleeve structure when the
assenbly is installed in the drill bit-@&0. Wile a groove and ridge 5

I nterl ocking configuration between the nozzle and sl eeve conponents has
been expressly descri bedDesdriptidn ofithe Preferrctddimbediatentsny sui t abl e surface

configuration mgy he .enmployed on the external nozzle surface and,on. the
i nternal sl eeve ﬂ?‘ﬁa@ﬂ'g?’!d?éfeﬁps“é\? 2ty H’tn?‘%reaﬁé%ﬁlé’?“ﬁﬁ&?ﬂﬁwe%&‘%en t he
two C0rmonei?éciiomﬁ{iaglﬂlesssiﬂxbfi@sgtﬁsof&pgppéaaﬁmmmm DR RIz3le assenilies 1 bAC €S

will include a rad y itnwardly p ruding internal surface contour 10
on the sl ethreadedlyt engaged swithinetkceivingi receptacleli il thg drillabit dody.d ePhee 5k it

f .t h | d ' fer i nt.er | ocki
surf ace coftssBbi. 145 SRutedfed b & pidaded B8 Bhupl bl BB a el Bk (Retc
nozzl e andiﬂhﬁﬁ!t&i)fﬂﬂ&@%\ which &gy Miads avé §uipplicd tothd bicarm] edtvilie bR @sBidicatedl and

22 are provided with helical threads 25 that are designed to mate with
i nt er nal t by ¢ébgiarrows f13r nEhe nnzzlerassanshiies 14 @rg designed to agnistim gonteelling thel ¢ 14.

mvar ol y cdresting TR oEfs 4 axtihe MEAERE 8 PP HRALA obBRIAL I, 0

29 formed pittdrhof fliddloweardl taé flbhevelutity) € body 15 to prevent rel ative axial
novenent between the sleeve structure and the nozzle body when the nozzle

asselnbl%l ijs i nsWith seference tocFigute 2@ prefeered fprak obthg nowzle masembhighl efithear bi de
Cronery. colretdtlve B iER TSt kAR APIOL Gitio oicleifld PRudPeliifls

section 30framthébitsurfaicsd tHrbgih bitdlowhFasshgd esdtivhs Diacandab edtige difll sthsg 1pzzl e
assenbly fromparticulate natter in the dril]ing fluids, as well  as

pr ot ect i ngThe@0zale aesemblyeky ingludesan axially, extending:2 main nozgla body L with\ae
ffects of .. i L e Ly ' T f
Che’ nosz e Hany hichting deiridf niZa1E AB0 e’ (81 HIER AR AR Sodfinugkoon o€ ©

forns 5 tungbtenicdrbidenbor bihervegitableBard X emsivalresistirit ansteddl. tTiee nold flowody and
t he internal surf%gse of the receptacle 14. The seal 31%18unc ions tqQ prevent

fluid fronPasmesliigs ahinrapseend A1 theh eatsagainglc SRR A fonpe b%wasnﬁwd t he
surroundi n t t i I
Structure Tt AW BRSAES Borivhs 18 MO The Upchidl TORRPIN EUENDR L 16,
reference halts dﬁbgumtﬁly_ihelafmhe&rossbagpémiaé dinrentsid s asfthﬁ bit ﬂpwz%dsm_gbddg. Thei s 30
seen to include Xi a xt.endi ng drjve are at is designed to receive
a socket t B%E%bﬁ}ﬁéa Dreyided witioan Ft o118 & Wi DAk, PaSABC RGNS 2 o
receptqagl e RVARS -8~ | a
convor onh seBE 16EbUEIH BR cxterdl adiely S TR R coltrll BoROBAE foniika™,
area and i omasideof the avyzle tr produdenr jeefowrstraam kimt exitsrthénozzld inehe digecgied nozzl e
body. The dgive area conprises wench flats 33 dispgsed .

ci recunfer @ﬁ%ﬁ@%ﬁa%@ﬁ&%ﬁ?&ﬁ%@ﬁ 9 the dlov Besage 16 i somigyied as desicsditn

sur r oundi Norofuce & EleaifcOmMichal i shd Ao ol WeRzsRge 16, The

dispositio Iguration o ustrat rive area 32 ensures that
Ej_he forces appl A_s;lluktﬁtedl?gcihet_egeﬂmcgmﬁgmb shametmwmrf&eﬁfdmnmd painrical ly
irected, an i formy distribyted about the structure, of, the drive area.

The d gnb%gf Ihis oha wsapeg{yw%s%%@mzncme?qrngBh axially extepdignage to

grooves 19 and ridges 20 formed along the central section of the external nozzle body

surface. The central portion of the nozzle body 15 is surrounded by a composite axially
extending sleeve structure formed of sleeve halves 21 and 22. The sleeve structure is
constructed of steel or other suitable, easily machinable material. With the sleeve
30  structure installed over the nozzle body, axially extending grooves 23 and ridges 24

formed in the internal surface of the sleeve sections 21 and 22 mate with the ridges 20 and
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the relatively brittle, easily fractured tungsten carbide material of the
nozzl e. In use, a trial seating of the assenbly I s perforned
to establl‘lqls P8 le‘wrequi red nozzl e and sl eeve settings. The g%‘%@@?’i@@?i ons
21 and 22 are positioned about the nozzl e body 15, a socket drive wench is
engaged with the drive area 32 and the nozzle assenbly 11 is rotated into

ted ' £ : e 14. The
o ent at | EROSETS ofAEhle ol 15 T efeabtinétt Pk tetold Wb leds o
seating. betavebh the nazzhd Bodysmdithé yurrcunding gkeﬁepkoﬁr'rdgﬂrh&&aﬁiﬁ@lﬁﬁteﬂﬁfne ml;) t ge |
I t tion 1 and 2 | sengage om t.he nozzle bo an
he nozs| ISR B BHeRRRLIOF OIS tHQy (15 HOMUnGY LG HBUArl Teleive e e clsgus r ol © o
produce t eyl Whéh fHeNRSenly R ihsthiddinQhe bR bﬂ?ﬁ)?l Wh?ylgﬁagrt)gge Qx?lcf gppé y 111s

seated in the receptacle. By way of exanple, 1f the orie on of
t he no%z| iteslocking eenfigyration b@wecmthemoszlé andisledve components hasi teeh axpresshylur i ng

the initial trial ting.of the, ly, t le body j s rotated

30" degr eeResebEh: Wil heyueEpOfE 8 s itahl Rifest FORMEREARHARSY BReploredict ur o

and the aghendkateiral hoLle &ufttads 8adI8H thethRrid Sle xf‘ecs%?f‘a@fhﬁ %ﬁsé@?i\%esc“ bed
S Tors 6 hB y an i

adj ust rent between the angul ar positions of t e sl eeve
st ruct ur eangular mpyemend deiwéenrthe ftwoionypeacnsl whea 2he sudfides raess ehgaged. Ihe

desired apngul ar diregction,of the n l.e exjt. The angul di spl acenent

bet ween t# °§ﬁiéaale5“£@w”§{1m@6‘5ﬁém§é t‘PYfﬁ@YZHWH'H&‘“E?g% CHERBLPYr hody 15
is detcer nphg i | 3di GaRfly ' Wyle
grooves and risgg‘éimgtflg¥éﬁgv£§g§%i}ayﬁ%g] gnent S&&??}ﬁgﬂ%&g&?&@g@%%gﬂ&? ment ,
angul ar | neAzleternrodugde an ibtedferjng osintarkocking sarfard cohtavieares thas limitk e¢lative | ar ger
increrrent;lggl? be used%%s desired., Figure 5 illustrates a nodified form of
t he adj us %%fmegt ?WF%&_&“QE_%?\_F“‘%%"' slefY¥&ent i on i ndi cat ed general Iy at
100. The nozzl erhaeseial Murkddl of thesiedd é’ergnfeﬁtstzliang%??h@ﬂxfo%&llﬁ{itlﬁleﬂfdﬁ]eS 2

t hrough 4 but includes centrally disposed, ra ternal [y extendi ng
lip - othreade 2§ thatare desigried to matgawjth interzal threads 2§ foonel diPthe fimrensakfsoe t he

ext erjal f nQzz| 0 115,. Conmponents of the assenply 100 are
i de ntllrS?i e%él%t%%if@ :T}f'ﬁ(}ﬂ%se&éget ﬁi%lﬁ’e ﬁchoﬁ%gip ?’ﬂ%g&e"rmlp edavith Mn unber s
enpl oyed inwatdd¢ extéfdihg fip Gedti ol ' i on

T st rat aao et ip adiioRS 26 sk ehga3e A QB lontlins AniMallerob 28 RAGRI OT 1
of the pritdbeuppessadof the nozslehody 18 ée pravbatdelativeasialimovement between thiel |  be

appr eci at Al ] i si ze, shape, .constr.ugtion. and
opor at 1 orfiaye SithoAl dftdfe SORNARY sphepte RiBuasteril s e i et 1
wi t hout depar t TiRguppeoenddfthexDhgsten carbille h62AEH d@l&ltsheecgﬁ%%a%tﬂ &Y &ftulgen Whi ch
S re fully defined by the follow ng cl ains. 1 ains 1. A nozzl'e

assertll y TgseetionaOithatglasely confemmsde thelintemalsudfaneaof the tecetadle 14¢oMpe risgng: 5
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particulate matter in the drilling fluids, as well as protecting the softer steel of the sleeve

structure from the erosive effects of the drilling fluids emerging from the nozzle end 18.

The base of the nozzle body 15 is surrounded by an elastomeric O-ring seal 31 that forms

25  afluid seal between the external surface of the nozzle body and the internal surface of the

receptacle 14. The seal 31 functions to prevent fluid from entering into the annular area

between the nozzle body and the surrounding receptacle 14 to protect the threads and
external nozzle structure from erosion caused by the flow of drilling fluids.

With joint reference to Figures 2 and 3, the exit end 18 of the nozzle body 15 is

30  seen to include an axially extending drive area that is designed to receive a socket tool

employed to rotate the nozzle into and out of the threaded receptacle 14. The drive area

N



received within an internally threaded receptacle in a drill bit; a nozzle
body separably held within an internal holding surface of said sl eeve
struct urewoas/shimozzl e body having a nozzle flow passage 1(PCTavsssnzi2ag
between an inlet end and an outlet end of said nozzle body whereby fluids
entering said nozzle inlet end are con8ucted through said nozzle flow
passage and exit said nozzle outlet end; and an interl ocki ng nechani cal
struct ure 33 ispadapcbdbiet e engaged dy mozoheentionh) sacict Serenchs (mee dtusgttedy thate f or
fixing said nozzle body, and said, 15 sl|leeve structurg at, different_ angul ar
posi ti ons PRends; auer the driys,arse 3R ‘WP&T’%’M&?’B"%E‘? FTRB e pEsnhtodths ed and
hel d rfechaéygsgéd Yiodle Slf‘ddg.Ct Othe2BiE AfeaP921 ddnfftitedVivirheh TRisd 38 egigRisag! e
said interl 6cking structtre conprising radially inwardly protruding

i nt ernal seinchoferentiatly oands concentricdlly | witly g¢he t sentralu nezzle daxasadi ssurrpundingr di y

depresged ext.ernal surface coptours on Ild nozzle 20 . bo ere sai d

or o1 1 ud ng PR B apEn o resspet 6., the BREH e soR Lo e f nce
contours tiflugtrAed! afvé hreh BRnkres Bkt She forées aﬁgﬁﬁdaw a abélt 4Hod wrédbhtate

rel ati ve angul ar notion between said nozzl e body ‘and sai d sl eeve structure.

25 @mpressive, cendentrigallyalitotted, aanddmifonmadyl distribated about thestructuresefithe nozz| e
fl ow passage is cqnfigured.to direct flui.d fromsaid,nozzle outlet at an
angl'e” ¢ hardtire i dbe AT G (8 (v Ao J aifs BLATeRGHF OB Sreakansor ssmage 1
assenbl y. the reldtivily brittle, ¥aGE PachFE® tiigsteR Sartiie nb@shial Bf (Hedloi1g, furt her
conprising axially fixing interl ocking structure between said sl eeve

structllre and skaiusenatridl geating of the asserably AP iinperformad tosstablishithefequisedl nozzl e

oot 1 ecopiobe b §8E S, TnE MENE kB 11ciheC2 e AORANRe o RRHRAE | "
conpri si NGodft 18)d s6eketdeide Ricne i ieghgad with the divedreh 328 shenctle! sRéenttitgl Of

sai d nozzl e body for the application of rotary torque to said nozzle
assenbl y, Mds eptated into seated engagementaagaingt the restrigtedsarge ok the recepiaclgi14axi s of

passage: aute efekituot feric Bt s Boled R bt roBP sBRBE P o o

sai d d6i venozsleassasiblp isgkiracted rofi the réveptdtle oo sleo@ dfuciiee satibnyPEaM1P2 t Or que
forces applied to said wench produce substantially conpressive forces in
sai d dri vergissngaged from the nozaip/bqdy agd thennzgle bady isrrpinted fewtive to theslegyer ei n

said sl ee < . . i | S
et pucr Serughcas dhduited 16 WOdicd e ested HnBLOridHA{ RV INE AZAE Wi ind
dlefi ned i raségimbl %ﬂ]ﬁ;swhim'th&rmbﬁclle.lmewqf @‘texmtpw,eifdwfmalh exémtagmvuftm Sce_ )
sl eeve section having the_internal, surface contours thaif can _be mat Wt
the ext er MQZzle gxitpassags s 40 rdsgrses ?aputh#dfezv@o prenjatan during the dnitial ‘E’Lafve

angul 3 diggPfsd b ASaREmbIPC «fL §6XFe BEdyHS rBlafed® dlgi€es in the compensating

direction relative to the sleeve structure and the assembly is then rethreaded into the

receptacle. With the described adjustment between the angular positions of the nozzle
body and the sleeve structure, the final position of the seated nozzle will result in the
desired angular direction of the nozzle exit. The angular displacement between the sleeve
25  structure sections 21 and 22 and the nozzle body 15 is determined by the circumferential
spacing between the interlocking grooves and ridges of the assembly components. In a
preferred embodiment, angular increments of 7.5 degrees are employed, however, smaller

or larger increments may be used as desired.
Figure 5 illustrates a modified form of the adjustable nozzle of the present
30 invention indicated generally at 100. The nozzle assembly 100 is similar to the nozzle form
of Figures 2 through 4 but includes centrally disposed, radially internally extending lip



~nozzl e body. 25 7. A nozzl e assenbly as defined in Claim6 wherein said
contours conprise multiple, axially extending, adjacent ridge and groove

formationsw@ ¥ g A nozzle assenbly as defined in d aj gFI’,USPﬂ%L‘%r

conprising axially fixing interlocking_étructure bet ween said sl eeve

structure and said nozzle body for prevénting axial novenent of said nozzle

body rel ative.to i.d sl eeve structure : I S | nga in
said r ecepf%cgpé’? lé@égat engag%aoa?zarngugxé §lé°rﬂ¥\é@§g§ %leegi O?i’etgg ?ﬁieéag?ﬁf% ‘%3&? her
conpri si Ngno2ébddi€l 13! Compdnensiof thetaskexhtily 100\ay ideitified By teferehéechuriteds Of

said nozzle body for the application of rotary torque to said_nozzle

assenbl y, thatdaiey 108 higher Bhanniefersnee aumpersi spployed dBothe ideatifieation ofi s of

o aage: nRbrteRihE ik cYhd VBTGB iR PRI 2ntdlehd, o 10721 S T O

passage; I*rcu sposed exter wrencly surfaces formed on

sai d dr§ ve area Whikiprefdrredembsdimests of therpresentinngntion hasbéenalessitbed dlejein or que
forces applied tq said wwenghggroduce substantially conpressive forces in
sai d dri velnefetail, it wilhlpe appreciated that wariqusichangss indhe fize Shape, constctionnrd ei n

sai d sl eev : ' : [ A .
constructe gp éo-%ﬁﬁén%é%%dr@ car EI é@%?%%&nﬁh@%&@ﬂ P;%}: 2’% zn%dg Q%@so grt‘rg%si
defined i nfromathe sgiritved sdope ofiitlie present imekiiorgwhieh inmocafullytdefiatdibg the

conpri ses lyraljty of axially extending planar surfaces forned on said
nozzl e bodg’@h‘ﬂ“%gﬁﬂnssl eeve structure. 12. A nozzle assenbly as defined in
Claim1 wherein said sleeve 25 structure conprises a two-piece sleeve
section having the internal surface contours that can be mated wth the
external surface contours of said nozzle body at nmultiple relative angul ar
di spositions of the sleeve structure and the 13 nozzl e body. 13. A
nozzl e assenbly as defined in Claim 12 wherein said contours conprise

mul tiple, axially extending, adjacent ridge and groove 5 formations. 14.

A nozzle assenbly for directing and controlling the flow of drilling fluids
exiting froma drill bit, conprising: - . an axially extending
nozzl e body having a fluid inlet at one axial 10 end of said nozzle body
and a fluid outlet at an opposite axial end of said



nozzl e body; an external nozzle body surface extending axially between said
fluid inlet end and said fluid outlet end; a fluid flow passage ‘extendi ng ~
axial ly thwouwssosai d nozzl e body 15 between said inlet endpefghsssisgout! et
end; an axially extending sl eeve structure disposed at |east partially
about said nozzle body in physical coml@et with at' | east a portion of said
external nozzle body surface; and a nechanically interlocking structure

bet ween saiWhat iseladm2d is:structure and said nozzle body for annularly and

axially fixing said nozzle bod nd, said sl eeve_structure . relative to each
ot her at sel ect ad anﬁl@ﬁﬁ?%@hg?r %IF‘&“’Sn&'Srﬂ%k‘? né“‘gt’?%t@lrfb‘mcbﬁpri si ng
ci rcunf er egbinplitig:spaced surfaces extending radially fromsaid sleeve

structure and from said nozzle body. 25 15. A nozzle assenbly for
directing the flasleees stiucture)sdid seave strudtinie having an extprriabthneaded arehdvlkersbyeeve

struct uge, i g sl eeve structuyure havjn ext.ernal . t hr eaded area wher eby
said sl %evéagtsfeﬁ%ﬁ Hruetyrg l%ﬁ‘ffﬂtéggotb(? tiysddqdlireaeivied Witkin an.jlgrglty M“'ﬁa&%

i nternal | yrédepraoldésladeii®nRt acle in a drill bit; a nozzle body separably held
within an internal holding surface 5 of said sleeve structure, said nozzle

body having a nézwzelerhasy sepasably heldwithinian dnteeal kalding suifadecof saidisleent an

outlet end | . Wher e luids enteri.ng,said nozzle inlet
end are corﬁ@&c% e’asg‘idﬁl(ra%éEomn%z@z%%ﬁomﬁﬁg%@lgﬂg bgwqengﬁi‘ée%ﬂ‘gzl e
out | et endandian outleréndafisiig nBBASBOdyCRhereby Ml EersoSRARPRSE-RALIEERd gl d 10
nozzl e, body and sajid sl eeve structure for fixing sald nozzle body and said

sl eevel@t r GRadueted throygh said aprzlefiw passagroandiexisisaid morzle oudetteodpamsh ot her

wher eby sai d hani cal Iy at sel.ected
Anoular pos t 1 oS nferRits HBLAaRE SARLGH AR d BB RRTRGR daddiani 56 ng
mechani cal sle¢vestriictire foi f5i05 fid heiletidyant daid SledlcstietiYe aNdffeRhfamlBfY €

structure 15, conprises radially inwardly protruding internal surtace

cont ours oRCSItGNS relative ta) eaph OHen gvherebysaid pezzimbedys mep\be seetedcand beldhat ar e
recei ved w.thin: ' ' t ernal , surface contours on
sai d nozzﬁgﬂ*oaﬁ‘f?ﬁﬂ%@ei%ﬂgﬁg{@ éééé@ﬁ%ﬁ’;ﬁﬁﬁggﬁdﬁe@&c}eng the flow of fluid

20

froma drill bit, conprising: a sleeve structure, said sleeve structure
havi ng an exterpal threaded area whereby said sleeve structure is adapted

to be threadedl ¥ recdinpade ssemblyasdefingd in Claim lywhergie aaid aozale Spwaessagen a

drill bit;; : Rl n.d.nternal -hol di ng -surface

25 of sailéegl e%?g??ﬁ&é%]ﬁ@éﬁ?;ﬁﬁ%d Oggégy%&%%y%nﬁgw%aﬁ'grqaméar-xu passage
cylindrical axis of said nozzle assembly.

3. A nozzle assembly as defined in Claim 1 wherein said interlocking
mechanical structure disposed between said nozzle body and said sleeve structure
comprises radially inwardly protruding internal surface contours on said internal holding
surface of said sleeve structure that are received within radially inwardly recessed external

surface contours on said nozzle body.

4. A nozzle assembly as de_ﬁned in Claim 1, further comprising axially fixing
interlocking structure between said sleeve structure and said nozzle body for preventing
axial movement of said nozzle body relative to said sleeve structure when said assembly

is engaged in said receptacle.
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extendi.ng between an inlet end and an outlet end of said nozzle body
whereby fluids entering said nozzle inlet end are conducted through said
15 15 nozZ%P&8BPW passage and exit said nozzle outlet end; PERUSA¥E6RDCKi ng
mechani cal structure di sposed between 1iai d nozzl e body and said sl eeve
structure for fixing said nozzle body  ahd said sl eeve structure at

different angular positions relative tg.egach qQther whereby 5 said nozzle

body may be sedted AhPOFAS asserablyas %3%@@1&3* E‘E’thﬁﬂc % positions

wWithin said re ; Ve [ ' L d
PR ool Sy G MR A QR Pl R RN Lo ai o

outlet end of s nozz y the application of rotar
nozzl e as thendpplicationiof rdtarytorqueetn said nogzleassembly, paididsive e mi;mnentxall}e ntral

axi s of sgid assenbly and.1Q jin,surrgundi rel at i.onshi i.th.said nozzle
ow pasedisossdaon 1 esibeksanel Bid ety sl ioBhiRe tepathib bt iai. o

for meds onpgandnevipissagé;emdadapt ed to receive a surrounding drive tool

wher eby torque forces aigﬁl led to said wench produce substantially

conpr essi ve f ociesmfenentiallyl disposed exteszal wrench7surfagesrformed on seidrisive drea
directin he flow of fluid froma,drill bif, cogprising.,.,a sl,eeve

slt ruct :Jr ggéagqu&o §?Vg§i¥9é SB‘EI#I?‘H@P‘& Vﬁ!ﬁ?ﬁ }I’(berﬁﬁl' é’i‘ﬂ‘ﬁ’rﬁg‘fels ?h&%gég 5‘%& rvg\én% er eby
sai d sl eeygdaté Mﬁs%ﬁaﬂysco?ﬂﬁflgisﬁ{é fg&epﬁ.slglar@ﬁggggay 20 received within an

internally threaded recCeptacle in a dri bit; a nozzle body separably held
within an internal holding surface of said sleeve structure, said nozzle

body having a pozzle flo as e endi Q. bet ween _an.inlet end and an
outl et “end or Bard Aoorl BRGTIH A ARisG G TotfRErn Rl oBr i BB N o
end are cenguutRd Jribfeeldid sirll fbz2le boBPhZofsthlctud dTaasaem asldexit said nozzle
outl et end; and an interlocking nechanical structure di sposed between said

nozzl e body and said sleeve structure for fixing said nozzle body and said
16 sl eeve strugture ,at differe an r, pOosHt.ions atjve.to,each ot her
wher eby said nozzl e_%&&ﬁzlﬁa?segé%%git%éhg%dnﬁ' ﬁéﬁ“& ﬂgz‘?y‘;ﬁpcﬁlﬁegﬁ%}oc Boct ed
angul ar pfretianiRalstrabiuby doniprisst o ReARly AT agiallpodendhd Slafar $aifikes fG@ed onf ruct ure
conprises a two-piece sleeve section having an internal surface contour
that can faid Bozzlmbedy andisaidisipeve streaturgl surface contours of said nozzle body

at nultiple relative angul ar dispositions of the sleeve structure and the
nozzl e body. 18. A nozzle assenbly as defined in Claim 17 wherein said

8. A nozzle assembly as defined in Claim 1 wherein said sleeve structure

comprises a two-piece sleeve section having an internal surface contour that can be mated
with the external surface contours of said nozzle body at multiple relative angular

disposition of the sleeve structure and the nozzle body.

9. A nozzle assembly as defined in Claim 8 wherein said contours comprise

multiple, axially extending, adjacent ridge and groove formations.

10. A nozzle assembly as defined-in Claim 2 wherein said interlocking
mechanical structure disposed between said nozzle body and said sleeve structure
comprises radially inwardly protruding internal surface contours on said internal holding
surface of said sleeve structure that are received within radially inwardly recessed external

5  surface contours on said nozzle body.
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contours conprise multiple, axially extending, adjacent ridge and groove 10
formations. 19. A nozzle assenbly for directing the flow of fldid froma
drill bit woesrsmiusi ng: a sleeve structure, said sleeve str uapgésiagsng an
external 15 threaded area whereby said sleeve structure is adapted to be
threadedly received wthin an internakl?s threaded receptacle in a drill
bit; a nozzle body separably held within an internal holding surface of

sai d sl eeve strlict ur A nosde aisemibsly dsadelimedlyin IChalin'®) fisrtleo zoiprising wiiahy fiiag

ext endi ng .between an inlet end apd an outlet end of said ngzzle body 20
wher eby fl‘Bﬁeﬂé‘ﬁ‘é'P&SZ‘P’FHﬁe %‘W&efhiﬁ&g%evr"ﬁ?f&?m@rﬁfﬁéﬂ’é nogAig hody for nrevamiing s ai d
nozzl e fl QiaPADS i@ N i t . | At j

mechani cal struc?ﬁ?‘é?gﬁggg%agje v{ggﬁqéstgis rf!)e?g? gﬂg%lg%q%% sggaggﬁgelgve

st ruct ur e 1§ ergaBed imwpidegceptandzz| e body and said sl eeve structure at

di fferent angul ar positions relative to each other whereby 25 said nozzle
body may be seated and held nechanically at sel ected angul ar positions

within said recept aCAQozzwﬁhs&hﬁpahﬂefﬁx%H%Cﬁﬁﬁh,eﬁﬁ'ilﬁ%&ﬂ?ﬁﬁ%? I's configured
to direct fluid fromsaid nozzle outlet at an angle that diverges 17

froma central admvyeraies exending axially away dromoseid eutlet eadrof said portledudydon sai d

i nterl ocki I e di sposed between said nqzzle body and
sai d si cov o aaR SPowdh fafahetcriall ARRR ShamBNiG P B atth boips srsbmie
surface calisposedsabont & sertral mtieoNaild eémblY Endin'shAdanding dlatfodiskip HiB4S

t are received within radially inwardly recessed external

structgre th
surfac c&ﬁ?%ﬁﬂgwcﬂ?S%kanﬁozzl e body. 20. A nozzle assenbly for directing

the flow of fl W i i, - COMDEI SLNY: cq e a sl eeve
structure, sai 3;5 %F‘fé‘gé\agatgy H%H’f’reg "‘}1‘?\5‘.‘*‘%5"’% nesxhg?eﬁar?igﬁdr 8% f4d diive 2 %her eby
sai d sl eewadapted toaeceive aisarrautdingaltivé toobwhérbyceqst! fvrdes applied do Shill Rirenén
internall¥,$f{1rea ed receptacle,in a dril] bit; a nozzle body separably held
wi t hi n an PFOAUSE fustangp Rressivgdercgy ingaid drive aeede structure, said nozzle
body having a nozzle flow passage 15 extending between an inlet end and an
outl et end of said nozzle body whereby fluids entering said nozzle inlet

end are conductl@d t X noxyle sssenibly agddfined in0Qlaines sa@reimsuld Shséve sticthranzz! e
outl et end; an ierégqefzrl ocki.ng, mechani cal structure di sposed between said

nozzl e bolSnsigted of gteel and saidorzle badwis canstiucied of tungstensatbidee body and sai d
20 sleeve structure at different angul ar positions relative to each other
wher eby said nozzle body may be seated and held nmechanically at sel ected
angul ar positi dfhs wiA hozzleassemble ae defieddn Claith Ihdkesin sfdisBevo@akdudl ow
passage i s confi%ﬁ{led. to.direct flujd fromsaid nozzle qutlet at an angle

that di vePYBRISES §RYorPiceslsexs section haying an intemmal surfzce captoun thay ran besmated| v -

with the external surface contours of said nozzle body at multiple relative angular

disposition of the sleeve structure and the nozzle body.

15. A nozzle assembly as defined in Claim 14 wherein said contours comprise

multiple, axially extending, adjacent ridge and groove formations.
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25 . a drive area extending axially away from said outlet end of
sai d nozzl or the application of rotary torque to said nozzle
assenbl y, "gggg'gé"{’ve area being centrally disposed about a ReHUP¥¥12633 s of
said assenbly and 18 in surroundi ng,&r el ationship with said nozzle flow
passage; and circunferentially di sposed external wench surfaces formed on

said drive areg_adapted (o receiye . a surrounding,.drive too 1er ehy torque
forces applied o sd$8° éﬁieﬂ’%&’}éad%ég‘ﬁﬁgggﬂ?tf‘g"r&/fhegl%‘f%é@%ﬁ%‘ﬁ%es inb5
sai d dri vgxﬁhgﬁong;dﬁllﬁit,%,gi@senbl y for directing the flow of fluid
froma drill Dit, conprising: a sleeve structure, said sleeve structure

havi ng an ext emanakialhoextending aczzle body havinga Buid inletiationd axial end of said nozzlé s
adapted t e thr edl.y. received wthin internal Iy threaded receptacle
"5 ari 1 Boty pdd BTk 4535 ot el i B HERR oK | 1 STNal ol ng
surface of sai @nektefidbnozile bedysuefaceséitehdipzaxiatly bosyeeh axid Mikidinled édd &nd |. oW

passage extendi ng between an inlet end and an outlet end of said nozzle
body 15 méﬂ@b&/owtle&pm; entering said nozzle inlet end are conducted

i or Pocki ng macku oL PP SRERTn AR by Bl AARIBAR Shhfm i . G

sai d sl eevfd aid siid biietfepd; fi xi ng said nozzl e body and said sleeve structure
at different angular positions relative to each other whereby 20 said

nozzl e body maynpsalleextendingiipere stugtuterdisposed atyeast pastizllycabeut saidjnozzie

posi t§{0NS Wi ' ‘ I ' e .fl assage is
Cont i i oo aRyi) Sy §RAE I FRSHBRGE i Rl 1% bBg) sRib AT IR
di verges from anteehinically iserlocking stalctupebawedn saidisldeveastrubir@ sl Mozzind
wherein said sleeve structure conprises a two-piece sleeve section having

an i nt er naedyior arnularly apd edally Sxing s¥d nozzle bedy andisald slgeve strurtursrelativeto sur f ace

contours { : i ple relative angul ar di sposition of
t he sl eevg;cs}"ts(?}h%td&(rgéégﬁ%Q&%M%tgglgpé&body. 19 22. A nozzle assenbly as

defined in Claim21 wherein said contours conprise nultiple, axially
extendi ng, adjacent ridge and groove fornmations.
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