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invention relates to turMWMﬁWWﬁmum | e for downhol e applications such as 1
bor e- hol €°&71 i ng and d ’ us down-hole tools. 5 Conventimpal .

turbines for down-hole use ggpgpal |y conprises a longitudinally extending °
turbine stage away in which the drive fldird passes substantially axially

through a multiplicity of turbine staggrBENEnected in series. Particular

di sadvantages 10 of this %épe of arrangenent include relatively |ow

ef fi ci encfhAURTEBeRke lPYBPEiIPACTBASESST Lt HUERINSE |BEded g tiPT R9Whsi ng

nunber of YL bhpe1$E88¢8ns2R0chN8sC PRSI AR @1di8ngdy raidLd 1,8 achi eve
any useful torqué levels. Typical commercially available turbines of this
type havivigrseughdownadbelef tegdsto 15 200 turbine stages, have a length of
around 20 m and longer. Such a length presents considerable restrictions on
t he use of such turbines in non-rectilinear drilling e.g. directional
drilling €pnvuentonsalbétarbdaest foesidowrt-hywise arserigenamrallydi eompfises vat ur e

of kick-off which.c be used. .. ILL.as in 20 drillin erati.ons.using
coil ed tu%?ﬂalgggéﬂgg lgf ef%&“idé%ée\@ﬁfh’ﬁnceat%a G ey e t@?]ac}&o%a%’f]ev?he
turbi ne t 6gaifepawickel substantiaid v exdisaldnd ditwigleinukEtdpl eelity edf Thi s
inturn gives.rise to substantial, practical praqoblens in the, positioning of
the inj ecFBFPARCaSEROESLEMRECRE T RF i 2 Aibrq Eitodi S99vrRtages
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apbove dl s vant ages and/.a .Pr ool ens. . has no een 1ou fhat a ,
Commact  AREnCPoRige T AR R Eas o o T B BRI M e HUR ohBs Feas ing

i mpul se apdmBeaJ offu thir®d N wWhaigdds i T aIes] dotidi derdlply el Obht réGuired

obtai ned by neans of increasing.the turbine notive flujd energy,transfer
capaci ty PR BSPAFVE a3 MSEHat SHeue fReLE. v T¥P Lo R TBRar 185 Yownhol o

t ur bi nes. avail@bd eDeGr¥Hindfs~ JF0IIFPEype HAEiRF eSENthe NyERET OBE PLOYI des a
turbine suitable for use in dgﬁg;hole drilliqg and the |ike, and conprising
a tubulBr 208stHgPeRE FEaaPsa o YRRITY Pht2AANY #DURt At heRERA- a

rotor conpukhi BY 13hdt2APr et el IdY e Peab) depest W & i glls SoANBHEahsar b3y
of angularly_distributed bl ade neans orientated with drive fluid receiving

face neanSUthef¥sPings g JEierkaqtt Fneakrdr il bing € o waf 4T 8FFEBRREN of

rotation @kithengOledrouiichrs JHRIAldy SXiBbdr PXt €668 NGni ANBEmAR ¥&dfile d
passage neans di sposed nore qr |ess rad|%%%¥ i nwar dl.y of salﬁ rotor, 10
WS ¢ f
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nmeans, Tnerefiisaigd dgwieltiasith Qi ig o veed | thdiRgsBageaseebRgtAEOYhdge W th
outl et nozzl e neans forned and arranged for directing at |east

t _of
drive fluldPEACE ST TRBHE SR AR IRTIPFRTE F‘é‘t‘:eFVFanFaE@geég‘gga{"gtﬁOade

15 means theversSa lsdd tFrd exdaitchd Ol edrtiPahéhPdregt 2 yddr | ¥BikOigaicdrn
rotor, the other being prqovide with exhaust aperture neans for exhausting
drive fluldVEomltife tYurbibrtamriderRgtifrl t RFePhemRadtakbsl urality,

advant age@isgliltichify td P tied tih & Sai det 4rbineamwheeheBARS EboRe@S@thel N an

array of_parallel 20 turbine wheels extending |ongitudinally along the

cent r al 2¥ b5 IGHO%xi s of the turbine with respective parallel drive fluid
supply jets. Instead of, or in addition to providing a said inner or outer

drive fluid passage for exhausting of drive fluid fromthe chanber, there
coul d be 6Fb9#ﬂéﬂlé%ﬁaﬂg§ of the present invention to avoid or minimise

one or more of the above disadvantages and/or problems.

30 It has now been found that a compact, high torgue, turbine can
be achieved by means of a combined impulse and drag turbine in
which increased turbine drive output is obtained by means of
increasing the turbine motive fluid energy transfer capacity

in parallel rather than in series as with conventional
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35 downhole turbines.



_ 25 apertures in axial end wall neans of chamber, though such an ar r anpe ment 20
woul d generally be less preferred due to the dlfflcultles in manufacture

and seal i BY233Fh yet another variant of the present invention, both the

drive fluid supply and exhaust passage neans coul d be provided in the

~ casing 30 (i.e. radially outwardly of therotor) with drive fluid entering

the chambehel pe@sehe SWRRINE RHS THAR s O2ALLbIREANSu ] CablBaLby! 18l YRHDI NE
bl ade neans and drive them forward, and then exhausting fromthe_chanber

via out| eflospehedresirdddaing |and gdheed ikoman@ ¢RERYT &S FBana tubulaéwnstream
35 direct n t AR

t he preseﬁggﬁﬁ e%?ﬁ&?% ?égéy%hl ggégéggggoe%é§8£;g¢§%65283
opposed tmoamrabpmnnmﬂungtﬁuaheaétrune\nuﬁblmd %beag megrd betheen
radi al |y (o] 0 i al C ns t dr
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it is poswuhhedmmméIﬁluxdiruuexnxngcfapnamgammctheseog fhelngngaemaﬂmy
(number and/or ext.end of zzl es. (lon |tud|na lor ang of the
Lurbi ne) BEBURRIIShe b et iR o b afafkeh 38 khecrbeRr

t her IelofI (]Ea?mglat f@@nwdlﬂlfra}hgﬂ]ﬁﬂ é)tlféndrf]tﬁig EilgﬂeﬁodﬁﬁvtﬁOfﬂ.ﬂiﬁ]?fp&Qshb% )
parall e ow of_.notive fluid throu t i pe, out. suffering the
severe | 02830SefdsRAseEd cF%ﬁ?fP?xﬁﬁé%1 ?é%ﬁil | $Rvardl¥ Py FRASS T4 ri si ng

axi al | y1eexlagedicas itng Hdiei v epdnard By £ki8ETY abkyefQNAGCHEE 2P BakieNg
turbine bl ade sets. 15 The turbine of the_present invention also has sone

si gnifi car#tl%é%?tsﬁgf&e RRANHO R vf Fabil atBARHt 2REt BREerndrAYe ifludsh use
rel ativel yaWssGRiss }:@1@&4 Orpz.E@th’.S&ec@rwhi/ﬁqfé\k'tﬂétsﬂébzﬁé MREAsOkchae Reryi |y
wei ghted drilling nmuds e.g. hjgh density 20 drllllng nmuds weighted with
bent oni t e 3% é?r\ﬂﬂEﬁF%&%gr%hu1?%%t PRP eREnpEedriye §H&Pﬂbwqmqy1
pressure WRlile b1 hadsNeF {8t £ PIVANE 8881 0YRE €QB¥8NHIs0RAl o Wikigees for
down-hol e use is that the nptors of the present invention are 25

subst ant? 93RS HFART TR rs 2l i Herz bat peans of ghe 1 TBIER 1RFe K ot akvh glnineo to
account a@él%@crotbﬁxestﬂ@'&EhéTPYb@fnéeﬁf'b{rﬁgefQEtﬁ chl’l%ﬂsl%r agldrtRire
application). 2%lcally a conventional turbine naé have a | ength of the
order of Means Jemediausuing sdrive ohpatabfEonuEbensugbinge preafarably
'”Ve”t'(”16ME“6%£¥QJH§W§a§-éﬁnﬁiur91199|Ya§v59t3g68hgﬁ§ erm%r%ﬂﬂlfﬂiéyﬂrnﬂ
torque. Yet another advantage that nmay _be nentioned iS that the rel atively
hi gh over 8% sid Gwikinefwheehi neansidigeoppdsént ans arFeynifopaaldl t he
use of Soradur&yind %é@lé‘”@i@éﬁdiﬂéblBﬁ%lEﬂéﬂnﬁiiyp"a@éh%U%Hé Resit oSS bl e.

Wt h conventional downhol e turbines e so called "slot | osses" which
occur due BYyational axis of the turbine with respective parallel drive

(as

fluid supply jets. Instead of, or in addition to providing a
said inner or outer drive fluid passage for exhausting of
drive fluid from the chamber, there could be provided exhaust

25 apertures in axial end wall means of chamber, though such an
arrangement would generally be less preferred due to the
difficulties in manufacture and sealing. In yet another
variant of the present invention, both the drive f£luid supply
and exhaust passage means could be provided in the casing

30 (i.e. radially outwardly of the rotor) with drive fluid
entering the chamber from the supply passage via nozzle means
to impact the turbine blade means and drive them forward, and
then exhausting from the chamber via outlet apertures
angularly spaced from the nozzle means in a downstream

35 direction, into the exhaust passages.

Thus essentially the turbine of the present invention is of a
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turbi ne bl ades and the casing due to the need for a finite clearance

t her ebet WwB¥®3*becone proportionately greater with reduced turbine dianeter.
In practice this results in a mnimum5 effective dianmeter for a

- conventional turbine of the order of arogd 10 cm Wth the increased

overal | ethidgeh@nqusolo dairdy nesi Hf ) tAEowreselte IWVERth8RiLE B2GYEES
practical significantly to reduce the turbine dianeter, possibly as | ow as

3 cm 10 PgiBgemopiesk é?er%aer* Frafdirline(anvepresrd t e %&%éﬂ}ééﬁﬁeéeﬁ]eans
serves to ?HEIE' ofsﬁ%lﬁﬂéfecé'dﬁﬁré hde d 5 Ph oS WEE GRARS Via nozzle

nmeans, prefterably forned and arranged so as to project a drive fluid jet
general ly tangentially of the 15 turbine wheel neans, and the inner passage

ToANS SO UERCLA LN AL TUE L T O | hEC CLRIDBLGM L Dt e e

passage neans con ei ng or ned Cén por on “of "t A& r ot or.
| n anot hepofksiiinlef ndadmﬂynﬂm|xncrémsermqu@asbﬁgﬂnonea31ng thednbazdeppl y
the drive f/l ui to blade ne

N de T n%e ﬁ 9 engi L anul tur /ne
hhoe! | meaRutBh (AR AFRNS: TOMGSE &P 88; 21 88N E Shot cRRTHAT 1yt 4h /Ky
arranged bngpﬂqmmy df(ﬂheﬁtdibdmb]eét@pran@rthesbladdlahbacauywaHWMbefwm
t he bl ade S ive flu d recejvi face nted
obliquelyogF%QQ4%ﬁ%ﬂaﬁﬁ§ s ot %gr g ﬁ%?%é ?B?gé ving force
conponernd tagbife ) eitd)rrmdn% womcsfeﬂséaane parfL1s8ti atLewt bezr fokdiled be

used j ust single no means. . Gener al t hough there |s used a plurality
of angulaﬁﬁy' zEW%bH%%n§wbtﬁgu§ S%gg?rﬁngtt??oseY?GeOAQﬁ??R)

interval s enﬁ:@w&@tﬂé&lwltﬁ Nediiget Bbeal edul i s ehgbheurByaBEi @omprisinezzl e
nmeans are ef ab ﬁ formed and arranged_to direct drive fluid

substantl sndine epEhine vieehe2brave ﬂﬁaﬁgrbéﬁﬁy sernegFed

i nstead beg éygdﬂﬁgjﬂdtﬁhﬁgealgaeogetgsser extent radially inwardly or
outwardlg of a 35 tangential direction e.g. at an angle from +5 (outwardly)
n

to -20 wardly), preferably O to -10, relative to the tangenti al
directi onrhe Ruddire G 2002 R99E38RE 1§Véﬁtm@heglaeongst B%mteorsq%ﬁflém

not or may be increased by increasing the notive fluid energ% transfer
capaci ty GAVEREadRDINET iPOphFLYeeflisphacanepbnmebpasi tf shathd tt @5 ne

my 5 be @ Q@Sl%phlbyeh?tﬂs@éug LRQr gasi Aankheqangul gnuedertud ddnore
nozzle neans .in terns the size of individual nozzl e neans around the

casi ng, a¥ dessy herrehei vglvhtefofgLLldraalnudst 8nd - oP1gke AFEAYY means in

terms obo l@naitiyl nakdy wxigneed ﬁﬂéhobehﬁﬁ»h%éeérnba’@?f e sOf WHARG tasdd nal |y
di stributed nozzle 10 neans. In general though the outlet size of
i ndi vi dualteByized, for example, for shallow high pressure wells.

Another important advantage over conventional turbines for
down-hole use is that the motors of the present invention are

25 substantially shorter for a given output torque (even when
taking into account any gear boxes which may be reguired for a
given practical application). Typically a conventional
turbine may have a length of the order of 15 to 20 meters,
whilst a comparable turbine of the present invention would

30 have a length of only 2 to 3 meters for a similar output

torque.

Yet another advantage that may be mentioned is that the

relatively high overall efficiency of turbines of the present
35 invention allows the use of smaller size (diameter) turbines

than has previously been possible. With conventional down-

hole turbines, the so called “slot losses” which occur due to
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. means should be restricted, in generally known manner, so as to prno%/ngg %1 2

relative high speed jet flow The jet flow velocity is generally around

‘twi ce theP¥%3I&ar velocity of the turbine (at the fluid jet flow receiving

bI ade portion) (see 15 for exarrpl e standard text books such as

- "Fundamental s of Fluid Mechanics" by Bruge R Miunson et al published by John
Wley & Sa&avtemf)lulﬁyme%@&a@é Bithieeh ZHL% 156 o f 8ck8) t¢HBIREEH] hHER 38, Pf

the invention there would be used a nozzle dianmeter_ of the order of from

0.1 to 0. %he galsdag( @u%ttq)tdleegle@é faxp arhfélrsﬂz% eleanan@eade neans

i ncl udi ng :{]&&1 i a means
and/ or thgh%lf% etrt'“%;ék’laongl tudaoﬁg# I s )g% %%Pn‘é%ﬁtsf J:ea}lﬁggeneral |y
be natchedtutrbmleaﬁlaflnettm: nozhi epnmansce mhierae$y1125 iheabhadémmmans and
support gh for d arran ed 80 hat .unsupppyted_l.ength of
bl ade negaﬁgf gt \R?é’gn AMS g ocl%eass(fo upjporﬁ‘_flg1 3 hﬁ‘?ﬁ?nﬁ)gegﬁﬁhgrgﬁg#
possi bi | i ayouhdlaforamat i cmuﬁ tHe hlateasednsvéyalbeefivtehbyi df) ehia ng
there ontg i s .mnim ﬁ%{ﬁ and in order that the thickness of 30 the bl ade
rmans val EUZREP e 46 diin SRPS e SRYRRTIOR DhoUPSPRGSPERFFD Pk

i ndi vi duals ikinddd omRailyy Ry wddeedechv@rtethihdodfaméber mposeibest agf 1w

i ncreased nunber isinrelation to snoothing the driving force provided by
t he turbi & PFé‘Terany there is used a multiplicity of nore or 35 | ess

cl osel yigpaced angul arly distributed bl ade neans, conveniently at |east 6
or 8, advantageously at least 9 or 12 angul arl d| stributed bl ade neans.

p g p E Coerepo@refimrres tEqFm of) %ebbn‘éﬁbgéEPaFEB PHEETVRASSRIS or s

of bl ade pRaS EHRES UsS Gy ther&rivy Peuvgedomehe ehrbese Wr@ar
bl ade neans. Preferably though there is used a bl ade neans havin

concave dfMepEs [Viiad rf%?e#@nm@a%ceprgﬁ%alalm A8EMRdaARdbBFEGNE éﬁ‘ﬂ é\ﬁ ly

referred 4Q Rrejdad t£radsv@ PLUEKE! jSBaGenathE1hUCKkBLARARS 1FR% fNAYR
various forns of profile, and may_have open sides (at each |ongitudi nal end

t her eof I3 tagiRidie ethesl tprangckad the HRANGENRAEPRYSPHELANSY SEXYSSC 410
channel S%éﬂaﬁfstlQiﬁxﬁé'fﬁli&hff&nn@bfeb@héﬂbaﬁd &,&em (AN ﬁ%'ecia'patsl&ag@

section). Various forns of blade sug port neans may be used I n accordance
with the presfEhtConNanteRnly Thesng f beregdnphea Fﬁ@t§|§|§p§9tftﬁ=9§h§fr’r§)h€be in

the form gfp@0eneraldyoanay! %rﬁtéﬂCEHéelﬂbEHtlén' eRgl §udishallas spaced
apart portions between which the bl ade neans extend. Alternatively there

may -be udtRPLS cdiehtyegd sk pevpphenbee, debHeehiledd] Foi Plade Meansomapunted

provi di g dd& 'g%‘r?éréjiiyeaxflﬂulﬂérp@é?ﬁﬂﬁe”ﬁﬁ@%ﬂ. WebhseXhanst raRerddd £ he
therein throu 8 whi ch used drive fluid fromthe chanber is 20 exhausted,

the centrdo dreanenbee HeneRaltedfarnedoanfaParRnges) &6t FPIaRE aXi al | v

spaced apaiiivd a#Mesd et I NIBESoRCILES YARGA1TNC Rk dTRANSR] & dIPRL4&d.
Al ternatively the blade nmeans may have root portions connected directly to

t he centrdreappdrivechbeid pecehgingr bpaes Wil fens doche ofi@ntemh may
typically J@i&/ lﬂé?i fra'nflaaﬂaﬁDé?ﬁéceiohh%o%%eﬁ:o%r%vqwe 0 P00 for

exanpl e, from to 000, rpm In order to incréase torque they are
pr ef er aBf ydm@enw f%rg@afﬁomsenﬁa‘angs the3d efe ABPdnasite U@ Iy i uERCE gear
box means providing at least 51, preferably at |least 10:1, speed
reduction. Conveniently there is used a serially inter connect ed array of
epi cyclic @éa@rbéﬁaa}sl%a‘éhehavpﬁglé Q@aﬂﬁﬁé Jasito sofsied omngz g Beans o

4.1, for g X Cc 052 provi de
an over aII ratio %¥ gﬂ%ugﬁ gﬁgr@gbtfﬂ keerae i useg‘lq;r? szfllc%{%%]g%r box
with typi cdls$yribeuted poande mﬁaabssermuntZed 3 o & attatligly, cdg®°sapp8Pf used
to prOVBG ﬁ@e?&éf&? gééﬁgckgvely. In the preferred form of the

invention, the nozzle means are preferably formed and arranged
to direct drive fluid substantially tangentially relative to
the blade means path, but may instead be inclined to a greater
or lesser extent radially inwardly or outwardly of a

35 tangential direction e.g. at an angle from +5° (outwardly) to
-20° (inwardly), preferably 0° to -10°, relative to the

tangential direction.



: _ _ Eg DEC 2002
P09233PC p g D E C 200 the sane sense as the input drive to the sun wheel,

usual Iy cl ockwi se, so that the output drive is also clockw se. Preferably
there is B¥&d™a ruggedi sed gear box neans with a substantially seal ed
boundary | ubrication system 5 advantageously with a pressure equalisation
systemfor mnimzing ingress of drilling-mud or other material fromthe
borehole into the gear box interior. In a further aspect the present

i nvention provides a turbine 10 drive systemsuitable for use in_downhole
drilling ARdNPRE] ROV HhE g qfeddie AMREQTIPRYIELD! 1RFECRA9ENPY on

drivingly;pepaached hfindgast ARG d %&fgﬁﬂ OERAOPEr LApYEL L FNGENEReaSPECT
the present 1 nvention provides a bottom hol'e assenbly conpri sing at | east
one tur bi ferbinehe limwanaldells d}heyid:gilwemd;m@:éwwf atheoturpineematyl y
via at |egst ;@ %era%%%?' IRAPR 14 i'x{‘cxaeééiﬁég.éﬂét&gér?;u??{’e%}ct&ﬂ@ Bgesent
I nventi on provides a dril I'ing apparatus conprising a | string,

pr ef er abl yheomprzizdiengnezoid eich tudrinmey,ofanctha wbz¢ oof hbhdiusdeabl yoeklehe 20

i i on_wherein th | ' drill bit.  Furth ferred..
foat ur es BRATRATRRAGLL e e o WY 1 pheattpdckePhEoRat Fiding®

det ai | ed eesentpiaforclgs weredie winarsd Axatgtes ob £ sborgprefiénatllyeskodniendt s

illustrated with,25 ref to th ' ] N ich: Fig.1
5 SchemmEre/ S dEAARSD PGB ST Lo HIOh Lk SLBPEsbRF PR ffigeLe]
appar at 106 mélainfa .a tIH el wehaugi ethofolihbepr €5gat ofnyadi r98ihaki goZ2zile a

| ongi tudi nal section of part of, the downhole drjye 30 system of the
appar at us "GP &&‘P"s‘ffg\ﬁggr‘?ﬁfer%ﬁt?#m Jt%r%?‘h%r%{') r KBRVRSMPRBRE) n SO as

(i ncl udi ng FighRA A £ hrd Ba t8i ¥ HEHE S S@CHEONE Vbl heThdr BeBe £uBit ) but
with bearing and seal details omtted for greater_clarity); and Fig.2Bis a
detail vi&® Yhgh§ IRERSFAELY | P ERA WEEHCR hERS51ipERE XRAOFA&¥r OfultHiene

units; Fi gu¥dihed R die SEOIiONRsk Sf 6w ek 8¥aiV9Ag0b1bAe pBI-RiBANt (ke he
turbine rotor without the bucket neans; 0 9 D E C_ 2002 .

5 for example standard text books such as “Fundamentals of Fluid
Mechanics” by Bruce R Munson et al published by John Wiley &
Sons Inc). Typically, with a 3.125 inch (8 cm) diameter
turbine of the invention there would be used a nozzle diameter
of the order of from 0.1 to 0.35 inches (0.25 to 0.89 cm).

20
The size of the blade means including in particular the
longitudinal extent of individual blade means and/or the
number of longitudinally distributed blade means, will
generally be matched to that of the nozzle means. Preferably

25 the blade means and support therefor are formed and arranged
so that the unsupported length of blade means between axially
successive supports is minimised whereby the possibility of
deformation of the blade means by the drive fluid jetting
there onto is minimised, and in order that the thickness of

30 the blade means walls may be minimised. The number of
angularly distributed individual blade means may also be
varied, though the main effect of an increased number is in
relation to smoothing the driving force provided by the
turbine. Preferably there is used a multiplicity of more or

35 less closely spaced angularly distributed blade means,
conveniently at least 6 or 8, advantageously at least 9 or 12

angularly distributed blade means.



. P09233PC Figs 4 and 5 are transverse sections of the rotor of Figp® (eg 2002
with the bucket neans in place; Fig.6 is a transverse section of an

‘epi cycl i cPyeRaPc systemused in the apparatus of fig.l; and 5 Fig,7 is a
transverse section simlar to Fig.2A on an enlarged scal e show ng an

» alternative formof turbine configuratiag- Fig.1l shows the downhol e end of

a borehole drilling apparatus drill string conprising a botton hole
assenbly 1 connected to 10 a coiled tubing drilling pipe 2. The princi pal
parts of ZhewdddemBisp bexedpracigtRsd that oppsieus, farmappérbladbi means a

| ower turhi pp I b Lhg 8,
Dot t om 6B 5% SR RN riay g QRS tRBE: 08 Torf PRARRRIHINE
upper turpepass cdnafiegedlan tihuglt dthessi g dded nawblafiei sefingetinyimgurt ed

a statore 12 having a generally | ozenge-sectjon_ outer okLile 13 defi,ni ng
Nt the SoPERY Gy Tl St T el B RLRGR ebis! Brifien
drive fl ucdnsepdentias sagea ried tterehsdivefiteAtag he bhokkw meaesd 1Thef
each passage.14 is provided a conduit 16_20 proyiding.a drive fluid supply
roos! B3 BikCHEE: el dia (A AT | §O0RS Oty PR fea BRorrie TeiAmpe,
ig defi ne@;ﬂ@? EEGE E(ltatr aeH rILf:‘dr(tﬁilﬁMtitl)ﬁ’ﬂ?]i Seﬁi(ﬂsﬁlgéggog)r.o_t anir%niEmﬁL&ot ;)r
is nounted_ rotata vi a_sui tabl e bushi ngs ap earjngs (not shown
at end po eo&?%kﬁ%ﬂ.%%ﬁ(ﬂﬁrﬂ%ﬂ%ﬁﬁl¥ﬂugﬁﬁﬁl?Yﬁ$nééﬁﬁaén8h329?§ SectRen
stator R pro¥ iSkoOWwH It ingsy d Of Srmddef ¥ 6h Of v 18n@PIBAL S€EbanbUkl-dion) .
central nmenber 24 which is closed at the upper end portion 20 and, between
the end portions 20,21, has a series of spaced apart radially 30 inwardly
slotted 2%yflidREesrodbnd b S Sudp 5Ll vesRYNHEY B¥! LBdH Al alReatte
(see Figs 4 & 5) extending Jongitudinally of the rotor, Flg.4 is a
transver s#id&cthheh RERSRRh YeRirERN 26 WRReh S0ppBKeEPLRe bASe sPPgitdes of
the tubes p2bdde{fAtbe Hil- thed SErrh ' @SY 65S8Re8E 1, 0AnALI hRe skt uk R RAtMeen

35 successive flanges 26 and shows a series of angularly spaced exhaust

aper t ur 5 120 adtustidiakl ¥ atvageq apabs dP9r Ehepagheteen whbghatheemlagde
nmenber 24dé&ﬁ%‘%¥ﬁéﬁé.aXAf%efﬁéﬁfbé%%'gherQ ﬂagE e 12eB09233R¢ ra1 9exhaust

passage 29. Between the fl anges 26, e tubes 27 are cut-away to provide

angul ar | y SRt SRiteser¢eaveniertiyi teurhe Enamnel aed&tiben BraKaHns0

form ng, ivhefifififd) S S&E1 £BuLh ;&é‘é@é@é MESRLS W9Rh BRALIRE %?@ﬂres
supporting 5 flanges 26. The buckets 30 are oriented so that their concave

inner dri vderein theergh ighickeedsed dnéecahtnie berm sheashambamdsl y of
the norofleglpEdvdse Ghé e&éﬁ@f‘aﬁsﬁ%ﬁé‘ftoﬁeﬁi)eﬁrhﬁab‘ih@ RRJighary, 19 in use
of the turbine. The buckets 30 are di sposed substantially clear of the
central tthwardenbrroiecbing crdaexialle srared apainred kamgasnyyan fl ow
freely outrfgde bupksssyRPcRNEneveNLYa! h¥aflt a0 thpphalst apertures
28. Wth the rotor 19 being enclosed by the stator 12 it wi |l be

appr eci at d- ievaat iveldi fhentiade neeangpupyehaye viond Pordd aplqemedted

bucket:%)dﬁfég%i% Qgpgﬁétg?ﬁtpﬁzzggpﬁgrgymgmbgg_15 of drive fluid energing

therefrom other buckets w al so receive-a "drag" driving force fromthe

rotatin§5flow10f drive fluid around the interior of the chanber 18 before
L 1S exhagnd o, b AaLBCo £XPAUSHy BRERE UL BFeR818A0 R3S W34A A1 ahe T Ot Of
19 of the upper_turbine 4 is drivingly connected vila a“hexagonal coupling
32 to the nomerl ofuphéng ogeeedar BEnghs efidel of SulPHlarhd AI WP nifer to

t he upper 4¢ £Snl r hvi cenn ia i dpber and
| ower geafg 0 éESB,7§§ﬂdséap?agpe§égggri%%?%33?%2?’ to%% élggﬁtoﬁgsub 9
whi ch 25 Hesrawentedyt Aveepnefedebly bisedl@iths asidowdbdxn Means. t hEngear

57 “ana®d Flefet CPhEYE by KECHMER" qRat DUR R Wity sihind AL TRGEET
drive in thel sapeeflereblyoataieabe di0réct ispeedt meghuattiiom ofCdnreenli énvehysun
wheel 36. there is used a serially interconnected array of epicyclic
gear boxes each having a gearing ratio of the order of 3:1 to
4:1, for example 2 gear boxes each having a ratio of 3:1 would
35 provide an overall ratio of 9:1. Preferably there is used an
epicyclic gear box with typically 3 or 4 planet wheels mounted

in a rotating cage support used to provide an output drive in



. 30 In use of the apparatus, the notive fluid enters the top sub P &BEC 2002
passes down into the sem -annul ar supply passages 14 of the upper turbine 4
bet ween t B¥2B8t er casing 11 and stator 12 thereof, whence it is jetted via
the nozzles 17 into the 35 chanber 18 in which the rotor 19 is nmounted so
as to inpact in the buckets 30 thereof. The notive fluid is exhausted out
of the chamher iR W ddaLdsingiPerdri$s &8 dounstiie real! ahsud1$ D E C
2002 P09233PC - -10Oexhaust passage 29 inside the centraT’ r ot or meﬁlber 24
until it rdacked sehe sovidratertdhe ntnist cdfivagbgedlsn checkeiagonal
coupling ri_viqngl t. i ‘ S 4p. . t.he
rotor 19 0O tf%éj al\ﬂc}%rt}i’feﬁ‘?%ﬁﬁ% Lgé.&rh%a %?%#%&%%%ﬁ gg%ggggg 1?1% Pél Flﬁ%fgluta{/]vards
out of apenbstentd2d jy cealsel ivoumdaie xkhgonatatbopl sygtéld, of the | ower

t ur bi ne n%\yth ngpassef al otr}? i nto thl? seni -gjinglﬁr sugg% %a sages 14 of

t he | ower Y B et b T 12 BUTE? IE:%S?% 1°3h4°%¢ Y812 "Pher eof to
d_r: ?/ebt herdimdﬂ_fizl:i.lﬂ(’idi)ij[r']t&_;ﬁeéh@ c}sﬂedﬁfmpizggyma_a bh;a?unagrmFUégﬁ_ae Foh tHe

Wi e appreci ated that the lower turbine,is effectively driven in series
with the E’E’ﬁé%otqtﬁ i Ell?ﬁsg?%rm’tarﬁ%gWE%ngreffecti ve and efficient given
the highly efficient "parallel” driving within each of the upper and | ower

turbines. The drilling nud notive fluid exhausted from 15 the | ower turbine
then passd® & FvFtd¥s rafP el stiyR PEST Rt HGVERF SOBNPERELAREeA SUTiR%e
gear boyehve ALt OM S De IFMR0SEe UPRCHORAHOEX! aed&;&h?owa tthes
interior of the bearing pack 8, to enmerge at the drill bit I0 in the usual
way. 20 WiFea COmpfiies g ithel edFt @BeshB®R1iPA PRetBPaWPNGREIO abl e for
use in a 3425 deh dShrddcdhapst &F Pahtemhel ecassenl! Yeahthoa drive fluid
supply pressure of 70 kg/cnR there may be obtained an output torque of the
order of Z»n 5’% RN SO0BSPPRT Ve horesentr Anvengaari RFoFIMes: 1fe ko teleom
then be OM@%%&L@I‘;{OH&M&%&U&OE&E@ BheeEyPhiBeMfy tife AARLAPIDN

Wth a systemas illustrated_there can_be obtained an output torque of the
order ofd Anvinglatconmeebadwhpcd Feotonpariprabit Nighatpdepsttnemite of a
simlarly ﬂml@ygggﬁggal Mbi neau notor or conventional downhol e turbine
having a dianeter of 4 30 3/4" (12 c and 50 ft (15.24 m length. It wll

be apprecil éd g%kl vERTBRSY ndEPEFEatRenBrREFNSe IRNEELLON X AR/ X cri bed

enbodi Mmentepy 34 1 1R o oRAE LLROCLROM LIRgSE0Rg 91 Lhe iRkes hloddpeanity on. Thus
for exanple the profifes 35 of the buckets 30 and their orientation, and
t he confi (iAERYFLRGAICOr1edt hubbRYof anfeanbpiten hplengpserblie obditeed so

as to | Byl it herensycab tBE1t UbhipSaes & Bra1E §i3002 PO923IRC - 11C

1. A turbine (4) suita or use In ng and the like, and
conprising a tubular casing (11) enclosing a 5 chanber (18) having

rotatably \pviEd SREEEFPed ERLOLrELhnBONBIBItAYcR! Jfeate AR A PHRE

wheel neans (30a) wth _an annular array of angularly distributed blade
nmeans (30)Wbk} capread hrem gheyéotlgwangedeteildgd Rarsl B g iy eer RBf

facing gengraldy é)@%ﬁﬁé@éﬁbf QB_mél Fg%‘ﬁ%ﬁ:@e@ﬂ RBlo et & C.’LtlaiH&.r}:é@e&fwiBﬁ

rotor (19), "and a general ly axi a extendi ng inner drive ul d passage

means ( 29)refereneeyteathsl pgcompanyiipgotireaiiagrsotior Whigdh: sai d casing (11)
b e L A e et
of a drilling apparatus with a turbine drive system of the
present invention;
Fig.2 is a longitudinal section of part of the downhole drive
30 system of the apparatus of Fig.l showing one of the turbine
power units therein (including Fig.2A which is a transverse
section of the turbine unit) but with bearing and seal details
omitted for greater clarity); and
Fig.2B is a detail view showing the connection between the
35 upper and lower turbine units;
Fig.3 is a partly sectioned side elevation of the main part of

the turbine rotor without the bucket means;



. 15 with outlet nozzle neans (17) forned and arranged for directing9abDEC €862t
one jet of drive fluid onto said blade neans drive fluid receiving faces
(31) as sBi%83Bt ade neans (30) traverse said nozzle nmeans (17) for inparting
rotary drive to said rotor (19), the other being provided with 20 exhaust
aperture neans (28) for exhausting drivegluid fromthe turbine (4). 2. A

turbine (#)qgas 4Claaidmedaid ¢hrandyhrheraidt sl & dr?@sév%t%‘fséf'\r,ﬁi893"‘ﬂﬁ%'

means (30a) coggl Ises an array of parallel 25 turbine ich array
ext ends | wAght fdienduckesl megnshdnc@itacs: rot ati onal axi s of the turbine
(4), and pher el Qse%C*Er%@,v%frs%a's%éeir&l”c?f"ﬁ}?eé;ﬁ é%of% Psé S'céfneﬂs
therewith a~“respective said outlet nozzle nean J( rec 'ng a Feast
one jet ofinditiree afpipaire tawst @fsa':ll@ l;adndreans drive flui d 30 receiving faces

et o n SBeH dard tufSRREVEES SEStAChARBELEE B Y 1A CaPt ARG DL BFARF y

of angul aslcyld wmwdmmﬂmdmrvaIEMIm tupbitial ¢bNf Ofusatiehs of
drive fluid onto said blade neans drive fluid receiving faces (31) of said
t ur bi ne wheel (30a). p 9 DE 0O 20D2 P09233PC -12 4. A turbine (4) as

clained i rigny RWH tHeaid®mmhdie %rymeusﬁlél BeEdhsBE ddt UL DiAg a@ggkaea@a)

has at |east, _6 turbine bl ades ,(30). 5. Aturbine (4)_as clained in any
one of cl erﬁél 1%9?%%%?@“@%%—5!%%&?%‘?‘?@“&“&%%@% kuvé gopaected to

cylindrigcal cdianieltuifield drianak @1%& . Arharprigc{dala aghal Bedtha any
one of clains 1 to 5 wherein said turbine wheel neans (30a) conprises a
series of ag8ealyY dpdd&d dgnrardatdi & | YeRuTWAr 3t yaRXERRET n uFEF—b\iené bPade

support MR 38)rdide rﬁourgﬂ Rty Al apby 6 sarwwefe‘d éékabb& ext gndi ng
turbi ne bl ade nenbers (30) providing said 15 turbine bl a% (30) of each

sai d tur blsanifeePydnd),. a7 boktan HHe 34)and 2| dridl bhtaM’ on@soshewa s
4 to 6 whan dRRENGANt, AN ¢ 37 3 ""*'&%Eé'x’x‘pﬁé:l:dtﬁ%fﬁed&' ¥&m %lrgggspgﬁsage

means (14) is provided wi'th sald outlet nozzles, said I nner drive
fluid phssafensasingedl jin provghels \Afme@éi'dmgunba@t aapéptored 2( beying A

turbine (4) g%'}léiﬂaalﬂ?cidéérﬁ%&’ e An CLat ap 6r&?1§e"“ﬂ§”dgﬁﬁ’.ﬁ'iﬂ%”%&% Ty M

3 wherein said inner drive Tluid passage 25 neans is provid sai
out |l et noPMter camingild dmcerdneﬁ:meﬂ‘erwﬁlHYpaggagedneaﬁgraélm@@rded Wi th

sai d exhaysin AREF LW R/R fluid supply passages 14 therebetween. At the
clockwise end 15 of each passage 14 is provided a conduit 16
20 providing a drive fluid supply nozzle 17 directed generally
tangentially of a cylindrical profile chamber 18 defined by

the stator 12 inside which is disposed a rotor 19.

The rotor 19 is mounted rotatably via suitable bushings and

25 bearings (not shown) at end portions 20,21 which project
outwardly of each end 22,23 of the stator 12. 2aAs shown in
Figs 3 to 5, the rotor 19 comprises a tubular central member
24 which is closed at the upper end portion 20 and, between
the end portions 20,21, has a series of spaced apart radially

30 inwardly slotted 25 flanges 26 in which are fixedly mounted
cylindrical tubes 27 (see Figs 4 & 5) extending longitudinally
of the rotor. Fig.4 is a transverse section through a flange
26 which supports the base and sides of the tubes 27 thereat.
Fig.5 is a transverse section of the rotor 19 between

35 successive flanges 26 and shows a series of angularly spaced
exhaust apertu?es 28 extending radially inwardly through the

tubular central member 24 to a central axial drive fluid



9. Aturbine (4) as clainmed in any one of clains 1 to 8 30 wher ei 8 DEC 2002
provided at | east one reducing gearbox (6, 7) and said turbine (4) is
drivingl yF¥®étifected to said at | east one gearbox (6, 7). 10. A turbine (4)
as claimed in claim9 wherein said at | east 35 one gearbox (6, 7) is an
epi cyclic gear box. 11. A turbine (4) asgclained in claim1l0 wherein said

at least exPa%@ ESags%%@z 2?392?5%%%@ ]@%‘ef%@@&ég’ tHe BEBed H¢AHER ON

ratio of at |east A turbine (4) as clained in any one of clains

1 to 10 weak-@mayi ¢l proviplee @angulinly |Racedmpraxttperieai dft aedine. 5
13. A turhis ( l2akde : [JLdovn- 4@l jJLing a | Lke) and
conprisin%lg%ﬁﬁéﬁiggk%asﬂhéa%%f¥ﬁgﬁ%P%S|ng %@6ﬁg%%%r§ﬁlg? ﬁgS%Eg'r%tatably
nmount ed t iserdies @fr duabifkd wheslsr iXlaginter spersedcby usbppertingl neans

30 i I |y di i b A 0
b1 ot athg RS Ate (s i Rleis, 0 AL IRELREAS A P cBRefBe g ba%
gener al | y imammwalrdie dflwdd arewssridridig efddcen DI fadat annieélbbkwistoan@lo) ,

d | ] i all t endi drj fluid di d
) e e attint a1 L Lot e OB B P B PEEBF S PRopE
Wi t hi n saittheC asirhd nlel ot Aand prigyigesl of ttheuthebinezz! ehaepusketg) 3bor med

and arranged for directing at |least one jet of drive fluid onto said bl ade
means dri P& IHHTP istq?th Y 191eRr sof dthe agenkEahs tpbY) afr BeEPSE

sai d nopglza (sb/)jcHEARE ey £ I thdlfe PPed OEREYeBY i ¥8nt 816@1 Ereal 9’ oLt
and sai d chanber (18) haVIQ? axi al end wal| neans (29% provided with
exhaust a katan S @ 2nd rorenbymbisy | Yt aP f vehe| 8XBRREENAPRE LLEREi RS -

(4). 14. AyviteH e ddbosUid afd hd MndBEséd BPWhBO0LEalbl! hbng tagd125che
i ke, and conprising a tubular casing (11) encLQS|ng a _chanber (18) having
rot at abl y ARRIAGR bk rdar ol ALY} EdnpResi HEPRESPEadt 1¥dET: §PBCRe

wheel neang, {1308 o8 (D Kt B Rrasredy19f oppaytael ¥ dbskikbuhedyblade
means (30) orientated with drive fluid rece|V|ng face means (31) thereof 30
B8R

faci ng ek Aqive daliikd ANerFing fhopefreanr cet bucketst wad loRlswe rot or

(19), and g Q6nat 8 | YaRad 2l dyi PIIENEb P8e BPER BhbVEothilidgPFIRA0S £TRENS e
(14) generally radially Tnwardly of said rotor (19), said casing (11

havi ng gerderwld yarpund | shexinkei iRr ehgthar Fhasbared8apaforeddityvésf | ui d

suppl y and,dpn ¢ ISH DASHA0SIBENE 436 cupabdadr hig %E‘éisgg%u@@.y passage
means (16) being provided with outlet nozzle means (17) formed and arranged
for directing at | east one jet of drive

20 The rotor 19 of the upper turbine 4 is drivingly connected via
a hexagonal coupling 32 to the rotor of the lower turbine 5
which is substantially similar to the upper turbine 4 and is
in turn drivingly connected via the upper and lower gear boxes
6,7 and suitable couplings 33,34,35 to the bottom sub 9 which

25 has mounted therein a drill bit 10. As shown in Fig.6 the
gear boxes 6,7 are of epicyclic type with a driven sun wheel
36, a fixed annulus 37, and 4 planet wheels 38 mounted in a
cage 39 which provides an output drive in the same direction
as the direction of rotation of the driven sun wheel 36.

30
In use of the apparatus, the motive fluid enters the top sub 3
and passes down into the semi-annular supply passages 14 of
the upper turbine 4 between the outer casing 11 and stator 12
thereof, whence it is jetted via the nozzles 17 into the

35 chamber 18 in which the rotor 19 is mounted so as to impact in
the buckets 30 thereof. The motive fluid is exhausted out of

the chamber 18 via the exhaust apertures 28 down the central



. p g DE C 2002 P09233PC " -14fluid onto said blade neans drive fluigd pec 2002
receiving faces (31) as said blade neans (30) traverse said nozzl e neans
(17) for Fi¥p¥Fting rotary drive to said rotor (12), and the drive fluid
exhaust passage neans (29) being provided with exhaust 5 aperture neans

- (28) for exhausting drive fluid fromthejpurbine (4). 15. A bottom hole

assenbly Elha&@WP a%%@béﬂzd‘%ﬁﬁld&“&ﬁé”é&ﬂ@kéﬂ)réESPrHéﬁBerozénﬁnQQQ Qfe
claims 1 to 14 ich turbine (4 is drivingly connected to a tool (10).

16. A bot remcheise thes dawar (end rt@heﬂgecvf) @m@ag@dSanhbeehﬁxgqpnaﬂur bi ne

4 s dri ne
ok box. ( EOUP Phet 37 GG Sorieedeig) 1 BohnklBRbs0RPLbERLTERR )
and a bot Rdin lodl ehzs swrtirryy 1(9)ofactdos dlower otethine15. vvh@h_e| ﬁlutnd theh (10)
\‘;ﬁgﬁ;:f‘ 55’%3%:?:’?" lrlalgg,[arlll#g o(\%waré’“ | ltlé oo Sibd aré‘t a5 agﬁgrS'rE}%l&%aC'l%' The'

. As! . A32. Adxador®(1E.odublAly A2 AN . dihe. Rﬁuérﬁtufb’iﬁé\(gand#then passes

8978 I T
Jca] o] aa b En PE AL AT n S EOpE oy £5] S40F 0% 8115698, SRR X B8] SEVEH ca] oa
] i:a] i:aU]U]CQ]u?:glgﬁ G ealviadit Ak et 6] €ad Lag cal caﬂxaake.a]:@@] ¢a] @ﬁ]e&@]oea]t%a] c
a] ca] cal] ca *
i1l & (" e #F#%@/&JWW&&‘&‘H’?%@)%W%WTT’B@] ¥aYcafchPeaPeRpEatiaidiecal
ca] ca] caj @a] cajcqliaal ¢ Ca}d%@d&?é—&é@] Eﬁi@aiﬁé] tale?] ealbahealigal cal cal) D F*
exg*t*}**, .. //718122}22223%3&3334s4u446777{vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] Cffeatdagloa|daeen cH} cREERPE a‘}’é'éljl c'a]le a]lEEFéaFBé'Pé&Fca Fcdica) ¢
al 77(V‘8&8R%$§n.§]3§&§173:@9e9§fect1Wé(' and:efficient given the high
co X\ | wr mhe? ]ca]ca]ca]ca]ca]ca]ca]ca]c Lca]ca]ca]caLca]ca]caU]ca!ca]ca]c
a] ca] ca] cﬂfcfd]%lﬁrga]‘&%ﬂ%]}k%} a‘]liﬁh‘fé]a?c‘dl\: jnoepch of the upper an

, <<==>?7HEEFDAANY B Bﬁ?@%ﬁﬁﬁﬁ%fdﬁhgﬁb&%l %4119@] %&h%%]s%@d?%ﬂd%@] ca
Lﬂca]calca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca cal ca] caLca cal ca] ca] ca] ca]ca]ca! D
DFHHH the lower turbkine then passes along central passages extending

HAHH JJJ KROLREd HRGROUXXLREHSSSE ) ¥8a h]ﬁeéﬂr] Balcéél @ak)] C%h‘aab%t% I @Al cal

ca] ca] ca] ca] ca| ca] ca] caf ca] cal cal ca) cal cal ca] ca] ca] ca] cal ca] ca] ca] ca! FITH U
UYV\BYYYVZ‘XZ@B]ZMWIEQ\%’FW&?NB rough the interior of t earing

| wr mhe” Vi gal o] oa) calsalealcatsal aaleal sékcabcahceh%alu%ﬂaqaw cal cal cal c

aU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caI 3abaaa,;

b<bbb]cAc ezeee-fCIDff f

gMyNggg 'ag-ﬂrl%f@] E@ahs gahfigl cakcaheRhl aht ahetlhalhaldealsalictxal cal
ca]ca]ca a]ca]ca ca ca caLca%ca cal cal hhrij' k*kk.

b<bbb] C/\C:fgzreeese gmfa f 5 inc cm) dlameter bottom hole assembly

gwgf\'ggghh@q@f% J CP &fﬂi £BlgabeaLen %abffab‘éahéaa/]&@] takeal malcakea] cal
ca] ca] ca] cal ca ca cal cal cal yws
taine an output torque of th order of 22.5 m.kg at 6000
pm. With a 3:1 ratio gearing down there can then be obtained
25 an output torque of the order of 8 m.kg at 2000 rpm. With a
system as illustrated there can be obtained an output torque
of the order of 2.5 m.kg at 600 rpm which is comparable with
the performance of a similarly sized conventional Moineau
motor or conventional downhole turbine having a diameter of 4

30 3/4" (12 cm) and 50 ft (15.24 m) length.

It will be appreciated that various modifications may be made
to the abovedescribed embodiments without departing from the
scope of the present invention. Thus for example the profiles
35 of the buckets 30 and their orientation, and the configuration
and orientation of the nozzles 17, may all be modified so as

to improve the efficiency of the turbine.
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comprising at least one turbine wheel means (30a) with an

annular array of angularly distributed blade means (30)

09 DEC 2002

orientated with drive fluid receiving face means (31) thereof
facing generally rearwardly of a forward direction of rotation

10 of the rotor (19), and a generally axially extending inner
drive fluid passage means (29) generally radially inwardly of
said rotor (19), said casing (11) having generally axially
extending outer drive fluid passage means (14), one of said
inner and outer drive fluid passages (29, 14) being provided

15 with outlet nozzle means (17) formed and arranged for
directing at least one jet of drive fluid onto said blade
means drive fluid receiving faces (31) as said blade means
(30) traverse said nozzle means (17) for imparting rotary
drive to said rotor (19), the other being provided with

20 exhaust aperture means (28) for exhausting drive fluid from
the turbine (4).

2. A turbine (4) as claimed in claim 1 wherein said at least
one turbine wheel means (30a) comprises an array of parallel
25 turbine wheels, which array extends longitudinally along the
central rotational axis of the turbine (4), and wherein each
one of said turbine wheels (30a) has associated therewith a
respective said outlet nozzle means (17) for directing at
least one jet of drive fluid onto said blade means drive fluid

30 receiving faces (31) of said turbine wheel (4).

3. A turbine (4) as claimed in claim 2 wherein each said

turbine wheel (30a) has associated therewith a plurality of

angularly distributed nozzles for directing a plurality of
35 jets of drive fluid onto said blade means drive fluid

receiving faces (31) of said turbine wheel (30a).
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10 6. A turbine (4) as claimed in any one of claims 1 to 5
wherein said turbine wheei means (30a) comprises a series of
axially spaced apart radially outwardly extending turbine
blade support means (26) for mounting of angularly distributed
axially extending turbine blade members (30) providing said

15 turbine blades (30) of each said turbine wheel (30a).

7. A turbine (4) as claimed in any one of claims 4 to 6 when
dependant on claim 3 wherein said outer drive fluid passage
means (14) is provided with said outlet nozzles, and said

20 inner drive fluid passage means (29) is provided with said

exhaust apertures (28).

8. A turbine (4) as claimed in any one of claims 4 to 6 when

dependant on claim 3 wherein said inner drive fluid passage
25 means is provided with said outlet nozzles, and said outer

drive fluid passage means is provided with said exhaust

apertures.

9. A turbine (4) as claimed in any one of claims 1 to 8
30 wherein is provided at least one reducing gearbox (6, 7) and
said turbine (4) is drivingly connected to said at least one

gearbox (6, 7).

10. A turbine (4) as claimed in claim 9 wherein said at least

35 one gearbox (6, 7) is an epicyclic gear box.

11. A turbine (4) as claimed in claim 10 wherein said at least
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10 annular array of angularly distributed blade means (30)
orientated with drive fluid receiving face means (31) thereof
facing generally rearwardly of a forward direction of rotation
of the rotor (19), and a generally axially extending drive
fluid supply passage means disposed in a location selected

15 from: radially inwardly of said rotor (19), and within said
casing (11), and provided with outlet nozzle means (17) formed
and arranged for directing at least one jet of drive fluid
onto said blade means drive fluid receiving faces (31) as said
blade means (30) traverse said nozzle (17) means for imparting

20 rotary drive to said rotor (19), and said chamber (18) having
axial end wall means (29) provided with exhaust aperture means

(28) for exhausting drive fluid from the turbine (4).

14. A turbine (4) suitable for use in down-hole drilling and

25 the like, and comprising a tubular casing (11) enclosing a
chamber (18) having rotatably mounted therxrein a rotor (19)
comprising at least one turbine wheel means (30a) with an
annular array of angularly distributed blade means (30)
orientated with drive fluid receiving face means (31) thereof

30 facing generally rearwardly of a forward direction of rotation
of the rotor (19), and a generally axially extending inner
drive fluid passage means (14) generally radially inwardly of
said rotor (19), said casing (11) having generally axially
extending, angularly spaced apart, drive fluid supply and

35 exhaust passage means (16), said drive fluid supply passage
means (16) being provided with outlet nozzle means (17)

formed and arranged for directing at least one jet of drive
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(4) according to any one of claims 1 to 14, which turbine (4)

10 is drivingly connected to a tool (10).

16. A bottom hole assembly (1) according to claim 15, wherein
said turbine (4) is drivingly connected to said tool (10) via
at least one reducing gearbox (6, 7).

15
17. A drilling apparatus comprising a drill string (2), and a
bottom hole assembly (1) according to claim 15 wherein the

tool (10) comprises a drill bit.

20 18. A drilling apparatus according to claim 17, wherein said

drill string (2) comprises coiled tubing.



