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WD 2005/ 038189 PCT/ EP2004/ 052593 - 1 NOZZLE UNIT AND
METHCOD FOR EXCAVATI NG A HOLE I N AN OBJECT The

w0 noosnssien rel ates to a nozzle unit for gener apCTBP20841052593

abrasive jet, which nozzle unit conprises: - a first

nozzl e connected to a pressurized carrier fluid

supply; 5 - a mxing chanber in which the first nozzle

di scharges; - a second nozzle connected to the m xing
CHGILEE ; UMD AND aMERROBSIOR EMCAVATENG M elot® IMeaN oBJrCT
m xi ng chanber. Such a nozzle unit can be used for
excavating a hole 10 into an object. A nozzle unit in

accorfances WA sNe-QhoNS 11 DS Al Yadovey ) rl%értberating
field of abrasive water jet machining. vices tor

oo aslh waes wae efef ot winbachhi ozl e twypi tcatdnypoipessat e at an

anbi ent _pressure substantial|y 15 equal to, atpospheric

pr esstr .rsﬁﬁen%%i‘? ?%‘F}e%ﬁir?%a -erstq}mzi%;e#?ceaer@fer

amyuﬂlélg@?w; jetted into a mxing chanber at a
pressure of well above 1 kbar. A dry abrasive

mat erd dixsngephamrent o sphiert & dbistrte raomzhie to

the ] mechani smin the m xing chanber, the 20
a(%lr%ééri?%/%g%%gti cles are sucked into the m xi ng chanber

t-hr oughséhiendbtiesi Ve gamMdelet itY ethe Infistidey fdledmbef; and
drilling holes into geological earth fornmations, an

abr astV A heR BV F 2 Syt WA udig e THodAe Gatber.

with et 5 PUWEP, T chani i L1
a holsgfélge% Tor Ie%an‘pl e%v%p% 2%6%%%Fllfo\%e}§/%§7£it#ﬁ% dhole

coriekh tamnsbjecthis field are substantially different

fromthe field of atmospheric abrasi.ve .et_,nmachining
o nod R AED! BhtE preRird G0 Tl T bV ATOEPHET |
W2 20051 03 8188w PGl ERZOOfH 62598 aldrasive water jet

machining. Devices for abrasive water jet machining
typically operate at an ambient pressure substantially
equal to atmospheric pressure. The water jet, which is
virtually free of any solids, is jetted into a mixing
chamber at a pressure of well above 1 kbar. A dry
abrasive material is kept at atmospheric pressure and due
to the jet pump mechanism in the mixing chamber, the
abrasive particles are sucked into the mixing chamber
through the abrasive particle inlet.

In the field of drilling holes into geological earth
formations, an abrasive water jet system including a
nozzle unit with a jet pump mechanism can be used for
drilling a hole, see for example WO 02/34653. However,
the conditions in this field are substantially different
from the field of atmospheric abrasive Jjet machining

since the ambient pressure is well above atmospheric



10

15

20

25

30

pressure and increases with about 1 bar per 10 neters
depth. In the case of the atnospheric abrasive water

WQ 2405/0888Ni ni ng systemns, air is sucked into theCTERI04052593

chanber 5 together with the abrasive particles. This

air flowinto the nozzle unit “my generate cavitation

that can limt, the transfer of kinetic energy from

tHE SR 3 dcrRasespraknvabritedi flar consdduastors

thwtaf ficiency of the nozzle unit, which is based on

thi's kinetic energy 10 transfer, is |imted by the,.

cavi tlat itdre oavot hef thpoatmnspbeulceabfrasdvict atiter ARy

%gaecrﬂjfr{ionm tusr bul ence,i n,and ag(ognd the jet stream
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Ieaidee Pressurese 88kawitBepyapeun o e§84e A 1w into

carrier fluid, which 15 possibly causes vapori zati on,

tHe dztlioinit gasy sebbrese savitaviivat thmt Heer it

esi ogzle unit_that is able to_ _inpart at
gcn}%aéil{ﬁ%jg JiQarsaopf;s]é%%%él &f ?PgFgP{c;rWlngﬁec waé:ﬁg[r) gyt go the
adirieess ivee pertidicl £3. atoABeg8eh@Wyas tpeseifBie i20cy of the
consunption rate of abrasive particles so that the
A Whit hide 4sebagrenPR &hipnkiagtdgascmergy

j 4 ; LGa.,b Ln.a_geol ogi cal
?ﬁdhsa%olﬁnalt%i (;qnl.lﬁTyﬁ%&er% t?%%apglg%%%ilgégp ion WO- A
91/ 12930 heentiimprsrigant esductenoy rcedichitdpnofnay stem from

o\ %tei oneal. nozzclie uni té )é\AEwen. %5 %ggl ied_in

icr easet andt et p?e88ire-condPti 8" 28nd FPEFYTEs

tie GORSIIdG 1100 Bhe atAPEEL BnBBI I obhal yak hewsi 0 b r@ssures
relatively easy nodification of the m Xi ng chanber
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impart at an as high as possible efficiency kinetic
energy to abrasive particles at an as low as possible
consumption rate of abrasive particles so that the nozzle
unit can be used within a limited space available in a
typical bore hole in a geological earth formation.

International application WO-A 91/12930 mentions an
efficiency reduction of conventional nozzle units when
applied in increased ambient pressure conditions, and
reports the construction of a nozzle unit that allows for
a relatively easy modification of the mixing chamber
length. This measure corrects the nozzle design for the
increase in jet divergence caused by the gradual decrease
of a cavitation shield around the jet with ambient
pressure.

US patent 4,555,872 describes a nozzle apparatus in

accordance with the preamble for generating an abrasive
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WD 2005/ 038189 PCT/ EP2004/ 052593 3 fluid jet stream
having material cutting capabilities for objects at

wW@eoossptieri c pressure. A first nozzle is provPABREP204/052593

an orifice plate of sapphire, shaving a cone-shaped
orifice of which the smallest flow opening 5 base a

dianeter of approximately 0.5 nm (0.02Q inch).
FETERG LTE e SR oA SR RO BPES S EEBESPT Somakidvtias For

by dct W | O Hifer AcSEeR8duRRZZhe [dunst i eam.of; It he
first nozzle is provided in the formof a tapere&
fRRRY sdepinigh coneridf iehi phathe ofmakbpti rid, oWwaopenj rg

oL A0 o640 of SOOLEXLILELY A% (G080 i

nozsd ea dirist slesef idisgrakovates ycapabhg ql .delo verdmg
a satjsfactory abrasive jet streamin a high pressure
FIRTDUHR Ry tiehrerely highcrrEpgsagseodroer ¢ wedicvable at

i A I [ nt [ r tion .
%£ﬁfﬁgqgkﬂ?d%§§%gﬁgé%%?%g% ggg%?§Ihgg&%gggﬁmcgﬁanﬁoﬁgrSt
itz lappd yprdwnidetdrrdanhe Wbkl bife ai wp@trieSn filler @hHaping
provided_a . nqzzle unit_for generating, an abrasive

j e W%ﬁ} |Zfehe Fahi €SEofpPrs88SR1NGr asngz figmeter

cOMNaGE ek fnh 1% B e83HrhRedocabbi ehchhui d supply, a
m xi ng chanber i'n which the first nozzle discharges a
second oy Ikesgpriimastcedthatt henai Rifnghecpanber prandomzle

onid: gzl oiestcbdthett henei ainghechaiber 2
R e R Sl B PE PO Tt SenBenage o <

saotionattaneamfadie f jest shezahe iapanhaghapgeshere
cross sectional area of the second nozzle opening is
GTERBVNAYRPHN éfuat St byP1lsolandensrEnterss Yhepor

LIS PP i SS\CLSEL Lo L8 LGB g, caping
30ty oz slebstagriain @peaché l abbhodaoyenbnd it oass étiiton
%%ghgg nozzle with the highest restriction, because

In accordance with the invention there is provided a
nozzle unit for generating an abrasive jet, which nozzle
unit comprises a first nozzle connected to a pressurized
carrier fluid supply, a mixing chamber in which the first
nozzle discharges a second nozzle connected to the mixing
chamber, and an abrasive particle inlet discharging in
the mixing chamber, wherein the proportion of the cross
sectional area of the first nozzle opening and the cross
sectional area of the second nozzle opening is greater
than or equal to 0.50 and lower than 1.

For the purpose of this specification, the cross
sectional area A of a nozzle opening is defined as the
cross sectional area of a flow opening in a section of
the nozzle with the highest restriction, because the

pressure drop at a certain flow rate is largely

determined by the cross sectional area of the smallest
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pressure drop at a certain flowrate is largely
determ ned by the cross sectional area of the small est

wOE03086H8038189 PCT/ EP2004/ 052593 4 | ow opePCTgP1004/652593

nozzle. The "dianeter” D of_ag nozzle opening is
defined as 2(A/ic), which in the case of a circular

R A P
k - t i onal f_th
s e e b N e L P o oS o b

fdirstuleoz fllew trhetmbee: iahr asdmee gastds! €5 theedidonber the
trained.in the flow of. the carrier fluid in order

CYcRPEPERE BLEPEANETE L dffurta 6Tt ki neti ¢ energy 10
tranghensedpbeamebhgal ectha)% HEAM G LA £ 1Dy éﬂgsé.' §8ttional

nozzle (the "driving jet") to the entrai ned abrasi
paerl cfesheThiesondansfzarleoff kivnetpeningriy ¢empared to

[ Q the effici.ency of the nozzle unit
PRy 4 oo \2c8e BRE A RN W0 eethittes
heedr @3S beeehitenahear @as tite | £56w td@NKe ScaBrier fluid in
relatively _|arge anmount of abrasive particles is

Peqer &@ BEEENE at pebsjartial taowreonEl kbeetéc energy
! o . 3 .
¢RUSIHY LDl RR &HeS;%Déeystafp%%lﬂ g%@&&g& BATLLE EPrstl

particular in a down- I on Wwh
moiz ziec  thpeMdirional vidtuie 20 Evaidmbte#inéd sovhdibe

ossi.bl.e to_al.l ow a higher tio, of entrained fluid
ParLaS 55 adlvE PAPEFEES Fo BHEHLC | TRTFThel fri 5PRgIdered

¢hameerhel arirheialrasore i tied £1d Ny, However,
this | eads to an undesired | owering of efficiency,
becadde threPEAPPELhed Madinebrihmesikithernd 26cendrygzzle

QU SQf stet&%lgﬁ'a\_'(' anhgt i%Utlé.ssﬁ n@r{gﬁf(ge ,ti € éfarl ixl?(e).lL§
excavating conpared fToa simTar anount’ of kinetic
énewggy aveshedoifnabhes dbreapane: jpard s cl €sredqhisedthe £ill

L Butpaklsh, Sheoheotatl ¢ proportion, betyeen, 1ot and .,
the abrasive particles, in particular in a down-hole
application where thexre is not much operational volume
available. It would be possible to allow a higher ratio
of entrained fluid vexrses abrasive particles to enter
into the mixing chamber via the abrasive particle inlet.
However, this leads to an undesired lowering of
efficiency, because the entrained fluid consumes kinetic
energy out of the driwing jet but is non-effective for
hole excavating compared to a similar amount of kinetic
energy vested in the abrasive particles. Thus, the lower
limit of allowable proportion between first and second
nozzle cross sectional areas is 0.5.

On the other hand, the cross sectional area of the
second nozzle should always be larger than the area of

the first nozzle, i.e. a proportion of less than 1, in
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30 On the other hand, the cross sectional area of the
second nozzl e shoul d always be larger than the area of

WO b@s03818¢ nozzle, i.e. a proportion of |ess tPEIER2004/652593

WD 2005/ 038189 PCT/ EP2004/ 052593 5 order to
accommpdat e at | east sone entrained abrasives in

addj t|on to the hjgh pressure jet stream Unlike the
Yn Gt AHEHWEA e uAbt L8BSEr FRBE PRtrADNRBLIR2GITEs in

tdheynozad & dinide @Pﬁg’ﬁd Qgsgeréh etn¥€9 Lgn Sis

optim zed to acconrmd e the supply and relative flow
r at edIrgfi kehdheadeiseigh | of dithéheoabtasiiué tpaesicelieed in

trajned fluid. It _is believed that for this
W B, 1 oot L e SBR G neCEaTERB S fobiitiFod RSt on
biee roSaitnl ISAAL Y Yo OPSHABHEt e 18nENEEH @yggd@ﬁ@éyytlve flow
pressure in particular at an anb |en¥) pressure of

HigRs thdhsEaraissr oflutdevehehrphesivikapar3delsarns.and
Té}Pcthizxféc? Njtqis therefore particularly suitable
for application’in excavating subterranean earth

for matt ares ket idepidstiexteedinghasf esabondeae meens wpit
to 15 several kilonetres. It is remarked that the

SHWP IOk dhoripYeRELaRdhagekBRB ABE:P&acTtesy operable

r t f t
IEAPIET BN | DEe0REE EODREPLENIZG WP 081 Bl ten

cl?fretfrsm;@ se‘i:thmiaalr Phaar BAsbass| oner ofhawed. digheraghan
nsure t a ff| Cl gnt nggber of abr ag_i.ve:L 1

par |car 65 C 65326\7?'1 Tarfidld PntPRESFPES BRIEArRlerLly

fduditthblen @ﬂoraqf;ﬂrlr@@lt@ai@oghrreﬁbaeét&hg bﬂw@tﬁx%&eb&e earth

Iength in the flow direction of the m xing chanbe

o onhat Epthgi agcradsngceobay hﬁ@derﬁ%rr@é@@@ up to

cgvt ot; fdupthe first nozzle, the dianeter of the
Jeet %%jw ngt e mX| ng chanber is smaller than the

di anetterisofrentre keet orldanozzéesabgeprogortion of first and
second nozzle cross sectional areas in the nozzle
apparatus of US patent 4,555,872 is only 0.11.

Preferably the said proportion of cross sectional
areas 1s lower than 0.9, so as to ensure that a
sufficient number of abrasive particles can be entrained
in the flow of carrier fluid.

In a preferred embodiment of the invention the length
in the flow direction of the mixing chamber is such, that
taking into account the divergence of the jet from the
first nozzle, the diameter of the jet leaving the mixing
chamber is smaller than the diameter of the second nozzle
opening.

It has been found that this preference can be more
easily met when the proportion of cross sectional areas
is lower than 0.60. A submerged jet typically has a
divergence of 8°-9°(see “The theory of turbulent jets” by
G.N. Abramovich, MIT press, Massachussetts (1963)). The
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It has been found that this preference can be nore 30
easily net when the proportion of cross sectional

war@as3s1s | ower than 0.60. A subnerged jet typeT/EP1094/052593

has a di vergence of 3-9(see "The theory of turbul ent

jets" by G N Abranovich, MT press, Massachussetts
ﬁ1963% The WO 2005/ 038189 PCT/ EP2004/ 052593 - 6
ERGER s defilned as ¥¢R?(ﬂ%ﬁﬁﬁﬂﬁﬁkﬁﬁWW%ﬁmthbeeﬁktt

t%ggﬁiiggcgff the ff &%ﬁ: E&%lee angdy thes &R{yﬁggﬁ? ggg Lf the

ond nozz e entry opening i s
Bheohﬁrgbzzﬂ@inmhewhatryﬂupenﬁﬂqEﬁﬁ d& DEsedegki Ohel §irst

Eres 5 1n an Tlnent of the invention the
I a’#‘etrﬁet%m if“ﬁg BENIECI S I RN rhRgerepent -

0. 8- %noah'@ﬁ%oﬁﬁﬁen@'éﬁfﬁﬁﬁacﬂn&éﬁt{dﬁsﬁhQOZéﬁgth of the
openi ng. This provides for an efficient mxin t he

albﬂa@gve:hpaubtem liesini the h@ang&etof whi 8 €2 keepimgst hhe

l.ength of t chanb 10 linmte Thi s has
SO o ERE Frad o Soes s i S5t arsFaror
whi @Iifll&lrée@eaﬁ&ﬁylgv\fa@n tdHd | A 1 VOl 88+ YBEBSUGEBH the
the nozzle unit according the invention, the nozzle

Dstrothiide kegginghihea Janetiwiah the subsingt Fhamber
|_ayr S c n t 5
TG, TS R80T ARG Ahad behd YLEICEh e

@ﬂatbd &m@@ndamoanbéebswhnehrzﬂmnﬁméséaﬂﬁ WhansdthEllng

ond nozzle dia I n an enbodi nent _of the
PTG DR s loBEhE RAPALE So R erToap| hhe

ankangedn’, ehald wezhoel RS fHdEdtd072b€ch 26n¥tth hESBEREth a
to the flow direction. Preferably the eccentric

Subpltaddmadt CofrcURars &EsTRE Tl Eohaks agerorpbAEat in
the %f %&tew‘ %'% eh; Lhg abrasi ve, %H&éﬁpé{-‘éeére; rred that
I'S I 0 keep ke

const ruct’i onal T’y "easi'er
$|rml |l@$1tgtd1l rEnshenseobridien @b Bsi VesisuppLyngpeniEng 25

%g‘gilt rltnf‘le\az?;lh !ﬁ%ge%gpﬁﬁgﬁ%e%féa%f%g%‘f% otnhgf " It rh:t Cross

sect f@N@h embodiment of the invention, the second nozzle
is eccentrically arranged relative to the first nozzle
with respect to the flow direction. Preferably the
eccentric displacement of the second nozzle has a
component in the direction of the abrasive particle
inlet. Herewith it is constructionally easier to keep the
smallest dimensions of the abrasives supply opening
substantially equal to the diameter of the first nozzle,
while maximizing the proportion of the cross sectional
area of the first nozzle to the second nozzle.

The eccentric displacement is preferably up to the
situation that part of the first nozzle wall is in iine
with part of the second nozzle wall. In the case of both
a cylindrical first nozzle and a cylindrical second
nozzle the eccentricity E is then equal to half the

difference between the two nozzle diameters.
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area of the first nozzle to the second nozzle. The
eccentric displacenent is preferably up to the

wa@Ragassien that part of the first nozzle wall PGI/EP2004/052593

line 30 with part of the second nozzle wall. In the

case of both a cylindrical first nozzle and a

cylindrical .second nozzl e the eccentricitX E is then
¢

equalttt dshdrerthrematis RriRereét Weeh a2heleaptnpazieof an
[ } 2 2004 | is -
Cﬂrﬁ%‘ﬁeerw%ll\/\@f Q@l@! %%@ r?géfée) 99 ég_?_%§%§ xgnthi %18:: ggast

furthernore preferred that at ast
walrt off rme ifhisriste nozlZl eof stlad | gemecna hbzalel east

part _of _an inside |1 of the, second nozzle. In an _
enbodi it S SEREST 10 TRERos2he Rptnogzle unit
COMYLiSRS & %%'l& chanyed 1 conmnest edat oot heeabhRgkY6e

supply inlet, erein the supply channel surrounds the
MAUEy dndeder Whe naimridie oippEsschamnelgsurrauntssthe

. fi.ci e can be, mad f the ecc LiC .
g@%%ﬁ%%f%&&ﬁg%iﬁgb5%%f?%éﬁ%u?%nf%%%ng%?%vigéd¥ AR Ehés way
ST dileti, uske chd Bpphadd nbettishoutdehersdf Ebebanblky

wide to be able to supply abrasive particles w thout
ARFsleniGealt Logudr tgfon Yk dgecvied ndt ubled apgpetime, the
: f [ [ | anpe d
A R e
rropplly ied rersefver gla nyt fasl ssabl tlasupossbbtentThisriay of

gg %%Eplied abrasive particles get an as large as
SSTBI9% 'vel ocity conponent parallel to the jet stream

generaked nly udke BiidTBd YodtorZde. thd AToRNBdEABIbN0tn the
the _invention, the angle is smaller than 60,

Frerdyalsip e ls gald an tavehs 3olomyethe AbeNadisgbtion in

%&%S_tprﬁ‘n&% o %1%‘2&?& f%'éféi‘&%%ﬁ' Ly %]ﬁggfraghsgls%gble.

e invention furt at es a conbinatron*o
Mmhza evagnitheacoppdi gl tabtdei vaveatt bnlasdgat an as large

%%g%%%%é%ﬁﬁé%%ékggﬂ%grcéﬁ%@%g%%ngagggfgil%gltgg jet stream
generated by the primary nozzle. In an embodiment of the
invention, the angle is smaller than 60°, preferably
smaller than 30°. Due to mechanical constraints, the
angle is typically larger than 10°.

The invention further relates to a combination of a
nozzle unit according to the invention and a separation
device for separating magnetical or magnetizable abrasive
particles from a f£luid, which separation device comprises
a magnet body for attracting the abrasive particles out
of a fluid flowing along the separation device, and a
support surface at least partially enveloping the magnet
body, and means for transporting attracted abrasive
particles along the support surface to the abrasive
particle inlet of the nozzle unit.

The invention also relates to a method of excavating

a hole into an object, comprising the steps of:
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25 particles froma fluid, which separation device
conprises a nmagnet body for attracting the abrasive

w@asosiozdies out of a fluid flowi ng al ong the SPOHERL0©052593

device, and a support surfacg at |east partially

envel opi ng the magnet body, and neans for

trans ortln attra ted abrasive 30 particles along the
supp (hqﬂ§35ﬁ?a%?9eexﬁﬁVﬁFéP§ FﬁPétC@mpﬁh@lng

@&Zdz@zl@'dnlg%dd'}:v@i@{éoﬁoa{:ﬁ@ Eﬁb@}lﬁﬁoholﬁtgewﬂ%d le,

excavatlng a hole into an o Ject conp
st ep@ﬁjferamf@w (?3&:5891@@]'2’1 EPZBQ4BG§@593ng a8pressurlzed

rasive jet excava togl conprising
xSt SRSttt t5EL HatFhvenptont PRLGEEHES

a nozzl e Unl acco

hd @i s v eneraid NG am@br ask VR kehgbynsMpekyi Ag 4R
pressurlzed carrier fluid to the ?lrst nozzl e and

di scHHETRGTE ™S dheasbrasphyei teesinheothheohi gihg
chambey, @apd our ééﬂgfrﬁhighlégéffﬁv t&g%rlnto hject is

obj ect. For e purpose 0 Speci |ca

abjdzatsticod undeirstloott torimekule pareBr Ebymadibhs,

f.or ns, _including subterranean earth formations,
ﬁ%iﬂ? er?ﬁ?%%&|%@rEPeEPrméFlaaékeﬁnﬁa?éﬁpapement,

ik el dedeor, the pa%’?@f’rrﬁétgflgi PhOJUGL 1 h OB LQf [ the

hydr ocar bons. Such types of objects can in norma
@Nﬂ%ﬂﬁaﬁ1QnaQRanQQﬂqkamabf kitlonetrbsndepBhchndgpes of

ur.f ace ch that, the ien ressure._can
(%ﬁ%gﬁi arsch e§%e55518?h5?n?8 %?QSSSVeFﬁ&
m\nmmmsmdelptbe urglddci theé edabehovubyavay eficexample the

and with reference to the acconpanying draw ng,
\f%‘g’rleﬁfﬂ: BT SAematfeat| y08hBagsa perspecti ve

Vi ew9fe RN 3 RITRAGSTE R Of £ LS ﬁ@z%hg yﬁ?én@%BHrQﬁﬂg o

the invention; 20 Figure 2 schenatlca
@&Mﬂ;dﬂﬁﬁd(hﬁﬂOMuhMNwﬂytﬂé epazpéeunnt amtbrdeﬁgrbnce to

Figure éﬁﬁ% QF X ure. 3 shows a cal cul at ed

graph HG2 21
Figure 1 schematlcally shows a perspective view of an

embodiment of the nozzle unit according to the invention;

Figure 2 schematically shows a cross sectional view
of the nozzle unit according to Figure 1 along line X-X;

Figure 3 shows a calculated graph setting out nozzle
unit efficiency against ratio of nozzle cross sections;
and

Figure 4 schematically shows a schematic cross
sectional view of an excavating tool comprising the
nozzle unit according to the invention.

In Figure 1 a perspective view of a nozzle unit 1
according to the invention is shown. The nozzle unit 1 is
advantageously manufactured out of tungsten carbide based
materials, for instance similar materials as used for
mixing tubes in the field of abrasive water jet

machining.



unit efficiency against ratio of nozzle cross
sections; and 25 Figure 4 schematically shows a

W@ elvsiBf1IBC cross sectional view of an excavatPOEPZI04/052593
conprising the nozzle unit_agcording to the
invention. In Figure 1 a perspective view of a nozzle
unit accor.ding .to_the invention is shown. The
nozzI 8"l 4§ §%1§01a3V§ﬁt%@eb%%?§ franfipdceuPpdvoat a
PrddNOsi AN crhiide Fasedy pBtentahsyziar yhagt ance,
simlar materials as used for mxing tubes in the
fa It doin alihes inpe 2det eeniethasmehi abngsiwe paasia38189
RCT/ EP200 52593 9 The, nozzle unit. 1 has an inlet
T g o o P LCLF S 260 chPP Py thEPa TS e
ezl iecniinlbt bila addiip®ly ERENNOZZLRaYNkL BASndRted to
abrasive particle inlet 4. Abrasive particles can
e RRIRS 1315y £ v5 igaket cf e Anl @anvba gesopphyFigure 1,

RN ATHAANIELEL g (HE SBEASIYE BUBRLY inlet 4

can pbe seen I n gure

chaniielariller @Unds o e, gbk agi ve %H@Péyabmty%oée RY,a@N 90°
angl e a. The aqgle ais preferably nore than 90 and

l2gxk ket them 18304 i mndelprefierpedfenbedi ehbdasenl as
%ﬁﬁ) i %H%%%% 1 LE;Pfsle oReferring now to Figure
, ?ﬁ% [ d a g

nl et | éads to itst nozzle 3. In the
enbodienentrincheolvi tet mMoprte B, hdise anTétchl ae26E08S

section, having a snallest wajst dianmeter D1
dor s Bty o 18 16 TPRTRHES Hawi PGS atissti pegzle 3 has

& RSS AOGH R)ssl IsSRQWEAL &R, Ola P nd Nyt BR DREEPWESE 51 f | ow
restriction. The nozzle 3 may have a non-circular
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The first nozzle 3 discharges into a m xing chanber
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cross section instead, such as an oval cross section.
The first nozzle 3 discharges into a mixing

chamber 5, which mixing chamber has a length along its

flow direction of Lj measured between the exit plane 7 of

the first nozzle 3 and the exit plane 8 of the mixing
chamber 5 similar to the definitions given on page 260 of
“Applied fluid dynamics handbook” by R. D. Blevins, 1992
edition Krieger Publishing Company, Florida. The abrasive
particle inlet 4 also discharges into the mixing

chamber 5.

The exit plane 7 of the first nozzle 3 is defined as
the plane perpendicular to the flow direction located
just at the point where as seen in flow direction through
the nozzle the flow opening widens. Likewise, the exit
plane 8 of the mixing chamber is defined as the plane
perpendicular to the flow direction located just at the

point where as seen in flow direction through the mixing
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the first nozzle 3 and the exit plane 8 of the m xing
chanmber 5 simlar to the definitions given on page 260

w@2005/02¢1g9 i ed fluid dynam cs handbook™ by R DPCT/EP2004/052593

Bl evins, 1992 edition Krieggr Publishing Conpany,
Fl orida. The abrasive 25 particle inlet 4 also

di,schar into the mxing, chanper 5. The exit plane
f%ﬂéﬁ eﬁﬁf?g#‘ﬁb?ﬂ%?%??slﬂe?Fnkﬁsa@axiﬁémpFSﬁérlCtlonr
ReIdp @i sC WoaAmdilelshay f oW Kk r 86 + 9RCLOSRLAH oiFUs eg%econd

the point where as seen in flow direction throug
& 246z A-e Ttha foliov loperiay @ dées. thékEnise, nbbelexi there

| : i Xi h i s defjned t |
NP s Heredla W fahete 8 8F ' HhSarttondonBaele o.
t he Apaictioridhelezas s&eis i dohhowsiirestpa HhgoHgh the

mi xi ng WD 2005/ 038189 PCT/ EP2004/ 052593 - 10 chanber
RETEGW SoPEhien (oW Ereas pide ntherestri at foallestdwaist

i neld . ) foth d
Y %?%?Qkh%%fﬂés 3ﬁﬁﬁ§€t%§n%g¥9%ﬁ28P8nl gehggﬁgg a

nozz a simlar wa 'rst°nozz

these drvhsdl s delinned @Fb#xéfeﬁléﬁeAg oh the ?Eg?ngst

nozzle 6. 5 A second nozzle 6 Is connected to

IFiLoWN G etartosi on, Ol rdd dOVWISE 2 Ban ehgeht Ner fBhsuded between
smal | est wai st dianmeter D2 corresponding to a flow
epémamgehapliang & ahid stxTt osbasec?i bhké thewfaread abzzle,

in the narrowest. flow restriction, and a nozzle
By DR AEs B ATEATo BrieaneLroiiAe B2aAd
ict Il ne Uil idee anheodd 1 stroozzbectibhe pasond ngazle
6 may have a non-circular cross section, such as an

orafearess spdedigenth Rt i hlgwee prehernedzéabbdimentrcular
fJELgure 2 0 e 6 is circular having a dianeter
BT R e

_ e second I zle 6 is eccentrically placed
rel atringe 5@ nldn@ oz 6“?@!ébé%nﬂ?ﬁcéﬂPyn%lQEed relative
eccentricity is indicated in the drawng by E. The
doc&mer ifdinsf Rozzlenis. Theeameual sofaptcentrheity is
qaﬁ%%§H§FjﬁFH%EF%HAWHﬁ&WBQOé?'fhe eccentricity E in this

case equals half of the difference between the two nozzle

diameters (Dy-D7) so that the first and second nozzle

inside walls on the side opposite of the abrasive
particle inlet 4 are aligned with each other.

In operation, a pressurized carrier fluid is supplied
to the nozzle unit 1 through inlet 2 from where it is
jetted through the first nozzle 3 into the mixing
chamber 5 to from a driving jet steam. Abrasive
particles, together with an entrainment fluid, are
entrained by the driving jet which includes entering
through the abrasive particle inlet 4 into the mixing
chamber 5. In the mixing chamber 5 a mix of the driving
jet, the entrainment fluid and the abrasive particles is
formed. The mix is then transported through the second

nozzle 6, from where it leaves the nozzle unit 1 in the
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di aneters (D2-D1) so that the first and second nozzle
20 inside walls on the side opposite of the abrasive

w@arosioad1e9 i nl et 4 are aligned with each ot her.PCTEP2004/052593

operation, a pressurized carrjer_fluid is supplied to
the nozzle unit 1 through inlet 2 fromwhere it is
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entrained ljquid. Figure 3 shows a
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abradiffe a&é‘ﬁ%@%?@%\ﬁ#@ iptatt h8entXi ngnehahsefleos rate

nl he fla
Vgﬁm&a& R b et BREOPUAR CROFs SPReouRin
L rbtsndl’h@%lmfet\f:‘}_é‘r@ié rfajcgw %aggrg 1@@%% :Lcles,

ar

anbrr is part of Qent- The entrained mass density is a
function of the density of the carrier fluid (typically
1.2 kg/1l), the density of the abrasive particles
(typically 7.4 kg/l for steel shot), and the volumetric
concentration of abrasives in the entrainment flow.

On the horizontal axis is plotted the ratio Aj/Ap

representing ratio of the cross sectional area of the
first nozzle opening and the cross sectional area of the
second nozzle opening and on the vertical axis the
efficiency of the nozzle unit in terms of percentage of
kinetic energy transfer from the jet created by the
primary nozzle to the abrasive particles.

A preferred area W is hatched into the graph. The
area is bound by lines 31, 32, 33, and 34, each of which

have been found to result from a certain limits or
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Qabr' is part of Qent The entrained nass density is a
function of the density of the carrier fluid

w@ eoopiossBdy 20 1.2 kg/ 1), the density of the abPCHEPWe4/052593

particles (typically 7.4 kg/{,for steel shot), and
the volunetric concentration of abrasives in the
entrai nnent flow On tge hori zontal axis is plotted

(TR W /SRE OTEpteSet FRgIFREFataNat A8 ergesive jet
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cross sectional area of the second nozz ening an
e vaxlt st laxfermakionifi ci ency of the nozzlLe

unit {n .terns.qf_ percentage.of _kinetic energy., .
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tio ¢ hevralhitasdetss parprekesred01bwpket emk @dnakea syl k$
hat ched into the graph. The area is bound by |ineés
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I es: f ' i 1038189
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onditions for drilling holes into a_geological earth
Wi BH %W£¥%é§%el? Bd1tiPRetBat, Bpneséft §aak of Qin.

ficjiency. of --5 10% .which, sets referred | r .
fﬁﬁ%tdﬁéggiﬁ%ﬁ%;Q%g %bf%?%aglﬂPnFﬁﬁ ug&cgbﬁtWﬁgﬁséﬁétrlCts
that e desiniedd oraf@énbai fadle8CopoREtakkYeViahi@ase of
operation. Line 32 represents the efficiency versus
&en ranmpmrdieiayi @u codeesphadsohndi ti dowklat r@antraitd o
hal f of Qn- 10 The drilling-fluid circulation through
thee w1y efdsiclieney Falee, abhtnitedsr apgeidered ues. A

I ' i.nCr. 0 0 ed t | 0. corresponds
R R R R AN e e
itates tdonsiglertdte dlnpaattécphrtocla dowsthahetheolspb@ially

YA hj fl 5 te th h the abrasive
i it FoTe SBkEramnett othe: Eba lasummarse
YutWedHBHe niREi APt @hahbOW &AHCthe hole bottom, Quur, is

the sum of Qgpnt and Qjp, and an increasing Qgpt leads to

correspondingly increasing fluid and particle velocities

in the annular stream. It is preferred to maintain Qgut
not higher than 150% of Qip, thus Qgpt should not exceed
50% of Qjp-

In addition to that, an increase of Qgnpt also
requires an increase of Qgpy in order to at least

maintain the efficiency of the nozzle unit. Otherwise,
energy from the jet created by the first nozzle is
transferred to drilling fluid instead of abrasive
particles. The more solids the drilling assembly has to
supply to the nozzle unit the more complex the system
becomes. It is preferred to achieve a high efficiency
with an as small as possible supply of entrained

abrasives, Qypr-
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bet ween the m xi ng chanber and the hole bottom Qout,
is the sumof Qent and Q n, and an increasing Qent

WO e@d®38189 correspondi ngly increasing fluid anBCT/EP2004/052593

particle velocities 20 in thejannular stream It is
preferred to maintain Qout not higher than 150% of
u t shoul d not, egba 50% of Qn In
of
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efficiency with an as snmall as possible supply of

EREr Rabed=alradirvés, abhrZ WD dd51 038asectively.

PCT/ EP2004/ 05259 or, the sane reason it has
beenEf“Bﬁn ﬁ?wéaﬁrh sef%e%lte%e\btv%’fsﬁ%%ﬁ?aﬁﬁté?
bleafeshr lah@%r:%%hreenfc%&ﬂ!ﬁon theaef §0%1 8ACYnh¥ersHs]
area rati o behaviour under the condition that Qabr is

repradned godsmaent rigguisl cind (3bwds EVe) martméeszs@ehe is
33d show the efficiency versus AI/A2 for Qabr = 8, 6,
FONgHAeSy Py then abraists |%‘F*§f1dﬁ%e Bae sﬁ%ﬁglflﬁe(’f

ehiigiency 1\ensus sarad dat | fhda behavi ok rdndef t he
condition that 60% of the total entrar ned vol ume

Glomqerl@raﬁdoabroésra\lerm\te das)ickes iz tlecensusededy
tfli br %S|l\é% t| cI hz? acjl_<| ng of gagti C%—ES .

udes VoI gs 3nd r e ?Eh %%'ﬁ entrat'onmof oy
@I@m@em\teamrohl Ci|se$50%’1 tmﬁmtielﬂe@l rdt Uubdok8wkesSthe
than 100% A typical val ue for the maxjmum

EyrdEntlr stic6d BEO50RUhi CBNFEEY he? r &t k87 bt ARENIEREN
YenkYRical; st ggl/15hoty K slensityzdd. dokBbl)oaRdto the

grain
conditions that Qzpr = 50, 40, 30, 20, and 10% of Qgnt,

respectively. It can be seen that the lower the
percentage the lower the efficiency. This is due to the

fact that a higher fraction of the energy vested in Q4ip

will be transferred to the fluid component of the
entrained volume instead of the abrasive particles.

Generally, the ratio Aq1/Ap of the cross sectional

area of the first nozzle opening and the cross sectional
area of the second nozzle opening should be in a range of
0.50 to 1.0, preferably in a range of 0.50 to 0.90 to
allow for higher efficiencies. Efficiencies of 20% or

more are achievable by selecting Aj1/Ap, to be in a range
of 0.50 to 0.80. Most preferably, the area ratio A1/Ay is
selected in a range of 0.50 to 0.60, to also maximally

facilitate the second nozzle to receive a diverged jet

stream.
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density (7.4 kg/1l). Lines 34a to 34e correspond to the
conditions that Qabr = 50, 40, 30, 20, and 10% of

w@es/03818especti vely. It can be seen that the POWEP20041652593

percentage the | ower the efflgiency. This is due to

the 20 fact that a higher “frdction of the ener gy

vested in QGn wll be transferred to the fluid
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h@@zq@%s%eqab@nam 25 Ai5de oéft@etéefenéiﬂeybg.
openi ng should be in a range of O.

pr ef ghabhy pheBchange @iodihfed® Hs 9Qh<t>@n ﬂhl PYGHeE 2, the
h| her eff|C|enC|es Efficiencies of 20% or nore are
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st prefer the area ratio AlI/A2 is
@ﬁ’e@tle fi ﬁ?{g %fﬁ%@%&% 60l tomgpsBl; the
Iltate t e sec nd.nozzle to re eive a
gf%e Jé’fa%s Br CAOND Hoehr 038188 PCTHERS004/ 052503
14 t i n_a- . .
ranggﬂgob%%% % ?gngggkg%wes dl?q¥ﬁe Fgﬁé%h£{§§%fg?h%quId
fecand panddzivd ardst watesr | ow aa rangel dhgdmha. 1®héipEéssure
In the preferre odi nent hown in, Figure
Bﬁéfegepgﬁ, RWFEQT§§ gpﬁ%t(%%??ﬁgp nﬂ?nﬁYPbc }EQbEtween
Q.065hndTh®0 |b%ﬁ’_f§t h dde qhérh%ﬁé%é@%%@@&h& dslp
times D1; the ength L2 of the second nozzle g ¥

@%@xgzlatﬂiéf Soxxd 2 V\mfksﬂbe}sﬁéa\ﬂﬁ{i hthecaiebér nbmité 3.

Eprie'h' 1%%%%’?%&1&% Y|t e e hofz g%' Lihipg é”‘ég-

ressure erential over nozZzl
@&v@ﬁpﬁ@@h@% mhbmﬂemgh4iib@m@réO@ebad$scHhEgbdgﬁrom the
pressure jet diverges by approximtely 8 -to 9 as it

Fdrds HOFE 1S Pstt THo2 ZHe® 1= 4pe noharbPE| 3t vhould
dﬁ?l Ny, ehthe Nozzl endinkdcdn@sno9kYeNsaboMepathecuiar,
p

ressure jet discharged fromthe
by having the abrasive particle inlet 4 on one side of
the mixing chamber 5 and the inside walls of the first
and second nozzles on the opposing side in alignment with
each other, it is achieved that the flow from the first
nozzle 3 into the second nozzle 6 is optimized.

Figure 4 shows a schematic cross section of an
excavation tool comprising a combination 10 of a nozzle
unit 1, which may be the nozzle unit as shown in
Figures 1 and 2, and a separation device 12 for
magnetically separating abrasive particles from a fluid.
Other than the nozzle unit, the separation device 12 and
the excavation tool are similar to those disclosed in
International publication WO 02/34653, the content of
which is herewith incorporated by reference.

For this tool the abrasive particles should comprise

or be made of a magnetizable material, such as steel

shot. The excavating tool 6 is provided with a
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15 first nozzle 3 into the m xi ng chanber 5, should
conpletely enter into the second nozzle 6. In

w@arosiossiBar, by having the abrasive particl e Pel/EP2044/052593

on one side of the m xing chapber 5 and the inside
malls of the first and second nozzles on the opposing
nment wW, th 20 each other, it is achieved
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cross section of an excavation tool Apr i Sl
cortp hntnortio pfeasnoizked camirtiet, ﬂMMldh may be the

l.e unit as shown 25 gures 1 and 2, and a
ggggr i(ﬁ1Qﬁﬁ@%ﬁoﬁzngFcenggn89W85PF§ssépgﬁgﬂ%ﬂjc

absdpi Ve, pastd €hesyf Bemagbhuid. o go?abrtth%'lete% 15. The
nozzl e unit, the separation device 1

AT OrPadbl 13r geBriREaF BomahoSS idi £dledsedam retfalnlng
2/.34 t
SR ONR BUPLYERLL OB, Y002 R R0 bR SRR 1SR e

30 whi |ncorporate r

tim et o43| fdhealabaasireeppattccbes 1shguzblcdtfé@1rnaltl $®e QAower
be q§ f a magneti zable material, such as stee
‘ﬁH?H ngéi%ﬁﬁ PFhgSL8BVe6lPs provided with a WO

2005@@%5%%2ﬂﬁﬁ§b§ﬂ398§/9§2§g§ FUIéﬁtrEQng §QEﬂ%hnal

drilling fluid passage 11 In comruni cat’i on
t&hﬁf@iﬁi@nﬁn181r®tatahﬂetrélatmve sopphyi sdekke 15 about
essurlze f.L ui ti,on device 12

arrie S
(Nﬂﬁﬂ?%ﬁ%? ﬁ%ﬁ%%f%%dénﬁgdﬁ gt Eg $§BW? IEPERgdd @are
Prsipdd 8 eEvEvd Sshdhe 19R0MBLEI fRabady 1E3b8eReNAt €3 R ains
magnetic field for retaining the abrasive particles

dehirekdppsia of ebveressedhmagnatée 4ipdd sbrasiord and
F}?élt'é‘éf%érﬁié ﬁ?tf‘glé‘El{ergog%l%\aﬁggtgf tfggltcﬂlu%%%ength

sl eeve 15. e magnetic as a centra
IRﬁﬂﬁanﬂhhMM Ehﬁﬁmagﬁeahd bsdyotatabléommbﬂtbyeat@ﬂﬂﬁk of

%&FJAH%&%HSQ%%&%}%he 88Hé£s sucHgltu Eggklghgfgnls'

International application PCT/EP2004/051407 of which
application priority is presently claimed and which is
hereby incorporated by reference.

The second nozzle 6 is arranged above an optional
foot part 14, and is inclined relative to the
longitudinai direction of the excavation tool 10 at an
inclination angle of 15-30° relative that direction, but
other angles can be used. Preferably the inclination
angle is about 21°, which is optimal for abrasively
eroding the bottom of the bore hole 17 by axially
rotating the complete excavation tool 10 about its
longitudinal direction inside the bore hole 17.

Further details on various parts of the abrasive
particle recirculation system and excavating tool can be
found in International application PCT/EP2004/051407,

already mentioned above.
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provided to drive shaft 18. The magnetic body 13
contains helical bands of increased nagnetic field

wa@reossgiBe and 15 hel i cal bands of relatively |P@I/EP2004/052593

magnetic field strength. Preferably, the nmagnetic
body 13 is forned by a stack of individual smaller
magnets such as described in |nternational

applﬁEaFPSﬁaF%ﬁ?EP /Qﬁﬂ%ﬁﬁ*%ﬂgvﬁﬁi% LpprrEat#en
Bohabivy THePERSERI ML &1 &l sed ?@%M&%ééﬁ&%@ﬂ@ﬁg lower

i ncor por at ed b{ reference. The second nozz
andaedetihabdvélan sdptimpa(not ophowar ttiat asdinserted into

i nclined, rel ati the | i t udinal , direction,of
EHE BRESURIPOR 1 ot P oo B TTHLI That i 6 GhGte b
op2Q ikel ahi ¥Bet Firli s £C4 | @R 1 DUt 251 @1 Hethan gl 8SpeRAPed

be used. Preferably the inclination angle is about
Py, awsiuéhabd eoptinial (1o wrwiRl vethe @rbblngtrheg and the

; f i al tati t ;
SRRl DT Sl AL R A £t Akt 1! Hnoins,
dheectdidn ingsifdeitchel doseohnioded IwitB0a Fsmms ber agetat! 6f

og var,i ous rts of the abrasive particle
PEERSAHTFaPPo1SyStem and excavating tool can be found

in | akeeRpthonal appldeatdn POTLERRODA 05349, 5 rranged
al ready nentioned above. WO 2005/ 038189

RCThER2G04W05269F ict e, |ovepevaitlona phessxcavdrpngis
toal 1 r, K s. follaows._ The excavatio ol ,10.is

B et te AR N e rebr R rRr Of R CHIT PESEREngT LA
ghowa). that is inserted into the borehole 17. The
pressurized_carrier fluid is 5 supplied in the form of

a dr Thei Agitiling tHatld SCimpenroyola Shetabrenpuipamber 5
(985, enabochlepisible s ot Lhesoll ) seseae
toiriehiodg Pbtitdni & Qr c¥idettawetual gnbhé arovanetopn tool is
LR BALL! PLes. ) 20,0 SXRLR 10, 2R VEecLPE Lbhn of
drilling fluid and abrasive particles flows from the
borehole bottom 20 through the annulus between the
borehole 17 and the excavation tool, thereby passing
along the support sleeve 15.

Simultaneously with pumping of the stream of drilling
fluid, the magnet 13 is rotated about its shaft 18. The
magnet 13 induces a magnetic field exﬁending to and
beyond the outer surface of the support sleeve 15. As the
return stream passes along the support sleeve 15, the
abrasive particles in the stream are separated out from
the stream by the magnetic forces from the magnet 13
which attract the abrasive particles onto the outer
surface of the support sleeve 15.

The stream of drilling fluid, which 1is now
substantially free from abrasive magnetic particles,

flows further thxrough the bore hole to the pump at
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with a flowrestriction, over which a pressure drop is
present which drives the acceleration of the drilling

wo baosai3si¥he drilling fluid flows through the nPRI/EB2004/052593

chanber 5 15 into the secan ozzle 6, and is jetted
agai nst the borehole bottom20. Sinultaneously the
excavation topl is rota bout its |ongitudina

d
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I d.th h, the_.drill,
I L T

t er renova

WaﬁMSﬁNélpéﬁltBéaL nedusep th@ abippekt sHEtaetelSare
are attracted towards the helical band 5 having the

RiggHEs SRt 3 e2 1 8F dtheukorshe be abPEkoBf 2Phanfagnet
%%b§@ﬂ%éﬂ%ﬁ. efi&@'lﬁaggﬁafé Bi gh-ap n|9WEgﬂgﬂeEh% ‘o

field strendgths, the abrasive particles are force
oldedwe 1@ Hel i cBhé ycdohawas dthewenmeptadkdngonhénsoppsayt.

In order to enhance the downward transport of the
abrasive particles along the support sleeve 15, the
support sleeve 15 may by slightly tapered to that its
diameter at its lower end is smaller than at its upper
end. A short tapered section 21 may be provided at the
lower end of magnet 13 whereby the support sleeve 15 is
provided with a corresponding conical taper in a manner
that the inlet 4 for abrasive particles provides fluid
communicatibn between the support surface 15 surrounding
the tapered section 21 and the mixing chamber 5.

The conical taper is best based on the same angle as
the above—discussed inclination angle of the second
nozzle 6.

The support sleeve 15 as shown in Figure 4 is
provided with a helically extending guide plates 24a and
24b protruding outwardly from the surface of the support

sleeve 15. This guides the abrasive particles on their
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sl eeve 15. 10 As the particles arrive at the abrasive
particle inlet 4, the streamof drilling fluid

wo b@niosgysd rom t he first nozzI e 3 into the m xPCGEP2004/052593

chanber 5 again entrains %E??br asive particles.
Thus, the abrasive particles again jetted against
t he bor ehol e bottom 20 and 15 subsequently flow in
WeWa CPveh eé@ndnthidrougporhesleevehdbe The dnenggcte

[ e NUOUS 0 nhan
R e 1 Eport R e agt Der bR E b Re Bl L8 B Rg oo
tLife thiep parid es | geaves d Srut heersnpabty pheeleelStonyhby
%htly tapered to that its. 20 dianeter at its |ower
g haRlerathan Bretesakipper tRAGILALLABEt TLBpEr ed

%%%ts'a% 2% ey, bse %Péﬂrg@éidaintfg?%h@%ﬁng dceﬁtggen%&th

wher eby the support sl eeve provided wt
¢bmw68QQNGanSb@mvea15tapethengaidanpéatethaepﬂhelng the
nl et for rasj ve particle rovides fluid 25
BTt e bR e ke caf o T iB L T ace. 15
SUr r REFdH~RY nd f@géﬁﬁ)e{@szS@@I:éom 23 RBgnthecMu¥tP8ctor
chanber 5. The conical taper best based on the sane

&oglve 1ds 1st rlér%%@%bws@u@*gedeﬁnédn AgenbnthAghéxdndt he
g%%%%r 2024180 8 1 40 JP%@&QH%#P@aﬁﬁéﬁg%?e’g‘g@@%@. L8 the

ure 4 is provided w ng- gai
[&lb&taﬂﬁ.v%@aaﬂ@lcﬂd-bl@lﬁtr@di 'nglsutwasdlsymfagnﬁtiibefield

yrface of the_support _sleeve 15, This guides t
Tes Ve gt s cr ok ohe t HaV S vEndosh/ D5atHg Magnel to this

%QB%%R%QQ%kQ§¥59§S a £8suyey gH@“mébﬁgglEh§1§EBp@Ebm the

sl éeve 15. The downward transport velocity of the
styrldgidze qedr tihagret i §si pet badednsifet hbeguidénpl ahember 5.

HIASLUBILY PRIAILEL hOGHDE o SIBLLUGLTBL:ELTee con
ﬁromm d:edaﬂnﬁ, | ongh t tide nabwepneadt oM the shepsuppeutrface 15
%L%%M%k&%h%?z%ggn gigea nggtoregog ?%,tggereby crossing
the jet that is discharged from the first nozzle 3. The
particles in these chains thereby interact with the
stream of dxrilling fluid passing through the mixing
chamber 5, and thus the entrainment of these particles in
the drilling fluid will be enhanced. .

Suitable magnets can be made from any highly
magnetisable material, including NdFeB, SmCo and

AlNiCo-5, oxr a combination thereof. Preferably the magnet
also has a magnetic energy content of at least 140 kJ/m3

at room temperature, preferably more than 300 kJ/m3 at
room temperature such as is the case with NdFeB-based
magnets.

The sleeve 15 and the drilling fluid passage 11 are
best made of a non-magnetic material. Super alloys,
including high-strength corrosion resistant non-magnetic

Ni-Cr alloys, in particular a Ni-Cr alloy available under
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separate gui de plates 24a and 24b. Referring again to
Figure 4, a nmagnetic attractor body 16 is preferably

w@e@3ioskado adj acent the m xing 10 chanber on t heCHEBR®04652593

the m xing chanmber opposite_tpsthe abrasive particle

inlet 4. This causes magnetic Tield Iines to run from
t.he | ower nd 21 g& hhe magnet to this netic body.
% Nk {1CPRELR gflet PEVFi BRGNS ZRPChE® B prarisatl arly

mgneipries. pul l ed inside the m xi ng chanber 5. 15 This
achi eves that the magnetic abrasive particles can
f or mTsiral @l f domenhéohswerelandngf tbheéheuppoatvasinijaceol
wa h ic.attractor body 16, thereby
é$§§§?‘"£g E g% ?ﬁgﬁow§n8|§8%;Fged fromthe first
nozzl e 3 The particles in these chains thereby
interact with the 20 streamof drilling fluid passing
t|fedigMame nixi ng chanmber 5, |Referrrcee Size
entrai nment of these particlesiin nua dr|IIing fluid
M || be enhanced. Suitable nagnets can “be |made from
arou gl yameagnebirsabbe gater ifal, nacl udijng NFgR,
$rCo-and-25 Al NiCo-5_ar a comi natian_t her eof
F’rAé?lérla@P‘?n?F]é ﬁﬁgﬁéﬂneél so has a m&énetl q erléiQym
d 7 1TD at— mTerper tt c,
?gﬁgggb %aﬁ%F%Etﬁ an §§BQEJ/HB at F§0n1te ?%
uclharest e s theloase whatrh WdFeB{baseds nagrets343ﬁmThe
| eeve 15 and_the drilling fluid passage 11 are best

Ted®PRE T AohiAEGneti ¢ materi al. Super al I|oys,
| T ATl T NG SEEEN ggtcgﬁr05|on regrstart
non- nagnet i ¢ hﬁb 9 [oys, in part??ular a N2
zuSuanm¢a|$®bfecander WO 2005/ (38189 PCT/ BEP2004/ 052593

10 + ho
19—t+he+nare—treonrel—418—hatre—-been found-to be

particularly suitable. Typical dinmensions relating to
the exeavatifgi$€0parakie18kVaAvENat Bpetalthewigngvtial! g4n

the case of steel shot or steel grit particles: 7-8 SG),

<

NN

which is substantially higher than the typical specific
gravity of the drilling fluid (0,8-2.3 SG). This improves
the situation that a relatively small volumetric
entrainment rate of abrasive material is sufficient for a

substantial kinetic energy transfer.
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Part nanme Reference Size nunber CQuter dianeter of
foot part 14 73 mm Axial length of magnet 13 120 mm

w@os3sisanet er of magnet 13 29 mm Di anet er i PCT/BR04/052593

part of 15 34 mm support surface Dianmeter in upper
part of 15 52 nm support surflace 5 The abrasive
particles have a specific gravity (in the case of
steel shot or steel grit particles: 7-8 SG, whichis
substantially higher thag Lhe fypi sal specific
gravity of the drilling fluid (0,8-2.3 SG. This
inproves the situation that a relatively small .
YQ'Uﬁ@iii@e1@h§@tf@in@@ﬂéré@iﬁipénaQEEébY@e”?é@['@ itR
sufficient for a subStantial kinetic energy transfer.
WO z2A0I05/ @381 89oRCTL &#92004/ 052593 - 20 CL Al MS 1.
Nozzle unit, for nerating an abrasive jet, ich |
nozzl%® %ﬁﬁ?tC%%%?f%e%?ngégt??rg? ﬁoQEFEEEBﬁﬁ% t 89T oS8
Enessurszesi garvhecnh £ivsd sopply, iwhhcBekbiish PREZLST
in a section thereof 5 with its highest restriction
Héfimekta higheshoresbropehrngdndinag a Eisss nozzle
??% j9§€|h$5f§%e$;%iogsn%é&ggoﬁgfnggéalR which the
rstnozzle i scharges; "~ "a secon RoZzl e connect ed
to the guxing chapber, i A0,MhEgh-geceRdspogglerin a
section thereof wwth its highest restriction defines
disedomdg®®zzl e opening having a cross sectional area
B0 BB AR YOCRRNLLELE LD BhetheRIRLOLAGRL:
which second nozzle in a section thereof with its highest

restriction defines a second nozzle opening having a

cross sectional area Ap; and

- an abrasive particle inlet discharging in the mixing
chamber;

wherein the ratio A{/Ap is greater than or equal to 0.50

and lower than 1.

2. Nozzle unit according to claim 1, wherein the length
in flow direction of the mixing chamber is such, that
taking into account the divergence of the jet to be
discharged from the first nozzle, the diameter of the jet
leaving the mixing chamber is smaller than the diameter
of the second nozzle opening.

3. Nozzle unit according to claim 1 or 2, wherein the
length in flow direction of the mixing chamber is in the
range of 0.8-2.0 times the diameter of the first nozzle
opening.

4. Nozzle unit according to any of the preceding claims,
wherein the length in flow direction of the second nozzle

is in the range of 4-10 times the second nozzle diameter.
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15 wherein the ratio AI/A2 is greater than or equal to
0.50 and lower than 1. 2. Nozzle unit according to

wWa@e b@so38189 wherein the length in flow directi oPCDEP100€052593

m xi ng chanmber is such, that taking into account the
di vergence of the jet to be 200 di scharged fromthe
first nozzle, the dianeter of the jet |eaving the
m xi ng chanber is smaller than the dianeter of the
second nozzl e opening. 3C Moazltemusit according to
claiml or 2, wherein the length in flow direction of
the m xing chanber is in the 25 range of 0.8-2.0
tinESNBEElQ'@HEEeEOQngB%rEEEﬁP Qﬂzébﬁas99%”3e9, %hlch
Nozzl e unit according™to any of the preceding clains
whereila thétl| engplriisesf:l ow direction of the second
n_the.ran times the second

nozzl e 1
nozzl & EFﬁﬁttEPZZ%B 5%@§F5§§f8gOPéTPEP?GBEF@§§5§§rrler
201uldlsBpp1 Y, SwhicNozah@tURbkzfier jgeResabitAgnadRhereot
abrasive jet, which nozzle unit conprises: - a first
n%k%heléénhé@héétt@eétgﬂ@§9@nlﬂ@élﬁaﬁraeflrﬁtum@zzle

i St z ection,thereof 5
WH?%LXPgmﬁggge ra Cr%%% fS%Cltlggrai rea

restriction indses filfst nozzle
Open'ngmﬁymggcﬁa&b%§s1§e%hheﬂakh@fg§rék,noz§1€‘X'ng
chanber the first nozzle I scharges; - a
sécdaldangezle connected to the mxing chanber, 10
whi ch_second .nozz reof, with

et SERRELTREERT s BofrReEel tet ofn Ruzory  shefbrs

haniBl 8ecéhBSs8osedll amal 3eed i) t&@@eofanﬁﬂréikVﬁlghest
particle inlet discharging in the mxing _chanber; 15

M%FEFHCFFa@nr deféngs A2 S.egoglﬁieépérz lehgRepingquaring a

O:P0ss sectional area As; and

- an abrasive particle inlet discharging in the mixing
chamber;

wherein the ratio Aq{/Ay is greater than or equal to 0.50

and lower than 1.

2. Nozzle unit according to claim 1, wherein the length
in flow direction of the mixing chamber is such, that
taking into account the divergence of the jet to be
discharged from the first nozzle, the diameter of the jet
leaving the mixing chamber is smaller than the diameter
of the second nozzle opening.

3. Nozzle unit according to claim 1 or 2, wherein the
length in flow direction of the mixing chamber is in the
range of 0.8-2.0 times the diameter of the first nozzle
opening.

4. Nozzle unit according to any of the preceding claims,
wherein the length in flow direction of the second nozzle

is in the range of 4-10 times the second nozzle diameter.
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and lower than 1. 2. Nozzle unit according to claima1,
wherein the length in flow direction of the m xing

wW@e b@si0s8189 s such, that taking into account thRCT/EP2004/052593

di vergence of the jet to be_29 di scharged fromthe
first nozzle, the dianeter of %he jet leaving the
nixin% chanmber is smaller than the dianmeter of the
secon

ddge ATERT BNz 1@ urdk thee ordiargliny claims,
ChaidPel Ore 12 SRl hdha e |i%1§gc!bér{’c1filc%}ﬂlgj g{%‘é&%o"f

the m xing chanber i1s in the 25 range
t inedettiee dieandterfiofstt meA4lrest nozzle opening. 4.

uni.t accarding tao any of the preceding cl ains,

AR IELAREE RIS B S AL R I L Pl

N@zded t ik idi I dangs ofs 4rld dddmsy the second o
nozzl e di aneter. W) 2005/038189 PCT/ EP2004/ 052593 -

2 Tomporayy |1 uitia dhictssrtdiony afo tdrey adfrasiereprecediaig
cl.aing, wherein the second nozzle is eccentrically
afranged relative to the first nozzle. 6. Nozzle unit

agcor ioag 1teo 1a211ai rﬁc’ior\&’i@fgei’db e inb e, r wherein at
di spl acenent of the second nozzle has a conmponent in

t RE3dT &TtorPofant He ssteagiadel i thihel £insy arozzie is
N%iﬁ@%éﬁ“diﬁ%“é%@%ég%ﬁ;kégqﬂégE%#ﬂ;é%id@“ﬂé%fqﬁg.the

| east” part of an insi I'rst nozzlée is
1B8ealonghebamlteh at | east part of an inside wall of the

second nozzle. .8. Nozzle uniit according to any of the
préce ior‘?ﬁace] éﬂr’r?éc SRS S émé’uﬁ% )F%l?né’ﬁ eding claims,
cenngatied dP 4 haiInasineinSIURR—INhd dH et + OMSHLIIb ANS ve

supply channel surrounds the 15 m xi ng chanber by an

aRgPPlot Indat 4 heiprrge the NowRly wHiannaedc srafinnynds the

SR IR AT O R AP
9 Nozzle unit according to any of the preceding claims,
comprising a supply channel connected to the abrasive
supply inlet, wherein the included angle between the flow
direction in the supply channel and an axis along the
flow direction of the primary nozzle, is smaller than
60°.
10. Combination of a nozzle unit according to any of the
preceding claims and a separation device for sepérating
magnetical or magnetizable abrasive particles from a
fluid, which separation device comprises a magnet body
for attracting the abrasive particles out of a fluid
flowing along the separation device, and a support
surface at least partially enveloping the magnet body,
and means for transporting attracted abrasive particles
along the support surface to the abrasive particle inlet
of the nozzle unit.
11. Method of excavating a hole into an object,

comprising the steps of:



supply inlet, wherein the included angl e between the

flow direction in the supply channel and an axis
wabk@sg3gike 20 flow direction of the primary noRei/EP2004052593

smal l er than 60. 10. Cbnbing%ion of a nozzle unit

according to any of the prec¢éding clains and a

separation device for separating nagnetical or

magneti zabl e abrasive particles froma 25 fluid, which

separffore Hey | e FompTives] of mitfifstatbiody tdok comprising

t i 'BY, ticles t of,a flujd, .

A oiFehL SPhLf ARSI R T g St pho into the

swsiace at | east partially envel opi ng the magnet body,

and neans for transporting attracted abrasive '

par t i ¥R BBLRY Ay AW shipporet L fuRPhvinthe apresiwel zed

RAULI Lo EThE] (ONcADer 022 Sodthid ard o MR, £l

excavating a hole into an object, conprising THe

slapss Dfe M 2006¢ 9381189 BT /1ER2004/ A52R03r; -a2®@ -

arrangj ng an abrasive jet excavating tool conprising
a noz‘g}lég%*fﬁ’?g a%}b%r%k??éas%‘be alff* o the- g aqkh%é@t- 9 into
the hole; - generating an abrasive jet by supplying a

pressurized 5 carrier fluid to the first nozzle and
di scharging abrasive particles into the m xing
chanber; and - directing the abrasive jet into the
obj ect.



