An I nmproved Jet for Use in a Jet MI|I Mcronizer Background of the

I nvention [0001]Jet m Il mcronizers are commonly used to reduce the
particle size of friable material to the mcron range. Typical jet mll

m croni zers feed the friable material into a vortex created by injection of
a fluid sush2asewompressed air, gas or steamthrough acnozmbhepdrto the

m croni zer. The vortex entrains the friable material and accelerates it to
a high speed. Subsequent particle on particle inpacts within the m cronizer
create increasingly smaller particles, with particles of the desired size
ultimately noving to the center of the mcronizer where they exit through a
vortex finder. [0002] The efficiency of the rnicronizer is dictated by the
ability to properly entrain the friable material within the jet stream
created by the injected gas. Over the years, the industry has attenpted to

i nprove the entrainment of the partigcles gﬁ changes in nozzle design
as well as through reciﬁE&FEPWﬂ EH‘ %é%a#ﬁéﬁﬂ TAPE8 into the micronizer.
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pressure steami's to generate mcroni zing j et when
mlling tltﬂ‘f'ﬂfﬁhﬁvdﬁéﬁ?@éh%)‘é’ﬂﬁ@ #s to pignentary size. In view of the
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pi gnent. [000 Vi ew of the si i cant energy costs assoclated with
steam j et ni"EY \gth lipited Siipregs, they frequentiy rely upon complicafed designs subject to wear and

increased maintenance.

{0603} One attempt to improve the efficiency of a micronizer resulted in the
development and use of the now standard convergent-divergent nozzles. Converging-
diverging nozzles generale extremely high velocity gaseous streams commonly achisving
supersonic velocities. However, because the gaseous streams expand within the nozzle,
entrainment of particies within the resulting jet is difficult. Thus, the benefits of the supersonic
velocity are not generally imparted to the friable material.

[0G04] High pressure steam is commonly used to generate the micronizing jet when
milling titanium dioxide particles to pigmentary size. In view of the energy costs associated
with steam generation, improved entrainment efficiencies can lead to significant cost savings
during the TiO; pigment manufacturing process. The quantity of steam used during the TiO;
micronization process, for example, is typically quite substantial, generally varying between '
about (.5 to greater than two tons per ton of pigment. '

[3005] In view of the significant energy cosis asscciated with steam jet mills, it would
be desirable to provide an improved jet nozzle which enhances entrainment of particles to be
milled. Prefetrably, such improvements would be provided without significant design changes
to the micronizer. Further, it would be even more beneficial if the changes enabling the

improved operations of the micronizer could be readily retrofitted to existing units. The



be desirable to provide an inproved jet nozzle which enhances entrai nnent

of particles to be mlled. Preferably, such inprovenents would be provided
wi t hout significant design changes to the mcronizer. Further, it would be
even nore beneficial if the changes @nabling the inproved operations of the

m croni zer could be readily retrofitted to existing units. The 2 current
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t hr ough, i v i jjzer jet nozzle. Summary of the Invention

[0005a]1 c%ﬁeirﬁ§&ﬁgﬁgh%%§£&éaspect, there is provided a jet nozzle suitable
for use in a mcronizing jet mll and constructed and arranged to provide a
gaseous jet that creates a supersonic zone for grinding friable materials,
conprising: a nozzle body h2RIHBALy UIRGENVEIROIand and a second open end
with a gevay x| Qi [ ad et 8 theAD (6600M RRDS171 05 fRBRYE: Slehifct
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extendi ng outward f.romsai d second end of sai.d nozzle foy .a distance
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a second aspect, there i's provided a jet nozzle for use in a mcronizing

j et m | Comdnpefifst ngdudng ciahent bpwjtidnadi wighia fiid spaseqmewag nehdasstendisgcond

open end, said first and second ends being.joined b ssage assing
Chrough i favh (Y Rt FE 2% Beei B S Bite el RERGRE IR

conf i gugsakideny slefvkrietlom aldRcdrng@rof seigsRkleabt ¥ dishivas sifficlaypereasiitc si des
and opposi ng general ly rounded ends; a Coanda effect 'ndUCLQ% el enent

posi t i ofvgloniment of saiCdapds sHgevend theashy exiandsant Ferarsonird gERHHE sd98fent

ext endi ng. ou rd_from.said nozzle through said second end, wherein said
Coanda %3¥E%i%$R6@SFW6ﬂS$8%%nt has a configuration substantially simlar to
t he sl ofpobsile conhigudiaiton Ltomibigesearidisopenided. jel AREebAwsoidang to a
third aspect, there is provided a_jet nozzle for use in a mcronizing jet
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Coanda effect inducing element has a configuration substantially similar to the slot-like
configuration of said second open end.

[00605¢] ‘According to a third aspect, there is provided a jet nozzle for use in a
micronizing jet mill comprising: a nozzle body having a first open end and a second open
end, said first and second ends being joined by a passageway passing through said nozzle,
wherein said second open end has a slot-like configuration defined by two longer,
essentially inwardly hyperbolic sides and opposing generally rounded ends; a Coanda
effect inducing element positioned within said passageway, said Coanda effect inducing
clement extending outward from said nozzle through said second end, wherein said

Coanda effect inducing element has a configuration substantially similar to the slot-like



2a configuration of said second open end, said Coanda effect inducing

el ement extends outwardly from said second open end a distance of from
about 2.5 mmto about 38.1 nm [0005d] According to a fourth aspect, there
is provided a jet nozzle for use in ggzmcronizing jet mll conprising: a
nozzl e body havi n% a_first open end and a second open end, said first and
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fromthe exit (second end) of the passageway.
define a gap; said Coanda effect inducing element extending outward from said nozzle

through said second open end a distance of from about 2.5 mm to about 38.1 mm,
wherein said Coanda effect inducing element has a configuration substantially similar to
the slot-like configuration of said second open end and wherein the portion of said
Coanda effect inducing element which conforms to the configuration of said second open
end extends into said passageway a distance ranging from about ten times said gap to
about 20 times said gap.

[0005f) There is provided a micronizer jet mill comprising the jet nozzle of any

one of the first to fifth aspects.



[ 0007] I n anot her enbodi nent, the current invention provides an inproved jet
nozzle for use in a mcronizing jet mll. The jet nozzle has a nozzl e body
with a conduit passing through the |l ength of the nozzle body providing a
passageway for generating a gaseous Pwt. The exit point of the nozzle

foiwi ng the gaseous jet preferably has a slot-like design. Positigned
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el enent mposiiting hednili t Aicninigrevidetombzainerises a nozzle body with a passageway
passing the length of the nozzle body for generating a gaseous jet. The exit point of the
nozzle has a slot-like design defined by two longer, essentially inwardly hyperbolic sides
and two opposing generally rounded ends. Removably positioned within the passageway
and preferably extending outwards from the exit point of the passageway is a coanda
effect inducing element. Preferably, the removable coanda effect inducing element has a
configuration corresponding to the slot-like exit of the passageway. Thus, the slot-like
exit of the passageway and the coanda effect inducing element define a generally
consistent gap through which the gaseous steam flows to form the jet. While other means
may be employed to secure the coanda effect inducing element in position within the
nozzle, the preferred embodiment utilizes a hollow set screw having a passageway
running the length of the screw. The screw is inserted into the first end of the jet nozzle

following placement of the coanda effect inducing element within the nozzle, thereby

securing the coanda effect inducing element in position within the nozzle.



[0011] Figure 3 is an exploded view of the inproved jet nozzle of Figure 2.
[0012] Figure 4 depicts the extension of the coanda effect beyond the exit
point of the jet nozzle and represents the speed of the gaseous jet.
[0013] Figure 5 depicts the deflection of particles around the gaseous jet
when usi ngvaz@siondart nozzle. [0014] Figure 6 depi ct se¢hesivnproved
entrai nnent of particles when using the jet nozzle of the current
i nvention. Detailed Description of Preferred Enbodi nents of the Invention
[0015] I n 1910, Henri Coanda first observed a phenonenon wherein a free jet
energing froma nozzle attached itself3to a nearby surface. Known as the
coanda effect, this phenonenon is the result of |ow pressure devel opi ng
between the free flowing stream of gas and the wall. The coanda effect can
be observed in both liquid and gaseous fluids. [0016] The current invention
t akes advantage of the coanq?.§5feat.to ﬁf&F”d a thin | ayer

riel Descripgion of fhe

rawings
{0009] Figure 1 depicts a typical micronizing jet mill.
{0010) Figure 2 is a perspective view of a preferred embodiment of an improved jet

nozzle, including the coanda effect inducing element positioned within the jet nozzle,
[60i1] Figure 3 is an exploded view of the improved jet nozzle of Figure 2.
{0012} Figure 4 depicts the extension of the coanda effect beyond the exit point of the
jet nozzle and represents the speed of the gaseous jet.
{0013] Figure 5 depicts the deflection of particles around the gaseous jet when using a
prior art nozzle.
[0014] Figure 6 depicts the improved entrainment of particles when using the jet nozzle
of the current invention. _

Detailed Description of Preferred Embodiments of the Invention
[0015] In 1910, Henrt Coanda first observed a phenomenon wherein a free jat
emerging from a nozzle attached itself to a nearby surface. Known as the coanda effect, this
phenomenon is the result of low pressure developing between the free flowing stream of gas
and the wall. The coanda effect can be observed in both liquid and gaseous fluids.
[0016] The current invention takes advaniage of the coanda effect to extend a thin layer
supersonic zone 31 outward from the jet nozzle 16. As depicted in Figure 4, the current
invention extends supersonic zone 31 at least one inch outward from the exit point 26 of the
nozzie 10. When used in a titanium dioxide micronizing process, the current invention
provides an effective grinding zone equal to currently available full cone jet nozzles. The
nozzle of the current invention provides this equivalent grinding zone while reducing the steam
requirements by half. Thus, the current invention satisfies the above indicated needs of the
industry,
[0017] Preferred embodiments of the current invention will be described with reference
to Figures I-3 and in particular with reference to Figures 2 and 3, Figure | depicts a typical
micronizer jet mill 5 which may be retrofittad with improved jet nozzle 10 of the current
invention.
[0018] Improved jet nozzle 10 of the current invention is depicted in detail in Figures 2
and 3, With reference of Figure 3, nozzle 10 includes a nozzle body 14 having a
passageway 18 therethrough. Passageway 18 has a first open end 22 and second open end 26
also referred to herein as the exit point26 or jet forming exit26. Located within

passageway 18 and preferably extending outward from exit point 26 is-a coanda effect



supersoni ¢ zone 31 outward fromthe jet nozzle 10. As depicted in Figure 4,
the current invention extends supersonic zone 31 at | east one inch outward
fromthe exit point 26 of the nozzle 10. Wen used in a titani um dioxide

M croni zi M PPBE8WS, the current invention provides HFEFRHELFVE grindi ng
zone equal to currently available full cone jet nozzles. The nozzle of the
current invention provides this equivalent grinding zone while reducing the
steamrequirenents by half. Thus, the current invention satisfies the above
i ndi cated needs of the industry. [00171Preferred enbodi ments of the current
invention will be described with reference to Figures 1-3 and in particular
with reference to Figures 2 and 3. Figure |I depicts a typical mcronizer
jet mll 5 which may be retrofitted with inproved jet nozzle 10 of the
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greater distance than would be true of a jet under the same pressure and temperaturs

conditions, without using coanda effect inducing element 30,

o021} As shown in Figure 4, supersonic zone 31 is extended at least ong inch beyond.

exit point 26, Fig. 4 further provides a depiction of the speed of the resuliing jet in gray scaiz.

As shown, even the lower edge 39 of supersonic zone 31 retains a significant jet velocity.

Typically, jet velocity at the lower edge 39 of supersonic zone 31 will be about Mach 1.8

about Mach 1.9, In contrast, prior art devices lacking a coanda effect inducing element 30

would experience rapid dissipation of the jet in the region adjacent to nozzie 10, In general, jet

valocities in the corresponding regions without use of element 30 would normalily be about

Mach !, and require approximately 2x as much steam to attain & zone of less than squivalent

tength. The improved velocities throughout supersonic zone 31 produce enhanced enfrainment

of particles within jet region 35.

[0022) The improved entrainment of particles within supersonic zone 31 15 evident

from & comparison of Figure 5 to Figure 6. Figures 5 and 6 depict the infiuence of jet region

35 on representative particle tracking fines 33 and 37. In Figure 6, the particle tracking fines

indicate that four representative particle tracks 37 are drawn into supersonic zone 31 while

only two particle tracks 33 do not enter supersonic zone 31, In contrast, Figure 5 depicts



close proximty to coanda effect inducing elenent 30 by the coanda effect.
Due to the induced coanda effect, the resulting jet's supersonic zone 31
will be extended outward fromnozzle 10 a greater distance than would be
true of a jet under the sane pressure and tenperature conditions, wthout
usi ng coarvslaeBhwots | nduci ng el enent 30. [00211As showsir/iCseoédngimoe 4,
supersonic zone 31 is extended at | east one inch beyond exit point 26. Fig.
4 further provides a depiction of the speed of the resulting jet in gray
scale. As shown, even the |ower edge 39 of supersonic zone 31 retains a
significant jet velocity. Typically, j%t velocity at the | ower edge 39 of
supersonic zone 31 will be about Mach 1.8 to about Mach 1.9. In contrast,
prior art devices |acking a coanda effect inducing elenent 30 would
experience rapid dissipation of the jet in the region adjacent to nozzle
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air passage or gap 52 defined between the outer surface of coanda effect inducing element 30
and the inner surface of exit point 26, Thus, if gap 52 is about 0.254 mm {(about 0.01") wide,
then the conforming configuration will extend about 2.54 mm to about 10.16 mm (about 0.1"
to about 0.2") into passageway 18, Alernatively, the conforming configuration may
characterize the entire length of coanda effect inducing element 30 from end 36 to flange 54 or
some intermediate distance.

[0024) In alternative embodiments, exit point 26 may have a different configuration
than depicted in Figs. | and 2. For example, exit point 26 may have a conventional slot like
opening wherein sidewalls 44, 46 are essentially paraile! with rounded or squared ends 48, 50.
Preferably, coanda effect inducing element 30 used in conjunction with exit point 26 will have
a corresponding configuration. However, the current invention contemplates the use of coanda
effect inducing element 30 having a configuration which does not conform to the configuration
of exit point 26. For example, coanda effect inducing element 30 may have an oval, elliptic or
any other curved surface suitable for inducing a coanda effect on the steam exiting the nozzle
body 14 while exit point 26 may be a standard slot opening or other configuration inchuding
but not fimited to oval, circular, muiti-siotted and multi-lobed.

[0025] In a preferred embodiment, coanda effect inducing element30 carries a
flange 54 suitable for retaining coanda effect inducing element 30 within passageway 18 by
engaging a Hp or other similar device (not shown). Following positioning of coanda effect
inducing element 30 within passageway 18, set screw 34 is threaded into nozzle body 14,

Although shown as having a fixed position within nozzie body 14, coanda effect inducing



[0023] I n the preferred enbodi nent, exit point 26 preferably has a nodified
slot-1ike configuration wherein opposing walls 44 and 46 are pinched

i nwards toward one anot her, each presenting a generally inwardly hyperbolic
shape, with the opposing shorter ends 48 and 50 being generally rounded in
conf i gur atwonoeos/Asoabt ai n maxi num ef fi ci ency of nozzl epdDpswoAaTiar ef f ect

i nducing el enment 30 preferably has a configuration which conforns to the
configuration of exit point 26. Typically, the conform ng configuration
extends fromexit point 26 into passageway 18 a distance of about ten tines
(I Ox) to about twenty tines (20x) theg wdth of the air passage or gap 52
defi ned between the outer surface of coanda effect inducing elenent 30 and
the inner surface of exit point 26, Thus, if gap 52 is about 0.254 nm
(about 0.01") wide, then the conform ng configuration will extend about
2.54 mmto about 10.16 nn1% about 0.1" to about O. éﬁ into passagemay 18.
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securing cogpgda effect inducing element 30 within passageway 18 are wel |
known to those skilled in the art and will typically use a solenoid or
stepper notor operating in a manner simlar to an idle air control valve
commonly found a nodem fuel injected engine. 100261l n addition to the
benefits depicted by Figure 6, the current invention also provides a
t hi cker supersonic zone. Thus, the current invention further inproves
entrai nment of particles by extending the supersonic jet further into the
| ayer of particles entering mcronizer 5. Additionally, stabilization of
t he supersonic zone by use of the current invention enhances back fl ow of
particles into the resulting jet.



100271Whi | e preferred enbodi nents of the present invention have been
illustrated for the purpose of the present disclosure, other enbodi nents of
the current invention will be apparent to those skilled in the art froma
consideration of this specification, tthe drawings or practice of the

i nvention disclosed herein. Thus, the foregoing disclosure wll enable the
construction of a wde variety of apparatus within the scope of the
follomkwgcﬁ&?ins. Accordingly, the foregoing specification is considered
merely exenplary of the current invention with the true scope and spirit of
claim 1. A

7 W\
jet nozzle suitable for use in a mcronizing jet mll and . constructed and
arranged t o pigwe eéw&geeg)ﬁéls‘]’ d ’PW&W%‘P%&%@@@@?&B‘%@S | @nggﬁgngegﬁo
gri ndi ngfigk apl & IRE ek 3har KRR b SdpBisonic zoned f0ZAEhEnBOHAbRAAGials, T i 1 St

open e and a second open end wth a passageway joining said first and
second @mngsising: a Coanda effect inducing elenent positioned within said

passageway and extendi outward from sai d_secaond end_of id sai d
Coanda effeéingﬁﬁﬁg?%@ﬂgWE%éﬁ#B Q?%haﬁnﬁmgﬁtﬁﬁﬁn ?9%%ﬁ?@é?§§§%%%%§égﬁﬁ of
said nq6§ﬁ@ggﬂfﬁgtghﬁ&@aﬁﬁmﬁgfficient to ensure devel opnent of a Coanda

ef fect "and thereby extend said supersonic grinding zone outward frgom said

nozzl e body.a Cpandprasfeceindneing| cherarns Gpeifpred witbmajaid nassygeupEiand £xicgdie8anda

ef fect induci el.enent ;ha i G fi i ing.to the
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body has a slot -1like configuratiaon. ) e .
of a Coanda effect and thereby extend said supersonic grinding zone outward from said

t he invention being indicated by the follow ng clains.

nozzle body.

2. The jet nozzle according to claim 1,
wherein said Coanda effect inducing element has a geometric configuration corresponding to

the geometric configuration of said second open end of said nozzle.

3. The jet nozzle according to claim 2,

wherein said second open end of said nozzle body has a slot-like configuration.

4. A jet nozzle for use in a micronizing jet mill comprising:

a nozzle body having a first open end and a second open end, said first and second
ends being joined by a passageway passing through said nozzle, wherein said second open
end has a slot-like configuration defined by two longer, essentially inwardly hyperbolic sides
and opposing generally rounded ends;

a Coanda effect inducing clement positioned within said passageway, said Coanda
effect inducing element extending outward from said nozzle through said second end,

wherein said



4. A jet nozzle for use in a mcronizing jet mll conprising: a
nozzl e body having a first open end and a second open end, said first and
second ends being joined by a passageway passing through said nozzl e,
wherein said second open end has a slagf-like configuration defined by two

| onger, essentially inwardly hyperbolic sides and opposing generally
rounded ends; a Coanda effect inducing elenent positioned within said

passagedeinhdaSdtdt Ganothe €bhest hisngushAgurel@MedstRxhEN dirigarodt tharstb:flikem sai d
nozzl e through said second end, wherein said 8 Coanda effect inducing

el enent capdiguintiop af padiperopdAPEUBEk antial |y simlar to the slot-1ike
configuration of said second open end. 5. Ajet nozzle for use in a
mcronizing jet mll conprising: a nozzle body having a first open
end andia segdachoepefornd in saiickohizigdjenil segmithgnds being j oi ned by a
passageway passing, through sajd nozzle, wherein said secon%¥ope end has a
slot-1ike confPgls Redvobr\deg p e By e o agerondeaiBrindabdd rsh e gpspnd

hyper bol{ £ 1Ri:63iR0%OPPRILAN JERELAS Itod AUDEEdoSAdSuherein saidBeCR ef f ect
inducing(%leﬁ%ﬁtlposg??gnedgﬁf? |n1§%i§06%§sageaayf sé?%négﬁnga ep%%%t

i nduci ngnddhas nmshdt-1doctcontigurgti@udataned bf temlaged caenrhléy nwnalighysabdicsedsnd
end, wherein said Cbgpda ef fect, i nduci ng el enent has a configuration

subst anf‘}da‘mps‘?s%‘gﬁ?‘?eé roue %d?ldé’t -like configuration of said second open
end, said Cogrdan®f L&k ihdii(’:&’rﬁgbélgm@ﬁ Ron8X tyERES sggtéy%%g]wa%rs@m eshfiasecond

open end a distance of fromabout 2.5 mmto about 6. Ajet nozzle
f or usecfifert dndicinrlerieny extendimigl dutperdfiosi ngid nozzle thyowgy 24id wodhyd badi ng a

first d. and d d id fi.rst and nd '
§ of nea B P Ehulay TERC0mRaRE HEB T S oo an SyRGRERy SnGr BERES,
open engohake @m&ilrgeltaﬁbﬁ kes£@Bdoglbpéd e, dall naddbyrrdonmduengelemes sabidsal |y

i nwardly hyperbolic sides and opposing generally rounded ends;
outwardly from said second open end a distance of from about 2.5 mm to about 38.1 mm.

6. A jet nozzle for use in a micronizing jet mill comprising:

a nozzle body having a first open end and a second open end, said first and second
ends being joined by a passageway passing through said nozzle, wherein said second open
end has a slot-like configuration defined by two longer, essentially inwardly hyperbolic sides
and opposing generally rounded ends;

a Coanda effect inducing element positioned within said passageway, wherein the
exterior surface of said Coanda effect inducing element and the interior surface of said slot-
like opening define a gap, said Coanda effect inducing element extending outward from said
nozzle through said second end, wherein said Coanda effect inducing element has a
configuration substantially similar to the slot-like configuration of said second open end and
wherein the portion of said Coanda effect inducing element which conforms to the
configuration of said second open end extends into said passageway a distance ranging from

about ten times said gap to about 20 times said gap.

7. The jet nozzle according to claim 3, wherein

said first open end of said nozzle body carries interior threads and



a Coanda effect inducing elenment positioned within said passageway, wherein
the exterior surface of said Coanda effect inducing elenent and the
interior surface of said slot-1like opening define a gap, said Coanda effect
i nduci ng el ement extendi ng outward fram said nozzle through said second
end, wherein said Coanda effect inducing elenment has a configuration
substantially simlar to the slot-like configuration of said second open
end andehetion shiffeRFshido0oRHda etk HaadE@ cRbHAEhnd NHUGIRGr SheITBIIF siddi ch
conforms to the configuration of said second open end extends into said
passagevaldaingias pimessagarnigi ngetso midbdaezale frthepegnpiéted gap to about 20
tinmes said ga 7, The jet, nozzle accarding t.0 claim3, wherein,said.first
open_end of B2 IFe BOuITE Sl FrBE PRl Por Coftllmm B5CeRL Sk | o
sur f acenéizles dictetoandngahidCéanidn dffitnghelgreahcaRdiihenill pheagaysur f ace of
said slot define an air passage, and wherein said jet nozzle further

conpri ses a Coanda effect inducing elenent retainer positioned within
the first end of said nozzle, thereby securing said Coanda effect inducing
el ement within said passageway. 10 8. The jet nozzle according to claim?7,
wherein said retainer has a passageway passing therethrough. 9. The jet
nozzl e according to claiml1, wherei n said Coanda effect

i nduci ng elenent is adjustably positioned within said passageway j oi ni ng
said first and second open ends of said nozzle body.



10. The jet nozzle according to claim 3, wherein the exterior surface
of said Coanda effect inducing elenent and the interior surface of said
slot-like opening define a gap; 11 and wherein the portion of said
Coanda effect inducing el ement which ggnfornms to the configuration of said
second open end extends into said passageway a di stance rangi ng from about
ten tinmes said gap to about 20 tines said gap. 11. A jet nozzle for use in
a m crogi zi NGh¢ Rk ndiAld aczenipid Hiddin 7, a nozzl e body having a first open
end and a second open end, said first and _second ends being joined by a
passageway pabsicHysadwchi hant gasiascray pages Bicretyaigh.second open end has a
slot-1ike configuration defined by two |onger, essentially inwardly
hyper bol i ¢ si des and opposi ng general ly rounded ends; a Coanda effect
i nduci ng. el eifhajet posild dcneiihgdotddim sai d passageway, wherein the exterior

surface of said Cbﬁnda g%;ﬁpt(gn%.cin el enent and the interjor urLace of
sai d slot-like_opg Fivgt &l gﬁ?ﬂlumﬂg ARt tH i Hﬁﬂ@Vﬂ§€¥wP e g
el ement sa%?ssgg%ﬁgggem@rsqidfﬁ@mrﬁ%goﬂa%h%namogam&%ze%aﬁcOnd open end a

di stance o out 2.5 mmto about "38.1 nm wherein said Coanda effect
i nduci ng el ement has a configuration substantially simlar to the slot-1ike

configuration, of said second open d and wherein the portion of said
Coanda @?fec?hfﬁﬁﬁﬁ?ﬂ%m§P%W%%?‘%%?gﬂ conforms to the configuration of said
second open gRAgrAX{HERY&HbPtRLRRIA sPRSCHBENRYIA Al &iANSemEANM Y. fifi@foabout
ten times said gap to about 20 times said gap. 12. The jet nozzle

accor di sigface of bad shoplihepasing d&dind ageoond open end of said nozzle body has a
slot-like configuration defined by two |onger, essentially inwardly

hyper bol i ¢ sides and opposing generally rounded ends. 13. A micronizer jet
mll conprising the jet nozzle of any one of the preceding clains.
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and wherein the portion of said Coanda effect inducing clement which conforms to
the configuration of said second open end extends into said passageway a distance ranging

from about ten times said gap to about 20 times said gap.

11. A jet nozzle for use in a micronizing jet mill comprising:

a nozzle body having a first open end and a second open end, said first and second
ends being joined by a passageway passing through said nozzle, wherein said second open
end has a slot-like configuration defined by two longer, essentially inwardly hyperbolic sides
and opposing generally rounded ends;

a Coanda effect inducing element positioned within said passageway, wherein the
exterior surface of said Coanda effect inducing element and the interior surface of said slot-
like opening define a gap;

said Coanda effect inducing element extending outward from said nozzle through
said second open end a distance of from about 2.5 mm to about 38.1 mm, wherein said
Coanda effect inducing element has a configuration substantially similar to the slot-like
configuration of said second open end and wherein the portion of said Coanda effect
inducing element which conforms to the configuration of said second open end extends into

said passageway a distance ranging from about ten times said gap to about 20 times said gap.
12, The jet nozzle according to claim 2 wherein said second open end of said nozzle
body has a slot-like configuration defined by two longer, essentially inwardly hyperbolic

sides and opposing generally rounded ends.

13. A micronizer jet mill comprising the jet nozzle of any one of the preceding claims.



