
An Improved Jet for Use in a Jet Mill Micronizer
Background of the Invention [0001] Jet mill
micronizers are commonly used to reduce the particle
size of friable material to the micron range. Typical
jet mill micronizers feed the friable materia! into a
vortex created by injection of a fluid such as
compressed air, gas or steam through a nozzle into the
micronizer. The vortex entrains the friable material
and accelerates it to a high speed. Subsequent
particle on particle impacts within the micronizer
create increasingly smaller particles, with particles
of the desired size ultimately moving to the center of
the micronizer where they exit through a vortex
finder. [0002] The efficiency of the micronizer 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
attempted to improve the entrainment of the particles
through changes in nozzle design as well as through
recirculation devices incorporated into the
micronizer. While such efforts have met with limited
success, they frequently rely upon complicated designs
subject to wear and increased maintenance. [0003] One
attempt to improve the efficiency of a micronizer
resulted in the development and use of the now
standard convergent-divergent nozzles.
Convergingdiverging nozzles generate extremely high
velocity gaseous streams commonly achieving supersonic
velocities. However, because the gaseous streams
expand within the nozzle, entrainment of particles
within the resulting jet is difficult. Thus, the
benefits of the supersonic velocity are not generally
imparted to the friable material. [0004] 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 O2
pigment manufacturing process. The quantity of steam
used during the O2 micronization process, for example,
is typically quite substantial, generally varying
between 



about 0.5 to greater than two tons per ton of pigment.
[0005] In view of the significant energy costs
associated with steam jet mills, it would be desirable
to provide an improved jet nozzle which enhances
entrainment of particles to be milled. Preferably,
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.
Thecurrent invention, as described herein, provides
for each of the above needs through an improved
micronizer jet nozzle. Summary of the Invention [0006]
The current invention provides an improved jet nozzle
for use in a micronizing jet mill. The nozzle of the
current invention includes a nozzle body having a
passageway extending from a first open end to a second
open end suitable for forming a gaseous jet. Located
within the passageway is a coanda effect inducing
element. Preferably, the coanda effect inducing
element extends outwardly from the exit (second end)
of the passageway. [0007] In another embodiment, the
current invention provides an improved jet nozzle for
use in a micronizing jet mill. The jet nozzle has a
nozzle body with a conduit passing through the length
of the nozzle body providing a passageway for
generating a gaseous jet. The exit point of the nozzle
forming the gaseous jet preferably has a slot-like
design. Positioned within the passageway and
preferably extending outwards from the exit point of
the passageway is a coanda effect inducing element.
Preferably, the 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 suitable for
generating the steam jet. [0008] Still further, the
current invention provides an improved jet nozzle for
use in a micronizing jet mill. The improved nozzle
comprises 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.Brief Description of the Drawings [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. [0011] 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, Henri Coanda first observed a phenomenon wherein
a free jet 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 advantage of the
coanda effect to extend a thin layer supersonic zone 3
1 outward from the jet nozzle 10. As depicted in
Figure 4, the current invention extends supersonic
zone 3 1 at least one inch outward from the exit point
26 of the nozzle 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 1-3 and in particular with reference to
Figures 2 and 3. Figure 1 depicts a typical micronizer
jet mill 5 which may be retrofitted 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 point 26 or jet forming exit 26.
Located within passageway 18 and preferably extending
outward from exit point 26 is a coanda effectinducing
element 30. Coanda effect inducing element 30 extends
outwards from exit point 26 a distance sufficient to
ensure development of the coanda effect. Typically,
this distance is between about 2.5 mm (0.1 inch) and
about 38.1 mm (1.5 inches). [0019] As depicted in
Figure 2, coanda effect inducing element 30 preferably
has a configuration which conforms to the
configuration of exit point 26. Finally, in a
preferred embodiment, coanda effect inducing element
30 is preferably removably secured within passageway
18 by a retainer such as a set screw 34. Set screw 34
also has a conduit or passageway 38 extending through
screw 34. Thus, when installed within micronizer 5,
compressed gas or steam at a pressure suitable for
forming the desired jet initially enters nozzle 10 by
passing through screw 34 into nozzle body 14 and
exiting at exit point 26. As 



mentioned above, other options are available for
removably securing the element 30 in position within
passageway 18, including using a snap ring attachment,
an indexed friction fit or even a tack weld of the
element 30 within the passageway 18. [0020] As the
steam jet exits nozzle body 14, it will be attracted
to and maintained in close proximity to coanda effect
inducing element 30 by the coanda effect. Due to the
induced coanda effect, the resulting jet's supersonic
zone 3 1 will be extended outward from nozzle 10 a
greater distance than would be true of a jet under the
same pressure and temperature conditions, without
using coanda effect inducing element 30. [0021] As
shown in Figure 4, supersonic zone 3 1 is extended at
least 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 lower edge 39 of
supersonic zone 3 1 retains a significant jet
velocity. Typically, jet velocity at the lower edge 39
of supersonic zone 3 1 will be about Mach 1.8 to 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
nozzle 10. In general, jet velocities in the
corresponding regions without use of element 30 would
normally be about Mach 1, and require approximately 2x
as much steam to attain a zone of less than equivalent
length. The improved velocities throughout supersonic
zone 3 1 produce enhanced entrainment of particles
within jet region 35. [0022] The improved entrainment
of particles within supersonic zone 3 1 is evident
from a comparison of Figure 5 to Figure 6. Figures 5
and 6 depict the influence of jet region 35 on
representative particle tracking lines 33 and 37. In
Figure 6, the particle tracking lines 33 indicate that
four representative particle tracks 37 are drawn into
supersonic zone 3 1 while only two particle tracks 33
do not enter supersonic zone 31. In contrast, Figure 5
depictsoperating the jet without coanda effect
inducing element 30. As shown in Figure 5, four
particle tracks 33 do not enter jet region 35, with
only two particle tracks 37 being entrained by jet
region 35. Thus, use of coanda effect inducing element
30 within nozzle 10, as depicted in Figures 4 and 6,
increases the efficiency of supersonic zone 31,
thereby enabling a 



corresponding reduction in steam usage for a desired
degree of grinding. [0023] In the preferred
embodiment, exit point 26 preferably has a modified
slot-like configuration wherein opposing walls 44 and
46 are pinched inwards toward one another, each
presenting a generally inwardly hyperbolic shape, with
the opposing shorter ends 48 and 50 being generally
rounded in configuration. To obtain maximum efficiency
of nozzle 10, coanda effect inducing element 30
preferably has a configuration which conforms to the
configuration of exit point 26. Typically, the
conforming configuration extends from exit point 26
into passageway 18 a distance of about ten times (1Ox)
to about twenty times (2Ox) the width of the 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.
Alternatively, 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. 1 and 2. For
example, exit point 26 may have a conventional slot
like opening wherein sidewalls 44, 46 are essentially
parallel 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 including but not
limited to oval, circular, multi-slotted and
multi-lobed. [0025] In a preferred embodiment, coanda
effect inducing element 30 carries a flange 54
suitable for retaining coanda effect inducing element
30 within passageway 18 by 



engaging a lip 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 nozzle body 14, coanda effect
inducingelement 30 may be adjustably secured within
passageway 18 thereby allowing fine tuning of
micronizer 5 for changes in operating conditions.
Methods for adjustably securing coaiida effect
inducing element 30 within passageway 18 are well
known to those skilled in the art and will typically
use a solenoid or stepper motor operating in a manner
similar to an idle air control valve commonly found a
modern fuel injected engine. [0026] In addition to the
benefits depicted by Figure 6, the current invention
also provides a thicker supersonic zone. Thus, the
current invention further improves entrainment of
particles by extending the supersonic jet further into
the layer of particles entering micronizer 5.
Additionally, stabilization of the supersonic zone by
use of the current invention enhances back flow of
particles into the resulting jet. [0027] While
preferred embodiments of the present invention have
been illustrated for the puf ose of the present
disclosure, other embodiments of the current invention
will be apparent to those skilled in the art from a
consideration of this specification, the drawings or
practice of the invention disclosed herein. Thus, the
foregoing disclosure will enable the construction of a
wide variety of apparatus within the scope of the
following claims. Accordingly, the foregoing
specification is considered merely exemplary of the
current invention with the true scope and spirit of
the invention being indicated by the following
claims.We claim: 1. Ajet nozzle for use in a
micronizing jet mill comprising: a nozzle body having
a first open end and a second open end with a
passageway joining said first and second ends; a
coanda effect inducing element positioned within said
passageway and extending outward from said second end
of said nozzle. 2. Ajet nozzle for use in a
micronizing jet mill comprising: 



a nozzle body having a first open end and a second
open end with a passageway joining said first and
second ends; a coanda effect inducing element
positioned within said passageway and extending
outward from said second open end of said nozzle
wherein said coanda effect inducing element has a
geometric configuration corresponding to the geometric
configuration of said second open end of said nozzle.
3. Ajet 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; a coanda effect inducing element
positioned within said passageway, 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. 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 element
positioned within said passageway, said coanda effect
inducing element extending outward from said nozzle
through said second end, wherein saidcoanda effect
inducing element has a configuration substantially
similar to the slot-like configuration of said second
open end. 5. Ajet 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 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, said coanda effect inducing
element extends outwardly from said second open end of
about 2.5 mm to about 38.1 mm. 6. Ajet 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. Ajet nozzle for use in a
micronizing jet mill comprising: a nozzle body having
a first open end carrying interior threads and a
second open end having a slot-like opening, said first
and second ends being joined by a passageway passing
through said nozzle;a coanda effect inducing element
positioned within said passageway and extending
outward from said nozzle through said second end,
wherein said coanda effect inducing element has an
external geometric configuration substantially
conforming to the internal configuration of said
slot-like opening of said second end of said nozzle
body and wherein the 



exterior surface of said coanda effect inducing
element and the interior surface of said slot define
an air passage; and, a coanda effect inducing element
retainer positioned within the first end of said
nozzle, thereby securing said coanda effect inducing
element within said passageway.8. Ajet nozzle for use
in a micronizingjet mill comprising: a nozzle body
having a first open end carrying interior threads and
a second open end having a slot-like opening, said
first and second ends being joined by a passageway
passing through said nozzle; a coanda effect inducing
element positioned within said passageway and
extending outward from said nozzle through said second
end, wherein said coanda effect inducing element has
an external geometric configuration substantially
conforming to the internal configuration of said
slot-like opening of said second end of said nozzle
and wherein the exterior surface of said coanda effect
inducing element and the interior surface of said
slot-like opening define a gap; and, a coanda effect
inducing element retainer positioned within the first
end of said nozzle, wherein said retainer has a
passageway passing therethrough, thereby securing said
coanda effect inducing element within said passageway.
9. Ajet 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; a coanda effect inducing element
adjustably positioned within said passageway, 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. 10. Ajet nozzle for use in a
micronizingjet 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; 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 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 endand 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.
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 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. 


