
1                   0017367                       2 Apparatus and method
for comminution of pulverulent material by fluid energy Field of the
invention                            oriented in one direction and the jet
is impacted The present invention relates to the corn-     with a jet from
an opposite direction to obtain minution of pulverulent material by fluid
energy,  maximum  particle-to-particle impact at the and is directed
particularly to an apparatus and  junction of the jets. Although this type
of mill method wherein the particulate or pulverulent   5  avoids a
substantial degradation of the vessel material is directed into a
recirculating flow of  wall by the impact of particulate material, there
fluid carrier medium in a manner to reduce the    is substantial energy
loss through the use of the particle size of the particulate material.
opposed  jets. To  assure  maximum  com- minution of the particulate
material in such Background of the invention                10
apparatus, it frequently is combined with a Pulverulent material has been
subjected. to     "pancake" or a tubular mill. reduction of particle size
in fluid energy mills for  Details of various mills of the "opposed many
years but the expense of such treatment      nozzle" design can be taken
from United States has rendered it impractical for all except certain
Patents 2704635,. 2735626, 2914391 and limited applications.
15    3229918. Fluid energy mills rely on the introduction of    In the
tubular mill, the vessel is in the form of particulate material into a
vessel having a high-  an upright annulus of a particular configuration
velocity, normally sonic or supersonic velocity,  and the circulation
through the annulus is fluid medium  recirculating therein. The cir-
effected by jets disposed tangentially in the culating flow of fluid medium
is normally used  20    bottom portion of the annulus. A substantial to
effect a centrifugal separation of the par-    part of the grinding effect
is obtained in the ticulate material to permit a withdrawal of the  zone
where there is injection of additional jets finely-ground material while
the coarse material  into the recirculating flow of material, but heavy
continues its recirculation. The coarse material  reliance upon the
confinement of the flow by is reduced in size either by impingement against
25   the vessel walls subjects the annular walls of other particles in the
recirculating flow or else   -    the vessel to a substantial abrading
action by by impingement against the vessel walls. In the   the particle
laden fluid medium. As with the former case, there is considerable loss of
energy  pancake mills, the random impact of the heavier in the prior art
ways of causing the inter-par-   particles against the walls of the vessel
permits ticle impingement, and in the latter case, there  30    rebounding
of these particles into the central is substantial erosion of the vessel
walls due to    outlet of the vessel with the result that the fine the high
speed impact of the particles against    particulate material being
discharged with the the walls.
carrier medium is contaminated by the coarser Prior to the present
invention, the fluid      particles which rebound Into the discharged
energy mills incorporated one or more of three  35   flow. basic designs
namely the "pancake", the             Details of various tubular mills can
be taken opposed nozzle, and the tubular.                  from   United
States  Patents  2055385, The "pancake" design consists of a short flat
2219011, 2315083, 2550390, 2590220, cylindrical vessel having tangential
inlet nozzles  3491953, 3539294 and 3648936. for the fluid carrier medium
and a central  40     A modified tubular mill in which the particles
exhaust outlet. The inlet nozzles are designed to  to be ground flow
downwardly from an upper introduce jets of fluid medium into the chamber
horizontal annular zone, is disclosed in United with an overlap between
adjacent nozzles to       States Patent 3565348, but again heavy impart a
turbulent condition to the flow which   reliance is placed on impacts with
the vessel assists the inter-particle impact within the flow.  45    wall
to produce the grinding effect. Commercially available mills of this
character are normally designed for laboratory use and the  Summary of the
invention flow  from  the jets carries the particulate       In accordance
with the present invention the material into abrading impact with the walls
of  pulverulent material is caused to be ground by the vessel not only
causing rapid deterioration   50   impingement against other material
within the of the vessel walls, but also tending to cause the -  fluid flow
so as to avoid the energy loss which is particles to rebound in towards the
center of the  inherent in prior art devices. In this fashion, a vessel
where the coarse particles may be         highly efficient and effective
grinding action is entrained in the flow of finely ground particles
obtained. being carried from the mill through the exhaust  55  The present
invention provides a method and port.
apparatus for comminuting pulverulent material Details of various mills of
the "pancake"      in which a highly efficient and effective grinding
design can be taken from United States Patents   action is accomplished
without substantial 2032827, 2191095, 2339568, 2390678,
impingement of the particulate material against 3726484 and 3840188.
60   the walls of the vessel and in which the random In the opposed nozzle
mills, the particulate   entrainment of oversized particles into the
material is introduced into the mill with a jet  discharge flow is
minimized while enabling a 2    3                    0017367
4 high capacity for the treatment of the pul-         ciples of centrifugal
classification utilized in the 



verulent material, the capacity of the mill being  present invention.
sufficient to provide finely ground particulate      The discharge of a
high velocity free jet as a pulverulent material in quantity suitable for
primary flow Into a low velocity gas secondary commercial use
5     flow results in the establishment of a high shear More specifically,
the present invention        field between the two flows in which violent
tur- obtains an improved grinding action by the use     bulence is
established due to the development of a carrier flow which is directed into
a vortex  of intense eddy currents. This shear field within a cylindrical
vessel, such as a hollow      produces a rapid mixing of the two flows
until container, the vortex being controlled to operate   10  all of the
high velocity gas becomes mixed with within the central zone of the
cylindrical vessel  the surrounding low velocity gas. Thereafter a in a
vertical fashion and wherein surrounding      mixed flow of intermediate
velocity continues to the central vortex a secondary return flow is
penetrate the low velocity secondary fow with established  which  permits
repeated  recir-       further mixing but at a much lower rate. sulation of
the fluid carrier medium within the   16  During the initial rapid mixing
and the slower vessel.
ubsequent mixing phases, any particulate Means is provided to generate the
vertically-   matter in the low velocity secondary flow will be flowing
vortex In a manner to provide dif-         swept into the shear field
wherein it is subjected ferential flow velocities within the vortex and
to turbulent and rapid acceleration. Small the recirculating secondary
flow. As the par-  20    particles of low mass will achieve very high
ticulate material is displaced from the lower      velocities quickly while
larger high mass par- velocity flow area to the higher velocity flow
tides will achieve increased velocities over area, it is subjected to
acceleration forces, and  longer distances or time spans. Thus, In the vice
versa, when it is displaced from the higher  initial phase, there is
established a mixed flow- velocity flow area to the lower velocity flow
area - 25    wherein small particles are moving at velocities it is
subjected to deceleration forces. Where the  substantially greater than
those of the larger parcles are of different mass, the acceleration
particles. As the mixed flow continues to expand and deceleration forces
affect the particles dif-    its field and the primary gas flow
decelerates, ferently so as to cause varying acceleration and    the small
particles in the primary flow will tend deceleration of the different
particles. This  30    to decelerate rapidly due to their low mass and
variation in acceleration effects an impacting of   high viscous drag, but
the larger particles of the particles one upon the other so as to provide
greater mass will tend to retain their high velo- an effective grinding
action upon the par-         cities so that during the subsequent decay
iculate material without impingement against-     portion of the mixed flow
the large particles will the vessel walls, and without the energy 1098   30
be moving at velocities substantially greater inherent in mills which
employ the impact of      than those of the small particles. Because of the
djets.                             differing acceleration and deceleration
of the oppositely-directed jets                        particles of
different mass, there is substantial Description of the drawings
frequency of impacts between them. The invention will now be further
described      Size  reduction  may  be  achieved  by by way of example,
with reference to the          momentum  interchange between large and
accompanying drawings, wherein:                   small particles with the
small particles over- Figure I is a view In side elevation with
phase of rapid mixing and the large particles portion broken away of a
fluid energy mill accor- ding to the present invention;
overtaking and impacting on the small ones during the subsequent decay
phase. Thus, the Figure 2 is a transverse sectional view taken
particle-to-particle impact is achieved by intro- on the line 2-2 of Figure
1;                   ducing primary jets of fluid carrier medium into
Figure 3 is an enlarged fragmentary cross     the secondary recirculating
flow of the fluid section of the lower part of the mill shown in    carrier
medium in such a fashion as to achieve Figure 1;
the desired fluctuations in fluid velocities within view taken on the line
4-4 of Figure 1; and     the mixed flow. This is accomplished by Figure 5
is a transverse sectional view         introducing the primary jets into
the secondary through a modified embodiment of a fluid          flows in
substantially the same flow direction so energy mill in accordance with the
present  55    as to minimize energy loss which is experienced invention
and incorporating additional feed and   in the opposed nozzle type of
energy mill dis- control means which may be used to facilitate
cussed above. the practice of the present invention.               In
accordance with the present invention, the design of the fluid energy mill
is such as to provide a central vertical flow  of the fluid Detailed
description Before discussing the structure and operation     medium within
the vessel, the central upward of the fluid energy mills shown in the
drawings,     flow being in the form of a vortex within a cylin- it is
useful to examine some of the principles      drical core zone in the
vessel. A secondary involved in the particle size reduction, the con-
return flow in the annular zone surrounding the sequences of flow
development, and the prin-   65  core zone is achieved so as to complete
the    5                  0017367                       6 cycle. The energy
for achieving the vertical flow  When treating certain materials, the
deflector 



in the central vortex is derived by a plurality of  element 29 may be
eliminated and the control injector nozzles disposed circumferentially of
of the exhaust may be accomplished by regu- the vessel at one end, these
nozzles injecting a  lation of the damper 23 or may be accom- primary flow
of carrier medium into the core    5    plished by a fixed discharge flow
area cal- zone of the vessel for generating the vertical   culated to be
correct in the initial design of the vortex. A portion of the fluid medium
injected at  equipment. the one end of the vessel is withdrawn at the
The work material, normally pulverulent opposite end to assure flow
lengthwise of the    material having a range of particle sizes, is intro-
vessel. The jets generating the vortex comprise   to  duced into the vessel
12 below the partition 25 a high velocity flow which is mixed with the
by a feeder 35, in the present instance a feed secondary recirculating flow
which returns to    auger having a drive shaft 36 which transmits the
bottom of the vessel through the annular     the material from a feed
hopper 37 through the peripheral zone surrounding the central core.
feeder 35 into the pressure vessel 12. The energy mill shown in Figure 1
accom-   15    In accordance with the invention, the flow of plishes
efficient and effective size reduction of  fluid carrier medium from the
manifold 17 is particulate material with minimum  impinge-      controlled
to effect a vertical flow  in one ment of the particles against the walls
of the   direction within a central cylindrical core zone of vessel. To
this end, the structure in Figure 1   the vessel 12 with a secondary
recirculating includes a generally upright cylindrical vessel   20  flow in
the opposite direction in the annular 12. The vessel 12 is a pressure
vessel having a.  zone surrounding the central core zone. In the domed top
wall 13 and a bottom wall 14.          present instance, the. vortex flow
is upward in Means is provided to inject a primary flow of    the core zone
and downward in the peripheral carrier medium into the vessel at the bottom
zone. The upward flow is assured by the posi- end and to this end, an inlet
pipe 15 having a   25  tion of the outlet in the upper end of the vessel,
regulating means 16 connects through the wall    and the intensity of the
flow is enhanced by up- of the vessel 12 to an internal manifold 17
wardly-directed jets of the carrier medium. To encircling the interior of
the vessel 12 adjacent  this end, the manifold 17 is provided with nozzle
to the bottom wall 14. The regulating means 16    means' 41 spaced
circumferentially about the controls the condition of the fluid carrier
30  lower level of the vessel 12 to inject high- medium to enable control
of the intensity of a  velocity jets of carrier medium into the vessel at
vortex generated in the vessel. The regulator       an  upwardly-inclined
angle  as  indicated may control one or more of the pressure, tem-
diagrammatically by the flow arrows 42 in perature, mass flow, density, and
composition    Figure 3 and at an angle offset from the radial of the fluid
carrier medium introduced into the   36   direction R as indicated by the
arrows 43 in manifold 17.                                     Figure 4. As
a result of this dual inclination of' The fluid medium Is exhausted at the
top end   the nozzles 41, the multiple jets of fluid medium of the vessel
through a discharge outlet 22. In  issuing from  the manifold 17 combine to
the present instance the discharge outlet 22 has  generate an
upwardly-flowing vortex 44 as indi- a flow regulating damper 23 and
constitutes a   40   cated by the arrows in Figure 1. The shallow
tangential outlet to a discharge chamber 24      angular position indicated
by the arrows 43 formed adjacent to the top wall' 13 and sepa-    confines
the upwardly-flowing vortex 44 to the rated from the rest of the vessel by
a transverse   central core zone of the chamber 12. The partition 25 having
an outlet opening 26         clockwise circular flow in the vortex 44 con-
therein. The outlet 26 is defined by. a down-   46  tinues toward the top
wall and in the present wardly-flared wall portion 27 projecting cen-
instance, the upward travel is arrested at the trally within the
cylindrical vessel 12. A disc-like  partition 25. deflector element 29 is
positioned below the        Upon nearing the partition, a first portion of
outlet opening 26 and a regulating shaft 30      the circulating flow is
deflected outwardly into supports the deflector element 29 at a selected
60   the annular peripheral zone surrounding the position below the outlet
to thereby regulate the  central core  zone, causing  a  downward flow area
between the element 29 and the        secondary flow 46 as indicated by the
arrows in opening 26. Adjusting means is provided at 31    Figures 1 and 3,
and a second portion is dis- to alter the vertical position of the
deflector     charged through the outlet opening 26, as element 29 and
thereby regulate the effective   55  indicated by the arrows 47. The
clockwise flow area through the opening 26. By regulating  circular flow
generated by the vortex 44 is not either or both of the damper 23 and the
element  terminated by the flow separation occasioned 29, the pressure
within the vessel 12 may be     by the partition 25 but for the purpose of
illus- adjusted to control the amount of particulate    tration, the arrows
46 indicate a straight material which is recirculated with the fluid  60
downward flow in Figure 1. As shown in Figure medium in the vessel.
Restricting the exhaust of  1 the downward flow in the peripheral zone as
the fluid medium increases the pressure within   indicated by the arrows 46
passes the feed the vessel and causes a recirculation of a larger  device
35 and entrains the particulate matter proportion of the particulate
material within the  which is fed into the vessel through the feeder vessel
as described more fully hereinafter.  65   35. Thus, the secondary flow in
the annular 4    7                  0017367                       8
peripheral zone is laden with the particulate     angle of the jets
relative to the radius R will 



matter fed into the vessel. The downward          reduce the vortex
intensity and increase the par- secondary flow  with the particulate matter
tide size which is discharged through the entrained therein surrounds the
nozzles 41 and    central opening. In Figure 1, the height of the is
introduced into the primary flow issuing from    5    core zone is
approximately  1.5 times the the nozzles 41 and is aspirated into the flow
by  diameter of vessel 12, and the intensity of the the high velocity jet
action of the nozzles. In this  vortex is such that the upward flow of the
vortex manner, the high velocity jets are effective to   embraces  at
least [ERR]  circumferentially interface with the lower velocity secondary
flow  between the nozzles 41 and the partition 25. having the particulate
matter entrained therein,   10  In the present instance, the nozzles 41 and
to provide an interchange of momentum         generate a spray divergence
angle of about 25 therebetween.                                     with
the velocity decreasing in the spray at As discussed above, the interchange
effected    increasing distances from the issuing flow of the by the
mixture of the primary and secondary      jets. As shown in Figure 3, the
inclination of the flows generates shear fields surrounding the   15   jets
is about [ERR] so that the lower limit of the high velocity core of the
jets in which the par-  spray angle is substantially horizontal, thereby
ticulate matter is comminuted and reduced in    - conserving maximum flow
energy in generating mass. This reduction is effected primarily in the  the
upwardly-flowing vortex. In Figure 4, the grinding zone at the bottom of
the vessel 12.     angularity of the jets, as indicated by the arrow The
particles of smaller mass flow in an upward   20    43 relative to the
radius, is also of the order of spiral in the vortex 44 whereas, as shown
in      [ERR] so that the spray issuing from the nozzles Figure 3, the
particles of larger mass may tend   does not intersect the radius R. to
follow the straight path of the high velocity     Thus, it is possible to
state general con- flow as indicated by the arrows 48. These larger
ditions for the preferred arrangement of a fluid particles thereby are
subjected to the sub-   25    energy grinding system. First, the area of
the sequent secondary mixing discussed above and      shear field should,
be maximized, and this-is impact against the slower moving particulate
done by maximizing the number of nozzles and material. As shown in Figure
3, these particles   minimizing the mass flow, through each one. also
intercept the secondary flow as Indicated    Second, the unimpeded length
of the free jet is by the arrows 46 prior to impinging against the   30
maximized in order that the shear field area is as walls of the vessel 12
and the secondaryflow at   great as - possible and so that the maximum the
remote end of the jets thereby deflects the   amount of momentum is
transferred from the particles  from  perpendicular  Impingement
primary jet flow to the particles In the recir- against the vessel-walls.
These large particles   culating secondary flow before any interaction are
thereby entrained in the secondary flow and   35    between the mixed flows
reduces the velocity of are again injected into the primary flow issuing
the primary flow. Third, the mass of the par- from the nozzles.-
tides in the recirculating secondary flow must Preferably, the pipe 15 and
means 16 Inject     be great enough to absorb the momentum of the fluid
medium through the nozzles at an        the free jets with the result that
the velocity of intensity which generates a sonic flow within  4o   the
mixed flow is minimized within a reasonable the jets. The efficiency of the
mill Is optimized  size of vessel. Fourth, sufficient distance must when
the flow in the issuing portion of the jet Is  be provided for reducing the
momentum of at sonic velocity, but the mill is effective in both  large
particles either by deceleration or by addi- the subsonic and the
supersonic range. The        tional size reduction, and this feature also
con- nozzles are adjustable either individually or in  45   tributes to
reducing high velocity impinge- unison to determine the angularity relative
both  ments which cause destructive wear of the to the radius R and to the
horizontal plane of the  vessel. Fifth, enough space must be provided
manifold 17, so that the intensity of the vortex  between the nozzles to
permit the recirculating generated by the combined jets issuing from the
secondary flow to completely envelop the free nozzles may be regulated to
the desired degree.  50   jets issuing from the nozzles. The intensity of
the vortex and its height deter-    An array of nozzles can be provided
using mine the size of those particles which are       various geometric
arrangements, but there retained within the interior of the core zone and
remains the necessity of removing product and are discharged with that
portion of the flow of   spent carrier fluid from  the processor, and the
vortex which is exhausted through the   55    vortex flow of the two-phase
system is very central opening 26. The particles below a given   effective
in centrifuging large particles from the mass will remain within the inner
part of the up-  inner portion thereof, the primary parameters
wardly-flowing vortex, whereas the larger par-    being the strength of the
vortex, the time tides will be centrifugally classified and deflec
available for the larger particles to be displaced ted into the outer
secondary flow in the peri-   60    outwardly to a sufficient distance to
prevent pheral zone. By increasing the angle of the       their capture in
the exhaust from a centrally nozzles relative to the radius R, the
intensity of  located outlet, and the freedom of the large par- the vortex
may be increased to reduce the         ticles to traverse the vortex
chordwise without particle size which is discharged through the
encountering any obstruction. Lastly, the recir- central opening 26.
Conversely, reducing the   65   culation of the medium must be controlled
for 5    9                   0017367                      10 the
optimization of the grinding operation. The   the secondary flow above the
grinding zone, the 



above requirements have been accommodated         feeder 89 feeds directly
into the grinding zone by the present invention and the operating para-
where it may be drawn vertically into the vortex meters have been optimized
in the preferred       generated by the nozzles 86. Either or both
embodiment.                                  5    feeders may be operated
to supply fresh pul- A practical example will now be given to
verulent material to the grinding mill. demonstrate the design of a
processor which         As in the embodiment of Figures 1 -4, the embodies
the foregoing preferred features.        jets from the nozzles 86 project a
high velocity A nozzle discharging 227 Kg (500 lb.) of       issuing flow
indicated at 92 chord-wise across superheated steam per hour into a
two-phase   10   the cylindrical shell with an unobstructed flow mixture of
coal dust and steam dissipates within  path throughout. The combined effect
of the 147 cms (58 inches) and produces no detec-       several primary
flows issuing from the nozzles table wear on a mild steel plate after
several    86 generates the vertical flow in the form of a hundred hours of
operation. The same jet          vortex, as indicated by the arrows 94 in
Figure caused destructive wear when the plate is  15   5. Centrally within
the upper top wall 83, an moved to within 45 cms (18 inches) of the
outlet passageway is provided, as indicated at nozzle. Based on this data,
a hollow cylindrical  97. The passageway is provided by a tubular vessel of
.1 52 cms (60 inches) diameter is       duct 96 which is vertically
adjustable in the top suitable for the flows created in accordance
wall 83 to position its lower open end at varying with 'the present
invention using a plurality of   20   levels within the central core zone
of the shell nozzles each of which delivers 227 Kg (500 lb.).  82. The
particles of the material entrained in the per hour of superheated steam.
upwardly-flowing vortex which are below the A device which uses 60 nozzles
with a throat    critical mass flow outwardly through the duct diameter of
6.75 mm disposed around the base      96 with that portion of the carrier
medium of the vessel at an angle of [ERR] from the radial  25    which Is
discharged therethrough as indicated direction provides sonic flow
velocities at a rate  by the arrows 99. The remainder of the carrier of
13608 Kg (30,000 lbs.) per hour of super-      medium is recirculated
radially outward and heated steam when the manifold steam con-
downwardly as indicated by the arrows 98 and ditions are 13 Kg/cm2 (200
psig) and [ERR]       is caused to merge with the primary medium ([ERR]). A
sonic velocity is in the range of 2140   30   flow issuing from the nozzles
86 at the lower Km/h (1950 ft/sec.) in this steam atmosphere.     end of
the cylindrical shell 82. In the. present The vortex generated by this
primary flow is of   instance, a guiding annulus 102 Is positioned an
intensity which retains particles above 20     coaxially within the shell
82 having an inner microns mass within the vessel, whereas par-    diameter
coincident with the envelope 85 ofthe ticles which have been comminuted to
a mass        vortex and having an outer diameter spaced of 20 microns or
less are discharged through      inwardly from the shell 82 to provide an
annular the outlet with the spent steam.                   passageway for
the secondary flow 98. It is Figure 5 illustrates a mill in accordance with
noted that the feeder 88 opens into the vessel the present invention
wherein the configuration   opposite the annulus 102, so that the fresh of
the mill incorporates modifications compared   40   material introduced
through the feeder 88 is with that shown in Figures 1 to 4.
isolated from the vortex 94 as it enters the In the mill of Figure 5, the
vessel has a hollow  secondary flow 98. It should also be noted that
cylindrical shell 82 with frusto-conical top and  the lower end of the
annulus 102 terminates bottom walls 83 and 84, respectively. A fluid
above the grinding zone and is sufficiently carrier medium is introduced as
a primary flow    45    above the nozzles 86 to avoid obstructing the from
a manifold 87, which is disposed at the      flow paths from the nozzles
86. lower end of the cylindrical shell 82 in circum-     In order to
minimize eddy current flows scribing relation thereto. The manifold 87 is
within the central eye of the vortex 94, a plug connected to a supply of
pressure fluid in a      element 104 depends downwardly through the
conventional manner and has a plurality of   so    passageway 97 into the
eye of the vortex. The nozzles 86 projecting through the shell into the
plug 104 is effective to eliminate eddy current interior thereof. The
nozzles 86, in the present  flows in the eye of the vortex and thereby is
instance, are inclined to the vertical and to the  effective to enhance the
centrifugal classifi- radial direction by an angle of [ERR] similarly to
cation of the particles in the upwardly-flowing the respective inclinations
of the nozzles 41, so   55    vortex. As shown in Figure 5, the plug
element that the primary flow of pressure fluid medium    extends
downwardly through the vortex to a intensifies the upwardly-flowing vortex
within'   level above the grinding zone. In the present the central core
zone of the shell 82. In Figure 5,  instance, the plug element 104 also
cooperates the envelope of the vortex is indicated in dot-   with the
adjustable tubular duct 96 to regulate and-dash lines identified at 85.
60   the flow area of the outlet passageway 97 and The mill has two feeders
88 and 89 for intro-     thereby regulate the pressure within the shell
ducing pulverulent material into the vessel. The  82. When the tubular duct
96 is elevated, the feeder 88 is positioned in the cylindrical shell
bottom  thereof registers with  a  smaller 82, whereas the feeder 89 is
positioned in the    diameter of a tapered portion 105 of the plug bottom
wall 84. Where the feeder 88 feeds into   65   element 104 to thereby
provide a larger flow 6    11                   0017 367
12 area for the discharge of carrier medium and the    84) of the vessel
and said outlet means (26, 97) 



particles carried thereby. Conversely, when the    so as to generate an
axially-flowing vortex (44, tubular duct 96 is adjusted downwardly, its
94) within said cylindrical zone, said vessel lower end registers with a
larger diameter of the   having transverse wall means (25, 83) at the
tapered portion 105 thereby reducing the flow    5    other end spaced from
said grinding zone to area between the plug and the duct and
intercept the axially-flowing vortex and deflect increasing the pressure
within the shell.           at least a first portion of the medium therein
In operation, the embodiment of Figure 5         outwardly into an annular
zone (46, 98) peri- may function similarly to that of Figures 1-4 in
pheral to the vortex, the fluid medium being de- that the particulate
material is introduced   10   flected into said peripheral zone flowing in
a through the feeder 88 into the recirculating        direction opposite to
the axial flow direction of secondary flow identified by the arrows 98 and
the vortex as a secondary flow and being intro- this fresh particulate
material flows down-         duced into said primary flow issuing from said
wardly for entrainment into the primary flow        nozzles (41, 86) to
thereby effect a recir- injected by the jets issuing from the nozzles 86.
15    culation of the fluid carrier medium within. said As in the
embodiment of Figure 1, the down-         vessel, the feed means (35, 88)
introducing pul- wardly-flowing particulate material impinges
-verulent material into the flow of fluid carrier with any residual
particles which are projected     medium so that the material so introduced
is led chord-wise across the shell without being          into said primary
flow for fluid energy grinding entrained in the upwardly-flowing vortex to
20   thereof, said outlet means (26, 97) at the thereby impact with these
particles and effect      remote end of said vortex being operable to. an
interchange of flows to carry the particles      withdraw a second portion
of said fluid medium downwardly into the jets at the bottom of the
and with it a fraction of the pulverulent material shell. In addition, or
alternatively particulate    which has been reduced in mass below  a
material may be introduced directly into the   25    predetermined limit in
said grinding zone. grinding zone through the feeder 89. The apparatus and
method of the present             2. Apparatus according to claim 1 charac-
invention can be used for reducing the mass of      terised in that means
(16) is provided to particles in a wide range of different particulate
regulate the conditions of the fluid carrier materials but have particular
application in the   30    medium supplied to said nozzles (41, 86) to
grinding of fossil fuels. Reducing the particle     ensure the intensity of
the vortex in said cylin- size of fuel material can be of value not only in
.  drical zone is sufficient to afford circumferential permitting more
efficient use of the fuel but also  flow  in said vortex through at least
90 in a reduction of environmental pollution           between any nozzle
and the outlet means. consequent upon combustion of the fuel.      35
3. Apparatus according to claim 1 or claim 2, While particular embodiments
of the present      characterised in that said nozzles (41, 86) have
invention have been herein illustrated and         a divergent spray angle
providing a high velocity described it is not intended to limit the
invention  issuing flow and a decreasing flow velocity at to such
disclosure and changes and modifi-         increasing distances from said
issuing flow, said cation may be made therein and thereto within   40
plurality of nozzles being spaced apart a the scope of the following
claims.     .            distance sufficient to provide varying flow velo-
cities.at positions intermediate the high-velocity Claims
flows of adjacent nozzles, said grinding zone affording an unobstructed
flow path for the 1. A fluid energy mill for grinding pulverulent  45
issuing flow from each nozzle extending from material comprising a vessel
(12, 82) providing    the nozzle to the wall portion of said vessel (112, a
grinding zone, feed means for introducing a       82) opposite to said
nozzle, said unobstructed fluid  carrier medium  and  the  pulverulent
flow path terminating at said opposite wall material into the vessel in
such wise that the     portion and being intercepted by said secon- latter
is ground in the grinding zone by inter-  50    dary flow from said
peripheral zone adjacent particle impacts, outlet means (26, 97) through
said opposite wall portion. which ground material is removed from the
4. Apparatus according to any preceding vessel and a generally cylindrical
zone having an   claim, characterised in that an annular guide axis
disposed generally centrally within said       means (102) is mounted
within said vessel to vessel between said grinding zone and said   55
separate part of said cylindrical zone from the outlet means, characterised
in that a plurality of  surrounding part of said peripheral zone, said
circumferentially-spaced ejector nozzles (41,       guide means extending
beyond said grinding 86) is provided for injecting the fluid carrier
zone to a region spaced from said transverse medium into said grinding zone
in a direction      wall means (83) at its other end whereby said between a
radius to said cylindrical zone axis  60   fluid carrier medium has a
primary flow axially and a direction perpendicular to said radius, all
toward said other end within said annular guide of said nozzles (41, 86)
being disposed to inject   means and a secondary flow axially toward said a
primary flow of the fluid carrier medium into    one end outside of said
annular guide means, said vessel through said grinding zone, said
said feed means (88) including an opening in nozzles cooperating with a
closed bottom (14,   65   said cylindrical shell (82) confronting said
guide 7    11                   0017367                        12 area for
the discharge of carrier medium and the     84) of the vessel and said
outlet means (26, 97) 



particles carried thereby. Conversely, when the      so as to generate an
axially-flowing vortex (44, tubular duct 96 is adjusted downwardly. its
94) within said cylindrical zone, said vessel lower end registers with a
larger diameter of the    having transverse wall means (25, 83) at the
tapered portion 105 thereby reducing the flow    5    other end spaced from
said grinding zone to area between the plug and the duct and
intercept the axially-flowing vortex and deflect increasing the pressure
within the shell.            at least a first portion of the medium therein
In operation, the embodiment of Figure 5          outwardly into an annular
zone (46, 98) peri- may function similarly to that of Figures 1-4 in
pheral to the vortex, the fluid medium being de- that the particulate
material is introduced   10   flected into said peripheral zone flowing in
a through the feeder 88 into the recirculating         direction opposite
to the axial flow direction of secondary flow identified by the arrows 98
and      the vortex as a secondary flow and being intro- this fresh
particulate material flows down-          duced into said primary flow
issuing from said wardly for entrainment into the primary flow
nozzles (4l, 86) to thereby effect a recir- injected by the jets issuing
from the nozzles 86.   15    culation of the fluid carrier medium within
said As in the embodiment of Figure 1, the down-          vessel, the feed
means (35, 88) introducing pul- wardly-flowing particulate material
impinges         verulent material into the flow of fluid carrier with any
residual particles which are projected      medium so that the material so
introduced is led chord-wise across the shell without being       ,   into
said primary flow for fluid energy grinding entrained in the
upwardly-flowing vortex to   20    thereof, said outlet means (26, 97) at
the thereby impact with these particles and effect       remote end of said
vortex being operable to an interchange of flows to carry the particles
withdraw a second portion of said fluid medium downwardly into the jets at
the bottom of the        and with it a fraction of the pulverulent material
shell. In addition, or alternatively particulate     which has been reduced
in mass below  a material may be introduced directly into the   25
predetermined limit in said grinding zone. grinding zone through the feeder
89. The apparatus and method of the present              2. Apparatus
according to claim 1 charac- invention can be used for reducing the mass of
tersed in that means (16) is provided to particles in a wide range of
different particulate  regulate the conditions of the fluid carrier
materials but have particular application in the   30  medium supplied to
said nozzles (41,86) to grinding of fossil fuels. Reducing the particle
ensure the intensity of the vortex in said cylin- size of fuel material can
be of value not only in   drical zone is suffident to afford
circumferential permitting more efficient use of the fuel but also  flow in
said vortex through at least [ERR] in  a  reduction  of environmental
pollution         between any nozzle and the outlet means. consequent upon
combustion of the fuel.       35       3. Apparatus according to claim 1 or
claim 2, While particular embodiments of the present       charactersed in
that said nozzles (41, 86) have invention have been herein illustrated and
a divergent spray angle providing a high velocity described it is not
intended to limit the invention  issuing flow and a decreasing flow
velocity at to such disclosure and changes and modifi-           increasing
distances from said issuing flow, said cation may be made therein and
thereto within   40    plurality of nozzles being -spaced apart a the scope
of the following claims.                   distance sufficient to provide
varying flow velo- cities at positions intermediate the high-velocity
Claims                                              flows of adjacent
nozzles, said grinding zone affording an unobstructed flow path for the 1.
A fluid energy mill for grinding pulverulent  45    issuing flow from each
nozzle extending from material comprising a vessel (12, 82) providing
the nozzle to the wall portion of said vessel (12. a grinding zone, feed
means for introducing a        82) opposite to said nozzle, said
unobstructed fluid  carrier medium  and  the  pulverulent         flow path
terminating at said opposite wall material into the vessel in such wise
that the      portion and being intercepted by said secon- latter is ground
in the grinding zone by inter-  50    dary flow from said peripheral zone
adjacent particle impacts, outlet means (26, 97) through     said opposite
wall portion. which ground material is removed from  the             4.
Apparatus according to any preceding vessel and a generally cylindrical
zone having an   claim, characterised in that an annular guide axis
disposed generally centrally within said        means (102) is mounted
within said vessel to vessel between said grinding zone and said   55
separate part of said cylindrical zone from the outlet means, characterised
in that a plurality of  surrounding part of said peripheral zone, said
circumferentially-spaced ejector nozzles (41,       guide means extending
beyond said grinding 86) is provided for injecting the fluid carrier
zone to a region spaced from said transverse medium into said grinding zone
in a direction       wall means (83) at its other end whereby said between
a radius to said cylindrical zone axis  60   fluid carrier medium has a
primary flow axially and a direction perpendicular to said radius, all
toward said other end within said annular guide of said nozzles (41, 86)
being disposed to inject    means and a secondary flow axially toward said
a primary flow of the fluid carrier medium into     one end outside of said
annular guide means, said vessel through said grinding zone, said
said feed means (88) including an opening in nozzles cooperating with a
closed bottom (14,   65   said cylindrical shell (82) confronting said
guide 7    13                  0017367                       14 means,
thereby introducing pulverulent material   flows from  said jets, whereby
impacts are 



into the secondary flow of said carrier medium.   effected between said
particles within the core 5. Apparatus according to any preceding
zone, while said secondary flow  (46, 98) claim characterised in that said
feed means       prevents  any  substantial impingement of includes an
opening (89) into said grinding zone    5    particles laterally from the
core zone to the sur- to permit pulverulent material to be introduced
rounding wall of the vessel. directly into said grinding zone.
9. A method according to claim 8 charac- 6. Apparatus according to claim 4
charac-       terised in that said fluid medium provides an terised in that
an elongated plug means (104) is  issuing flow velocity in said jets in the
sonic disposed axially in said cylindrical zone ter-   10   range. minating
at said one end beyond said grinding        10. A method according to claim
8 or claim zone to prevent formation of eddy currents        9,
characterised in that the axially-flowing along the central axis of said
vortex, said outlet  vortex (44, 94) effects a centrifugal classifi- means
comprising a central circular opening       cation of the particles of the
pulverulent (97) in said transverse wall, through which said  15
material entrained in said vortex, the particles plug means extends to
define with said opening    greater than a given mass being recirculated an
annular discharge passageway for said          with the secondary flow (46,
98), and including second portion of the fluid medium and the        the
step of discharging the remaining particles fraction  of pulverulent
material entrained       with said second portion through a central dis-
therein, and means is provided to regulate the   20    charge passage (26,
97) disposed' axially flow area of said annular discharge passageway.
beyond said vortex, the issuing flow from each 7.  Apparatus according to
any preceding        nozzle (41, 86) providing an elongate ob- claim
characterised in that the axis of said cylin-  struction-free path, said
secondary flow being drical zone is vertical and the nozzles (41, 86)
introduced into said path adjacent a nozzle and are inclined to the
horizontal with an angle of   25   said path being intercepted by said
secondary inclination of at least [ERR] the divergent spray     flow at the
remote end of said path. angle of said nozzles, said nozzle direction being
offset from the direction of a radius of said cylin-  PatentansprOche
drical zone axis by an angular distance at least [ERR] the divergent spray
angle.                  30       1. Fliessmittelenergiemahivorrichtung zum
8. A method of comminuting a pulverulent        Zerkleinern k8rnigen
Materials, bestehend aus material having particles with varying mass,
elnem Gefiss (12, 82) mit einer Mahizone, einer which comprises entraining
the material in a      Zufuhreinrichtung zum ZufGhren eines Fliess- flow of
fluid medium within a vessel (12, 82),    mitteltrggermediums   und   des
k8rnigen allowing inter-particle impacts during entrain-   35    Materials
in das Gefdss, derart dass das ment to reduce the mass of at least some of
the   Material in der Mahizone durch gegenseitigen particles, separating
the entrained particles on  Zusammenprall der Telichen zerkleinert wird,
the basis of mass to discharge those lighter than  einem Auslass (26, 97),
durch welchen des zer- a given mass and recirculate those heavier than
kleinerte Material aus dem Gefiss abgezogen the said mass characterised in
that a primary   4o    wird, und einer aligemein zylindrisdhen Zone mit
fluid flow fed to the vessel generates an axially-  einer allgemein zentral
innerhalb diese Gefisses flowing vortex of said fluid medium in a core
zwischen dieser Mahlzone und diesem Auslass zone (44, 85) within said
vessel, a first portion  angeordneten Achse, dadurch gekennzeichnet, of the
axially-flowing medium is deflected out-   dass eine Mehrzahl von auf dem
Umfang in wardly at a remote end of said core zone into a   45
gegenseitigem  Abstand angeordenten  Aus- zone (46, 98) peripheral to said
core zone, said  stossdOsen (41, 86) zum Einspritzen von Fliess- first
portion is directed in a secondary flow     mitteltrigermedium in diese
Mahizone in einer through said peripheral zone and introduced
Richtung zwischen einem  Radius bezuglich into said primary flow to effect
recirculation of  jener Achse der zylindrischen Zone und einer zu said
fluid medium in the secondary flow back   5o   diesem  Radius senkrechten
Richtung vorge- through the core zone, a second portion of said   sehen
ist, wobei alle diese Dusen (41, 86) so flow is discharged through an
outlet at the       angeordnet sind, dass sie einen Primgrstrom remote end
of said core zone and pulverulent      von Fliessmitteltrigermedium durch
jene Mahl- material is introduced into the recirculating     zone hindurch
in dieses Gefiss einspritzen secondary  flow, said  comminuting  being   ss
wobei diese DOsen mit einem geschlossenen effected by supplying said fluid
medium in a      Boden (14, 84) des Gefisses und jenem Auslass plurality of
jets (42, 92) projected inwardly of  (26, 97) zwecks Erzeugung eines axial
strom- said vessel (12, 82) from adjacent its circum-    enden Wirbels (44,
94) innerhalb jener zylir.- ference, each jet (41) providing a
high-velocity  drischen Zone zusammenwirken, wobei diesds issuing central
flow and decreasing flow velo-   60   Gefiss am anderen Ende im Abstand von
jener cities at increasing transverse distances from    Mahizone Querwande
(25, 83) zum Abfangen said issuing central flow, said jets being spaced
des axial stromenden Wirbels und zur Ablen- apart to provide varying flow
velocities inter-   kung mindestens eines ersten Tells des Me- mediate the
issuing central flows of said jets,  diums darin nach aussen in eine den
Umfang the pulverulent material being entrained in the   65   des Wirbels
umgebende Ringzone (46, 98) auf- 8    t        qi*       vl
~ 15                 0017367                       16 



weist, wobei des Fliessmittelmedium in einer      (88) eine Oeffnung in
jener zylindrischen Hulle *:.     der axialen Stromungsrichtung des Wirbels
ent-    (82) gegenuber dieser Fuhrung aufweist, wo- gegengesetzten Richtung
stromend als Sekun-       durch komiges Material in den Sekundarstrom
darstrom in diese Umfangszone abgelenkt und       dieses Tragermediums
eingefuhrt wird. in den von jene Dusen (41, 86) ausgehenden    5     5.
Vorrichtung nach sinem  der vorher- Prim~rstrom eingefuhrt wird, um dadurch
einen     gehenden Anspruche, dadurch gekennzeichnet, Kreislauf des
Fliessmitteltrigermediums  in      dass diese Zufuhreinrichtung sine
Oeffnung (89) diesem Gefass zu bewirken, wobei die Zufuhr-     in dieser
Mahizone zur direkten EinfQhrung von einrichtung (35, 88) k6rniges Material
so in den  k6rnigem Material in diese Mahlzone aufweist.
Fliessmitteltragermediumstrom  einfOhrt, dass   to  6. Vorrichtung nach
Anspruch 4, dadurch das so eingefuhrte, Material zwecks dessen
gekennzeichnet,  dass  ein  langgestreckter Mahlung durch Stromungsenergie
in jenen           St6psel (104) axial in jener zylindrischen Zone
Primarstrom gelangt, und wobei dieser Auslass     angeordnet ist, der an
jenem  ersten Ende (26, 97) a' abseitigen Ends jenes Wirbels zum. jenseits
der besagten Mahizone endet, urn die Abziehen eines zweiten Teils jenes
Fliessmittel-  15    'Bildung von turbulenter Stromung entlang der mediums
und damit eines Anteils des in seiner    zentralen.Achse jenes Wirbels zu
verhindern, Masse unter sine vorbestimmte Grenze in jener     wobei der
besagte Auslass sine zentrale kreis- Mahizone zerkleinerten kornigen
Materials beta-  f6rmige Oeffnung (97) in jener Querwand auf- tigbar ist.
weist, durch welche sich dieser St6psel hin- 2. Vorrichtung nach Anspruch
1, dadurch   20   durch erstreckt, um mit dieser Oeffnung elnen
gekennzeichnet, dass sine Einrichtung (16) zum   ringf6rmigen
Entleerungsdurchgang fOr jenen Regein der Bedingungen des jenen DOsen (41,
zweiten Teil des Fliessmittelmediums und den 86)  zugefuhrten
Fliessmitteltrigermediums       Anteil darin mitgerissenen pulverigen
Materials. vorgesehen ist, um sicherzustellen, dass die      zu definieren,
und dass sine Einrichtung zum: Intensitit des Wirbels in joner
zylindrischen   25    Regulieren des Str6mungsquerschnitts dieses Zone
ausreicht, sine Umfangsstr6mung  in         ringformigen
Entleerungsdurchgangs  vorge- diesem Wirbel Ober mindestens 900 zwischen
sehen ist. jeder DOse und dem.Auslass zu liefem.               7.
Vorrichtung nach elnem  der vorher- 3. Vorrichtung nach Anspruch 1 oder 2,
da-     gehenden AnsprOche, dadurch gekennzeichnet, dutch gekennzeichnet,
doss diese DOsen (41.  3o    dass die Achs jener zylindrischen Zone
vertikal. 86) sinen divergierenden SprOhwinkel besitzen,   ist und die
DOsen (41, 86) zur Horizontalen mit der sine mit hoher Geschwindigkeit aus-
einem Neigungswinkel von mindestens I des tretende Str6mung und sine mit
zunehmendem        divergierenden Spruhwinkels dieser DOsen ge- Abstand vom
austretenden Strom  abnehm-          neigt sind, wobei die Dfsenrichtung
von der ends Stramungsgeschwindigkeit liefert, wobei  35    Richtung sines
Radius dieser Achse deo zylin- oene Mehrzahl von DOsen sich tn:--ausreich-
drischen Zone um eonen Winkelabstand von endem  Abstand voneinander
befinden, um           mindestens + des divergierenden SprGhwinkels
varilerende  Str6mungsgeschwindigkeiten  an.      versetzt ist Stellen
zwischen den Str6mungen mit hoher           8. Verfahren  zum  Zerkleinern
kornigen Geschwindigkeit aus benachbarten DOsen zu   40    Materials mit
Teilchen unterschiedlicher Masse, .'': '   schaffen, wobei diese. Mahizone
fOr die von.      bei dom  das Material in siner Fliessmittel- jeder Duse
ausgehende Stromung einen unge-        stromung innerhalb sines Gefisses
(12, 82) hinderten, sich von der DOse bis zu dem dieser    mitgerissen
wird, um wahren ddes Mitreissens gegenuberliegenden   Wandungsteil  jenes
gegenseitigen Zusammenprall der Teilchen zur ' " -    Gefasses (12, 82)
erstreckenden Str6mungs-  45    Verringerung der Masse mindestens einiger
der .: -     weg bietet, der an diesem gegenulberliegenden     Teilchen zu
ermrglichen, um diejenigen mitge- Wandungsteil endet und durch jene
Sekundir-       rissenen Teilchen, die leichter als sine gegebene stromung
aus der besagten Umfangszone neben       Masse sind, auszutragen und die
schwereren im diesem   gegenuberliegenden   Wandungsteil        Kreislauf
zu fuhren, dadurch gekennzeichnet, abgefangen wird.
50    dass ein dem Gefass zugefuhrter Primarstrom 4. Vorrichtung nach einem
der vorher-         von Fliessmittel einen axial str6menden Wirbel gehenden
Anspruche, dadurch gekennzeichnet, .     dieses Fliessmittelmediums in
einer Kernzone *dass sine ringformige Fuhrung (102) innerhalb    (44, 85)
innerhalb diese Gefasses erzeugt, ein diese Gefasses angebracht ist, um
einen Tell      erster Teil des axial stromenden Mediums am jener
zylindrischen Zone von dam umgebenden   55   abseitigen Ends dieser
Kernzone in sine zu Teil jener Umfangszone zu trennen, wobei diese
dieser Kernzone periphere Zone (46, 98) nach FOhrung sich Ober jene
MahIzone hinaus bis in     aussen  abgelenkt und in einer Sekundir- *einen
Bereich im Abstand von jener Querwand      stromung durch diese periphere
Zone gerichtet (83) an deren anderem Ends erstreckt, wodurch     und in
jenen primaren Strom eingefuhrt wrid, dieses  Fliessmitteltragermedium
innerhalb   60    um einen Kreislauf diese Fliessmittelmediums dieser
ringf6rmigen Fuhrung sinen Primarstrom     im SekundarrOckstrom durch die
Kernzone zu axial zu diesem anderen Ends hin und ausser-      bewirken, ein
zweiter Tell dieser Str8mung halb  dieser  ringf8rmigen  FOhrung  einen
durch einen Auslass am abseitigen Ends dieser Sekundirstrom axial zu dem
besagten ersten        Kernzone.ausgetragen und pulveriges Material .
Ends hin besitzt, wobei diese Zufuhreinrichtung   65   in den umlaufenden
Sekundirstrom eingefuhrt 9 I mil 111111111111111111111 1111I *C  L  M   S
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9) wird, wobei diese Zerkleinerung dadurch erfolgt,   direction
perpendiculaire a ce rayon, tous lea dass dieses Fliessmittelmedium in
einer Mehr-      ajutages (41, 86) etant disposes de maniere a zahl von an
Stellen am Umfang dieses Gefasses      injecter un flux primaire de fluids
transporteur (12, 82) nach innen in dieses projizierten         dans Ia
dite cuve A travers la zone de broyage, Strahlen (42, 92) geliefert wird,
wobel jeder    5    les ajutages cooperant avec un fond clos (14, Strahl
esine zentrale Ausgangsstromung hoher       84) de la cuve et avec le
dispositif d'evacuation Geschwindigkeit sowie mit zunehmenden Quer-
(26, 97) de maniAre A produire un tourbillon abstanden  von dieser
zentralen Ausgangs-          (44, 94) A ecoulement axial dans la zone
cylin- stromung      abnehmende       Str8mungs-          drique, la cuve
comportant une cloison trans- geschwindigkeiten ergibt, wobel diese
Strahlen   1o   versale (25, 83) situee A l'autre extremit6 et zur
Schaffung unterschiedlicher Str6mungs-         placee A distance de la dite
zone de broyage geschwindigkeiten ziwschen den zentralen Aus-      pour
intercepter le tourbillon A ecoulement axial gangsstromungen dieser
Strahlen im Abstand         et devier au moins une premiere partle du
fluide voneinander stehen, und wobei das kornige          de ce tourbillon
vers l'exterieur dans une zone Material in den Str6mungen dieser Strahlen
15   annulaire (46, 98) p6riph6rique au tourbillon, le- mitgerissen wird,
was ein Zusammenprallen    -    fluids d6vi6 dans cette zone periph6rique
dieser Teilchen innerhalb der Kernzone bewirkt,    s'6coulant dans une
direction opposee A la wahrend jener Sekundirstrom  (46, 98) im
direction d6coulement axial du tourbillon sous wesentlichen  ein
seitliches Aufprallen  der      la forms d'un flux secondaire et etant
introduit Teilchen aus der Kernzone auf die umgebenden   20    dans le flux
primaire sortant des ajutages (41, Gefisswandung verhindert.
s         86) pour provoquer une remise en circulation du 9. Verfahren nach
Anspruch 8, dadurch*           fluids transporteuf a l'int6rieur de ia
cuve, le dies- gekennzeichnet, dass diese Fliessmittelmedium      positif
d'alimentation (35, 88) introduisant dele sine
Ausgangsstromungsgeschwindigkeit  in-        matiere pulverulente dans le
flux du'fluide trans- delsen  Strahlen  im  Schallgeschwindigksits-   25
port'eur de tells sorts qu.- Isa matie're ainsi bereich liefert.
introduite soit amenee dans le flux primaire en 10. Verfahren nach Anspruch
8 oder 9, da-        vue de son broyage par energie fluidique, Is dis-
durch gekennzelchnet, dass der axial stromend      positif d'evacuation
(26, 97) situe A l'extr6mite Wirbel (44, 94) eine zentrifugale
Klasslfizierung '  eloignee du tourbillon etant a mime d'extraire der-
Tellchen des in diesem  Wirbel mitge-   30    une seconde partle du dit
fluids et, avec celul-ci, rissenen k6migen Materials bewirkt, wobei
une fraction de la substance pulverulente dont Teilchen einer GrWsse Ober
einer gegebenen         Ia masse a' t6 reduite au-dessous d'uns limits-
Masse mit dem  Sekundarstrom  (46, 98) im          pr6d6terminee dans la
zone de broyage. Kreislauf geffihrt werden, und wobel femrer die       2.
Broysur suivant la revendication 1, carac- verbleibenden Teilchen  mit
jenem  zweiten.  35   teris6 en ce qu'il comprend un dispositif (16)-
Anteil durch oenen zentralen, axial jenseits jines,  pour regler i'dtat du
fluids transporteur fourni Wirbels angeordneten  Entleerungsdurchgarig
aux ajutages (41, 86) afin d'assurer que l'inten-- (26, 97) ausgetragen
werden, wobei die Aus-        site du tourbillon dans la zone cylindrique
soit gangsstr6mung von jeder Duse (41, 861 einen        suffisante  pour
provoquer une  circulation linglichen  ungehinderten  Weg  erglbt, in.  40
rotationnelle dans le dit tourbillon sur au moins welchen die
Sekundirstr6mung neben einer           90 entre.l'un quelconque des
ajutages et Is Duse eingef~hrt wird, und welcher an seinemn
dispositif d'evacuation. abseitigen Ends von dieser Sekundirstr6mung
3. Broyeur suivant la revendication 1 ou 2, abgefangen wird.
caract6ris6 en ce que les ajutages (41, 86) ont 45   un angle de divergence
sous lequel Us projet- Rovendications
tent le fluids qul est A une vitesse 6eevee A leurs sorties et dont la
vitesse d6crott A mesure que 1. Broyeur de substances pulverulentes A
I'on s'eloigne du lieu d'6mergence du flux energie fluidique comprenant une
cuve (12, 82)     sortant des ces ajutages, les dits ajutages etant formant
une zone de broyage, un dispositif  so   espac6s les uns des autres d'une
distance suf- d'alimentation pour introduire un fluids trans-    fisante
pour provoquer des variations de vitesse porteur et la mature pulverulente
dans la cuve     de circulation a des endroits situes entre le flux d'une
maniAre tells quo cette matu~re soit         emergeant a vitesse elevee
d'ajutages voisins, broy6e dans la zone de broyage par des impacts     la
zone de broyage autorisant des trajets de interparticules, un dispositif
d'6vacuation (26,   55   circulation suivant lesquels le flux emergeant de
97) par lequel la matiure broyee est 6vacuee de    chacun des ajutages no
recontre aucun obstacle la cuve et une zone, dans 1'ensemble cylin-
entre lee ajutages et Ia partie de paroi de la cuve drique, dont I'axe est
dispos6 en substance au     (12, 82) oppos6e A chacun de ces ajutages, lea
centre dans la cuve entre Ia zone de broyage et    trajets de circulation
sans obstacle aboutissant lo dispositif d'evacuatlon, caract6rise en ce quo
60   sur Ia dite partie de paroi opposee et etant inter- plusieurs ajutages
d'ejectlon (41, 86) espaces     ceptes par le flux secondaire provenant de
la circonf6rentiellement sont prevus pour injector    zone peripherique
pres de la partie de paroi le fluide transporteur dans la zone de broyage
opposee. dans une direction comprise entre un rayon           4. Broyeur
suivant lune quelconque des ' passant par I'axe de la zone cylindrique et
une   65   revendications pr6cedentes, caracterise en ce 10 I 1111111111111
1111111111111111 *   C   L  M   5   * 
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annulaire (102) est monte a linte-    masse de manire a- decharger lea
particules : rieur de la cuve pour separer une partie de a    d'une masse
inferieure a une masse donnee et a zone cylindrique de a partie environante
de la     remettre en  circulation  les particules plus zone peripheriqus,
ls guide s'tendarnt au-dela     lourdes, caract6rise en ce qu'un flux de
fluide de la zone de broyage  vers unes regon espacee    5    primaire
introduit dans la cuve produit un tour- de la cloison transversale (83) a
son autrs extre-  billon axial du fluids dans uns zone de veine mit4, de
sorts quo ls d'it fluids transporteur     centrals (44, 85) A l'interieur
de la dite cuve, forMe un flux primaire so deplaqant axialement     une
premiere partie du fluido s'ecoulant axiale- vers I autre extr6mit6 dans le
dit guide annu-     ment est deviee vers l'exterisUr A I'extremite laire.
ainsi qu'un  flux  secondaire  dirig  lo 0  loign6e de la zone de veine
centrale dans une axialement .vers la  premiere  extr6mit6  A        zone
(46, 98) peripherilque A la zone de veins : ext6rieur du guide annulaire,
is dispositif      centrals, la premiere partis du fluids est dirig45
d'alimentation (88) comprenant un orifice dans     selon un flux secondaire
a travers la zone p6ri : 'enveloppe cylindrique (82) en face du guide de
pherique et est introdulite dans le flux primaire telle sorts quo la
subtlibcs pulverulente soit  l6   pour remettre ce fluids en circulation a
contre- introduite dans to flux secondaire du fluids       courant A
travSrs la zone de vine centrale, uns transporteur               .
seconds partie du flux est dechargee par une 5. Broyeur suivant Yune
quelconque des           sortie situee a l'extr6mite eloignee de la zone de
revendications prfcdentes, caracterise en ce       veins centrals et de la
matiere pulvArulente est quo Is dispositif d'alimentation comprend un   20
introduite dans le flux secondaire de recir- orifice (89) dgbouchant dens
la zone de broyage    culation, le dit fractionnement etant produit par. do
tells sorts que Is substance pulve rulentO      creation A l'aide du fluids
de multiples jets (42, puisse etre introduite directement dans ia zone
92) projetes vers lint6rieur de Ia dite cuve (12, de broyage~
82) A partir d'endroits adjacents A so .circon- 6. Broyeur suivant Is
revendication 4, Carac-   25   ference, chaque jet produisant un flux
control a terise en ce. quuun noyau allong6 104 est          grande vitesse
A- sa sortie et des vitesses dispose axialement dans Ia dite zone cylin-..
d' ecoulement' d~croissantes A mesure quo l'on driquse terrinant la dite
premiare extremite..     s'carte  transversalement du  flux  central.
au-dela de lI zone de broyage afin crempfther      sortant, les jets etant
espac*s les Uns des autres la formation de courants parasites le long de
3o   de manibre A fournit des vitesses d'6coulement raxe  central  du
tourbillon, le  dispositif      variables entre les flux centraux de cos
jets, Is : d7vacuation comprenant unt  ouverture cir-       mati~re
pulveirulente etant entratnbe dans les Iculaire centrals .(97) dans la
cloison trans-     flux des lets, de sorts que des chocs se versale, par
laquelle is noyau passe de manier     produisent entre les particules dans
la zone de A delimiter avec cette ouverture un passage  35   veins
centrals, tandis quo Id flux secondaire (46, enulties de decharge de la
dite seconds pardte     98) empiche toute projection substantielle des du
fluids et de la fraction de Ia substance        particules lateralement par
rapport A la zone de pulverulente entratnee dans ce fluids, et un
veins centrals vers la parof environnante de is dispositif est pr6vu pour
regler is section du     cuve. passage de decharge annulaire.
40       9. Procede suivant la revendication 8, carac- 7. Broyeur suivant
l'une quelconque des         tefise en ce quo le fluids determine une
vitesse revendications pr6c6dentes, caracterise en co      crdcoulement de
sorite dans leg jets aitues dens lque laxe de la zone cylindrique est
vertical et   la plage de la vitesse du son. les ajutages (41, 86) sont
InclinAs sur l'hori-      10. Procede suivant la revendication 8 ou 9,
zontale d'un angle qui est egal au moins a la  45   caract~eish en ce quo
le tourbillon s'Acoulant moltie de I'angle de divergence sulvant lequel
dans  sens axial (44. 94) provoque une les aJutages projetttnt les jets,
l'orientation des  classification par centrifugation des particules
ajutages etant d6cal6e do cello d'un rayon         de la matiere
pulvArulente entratnee dans le passant par laxe de la zone cylindrique,
I'icart   tourbillon, les particules d'une masse superieure angulaire etant
au moins egal a la moitie de   50   A unes valeur donnee 6tant remises en
cir- * ~.  -  I'angle de divergence suivant lequel les ajutages    ..
culation avec le flux secondaire. (46, 48) et on projettent les jets.
decharge  les particules  restantes avec Is 8.  Procede  de  fractionnement
d'une          seconds partie du fluide  par un passage substance
pulverulente dont les particules ont   ddvacuation central (26, 97) dispose
dana l'axe des masses differentes, sulvant lequel on  5c   au-dela du
tourbillon, le flux sortant do chaque entrafle s mat~rs ana  t'fu de fluids
dans  alutage (41, 86) determiflant un long tra jet ei  entratne la
mnatib~r~e, ansr dens uno flu-aitg  (18) Isod, ele flux secondaire et ant
une cuve (12, 82), on permiet des chocs inter-    d~pourvu id'obstace  sfu
eodisAa' particules pendant 1'entralSnement pour reduire   introduit dans
le trajet pres d'un ajutage et le la masse d'au moins certaines particules,
on      trajet etant intercepte par le flux secondaire au separe les
particules entratnees sur base dO leur  60   niveau de son extremite
lolignse. 65                 -ccidentally ::                 *    


