SYSTEM AND METHOD OF PULVERI ZI NG AND EXTRACTI NG MO STURE Technical Field
The present invention relates to techniques for processing naterials to
pul verize and 5 extract noisture Background of the Invention Nunerous
industries require the | abour intensive task of reducing materials to

smal ler particles and even to a fine powder. For exanple, the utility
industry requires coal to be reduced from nuggets to powder before being
burned in power 10 generation furnaces. Linestone, chal k and many ot her

m nerals nust also, for nbst wuses, be reduced to powder form Breaking up
solids and grinding theminto pomder is a nechanically demandi ng process.
Ball mlls, hammer ml| WFChanlﬁﬁb structures inpact on, and

crush, the pieces of naHetiRiANEEd d (gl SWNBynctional , are

i nefficient and relatlvely slomrln rocessin 15 Numerous industries
further require noisture extraé@ggﬁﬁiﬂbﬁiﬂﬁﬂgﬂﬂﬁﬁange of nmaterials. Food
processi ng, sewage waste treatnent, crop harvesting, mning, and many

ot her industries require noisture extraction. In sone industries materials
are discarded because noisture extraction cannot be performed efficiently.
These sanelgﬁﬂﬂﬁﬁﬁﬁﬁL if they could be efficiently dried, would otherw se
provide a commercial 20 benefit. In other industries, such as waste
treatment A8 AERIFESYRRERN figtes to-techniguesdiot pomessingmatarits togputaizerandand

t renmendous demand exists for inproved
extract moisture

Background of the Invention

Numerous industries require the labour intensive task of reducing materials to
smaller particles and even to a fine powder. For example, the utility industry
requires coal to be reduced from nuggets to powder before being burned in power
10 generation furnaces. Limestone, chalk and many other minerals must also, for most
uses, be‘reduced to powder form. Breaking up solids and grinding them into powder
is a mechanically demanding process. Ball mills, hammer mills, and other
mechanical structures impact on, and 'crush, the pieces of material. These systems,

although functional, are inefficient and relatively slow in processing.

15 Numerous industries further require moisture extraction from a wide range of
matertals. Food processing, sewage waste treatment, crop harvesting, mining, and
many other industries require moistire extraction. In some industries materials are

| discarded because moisture extraction cannot be performed efficiently. These same
materials, if they could be efficiently dried, would otlherwise provide a commercial

20 benefit. In other industries, such as waste treatment and processing, water




met hods. Al t hough several techniques exist for dehydrating materials, there
is an increasing need for inproved noisture extraction efficiency. Thus,

it would be an advancenent in the art to provide nore efficient processes
for 5 pulverizing materials and extracting noisture frommaterials. Such
techni ques are disclosed and clainmed herein. Brief Description of the

Drawings Figure 1 is a side viewillustrating a materials pul verizer;
Figure 2 is a plan view illustrating the2pul verizer of Figure 1; 10 Figure
3 is a cross-sectional side viewillustrating a venturi of the pulverizer

as the verfPtiiACIPR SRR @Y fancarm and firmendpussiemariddexisis fawimptavetir at i ng an
enbodi nent of a pulverizing systemof the present invention; Figure 5is a
pl an vi ew dPeRESpAttheYgy$evgraleohaigues eRistyior deltydratighngierialspthiese & an
perspective view illustrating an air generator housing and outl et
restri ct or SNCTEAYNE depdifer impiaved maisiute eiiction efficiehcpne enmbodi nent of an air
generator housing; Figure 8 is cross-sectional view of a venturi and a
throat resizer; 20 Figure 9 is a diagranmatic pictorial viewillustrating
t he conponents of an alternative enbodi ment of a pulverizing system
Figure 10 ithug. tiwegiceran advasicement ialthe Betvio iprdvidd matd effciemQairbesssestgdi ment
of -3-

5 pulverizing materials and extracting moisture from materials. Such techniques are

disclosed and claimed herein.

Brief Description of the Drawings

Figure 1 is a side view illustrating a materials pulverizer:;
Figure 2 is a plan view illustrating the pulverizer of Figure 1;
10 Figure 3 is a cross-sectional side view illustrating a venturi of the pulverizer as
the venturi receives material;
Figure 4 is a side view illustrating an embodiment of a pulverizing system of
the present invention;
Figure 5 is a plan view of the pulverizing system of Figure 4;
15 Figure 6 is a perspective view illustrating an air generator housing and outlet
restrictors;
Figure 7 is a cross-sectional view of one embodiment of an air generator
housing;
- Figure 8 is cross-sectional view of a venturi and a throat resizer;
20 Figure 9 is a diagrammatic pictorial view illustrating the components of an
alternative embodiment of a pulverizing system;

Figure 10 is a diagrammatic pictorial view illustrating another embodiment of




a pul verizing systemof the present invention; Figure 11 is a perspective
vi ew of one enbodi nent of an airflow generator suitable for use with a
system of the present invention; Figure 12 is a cross-sectional view of a
portion of the airflow generator of 5 Figure 11; Figure 13 is a plan view
of an interior portion of the airflow generator of Figure 11; Figure 14A
is a plan view of a trailing edge of a blade of the airflow generator of
Figure 11; 10 Figure 14B is a plan view®f an alternative enbodi nent of a
trailing edge @f .a blsgde ?h@t he airflow generator of Figure 11; Figure 15A
is a perspetPHVEBR ML PERPSM dIvenHeTai r f| ow generator of Figure 11;
Figure 15B is a perspective view of a portion of an alternative enbodi nent
of 15 an airfl wtgeﬂgr'%\?@ﬁrsaﬁcfﬁeg{ﬁ‘@oﬁmﬂe Pggdianeré of an airBowdgendretorof a

bl ade of the_a'lrflow generator of Figure 11; Figure 17 is a

Cr 0ss- sect (AP PRYSGNI R SYBPHES PrEsgUk iBvargioph the |ine 17-17 of Figure
16; Figure 18 i%_a perspective view of a portion of the airflow generator
of Figure 20 11'9uWad2ps ggrass-sectianalvisivdy apartiorotf the birflow genembwdif ment  of

t he pul verizing systemof the present invention.
5 Figurg 11;

Figure 13 is a plan view of an interior portion of the airflow generator of Figure

11;
Figure 14A is a plan view of a trailing edge of a blade of the airflow generator
of Figure 11;
10 Figure 14B is a plan view of an alternative’embodiment of a trailing edge of a

blade of the airflow generator of Figure 11;
Figure 15A is a perspective view of a portion of the airflow generator of Figure
11
Figure 15B is a perspective view of a portion of an alternative embodiment of
15 an airflow generator of Figure 11;
Figure 16 is a side view of a blade of the airflow generator of Figure 11;
Figure 17 is a cross-sectional view of the blade of Figure 16 on the line 17-17
of Figure 16;
Figure 18 is a perspective view of a portion of the airflow generator of Figure
20 11; and
Figure 19 is a side view of a further embodiment of the pulverizing system of

the present invention.

Detailed Descriplion of Preferred Embodiments




Det ai |l ed Description of Preferred Enbodi nents -4- Referring to Figures 1
and 2 of the drawi ngs, a pulverizer 10 for pulverizing and extracting
noi sture is shown which includes an inlet tube 12. The inlet tube 12
includes a first end 14, conmunicating with free space and an opposing,
second end 16 that couples to a venturi 18. 5 The inlet tube 12 provides
sonme distance to the venturi 18 in which material can accelerate to the
required velocity. A filter (not shown)-4may be placed to cover the first

end 14 to iRtroduct | f, foreign particles into the pul verizer 10.
The inlet Q{%ﬁ%@'ﬂ%ﬁo?ﬁ qu"'ﬁ%%? aﬁﬁ?lﬁﬂé%gﬁwr&sog@éﬂ{‘@”éﬁem fRprYigerEngandipper par't
thereof to Q ni.cation with the open | ower end of a hopper 22. The
hopper 22 ieﬁfb%@ﬁls {reiig SqysLuhich ngludes ey infetlibe d 2ndiherinlat kibel12 an
alternati ve‘g odi Fent tge ul verjzer 10 does not include a hopper 10 and
material ig" % 3 Meshehd { UCQ"RPB"‘F?{‘E‘Q veihoiiRpsRarecisramepRBingh secmit erat | ous
known conveﬁbo alué)!ret hods. , The venturi 18 includes a converging portion 26
coupled to 9 Guples iggvensurn i8¢ convergi ng portion 26 progressively

reduces in dianeter fromthat of the inlet tube 15 12 to a dianeter
smaller than the inlet tube 12. The venturi 18 further includes a throat 28

t hat rrgi nt ains a consistent dianeter equal to the smaller diameter of the
inl et Pube 118 INleHiabg dRinipyidassane distance te thedesttiari 88 incwiich gapaidl can 30 t hat
couples to the throat 28 and progressively increases in diameter in the
direction @FceeAte BiheTeruitidwelagitygA fiter (ot shawm)36ayby placed aLEheH e t he
throat 28 by casting, screw threads, or by other

first end 14 10 prevent introduction of foreign particles into the pulverizer 10. The

inlet tube 12 further includes an elongate opening 20 on an upper part thereof to

allow communication with the open lower end of a hopper 22. The hopper 22 is

10 open atits upper end 24 to receive materials. In an alternative embodiment, th:a
pulverizer 10 does not include a hopper 10 and material is simply inserted into the

elongated opening 20 through various known conventional methods.

The venturi 18 includes a converging portion 26 coupled to the inlet tube 12. The

converging poriion 26 progressively reduces in diameter from that of the inlet tube
15 12to a diameter smaller than the inlet tube 12. The venturi 18 further includes a

throat 28 that maintains a consistent diameter equal to the smaller diameter of the

inlet fube 12,

The venturi 18 further includes a diverging portion 30 that couples to the throat 28
and progressively increases in diameter in the direction of airflow. The diverging
20 portion 30 may be coupled to the throat 28 by casting, screw threads, or by other

known methods. As illustrated, the converging portion 26 may be longer in




known nethods. As illustrated, the converging portion 26 may be longer in 4
-5- longitudinal length than the diverging portion 30. The venturi 18 is in
comuni cation with an airflow generator 32 that creates an airflow fl ow ng
fromthe first end 14, through the inlet tube 12, through the venturi 18,
and to the airflow generator 32. The velocity of the generated airflow may
range 5 from 350 nph to supersonic. The airflow velocity will be greater in
the venturi 18 than in the inlet tube . The airflow generator 32 is
driven by a drive notor 34. The drive notor 34 drives a drive shaft 33.
The power dengiihdinableggihdhan fhe diversingroogioncdth vary and depends on the
material to be treated, material flow rate, and airfl ow generator

di mrensions. A 10 larger pulverizer 10 may be used at a rmnunicipal waste
processing facility whereas a snaller pulverizer 10 nay be used to process
sewage wastldeoenbontdlisdm comsnmicalios séh anBEifoaigehbmoriibatteate82ini ncl udes a
plurality of radially extending blades that are rotated by the shaft 33 to
gener at e a dirfight flopirgdirarn ithe tnst efith &4 ahrougb theyiafet hidteot2, 3Rrough tHkbvethtep ©8,ed
within a housing 35 that includes an air and materials outlet 36. The

housi ng 35 andupthesaivilavhgereeatee 82.uThe L8loaifydoftths gandratesi didloipay ramger t ur e

(not shown) that allows comuni cation between the venturi 18 and the

interier ofronh@shoypsitogupsrsonithahblaatler valetitnwiladirahiey irskkeagivio g | ow
passages through which air ‘passes to the outlet 36 on its periphery to
al | ow pul vefigrziadhehiletrtiled 12nd air to exit. One

The airflow generator 32 is driven by a drive motor 34. The drive motor 34 drives a
drive shaft 33. The power of the selected drive motor 34 can vary and depends on
the material fo be treated, material flow rate, and airflow generator dimensions. A
10 larger pulverizer 10 may be used at a municipal waste processing facility whereas a
smaller pulverizer 10 may be used o process sewage waste on board an ocean

vessel.

The airflow generator 32 includes a plurality of radially extending blades that are
rotated by the shaft 33 to generate a high speed airflow. The airflow generator 32 is

15 disposed within a housing 35 that includes an air and materials outlet 36. The
housing 35 couples with the venturi 18 and has a housing input aperture (not shown)
that allows communication between the venturi 18 and the interior of the housing 35.
The blades define radially extending flow passages through which air passes to the
outlet 36 on its periphery to allow pulverized material and air to exit. One

20  embodiment of an airflow generator 32 suitable for use with the present invention is

described in further detail below in reference to Figures 11 to 18.




20 enbodi nent of an airflow generator 32 suitable for use with the present
invention is described in further detail belowin reference to Figures 11
to 18. -6- Referring nowto Figure 3, this illustrates operation of the
venturi 18 during a pulverization event. In operation, material 38 is
introduced into the inlet tube 12. The nmaterial 38 may be a solid or a
sem -solid. The airflow generator 32 generates an air stream ranging from
350 nph to supersonic, that flows through the inlet tube 5 12 and through

t he vent uriR],rB. .1n thﬁgﬁzent gr% .1%, the airflow velocity substantially

accel er at es CPHEIRRER;FAgure s, this flustraies apergijon afdhavgRtugiskEdingra | ow to t he
venturi 18. The paterial 38 is smaller in dianmeter than the interior

di anet er opr{"FF'é'Z?{‘Tﬂa'b?"ng@ opsratigng mateyiah 38 j§ ‘giradyrediipterihe inletitubed2sur f ace

of the inl tube 12 and the material 38. As the material 38 enters the
conver gi ng MAGHADE MK 88 F301H ¥ griemninalid. ollee aifinw ganeretes 32 gehkbrateshe

mat eri al 38 causes a substantial reduction in the area of the converging
portion 26 &TRILEAPMIRRHNATPTCERP MPBip supereenieihaifiowstheiugh ithenenes tuid
trails rearwardl¥1 fromthe material and a bow shock wave 42 builds up ahead
of thed mat'eérand hamghiryentur d8c dnthervsinhigi thithe aiflavévetecityesibatantialtyne t hr oat
28 there is a standing shock wave 44. The action of these shock waves 40,
42, 44 di siaseelgraiese sThelmatenial 3@ isarrppelle@dydhe highsapetd airfloywtd therveradri o& and
noi sture extraction fromthe material. The pul verized material 45 continues
t hr ough t hdheangigrigl 363s amallenintdiarneteothantiee miterfdr digngeteesiahe inl&Zubd he

mat eri al size reduction depends on the naterial being pulverized and the

di mensi ons aofl & gap sty beiween theinnBy simareasf sharinldt ebe/ 2 ad the @bidriaesai rf 1 ow,

As the material 38 enters the converging portion 26, the gap becomes narrower and
10 eventually the material 38 causes a substantial reduction in the area of the
converging portion 26 through which air can flow. A recompression shock wave 40
trails rearwardly from the material and a bow shock wave 42 builds up ahead of the
material 38. Where the converging portion 26 merges with the throat 28 there is a
standing shock wave 44. The action of these shock waves 40, 42, 44'disintegrates
15 the material 38 and results in pulverization and moisture extraction from the
material. The pulverized material 45 continues through the venturi 18 and exits into

the airflow generator 32.

The material size reduction depends on the material being pulverized and the
dimensions of the pulverizer 10. By increasing the velocity of the airflow,

20 pulverization and pariicle size reduction increases with certain materials. Thus, the
pulverizer 10 allows the user to vary desired particle dimensions by varying the

velocity of the airflow.




20 pul verization and particle size reduction increases with certain
materials. Thus, the pulverizer 10 allows the user to vary desired
particle dinmensions by varying the velocity of the airflow -7 The system
10 has particular application in pulverizing solid materials into a fine
dust. The system 10 has further application in extracting noisture from
sem-solid materials such as nuni ci pal ste, paper sludge, aninal

by- product waste, fruit pulp, and so f6tth. 5 Referring to Figures 4 and

5, an enbodj t . the.present inventiqn iis shown for
pul veri zi ngmrr% SF%I1%a%éﬁ%a§E uéagt% P §@?e|t'ﬁﬂ "ﬁB@g‘?%"’tﬂ ’?qj'grﬁ‘i’tﬁ@asr'fﬁ? &gl . The

o7 opr ocessi ity 16 Y Rm {HHiASARaF HRRTORIRD (a8 Hg U SUI AT SPUs | ump
the materi al anul es.. The ?ranul es nmay be oversized and, due to the

pol yners, 1r8a§e:5i§fs§s[u%{3la§mrhﬁqum % Mepensludas, AR Sy masteTfreit pr esence

of polynmers is typical,wth municipal waste as polyners are introduced
during semdﬂ‘gp’tal“éa?tonfgﬁ?' to bring the waste particles together. Waste is

processed on a belt press resulting in a material that is nostly
sem -solid. In sonme processes the material nmay be approximately 15 to 20
percent. solid and the remai nder 15 noisture. In the preprocessing stage, a
dryi ng ZenhdMaPRGI4R EMUress? and edametrvodinent giva srstemi HIO ofttoe prasakt down t he
polymers and the granulization of the material. Non-polynerized products
may be prod@&EEan i shovi fof RevesizingimatgrialRand fonexraciinginsoistute rmdbe i nt o

material. The system 100 iliustrated includes a blender 102 for blending materials in

a preprocessing stage. Raw material may include polymers that tend to lump the

material into granules. The granules may be oversized and, due o the polymers,

10 resist breaking down into a desired powder form.

The presence of polymers is typical with municipal waste as polymers are introduced
during sewage treatment to bring the waste particles together. Waste is processed
on a belt press resulting in a material that is mostly semi-solid. In some processes
the material may be approximately 15 to 20 percent solid and the remainder

15 moisture.

In the preprocessing stage, a drying enhancing agent is mixed with the raw material -

to break down the polymers and the granulization of the material. Non-polymerized

producis may be processed without the blending. Raw material is introduced into

the blender 102 that blends the material with a certain amount of a drying enhancing
20 agent. The drying enhancing agent may be selected from a wide range of

enhancers such as attapulgite, coal, lime, and the like. The drying enhancing agent




t he bl ender 102 that blends the material with a certain anount of a drying
enhanci ng 20 agent. The dryi ng enhanci ng agent may be selected froma w de
range of enhancers such as attapulgite, coal, linme, and the |like. The
dryi ng enhanci ng agent nmay al so be a pulverized and dried formof the raw
material. The bl ender 102 mi xes the material with the drying enhancing
agent to produce an appropriate noisture content and granul ar size. The
raw material is transferred fromthe bl efider 102 to the hopper 22 by any

one of 5 an r. of nmethods ingludin he use of . nyeyance devi ce 104
such as a b@fr"?gg%om%ly?n %raé\% cﬁ@ﬁ&%@/ﬂgp%th@i?WJﬂ%tPf'g\o?ﬂ‘S‘tbﬁ%?d%%m%%‘d
devi ces. | nt t he ti l'liusﬁ-{tﬁt ed. enhodi nent, the conveyance device 104 is an
inclined t rAgENRRLR! il g ENdRe gRnARCING agsnt Gaprpduse amaPRIRPEAtEANCIstYra he
hopper 22. Th onveyance device 104 is positioned below a flow control
val ve 106 |Q§’6§‘?'ﬁ@”8 TAHER¥fer portion of the blender 102. 10 In an
alternative enbodi nent, the hopper 22 may be elimnated and material is
delivered directly to the el ongate opening 20 of the inlet tube 12. One or
nore sensors 108 nonitor the flow rate of material passing fromthe bl ender
102 to the T @Y Paissaks transiensd font thegiendsri1a2 dofhe npar 23 bywinylona afent r al
processor 110 to regulate the flow rate. The sensor 108 may be di sposed
proxi mét e BNYEben reeiiods naludingdle ee 0ba copvayahomtevice 104hsutioppabel?,
wi thin the hopper 22, or even between the hopper 22 and the el ongate
openi ng 20 AOHVENSHi $G5eW Chavayar. axirader, bt oiher aiotarizet devieas.r bl thpilustaedr 110 is
in comunication wth the flow control valve 106 to increase or decrease
the flow r &nebogimaele thedcomeyancaalevice 1Pdtihan sndioed tradnittiorelisg oameavity to
controlling the flow rate nmay al so be used including visual inspection
deliver raw material to the hopper 22. The conveyance device 104 is positioned

below a flow conirol valve 108 located on the lower portion of the blender 102,

10 In an alternative embodiment, the hopper 22 may be eliminated and material is

delivered directly to the elongate opening 20 of the inlet tube 12.

One or more sensors 108 monitor the flow rate of material passing from the blender
102 to the inlet tube 12. The sensor 108 is in communication with a central
processor 110 to regulate the flow rate. The sensor 108 may be disposed proximate
15 to the conveyance device 104, proximate to the hopper 22, within the hopper 22, or
even between the hopper 22 and the elongate opening 20 to monitor the material
flow rate. The central processor 110 is in communication with the flow control valve
106 to increase or decrease the flow rate as needed. Alternative methods for
monitoring and controlling the flow rate may also be used including visual inspection

20  and manual adjusiment of the fiow control valve 106.




20 and manual adjustment of the flow control valve 106. -9- The hopper 22
receives the material and delivers the naterial to the el ongate opening 20
of the inlet tube 12. The airflow pulls the material fromthe inlet tube 12
through the venturi 18. In the illustrated enbodinent, the first end 14 is
configured as a flange to converge froma 5 dianeter greater than the
inlet tube 12 to the dianmeter of the inlet tube. In the illustrated

enbodi ment, the diverging section 30‘coﬁbles to the housing 35 and

conmuni cat ' t wi th the housin 5. The | arger diameter of the

i vergi ng. QEHIEERT 38 Picbsy e rpltBLAR ol BB BB RAT BoREHE | nlet ¢ ube
12. In an alternatiy, e i t, the diverging section 30 may couple to
an interne&nggggghgﬁﬂgHﬁ%q%ﬁgggch as a cylinder, tube, or pipe, prior to
coupling with the housing 35. One or nore air flow valves 111 are disposed

on the diverging portion 30 and provide additional air volune into the
interior of_the _housi n§135 ?n_d rIhe airflow &(inerator 32. In one

enbodi ment ,TREATPWRHI s BatefighiTorn dhejinist GuraTaireush thaiveaiugi 1y Ipdhei on 30.
The system 100 may be operated with the flow valves 111 15 partially or
conpl etely "B‘ﬁgﬁ@.em?o £B the rgieandnt4 is soptigured s atflasgaite tpamergrfiemaa or
32, the flow val ves are closed to provide additional force and drive
materi 8l t HIBURYRT oERierdhar thevnlgldrbe 424 thegdiampter of B inlet Wwhs. 111 are

adj ust abl e and are shown in electrical comunication with the central
processor 110 for control. Although nmanual operation of the flow val ves
111 is within the scope of the invention, 20 conputer automation greatly
facilitated theallyst g@mbodiment, the diverging section 30 couples to the housing 35

and communicates directly with the housing 35. The larger diameter of the diverging
section 30 is not necessarily the same as that of the inlet tube 12. In an alternative
embodiment, the diverging section 30 may couple to an intermediary component,

10 such as a cylinder, tube, or pipe, prior to coupling with the housing 35.

One or more air flow valves 111 are disposed on the diverging portion 30 and
provide additional air volume into the interior of the housing 35 and the airflow
generator 32. In one embodimentz two flow valves 111 are disposed on the
diverging portion 30. The syétem 100 may be operated with the flow valves 111

156 partially or completely opened. If material begins to obstruct the airflow generator
32, the flow valves are closed io provide additional force and drive material through
the airflow generator 18. The flow valves 111 are adjustable and are shown in
electrical communication with the central processor 110 for control. Although
manual operation of the flow vaives 111 is within the scope of the invention,

20  computer automation greatly facilitates the process.




-10- The venturi 18 provides a point of inpact between higher velocity
shock waves and |ower velocity shock waves. The shockwaves provide a
pul verization and noisture extraction event within the venturi 18. In
operation, there are no visible signs of noisture on the interior of the
venturi 18 or in the housing outlet 36. The amobunt of 5 npisture renoved is
substanti al although a residual anount may remain. The pul verization event
further reduces the size of materials. -HEperinental work has shown that
certain m,attﬁiri al? havi ngi\gg di aneter of 2" (50 mm) entering the venturi 18
are reduced BRI 1RPHVGAS A AR IRT BnRAch hetweendvghes valkribhshaek wayes @ndzat i on
event. Size reduction depends _on the material bei nP processed and the
nunber of 1RVESYERSHY shegkokavyese fihe shoelpuavesinieyidma ulverizationtsadimacisival  has
numerous applications such as material dehydration and greatly reducing
t he nunber e¥ragipniRygehuithiniie yandwbh8. Ineranebon these apsane visiblessigrspel | cat i on
in processing nunicipal waste. The preprocessing step of blending a drying
enhanci ng &aasiurenthedetsriar ofde venitt dBicalin thetwusing qubei8. yTr awessiest by t he
system 100. It is believed that the pulverizing and 15 noisture extraction
proces® gr ewistyrerremoved ist sipstanfaimlihotigh biregdyal emminhgiagatmaperiEhe i n t he
waste material by rupturing their cell wall. A second source of pathogen
reducti on puelvetigadion eserditirtben reducestthe sizeed nwadsridid eExpdrinagesaisvordhat yt i cal
data from treating municipal waste shows that the present invention
el i m nat esshdwen et oeritaiy nufterialohaving aldigmetar of 2ig8almmpéitédignheasahser ighi a
coli, and other pathogens. 20 The present invention has specific
appl i cat i oard redesdd tact fimgpowdartwithea Hizamstémafi20 1 th ovegavaDatoPeasiuct s. I n
one application, the system 100 nay be used to dehydrate

Size reduction depends on the material being processed and the number of

10 pulverization events. Separating water from the material has numerous applications

such as material dehydration and greatly reducing the number of pathogens.

The present invention has particular application in processing municipal waste. The
preprocessing étep of blending a drying enhancing agent provides a waste material
that is readily processed by the system 100. It is believed that the pulverizing and
15 moisture extraction process greatly reduces the amount of illness causing pathogens
in the waste material by rupturing their cell wall. A second source of pathogen
reduction is moisture extraction which reduces the pathogens. Analytical data from
freating municipal waste shows that the present invention eliminates the majority of

total colifrom, faecal coliform, escherichia coli, and other pathogens.

20 The present invention has specific application in extracting moisture from fruit and
vegetable products. In one application, the system 100 may be used to dehydrate

fruit and vegetable products such as apples, oranges, carrots, nectarines, peaches,




fruit and vegetabl e products such as apples, oranges, carrots, nectarines,
peaches, -11- nelons, tomatoes, and so forth. Extracted noisture, which is
relatively sanitary, may be condensed and recaptured to provide a pure
juice product. In another application, the invention nay be used to

pul veri ze and extract water from certain agricultural products such as
banana stal k, pal mtrees, sugar canes, rhubarb,- 5 and so forth. In

pul veri zi ng banana stalk fibers, the fi{ldfrs are separated and noisture is
extracted. The material, isture,_and air stream proceed through the

ai r f1 ow gerf8PRNSy 0TRIOGSgaNG RS forihy dmstadmokbiei whichhistreletivedp saritesy roasi ng
outlet 36 is coupled to an exhaust pipe 112 which delivers the nmaterial to
a cycl one 1@c9nsensed and EacapivediorPrewda raure fuicalrotingt. di anet er si ze of the
exhaust pipe 112 influences the anmount of drying that occurs in the pipe
112. High air volunme is required for further drying of materials. In the
exhaust pipe 112, the faster noving air in the exhaust pipe 112 passes the
mat eri al arld anethsy egplivstian. theinventidminay benistt éo peiverideaand Secawateandmy apor
travel to a cyclone 114 where air and vapor are separated fromthe solid
materi al . X@riainmagricgltirabproducts secht ag baears sialkhpaln ttdeal sagaicahss,irultkisi ng
the material. In addition to pulverization, rotation of the airflow

gener abor 3hdgerertht éspliestzingiemadiaratalk fibers, thedibepenetdapahmstsang 35 and the
airflow generator 32 are such that during rotation the friction generates
heat. The Mmeaistuexistexirabiedugh t he housing outlet 36 and exhaust pipe 112
and further dehydrates the material as the material travels to the -12-

The material, moisture, and air stream proceed through the airflow generator 32 and

exit through the housing outlet 36. The housing outlet 36 is coupled to an exhaust

pipe 112 which delivers the material to a cyclone 114 for material and air separation,

10 The diameter size of the exhaust pipe 112 influences the amount of drying that
occurs in the pipe 112. High air volume is required for further drying of materials. in
the exhaust pipe 112, the faster moving air in the exhaust pipe 112 passes the
material and removes moisture remaining on the material. The air and vapor travel

to a cyclone 114 where air and vapor are separated from the solid material. -

15 A pulverization event generates heat that assists in drying the material. In addition
to pulverization, rotation of the airflow generator 32 generates heat. The dimensions
between the housing 35 and the airflow generator 32 are such that during rotation
the friction generates heat. The heat exits through the housing outlet 36 and

exhaust pipe 112 and further dehydrates the material as the material travels to the




cyclone 114. The generated heat may al so be sufficient partially to
sterilize the material in certain applications. The dianeter of the
housi ng outlet 36 may be increased or decreased to adjust the resistance
and the amount of heat traveling through the housing outlet 36 and 5
exhaust pipe 112. The dianeter of the exhaust pipe 112 and the housing
outlet 36 effects the renoval of noisture on pulverized material.

Adj usting the outlet diameter is furthd? discussed bel ow. Heavi er
materials w ter, such as rock materials, require | ess noisture
extracti on\.lgywp %qia’tﬁ%ﬁa‘%@é}?fﬁgﬁ’{f’eiﬁ%ﬁW%Pﬁé“ﬁ—kﬁtel"@tpaﬁ@"&ims@féMB pi pe 112
10 dianetersaQQ%Fbe increaﬁ%ﬁ_as | ess drying is required. Consequently,
with wett er"@sae dP CEIRIN 4ARICAENRI ng outl et 36 and the exhaust pipe 112

di aneters may be decreased to increase the anount of air and heat to
achi eve the proper dehydration of the material. The angle of inclination

of the exharglst %_IPE% 112 relative to the |longitudinal axis of the 15
vent uri Gl f FROSHtis3GmeY befinweasediuiiadreastdio pdiubiheance.

The exhaust pipe angle to horizontal nmay be approxinmately 25 degrees to
appr oxi mat éﬁ}&ag@ﬁ Q@F%@“P‘ﬁﬂt@f hezt irayebrthtineughibe Siousing extiet8stareh. Mat eri al
traveling upward is held back by gravity whereas air is less restricted by
gravity. TRKBAUS PHRsT t2helha diamgter @gv@ dxhatieirpipd1ah2 ahe testissirgl oualed 36 NCr ease
noi sture renoval . The angle may be 20 adjusted to increase or decrease the
ef fect on REPE Hieremaevehef npisiure 08 pulkezed matetial. 1Adjutinggthwelutictdiavwater

apparatus for separating particles froman airflow.
is further discussed below.

Heavier materials with less water, such as rock materials, require less moisture
extraction. With such materials, the housing outlet 36 and exhaust pipe 112 |

10 diameters may be increased as less drying is required. Consequently, with wetter
materials, the housing outlet 36 and the exhaust pipe 112 diameters may be
decreased to increase the amount of air and heat to achieve the proper dehydration

of the material.

The angle of inclination of the exhaust pipe 112 relative to the longitudinal axis of the
15 venturi 18 and airflow generator 32 also effects dehydration performance. The
exhaust pipe angle to horizontal may be approximately 25 degrees to approximately
90 degrees in order to enhance moisture extraction. Material traveling upward is
held back by gravity whereas air is less restricted by gravity. This aliows the air to
move faster than the material and increase moisture removal. The angle may be

20 adjusted to increase or decrease the effect on moisture extraction.




The cyclone 114 typically includes a settling chanber in the formof a
vertical cylinder 116. Cyclones can be enbodied with a tangential inlet,
axial inlet, peripheral discharge, or an axial discharge. The airflow and
particles enter the 5 cylinder 116 through an inlet 118 and spin in a
vortex as the airflow proceeds down the cylinder 116. A cone section 120
causes the vortex dianeter to decrease until the gas reverses on itself
and spins up the center to an outlet 1223-Particles are centrifuged toward
the interiqr wal iﬁ%nd collected by inertial inpingenment. The collected
particles fIRRGYERRR T14 18 agall WewnapParates for separatinprrtigige frorpan aiflve t hey
10 are discharged through an air |ock 126 and into a collection hopper 128.
In certain QEvelone dddyricaly igludesa seftingehambet indhe forol ofdeverticandenser 130
to receive the airflow fromthe cyclone 114. The condenser 130 condenses
the vapor dindeid 1§i Gyclones gap bg embpgiad with @ fangentiaiémetlapiabinteed i n a t ank
132. An outlet 134 couples to the condenser 130 and provides an exit for
air. The cosdeherel disgmaragsorim gdal discharge. Ipplairfawiand pantidlexehtprtheessi ng. 1 n
an alternative enbodi ment, the condenser 130 is replaced by an alternative
treat nént dglindase 146 droagh andital tidend dpin iner vartext decthkidi@ow@oocteas abivan or
filteringw || depend on the material and application. The outlet 134 may
i ncl ude or thwayinder 1@ Aidone sedtinnt 120hmwegs the viortek eitanceter toagdotiie until
particles, vapor, etc. 20 Passing material through the system 100 multiple
times will theigashevedesyolritself andabinsiupl thanenter id af outdiap2r eduafgacticl e
size. In nunicipal waste applications, nultiple cycles through the system
100 may be cenijtigeeidowardaibbiistedort vl stesdoliegled b¢inertial impingement. The

coliected particles flow down in a gas boundary layer to a cone apex 124 where they

10  are discharged through an air lock 126 and into a collection hopper 128.

In certain applications, the system 100 may further include a condenser 130 to
receive the airflow from the cyclone 114. The condenser 130 condenses the vapor
in the airflow into a liquid which is then deposited in a tank 132. An outlet 134
couples to the condenser 130 and provides an exit for air. The conderiser 130 has

15 particular application in food processing. In an alternative embodiment, the
condenser 130 is replaced by an alternative treatfnent device such as a charcoal
filter or the like. Condensation or filtering will depend on the material and application.
The outlet 134 may include or couple to a filter (not shown) to filter out residue,

particles, vapor, eic.

20 Passing material through the system 100 multiple times will further dehydrate
material and will further reduce particle size. In municipal waste applications,

multiple cycles through the system 100 may be required to achieve the desired




dehydration results. The present invention contenplates the use of nultiple
systens 100 in series to provide nultiple venturis 18 and nultiple

pul veri zation events. Thus, a single cycle through multiple systens 100 in
series achieves the desired results. Alternatively, material may be
processed and reprocessed by the 5 sane system 100 until the desired
particle size and dryness is achieved. In one inplenentation, the resulting
product issuing froma system 100 is aldlyzed to determ ne the size of the
powder granul es and/or the noisture percentage. If the product fails to
meet a t hr dsisirationakesdtst orhespreeentiniestiometrdemplatesihease of helifpleduct i s
directed through one or nore cycles until the product neets the desired 10
par anet er ssystéres 408 ireserie8do ardvidesmhibiplegentuiatliScemdomuliipfefpienizatioat eri al s. I n
operation different nmaterials enter the inlet tube 12 together, are
processed -tverdsighhtdha simgi¢ eycle 18ougmultipledysigmsp Ul irsezias BolmnieveEher esul ti ng
product is blended and honogeni zed as well as bei ng dehydrated and reduced

in size. l8esiepaesilsulAdiereativelycmbtetial mby bberguessed ind eoddsead bped ves t he
honogeni zation of sewage waste with coal. After pulverization and water

extracs i ongarhé eystemi 00cshtiftte ddira® garticieatzamad eryassk ghiepe@duct is used in
a coal burner to achieve optinmum burning rates for creating steamin an

el ectrical generation plant. The waste is used for energy production
rather than for routine disposal. 20 If desired, the material may be m xed

in the bl epdfie idplerRéntatior, ahd Hsulihg pRIdueNisQiing froml® systémi 10098 BRAl 2L St age
bet ween pul veri zation events. M xing materials may enhance

to determine the size of the powder granules and/or the moisture percentage. If the

product fails o meet a threshold value for size and/or water percentage the product

is directed through one or more cycles until the product meets the desired

10 parameters.

The system 100 allows homogenization of different materials. In operation different
materials enter the inlet tube 12 together, are processed through the venturi 18, and
undergo pulverization. The resulting product is blended and homogenized as well

as being dehydrated and reduced in size.

15 A particular application of the present invention involves the homogenization of
sewage waste with coal. After pulverization and water extraction, the combined and
homogenized waste and coal product is used in a coal burner to achieve optimum
burning rates for creating steam in an electrical generation plan't. The waste is used

for energy production rather than for routine disposal.

20 W desired, the material may be mixed in the blender 102 prior to pulverization or at




honopgeni zation with certain materials. If desired, the material may be

m xed in the blender 102 prior to pulverization or at an internedi ate
stage between pulverization events. 5 Materials blended in a preprocessing
stage  may be cycled through nmultiple pulverizing stages to provide the
desired honogeni zation. A first material may be processed through nultiple
pul veri zing stages and then honogeni zed with a second naterial. Between

pul veri zi ng stages the second material -y be blended with the processed
material in a preprocessing stage. The first and second materials are 10

t hen passecﬁﬁ'ﬂ%ﬁ’ﬂ?ﬁﬁ'a@lﬁtaﬁ‘? fiyeen pyivedrationreyestsaddising angiedals omyaenhance
honogeni zed, final product. As an _additional exanple, a first material may
cycl e t hr olyagenEation Witk cpdain gnateliaig e f desikeds tha matarial may belmized i the st age,
a second material may be bl ended together 1in a blender 102. Before m xing,
t he second Mefder itB2 phasorMeripationeat at Bndnigmedia®® siage hetvedBpliloerization

pul veri zation and reduction to a desired particle size. The first and
second mat @vEAlSs may t hen pass together through one or nore additional

pul verizing stages to provide the desired noisture content, size, and
honogeni zation for industrial use. Referring to Figure 6, a perspective
view i s shown of a housing 200 that includes a 20 housing outlet 202. The

housi n§ 20Materialsrbladed it & prappereasting sdgecnapbaentisd trough@umipks | ow
generator 32. The housing 200 is shown with a cut-away section to 16

i Il ustrat e pulverizing btages e privialedhe d8sivdd idrmogdnizaBbAE A flr& rR4BNAIGRayBE | ance in
t he out put _

processed through multiple pulverizing stages and then homogenized with a second
material. Between pulverizing stages the second material may be blended with the
processed material in a preprocessing stage. The first and second materials are

10 then passed through one or more pulverizing stages to produce a'homogenized,

final product,

As an additional example, a first material may cycle through three pulverizing
stages. After the third pulverizing stage, a second material may be blended fogether
in a blender 102. Before mixing, the second material may have passed through a

15 venturi 18 for pulverization and reduction fo a desired particle size. The first and
second materials may then pass together through one or more additional pulverizing
stages to provide the desired moisture content, size, and homogenization for

industrial use.

Referring to Figure 6, a perspective view is shown of a housing 200 that includes a
20 housing outlet 202. The housing 200 encompasses the operational components of

the airflow generator 32. The housing 200 is shown with a cut-away section to




flow, a restrictor 204 may be introduced into the housing outlet 202. The
restrictor 204 increases the resistance to the airflow and al so i ncreases
heat. Varying the anount of resistance and airflow is dependent on the
material to be processed. 5 The restrictor 204 includes a neck 206 to nest
wi thin the housing outlet 202 and a restrictor aperture 208. The _
restrictor aperture 208 has a cross-section less than that of the housing
outlet 202. A restrictor aperture 208 nﬁ§'be regtangular, C|rcul?{, orth
! | e .shape. The neck 206 provides a convergi ng ow pa

from a cr 3‘@“5?-%@%%@?éﬁ“’@‘ﬁ%ﬂ%a@ﬁ%‘& halh QSHoR RETB(HS Karanos it tha 94pel nal

- i f 1 estrictor, aperture 208. A nunber of restrictors
204 wi £ vaPO BeliBet ApL Fe bedhiie RBEuna v Reising ewohdnt.plharastister out put

t he system 100 to suit the material being

LL?\\I/Ve?.n gefj%&ﬁ‘l??%?%u% he éeﬁi?%é'ﬂﬁeetof, © giriqvy3ad gleetn@rrgesiealy Yaryinthai r f | ow
generator 32 mﬁ%h'n tgf houysi, g 200 is shown. The airflow generator 32 is
not necess&M9Y Bt)ré:’fls 7 a&Hla@H W Is depafident on theanatstialitn deap0cessedone

i npl enentation, the airflow generator 32 includes a diverter plate 250 that
has a cutting edge 252 near the airflow generator 32. The cutting edge 252
of the_diverter plate 250 directs Bul verized materi aI_ into the housing
out | et 5202Th¢ﬁ%5t5?t%?%mcwﬂa$ a 25k 208 tonegiivéidin thethoasingtoetle?004nd Ae
housi ng 200 and may be_coupled to the interior of the housing outlet 202.
20 The di vESGOARS1IreoBES. pFles mstrictonapeduier2GB hag @ ciosk-sbrion ks ther
rotation within the housing 200. As such, the diverter plate 250 serves as
the first H@bafleitowsHy outlet 202. v réstridomapeeiural08 rmambai rectahgiilag @itbilapes t o
rotate within the housing 200.

or have another suitable shape. The neck 206 provides a converging flow path from

a cross-section approximating that of the outfet 202 to the final cross-section of the

10 restrictor aperture 208. A number of restrictors 204 with varying aperture sizes may
be available to manipulate the oufput flow and thereby tune the system 100 to suit

the material being pulverized.

Referring to Figure 7, a cross-sectional view of the airflow generator 32 within the
housing 200 is shown. The airflow generator 32 is not necessarily coaxially aligned
15 within thé housing 200. In one implementation, the airflow generator 32 includes a
diverter plate 250 that has a cutting edge 252 near the airflow generator 32, The
cutting edge 252 of the diverter plate 250 directs pulverized material into the
housing outlet 202. The diverter plate 250 is coupled to the interior of the housing

200 and may be coupled to the interior of the housing outlet 202,

20 The diverter plate 250 prevents pulverized maierial from further rotation within the

housing 200. As such, the diverter plate 250 serves as the first separation of




Subsequent separation of pulverized material fromair is perfornmed by the
cyclonel 14. If pulverized materials continue to rotate within the housing
200 the pulverized naterials may build up and eventual ly obstruct the
airflow generator 32. 5 The cutting edge 252 varies the airflow vol une
proceedi ng through the housing 200. The position of the diverter plate 250
may be adjustable to increase or decrease the gap between it and the
airflow generator 32. Adjustnent may bel/required depending on the

mat eri al s being processed or to manipulate airflow volunme. Adjustnment may
be cont r ol peldetRpd: Materiakirora airghaicestinuesta ootale withie Sieneusizg 280.10 with an

el ectronechani cal or pneunmatic device for noving the diverter plate 250.
The cut ti n§ubsgpiepbeensastion ¢faubierizedmatariabiien @itie petfornachbyptheof the airfl ow
generator 32. Referring to Figure 8, a cross-sectional view of a venturi 18
with an accypeiénd pulvarizad mateiialie corgidoe terofatswrnithinmie Howsingt200ebe zer 300
is a renovabl e conponent that, 15 when inserted, nests within the throat
28. The t hpduag¢rizedgnaterial80tay keulldagsandeveaifally bbstaict irenaitfeow géndrater 82r oat 28
and increases the air velocity. Variance of the throat dianeter is

requi red débendiing edge £h2 vergsthedirflawdolire preseadint thedwyygtr thiei oasing 200.
particle reduction. Thus, although the airflow generator 32 may vary the
airflow, it is further desirable to manipul ate throat dianeter of venturi
18. 20 The throat 28 may be configured with a | edge 302 upon which a collar
304 of theThé positidn bEbiezidrer@d Plafess® ma belsaiustabikiTeihci@a8e of deGuptethet 0 t he
collar 304 and -18- conforns to the interior surface of the converging

portion 26gapib&wielhddnd B&iakfiéw Jeherator 32. Adjustment may be required
depending on the materials being processed or to manipulate airflow volume.
Adjustment may be controlled by the central processor 110 which communicates
10  with an electromechanical or pneumatic device for moving the diverter plate 250.
The cutting edge 252 has a bevel that accommodates the shape of the airflow

generator 32.

Referring to Figure 8, a cross-sectional view of a venturi 18 with an accompanying
throat resizer 300 is shown. The throat resiier 300 is a removable component that,
15  when inserted, nests within the throat 28. The throat resizer 300 reduces the
effective diameter of the throat 28 and increases the air velocity. Variance of the
throat diameter is required depending on the material and the desired dehydration
and particle reduction. Thus, although the airflow generator 32 may vary the airflow,

it is further desirable to manipulate throat diameter of venturi 18.

20  The throat 28 may be configured with a ledge 302 upon which a collar 304 of the

throat resizer 300 nests. A crown member 306 is coupled to the collar 304 and




includes a sleeve 308 that confornms to the interior surface of the throat
28 and extends within a major portion of the venturi throat |length to
resize the venturi 18. Referring to Figure 9, a system 400 is shown that

i ncorporates two pulverizing 5 stages 402, 404. Each tinme material passes
through a venturi 18, pulverization occurs, noisture is extracted, and
particle reduction occurs. As discussed previously, this process may be
repeatedly performed with a single ventd®i 18 or with nultiple venturis 18
in series until the _desjred apgount of water is extracted and desired
product si FNTCMS R INBBIFon a8 de oTVRIpiEPREAR RRuddedhiOR rasizar B30 100 10
percent water xtra&cti on i s achieved. Al though two pul verizing stages are
shown wi th Wkﬁ%ﬁ%ﬁ gRYerddP thef copfpimste the fipericisutfaee ohthe troey28 end nay
include three, four, five, or nore stages. The first pulverizing stage 402
i s sim | ar SXEEndRithpy & Pojtioneef dhe perdumthroatiengsh énmsizedheivgougds. 4 and 5.
The first pulverizing stage 402 includes the hopper 22, blender 102, 15
conveyance device 104, flow control valve 106, venturi 18, housing 35 (with
an airflow generator 32 within), and an exhaust pipe 112. The system 400
may furt heRelerABg trikigaref .aveystatn FO0 isghionn thebincorporates apsterjzinge 112 to
regulate airflow. As in the previous enbodi nents, the exhaust pipe 112
coupl eb t ostagep d03n04 1Hachdims epderizl easdes thoagk ssethty’ 08 uedvetizgtiont he air.
The system 400 further includes a 20 second cyclone 406 to receive air
from t he owottws, moidtupé istddrabieds and pattiolkaediidtion Dreuise gandis@seb®ne 406
further separates air fromresidual particles and delivers the purified air
to a condepssiousB0thishpriocess magibk réBeatedly parferamsnlwwite atsimyle vérti tHer arsond
cyclone 406 to receive condensed liquid fromthe condenser 130. An outl et
134 multiple venturis 18 in series until the desired amount of water is extracted and

desired product size is achieved. This process may be continued until nearly 100

10 percent water extraction is achieved.

Although two pulverizing stages are shown with the system 400, it will be
appreciated that a system may include three, four, five, or more stages. The first
pulverizing stage 402 is similar to that previously described with reference to Figures
4 and 5. The first pulverizing stage 402 includes the hopper 22, blender 102,

15 conveyance device 104, flow control valve 108, venturi 18, housing 35 (with an
airflow generator 32 within), and an exhaust pipe 112. The system 400 may further

include a flow control valve 405 in the exhaust pipe 112 to regulate airflow.

As in the previous embodiments, the exhaust pipe 112 couples to a cycione 114 to
separate the processed product from the air. The system 400 further includes a
20  second cyclone 406 to receive air from the outlet 122 of the first cyclone 114. The

second cyclone 406 further separates air from residual particles and delivers the




provides an exit for air passing fromthe condenser 130 and the second
cyclone 406. A residual hopper 408 is positioned to receive residual
particles fromthe second 5 cyclone 406. Particles separated by the first
cyclone 114 are delivered to a hopper 410 using any F nunber of
conventional techniques including gravity. Al though not shown, particles
fromboth the first and second cycl ones 114, 406 may be delivered to the
hopper 410. The hopper 410 receives th&particles that then undergo the
second 10 pul yerizin e 404. The hopper 410 delivers the particles to a
second i nl @P”f%@'r"%gﬁ ‘ﬁﬁ%\sei’ %3%066'@@[!“()1@@@1:%"‘#@%‘??1@" with theasecpndh t he
first pulverizing stage e or nore flow control valves 416 are

| ocated on CVﬁ‘Bn%g@%%"ﬂ?@ﬁ?&?ﬂ"‘%@éﬁﬁlddﬁt@n thercasdensari 188 Aoeutiehild4t i on with
the central processor 110. The flow valves 416 function simlar to those
previ ous| y PHaEees Heexitietai ppesieticen the condenses13thand theosatond aycioie 406
comuni cates with a second airfl ow generator (not shown) in a housing 418.
The secondAdiesiiugliheposesad isrrogiinaed terscaivhirgtide eedicisrifdrothe s¢uoodgh t he
venturi 414. The second housing 418 couples to a second exhaust pipe 420

t hat del i veygloag A0&nd processed material to a third cyclone 422. The second
exhaust pipe 420 is inclined at an angle of approximately 25 degrees to 20
approximately 90 degrees relative to the |ongitudinal axis of the second
venturi 414. A second flow control valve 424 is within the second exhaust
pi pe 420 t Fartinips sEparat@dby Hierfirsioyclonehi1d.arédselverd tohe hbppests 10l u@imgcamit r ol

val ve 404, the second flow control valve 424 is in electrical

communi cat homber bhcdniventingial feahnigueciesidinglglvifyo 1At ggh Abl sHbwn, particles

from both the first and second cyclones 114, 406 may be delivered to the hopper
410. The hopper 410 receives the particies that then undergo the second
10 pulverizing stage 404. The hopper 410 delivers the particies to a second inlet tube

412 that is coupled to a second venturi 414 as with the first pulverizing stage 402.

One or more flow conirol valves 416 are located on the second venturi 414 and are
in electrical communication with the central processor 110. The flow valves 416

function similar to those previously described and referenced as 111.

15 The second venturi 414 communicates with a second airflow generator (not shown)
in & housing 418. The second airflow generator generates a high speed airflow
through the venturi 414. The second housing 418 couples to‘ a second exhaust pipe
420 that delivers air and processed material to a third cyclone 422. The second
exhaust pipe 420 is inclined at an angle of approximately 25 degrees to

20 approximately 90 degrees relative to the longitudinal axis of the second venturi 414.

A second flow control valve 424 is within the second exhaust pipe 420 to reguiate




The third cycl one 422 separates the particles fromthe air and delivers a
product that is delivered to another conveyance device 425. A fourth
cyclone 426 receives air 5 fromthe third cyclone 422 and further purifies
the air and renoves residual particles. Residual particles fromthe fourth
cyclone 426 are deposited in a residual hopper 428. The fourth cycl one 426
delivers air to a second condenser 430 where vapor is condensed into a
liquid and received by a second tank 4320-An outlet 434 couples to the
second condenser éﬁo t.0 alhl gw air to exit. 10 The system 400 further

incl udes a AERY WENE, ASy¥thi8eg firsd figw senirel vabien40dn thaugpeond dlow contibkalveubes
12, 412 and #;e ve tﬁrif 18, 414 and assist in drying materials. The

addi ti on of #4t5t" £ECHGA cURMHPIsAligWithHeqentrt praeessen 14@ doriregutatiarl. y used to
further increase the rate of drying. The heat generator 436 may

communi cate with the hoppers 22, 438 or with the inlet tubes 12, 412. The
heat generator 436 may also 15 be used in a simlar manner in the
structures 11¢ {gicyelene A42 separates the pariclesdioth the ainamd deliversta ptduechiaat
generator 436 is in communication with a first heat control valve 440 to
del i ver hed$ debvareg tq anahennoppeyanze devise 4261 étfohehcydom 426 racalvee 240 is in
el ectrical communication with the central processor 110 to regul ate the
heat dél i vefam thenfhirdicielone 4P% and ferthes aurifiesite alr andl remotd® rasiduabpatipies at ed
manual | y. The heat 20 generator 436 is further in comunication with a
second heatResyHal gartickes o #he fohwh cyclemud 28 ee depatitdd v feeiduaPiRsipef 38.
Heating material during the second pul verizing -21- stage 404 may be
desirabl e d@Benidierfgutin cydlenawdélaiersoair toeseqppbicoatibmsbr 480 wiRad &er id S
requi red, the hopper 438 receives particles fromthe first cyclone 114.

Ot her wi se, condensed into a liquid and received by a second tank 432, An outlet 434 couples

to the second condenser 430 to allow air to exit.

10 The system 400 further includes a heat generator 436 to provide heat through the
inlet tubes 12, 412 and the venturis 18, 414 and assist in drying materials. The
addition of heat is not required for water extraction and is merely used to further
increase the rate of drying. The heat generator 436 may communicate with the
hoppers 22, 438 or with the inlet tubes 12, 412. The heat generator 436 may also

15 be used in a similar manner in the structures illustrated in Figures 1, 2, 4 and 5.

In Figure 9, the heat generator 436 is in communication with a first heat control valve
440 to deliver heat to the first hopper 22. The first heat control valve 440 is in
electrical communication with the central processor 110 to regulate the heat delivery.
Alternatively, the heat control valve 440 may be operated manually. The heat

20  generator 436 is further in communication with a second heat control valve 442 that

regulates heat flow to hopper 438. Heating material during the second pulverizing




the material may pass to the hopper 410 as illustrated in Figure 9. The
system 400 may i nclude one or nore pulverizing stages for further
dehydration 5 and particle reduction. The conveyance device 425 may feed
back into the blender 102 or the hopper 22 for further cycling of product
t hrough the pul verizing stages 402, 404. The second and fourth cycl ones
406, 426 provide further purification of air. In certain applications the
condensers 130, 430 may be renoved or aBdther type of treatment apparatus,
such as a filte be used..10 Referring to Figure 10 an alternative
enbodi ment %?Qeaﬁ%‘hi‘r\%?’rez“geﬂr eﬁﬁaefmm poihe mégﬁt"@h%ftm@pﬁkkmﬁ@m if3eating shown.
The system. 450 is simlar to that of Figures 4 and 5 and further includes
a second cy%rféﬂh'éfeﬁ(fheihﬁp%r eealveD patiFen froretheifirgicyelpoe did. Othetwise,
residual hopper 408 to collect particles fromthe second cyclone 406, a
condenser igg"ﬁﬁer MAYRasaLe Bie Wapper ¢ Heas dusineted yeFighee 906, a tank 132 in
15 comuni cation wth the condenser 130, and an outlet 134 coupled to the
condenser 130. The system 450 further includes a diverter valve 452
coupled to_the first cyclone 114. The diverter valve 452 directs particles
received fribfyaen 406 mayyraigdreoneidr morespuiverizing stagdsaor Afthendelydsativnd
outlet 456. The first outlet 454 is coupled to a collector 458 20 such as
a bag, Shoppget pattighkredyetiarhel he tanveTireestevimedt25unae fesdIfack snto dpbleddéo a
recycling tube 460 to introduce the pul verized material through the system
450 -22- ad2er thenkonpet e ifonfyribermyclrgof wodwa thredgathel guiveripP@sitagesend to
the first end 14.
402,404.'Thesecondandfoudhcydones406,426;woﬂdefunherpuﬁﬁcaﬁonof

air. In certain applications the condensers 130, 430 may be removed or ancther type

of treatment apparatus, such as a filter, be used.

10 Referring to Figure 10 an alternative embodiment of a pulverization and moisture
extraction system 450 is shown. The system 450 is similar to that of Figures 4 and 5
and further includes a second cyclone 408 in communication with the first cyclone
114, a residual hopper 4.08 to collect particles from the second cyclone 4086, a
condenser 130 in communication with the second cyclone 406, a tank 132 in

15 communication with the condenser 130, and an outlef 134 coupled to the condenser
130. The system 450 further includes a diverter valve 452 coupled to the first

cyclone 114.

The diverter valve 452 directs particles received from the first cyclone 114 fo a first
outlet 454 or a second outlet 456. The first outlet 454 is coupled to a collector 458
20  such as a bag, hopper, tank, or the like. The second outlet 456 is coupled to a

recycling tube 460 to infroduce the pulverized material through the system 450




Al ternatively, the recycling tube 460 may direct pulverize material into
the hopper 22 or directly into the elongate opening 20. In operation,
material is pulverized as it passes through the system 450 and is 5
redirected, by control of the diverter valve 452, to pass through the
system 450 again for another pulverization event. This may be repeated as
desired until a final product results which is then directed by the
diverter valve 452 into the collector 488: Referring to Figure 11, an
enbodi ment of @0 irfl% enera{%or 500 is _shown. Various netals are

sui tabl e fd9%he' 45 [FY 938‘&%? ircougladeat dts wgresing rad fmtherfirstiendal410 be
processed. /ggr atbriish}\ée mat.er i abl a harder alloy steel may be used. As can
be appr eci’atERBFYoHIE TEEYERY fybs 450 may direct pulveriaamaterial indethechager 82 a

bal ance bet\/\e@en strength and antici pated wear. Casting of the airflow
gener ator 5% 'rﬁgﬂ%'ﬂ%wgéﬂﬁ’tﬂﬁ? ORENICEN.i cat i on creates wel ds of inconsistent
shape due to heat affected zones. The airfl ow generator 500 is received

wi thin a housing such as that illustrated in 15 Figure 6. The housi ng 200
at least partially encircles the airflow generator 500 and preferably
conpl et el y R REEIEEPBIMBIGEAS PHIvElizafearit passes3Ougb thehsitstdrh @50 anyl €gr ess i s

t he housing outlet 36. The airflow generator 500 may have a cl ose cl earance
to thed housdirRgteth by cengelms ihe dvertativeiverdd2, fo passitoroughdhdieatem Ese heat i s
desired to assist in further drying materials passing through the airflow
gener at or Bg@eindatanather nuierzotiaxdamns.t Tpikpeaylirepead A dasied iuhevs Geger at or
500 includes a front plate 502 with a concentrically disposed inlet

apert ure 5@odust rasults whichnic thenrdirentedenyi thé sivelfbevalivanss Bito 8k ddi8ctbripss.
aperture

Referring to Figure 11, an embodiment of an airflow generator 500 is shown.
Various metals are suitable for the airflow generator, depending on the material to
10 be processed. For abrasive material a harder ailoy steel may be used. As can be
appreciated by one of skill in the art, the material selected is a balance between
strength and anticipated wear. Casting of the airflow generator 500 is advantageous

as fabrication creates welds of inconsistent shape due to heat affected zones.

The airflow generator 500 is received within a housing such as that illustrated -in

15 Figure 6. The housing 200 at least partially encircles the airflow generator 500 and
preferably completely encircles the airflow generator 500 so that the only egress is
the housing outlet 36. The airflow generator 500 may have a close clearance to the
housing 200 to generate additional friction and heat. The heat is desired to assist in
further drying materials passing through the airflow generator 500 and into the

20 exhaust pipe 112,




504 is variabl e depending on the processed material size and anti ci pated
air volune. A back plate 506 parallels the front plate 502 and includes a
concentrically disposed 5 shaft aperture 508. The aperture 508 receives and
| ocates the drive shaft of the generator 500. Alternative airflow
generators 500 may be used with the present invention and include
generators with a single back plate coupled to blades or generators with
radial |y extending bl ades al one. The ba@-plate 506 may further include

bol t t 509 t hat i d. 10 trjcall d th t
508, The bol 1 AR Bt SOLIERBE adrars pist 67 Mk SGILRGTBBRARSEAS own)

that are ea.clﬂ secHred%i& the. drive shaft. The_bolts are secured to back
plate 506 bY'ShEPEYE W reteHRRFANBE matadals c E8e digmater ofithe jnnut apertutes 510
are di sposeg%l et ween the front and back plates 502, 506. The nunber of

bl ades 510 ‘ﬁ'SO’QF'? I igPaRYiRg a1 the progassed materiplsisranst anficinagethair valume.
processed. The thjckness of the blades 510 nay al so vary dependi ng on the
material td® B@%P%&Beé%%aarallﬂs thedrantipiate S8R @Nd inniudsis soeancsniicalit dispbsedr ough
the front and back plates 502, 506 to formblade fins 511 on the exterior
face of® t heshafiAnertipS¥h dbedpattae Fiprecaiges and tnsatsisdbie dfivershailaf they ext end
approximately 12 mmfromeither the front or back 20 plates 502, 506. The
bl ade fi ns @NergjehalGt AltenativsisirdawgenaratorisdiDleasy bdesed with the prgeasr at or 500
and the interior of the housing 200. The bl ade fins 511 further act to -24-
cl ean out riavestionlandtinclidenggnesatorsrwities wingle baul thate sbogjed@®batdds bhe airfl ow

gener at or 200. .
generators with radiaily extending blades alone.

The back plate 506 may further include bolt apertures 509 that are disposed
10 concentrically around the aperture 508. The bolt apertures 509 each receive a
correspondi'ng bolt {(not shown) that are each secured to the drive shaft. The bolts

are secured to back plate 506 by nuts or other conventional devices.

A plurality of blades 510 are disposed between the front and back plates 502, 506.
The number of blades 510 may vary and depends, in part, on the material to be
15 processed. The thickness of the biades 510 may also vary depending on the

material o be processed.

[n one embodiment, the blades 510 extend through the front and- back plaies 502,

506 to form blade fins 511 on the exterior face of the front and back plates 502, 5086.

The blade fins 511 may extend approximately 12 mm from either the front or back
20 plates 502, 506. The blade fins 511 generate a cushion of air between the airflow

generator 500 and the interior of the housing 200. The blade fins 511 further act to




it Referring to Figure 12, a cross-sectional view of the aperture 508 is
shown. The aperture 508 receives the drive shaft which rotates the airfl ow
generator 500. The 5 bolt apertures 509 each receive a bolt to secure the
back plate 506. In this enbodinent, the drive shaft transitions froma
first dianmeter, with bolts extending, to a second dianeter suitable for
insertion into the aperture 508. The bolt apertures 509 may each provide a
wel | 515 to receive a nut that engages-#4-bolt. Referring to Figure 13, a
plan view of the interior of the airflow generator 500 is 10 shown with a
si ngl e bl agieas ot mpfrrialg gl @ayeakke bsaeendhe Rovwing 809 ppddie aifflovt he  uni que
features of blades 510 incorporated within the airflow generator 500. The
remai ni ng PeRRIaPr298. are simlarly configured. The bl ade 510 extends from a
trailing edge 512 at the perinmeter 513 of the back and front plates 502,
506 to a | eading edge 514 adjacent the aperture 508. The blade 15 510
i ncl udes a wedge portion 516 adj acent the edge 512. The wedge portion 516
has a t hi cReferamdissFigurst 1@ aress-sasitiend) gigw efdberpedurg 8¢ sbownollbee. The
wedge portion 516 provides increased resistance to wear which is
advant ageoagenure (508 gaeeiversihe diivd shafRehish rotatpsttbe Biriew generatorH001 dievi ew
illustrating the wedge portion 516 in greater 20 detail is shown. The
shape ®f thelt apeiiecpdD icanh Beiveld imdt to sacuriel tbevbadk plais 5@6.r Inltbis - 25-
velocity, and material flow rate through the airfl ow generator 500. The
wedge por émbodiidnt nhy dbiee ahdfefrabiionstiifven aifirst didhesten wwithl bodte @xtemdinigt tedi nal
direction to alter

a second diameter suitable for insertion into the aperture 508. The bolt apertures

509 may each provide a well 515 to receive a nut that engages a bolt.

Referring to Figure 13, a plan view of the interior of the airflow generator 500 is
10 shown with a single blade 510. The single blade 510 is shown to illustrate the
unique features of blades 510 incorporated within the airflow generator 500. The

remaining blades 510 are similarly configured.

The blade 510 extends from a trailing edge 512 at the perimeter 513 of the back and
front plates 502, 506 to a leading edge 514 adjacent the aperture 508. The blade
15 510 includes a wedge portion 516 adjacent the edge 512. The wedge portion 516
has a thicker cross-section to increase pressure and airflow volume. The wedge
portion 516 provides increased resistance to wear which is advantageous with some

materials.

Referring to Figure 14A, a plan view illustrating the wedge portion 516 in greater

20  detail is shown. The shape of the wedge poriion 516 affects airflow volume, airflow




airflow volunme, airflow velocity, and material flow rate. Casting

techni ques advantageously allow variance in three dinensions and all ows
any nunber of 5 circunferential and |ongitudinal profiles in the wedge
portion 516. The increased thickness of the wedge portion 516 enhances the
life of the airfloow generator 500 as this is where the blade 510 typically
experiences the nost wear. The material used and the hardness of the wedge
portion 516 may also differ from the r2fmi nder of the blade 510. 10
Referring to Figure 14B, an alternative enbodi mrent of a wedge portion 518

i s shown welachy.iand rogtesiatfloversta thealghethemiflow igpn&ator 500t W hietveedgier f | ow
generator 500 rotating in a clockw se direction, the replaceable wear tip
520 i s subjpeciont &l& mey estiterant is theatircuatdereatidl.andl ibidtugimat diredtion eslaler

I ncrease wear resistance, the wedge portion 518 is subject to nore wear

t han ot her airfiopenkme; airflow velogity, fandwnageridsl flaivoaicd asting teanidlieswear out
sooner. By replacing the replaceable wear tip 520, replacenent of the

entire air fadosntggemrsht aitovb@ilisinge hethes dithendibes AP bAGRSBhENWRBEr fi p 520 is
secured to the remainder of the wedge portion 518 through any known

fastenisng dwiraferentiad hodiongitadi@qusfilaginthé w@aﬁ e bBition®A8. The repl aceabl e
wear tip 520 may be a material harder than the remai nder of the blade 510.

The repl aceable wear tip 520 20 nay al so be replaced with a repl aceabl e
wear tip 520 having a different <circunferential and |ongitudinal profile.

In yet anotriglinsaRed mhesémh@%ug@po%%%@ﬂhéh&% tﬁéﬁfel éftﬁéair@&:@ab' €.
-26- Referring to Figure 15A a perspective view of the airflow generator
500 i's shoyBnerator 500 as this is where the blade 510 typically experiences the most wear.

The material used and the hardness of the wedge portion 516 may also differ from

the remainder of the blade 510.

10  Referring to Figure 14B, an altemative embodiment of a wedge portion 518 is shown
which includes a replaceable wear tip 520. With the airflow generator 500 rotating in
a clockwise direction, the replaceable wear tip 520 is subject to the most material
contact. Although thickened to increase wear resistance, the wedge portion 518 is
subject to more wear than other components of the airflow generator 500 and may

15  wear out sooner. By replacing the replaceable wear tip 520, replacement of the
entire airflow generator 500 is deferred. The replaceable wear tip 520 is secured to
the remainder of the wedge portion 518 through any known fastening device
including a securing nut and bolt 522. The replaceable wear tip 520 may be a
material harder than the remainder of the blade 510. The replaceable wear tip 520

20  may also be replaced with a replaceable wear tip 520 having a different
circumferential and longitudinal profile. In yet another embodiment, the entire

wedge portion 518 is replaceable.




illustrating the wedge portion 516 and the front and back plates 502, 506.
The blade fins 511 are further shown extending fromthe exterior surface
of the front and back plates 502, 506. As shown, the wedge portion 516 is
substantially thicker than the 5 correspondi ng blade fins 511. The bl ade
fins 511 are not subject to the same wear as the wedge portion 516 and are
not as thick. Referring to Figure 15B a perspective view of the airflow
generator 500 is showmn wth an alternatf-ve enbodi mrent of the wedge portion
516. The wedge portion 516 increases in thickness and in circunferential
profil e as Reterdrg éndiguien!ahe peyapgafiveliview! of 1ite dirflaye generataor 560 ishshdwront  pl at e
502 to the back plate 506. The wedge portion 516 also increases in

t hi ckness dhsiratirgxhe masige gaitiinl 516t anddhe sronhangbadknplates. 50RPUSE& r Tixedladat eri al
entering into the airflow generator 500 has a tendency to accumul ate

proxi mat e fins Bhé atmitikthpt slicevib@8endingfromripe ex@rinaslinadend tieafomanttbackness
encour ages pulverized material to remain centered between the front, and
back 15 pl atlatss 502 5060 Asrshivhver thehesigaqeuiian 514 isguab@ntiallyitrickadkampitat e 506.
Casting techniques enabl e production of such a wedge portion 516 as three

di mensgonakorresgondingdiadestigoSsh. b e biddefinepl naambieubRat tolth® saRe wey
i nclude and define the Ilongitudinally increasing thickness. If another

wedge port gethewldgdpdtion S16est esinotarahigrr repl aceabl e wear tip 520
wi thout a longitudinally increasing thickness or a 20 nore pronounced

| ongi tudi nal ly increasing thickness may be used. Thus, pulverized material
flow direction may be mani pul ated | ongitudinally by using wedge portions

516 of di f Refdifhg B Figwd RIS beipediid Vi ef thudiimly JeARFdteseY i SRGwn - 27-
with an alternative embodiment of the wedge portion 516. The wedge portion 516
increases in thickness and in circumfere;ntial profile as it extends in the longitudinal

10 direction from the front plate 502 to the back plate 506. The wedge portion 516 also

increases in thickness as it extends radially towards the perimeter.

Pulverized material entering into the airflow generator 500 has a tendency o
accumulate proximate to the back plate 506. The longitudinally increasing thickness
encourages pulverized material to remain centered between the front-and back

15 plates 502, 506 rather than accumulating along the back plate 506. Casting
techniques enable production of such a wedge portion 516 as three dimensional
variation is possible. The replaceable wear tip 520 may include and define the
longitudinally increasing thickness. [f another wedge portion 516 shape is desired
another replaceable wear fip 520 without a longitudinally increasing thickness or a

20  more pronounced longitudinally increasing thickness may be used. Thus, pulverized
material flow direction may be manipulated longitudinally by using wedge portions

516 of different circumferential and longitudinal configurations.




Referring again to Figure 13, the blade 510 transitions froma position
perpendi cular to the back plate 506 to an angled position. The bl ade 510
transitions as it proceeds fromthe wedge portion 516 to a |ocation prior
to the | eading edge 514. The angled position causes the blade 510 to pitch
into the direction of the airflow 5 In the illustrated enbodi nent, a
trailing portion 524 of the blade 510, including the wedge portion 516,
ext ends perpendicular fromthe back plaRe& 506. The trailing portion 524
may be approximately one fourth to one half of the blade 510 as the bl ade
510 ext endsRefewingtagain odiigurad3eihgdlaies thotransions 4y peditjen pespendiclieadi ng
10 portion 526 is the renmai ning anount of the blade 510 fromthe trailing
portion 524ottie batkeplbieaditrig andyeledpbsitibhe Tihelbiaster SitQetan siitdis g ipmoteats 526
has an angled transition froma perpendicul ar position relative to the
back pl at e f&06 theowedpeaprytie5 ok a logation Jivr tattygl leddipg ®dye n4hdseangkagl e
that is referred to herein as the angle of attack as it allows the | eading
edge 514 t gosiiibnicatised the blatedifiOrtg pitch ftotie direcFogof eXflotvhe final 15
attack angle of the blade 510 at the | eading edge 514 is approximtely 25
degrees. The transition from a perpendicular position to an angl ed
position may extend over the entire blade 510 or any portion thereof. The
angl e of at(f gekilostaibeeBbbdinicet a trdinm porbsm 2k bRiNgdlafe S iMTudased on
anticipated airflow velocity, material flow rate, and material. The angl ed
posi ti on neyedga\verton HE)extehdapamperiitakeirymafe bacrﬁﬁlat@@osdem&ﬁémng
Alternatively, the blade 510 nay renai n perpendicular along its entire
: eng: E Lh?ﬁrtwnﬁsﬂ AP bERYpRKFRER P edburtiNG dhehaifditiAs Kiaab 319 dstieentire
engt h. oug

blade 510 extends from the trailing edge 512 to the leading edge 514. A leading
10 portion 5286 is the remaining amount of the blade 510 from the trailing portion 524 to
the leading edge 514. The illustrated leading portion 526 has an angled transition

from a perpendicular position relative to the back plate 506 to an angled position.

The angled position has an angle that is referred to herein as the angle of aitack as
it allows the leading edge 514 to cut into the incoming airflow. In Figure 13, the final
15 attack angle of the blade 510 at the leading edge 514 is approximately 25 degrees.
The transition from a perpendicular position to an angled position may extend over -
the entire blade 510 or any portion thereof. The angle of attack may be selected
from a broad range of angles based on anticipated airflow velocity, material flow
rate, and material. The angled position may have a range of approximately 20 to 60

20 degrees.

Alternatively, the blade 510 may remain perpendicular along its entire length. The

blade 510 may aiso have an angle of attack along its entire length. Although




-28- extending along the entire length, the angle of attack may still vary
as the blade 510 extends fromthe trailing edge 512 to the | eadi ng edge
514. Referring to Figure 16, a view of the | eading edge 514 is shown.
Conventionally, an edge may be relatively straight and proceed at an angle
relative to the back plate 5 506. In the illustrated form the |eading edge
514 proceeds fromthe back plate 506 with an outwardly curving portion 528
and then transitions into an i nward cur2® 530. The outwardly curving
portion 528 assists in capturing air traveling into the inlet aperture 504
of the airekigndjgrrieea e i lempid, theatighgolatipek Biay stif vpryods hedlade &l e to
cut into air. 10 Referring to Figure 17 a cross section of the |eading edge
514 taken aktsngsdrm therirailing-etipeisd 24h thanleading ddgadildg edge 514 has an oval
shaped cross-section that assists in slicing into incomng airflow.
Referring to Figure 18, a perspective view of the airflow generator 500 is
shown w thout the front plate 502 to illustrate the blades 510. The

i I'1ustrat eRedarbioditar€igure 16 a view oflite lnading bHael 634 Elshoaint IConrglentidreslipuamer i s
vari abl e. Each bl ade 510 includes a wedge portion 516 for added resistance

to wear anddye maylrertativelyetaigheardgrocaed bt awvandla cdlatdleatdehd back pratder
transitions froma perpendicular position to an angle of attack. In

oper at §on, 50be In thesillistatdd fothsthe I€hdienedd $1Bpdceddssiat thetbadi Siatd SURI Ng
from 350 20 nph or greater in the venturi and draw air and pul verized
mat eri al i @it dohsutivatdBt curdfly portion 528 and then transitions into an inward curve 530.

The outwardly curving portion 528 assists in capturing air traveling into the inlet

aperture 504 of the éirflow generator 500. The leading edge 514 so profiled is able

fo cut into air.

10 Referring to Figure 17 a cross section of the leading edge 514 taken along section
17-17 is shown. The leading edge 514 has an oval shaped cross-section that

assists in slicing into incoming airftow.

Referring to Figure 18, a perspective view of the airflow generator 500 is shown
without the front plate 502 to illustrate the blades 510. The illustrated embodiment
15 includes nine blades 510 although the numberis vériable. Each blade 510 includes
a wedge portion 516 for added resistance to wear and fo increase pressure and
airflow. Each biade 510 further transitions from a perpendicular position to an angle

of attack.

in operation, the rotating blades 510 generate a high speed airflow ranging from 350

20 mph or greater in the venturi and draw air and pulverized material into the inlet




aperture 504. The |eadi ng edges 514 of the blades 510 cut into the air and
pul verized material and direct both the air and pul verized material into

fl ow paths 532 defined by the blades 510 and extending fromthe ‘i nput
aperture 504 to the perineter 513 of the front and back plates 502, 506.
The wedge portions 516 push 5 the air and pul verized material to the
housing outlet 202 that is |ocated within the housing 200. The systens 10,
100, 400, 450 disclosed herein nmay be fd%ed structures. Alternatively, a
system may be nounted within or on a vehicle such as a truck, trailer,
rail car, bpartyreS@dgdhedeatinpedgnstii4 ofile biadies 620 chiantoghewirdesl a suffici ent
10 planar footprint may be used. Having a nobile systemis advantageous in
certain applertzd natriabaid dieechigethdoe aineatl pobverizst matgrial stoiiev pathe
treatnments, denonstrations, and so forth. Referring to Figure 19, a nobile
syst em 600533 defireegt anthet blades| 51 Osmolvexteritliveg SyratiesrinpbDaparhuae 604 $o denponent s
previously discussed such as the inlet tube 12, venturi 18, 15 airflow

gener at or p@imbiensidgf 8 franttand badk pletdseitt 506 Pkhelwedgeapatiidng 516 push second
cyclones 116, 406. The system 600 nay include additional elenments such as

the bkendgk aifand palvenald matedalss the HdBingoutike nS2 that Bpcatad wibir Bet h.
Systenms with a plurality of pulverization stages may be nounted on a
vehi cl e i nh&iidid app.manner. The system 600 includes a vehicle generally
designated as 602 and providing a 20 sufficient footprint to support the
assenbl ed conponents. The system 600 further includes a plurality of
"supports 604. The system 600 may further include a housing -30-

The systems 10, 100, 400, 450 disclosed herein may be fixed siructures.
Alternatively, a system may be mounted within or on a vehicle such as a truck,
trailer, rail car, boat, barge, and so forth. Any vehicle that provides a sufficient

10  planar footiprint may be used. Having a mobile system is advantageous in certain
applications such as agricultural harvesting, retnote site treatments, demonstrations,

and so forth.

Referring to Figure 19, a mobile system 600 is diagrammatically shown. The system
600 includes components previously discussed such as the iﬁlet tube 12, venturi 18,
15  airflow generator 32, housing 35, motor 34, exhaust pipe 112, and first and second
cyclones 116, 406. The system 600 may include additional elements such as the
blender 102, central processor 110, condenser 130, and so forth. Systems with a

plurality of pulverization stages may be mounted on a vehicle in similar manner.

The system 600 includes a vehicle generaily designated as 602 and providing a
20  sufficient footprint to support the assembled components. The system 600 further

includes a plurality of supports 804. The system 600 may further include a housing




606 that enconpasses conponents of the system The housing 606 protects the
conponents and danpens noi se during operation. One or nore conponents of
the system 600 may be renovable to facilitate transportation. For exanple,
the first and second cyclones 116, 406 nay extend out 5 of the housing 606
and need to be noved during transportation. The cyclones 116, 406 nay be
renoved entirely or partially dissenbled prior to transportation. Simlarly
a bl ender 102 nay be renovable for tramr8portati on. The necessity of
removi ng conponents i s based on the size of the system 600, vehicle 602,
and ot her 686shgrenconprssgstampanentief the sysitery. Toshowsing60® probetis thea cont r ol
roomfor a user to operate the system 600. The housing 606 nmay include

wi ndows f orcomipenenis andedacrgne meisesiuning opedéies. for vi ewi ng, operati on,
repair, and inserting material to be processed. -31- An apparatus for

pul verizing material and extracting noisture frommaterial, conprising: an
inlet tube; a venturi coupled to the inlet tube; and an airfl ow generator

t 0 gener at ©mo@nofd aymEomentsnaf el syxgem B00 meat b laahevablesin theilitate aperture

di sposed within the front plate, a back plate, and a plurality of bl ades
di sposed batnesdistiod. Foupkatpltothklfiestemdlscattt Eyduries 1I6akes magngkishdauisi ng
at least partially enconpassing the airfl ow generator, the

5 of the housing 606 and need to be moved during fransportation. The cyclones 116,
406 may be removed entirely or partially dissembled prior to transportation.
Similarly a blender 102 may be removable for transportation. The necessity of
removing components is based on the size of the system 600, vehicle 602, and

other design constraints.

10 The housing 606 may accommodate a conirol room for a user to operate the system
600. The housing 606 may include windows for viewing the components and access

for viewing, operation, repair, and inserting material to be processed.




housi ng i ncluding an outlet in conunication with the input aperture of

the airfl ow generator, wherein the airflow generator is in conmunication
with the venturi to direct the airflow through the venturi, and toward the
i nput aperture, wherein material introduced into the airflow passes

t hrough the venturi and is subject to pulverization and noisture
extraction. 2 . The apparatus of claim1 , wherein each bl ade includes a
wedge portion disposed proximte tg a perinmeter of the front and back

pl ates, the wedge portion having & thi ckness greater than the remai nder of

the cor nesposdlhpshratol &4 PulvsrizingMeteARRME 3bdiSctnb nﬁ%iﬁ{n@f%m}rg%ﬁélei n each wedge

portion increases in thickness as it extends™ ongitu y fromthe front
plate to theg inet ate to control the direction of a | ongitudinal
material flowin the airflow -32- 4. The apparatus of claim 2 wherein each
wedge portion inghugesuse;r enovable wear tip. 5. The apparatus of claim?2
wherei n each wedge portion is renovable to allow replacenent. 6. The

appar at us of cl aigedtuiftensiedicans middh@Reahd ansitions from a position
per pendi cular to the back plate to an inclined position as the bl ade

proceeds to theanrifiéw gORIALF ©.geheraldh AR d@idusci@fing; baiom Fatewher ei n the
angle of the inclined position of the

an input aperiure disposed within the front plate, a back plate, and a

plurality of blades disposed between and coupled to the back and front

plates; and -

a housing at least partially encompassing the airflow generator, the

housing including an outlet in communication with the input aperture of

the airflow generator, wherein the airflow generator is in

communication with the venturi to direct the airflow through the venturi,

and toward the input aperture, wherein material infroduced inio the

airflow passes through the venturi and is subject fo pulverization and

moisture extraction.

"2. The apparatus of claim 1 , whetein each blade includes a wedge portion '
disposed proximate fo a perimeter of the front and back plates, the wedge
portion having a thickness greater than the remainder of the corresponding

blade.

3. The apparatus of claim 2 , wherein each wedge portion increases in
thickness as it extends longitudinally from the front plate to the back plaie to

control the direction of a longitudinal material flow in the airflow.




bl ade is approximately 20 to 60 degrees froma position perpendicular to

~ the back plate. B. The apparatus of claim1l wherein each bl ade includes a
| eadi ng edge proximate to the input aperture and a trailing edge proximte
to a perinmeter of the front and back plates, the |eading edge-having an
outward curve portion proximate to the back plate and an inward curve
portion proximate to the front plate. The apparatus of claim8 , wherein

t he | eadi ng edge includes an oval shaped cross-section. 10- The appar atus
of claim1l1 , further conprising a ﬁﬁgTality of fins disposed on an

exterior surface of the front plate and the back plate. 11 The apparatus

of cl ai mgl , Thheppamtushé clhieu® i, whetain ths wedye! poctios itclidiey arré@bvatid at e coupl ed
to the interior of the housing proxinmate to the outlet and having a
cutting edgewspoih.nrate to the airfl ow generator. 12. The apparatus of claim
11, wherein the diverter plate is adjustably coupled to the interior of
the housing to vary the distance fromthe cutting edge end to the airflow

gener at or. ,
5. The apparatus of claim 2 , wherein each wedge portion is removable tc allow

replacement.

6. The apparatus of claim 2 , wherein each blade transitions from a position
perpendicular to the back plate to an inclined position as the blade proceeds

to the input aperture,

- The apparatus of claim &, wherein the angle of the inclined position of the
blade is approximately 20 to 60 degrees from a position perpendicular to the

back plate.

8. The apparatus of claim 1 , wherein each blade includes a leading edge

- proximate to the input aperture and a trailing sdge proximate to a perimeter of
the front and back plates, the leading edge having an outward curve portion
proximate to the back plate and an inward curve portion proximate to the front

plate.

9. The apparatus of claim 8 , wherein the leading edge includes an oval shaped

cross-section.




10.

11.

12.

-33-
The apparatus of claim 1, further comprising a plurality of fins disposed on an

exterior surface of the front plate and the back plate.

The apparatus of claim 1 , wherein the housing further includes a diverter
plate coupled to the interior-of the housing proximate to the outlet and having

a cutting edge proximate to the airflow generator,

The apparatus of claim 11, wherein the diverter plate is adjustably coupled to
the interior of the hausing to vary the distance from the cutting edge end to

the airflow generator.




