SYSTEM AND METHOD FOR PULVERI ZI NG AND EXTRACTI NG
MJ STURE Field of the Invention The present invention
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pul verize and extract noisture. Background of the
I nvention Numerous industriesirequire the |abor
i ntensive task of reducing nmaterials to smaller
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
generation furnaces. Linestone, chal k and many ot her
BYSTEANDMETHOD FOR PUDYERIZRG AND EXHRRTTING MOISTURE
powder torm Breaking up soltds and grinding it 1nto
powder is a nmechanically demandi ng process. Bal
mlls, hanmer mlls, and other nechanical structures
i mpact on, and crush, the pieces of material. These

syst I h.functional, are inefficient and
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reduced to powder form. Breaking up solids and grinding it 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.

Numerous industries further require moisture extraction from a wide range of
materials. Food processing, sewage waste treatment, crop harvesting, mining, and
many other industries require moisture extraction. In some industries materials are
discarded because moisture extraction cannot be performed efficiently. These same
materials, if they could be efficiently dried, would otherwise provide. a commercial
benefit. In other industries, such as waste treatment and processing, water extraction is

an ongoing concern and tremendous demand exists for improved methods. Although



Thus, it would be an advancenent in the art to provide

nore efficient processes for pulverizing materials and
wezaosagiing noi sture frommaterials. Such techPCTidas005/000006

are disclosed and clainmed herein. Brief Description of

the Drawi ngs A nore particular description of the

invention briefly described above wll be rendered by

reference to the appended draw ngs. Understandi ng that

t hese drawi ngs only provide information concerning

typi cal enbodi nents of the invention and are not

therefore to be considered limting of its scope, the
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ona specificrty and de tai [ through the use

acc n d in which: Figure 1 is a
'mpr°§i9§§“9)?@\?\$ f‘?‘ﬁ@ﬁ a%fﬁér%ﬁgae enbodi ment of a pul veri zi ng
system o entlnv ntlon i s a.plan
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Figure 3 is a cross sectional side view,i Eatl ng
for pupeattzing meferialpand exira¢ing oS wmﬁse%ﬁt techniques are
receives material; Figure 4 is a side view
disclasiedustd claimgyl bereifl-t er nati ve enbodi nent of a
pul verizing systemof the present invention; Figure 5
i s Bpefddesdription bf thet Diwimgs a pl an vi ew of t he
pul veri zing systemof Figure 4;Figure 6 is a
P& ﬁ@ﬁ&f)ar\h@uw gesdriptiontofdite Mentiordbrieflyedescribed abous wiljbe
and out restrictors; Figure 7 is a cross-sectional

rendéﬂa&‘ﬁ!y%fé?@ﬁc@mﬂ@idﬁbﬁhd% didwinhs. ORAersimding that these drawings

only provide information concerning typical embodiments of the invention and are not
therefore to be considered limiting of its scope, the invention will be described and
explained with additional specificity and detail through the use of the accompanying
drawings, in which:

Figure 1 is a side view illustrating one embodiment of a pulverizing system of the
present invention;

Figure 2 is a plan view illustrating the pulverizing system of Figure 1;

Figure 3 is a cross-sectional side view illustrating a venturi of a pulverizing
system as the venturi receives material,

Figure 4 is a side view illustrating an alternative embodiment of a pulverizing
system of the present invention;

Figure 5 is a plan view illustrating a plan view of the pulverizing system of Figure



housi ng; Figure 8 is cross-sectional view of a venturi
and a throat resizer; Figure 9 is a block diagram
WO kdoamsatr i ng the components of an alternati vePCT/ZA2005/000006
enbodi nent of a pulverizing system Figure 10 is a
bl ock diagramillustrating am alternative enbodi nent
of a pulverizing systemof the present invention;
Figure 11 is a perspective view of one enbodi nent of
an airflow generator suitable for use wth a system of
the present invention; Figure 12 is a cross-sectional
view of a portion of the airflow generator of Figure
11Fighbiegbiisca pardpecivdliaw Mustvatdly danair geesiatsr HuusiigPandbutlet
the airflow generator of Figure 11; Figure 14Ais a
restritkérd: view of a trailing edge of a blade of the airflow
generator of Figure 11; Figure 14B is a plan view of
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s15,0,\ is a perspective view of a portion of the airflow
é%(her ator of Figure 11;Figure 15B is a perspective
vil_e.w of ;a portion.of an alternative enpodinent of an
ai FIOMEAP Gerfepssertioial Miey(Pled Yentupagdrathieat iesizet; e
view of a bl ade of the airflow generator of Figure 11,
Fi lgigree 9 i 2 blogkdliagransiestyaling theicempenepiscofiinalierpative
Fi gure 16;
embodiment of a pulverizing system;

hou

Figure 10 is a block diagram illustrating an alternative embodiment of a
pulverizing system of the present invention;

Figure 11 is a perspective view of one embodiment 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 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; |

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 18 is a perspective view of a portion of the
airflow generator of Figure 11; Figure 19 is a side

WO 2@¥0ggf4an al ternati ve enbodi nent of a pul verPei/ag2005/000006
system of the present invention; Figure 20 is a side

view illustrating an alternatd ve enbodi nent of a
pul veri zi ng system of the present invention; Figure 2
lis aside viewillustrating an alternative

enbodi nent of a pul verizing systemof the present
i nvention; Figure 22 is a cross-sectional view an
al ternative enbodi nent of an air generator housing;

Fi Bigure 258 isSa peppestias Vieweond |§_ drtioh oRBneiMeeHtB¥mYdifent of an
housi ng, axle, and bal ancer; Figure 24A is a di agram
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ative to a point of i mbal ance; Figure 24B is
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alan 8ure 25B is another di agr amlllustratlg?
%ﬁﬁ@ﬁ%‘éﬁwﬁw%w'@n peihgraitflovt generpior of Figure 11;
of [ nbal ance igure 26A is a perspective view of a

bdTigweEetO isa altife\y@w ef an aiemativie emiosimentgpfrasp@edizing system of
anot her perspective view of a balancer relative to a
the pregeqtiinugniiass; Figure 27 is a cross-sectional view of
one enbodi nent of an internal bal ancer
Figure 20 is a side view illustrating an alternative embodiment of a pulverizing
system of the present invention;
Figure 21 is a side view illustrating an alternative embodiment of a pulverizing
system of the present invention;
Figure 22 is a cross-sectional view an alternative embodiment of an air generator
housing;

Figure 23 is a perspective view of an embodiment of a housing, axle, and

balancer;

Figure 24A is a diagram illustrating a position of compensating weights relative to
a point of imbalance;

Figure 24B is another diagram illustrating a position of compensating weights
relative to a point of imbalance;

Figure 25A is another diagram illustrating a position of compensating weights

relative to a point of imbalance;



di sposed within an axle; Figure 28 is a

cross-sectional view of one enbodi nent of conpensating
wowioglos®4wi t hin the internal bal ancer of Fi gurBCRZA2005/000006

Figure 29 is a perspective view of one enbodi nent of a

ring bal ancer; and Figure 305is a cross-sectional view

of one enbodi nent of conpensating weights within the

ring bal ancer of Figure 29. Detailed Description of

Preferred Enbodi nents Referring to Figures 1 and 2, a

system 10 for pulverizing and extracting noisture is

shown that includes an inlet tube 12. The inlet tube
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. distance to the venturi 18 in which material can
disposgebwithingareaxie t he required velocity. A filter (not

shown) may be placed to cover the first end 14 to
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within the ring balancer of Figure 29.

Detailed Description of Preferred Embodiments

Referring to Figures 1 and 2, a system 10 for pulverizing and extracting
moisture is shown that includes an inlet tube 12. The inlet tube 12 includes a first end
14, communicéting with free space and an opposing, second end 16 that couples to a
venturi 18. Although reference is made herein to tubes and pipes, one of skill in the art
will appreciate that all such elements may have circular, rectangular, hexagonal, and
other cross~sectior;al shapes. Generally, circular cross-sections are desirable to

facilitate fabrication and operation, but the invention is not limited to such a specific

implementation.



t hrough vari ous known conventional nethods. The
venturi 18 includes a converging portion 26 coupled to
WO b@siogdogt t ube 12. The convergi ng portion 26 PCT/ZA2005/000006
progressively reduces in dianeter fromthat of the
inlet tube 12 to a dianeter ggmal l er than the inlet
tube 12. The venturi 18 further includes a throat 28
that maintains a consistent dianeter and is snmaller
than the dianeter of the inlet tube 12. The venturi 18
further includes a diverging portion 30 that couples
to the throat 28 and progressively increases in
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venturi 18, and to the airflow generator 32. The
Commmllcz?élpﬂwtbfthﬁmegdﬂweraemu ok hbpper 22y Thamigepér 22ris3&ten at its
nph to supersonic. The airflow velocity will be
uppergneai4to iecetveenatenist iln b8 dlfeamative drhieodinieat, thelBgstéth 10 does
The airfl ow generator 32 nmay be enbodi ed as a fan,

not inclogie lal tegppet dOkindenafiybisi simply lﬁsémédJInf@tWoiggéTed Q)penlng 20
pneumati c suction system or other suitable device for

throuddeV@iciis! Khbwah éﬁr@@nﬁm%é}hbaé ow. The airfl ow generator
32 is driven by a drive notor 34. The drive notor 34
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that mfa?r{tallnlslauggnrs?sttler\lltedlgag{) ?Sa(?% Ig glm):/allgrs tharr]1 the diameter of the inlet tube
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 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 longitudinal length
than the diverging portion 30.

The venturi 18 is in communication with an airflow generator 32 that creates an
airflow flowing from the 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 from

350 mph to supersonic. The airflow velocity will be greater in the venturi 18 than in the

inlet tube 12. The airflow generator 32 may be embodied as a fan, impeller, turbine, a



system 10 can be scaled up or down. An upper scale
system 10 may be used at a nunici pal waste processing
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to process sewage waste on board an ocean vessel. The
airflow generator 32 includes a plurality of radially
extendi ng bl ades that rotate to generate a hi gh speed
airflow The airflow generator 32 is disposed within a
housi ng 35 that includes a housing outlet 36 that
provi des an exit to incomng air. The housing 35
coupl es mﬁth the venturi 18 and has a housi ng i nput

hybnrfﬁ?é ttl&‘r’b 29 ub2Rt sabliovey temTEP bRl bQﬁ‘akﬂ@H‘é@fé@ for
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Referring to Figure 3, a diagramis shown illustrating
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event. In operation, material 38 is introduced into
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rotategg)pggneecrgtree a? hlng?lrsrpoe\g% airflow. The airflow generator 32 is disposed within a
housing 35 that includes a housing outlet 36 that provides an exit to incoming air. 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 a
housing outlet 36 on its periphery to allow pulverized material to exit. One embodiment
of an airflow generator 32 suitable for use with the present invention is discussed in
further detail below in reference to Figures 11 to 18.

Referring to Figure 3, a diagram is shown illustrating operation of the venturi 18

during a pulverization event. In operation, material 38 is infroduced into the inlet tube

12 through any number of conveyance methods. The materiel 38 may be a solid or a

PO



and eventually the material 38 causes a substantia
reduction in the area of the converging portion 26
WO boosiogde4whi ch air can flow. A reconpressi on SPOL/RAM@S/@00006

40 trails rearwardly fromthe material and a bow shock

wave 42 builds up ahead of téde material 38. \Were the

converging portion 26 nerges with the throat 28 there

is a standing shock wave 44. The action of these shock

waves 40, 42, 44 inpacts the material 38 and results

in pulverization and noi sture extraction fromthe

material. The pul verized material 45 continues through
semi-5BR1. VERS Hirflovk 3epBFhtSX32 ehdthted é\eawsfrfebmo/ra&ﬂﬁ@ foRT 350 mph to

32. The material size reduction depends on the
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application in extracting noisture fromsem -solid
inlet tblg@ driaaiddhe maiedal 3uni ci pal waste, paper sl udge,

ani mal by-product waste, fruit pulp,and so forth. The
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and industrial applications. Referring to Figures 4

and eqsdually te mhtertan3Bicaasesiedbsmntialabdactiorsineit Hesh 6f the
the present invention is shown for extracting noisture
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for blending materials in a preprocessing stage.
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standing shock wave 44. The action of these shock waves 40, 42, 44 impacts 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 to be pulverized and the
dimensions of the system 10. By increasing the velocity of the airflow, pulverization and
particle size reduction increases with certain materials. Thus, the system 10 allows the
user to vary desired particle dimensions by varying the velocity of the airflow.

The system 10 has particular application in pulverizing solid materials into a fine
dust. The system 10 has further application in extracting moisture from semi-solid

materials such as municipal waste, paper sludge, animal by-product waste, fruit pulp,



form The presence of polyners is typical with
muni ci pal waste as polyners are introduced during
WG ewaneoouT eat nent to bring the waste parti cl eSPCT/ZA2005/000006
together. Waste is processed on a belt press resulting
in a mterial that is nostlysem-solid. In sone
processes the material may be approximately 15 to 20
percent solid and the remai nder noisture. In the
preprocessi ng stage, a drying enhanci ng agent is m xed
with the raw material to break down the polyners and
the granulization of the material. Nonpolymerized
and sBITBANC rhe F9¥teht 10 HRALSS Bfedir ARlide FrRyehdfpimercidfawd industrial
material iS introduced into the blender 102 that
: s the material with a certain amount of a drying
app“%ﬁ@ﬁﬁbi ng agent. The dryi ng enhanci ng agent may be
S ct.ed 0 i .
et BTG aN AN ot RS MeRL Bl 39sigm 100 ofthe
enhancj,ng. agent | so be a, pulyverized.and_dried
preserbiGHOT iR on RReefraing BB AR FidiasiR; 108 Ftem 100 may

_ material with the drying enhanci ng agent to produce an .
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material is transferred fromthe blender 102 to the

may inolidemolingrs thafytenthéo bim theumstariabinteraransdes. i hla¢ geandes may
use of a conveyance device 104 such as a belt

be oveasizayand, die tevihe polyeyas, resist buebking downitiera destiredi povdier
devices. In the illustrated enbodi nent, the conveyance

form.device 104 is an inclined track that relies on gravity
to deliver raw nmaterial to the hopper 22. The
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control valve 106 |ocat'ed on the | ower portion of the
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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
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 products 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 agent. The drying enhancing agent may be selected from a wide
range of enhancers such as attépulgite, coal, lime, and the like. The drying enhancing
agent may also be a pulverized and dried form of the raw material. The blender 102

mixes the material with the drying enhancing agent to produce an appropriate moisture

content and granular size.



delivered directly to the el ongated opening 20 of the

inlet tube 12. The hopper 22 is only one device that
woreyslogowsed to facilitate delivery of nateri aPCT/8A2108000006

inlet tube 12. Any nunber of other types of conveyance

devi ces may be used as well @ manual delivery. One or

nore sensors 108 may nonitor the flow rate of materi al

passing fromthe blender 102 to the inlet tube 12. A

sensor 108 is in comunication with a centra

processor 110 to regulate the flow rate. The sensor

108 may be di sposed proximate to the conveyance device
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One or more sensors 108 may monitor the flow rate of material passing from the
blender 102 to the inlet tube 12. A sensor 108 is in com}liunication with a central
processor 110 to regulate the flow rate. The sensor 108 may be disposed proximéte to
the conveyance device 104, proximate to the hopper 22, within the hopper 22, or even
between the hopper 22 and the elongated 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
controlfing the flow rate may .also be used including visual inspection and manual
adjustment of the flow control valve 106.

The hopper 22 receives the material and delivers the material to the elongated

opening 20 of the inlet tube 12. The elongated opening 20 may be equal to or less than



di ameter greater than the inlet tube 12 to the
di aneter of the inlet tube. The flange confi gured
wo 2e0sos®atl 14 i ncreases airflow vol une into theCT/BAZ105/000006
tube 12. Certain enbodi nrents have the throat dianeter
of the venturi 18 ranging frem approximately 1.5 " (38
nmm) to approximately 6" (152 mm). The throat dianeter
- is scal abl e based on material flow volunme and may
exceed the previously stated range. The throat
di ameter of the venturi 18 and the inlet tube 12 are
directly proportional. In one enbodi nent, the throat

wn@éadﬁ%it?rloh t@rr?a'ﬁﬂt fAsh SR&, #I‘fr‘;%tﬁé A d Pov@ r‘cfé'rﬁzﬁn Bé&ﬁzations. The

di aneter o 139 33 I'n an a ernati v
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In the illustrated enbodi ment, the diverging section
the fiey 1afzipPas ¢ skillia thpadivilhageresirie Shiim Hingnsioniaraser iljustrated

with the housing 35. The final dianmeter of the
purpeserePryy 7§ the sysiem 0is scalhlenecessarily the sane as

the inlet tube 12. In an alternative enbodi nent, the

di Ve giirflayy pelts therms@riabfyorndbelirdet tobar 2i thtc&rghiﬁdéa/eylturi 18. In the

conmponent, such as a cylinder, tube, or pipe, prior to

illustaber Embgdiwhéht, tHeefirbbersd Mg iSSEorBiyired agarfainhkawcBal&gs from a
111 may be di sposed on the diverging portion 30 an

diamBfe?\Gréstep dtir hendlkt fibe 1OlUAB didth&tet B?tHeﬂh%’i b¥e. OFhd fifnge

housi ng 35 and the airfl ow generator

conflggl@dtﬁ ?Péﬁd Qs it éé@%lﬁf&%\?@&ﬁ% bﬁetp@'nﬁl%{ Rl‘ﬁ'egl erator

2 pertormance. In one e I nen A o¥%va vef 111
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is results in nore airflow through the venturi 18 to
scalq@}%p@w ap mateoa dlow wlemeang may exceed the previously stated range.

The throat diameter of the venturi 18 and the inlet tube 12 are directly proportional. In
one embodiment, the throat diameter is 2.75” and operates with an inlet fube diameter
of 5.5” (139.33 mm). In an alternative embodiment, the throat diameter may be 2.25”
(57 mm) and operates properly with an inlet tube diameter of 4.50” (114 mm). Thus, a 2
to 1 ratio ensures that raw feed material is captured in the incoming airflow.

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

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



mat eri al through the venturi 18 and the airflow

generator 32. The flow val ves 111 are adjustable and
w@e@sskmown in el ectrical comunication wth thEPCT/EA2008000006

processor 110 for control. Al though manual operation

of the flow valves 111 is wgpin the scope of the

i nvention, conputer autonmation greatly facilitates the

process. The venturi 18 provides a point of inpact

bet ween hi gher velocity shock waves and | ower velocity

shock waves. The Shockwaves provide a pul veri zati on

and noi sture extraction event within the venturi

NORRYIr&hbrdTowd Uﬁ?@s 41 ¢ e ﬁfs%? (fb? rt’ﬁ’? E ve@hé?)wt%n 30 and

onthelnterlor 0 he venturi

prodit e et BB IRG 4R Pl qrﬂiﬁbﬁﬂ?mﬁﬁ'; ke e generator

zatjon event, further redyces t i ze of
32. Fipddifidel A7 Ve it astacne BRHSH ge%ﬁsfateref% Rffformance. In one
materi al s having a di ameter of 2" _enterlngthe
embpgipent; tvqcsﬂwyagf egdddredlispospAeng mi@fermngrpogtlon 0. The system
di aneter of 20 urn in one pulverization event. Size
100 meayiee pperatrshwith she flowivalvest1drli partialbi orgcompleteds eperetd If
t he nunber of pulverization events. Separating water
maténialipegins towbeiruel thbasntwins, dos flawplahvest 1 tinsag belclésed. This
mat eri al dehydration and greatly reduci ng the nunber

resulth i Aidie aBNcw T@uph ese dénturnvIBnbi povila SdariohiaFferé and drive
application in processing mnmunicipal waste. The

matéti R RRPGER %hdﬂ@erﬂbﬁﬂ 8°5nobﬂh§r3ﬂr'ﬂeﬁl derfératopgoe ﬁfhgﬁfdwgalves 111 are

agent DFOVI des a waste material that I1s rea

adjugfﬁ%?eeéﬁfgr@%chﬂ? léylé{:ﬁl%ll&%mhhlcbﬁorp GlithqHE ‘éehi?éﬁt rf)ggssor 110 for

veri zi ng an ure extraction process
s the nt of. | SS _cau ath t he
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treating nuni CI pal waste shows that the present
i nVBaveoiNrids proMisesa peiet ofdingart hetvreen digher velocity shock waves

and lower velocity shock waves. The shockwaves provide a pulverization and moisture
extraction event within the venturi 18. In operation, there are no visible signs of
moisture on the interior of the venturi 18 or in the housing outlet 36. The amount of
moisture removed is substantial although a residual amount may remain. The
pulverization évent further reduces the size of materials. It has been experienced that
certain materials having a diameter of 2” (50 mm) entering the venturi 18 are reduced to
a fine powder with a diameter of 20 um in one pulverization event. Size reduction
depends on the material being processed and the number of pulverization events.
Separating water from the material has numerous applications such as material

~ dehydration and greatly reducing the number of pathogens.



colifrom faecal coliform escherichia coli, and other
pat hogens. The present invention has specific

w@pEsiog®wtsT on in extracting noisture from frui t PERAA2005/000006
veget abl e products. In one application, the system 100
may be used to dehydrate fruig and vegetabl e products
such as appl es, oranges, carrots, nectarines, peaches,
nel ons, tomatoes, and so forth. Extracted noisture,
which is relatively sanitary, nay be condensed and
recaptured to provide a pure juice product. In another
application, the invention may be used to pul verize

anﬂh@ﬁés@ﬁf in08htdn ﬁé@ﬁéﬁi‘%ma‘?'a ﬁtgd'tfoﬁ% &)%é@ssmgqqtlﬁltcﬁ)al waste.

such as banana stal k, pa m t sugar cane
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ydrated state. The material, noisture, and air
mm%f?e%ﬁﬁﬁ?% REAFeEH PERATY TeAEcas the amp el dlinesp capsiagpathogens in
exit through the housing outlet 36. The housing outl et
the veaste snateiig) Iyouptiriag theingakbwalli pesacomdwisiucte dispatiregen reduction is
the material to a cyclone 114 for material and air
moisf@paaxtraciion witleh rétdaces the pxthogense xhralgticappta fid trexmying
range from approximately 4" (100 mm to 7"(177 mm. It

municipal basteestestathat the ereserdnténtioroéiveinaleanae mdlbrity of total
certain materials such as attapulgite or coal where a

colifrdim, 285! Gﬁﬂfoﬁﬁf@étfhbrl@lhlﬁ%olllgnd stHeppaftfdgepte. The
exhaust pi pe 112 may have a cross- sectlon of various
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melons, tomatoes, and so forth. Extracted moisture, which is relatively sanitary, may be

condensed and recaptured to provide a pure juice product.

In another application, the invention may be used to pulverize and extract water
from certain agricultural products such as banana stalk, palm trees, sugar canes,
rhubarb, and so forth. In pulverizing banana stalk fibers, the fibers are separated and
moisture is extrécted. Comhercial applications exist in taking agricultural products from
their natural state to a dehydrated state.

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 délivers the material to a cyclone 114 for material and air separation.

The diameter of the exhaust pipe 112 may range from approximately 4” (100 mm) to 7”



112, the faster noving air in the exhaust pipe 112
passes the material and renoves noi sture renmai ni ng on

wo b@sosgoeri al . The air and vapor travel to a cRCI/@AZ05/000006
114 where air and vapor are separated fromthe solid
material. A pulverization evegt generates heat that
assists in drying the material. In addition to
pul veri zation, rotation of the airflow generator 32
generates heat. The dinensions between the housing 35
and the airfl ow generator 32 are such that during
rotation the friction generates heat. The heat exits

(1 77 Mpﬁgg{‘mgg %&%?ééﬁygggks e@@i?&&gﬁ?ﬁ@é@ for %lelﬁgin%ate?ﬁijs such as

fu materi a mat er
travels tq the cygl 114, .The aenerated heat . nay
attagy i pEeadli e 8 C8S gt e B | 4 St erngrexnaust
. in certain applications. The di ameter of the housing
piPegkid Ry évﬁﬁy‘g pes-PRetionfe@righs gaapend€d e AnM¥s Peiagenal, etc.
resi stance and _the amount of heat traveling through
and may igsyaipus iareetess and exhaust pipe 112. The
di aneter of the exhaust pipe 112 and the housing
ouTheexBausifipec 1 £2 ey hraveoy wingtf ohapmoximately 12 feet to 16 feet.
pul veri zed material. Adjusting the outlet dianmeter is

The Widrhdter side s tiss exhahah pipeThE2 ipnpacts theadrhountesfdirying siiatriarther
extraction increases as the airflow generated by the

occitsl Higha @8RG RIreddiréd for§a@IRsT driihgaifhatemalss In the exhaust pipe
i ncreased or decreased, the dianeter of the exhaust

112,3hB%a é??ﬁgﬁlgrﬁwﬁ th& eQHél{Jﬁt iﬁé1@%§a§§esd$%{]r§j§%tﬁ%léﬁ’d removes

provi anme nateri a € ydra I on.
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ials Wt such as rock nmaterial s,

and pgécgrir?rg sleé?éatgf%:f@f%ﬁpﬂ'\éa%ﬁi@m@?f'ah. Wth such materials,

t hﬁ pm?v%?iizggor? gaclerﬁtge%gre%gg hg)éth t%gfc’tasspiistg?n %i%ﬁng ithaen%gteerrisal. 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 also be sufficient to partially sterilize the material
in certain applications.

The diameter of the housing outlet 36 may be increased or decreased to adjust
the resistance and the amount of heat traveling fhrough the housing outlet 36 and
exhaust pipe 112. The diameter of the exhaust pipe 112 and the housing outlet 36

effects the removal of moisture on pulverized material. Adjusting the outlet diameter is

further discussed below. -



may be increased as |ess drying is required.

Consequently, with wetter materials, the housing
wWOisn89936 and t he exhaust pipe 112 di anet ers PEY/Z82005/000006

decreased to increase the anbunt of air and heat to

achi eve the proper dehydratigg of the material. The

angl e of inclination of the exhaust pipe 112 relative

to the longitudinal axis of the venturi 18 and airfl ow

generator 32 al so effects dehydrati on performance. The

exhaust pipe angle a may be approximately 25 degrees

to approxi mately 90 degrees in order to enhance

m’*rﬁé E[lﬁ/eﬁééf C?'Félb\ﬁg H10|§YHFeeé>hPelanﬁ ﬂ%’c%éé& ¥ e%rff&%,v é‘éeneqated by

eas al ess restri

the %gm%ne%mep@eg%@é B b iR e eple 1S diameter of
adj usted to increase or decrease the effect on
the %ﬁh?l@e eXeraRd heHRingrAtelAfm3y bsidreraasedigpreydde the same

straight as illustrated or curved as shown in phantom
mateyiad dggtqir@ﬁ@n 1 Thupsthg awdipw amiodmnmgmyjbe pdjusted relative to one

separating particles froman airflow The cyclone 114
anothgpiocadhigve thel depiredalegdidtiong chanber in the formof a

-vertical cylinder 116. Cycl ones can be enbodied with a

t aHgevier materidlevithaxssalvaien| fich g¥emock hedtaliald] BeiRe Usss moisture
or an axial discharge. The airfl ow and particles enter

extrddti®nC YVitmdaen ﬂtﬂa@éﬁ’ﬁl@%ﬁ@ h@lsin |&Hleﬂ§@ aﬁﬂ@xﬁ@hﬁ CFI;Se 212 dlameters
vortex as the airflow proceeds down the cylin
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ecrease unti verses on

roud i pFPLEL a4 e BT 4 {’%%%}e?,rf«irfial@eee%%%%%%
the UG Ry Nagidh ebee S Bripsi e @raw‘iévpﬁ%et mperial.
dlscharged throu?h an air lock 126 and into

col e anglerpiHegiBaRion aBihe exhaust Riph 143 5elatie foie, lopaikudinal axis of

system 100 may further include a condenser 130 to
the venturi 18 and airflow generator 32 also effects dehydration performance. The

exhaust pipe angle a 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\allows the air to move faster than the
material and increase moisture removal. The angle o may be adjusted to increase or
decrease the effect on moisture extraction. The exhaust pipe 112 may be straight as
illustrated or curved as shown in phantom.

The cyclone 114 is a well known apparatus for separating particles from an
airflow. The cyclone 114 typically includes a settling chamber in the form of a vertical
cylinder 116. Cyclones can be embodied with a tangential inlet, axial inlet, peripheral

discharge, or an axial discharge. The airflow and particles enter the cylinder 116



receive the airflow fromthe cyclone 114. The

condenser 130 condenses the vapor in the airflowinto
w@20050849d7 whi ch is then deposited in a tank 13PCT/AN2005/000006

outl et 134 couples to the condenser 130 and provi des

an exit for air. As can be appreciated, the condenser

130 has particular application wth food processing.

In an alternative enbodi ment, the condenser 130 is

enbodi ed as an alternative treatnent device such as a

charcoal filter or the |like. As can be appreci ated,

condensation or filtering will depend on the materi al

throagitflanipét TR &9 spihng 20k8ektaskBd d¥w S1obedes Sowh ?rlvegéﬁinder 116.

to a filter (not shown) to filter residue, partic
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, hrough the system 100 may. be required to achi eve the

interfedufa ol i oRieck oieriad MbladSmeat o s saleaten Baticss fow down in
contenpl ates the use of nultiple systens 100 in series

agap OHFggﬁVg%y%Pﬁ e aRrax 184 whee hisdiaehargpd ghrough an air lock 126
pul veri zation events. Thus, a single cycle through

and (i gigellectiopshanper 186. i n seri es achi eves the desired
results. Alternatively, material may be processed and

r eprastieirsapplicptions thaspsteystEMBYGuitidr ihclubie a0&sidefder 130 to
particle size and dryness is achieved. In one
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condenser 130 is embodied as an alternative treatment device such as a charcoal filter
or the like. As can be app‘reciated, condensation or filtering will depend on the material
and application. The outlet 134 may include or couple to a filter (not shown) to filter
residue, particles, vapor, etc. from the outputted air.

Passing material through the system 100 multiple times will further dehydrate
material and will further reduce particle size. In municipal waste a;aplications, multiple
cycles through the system 100 may be required to achieve the desired dehydration
results. The present invention contemplates the use of multiple systems 100 in series

to provide multiple venturis 18 and multiple pulverization events. Thus, a single cycle

through multiple systems 100 in series achieves the desired results. Alternatively,



different materials enter the inlet tube 12 together,

are processed through the venturi 18, and undergo
w@io3mest9zati on. The resul ting product is bl endedr/anzbos/000006

honogeni zed as well as being dehydrated and reduced in

size. A particular applicatigp of the present

i nvention involves the honogenization of |andfil

product with coal. After pul verization and water

extraction, the conbi ned and honogeni zed waste and

coal product is used in a coal burner to achieve

opti mum burning rates for creating steamin an

mat&idi Pidy %‘?Er ucggéé‘tam ?%@Jroet sed B\Ftheesfe %zstg%e‘fjo(f Bﬁt_il the desired

energ tron rat an tTor routi I sposa
Si: the mat.erial -yay be m xed in the bl ender 102
pad%Eﬁ%%gggdgﬂﬁngﬂ§§PﬁSHg%r at an internedi ate stage
bet ween, Iver'ﬁati n events. xing materials my .
iR IR BIHtRA MSrToRHItIRG PEPAUS! FFRGJFPRISYstem 100 is
desired, the naterial may be mxed in the bl ender 102
analygechio defepningdhe sias Pihe Powdengranwies  ansprthe rseiatise percentage.
bet ween pul veri zation events. Materials blended in a
If the pegsiuct tadls ita gnest agbrashypldiel s firadze amadogwaterlpergdrdage the
pul verizing stages to provide the desired
produotisgimictsat thosughforié ostnonatysiés Lintifeie Peoduod eestethe desired
through nultiple pulverizing stages and then
pardifetegeni zed with a second material. Between
pul verizing stages the second material may be bl ended
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A particular application of the present invention involves the homogenization of
landfill product 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 plant. The waste is used for
energy production rather than for routine disposal.

If desired, the material may be mixed in the blender 102 prior to pulverization or v
at an intermediate stage between pulverization events. Mixing materials may enhance
homogenization with certain materials. If desired, the material may be mixed in the

blender 102 prior to pulverization or at an intermediate stage between pulverization

events.



a bl ender 102. Before mxing, the second material may
have passed through a venturi 18 for pul verization and

WO e@am899en to a desired particle size. The firBCT/anehos/000006
second materials may then pass together through one or
nore addi tional pulverizing gsgages to provide the
desired noi sture content, size, and honobgeni zation for
i ndustrial use. Referring to Figure 6, a perspective
view i s shown of a housing 200 that includes a housing
outl et 202. The housi ng 200 enconpasses the
oper ati onal conponents of an airflow generator 32. The

TR P epa 3T et Ssdnd HspB 5, SE Y488 hBya sputtple

. ' ilance i n the output .fl.ow, restrictor
punRG SRS W RIAE fue Bt PatbSitniea Ry it Hhay be
restrjctor, 204. i ncreases the resistance to the airfl ow
procghaecihEe R LiRe SuNER¢no wiRass R tHen SRpiageiAed with a Second
resi stance and airflowis dependent on the material to
mateyial, Beberancpulveliziag siagesdhe segonch@etaiiad mayes klepdegd with the
nest within the housing outlet 202 and a restrictor
procepsed materzd & a preproesssing stageagdetfustearzD8eduvas raaterials are then
cross-section |l ess than that ofthe housing outlet 202.
passkdrtbstughainer oraperd pulge2£18g stagebdo pesdurrgihamogenized, final
circular, or have another suitable shape. The neck 206
prodoepvi des a converging flow path froma crosssection
approxi mating that of the outlet 202 to the final
CT RS 8n HRitionBl &farhPie, heRdtrhateRAl @B?E%Mé?hr%_ggh threl Rrizing

of restrictors 204 wth varying aperture siZes na
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airfl ow generator 32 may not bhe coaxially aligned

18 fofinulyerizaien ABY S¢HHFI9RA0 a dpsiied RaiAle Rkt et ansecond
airflow gener ator 32 includes a diverter plate 250

materiglg maydhen pass laggtharderopgh aner nere addiionahpybesziagstages to
32. The cutting edge 252 of

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 housing outlet 202. The housing 200 encompasses the operational components of an
airflow generator 32. The housing 200 is shown with a cut-away section to illustrate fhe
airflow generator 32 within. In order to provide variance in the output flow, a restrictor
204 may be introduced into the housing outlet 202. A restrictor 204 increases the
resistance to the airflow and also increases heat. Varying the amount of resistance and
airflow is dependent on the material to be processed.

A restrictor 204 includes a neck 206 to nest within the housing outlet 202 and a

restrictor aperture 208. The restrictor aperture 208 has a cross-section less than that of



the diverter plate 250 directs pul verized materi al

into the housing outlet 202. The diverter plate 250 is
weowpslog®4to the interior of the housing 200 anPCTEX2(08000006

coupled to the interior of the housing outlet 202. The

diverter plate 250 prevents pyl verized material from

further rotation within the housing 200. As such, the

di verter plate 250 serves as the first separation of

pul verized material fromair that continues to rotate

wi thin the housing 200. Subsequent separation of

pul verized material fromair is performed by the
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r%)Llﬁate 250 fromthe airflow generator 32 nay range from

aperitie 2082 0N NHEWSR ALTERYICHRrs 294 with varyinpoaparhea siegtmay be available
an inch. The position of the diverter plate 250 may

to mahipolate thelpuipuhihdw and thereby dgee thedzystarad60ttbeuit the material.
separation fromthe airflow generator 32. Adjustnent
meRefeeringe tiuiFigart e erdsgctiondl viewref amn aaflowenegtor 32 within a
processed or to mani pulate airflow vol unme. Adjustnent

houdiy 20€ i mév®! TRE aliow RneENbI 82 nmiyaRR Deoakily WiihAEd within the

conmuni cates with an el ectromechanical or pneumatic
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2 has a bevel that acco dates the shape o
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Cross-sec a ventur
cconp i hroat resizer 300 i hown. .The rpat
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. inserted, nests within the t hroath 28. The throat
divertishlater 2t caupladsiorthe interiaicefthe haising 200 aid may be coupled to
throat 28 and increases the air velocity. Variance of
the ipfgeior of the housing outlet 202.

The diverter plate 250 prevents pulverized material from further rotation within
the housing 200. As such, the diverter plate 250 serves as the first separation of
pulverized material from air that continues to rotate within the housing 200. Subsequent
separation of pulverized material from air is performed by the cyclone114. If pulverized
materials continue to rotate within the housing 200 the pulverized materials may build
up and eventually obstruct the airflow generator 32. The cutting edge 252 varies the
airflow volume proceeding through the housing 200.

The separation of the cutting edge 252 of the diverter plate 250 from the airflow

generator 32 may range from about 20 thousandths of an inch to 100 thousandths of an

inch. The position of the diverter plate 250 may also be adjustable to increase or



throat dianmeter is required depending on the materi al

and the desired dehydration and particle reduction.
wabes/os®ht hough the airfl ow generator 32 nmay VBCHZARI®S/000006

airflow, it is further desirable to manipul ate throat

di ameter of venturi 18. The phroat 28 may be

configured with a | edge-302 upon which a collar 304 of

the throat resizer 300 nests. A crown nenber 306 is

coupled to the collar 304 and conforns to the interior

surface of the converging portion 26. The throat

resi zer 300 includes a sleeve 308 that conforns to the
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an electigmeahasisal pr erewnatligdevieg brpnedes endiyerer plate 250. The
repeatedly performed with a single venturi 18 or with

cutting ledigp|262\rest albegel 1Bati accommedatemnthid shdpe ddke mitflow generator 32.
anmount of water is extracted andproduct size is

acRiefaradg tol Rigeire 8Os essssrewctibralodew ioh ua@ntunt 18 withan y
100 percent water extraction is achieved. Although two
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veri zing stage simlar t previous
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particle fedEEtiomc g althpughiheopiffiayy ggngrator A vapethe airflow, it is
exhaust pipe 112 to regulate airflow wthin.
further desirable to manipulate throat diameter of venturi 18.

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
conforms to the interior surface of the converging portion 26. The throat resizer 300
includes a sleeve 308 that conforms 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, an alternative embodiment of a system 400 is shown that
incorporates two pulverizing stages 402, 404. Each time material passes through a
venturi 18, pulverization occurs, moisture is extracted, and particle reduction occurs. As

discussed previously, this process may be repeatedly performed with a single venturi 18

or with multiple venturis 18 in series until the desired amount of water is extracted and



As in the previous enbodi nents, the exhaust pipe 112

couples to a cyclone 114 to separate the processed
w@e@dug4from the air. The system 400 nmay f urt PEF/ZA2005/000006

i nclude a second cyclone 406 to receive air fromthe

outlet 122 of the first cyclone 114. The second

cycl one 406 further separates air fromresidua

particles and delivers the purified air to a condenser

130. Afirst tank 132 is in communication with the

second cycl one 406 to receive condensed liquid from

the condenser 130. An outlet 134 provides an exit for
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the ay wilbaRasegiate thabe siraipnb@aydnelyude diree ofoundiveoppeiora stages. The
The hopper 410 receives the particles that then

first pnlterizjog stagestEbiscimiianvierthai prgvisualyeles4ribathén redareece to Figures
410 delivers the particles to a second inlet tube 412

4 andriat Thes fisd ppiverlzing stagke4Om thclrias hogblet 225 bidrider t 02, conveyance
first pulverizing stage 402. One or nore flow val ves
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second

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
purified air to a condenser 130. A first tank 132 is in communication with the second
cyclone 406 to receive condensed liquid from the condenser 130. An outlet 134
provides an exit for air passing from*the condenser 130 and the second cyclone 406. A
residual hopper 408 is positioned to receive residual particles from the second cyclone
406.

Particles separated by the first cyclone 114 are delivered to a hopper 410 using
any number of conventional techniques including gravity. Although not shown, particles

from both the first and second cyclones 114, 406 may be delivered to the hopper 410.

The hopper 410 receives the particles that then undergo the second pulverizing stage



exhaust pipe 420 is inclined at an angle of
approxi mately 25 degrees to approxi mately 90 degrees

WO 200a10899¢7t 0 t he | ongi tudi nal axis of the secoPdI/ZA2005/000006
venturi 414. A second flow control valve 424 is within
the second exhaust pipe 420 ¢® regul ate airfl ow
within. As with the first flow control valve 404, the
second flow control valve 424 is in electrica
conmuni cation with the central processor 110 for
regul ation. The third cycl one 422 separates the
particles fromthe air and delivers a product that is
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condenser 430 to allow air to exit.The system 400
similag fq heseipieviodly daseréumd aphefencoced 36 1t1d. provi de heat
through the inlet tubes 12, 412 and the Venturis 18,
41Bhardcaskvesttuii mdrc;a'rrmgumieates ivafhsa s@dundaalrflow genarbtor (not
heat is not required for water extraction and is

showriglayhaissih 4 08.f Thé Becondairiive gehib@tsiganeeatee bemyh 8peed alrflow
of the present invention. The heat generator 436 may
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tubes 12, 412. A heat generator 436 may al so be used
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I gures
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contrro?%allvgt4624t|2 ?/Vltrpl?na%heds%cond e);(haust pipe 420 to regulate airflow within. As
with the first flow control valve 404, the second flow control valve 424 is in electrical
communication with the central processor 110 for regulation.

The third cyclone 422 separates the particles from the air and delivers a product
that is delivered to another conveyance device 425. A fourth cyclone 426 receives air
from the third cyclone 422 and further purifies the air and removes residual particles.
Residual particles from the fourth cyclone 426 are deposited in a residual hopper 428.
The fourth cyclone 426 delivers air to a second condenser 430 where vapor is

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.



Alternatively, the heat control valve 440 may be
operated manual ly. The heat generator 436 is further

WO poososavyni cati on with a second heat control vRCTEAZNZ/000006
that regul ates heat flow to hopper 438. Heating
mat eri al during the second p2d veri zi ng stage 404 may
be desired depending on the material or the
application. If heating is desired, the hopper 438
receives particles fromthe first cyclone 114.
O herwise, the material may pass to the hopper 410 as
illustrated in Figure 9. The system 400 may i ncl ude
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and partlcle reduction. The conveyance device
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i ntroduced or renoved throughout the system 400 as
436 may radatt leel uaed irag siraitardnanmetars trgnembndimearitalisistrated in Figures 1, 2,
Referring to Figure 10 an alternative enbodi nent of a
4, angB.veri zation and noisture extraction system450 is
shown. The system 450 is simlar to that of Figures 4

and Figaa®, fie hbat %éﬂefﬁét@ﬁ'ﬂ%% ﬁl%hﬁ\ﬂuﬁbé’éh@r'ﬂﬁntﬂ%ﬁr’sf‘h at control
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di verter valve 452 directs partlcles received fro
436 i I§ lgmerrlgpomquyﬁ%tlomwltm g sgcond heat control valve 442 that regulates heat

flow to hopper 438. Heating material during the second pulverizing stage 404 may be
desired depending on the material or the application. If heating is desired, the hopper
438 receives particles from the first cyclone 114. Otherwise, the material may pass to
the hopper 410 as illustrated in Figure 9.

The system 400 may include one or more pulverizing stages for further
dehydration anel particle reduction. The conveyance device 425 may feed back into the
blender 102 or the hepper 22 for further cycling of product through the pulverizing
stages 402, 404. The second and fourth cyclones 406, 426 provide further purification
of air but the added cost may not be justified for certain applications. In certain

applications the condensers 130, 430 may be removed or another type of treatment



first outlet 454 or a second outlet 456. The first

outlet 454 is coupled to a collector 458 such as a
whags/osmpper, tank, or the like. The second ouPCBZAZBE000006

is coupled to a recycling tube 460 to introduce the

pul veri zed material through 2he system 450 again. The

recycling tube 460 is coupled at its opposing end to

the first end 14. Alternatively, the recycling tube

460 may direct pulverize material into the hopper 22

or directly into the el ongated opening 20. In

operation, material is pulverized as it passes through
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di verter valve 452, to pass through t ystem
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tube 9188 to introduce the pulverized material through the system 450 again. The
recycling tube 460 is coupled at itsN opposing end to the first end 14. Alternatively, the
recycling tube 460 may direct pulverize material into the hopper 22 or directly into the
elongated opening 20.

In operation, material is pulverized as it passes through the system 450 and is
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 458.

Referring to Figure 11, an embodiment of an airflow generator 500 suitable for

the present invention is shown. Various metals are suitable for the airflow generator,



preferably conpletely encircles the airfl ow generator

500 so that the only egress is the housing outlet 36.
wab@sagmiit ow generator 500 may have a cl ose cl BeEr/aazms/000006

to the housing 200 to generate additional friction and

heat. The heat is desired toggssist in further drying

mat eri al s passing through the airfl ow generator 500

and into the exhaust pipe 112. The airfl ow generator

500 includes a front plate 502 with a concentrically

di sposed i nput aperture 504 to receive incomng

materials. The dianeter of the input aperture 504 is

. g . o i .

depind Bh S AN 198 brbclrsBlC Fer REfdRE Beldlal BBl Hloy steel
front plate 502.and ipnclude .concentrically di sposed
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or generators with radially extendi ng bl ades al one.
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509 that are disposed concentrically around the axle
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correspondi ng axle bolt (not shown) that are eac
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My vary considerably, 1 n one design the
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prefgrgglryec%n*?glgtddy ér?grcrl]eusn’:?\grair?lfow 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 exhaust
pipe 112.

The airflow generator 500 includes a front plate 502 with a concentrically
disposed input aperture 504 to receive incoming materials. The diameter of the input
aperture 504 is variable depending on the processed material size and anticipated air
volume. A back plate 506 parallels the front plate 502 and includes a concentrically ‘

disposed axle aperture 508. As the name suggests, the axle aperture 508 receives and

engages an axle or spindle to power rotation. Alternative airflow generators 500 may be



bl ades 510 may vary and depends, in part, on the
material to be processed. The thickness of the bl ades
Wk 1®5/08994nl so vary depending on the material tBCDEA2005/000006
processed. In one enbodi nent, the blades 510 extend
through the front and back pbgtes 502, 506 to form
bl ade fins 5 11 on the exterior face of the front and
back plates 502, 506. The blade fins 5 11 may extend
approximately 1/2" (12 mm) fromeither the front or
back plates 502, 506. The blade fins 5 11 generate a
cushion of air between the airfl ow generator 500 and
[ e
useci rﬁp trgér Sgéc %%@e{ﬂ% Qgﬁ?ﬁ $ rﬂ?)‘f%%tﬂ% srﬂgl Sba%kjp]ra’ce coupled
en the, housin d th alrfl w_gener at or 200.
to DIAGRE B BRiTaSTE a2 ettty pBfe U ew of ¢he
axl e aperture 508 is shown. The axl e aperture 508

r B back plateRPE mayrfariher dslusielkolt aperiwer pOPHEiAl @re disposed

rotate theairflow generator 500. The bolt apertures
conggdricadly mrowskihecdmapgitera1d. The belt apertinge G99cgachl raceive a
506. In this enbodinment, an axle transitions froma
corrésposiding ae belt (now shmmltbatmbteacbmepléblrtg antaxle. $be ankt bolts
di ameter suitable for insertion into the axle aperture

are Sébured ttebduk plaksia by aaisbOthaycarehtiphna\dedizes. wel |
513 to receive a nut that engages an axle bolt.
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the airtlow generator 500 is showmn wth a single blade
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506 agg a?c)a( lcgu&gg rtcg lkj)(r)t% glates 502 506. As can be appreciated, the number of
blades 510 may vary and depends, in part, on the material to be processed. The
thickness of the blades 510 may alse vary depending on the material to be processed.

In one embodiment, the blades 510 extend through the front and back plates

502, 506 to form blade fins 511 on the exterior face of the front and back plates 502,
506. The blade fins 511 may extend approximately 1/2” (12 mm) from either the front or
back 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
clean out materials that may enter between the housing 500 and the airflow generator
200. “

Referring to Figure 12, a cross-sectional view of the axie aperture 508 is shown.

The axle aperture 508 receives an axle, shaft, spindle, or other member to rotate the



bl ade 510 i ncludes a wedge portion 516 adjacent the

trailing edge 512. The wedge portion 516 has a thicker
WE@e@sSHs®WeTti on to i ncrease pressure and airfl| oRCT/BAZNVEN00006

The wedge portion 516 provides increased resistance to

wear which is advantageous vwth some materials.

Referring to Figure 14A, a plan viewillustrating the

wedge portion 516 in greater detail is shown. The

shape of the wedge portion 516 affects airflow vol une,

airflow velocity, and material flow rate through the

airflow generator 500. The wedge portion 516 may be
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The belt pperteiesfa0Singe gacaPrervidma wall 213 1o reseivp arrutithat engages an
bl ade 510 typically experiences the nost wear. The

axle walteri al used and the hardness of the wedge portion
516 may also differ fromthe renmai nder of the bl ade
5IRefeRafetorfigaret 18, la pen @iciM Bf thenntribe ohikkiaidlow generator 500 is
enbodi mrent of a wedge portion 518 is shown which
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generator 500 rotating in a clockw se direction, the

featJr@é’ beseaks 61 Wl%orbétﬁte'ﬁz\glthlﬁ tRe! I%irﬁ&h g%t Retflsr 585 The remaining

mat eri al contact. Although thickene O I ncrease wear

bladéseéﬂé%E@&‘lea Q%M portion 518 is subject to nore
wear a

n ot her comporients of the airflow generator

e S ojeindiodaeh iy P LR B R hardelar g of he back
and fespigtes S0 508 0 8 JeAed edoe a4 Bclacent the 43S aperure 508. The
blade 510 includes a wedge portion 516 adjacent the trailing edge 512. The wedge
portion 516 has a thicker cross-section fo 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
detail is shown. The shape of the wedge portion 516 affects airflow volume, airflow
velocity, and material flow rate through the airflow generator 500. The wedge portion
516 may be altered in the circumferential and longitudinal direction to alter airflow
volume, airflow velocity, and material flow rate. Casting techniques advantageously
allow variance in three dimensions and allows any number of circumferential and

longitudinal profiles in the wedge portion 516.



remai nder of the wedge portion 518 through any known

fasteni ng device including a securing nut and bolt
w@e@skdoy7 522. The repl aceable wear tip 520 nmapChEAZ005/000006

materi al harder than the remai nder of the blade 510.

The repl aceable wear tip 52028my al so be replaced with

a replaceable wear tip 520 having a different

circunferential and longitudinal profile. In yet

anot her enbodi mrent, the entire wedge portion 518 is

repl aceable. Referring to Figure 15A, a perspective

view of the airflow generator 500 i s shown
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are not subject to the sane wear as the wedge portion
remajndenpldthamiadeo®18s thick. Referring to Figure 15B a

perspective view of the airflow generator 500 is shown

wi Refaringita Bigose 148, ambbelinative enfoodimeenisafgewpdae portion 518 is

516. The wedge portion 516 increases its thickness and
show svhidhr inghides eneplicepblefwear tips520. Bkthethd sirflowtdemerator 500

| ongi tudinal direction fromthe front plate 502 to the

rotafi@f i PbiverRwRB@irethien wrd gﬁolﬁ@éébl@ et 6p #280s isDBjeep®ahe most
in thickness as it exten radially towards the
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remglgggrl gfl tﬁe V\jerlige portion 518 through any known fastening device including a
securing nut and bolt assembly 522. The replaceable wear tip 520 may be a material
harder than the remainder of the blade 510. The replaceable wear tip 520 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.

Referring te Figure 15A, a perspective view of the airflow generator 500 is shown
illustrating the wedge portion 516 coupled to the front and back plates 502, 506. The

blade fins 511 are further shown extending from the exterior surface of the front and

back plates 502, 506. As shown, the wedge portion 516 is substantially thicker than the



repl aceabl e wear tip 520 may include and define the

| ongitudinally increasing thickness. |f another wedge
wW@eosiogr4516 shape is desired anot her repl aceabCBZAZ@E/000006

tip 520 without a longitudinally increasing thickness

or a nore pronounced |ongituggnally increasing

t hi ckness may be used. Thus, pulverized material fl ow

direction may be mani pul ated | ongitudinally by using

wedge portions 516 of different circunferential and

Iongitudinal configurations. Referring again to Figure
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angled transition froma perpendi cul ar position
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The angl ed position has an angle that is referred
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replaceable wear tip 520 may include and define the longitudinally increasing thickness.
If another wedge portion 516 shape is desired another replaceable wear tip 520 without
a longitudinally increasing thickness or a more pronounced longitudinally increasing
thickness may be used. Thus, pulverized rﬁaterlal 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 from a position
perpendicular to the back plate 506 to an angled position. The blade 510 transitions as

it proceeds from the wedge portion 516 to a location prior to the leading edge 514. The

angled position causes the blade 510 to pitch into the direction of the airflow.



of angl es based on anticipated airflow velocity,

material flow rate, and material. The angl ed position
woraysisose7 a range of approximately 20 to 60 dePCBES2005/000006

Alternatively, the blade 5 10 may remai n per pendi cul ar

along its entire length. Theypl ade 510 may al so have

an attack angle along its entire I ength. Al though

extending along the entire length, the attack angle

may still vary as the blade 510 extends fromthe

trailing edge 512 to the | eading edge 514. Referring

to Figure 16, a profile view of the | eading edge 514
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straigh proceed on an an relative
te modi fo th
ML N N
poioh SRR R o5 o 510 3 he blae
outwardly curving portion 528 assists in capturing air
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generator 500. The | eading edge 514 so profiled is

is thabdreainingcamoiintt of thé blaxeds 1Ghriromvibetttadingffarddreh24 tothe lrading
airflow generator 500. Referring to Figure 17 a cross

edgesBt4.i The difustrated leadingp ceilge52d has akemgéddonansitent from a
17-17 is shown. The | eadi ng edge 514 has an oval

perpEhdiR8Rr possien $eetiltd thedackH4tet506i to o9l arrgrétg pbsition.
incomng airflow. Referring to Figure 18,
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510 further transitions froma perpendicul ar osr(}
trangiipryffony 3 ReTPSRARUET Ppgiion to an angled position may exten over the entire

blade 510 or any portion thereof. The attack angle 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 degrees.

Alternatively, the blade 510 may remain perpendicular along its entire length.
The blade 510 may also have an attack angle along its entire length. Although
extending along the entire length, the attack angle may stﬁill vary as the blade 510
extends from the trailing edge 512 to the leading edge 514.

Referring to Figure 16, a profile view of the leading edge 514 is shown.
Conventionally, an edge may be relatively straight and proceed on an angle relative to
the back plate 506. In one embodiment of the present invention, the leading edge 514

proceeds from the back plate 506 with an outwardly curving portion 528 and then



attack angle inclines towards the cl ockw se position

that corresponds to the anticipated rotation of the
wa@pooslogeaagener at or 500. The airfl ow generat or BODZ&2005/000006

be operated in the counter-clockw se position and the

bl ades 510 woul d consequent|yqbe inclined in that

direction. In operation, the rotating blades 510

generate a high speed airflow ranging from 350 nph or

greater and directs air and pulverized material into

the i nput aperture 504. The | eadi ng edges 514 of the

bl ades 510 cut into the air and pul verized materi al
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vehicl e such as a truck, trailer,
Each blade 510 further transitions from a perpendicular position fo an attack angle. The

attack angle inélines towards the clockwise position that corresponds to the anticipated
rotation of the airflow generator 500. The airflow generator 500 can be operated in the
counter-clockwise position and the blades 510 would consequently be inclined in that
direction. “

in operation, the rotating blades 510 generate a high speed airflow ranging from
350 mph or greater and directs air and pulverized material into the input aperture 504.
The leading edges 514 of the blades 510 cut into the air and pulverized material and
direct both the air and pulverized material into flow paths 532 defined by the blades 510
and extending from the input aperiure 504 to the perimeter 513 of the front and back

plates 502, 506. The flow paths 532 would have a maximum flow rate for materials



rail car, boat, barge, and so forth. Any vehicle that

provi des a sufficient planar footprint nay be used.
w2005/089937 nobi | e system i s advant ageous i n cerPEi/AaA2005/000006

appl i cations such as agricultural harvesting, renote

site treatnents, denonstratigns, and so forth.

Referring to a Figure 19, a bl ock diagramrepresenting

a nmobile system 600 is shown. The system 600 i ncl udes

conponents previously di scussed such as the inlet tube

12, venturi 18,. airflow generator 32, housing 35,

nmot or 34, exhaust pipe 112, and first and second

passHEIORT ¥ wChe o Sl R B e patgrial to the
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The system 600 may further include a housing 606 that
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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 planar footprint
may be used. Having a mobile system is advantageous in certain applications such as
agricultural harvesting, remote site treatments, demonstrations, and so forth.

Réferring to a Figure 19, a block diagram representing a mobile system 600 is
shown. The system 600 includes components previously discussed such as the inlet
tube 12, venturi 18, 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 housing 606 may accommodate a control roomfor a
user to operate the system 600. The housing 606 nay

WO p@b084 ndows for view ng the conponents anPCHEZSE®S/000006
for view ng, operation, repair, and inserting nmateri al
to be processed. The system €90 may have any nunber of
configurations based on conveni ence, application, and
ot her design considerations. Referring to Figure 20, a
side view of an alternative enbodi nent 700 of the
present invention is shown. The illustrated enbodi nent
700 is simlar to that previously depicted in Figure 4
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generator 32, and housing 35. The resonant frequency
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components is based on the size of the system 600, vehicle 602, and other design

constraints.

The housing 606 may accommodate a control room for a user to operate the
system 600. The housing 606 may inclljde windows for viewing the components and
access for viewing, operation, repair, and inserting material to be processed. The
system 600 may have any number of configurations based on convenience, application,
and othér design considerations.

Referring to Figure 20, a side view of an alternative embodiment 700 of the
present invention is shown. The illustrated embodiment 700 is similar to that previously
depicted in Figure 4 and also includes an acoustical emission sensor 702 that is

coupled to the housing 35. The acoustical emission sensor 702 may be embodied as



t he resonant frequency remains within normal operating
paraneters. Systemfailure nmay result when the fl ow

W0 2408/0899¢2eds a threshol d. M ni num and maxi MUNPEHEZAZ®S/000006
may be established for the flow rates during nornal
operating conditions. If thegflowrate is below the
m ni rum val ue, the flowrate is increased and,
i kewise, the flowrate is decreased if it exceeds the
maxi mum val ue. The sensor controller 703 includes a
predet erm ned maxi num threshold value for the resonant
frequency The maxi mum t hreshol d val ue may be entered
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signals the central_ processor 110 that the flow rate
senser sepadle sfimatiterng SOzt §90 KHztmeomangdedseacies. bel ow
the m nimumthreshold val ue, the sensor controller 703
soThendtaities! eroission semsor 202 pravdtessitie Mdlofrequeraydsignala
to the flowrate, the acoustical em ssion sensor 702

gengraiee biematerizd flawingfthemughrthe et tube 1i2ndectatiel Sahowrjenerator 32,
condi tions such as inproper balance of the airflow
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failure. An overload situation itself may create a
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central processor 110 within one mllisecond or |ess.
sensph eoiispitar 7103gs drelesiicallaggmmunication with the central processor 110 that

receives the flow rate and may respond to adjust the flow rate. During normal operation
the resonant frequency remains within normal operating parameters. System failure
may result when the flow rate exceeds a threshold. Minimum and maximum values
may be established for the flow rates during normal operating conditions. If the flow
rate is below the minimum value, the flow rate is increased and, likewise, the flow rate is
decreased if it exceeds the maximum value.

The sensor controller 703 includes a predetermined maximum threshold value for
the resonant frequency. The maximum threshold valLAJe may be entered by an operator
and is based on material to be processed and the constraints of the system 700. The

sensor controller 703 may also include a minimum threshold value for performance. If



responds with imedi ate corrective action.
Alternatively, the sensor controller 703 may include

wo e@aak99er audi bl e notification to informan OPEF/AARI05/000006
who then responds with manual corrective action. The
acoustical em ssion sensor 72 is shown di sposed on a
backsi de 704 of the housing 35. Alternatively, the
acoustical em ssion sensor 702 nay be di sposed on a
frontside 706 of the housing 35 or any other |ocation
on the exterior housing surface. The acoustica
em ssion sensor 702 may al so be di sposed on the
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gen&itraal dplctyesisnadd 500 t hradtheeeethatcal dhipurtr Ansdwirdad situation
- within one mllisecond of the resonant frequency

ltselﬁMﬁytcredté atrhgcﬁér%‘élrfﬁﬁﬁea@%ﬁag RPS gy @%ﬁﬁ'll?@l?nlﬁcant and even
condition, the sensor controller 703 S|gna S

catagﬁ{)}%l{l@fia %ecﬁﬁé si%gn{ ?O(?dM\éﬁﬁ?lli ?ﬁ 4) ow r a rso-laFgate flying

cessor may adj us

SR P RS BB i

yal ves 111 |n reases alrflowthrou h the ventuyri
mO“HPWﬁaée%FH‘tﬂrF 'SAHFNEIEE aBd dRiPqls PGS BdIcaNng rﬂ”H[?gﬁS it occurs.

the venturi
As soon as an overload situation or failure is indicated, the sensor controller 703 signals

the central processor 110 within one millisecond or less. The central processor 110
responds with immediate corrective action. Alternatively, the sensor controller 703 may
include visual or audible notification to inform an operator who then responds with
manual corrective action.

The acoustical emission sensor 702 is shown disposed on a backside 704 of the
housing 35. Alternatively, the acoustical emission sensor 702 may be disposed on a
frontside 706 of the housing 35 or any other location on the exterior housing surface.
The acoustical emission sensor 702 may also be disposed on the venturi 18 or the inlet

tube 12.



18 and the airflow generator 32. The central processor
110 may al so partially or conpletely close the fl ow
wa@oemsiglddval ve 106 to reduce material into thePGYEABINF/000006
700. If the resonant frequency indicates a nechanica
failure, the central processgg 110 nmay al so perform a
system shutdown and turn off the notor 34. The sensor
controller 703 may al so provide a visual or audible
response to an operator. Referring to Figure 22, a
cross-sectional view of an enbodi ment of an air
generator housing 200 is shown. As previously
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overl oad condition. This action may be taken
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and/or the flow control valve 106 to increase control
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may al so be di sposed on systens illustrated in Figures
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the axle 33. The axle 33, also referred to as
procepserd] @ may @gliuss theoflow rate by partially or completely closrng the adjustable

flow valves 111. Partial or complete closure of the flow valves 111 increases airflow
through the venturi 18 to provide additional force and drive material through the venturi
18 and the airflow generator 32. The central processor 110 may also partially or
completely close the flow control valve 106 to reduce material into the system 700. [f
the resonant frequency indicates a mechanical failure, the central processor 110 may
also perform a system shutdown and turn off the motor 34. The sensor controller 703
may also provide a visual or audible response to an operator.

Referring to Figure 22, a cross-sectional view of an embodiment of an air
generator housing 200 is shown. As previousiy discussed, the position of the diverter

plate 250 may also be adjustable to increase or decrease the separation from the



one or nore brackets 1004 to secure the axle 33 and

fix its rotation. The brackets 1004 are secured to a
wOoRWsoseg7 pl ate 1006. The pul l ey 1002 i s shownPEmgazfiongoooos

the axle 33 between two brackets 1004, although the

pul l ey 1002 may engage the ‘agfe 33 in other |ocations

as well. The system 1000 further includes an autonatic

bal ancer system 1008 that includes a dynam c bal ancer

1010, a vibration sensor 1012, and a bal ancer

controller 1014. Automatic bal ancer systens 1008 are

easy to nount, highly reliable, fully automatic, and

airﬂc{)v?gléhér%tér‘é | ?hé’@éﬁt?écl r%éés%bF”l g maléfr‘n gt&g'ﬁrﬁaﬁ&.u&ggﬁ@e diverter

ancer 10 i senbo as an ext

a as .an

platd 350 B Pt RRURN G oh FE AR alee 286 T HRRE LS cRRrlpiate 250.
Th xt er nal | ancer s in electri

The @aﬁ@?{ B 00T sEPanee s AnelRsTpiaro g aaldgvice, peumatic

onpensate for unbalance_in the axle 33 and the

dev"a‘@ randheenventional devigs. the eantial paesser 1 1bmey wgliusbie flow
| evel s. The bal ancer controller 1014 includes a
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system 1000 is shown including the motor 34 and axle 33 adjacent the backside 704 of
the housing 35. The motor 34 engages a pulley 1002 that engages the axle 33 to effect
high speed rotation of the axle 33. The axle 33, also referred to as a spindle, couples to
one or more brackets 1004 to secure the axle 33 and fix its rotation. The brackets 1004
are secured to a mounting plate 1006. The pulley 1002 is shown engaging the axle 33
between two brackets 1004, although the pulley 1002 may engage the axle 33 in other
locations as well.

The system 1000 further includes an automatic balancer system 1008 that

includes a dynamic balancer 1010, a vibration sens‘or 1012, and a balancer controller
1014. Automatic balancer systems 1008 are easy to mounf, highly reliable, fully

automatic, and require little operator training. In Figure 23, the balancer 1010 is



the axle 33. The axle 33 couples at a distal end (not

shown) to the airflow generator 32 that is within the
whowsiosay4B85. The external bal ancer 1010 coupl eBCT/B8A2(108000006

axle 33 proximte to the backside 704, also referred

to as the pulley side, of thggairflow generator 32. In

this manner, the external bal ancer 1010 does not

interfere with airflowinto the input aperture 508 of

the air turbine 32. The external bal ancer 1010

operates on a principle of mass conpensation for axle

i mhal ance. I n one enbodi nent, the external bal ancer
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o Figure 2 ynam c bal ance uation is shown
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The sem circle 1024 is defined as havi t he ax

I
suctyahihoee Toau TagiEs Ry SCHEN [dlustiss: IncoebPpeiagg) Grgaen. The

mai ntai n preci se bal ance even if the axle
external balancer 1010 may receive power through a rotary slip ring power transfer

system or through a non-contact power transfer system.

In Figure 23, the external balancer 1010 is coupled to a proximate end 1016 of
the axle 33. The axle 33 couples at a distal end (not shown) to the airflow generator 32
that is within the housing 35. The external balancer 1010 couples to the axle 33
proximate to the backside 704, also referred to as the pulley side, of the airflow
generator 32. In this manner, the external balancer 1010 does not interfere with airflow
into the input aperture 508 of the air turbine 32.

The external balancer 1010 operates on a principle of mass compensation for

axle imbalance. In one embodiment, the external balancer 1010 includes two movable



33 is stopped and restarted. Referring to Figure 25A,

a diagramis shown illustrating an airfl ow generator
wW@2006/08®4ngai n ali gned with an external bal anceeT/Z82005/000006

However, in this situation the external balancer 1010

is adjacent the airflow genesgtor 32 and therefore

substantially within the sanme plane. This is referred

to herein as sane plane bal anci ng. The wei ghts 1020

are shown relative to a position of inbalance 1022 and

an unbal anced conditi onexi sts. The bal ancer controller

1014 instructs the external balancer 1010 to

. L . Y it _
eccehBRARehhE" oo BRI baIEEl 15/ S ag Edtic bBneby micro-
bal anced, situation.i.s shown w th the weights 1020
e‘ecté'fir%@.‘?ésaﬁhf%%@ %PP‘?%%O%Q%WBW' of i nbal ance 1022. Wth
sane plane bal ancing, .the weights 1020 are di sposed in
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_ i nmbal ance 1022 to provide bal ance. Referring to Figure
axialpealigngdpyéitsae exieyeal diakagicem’ P40.s AovaxiempliaalpagsmtP 10 is disposed
operation of the opposite plane balanci ng techni que.
in a planex¢mptealromead plaoerin wbidh the airdlop ganeratond2 ax HispdSedradich as in
rotates wwthin a first plane 1030. A mass 1032, such

Figuas2anThe iekteomaldeaiaicar di018 2ncludescwiightd1020 simovop pslaiivegto a
end of the axle 33 and rotates within a second pl ane

posifiéBdf inyatetcal 102y , THBalBNEST dbnltroRal paMeeihsf(diE tRa exies
1032 are on opposing ends of the axle 33. The weights
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of the axle 33 to precisely and L i .
Referring to Figure 24B, a dynamic balanced situation is shown with the weights
1020 compensating for the position of imbalance 1022. With opposite plane balancing,
the weights 1020 must be in the same semicircle 1024 as the position of imbalance
1022 in order to balance. The semicircle 1024 is defined as having the axle center
1025. The external balancer 1010 is able to maintain precise balance even if the axle
33 is stopped and restarted.
Referring to Figure 25A, a diagram is shown illustrating an airflow generator 32
once again aligned with an external balancer 1010. However, in this situation the
external balancer 1010 is adjacent the airflow generator 32 and therefore substantially

within the same plane. This is referred to herein as same plane balancing. The weights

1020 are shown relative to a position of imbalance 1022 and an unbalanced condition



dynam cal |y bal ance the airflow generator 32. The

pul ey 1002 couples to the axle 33 between the
wezaosns®hi7 bal ancer 1010 and the airfl ow gener apGF/Z3205/000006

al t hough the pulley 1002 nay couple to the axle 33 at

ot her | ocations as well. The4gonpensati ng wei ghts 1020

create balance in the sanme semcircle but in a

di fferent plane of the position of inbalance

1022. Referring to Figure 25B, a perspective diagramis

shown illustrating operation of the sanme plane

bal anci ng techni que. The mass 1032 and externa
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‘hey are approxi mately w thin
the ieigfts, 180 GHfELD SNRY b’ Zsm;?gﬁ?saibéo%

b | e h
”“%éfeaﬁ@@q%ggr%”ﬁ% R KCREENL g R a——
O shown in Figure 23 can be nodified to prOV|d
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t he dynam c bal ance system 1008 i ncl udes the vibration
weighin 3020 at disposed iacruernasing semidiroles1G46athatithe pbsitieh of
that indicate inbalance. The sensor 1012 couples to
imbdldnecart G2k &t prodid@bateinceount i ng pl ate 1012 by nagnets,
stud nmounting, or other conventional nethods. The

Vi Réﬂirmﬁ@td;ﬁ‘l@ﬁﬁé 26R12 perspebtivl @abfdri® sEQMULEaidPoperation of
a bal ancer controller 1014, which filters
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onmuni cation with the external | ancer
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t he dyn aI ance S stem 1008 nonitors

and
plangi 24t FAGeol B0EY S SaHA BRA DA e Q52 are on opposing

ends of the axle 33. The weights 1020 within the external balancer 1010 compensate
for a position of imbalance 1022 in the mass 1032.

The opposite plane balancing technique is applied in the system 1000 of Figure
23 with the mass 1032 being the airflow generator 32. The external balancer 1010 and
the airflow generator 32 are mounted on opposing ends of the axle 33 to precisely and
dynamically balance the airflow generator 32. The pulley 1002 couples to the axle 33
between the external balancer 1010 and the airflow generator 32 although the pulley
1002 may couple to the axle 33 at other locations as well. The compensating weights
1020 create balance in the same semicircle but in a different plane of the position of

imbalance 1022.



Referring to Figure 27, a cross-sectional view of an
al ternative enbodi nent of a dynam c bal ancer 1040 is
W@ b@#s99The dynam ¢ bal ancer 1040 is an inter netT/ZA2005/000006

bal ancer 1040 that conpletely or partially nests

within a bore of the axle 3341lnternal bal ancers are
comercially avail abl e such as those manufactured by
Schmitt Industries, Inc. of Portland, O egon. The

i nternal bal ancer 1040 may include a nmounting flange

1042 thatbolts to the axle 33 through one or nore

bolts 1044. O her conventional nethods exist for

LT PRSP AR P fon
e 30 PIRELA RS YA oﬁmrﬁc%@ﬁ%sgﬁggzlaga Rl e
. h I 1008 Fi 23
d'Spﬁgvyaélmatﬁé%‘ﬁOffeg?ﬁ%ﬁﬁfﬁ Tist e aPrea g AR b iR plane

t echni ques. Accordlnaly, the i nternal bal ancer 1040

1036 0 e SXtesnalbalpraer 4 O Qicarples te Grraxde Bathatcaleo ceuples to the mass

dynami cally position the weights. As previously
1033 $beyeightstiRe0mausiedn anornposingsemicirdledbamiie pesitien of
with a vibration sensor 1012 to determ ne a position
imbaléncarhd?AimcerdeReS providegodlands. gliie sy8emat 000 shown in Figure 23 can
cross-sectional view of one enbodi nent of conpensating

be mi&ifdd ® drddile sEMSplspedbamndide | nternal bal ancer 1020
is shown. The conpensatl ng wel ghts 1046, 1048 nmay be

enher&rﬁﬁg §§a§9cH‘F'1§uréC§39?n@H%e{rﬁk%rfc%l Akstdh Agesc?mudes the

anot her Tn an over and under configuration.
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Cross-secti on an an conpensa ng wel

The fég{%&e@j}}gcg%&%ﬁ tbo%'g;\]cgﬁisg ?p@) g}gﬂe]%il\% 181 ﬁ %y magnets, stud

moubéh@i%&a%%d%%ong &? tggﬂ%n%&a v!glgg@?n sén%%? 1093 i§ %nsglectrical

communication with a balancer controller 1014, which filters incoming signals by RPM.
The balancer controller 1014 is in communication with the external balancer 1010 and
drives the weights 1020 in the direction that reduces the amplitude of the vibration
signal. When the weights 1020 are positioned so the lowest vibration level is reached,
the balance is complete and the dynamic balance system 1008 monitors the vibration
levels to assume optimum operations.

Referring to Figure 27, a cross-sectional view of an alternative embodiment of a
dynamic balancer 1040 is shown. The dynamic balancer 1040 is an internal balancer
1040 that completely or partially nests within a bore of the axle 33. Internal balancers
are commercially available such as those manufactured by Schmitt Industries, Inc. of

Portland, Oregon. The internal balancer 1040 may include a mounting flange 1042 that



Referring to Figure 29, a perspective view of an

al ternative dynam c bal ancer 1050 is shown. The
walymvanswe4bal ancer 1050 is a ring bal ancer 1050P€TYan2005/000006

encircles and couples to an axle 33. Ring bal ancers

are comercially avail abl e sygh as those manuf act ured

by Schmtt Industries, Inc. of Portland, Oregon. As

such, the ring bal ancer 1050 nmay be di sposed at any

accessi ble location along the I ength of the axle 33.

Thering bal ancer 1050 may be used with a bal ance

system 1008 shown in Figure 23 and may be used for

boltRPRE b 83 ?rﬁgugr:iJ oﬁég% o018 3024C Ididet hAYR ‘methods exist

eferring to re a cross-sectional view o
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gr eater nmass than a second conpensatl ng weig
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creates an overall conpensation counterweight to a

be used iviithanbalBntcerbystanmc €0@hskami bvieigdimadraod rayalpe esed for opposite
Alternatively, the ring bal ancer 1050 may i ncorporate

plane@rpansapiang bakinghgsteshniglias. Aocdrdingty, dhes nlteraabbalantdrel 040
previ ously descri bed dynam ¢ bal ancers 101 0, 1040.

comMunidated Witk absdlamss copfronst 1EIAtts dyhanticiypositiohlthe @fdights. As
and can be used. The automatic bal ancer system 1008

RS AldL MM EFcdr@niiblidd W%h%ﬁhféétéé?wﬂ a vibration

oper at1onal speeds to maintain optimal bal ance.

sen@%%%'dété}m. p‘&%ﬁnoﬂ%g%bél%éé' on ceases and during

ubsequent operations ['ancers may couple to the
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generator.C a
compensating welghts 1046 1048 may be embodied as semi-circles and rotate relative

to one another in an over and under configuration. As shown, an inner compensating
weight 1046 has a thicker cross-section than an outer compensating weight 1048. By
precisely positioning the compensating weights 1046, 1048, dynamic balance is
achieved. The illustrated compensating weights 1046, 1048 may also be used in an
external balancer 1010.

Referring to Figure 29, a perspective view of an alternative dynamic balancer
1050 is shown. The dynamic balancer 1050 is a ring balancer 1050 that encircles and
couples to an axle 33. Ring balancers are commercially available such as those
manufactured by Schmitt Industries, Inc. of Portland, Oregon. As such, the ring balancer

1050 may be disposed at any accessible location along the length of the axle 33. The



1. An apparatus for pulverizing material and
extracting noisture frommaterial, conprising: an

WO pdosostowbe; a venturi coupled to the inlet tubPE€l/Zazos/000006
airfl ow generator to generate an airflow and incl uding
an input aperture; a housinggat least partially
enconpassi ng the airfl ow generator and including an
outl et in communication with the input aperture, the
airflow generator in conmunication with the venturi to
direct the airflow through the venturi, and toward the
input aperture, wherein material introduced into the

ring gé Lo %%?gez&ﬁs%‘éﬂn th Qeoa‘@ﬁe%a)stegﬁ%bé AURNGA i ué e 23 and

verl Z ure e an aco
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f u*??f%'i'“%%‘ﬂ#é‘% Y aaC"soéﬁSS&Ct'%'@ﬁ‘ltVM}’ PEP”‘? gmbodiment of a ring
communi cation wi_ith the acoustic em ssion sensor to
balapegse] GRS isisbowas diening balgneeicl0thinclyeee eampensaating weights 1052,
material flowrate. 3 . The apparatus of claim1,
1054 that heary lbodisposedgxially siderkal-sige oelaeoto ome another. A first
communi cation with the sensor controller. 4 . The

compopsdtimguseight td58 mag halvegréster arpthan agedondbumpensating weight
di sposed on the venturi to adjust the air volunme and

10541 Po¥ifbAfb e »sb.tnpbﬁsétn@ ReightNosNd obh %r@atéé baWverall
gener ator, theval ve in comunication with the central

com@éﬁéﬁ%ﬁq{ouﬁw%rﬁl@@k fo 3PodRoMRIimBEIahBE t 8LNBvEYyhARic balance.

entral process
Alternatively, the ring balancer 1050 may incorporate compensating weights similar to

those disclosed in the previously described dynamic balancers 1010, 1040.

Alternative balancer embodiments are known in the art and can be used. The
automatic balancer system 1008 dynamically balances the airflow generator 32 at
operational speeds to maintain optimal balance. Balance is maintained after rotation
ceases and during subsequent operations. Balancers may couple to the axle 33 on the
pulley side to avoid interference with airflow into the airflow generator. The automatic
balancer system 1008 eliminates cavitation to improve efficiency and performance of

the airflow generator.



5. The apparatus of claim3 further conprising a flow
control valve in communication with the inlet tube to

W@ oousgd94t he flow rate of material into the i nP@/ZAD&N00006
the flow control valve in conmunication with the
central processor to enable ggjustnment of the flow
control valve by the central processor. 6 . The
apparatus of claimb5, further conprising a sensor to
nonitor the material flowrate of material to the
inlet tube. 7. The apparatus of claim 3, further
conprising: a diverter plate coupled to the interior

of the housing proxi .10 the outlet and having a
cutting edge proxi na??*lﬁlonis( he airfl ow generator; and

an, agt uat or_deyice coupled to.the diverter plate to .
pobt g UG A atetia AR R el fgin material,
communi cation with the central processor. 8. The

compiiyiadat us of claim1, wherein the acoustic enission
sensor is disposed on a backside of the housing. 9.
Then BYpfdEb&us of claim 1, wherein the acoustic
em ssion sensor is disposed on a front side of the
hoaveniyri coliplethio tag praetdubs; of claim 1, further
conprising a second acoustic em ssion sensor di sposed

onan hfloe generatoit toeyehecats cinagidiost aigd Bl gBhgan Seng @pettare;
recei ve a resonant frequency indicative of materi al

Pag hbhSing it el phARIY 8Atsthpadsing TteaisRbaheiatstfar® inEting an
1, further conprising a second acoustic em ssion

outle°t‘?rﬁ‘§8ﬁ1nquﬁé5%ﬁ>%%ﬂ{‘th'éhﬁplhtrﬁep%gfu?é{be' the second acoustic

em sSSsl on sensor to recelv resonant frequency
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throdb%I %teuJe%t&rE,oarH O\t/v%Fcll f’ﬂe’ input aperture, wherein material introduced into the

airflow passes through the venturi and is subject to pulverization and moisture
extraction; and

an acoustic emission sensor coupled to the housing to receive a resonant
frequency indicative of material passing through the housing.

2. The apparatus of claim 1, further comprising a sensor controller in
communication with the acoustic emission sensér to receive the resonant frequency and
determine a material flow rate.

3. The apparatus of claim 1, further comprising a central processor in
communication with the sensor controller.

4. The apparatus of claim 3, further comprising a valve disposed on the venturi

to adjust the air volume and air velocity within the housing and the airflow generator, the



conprising: providing an airflow generator in
communi cation with a venturi; the airfl ow generator
w@emsnsgoung an airflow through the venturi andP€D@AR@S/000006

the airflow generator; introducing the material into

the airflow passing the natggial through the venturi

to extract noisture and pul verize the material; and

recei ving acoustic emissions indicative of a materi al

flow rate through the airflow generator. 13. The

met hod of claim 12, further conprising disposing the

airfl ow generator within a housing and wherein

S
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of ¢l aim12, wherein disposing an acoustic
the %qﬂth?igf)or?e%%sor | ncI udes di sposing the acoustic
on sensor on a hacksi de of .the hous 15, The
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em ssi on sensor includes disposing the acoustic
comgmndaation Mﬁh@@rin@ht@eﬂpmtr@&ﬂ@ flow tefe ohmaderia intadhe inlet tube,

The nethod of claim 12, further conprising the
the ffmoosntre vahiesisicommsenisatiorcwitiniing central prodassontosemsde adjustment

controller to determne a material flow rate.17. The
of thesflomocbriifol vhkierbylihe dentrahgocesspr i si ng: providing a

val ve on the diverging portion of the venturi; the

va v eahe ippe it bf Biaindst Furthef €8 pﬁ%mﬁ@%ﬁsﬁﬁ o hﬁbnﬁ@f Hﬁstmaterlal
the air volunme and air velocity within the housing and

flow'r8@ GFHrhiteRY BIAETAELLIbe.

7. The apparatus of claim 3, further comprising:

a diverter plate coupled to the interior of the housing proximate to the outlet and
having a cutting edge proximate to the airflow generator; and

an actuator device coupled to the diverter plate to position the diverter plate, the
actuator device in communication with the central processor.

8. The apparatus of claim 1, wherein the acoustic emission sensor is disposed
on a backside of the housing.

9. The apparatus of claim 1, wherein the acoustic emission sensor is disposed
on a front side of the housing.

10. The apparatus of claim 1, further comprising a second acoustic emission
sensor disposed on the venturi, the second acoustic emission sensor to receive a

resonant frequency indicative of material passing through the venturi.



18. The nethod of claim 16, further conprising:
providing a diverter plate coupled to the interior of

w0 b@slogaed’ ng and having a cutting edge proxi MaPET/Za2105e00006
airflow generator; providing an actuator device _
coupled to the diverter platg and the actuator device
communi cating with a central processor to position the
di verter plate. 19. The nmethod of claim 12, further
conprising providing an inlet tube coupled to the
venturi and wherein the airfl ow passes through the
inlet tube and towards the venturi. 20. The nmethod of

clpd.MTHE appaiiatiess GQIPY 1 Rirther cé\n?éé’il}‘\’% %oégd'oﬂlia\rfl;ﬁg%’t?c emission

controlling the material flow ra to the’i v
: i g Wi a .
sonskB8peRToh 6 M50 ELecHfl KEnRARTHLSBh iAol e o
e haod,.of .. cl aim 19 . wherein recej Vi, acoustic
resofiapt SARRELY itiREl it S saFyeh beddfLtBoust | c
enj,ssjon sensor on the inlet tube. 22. The nethod of
cl -néf?etﬁ%z?req VeI MatR) 13 epd exiraciig misistiwe fram tpriprial,
i ncl udes di sposing a second acoustic enission sensor
COMPjpiitie venturi.23. An apparatus for pul verizing
materi al and extracting noisture frommterial,
c qarpyidiigran aistow gereratartie commgnicalidn withuplvedtury t he
inlet tube; an airfl ow generator to generate an
aithé laofiow ekneratbrugemsrating an @irflodtRrdughehe venturi and towards the
airflow generator;

introducing the material into the airflow;

passing the material through the venturi to extract moisture and pulverize the
material; and

receiving acoustic emissions indicative of a material flow rate through the airflow
generator.

13. The method of claim 12, further comprising disposing the airflow generator
within a housing and wherein receiving acoustic emissions includes disposing an
acoustic emission sensor on the housing.

14. The method of claim 12, wherein disposing an acoustic emission sensor
includes disposing the acoustic emission sensor on a backside of the housing.

15. The method of claim 12, wherein disposing an acoustic emission sensor
includes disposing the acoustic emission sensor on a front side of the housing.

16. The method of claim 12, further comprising the acoustic emission sensor

communicating with a sensor controller to determine a material flow rate.



an axle coupled to the airflow generator; a bal ancer

coupled to the axle to conpensate for inbalance in the
w@zdos/o8kei ng rotation; and a housing at | east PEr/ZAzl05400006

enconpassi ng the airflow generator and including an

outlet in comunication wthgthe input aperture, the

airfl ow generator in communication with the venturi to

direct the airflow through the venturi, and toward the

i nput aperture, wherein material introduced into the

airfl ow passes through the venturi and is subject to

pul veri zation and noi sture extraction. 24. The

aDPAT 35 Bhoff b BEEI2 6, FHHEREEMGAGRE! S NG a bal ancer

contro N conmuni catl on Wt bal ancer, the
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conprl |ng a V|br tion sensar in connu tio

¢ HBenaN ioeHiBe Miih 2 fentra) Peressobia dihskt F%ﬁér ¥qlighe and air

the axle |nd|cat|ve of inbal ance. 26. The apparatus of
velogifyawithin3he lypesiap mndribe giflaw@eneraioan ext ernal bal ancer

i ncl udi ng conpensati ng wei ghts.27. The apparat us of

cl 88.mMTR€é mathed ef nlainhd Befurdvenabmipaibimgcer i ncl udes two

conpensati ng wei ghts rotatable around an axis of the

expraviing Haliviniee plate Sougdlbe ta fhEaingdrits obthechaugim@and having a
wherein the axle includes an internal bore and the

cuttlﬁ@bagé%rromﬁat?é]tdﬂhb%‘r‘ﬂ@bvdl#le@él@?r at | east partially
di sposed within the internal bore and including

COPRGRAR AAGNBESH Y eRice coupled to the diverter plate; and

the actuator device communicating with a central processor to position the
diverter plate.

19. The method of claim 12, further comprising providing an inlet tube coupled to
the venturi and wherein the airflow passes through the inlet tube and towards the
venturi.

20. The method of claim 19, further comprising:

a flow control valve controliing the material flow rate into the inlet tube; and

the flow control valve communicating with a central processor to adjust the
material flow rate.

21. The method of claim 19, wherein receiving acoustic emissions further
includes disposing a second acoustic emission sensor on the inlet tube.

22. The method of claim 12, wherein receiving acoustic emissions further

includes disposing a second acoustic emission sensor on the venturi.



29. The apparatus of claim28, wherein the interna

bal ancer includes two conpensating wei ghts rotatable
w@e@asnskoan axi s of the internal bal ancer. 30. B¢EZA2005/000006

apparatus of claim?29, wherein the two conpensating

wei ghts are di sposed in an oygr and under

configuration relative to one another. 3 1. The

apparatus of claim 23, wherein the balancer is a ring

bal ancer includi ng conpensating wei ghts. 32. The

apparatus of claim3 1, wherein the ring bal ancer

i ncl udes two conpensating wei ghts rotatable around an

axbg af é%l%réﬂu@%#’@]lﬂ%g n%@eria?‘.aﬁﬁtég@r%c{hfﬁ (rapo‘jsrtgrr% from material,

pul veri zi mat er | extracting nois
erjal, conprising: providing an airflow generator

Comgﬂggéhnunication wWth a venturi; providing an axle

coupled to the airfl ow generator; coupling a bal ancer

toaﬁﬁgegwggc t he bal ancer conpensating for inbal ance
in the axle during rotation; the airfl ow generator
geAdeaturepuRtedio hedilet WP8ugh the venturi and towards
the airflow generator; introducing the naterial into
t han airflowgenesatdptosgdnegateran artaw aad indiuding lantimeut aperture;
venturi to extract noisture and pul verize the :
made aixke coupled Bhiberagflbodyemeratbgi m 33, wherein the
bal ancer is an external bal ancer including

Compabam coyteish 335 Sheom oty laio e st
rotation; and

a housing at least partially encompassing the airflow generator and including an
outlet in communication with the input aperture,

the airflow generator in communication with the venturi to direct the airflow
through the venturi, and toward the input aperture, wherein material introduced into the
airflow passes through the venturi and is subject to pulverization and moisture
extraction.

24. The apparatus of claim 23, further comprising a balancer controller in
communication with the balancer, the balancer controller controlling compensation of
imbalance.

25. The apparatus of claim 24, further comprising a vibration sensor in
communication with the balancer controller and to receive vibrations from the axle
indicative of imbalance.

26. The apparatus of claim 23, wherein the balancer is an external balancer

including compensating weights.



conpensati ng wei ghts rotatable around an axis of the

external bal ancer. 36. The nethod of claim 33, wherein
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conpensating wei ghts and further conprising: providing

an internal bore within the | e; and at | east

partially disposing the internal balancer within the

internal bore. 37. The method of claim 36, wherein the

i nternal bal ancer includes two conpensating wei ghts

rotatable around an axis of the internal balancer. 38.

The nmethod of claim 37, further conprising disposing

conf1 o0 PP EPL ik 2bonbiet LB ey B e Rers two
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39, wherein the ring balancer includes two

coAPenbaEPRgrates ghelaim g8awherein Hievara inghidepansinggmahiore and
ring balancer. 4 1. The nethod of claim 33, further

the kajamedrds ag intevwl Palkegces airleastpastialhodispededevitiin dixg internal bore
i tbal ance. 42. The nethod of claim4 1, further

and awhyding cogpeasatdigngeightgnal s i ndi cative of axle
i tbal ance to a bal ancer controller; andthe bal ancer
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conpensation to offset the inbal ance. 43. The net hod
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conpensati ng wei ghts, and further conprising:

gieﬁ(g'(r)z . g%;pbgﬁaéff@bﬁagﬁ 28! \%éf@fﬂ fhd fid &?mﬁér{sgtiﬂlﬂlweights are
disposed in an over and under configuration relative to one another.

31. The apparatus of claim 23, wherein the balancer is a ring balancer including
compensating weights.

32. The apparatus of claim 31, wherein the ring balancer includes two
compensating weights rotatable around an axis of the ring balancer.

33. A method for pulverizing material and extracting moisture from material,
comprising:

providing an airflow generator in communication with a venturi;

providing an axle coupled to the airflow generator;

coupling a balancer to the axle;

the balancer compensating for imbalance in the axle during rotation;

the airflow generator generating an airflow through the venturi and towards the

airflow generator,;

introducing the material into the airflow; and
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conpensation. 44. The method of claim 33, wherein the

bal ancer includes conpensati wei ghts, and further

conprising: disposing the balancer renpte to the

ai rfl ow generator; and noving the conpensating wei ghts

to wthin the same semcircle as that of a point of

i mbal ance in the airflow generator to thereby provide

bal ance conpensati on.

passing the material throughwthe venturi to extract moisture and pulverize the
material.

34. The method of claim 33, wherein the balancer is an external balancer
including compensating weights.

35. The method of claim 34, wherein the external balancer includes two
compensating weights rotatable around an axis of the external balancer.

36. The method of claim 33, wherein the balancer is an internal balancer
including compensating weights and further comprising:

providing an internal bore within the axle; and

at least partially disposing the internal balancer within the internal bore.

37. The method of claim 36, wherein the internal balancer includes two
compensating weights rotatable around an axis of the internal balancer.

38. The method of claim 37, further comprising disposing the two compensating
weights in an over and under configuration relative to one another.

39. The method of claim 33, wherein the balancer is a ring balancer including
compensating weights.

40 The method of claim 39, wherein the ring balancer includes two
compensating weights rotatable around and axis of the ring balancer.

41. The method of claim 33, further comprising receiving vibrations indicative of
axle imbalance.

42. The method of Aclaim 41, further comprising:

sending signals indicative of axle imbalance to a balancer controller; and
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the balancer controller determining an imbalance and controlling compensation
to offset the imbalance.

43. The method of claim 33, wherein the balancer includes compensating
weights, and further comprising:

disposing the balancer proximate to the airflow generator; and

moving the compensating weights to within an opposing semicircle as that of a
point of imbalance in the airflow generator to thereby provide balance compensation.

44. The method of claim 33, wherein the balancer includes compensating
weights, and further comprising:

disposing the balancer remote to the airflow generator; and

moving the compensating weights to within the same semicircle as that of a point

of imbalance in the airflow generator to thereby provide balance compensation.



