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| 2 4 FEB 2UU5 MI1ling and Drying Apparatus | ncorporating a Cycl one.
Technical Field The present invention relates to m.Iling and drying
apparatus which incorporates a cyclone, and to nethods of operation of
such apparatus. Background of the Invention The use of a cycl gng g 2005
separate, mll, or dry material is known, and various appllcatlon of
cycl ones have been deMlitimiglead! Dnying A(ppamm tfcopparatingarCyclaneeci f i cat | ons.  For
exanple, U S Patent No. 5,236,132 (Row ey) discloses a
conmi nut or/ dehydrator which incorporates a cyclone, as does U S. Patent
No. 4,390,131 (Pickrel). U S. Patent No. 4,743,364 and No., 6,206,202 both
di scl ose cl aeshhigahkiekkbpar ati ng apparatus incorporating a cycl one.
However, the prior art designs in general fail to provide fine control of
processing conditions within the cyclone. This in turn limts the range of
product s whilie pessebkinveotiers saldles dndnillingoand diying apmrajuaiwtich icotpoeatesiaput

product. Fur | f t ponm nut i ng/ dehydrating -
cycl ones &?@FS %W(‘f{? 'BSE"%% Bféé t];soens t% p(par% g]t"nhe I nvention It is an
obj ect of the present invention to provi de apparatus which incorporates a
cycl one and ﬂ! Cr% ia &ggaplvgn!of continuously mlling and/or drying a |large
range of di - h fine control over the particle

si ze/ noi sture content of the out put product. Disclosure of Invention The
present invention p [ ne.co n
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‘apparatus incorporating a cyclone. However, the prior art designs in general fail to

provide fine control of processing conditions within the cyclone. This in turn limits the
range of products which can be processed, and also limits the quality of the oufput

product. ‘Further, most if not all of the known comminuting/dehydrating cyclones
operate only batch processes.

Object of the Invention

It is an object of the present invention to provide apparatus which incorporates a
cyclone and which is capable of continuously milling and/or drying a large range of
different products with fine control over the particle size/moisture content of the output
product.

Disclosure of Invention

The present invention provides a cyclone comprising anvupper cylindrical portion which
opens into the wider end of a lower frustro-conical portion, with the longitudinal axes of
said upper and lower portions aligned;

a primary air inlet into the cyclone arranged such that the ihlet air is substantially
tangential to the circumference of the cyclone;



conpletely shutting off said exhaust outl e%; a secondary air inlet :
associated with the narrow end of the frustro-conical portion and provided
with an air flow stabilising device which is adapted to admt a str of
air substantially along the |ongitudinal axis of the cyclone; r‘iénggﬁorzwﬁ
wi t hdrawi ng processed product fromthe cyclone. Preferably, said air flow
stabilising device is noveable into and out of the narrow end of the
frustro-conic ' : | | Sadt-ustro-conical in
shape and anglﬂr‘??g%‘?éé%g%*ﬁ?’?ﬁéﬂ%@@h@%%@% |$ergi in use; said air
fl ow stabilising device being dinensioned and arranged such that the
narrow end of o Sghfledi Yild sSO0LER! Wity Afabst! SuteRSEL BRDIL bt Rl 60
end of said frustro-conical portion of the cyclone. e nmeans o

Wi t hdr awi ng tmnpfﬁtﬁi)e%mﬁlﬂg)agéaidmamﬁouﬂﬁtannul ar gap at the narrow end of
the frustro-conical portion between the wall of the frustro-conical portion
and the air flow stablising device. However, another possibility is that

means of wi t hasaeendpry girdelesatsgcitesiuiét therraravosndieithe irustie-cogEahRortiogrRndor
rore outlels pekiRd bl BR%iRl sehiishelic Wit EUWUpRA BUdHPA HeaklF air

cyclone. Preferably, yclone further conprises a cylindrical core

nount ed wi t hi $Hhstantighy along dhe lopgitadingl as of therryslPnehe cyclone, with the -

| ongi tudi nal axis of the cylindrical core parallel to, or coincident wth,
t he | ongitudi nal axis of said upper cylindrical portion. The present

i nventi on fur®gaps for yithdewing procagsesiiiodiis) frad the ¥¢ieR8s i ncor porating at

| east one cyclone, as described above, said apparatus further including, a
product inlet_device arranged to supply product to be processed in the

cycl one i nt o Preferablyy said il iQuystabilising idevice iomeveahle nte,and put g AagPy exd,

inlets; an aigf HeFRISroBHMtE pOEBAGMChdsCar bateP WalBuicttis’ frigtfceéoridat irf shdpae
secondary air iplet; air heati r% neans, adapted to heat air gllrj‘fg |ied to,

and/ or air suM @ré%pt?r,iqyrhor%glrw whigh air jg lieghipgiseypaig air fig g evicsy
recycling al lpemg Biidnsidnedfarid¥raiiged Sudlamst 8@ rafom dnidef exidl faRGoldahRAHutdrhe
Fecyol i ng. i nabeipeasestt B8 BRI BG4 U Gr-coriel BPTHG Of FIRPYREHFdi ty and
the tenperature of the air exhausted fromthe cyclone, and a val ve

The means of withdrawing the process product may be an annular gap at the narrow

end of the frustro-conical portion between the wall of the frustro-conical portion and the

air flow stablising device. However, another possibility is that means of withdrawing

processed product are provided in the form of one or more outlets formed in the wall of

the frustro-conical portion of the cyclone.

Preferably, the cyclone further comprises a cylindrical core mounted within the upper
cylindrical portion of the cyclone, with the longitudinal axis of the cylindrical core

parallel to, or coincident with, the longitudinal axis of said upper cylindsical porﬁon.

The present invention further provides milling and drying apparatus incorporating at
least one cyclone, as described above, said apparatus further including;

a product inlet device arranged to supply product to be processed in the cyclone into
the air supplied to either the primary or the secondary air inlets;

an air supply means connected to the primary air inlet and to the secondary air inlet;

air heating means adapted to heat air supplied to, and/or air supplied from, said air



for adjusting the proportion of the exhaus?t air directed to the air supply
nmeans in response to the nonitor readings. Brief Description of the

Drawi ngs By way of exanple only, preferred enbodi ments of the present
invention are described in detail with reference to the a

drawings, in which: Figure 1 is a diagrammtic side view of Z‘pmtﬂﬁﬁ n
accordance with the present invention; Figure 2 is a view of the |ower
portion of Figure 1 on a larger scale; and Figure 3 is a flow diagram
showi ng pref eFYRRYY MeERdds of operation of the apparatus of the present

i nvention. Best Mbde for Carrying Qut the Invention Referring in particul ar
to Figures 1 and. 2, a cyclone 2 conprises an per lindrical portion 3,
the tower endM@angfforwecyslinghalher pait of pﬁ&malp@pcﬁ@uﬁ!ed) rog theryclose diroughthe
portion 4, V\hé%ds%%;erta@ggﬁ aqr%igbrzlngéény th the cylindrical portion and
with the smaller | ower nost l ongi tudi nal axis of the cyclone 2 is
substantially vertical. A cylindrical core 5 is mounted in the top of the

cylindrical pprérérgmy%a.av'rﬁ&@s%wécga tlHE'érgaulat@(bﬁleQEt érlﬂa-enﬁﬂftér for %—a&uaﬁ%
S O

wi th the | ongltudinal axi ion TJoer end of the core
proj ects frontheHurpigiy sndthe t@mqrﬁfarq efheRir exhaisted fgin &he Fyciong; ped @ \wlve
cl osed. The | t S f e
| engt h of whi fgﬁ%?s&gﬂ? 3@? ad? ﬁp&%rﬁgﬁges?%ﬁ%? gng‘?ﬁlg%@dttbgﬁ%%;re §bg’fgﬁe§2$t irh
into the cylfesapnsaio themenier waditgsbe adj usted using any suitable known
neans, (e.g. screw 4 2 4 FEB 2005 adjusters or hydraulic rans (not shown)).
When the cyclone is |n.operat| on, the core 5 physically separates the

rel ativel y hoBrefdgscriptiofhoithe PsawiBas r om t he rel ativel y cool and wet inlet
air and entrained product. In addi t | on, the core 5 acts as a heat

exchanger.- the core is heated by the exhaust gases, and this is
transferred tBY tWay rafl sxameley opiyolPrefamed embodigenisnglithe Jrresem nip¥entiogn areand

radi ation. ThigscAbéd i détsil %ﬁ"réfél‘éhéé tothaRickStpatyingldivings! i Wit nl et air
velocities. The nore the core 5.is |owered down the cylindrical portion 3,

the greater the volume of air and entrained material in the area between
the top of thEgwer{ii9n diagisminBlic side view of apparatus in accordance with the present

invention;

Figure 2 is a view of the lower portion of Figure 1 on a larger scale; and

Figure 3 is a flow diagram showing preferred methods of operation of the apparatus of
the present invention.

Best Mode for Camrying Out the Invention

Refernring in particular to Figures 1 and 2, a cyclone 2 comprises an upper cylindrical
portion 3, the lower end 3a of which opens into the upper end of a frustro-conical
portion 4, which is arranged coaxially with the cylindrical portion and with the smaller
end lowermost. The longitudinal axis of the cyclone 2 is substantially vertical.

A cylindrical core 5 is mounted in the top of the cylindrical portion 3, with the
longitudinal axis of the core 5 coaxial with the longitudinal axis of the portion 3. The
upper end of the core 5 projects from the top of the cylindrical portion 3, which is
otherwise closed. The lower end of the core 5 is formed with a flared portion 6, the
length of which is adjustable. The distance by which the core 5 projects into the
cylindrical portion 3 can be adjusted using any éu'rtable known means, (e.g. screw



flange 6. This gives an increase in dmell4tine whi ch can be useful for
ensuring conplete processing, especially when the inlet air through t he
duct 10 has a relatively |low velocity and/or when very fine EEBa are
bei ng processed. The above described retention effect is in H&
enlarging the outer dianmeter of the flange 6. A conical valve 7 is nDunted
at the top end of the cylindrical core 5 and can be raised or lowered in

the directi Onﬁﬂieleg!rSr ﬁl%rﬁri?rérﬁ%t(ﬁcﬁlslhﬁw co_rrpl etely close off the top of

the core 5. nor e e top o e cor 5 is closed off, the greater the
backpressure in the cyclone and in particular, the greater the pressure I n

the Tner vorin 15 cydiHeb IRGbELISRTHE bR prlaallPRureitiedtnd Aeutal) htlbhoal

core 5 opens into an ‘exhaust duct Cg
to at nospher eem%gawnﬁi@@t@é relativaly ¢ael and g¥etdnlst sineanchentraine prodaet rrbr e

particularly *&r‘éﬂc&retﬁ Sé%’ﬁ@?tt&mﬁ?%re the &8 RUidatdd Y tﬁehéd]téhﬁv‘er

9 is connecte to an alr oensrntothe side wal
t he cyl i ndri @gasespend tmmlSStl’anﬁﬁTE@ﬁem thetvelativgly éPOlt'hl&i ajs d gonductipReceavertipar y

side of a pr i Oi@%ﬁ.t THE%EE i %Eﬂ%ﬁlyyggéf?e& £t%1%h%|¥ Hvinied 'éer/elt?)QiPesThe

device 11 may any suita nown e. otary valve tor
solids or an injection nozzle for Irqurds) and is in comrunication with a

source of theryy .%Elré%ﬁt&ré% ﬁEH\ﬁfxﬁa%% 'the S{e;'l\ﬁ;'\ld@éél {ﬁ‘ﬁbsn §Uﬁ;u@ g’i’é‘a C}ﬁ@%@lume

hopper (not shown in Figure E uct to be
processed f| ekt and egiained matema,l in §1eew1eaaheﬁeeen fhe tap o theeawtl@r 3aand the

passing thr Og&Rgéff aﬂ{ls 'g'U tadlHedredle m’i@ gll S MRch Eéﬁ’ ﬂehﬁﬂéfﬂpfﬁf eR&drin

t he cycl one entral ned com n% e cycl one ?rom

the duct 10 |c'§rrmimemr@@ssmg, asn@ellymnéberwrammt@ tfbﬁg’e'ﬁﬂ%hﬁ‘%/a felativalks
circunt e encod déh?&tg%ihd/ﬂf”\d/ﬁbﬂ vBRY i rherrngtensr@dare%eﬁera kg © Chﬂeeamet he

top of the cy portion 3 as possi uct has
maxi mum dwel |de§pmﬁ,ed/ﬁetemﬂﬁn effactdy inceprsed by @aldrging the eufer e@metﬁr@f m?rﬂeneﬁ $. and
entrained product initially follow a spiral path around the inner walls of

t he .cyclone, as _indicated by arrows C, spiraling_around the cycl one down
towar ds t he HafPniGRl¥alyedtis mwteqi a&thedoeenri ehiheryfindrigal gorethaad ¢35y hesraised

relatively higglowdred iR ci.relz:ﬁ&n ¥PAr6Ws Atb pailly of &ﬁnﬂ@{élfcl%e bif e bPME-
Adj acent the narrow end of the frustro-conical paortion 4, a
core 5. The more the top of the core 5 is closed off, the greater the backpressure in
the cyclone and in particular, the greater the pressure in the inner vorlex, as

hereinafter described.

The top end of the cylindrical core 5 opens into an exhaust duct 8, the other end of
which may be vented to atmosphere and/or connected to the inlet of a blower or fan 9,
as more particularly described with reference to Figure 3. The outlet of the blower 9 is
connected to an air inlet duct 10 which opens into the side wall of the cylindrical
portion 3, adjacent the top of that portion.

The delivery side of a product inlet device 11 opens into the air inlet duct 10. The
device 11 may be of any suitable known type, (e.g. a rotary valve for solids or an
injection nozzle for liquids) and is in communication with a source of the product to be
processed in the cyclone, such as a feed hopper (not shown in Figure 1). When the
device 11 is open, product to be processed flows through the valve, is entrained in the
stream of air passing through the air inlet duct 10, and is swept into the upper part of
the cyclone 2.

The air and entrained product coming into the cyclone from the duct 10 is admitied



reverse spiral flow fornms a second vortexs(as i ndicated by arrows. D) which
extends from poi nt adjacent the |ower end of the cyclone to th t F\EH SMU?J-
cyclone, approximtely along the |ongitudinal axis of the cyclo

pattern of airflow within the cyclone produces a relatively stabl e pattern
of velocity and pressure variations across the width of the cyclone, i.e.
in a substantially horizontal plane. The air velocity varies inversely

with the air gbgn%%’ﬁﬁelgj tantfehtialyCto Wrcﬁ'ﬁurﬂt??&éeh%? tﬁg'ecyﬁrﬁ}n‘égﬂ P@IlflE)P 3, and

vel ocities an ressuré at ~any given point depend upon “the al
vel ocity and preferablycasislpse e thi tapnefitbe sylstdricakpariion Sras, p@alblann@éhatrpeoduct

cyclone {5 | DhaDS! ALk el o e QhiBhé. R ibSae PBldcpliethe 4P SHF

i's a consi st ent OI’I zont a attern of a Iow velocl ressure zone
i medi at el y aéisaioed product m}ttﬂllbﬁdlomm spiral patnanoqed éheelanejfwal ¢of ther eiicloprasex,

whi ch is hi gh; n\ﬁf‘éa?é?ir \I)‘ by s ég%{] @ﬁﬁ@aﬂma'w{e c?&bﬁ% rtﬁuarH?% rHv@Qﬁd bt on

zone between t and se ortices alr velocit

gradual | 'y dr ot frusimesanieg! pertion Th@fQW@m@e‘ymW@ﬁSWﬁﬁfﬁWQ)@QI&C@B"S
and then i ncrﬁﬁsﬁﬁlls( SEURS Sffbrien AliE&SH: R halrBWa ofttﬂﬁ g@x?ﬁ@—coﬂ{:]altﬂaﬁloﬁ%%”d

vortex, with the pressure varying HVer se y to the ve ent rai'ned
product does Feyerseospiralflow formpeehsenond abriax damindicated: by Iafmws -D)twidch extends

particles of h5& BLAFUGLIRAGE AR ERFbrOIRETyADR UBOHe! i) WRIthe Glichie

cyclone; this t of comm nuti n% ng the product,

the mai n conm@proxinptelyfatang the longiedipalexiscaf thePYrlons: ocessed i s noncel | ul ar .
However, if the product is cellular, (e.g. fruit, vegetables, cereals,

cl ays) then the main comm nut i ngim 1 ng effect is caused b t he novenent

of the producthis@eitesnot aidlow whimthe dyelang Peediigee ajralativalystableqattenye velocity
above: - as thg,eelbidiRe Pafdibhd rddaY thd Rnﬁu’fha?#'tﬁ&‘ o%l@ﬁéuf & W Qasﬁﬁ%tﬁhélﬁfwer

pressure area, the materl on the outside o particle tends to spal
under the prek¥izostal mlaﬂ%raﬁrpu 3y velpgityt Maries @wmﬁ}e{twhélamﬁmmuraa trwill e

particles evapgratised bt ﬁ'lbbc‘ﬁfal bif GeloBries bR %ré&ﬁ@aﬂ&yagn}éhg?dint Béﬁérﬂh;%n

zone; this evaporation nmay be sufficiently rapid to
particle. As theeaipiyet W'@@%‘F%Rr%é‘o‘ﬁ anghihe dimengionp f tth% c¥clang: fba&@n%the

exposed, and &ichedb |ﬁ%@?é%i0f1%ﬂ|thé %b&&nfdf@rhﬂ‘ﬁw %Véﬁ%lﬁhéd)ﬂher@ i a%ohéistet005
The final particle size of the product depends upon the inlet velocity of

the air into RaEontd Ratieen thﬁ IG\MEVQ"O@'WHEQrb‘Prqsﬁ\érepF@'éﬁld@"ieﬁ‘aﬁbé adipceainthe
and the nat urgcRinet ReallB! aflEft the area of the first vortex, which is high velocity and

correspondingly low pressure, then a transition zone between the first and second
vortices, in which the air velocity gradually drops, reaching zero at the interface
between the two vortices, and then increases (reversed in direction) towards the core
of the second vortex, with the pressure varying inversely to the velocity.

The entrained product does not move in a smooth spiral around the cyclone:- the
particles of the product impact upon each other and upon the walls of the cyclone; this
has the effect of comminuting/milling the product, and is the main comminuting effect if
the product being processed is noncellular. However, if the product is cellular, (e.g.
fruit, vegetables, cereals, clays) then the main comminuting/milling effect is caused by
the movement of the product between the high and low pressure in areas described
above:- as the cellular particles move from a high pressure area to a lower pressure
area, the material on the ouiside of the particle tends to spall under the pressure
differential. Further, any water contained in the particles evaporates. rapidly as the
particle moves to a lower pressure zone; this evaporation may be sufficiently rapid to
"explode” the ﬁarticle. As the particles break down, more of the parficle surface is
exposed, and this of course facilitates further evaporation.



Itself:- obviously, sone products are rmrg brittle than others and fracture

nore readily wunder inpact. The product is dried by tunbling |214t FEB& 2[]05
stream causi ng evaporation both of surface nvoisture and of noisture
contained within the product, as described above. The rate of drying is
governed by the air tenperature and humdity and by the rate at which the
product is conm nuted:- a product which breaks up rapidly into snall
particles is dried nore rapidly, since the drying air can contact the
greater surface area of the product. Although hot air obviously will dry
nmor e ef f ecti véhg finabpartide|size clithe ptqgiucbdmnds iupgn B inlet veloagity qf theaicindo the i s

advant ageous r r
preferably no& &ﬁééeﬁh% @é@%ﬁﬂé ?rggtlclt lﬁﬁ?(ﬁ ngﬁ&% ﬁg‘alth \g‘taﬁg? rO?t en%'learhgt ure
is typically lrtselfth@bwaugle. mepraéu@eme groslrittie nap@ithers asd Fecrargosireadily

product pl us M@I ? ¥ short dwell time in the cyclone (typically 0.1
second for atlve y dry product wup to about three or four seconds for

very wet product) hel ps to keep the heating of the product to a mninmm -

typically, hﬂ'\&é}&dutcf' gatbyrt&nﬂ |heih859%hl§£m' &Lﬁp\p"gvag at&'?ﬁﬁth%'f@&?ace

Tenperature sens mar ke meas enper at ur e he
fol | owi ng pl aweistura)andodf m@lyturedr)ont@')led withingthe ipredsict, @b delserilisidoatiove.9 The rliaiﬁhe

duct. 10 at t t 8
at the base of THE0s Spunteq B IR Gl tehiiratire SAHAR B0} TR B it e
edge 6 of corwoaucﬂlsnsommwﬁé:t mmowcttwmcie&n@a&sup wpidiyiatesapl partidesisgiied
than the inl ghofl GptHTRGHRUHE Brying air can contact the greater surface area of the product.

A!though hot air obviously will dry more effectively than cooler air, for a majority of
organic products it is advantageous to keep the temperature of the product as low as
possible, preferably no higher than 50° Centigrade. Although the inlet air temperature
is typically in the range 70 — 85° Centigrade, evaporative cooling of the product plus
the \/ery short dwell time in the cyclone (typically 0.1 second for relatively dry product
up to about three or four seconds for very wet product) helps to keep the heating of the
product to a minimum:- typically, the exit temperature of the product is about 35°
Centigrade. Temperature sensors marked by * in Figure. 1 measure the temperature

at the following places:

a) inlet of the blower 9

b) in the duct.10

c) at the start of the exhaust duct 8
d) midway along the exhaust duct 8

e) at the base of the cyclone
) at the mld-pomt of the cyclone
g) . at the lower edge 6 of core 5.

The temperature of the exhaust air generally is higher than the inlet air temperature;
due to the use of the cylindrical core S as a heat exchanger, this temperature |
differential is used to heat the inlet air, resulting in a high efficiency operation. It is
believed that a possible explanation for the heating of the exhaust air is that water
vapour evaporated from the product may be moved to the higher pressure areas of the
cyclone due to the water vapour actwnty gradlent Effectively, such water vapour may



due to the use of the cylindrical core 5 a75 a heat exchanger, this
tenperature differential is used to heat the inlet air, result} ﬁgFEB 32[][]5
hi gh efficiency operation. It is believed that a possi bl e expl anation for
the heating of the exhaust air is that water vapour evaporated fromthe
product may be noved to the higher pressure areas of the cyclone due to
the water vapour activity gradient. Effectively, such water vapour may 7 2
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(provided for exa Rust™a
vapour will dnmﬁlmpertlcl%lleébe ﬁ@austsalr)e&!p waternyapoat wWihcandease, m@la@%ng ﬁ%heat

sur roundi ng_ alapokdgchQRfiEn HESRAL Surbifr e IRCBAN ol B M okl

occur inside th ndric vent 1 onal gns o one,
t he p03|t|onmecaMMwbwﬁdmﬁw@n%ﬁetmkﬂmn¢gahama5second vortices, and t he
| evel in the cyclone at which the airflow fromthe first vortex reverses
to formthe second vortex, tend to vary substantially during the period of
operati on of Intcheventisinghdesignhel cpyabn@r%g pokitign in thevevielone of the first ard gegaad

dth '
and the vort I"E’f%tegr ?gﬁ%ﬁ)‘e@@ﬂifﬁqé {,}%lcfneaa\fw ﬁ?ﬁh@%ﬁ%‘l&dv%% thE A Bftex feverdebe

‘cyclone to ope onsi st ent I's inportant that the
vortices are tadorsm #g secondomsiexpiead te VW@ubﬁfenﬁallypfbgmg itom pgdarkpiraperaiion of

level s at whiggh paphis! g% @en%eepé.r me&eﬂf b ﬁé&‘%tgﬂéeéclﬁi ihe%rﬁdég réééss

stream and also’the size © article which 1s deposit Furt her | t he
second vort @oHbfeeir tay@rageoa@sﬂﬂqsmt h&lowaver, der ﬁhﬁecwém%rt@ operate feliahivh @nd o rre

of the pr oce%ﬁgstém?e&' 8!kl H36 HReGdERPAR OISR pRRbIldHS i

into the exhaust sys wast es processed naterial and al so

cont am nat es ppﬁ@oewems hadeavels @ttwh*féfsp%“é@ﬁs aresdenpsitedion fhe CMCionPsw'ﬁwdysﬂlm e

to stabilise aﬁrhﬁré/éiﬁt bAE IR theNdizL B phfidic Awhisie $P BERSsitel! Girfher, af thel Sdcdnd he
| oner end of the cyclone, using an airflow stabilising device 13 (which is

shown on an é’ﬁﬁ%@'&%’%é&?é"qsﬁ thervealgf the cyelane, 'he%t@!@ﬁlﬂ%m? of ther RISAFSSEd ai r

into the | owghiateRsl whick *h%s(b\ééh Q!@E@Slt@ﬂQﬁ'éfetQ‘ﬂj H%&' it it B extalist YbtebleThis
cyclone. This secondarg I r stream may sanme vel ocity and pressure

at
as the pri m¥fapies prose afﬁﬁ?ltalné@'Wﬁ?@'ﬁ“@tﬁéﬁﬁ?’@'{auﬂftﬁseiﬂ or may be at
a different velocity/pressure. The airflow stabilising device 13 has a
partly frustro coni cal ,exterior 14 and a_ cent r%h cylindrjcal bore, 15.

The
| ongi t udi nal "akas been; fiacysred that “s'saf?qsaﬁt?@dt% "'F‘Fléh‘? yREices v roducing a

secondary flow of air into the lower end of the cyclone, using an airflow stabilising
device 13 (which is shown on an enlarged scale in Figure 2) to admit a secondary
stream of air into the lower end of the cyclone, along the longitudinal axis of the
cyclone. This secondary air stream may be at the same velocity and pressure as the
primary air stream admitted through thé inlet duct 10, or may be at a different
velocity/pressure.

The airflow stabilising device 13 has a partly frustro-conical exterior 14 and a central
- cylindrical bore 15. The longitudinal axis of the bore 15 is aligned with the longitudinal

axis of the cyclone 2. In an alternative construction shown in broken lines in Figure 2,

the bore 15 may be flared to produce a Venturi effect. The exterior 14 and the bore 15

can be advanced into or withdrawn from the end of the cyclone as indicated by arrows

E, either together or independently of each other. An annular gap X is formed
- between the exterior wall of the frustro-conical portion 14 of the device 13 and the

lower end of the cyclone. The size of the gap X may be varied by moving the device
- 13 towards or away from the cyclone.

The aobject of the airflow stabilising device 13 is to stabilise the vortices, particularly the
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adjustable:- the more the bore 15 is advanced into the base of the cyclone, the more

the lower end of the second vortex is raised, and the larger the dead zone 30. Since
the particles in the dead zone eventually will pass out of the gap X, this means that the
particle size of the processed material is increased by advancing the bore into the
base of the cyclone. Conversely, the more the bore 15 is withdrawn towards the
position of Figure 1,_ the smaller the dead zone 30, and therefore the smaller the
particle size of the particles passing through the gap X.

The airflow stabilising device can be moved relative to the base of the cyclone during a
processing run, but in general would be set up for recovery of a particular particle size
at the start of a run.

Advancing the frustro-conical portion 14 of the device 13 further into the end of the
cyclone will reduce the size of the annular gap X and thus slow the flow of product
from the cyclone; withdrawing the frustro-conical portion 14 will increase the rate of
- flow of product from the cyclone. In operation, product tends to leave the annular gap
X in spurts or batches due to the natural pulsing action of the cyclone. The size of the



position of Figure 1, the smaller the deaa9 zone 30, and therefpore EZ
smaller the particle size of the particles passing through tﬁg4ggg . UH%&
airflow stabilising device can be noved relative to the base of the cyclone
during a processing run, but in general would be set up for recovery of a
particular particle size at the start of a run. Advancing the
frustro-conical portion 14 of the device 13 further into the end of the
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increase the rate of flow of product fromthe cyclone. In operation,
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this airflow iPRAiGesfi ci ently low that the re-entrainnent effect is not
significant in practice. For the apparat us to be used to maxi num

efficiency, and to enable a | arge variet roducts to ‘processe
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fol  owi ng var ppdtluess ﬁﬁb@r;ﬁb@éséed Jund“éhe:pﬁﬁhﬁcb@nﬂ.wnst hes aidcedsaly @b emleito
the top of the ¢ clon t hr ou @ inlet duct 10. 2. The volunme of the air
i ntroduced at °PH 't'&‘p Pwtnﬁég‘E‘? POARECYAEGgh air inlet duct 10. Itens 1
and 2 are controlled by controllrng the speed of the bl ower 9 3 The air

pressure wt h cl o Thl contr ol of
the bl ower rﬁ@d’ﬁﬁ/ %0 ‘PPré’g Jciepe hrgvg @&5&’)‘3%

whi ch control s the back pressure in the cyclone, and the pressure of the
air admtted o) stabilis device, 13. 4. .The hupgidity
of "the air 1 nerdnacRimitpHigRrHdutpazt feh SEhe sToREtctian s eEaty Ty
i ntroduced t httemngh ar’mezararédrmwned b contsolling tHe speeri dfdhe bloaes94 and 5 may be
controll ed together or independently by nmonitoring the humdity of the

exhaust air expelled through duct 8 and adjusting the m x of exhaust
ai r| at nospher Bc The air pressure within the cyclone. This is controlled by control of the speed of the

blower 9 in combination with the adjustment of the conical valve 7, which controls the
back pressure in the cyclone, and the pressure of the air admitted into the cyclone by
the stabiliser device 13.

4. The humidity of the air introduced through air inlet duct 10.

5. The humidity of the air infroduced through the airflow stabilising device 13. ltems 4
and 5 may be controlled together or independently by monitoring the humidity of the
exhaust air expelled through duct 8 and adjusting the mix of exhaust air/atmospheric
air supplied through the inlet duct 10 and to the stabiliser device 13 to achieve the
required humidity.

6. The temperature at which drying takes place, i.e. the temperature inside the
cyclone. This is controlled by adjusting the temperature of the air supplied through the
inlet duct 10 and to the stabiliser device 13 and by providing the cyclone with more or
less insulation, as required.

7. The moisture content and particle size of the final product. This is controlled by
varying the input rate of the material to be processed through the device 11 in




air supplied through the inlet duct 10 anlPto the stabiliser device 13 to
achieve the required humdity. 6. The tenperature at which ‘.dryiﬁd %32005
place, i.e. the tenperature inside the cyclone. This is controlled by
adjusting the tenperature of the air supplied through the inlet duct 10
and to the stabiliser device 13 and by providing the cyclone with nore or

| ess insulation, as required. 7. The noisture content and partible size- of
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devi ce 13, and the adj ustnent t he

contr ol conecﬂlndélpa'tmf@on% the | ower edge 3a of the «cylindrical portion 3.
In general, for given operating conditions, there is a fixed rel ationship
bet ween the particle size of the product after processing and its noisture
content. Howbveenerl, far diegheneratisias eenditionenthern is 8 fixed, uelag@t%mpt beiween, the

change in thsar@aeret &igd %f%h@ §rodhet §ftéi‘315io§t-§'sSI CéHdﬁY@ﬂmi&Yur@'déﬁté?ﬂ fRWeVd® a

coni cal val ve to reduce the anount of air vente exhaust. Figure 3
shows how t helgangIsiérsecmrﬁ@a i§ sRauied witheuba change I thePartice seadbistsap b

achi eve opti gy Bl iciosh damﬂw@smw%wemﬂy%ucéthénfaidouhfeoieapo&ﬁé@t@d
that any of the con roII | e factors may be manually controlled or nmay be

centrally co®ftausk- controlled. Referring to Fi gure 3, the humdity of the
exhaust air leaving the cyclone 2 through duct 8 is neasured by a nonitor
20 which controls a mxer valve 21. The m xer valve 21 directs a

proportion ofigufR3shewsshovsithe abqueesescgbead factnrs san heeantglied indeendently tof
the bl ower Sciigved Bpfimbinn@sdids fhizh ép%ciﬁ@d‘ﬁﬁﬁﬁt@fj ft Qilpbé idppRicialritHal afly 5t

col l ector 24 and opt lonally to a heat exc %@ . A second filter and/or
dust col | ecthe ¢emtolia Worﬁﬂgﬂyb@edﬂ?ﬂ‘r@&’éﬂn ie\‘iie%rn”laMé)ev&PW@ lp coRRYiahe

bl ower 9; hoysmusilledt his is not always necessary. Dependi ng upon the
desired humdity of the air in the cyclone, the valve 21 adjusts the
proportion of the exhaust air which is directed to the inlet of the blower

9 Referring to Figure 3, the humidity of the exhaust air leaving the cyclone 2 through
duct 8 is measured by a monitor 20 which controls a mixer valve 21. The mixer valve
21 directs a proportion of the exhaust air either to a line 22 leading to the inlet of the
blower 9 or to a line 23 which is connected to a filter and/or dust collector 24 and
optionally to a heat exchanger 25. A second filter and/or dust collector (not shown)
may be connected between the valve 21 and the blower 9; however, this is not always
necessary. Depending upon the deéired humidity of the air in the cyclone, the valve
21 adjusts the proportion of the exhaust air which is directed to the inlet of the blower 9
or vented to atmosphere via the filter 24 and heat exchanger 25.

Heat from the heat exchanger 25 can be supplied to either or both of the air heaters

26, 27 which can be used to heat respectively the inlet air supplied by the blower 9 to
- the inlet duct 10 and the air supplied by the blower 9 to the airflow stabilising device

13.

Sensors (not shown) inside the cyclone 2 record the pressure and humidity in the

operating zones of the cyclone.

The blower 9 has separate outputs for the inlet duct 10 and the control cone 13, to
allow air to be supplied at different temperatures and velocities if necessary. However,
for many products, air is supplied at the same velocity and pressure to both the inlet



or vented to atnosphere via the filter 2111and heat exchanger 25. Heat_from
the heat exchanger 25 can be supplied to either or both of the: aQrMEEaBeQQ%
26, 27 which can be used to heat respectively the inlet air supplied by the
blower 9 to the inlet duct 10 and the air supplied by the blower 9 to the
airflow stabilising device 13. Sensors (not shown) inside the cyclone 2
record the pressure and humdity in the operating zones of the cyclone.
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cone 13, to allow air to be sup ed at different tenperatures and
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and the stab|I|S|ng device 13, in case the bl ower nmay be connected to
a single heater which supplies both the duct 10 and the device 13.
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settings for the product to be processed, and a suitable tenperature for
the cyclone g é'tr igjselacteds; haged on, dala Acquisy FamaPravigus PERFOEHBIN P IpF JiRd

processing rgpsdfcer that product. Initially, the blower 9 is started to
duct air to the inlet duct 10 and to the airflow stabilising device 13; if
necessary, one or both streans of air are heated using the air heaters 26

and/or 27, olniidlgy, IRatewale iVeeirtdd & WaBPSr ab Uhe iINBNHLE F0 laRgitd &thé Riflow
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processed prgapioy, theaied idie i yedduaky fifuréasgd to the normal processing rate for that
product.

The product being processed is swept into the cyclone by the stream of the air through
the inlet duct 10, and travels in a substantially spiral path around the interior of the
cyclone, as described above. The fully processed product leaves the cyclone through
the gap X.

The drawings illustrate a single pass through a single cyclone only, but it will be
appreciated that multiple passes can be made through a single cyclone, simply by
returning the processed products from collection point 28 to product supply 2S.
~Alternatively, two or more cyclones (of the same or different specification) may be

used in series and/or in parallel.
The above described apparatus may be varied in a number of ways:-
1. The inlet air duct 10 may enter the cyclone at a point lower down the wall of the

cyclone; the lower the point of entry, the shorter the dwell time of the product in the
cyclone.



the gap X. The drawings illustrate a si ng17e pass through a si ngle cl one
only, but it will be appreciated that nultiple passes can be KEBOQ@%
a single eyclone, sinply by returning the processed products from
collection point 28 to product supply 29. Alternatively, two or nore

cycl ones (of the sane or different specification) may be used in series
and/or in parallel. The above descri bed apparatus may be varied in a nunber

of ways: 1. 4 hel'hbrlhﬁei ofttie gﬁﬁusﬂ@u&%’aﬁ@ﬂ@aésﬁ&aféﬂ%&@% &n Be Bl frohP R
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the longitudinal axis of the cyclone; the Tongitudi nal axis of the duct 8
and core 5 may be parallel to, but horizontally offset from the
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into the cyclone entrained in the air stream entering through the airflow
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through the jnlet duct 10, but product is not fed into their air stream

t hrough t he tBEOR dhe infet qyjgt 19, tﬁ%@ﬁ?ﬁ”&h'sélﬂjfe\sddﬂf@ﬁhe'ﬂéw stream {rough Bigrfevice
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is particularly suit for the processing of small experinmental anmounts
of product. preﬂ%a%mqﬂﬁ\@ge ﬁae cycl one may be cl osed apart fromthe
device 13. In this case, rather than processed product | eaving the cycl one
t hr ough the_lg}ag the product is wthdrawn fromthe cglcl one thro h one
or nore outl thad srrRRisularly; shilgblerfor fe RIFessing of sealf expefimsD ﬁ

portion 4 adjf@ﬁﬁnubtthe bottom of the cyclone. 5. The wall of the
frustro-conical portion 4 nmay be provided with a series of product

wi t hdrawal ports spaced vertically down the |l ength of the portion, so that

particles meay ThebbaomVEthe cotlohd enasHisd aﬁﬁaﬁé;a%ﬂﬂomfmé de0icedBi an tigé case

di fferent par es sizes. The di nsi ons an ropor ns of the c
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withdrawn from the cyclone through one or more outlets (not shown) formed in the wall
of the frustro-conical portion 4 adjacent the bottom of the cyclone.

5. The wall of the frustro-conical portion 4 may be provided with a series of product
withdrawal ports spaced vertically down the length of the portion, so that particles may
be removed from the cyclone at any of a selection of different particles sizes.

The dimensions and proportions of the cyclone and other apparatus may be varied
widely, to suit the type and volume of product to be processed. Typical dimensions of
a cyclone to be used for processing foodstuffs and other organic materials, including
sawdust, at a rate in the range 50 - 400 kilograms of water evaporated per hour are
as follows:-

Height of the cylindrical portion 3- 1.5 m

Height of the frustro-conical portion 4 - 1.75 m

Diameter of the cylindrical portion 3-1.1m

Diameter of the lower end of the frustro-conical portion 4 - 80 mm

Total volume of cyclone - 2 cubic metres

Ratio of the volume of the cylindrical portion 3 to the frustro-conical portlon 4-25:1.
Included angle at base of frustro-conical portion 4 - in the range 28° to 40°, preferably



widely, to suit the type and vol une of prl)%luct to be processed. Typi cal ,
di nensions of a cyclone to be used for processing foodstuffs ar?d(loFggr 2005
organic materials, including sawdust, at a rate in the range 50 -. 400

ki | ograns of water evaporated per hour are as follows: Height of the
cylindrical portion 3 -1.5 m Height of the frustro-conical portion 4 -1.75
m Dianeter of the cylindrical portion 3 - 1.1 mDi aneter of the | ower end
of the frustr®&%onical portion 4 - 80 mm Total volune of cyclone - 2 cubic

metres Ratio Qf.the_volune . cylipdric rtion 3 to the
frustro-coni C@{xdtbOoﬁtaPBHlaaggﬁg_lrg?h%ra %@Fﬂ égl‘agﬁﬁ1 e at base of

frustro- coni cRilanpeiet ofdhedore 15+ % Aenmange 28 to 40, preferably 13 2 4 FEB
2005 34. Wdth of . int ge 5 mm- 15 mMm D aneter of
the bore 15 %@ﬂ}ft@rﬁ&&%%{@ﬁ@%@{eﬂ%%@ f‘ﬁlglri cal core 5 - 460 mm The
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of the di a”eciiﬁﬁea%rotf%?eg ih&r“ir&%lieh&gbngprtl on 3. The operating conditions for

a cycl one of e ove d Imensi ons would of course vary with the
product to be processed, but typically would be as follows: Velocity of

i nlet airthrﬁHQ rQu e bid i si i . 1 .Re
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product or teoursewaryovith thheradutidpiberprodesshe, my tipwaty whbiolddears, folldves:-
preferred velocity range for nost product is 65 - 85m per second. Pressure

of the inlet air - up to 1.8 bars above at nospheric pressure.. Tenperature
of the inlet \&locity phindéteair tmoughaduyit it and oouginthegstabitising ldevie® 33z 35m per
descri bed appar s n i A i
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Pressure of the inlet air - up to 1.8 bars above atmospheric pressure.

Temperature of the inlet air - in the range ambient — 80° Centigrade. -

The above described apparatus has been found suitable for processing a very large
range of materials, including the following:- marine products such as shellfish meat
and shellfish shells, fish waste, fish and seaweed; 4

Cereal products such as wheat, maize, barley, brewers spent grain, stillage, gluten
and flour;

vegetables and herbs;

fruit and nuts;

‘wastes and nonbiological materials such as sawdust, newsprint, straws, bark, coal,

concrete, feldspar, glass, clay and stone;
animal products such as antlers, antler velvet, bone, bone marrow, cartilage and eggs.

Liquid or semi liquid products such as egg white or gluten also can be processed
successfully.



and flour, vegetables and herbs; fruit % nuts; wastes and nonbiol o ical
materials such as sawdust, newsprint, straws, bark, coal, coane4 EFE 2005
feldspar, glass, day and stone; animal products such as antlers, antler

vel vet, bone, bone nmarrow, cartilage and eggs. Liquid or sem liquid
products such as egg white or gluten also can be processed successfully.
14 2 4 FEB 2005 Exanpl es of processing conditions for specific products:

Exanple | - pre-blanched Swede. Initial noisture content - 89% Fi nal
noi sture coptent. of .powder. - 8%..Fe rate int /cl one - 62 kg per hour
P ocessed. pEHTRES B ORERT P SO BIo Ree PR BHES 0'S kg per hour

Tenperature of air supplied to duct 10 and device 13 - 75 Centi grade

Vel ocity of rE_air E pl i 53 %:g% 0 and device 13 - 95m per second Air
vol ume supp o reﬁ 2 dje‘ce 13 - 2.360 cubic retres per second
Exampl e 2 - seaweed (Macrocystis sp.) Initial noisture content - 86

percent Fipal noisture cont - 8.2% Feed rate into cyclone - 5.83kg per
m nute. Pr o@?égt?'%?r a‘f?@fenrtegg%’ered fromcyclone - 0.816kg per m nute.

Wat er evapoFingEshoistire @bniegt pfpowdenu8%. Tenperature of air supplied to duct
10 and devige. - . ‘ ti locity of air supplied to duct 10 and
device 13 _ﬁ%@ﬁ%}nﬁggzﬁ% %?86%%‘%5 supplied to duct 10 - 2.36 cubic
netres per_Emeasbd {epodugti (poBder) smonelerst fiiom ¢yickinerad.§kgiper bowt ent - 55
percent  Tipal, mRkGE Y Sir $8P5RA% dudfidPfL& e 13 — 75° Centigrade

Velocity of air supplied to duct 10 and device 13 - 95m per second
Air volume supplied to duct 10 and device 13 - 2.360 cubic metres per second

Example 2 - seaweed (Macrocystis sp.)

Initial moisture content - 86 percent.

Final moisture content - 8.2%.

Feed rate into cyclone - 5.83kg per minute.

Processed product recovered from cyclone - 0.816kg per minute.
Water evaporated - 5.01kg per minute. '

Temperature of air supplied to duct 10 and device 13 — 85° Centigrade.
Velocity of air supplied to duct 10 and device 13 - 85m per secbnd .

Air volume supplied to duct 10 - 2.36 cubic metres per second.

Example 3 - sawdust

initial moisture content - 55 percent

final moisture content - 16 percent

feed rate into cyclone - 7.3 kg per minute

processed product recovered from cyclone - 3.79kg per minute

water evaporated - 3.5kg per minute .
temperature of air supplied to duct 10 and device 13 — 70° Centigrade

Velocity of air supplied to duct 10 and device 13 - 95m per second
air volume supplied to duct 10 - 2.36 cubic metres per second.



feed rate into cyclone - 7.3 kg per ninutasprocessed pr oduct recoye&eFEBr?UD5
cyclone - 3.79kg per mnute water evaporated - 3.5kg per mnute
tenperature of air supplied to duct 10 and device 13 - 70 Centi grade

Vel ocity of air supplied to duct 10 and device 13 - 95m per second air
vol ume supplied to duct 10 - 2.36 cubic netres per second. 15 Clains 1. A
cycl one conprising: 2 4 FEB 2005 an upper cylindrical portion which opens
into the w degfopmd of a lower frustro- conical portion, with the

| ongi t udi nal "axes of said upper and |lower portions aligned; a primary air
inlet into the cyclone arranged such that the inlet air is substantially
t angenti al tq.the‘&k% Hﬂgeéﬁﬁﬁﬁmff t he cycl one; an exhaust outlet at or
adj acent the top of e cylinhdritcal portion; a control valve associ ated

wi th said exhaust outlet and capable of partially or conpletely shutting

of f said exhaust oy |,gher liﬁ%%‘répgéﬁibﬁn%fﬁcﬂ Spéis iﬁt%stﬁﬁivﬁ&é?%nﬁ'idfﬁ f(i))\%@r RadtfPW

end of the frustro-conical ‘tion and provided wth an air .
stabi | i si ng devi cecopifiad portion, adhpihedongitudingliaxes of tsaichHpRsr aid lower portions
substantial |y al ongighbg | ongitudi nal axis of the cyclone; neans for

wi t hdrawi ng processéd product fromthe cyclone. 2. The cyclone as clained
inclaiml, wherein said air flow stabilising device is arranged to be

movabl e into and Qitprdary N&ir At oSk RycloRE AfatigetiosGdnizd! thePRildt! AP is 3-
The cyclone as clainmed ih claim2 wherein said air flow stabilising device

has an outer wal ISubgstagHallystapgeniiplte-the gireumferance phfe AHANN i nterior bore
through which air is supplied in use; said air flow stabilising device

bei ng di mensi oned and arranged such that the narrow end of_ said

frustro- coni cal omxf\ﬂaﬁiloqﬂgtaw@éﬁcgaﬁ@eitw pibe gylindgcRl #AioB: sai d
frustro-conical portion of the cyclone. 4. The cyclone as clained in claim

3 wherein said interigr bore is arranged tq be .
a control valve associated with said exhaust outlet and capable of partially or

completely shutting off said exhaust outlet;

a secondary air inlet associated with the narrow end of the frustro-conical
portion and provided with an air flow stabilising device which is.adapted to
admit a stream of air substantially along the longitudinal axis of the cyclone;

means for withdrawing processed product from the cyclone.

2. The cyclone as claimed in claim 1, wherein said air flow stabilising device is
arranged to be movable into and out of the narrow end of the frustro-conical
portion. '

3. The cyclone as claimed in claim 2 wherein said air flow stabilising device has
an outer wall which is frustro-conical in shape and an interior bore through
which air is supplied in use; said air flow stabilising device being dimensioned
and arranged such that the narrow end of said frustro-conical outer wall is

insertable in the narrow end of said frustro-conical portion of the cyclone.

4. The cyclone as claimed in claim 3 wherein said interior bore is arranged to be
movable into and out of the narrow end of the frustro-conical portion
independently of the frustro-conical outer wall of said air flow stabilising device.



novabl e into and out of the narrow end of16

t he frustro-conical (AW :
i ndependently of the frustro-conical outer wall of said air flgﬁﬁ FEE 2005
stabilising device. 16 2 4 FEB 2005 5. The cyclone as clained.in any one of.
claims 2 - 4 wherein said neans of withdrawi ng processed product fromthe
cyclone conprises an annular gap at the narrow end of the frustro-conical
portion between the wall of the frustro- conical portion and the air flow

stabil ! sing glevi ofhe Qycibhe 48R Aafly BheT ddimSl AL 0 hnbhAT Sl Maddd geans
of withdrawing proceSsed product fromhe cyclone conprises one or nore
outlets formed i rivithdfawing prosessedipiodyah forvthesycloas cpmprisemap Rl @ggrcdione.

7. The cyclone asnel plfRfl ch dhe HiaLohER RGP HbABeA!RE Hall drthé ¥ebto-

conprising a cylin _core nounte L hi upper cylindrical portion
of the cyclone, cnigal prdiongngithe girfaw sipbilisingrdevieg- cyl i ndrical core
parallel to, or coincident with, the |ongitudinal axis of said upper
cylindrical portion. 8. The cyclone as clainmed in claim7 wherein said
cylindrical G&ore Eif ryglons encclaimedainsclait | ewherein said Fepansnef wihdrawinged
inclaim7 or clg Hidett i lg i i inl N
the range 25%t Oé}jég%/%’s Os}éfﬂfélrg!igﬁ;tg@ g’_lrea%@dt?]%e&::mﬁg%a roiﬁ%a?lr qg%%?#%%%ﬁ%é&%he
cycl one as cl ai mifie wallgfpaisfeusio-conisahpasiapiihe eydents wherein the ratio of
t he vol une of the cylindrical portion of the cyclone to the frustro-coni cal
portion of the cyclone is 2.5;1. 11. MIling and drying apparatus

i ncorporati g at Thes@fclfieeas glainastkinanyQngi Qfége preceding caias oiurtherecomrsisiagi ng
clains, said appgy é&lﬂﬂﬁwré&érmbqgﬁéd’%tﬂﬂthé LE)F@HHﬁfndﬁ&il Yot bicthe A EIBRS €
to supply product to be processed in the cyclone into the air supplied to
ei ther the pri maMjthothe loagiding Exisyofthe qvlindsical com parallel tgy mryronsidgat with,

connected to the tRé idhyithidinbl aXidbfdaiisher @yliidBicaerippary air inlet; air
heating nmeans adapted to heat air supplied to, and/or air supplied from

said air supply neans;
8. The cyclone as claimed in claim 7 wherein said cylindrical core surrounds the

exhaust outlet.

9. The cyclone as claimed in claim 7 or claim 8 wherein the diameter of the
cylindrical core is in the range 25% to 90% of the diameter of the cylindrical
| portion.
10.  The cyclone as claimed in any one of the preceding claims wherein the ratio of
the volume of the cylindrical portion of the cyclone to the frustro-conical portion
of the cyclone is 2.5:1.

11.  Milling and drying apparatus incorporating at least one cyclone as claimed in
any one of the preceding claims, said apparatus further including:

a product inlet device arranged to supply product to be processed in the
cyclone into the air supplied to either the primary or the secondary air inlets;

an air supply means connected to the primary air inlet and to the secondary air
inlet;

air heating means adapted to heat air supplied to, and/or air supplied from, said
air supply means;



17 2 4 FEB 2005 neans for recycling all 3-r7 part of the air exhausted from
the cyclone through the exhaust outlet to said air supply mean3.4 FEBT@@[JS
apparatus as claimed in claim1l wherein said nmeans for recycling

i ncorporates at |east one nonitor for nmeasuring the humdity and the
tenperature of the air exhausted fromthe cyclone, and a val ve for
adjusting the proportion of the exhaust air directed to the air supply
nmeans in response to the nonitor readings. 13. The apparatus as clainmed in
claim1l1l or claim12 further including dust collection neans throu

.whi ch exhaust ai r MeanpiFveaydiag afl oriparticf thel ainsrpusted framiip avdlane t%EPUSI‘IThe

apparatus as cl ai 13 which incorporates at
B PR R0 Skl B s

| east two cyclones a or collecting product froma
first cyclone and passing that product to the or each of the other

cyclones in sgsiesypd! ﬁpga;@ %@dcl%éapﬁjgfdlrﬂg1t%éi‘é;h'é rﬁé%sdfdfi fé8ycling

apparatus as clai ned i including the st eps supplying ai
fromthe air suppl pcomparries @thlsert ane pranier yiorimeasyriag @ﬁdht'@'d!tbiean%l'ﬁhe

flow stabilising d@mp%?atu.%tm%eyémexﬂue CfFonti &e%c%@cﬁ'ﬁle&%h% for bifasiigHECt

inlet device to the air 87 primary air 1nlet; regulating the
air supplied to tH@OQPfﬁ'OﬂIOf) esﬁ@@hlstlagldf@c*@é\i@b‘@ %t@sun@b/égg@wntr%spoa%mfbe a

substantial ly stab,lng &?ﬁqsy vortex within the cyclone; nonitoring the
t enperature and hum |ty 0 he exhaust air passing through the exhaust

outlet and recycling all or a proportion of the exhaust air to the inlet of
the air supplis meafie ppRRANE 39 4ARRGL RCABRR 1106r T&AM A9STurther including dust

collection means through which exhaust air is passed before it is released to

atmosphere.

14.  The apparatus as claimed in any one of claims 11 - 13 which incorporates at
least two cyclones and which includes means for collecting product from a first
cyclone and passing that product to the or each of the other cyclones in series.

15. A method of operating the milling and drying apparatus as claimed in claim 12,
including the steps of:-
supplying air from the air supply means to both the primary air inlet and to the
air flow stabilising device;
supplying product to be processed via the product inlet device to the air
supplied to the primary air inlet;
regulating the air supplied to the air flow stabilising device as necessary o
produce a substantially stable secondary vortex within the cyclone;
monitoring the temperature and humidity of the exhaust air passing through the
exhaust outlet and recycling all or a proportion of the exhaust air to the inlet of
the air supply means, depending upon the monitor readings.



