WO 02/ 18057 PCT/ Nz01/00177 MI1ling and Drying Apparatus |Incorporating a
Cycl one. Technical Field 5 The present invention relates to mlling and
dryi ng app@anzisws7 whi ch i ncorporates a cyclone, and to nepanDdgowdoioper ati on
of such apparatus. Background of the Invention lo The use of a cyclone to
separate, mll, or dry material is known, and various applications of
cycl ones have been Hlrg ambRring Apnatate incgromtinga GYdlongneci fi cati ons.  For
exanple, U S. Patent No. 5,236,132 (Row ey) discloses a

conmmi nut or/ dehydrat or 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 cllrfégéﬂ@b—&ﬁsepar ating 15 apparatus incorporating a cyclone.
However, the prior art designs in general fail to provide fine control of

processi ng conditions wi thin the cyclone. This in tu limts the range of
P et ¢ aTeHPEsA DRSS oo uling i ARG SPparal itk oot Pes e put

product . FuyytiBRE, andas imdthodidf opblation of SikhlapgaateomMi nut i ng/ dehydr ati ng
cyclones operate only batch processes. 20 (bject of the Invention It is an

obj ect of the present invention to provide apparatus which incorporates a
cycl one andarRiehind of $@l@ngo®f continuously mlling and/or drying a |large
range of 25 different products with fine control over the particle

si ze/ noi sture content of the output product. Disclosure of Invention 30
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portion which opens into the w der end o ower frustro-coni ca ortlon
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and capabl e of partially or conplet ely shutting off said exhaust outq 5
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 output
product. Further, most if not all of the known comminuting/dehydrating cyclones
operate only batch processes.

20
Obiject 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
25 different products with fine control over the particle size/moisture content of the output

product.

Disclosure of Invention

30 The present invention provides a cyclone comprising an upper cylindrical portion which
opens into the wider end of a lower frustro-conical portion, with the longitudinal axes of

said upper and lower portions alighed;

a primary air inlet into the cyclone arranged such that the inlet air is substantially

35 tangential to the circumference of the cyclone;



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 veosr/tseam of air substantially al ong the | ongituBCnalzosoos of the
cyclone; 10 neans for w thdraw ng processed product fromthe cycl one.
Preferably, said air flow stabilising device is noveable into and out of
the narrow end, of the frus ni cal rt .0 s an outer wall which
i's frustro%’cﬁﬁ'“@%?tquﬂetsaﬁé’b@ ﬂﬁ?%tOPﬁfB}e C&??Q"?ﬂ?’bugh which air is
supplied in use; said air flow stabl |l i sing device 15 bei ng di rrensi oned and
arranged such that the narrow en adfru roc ni cal IS

i nsertabl e 3 FOPIRY YRlYe ARSQGiaed s wi |S@' reﬁgﬁ' 6%{9 fﬂﬂatb?%r? d?artﬂ ¥ or

cycl one. Th;@nwa?sﬁuttm%bﬂﬂdélawﬁ@sﬁb&tldu ocess product nmay be an annul ar gap
at the narrow end of the frustro-conical portion between the wall of the
frustro®coni cal portion and the 20 air flow stablising device. However,

anot her possédyohdidry dlrﬁnlbhééso&%%ﬁswm thal rtdn@wamm tﬁé meﬁ@edm@alqﬂuwn arde
provided in th re outl et
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conpri ses a;uaytbhm?lambtﬁ@roagmmwasdxs\wtﬁéldycrbh@ upper .25 cylindrical
portion of the cyclone, with the |ongitudinal axis of t he cylindrical core

parallel to, or coincident with, the |ongitudinal axis of said upper

cyli ndrmcalmmfstfbmdeé\mn@bmgéed reeudt frem the cydiGie, provi des nilling and
drying apparatus incorporating at |east one cyclone, as described above,

sai d apparatus further including; 30 a product inlet device arranged to

supply pr ocméferémzy Reidrdie &S sebilising td2Qice Y& hensabid into ahal@uabfrthéuaﬂbweéiwdt 0
ei ther the r%tFor t he secondary air inlet air

sup
connect ed F-RR{HSR! ReFtionAnsk hag,an eyter ﬁ%%&aﬁ”ﬁﬁt% gor{‘?‘f‘l‘ & Shap§5 air

heati ng meapg aﬂdﬁ@h&%dr@ tm%ﬂhlbh SHRPSIlled P usRNELIQ Girdioly ﬁémli’slmge&iavfdeom
said air 2 WO 02/ 18057 PCT nmeans; npeans ecycling

/
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outlet to swids MsertsBI®M the MBABW-enll IPESH RSIRd-Yorficd BoAPAS tHedyclofgycl i ng
i ncorporates at |east one nonitor for neasuring the humdity 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

20  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
25 cylindrical portion of the cyclone, with the longitudinal axis of the cylindrical core
paralle! to, or coincident with, the longitudinal axis of said upper cylindrical portion.

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

30
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;

35

air heating means adapted to heat air supplied to, and/or air supplied from, said air
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for adjusting the proportion of the exhaust air directed to the air supply
means in response to the nonitor readings. 10 Brief Description of the

Dr awi ngs V&Y oxespsDf exanpl e only, preferred enbodi ments of PChaZpr@sent
invention are described in detail with reference to the acconpanyi ng

drawi ngs, in which: 15 Figure 1 is a diagranmatic side view of apparatus in
accordance with the present invention; Figure 2 is a view of the |ower
portion of s@ppmeanson a | arger scale; and 20 Figure 3 is a flow diagram
showi ng preferred nmethods of operation of the apparatus of the present

i nvention. Best Mbde for Carrying Qut the Invention 25 Referring in

parti cul ar rearsi fgurenyclingaaltiop par of pé thenair 2xbaisted Eew tha ayplose tiarplghmdhe cal

portion 3, id i opens into the upper end of a
frustro- con%xgg gt%ggétttlg(%% %%PW%S& ranged coaxially with the
cylindriscal portion and with the smaller end |owernost. The | ongitudinal

axis of th 4 d i i i I 5is
mount ed | n RS0 Safl i F AR nbolbBickess teadt o FRDIG L FRkastE,
axi s of théhebumidity csdxthaltempemnature of thengjl exiteiusied fiom shereyalene, gbe @& Aves. The
upper end r ki opy; |k | 4 on 3,
whioh 15 oPhedisef fp uBRSGE oF e BRANE ok Rl 16 A el B gt 1.
f1 ared por tregponse to the BGniloerapdingsf whi ch i s adj ustabl e. The di stance by
which the core 5 projects into the cylindrical portion 3 can be adjusted
usi ng any suitable known neans, (e.g. screw 3 WD 02/18057 PCT/ Nz01/ 00177
adj ust er s @rief Peseripitii theDrawimgsshown) ). When the cyclone is in operation,
the core 5 physically separates the relatively hot, dry exhaust gases from
the relatively cool and wet inlet air and entrained product. In 5
addi tion, tBye veayr of Exaole anlya preterredxemhodigents ohdhe opresért nwentisn BYe t he
exhaust. gaso%%crit?é?i%?dg{aﬁ with rbfefdREs i bdeBmbafitEhdings! i il I nl et air by
conducti on,” convecti on

15

Figure 1 is a diagrammatic 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
20
Figure 3 is a flow diagram showing preferred methods of operation of the apparatus of

the present invention.

Best Mode for Carrying Out the Invention

25
Referring 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.

30
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

35 length of which is adjustable. The distance by which the core 5 projects into the
cylindrical portion 3 can be adjusted using any suitable known means, (e.g. screw
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and radiation. This effect is particularly marked at relatively |ow inlet
air velocities. The nore the core 5 is |lowered down the cylindrical portion
3, the gmeavyisoshe vol une 10 of air and entrai ned materi BCT/NAOL/OVR7Ar €a
between the top of the portion 3 and the flange 6. This gives an increase
in dwell tinme which can be useful for ensuring conplete processing,
especially when the inlet air through the duct 10 has a relatively |ow

vel oci ty arRliusiteraioeRydraule PMsdnele@WnAll s are being processed. The above
described retention effect is increased by enlarging the outer dianeter of
the flange 6. 15 A conical valve 7 is nounted at the top end of the

cyl i ndri calWhen thexyalone i aperationsibg coty S pygisaly sepprates thg relativelymobdnar r ows

A to partialhyug Sgefs@mﬂ'cﬁﬁ ehe r@hReR 881 dndewdoRie®iairt AR eﬁ@élﬁe&prﬂ"uﬁt mm e the
top of the core I's closed off, tthe greater the backpressure in

cycl one fancddiiiopathei eQrer acisras @r*'@ét exchengerpr dig e isrhaated pyds ei?'&ﬁltséx as
20 herei nafg (?%Es d&ﬁzcﬂh!]sbigcﬁ nIfé‘?reHQB tl?‘é‘ﬂaléf %Irt%oPWét R ByCeHndEiefich, 2oRRRASH | NtO

an exhaust ct 8 e ot be vented to at mosphere
and/ or conrsetradiation.+ Fais ieﬁ‘P‘étlS mrtlwlmydmrkeéat W%ﬁilVgl)/ lows inleisirevelogitiescul ar |y
described with reference to Figure 3. The outlet of the blower 9 is 25
connected to an air inlet duct 10 which opens into the side wall of the

cyl i ndri calThepwers ba cgre fdg lewerrd down thepevimdricabiporien 8i tie. areaier thelolws si de
of a praduck dinkLed eﬂﬁéﬁbﬁ& rf(rét f?é?%%hé rétréé béﬁve%h rthé %;?fof%bo%n FBRq thlevi ce

11 may be of any suita a rotary valve for solids or an
30 injecti (ﬂﬁnlgzﬁzl & hiso giviep ol d§}eaéﬁdn| Q“nt"@@ﬂﬁmm @aﬂlhﬂluﬁﬂfﬂhfoé BUFRGE of

the pr OdUthoWlé:tg pp&%%giﬁﬁ e%sge&gﬂ)hﬁlhéﬁf HeARRt af by i o ud;u%ﬁ‘ilo lﬂ%Q@%laﬁ\rféN

shown in Figure evice 11 1's open, e processed
fl ows throdgh vek@cltyaawor iwheanvenyi fined materiaie are theingmpegcessed. paklRa @§over ough

the air i nlcfetsgr%é‘ifrege(?moﬁ@ﬁeét dsuﬁwee%ed Bsygnlé%d%ﬁg%ﬁtepararmé? rofttm@ﬂéﬁéglfz(?ne 2 .

35 The air entrained product comng into-the cyclone fromthe“duct 10
is admtited 4 WO 02/18057 PCT/ Nz01/ 00177 approximately tangentially to

the ol rount£E8AES ke e ksl (81oi01d bR ByirBRChl BfES 2hably pBsal@se to

the top of e C I|n rlca ossi b
maxi mim dvvequlowt‘#rﬁé IW\merd"i@CtImOf(ﬁ}foV@n‘é to lel%"w e L clope Ioﬁﬁbe tQPI"Qf ﬂaﬁ r and

entrai ned pod BCtTHe%Br‘eaﬂhb%oE BF 1RVcfe SRS CRLeP B NtnB'(PEAEr ia%dcRBIREs Bl S Of

t he cycl one,
the cyclone and in particular, the greater the pressure in the inner vortex, as

20 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
25 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
30 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.
35
The air and entrained product coming into the cyclone from the duct 10 is admitted
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5 indicated by arrows C, spiraling around the cyclone down towards the
narrow end of the frustro-conical portion 4. This forns a relatively
hi gh- pr eseapz1905T st vortex adjacent the walls of the cycPonazowajiacent the
narrow end of the frustro-conical portion 4, a reverse spiral flow fornms a
second vortex (as indicated by arrows D) which extends from point adjacent

the ower end of th cIo to eto cl one a r0|ma ely
al ong the @@.quxgr%tpg(a? ng;p@a‘?lgf toth’@ g.Fr@)fﬁEenceth) "ﬁat"?’}é\dﬁcé %{'Pg'?l th| n
t he cycl ongrefepmbices c@sé%@ﬁé wplaftﬁé @Wn@nmtdoﬂrdh @‘as\p@bgslbt ¥o trm@rcm@ssure
vari ations ;across the

) a substanti al
o Sont e T i el s utts (62 Y aahe. nOBE iieniherYekEe g 3 & ur 6.

It will be ehtramieBpesdutt aftidilh aliovhessied path aatomnovmlecmnérl\mS BN cheldyeRAYS & at
any given po nt &%gend up e air inlet vel o andq’%ressure an fEhe

di mensi @ns ' 'Cfiﬁ T Fe %@P%é’é’uﬂﬂéhe EXFé‘?rl?n tqwardin HieHarey ¢
pattern of taé rruétk@wom@almﬂmm staslforinB errelatisel@ h e§éueémrst Yrdxzitoaht

pattern of |l ocity/ hig sure zone | tely adjacent t
D one et walt B 15 e gL SRaBESTR 14 Fafoy epd ) e LSk Pk Gan \9@|J§a ty
and 20 CO”r@ﬁé?Q@de'ﬂbw mwnereemm,voh&e(e@marcatw By aflow® My ifdH\eRendshe
first and second. vortices, in which the air veloci t%é gradual | y drops,

e

reachi ng zdf dointhadiapend, fhec dowegeen el thee CYRIRNS, &7 theetoP ghdhé neyislone,

i ncreas@s (dpprsdartely dlord the ddrigRidindIMRIAhd fRigrer e of the second vortex,
with the pressure varying inversely to the velocity. 25 The entrained
product does not mpve in a smooth spiral around the cyclone:- the

particles ofhid pattcph Bfsiflow WIS theldyRPNE PEGHLREL S relai@Lfiable IhARervadf ‘véloagl the

cyclone; this has the effect of comminuting/mlling the product

the main cSiffi RIPSPWEG ¥AHaLiEPs j qcrogsh ey i cel Hisi RYCIN® cleds sBd A %“tﬁ%ﬁ%'ém uI ar.

However, i fhotibéntllr 9EHEL THe SieVEIBCRY varled: BversifyUlith tHéegi?tp?@slsﬁfe GefiRaes,
cl ays) then the main comm nut i ng/mlling effect is caused by 30 the

movenert oRPPREIERGHE Neaival i VelRsitins gRd AFRSSHBVALAnKERERP dgpeipon

described tRdQ¥ehet 3EI0ERE ah Ipkddsare mdtneca.ﬁ@nmeﬁe of "cl‘i&fbﬁ’cléhéﬁbupbﬁéémee area
to a |lower pressure area, the material on the outside of particle

tends to s;S%XF'P”%Fﬁj'é‘roﬁqﬁ%t'%r%?stb?é’att?nqué"efm §|estah1ﬁfe¢fbrtherarﬁ/awaﬂ@$tent

cont ai ned iHaritbiRalPphitdr! Grsaemp%laél%léiﬁﬁié%&’rea%@‘Pmn@airaiélyﬂ 'a%JéZEBHteﬁqet 0 a
Iomer pressure zone; this evaporation may be sufficiently rapid t

"expl ode” toHeopar walls, etheAs t"t%@r%r‘?ﬂ thee Jirglr ¥antexs oWRICh nisy é“gf\‘ V@l@@'%aﬁ"tdl cle

surfaceyi s coff¥ ﬂwf };I‘Es§ur@f tﬁ‘éhué SinkA6h |zbhé‘tb‘é§/véé|'f EHéeﬁrsﬁéﬁcﬂ)%ééddon 5
WO 02/ 18057 PCT/ Nz01/0017 final (glartlc e size of |toro uct depends

upon t he i YPEiCeSeinoWich the giRevelacity igh

between the two vortices, and then increases (reversed in direction) towards the core

ajly, grops, reaching zero at the interface

of the second vortex, with the pressure varying inversely to the velocity.

25 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

30 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 outside 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

35 "explode" the particle. As the particles break down, more of the particle surface is
exposed, and this of course facilitates further evaporation.
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cyclone, the dwell tine of the product in the cyclone, and the nature of
the product itself:- obviously, sone products are nore brittle than others
and fractwoe2mose readily 5 under inpact. The product i sPAT/iNgoi/é7t unbl i ng
in the air stream causing evaporation both of surface noisture and of

noi sture contained within the product, as described above. The rate of
drying is governed by the air tenperature and humdity and by the rate at
whi ch the 1o product is conm nuted:- a product which breaks up rapidly into

smal | part itgkahal farflblbbe dfftﬁé‘pfcﬁﬂbtfﬁé{)enéé gféh ih@qnlef Vélagtyajfrth@am.rﬁ@meact
the greater surface area of the product hot air obviously wll

dry nore eforeere.tae dwelime obther prafict ip dhe gy%n% ransiythefnattae Fhihe Pdegluct s
it is advamsagesiolSlykasre &ﬂ%@ué’c@ BREMmBE Bt OThahlind?s AN frhc@fe MEM RadikS
possible, preferably no higher than 500 Centigrade. Al though the inlet air
tenperaﬁuréndP%mﬂ?@ -cally in the range 70 - 85 Centigrade, evaporative
cooling of the product plus the very short dwell tine in the cyclone
(typically 0.1 second for reIat|veI¥ery product up to about three or four

seconds f orThedirgdughis griesiduvctimbling ipdhe air gseam: srusHgAVAREragen balb of sidakect t o
a mni num mdidieand ¥ mbféﬁjr@&ﬁtaﬂhémhﬁ\tt%%r&fucﬁ he ders@ﬁb&f above 2bptra@d 20

Centigrade. Tenperature sensors mark gure. measure the

t enper at ur &f dating igoveIMed ke pir é&r@@rafaye an @»zm@fty aRe by Ithﬁ/\@te at wigh the t he
duct. 10,25 Cp‘?&dd%i |stéb?nrﬁ|hafeﬁ -0f pH&ﬁcﬁﬁmé}Pﬁﬁeaﬁé‘ﬁﬁ ré’pldI?}ntérbméﬁ)baﬁlb@Q% iy

exhaust du t he base of the cyclone oi nt of the
cycl one g)yne r@m@lw %mthedi@@qsalbfsart@?réa@ the ggga ﬁéurtfmeapﬂge perduche
exhaust air generally is higher than the inlet air tenperature; due to the
use of the c¥'l indrical core 5 as a heat exchanger, this tenperature

di f f er ent i dithpeghigetiair ebMieusly tvilk dnhmere Qﬁ@Ctlvﬁlésthﬁfﬂ icagler airafoniagfaioriy ef ency

oper ation. tok'%adléProlaﬁﬁt%‘?ﬁ’lg%dﬁlglﬂé%ébue%%@6 %e%mpégbgﬁkcﬁ? tiflé)RrJdU@c Blvidg of

t he exhaus our ‘evapor at fromt uct may be
nmoved t18 t tRessiblghpiefgrably nigriigher dran Q%gfaé‘?cl/‘(ﬁheugiu@et'@let@ietﬂwtuﬂﬁapour

Iggl'} KIIZE){ | g %g@ﬁﬁﬂy iFheSGhgd 9bY- sUEEhHARICR), cYARRAIVeEObIInG o RedAbd & Dlus

the very 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°

20 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
25 ©) at the start of the exhaust duct 8

d) midway along the exhaust duct 8
e) at the base of the cyclone
f) at the mid-point of the cyclone

g) at the lower edge 6 of core 5.
30
The temperature of the exhaust air generally is higher than the inlet air temperature;
due to the use of the cylindrical core 5 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
35 vapour evaporated from the product may be moved to the higher pressure areas of the
cyclone due to the water vapour activity gradient. Effectively, such water vapour may
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be consi dered supercooled and if nucleation sites are present (provided for
exanple by fine particles in the exhaust air), the water vapour wll
condensewoel/&asi ng its heat evaporation which heats thePeNZzouwdihg air.
It seens probable that this nechanism typically would occur inside the
cylindrical core 5. 5 In conventional designs of cyclone, the position in

the cyclone of the first and second vortices, and the level in the cyclone
at whi ch t the eansidessd Pursisadied and g muglsatiory sifes, areguesent dPro¥AT faree

vortex, terd A paficles b aRhawk bir), 4 Wa@r VBSowRsAil @&d@‘ns@,pr%fe%tslhg ts Heat t he
cyclone:- the patterns of alr novenent are not stable, and the vortices

precess lo eypBerRtiemMhichirsintie syoHpding Sir. Hoorsaras propghletthat bipcmeshanisy

operat e relg,s8d1y o@d@,pﬁsﬁkq% Edlindfiéal k8rd gTPOrtant that the vortices are
as stable as poSsible, since theit position governs the |evels at which

particl & are deposited on the cyclone wall by the air stream and al so

the size ofjnRBAVdrbRaIMYsiIAs i0f cHIRRS theePosifidH hRE c¥él$né Bﬁthéqw%d s‘é%ﬁc?x
noves too close to the wa I of "the cyclone, it entrains sone of th

processed MortigaseandiiheJpnet in tha syearsmaiuhies thesairfiomelrem the firstivartex rPYer{S?ﬂ o the
exhaust Systb%ﬂn ’EH&' &COH‘@%&?&( RErff sﬁ@étﬁ{tiaﬂ d@ﬂ@b %S&rﬁe'&%?b@%ﬁ%f the

exhaust gases. been di'scovered that It possible to stabilise the
vortices byhe ﬁV@'@'ﬁmm thg patters «f reirampvemesy ase n@t ﬁtalblﬁ @nglige veRliees eregess t he

cycl oneyg Uslags RbiALISLEY RsHBhe | ShidleveR1dtetbC okhel Whbpbrals raaem a)l an

enlarged scale in ? second ary streamof air
| oner end dPnsigentyci @@quamh@atHée|@ﬁ@eﬁmer%ﬁ stghlesap ossiele, sipee dh@r “hi s

secondary. ajdsitish GBI RielRat mﬁn%ﬁméé r@QJeBMsH%@%rP%@%?HBﬁe 821l bh e

primary air stre mtted throu

di fferent aifestrant,yanst alseuhe Slzzsofm?étl@@ MﬂlwaSscieﬂ@Sltedsi yribery |lfctée ﬁgcwt a
partly frusitgy ?r%b?%%% é”ﬂo%e %ll%%éﬂcﬁ%ﬂe’ ﬂ'entr‘ébﬁs'é&?ﬁé & e%‘?{c‘ésééj The

| ongi tudi nal axis o ore l'igned with the longitu axl s of
t he cycﬂ5oné“@te”¢|rwfa¢h hag b¢¢m@$ﬁﬁl§lt% ﬂ@t"@ (R GAWS lﬁfdm the e%h@l@é aystemesThis

Figure 2, s'bEO r‘ié?aﬁé éfs%oﬁ@gﬂﬁé?é’é'ﬁ% AnEAlgdkés. BT fect . The

exterior 14 an re 1 30 can be a nced into of W thdrawn fromthe
end of the cyclone as indicated by arrows E, either together or

' ndependentw ?ﬁaé’ftbe@ﬁqf?d&gr‘:‘eﬁ'thgfﬂ'it%?&éﬁleg@pstgﬁi JlS% Pﬁ%r E@‘ﬁ%ees\?&tlw uki Hg 3

exterior wa rustro-conic ortion I1ce
| ower end cecendary flowoefeair e ths bpweﬁfenﬂhé thasysloneyusirg waraidawistabiliginicthg t he

devi ce 5,13 Jiarfs \HicehdwrPah LRCerfidigb®28ale 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 the inlet duct 10, or may be at a different
velocity/pressure.

25
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 [ongitudinal
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

30 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.

35
The object of the airflow stabilising device 13 is to stabilise the vortices, particularly the
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35 The object of the airflow stabilising device 13 is to stabilise the
vortices, particularly the 7 W 02/18057 PCT/ NZ01/ 00177 second vortex, SO
that it does2/mos7 substantially vary in position wthin theCcTywebwewe77 Thi s
means that the second vortex will reliably pick up under-processed nmateri al
from higher up the cyclone, but will not disturb the adequately processed
mat eri al which has been deposited in the ower part of the cyclone. The
natural pat3esphg veitexase thas il doas palesubsiaptialtyvary inposiienmithin the gyplener Thiend t o

produce a qﬁé%szﬂi’é?tﬁé) sbeoﬁdﬂeortewrwrab %.&k u9f uldaf prsaeeg%ema@éhar%m the

open | ower end. For the cycl one pera ficrently, mat eri al

deposi t ed |mgharélpdbeey%we bgbmllmt @ﬁtuvu the ardﬁqr@njely@mﬂegeed rnetﬁrlekwhl@r hashe
| ower end Bgent(fe%ogri'éa iAke HWe‘P':SQH drlite &%R)ne ﬁféor\élt&rapﬁ‘atfefmé Qﬁ‘ari‘f@?\ﬂﬁtthe | ess

particle size and density _and degree of dryness. Further

dense arfd |QYElgas: ashavw b FigHE ch 16 pr@dufeeawde?éb&ret%lndheﬂqr\eerwér RATE
wal I's hi gheyy thﬁ’cﬂ’tﬁre@é&b@é}ﬁ ﬂ%‘@b@rﬁoﬂ?r &Y. OFYr iR Bﬁfﬁoderl:o Jp@?at@bﬁrt:ﬂeﬁw ey

ow stabi | sing device € materi al

further processi™n out the airf
| eaving ¢ hangpealgifEoRiacbinghe ERed Zenay3i WEATullin e Soutes PRIl of MeNET c! e
Si ze, sincedds th BFGSH Btﬁé‘@a&%cgr%ld Eyéoi”ﬂ’\'é Wﬁ Eﬁé}ﬂéletsi}%tarﬂ%srty

particles are over rocesse% sone parti requi re further
processi ng a4l degres @'@W@Séntﬁuﬁhﬁ’eénhﬁﬂthéﬁﬁsswnﬁﬁ aﬂﬁ@rwmﬁwhlméa‘tﬁse of

the airfj OVL’)e%r\ao@ b’sr?el g]%\/éﬁgmé% l@thrﬁfg g’Tﬁ%%?clBﬁl?sm@B% rSRARShe@in t he

vortices nmuch no e re e’ position of the secon
vortex 20 taqjalrﬁqvatﬂréurthern@cmmthe bore 15 is advanced into the base of
the cyclone, the nore the | ower end of the second vortex is raised, and the
l'arger the dead zone 30. Since the particles in the dead zone eventually

wi |l pass dlfithait therairiipupsirbilising sleviea1s, theamateriel lepdng thel eyciangdhigligh fike
rocessed eyl f the

yol one.  CoaPoKBhas T PSERTRA A GMADSIY IR, e IReldishg dhane iBe

posi ti oth ofvorfeyunearns, thatesosmalppdiclesharedesl proaessed, armwéomep@fldee which

smal | er thgrgﬁ@% ﬂrhﬁé@arébés‘%n rigftail gﬁoe%rédgaln% aﬂé%?rbltrﬂrg "I'EH 0%&% . 9ap X. The

airfl ow st I Si hg devi ce e nove ative the cycl one
during a processing run, but in general would be set up for recovery of a

Prustr o cont R ot oy Wotitrd Gonldis rfl ofly idles M SBERIAAR of e,
cycl one wi Ivorticedumech Haore E&Baﬂﬁ, vt adgenmakes ghe position Dihlthe skownd Nertex ow of
producty;,  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
25 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
30 atthe 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
35 flow of product from the cyclone. In operation, product tends to leave the annular gap
Xin spurts or batches due to the natural pulsing action of the cyclone. The size of the
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fromthe cyclone; withdrawing the frustro-conical portion 14 will increase
the rate of 35 flow of product fromthe cyclone. In operation, product
tends toweavesoshe annular gap X in spurts or batches durCTozoti@1irat ur al
pul sing action of the cyclone. The size of the 8 WD 02/18057

PCT/ Nz01/ 00177 gap X is adjusted for the required particle size. In
general, it has been found that there is some airflowinto the base of the
cycl one t HIERWGis adiusteshier e reawiedRartics®ize.e- ent r ai nment of product fromthe
dead zone 30, 5 but that this airflowis sufficiently |ow that the

re-entrai nment effect is not si gnl ficant in practice. For the apparatus to
be used to lrgenaighithas beemigunddhet theredasieme girfloyrige thgrhaseof die cyrientuct s

to be procetﬁﬁﬁghlfﬁ@@épwcﬂawﬁg GeRd r’élé?ﬂ%rnrﬁént bﬁgf&ﬁ%@tsﬁé’fhﬁhé‘aeé’@zéﬁ% goto 1o
control the foll ow RAg vari abl és accur at el he velocity of the air

i nt r oduded kA thahéhig atsﬂqw ist $isficigrelly dove thah ﬂlzmg?neraiamment@ﬁe@uémoﬁﬁjgmﬂ@nt The
vol ume of theupbr introduced at the top of the cyclone through air inlet
duct 10. 15 Itenms 1 and 2 are controlled by controlling the speed of the
blower 9. 3. The air pressure within the cyclone. This is controlled by

control of Ifd?‘%hé Qﬁﬁ‘é?aﬂts té 'B% usBl Q&Vﬁ{axﬁndrﬁ e%@hb&‘aédd% Mable 4 Ié’?gé‘%ﬁ&& gent of

the conical valve 7, whi controls pressure 1 n the cycl one, and
t he pressurRiogicts ke bgj Pro'af%ﬁ’i"ﬁtj tusdey ﬁ?tﬂ“t‘fﬁec%‘ﬁﬁlpﬁﬁe't [y negessaRyetosbable fer

devi ce [3. _ntra]hﬁ? mtﬁﬁ;gmgt\)énggleg Becwbtelyl-nt roduced through air inlet duct 10.

5. The humdity o ir 1 ntroduced through the airflow stabilising
devi ce 13. Itens 4 25 and 5 may be controlled together or independently by

moni toring e e W c? anﬁhﬁod%fi%%'ﬁe t8p bf tﬁéE?élbr?éjth?c%’l{g‘g:?mﬂl@t’&&ct%a“d

adjusting t aust al r/ at nospheric r supp rough the
inlet duct 10 and to the stabiliser device 13 to achieve the required

humdity. 30 fhe \ylﬁn%%f‘i}h%raﬂllhﬁc?dﬁé%mhﬁ%ﬂéﬁ&hé‘@ﬁl@rﬁ dﬂgg%‘?‘r inlkt duct 46,

t emperature insi cl one IS 1s contro justing the
t enper atéur dtegis t aed diare @leiﬂ"@(bby eontisliign therepeedraf ére '@IQ‘U@F 9.0 and to the
stabiliser device 13 and by providing the cyclone with nore or |ess
insulation, as required. 35 7. The noisture content and particle size of

the final & ctheair prersureithisdhe citionad Hys isveentjolleg hyreentralafthe snegdsf thehe
material t gQ6.Ry foehisithtoR Rt Re HaRisHRMt OF thilcdnftal Valve 7, which controls the
back pressure in the cyclone, and the pressure of the air admitted into the cyclone by
20  the stabiliser device 13.

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

5. The humidity of the air introduced through the airflow stabilising device 13. Iltems 4

25 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.

30 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.

35 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

9



WO 02/ 18057 PCT/ Nz01/ 00177 conbination with the regul ation of the

pressure, velocity, tenperature and humdity of the air supplied to the

inlet dusvotpisast to the stabiliser device 13, and the adposNzerao17of the

| evel of the |ower end 6 of the control cone 5 relative to the | ower edge

3a of the cylindrical portion 3. 5 In general, for given operating

conditions, there is a fixed relatlonshngbetmeen t he article size of the
r qmﬁgg

product af tcé’F“bﬂ}aSE'é%thﬁBe 5eqylation gitesprgseHreoYRIGY.: te ke ands humidiy gher

noi sture capd Qiﬂrsu%;ﬁleHQQ e iﬁ%t%&thm%noatoQﬁélQ&thbér déw:ep@r tbhg e &djdgmehhi s
can be achieved I ng down_the coni cal valve to reduce the anount

of air ventoéél“qléve'%t@'l%‘é{%?”d @Pbtﬁ‘ﬁéoﬂt"%'rﬁ?ﬂ& 5H6\ﬁ/’“‘t’91@ the dner sdge Band dhe
factors canyhfirieaniordd ®d i ndependently to achieve optinumresults for any
specified pr oduct It will be appreciated that any of the controllable
factors®may be manually controlled or may be centrally conputer- 15

control | ed.n ?@ﬁ@ﬁa[ | 186 gt\/@n FigatetRig eonbiiiBnd) Wb Ya Bked RfatfnRA; Sdet@één kRavi ng
t he cycl one hr oug duct 8 i s neasured by a nonitor 20 ch controls a

m xer val vé&aplicle sige %t%PVWHPR/%ﬁe"ﬂoﬁsﬁ'éataé‘ddtsdi“e'%ﬁ centent Hﬁ‘éle\é@(hﬁtf’st air

ei ther to Emdnewo%’s?[uﬂee@aﬂém i$ ﬂaqtu"f@d Imhs&t PenditR RGO panRle &zé’rth'%Q:aﬁ dd ne 23
which is conhected to a I'ter and/or dust collector 24 and optionally to

a heat exclfghig¥ed Dy, C'Qﬁ'@e@@mj”fel sqnigal yale dr togigdtice Hie ampent of fit VaRAMD ~ may
be conngct egdnhgiiween the valve 21 and the bl ower 9; however, this is not

al ways necessary. Depending upon the desired humdity of the air in the
cyclone, the valve 21 adjusts the proportion of the exhaust air which is
directed tidie 3 Sldwis Rdw RS abbveEdschbed fackirs ¢8R bBLohfofddRaBk denty & t he
filter 24 and heat exchanger 25. Heat _fromthe heat exchanger 25 can be
suppl i ed t @chieve OptiprmyssHitofor eny sppeifigtbpiodpet. hwill by appregiatedathabany,skd t o
heat respeghd %ShtYolfaB% fa‘&{o‘?é iy’ bé YReHUa ch(trcSlI'&G & erbegcérﬁrallyt/ Remiphtepl duct
10 and the air supplied by the bl ower to the airflow stabillsing device
30 13. engenkoledot 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 35 allowair to

be suppl i edReferriag e iguie 3; dhe bumidily &f the @xhasisbair leauing thenaslons a2 {hrovdvever

Lg[ h”flﬂ)é PL gt‘ﬂssmeéédrea By SURBhito? 20 Hhidh GoneBRE: ¥XeP GAlY 28N EhRRiRSWhvd O
21 directs a proportion of the exhaust air either to a line 22 leading to the inlet of the

20 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 desired 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

25 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
30 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
35 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

10



10 WO 02/ 18057 PCT/ Nz01/00177 duct 10 and the stabilising device 13, in
whi ch case the blower may be connected to a single heater which supplies
bot h t he wi02/18087 and t he device 13. Alternatively, the arP@DIENEENIT? air
supplied to the blower 9 nay be preheated by a heater 31. 5 The general
sequence of operation of the apparatus, fromstart-up, is as follows:-
first, the setti&? of the conical valve 7 and the stabilising device 13

are adj ust etict 80 304 thepstabilisieq devier 13.dr Which Gase dirchlover may peseaRected oahd a
sui tabl e t s AbMEE whith Sdbpliey Bb®Re du'a{ ) a’ﬁldrthé HetRbeet efierRanRey, R dat a

acquired from previous processing runs for at product. 10 Initrally, the
bl ower 9 i t¥pEsphesig aﬂ@”@ﬂ'ﬂﬁd tajthe 8@wgh%may|b@tprefmqtedlby ahgates3ihe airflow
stabilising device 13; if necessary, one or both streans of air are heated
using the air heaters 26 and/or 27, or the heater 31. Wyen the tenperature
moni t or § i nd1ecEeneral segyarice s operationefdhe Baparals, kg Istibumds as ilewed firete

desired Opﬁﬁé‘kéﬁlﬁg Of fHSEGMicH Falvd b%nagthé)ét%%nhgrd@w@@ 1876 88R6RdItS slifsbié Nt O

the inlet duct alF streamthrough the device first, a slow feed
rate is usegllingadoathegrodudtto dearrpeessed.| and e svﬁ@l%mmfét%mdbﬁ cyelene gap

X, the fecdnptf d SoRtRAUBLLIH bRCRRASEIILA ()Y pRAIITR! prBEAGRRSRE bRfa | of

that product. e product being processed |s swept 1 ntothe cyclone by
t he streanﬂﬁ@mﬂﬁe air through the inlet duct 10, and travels in a
substanfj al Iy spiral path around the interior of the cyclone as descri bed
above. The fully ﬁrocessed product | eaves the cyclone throu the a X.

25 The dravlnlﬁglb' ithe (plawert @ s staried| to @iips in tor Bigginled dichdlea tq vx/, but
it owill sté’:fﬁ%rr@;aévié%dm *}Pﬁed&]l,]éry i BHBHRHE Str Bﬁal Aend i FQF?? ﬁwesénF'g' e

cycl one, returnin Pr ocessed products rom co i on point

28 to pr odd@@tem;?ﬁl gndpg. 27 A:rttbe meeier &y, Wheo toe teroperatye mandaers(inside fee sane
or differ e}&c@ﬁ@%&‘uéﬁéftﬁmﬁe H?aror%eha&%‘ééhéd"th%edésﬁéd ng&'/aﬂﬁ? 'té?n;ié?étﬁké %nlﬁ] 30

The above scribed apparatus” may be varied in

inlet aisr dueductto hewprasessed isiied Mtf@nelebduqi apcﬁtneam fbmhdmvde\m%mav\t of
the cyclonps Egﬁw\; @%@rra{éﬂ'ﬁ RBHMAnPhs BRidL¥t sthfietSRaUd Me LftondWRidugh i@ Of

the product Th 't
gap X, the feed rate is gradually increased to the normal processing rate for that

product.

20 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.

25 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 29.
Alternatively, two or more cyclones (of the same or different specification) may be
used in series and/or in parallel.

30
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

35 cyclone.

11



11 WO 02/ 18057 PCT/ Nz01/00177 2. The inlet of the exhaust duct 8 and the
associ ated core 5 can be offset fromthe |ongitudinal axis of the cycl one;
t he | ongiwad/mak7 axi s of the duct 8 and core 5 may be papré@l/N&b1/40a77 but
hori zontally offset from the |ongitudinal axis of the cyclone. 5 3.
Product to be processed can be fed into the cyclone entrained in the air
stream entering through the airflow stabiliser device 13, rather than in

the air streafheiierofife exhaushgHct hiand fepssagiatedieore\y ean baicisetdtam e aj r
is still ingg Hﬁlﬁﬂa)hgbf)tﬁet@cw&llﬂ@%ngtitbalﬁal%klé BethkeHuet 8 Gra tcordds n’ﬁéytbe

product is no into their air streamthrough the device 11,
t hr ough an R?(ﬁ%"el/& By hegizontaly offsst fr@’ﬁom)bﬂ%@ﬂf‘él@xdﬁpftth‘eCﬁéﬁ'?']ei ne bet vveen t he
1o blower 9 and the device 13. This nmethod is particularly suitable for the

processi ng of smal | experinental amounts of product. 15 4, The bottom of
t he cyclbone. nEyodyst t9 Be diessrd can Benfed inte &g @@‘OI‘S" entraings & thaair streamt her

t han procese?ﬁé’nr@rtﬁ hth@awldo\gstbbmsé‘rxﬂék/eaqst hetReraRan etheal steahhentBfifluCt
is withdramn fromt | one hrough one or nore outlets (not shown

formed in ttheughthe "@J?t ?“I‘\Q—’S 10 u¥ithothisomiethed. airis ishth infrodyred &He the&YHBR& om of

the cycl Onethro%@h e ihike d\ﬁ@t' 1o, Bf.lt ﬁrBGucftréJﬁ&trfé’d FRSiref! ailrcbhPRrdhgiaNe BSVice
provided with a series of product wthdrawal ports spaced vertically down

t he | engt h 0% buhhreegh A equivgleptdavigeaet ém@@n)ﬁa«;ate%en rteergifing botygen e

cycl onepat Ao\werd ay SelReickqn of different particles sizes. The di nmensions
and proportions o? the cyclone and ot her apparatus nmay be varied 25

widely, to suit the type and vol une of product to be processed. Typical

di mensi ons s twae%% cffu%npeuu@&éif&qhe rar&%eﬁﬁg egsﬁgw@mséﬁrﬁemtawn&}mser

organic materials, inclu wdust, at rate in the range 50 -

ki | ograns cﬁfpmﬁb@t evapor at ed per hour are as follows: 30 Height of the
cylindrical portion 3 - 1.5 m Height of the frustro coni cal portion 4 -
1.75 m Dianeter of the cylindrical portion 3 - 1 mD aneter of the | ower
end of 1c5he4riﬁb$ petterrff dag cyrone; r@ﬁyhe-clceedmwrtmrhemm%f Inciis ease. - 2

cubic nmetreg F t%cé’éseﬁnﬁ%dig:l_t ‘I{é’é@m@fthe I&?clﬁﬂ(e 'tH?'QudfFfﬂe QEEH 5(' @l@ prodigst ide

frustro- comca |on4- ncl uded [ e at base
frustro- comnmravmfromdhe gyclonenthtaygh oaa §& Mpge puﬂ nobﬁieqvm)éwged in the wall

of the frustro-conical portion 4 adjacent the bottom of the cyclone.

20 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
25  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:-

30 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
35 Ratio of the volume of the cylindrical portion 3 to the frustro-conical portion 4 - 2.5:1.
Included angle at base of frustro-conical portion 4 - in the range 28° to 40°, preferably

12



WO 02/ 18057 PCT/ Nz01/00177 34. Wdth of annular gap X in the range 5 mm -
15 mm Dianeter of the bore 15 - 5 0 mm Di aneter of the cylindrical core 5
- 460 nmw@odksesdi aneter of the cylindrical core 5 is in PORNZaNge725
percent to 90 percent of the diameter of the cylindrical portion 3. The
operating conditions for a cyclone of the above described di mensi ons woul d
of course vary with the product to be processed, but typically would be as
follows: 1G4 ocity of inlet air through duct 10 and through the

stabi | i si ngygeyicshnbidr g85X iR e rah§€ 8= 154 per second. Even hi gher
vel ocities may be used for_sone product or to clean out the interior of

t he cycl ondiaigtes@bthe hore 19r 80dPMed vel ocity range for nost product is 65

- 85m per Sjﬂér‘h@féroﬁ-ﬁle%y@r&méé&o% 5theoiithet air - up to 1.8 bars above
at nospheri ¢c_pressure. nperature of the inlet air - in the ranqe anbi ent

- 80 Oer‘i‘tlgr%‘@amé@mﬁ@‘ea%'%“%%rﬁ%@d“é%éﬁr@ﬁ?s?’ prrsende PO RaeRNt Sitheabl e

for processjisifetdr ¥&th¥ cliftdgeal pbﬁﬁ},g% of materials, including the follow ng:-
mari ne products such as shellfish neat and shel | fi sh shells, fish waste,

fish and seaweed; Cereal products such as wheat, mnumize, barley, brewers

spent grai ﬁrhesébérélﬁ@eco&‘lt%grfor §"&90I&11e96‘r' th@?odﬁ@&ﬁs@%&ﬁdrﬁ%sﬁﬁ!’; Bould bf Ui t

and nuts; 30 wastes “and nonbi ol ogical materials such as sawdust, newsprint,
straws, bardeursso@rny with Biegreduct tq e progassedgbutdwpically wpulshe as ihaws:ani nal
pr oduct@ such as antlers, antler velvet, bone, bone marrow, cartilage and

eggs. Liquid or sem liquid products such as@ﬁg%@v\hlte or gluten al so
can be pro adfy of Julet als Jhiggly dugts1Gnend preggls thep i09/45yice 713: BoANPPles of

processi ng eentH L H90R JePbesRC! Eveh HGIRA Welodities may be used for some product or
to clean out the interior of the cyclone. However, the preferred velocity range for most
product is 65 - 85m per second. |
15
Pressure of the inlet air - up to 1.8 bars above atmospheric pressure.

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

20 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;

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

25
vegetables and herbs;

fruit and nuts;

30 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.

35 Liquid or semi liquid products such as egg white or gluten also can be processed
successfully.
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Exanple 1 - pre-blanched Swede. 5 Initial noisture content - 89% Fi nal
noi sture content of powder - 8% Feed rate into cyclone - 62 kg per hour
Processedv@ootiest (powder) recovered fromcyclone - 9.5 kpCcpazoti@ar? 10
Tenperature of air supplied to duct 10 and device 13 - 750 Centi grade
Vel ocity of air supplied to duct 10 and device 13 - 95m per second Air
vol unme supplied to duct 10 and device 13 - 2.360 cubic netres per second
Exanple 2 - seaweed (Macrocystis sp.) 15 Initial noisture content - 86

percent.  FhnalIdWbsdRsihg @bRdltions 16 SP4cintRshiucate into cyclone - 5.83kg
per mnute. Processed product recovered fromcyclone - 0.816kg per m nute.

Wat er evaporated - 5.01 kg per mnute. 20 Tenperature of air supplied to

duct 10 andedeyic ¢ - b-blaRchddsddy, ade. Vel ocity of air supplied to duct 10
and devi ce - m per second. r volume supplied to duct 10 - 2.36 cubic
metres Per second. Exanple 3 - sawdust 25 initial npoisture content - 55

percent fi|p@h ABLRFESHISANGEY - 16 percent feed rate into cyclone - 7.3
kg per m nute processed product recovered fromcyclone - 3.79kg per mnute

wat er evapdrigal &pisture eatenyef PeWdelit 8%80 tenperature of air supplied to duct

10 and devigeyldteintbQEyEiBné L 85 Rgper ¥&lroci ty of air supplied to duct 10 and
device 13 - 95m per sécond air vol une supplied to duct 10 - 2.36 cubic

metres per Fyeernsad pragkich (powde) PeCoBemY fROTAYGRIE/ (DI kg Pediialirnns 1. A cycl one
CONpr 1 S§pNg Tem atH_RaO@frah%dpbﬁQﬂo%Et RPaid g8V £h 78PeBsgrade the w der end

of a lower frustro
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.)
15  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.
20 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
25 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
30 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.

35
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conical portion, with the |ongitudi nal axes of said upper and | ower
portions aligned; a primary air inlet into the cyclone arranged such that
t he inl etw@n2/180s7 10 substantially tangential to the circpaf/azenoe7of the
cycl one; an exhaust outlet at or adjacent the top of the cylindrical
portion; a control valve associated wth said exhaust outlet and capabl e of
parti al I y or 15 conpletely shutting off said exhaust outlet; a secondary
air inlet 4d8ims ated with the narrow end of the frustro-coni cal portion
and provided with an air flow stabilising device which is adapted to admt
a streamof air substantially along the |ongitudinal axis of the cyclone;
20 nmeans fdr wi theyconiergpmprisgssed product fromthe cyclone. 2. The cycl one
as claimed in claiml1, wherein said air flow stabilising device is
arranged to be novable into and out of the narrow end of the

f rustrosconi cal an2dppescylirsinical ortidnewiigl lopers o m%wld@deﬂmotaﬁwriruﬁﬁef ein
said air flow st d 0 r
frustro-conical C?ﬁfcékg?)@gg’nﬁﬁggﬁ? mr'tf'@ﬁalb%%eg ?hr oug bﬁ%lngﬁovgelzrr pcl)rgons
supplied in use;aligaéd] air flow stabilising device being di nensi oned 30 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

cycl one. 4. The ayihane ais inekintedthencydleiemaBanged siugh sthiat! theitislet @ir iore i s
arranged to be t I HOf the

fI’UStI’OgCOI’lI cal sggrtgﬁc')aﬁlyt gogrté ' ["F]%}g?é%tmévr%b coni cal outer wall
of said air flow stabilisi ng deV| ce. 15 WO 02/18057 PCT/ NZ01/ 00177 5. The
cycl one as cl ai ! means of

wi t hdraw ng pr odr%sshgu%%cjg{%q o?fag L"%gﬁecg%/) O(I;flhee oﬁrﬁ(%lsé@'g?i annul ar gap at
the narrow end of the frustro-conical portion between the wall of the
frustro- conical f

cycl one as cl ai r?e IIOI levg%giéﬁeg'\nﬂtﬁ ésaal gﬁ{aﬁQi J)ut?e? %ﬂd%ﬁéétﬁg .of gaﬁlall%_ ggsse d
product7sf rom t h&:ompdﬂtelyeshuthn@offsals! exhausboutketr e outlets forned in the wall
of said frustro-conical portion of the cyclone.

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;

20
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

25 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

30 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
35 independently of the frustro-conical outer wall of said air flow stabilising device.
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10 7. The cyclone as clainmed in any one of the preceding clains, further
conprising a cylindrical core nmounted within the upper cylindrical portion
of the cywbdoneos7with the |ongitudinal axis of the cylindeCTakonens
parallel to, or coincident with, the |ongitudinal axis of said upper
cylindrical portion. 15 8. The cyclone as clainmed in claim7 wherein said
cylindrical_core surrounds the exhaust outlet. 9. The cyclone as clajned

in claim7%r clAeneglaigereriineh inipaene of Haimie? - & Whei@n saifl means Pk i n
the range 25%t Qvn@i@?@vﬁﬁg bl’&egééﬂnﬁbéuct%fon’i R @ﬂoh@d:bhfbﬁses 8R aRMitht §4p aflO.

The cyclone as clainmed in qy one of preceding clains wherein the ratio
of the vol une dhe nREOW\ENd, ‘ihéafoSB@TOPf‘@ﬁ' partiom befwpendhe wall qf{ge frustro-

frustro-coni cal Qfkchi RiiorPind ME ai¥Bhatsbvilshddiick: 25 11. M1ling and drying
apparatus incorporating at |east one cyclone as claimed in any one of the
precedi §g cl ai ns, said apparatus further including: a product inlet device

arranged t g, SUppl*h)é E%éwr\@tast BlalfedPiP @smed Wheldtf saP niéé%lso&evdltﬁal‘évﬁﬂbe air
supplied to either the prinmary or the secondary air inlets; an air I

pply
means connect ed Precesped Equllﬂﬁ*r rgjthe cyglene gMaPrssstane @éﬁ@'ﬁo%ﬂ?tsafPFme(i Hl et:

35 air heating 'Tﬁé"ﬂ/ﬁll efjé’é?él ﬁgsth)cé?ﬁt?él @r'tnbn%’ﬁ'f?@'c%_rgné.o and/or air suppli ed
from said air supply neans; 2/ 18057 / NZ01/ 00177 neans for

recycling all or part of the alr exhausted fromthe cyclone through the

exhaust, outd et t [ Ris2fuPePSorfipridinged 1 n
claim 11f V\,h7ler ei rﬁggﬁggﬂgaa%s%ﬁg?b z/negi;?lﬁ% aﬁthﬁaﬁyé%é@g@rggc?ﬂs athI 2ast FIé)mlam‘f)e

noni tor for measueylingrigah sofpurrobnted Vitin theeupnes eyindsicalrrorign ehbegyclone,
exhaust ed Trom tih §¥abRIfidingEhas of e & ih@icaR Ebkesbarae 18 cor dfrfRRnt WA, of

the exhaust air directe air supply nmeans 1n response to the
nmoni tor readi nggdhe mgma;imamélsebgada*pger §ndrical paston.n claim 11 or clai m 12
further including dust collection neans through which exhaust air is

passed before it is released to =~ L
15 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
20 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.

25
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

30 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;

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

air supply means;
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at nosphere. 15 14. The apparatus as clainmed in any one of clainms 11 - 13
whi ch incorporates at |east two cyclones and whi ch includes neans for

col l ecti mopr/esdert froma first cyclone and passi ng that PeT/odoreo1to t he or
each of the other cyclones in series. 15. A nethod of operating the mlling
and drying apparatus as clainmed in claim12, 20 including the steps of:
supplying air fromthe air supply neans to both the primary air inlet and
to the air flow stabilising device; supplying product to be processed via

the product inl ehedffROE RodyBinghsll &H part SURM bR @xhQUSIEEf B tRBcYclBhé thrblgH ; 25
regulating the air suppliéd to the air flow stabilising device as necessary
to produce a subRedirustoytict tosaid air SeRRbNIEAYS-vort ex within the cycl one;

nonitoring the tenperature and hum dity of the exhaust air passing through
the exhaust outlet and recycling all or, a progortion, of the exhaust air to

the inlét o2 tH&eapPPREI 55 wiaiRed iBeFRIRtITAGWIRISH FRIE FsANS dPr reavdlingys. 30

17 incorporates at least one monitor for measuring the humidity and the
temperature of the air exhausted from the cyclone, and a valve for adjusting the
proportion of the exhaust air directed to the air supply means in response to the
monitor readings.

10
13.  The apparatus as claimed in claim 11 or claim 12 further including dust
collection means through which exhaust air is passed before it is released to
atmosphere.

15 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,

20 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;

25 regulating the air supplied to the air flow stabilising device as necessary to
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.

30
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