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KaTeropvm Ha OOKyMEeHTa

X — OOKYMEHTBT € OT 0COGEHO 3HaYeHMe; O — HenMcMeHo paskpuBaHe, U3nona3BaHe, Npunaraxe,
npeTeHaNpPaHoTo U30BpeTeHNe HAMa HOBOCT UMW [OKNaaBaHe Unv OeMOoHCTpupaHe

nsobpeTarerncka CTbrka, KoraTo OKYMEHTbT ce P - OokymeHT, NyGnukyBaH npeauv gaTaTta Ha
pasrnexga camoCTOATeNHO nogasaHe B Bbnrapus, Ho cnep npuopuTeTHaTa gaTa
Y — OOKYMEHTBT € OT 0COGEHO 3HaYeHue; E — no-paHo nogageHa 6bnrapcka 3asiBka, HO
npeTeHanpaHoTo M306peTeHne HAMaA nyGnukyBaHa Ha UNu cried gatarta Ha nofjaBaHe
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obnacTra Ha Opyr AOKYMEHT UNK apyra creuvanda npuymnHa
A — [JOKYMEHT, OTpasaBall, HUBOTO Ha TEXHMKaTa, (xaKTo € MocoYeHo)
KOMTO He e OT 0COBEeHOo 3HaYeHne & - JOKYMEHT OT eiHa naTeHTHa paMunms

D - OOKYMEHT, UNTUpaH B onncaHmneTo

[ata: 04.08.2023 r. Wwme: [lecucnaea BaHoBa
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CTAHOBUWULWIE

OTHOCHO: npoyyBaHe 3a HoOBOCT ,ABTOMaTuaMpaHa KackagHa ClnbH4YeBa
MynTUHarpeBaTesnHa nHcTanaumsa ¢ TepMonoMnn 3a HUCKoTemnepaTypHa obpaboTka
Ha XpaHUTENHW NPOAYKTU B Kamepa ¢ nogHansraHe”

CnMC - 820/26.07.2023 r.

KbM 1ckaHeTo 3a Npoy4YBaHe ca NPUNOoXeHN onncaHne, NPeTeHUnn 1 YepTex.

dopmynupaHn ca egHa He3aBMCMMa NaTEHTHA NPETEHLUNS U YeTUPK 3aBUCUMM
NaTEeHTHN NPEeTEeHLUUN.

CbrnacHo naTteHTHM npeTeHuun oT 1 go 5 npoyyBaHeTo ce oTHacsa Ao
aBTOMaTM3MpaHa KackagHa CIbHYeBa MyMTUHarpeeBaTenHa WHcTanauus ¢
TEPMOMOMMKM 3a HUCKOTeMMepaTypHa o6paboTka Ha XpaHUTENHM NPOAYKTU B kKamepa
C nofHansiraHe, BKMNlOYBalla XepMeTUYHa Kamepa, TpbOHO cCBbp3aHa npes
nporpaMmpyem CTyAeH knamaH Cc BakyymHa nomna. B xepmeTuyHata kamepa ca
MOHTMPAHNU PE3NCTOPEH HarpeBaTen, KOMTO MNpe3 pPe3UCTOPHO W3MbIHUTENHO
YCTPOWCTBO € CBbp3aH C Pe3nCTOpPeH M3BOA4 OT eNleKTPOCWUNOB pasnpeaenuTeneH
6nok. MHOykTMBeH HarpeBaTen npe3 WHAYKUMOHHO W3MBbIHUTENHO YCTPOWCTBO €
CBbp3aH C WHAOYKUMOHEH W3BO4 OT €feKTPOCWUIIOB pasnpegenuteneH 6nok.
NHbpayepBeH HarpesaTen npe3 WMHPPaYEepPBEHO W3MBLIHUTENHO YCTPOWCTBO €
CBbp3aH C MWH(payepBeH W3BO4 OT ENEeKTPOCWUIIOB pasnpeaenuTeneH 6rok.
TepmonoMneH arperaT npes TEPMOMNOMMEHO U3MbIHUTENHO YCTPOWCTBO € CBBbP3aH C
TEPMOMOMMEH U3BOA OT eNEKTPOCUIIOB pasnpeaenvTteneH 6nok. BakyymHata nomna
npe3 BaKyyMHO W3MbIIHUTENHO YCTPOWCTBO € CBbp3aHa C BaKyyMeH W3BO4 OT
enekTpocunoB pasnpegenuteneH 6nok. Mpu KoeTo MbpBU ynpaBneHCKU M3BOL OT
LieHTpaneH onTUMn3aLnoHeH 6ok € CBbp3aH C YNpaBIieHCKU BXOA Ha PE3NCTOPHOTO
M3NbIHUTENHO  YCTPOMCTBO, BTOPWM  YNpaBfieHCKM U3BO4 OT  LEHTparnHus
onTMMM3aUMOHEH OnNOK e CBbp3aH C YMNpaBMEHCKM BXOA4 Ha WHOYKUMOHHO
M3NbIHUTENHO  YCTPOWCTBO, TPETM YMNpaBiEHCKM W3BOA OT  LEHTparnHus
ONTMMM3aUMOHEH ONOK € CBbp3aH C YMpaBfeHCKM BXOA4 Ha MHpavyepBeHOTO
M3NbIHUTENHO YCTPOWCTBO, YETBLPTU YNPaBMEHCKM BXOA4 OT  LEeHTpasnHus
ONTMMMU3aLUMOHEH 6ok € CBbp3aH C yNpaBreHCKN BXOA Ha BaKyyMHO U3MbIHUTENHO
ycTponcTBO. [MbpBM CUrHaneH BXOA4 Ha LeHTparieH OnTMMM3auMoHeH 6nok e
6e3XMYHO CBbP3aH C M3xon OT AaT4YMK 3a TeMnepaTypa Ha Bb3[yxa B XxepMeTuyHaTa
Kamepa, BTOPU CUrHaneH BXOA4 Ha LeHTpanHus onTMMU3auMOHEH 6ok e B6e3Xn4Ho
CBbp3aH C M3x0A OT AaT4YMK 3a BNaXHOCT Ha Bb3ayxa B XepMeTu4yHaTa kamepa u
TPETU CUrHarneH BXo4 Ha LieHTpanHusi onTMMm3aumMoHeH 6rok e 6e3KMYHO cBbp3aH ¢
M3xod OT OaTyYMK 3a paspexidaHe Ha Bb3gyxa B xepMeTuyHaTa kamepa. TonnuHeH
BXO4, OT BbHLWEH MbpBM MNPaBObIb/EH CHbHUENPUEMHUK € TpbOHO CBbp3aH C
TOMNMOOOMEHHMK B XepMeTu4yHaTa kamepa. Enektpuyecku Bxod OT BTOPU BbHLUEH
CIMbHUENpMeMHN npe3 nporpaMMpyemM BbHLIEH ¢oToBONTaMdeH KOHTporep e
CBbp3aH C MbPBU €MEKTPOCUIIOB BXOM Ha €NeKTPOCUIIOBUS pasnpeaenvTeneH 6ok,
4YMMTO BTOPW E€NEKTPOCUIIOB BXOA € CBbP3aH C U3BOA OT efliekTpuyecka Mpexa, KaTo
KbM AOMHUS pb0 Ha NbpPBUS BbHLUEH MPABObIbIEH CMbHUENPUEMHUK € MOHTUpaH
[ONHUS pbb Ha BbHLUEH NIIOCHK NPABObLIbIEH OTpasnTen.

LleHTpanHusT onTuMmnsaumnoHeH 6ok e nporpammpyem.

MbpBUST BbHLIEH NPaBOBbIbIEH CIbHUENPUEMHMK € TEYHOMDNYMOEH.

BTopusiT BbHLIEH NPaBOBbIbIIEH CITbHUENPUEMHUK € ) OTOBONTaNYEH.

TepMonomMneHus arperaT e CinuT cucTeMa Bb3ayX- Bb3ayx.



3apaya Ha u3obpeTteHneTo e ga ce obesnednm aBTOMaTU3MpPaHa KackagHa
CMbHYEBa MyfnTUHarpeBaTefNHa MHCTanaums ¢ TEPMOMOMMM 3a HUCKOTEMMNepaTypHa
obpaboTka Ha XpaHWUTENHM MPOAYKTU B KaMepa C nogHansaraHe, Kosto ga pabotm
€HEepProMKOHOMUYHO CbC CITbHYEBA €HEeprnsa OT CBETOYCUSIEHN CIbHLUENPUEMHULN, B
3aBMCMMOCT OT CbLUHOCTTa Ha obpaboTBaHWTE MPOAYKTM WM Bnarata B TAX, 4pes
LUeHTpaneH ontuMMmsaumoHeH OnoK, nporpamMmpaH C W3KYCTBEH MWHTENeKT 3a
ynpaBfneHne Ha Han-pa3HooOOpas3HM TEXHOMOMMYHM PEXMMU C Bb3MOXHOCT 3a
camooby4eHne Ha OCHOBaHME aBTOMaTMYeH aHanu3 Ha cobcTBeHaTa cu paboTHa
ncTopus.

Mpn M3BLPLUIEHOTO MPOyYBaAHE Ce YCTAHOBM HanuMyne Ha W3BECTHWU OT
NpeawecTBawoTo CbCTOSHME Ha TexHuMKaTa AOKYMEHTW, OTpassiBally HUBOTO Ha
TEeXHUKaTa, KOUTO ca MOCOYEHN B NPUSIOKEHUS AOKMAg OT NPOyYBaHe M KOMTO He ca
NPOTMBOMNOCTaBMMM NO HOBOCT Ha 06eKTa Ha Npoy4YBaHe, a UMEHHO:

- CN104011490 (A) nybnukyBaH Ha 27.08.2014 r., KOWTO paskpuBa
nogobpeHa cnbHYEeBa CyLMITHA C MOBUWEHA egEKTUBHOCT Ha CylUeHe,
CbCTOSILLA ce OT CnbHYeB abcopbaTop/KONEKTOP U CyluMnHa kKamepa. EanHnart
Kpan Ha KONeKTopa € CBbp3aH KbM HarHeTaTeNneH BEHTMraTop, a ApyruaT
Kpan e CBbp3aH C cylimnHata kamepa. CylumnHaTta kamepa MMma Yekmemxe, B
KOETO BbpXy TEfleHa Mpexa Ce CbXpaHsiBa CylleHuAT matepunan. OcBeH ToBa
CYLUMNHATA pasnoriara ¢ Bb3MOXHOCT 3a MOCTaBsSHE Ha LBETEH UHOWKATUMBEH
cunukaren nog TeneHata Mpexa, korato pabotTm B pexuM  Ha
peunpkynauus. pyruaT kpan Ha cCywunHata kamepa uma BeHTunaTtop C
nHayumpaHa Ttara. W gBata BeHTMnatopa 3a MNOCTOSHEH TOK paboTaT ¢
doTosonTanyeH naHen ot 10 BaTta. V-o6pasHu pednekTtopn OT aHOAU3UpPaH
anyMUHUN ca UKCUPaHW BbPXy KOMekTopa M no u3bop Bbpxy CylumunHaTa
kamepa. BrpagpeHa e Bepura 3a npocnegsiBaHe 3a aBTOMAaTU4HO
npocrnegsBaHe Ha CyLIMNHATA. 3aknoyBaly, MEXaHNU3bM CbLLO € BKITHYEH, 3a
Aa MOMOrHe Ha YCTPOMCTBOTO A W3ObpXWM Ha CWUMNHO HaToBapBaHe OT
BATbP. OCBEH TOBa CyWWHATA WMa Bb3MOXHOCT 3a nporpammpyema
peuMpkynauusa Ha oTpaboTeHus Bb3OyX OT CylumnHaTa kamepa, cref KaTo
BMaXHOCTTa My nagHe non npeaBapuTenHo 3adafeHa CTOMHOCT, KOWTO
npoLec nomara Aa ce yCKOpM CKOPOCTTa Ha CyLUeHe.

- KR102045803(B1) ny6nukyBaH Ha 18.11.2019 r., kouTO paskpvsa
HUCKOTEMNepaTypHa  CYLUWNHA, M3nonssawa CrbHYeBa TOMMAMHA U
reotepmarnHa TOMnMHa, KOSTO € MKOHOMUYHA U eKOSorM4yHa, Ypes3 BbBexaaHe
M UMpKynauus Ha TOMbSl ropel Bb34yX BbB BbTpellHaTa AoNHa 4acT Ha
CYLLUMITHATA, KaTo MO TO3M Ha4yuH NO3BOSISABa BMCOKOE(MEKTMBHO CylleHe Ha
KynTypute. XopusoHTaneH LLIHEeK e pasnonoXxeH BbTpe B
HUCKOTeMMnepaTypHaTa CyLUMNHA W BbpXy paguarnHarta BbHLIHA NOBbPXHOCT
Ha BbPTALW, Ce Bafl Ha XOPU3OHTaNHUSA LWHEeK , MHOXEeCTBO Kpura 3a
NPexBbpPrsiHE Ha CENCKOCTONAaHCKN NPOAYKTU B CTPaHMYHA MOCOKa B KOHTAaKT
CbC CENCKOCTOMaHCKN NPOAYKTU, KOUTO MHOXECTBO Kpuna ca crnvpanoBuaHO
OPOpPMEHM 4Ype3 U3MbKBAHE U XOPU3OHTANHUAT LWHEK ce 3a[BWXBa
pOTauUMOHHO OT 3aABWXBaL, ABUraTen, a YCTPOWCTBO 3a reHepvpaHe Ha
CMbHYEBaA €Hepruss € MOHTUPAHO Ha MOKpMBa Ha HUCKOTemmnepaTypHaTa
cywunHa. CTbKreHa nroya e MOHTUpaHa BbpXy ropHata MOBbPXHOCT Ha
B6aTepuHUA mModyn M NbpBU NbT Ha Bb3QYLWHMA NOTOoK P1 e onpegeneH



MeXay BbTpellHaTta ropHa MNOBBbPXHOCT Ha OCHOBHOTO TANMO W ropHaTta
Bodella nnoYa 3a UMpKynauunda Ha BbHLHUA Bb3AyX, AOKATO Ce 3aTtonnda OT
ClibHYEBa TOMNMMHaA N MeXAy BbTpelwHaTa OOJIHa NMOBBbPXHOCT Ha TAJNIOTO U
JOJ1HaTa HanpasdBalla rnrova.

PL237403 (B1) ny6nukyBaH Ha 19.04.2021 r., kOMTO paskpuBa xumbpuaHa
PVIT cuctema 3a cyweHe Ha pactutenHa buomaca, BKMOYBaLLA KOMMOHEHTH
kato PV/T cuctema, HanpeyeH paguaneH BEHTUNaTop, eneKkTpuYecku
HarpesaTerl, KOHLEeHTpaTop Ha CibHYeBa pagnauusa ¢ napabonuyHa dopma,
TEPMUYHO M30NMpaHa fi3a U KamepHa cywunHa. PV / T cuctemaTa e cbe
CTPYKTYypa BbB opmaTa Ha nNpaBObIb/IHO TBbPOAO TAMO, B KOETO
XOpU3OHTanHUTe  ycnopegHuW CTeHn  npeacTtasnaesat  bGatepus oT
POTOBONTANYHM KMETKW OTrope M npo3payHa nractmaca otaony. Mexay
ycnopegHute CTeHW MMma anymumHueBa nnoda — abcopbep, KosATO pasgens
Nofny4eHOTO MPOCTPAHCTBO Ha ABa He3aBWcUMM KaHana. AbcopbaTopbT OT
CTpaHaTa Ha OaTepusiTa Ha (POTOBOMTAUYHUTE KIETKM € MOKPUT CbC Crow
N3onaunoHeH Matepuar, a OTKbM NpPo3pavHus MaTepuan ctpaHa CbC Crow oT
mMaTtepuan, abcopbupaly cnbHYeBaTa pagnauus. MsrpaxgaT ce cTpaHuyHuTe,
nepneHaVKYNsipHU CTEHM Ha KOHCTPYKLMATA € No-gbfiraTa cTpaHa. Ha egHa ot
NepneHAVKYNsSpHUTE CTEHM Ha KOHCTPYKUMATA C NO-KbCa CTpaHa € MOHTUpaH
HanpeyeH pagvaneH BeHTUNaTtop C MNOCTOSAHHOTOKOB  ABuraten. Ha
NPOTUBOMNOSIOXHATA, HEepa3BMUTa NeprneHAnKynsapHa cTeHa ¢ No-kbca CTpaHa e
MOHTUpPAH eneKkTpu4eckn HarpesaTten. ToBa € MSACTOTO, KbAeTO ce Hamupa
n3xoabT oT PV / T cuctemarta. KOHUEHTpATOPBbT Ha CrbHYEBa pagnaums c
napabonuyHa cdopma e n3paboTeH OT NnacTmaca, KaTo ropHUAT My CIlon €
NMOKPUT C MaTepuan C BUCOK koeduUMEHT Ha andeno. KoHueHTpaTopbT €
pa3nosioXkeH oTAoNy U pbboBeTe My M3NM3aT U3BBLH obwaTa wupuHa Ha PV /
T cuctemata. batepua ot cunvumesn (POTOBONTAMYHU KNETKM € HacodeHa
KbM CIbHYEBUS OUCK U OUMPEKTHO M3NOXeHa Ha cnbHYeBa paguwauus. Ha
NoBBbPXHOCTTA Ha abcopbepa pagnauuaTa ce oTpassiBa OT OrnefanHoTo
NOKpUTME Ha napabonuyHus KOHUEHTpaTop, MPOHUKBAWKW B Mpo3padHaTta
nnactmaca. XmbpugHata PV/T cuctema 3a u3cyllaBaHe Ha pacTuTenHa
Buomaca e obopyLBaHa C enekTpuyecka CUCTEMA, B KOSITO €NEKTPUYECTBOTO,
nony4yeHo oT 6atepus cunuumeBn (GOTOBOMTAUYHU KNETKN Ce CbXpaHaABaT B
TaBata. Mexagy Gatepmara u  TaBaTa wMma  perynatop  Ha
3apsga. HarpeBatenaTt u enekTtpoaBuratenat Ha BeHTUNnaTopa ca CBbp3aHu
KbM perynartopa.

BG111811 (A) nybnukyBaH Ha 29.02.2016 r., KoMTO paskpuBa MeToa U
YCTPOWCTBO-CYLUWUIHA 3@ HanbfIHO aBTOHOMHO CylleHe C MpuHyauTernHa
BEHTUNaUMs Ha NPOOYKTUTE, CbC CITbHYEBA EHEPIUsi, NPU KOETO BEHTMUNATOP,
3axpaHBaH OT POTOBONTaMYEH NaHen, 3aCMykBa Bb3[yX OT OKOfHaTa cpefa u
cb3faBa NpUHyguTerHa HenpekbCHaT Bb3QyLleH MOTOK, KOWTO npemMuHaBa
npe3 Bb3OyLUEeH CITbHYEB KOMEKTOp, Taka 4e Bb3AyXbT Ce Harpsea, crnep
KOeTO NnpemMuHaBa npe3 OTBOPEeHa CylUWUMHa Kamepa, B KOATO Ce MOCTaBAT
npoaykTuTe 3a cyweHe. B cywunHata kKamepa e rocTtaBeH [aTyuK 3a
TemnepaTtypa M Bnara, YMWMTO CUrHanu ce nogasBaT KbM KOHTPONnep, KOMTO
yrpaensiBa Bb3AylHWUS MOTOK, 32 Aa MOXe Ja ce noaabpXa OTHOCUTENHO
NMOCTOSAHHA TeMrnepaTypa Ha CyLUeHe.



- US4882851 (A) nybnukyBaH Ha 28.11.1989 r., konTto paskpua anapaTypa u
MeTo[ 3a MNepuoauMyHO CylleHe C nomMmolTa Ha MUKPOBBLIIHOBa BaKyyMHa
cMCTeMa, KaTo anapaTtypata 3a napTMOHO CylleHe Ha npaxoobpaseH wunu
crneunaneH nNnpoayKkT C MUKPOBBLITHOBA BaKyyMHa CUCTEMa € PasKpuUT 3aedHo C
MeTO[ 3a KOHTpoSsiMpaHe Ha npoueca Ha cyweHe. AnapaTypata BKNOYBa
Kamepa 3a cyweHe Ha npoaykra. [lpogykTbT ce Hamupa BbB BbTpELLEH
KOHTEMHep 3a npoaykta. KoHTerHepbT 3a npoaykta W Kamepata ca
KoopauMHMpaHW, 3a Aa No3BONAT JIECHO OTBapsdAHe Ha  pernicoBa
cuctemMa. AnapaTtypata BKMOYBa Owe W CpeacTBO 3a NpeamsBMKBaHE Ha
BaKkyyM B KamepaTra, KOeTO MOXe CbLlo Taka [ga MW3Ternnm napute Ha
pasTBoputenss ot kameparta. OcurypeH € MW3TOYHMK Ha MMUKPOBBLIIHM 3a
KamepaTa, a KOHTEMHEePBLT 3a NpoAykTa MMa MexaHuM3bM 3a pa3bbpkBaHe Ha
npoaykta. CbL0 Taka € pa3KpuTo CPeacTBO 3a KOHTPOSIMpaHe Ha onepauumsita
No CyLleHe KOSTO MNO3BOSisiBa NoaabpaHe Ha m3bupaemyn napameTpu no
BpPeEME Ha onepauusita no CyLUEHe.

HOBOCT

B HUTO eavH OT HamepeHWTe MNpu NpPoy4BaHETO AOKYMEHTU He e pasKpuTo
TEXHUYECKO pelleHVe aBTomMaTu3vMpaHa KackagHa CrnbHYeBa MynTUHarpesaTernHa
MHCTanaumMsa C TepMmonoMnu 3a HWckoTemnepatypHa obpaboTka Ha XpaHUTEenHu
NPOAYyKTU B Kamepa C nogHansraHe, KOeTOo [a CbAbpXXa BCUYKM TEXHUYECKU
npu3Haum Ha obekTa Ha NpoyyYBaHeTo.

Ekcneptnsata cumta, 4Ye OOeKTbT Ha [MpPOy4YBaHETO OTroBaps Ha
M3NUCKBaHUATa 3a HOBOCT, CbrnacHo u4n. 8 or 3akoHa 3a mnaTeHTUTe u
peructpauusita Ha nonesHute moaenu (3rPIM).

JHecucnasa lBanoBa
Crapmm excriept JE3UIIMIT/L
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AN IMPROVED SOLAR DRYER WITH ENHANCED EFFICIENCY OF DRYING

Abstract

The present invention provides an improved solar dryer with improved. The dryer consists of a solar absorber/collector (9)
and a drying chamber (6). One end of the collector is connected to a forced draft fan (10) and the other end connects the

drying chamber. The drying chamber has a drawer in which the material to be dried is kept on a wire mesh. The dryer further

has the provision for placing color indicative silica gel under the wire mesh when operated in recirculation mode. The other

end of the drying chamber has an induced draft fan (11). Both the dc fans operate using a 10 watt photovoltaic panel (3). V-
trough reflectors (4,5,7,8) made from anodized aluminum are fixed on the collector and optionally on the drying chamber. A

tracking circuit is incorporated to auto -track the dryer. A locking mechanism (14) is also incorporated to help the unit
withstand high wind load. The dryer further has the provision of programmable recirculation of the spent air from drying

chamber once its humidity drops below a pre -set value which process helps to speed up the rate of drying.
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Abstract

Abstract not available for PL237403B1 — abstract of corresponding document: PL418978A1

Przedmiotem zgtoszenia jest hybrydowy uktad PV/T przeznaczony do suszenia biomasy roslinnej, ktory to uktad stanowi
urzgdzenie sktadajgce sie z elementéw takich jak uktad PV/T (1), poprzeczny wentylator promieniowy (2), grzatka
elektryczna (3), koncentrator promieniowania stonecznego o ksztatcie parabolicznym (4), izolowana termicznie dysza (5)
oraz suszarka komorowa (6). Urzgdzenie generuje strumieh podgrzanego powietrza na wylocie z uktadu PV/T, ktore

nastepnie wttaczane jest za posrednictwem dyszy (5) do suszarki komorowej (6). Przeptyw powietrza wymuszony jest w
sposOb mechaniczny przez poprzeczny wentylator promieniowy (2) umiejscowiony na wlocie uktadu PV/T.
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METHOD AND A FULLY AUTONOMOUS DEVICE-DRYER WITH FORCED VENTILATION FOR DRYING PRODUCTS BY
USING SOLAR ENERGY (57)

Abstract

The invention is in the field of the food industry and finds an application in drying herbs, mushrooms, fruits and vegetables by
using only solar energy. The invention constitutes a method and device-dryer for fully autonomous drying with forced
ventilation of products, with solar energy, whereby a fan (4), powered by a photovoltaic panel (3), draws in air from the
ambient environment and creates a forced continuous air flow which passes through an air solar collector (2), so that the air
is heated, after which it passes through an open drying chamber (15), in which are placed the products for drying. In the
drying chamber (15) is placed a sensor for temperature and moisture (11), whose signals are passed to a controller (12),
which controls the air flow, so that a relatively constant drying temperature can be maintained. The device can be installed
everywhere, without the need for another energy source. The device can be implemented in a monoblock version or a split
system, depending on the specific situation.
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ular product with a microwave vacuum system is dis-
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process. The mechanism includes a chamber for drying
the product. The product is contained in an internal
product container. The product container and chamber
are coordinated to allow easy opening on a rail system.
The mechanism includes a means for inducing a vacuum
in the chamber that can also with draw solvent vapor
from the chamber. A source of microwaves for the
chamber is provided, and the product container has an
agitation mechanism for the product. A means for con-
trolling the drying operation is also disclosed. The pre-
ferred embodiment of the mechanism include a solvent
recovery system. The method of controlling the drying
process allows for the selective halting of the drying
operation upon achieving selectable parameters. The
control systems also allows selectable parameters to be
maintained during the drying operation.
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APPARATUS AND METHOD FOR BATCH
DRYING USING A MICROWAVE VACUUM
SYSTEM

BACKGROUND OF THE INVENTION

This application relates to mechanisms and processes
for drying products in a microwave field. More particu-
larly, the invention disclosed and claimed in this appli-
cation relates to an apparatus and method particularly
suited for microwave vacuum drying, in batch sequen-
ces, of powdered or particulate materials in the pharma-
ceutical, chemical and food industries.

Microwave vacuum drying on an industrial scale has
been used, among other places, in agricultural applica-
tions (for seed drying) and in related industries. Such
processes normally involve drying products in a vac-
uum chamber containing a field of microwave energy.
The vacuum reduces the boiling temperature of the
product’s solvent. The solvent is often water but can be
a variety of other substances. The microwave energy
raises the temperature of both the product and its sol-
vent to the solvent’s boiling temperature, and then pro-
vides the latent heat of vaporization.

The combination of microwaves and vacuum has
been found to produce quick, low-temperature drying
with little product loss and little chance for fire or ex-
plosion—the latter safety factor is especially important
when powdered or dust-containing materials are dried.
Additionally, the microwave vacuum drying process
provides inherent solvent recovery.

In the past, microwave vacuum drying processes
have been applied to a large variety of products. Such
processes have, for example, been applied to seed dry-
ing, as disclosed in McKinney, U.S. Pat. No. 4,015,341
issued for a “Seed Drying Process and Apparatus”, and
to frozen materials, as disclosed in Bradbry, U.S. Pat.
No. 2,513,991 issued for a “Process for the Desiccation
of Aqueous Materials from the Frozen State”. The
process has also been applied to food products, as dis-
closed in Jeppson, U.S. Pat. No. 3,409,447 issued for
“Treating Food Products with Microwave Energy and
Hot Gas of Decreasing Humidity”. Microwave vacuum
processes have also been used in the pharmaceutical and
food industries.

Although some batch microwave drying devices’

have been built and used in the past, and although batch
devices have been used in the pharmaceutical, chemical
and food industries, the use of such machines is not well
developed. Many of the batch drying machines have
been laboratory machines, not wholly suitable for high
volume commercial drying. Continuous operations are
often suitable in many food and chemical industries.
However, batch operations are especially important in
the pharmaceutical industry because of federally man-
dated requirements for records on each batch of phar-
maceuticals prepared. Batch drying processes are also
useful in the food and chemical industries for products
produced in discrete segmenis or smaller amounts. Ac-
cordingly, a need exists for further development in the
field of batch microwave vacuum drying in commercial
quantities, especially in the pharmaceutical, chemical
and food industries.

Vacuum drying operations have limitations different
from conventional drying operation. For example, the
solvent, often water, will condense at a lower tempera-
ture than normal due to the introduction of a vacuum.
The lower condensation temperature will cause the

10

15

20

25

30

35

40

45

30

55

65

2

walls and windows of the drying chamber to be cov-
ered with solvent condensate, which will accumulate in
the chamber unless some means is provided to prevent
condensation or to remove the condensate.

Use of a microwave drying process poses other prob-
lems, most stemming from the likelihood of uneven
microwave distribution within the dying chamber. Mi-
crowaves can only penetrate the product to be dried to
a limited depth, a depth that varies from about one
quarter inch to four inches, depending on the product.
To protect workers and operators of the drying appara-
tus, microwave devices must also have a complete
metal enclosure; yet the field strength of microwaves
becomes zero at the surface of a metal wall. The prod-
uct must therefore be kept at least one quarter wave-
length from the surface of the metal wall, a distance that
is approximately 1.2 inches. The shape of the metal
container also affects the field strength within the heat-
ing chamber. For example, a sharp metal point produces
a high field strength at the point’s tip. Microwave vac-
uum dryers therefore should be designed with smooth
interior curves to produce few, if any, areas of extreme
energy concentration.

In the past, the most common form of microwave
vacuum dryers for batch processes have been lab struc-
tures with rotating trays. Such trays are usually circular
and allow the product to be either loaded directly onto
the tray or placed in a container that is set on the tray.
Generally, rotating trays are difficult to load and un-
load, especially if the product is spread on the surface of
tray, because the product must be spread evenly across
the entire tray. For pharmaceutical or chemical pow-
ders, the maximum thickness that will allow even dry-
ing is one to two inches. Additionally, even drying
throughout the product can be achieved only if the
product is kept near the outer edge of the tray, since the
movement of the product through the uneven micro-
wave field is greatest along that edge.

A more suitable approach for batch microwave dry-
ing is the use of product container in the form of a
tumbling drum. Such drum configurations have been
attempted by the inventor, but have posed several prob-
lems. The entire drum must be transparent to micro-
waves, which for all practical purposes requires the
drum be constructed of hard microwave-transparent
plastics. Such plastics, however, make poor gaskets,
meaning that difficulties arise in sealing the drum to
contain the product. Additionally, a vapor exhaust
point must be provided in the drum, and the most con-
venient location for that exhaust point is the axis of
rotation. If a small opening is used, the opening will act
as & venturi, increasing the velocity of the exiting vapor
so that the vapor will flow from the drum at a high
velocity. The high velocity vapor movement will usu-
ally pull powders or other granulated material along
with the vapor. A larger opening will reduce the ven-
turi effect, but will limit the capacity of the drum.
Moreover, rotating drums need a microwave transpar-
ent rotating mechanism to effect the rotation.

As an alternative to rotating drums, microwave batch
vacuum drying operations can be accomplished using a
product container having internal agitators. Design of a
structure with internal agitation posses a variety of
difficulties, including the need for a thorough and even
mixing with little fracturing of the product. The con-
tainer design also should avoid corners that will trap the
product to be dried and prevent standing water or sol-
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vent spots. Any container design must also allow easy
loading and unloading of the product.

Control of a batch microwave vacuum drying pro-
cess requires consideration of several factors. For exam-
ple, microwaves are most often absorbed better by the
product solvent than the product itseif. The amount of
energy absorbed by the product/solvent combination
therefore decreases as the percentage of solvent within-
the product decreases. During vaporization of the sol-
vent, the combined product/solvent temperature will
remain relatively stable, since energy absorbed by the
solvent will be used for the vaporization. However, as
vaporization nears completion, the combined product-
/solvent temperature will begin a more rapid tempera-
ture change, if the microwave field is not changed to
compensate.

Different products also have different drying require-
ments. For example, the maximum temperature that is
acceptable for a product varies depending upon the
product. Additionally, different products may require
different degrees of solvent retained within the product;
complete drying is rarely desirable.

One conventional form of control for drying pro-
cesses is a simple elapsed time control that halts drying
after a predetermined period. Of course, other more
complicated control systems have been used as well.
Elapsed time control, while effective, often does not
provide the versatility necessary to precisely control
the drying and drying temperature of products. This is
especially true for pharmaceuticals, which require exact
control of all the product’s characteristics.

OBJECTS OF THE INVENTION

Accordingly, it is an object of this invention to pro-
vide a microwave vacuum drying apparatus and pro-
cess that is usable primarily in the pharmaceutical,
chemical and food industries.

An additional object of this invention is to provide
such a microwave drying apparatus that allows for easy
product loading and unloading.

A further object of this invention is to provide a
microwave vacuum drying apparatus and process that
results in even drying of the product.

Another object of the invention is to provide a micro-
wave drying apparatus and process that operates on a
batch basis.

Yet a further object of this invention is to provide a
microwave vacuum drying apparatus that is sanitary
and easily cleaned.

Still another object of this invention is to provide a
microwave vacuum drying apparatus that results in
even microwave distribution throughout the dried
product.

Yet a further object of this invention is to provide a
microwave vacuum drying apparatus and process that
results in accelerated drying of the products.

Still another object of this invention is to provide a
microwave vacuum drying apparatus that has a com-
mercial volume capacity.

Still a further object of this invention is to provide a
microwave vacuum baich drying apparatus and process
that provides for even exposure to the microwaves and
thus even drying of the product, with little fracturing or
destruction of the product elements.

Yet another object of this invention it to provide a
microwave vacuum drying apparatus that prevents
solvent condensate from accumulating on the interior
walls of the apparatus.
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An additional object of this invention is to provide a
microwave vacuum drying apparatus and process that
is versatile, so that it may be applied to a variety of
different products.

A further object of this invention is to provide a
versatile control system for a batch microwave vacuum
drying apparatus and process.

Yet a further object of this invention is to provide a
batch microwave vacuum drying apparatus control and
process that is capable of responding to rapid changes in
product and drying chamber characteristics.

Still another object of this invention is to provide a
microwave vacuum drying apparatus that minimizes
product and solvent loss.

SUMMARY OF THE INVENTION

These and other objects of the invention are accom-
plished by providing a mechanism for batch dryng of
powdered or particular products using a microwave
vacuum system. A method of controlling the drying
process is also provided. The mechanism includes a
chamber for drying the product with an internal prod-
uct container, a means for producing a vacuum in the
chamber, a source of microwave energy and a means of
introducing that energy into the chamber, an agitation
mechanism for the product, and a means for controlling
the product’s drying operation. The agitation mecha-
nism is integral to the product container. The preferred
embodiment of the mechanism also includes a solvent
recovery system. The product container and chamber
are coordinated to allow easy chamber opening and
easy product dumping. The preferred embodiment con-
nects the chamber’s head and the product container for
joint movement on a rail. The controlling method al-
lows for the selective cessation of the drying operation
upon achieving selectable parameters. The control sys-
tems also allows selectable parameters to be maintained
during the drying operation, if desired.

Other objects, advantages, and applications of this
invention are apparent from the following detailed de-
scription of the preferred embodiment and explanation
of practice of the method of the invention. The descrip-
tion and drawings are intended for purposes of illustra-
tion only, and the invention is limited only by the provi-
sions in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The principal embodiments of the present invention is
disclosed in the detailed description of the drawings.
The drawings include eighteen figures to illustrate the
embodiments and the practice of the method, wherein
like reference numerals in each drawing refer to like
elements of the various figures.

The drawings are briefly described as follows:

FIG. 1 is a perspective view of the elements of the
preferred embodiment of the mechanism of this inven-
tion.

FIG. 2 is pictorial illustration identifying the individ-
ual elements of the mechanism and showing the rela-
tionship of the various fluids used in the system.

FIG. 3 is a side cut-away view of the preferred em-
bodiment of the chamber of FIG. 1, showing the prod-
uct container support.

FIG. 4 is a top view of the microwave chamber of
FIGS. 1 and 3.

FIG. 5 is a cross-sectional view of the chamber of
FIG. 3, illustrating the chamber head and its seal and
the shaft of the product agitation system.
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FIG. 6 is a perspective illustration of the chamber
illustrated in FIGS. 1 and 3, and further illustrating the
mechanism for dumping dried product from the cham-
ber.

FIG. 7 is a rear perspective view of the chamber of
FIGS. 1 and 3.

FIG. 8 is a top cross sectional view of the blade por-
tion of the agitator paddies used in the preferred em-
bodiment of the invention.

FIG. 9 is an end view of the blade of FIG. 8.

FIG. 10 is a side cross sectional view of the paddle of
FIGS. 3 and 8, further illustrating the arm of the agita-
tor paddles.

FIG. 11 is a cross sectional view of FIG. 3, illustrat-
ing the inner end of the product container.

FIG. 12 is a perspective view of the inner end of the
product container illustrated in FIG. 11.

FIG. 13 is a cross-sectional view of the chamber and
product container mount of FIG. 3.

FIG. 14 is a perspective view of the product con-
tainer mount of FIG. 13

FIG. 15 is a cut-away side view of the chamber of
FIG. 3 showing a tray as an alternative arrangement for
a product container.

FIG. 16 is a cross-sectional view of the embodiment
of FIG. 15, illustrating the tray’s drive motor and
mount.

FIG. 17 is a cut-away side view of the chamber of
FIGS. 1 and 3, illustrating operation of a clean-in-place
mechanism.

FIG. 18 is a graphic illustration of the control and
sensor operation, and their relationship to the control
and readout unit.

In the following detailed description, directional
terms such as “upper”, “lower” and the like are used for
the convenience of a person of ordinary skill in the art,
and are not to limit the scope of any patent issuing on
the present invention, unless expressly included in the
claims.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT AND DETAILED
EXPLANATION OF THE METHOD OF THE
INVENTION

Referring now to the drawings, an explanation will
be provided of the preferred method of practicing the
method of this invention, and a description will be made
of the preferred embodiment of the mechanism of this
invention. It is to be understood that the mechanism
described in this description and shown in the attached
drawings is only one of several different mechanisms
appropriate for the practice of the method of this inven-
tion. Similarly, the mechanism described and shown in
the drawngs illustrates but a few of the various mecha-
nisms that embody the apparatus claimed. The method
and apparatus of this invention are limited only by the
language in the claims and not by any statements made
in the following description.

The principal elements of the preferred embodiment
of the invention are illusirated in FIG. 1. Generally, the
invention comprises a drying chamber 10, a microwave
generator 12, components of fluid system 14 and a con-
trol system 16. Together, those elements comprise the
main components of the apparatus in the invention’s
mechanism and are suitably configured for performance
of the method of the invention.

The drying chamber 10 includes a body portion 18
and a chamber head 20. Both the body and the chamber
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head are mounted on a chamber stand 22. The chamber
stand includes legs 21 and frame 23. The body and
chamber head are supported by the stand when the
chamber 10 is both open and closed; FIG. 1 illustrates
the drying chamber 10 opened. The product to be dried
is placed in a product container 24. In the preferred
embodiment, the product container is mounted on the
chamber head 20, but is supported by both the chamber
head and body. The preferred embodiment of the mech-
anism also includes an agitation mechanism 26 driven by
a drive motor 28.

The microwave generator 12 is connected to the
drying chamber 10 by a2 wave guide 30. The wave guide
is preferably made of aluminum to ensure good trans-
mission and total containment of the microwaves.

The components of the fluid system include a water
heater 32, a condenser 34, a chiller 84 (illustrated in
FIG. 2), a valve system 36, a condensate reservoir 38,
and a vacuum pump 40. The components of the fluid
system are connected by a series of hoses that are not
entirely illustrated in FIG. 1, but are described in the
specification and later figures.

The control system includes a series of sensors, a
control and readout unit 42, an electrical component
cabinet 44, and interconnecting wiring. The microwave
generator 12, fluid system 14, and electrical components
cabinet 44 are all, in the preferred embodiment,
mounted on an equipment platform 46.

The operative relationship between the various ele-
ments is best illustrated by reference to FIG. 2. Begin-
ning with the location of the drying operation, the dry-
ing chamber 10 is surrounded by a heated water jacket
48. The warm water provides a heat source to heat the
chamber 10 that prevents condensation of vaporized
solvent onto the interior of the chamber’s surface. A
seal 50 separates the chamber main body 18 from the
chamber head 20. The water jacket extends around both
the main body 18 and the chamber head 20, and is con-
nected between those chamber elements by a hose (not
shown) extending across the chamber seal 50. Hot
water for the water jacket is provided by the water
heater 32. The water is pumped by a water pump 52 to
the body portion 18 of the chamber, and after flowing
throughout the water jacket, returns from the chamber
head portion 20 to the water heater. The water is con-
stantly recirculated since it is used only for heating. In
the preferred embodiment, a manually operated valve
54 can be used to shut off flow from the water heater 32
to the water jacket 48. A jacket temperature sensor 55 is
positioned in the return line 57 between the chamber
head 20 and water heater 32.

Microwave radiation is provided to the drying cham-
ber 10 by the microwave generator 12, and travels
through a conventional wave guide 30. The microwave
radiation is directed through the microwave inlet win-
dow 56, which is positioned to direct the microwaves to
reflect off the upper part of the drying chamber 10 and
thereafter reflect throughout the chamber 10.

An agitation mechanism 26 is mounted in the product
container 24. It includes paddles 58 rotating about a
shaft 60 and extending through the chamber head 20.
The shaft 60 is driven by the drive motor 28. The drying
chamber also includes an air cylinder 70 that separates
the chamber head 20 from the chamber body 18 upon a
remote command.

The drying chamber also includes a vent 62 to allow
the chamber to return to atmospheric pressure. The
vent 62 is operated by a remote controlled valve 64.
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The chamber also has a drain 66 to allow removal of
any condensation that does occur on the drying cham-
bers inner surface. The drain also allows removal of any
cleaning fluid in the chamber left after a cleaning opera-
tion. The drain is controlled by a manual valve 68.

Chamber sensors 72 are mounted on the drying cham-
ber 10. The sensors monitor conditions within the
chamber and send that information to the control and
read-out unit 42. In the preferred embodiment, the sen-
sors censist of an infrared product temperature sensor
74, a chamber pressure sensor 76 and a chamber field
strength sensor 78. The chamber pressure sensor 76 may
be connected directly to the drying chamber, or, as in
the preferred embodiment (and illustrated in FIG. 1),
may be positioned in the vacuum line 80 extending
away from the drying chamber.

The vacuum within the drying chamber 10 is pro-
duced by the vacuum pump 40. The vacuum pump
draws air and solvent vapor from the drying chamber
through the condenser 34 and the remote operated
valve system 36. The pump 40, valves 36, and con-
denser 34 are connected by a vacuum line 80.

The condenser 34 is part of a condenser unit 82,
which consists of the condenser, a chiller 84, and the
coolant line 86. Coolant flows into the condenser
through inlet line 85, and out through outline 87. Con-
densate from the condenser 34 flows through the con-
densate line 88 to the condensate reservoir 38. To allow
movement of the condensate reservoir and the solvent it
contains away from the condenser, condensate valve 90
is located in condensate line 88 between the condenser
and condensate reservoir. If desired, solvent condensate
can be drained from the condensate reservoir 38
through drain 92. Flow from the condensate reservoir is
controlled by manually operated drain valve 94. Be-
cause the condenser is acting in a vacuum system, the
condensate reservoir is also maintained at the same
pressure. Accordingly, valves 90 and 94 are sealed
against both liquid and gas leakage, and condensate
reservoir 38 is pressure-sealed as well.

Pressure within the drying chamber 10 is maintained
by operation of the valve system 36. The entire system
is maintained in a vacuum during a drying operation.
The valve system consists of a large valve 96 and a small
valve 98. Both the large and small valves are remote
operated. Two valves are used to ease maintenance of
the drying chamber at a constant pressure. Both valves
are “two position” valves that are either wholly open or
wholly closed. As an alternative, a single valve may be
used, such as an diaphragm valve, that provides for
varying quantities of flow through the vacuum line 80.
When dual valves are used, as in the preferred embodi-
ment, the larger valve is opened by the system’s.control
unit, and air flows from the chamber until the drying
chamber achieves the desired drying pressure. The
large valve 96 is then shut. Vacuum is maintained at the
desired pressure by opening and closing the small valve
98 as necessary, and the vacuum pump 40 operates
continuously throughout the drying operation.
Through use of that system, an accurate vacuum can be
more consistently maintained in the drying chamber 10
than when diaphragm valve is used. In the preferred
embodiment of the mechanism, a manual valve 100 is
positioned in the vacuum line 80 between the valve
system 36 and the vacuum pump 40. If desired, manual
valve 100 can be used to stop all flow through the vac-
uum line 80.
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Control of the system is accomplished by electrical
equipment contained within the control and read out
unit 42 and the electrical component cabinet 44. The
sensors, remote operated valves, drive motor, micro-
wave generator, air cylinder, water heater pump, and
vacuum pump are controlled by the electronics of the
control and read out unit and electrical components
cabinet.

Referring again to FIGS. 1, 3 and 4, various details of
the elements of the invention’s mechanism are further
disclosed. Beginning with the fluid system 14, the vac-
uum pump 40 includes a pump motor 102 and an air
filter 104. The condensate reservoir has a removable
chamber head 106, a back-to-atmosphere vent 108 and a
viewing window 110. In the preferred embodiment, the
condensate reservoir 38 rests on a reservoir stand 112
and is removable from that stand. The chamber head
106 of the condensate reservoir is secured with a series
of quick-disconnect latches 114.

The condenser 34 is mounted on a condenser stand
116 positioned over the condensate reservoir 38 for easy
of flow of condensed solvent into the reservoir. Also in
the preferred embodiment, the chiller 84 sets beneath
the vacuum pump 40 beneath the legs of the vacuum
pump stand.

FIG. 1 illustrates the preferred embodiment of the
product container 24. The container includes sidewalls
118 forming a trough. The inner end of the container
has a bulkhead 120 with lower flanges 122 extending
beyond the radius of the trough 118. The product con-
tainer 24 is supported in the chamber body 18 by the
lower flanges 122. .

Referring particularly to FIG. 3, additional details of
the construction of the drying chamber 10 are disclosed.
As that figure illustrates, the drying chamber 10 is con-
structed of an internal shell 124 and an external shell
126. The space between the shells is maintained by
spacer rods 128; that space is the water jacket 48. The
spacer rods 128 are composed of a continuous rod
wound around the inner shell 124. In the chamber head
portion 20 of the drying chamber 10, the water jacket
comprises the space between the chamber head 20 and
a chamber plate 130. The water jacket for the chamber
head 20 extends in an annular configuration around the
chamber head’s center. It does not extend radially to the
chamber head’s outer circumference.

Movement of the chamber head 20 away from the
chamber main body 18 is best illustrated by FIGS. 3 and
4. The chamber stand 22 includes a rail 132 extending
beneath the drying chamber 10. The chamber head 20 -
and drive motor 28 are both mounted on a shuttle 134,
having a motor mounting plate 135. The shuttle in turn
is attached to four rollers 136, two on each side of the
rail. Each roller is mounted on an axel 139. Using that
configuration, the combined chamber head, shuttle and
drive motor unit can roll smoothly along the rail 132
when the drying chamber 10 is desired to be opened.

Other features of the drying chamber 10 are also
illustrated on FIGS. 3 and 4. In its preferred embodi-
ment, the drying chamber includes a port 138 through
which elements of a clean-in-place system can be in-
stalled. The chamber also includes a view window 140
to allow an operator to look into the interior of the
chamber. The view window is preferably a glass win-
dow having a metal screen covering the glass to prevent
transmission of microwaves. In the preferred embodi-
ment, the view window includes an internal light (not
shown) mounted within the view window structure and
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adapted to shine a light into the product container 24.
Also in the preferred embodiment, the internal light acts
as a heater to prevent condensation of solvent vapor on
the window’s inner surface. The preferred embodiment
of the view window therefore also includes vanes 142 to
bleed off excess heat from the view window’s light.

The preferred embodiment of the mechanism of the
invention also includes a tuning system for the wave
guide 30. Thus, a conventional tuner 144 is installed in
the wave guide adjacent the microwave inlet window.
The tuner operates in the conventional manner, i.e., a
series of bolts 146 are threaded into the tuner portion of
the wave guide, and reflected power (i.e., power return-
ing into the wave guide) is minimized by adjusting the
length of the bolts in the interior of the wave guide by
trial and error.

Additional details of the product container and the
agitation mechanism are also illustrated by FIG. 3. In
the preferred embodiment, the agitation mechanism is a
series of paddles 58 mounted about the shaft 60. The
shaft 60 is in turn mounted in both the rear bulkhead 120
and the forward bulkhead 148, and can rotate in those
bulkheads. Each of the paddles consists of an arm 150
and a blade 152. The paddles are spaced evenly along
the length of the shaft 60, and the sum of the widths of
the blades 152 is nearly equal to the interior length of
the product container 24; the blades can overlap. In that
manner, all of the powdered or particulate product
within the trough of the product container 24 will be
agitated during the drying process, such that the effects
of uneven microwave distribution will be minimized.
The product container also has three wings 154 extend-
ing from the rear of the inner bulkhead 120. The wings
154 support the product container on the inner surface
of the inner shell 124 when the product container is
pulled from the main body of the drying chamber 18.

In the preferred embodiment, the product container
24 is mounted on the chamber head 20. Preferably, the
mounting is accomplished by a radial tongue and
groove arrangement. Thus, the chamber head 20 in-
cludes a mounting bracket 156 defining a groove 158.
The mounting bracket and groove extend radially
around the shaft 60, which extends out of the product
container 24 through the forward bulkhead 148. Out-
side of the product container, the shaft 60 has a radial
tongue 160 mateable with the groove 158. The tongue
and groove mounting arrangement thereby holds the
product container 24 against the chamber head 20,
when the chamber head is opened by rolling the shuttle
and chamber head along the rail 132 as best illustrated in
FIG. 1.

Power from the drive motor 28 is transmitted to the
shaft 60 through a drive shaft 162. The drive shaft 162
extends into the drying chamber 10 as it locks into the
shaft 60 of the bulkhead 148 in a tongue and groove
arrangement. The shaft 60 is thus removable from the
drive 162 merely by pulling the shaft 60 away from the
notch. In the embodiment illustrated in FIGS. 3 and 4,
the power transmission between the drive motor 28 and
the drive shaft 162 is by means of a pulley 137. Other
means may be used without departing the scope of the
invention, such a direct drive structure.

In the preferred embodiment of the invention, the
shaft 60 is removable from the product container 24.
Removability is accomplished by supporting the inner
end of the shaft 60 in a latch plug 162. The latch plug
162 has a cylindrical hole 166 matching the shaft 60, and
the shaft 60 is supported by and allowed to rotate freely
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in the cylindrical hole 166. The latch plug 164 is then
made to be removable from the inner bulkhead 120,
thereby allowing disassembly of the latch plug, shaft
and product container into separate elements from the
chamber head.

To eleminate arcing, glow discharge and related mi-
crowave phenomena, the components of the mechanism
that are contained within the drying chamber 10 need to
be constructed of a material that is relatively transpar-
ent to microwaves. In the preferred embodiment, that
material is polypropylene, although a variety of other
materials are acceptable as well.

The input to the water jacket is hose and pipe unit
168. After flowing radially around the inner shell 124,
the heating water exits from the exit pipe 170, as best
illustrated in FIG. 4. A hose (not shown) then leads to
the chamber head’s water inlet 172, allowing circulation
of the hot water in the chamber head before the water
returns to the water heater 32 through return line 57.

The chamber seal 50 between the chamber main body
18 and the chamber head 20 is best illustrated by refer-
ence to FIG. 5. The seal is configured to ensure electri-
cal conduction across the entire surface of the joint
between the chamber head 20 and the chamber main
body 18, and thereby prevent microwave leakage. Ac-
cordingly, the seal includes an O-ring 174 composed of
a conductive material. FIG. 5 also illustrates extension
of the shaft 162 through the chamber head. The same
figure further illusirates attachment of the mounting
bracket 156 to the chamber head.

Dumping of the product is best illustrated by refer-
ence to FIG. 6. Because the product container 24 is
rotatable in the mounting bracket 156 about the axis of
shaft 60, the product may be dumped from the product
container 24 by rotating the container such that its open
top is directed generally downward. Since the dried
product is either powdered or granulated, the product
will slide out of the smooth surface of the polypropyl-
ene container. It may be necessary, however, to manu-
ally rotate the shaft 60 to move the paddles from block-
ing flow of the product. When the product container is
rotated, its inner end is supported by the body portion
18 of the chamber through the wings 154 extending
from the inner bulk at 120. As illustrated in FIG. 6, the
product container 24 can be constructed with only
three wings. The fourth wing is helpful, but unneces-
sary to support the product container. Elimination of
the fourth wing makes insertion of the product con-
tainer into the chamber 10 less difficult.

FIG. 6 further illustrates various features of the
chamber and its agitation mechanism. FIG. 6 includes
illustration of the inner side of the latch plug 164, and
the latches 176 that serve to clamp the chamber head 20
to the body 18 in a firm grip.

Referring now to FIG. 7, the preferred embodiment
of the invention includes an air cylinder 70 allowing
remote opening of the chamber head 20 from the body
18. In the preferred embodiment, the air cylinder is a
rodless cylinder, having output rod 178 that moves in a
slot 180. The air cylinder is preferably mounted by
cylinder supports 182 affixed to the bottom of the rail
132 and operate by acting to move the axles 139 of the
rollers 136.

FIG. 7 further illustrates the preferred location and
configuration of the back-to-atmosphere vent 62 and its
remote control valve 64. The vent and valve are located
on the lower portion of the product chamber. The vent
and valve are therefore beneath the product container
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20 to prevent powdered product from being blown out
of the product container or off the tray when the cham-
ber is vented.

Still referring to FIG. 7, the preferred embodiment of
the invention includes a safety proximity switch mecha-
nism 184 used to determine if the body 18 and the cham-
ber head 20 of the chamber have been closed. A switch
arm 186 extends from the shuttle 134 and includes a
sensed surface 188. A proximity switch 190 is mounted
on a switch support 192 such that the switch 190 is
activated by sensing the surface 188 when the chamber
head 20 is closed against the body 18. The switch 190
then sends a signal to the control and readout unit 42,
indicating that the chamber is closed. The controller is
also programmed such that the microwave power can-
not be operated if a vacuum is present. In the preferred
embodiment, a drying process cannot begin if the cham-
ber is open.

The particular configuration of the preferred embodi-
ment of the agitators paddles is disclosed in FIGS. 8, 9
and 10. In the preferred embodiment, the arm 150 of
each paddle 58 is affixed around the shaft 60. Each
bilade 152 is affixed to the end of the arm 150, opposite
the shaft. Each blade is curved, with the concave por-
tion of the curve pointing away from the arm 150. Each
blade 152 also has a pointed end 194. The point is sharp
enough to ease passage through the powdered or partic-
ular material, but not so sharp that the blade will dam-
age large, soft particulate product.

The shaft rotates clockwise as viewed in FIG. 10, so
that the point 194 is in the direction of paddle rotation.
As best illustrated in FIG. 10, the blade width, mea-
sured in the radial direction from the shaft 60, is small
near the pointed end 194 and expands to a maximum
where the blade 152 contacts the arm 150. The curved
configuration of the balde 152 acts to gently lift pow-
dered or particulate material during agitation. How-
ever, the point 194 is not excessively sharp; together
with the lesser radial width of the blade 152, it serves to
minimize damage to product during agitation, espe-
cially large, soft particulate food items.

Referring now FIGS. 11 and 12, the mechanism for
removal of the shaft 60 and the paddles 58 from the
product container 24 is disclosed. The latch plug 164
includes an arcuate tongue 196 extending outward from
the axis of the shaft 60. The tongue 196 mates with the
radial groove 198 formed between a plug bracket 200
and the inner bulkhead 120. The radial groove 198 has
an opening 202 slightly larger than the arcuate tongue
196. The latch plug 164 can then be removed from the
product container 24 by manually rotating the plug
until the tongue 196 has moved in the radial groove 198
such that the tongue is entirely within the opening 202.
To ease that rotation, the latch plug 164 has a knob 204.

FIG. 11 also illustrates the respective positions of the
lower flanges 122 on the inner bulkhead 120. In the
preferred embodiment, the lower flanges 122 act as
supports for the product container 24, by resting against
the surface of the inner shell 124. Also as iltustrated in
FIG. 11, the inner bulkhead 120 is configured to fit
loosely at all four of its corners against the surface of the
inner shell 124.

FIGS. 13 and 14 illustrate the mounting of the prod-
uct container 24 on the chamber head 20. The radial
tongue 160 has an arcuate segment 206 that fits within
the groove 158 of the mounting bracket 156. The radi-
ally tongue 160 is affixed to the forward bulkhead 148.
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Rotation of the product container 24 for dumping of

-product is accomplished by rotating the filled container.

The rotation moves the arcuate segment 206 from the
approximate 8 o’clock position (with respect to the shaft
60) to a dumping position at approximately 4 o’clock.
The product container can be fully removed from the
mounting bracket 156 by rotating the container further
such that the arcuate segment 206 corresponds to an
opening 208 in the mounting bracket. Of course, rota-
tion of the shaft 60 can if not restricted by the shaft
opening 210. However, a close fit exists between the
shaft 60 and the shaft opening 210 to prevent product
leakage through the shaft opening. Ease of movement is
primarily effected by the nature of the materials used
for both the radial tongue 160 and shaft 60, and by the
smooth surface on both the shaft and the inside of the
shaft opening 210.

An alternative product container and drive mecha-
nism for that container is illustrated in FIGS. 15 and 16.
The alternative embodiment employs a tray 212 inside
the drying chamber 10 to hold the product. In the illus-
trated embodiment, the tray 212 is circular. However,
any configuration is appropriate so long as it will hold
the product.

The tray embodiment of the product container is
driven by a drive motor separate from the normal drive
motor 28. In the preferred embodiment of the invention,
the condensate drain 66 is removable from the drying
chamber 10. The tray 212 can then be rotated about a
tray shaft 214 that extends vertically through the drain
connector 216. A tray drive motor 218 is then con-
nected through a linkage 220 to the tray shaft 214. The
tray drive motor 218 is supported by a motor bracket
222 mounted on the rail 132. In the preferred embodi-
ment, the linkage 220 is a pulley system; however, any
linkage that can impart a rotating drive to tray shaft 14
is appropriate.

As best illustrated by FIG. 16, the tray 212 has a rim
224. Product may be placed directly onto the tray 212,
if desired, by spreading the product on a tray surface up
to the height of the rim. Alternatively, product may be
placed in a separate container, with that container
placed on the tray 212. Like the product container 24,
the tray 212 is composed of a relatively microwave
transparent material, preferably polypropylene. Use of
the arrangement of FIGS. 15 and 16 is especially appro-
priate for preliminary testing of a product to determine
appropriate drying parameters.

The preferred embodiment of the mechanism of this
invention may utilize either the tray 212 as product
container, or a trough product container. In both in-
stances, the drive motor imparts a rotation, and is con-
trolled by the electronics of the control and read out
unit 42.

The mechanism of the invention is also adapted for
use with a clean-in-place system. As illustrated in FIG.
17, the clean-in-place system uses internal elements that
spray water on both the product container and the
surface of the inner shell 124.

In the preferred embodiment, the clean-in-place sys-
tem includes a spray bar 226 inserted through the port
138. The spray bar 226 is connected to a water source
from which water can be pumped into the drying cham-
ber 10. The spray bar 226 cannot by itself, however,
clean all of the components of the product container 24.
The preferred embodiment therefore includes a spray
ball 228 positioned beneath the product container. The
spray ball is inserted through the drain connector 2186,
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after the drain 66 has been removed. In the preferred
embodiment, drainage will still occur through the drain
connector 216. Operation of the clean-in-place system is
best accomplished with the product container 24 ro-
tated to the fully inverted position so that water (or
solvent) from the spray ball 228 can be sprayed into the
interior of the product container 24. The clean-in-place
system can also operate with the drive motor 28 turning
the agitation system, so that each of the paddles §8 will
be cleaned by the spray from the spray ball 228.

The procedure for using the mechanism of the pre-
ferred embodiment of the invention, and particularly
the standard trough type product container, begins by
filling the product container with product to the center
line of the agitation system; that is, to shaft 60. The
container is then closed with an effective seal between
the chamber head 20 and the main body 18. The chiiler,
microwave generator, vacuum pump, and water heater
are then turned on to allow each to “warm” up. Vac-
uum pump 40 is then started with large valve 96 open,
and a vacuum is pulled in the chamber. In most drying
operations, the vacuum is pulled until the pressure in the
drying chamber is between ten and thirty-five torr.
When the vacuum is at the desired level, the large valve
96 is closed, and the control system, if desired, then
opens and closes the small valve 98 as necessary to
maintain the vacuum in the drying chamber. Micro-
wave power is then allowed to flow through the wave
guide 30 into the drying chamber. The drive motor is
activated, and the product is agitated in the presence of
the vacuum and the microwave field until drying has
been completed. The microwave power is then stopped,
small valve 98 is closed, and back-to-atmosphere valve
64 is opened to allow air through the vent 62 into the
drying chamber 10. The product can then be unloaded
by opening the chamber head 20 and rotating the prod-
uct container 24 to dump the now-dried product. The
process can be repeated as many times as is desired.

In the preferred embodiment of the invention, the
mechanism is adapted so that the sequence of drying
can either be manually controlled or automatically con-
trolled. Thus, the preferred embodiment of the inven-
tion includes automatic controls that can engage the
entire start-up sequence, including opening and closing
valves as necessary, activating microwave power, halt-
ing the drying operation, venting the drying chamber
and opening the chamber through operation of the air
cylinder 70. Alternatively, each of those acts can be
conducted manually.

The controls employed and the alternatives available
through use of those controls are best illustrate by refer-
ence to FIG. 18. In the preferred embodiment of the
mechanism of the invention, the system is governed by
a microcomputer 230. The microcomputer is of a con-
ventional configuration, having a microprocessor 232
and internal clock 234. In the preferred embodiment of
the invention, the program for the microprocessor can
be external, or contained in an EPROM (Erasable Pro-
gramable Read Only Memory). The microcomputer has
such other components as are necessary to its function-
ing.

Control of the drying process is accomplished
through two basic systems, a control unit 238 and a
series of sensors 240. The sensors include chamber field
strength sensor 78, product temperature sensor 74,
chamber pressure sensor 76, and water jacket tempera-
ture sensor 55. The system is configured to prevent
operation of the air cylinder and thus. opening of the
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chamber if a vacuum is present. Additionally, the safety
switch mechanism 184 acts as a chamber “open” sensor.
Drying cannot begin if the chamber is open. The micro-
wave generator 12 is of a conventional design that in-
cludes microwave power sensors 242 that measure both
forward power directed into the drying chamber 10,
and reflected power returned from drying chamber to
the microwave generator.

The control unit 238 primarily comprises a series of
conirols 244 and indicators 246. The control unit 238
contains the elements of the control and read out unit 42
(which can be considered to be a remote push-button
station), although some of its electronic components are
contained in the electric components cabinet 44.

In the preferred embodiment of the invention, eight
different parameters are indicated on the control and
read out unit: elapsed drying time, chamber pressure,
product temperature, chamber field strength, jacket
temperature, microwave generator ready (indicating
that the generator system is warmed up) forward micro-
wave power, and reflected microwave power. In the
prferred embodiment, indicators for each of those are
contained on the control and read out unit 42. Of those
indicators, all except the forward power and reflected
power indicators are processed through the microcom-
puter. Forward power and reflected power are sent
directly from the power sensors 242 in the microwave
generator 12.

Control of the process of drying the product may be
accomplished either through microcomputer operation
of automatic cycles, or through manual operation of the
system and human monitoring of the indicators. Thus,
the controls include manual controls 248 and automatic
cycle controls 250. All automatic cycle controls are
operated by the microcomputer.

The manual controls begin with the governing con-
trols 252: “system enable” and “power on”. The system
enable control is, preferably, a key operated switch that
must be set to the proper position before any electronic
or electromechanical components of the invention can
be operated. The “power on” control simply turns on
and activates the other controls on the remote push
button station.

Manual operation of the system can occur through
operation of 10 different manual controls. Manually, the
chamber can be opened through the chamber door
control, which activates air cylinder 70. The manual
operation controls also include vacuum pump activa-
tion, a control for opening vacuum line valve 96, a
control for opening the back-to-atmosphere vent 62
through operation of remote control valve 64, a genera-
tor electrical power on-off control (“generator warm
up”), a control for microwave field activation (“micro-
wave power on/off’), an agitator paddle activation
control, a drive motor speed control, and a control for
tray motor activation. Additionally, the manual opera-
tor controls include an emergency stop switch that
shuts down all electrical power to all electromechanical
elements in the system. The emergency stop switch
operates to shut down all power when used in either the
manual or automatic modes.

When automatic control of the drying process is
accomplished, the preferred embodiment of the mecha-
nism is programable to selectively halt the drying pro-
cess upon the occurrence of any of a number of differ-
ent events. To begin with, the system can be programed
to halt drying upon passage of a preset elapsed time.
Alternatively, the microcomputer can be programed to
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halt drying upon achieving a particular product temper-
ature. This feature is especially useful, since product
temperature will begin a sudden increase when solvent
vaporization has been nearly completed. As a further
alternative, the system can be programed to halt the
drying operation upon sensor detection of a particular
microwave field strength. This feature reflects a charac-
teristic of microwaves, in that microwaves are primarily
absorbed by the solvent. When the solvent has been
fully vaporized and withdrawn by the vacuum system
from the drying chamber, fewer microwaves will be
absorbed, and the field strength within the chamber wil
increase. Thus, an increase in microwave field strength
is an indicator of completion of the drying process.

In addition to halting the drying process upon achiev-
ing particular parameters, the system can also be set to
maintain either chamber pressure, product temperature,
or microwave field strength at predetermined levels.
Thus, the operator determines the operating pressure
and sets that pressure on the control and read out unit.
The operator can also set a chosen product tempera-
ture, and the system can adjust to maintain that temper-
ature throughout the operation. Finally, the system can
be set to maintain a particular microwave field strength
at a value to be chosen by the operator, throughout the
entire drying operation.

In the preferred embodiment, the microcomputer is
programed and the controls are configured so that field
strength and product temperature can be either main-
tained at preset levels, used as a stopping point for the
drying operation, or not made any part of the automatic
control. Chamber pressure can be either maintained at a
particular level or not made part of the automatic con-
trol. Finally, the elapsed time setting need not be used,
but the automatic system can function without stopping
after a preset elapsed time. The microcomputer is pro-
gramed such that if multiple parameters are chosen as
halting points for the drying process, drying will be
stopped upon reaching the first of those parameters.
Thus, for example, the system can be set so that a partic-
ular elapsed time is chosen for halting the process, and
the process is set to halt upon reaching a particular
product temperatue, and the process is further set to
halt upon reaching a chamber particular field strength.
The drying process will then stop when any of those
preset parameters are reached. Of course, any combina-
tion of elapsed time, temperature, or field strength, or in
none of those parameters, can be selected as part of the
automatic process.

As best illustrated in FIG. 18, the preferred embodi-
ment of the mechanism includes thirteen different cycle
controls. First, the controls include a timer allowing a
particular drying time to be set. The controls also in-
clude a “timer enable” that switches the automatic
cycle from a timed system to a “not timed” system.
Similarly, the cycle controls include a pressure setting
(“pressure set point adjustment”), and a “pressure con-
trol enable” that allows the cycle control to either main-
tain the set pressure, or not consider pressure to be any
part of the control of the cycle.

Product temperature may also be set at an operator
desired level. The controls include a temperature con-
trol selection that allows the preset temperature to ei-
ther be a temperature maintained by the microcomputer
throughout the drying process (“temperature set
point™), or a temperature that the microcomputer will
use a stopping point (“cycle compietion™). Similarly,
microwave field strength can be preset, and the controls
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include both a field strength setting (“field strength set
point™), and a field strength control selection that al-
lows field strength to be either be the process stopping
point (“cycle complete™) or a particular level to be
maintained throughout the drying process.

The cycle controls further include a switch that ena-
bles the automatic control system, i.e., the microproces-
sor (“sequence start and/off”’) and a switch that starts
the automatic cycle, including the start up cycle
(“start”). The controls also include a switch that moves
the automatic controls to standby disabling the parame-
ters that are controlling the automatic cycle (“standby/-
day”’), and a shutdown cycle controi, which moves the
mechanism through the full cycle from an operation
made, to zero field strength, vented to atmospheric
pressure, and with the chamber lip open.

Finally, as best illustrated in FIG. 18, the microcom-
puter will not only receive input from the controls,
indicators, and sensors, the microcomputer will control
all of the electromechanical devices as well, including
the condenser unit 82, the vacuum pump 40 the remote
operated valves 36, the back-to-atmosphere valve 64,
and the water heater 32.

Although both preferred and alternative embodi-
ments of the present invention have been set forth in the
above detailed description, it is to be understood that
the invention is limited only by the following claims and
their equivalents.

What is claimed is:

1. A mechanism for batch drying of a powdered or
particulate product, comprising, in combination:

-a chamber for drying the product;

a container for the product, rotatably mounted in the

chamber to allow dumping thereof;

means for introducing microwaves into the chamber;

means for producing a vacuum in the chamber;

agitation means for agitating the product in the con-
tainer during drying, said agitation means including
a plurality of paddles rotating about a shaft within
the container; and

means for controlling the product’s drying.

2. A mechanism as claimed in claim 1, wherein the
product container has an open top and can be rotated
while mounted in the chamber to position the container
with its top down for product dumping.

3. A mechanism as claimed in claim 1, wherein the
product container is removable from the chamber.

4. A mechanism as claimed in claim 1, wherein the
means for producing a vacuum also can remove solvent
vapor from the chamber.

5. A mechanism as claimed in claim 4, wherein the
mechanism further comprises a condenser for solvent
vapor that is removed from the chamber.

6. A mechanism as claimed in claim 5, wherein the
mechanism further compises a sealed condensate re-
ceiver adapted to receive condensed solvent from the
condenser.

7. A mechanism as claimed in claim 1, wherein the
chamber comprises:

a body having a heating jacket to prevent solvent

condensation on the chamber’s inner surface; and

a chamber head, with the chamber head adapted to

move on a rail away from the body, and further
adapted to use the heating system of the body to
prevent condensation of the chamber head’s inner
surface.
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8. A mechanism as claimed in claim 7, wherein the
heating jacket operates by placing hot water around the
chamber.

9. A mechanism as claimed in claim 7, wherein the
product container is removably attached to the cham-
ber head, and is removed from the chamber body by
moving the chamber head on the rail away from the
chamber body.

10. A mechanism as claimed in claim 9, wherein the
product container is rotatable on the chamber head for
removal of the product from the container.

11. A mechanism as claimed in claim 10, wherein the
chamber is elongated about a longitudinal axis, the
chamber head comprises a segment of the chamber at
one end of the axis, and the product container rotates
about the axis.

12. A mechanism as claimed in claim 11, wherein the
container can be removed from the chamber head by
further rotation of the container.

13. A mechanism as claimed in claim 1, wherein the
chamber includes a clean-in-place system.

14. A mechanism as claimed in claim 13, wherein the
clean-in-place system comprises:

one or more sources of solvent spray; and

a solvent drain.

15. A product container for use in a microwave vac-
uum drying mechanism, comprising, in combination:

a basin with an open top;

agitation means for agitating product within the ba-
sin, including a plurality of paddles rotating about
a shaft within the product container; and

attachment means for attaching the basin inside the
microwave drying mechanism, the attachment
means being adapted to allow the basin to rotate for
product dumping such that the open top is directed
downwardly.

16. A product container as claimed in claim 15,

wherein each paddle comprises:

an arm mounted on the shaft at one end; and

a blade mounted on the arm’s opposite end, with the
blade configured as an inverted scoop having a
concave side and a convex side, with the concave
side positioned toward the surface of the container,
and with the blade further configured with a point
on the rotationally forward side of the blade.

17. A product container as claimed in claim 15,
wherein the paddies and shaft may be removed from the
product container.

18. A drying chamber for a microwave vacuum dry-
ing mechanism adapted for batch drying and capable of
holding a product container, the mechanism including a
structure adapted to rotationally agitate the product
being dried, the chamber comprising, in combination:

a shell internally reflective of microwaves;

a removable chamber head that mates with the shell
at a joint; '

a heating jacket surrounding the shell and chamber
head, and separable into two parts at the joint be-
tween the shell and chamber head;

a conductive, flexible seal at the joint between the
shell and the chamber head;

a drive motor mounted on the chamber head, the
motor being adapted to drive the agitation struc-
ture;

a first support for the product container, the support
being mounted within the chamber;

a second support for the chamber head when the
chamber head is both open and closed.

10

15

20

25

30

35

40

45

50

55

60

635

18

19. A chamber as claimed in claim 18, further com-
prising an air cylinder to move the chamber head on the
rail upon command from a remote control unit.

20. A chamber as claimed in claim 19, further com-
prising a sensor indicating lack of a seal between the
shell and chamber head.

21. A chamber as claimed in claim 20, wherein the
support for the product container is mounted on the
chamber head, and the drive motor drives the agitation
structure by a shaft running through the support.

22. A chamber as claimed in claim 21, wherein the
support for the chamber head comprises:

a rail;

a shuttle attached to the chamber head and mounted
on the rail, the shuttle having one or more rollers
adapted to roll on opposite sides of the rail, the
shuttle further having a platform to support the
drive motor.

23. A chamber as claimed in claim 22, wherein the
shell further comprises a drain having a removable
valve.

24. A chamber as claimed in claim 22, wherein the
product container can be replaced with a product tray
having a shaft, with the shaft extending through the
drain with the valve removed, and the shaft is rotation-
ally driven by a second drive motor mounted on the
exterior of the chamber.

25. A mechanism for batch drying of powdered or
particulate product through combined application of a
microwave field and a vacuum to the product, the
mechanism having a source of microwave radiation and
vacuum producing structure, the mechanism compris-
ing, in'combination:

a drying chamber in which the vacuum and micro-
wave field are applied to the product, the chamber
having a microwave reflective interior and remov-
able chamber head;

a product container integrally mounted on the cham-
ber head such that removal of the chamber head
extracts the container from the chamber, with the
product container being rotatable for product
dumping and relatively transparent to microwave
radiation;

an agitation mechanism integraily mounted to the
product container and configured to move product
within the prodcut container during microwave
vacuum drying, the agitation mechanism being
relatively transparent to microwave radiation; and

a drive system for the agitation mechanism, the drive
system being external to the chamber.

26. A mechanism for batch drying of powdered or
particulate product as claimed in claim 24, wherein the
product container is configured as a trough, open at its
top, and adapted to be supported during rotation by
both the chamber head and the interior of the product
chamber.

27. A mechanism for batch drying of powdered or
particulate product as claimed in claim 24, wherein the
container is removably attached to a mounting bracket
affixed to the chamber head, with the mounting bracket
configured to allow product dumping after rotation of
the container a first distance about the mounting
bracket, and removal of the container from the mount-
ing bracket after rotation of the container a second
distance about the mounting bracket.

28. A mechanism for batch drying of powdered or
particulate product as claimed in claim 26, wherein the
agitation mechanism is supported by the mounting
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bracket, and removal of the product container from the
mounting bracket also removes the agitation mecha-
nism from the mounting bracket.

29. A mechanism for batch drying of powdered or
particulate product as claimed in claim 27, wherein the
agitation mechanism comprises:

a shaft extending through the product container
through the mounting bracket, and supported at
one end by the mounting bracket and at the remain-
ing end by the container, with the shaft bemg rotat-
able about its longltudmal axis;

a plurality of mixing arms attached at one end to the
shaft and adapted to rotate about the shaft’s axis
when the shaft rotates, each arm havmg a blade
attached to arm at the end opposite the shaft.

30. A mechanism for batch drying of powdered or
particulate product as claimed in claim 24, wherein the
drying chamber includes a heating jacket, and the
Jjacket applies heat to both the chamber and the cham-
ber head.

31. A mechanism for batch drying of powdered or
particulate product as claimed in claim 24, wherein the
chamber includes a remote operated vent to allow the
chamber to return to atmospheric pressure after drying.

32. A mechanism for batch drying of powdered or
particulate product as claimed in claim 24, further com-
prising a solvent recovery system to recover solvent
vapor for reuse.

33. A mechanism for batch drying of powdered or
particulate product as claimed in claim 31 wherein the
solvent recovery system comprises:
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a condenser that returns the removed solvent vapor

to the liquid phase; and

a sealed condensate reservoir that holds the con-

densed vapor for subsequent reuse.

34. A mechanism for batch drying of powdered or
particulate product as claimed in claim 24, wherein the
chamber’s head is mounted for rolling movement on a
rail, and movement if effected by a remote operated air
cylinder.

35. A mechanism for batch drymg of powdered or
particulate product as claimed in claim 34, wherein the
drive system is a motor mount on the chamber head and
configured to move with the chamber head on the rail.

36. A mechanism for batch drying of powdered or
particulate product as claimed in claim 24, further com-
prising:

means for sensing temperature or microwave field

strength in the chamber; and

means for halting a drying operation upon reaching a

predetermined chamber temperature or micro-
wave field strength.

37. A mechanism for batch drying of powdered or
particulate product as claimed in claim 35, further com-
prising means for maintaining the chamber pressure
constant during the drying operation.

38. A mechanism for batch drying of powdered or
particulate product as claimed in claim 35, further com-
prising means for halting a drying operation after a
predetermined elapsed time.

39. A mechanism for batch drying of powdered or
particulate product as claimed in claim 35, further com-
prising means for maintaining the chamber temperature
or chamber field strength constant during a drying

operation.
* * * * *
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M3006peTeHre OTHOCUTCS K CYIIMIBHON TEXHUKE
U MOXeT OBITh HCIIONB30BAHO B IMINEBOH H
XMMHIECKOH IIPOMBIIIUIEHHOCTH. JIByXCEKIMOHHAN
OapabaHHasi CyIIMIKa COJACPKUT 3arpy304HOE
YCTPOUCTBO, Pasrpy30uHy0 Kamepy, HnaTpybok
[TO/IBOJIA TETIOHOCUTEIIS, TICPENUBHYIO THadparmy
MEKIY CEKIUAMH C BO3MOYKHOCTBID aBTOHOMHOTO
COOCHOTO  BpAIIEHUS  CEKIMH  ITOCPEACTBOM
3aMKHYTOM IUIaHeTapHOM  jauddepeHIHanbHOM
riepeadn. HoBBIM ABISIETCS TO, UTO KaXK/1as1 CEKIUS
cHaOXeHa TOJIBEMHO-IONACTHBIMH HACAJKAMH U
IDIOCKMM KOJUIEKTOPOM, PA3MEIECHHBIM II0 JUINHE
CEKLUH B BEPTUKAILHON IUIOCKOCTH C OTBEPCTUIIMU
JUIf  TOJAaYM  TEIUIOHOCUTENST B IONEPEYHOM
HAIIPAaBJIEHUH; MEXKIY [IEPBOM U BTOPOU CEKLMSIMU
YCTAHOBJICHA IPOMEKYTOUHASA KaMepa ¢ COOCHO
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PACTIONIOKECHHOM B HEM IepenrBHON auadparmoi,
BBIIIOJIHEHHONH B BHJIE IIIHEKA, KOPIIYC KOTOPOIO
cHaOKeH ABYMsI ’KECTKO 3aKPEIICHHBIMH 3y0TaThIMU
Oanja’kaMH M YCTAHOBJICH B MOJANIMITHHUKAX,
3aIPecCOBAHHBIX B TOpUEBble (UIAHIOBI KaskIoh
CEKIUH; B IIPOMEKYTOUYHON KaMepe YCTaHOBIEHBI
IIPOMEXYTOUYHBIA U BEAOMbBIA PAJbLI CATCIUIMTOB, &
TaKK€ COOCHO C CEKIMSIMH pa3MEIEHbl OBa
[IOJIYKOHYCa, OJIMH W3 KOTOPBIX  OOJBIIMM
OCHOBaHHEM JKECTKO 3aKPEIUIeH K TOpueBoMy (raHmy
TIepBOM CEKIUH, & K OONMBIIIEMY OCHOBAHHIO IPYTOTO
MIOJIYKOHYCA TIOCPEACTBOM OOJIITOBOTO COSIUHEHUS
JKECTKO 3aKpEIUIeHA IIECTePHsSI ¢ BHYTPEHHUMH
3yObsIMM; TPU  ITOM  ITOJNYKOHYCBI ~ MaJbIMH
OCHOBAHMWAMH 3aKPEIIEHBI MKy cOOOM uepes ocH
IIPOMEKYTOYHOTO Ps1Ia CATEIUINTOB, YCTAHOBIICHHBIX
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B MOAIIMITHUKAX ¥ B3AUMOJICHCTBYIOIINX C IPYTUM
3yObuaThiM  OaHZaXXOM  KOpITyca  IIEpeIMBHOM
JuadparMbl ¥ KOJIBLOM ¢ BHYTPEHHHMH 3yObiaMH,
00pazyoIMX BHY TPEHHIOK 3y0UaTyIO INIAHETAPHYIO
nepenady. JAByxcekaquoHnas 6bapabaHHas CymMiIKa

obecrieunBacT PaBHOMEPHOCTD CYIIIKM MAaTepHata
IpU IICPEMEHHBIX PCKUMAX, ITO3BOJSACT ITOBBICUTH
ITPONU3BOANUTEIBHOCTE U CHU3UTE DJHEPIro3aTpaThl HA
IIPOLece CYIKM. 1 3.11. (-ITbL, 7 WIL.
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(54) TWO-SECTION DRUM DRYER
(57) Abstract:

FIELD: drying machinery.

SUBSTANCE: invention drying
equipment and can be used in the food and chemical
industry. The two-section drum dryer contains a loading
device, an unloading chamber, a coolant supply pipe,
an overflow diaphragm between the sections with the
possibility of autonomous coaxial rotation of the
sections by means of a closed planetary differential
transmission. What is new is that each section is
equipped with lifting-blade nozzles and a flat collector
placed along the length of the sections in a vertical plane
with holes for supplying coolant in the transverse
direction; an intermediate chamber is installed between
the first and second sections with an overflow
diaphragm coaxially located in it, made in the form of
a screw, the body of which is equipped with two rigidly
fixed toothed rims and mounted in bearings pressed
into the end flanges of each section; an intermediate

relates to
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and driven rows of satellites are installed in the
intermediate chamber, and two half-cones are placed
coaxially with the sections, one of which is rigidly fixed
to the end flange of the first section with a large base,
and a gear with internal teeth is rigidly fixed to the
larger base of the other half-cone by means of a bolted
connection; at the same time, the semi-cones are fixed
with small bases to each other through the axes of an
intermediate row of satellites mounted in bearings and
interacting with another gear rim of the overflow
diaphragm housing and a ring with internal teeth
forming an internal planetary gear.

EFFECT: two-section drum dryer ensures uniform
drying of the material under variable conditions, makes
it possible to increase productivity and reduce energy
consumption for the drying process.
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N300pereHne OTHOCUTCS K CYITUITBHOM TEXHUKE U MOXKET OBITH UCTIOJIE30BAHO B ITUIIEBOM
Y XUMUYECKOHN ITPOMBILIEHHOCTH.

NzBectHa 6apadannas cymmika [[Tatent CCCP. Ne1657907 ot 16.01.1989, omy0ur
23.06.1991] Brirrouaro1ias epBYIO CEKIMIO OapadaHa, BTOPYIO ceKnuto dapadaHa,
3arpy304HYI0 BOPOHKY.

N3BecTHas CyIMIIKa He MOXKET 00eCIIeunTh PABHOMEPHYIO CYIITKY IUCTIEPCHOTO MaTepralia
Y HE CO3JAET PECAIbHBIX MEPCIICKTUB IS IIOBBIIIEHUS IIPOU3BOAUTEIIBHOCTH CYLIUJIKU B
LIMPOKOM JUATIA30HE PEKUMHBIX IIAPAMETPOB IIPOLECCA CYIIKH IJIs1 PAZJIMYHBIX MATEPHAIIOB.

Hauboee OM3KUM 110 TEXHUYECKOHN CYIITHOCTH U JOCTUTaeMOMY 3(h(DeKTy SIBISETCS
Oapabannas cymmika (ITatent Ne2649379, ot 27.06.2017, omry6ur. 02.04.2018, broi. Nel0),
coaeprKaliass MHOTOCEKIIMOHHBIN OapadaH, 3aMKHYTYIO U (DepeHIMAITBHYO TUIAHETAPHY O
nepeaavy, 3arpy309Hoe yCTPOUCTBO U Pa3rpy309HbBIi OyHKED.

HenocraTkom IaHHOM CYIIMIIKHU SIBJISIETCS HEBO3MOXHOCTH COAJIAHCHPOBAHHOM ITEPETPY3KH
MaTepHraia MEXy CEKIUSIMHU, YTO He TIO3BOJISIET OOECIIEUUTh PAMOHAIIBHOE paCIIpeaelIeHue
JUCTIEPCHOTO MATEPUANIA T10 CYINWIBHOMY TPAKTY U PEAIM30BATH IIEPEMEHHBIN PEXKUM
IIPOLECCA CYIIKU C MUHUMAJIbHBIMU HEPI€TUYECKUMU 3aTpaTamMu. OTCyTCTBUE BOZMOKHOCTH
obecreueHnss HeOOXOAUMOTO PAcXoa MaTepuajia depes epesiMBHbIC TUahyparMbl CMEXKHBIX
CEKIMI IS CTAOMIM3AIAN TEKYITEH BEJTMIMHBI CTEIIEHU 3AIIOJTHEHUST KAXKION CEKIUN
JIACTIEPCHBIM MATEPHUATIOM HE JA€T OCHOBAHUM CUUTATH PEXKUM CYLIKH PALUOHAIIBHBIM KAK
C TOUKHU 3PCHMUS ITOJIYUCHHS] KAYeCTBA BBICYLIIEHHOTO MATEPUANA, TAK U CTOUYKH 3PCHUS
SKOHOMHHU PHEPreTUUECKUX 3aTpaT. B JaHHON CEKIIMOHHOU CYLIUJIKE 3aMKHYTas
mudepeHMaTbHAS TTepeada MpeaycMOoTPeHa ISl COOCHOTO BPAIICHUsT CEKIUM CYIITUITKHA
OT OJTHOT'O IIPUBOAA, OJJTHAKO HE MIPEIYCMOTPEHO KOHCTPYKTUBHOE PELICHUE IIEPEITUBHOMN
madparMbl, CIIOCOOHOM YBEIIMIUTD PACXOI ITEPErPyKaeMoro MaTepraia OTHOCUTEIBLHO
BPAIAOIIUXCS CEKIU OapabdaHHOM CYITUIIKA U OCYIIECTBIATh CTYIIEHYATYIO CYIIKY B
OITUMAIBHBIX THAPOAUHAMUIECKUX U TEMIIEPATYPHBIX PEKUMAX.

Texaudeckoii 3a1a4eii U300 PETEHUS SBIIIETCS PeaTn3alis IEPEMEHHBIX PEKAMOB CYIITKH,
00eCTIeunBaIONINX PABHOMEPHOCTH CYIITKU M TIOBBIIIICHUE KAYECTBA BBICYIIIUBAEMOTO
MaTepHUasa, IOBBILICHUE ITPOU3BOAUTEIILHOCTH M CHUKEHUE SHEPTO3aTPAT HA ITPOLECC CYIIKH.

[TocTraBiieHHas 3a71aua JJOCTUTAETCS TEM, UTO JIBYXCEKIIMOHHAs OapadaHHAas CYIITUITKA,
coaepiKaIas 3arpy309Hoe yCTPOUCTBO, pa3rpy30uHyIO KaMepy, TaTpyOoK oaBOIA
TEIIOHOCUTEIIS, TIEPEITMBHYIO AUahparmy Mexay CEKIUIMHU ¢ BO3MOKHOCTHIO aBTOHOMHOTO
COOCHOT'O BPAIIIEHUS CEKIHIA TTOCPEACTBOM 3aMKHYTOM IJIaHeTApHOU mudepeHnraIbHOMI
Tepeaayr HOBBIM SIBJISIETCS TO, UYTO KaXAast CEKIMs CHA0XEeHA TTOABEMHO-JIOTACTHBIMHA
HACAAKAMH U IUIOCKUM KOJUIEKTOPOM, PA3MELIECHHBIM I10 [JIMHE CEKLUIA B BEPTUKAJIBHOMN
IUIOCKOCTHU C OTBEPCTUSMH JIJTs1 II01AUX TEIUIOHOCUTEIIS B IIOIIEPEUHOM HAIIPABICHUA; MEKITY
IIEPBOM U BTOPOU CEKIUSIMUA YCTAHOBIIEHA ITPOMEXKYTOUHAS KAMEPA C COOCHO PACIIONOKEHHON
B Hell IIEPeJTMBHOM quadparMoii, BHITOJIHEHHOM B BUJIE IITHEKA, KOPIYC KOTOPOTO CHAOXKEH
JIBYMSI JKECTKO 3aKPEIUICHHBIMH 3yOUaThIMU OaHIaKaMH U YCTAHOBJICH B TIOAIIUITHUKAX,
3aIPECCOBAHHBIX B TOPIEBBIC (DITAHIIBI KaXAOM CEKIIUH; B IIPOMEKYTOTHON KaMmepe
YCTAHOBJIEHBI IIPOMEXKYTOYHbBIN U BEAOMBIN Pl CATEIUIMTOB, & TAKKE COOCHO C CEKLUSIMU
pa3MeIeHbI Ba. TOJYKOHYCA, OJIMH U3 KOTOPBIX OOIBITAM OCHOBAHUEM JKECTKO 3aKPEIIeH
K TOPIEBOMY (hJIaHIly TIEPBOM CEKIMH, a K OOJIBIIIEMY OCHOBAHHUIO JIPYTOTO MOJIYKOHYCA
MTOCPEIICTBOM OOJITOBOTO COEIMHEHMS JKECTKO 3aKPeTIeHA IIECTEPHS ¢ BHY TPEHHUMHU 3y ObSIMU;
HAa BHYTPECHHIOKO ITIOBEPXHOCTD ITPOMEKYTOUYHON KAMEPBI JKECTKO ITOCAKEHO KOJIBLO C
BHYTPEHHUMH 3yObSIMH; B TOPIEBOM (PIIAHIIE BTOPOU CEKIMH 3aKPETUICHBI BOJIUIA C
YCTAHOBJIEHHBIMHA HA HUX B IIOALIUITHUKAX CATEIIIMTAMHA BEAOMOTO psaaa,
B3aMMO/IEHCTBYFOIIMMH C OTHAM U3 3y0UaThIX OaHaaXel IepeTMBHOM Aua(pparMbl U MeCTepHEH
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C BHYTPEHHUMHU 3yObsiMHU, 00pa3yronmx 1udepeHIMaIbHYO TIIaHETAPHYO BHYTPEHHIOO
3y0UaTyro repegaqy; pu 3TOM MOITYKOHYCHI MAJIBIMA OCHOBAHHUSIMHU 3aKPETLIEHBI MEXTY
co00M uepe3 OCH MPOMEXKYTOUHOTO Psifa CATEIIMTOB, YCTAHOBIICHHBIX B TTOAIIMITHUKAX U
B3aMMO/ICHCTBYIONIUX C IPYTUM 3y0UuaThiM OaHIaXKOM KOPITyca MepeuBHON AuadparMbl U
KOJIBIIOM C BHYTPEHHUMH 3YObSIMH, 00OPA3yIONMX BHYTPEHHIOK 3y0UaTyIO IJIAaHETAPHYIO
nepeaavy; Ipu ITOM B HEMTOIBMKHOM (hIAHIE TIEPBOM CEKIMU JIBYXCEKIIMOHHOM OapadaHHO!
CYIIUJIKU YCTAHOBJIEH NATPYOOK 3arPy30UHOTO YCTPOUCTBA M MATPYOOK IEHTPAITBHOTO
ITOJIBOJIA TETUIOHOCUTEJIS B TIOCKUE KOJIIEKTOPHI; MATPYOOK ¢ IEHTPATBHBIM TTOABOIOM
TEIIOHOCUTEIIS] BO BTOPYIO CEKIIMIO BBITIOJIHEH B BUJIE PAcTpyOa, 1mo1avya TeTIOHOCUTEIIS B
KOTOPBIN OCYIIECTBIISCTCS 110 TPYOKaM, IPOXOISAIINAM Uepe3 Pa3TPy30uHYIO KaMePy; MEXITY
HEIOIB)KHBIMHU W TOPLEBBIM (hJIaHIIAMH TTEPBOM CEKIMH YCTaHOBJIEHA TPyOa JUIsl BBIBOJIA
0TpabOTAHHOTO TEIIOHOCUTEIIS U3 TIEPBOM CEKIIUH.

Ha c¢ur. 1 cxemaTuaeckun nzodpaxeHa AByXCEKIIMOHHASI OapabaHHAas CYITUIIKA, HA (pur. 2
- yBeImueHHOe uzoopaxenue | Ha dur. 1, Ha ¢wur. 3 - oO1mHii BUI ABYXCEKIIMOHHOMN OapadaHHO!
CYIIUJIKH, Ha (ur. 4 - yBenmmueHHoe n3odpaxenue Il Ha ¢ur. 1, Ha dur. 5 - pa3pe3 A-A Ha
¢ur. 1, Ha ur. 6 - pa3pe3 b-b Ha Pur. 1, Ha ¢ur. 7 - pazpe3 B-B Ha ¢uwur. 1.

JByxceKnuoHHast DapadaHHasl CyIIMITKA COJISPKUT 3arPy309HOE YCTPOUCTBO 1,
COCIMHEHHOE C HETIOIBMXKHBIM (MITAHIIEM TIepBOi cekium 18, maTpyOoK 1mMoBoIa
BBICYIIIMBAEMOT'0 MaTepualia 2, NaTpyooK NEHTPAIIBHOTO T0IBOJIA TETUNIOHOCUTEIS 3,
MepeNUBHYO 1uadparmy 4, eperpyxaronyro MpoayKT U3 IepBoii CeKimuu OapadaHa 5 BO
BTOPYIO CEKIUIO Oapadana 6, HOABEMHO-JIOIACTHBIE HACAAKU 7, TIEPBbIN 3yOUuaThiii OaHga XK
MepenuBHON MuadparMel 8, BTOpoii 3y0UaThiii OaHIaX MEPEIMBHOMN TuadparMol 9,
MIPOMEXYTOUYHBIN Psif caTeIUUTOB 10, KOJIBIIO ¢ BHYTPEHHUMHU 3yObsiMU 1 1, JIEBBIH TTOIIYKOHYC
12, ipaBbIil TOIYKOHYC 13, oCh 14, mecTepHs C BHYTPEHHUMHE 3yObsiIMU 15, TPOMEXYTOUHYIO
KaMmepy 16, BeqoMbIll psif caTeIUTUTOB 17, HeOABWKHBIHN (hjIaHel] BTOpOH ceKnuu 19,
pa3rpy3ounyto kamepy 20, maTpyOOK OABOAA TETUIOHOCUTEIIS B THIOCKUM KOJUIEKTOP MIEPBOH
ceKIun 21, TUTOCKHI KOJUIEKTOP TIEPBOI CEKIMU 22, TATPYOOK MOABOA TEINIOHOCUTEIIS B
TUIOCKUM KOJUIEKTOP BTOPOU CEKIUM 23, TUIOCKUH KOJUIEKTOP BTOPOI cekimu 24, pactpy0 25,
TpyOy ¢ maTpyOKOM JIjIsi OTBOAA TETIIOHOCUTENS 26, TOPLEBOH (uiaHel TepBoii cexuyn 27,
TOPIEBOM (raHel BTOpoit cekiyu 28, Boauio 29, nommunHukK 30, Mo mumHuK 31,
YIUTOTHUTEIIBHYIO MaHXKeTy 32, TpuBOA 33, OTIOpHBIE poiHKH 34, OaHnaxu 6apadanos 35.

JByXxceKnuoHHast OapadaHHasl CyIIMIKa padoTaeT CISAYIOMUM 00pa30M.

BricymuBaembiit MaTepHal depes 3arpy309Hoe YCTPOUCTBO 1 110 maTpyOKy 2 cHadaa
ITOCTYITaeT B TIEPBYIO CEKIMIO 5 OapabaHHOM CYIIUIIKH, 4 3aTeM Yepe3 IePEIMBHYI0 Tuadparmy
4 BO BTOPYIO CEKIUIO 6 OapaOaHHOMN CYITUITKH, TIOCIIE YeT'0 BBIBOJIUTCS U3 CYITHIKU Yepe3
pasrpy30uHyro kamepy 20.

Bpamarommuecs ceknuu Su 6 cBouMHu OaHAaXKaMu 35 YCTAHOBJICHBI HA OTIOPHBIE POJIUKHT
34 u BMecTe ¢ iepenuBHON AuadparmMoii 4 MpuBOASTCS BO BpallleHHE OT OOIIEeTo MPUBOIa
33.

[TogbeMHO-JIOTIACTHBIE HACAAKU 7, PACIIOJIOKEHHBIE HA BHYTPEHHEHN IIOBEPXHOCTU CEK LU
5 u 6, obecreUMBaIOT PABHOMEPHOE TIEPEMEIIUBAHUE U TIPEMEIIIEHUTO BHICYIIIMBAEMOTO
Marepualia 1o JJIMHE CYLIUIKU.

B miporiecce cymmku oCyIecTBIISIIOT OJJHOBPEMEHHYIO IOAa4y TEIIOHOCUTEIISI B PA0OUHiA
00BEM TIEPBOI CEKIMH 5 "epe3 naTpyOoK HEeHTPATBHOTO TIOBOIA 3 U ATPYOOK IIIOCKOTO
KOJUIEKTOpA 21, pa3MeIEHHOTO 110 [NIMHE CEKLIUM B BEPTUKAIIBHOMN INIOCKOCTH. Yepes
OTBEPCTUS B INIOCKOM KOJUIEKTOpE 22 IMOAAI0T TEIUIOHOCUTEb B IIOIIEPEUHOM HAIIPABJIEHUU
OTHOCUTEJILHO ABUKEHUSI IIEPECHIIIAIOIIEIOCS C TIOMOIIbIO IO BEMHO-JIONIACTHON HACAIKU
7 cnost BeICylIMBaeMoro marepuaia. [Ipu 3toMm co3natorcst yeioBusi paABHOMEPHOI'O
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pacipeneleHus IMOTOKA TEIJIOHOCUTENS Yepes3 ABMKYIIUIACS CIIOW MaTepraia 1o BCei IJIHHE
MIepBoIi ceKimu OapadaHHol cymmnku. OTpadoTaHHBIN TETUIOHOCUTETh BBIBOIST U3 TIEPBO
CEeKIMM uepe3 TPyOy 26, yCTAHOBIIEHHYIO B HETIOABWXHOM (rranme 18.

[Tomauy TeroHOCUTENS B INTOCKHN KOJUIEKTOP 24 BTOPOU CEKLIUU 6 OCYIIECTBIISIIOT Yepe3
HENOABWKHBIN (ianer] 19 u maTpyOOK HEHTPAITBLHOTO IMOIBoAA 23, ¢ pacTpyOooM 25, B KOTOPBIH
TEIIOHOCUTEITh TIOABOAST 11O TPyOKaM, IMPOXOISIINAM Yepe3 pa3rpy30uHYIO KaMepy.
OT1paboTaHHBIN TEMIIOHOCUTEITb BLIBOASIT M3 BTOPOU CEKIMHU Yepe3 OTBEPCTHSI B HETIOIBUKHOM
¢dnanne 19 u pasrpyzounyro kamepy 20.

YcraHOBJIGHHAS MEXTY TIEPBOI U BTOPOI CEKIUSIMY OapaOaHHOM CYIITUIIKA ITPOMEXYTOIHAS
KaMmepa 16 COAePKUT COOCHO ¢ HEM PACIIOIOKEHHYIO IIEPEIMBHYIO uadparmy 4,
YCTAHOBJIEHHYIO B IIOJILIMITHUKAX 31, KOTOPbIE B CBOIO OUePE/lb 3AIIPECCOBAHBI B TOPLEBOM
(hianie 27 mepBol CEKIMH 5 M B TOpIieBOM (uraHie 28 BTopoii ceknuu 6. [lepenmBHas
mradparma 4 CIryXuT I IEPETPY3KH BLICYIITUBAEMOTO MaTepHUalia IOCPEACTBOM IITHEKA U3
IIEPBOU CEKLIUU 5 BO BTOPYIO CEKLUIO 6.

Bpainenue cekuuii v epeiMBHOM TUa]paTrMbl OCYIIECTBIISETCS OT OJTHOTO IPUBOAA U ABYX
i depeHIMAITBHBIX TJTaHeTAPHBIX 3y0UaThIX ITepenad, pacrloJIOKEHHBIX B TPOMEXYTOUYHOM
Kamepe 16.

[TepBas nuddepeHmanbHas IUIaHeTaApHASI BHYTPEHHSISI 3y0UaTas epenadya oopa3oBaHa
MEPBBIM 3yOUaThiM OaHIAXKOM TEePEITUBHON AUApParMbl 8, TPOMEXYTOUHBIM PSIAOM
cate;ummToB 10, KOJIBIIOM C BHYTPEHHUMHU 3YObsIMH | 1 ¥ COOCHO pa3MeIIeHHBIMH C CEKITUSIMU
JIEBBIM U ITPABBIM IIOJIYKOHYcamMu 12, 13.

Bropas BHyTpeHHsIs 3y0uaTas iraHeTapHas epegada 00pa3oBaHa BTOPBIM 3y0UaThIM
OaHIaXXOM TIePeTUBHOM quadparMsel 9, MecTepHel ¢ BHyTPSHHUMHE 3yObsiMU 16, KECTKO
3aKPETUICHHOM ITOCPEACTBOM OOJITOBOTO COSAMHEHHSI K OOJIBIIIOMY OCHOBAHUIO ITPABOTO
MOJIYKOHYca 13, ¥ MOAIIMITHUKOBBIM Y3JI0M, COCTOSIIIIUM U3 3aAKPEIUICHHBIX BOAUI 29 C
YCTAHOBJIEHHBIM HA HUX B IIOAIIUITHUKAX BEJOMbBIM PSIZIOM CATEIUIUTOB 17,

[TpuBox 33 obeciieunBaeT BpallleHUe IePBOI CeKIMU OapadaHa S HAaXOASAIIETOCs B JKECTKOMU
CBSI3U TIOCPEZICTBOM OOJITOBOT'O COSIUHEHUS C JIEBBIM ITOJIYKOHYCOM 12, KOTOPBIN B CBOTO
oyepelib IIEPEIAET BPALLIEHUE IIPOMEKYTOUHOMY Py caTeJuuToB 10 U ipaBoMy IIOJIYKOHYCY
13. I1poMexxyTOUHbIH psizT caTe/uTuToB 10, B3aMMOASHCTBYIOIINN ITOCPEICTBOM 3y0UaToTo
3aIeTUIEHUs C KOJIBIOM C BHYTPEHHUMH 3yObsiMU 11 U TIepBbIM 3y0daThIM OaHIaXoM 8
MIPUBOJIAT BO BpallleHHUE TIepeluBHYIO quadparmy 4. LllectepHs ¢ BHyTpeHHUMHU 3yObsMH 15
MIPaBOTO MOJIyKOHYCa 13 1 BTOpOt 3y0uaThiii OaHAaX MepeIMBHON AuadparMel 9, coBepinas
BpallaTeIbHOE JIBUKEHUE, IPUBOISAT BO BpalllEHUE BEIOMBbIM psijl caTEIUIMTOB 17, KOTOpbIe
yepe3 BoamIa 29 MpUBOAST BO BpaIlleHUe BTOPYIO CEKINIO OapadaHa 6.

N3meHeHune niepe1aTOuHbIX YUCEIT MIECTEPHU ¢ BHYTPEHHUMH 3yObsiMU 15 1 BeHOMOTO psina
cate/MToB 17 1O3BOJISIET CO3/IaTh OIITUMAJIBLHBIE YCIIOBUS IIEPETrPY3KU MaTepUaia ¢ 3a1aHHON
MIPOU3BOAUTEILHOCTHIO. [IpH 3TOM 0becrieunBaeTcst BHICOKOI(PPeKTUBHAS CyIIIKa OJ1aroaapsi
BO3MOKHOCTU U3MEHEHHUSI YACTOT BPAIIEHUS] CMEXXHBIX CEKIUM U TIEPEITUBHON Trua(parMsl.

HenpepblBHOCTH 1101aUU, TIEPEMELLIEHUS] U IIEPErPY3KU TUCTIEPCHBIX MATEPUAIIOB
00ecIeunBaeTCs ¢ y9eTOM KHHETUIECKUX 3aKOHOMEPHOCTEH IIPOoTIecca CYIITKH OTIPEIISIICHHBIX
IKCIIEpUMEHTAIBHO. st cOamaHCHPOBAHHOM HATPY3KHU CEKIINI HEOOXOIUMO U3MEHSITh
YacTOTY BpaIlleHUs TIepeIMBHOM AuadparMpl. UToOBI yBETHUUTE KOJIMYECTBO MIEPErPyKAESMOTO
MaTepualia U3MEHSIIOT JUaMeTP IIPOMEXYTOUHOIO Psijia caTe/uMToB. Tora 11pu OqMHAKOBOMN
JIUHEHHOM CKOPOCTH BpAIIleHUs TIEPEIIMBHOM JUa(parMbl U CATEIUIUTOB OYJET U3MEHSITHCS
yIJIOBasi CKOPOCTh UX BPAIEHUSI.

B03MOXHOCTh MI3MEHEHUS YaCTOT BPAITCHHUS M UX KOHCTPYKTUBHOE O(POPMIICHHE TIO3BOJISIET
U3MEHSITh XapaKTEPUCTUKU INIAHETAPHBIX IIepeaay U IIepeHaCcTPauBaTh CYLIUJIKY 110

Crp.: 7
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KOHKPETHBIN BBICYIIUBAEMBIA MaTEPHAIL.

Taxum oOpa3om, ipeanaraeMasi AByXCeKIMOHHAas OapadaHHasl CyIIMIKa 00eCTIeunBacT
PABHOMEPHOCTD CYIITKA MaTepHala IIpH IIEPEMEHHBIX PEKUMAX, ITO3BOJISIET IIOBBICHUTh
MIPOU3BOAUTEIIFHOCTh M CHUZHUTH JHEPrO3aTPATHI HA MIPOIECC CYIITKH.

(57) Dopmyita U30OPETEHUS

1. JIByxceknuuoHHasi bapabaHHAs CYIIUITKA, COAepKaIas 3arpy309HOe YCTPOUCTBO,
Pa3rpy30uHyIO KaMepy, MaTpyOOK MOABOAA TETUIOHOCUTEIIS, IEPEIIMBHYIO TUA(parMy MeX Iy
CEKLMAMHU € BO3MOXKHOCTBIO AaBTOHOMHOI'O COOCHOI'O BPAILEHUS CEKLMI IIOCPEICTBOM
3aMKHYTOM IUTaHETApHOM U hepEeHIMAITBHON Mepeiauu, OTANIAOIIASCS TEM, UYTO KaXaas
CEeKIMSI CHA0XEeHA TTObEMHO-JIOTIACTHBIMHA HACAAKAMH U TIIOCKUM KOJUIEKTOPOM,
PA3MELLEHHBIM 110 JJIMHE CEKLUA B BEPTUKAIBHON IJIOCKOCTU ¢ OTBEPCTUAMMU IS 1IOAAYH
TEIUIOHOCUTEJIS B IIOIIEPEYHOM HAIIPABIICHUU; MEXKAY IIEPBOM M BTOPOU CEKLIMSIMU YCTAHOBJIEHA
MIPOMEXYTOYHASI KaMePa ¢ COOCHO PACIIOIOXKEHHOM B Hell TIEpeJTMBHOM AuadparMoii,
BBITIOJTHEHHOM B BHIE IITHEKA, KOPITYC KOTOPOT'O CHAOXKEH JIBYMSI JKECTKO 3aKPEIICHHBIMHU
3yOUaThIMU OaHIaXKaMHU M YCTAHOBIIEH B ITOAIIAITHAKAX, 3AITPECCOBAHHBIX B TOPIEBHIE (NIAHIIBI
KaX0M CEKLMU; B IIPOMEKYTOUYHON KAMEPE YCTAHOBJIEHBI IIPOMEKYTOUYHbBIA U BEAOMBIHN PSIAbI
CaTEJUIMTOB, & TAKXKE COOCHO C CEKLUUAMU PA3MELIECHBI ABa II0JIYKOHYCA, OHUH U3 KOTOPBIX
OOJIBIITUM OCHOBAHHUEM KECTKO 3aKPEIICH K TOPIEBOMY (DIaHITy TIepBOL CEKIMHU, a K OOJIbITIEMY
OCHOBAHHIO APYTOTO MOIIYKOHYCA TIOCPEACTBOM OOJITOBOTO COSAMHEHUS KECTKO 3aKPeTlIeHa
IIECTEPHSI C BHYTPEHHUMH 3yObsIMU; HA BHYTPEHHIOIO TTIOBEPXHOCTH IIPOMEKY TOUHON KaMephl
XKECTKO MTOCAKEHO KOJIBIIO C BHYTPEHHUMH 3yObsiIMU; B TOPIIEBOM (hJIaHIE BTOPON CEKIUN
3aKPEILIEHbl BOAWIA ¢ YCTAHOBJIIEHHBIMUA HA HUX B IIOAIIUITHUKAX CATEIIIMTAMUA BEAOMOI'O
psAna, B3aUMOJICHCTBYIONIAME C OHAM U3 3y0UaThIX OaHAaXel epeuBHON nuadparMbl 1
IECTePHEl C BHYTPEHHUMH 3yObsiMHU, 00pa3yromux TudhepeHIMATBHYIO TUIAHETAPHY O
BHYTPEHHIOO 3y0UaTyIo riepeady; pu 5TOM TOJTYKOHYChI MAJTBIMU OCHOBAHUSIMH 3aKPEIUICHBI
MEXITy COOOM uepe3 OCH IMPOMEXYTOTHOTO Psia CATSIIMTOB, yCTAHOBJIEHHBIX B TTOAIIIAITHAKAX
U B3aUMOJCUCTBYIONIMX C APYTUM 3y0UaThIM OaHAAKOM KOPITyca IePENUMBHON TuadpparMbl
U KOJIBIIOM C BHYTPEHHUMH 3yObsiMHU, 00PA3YIOMUX BHYTPEHHIOK 3y0UaTyIo INIaHETAPHYIO
nepengayvy.

2. JIByxcekunoHHas OapadaHHas CYITWIKA 110 I1. 1, OTIIMYAIOIIAsICs TeM, 94TO B
HEIOIBIKHOM (DITaHIIe TIEPBOM CEKIIMU YCTAHOBJIEH NATPYOOK 3arpy30YHOTO YCTPOUCTBA U
MaTpyOOK NEHTPAITBHOTO TTOABOIA TEINIOHOCUTEIIS B TUIOCKHE KOJUIEKTOPHI; TATPYOOK C
IEHTPATBHBIM ITOJIBOIOM TETUIOHOCUTEIS BO BTOPYIO CEKIIUIO BBITIOJIHEH B BHIIE pacTpyoa,
I10J1ava TeTUIOHOCUTENSI B KOTOPBIN OCYIIECTBIISIETCS 110 TPyOKaM, TPOXOASIIAM Uepe3
Pa3rpy309YHYIO KaMepy; MEeXAY HEMOABWKHBIMU (NIAHIIAMU TIEPBON CEKIIUN YCTAHOBJICHA
Tpy0a ISl BLIBOJIA OTPAOOTAHHOTO TETUIOHOCUTEIS U3 TIEPBOM CEKIIUU.

Ctp.: 8
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32 38 42 state and therefore includes a maximum
étl_[xr?arcl:jen; 52 - weight in the first "cool” state due to ab-
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1) Load ¢ Tuning tially free from the medium/water in a
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RF Connection

carry away the evaporated medium from
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Description

"DIELECTRIC DRYER DRUM

TECHNICAL FIELD
[0001] The technology relates to the field of Radio Frequency (RF)

heating systems.

BACKGROUND

[0002] Conventional clothes dryers heat a large volume of air that then
passeé over tumbling clothes. Water is extracted from the wet clothes by
evaporation into the heated air. This conventional drying process is
extremely inefﬁcieﬁt; as at least 85 % of the energy consumed by the

machine goes out the vent.

[0003] The stated above inefficiency of conventional drying process is due
to the fact that air is a very poor heat conductor. Thus, for example, only
very small engines can be air cooled efficiently. On the other hand, some
large engines, for example, an automobile engine, or a high power
motorcycle engine, use water cooling because water is much better heat

conductor than air.

SUMMARY

[0004] This Summary is provided to introduée a selection of concepts that
are further described below in the Detailed Description. This Summary is
not intended to identify key or essential features of the claimed subject
matter, nor is it intended to be used as an aid in determining the scope of

the claimed subject matter.



10

15

20

25

30

WO 2012/161889 PCT/US2012/033900

2

[0005]A method for heating an object having a variable weight that
includes a medium is provided. The method comprises: (A) placing the
object having the variable weight including medium into an enclosure; (B)
initiating a heating process by subjecting medium including the object
having the variable weight fo a variable AC electrical field; and (C)

controlling the heating process.

[0006] The object has substantially absorbed medium in a first "cool" state
and therefore includes a maximum weight in the first "cool" state due to

absorption of medium.

[0007]The object is substantially free from medium in a second "heated"
state due to substantial release of medium from the object, wherein the
released medium is evaporated during the heating process. The heating
process is completedl when the object is substantially transitioned into the

second "heated" state.

[0008] The method further comprises using an air flow having an ambient
temperature inside the enclosure to carry away the evaporated medium

from the enclosure. -

DESCRIPTION OF THE DRAWINGS _
[0009] The accompanying drawings, which are incorporated in and form a
part of this specification, illustrate embodiments of the technology and,

together with the description, serve to explain' the principles below:

[0010] FIG. 1 illustrates a general diagram of a dielectric dryer drum for
the purposes of the present technology.

[0011] FIG. 2 shows a basic impellor anode RF dryer diagram for the
purposes. of the present technology.
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[0012] FIG. 3 depicts a dielectric heating system block diagram for the
purposes of the present technology.

[0013] FIG. 4 illustrates the comparison between the conventional heated
air dryer and the proprietary Cool Dry dielectric dryer for the purposes of
the present technology.

[0014] FIG. 5 shows a dryér drum and single impellor design example for
the purposes of the present technology.

[0015] FIG. 6 depicts RF connections to rotating elements cathode &
anode for the purposes of the present technology.

[0016] FIG. 7 illustrates variable anode e_lerhe_nt coupling for the purposes
of the present technology.

[0017] FIG. 8 showsa dielectric load model of the dielectric dryer drum
for the purposes of the present technology.

DETAILED DESCRIPTION. ‘

[0018] Reference now is made in detail to the embodiments of the
technology, examples of which are illustrated in the accompanying
drawings. While the preseﬁt technology will be described in conjunction
with the various embodiments, it will be understood that they are not
inten&ed to limit the present technology to these embodiments. On the
contrary, the present technology is intended to cover alternatives,
modifications and eqﬁivalents, which may be included within the spirit and

scope of the various embodiments as defined by the appended claims.
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[0019] Furthermore, in the following detailed description, numerous
specific-details are set forth in order to 'provid_e a thorough understanding
of the presented embodiments. However, it will be obvious to one of
ordinary skill in the art that the presented embodiments may be practiced
without these specific details. In other instances, well known methods,
procedures, éomponents, and circuits have not been described in detail

as not to unnecessarily obscure aspects of the presented embodiments.

[0020] In an embodiment of the present technology, FIG. 1 illustrates a
general diagram 10 of a dielectric dryer drum 12 for the purposes of the
present technology. This represents a new way to introduce the RF power

into the dryer chamber.

[0021]In an embodiment of the present technology, more specifically, the
cylindrical drum 12 having two round cathode plate ends 13 and 15
includes at least three impellors 14 utilized to introduce the RF power
(please, see discussion below). An air flow 16 is used to efficiently carry

out the evaporated water off the system.

[0022]In an embodiment of the present technology, the volume control
block 18-is employed for controlling an air flow rate to facilitate

removal of evaporated water from the drum 12.

[0023]In an embodiment of the present technology, an air path is
controlled by selecting an element design (from the group consisting of: an
intake air duct design (not shown), an air chamber design (not shown), and
a drum impellor design (see discussion below). The element design is

configured to facilitate removal of evaporated water from the drum 12.
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[0024]Essentially this new way to introduce the RF into the chamber
allows us to maintain the size and volume of the chamber constant,
without moving parté inside. Also, the tuning out of the reactive
component of the load could be accomplished by turning on or off, all or

some of the impellor vanes inside the drum.

[0025]In an embodiment of the present technology, referring still to FIG. 1
the impellors 14 of the dielectric dryer drum 12 now have a double
function: to scramble the clothes for better exposure to the air that removes

the moisture, and also to provide the RF anode connection.

[0026] In an embodiment of the present technology, more specifically, the
impellors 14 of the dryer drum 12 are now used as anodes for connection
to the load with variable materials (includirig fabrics), weight and

moisture.

[0027]In an embodiment of the present technology, the load effective
shape and volume is varied by the drum rotation speed & direction, drum
shape and impellor design to optimize energy. transfer from the RF power

source to the load over the drying cycle.

[0028]For example, semispherical protrusions (not shown) could be
engineered on the end plates to help put tumbling clothes into a

more optimum dynamic shape for RF coupling.

[0029] In an embodiment of the present technology, FIG. 2 shows a
basic impellor anode RF dryer diagram 20 for the purposes of the
present technology.

PCT/US2012/033900
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[0030] In an embodiment of the present technology, the drum material

24 is selected from the group consisting of: a conductor; a metal; an
insulator; a dielectric insulator; a ceramic insﬁlator; a plastic insulator; a
wooden insulator; and a mixture of at least two drum materials.

[0031] In an embodiment of the present technology, an object inside the
rotating drum 24 is selected from the group cbnsisting of: a cloth
substance; a food substance; a wood sub_staﬁce; a plastic substance; and a

chemical substance.

[0032] In an embodiment of the present technology, we will focus on the

object 22 comprising a moist load of clothing.

[0033] In an embodiment of the present technology, all drum surfaces

are grounded 26.

[0034] In an embodiment of the present technology, each drum impellor is
drivep with RF energy as a "hot anode" (28, 30), with ground return being
the entire drum surface 32. Each impellor is shaped and placed into the

drum in a manner to maximize RF coupling to the tumbling, or stationary,

load while minimizing non load coupled "parasitic" capacitance.

[0035] In an embodiment of the present fechnblogy, each anode element
(28, 30) is separated from the conductive drum surface 32 by an

insulating material 36.

[0036] In an embodiment of the present tech'no'logy, the insulating material

36 is selected from the group consisting of: glass; plastic; and ceramic.
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[0037] In an embodiment of the present technology, referring still to FIG.
2, the conductive cathode area 32 of the rotating drum 24 is connected to
the, ground return path 26 of the RF power source by a connection selected
from a from the group consisting of: a rotating capacitive connection; and

a non rotating capacitive connection.

[0038] In an embodiment of the present technology, referring still to FIG.
2, we will focus our discussion on the rotating RF cathode drum RF

connection 34.

[0039] In an embodiment of the present technology, referring still to FIG.
2, at least one anode element (28, 30) is connected to the RF power source

46 by a connector comprising the rotating RF anode plate connector 38.

[0040] In an embodiment of the present technology, the rotating RF anode
plate connector 38 is connected to RF Power source 46 by using a variable °

tuning inductor 42. -

[0041] In an embodiment of the present technology, the variable tuning
inductor 42 is used to achieve the RF tuning for optimum power transfer

from the DC Supply voltage 48.

[0042] In an embodiment of the present technology, the drum is rotated

with varying rotation speed to optimize RF coupling.

[0043] In an embodiment of the present technology, the direction of
rotation of said drum is varied to optimize RF coupling by preventing

bunching of the drying load.



10

15

20

25

30

WO 2012/161889 PCT/US2012/033900

8

[0044] In an embodiment of the present technology, the variable tuning
inductor 42 adjusts its value to tune out the (-jX) from the load RF
impedance 40, thus yielding a pure resistive foad, R at the feed point 52.

[0045] In an embodiment of the present technology, FIG. 3 depicts é
dielectric heating system bloc diagram 60 comprising a DC power supply
72, areal time configurable RF waveform power source 70, a system
controller & signal processor 66, a serial port 68, a block 64 of RF &

physical sensors; and a dryer drum 62.

[0046] In an embodiment of the present technology, the heating process
is controlled by selecting parameters of the real time configurable RF
waveform power source 70 from the group consisting of: an applied
RF voltage magnitude and envelope wave shape; an applied RF current
magnitude and envelope wave shape; phase of RF voltage vs. current;

voltage standing wave ratio (VSWR); and RF frequency.

[0047] In an embodiment of the present technology, the block 64 of RF &
physical sensors are configured to measure the load RF impedance in order
to measure the size and water content of the load, to measure the load

temperature, and to measure parameters of the air flow.

[0048] In an embodiment of the present technology, the system controller

‘& signal processor 66 is configured to control parameters of the real time

configurable RF waveform power source 70 by using the real time data

provided by the block 64 of RF & physical Sensors.

[0049] FIG. 4 illustrates the comparison diagram 100 between the
conventional heated air dryer 101 and the proprietary Cool Dry dielectric
dryer 103 for the purposes of the present technology.
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[0050]In the conventional heated air dryer, the 4kW applied power 108
causes heating of the hot air 104 up to 300°F 110 due to evaporation of air
heated water 106. Such hot temperature adversely affects the properties of

the drying fabric.

[0051] On the other hand, in the proprietary Cool Dry dielectric dryer 103
the 4kW applied RF power 112 causes evaporation of air heated water
114 but does not cause heating of the ambient air 118 that has temperature
only up to 90°F (room temperature).Such ambient temperature does not

adversely affect the properties of the drying fabric.

[0052] FIG. 5 shows a dryer drum and single impellor design example 140
for the purposes of the present technology. There are tumbling load air
gaps between the tumbling loads 150 and 148 and the anode plate 162
depending on the tumbling load shape 158 and the anode shape 162 and
placefnent 160.

[0053] In an embodiment of the present technology, the anode plate shape
162 is optimized for best load RF coupling lVS._ lower parasitic capacitance

to ground.

[0054] In an embodiment of the present technology, the anode plate shape
162 is. optimized to accommodate for different kind of fabrics and different

kind of load.

[0055] In an embodiment of the present technology, the anode plate
placement 160 is also optimized so that the parameter G 154 (net average
spacing to a tumbling load) and the parameter H 156 (parasitic capacitive
coupon ﬁom the anode plate to the drum cathode ground) are optimized

together for best load coupling vs. lower parasitic capacitance to ground.
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[0056] In an embodiment of the present technology, the rotating. RF anode
plate connector 38 (of FIG. 3) is selected from the group consisting of: a

brush-contact commutator; and a capacitive coupling.

[0057] In an embodiment of the present technology, the rotating RF anode
plate connector 38 (of FIG. 3) comprises a capacitive coupling selected
from the group consisting of: a parallel plate; and at least one concentric

cylinder.

[0058] More specifically, FIG. 6 depicts diagram 200 of RF connections to
rotating elements cathode & anode for the purpbses of the present

technology.

[0059] In an embodiment of the present technology, the anode plate is
connected to the RF source by using a fixed contact brush (204 of FIG. 6).

[0060] In an embodiment of the present technology, the anode plate is
connécted to the RF source by using a rotating brush commutator (202 of

FIG. 6).

[0061] In an embodiment of the present technology, the anode plate is
connected to the RF source by using a capacitive disc coupler (208 of FIG.
6). |

[0062] In an embodiment of the present technology, the anode plate is |
connected to the RF source by using at least one capacitive cylinder disc

coupler (210 of FIG. 6).

[0063] FIG. 7 is a diagram 220 that illustrates variable anode element.
coupling for the purposes of the present technology.
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[0064] In an embodiment of the present technology, the conductive area of

the fixed anode plate 222 is shown in a rear view.

[0065] In an embodiment of the present technology, the fixed anode plate

228 and rotating plate 226 are shown in, a side view 224.

[0066] In an embodiment of the present technology, the conductive

 capacitor plates 232, 234, and 236 are perpendicular (shown by legend

242) connected to the anode element 240.

[0067]FIG. 8 shows the dielectric load model 260 of the dielectric dryer
drum for the purposes of the present technology.

[0068]The drum has a fundamental capacitance, 262 based on its physical
dimensions and air dielectric permittivity 264. The water in the load has an
RF resistance 266 related to the amount of water contained. The materials
in the load add an additional capacitance 268 to the model, based on their

dielectric constant > 1. Thus, the load impedance 270 is:
Z=R+jX : ' ‘ (Eq. 1)

[0069]The load impedance Zis dependent on: load size, water content;

fabric types, and physical shape and volume. -

[0070]The basic principle is dynamically maximized RF coupling to
the load resistance (water). The design optimizes the water resistance

while minimizing parasitic capacitance 268.
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[0071] In an embodiment of the present technology, the capacitive
element of the load 268 could be minimized or perhaps totally eliminated
by driving a different number of impellors with the RF source during the

drying cycle. with mechanically staggered coupling capacitors.

[0072] In an embodiment of the present technology, as was disclosed
above, FIG. 2 illustrates an example of the design optimization by the
spacing of the impellor anode above the drum ground to minimize

capacitance consistent with optimum load coupling.

[0073] In an embodiment of the present technology, the RF impedance

of the load can be used to measure water content in real-time.

[007 4] In an embodiment of the present technology, the method for
heating an object having a variable weight that includes a medium
comprises the step of placing the object having the variable weight
including the medium into an enclosure; wherein the object substantially
has absorbed the medium in a first "cool" staté; and wherein the object
includes a maximum weight in the first "cool" state due to absorption of

the medium.

[0075] In an embodiment of the present technplogy, the method for
heating an object having a variable weight that includes a medium further
comprises the step of initiating a heating process by subjecting the medium
including the object to a variable AC electrical field; wherein the object is
substantially free from the medium in a secpnd "heated" state due to
substantial release of the medium from the object; and wherein the

released medium is evaporated during the heating process.
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[0076] In an embodiment of the present technology, the method for

heating an object having a variable weight that includes a medium further
comprises the step of controlling the heating process, wherein the heating
process is completed when the object is substantially transitioned into the

second "heated" state.

[0077] In an embodiment of the present technology, the method for heating
an object having a variable weight that includes a medium further
comprises the step of using an air flow having an ambient temperature
inside the enclosure to carry away the evapbrafed medium from the

enclosure.

[0078] In an embodiment of the present technology, wherein the enclosure
comprises a dryer drum 24 version of the enclosure having at least one
anode element impellor 28 (30) of variable .shape, and at least one cathode
area 32, and wherein the object comprises a load of clothing 22, and
wherein the medium comprises water, as shown in FIG. 2, the method for
heating the load of clothing 22 further comprises the step of optimally
configuring the shape of at least one anode (impeller) to accommodate for

different- kind of fabrics and different kind of load.

[0079] In an embodiment of the present technology, wherein the enclosure
comprises a dryer druim 24 version of the enclosure having at least one
anode element impellor 28 (30) of variable shape, and at least one cathode
area 32, and wherein the object comprises a load of clothing 22, and
wheréin the medium comprises water, as shown in FIG. 2, the method for
heating the load of clothing 22 further comprises the step of pre-heating air

inside the dryer drum 24 to facilitate water evaporation from the drum.
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[0080] In an embodiment of the present technology, wherein the enclosure
comprises a dryer drum 24 version of the enclosure having at least one
anode element impellor 28 (30) of variable shape, and at least one cathode
area 32, and wherein the object comprises a load of clothing 22, and
wherein the medium comprises water, as shown in FIG. 2, the method for
heating the load of clothing 22 further comprises the step of controlling an
air flow rate by volume control block (18 of FIG. 1) to facilitate removal

of evaporated water from the drum enclosure.

[0081] In an embodiment of the present technology, wherein the enclosure
comprises a dryer drum 24 version of the enclosure having at least one
anode element impellor 28 (30) of variable shape, and at least one cathode
area 32, and wherein the object comprises a load of clothing 22, and
wherein the medium comprises water, as shown in FIG. 2, the method for
heating the load of clothing 22 further comprises the step of controlling an
air flow path by an element design selected from the group conéisting of :
an intake air duct design (not shown); a chamber design (not shown); and a
drum impellor design (162 of FIG. 5). The element design is configured to

facilitate removal of evaporated water from the drum enclosure.

[0082] The above, discussion has set forth the operation of various
exemplary systems and devices, as well as various embodiments pertaining
to exemplary methods of operating such systems and devices. In various
embodiments, one or more steps of a method of implementation are carried
out by a processor under the control of computer-readable and computer-
executable instructions. Thus, in some embodiments, these methods are

implemented via a computer.

[0083] In an embodiment, the computer-readable and computer-executable

\

instructions may reside on computer useable/readable media.
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[0084] Therefore, one or more operations of various embodiments may be
controlled or implemented using computer-executable instructions, such as
program modules, being executed by a computer. Generally, program
modules include routines, programs, objects, components, data structures,
etc., that perform particular tasks or implement particular abstract data
types. In addition, the present technology may also be practiced in
distributed computing environments where tasks are performed by remote
processing devices that are linked through a communications network. In a
distributed computing environment, program modules may be located in
both local and remote computer-storage media including memory-storage

devices.

[0085] Although specific steps of exemplary methods of implementation
are disclosed herein, Ithese steps are examples-of steps that may be
performed in accordance with various exemplary embodiments. That is,
embodiments disclosed herein are well suited to performing various other
steps or variations of the steps recited. Moreover, the steps disclosed
herein may be performed in an order different than presented, and not all

of the steps are necessarily performed in a particular embodiment.

[0086] Although various electronic and softwére based systems are
discussed herein, these systems are merely examples of environments that
might be utilized, and are not intended to suggest any limitation as to the
scope of use or functionality of the present teéhnology. Neither should
such systems be interpreted as having any dep_endency or relation to any
one or combination of components or functions illustrated in the disclosed

examples.



WO 2012/161889 : ' PCT/US2012/033900
16

[0087] Although the subject matter has been described in a language
specific to structural features and/or methodological acts, the subject
matter defined in the appended claims is not necessarily limited to the
specific features or acts described above. Rather, the specific features and

acts described above are disclosed as exemplary forms of implementing

the claims.
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Claims

1. A method for heating an object having a variable weight that includes a
medium; said method comprising: |

(A) placing said object having said variable weight including said
medium into an enclosure; wherein said object substantially has ébsorbed
said medium in a first “cool” state; and wherein said object includes a
maximum weight in said first “cool” state due to absorption of said medium;

(B) initiating a heating process by subjecting said medium including
said object having said variable weight to a variable AC electrical field;

wherein said obj ect is substantially free from said medium in a second

-“heated” state due to substantial release of said medium from said object;

and wherein said released medium is evaporated during said heating process;
and
(C) controlling said héating process, wherein said heating process is
completed when said object is substantially transitioned into said second

“heated” state.

2. The method of claim 1 further comprising:

(D) using an air flow having an ambient temperature inside said

‘enclosure to carry away said evaporated medium from said enclosure.

3. The method of claim 1, wherein said step (A) further comprises:

(A1) selecting said medium from the group consisting of: water; a
liquid having a dielectric permittivity above a first predetermined threshold;

and a liquid having a dissipation factor above a second predetermined
threshold. | |
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4. The method of claim 1, wherein said step (A) further comprises:
(A2) selecting said object from the group consisting of:
a cloth substance; a food substance; a wood substance; a plastic substance;

and a chemical substance.

5. The method of claim 1, wherein said step (A) further comprises:

(A3) selecting an enclosure having at least one anode element.

6. The method of claim 1, wherein said step (A) further comprises:
(A4) selecting an enclosure from the group consisting of:
a cylindrical cathode drum having at least one impellor; and a cylindrical

drum having at least one impellor and having at least one cathode end plate.

7. The method of claim 1, wherein said step (A) further comprises:

(A5) selecting an enclosure material from the group consisting of:
a conductor; a metal; an insulator; a dielectric insulator; a ceramic insulator;
a plastic insulator; a wooden insulator; and a mixture of at least two drum

materials.

8. The method of claim 1, wherein said step (B) further comprises:
(B1) applying RF energy to at least one said anode element within

said enclosure.
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9. The method of claim 1, wherein said step (B) further comprises:

(B2) applying RF energy to at least one said impellor configured to
function as an anode element inside a drum enclosure; and wherein at least
part of said conductive drum surface is configured to function as a cathode
ground return; and wherein at least one said anode element is separated from

said conductive drum surface by an insulating material.

10. The method of claim 1, wherein said step (B) further comprises:
(B3) shaping at least one surface area of a drum shaped enclosure to

maximize RF coupling to the load.

11. The method of claim 1, wherein said step (B) further comprises:
(B4) making at least one protrusion on at least one end plate of a drum
enclosure to optimize RF coupling; said at least one protrusion is selected

form the group consisting of: a concave protrusion; and a convex protrusion.

12. The method of claim 1, wherein said step (B) further comprises:
(B5) rotating said drum with varying rotation speed to optimize RF

coupling.

13. The method of claim 1, wherein said step (B) further comprises:

(B6) selecting parameters of said variable AC electrical field from the
group consisting of: an applied RF voltage magnitude and envelope wave
shape; an applied RF current magnitude and envelope wave shape; phase of
RF voltage vs. current'; voltage standing wave ratio (VSWR); and RF
frequency. |
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14. The method of claim 1, wherein step (B) further comprises:

(B7) selecting a connection from a conductive cathode area of said
moving enclosure to a ground return path of said RF power source from the
group consisting of: a rotating capacitive connection; and a non rotating

capacitive connection.

15. The method of claim 1, wherein said step (B) further comprises:
(B8) selecting a connection from at least one said anode element to an
RF power source from the group consisting of: a brush-contact commutator;

and a capacitive coupling.

16. The method of claim 1, wherein said step (B) further comprises:
(B9) selecting said capacitive coupling from the group consisting of: a

parallel plate; and at least one concentric cylinder.

17. Theé method of claim 1, wherein said step (C) further comprises:
(C1) substantially continuously measuring impedance of said medium
including said object having said variable weight during said heating

process.

18. The method of claim 17, wherein said step (C1) further comprises:
(C1, 1) using correlation between said continuously measured value of
impedance of said medium and a moisture content of said object to

determine said moisture content of said obj éct._
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19. The method of claim 1, wherein said step (C) further comprises:

(C2) measuring a set of parameters of said medium including said
object having said variable weight during said heating process; said set of
parameters selected from the group consisting of: an impedance at least at
one RF frequency; temperature variations of said object within said
enclosure; moisture variations of said object within said enclosure; and

weight variations of said object

20. The method of claim 2, wherein said enclosure comprises a dryer
drum version of the enclosure having at least one anode element impellor of
variable shape, and at least one cathode area, and wherein said object
comprises a load of clothing; and wherein said medium comprises water;
and wherein said step (D) further comprises:

(Dl) inserting pre-heated air inside said dryer drum to facilitate water

evaporation from said enclosure.

21. The method of claim 2, wherein said enclosure comprises a dryer
drum version of the enclosure having at least ohe anode element impellor of
variable shape, and at least one cathode area, and wherein said object
comprises a load of clothing; and wherein said medium comprises water;
and wherein said step (D) further comprises:

(D2) controlling an air flow rate by volume control to facilitate

removal of evaporated water from said enclosure.
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22. The method of claim 2, wherein said enclosure comprises a dryer
drum version of the enclosure having at least one anode plate impellor of
variable shape, and at least one cathode area, and wherein said object
comprises a load of clothing; and wherein said medium comprises water;
and wherein said'step (D) further comprises:

(D3) controlling an air flow path by an element design selected from
the group consisting of : an intake air duct design; a chamber design; and a
drum impellor design; wherein said element design is configured to facilitate

removal of evaporated water from said enclosure.
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