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MiKpOXBUJILOBOI 0OPOOKU

2. Improving the technology of regeneration of the adsorption dehumidifiers of compressed air by microwave
processing

Pedepar:

1. O6'eKT moCHiIpKEeHHs — TEXHOJIOTIYHUI Npoliec pereHepallii aicopOoeHTy B afiCOPOLIHNX OCyIIyBayax
CTMCHEHOTO MOBITPS, O BifIlOYBAETHCS MiJ, BIJIMBOM MiKPOXBUJIbOBOTO BUITPOMIHIOBAHHS; METa JIOCTIiIKEHHS —
BIOCKOHAJIEHHS TEXHOJIOTIYHOrO IIPOLIECY Pere’epauii afcopoeHTy B IOPOKHUHI aicOPOLIMHOI KOJIOHM OCyIlyBadya
3 BUKOPUCTaHHSIM eHeprii HagsrucokodacToTHOro (HBY) BUNIpOMIHIOBAaHHS; METOLM [LOCIIIKEHHSI — Y1CeJIbHe
KoMITIoTepHe MogesoBaHHs Computer-aided engineering (CAE), i3 BUKOpHUCTaHHSIM METOAY CKiHU€HHUX
€JIEMEHTIB 3 BUKOPUCTAHHSIM NIpOorpaMHux nNpoaykTis «FlowVisionTM», «AnsysHFSSTM», « COMSOL
MultiphysicsTM» i «Simulinc MathlabTM», 06po6ka pe3y/bTaTiB eKCIIEPUMEHTIB 3 BUKOPUCTAHHSM MTPOrPAMHUX
nakeTiB «Microsoft Office Excel 2007», «Mathlab 7.1» i mporpamHoro 3a6e3nedyeHHsI KOMITIOTEPHO-iHTErPOBAHOTO



BUIIPOOYBAJIBHOTO CTEHY; PE3yJIbTaTU — JOCSITHYTO 3HUKEHHS TEMIIEPATypy IpoLecy pereHepatiii ancopoeHTy Ha
25 %, ipu 1boMy y 1,4 pas3y 3MEHIIYIOTbCSI BUTPATHU MOBITPS, IO CIIOXKUBAETHCS HA CTaZil 0X0JI0IKEeHHS
ancopOeHTy; I0Ka3aHo, 10 TEXHOJIOTIsS ocyleHHs ancopbenty HBY BunpomiHioBaHHSIM BUTpayvae y 1,8 pasiB MeHIe
eHeprii IIp1 OJHAKOBIN AVHAaMIlli IPOTIKaHHA MIPOLECY pereHepaii y opiBHAHHI 3i 3BU4aTHOIO TEXHOJIOTIEI0
rapsyoi pereHepariii; 3aIiporoHOBAaHO TEXHOJIOTIIO pereHepalii, ssika norpedye Ha 50 XBUJIMH MEHIIe 4acy Ha CTafil
0XO0JIOIKEHHS aficOpOeHTy Bif TemnepaTypu pereHepaii 200°C no remneparypu 35°C; po3pobyieHa KOHCTPYKIList
anicopOI1iliHOI KOJIOHU 3 BUKOPUCTAHHSIM 3MillleHHs a3y OJHOTO 3 BUITPOMiHIOIOUUX TOPTiB, 1110 3ar1obirae
neperpiBy afcoOpOEHTY B JIOKAJIbHUX 30HAX, TAKOXK KOHCTPYKLisl 3a0e3edye 3arajbHy PiBHOMIPDHICTb PO3IIOALTY
TeMIIepaTypH B 00'eMi aficOpOEHTY i 3HMXEHHS Pi3HML MDK MiHIMaJIbHOIO Ta MaKCUMAaJIbHOIO TEMIIEPATypPOoIo Yy 2,25
pasiB, 110 MO3UTHUBHO BILJIMBAE HA IOIJIMHAHHS €JIeKTPOMarHiTHOI eHeprii B 06'eMi afcopbeHTy i cripusie
30€pEe’KEHHIO 0r0 KOPUCHUX BIACTMBOCTEN; II0OKa3aHO, M0 Y pa3i BUKOPUCTAHHS X-TIOAiOHOTO XBUJIEBOLY 3
iHTEepHAJIbHUM IMCEKTOPOM MITU(TOBOrO TUILY CIIOCTEPIraeThCsl HANMOibII PIBHOMIPHMI LUKIIIYHNAN TIEPEPO3NOLLN
eHeprii B nyieyax XBUJIeBOy IIPY IOPIBHSIHO HEBEJMKUX BTpaTax MOTYKHOCTI, sIKi CTAaHOBJIATD 15 % 3arasbHOi
IIOTY>KHOCTi; HOBM3HA — BCTAHOBJIEHO HOBI TEXHOJIOTIUHI 3aKOHOMIPHOCTI ITpoLiecy pereHepartiii ancopoeHTy; Habyiu
[IOJAJIBLIIOTO PO3BUTKY MaTeMaTU4Hi MOJIEJIi TEXHOJIOTIYHOTO IPOLIECY OCYLIEHH 3 ypaxyBaHHaIM HBY; BpaxoBaHo,
110 TIePEHOC BOJIOTY AOAATKOBO MOB'SI3aHUI 3 [Ti€l0 TEPMOAVMHAMIYHUX CUJI i OTPMMAHO 3HAYeHHS KoedillieHTiB
esiekTpouysii Ta Marnitogudysii BOJIOTH B aICOPOEHTI; OTPMMaHO 3aKOHOMIPHOCTI IPOCTOPOBOTO PO3MOAINY
TEIJIOBYX Ta €JIEKTPOMArHiTHUX IOJIiB Ta YMOBHU [JIs1 iXHbOTO PiBHOMIPHOT'O PO3IIOZiNy; BCTAHOBJIEHO, 110 3aBISIKU
nii HBY BinOyBaeTbcsl 3HMKEHHS TEMIIEPATypy npouecy pereHepatii Ha 30°C; OTpUMaHO BUKJIIOYEHO BUHUKHEHHS B
0671acTi aficoOpOeHTy HEIIPOTOYHUX 30H, 110 IIPOTSAroM 2 TOAMH HArpiBy MifBUIIye PiIBHOMIPHICTb po3Noginy
TeMIIEpaTypuB 00’eMi aficopbeHTy y 3,7 paziB Ta BUKJIIOYA€ HASBHICTb 30H HOT0 NEPErpiBy Ta 3MEHIIyE Macy
MOBITPS, NOTPIOHOTO [1JIs1 OXOJIONKEHHS aJJCOPOEHTY O TEMIIEPATYpH afcopoiii, y 1,4 pa3y; 3arponoHOBaHO
BHUKOPHCTaHHS TexHoJIorii 3MimenHs ¢pasu HBY B yaci B 0fHOMY 3 OIIO3UTHUX IIOPTIiB XBUJIEBOY Ta BCTAHOBJIEHO
HaloNTMMasbHiIy QyHKIIO ii 3MillleHHS; [OBEJEHO, 110 TEXHOJIOTisi BUKOPUCTaHHS X-MOAiI6HOTO XBUJIEBOLY 3
iHTEpHAZIbHUM AMCEKTOPOM WTUPTOBOTO TUIY 3abe3nedye HalOibIll piBHOMIPHUN LUKJIIYHUN [1€PEPO3NOAIT
eHeprii HBY B aficop61iiiHiil K0JIOHI 32 MiHIMalIbHUX BTPAT BifiOMTOI MOTY>KHOCTI; CTYMiHb BIPOBA/I)K€HHS —
Pe3yJIbTaTU BIIPOBAIKEHO y BUpoOHUUY AisyibHICTh OO0 «TexHomnosic-MamrHo6ynyBaHHSI» IPY BUKOHAHHI
IIOTOBOPIB IIOCTaBKU 06s1afHaHHs Ha nignpueMmcTsa AT «Motop-Ciu», AT «3anopixcrans», T HKBT «3ops-

MaumnpoekT»; rany3b BUKOPUCTAHHS — [106Y0Ba aCOPOLINHNX OCYLIyBayiB NEPCIEKTUBHOI KOHCTPYKLI.

2. Object of research - technological process of regeneration of the adsorbent in adsorption dehumidifiers of
compressed air, which occurs under the influence of microwave radiation; the goal of research - to improve the
technological process of regeneration of the adsorbent in the chamber of the adsorption column of the
dehumidifier using the energy of ultra-high frequency (microwave) radiation; methods of research - numerical
computer modeling Computer-aided engineering (CAE), using the finite element method, using software products
"FlowVisionTM", "AnsysHFSSTM", "COMSOL MultiphysicsTM" and "Simulinc MathlabTM", processing the results of
experiments using software packages "Microsoft Office Excel 2007", "Mathlab 7.1" and software of the computer-
integrated test bench; the result - the temperature of the adsorbent regeneration process is reduced by 25%,
while the consumption of air consumed at the stage of cooling the adsorbent is reduced by 1.4 times; it is shown
that the technology of drying the adsorbent by microwave radiation consumes 1.8 times less energy with the same
dynamics of the regeneration process in comparison with the usual technology of hot regeneration; regeneration
technology is proposed, which requires 50 minutes less time at the stage of cooling the adsorbent from the
regeneration temperature of 200 ° C to a temperature of 35 ° C; developed the design of the adsorption column
using the phase shift of one of the radiating ports, which prevents overheating of the adsorbent in local areas, and
the design provides overall uniformity of temperature distribution in the adsorbent volume and reducing the
difference between minimum and maximum temperature by 2.25 times, which has a positive effect on the action of
electromagnetic energy in the volume of the adsorbent and contributes to the preservation of its useful properties;
it is shown that in the case of using an X-shaped waveguide with an internal dissector of the pin type, the most
uniform cyclic redistribution of energy in the arms of the waveguide is observed at relatively small power losses,



which are 15% of the total power; novelty - new technological regularities of the adsorbent regeneration process
are established; mathematical models of the technological process of drainage taking into account microwave
drying were further developed; it is taken into account that moisture transfer is additionally connected with the
action of thermodynamic forces and the values of moisture diffusion and magnetic diffusion coefficients in the
adsorbent are obtained; regularities of spatial distribution of thermal and electromagnetic fields and conditions for
their uniform distribution are received; it was found that due to the action of microwaves there is a decrease in the
temperature of the regeneration process by 30 ° C; the occurrence of non-flowing zones in the adsorbent region is
excluded, which during 2 hours of heating increases the uniformity of temperature distribution in the volume of
the adsorbent by 3.7 times and eliminates the presence of zones of overheating and reduces the mass of air which
is required to cool the adsorbent to adsorption temperature by 1.4 times; the use of microwave phase shift
technology in time in one of the opposite ports of the waveguide is proposed and the most optimal function of its
shifting is established; it is proved that the technology of using an X-shaped waveguide with an internal dissector
of the pin type provides the most uniform cyclic redistribution of microwave energy in the adsorption column with
minimal losses of reflected power; the degree of implementation - the results are implemented in the production
activities of LLC "Technopolis-Mashinobuduvannya" in the implementation of contracts for the supply of
equipment to enterprises JSC "Motor-Sich", JSC "Zaporizhstal", SE NKVG "Zorya-Mashproekt" field of application -
construction of adsorption dehumidifiers of perspective design.
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