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Anomayin. B oanuii uac 0ns numno2o 6000nO0CMA4AHHs BUKOPUCIOBYEMbCIL 6Ce Olblue 800U 3 APME3IaH-
CbKUX c8epONIo8uH (nidzemHi 6o0u). Lle nos’szamne 3 nocipuwieHHsM ekono2iunoi 06cmanosku 6 Ykpaini, ska npus-
6e1a 00 3apadceHHsi NOBEPXHeBUX 800 BANCKUMU MEMANaAMU, PAOiOAKIMUSHUMU eleMeHMAMU, HImpamamu, Him-
pumamu i m. in. Ha 6inewiocmi nionpuemcme xapuosoi npomMuciogocmi 0is MmexHoI02i4H020 80003a0e3neyenHs
MAK0HC BUKOPUCTNOBYIOMbCA Ni03eMHI 600u. OOHUM 3 OCHOBHUX HEOOIKI8 NIO3EMHUX 800 € NIOBULEHUL 8MICI 8
HUX 3ani3a. 36ascaruu Ha ye, 8ANCIUBOIO 3A0ayer0 8 npoyeci 6000NI020MOBKU 3ANUULAEMbCA NOUWYK, PO3POOKA
ma 6npo8aoICeHHs epeKmuUBHUX Ma eHepeOOUaOHUX CROCODI8 3HEe3ANI3HeHHA NI03eMHUX 800 HUMHO20 NPUHA-
yenHs. B cmammi HasedeHi pezyibmamu 00CAiONHCeHb No 00podyi apmesiaHcbkoi 800U 8 aepayiuHo-
OKUCHIOBANbHILL YCIMAHOBYI POMOPHO20 MUNy 3 Memoio 3He3anisnenns. Ilpedcmasnena cxema ma npuHyun po-
bomu ycmaHosKu.

Yemanoexa peanizye npoyec 3neszaniznennss 600U OKUCHEHHAM 0808ANEHMHO20 34130 KUCHEM NOGIMPS, WO
HOOAEMbCSL 8 YCMAHOBKY Yepe3 edNceKmopa paxyHox epexmy Benmypi. Ochognum enremenmom npeocmagnenoi
YCMAHOBKU € Aepamop-oKUCHIO8AY, WO CKIA0AEMbCA 3 POMOPHO-NYAbCAYIUHO20 8Y31A MA KPUNLYAMKYU GIOYeH-
mpogoeo Hacoca. PomopHo-nynvcayitinuti 8y3071 CKIa0AeEMbCs 3 080X POMOPIB, WO 3 ' €OHAHI 8 0OUH POMOPHULL
8Y30]1, MA CIMAMOopYy, Wo BUKOHAHI Y 8U2TA0I 0OUYANIOK i3 NONEPEeUHUMYU WITUHHUMU OMBOPAMU NPAMOKYIMHO20
nepepizy. Misic pomopamu ma cmamopom nepedbaueruil 3a30p. Aepamop-oKUcH8a4 € anapamom, wo peai-
3Y€ NPUHYUN OUCKPEMHO-IMNYIbCHO20 88€0eHHs eHepeil, aKull nepedbauac oOpobKy cepedosuiya ULIAXoM Gee-
OenHsl eHep2ii y 6ueniadi KOpOMKUX, NOMYACHUX IMRYIbCIE. B cucmemax piouna-piouna, eaz-piouna 66edeHHs
eHepaii maKkum YUHOM NPU3800UmMb 00 KOMHIEKCY MenioMAaco0OMIHHUX Mma 2i0pOOUHAMIYHUX epeKmi 6naugy
Ha cepedosuwe. B npoyeci aepayii ye npuzeooums 00 iHMEHCUBH020 OpodienHs 0Y1bOAUOK NOGIMPS, 3HAYHO-
MY 30i1bUEHHIO CYMAPHOT NOBEPXHI KOHMAKMY ¢ha3, iHMeHCUBHOMY Nepemiuly8anHIO.

B pobomi excnepumenmanbho 8U3HAYEHO 8NIUE KOHCMPYKMUBHUX NAPAMEMPI8 depamopa-oKUCHIO8a4a Ha
weuoxicms 3He3aniznenusn. OOHUM 3 MAKUX NAPAMEMPI8 € WUOKICMb 00epMAaHHA POMOPHO20 8Y31d. 3MiHa
wWeuOKoCcmi 0bepmants Npu CMaiux 3HAYEeHHAX KiIbKOCMI nepepizie ma moswjuHi MidDCYUiiHoposozo 3a3opy
npu3800UmMb AK 00 3MiHU YACMOMU NYAbCAYill NOMOKY 68 KAHANAX POMOpie ma cmamopy, max i 00 3MiHu xapa-
Kmepy meuii 600HO-NOGIMPAHOL CYyMIiWI 8 MINCYUTTHOPOBUX 3a30pax. 30inbuieHHA WeUOKOCmI 00epmaHnHts pomo-
PHO20 8Y3]1a NPU3BOOUNb MAKONHC 00 30IIbUIEHHS KIIbKOCMI ROBIMPSL, W0 NOOAEMbCI HA Aepayiro.

Abstract. Currently, for drinking water supply the more water from artesian wells (ground water) is used.
This is caused by the deterioration of ecological situation in Ukraine, which led to the contamination of surface
water with heavy metals, radioactive elements, nitrates, nitrites, and so on. Most of the food industry for process
water supply also uses groundwater. One of the major drawbacks of groundwater is the high content of iron.
Therefore, an important task in the process of water treatment is the search, development and implementation of
effective and energy efficient iron removal methods from groundwater for drinking purposes. The article pre-
sents results of research on the treatment of artesian water in aeration-oxidizing unit of rotor type for the pur-
pose of iron removal. The scheme and the principle of the unit are presented. The unit realizes an iron removal
from water by oxidation of ferrous by air oxygen supplied to the system through ejector by the “Venturi”effect.
The main element of unit is aerator-oxidizer, consisting of rotary pulsation unit and impeller of centrifugal
pump. Rotary pulsation unit consists of two rotors assembled to one element and stator the form of hollow cylin-
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Odecbka HAYIOHATLHA AKAOEMIsi XAPUOBUX MEXHON0IU

IHHOBAIL[IIHI EHEPTOTEXHOJIOT'Ti XIMIYHUX TA ®APMALIEBTUYHUX BUPOBHUI[TB

ders with transverse slotted holes of rectangular section. Between rotors and stator gaps are provided. Aerator-
oxidizer is a device that realizes the principle of discrete pulse energy input, which involves media treatment by
energy input in the form of short, powerful pulses. In systems liquid-liquid, gas-liquid energy input thus leading
to complex heat and mass transfer and hydrodynamic effects upon the media. During aeration, this leads to
intensive fragmentation of air bubbles, a significant increase in the total phase contact surface area, intensive
mixing.

In the paper experimentally the influence of design parameters of aerator-oxidizer for iron removal rate is
determined. One such parameter is a rotation speed of the rotary unit. Change of rotation speed at constant
number of sections and thickness of gap between rotor and stator leads to a change of frequency pulsations of
flow in the channels of rotor and stator, and to change the character of the flow of water-air mixture in the gaps
between rotors and stator. Increased rotation speed of the rotary unit also leads to increase the amount of air
supplied to the aeration.

KoarouoBi ciioBa: 3He3ani3HeHHsI, aepallisi, AUCKPETHO-IMITYJIbCHE BBE/ICHHS €HEPTii, aepaTop-OKHUCHIOBAY.

Key words: iron removal, aeration, discrete pulse energy input, aerator-oxidizer.

Beryn. B mannmit 9ac 11 MUTHOTO BOJOMOCTAYaHHS BUKOPHCTOBYETHCS BCe OiNbIE BOAM 3 apTe3iaHCHKUX
cBepuIoBHH (Mmig3emHi Boau) [1]. Lle moB’s3aHe 3 MOTipIICHASIM €KOJIOTi9HOI 0OCTaHOBKY B YKpaiHi, sKa Ipu3-
BeJIa 0 3apaKCHHS MOBEPXHEBUX BOJ BAKKUMH METAJaMH, PAaIiOaKTUBHUMH €JIEMEHTAaMH, HiTpaTaMH, HITpHTa-
MH i T. iH. Ha OinpmocTi miaAmpreMCcTB Xap40BOI IPOMHCIOBOCTI IJISl TEXHOJIOTIIHOTO BO03a0e3MeUeHHs TaK0XK
BHKOPHUCTOBYIOTBCS Mif3eMHi Bogu. OOHUM 3 OCHOBHUX HEIOJNIKIB MiJ3€MHHUX BOJ € ITiIBUIICHUI BMICT B HHUX
3ami3a [2]. 3a3BHUaif BMICT 3aTi3a B apTe3iaHCHKUX BoJax ckianae Bix 1 mo 5 mr/n. [Ipu BMicTi 3aimiza OUTBIIT HiXk
1 Mr/1 Boga HabyBae Oyporo KoJbopy, “3amizHui” npucMmak. CHoJIyKy 3aji3a Ta 3a1i300aKkTepii BiIKIaAal0ThCS
y BOJOIPOBOJIaX Ta 3MEHILIYIOTh IX MPOMyCKHUI nepeTuH [3]. 3a cTaHAapTOM Ha MUTHY BOAY, BMICT 3aji3a He
noBuHeH nepesuinyBatu 0,3 mr/n. J{jis 6arathox ragy3eil MPOMHUCIOBOCTI, HANIPUKJIIA]l, BUPOOHHIITBA HATYPaJb-
HOTO Ta BICKO3HOTO LIOBKY, HAIIBIPOBIAHUKIB, JIKEPO-TOPIMaHUX BUPOOIB, TPAHUYHHI BMICT 3ai3a HE MOBHU-
HeH nepesuiysaty 0,05 mr/m.

Jist 3He3eni3HeHHs BOIW BUKOPHUCTOBYIOTh Pi3HOMaHITHI MeTOMu. J{OCHiIKEeHHS IPOBOISTHCSA B JEKITBKOX
OCHOBHHX HaIlpsIMKaX , cepell KX CIiJ BiA3HAYNTH MeMOpaHHi, copOmiiHi, O6ionorivyni. [IpoTe aeparmis 3amu-
mraeThesl HaOuTpm momupeHnM [4]. EQeKTuBHICTD IHIIUX METOAIB 3pOCTaE 32 YMOBU iHTEHCHBHOI aepaii [5].
EdexTuBHICTS aepariiifHOro OYMIIeHHs BOIHU BiJl 3aji3a 3aJIKHUTD BiJ TiAPaBIiYHUX Ta MACOOOMIHHHX XapakTe-
PHCTHK aepyl0od0ro IPUCTPOIO.

AHaJi3 mpodseMHu Ta Orjs/ JiTepaTypHuX AaHuX. PimeHHs 3aranpHOI 3a1adi iHTeHCH(DiKaMii TEXHOIOTI-
YHUX HPOLECIB 3BOAUTHCS 10 BIUIMBY Ha CHUCTEMY 30BHIIIHIX (Qi3MYHHMX (DAKTOPIB, IO AO3BOJSIOTH 3MIHUTH B
MOTPIOHOMY HampsIMKY CTaH CHUCTEMH Ta IIBUIKICTh NMPOTIKaHHS B HiH MPOLECY TEIJIO-Ta MacolepeHocy. 3a-
BJaHHs IEPETBOPEHHS CHEPrii, 10 BBOJUTHCS B T€TEPOT€HHY CUCTEMY THUILy «TBEpJE TUIO-PiJHHA», «piIUHA-
pinuHay, «ra3-piinHa» 1 «TBepAe TUIO-piaUHA-Ta3, sike 3a0e3neuye He TiNbkK edekTHBHY ii TpaHcdopmarito, a
W aKTHBAIli}0 BHYTPILIHIX JPKEPEN eHeprii B CaMOMY Cepe/IOBHIIII, BUPIIIYETHCSI METOAOM JUCKPETHO — IMITYJIbC-
Horo BBejeHHs eHeprii (IIBE). Mexanizmu JIIBE Oynu TeopeTyHo nociifpkeHi B poOoTi [6], @ TEXHOJIOTIYHI Ta
IE)KEHEepHI aclIeKTH IOT0 MPHHIUIY NpeacTaBieHi B [7] i1 y3arampHeHi B [8]. [IpuHImI Metomy monsrae B Tie-
PETBOPEHHI eHepril (TeIuIoBoi, MEXaHIgHOI, ECKTPUIHOI, eIeKTPOMArHiTHOI 1 iH.), 0 BBOJUTHCS B CEPEIOBH-
e, B KOPOTKi IMITyJTBCH, TUCKPETHO PO3IOAICHI Y BChOMY pobodoMy 00’emi. I3 3aranpHOT KUTBKOCTI amaparis,
mo peani3ytots Metox JIBE cnix BT poTopHO — TUCKOBI i poTOpHO — Mynbcanii amaparu (PI1A), 6mu3bki
3a MPUHIIAIIOM i1, ajie MaroTh IIEBHI BiIMIHHOCTI.

Jnist unITiHAPUYHOTO anapary XapakTepHi, SIK IPaBUJiIo, IIIIMHHI KaHaIN IPSIMOKYTHOTO MEPETHHY, B TUCKO-
BOMY amapari, opsiji 3 MpSMOKYTHUMH JOLIJIBHO 3aCTOCYBaHHS KaHaJIM KPYTJIOTo MEpeTHHY, IPUUOMY JTOBKHUHA
KaHaJliB MOJKe 1CTOTHO BiJpi3HATHCS MK coOoro. Ha BiaMiny Bix muinapuanux PITA nacocHuii edekr B amapa-
Tax JMCKOBOTO THITY BiJICYTHIH 1 IepeMillleHHs PIZIMHU BiIOYBA€THCS TUIBKH 38 PaxXyHOK HPUKIIAJEHOTO 30BHill-
HBOTO Tnepenay THCKy. JloninbHicTs 3acrocyBanus Metony AIBE mis inTeHcudikauii TEXHOIOTTYHUX MPOLIECIB,
OB’ SI3aHUX 3 MAcCOOOMIHHMMH MPOIIECAMH, BUKJIQJICHA B 3HAYHIM KUIBKOCTI POOIT, 10 PO3TJISAAIOTH MPOIECH
MepeMilIyBaHHs, TOMOTEHI3allii, TUCTIePTyBaHHs, €MYJIbI'YBaHHS, €KCTPaKIIii, pO3YHHEHHS 1 iH.

Meta pocaixkeHHst. MeTtoto 1aHoi poOOTH € ZOCIIKEHHS BIUIMBY KOHCTPYKTUBHMX Ta TiAPOAMHAMIYHHX
rapaMeTpiB aepaliifHO-OKHCHIOBAJIILHOI YCTAHOBKM POTOPHOT'O THITYy Ha IPOIEC 3HE3aJi3HEHHS IMiA3€MHHUX BOJ
MIUTHOTO NPU3HAYCHHSI.

Marepianan ta Metoau. OO0 €KTOM JOCIHIIKEHHS CIIyTryBaja BOJa 3 apTe3iaHCHKHUX CBEP/JIOBHH 3 BMiCTOM
3amiza Bix 1 mo 10 mr/n. YcranoBka (puc. 1) ckiamaeTbcs 3 HACTyNHHUX OJIOKIB: peakTopa, aeparopa-
OKHCHIOBaYa, KOHTYPY PEUUPKYJIIAMLii, KOHTYpPY IUPKYJAIii X0JI0J0areHTy, 0J0Ky yIpaBliHHS 1 KOHTPOJIO, BU-
MipIOBaIIbHOI amapaTypH, OKUCHIOBaILHO-(DITBTPaliifHOT KOJIOHU. PeakTop € pe3epByapoM 3 BHYTPIIIHIM JTiaMe-
TpoMm mwmiHApudHOT yacTuan 0,42 M, BucoToro 0, 48 M, HUWKHBOT KOHIYHOT YaCTHHH 3 BUCOTOI0 0,2 M, BEpXHIM
niamerpom 0,42 1 HmwxHIM — 0,05 M, KopucHUM 00’eMoM 60 1T 1 CITY>KUTH ISl TPOBEIEHHS Ipo1ecy 0OpoOKH pi-
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JMHU.3 METOI0 HiATPUMKH IOCTIHHOI TeMIepaTypH Mpolecy, B peakTopi nepegdayeHa cOpoUKa OXOJIOMKEHHS
(HarpiBaHHS), 110 MICTUTh BXITHHUN 1 BUXITHUNA NATPYOKU AJIsl MiJ €THAHHS J0 BOIOMPOBITHOI Mepexi. Harpi-
BaHHS BOJM B COPOYII 3AiHCHIOBaNIOCS depe3 BogoHarpiBad nporounuii Thermix Stream 350 White. [{ns Bu3Ha-
YeHHS PiBHS 3aIIOBHEHHS PEAKTOpa CIY>KUTh BHHECECHHH piBHEMIip. Y cepeuHi peakTopa Moxe OyTu nepeabade-
HUHM 3HIMHUA BHYTPIMIHIHN IUTIHAD, TPU3HAYCHUH U1 IpUHoMy 00pOOIIOBaHO! PIAMHN 3 CHCTEMHU PEIUPKYIIs-
mii.
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1 — peaxmop 3 enympiwmnin yuninopom; 2 — aepamop-okucuiosay; 3 — 3aciinka, 4 — mpboxxo0oeui
Kpaw, 5 — mpybonpoeio peyupkyaayii; 6 — 060x0008utl KpaH, 7 — 08U2yH, 8 — COpOUKA 0X0N00dcenHs,; 9 — 8u-
mpamomip, 10 — manomemp; 11 — mepmomemp, 12 — sumpamomip nosimps,; BYK — 610k ynpagninus i KoHmpo-
mo; 13 — okuchiosanvro-ginempayitina konona, 14 — posnuniosanivha 2oa06ka (Lieopyy).
Pomopno-nynvcayitinuil gyzon(npasopyu).
Puc. 1. AmapaTypHoO — TeXHOJIOTIYHA €XeMa eKCIepUMEeHTAIbHOI aepaniiiH0-0KHCHIOBATBHOI YCTAHOBKH.

VY BepxHIO 4aCTHHY peakTopa yBapeHHH natpyOoK A M’ €IHaHHS PeUUpKYJsLiiHOrO Tpybomposoay. Y
KpHIILI peakropa IependadeHi TEXHOJIOTIYHI marpyOku Juis BBEJEHHS B poOounii 00’em pimunau. Kpuiika
OCHAIIICHA OTIIOBUM IJIFOKOM. MaTepialoM KOpIyCy peakropa CiryXuTh ctainb mapku 12X18H10T. Matepian
VIOiITPHEHB — Xap4oBa T'yma. Y JOHHIA YaCTHHH peakTopa nepeadadeHa 3aciliHKa IS 3MiHHA BEIMIHHA 00’ €MHOT
BUTPATH.AepaTOpOM-OKHCHIOBAYEM € POTOPHO-ITYJIbCALIMHUN anapaT, Ipu3HadeHUH st TpaHchopmarii MeTo-
mom IIBE enexTpudHOi eHeprii, Mo MiABOAUTECS, B (Di3WUHI, TiAPOJMHAMIYHI, aKyCTHYHI BIUTMBH HA PiIUHY.
AepaTop-oKHCHIOBaY B MOBHIN 30ipIli BKIIFOYaEe B ceO¢ BCTAHOBIICHI HA BaITy TUCK 3 JIONIATKAMHU — poOode KoJIeco
BIZIIEHTPOBOTO Hacoca Ta POTOPHO-IIYJILCALIHMI By3€d, IO CKIIaJaeThes 3 IBOX POTOPIB Ta CTATOpPY, BUKOHA-
HUX Y BUIJIAAl OOMYalOK i3 TMOMEpPEeYHUMH LIUIMHHUMHU OoTBopaMu po3mipoMm 40,0X3,0 MM, kinmbkicTio 60, siki
po3TamioBaHi B Kopmyci. . 3a30p MK cTatopoMm i potopom ckiamae 150 mxm. PoGoumii 06’em aeparopa-
okucHioBaya — 0,0015 M3,

bnok ynpaBiiHHS 1 KOHTPOJIIO NMPU3HAYSHUH ISl YIIPABIIHHS, KOHTPOJIIO 1 PEryJitoBaHHs POOOTH €JIeKTPO-
obnasiHaHHs. Bilok ckiamaeTscst 3 MArHiTHOTO ITycKada, MepeTBOpIOBava 4YacTOTH, aMIepMeTpa, JIUMIbHHKA
enekTpoeHeprii. OKUCHIOBAIEHO-( B TPALiHHOK KOJIOHOKO € CKISHA TpyOa miamerpoM 260 i BucoToro 1500 mMm.
Y HIKHBOMY 1 BEpXHBOMY TOPILIX TPYOH BCTaHOBJICHA HepxkaBiroua ciTka (@ 500 mxm). KonoHa 3amoBHeHA Ky-
JIpKamu miHomomictepoy (@ 1000 MkMm) 1 mpu3HadeHa JUTst OKUCHEHHS 1 BUIAJICHHS 3alli3a, MapraHIfio, CipKoBO-
JIHIO, SIKI MICTSTBCS Y BoAi. JlocimiiHO-TIpOMECIIOBa YCTAaHOBKA TPAIlO€ HACTYITHUM YMHOM. Y peakTopl yepes
natpyOoK momaeTbes pinmuHa. [1oTiM BKIIIOYAIOTH aepaTop-OKHUCHIOBAY, BiIKPUBAIOTH 3aCTiHKY 3 1 TPUXOJOBUH
KpaH 4, sIKuif 3HaXOJUTHCS B MOJIOXKEHHI, NTPH SKOMY PiJHHA IUPKYJIIOE Yyepe3 TPpyOOonpoBi penupKysinii 5 mo
KOHTYPY P€aKkTop — aepaTop-oKMCHIOBau — peakrtop. [1ii 4ac perupkymsuii cyMinn BiJKpHUBAOTh ABOXOJOBHIi
KpaH, yepe3 SIKHii 32 PaXxyHOK PO3PIIPKEHHS, CTBOPEHOT0 Y BCMOKTYIOUOMY TPYOOIIPOBO/I, HAJXOIUTh MOBITPS 3
atMocdepu. TakuM 9MHOM, piHA HACHIYETHCS MOBITPsM. OTpHMaHa CyMilll HATIPABIIAETHCS B POOOTY KaMepy
aepaTopa-OKHCHIOBaYa, 1e mianaerscs 0opoodiii meromom JAIBE. Ilicis aepaTopa-oKuCHIOBaYa CyMill JHCIIEPTO-
BaHUX B PiauHI OyIp0aIIok moBiTps (ra3oBa eMyibCis) HAAXOANUTH B TPYOOIIPOBiA i TOCTYTAE B HIKHIO YaCTHHY
OKHCHIOBAJIbHO-(P1NTbTpaliiiiHoi kojoHu. [Ipoxoasun uepes map miHOMOIICTEpOITy, piliHA BUXOANUTH 3 KOJIOHH i
MOAAETHCS 10 30ipHUKA rOoTOBOI MPOAYyKLii. Y pasi HeOCTaTHHOTO OYMILNEHHS PiJMHA MOXKE IIMPKYJIIOBATH MO
3aMKHEHOMY KOHTYPY: PEaKTOp — aepaTop-OKHCHIOBAY — OKHCHIOBAJIbHO-(DIIbTpalliiiHa KOJIOHa — PeakTop Kilb-
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Ka pasiB, a IOTIM MOAaBaTHCA 10 301pHUKY TOTOBOI npoaykuii. [Ipu perupkymauii, piguHa HaAXOANTH Ha3aj B

PEaKTOp, IPOXOAA4UN Y€PE3 PO3NUIIOBAJIbHY I'OJIOBKY.

Pe3ysabTaTi Ta 00roBopenHs. OIHUM 3 IMOKA3HUKIB, SKi BIUTMBAIOTH HA TiAPOIWHAMIYHY 00CTaHOBKY BCe-
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KintbKicTh HHKTIB 06D 0GKH

1-55;2-45;3-35 ob/c.

o

penuHi aepaTropa-OKHCHIOBa4a € KyTOBa IIBHAKICTBH
obepranHs poropa. Ilpum TpoBENeHHI E€KCIIEPHMEHTY
KyTOBY IIBHJKICTH poTopa MiHsM 3 35 mo 55 o6/c.
[TouaTkoBa KOHIIEHTpAIlis i0HIB 3aji3a B 00’€KTi JOC-
JmimKeHHs ckinagana 3,5 mr/n. I'padik 3MiHH KOHIIEHT-
paiii i0HIB 3ai3a B BOJI BiJl KUTBKOCTI IIUKITIB 00p00-
KU TP PI3HUX HIBHAKOCTAX OOEpTaHHS poTopa Mmpea-
CTaBJICHUH Ha puc.2.

3 puc. 2 BuaHO, 1O 00poOKa BOAM B aepaTopi-
OKHCHIOBa4i JI03BOJIsIE €PEKTUBHO 3HM)KYBATH KOHIIE-
HTpalilo i0HIB 3aii3a y Boai. Tak, mpu KyToBil MIBU/-
KOCTi obepTanHs poropa 55 00/c KOHIIEHTpamis i0HiB
3aji3a 3a OIMH NIPOXiJA BOAW UYepe3 pobdodi opraHu
amapara (oAWH OWKJI) 3HIKYyeThes 3 3,5 no 0,25 mr/m.

3i 3MeHIIeHAAM KyTOBOI IBHAKOCTI Bif 45 Ta 35 006/c
HEOOXiHO 301NBIIYBaTH KiBKICTh ITHKIIB OOPOOKH
U JOCSITHEHHS OaskaHoTo pe3ynbTary (He Oinbme 0,3
MI/JI).

Puc. 2. 3anexuicTs 3MiHM KOHUEHTpauii ioHiB
3aji3a B BoAl Bil KinbkocTi HuKIiB 00po0KkH nmpu
Pi3BHMX  IIBHJIKOCTAX  0DepTaHHA  POTOPHO-
nyJabcaliiHoro By3ia.

BucHoBKH. AepaiiifHO-OKHCHIOBAJIbHY YCTaHOBKY POTOPHOTO THITy MOKHA €()E€KTHBHO BUKOPHCTOBYBaTH
JUIsl OYMILEHHS BOJAM Bij 10HIB 3aj1i3a, KEPYIOUH TiAPOAMHAMIYHUMH MapaMeTpaMH Ta 3MIHIOIOYH KOHCTPYKIiHHI
OCOOJIMBOCTI POTOPHO-IYJIBCAIIIHHOTO By3Jia aepaTropa-OKHCHIOBAYa MOYKHA PETyJIIOBaTH IMHAMIKY 1 SKICTh
OYHMIICHHS apTe31aHCHKUX BOJ BiJl CITONYK 3aiIi3a.

[IIBuaKe 3HE3aTI3HEHHS MOSCHIOETHCS THM, 1[0 BOJIA, 30araueHa KHCHEM IIOBITPSI B MIPOIIECi OUYMINEHHS HOT-
pamsie B poOoui opranu amapata (poTop-CcTaTop-poTop). BoaHO-TIOBITpsiHA CyMill IPOXOIUTH CKPi3h MIUTHHHI
OTBOPH Ta 3a30pH POTOPHO-TIYJIBCAIIIITHOTO BY3Ja MIANAETHCA Aii YIAPHUX XBIIIb, MiXK(a3HOi TypOyJIeHTHOCTI,
MIKpOKaBiTaIlil, KYMYJISTHBHUX CTPYMEHIB , BHXOPIB, KOTPi BUKJIMKAIOTh HA MiXK(pa3HIX MOBEPXHIX HECTIHKOCTI
Penes-Teiinopa abo KenpBiHa-I' enmpMromnbia, mo MpU3BOANTE 0 iHTCHCUBHOTO APOOJIEHHS OYIbOAIIOK IOBIT-
psi, 3HAUHOMY 301IBIICHHIO CyMapHOi TOBEPXHI KOHTAKTY (a3 i MiABUILEHHIO NPOLIECIB Maco- i TEIUIONEPEHOCY.
[Moni6Hi edekrty, 3a3BMUal, HENOCSHKHI P BUKOPUCTAHHI TPAJAUIIIHHUX METOIIB Mpu 00poOILi AUCTIEPCHUX Ce-
PElOBUIL HABITh MPU 3HAYHO OUIBIIOMY PiBHI MIUTOMHUX €HEPrOBHUTPAT.
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A}momauuﬂ. Hcceneoosanue npoyecca menﬂonepedawu 6 pedaslbHblX YCIN06UAX CONPANCEHO C bonbuuUMu
mpdeocmﬂMu, 8C/IeOCMBUE CIIONCHOCIU U Hecmayuoxnaprocmu npoyeccos, no3momy 6a3HCHOCHb npuo6pemaem
meopemuwec;cm? AHaIu3 U nocmpoenue Mmooenell. boino npoeedeuo YUCTIEHHOoe Modeﬂupogaﬂue GIIUSAHUSA NOPUC-
mocmu Ha npoyecc Kpucmaiiuzayuu, yCmaHoe/1eHo, 4mo nopucmocmnbs On0Ka 1604 AGNAEMCs 3HAYUMETbHbIM
@axmopom, erusoOwuM Ha opmuposanue 08yxgaznozo cios. Ilpusedenvl snepeemuyeckue u KOHCMPYKMUGHbLe
NPeUMyuecmea BbIMOPANCUBAIOWUX YCIMAHOBOK Oa0un020 muna. Iloomeepicoeno npesocxoocmeo 6104UH020
BHIMOPANCUBANUSL C NPUMEHEHUEM YTbMPA38YKA HAO OPYUMU MEMOOAMU OUUCHKU BOODL.

Abstract. In the world, 5000 km?® of fresh water are used every year. This amounts to 11% of the annual
runoff of all rivers in the world. More than half of the world’s future population will have been affected by se-
vere water shortages by 2050. Such prospects significantly increase the importance of water purification. There
is a growing interest in the technologies of block freezing for water cleaning. Systems of this type are character-
ized by simplicity of design, compactness, and energy efficiency. Due to its principle, block freezing eliminates
systemic losses of cold. Since the efficiency of the process directly depends on the quality of its management,
there arises a problem of controlling the processes of heat transfer with directional crystallization. In the real
world, it is hard to conduct researches of heat transfer process due to its complexity and nonstationarity. That is
why theoretical analysis and theoretical models are critically needed. In an ideal thermophysical conditions, the
directional crystallization process must take place when the substrate is grown with zero porosity. Any methods
of intensification can lead to an increase of the rate of freezing, however it will be accompanied by a porous
structure formation. During the crystallization process, temperature, concentration, and porosity of each layer
of the substrate are changed, so it is problematic to find an analytic solution to the problem. During the current
study, the numerical model of the heat transfer process was obtained. It was found that the porosity of the ice
structure has a significant effect on the processes of heat and mass transfer. It was decided to study the process
of freezing in the ultrasonic field. The experiments were carried out using an ultrasonic generator. It was found
that the optimum temperature is observed when ultrasound has the frequency of 20 kHz. At the higher frequency,
the water temperature rises. By solving the equations of material balance, a formula for determining the porosity
of the ice block was obtained. Thus, the optimization task is to find the regimes and methods with which the nec-
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