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0.0. OHUIIYK

BonuHcbkuii HatioHansHUN yHiBepeuTeT iMeHi Jleci YkpaiHkn

10 PO3PAXYHKY TA MOAEJIOBAHHS HIBUJIKOCTI ®IJIbTPYBAHHSA J1JIA
IHOBIVIBHOI'O ®IVIbTPYBAHHSA YEPE3 IHIAP COPBEHTY

IlodaHo pe3ysabmamu docaidxiceHb enaugy 8UKopucmauHs @dinbmpyeasnbHoz2o wapy copbeHmy Ha donycmumi
weudkocmi pinbmpysarHs. B cmammi nokazaHo modeas pinbmpysanHs 04 napasesenineda 3 8 ymosax. Busiesero, wjo
8HACAI00K 36inbWieHHS weudkocmi cop6byii docsearomucs Halibinbw siKicHUU XimivHuill ckaad eodonpoegidHoi eodu ma
3MEeHWeHHs1 WKidausux domiuwok 3a donoMo20i0 MAMeMamu4Ho20 MOOeA08AHHS 06YUC/AeHO WeUJKICMb Binbmpye8aHHs.
Bukopucmosywouu pigHAHHA 015 OMpUMAaHHA OJugepeHyianbHO20 PIGHAHHA pyXy piOuHU 6 nomoyl, Wo pyXaemsbCs no
KaHasy (nopa ginempy), naockull enemenmapHuli napaaeaenined i posaasdaroms i020 00HOBUMIPHULL pyX 3 noyamkosumu
I 2PAHUMHUMU yMOBAMU, BU3HAYEHO cepedHio weudkicmb @inbmpysaHHs 63008 napasesnenineda. Bukopucmosyruu
dpyeull 3aKOH MexaHiku 0.5 00HOBUMIPHO20 pyXy, OMpUMAHO Kpumepia/sbHe piBHSIHHS 0/15 pi3HUX POpPM YACMUHOK
copbenmy. [Ipusedena mamemamu4Ha mModeab PinbmpysansbHozo npoyecy A0CAi0HYy8anacs 3 3aCMOCY8AHHAM Memody
KiHYyesux pisHUYyb ma npoepamHozo 3abesneueHHsi ANSYS. Ilokasano, wo weudkicmb @inbmpysaHHs 63008
napaseseninedy, ma 63008c lio2o oci. OmpumaHo, Yum 6iabwa wWeudkicmsv Pinbmpy8aHHs, MuUM meMHIWa WmpuxoeKka
obaacmi. 3 donomozorw npozcpam ANSYS ompumani zpagiuni pesysvmamu posnodiny diana3oHy inbmpysanHusa ma
weudkocmi pinbempysaHHs yepes wap copbeHmy, wo nidmeepdxcyroms mamemamuyvHi o64ucaeHHs. [as demasibHO20
aHanizy @inempysaHHsi 4epe3 NJAOCKY NOBepxHI0 y 8u2asdi napasenenineda, mak i 0451 MOHKOCMIHHUX 68MY/10K
BUKOPUCMAHO npoyedypu 4uca08020 ModeaweaHHs Steaty-State Filter, Memod cKiHYEHHUX esemeHmMi8 ma KiHYesux
pi3HUYyb 8 npozpamHomy 3abesnevenHi ANSYS. OmpumaHnuli po3g’sisok weudkocmi memodoM ma aabmepHaAMu8Hull
p038°a30k 3 donomozorw nakemy ANSYS dae mozxcausicms nopieHamu 36ixHicmb 064UCAEHb. 3ACMOCYB8AHHS YUCEAbHUX Ma
aHAAIMuUYHUX Memodie Ha0ae MOHCAUBICMb KOMNJAEKCHO NPOAHAi3y8amu mexHo/102i4Hi ma gpizuko-ximiyHi npoyecu.

Karuosi caosa: ginbmpysarus, modearosaHHs, weudKicme pinbmpysanHs, Memod KiHyesux pizHuys, Memod
CKiHYeHHUx esnemenmis, ANSYS.
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TO CALCULATE AND MODELING FILTRATION SPEED FOR SLOW FILTERING ON THE SORBENT LAYER

Abstract. It was presented the results of researches of influence of use of a filtering layer of sorbent on admissible filtration speeds
are. It was invastiged a filtering model for a parallelepiped with in conditions. It was found that due to the increase in the sorption rate, the
highest quality chemical composition of tap water and the reduction of harmful impurities are achieved. It was calculated the filtration rate
with the help of mathematical modeling. It was determined the average filtration rate along the parallelepiped using the equation to obtain
the differential equation of motion of the fluid in the flow moving through the channel (filter time), a flat elementary parallelepiped and
consider its one-dimensional motion with initial and boundary conditions. It was obtained the criterion equation for different forms of
sorbent particles using the second law of mechanics for one-dimensional motion. It was received and investigated mathematical model of
the filtering process with using the finite difference method and ANSYS software. It was shown that the filtering speed along the
parallelepiped and along its axis. It was obtained, the higher the filtering speed, the darker the hatching area. It was obtained graphical
results of the distribution of the filtration range and filtration rate through the sorbent layer, which confirm the mathematical calculations
using ANSYS programs: Steaty-State Filter numerical simulation procedures, finite element method, and finite differences in ANSYS software.
It were used for detailed analysis of flat-surface filtering in the form of a parallelepiped and for thin-walled bushings. It was obtained speed
solution by the method and the alternative solution using the ANSYS package make it possible to compare the convergence of calculations.
The use of numerical and analytical methods provides an opportunity to complex analyze technological and physicochemical processes.

Key words: filtering, simulation, filtering speed, finite difference method, finite element method, ANSYS.

AHaJji3 ocranHix mkepes. CopOuiifHi TEXHOJIOTl BHKOPUCTOBYIOTHCS B BOAOIIATOTOBIII IS OCBITJIICHHS
BOJM Ta MOJIMIIEHHS ii OpraHOJENTHYHMX AKOCTEH MIIIXOM BUAAJICHHS PO3YMHEHHX OPraHiYHUX PEYOBHH Ta ra3iB.
B TexHoorii ounieH s BOANM aKTHBOBaHE BYTULIA Ta 1HII COPOSHTH 3aCTOCOBYIOTHCS JUIsl 3HHXKEHHSI KOJILOPOBOCTI
Ta 3amaxiB Boau [1,2]. 1li mpomecu AO3BOJSIOTH BUKOPHCTOBYBATH HOTO B IYKPOBiM, Xap4oBOi Ta CHUPTOBIH
MIPOMUCIIOBOCTI, B CKJIAIHUX XIMIYHUX BHpoOHMITBaxX [1,4]. [Ipomec dinpTpyBaHHS Iy’Ke MOMIMPEHUH B Xap4oBii
npomuciioBocri [1-5]. Io niboBoMy NMpU3HaYSHHIO Mpoliec GiIbTPYBaHHS MOXKE OYTH OYUCHUM a00 MPOLYKTOBHM.

IocTaHoBKa npodjieMu Ta MeTa podOTH. 3alIPONIOHOBAHO MaTEMAaTHYHY MOJIEINb Mporiecy (QiabTpyBaHHS
Ha CTPIYKOBUX (UIBTpa Ta JOCIIIKEHO mpoliec (GiMbTPYBaHHS 3 JOMOMOTOI MAaTeMaTHYHOrO MojeiatroBaHHs, 3D
MOJICITIOBAHHS KiHI[EBUX Pi3HUIH IPH ONTUMANBHIN IBUAKOCTI QITBTPyBaHHS Yepe3 map COpOeHTY.

Buxsag ocHOBHOTO MarepiaJy.

Marepiann Ta Meromm. /[ TOKpamieHHs SKOCTI BOAM Ta /Ui THOPIBHSHHA KOHIGHTpAIid Mifi
3acTocoByBanu (inpTpyBaHHS. ETanm miaroToBKM BOAW BKIIOYAE: ToNepeaHe (GimbTpyBaHHS yepe3 TOHKI cuTa abo
CITKM 3 METOI0 BHUAAIEHHs I'pyOMX MeXaHIUYHHMX JOMIIIOK Ta BiacHe (inbrpyBaHHS. HaHOUAaCTMHKHM aKTHBOBAaHOI'O
BYTULIA OTPUMYBAJIM MEXaHIYHUM crocoboM. MakpockomiuHi a0 MIKPOOCKOIYHI YaCTHHKH aKTHBOBAHOTO
BYTUIIS 3aCHITaIM Y MJIMHOK 13 TBEPAMMH KyJIbKaMH ¥ CTOUYBaJIM O HaHMEHII MOXJMBUX po3MipiB. OTpuMaHmit
MOpOImIOK (MiTBTPYBaNH, BiIOMPAarOud 3 HHOTO MIKPOYACTMHKHM Ta HacWmanu Ha ¢imbTpyBambHuil mamip. [lepen
IoJ1avyero BoM y TpyOompoBi Bogy oOpoOisuin peareHTaMH. Boja micis Takux eTariB OYHMIEHHS € ITPOo30polo, Oe3
KObOpYy, TpHCMaKy 1 Oe3meyHa Ui cHoXuBaHHSA. Jlig JOCHiIPKEHh KOHIEHTpamii MIKPOKIIBKOCTI Miai
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BHKOPHCTOBYBAIH JIAOOpaTOPHHHA (POTOKOIOPHMETP a0 K CIEKTPO(HOTOMETP, NUTHIBHI JTIHIAKA Ta MipHI IFUTIHAPH
1 konbwu [4-7].

PesyabTatn Ta iXx o0roopenHsi. /[ moOBiIbHOTO (iNbTPYyBaHHS O3BOJISIOTH TMOBIIBHHA PO3ITOALT
¢inpTpary (puc.l). Cepenniii gac 3aBaHTaXeHHS QiTbTpyBanpHOrO mapy - 0,25-0,5 M, WBUAKICTE GiTETPYBaHHS -
0.3-0.4 m/roa. Ha mpaktuimi vac (igbTpyBaHHs, SK NMPABHIO, BHU3HAYAETHCS HEOOXIMHICTIO OTPUMAaHHS 3aqaHol
TOBIIHMHY IIapy ocamy: i GUIBTPIB 3 IUIOCKOI0 TOPH3OHTANBHOIO TEPEeroponkoro -  50-250 mm, - ams GiIsTpiB —
10-40 mm.

Cyenenia

Dirwmpan

Puc.1 Cxema noBinbHoOro gijibTpa

[IBuaKicTh (iNbTpyBaHHS MOXHA pO3paxyBaTH dYepe3 KOHCTAHTH (UIBTpyBaHHS:

av__ K
dr 200+0) | m3/m2c (1)
X = 2Ap
Heer 2

C - xoHcTaHTa OINBTPyBaHHS, SKa XapaKTEpPHU3Y€ TiAPaBIIYHUHA omip  (QUIBTPYBAIBHOI HEPErOpOIKH
(M3/M2), K — koHcranTa (inbTpyBaHHS, SKa BpaxOBYe PEeKUM mporecy 1 (i3nko— XiMiuHI BIAacTHBOCTI ocany i
pimuan (M2/c), V — 06’eM GinbTpy, oTpuMaHuii 3 01HOro M> HOBEpXHi GinbTpy 32 yac T.

Yac, moTpiOHU# I YTBOPEHHS Ocaxy TOBIIMHOIO / (dac (inbTpyBaHHs:), BU3HAYaOTh 3a (puc.l.) i (4.18).
Yac, notpiOHMI JUIs IPOBEICHHS IOTIOMIXKHUX Olepalliil, BU3HAYatoTh 32 BUPOOHUYUMU AHUMU. Tear =7 + Ty

KimpkicTs ¢inpTpary V, mo yTBOpHUBCA 3a el 4ac, BU3HA4atoTh 3 (1), a cepeaHs mpoayKTUBHICTE PUIBTPY
nopisHroe [7,8].

V.., == @3)
? Fl

3a 3agaHO0 TMPOAYKTUBHICTH (INBTPYBAIBHOTO arperary Vi, 3HAXOAATH 1O TaONHUINIX (HOPMalsix)
(GUIBTpYBaNbHY TOBEPXHIO OJHOTrO (UNBTPY 1 TOBIIMHY mIapy ocany. Jdami po3paxoBYIOTb KUTBKICTh IHKIIIB
¢ineTpyBaHHsI, KOTpi Tpeba 3aiiichuty [7,8].:
= M 4)
Fl
Juns orpuMaHHs AudepeHIialbHOTO PIBHSIHHS PYXY PiIMHHA BUAUISIOTH B TIOTOLI PiAWHH, IO PYXAETHCSA IO
KaHany (mopa QiIbTPY), INIOCKHH €IeMEHTapHUI Mapaieiernines i po3ragaroTh Horo omHOBHMIipHHHA pyx. Ha
napa’jenemnines JioTh cuiu [7,8].:

1) TsOKiHHS

G, = g dxdydz (5

2) THUCKY:
G, = —a—pdxdydz (6

ox

1) TepTs:
o', 7
T=u & dxdydz (7)

BukoprcToByeMo Ipyruii 3aKoH MeXaHIKHM JUIsl OJHOBHMIpHOTO pyxy Ta piBHsHHs HaB’e — Crokca st
BHUBEICHHS PiBHAHHSA QinbTpyBanHs [7,8]:

p Oo, ow

PE———tHU =p— (®)
Ox oy’ or
3 (9) orpumMyemo KpuTepiaibHe piBHSHHS (QinbTpyBanHs. i1 poro (9) AiMMOo Ha MpaBy YaCTHHY.
2
pgot  Opdt N HOTO 0 _1 )
pow, oxpdw, pow oy’
1 2 3
1 cknagoBa:
ot T/ /
g__)g_.__)g_Z:Fr (10)
0w, o | o
Fr - xpurepiit ®pyna; xapakTepu3ye BiJHOMICHHS CHII TSOKIHHS O CHUT
iHepuii.
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2 CKJIaJoBa:

opor . pr _, pzzEu (11)
oxpow, lpo  po
Eu - xpurepiii Eiinepa; xapakTepu3ye BiJHOIICHHS CHJI TUCKY IO CHUT
iHepIii.
3 cxiazoBa

mo'e, pro o op 1 (12)
pow dy°  poll  pol Re
B kpurepiansHe piBHSAHHS (ibTpyBaHHS F7 HE BBOISTH, OCKUILKM TPU (UIBTPYBAHHI CHIIM TSOKIHHS
Malli y TOpIBHSHHI 3 CHJIaMH THCKY 1 TepTs, aje BBOJIATh NapaMeTpUYHHWN KpHUTepidl l/d,, sSKuli XapakTepusye
reOMETPHUYHI 0CO0NIHUBOCTI cuctemu [7,8].
KpurepiansHe piBHIHHSA:

m

Eu=Cre| - (13)
d@
Hnst cheprunoi Gpopmut cOpOSHTY
do=2._% 4 (14)
3 1-¢”°
st HenpaBuiibHOT OpME COPOCHTY
de=®_% 4 (15)

@ — xoedimieHT popmu.

[IpuBeneHa MareMaTH4YHA MOJENb (QUIBTPYBATIBHOTO MPOLIECY AOCHIIKYBAIach 3 3aCTOCYBAHHSAM METOLY
KIHIEBUX pi3HHIL Ta mporpamHoro 3abesnedenHss ANSYS. IlokazaHo, 1m0 IIBHIAKICTH (IIBTPYBaHHS B3IIOBXK
Tapasesnerimneay, Ta B310BXx Horo oci. OTpuMaHo, 9iM OisTbIIa MBHUIKICTE (QUIBTPYBaHHS, THM TEMHIIIA ITPUXOBKA
obnacri. 3 gonomororo nporpam ANSYS oTpumani rpagiuHi pe3yiapTaTH pO3NOALTY Aiana3oHy (GUIbTpYBaHHS Ta
IIBUAKOCTI (QUIBTpyBaHHS depe3 Imap COpOeHTY, M0 MiATBEPIPKYIOTh MaTeMaTH4Hi oOuucieHHs. s JeTanbHOro
aHamizy (QiTbTPYBaHHS Yepe3 IUIOCKY TMOBEPXHIO y BUIILSIII MMapanenerinena,, Tak i s TOHKOCTIHHHUX BTYJIOK
BHKOPHCTAHO MPOIEIypH YHCIOBOI0 MOAETIOBaHHA Steaty-State Filter, MeTon CKiHUEHHHMX €IEMEHTIB Ta KiHIIEBUX
pisauip. OTpUMaHUid PO3B’A30K MIBUAKOCTI MATEMAaTHYHUM METOIOM Ta ajJbTePHATHBHHUN PO3B’SI30K 3 TOIIOMOTOI0
nakety ANSY'S nae MOXITUBICTh MOPIBHATH 301KHICTh 004KCIIEHb. (pUC.2).

1200

ACADENIC

7]

Puc.2. MaremaTnuna mojenab GiisTpyBanns 3 qronomoroio nakery ANSYS

BucHoBku

B crarri nokazano mojenb QUIBTPYBaHHS I Hapajieieninena 3 B yMOBaX MOBIIBHOIO (DLIBTpyBaHHS.
BukopucToByrouH piBHSIHHS JJ1sl OTpUMaHHS AM(EPESHIIAIbHOTO PIBHSHHS PYXY PIAMHHU, IO PYXa€ThCs Yepe3 KaHal
(mopa ¢ineTpy), INIOCKKH eIeMEHTApHUN Mapasesnerines] i po3riIaaaloTh H0ro OAHOBUMIPHHHN PyX 3 TOYaTKOBHMHU i
TPaHUYHUMH YMOBaMH, IIPU [bOMY BH3HAYEHO CEPEAHIO LIBHJIKICTb (UIBTPYBaHHS B3JOBXK Iapalielierninesa.
BukopucraBmun pyruii  3aKOH MeXaHIKM Ui OJHOBHMIPHOTO pPYXY, OTPHMAaHO KpUTepialbHE pPIBHIHHA
¢binpTpyBaHHS IS Pi3HUX (HOPM YacTHHOK copOeHTy. [IpuBeneHa MaTeMaTnyHa Mozenb (QUIBTPYBAIBLHOTO TIPOLECy
JIOCITI/DKYBANach 3 3aCTOCYBaHHSIM METOJy KIHIIEBUX Pi3HHIIb Ta mporpamHoro 3adesnederns ANSYS. ITokasaHo,
IO INBUAKICTH (IIBTpYyBaHHS B3AOBXK OCI Iapajiesernifa 3MIHIOETbCS,, IPH YOMY, UMM OUIbIIA IIBHIKICTH
GbiTbTpYBaHHS, TUM TEMHIIIA IITPUXOBKA 00JIACTI.
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