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ANALYSIS OF PROTECTION OF SUBSTANCE TRANSFER BY

MEMBRANE IN NANOFILTRATION AND REFRACTORY OSMOS
Gulienko SV, Ph.D.
National Technical University of Ukraine
"Kyiv Polytechnic Institute named after Igor Sikorsky*, Kyiv

Anomayin: Hasedeno ananiz Haubinbu nowupenux mooenetl KOHYenmpayitiHoi noaspuzayii ma npoyecy
nepeHecenHs pevoGUHU Yepes MemMOpany 3 YPaxy8aHHAM Yb020 A6UWA Ma GIOMIYeHO Medci ix eghekmuerozo
suxopucmanus. Posensanymo onip nepenecennio pevosunuy uepes Memopany ma iCHyIo4i Memoou ix 6u3HaueHHs.
Bcmanosneno nepcnexmuei HanpamMKu ROOAIbUWUX O0CTIOINCEHDb 6 Yill ALy 3i.

Abstract: The analysis of most common models of concentration polarization and process of mass transfer
through the membrane with taking in to account of this phenomenon are represented and the limits of its using
are lined up. The resistance of mass transfer through the membrane and existing methods of its determination
are considered. The perspective directions in this field are determinated.

Kiro4osi cjioBa: MeMOpaHHE pO3iJICHHS; KOHIICHTPAIIHHA TTOJISIPH3aIlis, OIip, IepEHECEHH MacH, 0cas.

Key words: membrane separation; Concentration polarization, resistance, mass transfer, precipitate.

Beryn. [lpm MonemroBaHHI Ta TPOTHO3YBaHHI POOOTH OapoMeMOpaHHUX IIPOIECiB, B IEpIIy Yepry
3BOPOTHOTO OCMOCY Ta HaHO(DIIbTparii, He0OXiTHO BPaxXOBYBAaTH BCi KITIOUOBI (paKTOPH, IO BIUIMBAIOTH HA
nporiec. [Ipu mpoMy HEOOXIiHO BpPaxOBYBAaTH, LIO OJHUM 3 OCHOBHHX OOMEKEHb B pO0OOTI MEMOPaHHOTO
o0JiaIHaHHS € SIBUIA KOHIIEHTPALIHOI MOJApH3alii Ta yTBOPEHHS HEOPraHIYHMX Ta OPraHIYHMX OCAaJiB Ha
noBepxHi MemOpanu [1, 2]. Lli siBUINAa He JHIIE TMOTIPIIYIOTh TEXHIKO-€KOHOMIYHI MOKA3HUKH TMPOIECIB
MEMOpPaHHOTO PO3MAUICHHS, ajle i YCKIaIHIOIOTh MOJCIIOBAHHS MPOIECiB. 30Kpema, siK 3a3HavaeThes B [2],
HE3BA)KAIOYM HA CKCTCHCUBHI JIOCTIKCHHS, (YHIAMEHTAIbHI MEXaHI3MH Ta MPOLECH, IO BKJIKOUCHI 10
YTBOPEHHS LIapy KOHIEHTPALidHOI MoJspHu3alii Ta ocajiB Ha NOBEpXHI MeMOpaHH MOBHICTIO 3aJIHMIIAIOTHCS HE
BU3HAYCHUMH.

B ocTanHi poku Oyiu pO3BHHEHI METOAM BH3HAYCHHS OMOpy miapy ocamy [3], Toai sk HamiftHUX METOIiB
BU3HAYEHHS OIOpY Mapy KOHIECHTPAIifHOI ToJjspu3aliii B JpKepenax He Oyio BHsABIEHO. biuTbniicTsh
TEOPETUYHHUX POOIT NMPUCBIYEHUX SBHILY KOHIECHTPAIIHHOI MOJISIpHU3aIlii po3MIAIal0Th 3aKOHOMIPHOCTI 3MiHH
KOHIIEHTPAIII] B Ta IIEPEHECEHHS. MacH B ITOrpaHudHOMY mapi [4, 5].

MeTo10 po0d0TH € aHaJi3 OMOPIB MEPEHECCHHS PEYOBHHU Yepe3 MeMOpaHy B mporecax HaHO(MLIpTpamii Ta
3BOPOTHOTO OCMOCY, @ TaKO METO/(IB IX BU3HAYCHHS, T4 BCTAHOBJICHHS ¢(DEKTHBHOCTI ICHYIOUMX METO[IB Ta
BU3HAYCHHS MEPCIICKTUBHUX HAIMIPSIMKIB TOCIIKCHB B i raiy3i.

TeopeTuuHnii aHai3.

Jnst aHamisy sBHINA KOHLECHTpaUiitHOi momspu3anii Oyao 3anporoHoBaHO psa monened [1, 2], HaiGinbm
MOIIMPEHUMH TIPH PO3TIIsLi GapoMeMOpaHHUX TPOIECIB € TUIIBKOBA MOJIEINb Ta MOJIEIb OCMOTHYHOTO THCKY.

3rigHO IUTIBKOBOI MOJENi  KOHIIGHTpalis B MOTPAaHMYHOMY Imapi Moxe OyTH BHU3HaueHa 31
criBBigHOMeHHs [1]:

J
¢ "Plk
o ] @
> R+(1-R)exp E
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. . . 3. .
ne Cp — KOHIEHTpALis PO3UMHEHUX PEUOBMH Oins moBepxHi memOpanu, kr/m”; C, — KOHIEHTpaIis

PO3UMHEHHX PEUOBHH sAPi MOTOKY, Kr/M>; J - moTik pedoBmuu uepes membpany, m7/(M*c); K — koedirient
Macosigmaui, M/c; R - koedinient posainenns.

PiBasinHa (1) mo3Boisisie BHM3HAYAaTH TPOQUIF KOHIEHTpAlii B MOTPAHMYHOMY IIapi, OZHAK IS I[OTO
HEOOXiTHO 3HATH TapaMeTpu MeMOpaHW (IHTOMY NPOHHWKHEHICTh) Ta MacOOOMiHYy B HamipHOMY KaHaui
MeMOpaHHOTO MOy (KoedirieHT MacoBiaaayi). [Tomampimii po3BUTOK Taka MOJelb Habya B poboTax [4, 5] B
TOMY YHCJI PO3LIMPEHHSIM O PO3IJIsLy INPOLECy y JABOBHMipHOMY mpoctopi. OmHak, IUIIBKOBa MOJEIb HE
JI03BOJISIE TIPOTHO3YBATH TOTIK PEYOBHHHM 4epe3 MeMOpaHy, TOMY B TaKMX BHMAJKaX JOLUILHO BHKOPUCTATH
MOJIeNi, 10 BPaxOBYKOTh oOmip mnepeHeceHHto [1, 2]: mns yapTpadiipTpamii MOAENTb CEIEBOro MLiapy, AJs
3BOPOTHOTO OCMOCY — MOJIEJIb OCMOTHYHOTO THCKY. 3TiJIHO OCTaHHBOI HOTIK 4epe3 MeMOpaHy Moxke OyTH
npejacraBieHuit [2]:

_Ap-Arx
HR;

ne Ap— TpaHcMeMOpaHHuiA THCK, [1a; An— TpaHCMeMOpaHHa Pi3HHISE OCMOTHYHUX THCKIB, I1a; p —
KoeiLieHT TMHAMIYHOT B I3KOCTI PO3ILIIOBAHOTO pO34nHY, [1a-c; Rr— 3araibHuii omnip nepeHeceHHI0 pe4OBUHN
aepes Membpany, M/,

3arajbpHUM OITip IEPEHECEHHIO BU3HAYAETHCS SIK CyMa TaKHUX CKiIanoBux [1, 2]:

R =R, +R,+R +R, (3)

J (2)

ne Ry, — omip MemGpann M%/M; Rep — omip mapy KoHueHTpaniiHoi nonspusamii M?/M*; R — omip mapy
ocany, M*/m>; Ry — omip 3a610K0BaHUX TTOP.

Omnip MeMOpaHH MOYKE BH3HAYAETHCS BIACTHBOCTSAMH CaMOi MeMOpaHHM Ta MeMOpaHHOI'O MaTepiaiy i, sK
NpaBMIO, B XOAi PO3JiNEHHs HOTO 3MiHA HEXTOBHO Maja. LOro 3HaueHHs Moxke OyTH BH3HAUCHE
eKCIIePUMEHTAIIBHO [2] 260, 3aeKHO Bi BIACTHBOCTEH MeMOpaH 3 BUKOPHCTAHHSIM piBHSIHb XareHa-Ilyaseitsst
a6o Koseni-Kapamana [1].

Onip miapy ocajy 3aje:KUTh Bijl TOBIIMHM IIApy Ocaay i Moxke OyTH MpecTaBiIeHui y Burismi [2]:

R=a0 4)
Jie 8 — TOBIIMHA APy 0CaLy, M; 0— MMTOMHIT OTIip ocamy, M”/m".
JI71st HECTHCITMBUX OCaJIiB, TITOMHUIA OTIip MOKe OyTH BU3HAYEHWI Ha OCHOBI piBHsHHsS Kapmana [2]:

180(1-¢)
a= o g?
p
Jie € — IPO3HICTH MApy OCady; p— FYCTHHA WApy Ocamy, Kr/m°; dy— miaMeTp 4aCTHHOK Ocay, M.
V BUNAJAKY CTHCIMBHX OCaIiB MPOLEC JCHIO YCKIAIHIOEThCS, OMHAK poOoTi [3] Oyau po3risHyTi MeToan

BpaxyBaHHS I[bOTO SBHINA. 30KpeMa BIAMIYA€THCS, IO 3MiHAa MUTOMOIO OIOpY WHIapy ocaxy, MOxke OyTH
BpaxoBaHa, HATIPUKIIAJ, 33 JIOMIOMOTO0 3aJ1eXKHOCTI [3]:

®)

Ap,
Po

a=o, 1+

(6)

Jle 0~ MUTOMHMIl Omip mapy OCay NpH CTAHZAPTHOMY THCKY, M2/M*; Po— mouaTkoBmii ThCK, Ila; Apy—
nepernaz THCKY yepes map ocany, Ila.

Kpim Toro, B po6orti [3] oTpuMani KOpeJsILiliHI 3aJeXKHOCTI JUIS BU3HAYCHHS BEJIMYMH, IO BXOJSATH 10
cknany piBHsHHS (5) K QYHKIIT HOTOKY PEYOBHHH Yepe3 MeMOpaHy.

OTmxe, omip mapy MeMOpaHU Ta OIMip IIapy Ocaay MOXKe OYTH BITHOCHO JICTKO BH3HAYCHHUM 3a ICHYIOUHMH
MerolamMH. BpaxoByrouu, OJOKYBaHHsS IOp JUId MpoleciB HaHO(IIbTpalil Ta 3BOPOTHOIO OCMOCY HeE
XapaKTepHUH, TOMY 32 YMOBHM HAasBHOCTI METOJAMK BHM3HAUEHHS ONOPY ILIApy KOHLEHTpALiiHOI mossipu3anii
piBHsIHHS (2) crae eeKTHMBHUM Ta 3pyYHHM 3aCO00M TPOTHO3YBaHHS IMOTOKY PEUYOBHHH 4Yepe3 MeMOpaHy.
OpHak HamIMHUX 3aJCKHOCTSH Ui BH3HAYCHHS OIOPY IIapy KOHIGHTpalii Ha pa3i BiACYTHi, KpiM TOTO,
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BUHHUKA€E JIONATKOBA CKIAJHICTh, TOB’s3aHa 3 THM, IO OMip MIapy ocaxy i Omip Mmapy KOHIEHTpamiiHOL
MOJISIpU3allii He € He3aJe:KHUMHU OJTUH BiJ ogHOTO [3].

B poboti [6] BiaMidaeTbesi, 10 BiACYTHI BiZOMI METOAM JUIsi BU3HAYEHHS ONOPY IIapy KOHIEHTpaiiHOl
NoJSIpU3allii, OJHAK BIOMO, IO WOTO BEJIMYMHA 3aJICKHUTh BiJ KUIBKOCTI BIJJIJICHHX YaCTHHOK B Imapi
KOHLIEHTpaLiifHOl mnoispu3aiii, o B CBOIO 4Yepry € (yHKIi€l0 NOToKy mnepmeary. Omke omip mapy
KOHLIEHTpALifHOT NoJispu3alii 3B’13aHUI 3 IIOTOKOM IepMmeary. binbin Toro, B [6] BKa3yeThes, 110 Ha BiAMIHY
BiJl ONIOpY LIapy KOHIEHTpauiiHoI moJisipu3aniii, nepenaja THCKY uepe3 1ied Miap BU3HAYUTH BIJIHOCHO IPOCTO.
30KpemMa IMOKa3aHo, IO MEepernaj; TUCKY dYepe3 [iap KOHIEHTpAliiHOI nosspusauii (Ha3BaHMH KPUTHYHUM
TACKOM) € TIOCTIHHMM (Ha3BaHUH KPUTUYHUM THCKOM), KOJHM Ha IIOBEpXHI MeMOpaHW HasSBHUK MIap
KOHIIEHTpaIliiHOT moJisipu3artii. KpuTHIHMI THCK He 3aJIe)KUTh BiJ MPHUKIAJEHOTO TUCKY Ta TIOTOKY NEepMeary i
BHU3HAYAETHCS BHUKIIOYHO TEPMOAWHAMIYHHUMH BIACTHBOCTSAMH PO3MALTIOBaHOI cucTeMu. s MOHOIHCIIEpCHOT
CUCTEMH KPUTUYHHUHA TUCK MOKe OYTH BU3HAYSHHM 32 PIBHSIHHAM [6]:

3T
N, (7)

3
Mmp

Ap

.=

ne K — crama Bonbumana, k=1,38-10% JIx/K; T — aGcomtoTHa temreparypa, K; a o paaiyc YacTHHKH, M;

N, — kpuTHuHe yncio GiIbTpaLi, sKe BUSHAYAETHCS 3AIEXKHO Bijf HOPMU YAaCTHHOK Ta iX KOHLEHTpALLi.

B takomy pasi piBHsiHHs (2) Moxke OyTH MoauQikoBaHe 1 MOTIK Yepe3 MeMOpaHy 3 ypaxyBaHHSM OINOpY
KOHLIEHTpALiiHOT nosisipu3anii Moxe OyTH HpencTaBiIeHUH y BHTIsAL (03 BpaxyBaHHS ONOpY 3a0JIOKOBaHUX
mop):

_ Ap—Ar—=Ap,

uR,+R,)

PiBasinHA (7) BUABNAETHCSA €(DEKTUBHUM JIMINE U1 BUOAIKIB MIKPO (iIbTpallii CycreH3ii, OCKITBKH TaKUi
npolec HabJIMKeHUH 10 TpaauniiHOT (uIbTpalii, a BeJIMYnHa KPUTHIHOTO TUCKY JJOCTaTHHO TOYHO MOXKE OyTH
BU3HAYCHA JUIS JIMIIE JUIS BUMAJKy MOHOAMCIIEPCHHUX cycreHsiil. B Toit e wac, mpu HanodinbTpamii Ta
3BOPOTHOMY OCMOCI PO3AIISIETHCS PO3UUHN HU3bKOMOJEKYIIIPHUX YacTHHOK. KpiM TOro, B IbOMY DIBHSIHHI HE
BPaXOBYIOTHCS T1APOAMHAMIYHI ITApaMETPH, SIKi BU3HAYAI0 iHTEHCHBHICTh MacoOOMiHY B HamipHOMY MOy, 1110,
3riiHo piBHSAHHA (2) BU3Ha4ae Mpoduib KOHIEHTpalil B IOrpaHWYHOMY Iapi. Takox He BpPaxOBYEThCS
B3a€EMHUH BIUIMB IIApy Ocajy 1 Mapy KOHIEHTpauiiHoi mossipu3anii. ToMy Uit po3riisiyBaHOTO BUMAJKy Taka
METOIMKA € HEHAIIHOIO.

J (8)

BucHoBKM Ta HampAMKH HOAAJBIIMX JOCHiIKeHb. MoOaeTh OCMOTHYHOTO THCKY € MOXe OyTH
e(heKTUBHUM 3aCO0OM IPOTHO3YBAHHS MPOJYKTUBHOCTI MEMOPAaHHHUX YCTAaHOBOK JUIsl TPOIIECIB 3BOPOTHOTO
ocMocy 1 HaHOQINIbTparii, 3 ypaxyBaHHSAM YCiX MOKJIMBHUX OIOpPIB MEPEHECEHHIO PEUOBHHU 4epe3 MeMOpaHy.
OCHOBHOIO CKJIQJIHICTh BUKOPUCTAHHSI ITI€1 MOJIETIi € BIICYTHICTh HAJIHUX 3aJIe)KHOCTEH JIJIsl PO3PAXYHKY OIOpPY
mapy KOHIEHTpamiiinoi nomspusarii. ToMy BaXJIMBHM HamNpsIMKOM MOJAJBIIMX IOCIHI/DKCHb € BH3HAYCHHS
BEJIMYMHH [ILOTO OHOPY, 30KpeMa 3 ypaxyBaHHSM IIapaMeTpiB MacooOMiHy Ta TiAPOANHAMIYHAX YMOB B MOJIYJII.
30KpeMa TOULTBHO EKCHEPUMECHTAIBHO MEPEBIPUTH MOJMIIMBICTh IPEICTABICHHS IIi€i BHUKOPHCTAHHS IS
BHU3HAYCHHS I1i€1 BEIMIMHN METO/IIB TCOPIi MOMIOHOCTI Ta aHAIi3Y PO3MIPHOCTI.

ITomepenniii aHami3 a03BOJsIE BCTAHOBUTH Take. KOHIEHTpaliss pO3YMHEHHMX PEUOBHMH OIS MOBEPXHI
MeMOpaHH, 3pOCTaHHs K0T 00YMOBIIIOE OMip MEPEHECEHH0, 3TiTHO PIBHSAHHSA (2) € QYHKINE Bia KoedimieHTa
MacoBi/iadi, SKUl B CBOK 4Yepry 3aJie)KHUTh BiJ TiAPOAMHAMIYHUX YMOB B MOJAyJdi. ToMmy JOri4HOM €
MPUIYIICHHS, 0 BEJIWYHHA OMNOpYy Iapy KOHIEHTpaIiiHOi mossipu3aiii Moxe OyTH (QYHKIEIO KPUTEPito
Peitnonpa Ta kpurepito Hlmiara. Kpim Toro, Ha BelW4MHy KOHIEHTpAIii B MOTPAaHWYHOMY MIapi BIUIMBAE
BEITMYKHA TIOTOKY, SIKa MOYKe OYTH BpaxoBaHa 3a JOMOMOrorw MoaudikoBaHoro kpurepito Ilekie [7].

Bucynyti B pe3ynbTaTi NMEpeIHbOTO aHalizy, M03BOJISIIOTH PO3POOUTH METOIUKY EKCIIEPUMEHTATbHUX
JOCIIKCHB Ta MEPEBiPKU BUCYHYTHX TIiIIOTE3.

Bu3HadyeHHS 3aKOHOMIpPHOCTEH 3MiHU OIOpY MIapy KOHIIEHTPAIl B Pi3HUX yMOBaX MPOBEACHHS MPOIECy Ta
BCTaHOBJICHHS HAJIMHUX 3aJICKHOCTEH JJIsi BU3HAUYCHHS OTOPY MIapy KOHICHTPAIIIHOT Mospr3anii J03BOIUTh
OUTBII e(EKTUBHO BHUKOPHCTOBYBAaTH MOJZIEIb OCMOTHYHOTO THCKY Ui TPOTHO3YBaHHA MPOYIKTHBCHOTI
MEMOpaHHUX YCTaHOBOK.
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YJIK 663.938
MATEMATHUYHE MOJIEJIIOBAHHS TA OIITUMI3ALIA
MIKPOXBUJIbOBOT'O IPOTUTEYIMHOI'O EKCTPAKTOPA

JlesTpuncska 10.0., acnipant, 3ukoB A.B., K.T.H., n1oueHT, Tep3ieB C.I'., 1.T.H., T0LeHT
Onecbka HalioHAIbHA aKa/leMis Xap4OBHUX TeXHOJIOT i

MATHEMATICAL MODELING AND OPTIMIZATION OF

MICROWAVE COUNTER FLOW EXTRACTOR

Levtrinska Yu.O., postgrad. stud., Zykov A.V., Ph.D., assoc. prof.,
Terziev S.G., d.t.sc., assoc. prof.
Odessa National Academy of Food Technologies

Anomauin. Ilpoananizogano npobremu MoOen08aHHs NPOYeCy eKCMpAacy8anHs y YMO8ax npomumeyitlHoco
PYXy ekcmpazeHmy [ meepooi (asu 6 ymosax Mikpoxeuib08020 noisi. OOIpYHMOBAHO OOYIILHICMb PO3PAXYHKY
ma onmumizayii  MIKpOX8UNbOBUX —eKCMpAaKmopis. BushaueHo ocHoeui napamempu O  PO3PAXYHKY
maconepeHocy 8 ekCmpakmopi. 3a 0onomo2orw Memoouxku auanizy posmiprocmetl 12 wiykanux napamempis
36edeno 00 3. V3aeanvhmeno pezyibmamu cepii 00CHIOJNCeHb, NPOBEOCHUX 3 BUKOPUCMAHHAM MeNeHOl Kasu.
Ompumano Mamemamuyry Mooeisb y KpumepiantbHomy eueasnoi 0Jisi MIKPOXeUIboeo2o ekcmpaxkmopa. I[Iposedeno
nOpiBH}lHH}Z yucen Cmanmona PO3paxyHKoeux ma Ompumanux Ha OCHOBI eKcnepumenmaibHux OaHuXx.
Obrpynmosaro eubip napamempie onmumizayii. Busnaueno yinbogy @yuxyito onmumizayii. Po3zpobneno
npoepamy onmumizayii cmeopeny Ha 6asi mosu npocpamyeanus Borland Delphi.

Abstract. The problems of modeling the extraction process under the conditions of the countercurrent
motion of the extragent and the solid phase in the conditions of the microwave field are analyzed. The
expediency of calculation and optimization of microwave extractors is substantiated. The basic parameters for
calculation of mass transfer in the extractor are determined. On input — indicators characterizing the extractant
(initial and final temperature, viscosity, specific heat, density), solid phase (concentration of extractives, density,
porosity and thickness of the layer, equivalent diameter of the particle), apparatus (mass and dimensions,
extraction of extractant and product), power supply system (rated power, frequency and number of radiators). At
the output — the concentration of the extract and specific power. The parameters for calculating the microwave
extractor are determined. Using the method of analysis of the dimensions of 12 required parameters is reduced
to 3. The results of a series of studies conducted with ground coffee are summarized. The results are presented in
the form of tables and charts. The calculations were carried out with using the theory of similarity and
dimensional analysis method. The results of calculations of the concentration differences in the solid phase and
in the extract, relative error, mass flow, effective mass transfer coefficient, Reynolds and Stanton numbers, etc.
are presented, under the influence of the microwave field. Dependences of the parameters of the coefficient of
mass deducing on the power of the microwave field and on the thickness of the product layer. A mathematical
model is obtained in a criterion for a microwave extractor. A comparison was made between Stanton numbers
calculated and obtained based on experimental data. The choice of optimization parameters has been discussed.
The target optimization function has been determined by traditional methods of coordinate descent and Gauss-
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