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MATEMATHYHE MOJAEJIOBAHHA ITPOLECY BIATUCKY
BIITIOPUCTUX CEPEJOBMUIL, AHAJII3 TUCKY B YACTHHKAX TA
MIZKMACTHHKOBOMY ITPOCTOPI

Pestome. Obrpynmosano mamemMamuyHy MoOelb npoyecy GiOMUCKY Mamepianie pocIuHHO20
noxoodicentss y 00HogumipHit nocmarosyi. Cepedosuuje, wo RNIOOAEMbC GIOMUCKY, NPEOCMAGNAEMbCs Y
euensdi  Oinopucmoi cucmemu, CUCMEMOI MIJDCYACMUHKOSUX MAd GHYMPIUMHbOUYACMUHKOGUX NPOCMODIS.
Cohopmynvosaro piensanns Qinempayii-koHconioayii 3 6i0N0GIOHUMU NOYAMKOSUMU MA KPAUOGUMU YMOBAMU K
0Nl MIJNCUACMUHKOBO20, MAK [ GHYMPIUHbOUACMUHKOBO20 NPOCMOPIE y NPpUnyweHHi, wo O mamepianie
DOCIUHHOZO NOXOONCEHHS, MINCYACMUHKOSUU Wap Nop 80100i€ Manol MICMKICmIO, a Nopu 8 YACMUHKAX —
sucokoro. Ilposedeno uucnoge mMooentogawHs npoqhinie mMuckie 6 MIKpo- ma Makpo nopax Oinopucmozo
cepedoguma Ok 0BOX MAMEPIanié 3  PISHUMU CHIENEHSIMU NONEPeOHbOi 0eopMOBaAHOCHI GHYMPIUHBOL
cmpykmypu. Ompumani pe3ynemamu Kazyioms Ha GIOMepMIHY8AHHA NAOIHHS 3HAYEHHS MUCKY 8 YaACMUHYi mda
VNOGINbHEHHS. NPOYecy KOHCONOayii Onsi MeHut 0ehopMosano2o cepedosuyd.

Kniouosi croea: xapuosa npomucnogicme, GiOmuck, nopucmi mamepiany, KOHcCONioayis,
MamemamuyHe

M. Petryk, E. Vorobiev, D. Mykhalyk

MATHEMATICAL MODELING OF EXTRACTION PROCESS FOR
BIPOROUS MEDIUM AND ANALYZE OF PRESSURE IN PARTICLES
AND EXTRAPARTICLE SPACE

Summary. During solid-liquid expression, the porous layer formed by a whole fruit or fragmentized
material is subjected to unidirectional or complex compression in industrial presses. Such compression can be
carried out under constant or variable parameters (pressure, deformation rate). Physical model of solid-liquid
expression from liquid containing materials is presented in one-dimensional formulation. The layer of sliced
cellular material is conceptualized as a double porosity system with extraparticle and intraparticle networks for
liquid flowing. The liquid flowing occurs inside the particles (intraparticle space), outside the particles
(extraparticle space) and between these two spaces. The sliced particles are rectangular parallelepipeds
separated by the porous network. The extraparticles network forms the first porosity with low storage capacity
and high hydraulic permeability. The sliced liquid containing particles form a second porosity with high storage
capacity and low hydraulic permeability. The filtration-consolidation equations with corresponding initial and
boundary conditions were formulated for both extraparticle and intraparticle networks. The extraparticle
network was supposed to form the first porosity level, while the intraparticle network forms a second porosity.
Using obtained numerical solutions, the liquid pressure distributions inside of porous particles and in the
extraparticle space were calculated. The pressure distribution curves are presented in function of time and
dimensionless geometrical coordinates. Computational modeling of pressure profiles in macro- and micropores
versus time for different layer sections was done for plant material with two different compressibility-
permeability characteristics corresponding different degrees of tissue destroying. Results show the delayed
pressure drop in the intraparticle network and retardation of consolidation kinetics for the less destroyed plant
tissue due to the lower value of consolidation coefficient. Therefore, the degree of destroying of cellular tissue
can influence importantly on the pressure profiles and retardation of pressure drops inside the porous particles.

Key words: Food processing, Separations, Solid-liquid expression, Porous media, Consolidation,
Mathematical modelling.

IlocranoBka mpo6uaemu. TexHoNOTIYHI omepariii BIATUCKY pPIAWHU 3 TOPUCTUX
MaTepialliB pOCIMHHOTO MOXO/KEHHS IMHUPOKO 3aCTOCOBYIOTHCS B XapuyoBidf MPOMHCIOBOCTI
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Ta BHUKOPHUCTOBYIOTBHCSI Ui OTpUMaHHS (PYKTOBHX COKiB, POCIMHHOI OJIii, JerimpaTaiii
BOJIOKHHCTHX MaTepialiB, 3HEBOJHEHHS OCaiB CTIYHUAX BOJ 1 T.]I.

[1ixg wac mporecy BiATUCKY HOPUCTUI MaTepial MiATaeThbesl OJHOHANpaBiIeHOMY a0o
KOMIUIEKCHOMY CTHCHEHHIO B IIPOMHCJIOBUX TIpecax, MPUYOMY TaKe CTHCHEHHS MOXe OyTH
MPOBEJIEHO TPU TMOCTIHHMX abo 3MIHHUX 30BHINIHIX MapaMmerpax (THUCK, IIBUAKICTh
nedopmartii). BHYTpIIIHBOIO CTPYKTYPOIO CHPOBHHHHX OIOJIOTIYHMX MarepialliB €
KJIITKOBHHA, IO MICTHTh BUIbHI MPOCTOPH, YAaCTKOBO 3allOBHEHI MOBITPSIM YU PiIUHOIO.
OdYeBHJHUM € Te, IO BHYTPIIIHI TNPOIECH IPH BIITUCKY CBDKHX (HEIOITKO/KEHUX)
MaTepialiB Ta MaTepialis, 0 BXe mijnanucs aedopmariii Ta MaloTh 3pyHHOBaHY BHYTPIIIHIO
CTPYKTYpY, € BiIMiHHMMH. HasBHICTH TOBITpS BCEpPEIAMHI CTPYKTYPH YAaCTHHOK 1 3a iX
MeXaMH 301IbIIye CTUCKYBAHICTh CEpEIOBHINA Ta CYTTEBO BIUIMBAE HA KiHETUKY MpOIECY
BiiTUCKY. LI YMHHUKH 3HAYHOIO MipOIO BILIMBAIOTH HA KIHETHUKY Ipolecy (iIbTpamiifHOro
BIITHCKY O10JIOTIYHMX MaTepiajiB 1 Ha CHOTOHI IIIe HE MOBHICTIO BUBUYEHI.

AHaJIi3 0CTAHHIX JOCTiZKeHb i myOaikamiil. Y JaHuii yac OUIBIIICTH CTaTel Mpo
MOJICIOBaHHS (PUIBTPAIifHOTO BIITHUCKY IOPUCTHX MaTepiamiB, 0a3zyloTbcs Ha Teopii
¢impTpamii/KoHCcom arii, mo po3podiieHa Ui IpyHTIB [1] 1 MiHepalbHUX (DUIBTpamifHIX
noBepxoHb [2]. Llg Teopis nae KOMIUIEKCHUH MiJIXiJl JO ONUCY MOTOKY PIAMHU BCEpeaMHI
CTHUCKYBaHHMX TOPUCTHX MaTepialiB Ha OCHOBI aHAJIOTIT 3 Teopieto audy3ii @ika. [Ipu mpomy
KoedillieHT KOHCOMiJAmii Mae 3MICT, aHaJoriuHuil 10 KoediuieHTiB audy3ii i
TerIonpoBiiHoCcTi. Taka anHasoris Oyna jpkeperoM 0aratboX JIOCHIKEHb 3 MOJICTIOBAHHS
MPOIIECiB €KCTPAKIIIT pivHu 3 OiosoriyHUX Matepiatis [3,4].

OnHak, KoM MeXaHiYHe 3YCHIUISI IIPUKIIAIAEThCS J0 IIapy MOPUCTOTO Marepiaiy, To
CTHCKYBaHHIO MiJTAFOTHCS K YaCTHHKU [HOTO MaTepialy, Tak 1 MiXKYaCTHHKOBHUH mpocTip. |
IOCTa€ THMTAHHS PO BHECOK KOXKHOTO KOMITOHEHTa TaKoTro Marepialy (M'SKi YacTHHKH 1
MIKYaCTHHKOBI KaHAJIM) JI0 3arajlbHOro pe3ylbTaTy CTHCKyBaHHs. [loBemiHka Takoro
MaTepially IiJ] 4ac CTHCKYBaHHS CTae CKJIQJHIMO. ToMy OyJiM 3ampoITOHOBaHI CKJIQIHIIII
MaTeMaTH4HI MOJIENi JJIs OILIHIOBAaHHS KOHCOJIJAIll Ta MOB3y4YOCTi CKIaNoBUX Imapy [4,5].
Hogi nmocmimkenHast [6] maroTe HEoOXimHY iH(poOpMaIio mpo (UIBTpaiifHO-KOHCOITaIliiHi
XapaKTePUCTHKH TOPUCTHX OIOJOTIYHUX MarepiaiiB, y SKHX OyJI0 eKCIepUMEHTAIBHO
BH3HAYCHO KOCQIIiEHTH KOHCOMIMAIli JUII OKpEMHUX YacTHHOK. ToMy peallicTHYHIIIHAM €
MOJICTIIOBaHHsT (iIBTPALiTHOTO BIATHCKY CEpPEIOBHII IMOPUCTHX YACTUHOK 3 YpaxyBaHHSIM
CTHUCKYBaHHS SIK IOPUCTUX YAaCTHHOK, TaK 1 BChOTO cepeioBuIma [7].

Metow po6oTH € MOJAETIOBaHHS Mpolecy (GiIbTpalifHOro BIATUCKY Oi0JOTIYHUX
MaTepiajliB MOPHUCTOT CTPYKTYPH 3 YpaxXyBaHHSIM B3a€MOBIUIHMBIB JedopMariii cepeloBHINa i
YaCTUHOK Ta Bi3yasi3allil mpeacTaBiIeHHs pO3IO/ILUIIB TUCKIB BCEPEINHI HOPUCTUX YACTUHOK.

ITocTanoBka 3aga4i. Po3riisratoTbes cepeIoBHUIIE MOPUCTHX YaCTHHOK, IO MICTHTH
piIuHY, sSKe MiJJIA€ThCSI OJHOHANpaBIeHOMY cTHCKaHHIO (puc.l). Ilpu mpomy pyx piguHH
BiJIOYBAa€eThCSA SK BCEPEIUHI YACTHHOK (BHYTPINIHBOYACTHHKOBHM IPOCTIp), Tak 1 3a ix
MeXaMH (MIXKYaCTUHKOBUI TPOCTIp), @ TaKOX MK UMM JBOMa MPOCTOpamu. YacTHHKH
SIBIISTFOTH COOOI0 TPSIMOKYTHI TTapaJIiesieIline in 3 MOPUCTOI0 CTPYKTYPOIO, a caMe CepeloBHIIe
posrngnaerbess sk Oimopucte. llepmmit map nopucrocti  (opMyeThcsi Ha  PpiBHI
MDKYaCTHHKOBOTO IIPOCTOPY 1 XapaKTepU3y€EThCS HU3HKOK EMHICTIO 1 BUCOKOIO T'iAPaBIIYHOIO
NpOHUKHICTIO. BojoromicTki yacTuHKM (HOpMYIOTH JpyrHid Imap TOPUCTOCTI, 1IN0
XapaKTePU3YEThCS BUCOKOIO MICTKICTIO 1 HU3BKOFO T1JIPABIIIYHOO IIPOHUKHICTFO.

Ha puc.] HaBeZeHO KOHCTPYKTHBHY CXeMY OIIIOPHUCTOrO CepeloBHINA: a) Imap 3
MEPEKEI0 YaCTHHOK Ta MDKYACTHHKOBHX WPOCTOPIB; 0) IMap BOJOTOMICTKHX IOPHUCTHX
gacTHHOK. [Ipo Takwif mixxim 1o omucy OIMOPUCTHX CEpeIOBHIN WIETHCS y MpaIsix 3
MEXaHIKH TipChKUX mopin [8].
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Pucynok 1. KoHCTpyKTHBHA cxeMa OiOpUCTOro cepeoBUINa

Figure 1. Constructive scheme of double porosity system

MaremaTnuHa MOJEIbh MPOIIECy BIATUCKY OIOPHCTOrO cepeoBUIa (POPMYITIOETHCS,
BUXOJSTYM 3 3aKoHY Jlapci, o OKpeMO 3acCTOCOBYETHCS JI0 MiKYACTHHKOBOTO TPOCTOPY Ta
MPOCTOPY B YacTUHKAX, a pIBHIHHS KOHCOJIJAIl 3alUCYIOTBCS 3 IOYATKOBHUMH Ta
KpailoBUMHU yMOBaMH, 1[0 BPaxOBYIOTh OIMOPHCTICTh. BBaXaeThes, MO HAa MOYATKY MPOIIECy
BIJITHCKY, CEPEIOBHIIEC HE € Je(hOpMOBAHUM, a MIXKUYACTUHKOBHUI MPOCTIp Ta OPH YaCTUHOK
3aIlOBHEHHI PIJMHOIO Ta TIOYMHAIOTH IiJIaBaTUCS CTUCKYBAHHIO 3 MTOCTIHHOIO BETUYHHOIO Pp.
[3].

JludepeHmianbHi piBHAHHS IS ONTUCY PiAKol (a3l B MiXKYaCTHHKOBOMY ITPOCTOPI Ta
ropax 4YaCTHUHOK [3]

%, 95, %4

=0; 1
o o oz M)

o(1-5)  0(1-5) oy
ot ot Oz

=0. )

JludepenuianbHi piBHSHHS U1 ONUCY PiJIKOI Ta TBEPIOi (a3 B YaCTHHKAX

%Jr%:o; (3)

o Ox

o(1—

(_‘92)+%=o’ (4)
ot ox

Ie €1, €& — Koe(il[ieHTH MOPUCTOCTI B MIKYAaCTHHKOBOMY IIPOCTOpi Ta B YacCTHHII; &, —

R
A | . .
cepe/lHE 3HA4YEHHs HOPHUCTOCTI; &, :EJ% (t.x,z)dx; g, i ¢, — MWBHAKOCTI piMHA B
0

MDKYaCTHHKOBOMY IIPOCTOpI Ta B YacTUHIN; V; 1 V, — MIBUAKICTb TBepaoi ¢a3u B

M1XXYaCTMHKOBOMY IIPOCTOpi Ta B YaCTHHIII; R — HamiB MUpUHA YaCTHHKH.
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197



BICHUK TEPHOIIJIbCbKOIrO HALIOHAJIBHOI O TEXHIYHOIO YHIBEPCUTETY. Ne4 (76) 2014

u,=q,— gl v =_£%5 i=19_23 (5)
U oz

ne P; i P,— THCK piIMHU B MIDKYaCTHHKOBOMY ITPOCTOPI Ta B YACTHHIT; k; 1 k, — IPOHUKHICTH
MIXKYaCTHHKOBOTO MPOCTOPY Ta MPOCTOPY B YACTUHIII; 4 — B’ SI3KICTh PiIHHU.

Tak sIK KOHTAKTH MK YaCTHHUKAMHU B CEPEIOBHII € TMPYKHUMH, TO BBAXKa€MO, IO
CTHCKYBaHHS CaMUX YaCTHHOK TEX € TPYKHUM (€JIaCTHYHUM), TOMY CYKYITHE 30BHIIITHE
HaIpYXeHHS (G) I MXKYACTHHKOTO TPOCTOPY JOPIBHIOE
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Py=c-B=(1-g)(c,-R). (7)
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V npumnyieHHi, Mo 3Ha4eHHs IOPUCTOCTI &, € (YHKIIE BiJl e(EeKTUBHOIO THUCKY

_ 1%
P,=P.—-P.,ne P = EIPZ (t,x,z)dx , MOXKHa 3amnucaTtu
0

%zﬁﬂzLﬁj (14)
o oP, ot G o

oP, .
ne G = —a—“ € MOJIyJIEM CTUCKYBAHOCTI.
ei
[Tincrapmsroun  (5), (14) B (12) oTpuMyeMo PIBHSHHS KOHCOJTAIIl  JUIS
MDKYaCTHHKOBOTO mpoctopy (3amaua A). IlimcraBmstoum (6) i (14) B (13), oTpumyemo
PIBHSIHHSI KOHCOJTIJTAITIT JIIs TIPOCTOPY B YaCcTHHII (3a7a4a b).
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YACTUHKHU BIAIOBIIHO.
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Metoarka OTpUMaHHS aHAIITHYHOTO Ta YUCIIOBOIO PO3B’sA3KiB 3a1a4 A i b geranpHO
omwmcadi B mparsx [9,10].
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UYucaose monemwoBanHs. Ha ocHOBI po3B’s3KiB MaTeMaTHYHOI MOJIEJi TMPOIIECY
BIITUCKY OIMOPHCTOTO CEepPEeIOBUINA MPOBEACHO YHCIOBE MOJICTIOBAHHS ISl IBOX CEPEIOBHIIL

i3 pi3sHUMH 3Ha4YeHHSMH KOoedil[ieHTiB KOHCOJijamii B 4acTHHIi b, = 1.2-107 Mz/C, §11(0)
Bi/lIOBiZae morepeHbO OLIBIN 3pyHHOBAHOMY CepeloBHINY, Ta b, = 2.5-10° M¥/e, mwo
BIJITIOBiTa€ MEHIN 3pyHHOBAHOMY CEPEIOBHIIY. IHIII XapaKTEPUCTHKH CEPeIOBUIIA IIPUNHSITO
3a h=0,0lm, R=0.005Mm, b= 1.5-107 m%/c, £ =0.08. Jlns mpencraBieHHsT pe3yJbTaTiB

. . . B P
MOJIEIOBAaHHS BUKOPHCTOBYBAIWCS HABEIEHI 3HaueHHs THCKiIB B =— P =—% r1a
L L,
reoMeTpuyHuX koopauuatr X =x, /R 1 Z=z /h,
P (1.X.Z) P (1,X,Z)

0.5

0.§] -

0.4

0.2

0.0 200 400 50D 500 T000

t 0 0.0 700 Fo 600 50D

PucyHoxk 2. TTopiBHSHHS MpoQisliB TUCKY B CepearHI YaCTUHKH P; (t,X,Z) Buyacic]

Figure 2. Comparison of pressure profiles inside particle P; (t, X,Z) versus time 1[s]
a) b,=12-10" M¥c b) b,=2,5-10% m/c; 1 - X=1,0 2 — X=0,75; 3 - X=0,5; 4—X=0,25;5—X=0,0

Ha puc.2 momano mpodini 3minm 6e3po3mipHoro Tucky P (1,X,Z) B cepenui
MOPUCTUX YaCTHHOK CEpeJIOBHUINA B yaci f[c| i pi3HHX 3pi3iB MO MUPUHI YacTHHKHU (X) 1
3po0JieH]l IS JBOX pI3HUX CepeloBUIN: 3 OutbmuM (a) Ta MeHmmM (0) CTyNeHsIMU
nornepeHboi pyiHarii. YucenpHe MOZETOBAaHHS IIPOBEIECHO JUIsl YACTHHKH, 1[0 3HAXOIUTHCS
B cepefoBulll Ommkue 70 ¢inabrpaniiinoi memOpanu (Z=0,2). Ilpodini THCKIB y cepeauHi
YaCTUHKU MaroTh Oinbline 3HadeHHs B i1 HeHTpi (X=0,0) i cnagaroTh y HampsIMKy €KCTpaKIii
PIIMHU 3 MIKpONOp y MakpoIOpH, TOOTO B HANpsIMKY IOBEepXHI "acTHHKH X=1 (x, =R ).

Taxox O0aunMo, 110 3HAYEHHS TUCKY Tajiae OUIBII CTPIMKO HA MOBEPXHI YacTHHKH (X=1), HiX
B ii cepenuni (X=0,0). He 3Bakaroun Ha 3arajibHy MOJIOHICTh OBEIIHKU XapakTepy IpodiiiB
TUCKY B YaCTHHIII JUIS CEPEJIOBHUIN 3 OLIBIINAM (a) Ta MEeHIIHM (0) CTYIIEHSIMH TOIEePEHBOTO
pYWHYBaHHS, 9iTKO 0auyuMO YIOBUIBHEHICTH IMAJiHHS THUCKY PIIMHU JUIS BUHAAKY (0), 10
BHMArae 3Ha4HO TPUBAJIIIOTO Yacy BUKOHAHHS MPOIECY BIATUCKY.
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Pucynok 3. [lopisusaust npodinis Tucky B cepemuni wactuuku P, (£, X, Z) B uaci #[c]

Figure 3. Comparison of pressure profiles inside particle 7 (¢, X, Z) versus time #[s]

a) b,=12-10" M¥c b) b,=2,5-10% m/c; 1 - X=1,0 2 — X=0,75; 3 - X=0,5; 4—X=0,25;5— X=0,0

1000

Ha puc.3 nHaBexeHo mpodini 3minu 6e3po3mipHoro Tucky P (1,X,Z) B cepenuHi

MOPUCTUX YACTUHOK, 110 3HAXOIATHCS Ha BepiuHi cepenopuia (Z=0,9), B gaci f[c]. Ak 1 qus
BHITAJIKy YaCTHHOK, IO 3HAXOAITHCS HEMOJAIIK (iIbTPyBaAILHOT MEMOpaHU, 0aunMO CYTTEBE
YIOBUTbHEHHS TaiHHS TUCKIB Ui cepenoBuina (0) 31 3Ha4eHHsIM Koe(illieHTa KOHCOJiIartii
b, = 2,5-10'8 M/c B MOPIBHSAHHI 3 cepepoBHINeM (a), 3 Koe(ilieHToM KoHcojifamii b, =
1,2:107 m*/c. Takum 9HHOM, MOXKHA CTBEp/KYBaTH, IO CTYMiHb PYyHHYBaHHS KJIiTHHHOI
TKAaHWHA MO€ BIUIMBAaTH Ha Tpo(dii THCKY ¥ YHNOBUIBHEHHS IX MAaIiHHA B CepeauHi
MOPUCTUX YACTHHOK.
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Pucynok 4. 3mina npodio THCKY B MIKYaCTHHKOBOMY TPOCTOPI Pl* (t,Z) B uaci #[c]

Figure 4. Model profiles of pressures in extraparticle space E* (t,Z) versus time {[s]
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MATEMATUYHE MOLEJIIOBAHHA. MATEMATUKA. ®ISUKA

Ha pwuc.4 HaBeneHo nmpodii 3MiHE 0€3p03MipHHEX THCKIB y MaKpomopax OilmopucToro
cepeoBuma (MixuactunkoBuil npoctip) B(¢,Z) B waci #[c]. Tuck cmamae crpimMKinie Ha

HUKHBOMY Kpalo Cepe/IOBHINA, SIK€ MeXye 3 (UIbTpaliifHOI0 MeMOPaHOIO 1 JAESIKOI0 Miporo
KOPEITIOEThCST 31 3MIHOIO THCKY Yy BepxHId wacTwHi cepemopuma (Z=1). Takox BapTo

BI/[3HAUUTH, IO THUCK Y Pz* (t,X,Z) wacturmi mnpu X=1 BiANOBiAE THCKY B
MDXKYaCTUHKOBOMY 1pocTopi B (¢, Z) HaBKOJIO i€l YacTHHKH.

[Tpodini TCKiB y MiKuacTHHKOBOMY mpoctopi B (f,Z) s monepeanbo Oiibi
spyitoBanoro (b, =1,2-107 m*/c) cepenosuima Ta Menm 3pyitroaroro (b, =2,5-10°m/c)

MaroTh MOIOHY TOBEIIHKY Ha BijMiHy Bix mpodinis Tuckis y wactunui P, (¢, X,Z). 3 uporo
BUIUIMBAE, IO TPOHHUKHICTH MIXKYaCTHHKOBOTO IIPOCTOPY € JOCTATHBOIO ISl BiIOWpaHHS
PIIMHH SIK 3 MEHIII 3pDYHHOBAHUX, TaK i OLTBIN 3pyHHOBAHUX YaCTHHOK.

BucnoBkmn. IlpencraBneHo Mojens BIATHCKY CEpelOBHINA YaCTHHOK IMOPHUCTOT
CTPYKTYPH y BHTJISIII OIIIOPUCTOT CHCTEMHU, IO CKJIATAETHCS 3 JABOX PiBHIB: MIXKYaCTHHKOBOTO
MPOCTOPY Ta MPOCTOpy B dacThHKaX. CHopMyTbOBaHO PIBHSHHS KOHCOJITAIll OKpEeMO IS
MDKYaCTHHKOBOTO TIPOCTOPY Ta WPOCTOPY B YaCTHHKAX, IPH [OMY BpaxOBaHO
B3aEMOBILIMBU MIX ITUMH TPOCTOpaMH. BBaxkaeTbes, MO MIKYACTHHKOBHU MPOCTIP BOJIOJIIE
HU3BKOIO MICTKICTIO, B TOH 4Yac SK MPOCTIp y YacTHHI — BUCOKOIO. IIpoBeneHo umciose
MOJICITIOBAHHS TPOQIIiB TUCKIB JUIS CEPEOBHII 3 PI3HUMHU XapaKTEPUCTUKAMHU IMPOHUKHOCTI,
IO BIJMNOBIJa€ pI3HUM CTaHaM I[ONEpPeHbOI 3PYWHOBAHOCTI POCIMHHHUX MarepiajiB.
OTpuMaHi pe3yJbTaTH MOKA3YIOTh BiATEpMIHYBaHHS IaliHHS 3HAYCHHS TUCKY B YaCTHHII Ta
YIOBUTbHEHHSI KIHETUKM KOHCOJAamii JUiss MEHII CTHCHEHOTO cepeloBHuIla (3a paxyHOK
MEHITIOT0 3HAYeHHS Koe]illieHTa KOHCOIITaIlil).

Conclusions. Specific model of solid-liquid expression from liquid containing plant
materials is formulated representing the layer of sliced cellular particles as a bi-porous system
with extraparticle and intraparticle networks for liquid flowing. The filtration-consolidation
equations were formulated for both extraparticle and intraparticle networks considering the
pressure profiles. The expraparticle network was supposed to form the first porosity level with
low storage capacity, while the intraparticle network form a second porosity with high storage
capacity. Numerical and analytical solutions for the temporal pressure profiles and for the
consolidation ratio were obtained with two different compressibility-permeability
characteristics corresponding to different degrees of tissue destroying. Results show the
delayed pressure drop in the intraparticle network and retardation of consolidation kinetics for
the less destroyed plant tissue (due to the lower value of consolidation coefficient).
Experimental verification of obtained results for the plant tissue is steel needed.

Cnucok BUKOPHCTAHOI JiTepaTypH

1. Suclje, L., 1970. Rheological aspects of soil mechanics, Wiley linterscience, New York.

2. Shirato, M., Murase, T. Iwata, M., Nakatsuka, S., 1986. The Terzaghi-Voigt combined model for constant
pressure consolidation of filter cakes and homogeneous semi-solid materials. Chemical Engineering Science, 41,
3213-3218.

3. Lanoiselle, J.-L., Vorobyov, E., Bouvier J.-M., Piar, G., 1996. Modelling of solid / liquid expression for
cellular materials , AIChE Journal, 42, N 7, 2057-2067.

4. Schwartzberg, H.G., 1997. Expression of fluid from biological solids. Separation and Purification
Methods, 26 (1), 1-213.

5. Kamst, G.F., Bruinsma, O.S.L., De Graauw, J., 1997. Solid-phase creep during the expression of palm-oil
filter cakes, AIChE Journal, 43, 665-672.

6. Grimi, N., Vorobiev, E., Lebovka, NI., Vaxelaire, J., 2010. Solid-liquid expression from denaturated plant
tissue: Filtration-consolidation behaviour, Journal of Food Engineering, n 96 (1), 29-36.

7. Petryk, M., Vorobiev, E., 2007. Liquid Flowing from Porous particles During the Pressing of Biological
Materials. Computer & Chem. Eng., 31(10), 1336—-1345.

203



BICHUK TEPHOIIJIbCbKOIrO HALIOHAJIBHOI O TEXHIYHOIO YHIBEPCUTETY. Ne4 (76) 2014

8. Buyevich, Y.A., Nustrov V.S., 1993. Nonliniar flow in fractured porous media.Transport in Porous
Media, 12, 1-17.

9. Tlerpuk, M.P. MartemMaTi4uHe MOJENIOBaHHS i DOCIHiMKeHHs (iNbTpaliifHOro BiATHCKY 3 ypaxyBaHHIM
MEepPEeTOKiB Mi’K BOJIOTOMICTKMMH YaCTHHKaMH i opaMu aucniepcHoro cepeposuiia [Texct] / M.P. Tetpuk, K.M.
Habyna, JI.M. Muxanuk // Bicauk TATY im. IB.ITymos, 2005. — Ned, — C.166—176.

10. Petryk, M. Liquid Flowing from Porous particles During the Pressing of Biological Materials / M.Petryk,
E.Vorobiev // Computer and Chem. Eng. Elsevier Irland, 2007. — Volume 31, Issue 10. — P.1336—-1345.

Ompumano 25.09.2014

204



