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AHHoTauus. [[ns omucaHus pa3UYHBIX THPOIECCOB TEMJIOMAaccOOOMEHa B aHH30TPOITHBIX
MOPUCTBIX CpeAax Mpeaiaraercs cTpykrypa 3D-TeH30pa MpPOHUIIAEMOCTH C OPTOTPOIHBIMHU
cBoiictBamu. Takasi CTpyKTypa TEH30pa MPOHUIIAEMOCTH MMEET IPEUMYILECTBA IEpes
MOHOKIMHHOM ¥ TPUKIMHHOM U3-3a MMHHMAaJbHOTO YHCIA BJIEMEHTOB, IOJUISKAIINX
ONpENeTIeHNIO, 4YTO CYLIECTBEHHO YIPOLIAeT IIOCTAHOBKY, IpOBeneHHe U 00paboTKy
COOTBETCTBYIOLIMX 3KCIepuMeHToB. KpoMe Toro, moarsepskaeHue paboToCIOCOOHOCTH TaKoi
CTPYKTYpPbl OTKPBIBAET HOBBIE BO3MOXHOCTH IPU HMCKYCCTBEHHOM CO3JaHHM MOPHCTHIX
MaTepualioB C 3aJaHHBIMH CBOMCTBAMH U TpeOyeMoW apXWUTEeKTypbl aHu3orpornuu Ha 3D-
npunHrepax. Mcmons3ys SIkoOuaHel MOBOPOTOB B JAEKapTOBOW CHCTEME KOOPIWHAT, HaieHa
MaTpHIla IIOBOPOTOB, KaK pe3yJlbTaT IOCJIEAOBATEIbHOIO YMHOXEHHUA SIkoOnaHOB Ha
pa3nuYHBIe YIIbl BOKPYT oceil 6a30BOM cucTeMbl KoopauHaT. OKOHUYATENbHBINA BUA TEH30pa
UACHTU(OUIHUPOBAH KaK MPOU3BEICHHE OPTOTPOIHOIO TEH30pa CjeBa W CIpaBa HA MAaTPHILY
IIOBOPOTOB M TPAHCIOHMPOBAHHYIO MAaTpHUIly IIOBOPOTOB, COOTBETCTBEHHO. Takoe
NPEeNCTaBIICHHE ITO3BOJIMJIO BBIYUCIUTH OOPATHBIM TEH30p MPOHHIAEMOCTH W Ha IpuUMepe
THAPOIMHAMHYECKON ¢uIpTpanum HBbIOTOHOBCKOM KHUIKOCTH CHHTE3UpOBaTh
Matematudeckyro 3D-momens Tuma J[lapcu-bpuHkMaHa OJHOHANPABIEHHOIO TEUYEHHS B
MIOPUCTOM KaHalle MpPAMOYroJIbHOro cedeHHs. [loka3aHo, 4TO monoOHas JMHeapu3alus He
HUBEIHMPYET CBOIMCTBO aHMW30TPONHOCTH Yy IMOPHCTOM Cpenpl, COXpaHsAsi TIPH HTOM
TPEXMEPHOCTb.

1. BBenenne
HanbHelimas WHTeHCU(HUKALMA TEMI0OOMEHa IOPUCTBIMU 3JEMEHTaMH BO3MOXKHA C IIOMOILBIO
CHennaabHO ToJoOpaHHOW apxuTekTyphl Matpuimbl [1-3]. B Hacrosimee BpemMs ¢ TOMOIIBIO
texHonoruu 3D-newatu [4] BO3SMOXKHO KOHCTPYHUPOBAHHE TAKOW apXUTEKTYPbI, HO Ul 3TOrO HyXHa
nugpoBas MozeNb caMoil mopucToil MaTpubl [5]. OgHUM U3 CHOCOOOB PELIeHUs] TaKOH MpPoOIeMBbl
BUIUTCS B HWICHTHU(UKALUN HHTEIPAIBHBIX XapaKTEPUCTHK TEmIooOMeHa, 00ecHeuynBaromuX
MaKCHUMaJIbHBIHA Terionepeaaonmi 3¢ (et ¢ MOMOILBIO PEIeHUsI COBOKYITHON CUCTEMBbI ypaBHEHU,
COCTOSIIIIEH M3 YpaBHEHHH HENPEPBIBHOCTH, UMITYJIbCA M SHEPTUU IJIsl CMEIIAHHOH HeCTallMOHAPHON
KOHBEKITUH JIJIs aHM30TPOIHON TIOPUCTOH cpefbl [6], KoTopas B MPUOMMKEHUH THAPOAMHAMUYECKON
nomzanaun lapcu-bpunkmana nmeer Bua [7,8]:
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p, .1, — INIOTHOCTh M JUHAMHUYECKAsl BA3KOCTb JKUAKOW (paspl, ¢ — MOPHUCTOCTb, p — JaBJICHUE; K —
TEH30pbl IPOHULIAEMOCTH.

2. Onucanue MeToAa

Kak mnpaBumno, cTpykTypa TEH30pHBIX NapaMeTpoB BbIOMpaeTcs oprorporHoil [9,10] ¢ uensro
YIIPOIIEHHOT'O OMPEAEIEHHUS WX KOMIIOHEHTOB U3 SKCIIEPUMEHTOB, YTO COOTBETCTBYET JHATOHAILHOMY
ux Buay [11]. SlkoOuaHbl BpalieHus AEKapTOBOM CHCTEMbI KOOPMHAT BOKPYT OCEH ox,0y,0z Ha yIJIbl

o ,p,y TAKOBBI:
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ITycts CTpyKTypa TEH30pa MPOHHIIAEMOCTH B 0a30BOi CHCTEME KOOPIUHAT Ipe/cTaBlicHa
CIIEIYIOLIUM 00pa3oM
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[Tokazano, uto anbTepHaTHBOM cucteme (1), (2) sBisieTcst cucrema
V.V =0; 3)
ov (v Y_ & [ — =1
— 4| =V V= —. —Vp+u—fV2v—pr W, 4)
S P AT |

rae K ' — oOpaTHbIM TEH30p MPOHHMIIAEMOCTH.
Ecnu B nexapToBoii cucTeMe KOOpIMHAT PACCMOTPETH OJTHOHANPABIEHHOE TEYEHNE HBIOTOHOBCKOM
KHUJIKOCTH BAOIb aKCHAJIBHOM KoopauHatel y, To w3 (3), (4) cuemyer JnHMHeapu30BaHHAsS

($hopMyTUpOBKa THAPOAMHAMUYECKOH Mo13a1auu:
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[ie vV — CpeJHCHHTErpaabHas CKOPOCTh JKHIKOW CPE/Ibl B MPSIMOYTOIBHOM MTOPUCTOM KaHaue; v, —

aKCHajibHas COCTaBJIAIOIIaA BEKTOpPA CKOPOCTHU TCUYCHHA TCIIJIOHOCHUTCIIA, hz, hx — BBICOTAa WU HIMpPHHA
MMPpAMOYTOJIBHOI'O ITOIIEPEYHOTI0 CCUCHM A IMOPUCTOrO KaHalia,
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3. 3akawyeHue

ITonydeHHbll pe3ysiabTaT MOKAa3bIBAET, YTO, HECMOTPS Ha JIMHEAPU3AIMIO HCXOJHOH CHCTEMBI,
3aBUCUMOCTB T10JISI CKOPOCTEN OT TPEXMEPHON apXUTEKTYpPhI IOPUCTOU CPEABl OCTAETCS.
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On the structure of the orthotropic 3D permeability tensor of
an anisotropic porous body in heat and mass transfer
problems
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Abstract. The structure of a 3D permeability tensor with orthotropic properties is proposed to
describe various heat and mass transfer processes in anisotropic porous media. This structure
of the permeability tensor has advantages over the monoclinic and triclinic because of the
minimum number of elements to be determined, which greatly simplifies the formulation,
conduct and processing of the corresponding experiments. In addition, the confirmation of the
operability of such a structure opens up new opportunities for the artificial creation of porous
materials with specified properties and the required anisotropy architecture on 3D printers.
Using the Jacobians of rotations in the Cartesian reference system, the matrix of rotations is
found as a result of successive multiplication of Jacobians by different angles around the axes
of the base coordinate system. The final form of the tensor is identified as the product of the
orthotropic tensor on the left and right by the turn matrix and the transposed turn matrix,
respectively. This representation allowed us to calculate the inverse permeability tensor and
synthesize a mathematical 3D model of Darcy-Brinkman type of unidirectional flow in a
porous channel of rectangular cross-section on the example of hydrodynamic filtration of a
Newtonian fluid. It is shown that such linearization does not level the property of anisotropy in
a porous medium, while maintaining three-dimensionality.

VI MexaynapopHast KoH(bepeHIHs 1 MoIonéxHast mkona « HpopMamoHHbIe TEXHONOrHH 1 HaHoTexHoxoruny (MTHT-2020) 555



