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AHHoTanusa. B pamkax siueeyHOl Mofesd YUCJEHHO pellleHa 3ajada o More-
peyHoM OOTeKaHWH CHCTEeMbl BOJIOKOH (CTepKHeH) KBaapaTHOro ceuenwus. Pere-
HHEe OJ1d OTLLeJ]bHOfI STUeHKHU IIOJIY4EHO B l'IpI/I6J'II/I}K€HI/II/I MaJlblX HYHCeJI PeﬁHonbuca
C KpaeBbIMH ycJOBHsIMM XarmrmeJsst (paBeHCTBO HYJI0 HOPMaJbHOH COCTaBJSIOLIEH
CKOPOCTH M KacaTeJIbHOTO Hal’IpH)KeHI/IH) Ha TpaHHule syeldKH. Briunciena ruapo-
AVHaMHu4deckasd MNPOHHUIaeMOCTb TaKko MOL[QJIbHOf/i BOJIOKHUCTOH HOpHCTOfI Cpennl.
[IpoBeneHo conocTtaByieHHe ¢ pe3y/bTaTaMHU APYTHUX aBTOPOB JJIl CUCTEM CTepXKHeH
KBaJpaTHOrO M KPYIJIOTO CeYeHHsl B LIMPOKOM [Hana3oHe H3MeHEeHHs KOHLeHTpa-
UM BKJOYeHHUH. [IpensiorkeHbl aHaIMTHYeCKHe 3aBUCUMOCTH, Haubosee aeKBaTHO
OIMUCBIBAIOIIHE MMPOHUIAEMOCTDb CUCTEMbBI KBAAPATHBIX BOJIOKOH.

KuaroueBbie cioBa: MoJe/ibHAs MOPUCTAsi Cpela, BOJOKHA KBaapaTHOro ceye-
Hus, npubankeHue CTokca, siueeyHasi Mofiesb XarmneJssi, IPOHULLAeMOCTb.

BBenenue

[Tpu maTemaTHuecKOM MOAEIMPOBAHUHM (DUIbTPALMOHHBIX 3afay ABUXKEHUS XKHUAKOCTH
CKBO3b MOPUCTbIE CPEeJbl 3a4acTyl HCIOJb3YIOT ypaBHeHHe /s yCpeqHeHHOH ((puabTpanu-
(© OHHOH) CKOpOCTH, MOJy4YeHHOe Ha OCHOBe 3MIHpUYecKoro 3akoHa Jlapcu. Bosee TouHbll
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MHUKDPOCKOMMMYECKHH aHa/Mu3 TeueHHUs] CKBO3b MOPUCTYIO Cpely — 3ajaua CJokHas U Tpeby-
eT JIONOJIHUTEJIbHbIX YIPOLIeHUH: JMHeapu3aluuMu TMAPOAHHAMMYECKHUX YpaBHEHHH, Npeano-
JIO>KeHUS] 00 OQMHAKOBOCTH pa3MepoB YacTHL, NpeHeOpexkeHUs OPOYHOBCKUM ABHXKEHHEM H
ap. [3;7]. BaxkHbIM MakKpOCKOMMYECKUM MapaMeTpPoM, OMpeNessioUM XapakTep TeYeHHUs U
pe3y/nbTUpYIOLllee THAPABAHUECKOe CONPOTHUBJEHHE, BJAsETCS KOI(P(ULMEHT NPOHULIAEMOCTH,
3aBUCSLIMHI OT MOPHUCTOCTH CPefibl, CTPYKTYPhl IOPOBOrO MPOCTPAHCTBA, (PU3UKO-XHUMHUECKHUX
CBOMCTB MaTepuaJ/a Cpelbl.

B Hacrosiell pa6oTe pelleHa 3ajaua 0 TeYeHUH BA3KOH HECXKUMaeMOH KUJIKOCTH CKBO3b
TIOPUCTYIO CPefly, MOAENUPYEMYIO COBOKYIHOCTBbIO OJMHAKOBBIX CTepKHeH KBagpaTHOro IMo-
nepeuHoro ceueHus. Takas 3ajaya MoxKeT ObITh CBeleHa K 3ajgaue 00TeKaHHS OJUHOUHOTO
CTEPXKHS B paMKax silueeqyHOH Mofesu [7], To ecTb peliaeTcs KpaeBas 3ajada O TeYeHHH B
KUIKOH 000JI0UKe, OKpy2Kalollled OAMHOUHBIH cTepKeHb. [Ipy 3TOM MoOpUCTOCTb AJsl OTAE/b-
HOU fYeHKH COBIIaJaeT CO CpelHEeH MOPUCTOCTbIO BCEH MOAENHPYEMOM MPOHULAeMOH Cpelbl.

ITOT MeTOL MOXKeT ObITb 3((eKTHBHO NPUMEHEH K CPAaBHUTENbHO KOHLEHTPUPOBAHHBIM
cucteMaM (C 0ObeMHOH noJed TBepablx BKJWYeHHH ¢ ~ 0,5 + 0,6). Huyeeunsle mopmenu
[al0T YIOBJIETBOPUTENbHOE MPUOJHIKEHHE K YCPeIHEHHOH KapTHHe TeyeHHs BOJM3U TBEPAbIX
YacTHUL[ B peasbHOH (pU3UUECKOH CUCTeMe, HO, TEM He MeHee, HeJlb3sl PACCUMUTBIBATH HA TO, YTO
OHHM XOpOILO OIMHCHIBAIOT THAPOAHHAMHUUECKHE Mo/ BOJU3HM BOOOpaxKaeMblX TpaHUIL fyeek.
Bonpoc o BeiGope (OpMBl M pa3MepoB KMIAKOH s4YelKH, a TakxKe yCJOBHUH Ha ee IpaHHLE,
OCTaeTcst OTKPBITHIM M IO CHX TOp MPHBJIEKAeT HUcCJenoBaTenell (Hanpumep, [15]).

[TpoBeneHo comocrtaB/jieHHe pe3y/bTAaTOB, MOJYYEHHBIX B NaHHOH paboT, ¢ aHa/JIMTHYe-
ckumu [9; 11], nonyananurtuueckumu [10; 13; 14], pacuetHsimu [8;12] u 3KcnepuMeHTab-
HbIMH [13] maHHBIMH OPYTHX aBTOPOB, ONpelesieHbl HauboJjee ONTHMAJbHbBlE aHAJTUTHYECKHE
3aBHCHUMOCTH A5 KO9(ppULlMeHTa TPOHULIAeMOCTH CUCTEMbl KBaPAaTHBIX CTepxKHeH B pas/uy-
HBIX [ManasoHax 00bEMHOH KOHLEHTpALUH YacTHIL.

1. TlonepeuyHoe 00TeKaHHe KBAaIPATHOTO CTEPIKHSA (sueeyHasi MOJEJb)

PaccmatprBaeTcsi cTallMOHAPHOE ABYMEPHOE ONHOPOAHOE TeueHHEe HEeCKHMaeMOH HbIo-
TOHOBCKOM BSI3KOH »KMIKOCTH CO cpelHeil ckopocThio U yepes siueiiKy KBaJpaTHOrO CEUeHHs
pasmepa 2bH ¢ pacroJioxkeHHBIM B ee LEHTpPe KBaApaTHbIM BKJIOUeHHe (CTep:KHeM) pasme-
pa 2aH (cm. puc. 1). CBsizkeM ¢ XKHUIKOH SUEHKOH NeKapToBy cHCTeMy KoopauHaT: ocb Ox B
HarnpaBjeHuH ckopoctd U, ock Oy neprneHAUKY/SpHO ed, ocb Dz momepeK MOTOKY W BIOJb
obpasyromux crepxkHsi. [locse oGe3pasmepuBaHUs NMPOCTPAHCTBEHHBIX TEPeMEHHBIX T U Y
Ha H, kommoHeHT ckopocTd u, v HAa U u nasnenus p Ha wU/H (rme @ — ko3 duumeHt
IVHAMHUECKON BSI3KOCTH >KHJKOCTH) CHUCTeMa YpaBHEHWH NBUKeHUs B mpub/amxkeHnd CTokca
MPUMET BUJ

Av=Vp, V.-v=0. (1)

Ha noBepxHOCTH BKJ/IOUEHUS 3a1al0TCsl TPaHUUHbIE YCJ0BUS Npunnnanus v = 0; Ha rpa-
HULAX KUIKOH STUeHKH — ycJoBUsS XammeJssi: HEMPOHULAeMOCTH (paBeHCTBA HYJIO HOpPMaJib-
HOU KOMIIOHEHTBI CKOPOCTH v, = () ¥ paBeHCTBA HYJIO KacaTeJbHOro HampsikeHus T = 0.

Hckatouas u3 cucrembl (1) naBjeHHe p U yYUTHIBas JBYMEPHOCTb NMOCTAHOBKH, 3aaaya
CBOAMTCA K OMrapMOHHYeCKOMY YpaBHEHHIO Ha (PYHKLHIO TOKa

AAY = 0. (2)

JIMHelHOCTh ypaBHEHUS NBHXKEHHSI, a TaKKe CUMMETPHS TOCTAHOBKU 3a[auH MO3BOJSIOT
OTPaHUYUTL paccMOTpeHHe ueTBepThio siueiiku (x,y) € [0,b] x [0,b] (cm. puc. 2). Kpaesbie
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ycnoBUs I (YHKIIMK TOKA Ha TPaHMLIAX PAcUeTHOH o6saacTH OyoyT CJAeAYIOLIUMH. YCA0BUS
NPUJIUNIAHUSA Ha TBEPAOH MOBEPXHOCTH BKJIOUEHHS:

1l)(c7y):07 11)50(6734):07 0<y<a (C:b—(l) (
P(x,a) =0, YPy(x,a)=0, c<xz<b.

w

)

—_
—~
~

CI/IMMETpI/IH OTHOCHTEJIbHO Y — Oux=2=o NPUBOOUT K YCJIOBUSM:

1])(1',0) :07 ll)yy(x70> 207 0 S.’L’SC, (5)

['paHuYHbIE yCIOBUS HA TIOBEPXHOCTH KHIKOH SUYEHKH:
V(0,y) =y/b, ..(0,y) =0, 0<y<b, (7)
P(z,b) =1, Py(z,b) =0, 0<xz<h. (8)

Jnsa HarasigHocTH yesoBus (3)—(8) BbiHeCeHBI HAa PUCYHOK 2.

b p=1 ,=0
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2bH o
0 y=0 ,,=0 ¢ b Puc. 3. JIunuu Toka
Puc. 1. XKunkas siueiika npu ¢ = 0,1
C TBePIBIM BKJIOUEHHEM Puc. 2. PacyeTHas 06s1acTh ’

2. (I)YHKIJ,I/IH TOKa U CUJA COMPOTHUBJIECHUSA

KpaeBass 3amaua nisi (yHKUHMH TOKAa pelleHa YHUCJAEHHO C MOMOLIbIO CHUMMETPHUHOH
KOHEUHO-Pa3HOCTHOH anmnpoKCHMalUu OUrapMOHUYECKOro ypaBHeHHS (2) U TpaHUYHBIX yCJIO-
Buit (3)-(8) Broporo mnopsnka TouHocTd [1]. Jlis nocTKeHus abconmoTHOH omubku 1073
THIPOAMHAMHYECKHUX I0JIeH pa3OUeHHe pacueTHOM 00J1acTH 0ObIYHO NpoBoau/Ioch Ha 300 oT-
pe3KOB M0 KaxXKAoMy HampasjeHH0. CUCTeMa pa3HOCTHBIX ypaBHEHWH pellleHAa MeTOIOM I10-
cJenoBaTe/IbHOW BepXHeH peslakcalliu ¢ mapameTpoM pesakcauuu 1,5 < w < 2,0. Pacuetnl
NpeJICTaBAeHbl /s [IMPOKOTO AMana3oHa KOHIEHTPAlHMH TBEPABIX BK/IOYeHui ¢ = a?/b? =
= 0,001 = 0,8. XapakTepHasi KapTHHa JUHUH TOKa H300pakeHa Ha PUCYHKeE 3.

[To ¢yHKUMH TOKa HaxooUM paclpeleseHHe AaBJeHHUS B paccMaTpHUBaeMoil 00/acTH.
[Tockonbky p, = (AWY),, p, = —(AW),, T0, nonaras p(0,y) = 0, nonyyaem

D(2, ) = by, ) + / By (£ ) dE
0

Cuna conpotuBjeHus (o6e3pasmeperHass Ha WU H) njisi 4eTBePTH CTEPXKHS paBHA CyM-
Me, MPOUHTErPUPOBAHHBIX 10 COOTBETCTBYIOLUIMM IIJIOLIAAKaM, HOPMAJbHOTO HAMpsKeHHsI Ha
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qeoil rpanuue (r = ¢, 0 < y < a) ¥ KacaTe/JbHOTO HampsKEHHs Ha BepXHEH rpaHuLe
(y=a,c<xz<bh)
a b

1B == [ )+ 2fen)) dy + [ o (0) = basle,)) do =

0 c
b

:—/‘%Amn—jwwwwﬂwdyﬁ/@ﬁ%@—wm@ﬂﬂw-

0

a

C

W3 ycnoBuil npuannanus Ha TBepAblx rpanuuax (3), (4) caemyer Py (c,y) = 0 mpu 0 <
<y <a, Py(r,a) =0 npu ¢ <z < b, a us ycaosus cummerpuu (5) Py, (x,0) = 0 npu
0 <z < ¢, Torna BeIpaxKeHHe 1151 CUJbl CONPOTHUBJEHHUS OyeT C/edyHLUM

b
Fy=4 [ Vyy(x,a)de. 9)
/

To ecTb pacdyeT CHUJIbI CONPOTHUBJIEHHS TBEPAOrO BKJIOYEHHUS CBOAUTCA K HHTErPHUPOBAHHUIO
KacaTeJIbHOI'0 HallpsAKE€HHWA Ha YpPOBHE Yy = a.

3. IIponunaemMocTh cUCTeMBbl KBaJpaTHBIX CTepXKHeN

B pamkax siueeyHO#l MOIesNH CHUJIa COTNPOTHBJIEHHS, OTHECEHHAs K MJIOLIANM KHUAKOH
S4elKH, YHCJAEHHO paBHA MAleHHIO NaBjeHUs Ha OJuHe L, 0Oyc/lOBJI€HHOMY MPOTEKaHHEM
JKUIKOCTH CKBO3b CUCTEMY BKJIIOUEHHUH

Fa _ Ap

b? L~
[lonaras o6beMHyt0 [0/10 (P TBEPAOTO BKJYEHHUS B KUAKOW siueliKe paBHOH 0OBbEMHOH N0JIH
TBepAOH (pa3bl BO BCEH COBOKYMHOCTH BKJIOUEHHH U 00beANHSS MOJyYeHHOe BhIpaxKeHUe MJis

CHJIBI COMIPOTHBJIEHHSI ¢ 3aKOHOM Jlapcu, mosyyuM BbipakeHHe 1Jist Ko3(dHUIMeHTa NPOHHLIA-
eMOCTH CHCTeMBbl cTepKHel (o6e3pasmepeH Ha H?)

k 1

Ha pucynke 4 u306pareHa 3aBUCHMOCTb TTPOHMIIAEMOCTH KBaNPaTHBIX cTepxHel k,/a?,
MoJIy4eHHOH yucseHHo mo ¢opmyse (10) B pamkax siueedHOH MOAEJU «KBaapaT B KBajpaTe,
OT MPOHHIAEMOCTH KPYTOBbIX cTepxkHed k./R? (R — paauyc nonepedHoro ceueHust KPyroBbix
CTepXKHe#), 3amaBaeMoil aHaJuTHYeCKH [7], B paMKax siueedHOH MO <«KPYT B Kpyre».
CorocraB/ieHHe MMPOBENEHO B IIMPOKOM NMaNasoHe KOHIEHTPaluu ¢ ¥ 3aMeuyeHo, 4TO MpH
0,1 < ¢ < 0,6 aTa 3aBUCHMOCTb JHHekHHast [2]

ks 1 k. 11 <1 1 1—(1)2)

a2 2R o28¢

b T T8
¢ 1+4¢
rie Ko3(Q(QUIHEHT NPONOPLHUOHAIBLHOCTH 02 A 71/4 MONyYeH METOIOM HaUuMeHbIIMX KBaApPaTOB

Y paBeH OTHOLUEHMIO IJIOLIafeHd KPYroBOro U KBaJpPaTHOTO CeYeHUs OAMHAKOBOIO pasmepa.

(11)
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B pa6orax [4-6] npoBeneHo npsiMoe YHCIEHHOE MOJENUPOBAHHE TeUeHHsl BI3KOH HeCKH-
MaeMOH »KHUAKOCTH B IJIOCKOM KaHaJjle, YaCTHUYHO 3aM0JHEHHOM peryJ/sipHOH pelleTKOH KBaf-
paTHBIX CTep:KHeH. B KauecTBe BCIIOMOraTesbHOrO pe3yJsbTaTa PacCUUTaHbl 3HAUEHHUs MPOHH-
[1aeMOCTH TAaKOH CHCTEMBI CTepKHEH MyTeM yCpelHEeHUs MUKPOCKONUYECKHUX THAPOAUHAMUYe-
cKux noJsiedl. B xone cpaBHeHUSs MOJMy4YeHHBbIX NAHHBIX AJS KBaAPATHBIX CTEP:KHEH C HMEoLH-
MHCA B JIUTepaType NAHHBIMH [/ KPYTOBBIX CTep:KHeH OOHapy’KeHO, UTO AJS pa3peKeHHOH
CHCTEMBI BBelleHHeM Ko3(pdHIHeHTa (GOPMbI 02 MOXKHO MCIO/b30BaTh aHANMTHYECKYI) 3aBH-
CUMOCTb

%z%% (1n%—1,476+2d)>, $ <0,2, (12)
MOJIYYeHHYI0 MEeTOOM CHHTYJISIpHOCTEH i KpyroBbix nuauHapos [11]. CnpaBensnnBocTb
3TOW (POPMyJIBl /11 KPYTOBBIX LMJIMHAPOB MOATBEPXKAAETCS PSAOM UCCAe0BaHUH U 1715 OoJiee
moTHBIX ynakoBok (¢ < 0,6) [10;12;13].

OTMeTHM, YTO HAJi pa3pe’KeHHOH CHUCTEMbl BOJIOKOH THI HX YNaKOBKM (KBaapaTHas,
TPEYTOJIbHASl WJIM TeKcaroHa bHasi) MPAaKTUYeCKH He BJMsieT Ha mpoHuuaemocts [11;13; 14].
B c/ayyae cTeCHEHHOro pacroJIOXKeHHsl TBepPAbIX BKJ/IOUEHUH BJIMSIHUE YNAKOBKHU yxKe OoJee
CYLLECTBEHHO, YTO CBfI32HO C pas3/h4yueM H3BUJIMCTOCTHU MOPOBLIX KaHAJIOB.

[ns yMepeHHO paspexKeHHbIX pelIeTOK BOJIOKOH XOpolled amnnpoKcHMalued sBJsieTcs
nosysmnupudeckas popmyna Kapmana — Kosenn k = (1—)R3 /e, tne Ry, = (b*—a?)/2a —
THAPaBIMYECKUH pafuyc KUAKOH sfiUedKH, ¢ Kodpguuuentom KoseHHU ci, pacCUMTaHHBIM Ha
OCHOBe STUeeuHOH MoJeJsd XarmmeJssi IBYX KOHLEeHTPUYeCKUX KPYroBblX LUIMHAPOB [7]. Heko-
Topele HccsenoBatenu [8; 13] oTmedarT, YTO sueedHas MOJesb NAeT 3aBBIILIEHHblE 3HAUEHHsI
NPOHHLIAEMOCTH 0 CPABHEHHIO C UX NaHHBIMHU. [lsi1 cTep:KHel KBaapaTHOrO ceueHusl HabJto-
llaeTcs Takas ke KapThHa. Mcrosib3oBaHue KOpPeKTHpYyollero MHoxXHUTe s 1/02 [5] BHOCHT
olIKMOKY GoJsiee 25 % B BblUHCJAeHHe MpoHHIaeMOCTH. C 11eJbl0 yMEeHbIIEHHS] 3TOH OLIMOKH
CJIe[lyeT HCIOJb30BaTh MeHbIIHH Ko duuuert 8/9 [6]

a2:%

In— —

k 1( 11— ¢?
¢ 1+ 2

>, 0,1 <¢<0,6. (13)

s 60abIMX 3HaYeHUH 00beMHOH KOHLeHTpauuu KospduuueHT KoseHu ci caenyer
Opatb paBHbIM 6 K3 HHTepBasta 4,5 < ¢ < 6, COOTBETCTBYIOLLET0 3KCIE€PHMEHTaJNbHBIM
IaHHBIM JJIs1 PeasibHbIX MOPUCTHIX cpel [7]. BrlpakeHue mss MPOHHIIAEMOCTH TOTAA TPHUMET
BUJ

E_(1=-¢)

Ha pucyrke 5 mpescraB/enbl 3uauennst Ko3(pduurenta nponunaeMmoctu k/a’, nomyuen-
Hble B pe3y/bTaTe MPSIMOTO UHUCJIEHHOTO MOJAeJHpoBaHusl. JlaHHblE MPAKTHYECKH COBMAAAIOT C
naHHeiMu Banra [14] njsi npoHHLaeMocTH 6eCKOHEUHOH YIOpsiIoUeHHOH COBOKYTHOCTH KBaj-
PaTHBIX CTepKHEH, M0Jy4eHHOH ¢ UCII0b30BAHHEM MOJNyaHATUTHUECKOTO MeTOo1a KOJIJIOKAllUH
10J151 PYHKLHH TOKa.

Takum obpaszom, dhopmynsl (12)-(14) natot xopolee npubAHKeHHe I/ KOIPPUILHEHTA
MPOHUI[AEMOCTH CHCTEMBl KBapaTHBIX CTEeP:KHEH, B TO BpeMsl KaK siyeedHasi MOJesb C YCJo-
BUAMH XarreJss Ha TpaHULE XUAKOH SYeHKH JaeT 3aBblllleHHble 3HAUeHHs MPOHULAEeMOCTH
10 CPaBHEHHIO C MPSIMBIMHU YHUCJEHHBIMH pacyeTaMH.
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a?
100
101

0.14

0.01] N

6
0.0011 4
TR T ror T L |

0,01 0,1 kJ/a® 1 Puc. 5. [IponnnaeMocTs cucTeMbl KBaapaTHBIX
crepkHed. ToUKM — UHC/IeHHbIe 3HAUEHHS:
(o) — mpsiMble yKceHHble pacyeThl [4-6];
(+) — pabora [14]; (¢) — pabora [8] mis
¢ < 0,85. Kpussle: | — ¢opmyna (12) nas
Puc. 4. IlponnuaeMocTy cHCTEMbl KBaApPaTHBIX ® <0,1; 2 — dopmyna (11) ¢ koapduureHTOM
ks/a* n xpyrosoix k./R? crepxHei, dopmbl 02 = 7t/4 pst 0,1 < ¢ < 0,6; 3 —
BLIYMCJIEHHbIE 110 A4eeyHOH Mopeau (o), dopmyaa (13) nns 0,1 < b < 0,6; 4 —
JuHelHasa 3aBucuMocTb (11) (cnaowrnas aunus) dopmyaa (14) nas 0,6 < $ < 0,8; 5 —
pa6ora [14] nas ¢ < 0,03; 6 — pabora [14]
g ¢ > 0,6

0,01 4

3akaouenue

B pabore mnpensioxkeHbl 3aBUCUMOCTH [Jisl KO3((HULHEHTA MPOHUILAEMOCTH MOJEJJbHON
TIOPUCTOH Cpelsl C BOJIOKHAMH (CTEPXKHSIMHM) KBaJpPATHOrO CeYeHHs B ILIMPOKOM [HanasoHe
00beMHOH KOHLIEHTpaLWH BKJOYeHUH. HecMmoTps Ha 3HauMTesbHOE pasnnuue (OpMBI Iole-
pEUHBIX cedyeHWH (KBajpaTa M Kpyra), OOHapy:KeHO, UTO .Jis BbIYHMCJEHHS MPOHHMLAEMOCTH
CUCTeMbl KBaIpaTHBIX CTEPKHeH MOTyT OBITb MCIIOJIb30BAHBI T€ K€ 3aBHUCHMOCTH, UTO WU JJIS
KPYTOBBIX LIMJIMHAPOB, HO TPeOyIOTCS HEKOTOPble KOPPeKTHpYoLIMe KO3(h(MULHUEHTHl, YYUTHI-
BalILMe pasauuus (GopMbl nonepeyHoro ceyeHus. [losydyeHHble annpokKCHMaLHMOHHBIE BblIpa-
’KeHHMs MOTYT ObITb 0J1€3HbI B JaJbHeHIleM NPH pellleHMH MaKpOCKONMUYeCKUX (DUJ/bTPaLlOH-
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Abstract. In the present study we have solved numerically the problem of
a creeping two-dimensional viscous incompressible flow through a fibrous porous
medium. The medium is modeled by a system of square fibers (rods) arranged
across the flow. The viscous flow around the fibers is solved under the Stokes
approximation using the cell model. The Happel boundary conditions (zero normal
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velocity and tangential shear stresses) have been posted on the boundary of the
fluid cell. The numerical realization is based on finite differences of the second
order accuracy with successive over-relaxation method for solving a system of
linear equations.

For regular lattice of square cylinders the hydrodynamic microscopic velocity
fields were determined also by the direct numerical simulations. The permeability
coefficient of the model porous medium is evaluated by macroscopic averaging
and Darcy low assumption. It was found that the cell model with the Happel
boundary conditions gives higher values of permeability in comparison with direct
numerical calculations.

A comparison between these results obtained by cell model and other direct
numerical calculations, empirical and analytical relationships in a wide range of
the solid concentration ¢ made it possible to make the following inferences.

The permeability of a rarefied system of square cylinders can be described
by an explicit expression that was obtained for circular cylinders [11] but with
form factor o? that reflects the difference between the square and circular cross
sections of the rods

k 11 1

For moderately rarefied porous media the semi-empirical Kozeny — Carman
formula is appropriate. In this case corrective factor 1/0? gives error of the
permeability more than 25%. To decrease the disagreement of the numerical
values with the Kozeny — Carman formula this relation is better to use with the
factor 8/9. The specified expression for permeability is

k 1(1 1— ¢2

azzﬁ

n— —

¢ 1+¢?

At higher fiber volume fraction the Kozeny coefficient is ¢, = 6.0, which
corresponds to a large number of experimental data on the real porous beds
consisting of particles of various forms [7]

ko (1—¢)
a2 24¢?

), 0.1 < ¢ <0.6.

0.6 <¢$ <08

These formulas are good approximations for the permeability coefficient for
the system of square rods. Obtained relations for the permeability can be useful
in the solutions of the macroscopic filtration problems with fibrous porous media.

Key words: model porous medium, square fibers, Stokes approximation,
Happel cell model, permeability.
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