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AHAJIN3 JINMHEMHOM MOJEJIN JIBUYKEHU YA
MAJIOKOHIIEHTPUPOBAHHON CYCIIEH3UU
MOHOJINCIEPCHBIX CTOKCOBCKIX YACTWUIIL
B IIJIOCKOM KAHAJIE

B.U. Psoiwcckux, A.A. Boeep, A.B. Psaoccrkux

B pamkax xkoHBeKTHBHO-IH(hOYINOHHBIX MPEICTABIEHAN O CeIMMEHTAINA MOHOIUC-
TIEPCHON MAaJIOKOHIIEHTPUPOBAHHON TBepIo# (pa3hl B ABMKYIMEHCSA CYCIEH3WH IO TLJIOCKO-
My TOPHW3OHTAJBHOMY KAHAJY MOJIy4YeHa JIMHEHHas KpaeBas 337ada g 1apaboimdeckoro
YPaBHEHUS OTHOCUTEJIBHO JIOKAJIbHOU CYETHON KOHUEHTPAMU YacTull. I'paHuYHbIE YCIOBUS
TPETBHETO POJIA MOCTABJIEHBI U3 YCJIOBUS, YTO ITOTOK YACTHUI] HA CMOYEHHBIE IOBEPXHOCTH NIPO-
MOPITMOHAJIEH WX KOHIeHTparmu y crenku. [lomydueHo anajiuTuyeckoe perienne chopMyJiu-
POBAHHOI KpaeBoil 3a4a4Un METOIOM MHTErpPAJIbHBIX MPeoOpa30BaHuil, HA OCHOBE KOTOPOTO
HalJAeHbl COOTHONIEHNA JIJI OIIpe/Ie/IeHUs TOIIUHBI OCa/IKa Ha HUKHeH 1 BepXHe#l CTeHKax
kanasna. lIpoBeeHHbINl BBIYUCIUTEIBHBIN SKCIIEPUMEHT ITOKA3aJ, YTO KHHETHKA OCAZK/IE-
HUST TBePAOi (ba3kl U3 ABUKYINENHCS CYCIEH3UH, & TaK¥Ke CKOPOCTh 0OPA30BAHUS OCAIKA U
€ro pacrpejesieHue Ha HUKHeH W BepxXHeil CTeHKaxX IIOCKOTO KaHAJIA CYIeCTBEHHBIM O0-
Pa30M 3aBUCAT OT CTEIECHU IepEeMeIlNBaHusA AUCIEPCUOHHON Cpelibl W OT MOIVIOATEIbHONU
CIIOCOOHOCTH CMOYEHHBIX TIOBEPXHOCTEH. YCTAHOBIEHO, 9TO YMEHbBIIIEHIE HHTEHCHBHOCTH TIe-
PEeMeInBaHus /IJIsi CTEHOK C HU3KOH IOIJVIOMIATEIBHON CIIOCOOHOCTHIO YMEHBIIAET CKOPOCTh
CeIMMEHTAIINN TaCTHIl Ha CTEeHKN KaHaJa, & B CJIy9Iae BHICOKOMN MOTJIONATETHHONH CITOCOOHO-
CTH — yBEJIMYUBAET.

Karoweswie caosa: ypasnenue koneexmusnol duddysuu; xpaesan 3adava; npeobpasosa-
Hue Jlanaaca; anaaumueckoe pewenue; MoALURG 0Ca0KY, ceOUMENMAYUR; CTNENEHD Tepe-
MEUWUBAHUA; NO2AOUWAMEADHAA CTLOCOOHOCTIL CIMEHKU.

BBenenne

Uccieopanne ruipoMeXaHuKy CYCIEH3UI HAa4Ya 0Cch ¢ pabor iinmireiina, Kanuuurema u
Cwmoutyxosckoro [1-3], B KoTOpbIX OblLIn CuHTE3UPOBaHbI (beHOMeHoIornYeckue Mozesn 3dbdex-
TUBHO! BSI3KOCTH, €IMHWIHON UKW W OTpPayKeHWs COOTBETCTBeHHO. lIpmMmeneHHasa mMu cxe-
Ma peaJ/iu30BblBaJla I'UIIOTE3Y B3aUMOAECHCTBYOMUX KOHTUHYYMOB JUCIEPCUOHHON U JUCLIEePCHOM
da3 npu JIAMUHAPDHOM DPEXKHMME TedeHUs, YTO J1aBaj0 BO3MOXKHOCTH PACCMATPUBATH MOBEJEHUE
daz oTaeBHO IPYT OT ApYra, a UX B3AUMHOE BJINSHNUE YUNTHIBATH UEPE3 TAK HAZBIBAEMBIE TIPEI-
CTaBUTE/IbHBIE 00bEMBI. DTO TIO3BOJISLIIO UCIOJIB30BATh COBMECTHO ypasHeHust Hasbe — CTokca u
MEPEHOCA JACTUIL TBEP/I0it (pa3bl B DiJIEPOBOM MIPEICTABICHUN MOAUMDUITUTPOBAHHBIMU TEH30PHBI-
MU COOTHOIIEHUSIMU PEOJIONMIECKUX KOMIIOHeHTOB. [lonbiTka [4] pacupocrpanuTs Takoil moaxo/y
Ha TypOyJIEHTHBI peXKUM TeUeHNs CYCIIEH3UU B paMKax HHEPreTHYecKoro mojxoaa Kapmana we
IpUBEJIa K 0XKHUIAEMBIM PE3YJIHTATAM: OCTABAIOCH HE SICHBIM, KAKIM 00Pa30M MOJIyIUTh KOPPEKT-
HYI0 WH(OPMAIIUIO O JIOKAJbHON KOHIIEHTpauu TBEPAOil (pa3bl B 33/adaxX C HEMPOHUIAEMBIMU
rPaHUIIAMYU W O PACIPEIe/IeHIN 0CAJIKa HA CMOYEHHBIX IMOBepxHOCTAX. Ilapasiensuo ¢ dpenome-
HOJIOTUIECKUAM TIOJIX0/I0M CTAJ Pa3BUBATHCS W CTOXACTHUECKUii |5|, 0HAKO OCHOBHas TpobJemMa
pelrenuii pa3jIM4YHOrO CIHeKTPa 3a/1a4 JUHAMUKU JUCIEPCHBIX CUCTEM METOJaMU CTATUCTUYECKOR
bU3UKYM COCTOUT B COIVIACOBAHUU JIOKAJbHBIX XapaKTEPUCTUK a3 Jjisd OJHO3ZHAYHOTO [TOBEEHUS
CyCTIeH3UN B 1ejI0M. Bee mepeunciennbie TPYIHOCTH OCTAIOTCI U B CJIyUae MaJOKOHIIEHTPUPOBAH-
HBIX CYCIIEH3WUI, [IJIT KOTOPBIX BJAUSHUEM TBEPI0# (ha3bl HA HECYIIYIO CPEeay MOYKHO IMpeHedpedb.
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HeobxommmocTh COBEPITIEHCTBOBAHUST TEXHOJIOT U MOy I€HUsT KOMITO3UITMOHHBIX MATEPUAaJIOB,
WCTIO/Tb3YEMBIX B YHEPTETUKE, PAKETHO-KOCMUYECKON TEXHUKE, XUMUYECKON W THUITEBON MTPOMBITII-
JIEHHOCTHU W JIp., B TOCJIe/IHee BpeMs BHOBb IPOOYIUIO MHTEPEC K 3TON TeMaTuKe, MOAPOOHBI
aHasin3 pabor npusesen, Hanpumep, B [6-9]. OgHako, Cyus 10 OJYYEHHBIM [OKA PE3y/IbTraTaM,
npobJjieMa Bce elrie JajiekKa 0T CBOEro Pa3peIeHus.

AJIbTEPHATUBHBIM TIOJXOJIOM JIJIsi ONUCAHUS THIPOMEXAHUKU JIUCIIEPCHBIX CHCTEM SIBJISIET-
Cd WCIIOJIb30BAHNE KOHBEKTUBHO-AU(MDY3NOHHBIX MOJETbHBIX IPEJICTAB/ICHN O Cenapaiuu Juc-
1epcHoit pa3bl B CyCIIEH3USX, KOTOPBIN MOATBEPAUI CBOIO COCTOSITEIbHOCTH IIPYU PEIIEHUN Psijia
BaXKHBIX MpakTmiecknx 3amad [10, 11]. YpaBrenne TpaHcrmopTa MOHOAWCIIEPCHBIX YACTHIL HMEET
CAeNYIONMNN BU,

g:_LvL(u-V)n:V(DVn), (1)

rae T — TeKyllee BpeMs; 1 — JIOKaJlbHas CYeTHasd KOHUeHTpalud; 4 = U + wW; U — CKOPOCTb JIBU-
JKEHUST JTUCTIEPCUOHHOM CPelbl; W — CeINMEHTAIMOHHAs CKOPOCTh dacTull; D — ko3dduiment
muddysun (mepementuanusi). B obimem ciydae @ u D aBasiioTcs (DYHKIIUAMA BPEMEHU, KOOD/IH-
HAT, KOHIIEHTpanny u pazmepa gactur. Ha moBepxroctn ocagka I'; kax mpaswmio, dopmynnpyercs
rpaHudHoe yciosue |12]

(wn + Degradn)|p = [k-n (1 —n/ng)]|p, (2)

rje Nns — CYeTHas KOHIEHTPAlLKUs YaCTULl B3BECH B OCajKe, k — KUHETHYeCKuil Ko3apdduiment,
XapaKTepU3yOIIHii CKOPOCTh BCTPAUBAHUS YaCTHI] B CTPYKTYpPY ocajaka. Coornomrenus (1) u (2),
AONOJTHEHHBIE Ha9aJ/JIbHBIM yCJIOBUEM

nl,—o = 10, (3)

00pa3yI0T HEJMHEHHYIO0 HAYATIbHO-KPAEBYIO 33/1a47y, OMUCHIBAIONLYI0 PA3JIUIHBIE TTOCTAHOBKHU -
HAMWKW MOHOIUCIIEPCHBIX CYCIIEH3WI MIPU HAJWYWHU TPAHAL, 00PA30BAHUS OCATKA.

1. IloctaHoBKa 3agaum u ee pu3mvdecKad JUHeaAPU3aIlus

PaccmarpuBaercst 0HOHAIPABIEHHOE IBUYKEHNE MAJOKOHIIEHTPUPOBAHHON CyCIIeH3UU MOHO-
JIUCIIEPCHBIX CTOKCOBCKUX YACTHUI] B IJIOCKOM CJIOE, Ha BXOJ€ KOTOPOI'O OCYIIECTBJISIETCS M01a4a
CyCIEH3HMHU ¢ MOCTOAHHOM KoHnenTpanmeii (puc. 1).

| ol B
w

Puc. 1. Pacuernasa cxema

B cuny ManmoOKOHIIEHTPUPOBAHHOCTH CYCIEH3UN BJINUSHUEM YACTHUI] HA THIPOINHAMUIECKYIO
CTPYKTYPy TE€YEHUsi MOXKHO HPEHEOpedhb, TaK YUTO OINPEe/IeHUE U BO3MOXKHO M3 HECOIPIZKEH-
HBIX C TI0JIEM KOHIeHTpamuu dactut] ypasHenuii HaBbe — Crokca miu ypaBuenuit Peitnosibca.
UsBectHO [13], 9TO AOBOJBHO CJIOKHOE PEIeHNe MHIPOJINHAMUYIECKOl 331a4n MOKET ObIThH 3aMe-

HEHO TUAPOAMHAMHUYICCKUM PDEXKUMOM NIEAJTHBHOTO BHITECHEHU A, KOTOprfI B ITIepBOM HpI/I6.HI/I}KeHI/II/I
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BIIOJIHE aJIeKBATHO OIMHUCHLIBAET, HAIIPUMED, TyPOYIEHTHOE TeUeHre MAJTOBA3KUX CPeJl, OTKYIa CJIe-
ayer, uto v ~const. Jlajee, Tak Kak 9acTHIBI MMEIOT CTOKCOBCKYIO NMPHUPOJY, TO U W ACONSt.
Kpowme Toro, 6ymem cumrarh, aTo D ~zconst, a TakxkKe He yINTHIBATH dPMEKT CKOIbKeHus ¢as.
Takum 00pazom, B BRIOpaHHOl cucreme koopaunar (puc. 1) ypasuenne (1) 3anumercs
on(z,z,7) on(z,z,7) on (z,z,7) 0*n (v, z,7)  0’n(x,z,7)
=—v +w +D 5 5 . (4)
or 0z ox Ox 0z

B cuny kBazucranmonapuoctu paccmarpusaemoii 3agaun 0/01 = 0, a nuddy3uonHbIi 1IEPEHOC
YaCTUI] B HAIPAB/ICHUN 0Z CYIIECTBEHHO MEHBIIIEe KOHBEKTUBHOTO, MOaydnM u3 (4)

on(x,z)  On(z,z) 0?n (z, 2)
o TV o D ox? (5)

T'pannanbie yenosust (2) u (3) ¢ yaerom Toro, 9ro 1 <K N, MOAUMUIMPYIOTCS B CIEAYIONINH BUT:

n (z,0) = no; (6)
wn (0,2) + Dané(;,z) =kyn (0,2); (7)
wn (h, z) + D@néi;,z) = —kyn (h,z), (8)

rme ky, ky — KuHeTndeckue K03 UIMEHThI, XapaKTepU3yIOIye CKOPOCTh BCTPANBAHMS TACTHIT
B O0Ca/IOK Ha HUKHEN 1 BerHefI CT€HKaX KaHaJla COOTBETCTBEHHO.

J1s1 cokparmenns dnciia He3aBUCUMBIX IepeMeHHBIX B cucreme (6) — (8) mpusenem ee k Ge3-
pasmMepHoit popme 3arnmncn:

ON(X,Z) ON(X,Z 9N (X, Z
éZ - {E?X )+BO ' 3;2 ); (9)
N (X,0)=1; (10)
N (0,2) +B01‘W8()0(’Z) =KyN(0,2); (11)
N(1,2) +Bo—IM =-KyN(1,2), (12)

0X
rne Z = wz/(vh); X = x/h; Bo = wh/D — uancno Bonenmreiina; K, = ky/w; Ky = ky/w.
Ormernm, uTo kpaesas 3amada (9) — (12) aBasiercss TUHEHHOMN, U, CIEIOBATENHLHO, €€ PEIIEHNE
MOKET OBITH MOJTYUEHO KJIACCHYECKAMHI METOZAME, HAIIPUMED, ¢ IOMOIILIO OJHOCTOPOHHErO IIpe-
obpazosanus Jlamiaca [14].

2. ABpaJmuTu4decKoe penieHmne

N306paxenune cucrembr (9) — (12) mo Jlammacy 0THOCMTENLHO EPEMEHHOT Z TaKOBO:

d’Np, (X, s) dNp, (X, s)
T—FBOidX —BO‘S‘NL(X,S)——BO, (].3)
dN.
Np, (0,5) + Bo_lw = KyN., (0,5); (14)
dNp (1
N (1,5)+Bo™! Z)((’S) = KyNg (1,s), (15)
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rae s; Np — m3obpaxenuss Z u N COOTBETCTBEHHO.
O6mee pemenne (13) — (15) ectnb

Np(X,s) = %+ [Cish(BX) + Cach (BX)]exp (—P;OX> ,

e 8 = 4/Bo? / 4+ s-Bo; Cq, Co — KOHCTAHTHI HHTEIPUPOBAHUSI, KOTOPBIE OMPE/IEIEHbI U3 yCJIO-
Buit (14) u (15). ITosromy
e (X, s)

N (X,5)= =+ e, (16)
T = (i () e (%) a1 ) s
+Bo~ g ]} X, {—Bo—l (1 + Ku) exp (B;) n
(1) 2 omtens] Y ) e (B2)
o161 = ot i e [oor2st (5 1) (2 1) 221,

Herpyano nokazare, uro ¢ (X, s) u 1 ($) asasiorcs 06001IEHHBIME TTOJIMHOMAMME, IIPUYEM CTEIEHb
¥ (s) Gosbmre crenenn ¢ (X, 8), MO3TOMY BOCHOIB3yeMCsT BTOPOil Teopemoii obpamenns Jlamtaca
[15]. s sToro maiigem Kopuu ypasaenus ¢ (s) = 0, koropsimu OyayT: 1) s = 0; 2) meiicTBuresin-
HBIIT KOPEHb A YpaBHEHUsT

thA =p\/ (¢ —A?); (17)

u 3) 6ECKOHETHOE CUETHOE MHOYKECTBO KOPHEH (i, YDABHEHUS

tg fin = ppn/(q— p12), n=1, oo, (18)

rue

1
p=DBo(Ky+Ky); ¢=Bo? (_Kb> <+KU>-

IIpu p >0, ¢ > 0 u p < q ypaBuenue (17) mMeer OIUH KOPEHb B HHTEPBAJIE (0, \/6), anpup > 0,
g >0wup>qumxkornap >0, ¢ <0y ypauenus (17) meiicrBurenbubix Kopueii Her. [Ipu p > 0,
q >0 u p < q ypasuenue (18) numeer mo o1HOMY KOPHIO B MHTEPBAIAX TTEPUOUTHOCTH (DYHKIIUH
tanrenc, npuueM B uarepsase (0, 7/2) neiicrBurensubix kopueit met. [Ipu p > 0, ¢ > 0u p > ¢
ypasuernne (18) mmeer 1mo OHOMY KOPHIO B MHTEPBAJAX MEPUOJAMIHOCTH (DYHKIIUHM TAHTEHC, a
Takxke Kopeub B untepsase (0, 7/2). U, nakonemn, pu p > 0, ¢ < 0 ypasuenue (18) ma ommom
W3 WHTEPBAJIOB MEPUOINIHOCTH (DYHKIIMU TAHTEHC WMeeT j1Ba KOopHs. Homep sToro maTepsasia
onpeJieaeTcs BeTHInHOlM /q.
U3 Beimeckazanuoro ciaeayer, yro opurunan (16) ecrnb

B N \(X,Z)+ N, (X,Z), upup >0, ¢>0up<g;
N(X’Z){ N, (X,Z), upup>0,q¢>0,p>qumupup >0, ¢ <0, (19)
rje
A B A B
N\ (X,2) = [)\)‘sh()\X)—FB)\ch()\X)} exp [—QOX—F <B — 40> Z]/C,\;
0
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N, (X,Z) = nf:l [;1: sin (4 X) + By, cos (unX)] exp [ %X (g’; +B4 > Z} /cu;
Ay = (1+ Ky) <; — Kb> exp () —(1-Kyp) [(; ~|—KU> ch A 4+ Bo lAshA}

B 1 h A
By = —Bo '\ (1+ Ky)exp <2°> + (1 — Kp) [(2 + KU> ST + Bo 1ch/\}
h

A+ Bo IA"lsh \+

2 1
+2B7;2 [];\02—<2— )( +KU>] Ch)\—)\_lsh)\)};

1 B 1
A, =1+ Ky) (2 — Kb) exp ( 20> (1 - Kp) [(2 —i—KU) COS [y, — Bolunsinun] ;

n

B .
B, =-Bo ' (1+ Ky)exp <20) + (1 - Kp) [<2 + KU> PHn 4 Bo~! COS,LLn:| ;

-1

ws  Bo sinu, Bo .
C, = — 4+ — K K
" <B0+ 4>{( v+ Kp) o T, St

Bo | wi 1 1 sin iy,
— K -+ K — .
+2Mn [B 2" <2 b> (2 " U>] (COSMH Hn >}

OcpesHeHHOE TI0 ONEePEYHOMY CEUYeHHIO 3HAUEHUE JIOKAJILHOM KoHlenTpamyun (19) rakoso:

N, (Z), npup>0,¢q>0up>qumupup >0, ¢ <0,

s {(318) st o - 3) 1
(m) - (2] ()]

4
N.(Z) = i <{A“ [Mn - <B2Osinun —i—uncosun) exp ( )]

n=1 P

8,2 - (% cons - s ) (~22)] 1
el () /o (44)])

Hawubosiee BarkuO# xapakTepUCTUKON JIBMKEHUS CYCIIEH3WH B KAHAJE SIBJISIETCH PaCIpeie-
JIEHHE TOJIMIWHBI OCAIKA YACTUIl HA CMOYEHHBIX I[IOBEPXHOCTSX. PacdeTHble COOTHOMIEHWA /T
TOJIIMHBI OCAJIKA HA HUKHEHl CTEHKe KaHa/a MOJIydYeHbl u3 cjeayionmx coobpaxkenuit. 13 (7)
CJIEJTYeT, 9TO JIOKAJIBHBII IITYIHBINM TOTOK YACTHUIT HA IOBEPXHOCTH OCAXKJIEHUS €CTh

rae

j(0,2) = kyn (0, 2),
OTKY/la UX JHUCJIO HA 3JIeMEeHTapHoi miomaau dzdy Oymer

dm (0, z) = kyn (0, 2) drdzdy,
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rie dy — 37eMeHT JJINHbI B HampaBjeHuu maockoctu oxy. C Apyroit CTOpOHBI, 00beM OJHOI |a-
CTHUIBI paBeH V), = kyI3, rae ky — koadbdurment GhopMbl 9aCTHIB ¢ XaPAKTEPHBIM PAa3MepoM [,
TOr/a 00Nl 0ObeM YACTHUI] HA 3JIEMEHTAPHON IIJIONIA N COCTABUT

AV (0, 2) = Vudm (0, 2) = kyPkyn (0, 2) drdzdy.

VauTsiBag MOPO3HOCTEH OCAIKA Uepe3 €, MOJYINM BEeJIUINHY TOJIIUHBI 0CAIKa Ha 3JeMeHTapHOMN

ILIOIIAIA B BUJIE
ky (3 dz
d =—Fk —. 21
5(0,2) 1—¢2 b’I’L(O,Z) v ( )

Coornormenwe (21) B 6e3pazmeprom TucdepeHInaIbHOM BUe TAKOBO

dA(0,z)
= = KN (0.2), (22)

3
rae A (0,z) =4 (0, z)/(kl‘ilE hn()); K KOTOPOMY J00ABJISIETCST OUEBUIHOE YCJIOBHUE

A (0,00) = 0. (23)

3 (22) un (23) OKOHUATENHHO MOTYIUM
z
A0,2) = K, / N (0, 2)dZ. (24)
oo

AHaJOormYHOEe COOTHOIIECHUE MOXKET OBITh 3aIIUCAHO JId Oe3pa3MepHOii TOIIIIHBI 0CAIKA Ha BEPX-
Hell CTeHKe KaHaJla

Z
A(1,7) = KU/N(l,Z)dZ. (25)

3. Pe3yabTaThl pacdyeToB

[esbi0 pacyeToB SBJISIOCH YCTAHOBJIEHWE 3aKOHOMEPHOCTENH KMHETUKH OCAXKJIEHUs TBEPIOi
CbaBbI B CyCIIEH3UU B 3aBUCUMOCTHU OT MHTEHCUBHOCTU IMEPEMEIINBAHUA ILI/ICHepCI/IOHHOI‘/’I cpeabl n
BJINSTHUE IOTJIOIIATEIbHON CIIOCOOHOCTH CTEHOK KaHaja Mpu 00pa30BaHUK OCAIKA.

ITpu MHTEHCHBHOM NEPEMENMBAHUY CYCIeH3MH B KaHase U MaJioi MOorJIomareabHoi crnocoo-
HOCTHU CTEHOK KaHaJia JIOKaJbHasg KOHIEHTPAIWsl JaCTHUIl [0 JIJINHEe KaHaja uMeeT Caabo BbIpa-
JKEHHYI0 HEOJHOPOTHOCTH (pUC. 2 a), CBSI3AHHYIO C JeHiCTBHEM CHUJIbI TSIXKECTH Ha YACTHUIIBI, UTO
OTJINYa€TCA 3aMETHBIM TMOBBIMIEHUEM KOHIIEHTPAIUW YaCTUIL y HUXKHEN CTeHKHN KaHaJla. KaK BU/I-
HO W3 puc. 2 6, AeliCTBUE CUJIBI TSAKECTH TaK¥Ke OKA3LIBAET BJUSHNUE HA TOJIIUHBI OCAIKOB HA
CMOYEHHBIX ITOBEPXHOCTSIX, 3aMETHO Pa3/IMJaloNuxcst Mexkay coboii. OQueBWaHO, 9TO TpU ere
GosbIieM yMeHbieHnr Bo (yBeJndeHus HHTEHCUBHOCTH TIEPEMEIUBAHNSI) 9TO PA3Indue OyIer
HUBE/INPOBATHCA.

Ecnn yMeHbUINTH MHTEHCHBHOCTD MTepeMeIuBanus (yBeJnauTh ducao Bogenmreitna), To Jjo-
KaJbHas KOHIEHTPaIus TBepaoi (a3bl CHadaaa CyNECTBEHHO BO3PACTAeT Ha HUXKHEH CTeHKe
KaHaJ/a, a 3aTeM HAYMHAET YMEHBIIAThCS B CHIY OCaxKeHus dactuil (puc. 3 a). Ilpu srom mpo-
necc 00pazoBaHus OCaJIKa YaCTUIl TPOMCXOJAUT HA MEHbIIEH JIIMHE KaHa/a, ¢ ero JIOKaJIu3alueit,
B OCHOBHOM, Ha HUXKHEH CMOYEeHHOiT moBepxHOCTH (puc. 3 0).

ITpr MHTEHCUBHOM TMOTJIOMEHNN YACTHIL CTEHKAMHU KAHAJIA B IIPOIECCEe OCAYKICHUS UX JIOKAJb-
Has KOHIIEHTPAIWs B s/IPe TIOTOKa OOJIBINE, 9eM y CMOYEHHBIX TOBepxHOCTell (puc. 4 a), mpuuem
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JIOKAJIbHAS KOHIEHTPAIUS YACTAI OO/IbIIE y BEPXHEHl CTeHKH. DTUM OODbICHICTCA W TO, 9TO TOJI-
HIMHA 0CA/KA HA BEPXHEH CMOYEHHOI MOBEPXHOCTH OO/IbINe, YeM Ha HuKHEd (puc. 4 6).

VYMeHbIIeHre HHTeHCUBHOCTH EPEeMETUBAHNS JUCIIEPCUOHHON CpeIbl IIPU TEX K€ KHHETHIe-
CKMX XapaKTePUCTHKAX CTEHOK KaHaJa MPUBOAUT K TOMY, YTO TI0 JJIMHE KaHasa (hOpMUPYETCs
HEOTHOPOJHOE SIPO YACTHIL C JIOKAJILHON KOHIEHTPAIMel YACTHIl, CMEIIEHHOHA 10 HAIIPAB/ICHIIO
K HUKHEHl CMOYEHHON MOBEpXHOCTH (PHUC. 5 a). DTO NPUBOAUT K TOMY, YTO TOJIIMHA OCAJIKA HA
HIDKHENl CTeHKe 3HAYUTEebHO OOoJiblie, deM Ha Bepxueii (puc. 5 6). Kpome Toro, B 3TOM Ciayuae
CKOPOCTH OCAKEHUST YACTUILL CYCIIEH3UN 3aMEIIAETCS.

BrIsiBIeHHBIE 32KOHOMEPHOCTH TTO3BOJIAIOT YIPABIATH MPOIECCOM CeINMEHTAIINN TBEPIOi
da3bl cyCcren3nm.

X
g Rl 3 2 1
0,5
0 0,5 Y 0 5 e
a 0

Puc. 2. JlokaabHas KoHIeHTpalws (a) npu pasaudabix Z: 1-0; 2-1,0; 3-3,0; 4-4,0; 5-10,0;
CpeJiHsIsl KOHIIEHTPAIIUS 110 JJIHHe KaHAJIA U TOJIIIUHBI OCAKOB Ha BepxHeil (Ay) n HuzKHell

(Ap) crenkax (6) mra Bo=0,1; Ky =0,1; K, =0,1

X
1
L~
0,5
il
,_,-"""--
2
\\-—_. 3
0 3,5 N
a 6

Puc. 3. JlokaibHas KoHIeHTpanus (a) mpu pasauanbix Z: 1-0; 2-0,1; 3-1,0; 4-2,0; cpeansist
KOHIIEHTPAIUS IO JITHHE KaHAJA U TOJIIUHBI 0CAIKOB Ha BepxHeil (Ay) u HuxkHeir (Ap)
crenkax (6) st Bo=10,0; Ky =0,1; K, =0,1
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X
5| 4 3 2t &
0,5 L
0 0,5 N
a 0

Puc. 4. JlokanpHas KoHIeHTparws (a) npu paandaabix Z: 1-0; 2-0,1; 3-3,0; 4-4,0; 5-10,0;
CpeJHss KOHIIEHTPAIIUS 110 JI/TAHEe KAHAJIA U TOJIIHHBI OCAJKOB Ha BepxHeill (Ay) u HuzKHel
(Ap) crenkax (6) mis Bo=0,1; Ky = 10; K, = 10

0,3

0 0,5 I,
a 6

Puc. 5. JlokanabHast KOHIeHTpanus (a) mpu pasanunbix Z: 1-0; 2-0,1; 3-0,3; 4-0,6; 5-0,8;
CpeiHA s KOHIIEHTPpallud 110 JJAUHE KaHAJIa U TOJIIAHBL OCA/IKOB Ha BepXHel (AU) U HUXKHEH
(Ap) crenkax (6) qa Bo=10; Ky = 10; K, = 10

Paboma nposodusacy npu punarncosoti noddepocke PODHU no epanmy M 13-08-00261.
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A Linear Model of the Motion of a Low-Concentration
Suspension of Monodisperse Stokes Particles in a Flat Channel

V.1I. Ryazhskih, Voronezh State Technical University, Voronezh, Russian Federation,
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In the framework of the convection-diffusion approach to the monodisperse low-
concentration solid phase sedimentation in a suspension moving in a flat horizontal
channel, we obtain a linear boundary value problem for a parabolic equation on the
local concentration of particles. We impose boundary conditions of the third kind using
the condition that the flux of particles on the wetted surface is proportional to their
concentration at the wall. Integral transformations yield an analytical solution of the stated
boundary value problem, which we use to find the relations to determine the thickness of
sediment on the bottom and top walls of the channel. Simulations show that the kinetics of
the solid phase settling from a flowing suspension, as well as the sediment formation rate
and its distribution on the botton and top walls of the flat channel, substantially depend on
the degree of mixing of the dispersion medium and the absorption capacity of wet surfaces.
We establish that for walls with low absorption capacity a decrease in the mixing intensity
reduces the rate of particle sedimentation on the walls, but increases it in the case of high
absorption capacity.

Keywords: convection-diffusion equation; boundary value problem; Laplace transform;
analytical solution; sediment thickness; sedimentation; degree of mizing; wall absorption
capacity.
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