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Element Formulation of a System of Convection-Reaction Nonlinear Equations —
Fixed Bed O-xylene Oxidation //Comput.&Struct. 1997. vol. 62. No.3. p. 539-554.

Y.S. Kozarevska, G.A. Shynkarenko, O.G. Shynkarenko

Regularization of numerical solutions of variational problems of
solute migration: localized least squares

Present paper introduces a regularized Galerkin scheme for the solution of
variational problems of solute transport in the incompressible medium. The scheme
brings in a sum of additional terms to the initial variational equation, each of them
denotes balanced penalizing of corresponding residual norm of the migration equa-
tion on each finite element of triangulation. The results of numerical treatment of
boundary layer problem show that Localized Least Squares Approach eliminates
non-physical behavior of the various order finite element solutions and is able to
compete successfully with Stabilizing Douglas-Wang Approach.
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YuceabHe pO3B’A3YBAHHSA y3arajibHEHHX 32524
ONTHMAJBLHOIO PO3MiMEHHS AXepeJia MACHBHOI cy0cTannil

1. OcHoBHI NPHIYMEHHN TA NO3HAYECHHSL.

Hexai B neskid oonacti Q, Towok x={x, ., esKrizoBoro mpo-
cropy R" 3 sHemepepsror 3a Jlimmmmem mexero I' posramosano M
JiIOYMX TOYKOBHX JUKEPEII MACHBHOI JOMIIIKH, IHTCHCHBHICTh SKMX BH3HA-

Ya€ThCA (PyHKILEO
M
f=r®=) 0,8x';%),
J=l

ne O, — IHTEHCHBHICTH /DKEpena, posmimesoro B Toumi X’ €Q;

-
&(x’;x) = {:)’ - xj ~ ¢yuxmia [ipaka. Hexaif obnacts €2, Micrute N
L XEE

maobaacreit Q, < Q,, k=12,...N, sxi Hazam HA3HBATHMEMO EKOJIOIYHO
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BAKIMBAMH 30HAMu. /U1 mMITPHMAHHA  OKETTEILMUIBHOCTI  30H
Q,, k=0..N, noBuHHI BHKOHYBAaTHCh YMOBH
Ton =Fg ()= J'g(f)dx <C,, k=0,]_..N,
Q
ae C, =const >0~ rpaHdyHO JONYCTHME €KOJIOTIYHE HABAHTAXKCHHSA HA
30Hy €2, , F'YCTHHA AKOTO BH3HAYAECTHCA JCAKO0 QyHkmiewo g(f).

2. llocranoBka y3arajasHEeHOl 3aja4 ONTHMAJIBHOIO
po3MimeHHs JpKepe/ia NaCHBHOI CyOcTanmil.

ChopmymoemMo Temep y3arajbHEHy 33434y  ONTHMAJILHOIO
PO3MIIIEHHA HOBOIO [DKEpena JOMIMKH B obnacti (), ska BPaxoBye€ i cre-
ua(ivH YMOBH A1 KOXKHOI €KOJOriYHO BAXUIMBOI 30HH, 1 HEOE3NEKy 3a-
OpyaHeHHs obnacri (3, B LiIoMy:

gudinumu obnracme D cQ, movox x° ={x‘,’

H

}::.1 MONCTIUBOZ0

PO3MieHHss HO8020 Oiicepena nacueHol OoMiwiku i3 3a0anoi0

inmencugnicmio f,(x) = Q,3(x’;x) maxy, yob

Ja, (F+ 1) = Ig(f+f0)deC* vx'eD, k=0L..N, (1)
Qk

i po3nodin xonyenmpayil domiuxu u =u(x) eusnavasca Kpaiosow

3a0ayero

rdivq+0‘u = f(x)+ f(x°),

= Ou
q;, —uw, +Zpga~=0
J

J=1

(2)
u=0 ma I, mes(I',)>0,

Z(q,. —uw, v, =au-u ) Ha [y, I'y =T'\T;,.

\ i=1

Tyr p= {p ,j(x)}" — MATPHIA 3ajaHuX KoedinienTis audy3ii 3 BIACTHBO-

i, j=1
CrAMH cHMeTpii Ta omaTHBOI BH3Eauemocti, w ={w,(x)}’, - Bexrop
IMBHIKOCTI MEPSHECEHHS AOMIIIKH, IO 3aJ0BOIBHAE YMOBY HECTHCIHBOCTI

ow
> ax‘ =0 B Q,; 6 =0(x)>0 ~ xoedimicur GioxiMiuHoro posmaxy cy6-

i=1 i

crammii, v= {v,.}:'zI ONMHWYHHH BCKTOP 30BHIEBOI Hopmam x0 [
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a=0fx)20 - xoedimieHT B3aEMOMii 3 KOHTAKTYIOMHM CEPEJOBHIIEM;
u, = u,(x) — inTencuBricTs pKEpeN CyOCTAHIL, posnoninennX Ha Mexi T',.

3. Anropat™m pO3B’S3YBaHHS 3azadi ONTHMAJILHOI 0
pPO3MIMEHAS.

Jng ONTEMATBHONO PO3MIMICHHS HOBOTO HKEpPE/ia JOMIMKH MOTYXK-
HicTio Q, B obnacti 2, 3HainEeMO 3aneXHICTH PiBHA 3a0pyHEHOCTI €KO-
JOrYHO BRKIMBHX 30H (2, Ta obmacti Q, Bix Horo xoopauuaty [1, 2, 3]. B
JAHOMY BHIIAAKY ITJ €KOJIOTIYHWM HABAHTAXKCHHAM HA AesKy obnacte Oy-
JIEMO PO3YMITH iHTErpaIbHy KiBbKICTh CYOCTAHIi, MO 3HAXOAWTECSA B HiM:

Is, = j' poudx, k=0]L..N, 3)
Qg
L xeQ, .
ae p.(x)= 0. xeld.” Exonoriune HaBanraxkeHHs (3) moxe Oyta BHpa-
> X k

HKEHE TAKOXK Yepe3 W, (x) — po3B 430K 3aa4l, CIIPSDKEHOI 110 (2), 3 mpaBoio
YacTuHOXW p, (x) [1, 2, 3]:

Jap = [(f+foweds+ [ou p,dy, k=0L..N. )

Qp Ty

Taku# cnoci6 o6uucnenns Qykwionany J, A03BONSE YHHKHYTH Gararo-
Pa3oBOro po3s’sA3yBaHHA 3a7a4i (2) 3 pI3HAMH NPABMMH YacTHHaMH. [
3HAXO/DKCHHA 3HAYeHb J, Y PI3HHX TO4YKaxX obnacri 2, AOCTATHBO OJMH
pa3 OOYHCIHTH PO3B’A30K CHPSDKCHOI 33134l , (x) .

3ayBaXHMO, IO JJIA PO3B’A3YBAHHA BapialliiHMX NMPsMOI Ta COps-
MKEHOI 0 HEl 33334 MOXKYTh OyTH BHKOPHCTAaHI OXHI ¥ TiI CaMi MpoeKuiHHO-
CITKOBI CXeMH [2].

4. YnceroHAi NPUKIIAL.

Hexali mponec ABOBMMIpDHOI CTAamiOHAPHOI Mirpamii JOMIIIOK ONM-
cyersca piBrsHEAME (2) B obmacri Q, =(0,30)x (0,30), mo MiCTHTE €KO-
moriveo BakmuBi 3oHE 2, =(1530)x(0,10) Ta Q, =(20,30)x(25,30)
(puc. 1). TToxmazemow =(2,0)7, By =const=p= 10°,0=0, Y, mi,
C.=08 C,=02,C,=25 0,=008 M=3, ¥=005), O. =004,
x* =(5,25), 0, =0.04, »* =(25)5), 0, =04.

Posnomin xoHuerTpanii nomMimku B obnacri 2, OO0 pO3MIiLICHHA B
Hiil HOBOTO /DKEpEia AOMIIKH 300paXkeHO Ha PHC. 3.
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Puc. 3

Hapanraxenns Ha 308M €2, 2, Ta ), ABIAOTH COO0K0 (yHKii

BiJl KOODAMHATH HOBOIO /DKEpElla 1 BHPAKAIOTECA [Epe3 PO3B A3KH
BLANIOBLAHAX CTIPSDKCHHX 33a4:

3
Jo, M) =Qw )+ Qu,(x"), k=0,12.
=1

IMpoekuii  TEPCTHHIB rpadikiB  (QyHEKUIH ~ HABAHTAXKCHB
Jo,» k=0,1,2, 3 BIANOBITHHMHA MIOMMHAMHE PiBEA z = C, HA TUIOMHHY



YucenpHE pO3B’ A3yBaHHA y3arajJbHECHUX 33434 75

Oxy 300paxkeHi Ha pHUC. 2 SK 3aIITPHXOBaHI 00nacrTi. Po3MimieHHS HOBOrO
IDKEepena JOMIlKH iHTeHCHBHICTIO Q, B Takux 001acTaxX mpu3BeAe A0 TO-

ro, mo €KOJOriyHi HABAHTAXKCHHSA HA NEAKI 30HH NEPCBHINATH IPAHHYHO
nonycTeMi. TOUKH, AKi HE HANEXKATh 3AMTPUXOBAHEM 00JIACTSIM, € TOYKAMH
mrykanoi obnacri D .

Bci wncenbHI PO3B’A3KH OTPMMAHI 3 BHKOPHCTAHHAM 3BHYAWHWX
KyCKoBO-TiHi#amx ampokcmmaui#i MCE, monosrenoro cxemoro [yrnaca-
Bawnra [4], Ha pIBHOMIPDHHX CITKax i A00pe y3roKyIOThCA 3 PO3B’A3KAMH,
OTPHMAHHMH 33 JONOMOroK nporHnoTokosoi cxemu MCE 3 BmkOpHCTaH-
M yskiH-Oyas6amoxk [5].
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O. M. Kozyak, G. A. Shynkarenko, O. G. Shynkarenko

Numerical solution of generalized problem of optimal location of
source of passive substance

Present paper is dedicated to forecast of consequences of location of addi-
tional point-wise source of passive substance in a certain region with active sources
and defined tolerated loads on ecologically important zones. A scheme of solution of
generalized problem of optimal location of such source, which employs solution of
conjugate boundary problems, is considered. A numerical example obtained with
Douglas-Wang upwind scheme is presented.
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