-

View metadata, citation and similar papers at core.ac.uk brought to you byji CORE

provided by Electronic archive of Ternopil National Ivan Puluj Technical University

O.MpucsikHiok. CuHeynsipHo 36ypeHi 3adauyi muny «®inbmpayisi—KoHeeKyis—o0ugy3is—mMacoobmiH» i3
ypaxyeaHHsiM mepmopexumy / O.fMpucsixHrok // Bichuk THTY. — 2014. — Tom 73. — Ne 1. — C.259-268. —
(MamemamuyHe ModQesT08aHHs. MameMamuka. isuka).

VIIK 517.955: 519.673
O. llpucsxHIOK

Pignencoxuii deporcasruii cymanimapnuti yHieepcumem

CUHI'YJISAPHO 3YPEHI 3AJAYI TUITY «®PIJIbTPALISA-
KOHBEKIIA-AUPY3ISA-MACOOBMIH» 13 YPAXYBAHHSM
TEPMOPEXUMY

Peztome. Cehopmosano npocmopogy cuHeyisApHo 30YpeHy Kpaiosy 3a0avy Ona CucmeMi HeniHiliHux
PIGHSHb MPUKOMIOHEHMHO20 KOHBEKMUBHO-OUPY3INHO20 MACONEPEeHOCY pPOYUHHUX V (Dinempayiuniii meyii
DPeuosUH 3a YMO8 MAanux Ougysii ma nopooiceHo20 peaxyiclo 080X cOpMi6 POZUUHHUX PEUO8UH MACOOOMIHY 3
VPAxXyGaHHAM MeMNepamypHo20 pedcuMy 6 2O0PU3OHMAIbHOMY NOPUCHIOMY RHIACmi — KPUGONIHIUHOMY

napwleﬂemnedl, 05M€cheHOMy NOGEPXHAMU meYdll ma eKEINOMeEHYlANbHUMU NOBEPXHAMU. 3 mounicmio 0(8 )

noby008aHO ACUMIMOMUYHE PO3BUHEHHS. IT pP036°A3KY, W0 0AE MONCTUGICHb AGMOHOMHO OONOGHIOGAMU 00

KOHBEeKMUBHOI CKIA0080I p036’3KY MACOOOMIHHI ma Ou@y3itiHi KOMNOHEeHMY, a MAKOIC NONPABKU HA 8UXOOI

Qinempayitinoi meyii ma ennug 6iunux ddxcepen 3a6pyonens. Hagedeno pesynomamu yucnosux po3paxyHkis.
Knrouoei cnosa: konsexmugrna oughysis, MacooOMiH, MeMnepamypHuUil pex’cuMm.

O. Prysyazhnyuk

SINGULARLY PERTURBED PROBLEM OF THE «FILTRATION-
CONVECTION-DIFFUSION-MASS TRANSFER» TAKING INTO
CONSIDERATION TEMPERATURE REGIME

Summary. The problem of mathematical modelling of convective diffusion with mass transfer, which is
important when solving the problems of prediction of surface and groundwater pollution by harmful impurities
has been analysed in the paper. Spatial singularly perturbed boundary value problem for the system of nonlinear
equations for three-component convection diffusion mass transfer of soluble in the filtration flow substances
under conditions of small diffusion and mass transfer generated by the reaction of two types of soluble substance
has been formed, the influence of change of ambient temperature (due to thermal effect of a chemical reaction)
on the rate of diffusion and mass transfer (generated by the corresponding reactions) processes, being taken into
account.

The problem is solved in a horizontal porous layer — a curvilinear parallelepiped, bounded by flow and
equipotential surfaces. As in the case of solving of two-dimensional convection diffusion problems of this type,
when filtering groundwater, at first we perform the transition from the curvilinear physical area of filtration to
the corresponding area of complex potential the parallelepiped with sides parallel to the coordinate axes. The
problem of grid construction is solved automatically; the equation of convective transport is simplified; the
stated problem is reduced to the canonical domain, and the corresponding solution can be represented in

numerical — analytical form. On this basis, with accuracy O(£?) in the area of complex potential we construct

asymptotic expansion of solution of the problem of convective diffusion under condition of two-dimensional
filtration, including small exothermic bimolecular reaction of soluble substances, which to significant level
allows remotely add to the convective component of the solution the mass transfer and diffusion components, the
corrections for the output of filtration flow, and the effect of lateral sources of pollution.

The results of numerical calculations confirmed the predicted acceleration of the flow mass transfer
and diffusion processes under the influence of the thermal effect of the chemical reaction.

Key words: convective diffusion, mass transfer, temperature regime.

ITocranoBka mnpodaeMu. MaTeMaTHUHE MOJICITIOBAHHS IPOIECIB KOHBEKTHBHOL
mudy3ii 3 ypaXyBaHHSIM MacOOOMiHY 3HAaXOJMTh BaXJIMBI 3aCTOCYBaHHs IPU BUPIIICHHI
mpoOJieM TPOTHO3YBaHHs 3a0pyAHEHHS TOBEPXHEBUX Ta IiJ3eMHUX BOJ MIKiITHBAMH
qoMimkaMu. SIK BiOMO, 3 IUIMHOM 4Yacy BHACTIJIOK JIOJCHKOI MisUTIBHOCTI Bce OuIbIe
MIKiJTABUX XiIMIYHO aKTHBHHUX PEUOBHH IMOTpAIUIsie B pupoHe cepenosuine [1]. Came Tomy
Ipy MaTeMaTHYHOMY MOJENIOBaHHI TaKUX TIIpOLECiB 1 BHHMKAae NOTpeda BpaxyBaTH
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MOJKJIMBICTh BTpaTh 4yM HAOYTTS KOHIEHTpauii 3a0pyAHIOIOUUX PEUYOBUH Yy (imbpTpariiiiii
Tedil BHACNIJIOK iXHBOI peakilii. BUTBIIICTh TaKMX peakIilii MpPOXOJATh 3 BHJILICHHSIM YH
MOTJIMHAHHSAM eHeprii [2], ToMy HeOoOXiJHO BpaXOBYBaTH BIUIMB 3MiHH TeMIIEpaTypu
CepeIOBHINA Ha MBUAKICTE Mepediry qudy3iiHuX Ta MacOOOMIHHUX (ITOPOJKECHUX TEBHUMHU
XIMIYHUMH peakIlisiMH) IPOIIECiB.

AHami3 ocTaHHIX gocaikeHs i myosikamiii. Ha ocHoBi [3—4] B [5-6] po3poOieHo
X1 10 PO3B’sI3aHHS ABOBUMIPHUX 3a/1a4 KOHBEKTHUBHOI Au(y3ii mpu ¢inbTpamii mia3eMHux
BOJ, IMO TPYHTYETbCS HA MEPeXOil BiJ KPHUBOJiIHIAHOI ¢i3uuHOi o0yacTi ¢iapTpartii,
oOMeXxeHol JHIIMH Teuil i eKBINMOTEHIJAJILHUMU JIHIAMH, 10 BiANOBIAHOI 00JacTi
KOMIUIEKCHOTO TIOTeHIiany (MPSMOKYTHHKA 3 MapajelbHUMH OCSIM KOOPJWHAT CTOPOHAMH).
[Moennyroun 1€l miaXix i3 YHCIOBO-aCUMITOTHYHHUMH METOJAMH, OTPUMAaHi pO3B’s3KH
HAaWTUIOBIMAX  IUTIOCKAX  3amad  «(iIbTpaIliss—KOHBEKIiI— T (y3iI—Maco00OMiH»  JIIs
OaraTo3B’s;3HUX obnacteit [5—6]. YUumarno poOit, Hampukiaan [7-8], IpUCBSIUYEHO MUTAHHIO
MOIIAPEHHS JTAHOI METOJMKH JI0 PO3B’s3aHHS IPOCTOPOBHX 3aJad KOHBEKTHBHOI JH(DY3ii.
AKTyalpHOIO 3alHINAEThCS TpoOJieMa 3acTOCYBaHHS ACUMNOTOTHYHMX METOMIB  JO
PO3B’SI3aHHST TPOCTOPOBHX CHHTYJSIPHO 30ypeHUX KpaloBHX 3aaad 0araTOKOMIIOHEHTHOT
KOHBEKTUBHOI Ju(y3ii 3 ypaxyBaHHSIM BIUTUBY TEMIIEPATypH Ha Ti UM IHIIN XapaKTEPUCTHKH
porecy.

Mera poboru moysrae y TOOYIOBI ACHMMOTOTHYHOTO PO3BHUHEHHS PO3B’S3KiB
HENIHIHHUX MTPOCTOPOBUX CHHTYIISIPHO 30yPEHUX KPalOBHX 3a7a4 KOHBEKTHBHOI JUQy3ii mpu
IJIOCKiM  ¢inpTparii 3 ypaxyBaHHSM Majoi OIMOJIEKYJISIpHOI eK30TepMIYHOl peakilii
PO3YMHHKX PEYOBHH.

ITocTanoBka 3amavi. Po3risiaerbess mpocTopoBa HeNiHiHA CHHTYISIpHO 30ypeHa
3a/1ada KOHBEKTHUBHO-TU(Y31HTHOT0 MacomepeHocy TPhOX PO3YMHHHUX PEUYOBHH JUIS 00JIACTi
G=G;z%X(0,2) Giz=G:x(0,H), ne G; (Z=x+ily) — OIHO3B'A3Ha YOTHPUKYTHA
KpHUBOJIiHIIHA 00JIacTh (MIOPUCTHI TUIACT), 0OMEKEeHa YOTUPMA TIIAJKUMH OPTOTOHAIBHUMHU
Mik co0OI0 B TouKax nepernty kpuumu AB={Z=x+iy: f; (x y)=0}, BC={z:f,(x y)=0},

CD:{Z: f(xy) =O} , DAz{Z: fi(xy) :0} [8] i3 ypaxyBaHHSIM TeMIIEpaTypHOTo pexumy [7]:

. 2 . o
div (eD'(T)-grad &)~V grad & ~eas' (D[ [ &" =07, i=13, (1)
m=1
~ - 2 N
div(ea-grad T)~v-grad T +ey] [ &" = oT,, (2)
m=1
& (0, 3.2,00=¢) (x.3.2), T(x,,2,0) =T (x.7.2). 3)
~i =l ~1 _ ~l* ~i _ ~i
ABB"A” -G (M’t)’ ¢ ‘CDD*C* =¢ (M’t)’ ¢ ADD™ A’ = Cia (M’t),
~i = glw (M,t), & :Ei::(M,t), & :Ei**(M’t), (4)
Bcc’B” AB CECD
d ABB" A" :T*(M’t)’ T‘CDD*C* =T (M’t)’ r ADD"A =L (M’t)’
T socts” =T (M,t), T ABCD 7:):* (M,t), T S =1, (M,t)’ (5)

v=—ygrad h, divHv =0,
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. do

Ap=0, (D‘ABB*A*:(D*’ Pleop'c =9 » dn . =0, (6)

ADD A"UA'D'C"B"UB"C"CBUADCB

ne & =¢t (x,y,2,1) — KOHIEHTpALis i -ro COPTY pedoBHHH y To4li (X, y,Z) B MOMEHT yacy f;
T=T(x,y,z,t) — Temmeparypa; H — mNOTyXHicT» mpoHHKHOTO uiacty; eD'(T) -
xoedimientn mudysii; D'(T) ta S'(T) BHpaXarOThCS, HANPHKIAN, 3TiHO 3 3aKOHOM
Appeniyca, o =a,=1, a;=-1; Y - koebimienr ¢inpTpanii; a — KoediuieHT
TEMIIEPATYPOTIPOBITHOCTI; ¥ — KOHCTAHTa IMBUIKOCTI TEIUIOYTBOPEHHS BHACIIJOK XIMIYHOI

peakii; ¢ — KoedillieHT MOpUCTOCTi cepenopuia; € (€ >0) — Manuii mapamerp; @, v, v

X y
— BIJMOBITHO MOTEHINAJ Ta KOMIIOHEHTH IIBHJIKOCTI (iIbTpariii B MOPHCTOMY CEpeIOBHIII

Gy, \/vf(x,y)+v§(x, y)>ve>>€, (v,=0), h=h(x,y) — Hanip y touni Z=x+iy; M -
ODKy4a TOYKa BIIMOBITHOI MOBEPXHI; n — 30BHINIHSI HOPMalb JO BIAMOBITHOI MOBEPXHI;
e&(M,t), & (M.,1), e (M), &, (M), ¢ (M,t), ¢a(M,1), & (M,t), T.(M,1),
T'(M,t), Ty(M), T.(M,t), T"(M,t), T(M,t), T. (M,t) — nocraTHEO TajKi
¢byHK1ii, y3rokeHi Mix co0oro Ha pedpax (rpassx) obnacti G [5].

Hexait 3amaya (6) musxom xoHdopmHOro Bigobpaxenns G; — Gy (abo Gy = G;),
ne G, ={w=p+iy: @.<p<¢; 0<y<Q}- simopimma G; 061acTh KOMIUIEKCHOTO
noreHmiany; ¥ =y(x,y) — ¢yHKOis Tedil (KOMIUIEKCHO CcCIHpsDKeHa 0 @=@(x,y)) €
po3B’si3aHOrO [S5], 30Kpema, 3HAWIEHO TMOJe IIBHIKOCTI (v)C (x, y),vy (x, y)) . IlapameTtp
O=H Q=H- I —vydx+v,dy (IOTIK 4epe3 JOBUIBHWA momnepednuil mnepepis  Gg)

AB
3HAXOJIUTHCS B MPoIleci po3B 3Ky JAaHOI 3a7adi (IuB., HaMp., [7]). Toxi, 3niicHUBIN 3aMiHy

sminanx x=x(@,¥), y=y(@,¥), z=z, t=t y piBusannsx (1) — (2) ta ymosax (3) — (5),

IPUXOUMO JI0 BiANOBiIHOT «audy3iitHO1 3agaui» it obnacti G,

eD'(T)(q* (9.9) (chy + i, ) + . )+ £(q° (@.4) (D} (T)cly + D, (T)c) ) +

2
+D.(T)c,) _% C;, ~-S'(Mac'c* =oc!

=13 %

2 qz(¢’,‘/’) 12
ea(q (¢’W)(T¢(P+TW)+TZZ)_TT¢+}/cc =oT, ©
oy, 2,00=cy(o.v.2) T(@.w,2,0)=T) (9.y,z) ©)

@y, 0 =c(w,2.t) (9w, z,0)=c" (V,2,1)

) b}

¢ (@.0,z.0)=ci(p.2,1) ' (@0, z.0=c" (@,z.1)

5 )

(@w,0,0) =ch (pw,t) (pw,H,t)=cL (p,p.1)

T(@uy,2,0)=T. (¥, 2,t) T(¢ ,w,2,0)=T (¥,z,1)
T(9,0,2,0) =T (9, 2,1) T(9,0,2,0=T" (¢,21)
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T(p,w,0,0) =Tu (@, w,1), T(@, W, H,0) =T, (p,y.1), (10)

e G=H -V — pinpTparniiina BUTPATA; (@, 2,t) = (x(@, 1), (@, ¥), 2,1)
T(0,v,2,t) =T(xX(@, W), (@, 1), 2,1).
AcuUMNTOTHKA PO3B’sa3Ky. Po3B’ 130K (cl,cz,c3,T) (i= 1,_3) rocrasiieHoi 3amayi (7) —

(10) 3 TOUHICTIO 0(82) IITYKA€MO Y BUTJISA/II TAKAX aCHMIITOTHYHUX PAIiB [6, 7]:

oy, z.t)=c) (o v, 2,t)+ec (o, 2,t)+ Zel’l (&,w,z,t)+

4 L 4 L_. 4 !
S e () + X T (g )+ S I (00
1=0 3 1=0 2 1=0 2
4 1, .
+> €211, (p.y.a.t)+ R (p.p,2,1,€), (11)

2
T(o.y.2.1)=T, (p.y.z.1)+ €T, (p.y.z.1)+2D e"P, (E.y.z.0) +

p=0
4 1 4 L 4 L
+2 E2PL(n.2.1)+ 3 €2 P (@ p.z.t)+ D €2 P1 (@, Bur) +
1=0 2 1=0 2 =0 2
4 L__
+> 2P (p.y. 1)+ R} (@0, 2.1,€), (12)
=0 5

e R1— 3aJTUINKOBI WICHU C'. (¢),W,Z t) ta T; (p.w,z,1); ( j:m) — YJIeHH pEryJspHOI
YACTUHU aCHMIITOTUKU [9], 17’ (Ew,z1) i P, (&w,z.1); ( p=0,2) - GyHKIIT THITY

IPUMEKOBOTO 11y B OKOJ @ =@ (HOHpaBKI/I Ha BUX0/Il (IIBTPALIfHOTO MOTOKY 13 00J1acTi

Gyp); o, 2.0), P, (9.1,2.1), (eazt),  P(ppzt), I, (p.v. B.1),
2

i =1l i
2 2 2 2

£ (pv,p.1), 11 (¢, v.a,t), P ] (p,v,a,t) (1=0,4) — QyHKUil THITy IPUMEKOBOTO LIAPY
2 2 2
BiIITOBIHO B okomax ¥ =0, =0, z=0, z=H , Mo BpaxOBYIOTh BILIUB OIYHHUX JKEPEI

3a0pyTHEHB; gz(qo*_(p),g—l’ 77:‘/"9_1/2’ ,UZ(Q—W)'S_”Z, ,3=Z~€_1/2,

a=(H-z)-&"? — Bignosimmi perymspusyioui mepeTBOpeHHS (po3TArk). IIpu IBOMY

dyskuii D'(T)ta S'(T') po3kIaneMo B psijt 3a CTENCHAMH £ Y BHIs [7]

4 L ,
D'(T)=1§(7y)+ Y €21} (Tg,eee 7))+ R} (Tgsees Ty, R, €)
1=1 P P . (13)
. . a4 L .
ST =J4(t))+ Y. €20} (Tgseers 7))+ Ry (T Ty R, E)
=1 P P , (14)
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Ie rjoj+Pj+I_>j+Pj+1=3].+Pj (i=0,1), Tj=£l+Pl+L_’l+ ’j (j=13),
2 2 2 2 2

T, =P +P+ }_’2 +b+ }=’2 ; Ié (o),..., Ij;(O), Jé (o), ..., Jj;(O), R} (o), R; (®) — HenmepepBHi QYHKITIT
CBOIX apTyMEHTIB.
Amnaroriuno 1o [5 — 7], micas migcranoBku (11) — (14) B (7) — (10) Ta 3actocyBaHHS

CTaH/IAPTHOI «IPOIEAYpPH MPHUPIBHIOBAHHS», [UJIS 3HAXOJDKEHHS PEryJIsIpHUX YacTUH
ACHUMIITOTUKH IIPUXOUMO JI0 TaKUX 3a]au:

> (@.y)
H

Qv 2.0) =@y, 2). (9. v, 2.0) = b (W, 2.1),

(@Y. )+ 0ock (0., 2.0 = g @y, 2.1), (15)

go(@.w,1)=0, h(pw.2)=c(ow.2),  Biw.z.0)=ci(y.z.1), h (p.w,2)=0,
by, 2,1)=0, 8l (@.W. 2.0) = I (0.9 Chpp + Chyy ) + o) + 7 (@)Ul +

i i i12 ._71A.
+IOV/COI//)+IOZCOZ _al'.]()COCO Py 1= 1,3 s

7 (@.v)
H

TJ (¢7 l//7 Z7O) = h;‘(¢’ W’ Z)7 Tj (¢*’W’ Z7t) = bj(w, Z7t)7

Ty (@, 2.0 +0T; (@, 2.1) = g} (P.¥. 2.1), 16

g@@w.n=0, h(@ev.2)=T (o.w.2), byw.z.0=T. W,z.1), K (Pw.2)=0,
b y.2.0)=0, &' (@.y.2.0=a(@ (@) Topy + Ty )+ T + 70060 -

V pe3ynbTarti ix po3B’si3aHHS MA€EMO:

; @ zi=f@p) 12 f(p.p),
c0(¢’ l//’ Z’t) - {0 _1 B .
CO (f (f((o,l//) t’W)’W’Z’t)’t<f(¢’W)’

| ["oHg@.v)- 8l@y. 2. F(@W)+1= P d, 1= f(p.0),
aqpy,zn=|"

[ el @+ Fow) -ty 2.l 1< f @y

L.zt = f(@.¥). t 2 f(p.¥),

Ty(p. v, z,t) = _
’ {Too(f " flow) -t w. 2.0, < f(Q.p);

Jo oHG@.0)- 8} @02 f @) +1 = [ (YN dP.12 f (9.0
Tl(¢’l//’ Z,1) = )

[ a7+ fo -ty i, 1< f(p.),
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~ ? ~ . .
ne f(p,W)=cH J- q “(s,)ds - wac NPOXOIKEHHS BHJIECHO] YaCTUHKH B3IOBXK
.
BIANOBINHOI JiHiT Teuii (IK MepeTHHy AeSKUX IBOX MOBepXoHb Y (x,y,z)=¥, 0S¥ <Q,
z(x, y,z) =7, 0<Z<H), BiJ eKBINOTEHIIIAJIbHOI MMOBEPXHI § = (), JIO EKBINOTEHIIATHLHOL

moBepxHi s =¢; ! — dyHKis, oGepHeHa 10 GYHKII f CTOCOBHO 3MIHHOI ¢ (3a3HAUMMO,

mo Taka (YHKI[S iCHye, OCKINBKH MifiHTerpambHa (YHKIiS ¢ > — HEIepepBHO
mudepeniiiioBana, oOMexeHa, J0JJaTHbO BU3HAYCHA).
2 2
ses 1 — 1 p _ p . 9
Oynxkuii 11" = z II,e"ra P= Z P,e" npusHayeHi Juisl yCYHeHHsI HEB' 130K, BHECCHUX
p=0 p=0

1 1
N0OYJOBAHUMH PETYISIPHUMH YaCTHHAMH ' = ZC;.SJ Ta T=ZT]- &’/ B okom JiISHKH
Jj=0 Jj=0

@=¢" (Buxomy (inbTpamiiinoi Tewii). ToOTO TOBMHHI BHKOHYBATHCh YMOBH

(ci +1I' )‘ ="+ 0(82) , (T+ P)‘(p_(p* =T"+0 (82) . Jlng 3HAXOMKEHHS LUX (YHKIIH,
p=¢ =
MaeMo Taki 3amaqi [8]:

2 £
q2(¢*’l//)n;7§§(§’l//’ Z,t)+wn;7§(f,l//’ Z,t) = d;(f,l/j’ Z’t) )

IT, =0, npué — e, I, (O,l//,z,t)=w;,(l//,z,t), p=0,2,

2 *
PO Wb Evan+ T E by =diEyan,

4
P, —0,npué —o, P, (0,1//,z,t)=wp(l//,z,t), p=0,2,

ne dy(Ew,z.0)=0, i=L4 dj(Ey,2.0=1I(Ev,z2.1), i=13, d}(Ew.z.t) =
=< =< L
=R, v.z.0), dy(Ew,z.)=fl(y,z.0)et + f(w,z.0)éel , fl(w,z,t)=—c, (¢ .W,z,1)—
. 0 9°Il 0°P, 0’P
-¢* (9 ) —2-—32, R =-T (¢ .v..0-¢*(p, L g —3,
174 a9z 0z
i -1, * ,, Gk 817(’) 2 i 4 -1, *
HW,z,1)=2q ((p,w)q(co,v/)—— (@, W) PR L, z,t)=2q (¢ ,p)X
, « _OP 0P, P ;
Xq(¢' W)= = Hg (@)= on whwsan=c vz (o w.zt)., w.zn=

=—ci(¢".y.2.t). =13, whp.2.0=0. i=L4, wiw..0=T" (y.2.0)-T, (¢ w.2.1).
W14(W’Z7t):_711(¢*’l//7Z’t)-

@OyHKIIT TUIYy [PHEMEXOBOrO  IHApy H’ (¢.7,2,1) ZH,,ZS Bi((p,n,z,t):

4 4 4 .
i 12 12 12 .
:Z P e’ i (p, U, 2,1) Z /28 , qo, U, 2,1) Z 1nE HpHU3HAYEH] Ui
1=0 1=0 1=0
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VCYHEHHsST HEB’S30K B okojax W =0 Ta W= BIONOBIAHO, a TakoX (QYyHKIII

4
(D’V/’,Bt znz/zg (D’V/’,Bf Z£ i (o,l//,a't ZHI/Zg
1=0

(o, v.a,t) ZPl/ze (mpu3HaveHi 17 YCYHEeHHS HeB’ 530K B okonax z=0 T1a z=H)

3HAaxXOJMMO B pe3ynLTaTi MPOBEJICHHS CTAHJAPTHOI TPOIEAYPH “‘TPHPIBHIOBAHHS’
aHaJIoriyHo 10 [5-8].

PesyabraTm umciaoBuxX po3paxyHkiB. Haememo pesyinbraTd  po3paxyHKy
MPOCTOPOBOTO  TpOIeCYy  THUIMY  «KOHBEKIIS—AU(Y3iI—MacoOOMiH—TepMOpPEKUM»  Ha
ilealbHOMY  TUTOCKONapaiellbHoMy  (imbTpamiiiHoMy  (QoHI, TOpPOJDKEHOMY  JIBOMa
ocobmuBuMu ToukamMu Z; =0 Ta Z, =4 (BLANOBIJHO BWTIK Ta BHAJAHHS OJHAKOBUX

IHTEHCHUBHOCTEH Oy = 21), KOMIUJICKCHUAN ITOTEHITIal SIKOTO -
w=(Q,/27) In((z-2)/(:-%,)), mpu @.=-1.5, ¢ =15, AD={Z:w(x,y)=7x/6},
BC ={Z:w(x,y)=37/2}[8].

a) 0)
Pucynok 1. Jlinii pponTy (a) Ta BenmdrHa MWBUAKOCTI (0)

Figure 1. Frontline (a) and velocity magnitude (b)

Ha puc.1 a), 0) 306pakxeHO piBHOMIpPHY CITKYy 00J1acTi KOMIUIEKCHOT0 noTeHuiany Gy,
daf .
Ta  BIANOBIAHY  JMHaMidHy citky B G;: ox,y)=¢.=@.+(¢ —@.)-i)/20,
df
vix,y)= 1/7]- =(Q.-j)/10, i=0,20, j=0,10, BenwumHy MBHAKOCTI  (QinbTparmii

)
=((dz/dw)(dz/dw)) y Bysnax (¢,¥;) Tta niHii (POHTY KOHBEKTHBHOIO IIEPEHOCY

flow)=t., k =1,5 upu t, =0.5579, t, =1.6349, t;=3.2639, t, =4.9997, t; =6.2778
(kpuBi 1-5 BIAMOBIIHO).
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Pucynok 2. BB (yHKLIT IIBUIKOCTI XiIMIYHOT peakuii Ha po3moain
KOHLIEHTpALiT PO3YMHHIX PEYOBUH

Figure 2. Effect of chemical reaction rate function for the distribution
of the concentration of soluble substances

Po3moin KoHueHTpaiit ¢ (@,¥,z,t) po3unHHuX pedosuH npu € =0.001, H =1, o =1,

a=02, y=0.75, D'(T)=10exp((T /15)-1),
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MATEMATUYHE MOAEJIIOBAHHA. MATEMATUKA. ®ISUKA

A (p.p,2)=0.1+0.02(p+1.5) +y° + 22 +4)™",
i, z,0) = 0.1+0.02(exp(-0) + ¥ + 2> +3) ",
W, 2,1)=0.1+0.02exp(~ —y 1 2)(12+2) ",

-1
Ci*(¢,Z,t):0.1+0.02((¢+1.5)2+Z2+2.t+(77z-/6)2) ,
" (@.2.0)=01+0.02((p+1.57 + 2 +2-1+ (37 /2)°)
I ) -1
(@) =0.1+0.02((p+1.5) +y” +21)

sk -1
e ((p,l//,t):0.1+O.02((¢)+1.5)2+l//2+2t+1) , 2 (p.w.z) =0.08—0.05sin(yw /100)x

xexp(22)(@+1.5)* +3)7", c2(w, z,1) =0.08+0.05exp(22) sin(y / 100)(exp(—1) +2) ",
¥ (W, 2,1) =0.08+0.05exp(2z) cos(y) exp(—21) /12, c2(@,72,1) =0.08+0.05exp(22) %

2 2\ o 2 2\7!

x((@+1.57 +20+(17/6)*) . " (.2.1)=0.08+0.05exp(22) (9 +1.5) + 2+ (37/2)*)
* -1 sk

cZ (o,v,1)=0.08+0.05¢> sin(w/loO)((¢+1.5)2+2-t) , 27 (@, w,1) =0.05¢% sin(y /100) x

X((9+1.5)2+2t+1)" +0.08, (9. y,2) = 0.1z +0.2sin” (w /100)((@+1.5)* +3) ",
AW, z2,0)=0.12+0.2sin* ( /100)(exp(-)+2)"", ¢ (w,z,1)=0.2sin’> (W) exp(=21) /12 +

-1 ok
0.1z, ch(@.2.0)=012+02((p+157 +2:1+(T2/6)*) . " (p.2.0)=0.12+0.2(2r+
2 2\7! 1 . 2 2 -1
+(37/2) +(p+1.57) ch(@.y.1) =0.1+0.2sin*(y /100) (9 +1.5) +2-1)
:0.1+0.2$in2(l///100)(((/)+1.5)2 +2-t+1)_1 Y3JIOBX XapaKTepHUX JIHIN Tedll Mpu pi3HUX

3HaueHHsX (YHKIIT 3a1eXHOCTI peakiii Bix Temmeparypu cepeosuma S'(T) 306paxkeHo Ha
puc.2. 3okpema Ha prc.2 a) MPOUTIOCTPOBAHO PO3IOILT KOHIIEHTPAIlIl peYOBUHU cl((p, V,z2,1),
Ha puc.2 6) — pe4OBUHU c2(¢,l//,z,t) , Ha puc.2 B) — peYOBUHHU c3(¢, v,z,t). Kpusa 1 puc.2
a)-B)  BIANOBIJa€  3HAYCHHSIM cf) (p,w,z,t), a xpuBl 2-4 —  3HAUEHHSIM
(v, 2. +ec(pw.z,t) mpu S (T)=exp(T—15)/5i, S'(T)=(i+1)10exp(T —15),
S'(T)=10In(T) BizoBiaHO.

CS

0.015} /.3

0.01-

-1 0 1

PucyHok 3. BriuB TeMnepatypu cepeloBUILA Ha PO3MOALN KOHLEHTpALl pO3UMHHOT peYOBUHH

Figure 3. Effect of ambient temperature on Distribution of soluble substances
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Ha pwuc.3 300pakeH0 po3MOia KOHIEHTpAIlii pO3YMHHOI PEYOBUHU c3((p, W, z,t)Ipu
MMOYaTKOBOMY 3HA4YeHHI1 TeMIIepaTypH CepeIOBHINA TOO =14.2 (xpuBa 1), TOO =15 (xpuna 2),
Ty =15.3 (xpuBa 3).

BucHoBku. 3ampomnoHOBaHO MaTeMaTHYHY MOJETh HEIIHIHHOTO CHHTYJISIPHO
30ypeHoro mporecy KOHBEKTHBHO-TU(Y3IHHOTO MacOIEpeHOCY JBOX PO3YMHHUX PEUYOBHH,
10 BCTYMAIOTh y XIMIYHY pEakKilifo 3 YTBOPEHHSIM TPEThOi PO3YMHHOI PEYOBHHH Ta IMEBHOI
KiUTbKOCTi Terura. Ha OCHOBI  OTpHUMaHWX pe3yJIbTaTiB MiATBEP/UKEHO IPOTHO30BaHE
NPUIIBUAIICHHS X0y peakilii peuoBHH 31 30UIbIIEHHSM TeMIlepatypu cepenoBuina. lle nae
MOJKJTUBICTE KOHTPOJIFOBATH BHOIp PEYOBHH, IO BI3bMYTh Y4YacTh y peaKIlii, a TaKOX
ONITUMAJILHOI TEMIIepaTypu CepeiOBHINA 3 METOIO 3MEHIIEHHs KOHIIEHTpaLlii 3a0py IHIOI0YOT
pEYOBHHU Ha BUXOAl (iabTpamiiHOl Tewii JaHoi oOyiacti. B mepcnekTBi MOMUpEeHHS
3aMpONOHOBAHOI METOJIMKM Ha BUIAJOK, KOJH MPOIEC MPOTIKAE B CEPEIOBHUIII 3 MOJBIHHOIO
MTOPHUCTICTIO.

Conclusions. The mathematical model of nonlinear singularly perturbed convection —
diffusion process of mass transfer of two soluble substances that enter into a chemical
reaction with the formation of a third soluble substance and a certain amount of heat is
formed. Basing on the results the predicted acceleration of progress of reaction of substances
with increasing ambient temperature has been proved. It makes possible to control the
selection of substances that take part in reaction and optimal ambient temperature in order to
reduce the concentration of pollutants. In the future application of the proposed method to the
case where the process takes place in a environment with double porosity, is possible.
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