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CONVECTIVE MOTION IN BINARY MIXTURE

NGO HUY CAN

© Institure of Mechanics N

In the paper the problem of convective motion In a binary mixiure is studied. In the
binary mixture convective motion iz caused not only by gradient of temperature but also by

gradient of concentration.

1. BASIC EQUATIONS

For the mathematical description of convection in a binary mixture, the Boussinesq approxi-
mation of the equation of motion, the heat equation and the diffusion equation will be assumed [1]
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Where the following notations are used: v denotes the velocity, p - the pressure, T, O -
the temperature and the concentration in the mixture, p - the equilihrium state densiiy of the
mixture, g - the acceleration of gravity, 81, f2 - the heat and concentration coefficients of volume
expansion of the mixture, D - the diffusion coefficient, v - the viscous coefficient, y - the coefficient
of heat conductivity, &, N - thermodiffusion and thermodynamics parameters, « - the unit vector

- . of vertical upward axis zz in the cartesian coordinate system Oz z,%3.

We consider the system of equations {I.1) - (1.4) with the following bourdary and initial
conditions: '

‘U=O, T = Tl; CmCl on § . (15)
v|,_, =v(0), T|_,=T(0), C|_,=7(0) (1.6)
In [1] it has been proved that if ’
VT, = —Avy, VCy=—-By (1.7) .

where A and B are constants then there exists an equilibrium state.

The problem (1.1) - {1.6) are written in dimensionless form. For this purpose some dimen-
sionless quantities are introduced: I denotes a reference length, L? /v - a reference time, x/L - a
reference velocity, AL - a reference temperature, BLy/D - a reference concentration, poxv/L? - a
Teference pressure.
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Instead of the system {1.1) - {1.6) we get
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a_:+P;19vv=Av—vp+leq+Rqu (1.8)
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Pi +09T = (1+ ) AT + AC (1.9)
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Pg‘*gg"f‘Pl_lechz AG'f'bAT (110)
dive=20 (i.11)
v=0, T=T, C=C, on§ | (1.12)
v, =v(0), T|,_,=T(0), ¢|_,=C(0) {1.13)
Where Ry, Ry are the heat and diffusion Rayleigh numbers:
4 BL4 )
R1 — gn@].AL ’ Rg — gf?? (1‘14)
vy vD

Py is a Prandls number and P, is a Smidth number:

v v
= - = — p {11
Py 7 Py D (1.15}
¢, b are defined by:
o’ ND ; alDA (1.16)
o= , = )
X x8

Using (1.7) from the system of equations and boundary conditions {1.8) - (1.12) we receive
the linear equations describing the small convective motion in the mixture:

8
gt;‘ = Av — Vp+ RyyT + RBpnC {(1.17)
aT ,
Pios = (L+a)AT+ZAC+vy (1.18)
acC
Pré? = AC +bAT + (v7) o (1.19)
dive =0 _ {1.20)
v=0, T=0, C=0 onS ‘ (1.21)
vlt:o = 2{0), Tlgzo =T(0}), C!tzo = C{0) : . (1.22)

2. EXISTENCE THEOREM

The following Hilbert spaces are used throughout:

M@z&MX%@x%@;

with scalar product and norm:
1/2
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(u, U)Lg(n) - Z/ﬂividﬂl ”U”Lg(n) = {(U’ U)Lé(ﬂ}} ’
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zzz{vELg(ﬂ), dive =0, v,,,:O"onS},
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W3 () = Hy(Q) x H;(0) x H3(0),
Hi(0) = {pe Hal0), Vpe Hy(01)},
i) = (p € ), £=0 on S},
Wz}o(ﬂ) :H, (€2} XHzo{m x Hj o{0),

Wi o) ={veW}i(), dive=0, v=0on§}.

Likely as it has been done In [2] we can prove that the equations (1.17) - (1.20) with the
conditions {1.21) are equivelent to the following equations in space E2(Q) and H,(0)

J , .
d_: =—Ajv+ R B81:T + R B3 C (2.1)
dT -

P — d,t {1+G)AQT~ bA2O+-821'U (22)

c
Pgd = —A2C — E)AQT + B311) : ) (23)

- Where the operator A; is self-adjoint positive definite in Eg(ﬂ), ibs inverse operator is positive
and compact, the operator A, is self-adjoint, positive definite in H,({l} its inverse operator is
positive and compact. The operators Bip, Bys5, B2y, By are defined by

BIQT = 'YTJ BISG = rYOJ
Bav = (W): Baiv = (U’?)-

Definiticn. The generalized solution of problem {1.17} - {1.22) is called the solution of the
following problem in space Lo(Q} x Hz(1) x Ho{(1):

5‘% — _AX+BX (2.4)
XLE:0 = X(0) {2.5)
Where X = (v,T,C) |
Ay ' 0 0 0 B1B;; RaBys
4=10 I;fluz gl‘—bAz . P}?le‘ 0 0
0 F}g—aAQ ;f;Ag I—i;Bm 6 0

Tt is clear that the equation {2.4) and the system of equations (2.1} - {2.3) are equivalent.

From (1.16) it follows that the constant o is positive, the constant b may be positive may be
negative.

We consider the case when b < 0. We rewrite the operator A in the form

A 0 0
1+a a
B ST, -
A=10 Tp TER
1
0 ——oldy  — A4,
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In the equation (2.4) setting X = E*/2C we get

% = —FV24E-1?y 4 YRR E- Py (2.6)
where
1 0 0 v,
Pyt
E=|0 al | 0l, v=11,
P
0 0 Tfl Ys
It is easy to see that
A; 0 0
1+a g \1/2
A1:Elf2,4E_1/2= 0 P, Ag _(Plpg) Az
a \1/2 1
A — A4 |
0 (Plpg) 2 P2
t
and ;,
o |
1 e \1/2 a2 1312 VP !
(A1Y,Y)l_(AlYl,Y1)+E(A2Y2,Y2)+((E) A Yz—(g) APy, (2.6) |
|
Al 0 0 1 E
N L
At=1 0 Pz —(aPLPy) 2 A5 *

0  —(aPiPy)2A7Y  Py{1+a)A;!

It is clear that the operator A7 is positive and compact_; and the cperator 4 is self-adjoint

positive definite.
In the case when b > 0 the operator A get a form

Ay 0 0
1+a g \1/2 §
A, =10 i) Az (Plpz) Ay E
e y1/2 1
g (Png) At P—2A2

In the same way wé can prove that the operator Ay is self-a.d]omt positive definite, its inverse

operator is positive and compact. -
So we obtain {3] g
Theorem 2.1. The problem (1.17) - {1.22) get an unique generalized solution.

3. SPECTRUM THEOREM AND CONVECTIVE STABILITY

In (2.1) - (2.3}, (2.6) setting

v=ve M T=Te ™ C=Ce ™, VY=Y



we get

)\U]_ = A]_U]_ - RlBlzT]_ - RgBlgcl (31)
P]_AT]_ = (1 + G)A2T1 -+ %Agc - Bz}_‘b‘l (32)
P ACy = ACy +8AT) — Bav (3.3)

AY = A - B Y, (3.4)

Using the theorem 10.1 in {4] we obtain

Theorem 3.1. The spectrum of the problem (3.1) - {3.3) is discret. Excepting a finite rumber
of the spectrum points others ones are contained iu the sector —e < argh < e, w2 < argh < wte.
“The system of eigenfunctions of the problem is complete in the space Wzlo[ﬂ B Hz1 ol(l) H2 o).

From the system of equations {3.1} - (3.3) we get

)\(vl,ul) — (Alul,vg) 7‘R1(BlgT1,‘U1) RQ(B}_3CIJ’U]_) (3.5)
R )\Pl [Tl,Tl) (1+G)(A2T1,T1J + - (A101,T1) (BZIUI;TI) (36)
AP (C1, C1) = (4201, Ch) + 5(A2T1.01) — {Bs1v1, Cy) {(3.7)

" From (3.5} - {3.7) it follows
-2l + BRI + Rl =0 58

O+ 2] foul - BT - RePoff ) =

=24} %0|* — 2R (1 + @) 43 °T1||° - 2Ra|| A4S 0 |-
R1a+ bsz

ﬂzmb—( 1/281,,41/"1"1) " (3.9)

3+ 2o+ BP ~ BaPa ) =

=241 ol s o |4 - 28410 -

aBy — Byb
+om (420, A°T) — ARy Re(BioTh, o) (3.10)

A+ 2  [o* = P T + RoBolfo 7} =

= 2] A e | - 2R (1 + a) 4271 + 2Rafj 432 Cu |~

+2—-G.R1;"Rgb (4}

1/201, ;/IZTI) —4R2R6{813011 'Ul) (311)

A Joa? + AT + RaPafcs]) =
= 2 A0 | 2R3 + )| AXPTL) + 2Ra) AN 0|~

4 Qﬂ—%ﬁw(dﬁlizch AI/QTJ_) — 4R1RE(B]_2T1, 01)
- 4R2Re(Bl3C’1,v1) {314“\

The equality (3.8) implies that if R, > 0, R» > 0 then ) are real, i.e all the perturbations in the
mixture in crease or decrease monotonely.




In the case when R; <0, Ry < 0 from (3.9) we get

2ReA{ o[+ |RIPY T + | BalPa| [} =
= 2| AV 20 | 4 2] RO+ @) 43P P + 2|Rs| | AS 2O

a|Bs| + b2 Ry

U (4326, 4t/
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This inplies that He > Q if

st PRy (3.13)
2b(|Ru - [Ral(1 + o))

In the case when R; > 0, Ry < 0 from (3.10) it follows that KeX > 0 if

G.Rl -+ bZERQI

By <mive and 73 ' (3.14)
b1(Rs| Rafa) '/
where 71, vz are the minimum eigenvalues of the operators A; and As.
In the case when Ry < 0, Ry > 0 from (3.11) it follows that Rel > 0 if
7 Rl +b2R
Rg < ?"}1"{2 and Gl 1L+ 2 1z (3.15)
- V2B(RaI R |1+ a))
In the case when By > 0, Ry > 0 from {3.12) it follows that Rel > 0 if
1 1 aRl + bzRg :
By < = , Boa < =, ————— <1 3.16
1 2’71’72 2 4’}'1')'2_ bm ( )

{3.13) - (8.16) are sufficient conditions for convective stability in the mixture but not necessary.

Conclusion. In the paper the existence and spectrum theorems have heen proved some
sufficient conditions for convective stability in a binary mixture are obtained.
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CHUYEN pONG DOI LUU TRONG HON HOP
CHAT LONG HAI THANH PHAN

Trong bii bio 4% ching minh dinh 1§ t3n tai duy nhit nghidm vi dinh Iy vB cdu tric phd cho
bai todn tuyén tinh v8 chuyén d8ng &8i luu nhiét trong hdn hop chit 1dng hai thinh phin. D3
thu dwge mét 58 didu kién did d€ chuyén déng ddi lwu trong hdn hop 8n dinh.
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