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CONVECTION IN BINARY MIXTURE
WITH FREE SURFACE

NGO HUY CAN and TRAN THU HA
Institule of Mechanics - Hanoi and Institute of Applied Mechanics - Ho Chi Mink City

Convective motion in a binary mixture without free surface have been the subject of the works
(1, 2].

In this paper the convetion in binary mixture with free surface is studied. The existence
theorem is proved.

1. BASIC EQUATIONS

For mathematical description of small convective motion in a binary mixture with free surface
the following equations and conditions are assumed (see |1, 2, 3]}:

a 1
3% =vAv— ;Vp +9b17T +9B1C + f1 (1.1)
%% = (x + a®DN)AT + aDNAC + by(v7) (1.2)
?a% = DAC + aDAT + ba(v) (1.3)
dive=0 ' (1.4)
v=0 T=0 C=0 on§ (1.5)
Bv; | Bug . a dus\ _
63,‘3 + 32:.- =0 (7' - 1:2): 3t (P 2Vp6m3) = pgva,
aT ac
-a—t' = blva, -Et— = 6203. onl | : (1.6)
Y=o v(0), TL.—:O = T,(O)’ GL:.-—o = o0, plt:ﬂ = #(0) (1.7)

Where the following notations are used: v = (vy,vp,v3) denotes the velocity, p - the pressure,
T, C - the temperature and the concentration in the mixture, p - the equilibrium state density of
the mixture, g - the acceleration of gravity, §1, fz - the heat and concentration coefficient, x - the
coefficient of heat conductivity, @, N - the thermodiffusion and thermodynamics parameters, « -
the unit vector of vertical upward axis Oz in the cartesian coordinate system Oz zoxs, by, by -
the gradients of temperature and concentration in the equilibrium state of the binary mixture.

2. EXISTENCE THEOREM
The following Hilbert spaces are used throughout
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Lg(n) = Hg(ﬂ) X Hg(n) X Hg(n)

with the scalar product and norm

1/2
IE; ||L,(n) = {(”' U)Lz(ﬁ')}

L(Q) = J(O) + G(0)

where
7(0) = {u e L(0), divu=0, u,=0on 5},
G(®) = {o€ L(), v="Vp, p=0onT};
Hao(0) = {q € Hy{fl), g=0o0n § uI‘},
(@) = {ge B(0), Vee H(0)},
W2 () = H;(0) x H; (Q) x H; ()

The scalar product in W} () is defined as follows

3 - .
(v’w)W,’(ﬂ} =Zva,..sz..dﬂ+/vwdS
‘ . =la : s

H3o(0) = {g€ Ha(0), Vo€ Ha(0), g=0on §}
H300(0) = {q € Hy(ft), Vg€ Hy(Q), g=0on SU r}
Wio = H}(0) x-H}o(0) x H}o(0)
Who(0) = {0 € Wio(0), dive=0, v=00n5}
Ho=H(f) e {1}, Hi=HnEr), H-=Hnd"m)
We consider the fallowfng auxiliary problems '

Problem 1. Let there be given a vector function g € J(f1), we seek v(1) and p(*} so that the
following equations and conditions are satisfied:

~vAv(®) 4 -:;Vp(l) =g, div v =0 in 1,

1) - 5.(1) (1)
dy; dvy’ - e dvg
3o T o =0 (i=12), -p'V+20p .

v =0 on§

=0 onl,

Problem 2. Let there be given a function ¥; € H_ we seek a vector function v(?) and a
function p(2) so that the following equations and conditions are satisfied

—vAv?® }va(zl =0, dive® =0 inQ
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au?  gpl? vl
1 — , — 2 al2) 3 —
v + 32, 0(:=1,2), p?! 2z/p——~«~—az3 1 onl

oY =0 on S

Problem 3. Let there be given a function h € Hy({1), we seek a function K@) 30 that the

following equation and condition S are satisfied

~AEKW =k 0
KY=0 onSuT

Problem 4. Let there be given a function 4, € H_ we seek a function K(? so that the

following equation and conditions are satisfied

_AK(2)=0 in , K(2)=0 on S, K(2)=1,b2 on T

The problems 1 - 4 are investigated in the works [4, 5, 6]. Using the lemmas 1 - 4 in [5] we
can prove that the system of equations and conditions (1.1) - (1.6) is equivalent to the following

system of equations

(¥
d’;t = —vA1o®W 4+ 07T (0™ + o) + VTV + TE) 4 V(0 + ¢ + 111y,
(2)
d:lt = ._.,-19@1[-_1,,(1) + U(Z))
aztt) 2 1 1 1 2
= —(x +a DN)AZT( ) — aDN A, — Vst 4+ o3 - legI'[um + vm)
(2)
dgt = legr(v(l) + v(g))
dct) L X
~—— = —DA,0W — aDA TV + V4 (o) + V) — bQ,T (v + 0 2))
c(2)
i}&— = 63Q21"(v“) + v(z))

Where A;, A; are self - adjoint, positive definite operators
D(A1) cWjo(A), D(4;%) =W},(0)
D(4s) € H}o(), D(4;) = H}o(0)
| The operators Q;, @3 are the linear and compact operators
@ : H. — Wz},o(n)
Q2 : H. — Hjo(0)

VT = gf TI(Ty), VaC = gBIl(CH)
V= hlir), Veu= (o)

(2.1

(2.2)

(2.3)
(2.4)

(2.5)

(2.6)

II denotes the projector - operator to J{{2). So the problem (1.1) - (1.7) is equivalent to the

following problem:
I dx

= ~N.MAX + BX + f
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x| _ =x0

t=0

where

X-= (u(,62, 7, 7 o) g(z))J~

vA;, 0 0 0 0 O I 000 0 0
0 6 0 0 0 0 6 I o0 0 0
0 0 A; 0 0 O 60070 0 0
4=1 9 0 0 0 0 o M=o o001 o0 o
0 0 0 0 A; © 0000 N1 oo
0 0 6 0 6 O cooo o [
Io 0 0 0 O
0 I 0 0 0 o
M=]00 x+a?’DN 0 aDN 0
110 o ¢ I o0 o0
00 a«DN 0 DN 0
0o 0 0 0 I
vp gl wplghT VI Vi Vo Vi
vpTlgQiT wp~'gtT 0 0 0 © .
o | V5@l Va-b@ 0 0 o 0
- b1@:T b1 Q2T 0 0 o0 O
Vi—baQzl' Vi—b2@Q 0 0 0 0
EJQQQF ngQP 0 0 0 0 I
f=(mno0000)"

It is clear that the operators Ny, M, are positive and limited, the operator A is self-adjoint
positive definite and the operator B is limited.
Let us realize in the equation (2.7) the change of variable X = N; 12¥ | we receive
dY

- = NI M AN}?Y + N7V2 BN Y + N7V (2.8)

Since AN:/2 = N2 4, it follows from (2.8) that

%lt: = —-N2M N} AY + NTM2BN 2y + N7 (2.9)
It is easy to see that the operator My = Nl1 / 21\411\"11 1 is positive and limited. Realizing in

the equation (2.9) the change of variable Z = M, 12y we get

i‘g- = —MM2AM} 2z + M7VAN] P BN M2 + My AN (2.10)

ZL-O %o = MJYANTVAX, (2.11)
The operator M; / 2AIM 1/2 i self-a.djomh positive definite, the operator M, 1/2 _1/ 2BN] 1/2 1/ 2
is limited, so we get [7].

Theorem. Let u(0) € Wi(0), pr(0) € H-, T(0) € Hjo(0), C(0) € Hzlu(ﬂ) then there
exists an umque generalized solutmn of the problem (1.1) - {1. 7) (zem t1ép trang 19)




