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Free convective structures have attracted considerable interest in recent years because this characteristic
type of flows, which arises under the action of comparatively small buoyancy forces caused by minor differences
in density of the fluid existing in a mass force field, is frequently encountered under natural conditions and
in technological processes. It is thermoconcentrational convection that is responsible for the formation of
fine structures (spatially regular in depth) of the ocean, of the atmosphere of planets and stars, of the
earth’s mantle, and of other geophysical systems [1]. Also, convective flows are often spatially ordered in a
horizontal direction. The scales of these structures vary in extremely wide ranges, from several millimeters
in the laboratory up to tens of thousand kilometers in the sun’s atmosphere. The flow pattern depends on
the geometry and dimensionality of the source and on the medium’s stratification [2, 3]. In a homogeneous
medium, the jet over a point heat source can initially be laminar but loses stability and becomes turbulent
at some height. In a thermally stratified medium, the heated particles pass the neutral buoyancy level, and
are then decelerated and fall on it, forming a typical mushroom-shaped jet [4]. In a medium with steady
stratification of admixture, two main types of structures are observed: cells elongated along the horizontal
and separated by high-gradient interlayers (a “thermohaline stair”) [1, 4] and cells elongated along the vertical
(“salt fingers”) [4]. The types of convective structures are described in [1, 4] and the theory of convectional
heat and mass transfer is given in [2].

Experimental investigations of convection over a localized (point) source [5, 6] and over an extended
(linear) source [7] have shown that “salt fingers” are also present inside the cells. This extremely hinders the
development of adequate theoretical models, which should necessarily take into account the nonlinearity of the
equation of state for the medium, the Soret and Dufour effects, admixture and heat transfer, and dependences
of the kinetic coefficients of the medium, of the thermal expansion, and of the salt compression coefficients
on the state parameters.

In studies of the main convection laws, the equations of motion are usually written in the Boussinesq
approximation and are additionally simplified according to the chosen model of the process. The involvement
coefficients are considered constant [8, 9] and linearized systems are used [10, 11].

In analyzing a system of nonlinear nonstationary equations with complex boundary conditions,
one should apply reasonably powerful mathematical methods. One of them is theoretical group analysis,
which allows one to study the invariant properties of the equations of thermoconcentrational convection.
Apparently, one of the first attempts at such analysis was undertaken by McKenzie [12], who has studied only
crystallographic symmetry groups that are admitted by the system of equations of thermoconcentrational
convection. A complete group analysis of the equations has been performed in {13]; as a result, dependences
of the scales of dynamic structures that arise on the power generated by a heat source were obtained. At the
same time, many questions arising in studies of thermoconcentrational convection have not been answered in
(12, 13].
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The goal of this paper is to derive a partially symmetrized from for the initial nonlinear nonstationary
system of the convection equations. This form is more convenient in using group analysis to determine
invariant properties and in finding relationships of spatial-temporal scales of flows in a form that allows
direct comparison with experiment.

Statement of the Problem. The system of equations of thermoconcentrational convection for a
multicomponent medium in the Boussinesq approximation has the form [14]

%% + (uV)u = ~Vp+vAu +g(Zﬂi5i —aT>,
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Here p is the pressure minus hydrostatic pressure, which is normalized by pg; p and pg are the total
density of the medium and the density of the medium in the absence of admixtures; u is the velocity field; T,
To(2), and T are the total, stratifying, and excess temperatures; S;, Spi(z), and S; are the total, stratifying, and
additional concentration of the ith admixture; v, x, and k; are the kinematic viscosity, thermal conductivity,
and diffusivity of the :th admixture; o and f; are the coefficients of thermal expansion and of salt compression
for the sth admixture; F(R,t) and H;(R,t) are the sources of heat and of the ith admixture.

Since the aim of this work is a group analysis of system (1), we may not now specify the initial and
boundary conditions.

The solenoidal part of the velocity field makes the main contribution to the temperature and admixture
transfer due to the convective terms uVT and uVS;. Therefore it is convenient to divide u into potential and
solenoidal components. We cannot simply assume that the potential component of the velocity equals zero,
because it describes expansion of an element of the medium and, thus, gives rise to buoyancy forces, which
participate in the formation of convective flow. A linear combination of some equations of system (1) (without
using the Navier-Stokes equation), in view of the fact that in real situations oT < 1, yields

V.ous A(XaT - Zﬂ;S.-) +oF, @)

Using (2), it is possible to pass over from the analysis (solution) of system (1) to an analysis (solution)
of an approximate system, in which the continuity equation is replaced by the equation V - u = 0. Then the
solution of (1) will be reduced to the consecutive solution of the approximate system followed by substitution
into (2) of necessary temperature and admixture distributions and by determination of the potential part of
the velocity field. The sum of solutions of the approximate system and Eq. (2) gives an approximate solution
of system (1).

The following step in preparing system (1) to analysis involves the preliminary symmetrization of the
equations of thermoconcentrational convection with respect to the variables T' and S;.

Introduction of Generalized Disturbances of Density. In [2, 13, 14] combinations of the form
BS —aTl, xBS —ksaT, xaT — ksBS, etc., were chosen. It can be noticed that the first combination enters in
the Navier-Stokes equation of system (1), and the third, in relationship (2). The transition from the system of
variables (T', S) to a system of any two of the above-mentioned combinations brings about not only a change in
the notation of the fundamental equations but also the appearance of combinations of the type x2aT — k%8S,
k?gaT — x2BS, etc. As a result, it becomes possible to pass over to a new, more complex pair (or a system in
the case of multicomponent media) of combinations of physical fields. In doing so, we have no assurance that
the combinations chosen as the main are the most optimal combinations. For all the abundance of variations,
nevertheless, there is a possibility of describing all actually combinations that arise by means of a unified
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approach. This is achieved by introducing generalized disturbances of density.
First we consider a combination of the form

M(N+1) A/(N+1)
N N kN
my = of | -— ~ 2 BiSi | —% (3)
II & 1= x IT ki
i=1 i#]

(A is an arbitrary number). In this case the following relation holds:
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A distinctive feature of combinations (3) is that they describe all the possible combinations of T and
S; obtained in system (1) by linear combination of its equations. If the N value is odd, only the plus signs
in (4) are taken, and if this value is even, the signs are alternated. The matrix composed of the elements
V5 VD is antisymmetric, i.e., with an even rearrangement of the indices, the sign of the element of the
matrix does not change, and with an odd rearrangement the sign changes. If even two indices coincide, the
element vanishes.

From (4) it is evident that choosing arbitrarily N +1 values of the index A, we obtain a system for N +1
functions {m,}, which describe any generalized disturbance of density. Without specifying the chosen values
of )i, we can express, using (3), the temperature and concentration of admixtures in terms of the system
{ma}. Substituting the result into system (1), we obtain the equations of thermoconcentrational convection
in a form that involves any combination of T and S; in the most general form without specification, which
can be carried out after the system is solved in the general form.

Partially Symmetrized System of Equations of Thermoconcentrational Convection in a
Medium with One Admixture. It is not difficult to transform the variables T and {S;} in system (1)
to the variables {m)} using relationship (3). For large N, however, this involves cumbersome manipulations;
therefore, for simplicity, we consider a medium with only one admixture — salinity. Then the system of
generalized density disturbances has the form

my = (x/ks)M? o — (ks/x)M* BS

(ks is the diffusion coefficient of salt).

Choosing two functions m, and mg with arbitrary indices v and §, expressing T and S in terms of
these functions, and substituting the result into the approximate variant of system (1), we obtain a system
of equations of the form

0
S+ (V) u = ~Vp+ vAu + g (aymy + asms)
om T 5"
at" +u-Vmy+w (;\—T‘ + KE) = kyAmy + ksyAms + Q, (5)
Omg T 5¢
-—at—+u-Vm5+w<K;+E = ksAms + kysAmy, +Qs, V-u=0.

161



Here u = (u,v,w); A7 and Ag are the temperature and salt stratification scales; v # §;

T = (x/ks) oTo; S* = (ks/x)* BSo; Qi = (x/ks)*oF = (ks/x)M? BH; X =17,6;

. x—k _ _
Gy = P05/ Pys; @5 = Poy[Psy;  Kys = X(p p o by = (x (x/ks) ™ — ks (ks /X)) Jpys;
b

ks = (ks (x/ks) ™ = x (ks /) T?) Joxsi  @ap = (x/ks) PV = (ks[x) D12

System (5) involves only the ratios and differences of the kinetic coefficients x and kg, i.e., the system
is symmetrized with respect to them. The coefficients a, and a5 and ky, ks, ki, and ks, are mutually
symmetric, and (5) is symmetric with respect to them. The generalized sources @) also have a symmetric
form. In addition, (5) is symmetric with respect to the generalized density disturbances. In contrast to (1)
in which there is a distinction between T and S, the functions my and m; in (5) are absolutely equivalent,
i.e., system (3) is a system of symmetrized form. This symmetrization, however, is partial because it does not
involve symmetrization between v and (x, ks) and also between the vector fields u and (Vm,, Vmy).

Lie Group of Special Form. The standard group analysis of system (5) consists in finding a
continuous group of the form [15]

G-0=A0;+ B0+ C0:+ D0 +Ulu + V0, + WOy + EOy + MyOm, + M§Omy, (6)

which preserves the invariance of (5) with respect to transformations of the differential {z,y, z,t} and field
{u,v,w, p,m,, ms} variables that are described by relationship (6). Use of this transformation, however, does
not permit one to find the invariant properties of system (5) in relation to changes in the stratification scales
AT and Ag, which are of great interest. In this work, therefore, a group of special form is used:

G-0=G 0+ Lrds, + LsOg. (M)

In this case, the rule whereby the first and second continuations of the group G - 8 are sought for is
that A, B,C, D, U, V, W, E, My, Mg, L7, and Lg are considered functions of all variables of the problem,
including A7 and Ag, and differential but field variables as group analysis variables are not functions of Ar
and Ag, i.e., AT and Ag can be considered parametric variables. Of course, the fields of u, v, w, p, m4, and m;
as solutions of system (5) are functions of z, y, 2, t and AT, Ag, but in terms of group analysis field variables
have a somewhat different meaning.

In the analysis of (5) we first seek a group of differential operators of this system, i.e., a group of the
system in which the functions of the sources @y and @5 are set to zero.

Application of special group (7) to this reduced system allows determination of the infinite-dimensional
group of transformations G - 8, whose generators have the form

Gy 0 = z0; + y0y + 20; + 2t0; — uly — v0y — WOy — 2p8y — 3My O, — 3M§0m; + 4AT0A; + 4As0h g,

) 0A 0%A B 0*B
Gy-d= yaz - xay + vy, — uau, Gs3-0= A0 + '—6-?6“ - -a—t—Z-.’Eap, Gy 0= Bay + 56,, - Wy@,,,

ac . oC 70 50 \ ia
G5.6=Caz+53w—wz8p—0<;\—;+7\—;> (gz8p+k7/ 6m1+k / amg)’ GG.O:.D&,

Gr-0=E8, Gs-08=gz0,+k"0m, +k/%0n,, Go-0=g28y+k " 0m, + k™20,

(8)

gz* /2 5/2 A} g7* /2 -5/2 A%
G- -0 = ——2—-5p + k7 zam,y + k zama + -faaAT, Gn-0= Tap + kY Zam,y +k zamb- + —S—,B—@AS,

A

Gr-8=gJ(A 2,t)0 + k521 00, + k=12 1.0, + R J2,0h, -
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Here A, B, C, and E are arbitrary functions of ¢, AT, and As and D is an arbitrary function of At and Ag;

A T0
y={x ) m={47} R={g} k=xlks

+00

IOzt = [0\((,1)de, where  8x(,8) = | el
0 -—_0
is a solution of the equation (I):\: - /\@i\'“ =0, and ¢(¢) is an arbitrary function such that
Bl <co, 1Bl <oo, (Bl <o

Thus for the upper value of ) in braces we take the upper values of Ay and R and the plus signs in
the expressions for G), - 8; conversely, for the lower value of ), we take the lower values of A) and R} and
minus signs.

It should be noted that multiplication of any generator G;-0 by an arbitrary function of the stratification
scales AT and Ag yields a new generator, which, as applied to system (5), leaves it invariant.

Some generators of system (8) have a reasonably clear physical meaning. Thus, the generator G - 8
describes the scale-invariant properties of solutions of system (5); G2 -  points to the cylindrical symmetry
of convective flow about the z axis; G3 - 8,G4 - @ and G5 - 0 are generators of Galilean transforms, which take
into account changes in the pressure field of the medium; Gs - 0 points to the invariance of solutions with
respect to time shifts; G7 - 0 reflects the fact that the forces generated in the medium by the pressure are
purely potential; and Gg - d and Gy - @ indicate that if the generalized densities receive constant additives, the
isobars in the medium are displaced along the z axis.

To elucidate the physical meaning of the generators Gip - 8 and Gj, - 0, we integrate their linear
combination

G -0 =aGy-0+bGy; - 0, (9)

where a and b are arbitrary numbers.
Integration of (9) and transformation to the variables T and S leads to explicit form of transformations
that leave system (5) invariant:

T* =T +aezfa, S*=85-bez/B, p*=p+ela+tbgz?/2, (10)
Ar As
Ay = ————— | Ag = —=—
r 1- asi\—l ° 1- bsAS—
aTo ﬂSO

(the asterisk denotes the new variables and ¢ is an arbitrary parameter of the transformations).

From (10) it is seen that with appropriate changes in the temperature and salt stratification scales
(relationships for A% and A%) and with additional stratifying additives to the temperature and salinity fields
(relationship for T* and S*) such that the scales of these stratifications are inversely proportional to the
coefficients of thermal expansion and of salt contribution to density, the pressure field isobars (relationship
for p*) either crowd together (at a + b > 0) or are thinned out (for a + b < 0). For a + b = 0, the pressure
field does not change, nor does the field of density disturbances change, since in this case

pr=BS"—aT*=pS—al — (a+b)ze = S — ol = p.

It ‘should be noted that the total temperature T and total salinity S distributions are invariants of this
transformation, since

P e £ Z e _ A AT e =
T* =Tiz)+ T _T0(1+A}>+T+az_To <1+AT (1 aToAT))+T+az Ty <1+

A similar sequence of relationships holds for S. This means that the concentration of isobars has a purely
hydrostatic character [this is confirmed by the type of the additive (a + b)gz%e/2 to the pressure field] and

z

T=T.
AT>+
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-does not influence the character of convective flow, which is in complete agreement with rejection of the
hydrostatic term of pressure in system (1).
[t seems impossible to elucidate the physical meaning of the infinite set of generators G - 9 in the most
general form, since the form of the function ¢(£) is arbitrary. To substantiate this statement, we consider a
simple special case. For this, we use a linear combination of two generators:

G-0=aGy -0+ bGig-0 (11)
such that ¢({) = 1 for both Gy - @ and for Gy - 0. In this case, we have

Qx((at) = \/—lr;e—fx_[) ka(C) t) = \/—:

The explicit form of transformations that correspond to (11) is

z z ac [ _2
* = —— e * fod —— ——— ﬂ
p p+7rge[aerf(2\/g) +berf<2\/ks_t>], T =T+ ~ Xte xt, .
1
22 22
sog [T i L _ L e T g _I._L+a€_z_1_7£__e—n?,
B\ kst Ay Ar TO( )3/2 A% 502(k t)3/2

As can be seen from (12), the transformations from the old coordinates to the new ones are of an additive
diffusive character in the presence of two split dynamic layers (temperature and salt), whose dimensions vary
according to the laws /X% and /Egt, respectively. It is evident that the corrections to the temperature field
and to the gradient of the initial temperature-stratification distribution depend on the thermal diffusivity,
while corrections to the salinity and to the gradient of the initial salt-stratification distribution depend on the
diffusion coefficient of the salt.

The obtained result is directly related to the stability of experimental data on thermoconcentrational
convection. The fact is that if an experimental basin is filled layerwise, after the accomplishment of the
procedure, some time should be allowed for smoothing of the sharp density gradients on the boundaries of
the layers and for formation of stratification with a constant gradient. Ideally, to achieve a constant gradient,
an infinitely long period of time should be allowed to elapse. Since this is impossible in real situations,
one has to perform the experiments in the presence of diffusive processes, using diffusive corrections to the
constant density gradient of the initial expected stratification. At the same time, from (12) it follows that
Eqgs. (5) of thermoconcentrational convection are invariant with respect to variation in fields due to similar
corrections. This means that the fundamental properties of flows are stable against diffusive disturbances of
density distributions in experimental basins and under natural conditions.

Here it should be emphasized once again that the properties of the generators Gy - @ and Gy - 0 are
not restricted to transformations (12) but are determined by the form of the function ¢(¢) in each particular
case.

Space-Invariant Properties of Convective Flows. Group analysis results (8) are obtained from
the initial convection equations with the temperature and salt source functions equal to zero. Hence, the
generators G| - 0 give rise to the so-called groups Gp of differential operators. Imposition of the invariance
condition of the source functions with respect to the operators G;-9 and allowance for the boundary conditions
reduce the number of allowable operators. We further consider only those situations in which the salt-source
function is identically equal to zero, which allows direct comparison with the experimental results of [3, 5, 6]
to be made.

Irrespective of the type of fluid stratification (salt, temperature, or both simultaneously) the point
heat source F(R,t) = Foé(x)6(y)6(2)0(t) admits the generator G - 8, which means that the arising flow has
cylindrical symmetry.

The flow structures for a horizontal [F(R,t) = Foé(y)6(2)8(t) or Fué(z)8(z)6(t)] and vertical [F(R, 1)
Fo6(z)8(y)0(t)] linear sources are invariant with respect to transfers along the sources (generators G3-9. . G’s 8
for Ay = By = C; = 0), respectively.
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The flow from a vertical plane source F(R,t) = Fgé(y)6(t) displays invariant properties with respect
to transfers that are parallel to the source plane (generators G3 - 8 and Gj - 3 for A} = C; = 0).

A horizontal plane source [F(R,t) = Fy6(z)6(t)] admits the generators G3-3...Gy- 8 for A} = By =0,
which means the occurrence of structures that are invariant with respect to transfers and turns in a plane
parallel to the source plane, which includes the symmetry of Benard’s cells. All the above-mentioned invariant
properties of flows have been observed experimentally {3, 5, 6].

None of the types of sources admits the generator Gs - 0, which implies the invariance of flow with
respect to shifts in time, which, in turn, emphasizes the transient character of formation of convective flow.

The results of [3] for convection from a horizontal plane heat source, which revealed not only convective
cells of hexagonal form, but also complex ornamental patterns of cells, indicate that the condition of filling of an
infinite plane by a regular polygon is not a universal criterion for the existence of convective cellular structures
of Benard’s type. Thus, the question arises of whether group analysis results are applicable to similar structures
and doubts are cast upon the universality of group methods as applied to convection problems considered
here. This apparent contradiction is solved if we take into account that, strictly speaking, the generators
describe the local properties of the medium, for example, the symmetry of flow inside a cell as a small-scale
formation. Thus, the possibility of describing, in terms of these generators, regular plane pictures obtained
by means of only two translational vectors is an exception rather than the rule. From this point of view there
is no contradiction between group-theoretical and experimental [3] results.

A similar problem arises in describing convection from a horizontal heated cylinder [3], where in a
small area around an individual buoying jet, the flow displays cylindrical symmetry but, at the same time,
there is a translational invariance of the entire flow along the heat source.

Scale-Invariant Properties of Convective Flows. The dependences of the spatial and temporal
scales of convective structures on the power input and on the initial ter.perature- and salt-stratification scales
is of great interest.

We dwell first on the dependence of the scales on the power input. For this, we use a linear combination
of generators of the form

G-8=Gy-0+a(Ar)Gy -0 +b(As) Gy - 0. (13)

Selecting the appropriate functions a(Ar), b(As) and px(£), wis(€), one can obtain the operator G- 8
in the form

G-0=2z2-0:+y-0y+2-0,+2t-0—(2p+ P(2,t)) 0
— (3my + My (2,t)) - Oy — (3ms + Ms(2,t)) - Oy — 1~ Oy — v Oy — w - Oy (14)
The following step involves application of generator (14) to system (5) with a heat source. The explicit form of

transformations of variables that are governed by generator (14) is obtained by integration of the Lie equations
corresponding to this generator and having the form

, _ o dz i .
EE - x, —é - y’ EE - z, (—1—5 . 2t, % —u, (—12 - _v’ EE W
B _ g5 P(3,%) e G A (2,9) s s M (5,1)
dé - p z, b d§ - i v Z’ ] d€ - m6 ) Z,

(the tilde denotes the new variables and ¢ is a group parameter). In addition, the that condition ¢ =0 is a
stationary point of transformation should be satisfied, i.e.,

Z(£) =z, g(é)

€=0

=Y,
£=0

etc., over all variables.
The next step in using group analysis results consists in replacing the old variable by new ones in
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-system (5). The rules for the replacement are obtained after integration of the Lie equations, which gives the
following transformation laws for the variables:

=ky, F=kz i(=k% d=k'u, d=klv, w=k"lw,

C ok
PO ) Ad], s =k [m7,5 - 7 My (A2, %) Azd)\].
1

Here k = €f; the derivatives with respect to spatial coordinates and time are transformed as

o 9 Y
5 =k 5

9z " ot 8t
and a term containing the source as

F(z,y,2,t) = K~4F(z,7, 3,1)
(d is the dimensional parameter of the source).
Substitution of the resulting relationships into the equation of system (5) for transfer of the quantity
m. yields
. A o an
+4-Vi,+0 i + )= kyArny + ks Aths + k~°7F (2,7, 2, 1),
T S

Oy
at
where V and A are nabla and delta operators in the new variables.

The scales of dynamic structures vary with variation in the source intensity. Therefore, the invariance
of (5) with change in source intensity can be achieved only by compensation of this change by the coefficient
of the source term. Let the intensity of the source increase by ¢ times. Then for the invariance of the equations
it is necessary that the following relationship be fulfilled:

k= ql/(2+d)-

In the general case of a heat source with dimensionality d, which can be noninteger (for example, if the source
has the form of a fractal Koch’s figure), the dependence of the spatial scale on the power input is representable
as

L = Lo(v,x,ks,,8,.. _)Fol/(2+d)

(Lo is a quantity independent of the source intensity Fp).
We use this relationship for special cases. '
Point Heat Source. The source function is given by F(R,t) = Foé(z)8(y)é(2)6(t). Then

L = Lo(v,x, ks, o, B,.. )Fi!2,

Linear Heat Source. In the general case, F(R,t) = Fyé(z)é(z — y tanv)0(t), where v is the slope of
the source to the horizon. As a result, the following relationship holds:

L= Lo(v,x, ks, o, B,.. )Fil*.

Plane Heat Source. In the general case, the source can be given by F(R,t) = Foé(z +a-z+b-y)d(t),
where @ and b determine the spatial orientation of the plane. Then, with a change in power, the scale changes:

L= Lo(v,x, ks, a, B, ... )Fal*.

In the case of a point source the results of [13] agrees with the result of this paper.

If an admixture source rather than a heat source is placed in a medium it turns out that the same
dependences as for a heat source hold. Thus, if the buoyancy of the admixture is negative (salt, sugar, etc.),
the flow pattern is specularly reflected from the plane z = 0, as was shown in [10].
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In the study of the relationships between the dimensions of the structural elements and the initial
temperature and concentrational stratifications, one of the main problems is that of finding those functions
of physical fields whose spatial scales vary in proportional to A% and A% (a and b are arbitrary numbers).

For this, we shall compose a linear combination of the generators

G-0=G1-0+AGy 3+ BGy, -0, (15)
where A and B are numbers that, in the general case, satisfy the relationships
_ AL, Ar A As
4AT + AWJXt = —;—, 4Ag5 + Bwjkst = -—b— (16)

The fulfiliment of relationships (16) automatically ensures derivation of the sought-for relationships.
Integration of (15) makes it possible to introduce the function

1 -
Uy = my — 5[/&/%;, +E ML, (17)

whose spatial scales are proportional to A% and Abs with the simultaneous scale-invariance of the function
with a change in A7 and Ag.
As follows from (8), Jy and Ji are, in the general case, functions of the form

oo

80\ z,t) = [ pl6,Ar, Ag)et Mgz, (18)

-0

We consider the simplest case where the governing function (¢, Ar,As) is uniform for all Jy and has the
form

o(6,A7,A5) = —36"(0 (19)

[6(€) is a Dirac’s delta function].
Substituting successively (19) into (18) and the results of integration into (17) and passing over to the
initial physical fields of temperature T' and salinity S, we obtain the function ¥ in explicit form:

= ()" (- 25) - ()" (5 2%) )

(the designations T and S were introduced earlier and describe the total temperature and salinity fields).
For A =0 and A = 1, from (20), we obtain

Uo=1+85—oT = H, Uy = —x — ks + xaT — ksBS = G,

where H and G are the reduced density and the kinetic dilation potential, which were used in [13] as field
variables.

Depending on power input, three types of layered flow from a point source were distinguished in [16].
For the first type of the flow, the limiting height of the structure is achieved immediately owing to a primary
convective jet which arises directly from the source and, for a second type, secondary convective cells which
sequentially form above the primary dome are taken into account. A third type is intermediate between the
above two. In all cases, as was shown in experiments, the structure height is proportional to F01/2. We consider
the formation of flow taking into account that the height of convective cells (thickness of layers) is proportional
to F2/7 [16].

As the heat source is switched on, the overheating of the fluid located in the nearest vicinity reaches
tens of degrees. As follows from [13], the primary heat jet height is proportional to FOI/Z. Let the structure
height be defined as Ly = LoFolﬂ, the the primary jet height as L, = LIFOI/Z, and the convective cell height

as L, = L2F01/7, where Lo, L1, and L, are constant quantities which are determined by the fluid parameters.
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Let n(Fp) be the dependence of the number of convectie cells (layers) on power. Then, in the first case
(at the center of the structure), we have Ly, = Lp,. On the others hand, Ly, = n(Fp)L.. As a result,

n(Fy) = f—:Fg"/“.

In the second case, Ly, = Ly, + n(Fg)L;, and hence

n(F) = 2= L1 pone
L,
In the .intermediate case, where some layers are formed near the primary jet and the other are generated
by secondary sources above the primary jet, a similar analysis shows that the total number of layers is also
proportional to FOS/M.

Since the number of layers n is a natural quantity, the dependence n(Fy) has a stepwise character with
an envelope behaving as Fg’ 1, Hence, it also follows that there are some critical power values for which the
number of layers is increased by one. These critical values are defined by the relationship Fy, = (n/No)M/ 5
(No is a constant determined by the medium’s parameters, n = 1,2,...).

The resulting dependence n(Fp) ~ F05 /14 {5 universal for all power values where the layered convection
regime is realized.

In this investigation it was assumed that the kinetic coefficients of the medium are constant and
independent of temperature and the admixture concentration. This is not valid for all fluid and gaseous
media. Therefore, in a more thorough study of dynamic structures it is necessary to take into account the
properties of particular media more precisely and reflect this fact even in the initial hydrodynamic equations.

Analysis of the system of equations of thermoconcentrational convection for a stratified fduid shows
that the infroduction of generalized density disturbances facilitates accomplishment of group analysis and can
be recommended for numerical modeling of convection processes.

The introduced generalized density disturbances are shown to be universal in the sense that they
describe all possible combinations of temperature and concentration of admixtures that are obtained in the
system of thermoconcentrational convection equation by linear combination.

The resulting partially symmetrized system involves field variables (temperature and concentration of
admixtures) and the corresponding kinetic coeflicients (thermal diffusivity and salt diffusivity).

An infinite-dimensional group of transformations that reflects the symmetry properties of flows over
various types of sources is determined.

The splitting of variation scales for various variables (velocity, temperatures, and salt) is a universal
property of thermoconcentrational convection.

Without employing additional hypotheses, dependences of the global scale of the structure and its
individual elements on power input (buoyancy flow), which are in agreement with experimental data for
convection, are obtained.

It shown that the infinite set of functions that display invariant properties with change in the initial
stratification scale-includes the reduced fluid density and the kinetic dilation potential.

This work was supported by the Russian Foundation for Fundamental Research (Grant 93-05-8291).
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