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ABSTRACT 
Thermal regune of a geothermal system considerably 
depend on availability or absence of free fluid 
convection in it. Other side geothermal systems are 
characterized by s w c a n t  heterogeneity and, 
specifically, permeability and other parameten may 
change from layer to layer . So, estimations of 
penneabdity coefficients of geothermal systems, 
accordmg to reference data, differ by several orders 
[3] . Usually for estimation of convection onset in 
these systems the value of the critical Rayleigh 
number 4n2 is used, talang place for d o r m  layer 
[2]. In case of s@cantly hernogene layers the 
values of the critical Rdeigh number, calculated by 
mean permeabllity, as will show below, may 
considerable Ma fiom 4n2. In connection to 
indicated and other factors the problem about onset 
of fluid convection in a geothermal stratum, 
consisting of two horizontal sublayers with Maent 
permeabilities is considered. The parametrical 
mvestrgation of the probem in dependance on 
permeabinty and ttuckness of layers is carried out. It 
is necessary to mark that permeabiltties of real 
geothermal strata may have and essentd 
anisotropy. Influence of uniform anisotropy in the 
simplest case was investigated by Ephene [l]. 
Understandmg of quntitative and qualitative 
d u e n c e  of indlcated and other factors on orgn and 
structure of a stream in a geothermal system will 
assist to interpretate the geophysical experimental 
data, specifically, by heat flow. As it has been shown 
in [3], convection in geothermal systems is not 
exclusion, but a d e  and induces a positive anomaly 
of heat flow on the Earths surface above a 
geothermal system. 

FORMULATION OF THE PROBLEM 
The porous regon (stratum) consists of two 
horizontal layers with permeabilities and widths k,, 
h,, k2, h2 accordmgly. It is supposed for simplicity, 
that all effective thermophysical parameters of both 
layers, specificdy thermal conductivities coinsides 
and are stable. Let us dtrect the axis OZ up along 
vertical h e  and OX along a horizontal are. The 
coordmte Z is counted off from common boundary. 
The upper boundary of the upper layer and the 
lower boundary of the lower layer are impermeable 
for liquid and on them the constant temperature is 
maintained (the lower temperature is more). On the 
common boundary the n o d  component of 
velocity, pressure, temperature and heat flow are 

continuous. Let us write the nondimensional set vf 
equations for fiee convection in porous medum m 
the Darcy- Boussinesq approximation [2]. Counting 
off the pressure and the tmiperature from hdr  
distributions for mechanical equilibrium, we have 
u = -w .R(Vp. - T.e ), ~=1,2 J J J J Z  

&VUj = 0 
m 

b-+u.VT. -u .e  "7 =AT 
at J J J Z  j 

wl=kl/k, ~ 2 = k 2 / k ,  , k,=klh+k2h2, hl+h2=1 
Boundary condtions 
u1ez = 0 , TI*, ( A I )  ' i  
-- 

I PI =p2, (ul-ul)ezo, (A) , I m1 - ar, 
T1=T2, & & 

where the indices 1,2 concern the upper and 
lower layers accordmgly; u is the velocity of liq I . 

*e> ~2=0> (2-h2) 

filtratioq e, is the slngle vector along the axis 
p is the pressure; T is the temperature ; A is 
@ent of equhbrium &bution of the 
temperature; p is the liquid density ; fi is q e  
coefficient of heat expansionJ is the coefficidt 
conductivity; x is the effective temperaye 
conductivity, p is the dynarmc viscosity; Cp is e 
heat capacxty; m is the porosity. k,, k2 are 4 e 
permeabilities in the first and the second lay s 
correspondmgly; ks is the mean permeabhty; R '  3 
the filter Rayleigh number, delined accordmg bo 
integrated width of layers and mean permeability, 
indices fand c concern liquid and porous me&W 
correspondmgly. In (1.1) the followq charakteristic 
scales are selected, h- of lengths; Ah- qf 
temperatures; A/ h(pJj  - of velocity; h2 (p,J/;3. - 

of time; ; PpgA h2 - of pressure. 

(1.1)- (1.2). Condtion of existence of tius soluti 
is come to find of nontrivial solution of the probl 

pemuts to find the critical value of the Raylei& 
number, dependmg on ratio of permeabilities and 
widths of layers at exceedmg of whch mecharucal 
equihbrium of fluid is impossible. 

3: 

From the mathematical point of view the probId+ 
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SOLUTION OF THE LINEARlZED SET OF 
EQUATIONS 
For the problem in question , accorging to general 
methods [2], it is possible to show the principle of 
monotony of hturbances for heabng fiom below. 
There fore for our aims it is enough to consider the 
stationary problem. By sh11da-t method after 
linearhtion let us reduce equations (1) to equations 
relatively temperature [ 21. 

A ~ T .  = -w .RA,,T. j=1,2 , (2.1) 

Tj = Oj(z)& , j=1,2 . (2.2) 

J J J 
where A and Am are Laplasians in a space 
and the plane OXY accordingly. 
Let us seek the solution in the form 

Substituting (2.2) in (2.1) and talang into account the 
boundary conditions ( 1.2), for O,(z) 
/ n  \ 2  

we obtain 

.Raylegh number and the wave number against wl 
=kI/k2 sor hl= 0,25,0,3; 0,4,0,5 . As it can be seen 
in Fig.1, at hl= 0,25 and w >20 the cribcall 
~ a y l a g h  number is approximately 4 tmes more than I 

[$-k2j @ j = W j k  2 RO. 
J '  

k2 = ki+ k$ , j=1,2 

O1 = 0 ,  O1"=0, (z=h,) 

q = a2 , @ '= 02P, O] P ' =  @ " 1 2 
- k2@ '= w(@(~)  - k 2 a 2  ') .(@) 

1 1 2 

O2 = 0 ,  02'"0, ( Z  = -h2) 

where @ = d o ,  I & ,  01"= d 2 0 ,  ldz2 etc. 

The solution ofthe problem (2.3) may be obtained in 
the form 
0 1 =olshA/(t-hJ + 02~hA2('-hJ 

(2.4) 
O2 =ojshAj(z+hJ+ a,sh&(z+ht) 

k1 = {W 
h 2 = l i 2  k - dl" w k R  

h 4 =  F-77 k - w k R .  

Substitutmg (2.4) in (2.3) fiom the boundary 
conditions we obtain the set of four algebraic 
equations relatively a, ; because of cond~tions on the 
upper and lower boundanes of the stratum are 
fklfilled beforehand. Con&tions of solutabihty of 
tfus set permit to h d  the neutral curve sought. 
Solvmg after this the set of equations, we will find 4; 
with exactness to constant multiple. 

DISCUSSION OF THE RESULTS 
Computations show, that the neutral curve in the 
problem in question whke the case of an uniform 
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layer, may have one or two minimums of the wave 
number in dependance on parameters correlation. 
Availability of two minimums has place for 
sgndicantly different widths of layers and 
charactexises conditions of stabihty loss of liquid of 
the whole system and in the layer with lesser width 
,but with greater permeability. The considerably 
different wave numbers correspond to these 
mimimums. In Fig.1 and 2 we have plotted the 
minimal 

Rl*r  1 

Fig. 1. The minimal Raylexgh number agarnst w. 

2 

Fig.2. The wave number agamt w 



whole system in dependance on , wluch of 
minimums is less. 
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