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1.0 I ntroduction

Earth’s origin and the formation of its shells fawadamental problems of natural sciences. Owinthéo
joint efforts of space physicists and space chemisianetologists and geophysicists the main pbghiemical
processes have been studied, computer modelsrdtdtarmation from smaller bodies of asteroid disiens have
been developed and the times of planet formatimpaied by isotope data have been calculated.dtigent that
during the formation of the main structural unitgtee Earth — its core and mantle — there was aiderable energy
generation due to gravitational differentiationuisglent heat by 250¢C) [3].

The presence of fluid core of an electrically aectithg fluid permits the interaction of the fluitbfv and
the magnetic lines of force to produce an electitoradorce (e.m.f) which helps the magnetic fietdregenerate
itself. The subject of the study of the procesda®generation of a magnetic field is known asdiggamo theory

[2].

During the gravitational differentiation (GD) ihe large material volume in the Earth’s gravitagiofield
the generated potential energy becomes heat duscimus dissipation [3].

In this paper we study the time evolution of thert. Of course, the planetary scales and charstiter
geologic times of the thermal processes in thaiontaliffer from the corresponding characteristidsthe classical
thermal explosion, but, and in essence and foray, &ne analogous to the thermally activated presei.

2.0 The mathematical model

We start with the usual Navier — Stokes energyatqgn

oT o (, aT Au )
2 - 2 halll el 2.1
Pt 7 az(kazj+ #(Ahj + He @

where
T is temperature 7 is viscosity
u is velocity Cp is specific heat
2h !s the thickness of the flat layer D is density
z is distance O, is energy due to radioactive sources.
k is thermal conductivity

Following Vityazev [3], we consider a certain voley of a matrix of viscosityl and densityp, which
contains inclusions of radius a and dengity= p, + Ap with

p=p, & (2.2)
k=4 +Ad (2.3)
1 E
A, =Ape e, 1<n< 4 (2.4)
_ (- 2 Ap ng/
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u= (1-250) w (2.5)
P =5 (1—0'(T —Td)—,B(Cl—CO)) (2.6)
where
Pe is the Pe’clet number c is the fraction of the volume accupied by
inclusions
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E is the activation energy

R is the universal gas constant , . ,
a is the th | ductivity d e fl g is the acceleration due to gravity
Ad IS thet z_rma Cﬂn uctI|V|tydue _C(_)nvectlve o ¢ is the concentration of the light material
Is the ordinary thermal conductivity a is the coefficient of volume expansion
. ) is the coefficient of compositional
3.0 Method of solution expansion
Writing (and assuming = pg)
E z At
6= z(T_Td)’ X=- I= 21
RT, h pc.h
we obtain
4 4
96~ 9 (114 p,r € 961, r, e +r,, (3.1)
or 0X 0x
wherer = _E (1- 25c) 4(np) g'at _ ME . _RT,
RT? 814 4, " ART, E
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In the limit ) 9.9 1+p,o e LA r,e +r, (3.2)
ar  ox X
We assume as initial and boundary conditions
6(-1)=6(r)=6(x0) =0 (3.3)
4.0 Thermal runaway time
We consider two cases
g g
() pe>>1 (i) pe<<i
. : ow _10°w N ow o*w
Let w=1-€", then for (i ~— —pn >r, (i) — - >T
i) ar e T ) ar ot ¢

Then by [1], theorem 4.5, there existg auch that

(i) V\:(Q to) -1 and@ - oo (i) W(O’%%J ~1 and 8 -

M b =1 for cas® @nd PR

3l ra) 2/n(p.t,+a)
dt

Henced_o >0 and time of explosion increasepanacreases.
pe

In particular, for somea >0 =1 for case if) whenn = 1.

5.0 Conclusion

We have ignored the dependence of density on tetye in preexplosion heating. In reality@s- oo,
p — 0 and equation (7) is no longer valid.
Thus in realityd never becomes too large.
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