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MATHEMATICAL MODELING THE INFLUENCE OF SOME GEOLOGICAL STRUCTURES
ON EARTH HEAT FLOW

V. Stoyanov, S. Kostyanev
University of Mining and Geology “St. Ivan Rilski*, 1700 Sofia

ABSTRACT. In this paper is composed and investigated a mathematical model concerning the influence of some geological structures on the non-stationary earth
heat flow. The essence of the model consists in numerical solution of heat equation, describing distribution of non-stationary temperature in Earth crust with variable
thermal characteristics and with corresponding initial and boundary conditions. The reached results allow investigation of the connection between measured heat
flow and some thermal parameters in Earth crust.

MATEMATUYECKO MOAENWUPAHE HA BIIUAHUETO HA HAKOU TEONTOXKW
CTPYKTYPU BbPXY 3EMHUA TOMMWHEH MOTOK

B. CmosiHos, C. KocmsiHes
MurHo-2eonoxku yHusepcumem “Ce. UeaH Puncku”, 1700 Cogpusi

PE3IOME. B Ta3n ctatus e CbCTaBeH W M3CNeABaH MatemMaT4ecky MOAEN, TPeTUpaLY BIWSHWNETO Ha HSKOW reonoXKu CTPYKTYPU BbPXY HECTALNOHaPHUS 3eMeH
TonnNMHeH moTok. CblLHOCTTa Ha MOAena Ce CbCTOW YMCMEHO pellaBaHe Ha rpaHu4yHaTa 3ajaya 3a YpaBHEHMETO Ha TOMMOMPOBOAHOCTTA, ONMCBALLO
pasnpefeneHneTo Ha HecTaluoHapHaTa TemnepaTypa B 3eMHa Kopa C MPOMERMNBI TOMNOMUINYECKN XapaKTePUCTUKI U NPWU CbOTBETHUTE HAYanHU U rPaHUYHK
ycnosus. MonyyeHnTe YnCreHn pe3ynTaTv No3BonsBaT fa ce WU3cneaBa Bpbakata MeXay M3MepeHns TOMMMHEH MOTOK Ha NOBBbPXHOCTTA 3eMHaTa MOBbPXHOCT M
HSIKOW CTPYKTYPHY W TONNOU3NIHI XapaKTEPUCTUKN HA 3eMHaTa Kopa.

Introduction

oT

P(xy.t)= K%a_ (1)

Recently, the interest about determination of non-stationary
temperature field in three-dimensional media is growing
considerably. The main reason is the fact that generation of
hydrogen carbon in such mediums depends on the time and
the temperature. In some cases the heat is received from

z=0

where P(x,yt) is heat flow on the Earth’s surface. The
temperature T(x,y,z,t) is defined from the boundary problem:

intrusive bodies, contributing formation of organic materials. iT

The calculation of temperature field in these mediums is object div{ a(x,y,z)gradT(x, y,z,t)} = —, (2)
of enormous interest for petroleum geology [1 - 4]. Jt

Formulation and solution of the problem where:

Let investigate the following model (fig.1) 2(x,y.2)= K():;’,Z) |

is coefficient of thermal diffusivity; K(x,y,z) - coefficient of ther-

,4/_,_1—'_“\_\_‘— mal conductivity; ¢ - specific heat capacity; # - density [5 - 6].
y In our case Kiis:

]

__r_r—'_’_‘_'—\_\h MK, 0<z<h(x,y),

n
K(X,ysz):HKz, hl(-xsy)<Z<hl(x3y)+h2(x3y)9
W (n)K3> h(x,y)+ hy(x,y)< z< H.

On the surface z,(x,y) = h(x,y) and z, = h(x,y)+ hy(x,y)
Fig. 1. have to be in force the following conditions:

We have to find the function:
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e 0 Tuy
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[ ]hwvhf' hy H dnhm,hﬂfh (3)
If z=0 and z=H
o T
T|Z:0 = O’ K3EZ:H - QH(t) (4)

and the initial conditions are homogeneous:

HT(6y.2.),, = O,

00,2 0 ©

Initially we make the following numerical study. We take
Q(t) in the form:

_n0 ;<0

Q,(0):
HO= 8 o - somwim? :t5 0

(6)

and determine the time (t,) for appearance of deep heat flow
on the Earth’s surface and the time () for establishment of
stationary field.

From the fig. 2 are defined ty, and t,.
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Fig. 2.

We can see, that the change of heat flow from depth of 2000
m lead to appearance of heat flow on the Earth’s surface when
t>20000 years and appearance of stationary case when
t>500000 years.

On the fig. 3 is shown, that the anomaly in Earth’s heat flow
repeat the anomaly layer (if the layer is heat conducting).
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Fig. 3.
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On the fig. 4 is shown Q(x) in case of different values of t,
when the layer is bad conductor. Then the anomaly of heat
flow is turned.

We calculate when Q(t) is altering in the following way:

HQ ; t<0
Qu()=w 7
T 0 (7)
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where Q= (1,5€ 2)Q . The initial condition T(M,t=0)=T(M)

is taken from the established field in problem (2). Furthermore
P(x,y,t=0)=P4(x,y) — this is the result of problem (2). Now we

begin calculation about the time O<t<t., i.e. when on the

Earth’s surface the flow P(x,y) practically does not distinguish
from P,(x,y). Moreover, it is found that for 10000 years the

temperature in depth considerably has changed and the heat
flow on the Earth’s surface practically is the same (fig. 5).
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Fig. 5.

That shows the following: if we measure today the heat flow
on the Earth’s surface and continue the temperature field in
depth, we can receive the stationary distribution, which had
been 10000 years ago. In fact the current temperature
distribution in depth is other.
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