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An algorithm allowing the simulation of thermal fields in soils under
different natural climatic conditions and in soils with different thermal
conductivity has been defined. The depth of annual temperature oscillations
in soil has been established by the example of climatic conditions of the
Zaporozhye region.

In doing so, first and foremost we need to calculate the temperature
field of soil (that is to say, in the absence of thermal action on the soil of
ground heat exchange system), which will be taken into account in the
simulation of technological processes and technical systems capable of
using geothermal energy.

There has been developed an algorithm allowing the simulation of the
temperature field in soils under various natural climatic conditions and in
soils having different coefficients of thermal conductivity. It has been
established that under climatic conditions of Zaporozhye region annual soil
temperature fluctuations reach the depth z =9-17 m. Obtained results will
be used for simulation of technology processes with technical facilities
designed for use of geothermal energy.
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Introduction. The maintenance of optimal microclimate in animal houses
entails a significant consumption of energy and costs. It is impossible to achieve a
cheap and high quality livestock product in short space of time without keeping
optimal microclimate conditions in animal houses. The microclimatic impact consists
of combined effect of the temperature, air humidity, air gaseous composition and air
pollution. One way to increase the efficiency in livestock production is cutting down
the costs of maintaining these conditions, using alternative energy sources, and in
particular - geothermal energy.

For the rational use of potential energy of soils with the application of
technical equipment, having ground heat exchangers as working elements, it is
necessary to determine the temperature field formed by various factors (fig. 1).

The reference [5] provides the following expression for thermal field in soil
that allows us to consider Earth's radiogenic heat flow:

o . (2
T, (z,t)=4, e © sin| 22—z |-Z +¢(2)
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, (D
where:

T2 (z,1) - the soil temperature at time 7 and depth z, °C;
Ar— amplitude of the soil surface temperature (at z = 0), °C;
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a. — thermal conductivity of the soil, m*month;

® — amplitude cycle, @ = 12 months;

¢ (z) — function describing the distribution of temperature in the ground with
depth at the initial moment of time, which can be used to calculate Earth's radiogenic
heat flow.
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Flg. 1. Soil thermal field forming factors

The problem was solved with given initial condition: T,(z,0)=¢ (2) and

T.(0,0)= A, sin(%rt+to}

boundary conditions: 7,(0,#)=0 ; , where 7, — the

initial phase.

However, the above reference does not provide a detailed derivation of the
expression (1), and what is more, the derived expression satisfies neither the initial
condition nor the boundary conditions at the soil surface, what can be proved by direct
substitution.

The purpose of the research was to simulate technological processes and
technical systems that can use geothermal energy.

Material and methods. The analysis is performed on the basis of generally
accepted approaches for thermal conductivity of solids, heat transfer from one solid
particle to another when they are in contact, the molecular thermal conductivity in the
environment [5].

Results and their discussion. Simulation of heat and mass transfer, which is a
factor of thermal field formation in such a multi-component system as soil, is a highly
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complicated task because of the necessity of considering, mathematical description and
implementation of various mechanisms: thermal conductivity of solids, heat transfer
from one solid particle to another upon their contact, molecular thermal conductivity of
the medium that fills the space between solids particles, convection of steam and water
occupying the pore space, and so on. Strictly speaking, besides the aforesaid
mechanisms, the simulation of soil thermal field requires the consideration of chemical
and mineralogical characteristics of the soil skeleton, mechanical properties of solids,
dispersion degree in porous medium, shape and size of solids and pores, number of
phases, quantitative relationship between phases and their relative position in the
porous medium and many other physical and chemical parameters of the soil. The
detailed consideration of the aforesaid factors in simulation of soil thermal fields
represents a serious problem [6].

However, applying the model of equivalent thermal conductivity we can to
describe those processes accurately enough by means of the parabolic partial
differential equation using equivalent coefficients [7]. In this case, the soil is
considered as a quasi-homogeneous body for which an ordinary heat conduction
equation, relating temperature 7, time ¢ and depth z, can be applicable.

oT, 0T

2 2

:ae )
ot 0z 2

The soil thermal field can be determined based upon a solution of the basic
equation (2) with preset boundaries, that is the initial and boundary conditions.

The initial condition is defined by using the function of temperature
distribution with depth of the earth at the initial moment of time:

Te(z,O):T20+kTZ’ 3)

where:

T., — average annual temperature at the soil surface, °C;

kr — the rate of temperature increase with depth depending on the rate of
Earth's radiogenic heat flow, can be taken as kr = 0,03 °C/m for thermal conditions of
Ukraine.

Boundary conditions expressing the law of soil-environment interaction
interactions, should be formulated as two soil boundaries.

The boundary condition at the soil surface can be written as follows:

(2
T.(0,6)=T.,+ A, sm(é’t]
- 4
The amplitude of temperature oscillations decay with depth, and when the

value z > Z, is reached, the soil temperature remains practically unchangeable in the
prescribed time interval, that allows the setting of the following boundary condition [7]

T (Z,t)=T,,+k,Z = const. 5)
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According to the reference [8], annual temperature-oscillations decay in
amplitude towards zero at a depth of 30 m in polar latitudes, at a depth of 15-20 m in
mid-latitudes, and about 10 m in tropical latitudes (where annual amplitudes have
lower values then in middle latitudes). At these depths the annual soil temperature
remains constant.

Therefore, Z = 100 taken for the boundary condition (5) will guarantee the
absence of temperature oscillations at this depth and lead to lower computational costs
to an acceptable level.

The soil surface temperature for Zaporozhye region was determined as a
function of time using [9] and based on the approximation of long-term data (fig. 2),

T(0, 1) =12,0+152 sin| 2%t + 415
‘ 12 i (6)
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Fig. 2. Soil surface temperature according to long-term data for Zaporozhye
region

The expression (6) contains the initial phase of temperature oscillations equal
to 4,15 months. Therefore, in simulation of the soil thermal field with the use of the
initial condition (4) not including the initial phase, we set approximately April 20 (see
pic. 2) as the process start date for Zaporozhye region (not January 15 because we
only have the average monthly temperature data at soil surface). That is to say, for
natural climatic conditions of Zaporozhye region the annual average temperature at soil
surface is determined as of April 20.

With increasing soil density and moisture content thermal conductivity
increases, temperature oscillations become faster and penetrate more deeply into soil.
According to the reference [10], soil thermal conductivity coefficient
a.=0,76-2,67 m*/month, and at the same density and moisture content, it is also
dependent upon soil type. For example, sand has the highest coefficient of thermal
conductivity, sandy loam — somewhat less, and loam has the lowest value.
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Having solved the equation (2) with the boundary conditions (3), (4), (5) using
numerical method and taking into account the initial phase #), we obtained the
dependence of soil temperature on time and depth as shown on the figure 3.
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Fig. 3. Soil temperature 7, in various months of a year, depending upon
depth z with coefficient of thermal conductivity a,=2,67 m’/month (a) and
a,= 0,76 m*/month (b)
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As shown in the drawing 3, annual soil temperature oscillations can penetrate
to depth z = 9-17 m under natural climatic conditions of Zaporozhye region.

Therefore, there is an algorithm allowing the simulation of a soil thermal field:

1) To determine the coefficient k7 , that takes into account the increase in
temperature with depth.

2) To approximate long-term records of soil surface temperature by means of

T,00,6)=T,,+ 4, sin(z—ﬂt+t0]
the following type of function ® .
3) To determine the soil thermal conductivity coefficient a, related to the type,
density and moisture of soil.
4) To solve the equation (2) with boundary conditions (3), (4), (5) taking into
account the initial phase ¢,.

Conclusions

There has been developed an algorithm allowing the simulation of the
temperature field in soils under various natural climatic conditions and in soils having
different coefficients of thermal conductivity. It has been established that under
climatic conditions of Zaporozhye region annual soil temperature fluctuations reach the
depth z = 9-17 m. Obtained results will be used for simulation of technology processes
with technical facilities designed for use of harness geothermal energy.
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HEPCIIEKTUBA BUKOPUCTAHHS TEIIJIOBOI'O 11OJIA B I'PYHTI

I. IlleBuenko, O. KoBsazun

HaBepeHo anroputm, sikui 4O3BONSAE MOAENIOBaHHA TeNNoBUX NOJiB
B IpyHTax y pi3HUX NPUPOAHO-KMiMaTUYHMX YMOBaX i Ha I'pyHTax 3 pi3HOO
TensonpoBigHicTIO. BctaHoBReHa rmmouHa pi4yHOro KONMBaAHHA
TemMnepaTtypu Yy FpPyHTIi Ha npuknagi npupoaHoO-KniMaTU4HMX YMOB
3anopisbkoi o6nacri.

AHaniz npoBefeHuM Ha 6asi 3aranbHONPUIHATUX MiAXOAIB LWOA[O
TennonpoBiQHOCTI TBepaMX Tin, Tennonepenadi Big opHiei TBepAoi
YaCTMHKM OO0 iHWOI NpX X KOHTaKTi, MOMNEKynsApHOI TennonpoBigHOCTI B
cepenoBMULL;.

Po3po6neHo anropuTtm, wo [o3Bonse MopentoBaHHA
TemMnepaTypHOro nons B IPyHTi 3a pPi3HUX NPUPOAHO-KNIMAaTUYHUX YMOBAX i
Ha rpyHTax, WO MawTb Ppi3Hi kKoediuieHTM TennonposigHocTti. Byno
BCTaHOBJEHO, WO B KNiMaTUYHMX YMOBaX p. 3anopikKA WOPiYHi KONMBaHHA
TemnepaTypu FpyHTY MOXJIUBI B MeXXax rmm6uHun 9...17 meTpis.

OTpumaHi pesynbTatm O6yayTb BUKOPUCTaHi AnNsA MogentoBaHHA
TEXHONOrIYHMX npoueciB y TEXHIYHUX NPUMILLEHHAX, MPU3HAYeHUX AnA
BMKOPUCTaHHA reoTepmarnbHOI eHepril.

Knrouoei cnoea: TpyHT, TeMmiepaTypHE II0Jie, TEILIONPOBIIHICTh IPYHTY,
IIIMOMHA.

HEPCIIEKTUBA UCIIOJIB30BAHUS TEIIJIOBOI'O ITOJISI B ITPYHTE

N. llleBuenko, A. KoBsizun

MpuBepeH anroputM, NO3BONAKOWMA MoAENUPOBaTL TeNsoBbIe Nons
B no4yBax Npu passfiMyHbIX NPUPOAHO-KNTUMATUYECKUX YCITOBUAX U B NoYBax
C pasHoOM TennonpoBOAHOCTbIO. YcCTaHOBReHa rny6uMHa roAUYHOro
koneb6aHus TemnepaTypbl B MO4YBe Ha NMpuMepe NPUPOAHO-KNUMaTUYECKUX
ycnoBui 3anopoXcKomn obnacTtu.

AHanuz npoBegeH Ha 6ase OOWeENPUHATBIX MNOAXOAOB MO
TEensonpoBOAHOCTA TBepAbIX Ten, Tennonepegadyn OT OAHOM TBepAowm
YacTvubl K APYron Npu UX KOHTaKTe, MONIEKYnsipHOM TennonpoBogHOCTU B
cpepe,

Paspa6oTaH anropuTm, No3BONAKLWUNA MogenupoBaTtb
TemMnepaTypHblie nona B noYdBe NpUu passfityHbIX NPUPOAHO-KNMUMATUYeCKUX
ycroBusix wu Ha  nousax, MMeKLMX pasHble  KoadhduumeHTbl
TennonpoBOAHOCTMU. Bbino YCTaHOBJMIE€HO, 4YTO B KNMMaTU4YeCKUX YyCrioBUAX
p. 3anopoxbe exerogHble KonebaHus TemnepaTtypbl NOYBbl BO3MOXHbI B
npegenax rny6uHbl 9...17 meTpoB.

MonyyeHHble pe3ynbTaTthl oyayt Ucnosnb30BaHbI ans
mMoAaenupoBaHuUa TeXHOJTOrmM4YeCcKux npouleccoB B TeXHNYECKUX NMOMeELLEeHUsAX,
npegHasHa4yeHHbIX And ucnosfib3oBaHusa reOTepmaanoﬁ dHeprun.

Knroueswvie cnosa: TpyHT, TeMnepaTypHOe II0JI€, TEMJIONPOBOIHOCTh MOYBHI,
riryouHa.

PeyeHseHm: A.l. laH4eHKo, OOKMOP MexHIYHUX HayK, npogecop, 3asidysay Kagedpu «MobinbHi
eHepzemuyHi 3acobu» TAATY.
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