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Purpose. Determining the impact of changes of the geological faults amplitude without breaking the continu-
ity of coal seams and the temperature conditions of underground gasifier based on the experimental data during
underground coal gasification.

Methodology. Methods of comparative analysis and mathematical modeling, experimental bench testing
were used.

Findings. The scheme of determining the time of crossing geological fault according to thermocouples was
developed. Based on this scheme the analysis of changes of the temperature during displacement amplitude of
geological fault variation up to 0.9 of coal seam thickness was conducted. Average time deviation of crossing the
fault plane of disjunctive geological fault with underground gasifier was received. Established values make it pos-
sible to determine the output of underground gasifier on stable operation regime by a temperature factor. Based on
the experimental data it was defined that with increase in the amplitude of geological fault by more than 0.75 of
coal seam thickness the process of underground coal gasification turns into the process of underground coal com-
bustion. The results of the research will allow making adjustments to the calculation of heat balance of the gasifi-
cation process.

Originality. It was found that with increase in the amplitude of disjunctive geological faults there appears ad-
ditional loss of heat resulting from convection heat transfer in the place of coal seam fracturing and reducing of its
emission due to changes in the combustion face of underground gasifier.

Practical value. Obtained results of bench experimental studies with sufficient precision for practical applica-
tion can be used to determine the parameters of thermal balance and thermal regime of underground gasifier and
provide an opportunity to expand the field of application of an underground coal gasification technology near
geological faulting zones and potentially involve substandard deposits of hard coal for underground coal gasifica-
tion. It will give an opportunity to receive generator gas, chemical products and power energy.

Keywords: /aboratory bench research, disjunctive geological faults, underground gasifier, thermal re-
gime, fault plane

Introduction. Coal is the main fossil fuel used in
power generation. Coal makes about 70 % of world re-
serves of energy resources [1]. The concentration of
coal seams in difficult mining and geological condi-
tions at a considerable depth requires a comprehensive
review of development opportunities [2]. There is a
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need to develop an alternative technology of extraction
based on scientific investigation, consistent with the
modern development of science and technology,
which is cost-effective and environmentally safe and,
most importantly, belongs to Clean Coal Technology
[3]. Underground coal gasification (UCG) is such
kind of technology.

For the conditions of Ukrainian energy and power
sector, the research and substantiation of the possibi-
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lity of alternative mining technologies are essential.
Substantial deposits of coal can be converted to gen-
erators gas at a commercially reasonable level to solve
problems of providing specific kind of energy and po-
litical aspects of the energy security of Ukraine, Po-
land, the Czech Republic and other countries where
sufficient reserves of coal are located [4].

Underground coal gasification is a promising op-
tion for the future use of un-treated coal. UCG per-
mits coal to be gasified in situ within the coal seam, via
a matrix of wells. The coal is ignited and air is injected
underground to sustain a fire, which is essentially used
to “mine” the coal and produce a combustible syn-
thetic gas which can be used for industrial heating,
power generation or the manufacture of hydrogen,
synthetic natural gas or diesel fuel.

An analysis of the recent research and publica-
tions. Over the last decades breakthrough in the field
of underground coal gasification was obtained due to
the strong interest in the development of alternative
technologies of coal mining, due to the ever-increas-
ing demand and fuel price [5].

Particular attention in this issue should be paid to the
works of scientists from the National Mining University
of Ukraine, Central Mining Institute (Poland), and sci-
entific departments of companies “Linc Energy”, “Car-
bon Energy”, “Cougar Energy”, “Wildhorse Energy”,
(Australia), “Ergo Energy” (Canada), “Lawrence Liver-
more National Laboratory”, “Carbon County” (USA),
“ENN Coal Gasification Mining Corporation”, “Xin-
wen Coal Industry Group” (China), and others.

It is known that for the effective flow of thermo-
chemical reactions in an underground gasifier it is
necessary to maintain a high temperature in the oxida-
tion zone and observe the rate of chemical reactions.
At the same time, it is obvious that during crossing of
the fault plane of geological fault additional heat loss
arises that adversely affects the controllability of the
process and insufficient substantiation for thermal re-
gime of the underground gasifier causes a process
shutdown of coal seam gasification.

Unsolved aspects of the problem. The issues of
possibility of underground coal seam gasification with
a large number of small-amplitude geological faults
without coal seam fracturing, of determining the mini-
mum distance between faults, unconsumed coal left by
the faults of various types; impact the stability of wells
near geological faults and thermal regime of under-
ground gasifier have not been studied sufficiently yet.

Thus, the existing technologies of underground
coal gasification process in the area of small-ampli-
tude geological faults do not reflect the latest achieve-
ments of science and technology sufficiently. Based on
the problems associated with crossing the disjunctive
geological faults, it is clear that the study of new meth-
ods for the coal seam extraction in difficult geological
conditions is now an urgent task not only for Ukraine
but other countries around the world.

Objectives of the article are to set the influence
of displacement amplitude of geological fault on ther-
mal regime of underground gasifier based on labora-
tory investigation.

Presentation of the main research and expla-
nation of scientific results. The investigations on the
laboratory model explain the need for a thorough ex-
amination of possible transition of disjunctive geologi-
cal dislocation with different fault plane amplitude
and receiving the initial data for developing the meth-
ods for coal seam gasification in natural conditions.

The experimental laboratory unit was projected
and patented in the department of underground min-
ing of the National Mining University and built by
“Neftemash” PJSC with financial support of the Min-
istry of Education and Science of Ukraine. The unit
was installed and geared-up after the assistance of
technical services of Donetsk electrical plant “Do-
netsksteel” and situated on the plant territory [1].

Control and measurement instrumentation for
thermal regime fixation during coal seam gasification
included temperature recorders which measured the
temperature in a stationary mode (Thermocouple
THA) and a dynamic mode (Pyrometer) (Table 1).

Table 1
Characteristics of control and measurement instrumentation for thermal regime fixation
during coal seam gasification in laboratory conditions
. . . Measurement parameters
Name of instrumentation External view - — Data output
name units limits

Stationary temperature recorder T °C 0—1000 | Scren, Interface “TERA”
“Thermocouple THA”
Dynamic temperature recorder T °C 0—1200 | Screen
“Pyrometr”
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Using a pyrometer, which operates in a dynamic
mode enabled to control the process of coal seam igni-
tion. Temperature recorders were set in laboratory in-
stallation through special openings.

Formation of rock and coal massif on the labora-
tory experimental unit was carried out with maximum
compliance of natural conditions of coal seam occur-
rence at various displacement amplitudes. Cementing
material was used [6], based on research that is fully
presented in the article [7]. Based on the design fea-
tures of the laboratory installation, the coal was put
into the model with a width of 1.75 m.

For air injection and gas output, in the boreholes
there were left the hole with a width of 5 cm for each
of them (according to the scale coefficient). Accord-
ingly, the width of the coal seam, which was taken
for further calculations, was 1.65 m (Fig. 1). To con-
trol the combustion face advance in coal seam on
both sides of fault plane, ranging mark and thermo-
couple were set. The distance measurement begins
from the middle of the so-called continuity of the
coal seam.

General view of thermocouples that were set di-
rectly on the coal seam is given in Table 1, and options
of their laying are listed in Table. 2.

The first stage of the experiment began with a coal
seam ignition using red-hot pieces of coal that were
previously subjected to heat treatment outside the ex-
perimental installation. After getting coal through a
special side hole with diameter d = 100 mm, the air was
applied directly on hot coals through an ignition pipe
with a heat-resistant nozzle using a backup compres-
sor. This led to the formation of fire ignition of the coal
seam in the temperature range 505—545 °C, at a fixed
average temperature — 525 °C. The ignition tempera-
ture of the coal seam in the reaction channel was con-

trolled with a pyrometer. Rate of blast amounted
2—3.5 m*/min, pressure — 0.3 MPa.

Taking into account fairly rapid rate of reaction
channel burning in the coal seam, after 25 minutes of
continuous supply of air blowing through ignition hole
(Fig. 2, a) there was a gradual transition of blast blow-
ing through the main system (Fig. 2, ). After the ap-
propriate steps for the transition of blast supply, ac-
cording to the methodology of the study [8], the rate of
burning reached 0.7 m/h, resulting in a gradual in-
crease in pressure up to 0.5 MPa.

During coal ignition the periodic reverse of blow-
ing mixture swelling was carried out. In the process of
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Fig. 1. The model of coal seam jformation with
thermocouples and ranging mark setup with
account of design features of test bench

Table 2
Parameters of laying of ranging marks and thermocouple
. Distance from ranging mark . Distance from ranging mark
Name of ranging The hight and thermocouple, m Name of ranging The hight and thermocouple, m
mark and of laying, m : : mark and of laying, m R :
thermocouple to an air to production | thermocouple to air injection | to production
injection hole hole hole hole
Handing wall Footwall
Zone I-11, 4y, =0.5m
1-h-1 0.3 0.25 1.25 1-f-1 0.2 0.25 1.25
1-h-2 0.3 0.75 0.75 1-f-2 0.2 0.75 0.75
1-h-3 0.3 1.25' 0.25 1-£f-3 0.2 1.25 0.25
Zone 11111, A, =0.75 m
2-h-1 0.35 0.25 1.25 2-f-1 0.3 0.25 1.25
2-h-2 0.35 0.75 0.75 2-1-2 0.3 0.75 0.75
2-h-3 0.35 1.25 0.25 2-f-3 0.3 1.25 0.25
Zone 11V, A, =09 m
3-h-1 0.375 0.25 1.25 3-f-1 0.35 0.25 1.25
3-h-2 0.375 0.75 0.75 3-f-2 0.35 0.75 0.75
3-h-3 0.375 1.25 0.25 3-f-3 0.35 1.25 0.25
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Fig. 2. Air injection during coal seam ignition:
a — through the ignition outlet; b — through the injection system

reverse, the combustion source moved actively to meet
the air flow. In a 1 hour and 30 minutes, burning of the
reaction channel spread over almost the entire length
of the combustion face. However, the transition to the
gasification regime was impossible because of the vari-
able yield of smoke gasses and combustible gases.

Despite the considerable development in the com-
bustion source in the gasifier, the gas temperature at
the outlet of the experimental unit was relatively small
(~70 °C) by that time. Quite a large amount of heat was
wasted on rocks of roof heating, evaporation of inher-
ent moisture of rock massive and thermal preparation
of coal. Change-over to a mixed mode of compres-
sor — smoke exhauster, which began in 1 hour 30 min-
utes after coal seam ignition, allowed reducing the
pressure to 0.3 MPa and increase the speed of com-
bustion up to 1.1—-1.2 m/h.

At the end of the second hours of burning of the
reaction channel, the temperature of output gases in-
creased to 100 °C together with a sharp reduction of
carbon dioxide CO, to 7.3 %. In addition to this, ten-
dency to the effective development of the reaction
channel was observed with increase in CH, to 1.6 %,
CO — 5.5 %, and H, — 3.6 % and reduction of O, to
5.6 %. Gradual increase in the quantity of combustible
gases convincingly proves the completion stage of the
reaction channel formation. After the eventual burn-
ing of reaction channel, the gasification process turned
to forming the reaction zones in gasification channel,
which lasted for the next hour.

Laboratory simulations were conducted to gain a
fundamental understanding of the coal gasification
processes. Analyses were performed to identify the most
influential parameters for gasification performance.

Control of the gasification process on laboratory
unit was carried out by injected air from the first com-
pressor through the pipeline system to the reaction
channel. Air was injected to the oxidation zone where
exothermic reactions occur with the release of the heat
to the gasification channel. In reducing zone where
endothermic chemical reaction occur, the heat is ab-
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sorbed in gasification channel. That is why it is neces-
sary to calculate heat and material balance for physical
equilibrium velocity and kinetics of chemical reactions
in the underground gasifier.

Combined injected air supply in pulsating regime
allowed passing the ignition regime in a short time and
reaching the regime of stabilization. In oxidation zone,
the multiphase chemical reaction between oxygen,
which has been supplied in the gasifier, and carbon
(the main part of coal seam) provide heat generation to
rather high temperature [9]. Heat generation provides
endothermic reaction behavior of carbon dioxide
(CO,) recovery and water vapor decomposition.

A high-temperature field with high inertia and high
heat spread area is formed just after the beginning of
coal seam ignition in spite of significant heat loss in
heating rocks surrounding the gasifier [10]. In general,
the temperature along the length of the reaction chan-
nel is not distributed evenly. In the oxidation zone,
where the intense combustion reactions with heat lib-
eration occur, temperatures vary between 600—900 °C
gradually increasing at close to the transition zone with
maxim value 900—1200 °C [11]. Dynamics of the tem-
perature in the area of restoration zones is conditioned
by the prevalence of heat loss under endothermic reac-
tions which reduces heat distribution in the environ-
ment [12]. Temperatures in this area make 500—750 °C.

Oxidation or oxygen zone is an energy source and
output products for the subsequent formation of com-
bustible components of the underground coal gasifica-
tion. A characteristic feature of underground coal gas-
ification channel is that in the oxidation zone in addi-
tion to coke also volatile matter is present and moisture
is inherent in coal and rocks around the coal seam.

The enhancement of the total process of carbon
gasification theoretically depends on both the rate of
chemical reactions and the enhancement of injected
air supply and extraction of gasification product. The
role of these heterogeneous factors depends on spe-
cific conditions of the gasification process. As a result
of interactions of carbon with oxygen, oxide and car-
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bon dioxide are formed. At low temperatures, the rate
of chemical reactions between carbon and oxygen is
low, and the total rate of the process is determined by
the speed of chemical reactions.

During the investigation the reagents of blast pass-
ing through three reaction zones formed generator
gases comprising a combustible mixture of carbon ox-
ide (CO), hydrogen (H,) and methane (CH,). The
proportion of these gases varied depending on the type
of blowing and time from the beginning of the study.

To monitor the combustion face advancing thermo-
couples were used measuring the temperature range
from 0 to 1000 °C. Using a signal converter and the abil-
ity to connect to the interface through messengers suc-
cessively COM-port RS-232, temperature data were
recorded in the TERA “Devices Systems” program us-
ing cross-platform database Firebird 2.1. In the process
of conducting the research, sensors that were placed on
the basis of the coal seam, fixed the temperatures in a
steady mode with a step of 15 minutes. For the sake of
convenience of analyzing the temperatures, the ther-
mo-couples were divided into three groups. The first
group and the following groups include 6 thermocou-
ples, 3 of which were in the handing wall and the next 3
were in the footwall of fault plane (Fig. 1).

In the zone I—II, where the first system of sensors
was actually situated, the temperature at the beginning
of the experiment ranged from 21 to 23 °C and did not
change within 1 hour and 30 minutes. With gradual ad-
vance of combustion face, the thermocouple 1-f-2 fixed
arapid increase in temperature (Fig. 3) for the first time.

At 4 hours and 15 minutes, the temperature of coal
seam near the thermocouple exceeded the measurable
limit of 1000 °C, so that automatically disabled it to
prevent overheating of the heating element. During the
1 hour and 15 minutes data on this thermocouple not
acted.

The temperature of thermocouple 1-h-2 in the gas-
ifier was close to 1000 °C, with a maximum value —
978 °C after 6 hours of the experiment. Analysis of
raising temperature scale for all thermocouple proves
uniform crossing of geological dislocation with fault

plane A4 = 0.5 m. Besides, the critical dependence of
lowering temperature after underground gasification
was found. Analysis of temperatures regarding chemi-
cal zones of experimental underground gasifier was
not carried out because of the cyclic reverse of injected
air flow. Despite the lack of clear zones, use of graphs
of temperatures permitted determining time at which
crossing of geological fault plane occurred.

Based on the dependence of temperature field dis-
tribution in the rock massive it follows that the tem-
perature in a definite place of rock massive will have
the gradual character of the increase until approaching
the combustion face up to this point with maximum
value at the time of occurrence of thermochemical re-
actions (Fig. 4).

Accordingly, with the same linear speed of combus-
tion face advance the same changes will occur in the
following places. The basic task of data interpretation
was fixing the temperature at which analysis of the re-
search will be performed. The essence of the proposed
method of determining the time at which combustion
face of underground gasifier crosses the zone I—II
comes down to determining the average temperatures,
the value of which exceeds 500 °C. Taking into account
the subjectivity of this method, determining the average
value of temperature was carried out using all thermo-
couples data. Moreover, firstly we found the average
temperatures between the first thermocouple whose
value reached 500 °C and the last thermocouple with
the same indicator. Accordingly, having the data of
thermocouples 1-f-2 of 3 hours and 40 minutes and the
data of thermocouple 1-h-3 of 6 hours and 25 minutes
we obtain the average value of 4 hours and 53 minutes.

After determining the average values for each pair
of thermocouples the average time to cross the fault
plane of geological dislocation with combustion face
was determined. In this analysis, the relevant average
value was 4 hours and 57 minutes. Obviously, an aver-
age value between the two values is 4 hours and
55 minutes of the experiment, which coincides with
the calculated parameters of gasification and makes
98.3 %. It should also be noted that the thermal factor
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Fig. 3. Graphs of temperature change in the zone I—11 (h,= 0.5 m)
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Fig. 4. The scheme of determination the time of
crossing geological fault according to thermo-
couples

the geological dislocation /4, = 0.5 m was crossed with
little heat loss for a specified period of time.

With the stabilization of the regime of gasification
in the zone I1, after 6 hours and 30 minutes of the ex-
periment gradual rising of the temperature at the ther-
mocouple 2-f-2 was recorded, and in 15 minutes tem-
perature increase occurred to thermo-couple 2-f-3.
Here, during the following 2.5 hours the temperature
increases up to 600 °C (Fig. 5).

Using the above-mentioned approach to determine
the time of crossing fault plane of geological disloca-
tion, it was found out that in the zone II1—III crossing
fault plane with underground gasifier took place be-
tween 9 hours and 55 minutes and 10 hours and
10 minutes. However, the temperature distribution in
the zone II—III, largely coincides with the spread in
the zone I—II. This is evidenced by the values of tem-
peratures in oxidation and reducing zones.

In the zone I-II, the lowest maximum tempera-
ture was 568 °C, and the highest maximum tempera-
ture was 736 °C, while in the zone II—III these indica-
tors were 567 and 687 °C respectively. The difference
in the time when reaching 500 °C in the same zones is
35 minutes, which in terms of time is 3 hours and
15 minutes and 2 hours and 40 minutes respectively.

The latest fault plane was characterized by continu-
ous disjunctive displacement amplitude — 4,,=0.9 m.
In this case, the beginning of the temperature increase
in the footwall (thermocouples 3-f-1, 3-f-2 and 3-f-3)
was roughly within the same time frame as in the pre-
vious displacement of the coal seam. However, the
time to overcome such displacement increased signifi-
cantly. Under the following conditions, the use of the
method proposed before has no significant result.
Graphical display of temperature changes in the zone
IT1I-IV is shown in Fig. 6.

Relatively lower maximum temperatures fixed with
thermocouples were typical for zone III—-IV both in
the handing wall and in the footwall. This reduction in
temperature could be caused by an increase of goaf
and consequently heat losses in fractured rock massif.

Taking into account the sequences of the study, pos-
sible time of crossing the fault plane was determined.
According to the results of averaging it was found that
crossing occurred at approximately at 15.50, almost one
hour late from the calculated time. The delay from the
calculated speed was apparently due to a significant re-
duction of continuity fault plane of the coal seam. It is
obvious that with time delay the temperature in the
hanging wall of the zone 1V still reached the required
values for gas generating and balance of thermal regime
of underground coal gasification process.

A more detailed analysis of changes in the tempera-
ture regime in the zone 1V is provided by the data on gas
generation from 15 to 20 hours of gasification of coal [1].

Having processed the data of distribution of tempera-
tures in the rocks of the roof above coal seam in the zone
of geological dislocation and having the average time of
crossing the fault plane with combustion face on tem-
perature sensors, we can get a complete picture of the dif-
ferences in the results compared to the estimated param-
eters of coal seam gasification on laboratory installation.

Considering the conducted research for each geo-
logical dislocation, the average time of potential devia-
tions of crossing interface was found with variable am-
plitude of geological dislocation. Based on the results
we receive a graph of average time deviation of cross-
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Fig. 5. Graphs of temperature change in the zone II—I11 (h,= 0.75 m)
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Fig. 6. Graphs of temperature change in the zone II1I—1V (h,= 0.9 m)

ing the fault plane of disjunctive geological fault with
underground gasifier which is shown in Fig. 7.

Analyzing Fig. 7, we should note that the graph that
is based on data analysis of average temperatures 7,
tends to delay toward to the combustion compared to the
calculated time of gasification. At the same time, align-
ment of these parameters is compensated by the average
analysis regarding the percentage of CO reduction [1].

Research conclusions and recommendations
for further research in this area. On the basis of the
research, the authors found that during underground
coal gasification in the zones near geological faults due
to heat transfer additional heat loss occurs, and with
increasing amplitude of geological fault and the time
of gasification such losses are constantly increasing.

This is not the heat loss to the environment that
counts but reduction in its release due to a sharp de-
crease of a combustible face in the reaction channel. In
essence, when large amplitude of geological fault oc-
curs reigniting of a coal seam and the process of un-
derground coal gasification turns into an underground
coal combustion process.
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Fig. 7. Graph of average time deviation of crossing
the fault plane of disjunctive geological fault
with underground gasifier
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Based on the dependence of temperature field dis-
tribution in the rock massive it follows that the tem-
perature in a definite place of rock massive will have
the gradual character of the increase until approaching
a combustion face up to this place with maximum value
at the time of occurrence of thermochemical reactions.

The analysis of temperature changes in the gasifier
while crossing the disjunctive geological dislocation
depending on geological fault plane makes it possible
to determine the change in a thermal regime of an un-
derground gasifier.

The distribution of the temperature along the
Iength of the reaction channel is related to its length,
section, a quantitative and qualitative composition of
injected mixture and generated gases, the degree of
strain and temperature indicators of rocks containing
reaction channel of the gasifier.

The intensity of crossing the geological fault is as-
sociated with a balanced supply of injected mixture.
According to the given geometric heterogeneity of coal
seam, it is necessary to perform a recalculation of mass
and thermal balance and employ a manual mode of
gasification process.
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MeTta. BuzHaueHHSs BIUTUBY 3MiHU aMILTITYIU 3Mi-
11lyBaya reoIoTiYHUX MOpylIeHb 6e3 pO3pUBY CYLIiIb-
HOCTi BYTUTBHOTO TIJIacTa Ha TeMIIepaTypHUIl PeXUM
MiI3eMHOTO Ta3oreHeparopa Ha OCHOBiI OTPUMaHUX
€KCTIEPUMEHTAIbHUX JAHUX MPU 3aCTOCYBAaHHI TEXHO-
JIOTii CBEPIJIOBUHHOI MiI3eMHO1 ra3udikaliii ByTijiis.

MeToauka. 3acTOCOBaHi METOIM MOPiBHSIIIBHOTO
aHalizy, MaTeMaTUYHOTO MOJETIOBAHHS, €KCIepu-
MEHTaJIbHi CTEeHIO0BI TOCTiIKEHHS.

PesynsraTii. Po3po6sieHa cxeMa BU3HAYEHHS Yya-
COBOTO MOMEHTY TEpPEXOIy Ie0JOriYHOrO MOpPyIIeH-
HST 3a TeMIlepaTypHUMU TaTYMKaMu, Ha OCHOBI SIKOI
MpOBeIeHUI aHaIi3 3MiHU TeMIlepaTyp NpU Bapiallii
aAMIUTITYIU 3MilllyBaya reojoriYHOro MOPYLIEHHS 0
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0,9 motyxHoCTi ByriibHoro miacra. OTpumana 3a-
JIEKHICTh YCEPETHEHOTO YaCOBOTO BiIXWJICHHS TIepe-
XOMly 3MilllyBaya reoJIOriYyHOro MOpyIIeHHs Mia3eM-
HUM ra3oreHepaTopoM. BcTaHOBJICHI BeMIMIMHM ma-
JOTh MOXJIMBICTh BUBHAYUTHU YaC BUXOMY ITiM36MHOTO
razoreHeparopa Ha CTaOUIbHMI pexuMm poboTu 3a
TeMniepaTypHuM (akTopoMm. Ha ocHOBiI oTpuMaHux
eKCMEePUMEHTATbHUX JaHUX BCTAHOBJICHO, 110 MpPU
301JIbIICHI aMIUIITYOAd TEOJIOTIYUHOTO MMOPYILIEHHS
oinbe 0,75 MOTY»XKHOCTI BYTiJIbHOTIO TLJIacTa Mpolec
nia3eMHoi ra3udikaliii mepexoauTh y Mpo1ec Mia3eM-
HOTO CITAJIFOBaHHS BYTULIs1. Pesynsratut mocitimkeHb y
MOBHI Mipi 1anyTh 3MOT'Y BHECTU KOPEKTHUBU J10 PO3-
paxyHKy TEIJIOBOTO OajlaHCcy mpoliecy razudikariii.

HaykoBa HoBu3Ha. BcraHoBieHo, 110 3i 30i1b-
IIeHHSIM aMIUTITYOId 13’ IOHKTUBHOTO T'€OJIOTidHOTO
MMOPYIIIeHHSI BUHUKAIOTh TONATKOBI BTpaTH TeTljia 3a
PaxyHOK KOHBEKILIMHOTO TEII00OMiHY B Miclli po3-
PMBY BYTiJIBHOTO TIJIacTa Ta 3MEHIIEHHST Oro BUIi-
JIEHHS y 3B 3Ky 3i 3MiHOIO J3epKajla BOTHEBOTO BU-
0010 IO MJIOLIMHI 3MilllyBaya.

IIpakTryna 3HauuMicTb. OTpuMaHi pe3ysbTaTh
CTEHIOBUX EKCIIEPUMEHTATbHUX TOCITIIKEeHb i3 10-
CTaTHBOIO JIJIST TIPAKTUYHOTO 3aCTOCYBAHHSI TOUHICTIO
MOXYTh BUKOPHCTOBYBATHCS JIJIsT PETYJIIOBAaHHS TTapa-
METPiB TEIUIOBOTO OalaHCy Ta TETJIOBOTO PEXUMY ITifl-
3eMHOTO ra30reHepaTopa, Jal0Th MOXKIIUBICTb PO3IIM-
puTU 00JIACTh 3aCTOCYBAHHSI TEXHOJIOTil CBEPIJIOBUH-
HOI mig3eMHOI Ta3uikallii Byriuisg B 30HaX IreoIoriv-
HOI MOPYIIEHHOCTI TiPChKOrO0 MacUBY Ta, y IepCreK-
TUBI, 3aIy4aTy JO BiAIpalfoBaHHSI HEKOHAIUIIIHHI 110~
KJ1aJy KaM’STHOTO BYTWJIJIS 11 OTPUMAaHHSI TeHepaTop-
HOTO Ta3y, XiMiYHUX MTPOAYKTIB Ta TEIJIOBOI €HEPTii.

KmouoBi cuoBa: cmen006i  0ocaioxcerHs,
OU3 TOHKMUBHI 2e0102IUHI NOPYULEeHHS, NIO3eMHULL 2a-
302eHepamop, MemnepantypHull Pencum, 3mMiuLyeau

enn. OtmpenencHre BIUSHUS WU3MCHCHUS aM-
IUTUTYOBl CMECTUTENSI TEOJIOTUUYECKUX HapyLIeHMI
0e3 pa3pbIBa CIUIOITHOCTH YTOJILHOTO TJIacTa Ha TeM-
repaTypHbBIN PEXXUM ITOA3EMHOI0 ra3oreHeparopa Ha
OCHOBE IMOJYYEHHBIX 3KCIMEPUMEHTAJIbHBIX JAHHBIX
pyu NPUMEHEHUM TEXHOJOTMM CKBaXKUHHON IIOM-
3eMHOM ra3uuKalny yIjs.

Metoauka. IIpuMeHeHbl MeTOObl CpPaBHUTENb-
HOTro aHajau3a, MaTeMaTU4YeCKOTo MOIeJIMpPOBaHUS,
SKCITEpUMEHTAIbHBIE CTEHIOBBIE NCCIICIOBAHMSI.

PesyasraTel. PazpaboTtaHa cxema omnpeaeaeHUs
BpPEMEHHOTO MOMEHTA ITepeX0o/1a Te0JIOTUYECKOTO Ha-
PYIICHUS IO TeMIIepaTypHBIM JaTYNKaM, Ha OCHOBE
KOTOPOU TIPOBEICH aHAIM3 U3MCHEHUS TeMIIepaTyp
MIpU Bapualny aMIUTATYAbl CMECTUTENISI TeOJIOThYe-
ckoro HapyureHus 10 0,9 MOIIHOCTH YyTOJIbHOTO Tj1a-
cra. [NomydyeHa 3aBUCUMOCTD YCPEAHEHHOTO BpEMEH -
HOTO OTKJIOHEHUS TIepexonaa CMECTUTENIS Te0JIoThde-
CKOTO HapyIIEHUST TOA3eMHBIM Ta30reHEepaTOPOM.
YcraHOBAEGHHBIE BEJIMYMHBI JAalOT BO3MOXKHOCTD
onpeneauTb BpeMsl BbIXoAa MOA3eMHOTO ra3oreHepa-
TOopa Ha CTAaOMJIBHBIN PEXUM pabOTHI ITO0 TeMIlepa-
TypHOMY (bakTOopy. Ha ocHOBe TOJIydeHHBIX IKCIIe-
PUMEHTAIBHBIX JAHHBIX YCTAHOBJICHO, YTO TIPU YBE-
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JIMYEHUU aMIUIATYAbl T€OJIOTUYECKOTO HapyIIeHUS
6onee 0,75 MOILIHOCTU YrOJBHOIO ILJIacTa MPOLIECC
MOA3eMHON Ta3uduKaluuy TEepexoauT B TIPOIECcC
MOJ3eMHOTO CXXUTaHUs YIisi. Pe3ynbrarsl uccienosa-
HUIi B IOJIHOI Mepe MO3BOJISIT BHECTH KOPPEKTUBHI B
pacuer TerJa0Boro dbanaHca rnpoiiecca ra3uduKanmnm.

Hayuynasa HOBH3HA. YCTaHOBJICHO, YTO C YBEJIU-
YeHUEM aMIUIUTYIbl TU3BIOHKTUBHOIO TeoJorhye-
CKOT'0 HapyllIeHWsI BO3HUKAIOT TOMOJHUTEIbHbIE TTO-
TepH TeTula 3a CYeT KOHBEKIIMOHHOTO TEeIIOOOMEeHa B
MeCTe pa3pbiBa MjacTa U yMEHBIIEHUE ero BblAee-
HUS B CBSI3M C UBMEHEHMEM 3epKajia OTHEBOro 32601
T10 TNTOCKOCTY CMECTUTEIS.

IIpakTuyeckasi 3HaYMMoOCTb. [lonyyeHHbIe pe-
3YJIBTAThl CTEHIIOBBIX 9KCIIEPUMEHTAIBHBIX UCCIIEN0-
BaHUU C OCTATOUHOM JIJIsT TPAKTUYECKOTO TIPUMEHEe-
HUSI TOYHOCTBIO MOTYT UCITOJIb30BaThCS TSI PETYIH-
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COMPUTER SIMULATION OF FLUID MECHANICS
AND HEAT TRANSFER PROCESSES AT THE WORKING FACE
OF BOREHOLE ROCK

JIHInMponeTpoBChbKMIA HaLliOHAABLHUI yHiBepcuTeT iM. O. [oH-
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K.C. yapa, M. JIHinpo, YkpaiHa, e-mail: dreus.a@dnu.dp.ua

JInceHKko, KaH/I. TEXH. HAYK

KOMII'IOTEPHE MOAEJIOBAHHA ITPOLIECIB
TIAPOANHAMIKU TA TEILNIOOBMIHY HA BUBOI
CBEP/JIOBUHMU, 11O BYPUTDHCA

Purpose. The numerical study of the drill mud flow speeds field at the working face of a borehole. Substantiation
of methodology to calculate the convection heat transfer rates on the surface of a diamond core bit during its cooling.

Methodology. Computational fluid dynamics methods (CFD modeling) were used in the course of the study.

Findings. The physical and mathematical models of fluid mechanics and heat transfer processes at the work-
ing face of a borehole during its boring with diamond core bits are suggested herein. The field of circulating drill
mud flow speeds around the diamond core bit at the drilling of rock formation was obtained. Regarding the con-
vective heat exchange, the computer simulation demonstrated that a notable change of flow speed field during the
boring occurs throughout the height of the bit. In the course of the bit rotation the flow speed field can be consid-
ered uniform alongside the azimuthal direction. The ultimate non-uniformity of the speed field is revealed in the
water hole passages of the drilling core bit, which results in its heavier wear. Based on the distribution speed cal-
culation results, the convection heat transfer coefficients were defined throughout the height of the drilling core
bit. The study revealed that, owing to significant acceleration of the flow, the most intense heat exchange pro-
cesses took place in the waterhole passages.

Originality. The theory of fluid mechanics processes at the working face of a borehole during the boring was
further developed. New data were obtained on the distribution of the flow speed field and pressure field in the
circulating fluid at the bottom-hole area. The non-uniform nature of the fields was demonstrated herein. It is
shown that, due to the locally uniform field of speeds distribution, it is possible to assume that the bit convection
heat exchange ratios are constant in the certain areas.

Practical value. The outcomes of the fluid mechanics field modeling can be used for determination of the
optimum sizes and shapes of the waterhole passages in the course of designing new boring tools and equipment.
The obtained heat exchange ratios enable to carry out calculations of temperature fields in the crown bit body,
which is necessary to establish the resource and power saving modes of drilling.

Keywords: drilling core bit, drilling, fluid mechanics, computing modeling, heat exchange
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