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ABSTRACT

Purpose. Study of the plasma flow interaction with the borehole surface in the process of its thermal reaming for
determination of transient temperature distribution along the borehole surface and the average coefficient of heat
transfer from the plasma flow to the borehole surface.

Methods. Experimental study of the plasma flow interaction with the flange union with internal lateral surface simu-
lating the rock surface in a borehole has been carried out. The essence of the experimental study is in measuring
temperature of the flange union external side while the plasma flowing inside the flange union. To measure tempera-
ture on the external surface of the flange union, a chromel-alumel thermocouple with thermoelectrodes of 1.2 mm in
diameter was used. In experimental research, plasma flows out through a nozzle directly to the flange union made of
copper. The parameters of the flange union and the nozzle of plasmatron are geometrically similar.

Findings. Experimental data are processed as a relationship between the temperature of the copper flange union
lateral surface, i.e. borehole surface, and the time of the copper flange union heating by the heat carrier. Experimental
data are processed as a dependence of temperature of the tin pipe side surface, i.e. surface of the borehole, on the
location of temperature measurement point along the tin pipe and the time of the tin pipe heating by the heat carrier.

Originality. Physical simulation modeling of the heat carrier (low temperature plasma) flow interaction with the
borehole surface simulated by the copper flange union and the tin pipe in a certain range of geometrical parameters
of the copper flange union, tin pipe and the plasmatron nozzle as well as thermophysical properties of the heat carrier
assumed in accordance with geometrical similarity to the technological and design parameters of the plasmatron and
borehole diameter before the beginning of thermal reaming process.

Practical implications. Methodology of experimental research of the heat carrier (low temperature plasma) flow
interaction with the borehole surface that was simulated by the copper flange union of the tin pipe is developed. The
results of the influence by high-temperature heat carrier jets on the processes of fragile rock destruction are rather
useful in the borehole drilling processes.
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1. INTRODUCTION

Taking into account productivity and expenditures for
various methods of borehole drilling and reaming, ther-
mal methods of rock destruction are of the most interest.
Appropriacy of applying certain thermal methods for
rock destruction is stipulated by a wide range of facilities
to implement heating or cooling processes for rock mass-
es. Forms of thermal effect on the rock have a unified
physical basis, i.e. change of the potential of power con-
nections (Germanovich, 1997). Stresses of thermal

expansion of rock minerals are proportional to the ther-
mal expansion coefficient of minerals, Young’s modulus,
and heating temperature. Since Young’s modulus and
thermal expansion coefficient of rock minerals take dif-
ferent values, certain structural thermal stresses occur
within the rock while its heating apart from the stresses
stipulated by the temperature gradient development;
those stresses reach maximum values at the boundaries
of mineral grains. Therefore, most of thermal rock-
destruction products detach from the rock mass along the
grain boundaries of minerals (Hoser & Rudolf von Rohr,
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2018). When thermal methods of rock destruction are
applied, then the destruction products detach from the
rock mass under the effect of the shearing and tensile
thermal stresses. It is known that the limit of shearing
and tensile strength is approximately 7 — 10 times less
than the limit of the compression strength. Thus, a ther-
mal method of rock destruction is the most energy-saving
one (Klyushnik & Osenniy, 2014). While temperature
increasing within a heating area along with the strength
and aggregate hardness decreasing, a reduction of rock
fragility is observed making it possible to use thermal
methods of rock destruction effectively not only during
borehole drilling processes but also in terms of borehole
reaming (Osenniy & Osennyaya, 2012). Thermal me-
thods are the most efficient ones for borehole reaming, in
particular, the techniques involving gas-jet heating of
rock and arc electrical discharge to heat the rock.

Plasma burners have following advantages:

— wider adjustment range to control thermal parameters
and jet power concentration (Ishchenko & Osenniy, 2012);

—reduced amounts of hazardous gases emission (Bu-
lat, Voloshyn, & Zhevzhik, 2013);

— simplified system of the automation and remote
control for the thermal tool compactness (Bulat, Vo-
loshyn, & Zhevzhik, 2013);

— fissure propagation at significant depth in the pro-
cess of thermal destruction of rocks (Voloshyn, Potap-
chuk, & Zhevzhyk, 2016);

— great values of the heat transfer coefficient and heat
flux from a heat carrier to the borehole surface (Vo-
loshyn, Potapchuk, & Zhevzhyk, 2016).

It should be noted that the efficiency of thermal fra-
gile rock destruction grows along with rock hardness
increase, and expenditures for the process implementa-
tion tend to be reduced. The highest efficiency of a ther-
mal method for rock destruction is observed while
expanding boreholes driven in well-drillable rocks within
rather solid rock masses.

A common feature of the known alternatives of tech-
nical solutions as for the application of thermal tools
with an arc electrical discharge for rock destruction is a
stream of low-temperature plasma outflowing from one
or several nozzles in parallel or at a certain angle to the
borehole axis.

The analysis of scientific sources demonstrates that,
in terms of the known devices with an arc electrical dis-
charge for rock destruction, the ranges of operating per-
formance of thermal tools, effective modes of heating,
mechanical loading, and fragile rock destruction were
determined mostly experimentally.

The vast majority of the known experimental studies
deals with the determination of time and temperature
values of rock destruction.

Paper (Wilkinson & Tester, 1993) presents average
values of heat transfer coefficient from a heat carrier to the
rock surface obtained experimentally; however insufficient
attention is paid to the gas dynamics of the flow and inte-
raction of heat carrier jet with the borehole surface.

Paper (Rauenzahn & Tester, 1989) contains the
values of heat carrier pressure on the rock surface; how-
ever, there is no information concerning the velocity of a
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heat carrier along the rock surface and average or local
heat transfer coefficient.

Paper (Yan, 2013) provides data on the velocity of a
heat carrier at the nozzle outlet — its value is up to
120 m/s that could be compared with the velocity of
plasma flow at the nozzle outlet of a plasmatron; how-
ever, in this case, incompressible liquid is used as a heat
carrier. That makes it impossible to use the results of the
experimental studies to determine heat transfer coeffi-
cient from a plasma jet to the rock surface.

Paper (Rauenzahnf & Tester, 1991) applies high-
speed (Mach number within the range of 2 —5) and
high-temperature (300 — 1100°C) jets of a heat carrier
for fragile rock destruction. However, a heat carrier
outflew from a nozzle in a pulse mode, and the efficien-
cy of rock destruction depended on the excessive pres-
sure of the jet on the borehole surface being within the
range of 5 — 20 MPa.

The process of fragile destruction is provided by
comparatively small (4 —10)-10° kW/m? but concentra-
ted enough heat fluxes with a heavy radial gradient.
Borehole reaming rate depends exclusively on a heat
flux; functional dependence of the rate is expressed
exponentially (Poluianskyi, 1985).

The value of Young’s modulus of the rock plays an
important role in the process of thermal stresses distribu-
tion within the rock, e.g. at the temperature of 4500°C
Young’s modulus of granite and limestone decreases
substantially after thermal influence on their surface
during 10 seconds, and cracks are formed on the surface.

Few publications are devoted to the issues of the
experimental studies of gas dynamics and plasma dyna-
mics of the jets, used as a heat carrier for thermal me-
thods of rock destruction.

Features of the available experimental studies allow
determining velocity of a heat carrier along the borehole
surface and values of the heat transfer coefficient only
for the conditions indicated in those publications.

Efficiency of thermal methods of rock destruction is
defined by a heat flux transferred from a heat carrier to
the rock surface. Heat flux can be increase owing to the
rise in a heat carrier temperature or heat transfer coeffi-
cient. Thus, application of high-speed jets of a heat car-
rier seems to be rather prospective in the processes of
fragile rock destruction.

Since the available results of experimental studies are
not sufficient to solve the tasks of the paper, it is required
to carry out own experimental study of the interaction of
high-speed heat carrier jets with the borehole surface.

2. METHODS

The paper represents experimental study of the inte-
raction of high-speed plasma jets with a flange union
which internal side surface simulated rock surface in the
borehole. Experimental study involves two stages.

Stage one dealt with the temperature change of the
external side surface of a flange union depending on the
time of its heating. During the experimental study, a
plasma jet flows out through a nozzle directly into the
flange union made of copper (Fig. 1).
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Figure 1. Nozzle of the plasmatron and a flange union

Duration of the plasmatron operation, i.e. duration of
the flange union heating, was 37 seconds. Initial tem-
perature of a flange union was 30°C. At the end of the
heating process, external surface temperature of a flange
union reached 346°C. When plasmotron was switched
off, air purging through flange union was performed.

To measure temperature at the external surface of the
flange union, a chromel-alumel thermocouple was used
with thermoelectrodes of 1.2 mm in diameter.

Basic permissible error while temperature measuring
within the range of —40...+375°C is within £1.5°C. Rela-
tive error of the measurement up to the temperature of
300°C is equal to 1.3%; if it is up to the temperature of
600°C, then it is 0.88%. A thermocouple was located in a
nipple joint of 15 mm in diameter (Fig. 1). Contact of
thermocouple with external side surface of the flange
union was provided owing to elastic deformation of the
thermocouple.

Essence of the experimental study is in the tempera-
ture measurement of the external side of the flange union
when plasma stream flows inside the flange union.

Temperature values of the external side surface of the
flange union obtained experimentally are necessary for
the determination of the heat transfer coefficient from the
plasma jet to the internal side of the flange union that
simulates rock surface in a borehole.

Table 1 represents values of the parameters of the ex-
perimental study analyzing plasma stream interaction
with the flange union.

Table 1. Values of the experimental study parameters

Parameter Value
Thermal power of plasma Q, kW 45
Air flow rate Guir, kg/s 0.006
Internal diameter of the flange union din, m 0.044
Wall thickness of the flange union J, m 0.003
Length of the flange union /7, m 0.098
Length of the plasmatron nozzle /uoz, m 0.09

Geometrical parameters of the flange union and
plasmatron nozzle were taken in accordance with geo-
metrical similarity to the technological and design pa-
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rameters of the plasmatron and borehole diameter before
the beginning of thermal reaming process.

Stage two of the experimental study involved analysis
of the temperature distribution of the external side surface
of a tin pipe along its length depending upon the period of
the pipe heating. Duration of the plasmatron operation,
i.e. period of the tin pipe heating, was 35 seconds. Initial
temperature of the tin pipe was 30°C. At the end of the
heating process, external surface temperature of the tin
pipe reached 823°C. When plasmotron was switched off,
air purging through the tin pipe was performed.

To measure temperature at the external surface of the
tin pipe, four chromel-alumel thermocouples (their cha-
racteristics were shown before) were applied. Thermo-
couple junction point was pressed to the external surface
of the tin pipe by clamps that embraced the pipe across
the heat-insulating plate lining made of mullite.

Essence of the experimental study is in the tempera-
ture measurement of the external side of the tin pipe
when plasma stream flows inside the flange union.

Table 2 represents values of the parameters of the
experimental study analyzing plasma stream interaction
with the tin pipe.

Table 2. Values of the experimental study parameters

Parameter Value
Thermal power of plasma Q, kW 45
Air flow rate Guair, kg/s 0.006
Internal diameter of the tin pipe din, m 0.105
Wall thickness of the tin pipe J, m 0.0005
Length of the tin pipe /7, m 1.0
Length of the plasmatron nozzle /uoz, m 0.09
Distance from the plasmatron nozzle 0.2
section to the first measurement point, m ’
Spacing between the thermocouples 0.2

(measurement points) along the tin pipe, m

Geometrical parameters of the tin pipe and plasma-
tron nozzle were taken in accordance with geometrical
similarity to the technological and design parameters of
the plasmatron and borehole diameter before the begin-
ning of thermal reaming process.

3. RESULTS AND DISCUSSION

Figure 2 shows the temperature of the external side
surface of the flange union in the process of its heating
by the plasma stream flowing inside the flange union.

fsext, °C

0 5 10 15 20 25 7.5

Figure 2. Temperature change of the external surface of the
flange union depending its heating time
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Figure 2 demonstrates that during the heating period
of the flange union, being not more than 27 seconds, the
temperature increases according to linear law.

Figure 3 shows the dependence of temperature of the
external side surface of the tin pipe on its heating time at
four measurement points. Figure 3 indicates that during
the heating period of the tin pipe, being not more than
35 seconds, temperature rises according to linear law at
point /, point 2, and point 3; as for point 4, temperature
rises here according to the law close to a power one.
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Figure 3. Dependence of temperature change of the side tin
Ppipe surface upon its heating time: 4 distance from
the plasmatron nozzle section is 0.2 m (point 1);
m distance from the plasmatron nozzle section is
0.4 m (point 2); A distance from the plasmatron
nozzle section is 0.6 m (point 3); @ distance firom
the plasmatron nozzle section is 0.8m (point 4)

Figures 4 and 5 show 2-D and 3-D views of tempera-
ture distribution of the plasma flow along the tin pipe
respectively.
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Figure 4. Temperature distribution of the plasma flow along
the tin pipe: (a) heating time of the internal side of
the tin pipe T =15 s; (b) heating time of the internal
side of the tin pipe T =10 s; (c) heating time of the
internal side of the tin pipe t=15s; (d) heating
time of the internal side of the tin pipe t=20s;
(e) heating time of the internal side of the tin pipe
T=25s; (f) heating time of the internal side of the
tin pipe t=30s; (g) heating time of the internal
side of the tin pipe t=35 s

Figure 6 shows a comparison of the experimental data
on temperature distribution of the plasma flow along the tin
pipe both for the conditions of the proper experimental
research and for the conditions of the experimental studies
mentioned in the scientific sources (Poluianskyi, 1985).
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Figure 5. 3-D view of the temperature distribution of the exter-
nal side of the tin pipe along its length depending
upon the heating time of the internal side of the pipe
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Figure 6. Comparison of the experimental data on the tem-
perature distribution of the plasma flow along the
tin pipe: — proper experimental research; --- other
experimental research (Poluianskyi, 1985)

Analysis of Figures 5 and 6 allows drawing following
conclusions:

— temperature of the external side of the tin pipe
drops along with the increase in the distance from the
plasmatron nozzle section to the point of the temperature
measurement;

—nonuniformity of the tin pipe heating rises along
with the increase in its heating time;

— maximum temperature value of the external side of
the tin pipe moves away from the plasmatron nozzle
section along with the increase in the heating time of the
pipe that is confirmed by the experimental research
(Poluianskyi, 1985).

Figure 6 makes it clear that within the range of inter-

dp

relation =3.09-49.25, similarity of the tempera-
noz
ture distribution of the plasma flow along the pipe length
is observed.
Heat flux from the flow of a heat carrier to the inter-

nal surface of the tin pipe is calculated as follows:

q= , (1)
Fsin
where:
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Fin — area of the internal lateral surface of the nozzle
and flange union.

Thermal power of plasma at the plasmatron outlet is:
Q:U’I'npl"'Gair'Cmpair'TaiVO’ )
where:

U — voltage of the plasmatron electrical arc;

I — current rate of the plasmatron electrical arc;

np — thermal efficiency of the plasmatron;

Cmp air — average isobaric heat capacity of air;

T,iro — air temperature at the plasmatron inlet.

In the context of the experimental studies, average
heat transfer coefficient from the plasma flow to the side
surface of the borehole at the beginning of its heating
was calculated according to following formula:

q
aavO S — (3)
tpl —I5ino
where:

t, — temperature of the plasma flow inside the flange
union;

tsin 0 — initial temperature of the internal surface of the
flange union.

Heat flux from the plasma flow to the side surface of the
flange union was calculated according to expression (1).

Figure 7 shows the comparison of values of the ave-
rage heat transfer coefficient from the plasma flow to the
side surface of the borehole calculated on the basis of
proper experimental results and criteria equations pro-
posed by other authors. Figure 7 demonstrates that values
of the average heat transfer coefficient from the plasma
flow to the side surface of the borehole calculated accor-
ding to equations (Kant, Rossi, Madonna, Hoser, & von
Rohr, 2017) and (Kant et al., 2017) are by far less than the
ones of the average heat transfer coefficient calculated on
the basis of proper experimental research and according to
expression (Kant et al., 2018) being as follows:

0.62 0.18 0.35
a=0.07| p,;-v,- il lpl.TWO Tyt , (4
PEPE 4190 4190-d,, Too

where:

ppi — plasma density;

vy — plasma velocity;

¢pi — heat capacity of plasma;

Jpi — thermal conductivity of plasma;

T\, — initial temperature of internal surface of the pipe.

Nevertheless, calculation according to the formula pro-
posed in (Hoser & Rudolf von Rohr, 2018) being as follows:

L \ 4p

0.25
I e G
where:

d, — tin pipe diameter;

1, — tin pipe length;

dyo: — nozzle diameter,
shows overestimated values of the heat transfer coefficient
in comparison to the ones calculated on the basis of proper
experimental research and according to formula (5).

32

W
‘K ‘
1400 %
o
et |
900 | -
800 . f
g B B
500 jﬁ/—%}\\’\t\“c& ;’;f”"’f’
300 1| a/./%_gb NZ%/; (d]
3 = = = mO:

Figure 7. Comparison of heat transfer coefficient from the
plasma flow to the lateral surface of the borehole
determined both experimentally and theoretically:
(a) calculation according to formula (4); (b) calcu-
lation according to formula (5); (c) proper experi-
mental study; (d) calculation according to formula
(Kant, Rossi, Madonna, Hoser, & von Rohr, 2017);
(e) calculation according to formula (Kant et al., 2017)

Considerable difference of values of the average heat
transfer coefficient might be stipulated by the following
factors. In terms of their content, equations (Kant, Rossi,
Madonna, Héser, & von Rohr, 2017) and (Kant et al.,
2017) are similar to the known criteria heat transfer equa-
tion under condition of turbulent flow of gases and
liquids within the annular cross-section channels that is
true for Prandtl numbers Pry,=0.7-100. However,
Prandtl number for plasma in terms of the experimental
research was equal to Pr,,=0.513 being beyond the
Prandtl number range for which expressions (Kant, Ros-
si, Madonna, Hoser, & von Rohr, 2017) and (Kant et al.,
2017) are valid.

Nusselt number calculated according to formula
(Kant et al., 2017) is equal to Nus= 5.1 that proves suita-
bility of formula (Kant et al., 2017) to calculate heat
transfer coefficient only for non-ionized and non-
dissociated gases and liquids, since Nusselt number for
such types of flow is within the range of Nu,= 3.66 — 4.36.

It should be also mentioned that formulas (Kant, Ros-
si, Madonna, Hoser, & von Rohr, 2017) and (Kant et al.,
2017) do not take into account temperatures of plasma
and internal surface of the channel.

Formula (4) is valid only for the range of Reynolds
numbers being 60 < Re,; 4, <200 at the determining tem-
perature which is the average temperature of the plasma
flow at the pipe inlet and outlet.

Equation (4) is valid only to evaluate average heat
transfer coefficient from the plasma flow to the internal
surface of the pipe that is proved by comparability of the
average value of heat transfer coefficient calculated ac-
cording to formula (5) and obtained experimentally by
the authors of the paper.

4. CONCLUSIONS

Physical simulation modeling of thermal and tech-
nical aspects of the plasma flow interaction with bore-
hole surface has been performed; results of the experi-
mental research have been analyzed.
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Temperature values of the external side surface of the
flange union obtained experimentally are necessary to
determine heat transfer coefficient from the plasma jet to
the internal surface of the flange union which simulates
rock surface in a borehole.

According to the experimental results, following reg-
ularities have been determined:

—temperature of the external side of the tin pipe
drops along with the increase in the distance from the
plasmatron nozzle section to the point of the temperature
measurement;

— nonuniformity of the tin pipe heating rises along
with the increase in its heating time;

— maximum temperature value of the external side of
the tin pipe moves away from the plasmatron nozzle sec-
tion along with the increase in the heating time of the pipe.

Comparative calculation of the heat transfer coeffi-
cient from the plasma flow to the side surface of the
borehole has been performed.

Comparability of the average value of heat transfer
coefficient from a heat carrier to the internal side surface
of the borehole determined by means of calculation and
experimental studies has been confirmed.
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JTOCJIIKEHHSA B3AEMO/IIT IIOTOKY IVIA3MH 3 TIOBEPXHEIO
CBEPVIOBUHHU Y NPOLHECI II TEPMIYHOI'O PO3IIUPEHHSA

O. Bonomn, 1. [Toramuyk, O. XKesxuk, B. €EMenbsHeHko,
B. I'opstukin, M. XKosToHora, €. Cemenenko, JI. Tatapko

Merta. JlocnipkeHHsT B3a€EMOJIT MOTOKY IUIa3MH 3 TIOBEPXHEIO CBEPAJIOBUHU B MPOLEC] ii TEPMIYHOTO pO3LIMPEHHS
JUT BU3HAYCHHS HECTAI[IOHAPHOTO PO3IOAUTY TEMIIEPaTypy B3JOBXK MOBEPXHI CBEpAJIOBHHHU Ta YCEPEIHEHOTO Koedi-
LI€HTA TEIUIOBIIaYi BiJl HOTOKY ILIa3MU JI0 TOBEPXHI CBEPJIOBHHHU.
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MeToanka. B po0oTi BUKOHaHO €KCIIEpHMEHTANIbHE JOCIIDKEHHS B3aEMOJIT CTPYMHHH TUIa3MHu 3 (hJ1aHIeBUM Hart-
pyOKOM, BHYTpIIIHSI OOKOBa MOBEPXHS SIKOTO IMITyBalla MOBEPXHIO TpChKOI Iopoau B cBepuioBuHI. CyTHICTH eKcIe-
PUMEHTY MoJjiiraja y BUMIpIOBaHHI TEMIEpaTypH 30BHIIIHBOT OI1YHOI MOBEPXHI (UIaHLIEBOrO MarpyOka mpu Tedii mias-
MOBOI CTPYMHUHHM BCepevHi narpyoka. [yt BUMiproBaHHs TeMIIepaTypH Ha 30BHIIIHIM MOBEpXHI (uiaHIeBoro narpyoka
3aCTOCOBYBaIaCh XpOMEIb-aJIIOMENIeBa TEPMoIIapa 3 TepMOeNneKTpoaaMu JiamerpoM 1.2 MmMm. B excniepumeHTanbsHOMY
JOCIIJDKEHH] CTPYMHHA IIa3MU 4Yepe3 COIUIO BHUTIKae Oe3nocepenHbo y (iaHIeBuil marpyOok, BUPOOJICHHH 3 Miji.
JoTtpuMaHO TeoMeTpHyIHy To00y mapaMeTpiB (pranmeBoro nmatpy0Oka Ta coria IIa3MOTPOHa.

PesyabTaTn. BukoHano oOpoOKy IOCTiTHUX JaHWUX Y BUIIISAII 3aJIe)KHOCTI TeMIepaTypu Oi9HOI MTOBEPXHI MiIHOTO
(maHIIEBOrO TAaTPyOKa, TOOTO MOBEPXHI CBEPAJIOBUHH, Bifl Yacy HarpiBaHHS MiIHOTO (IAaHIICBOTO MAaTPyOKa TEIIOHO-
cieM. BukoHaHo 00OpoOKy IOCHIJHUX JaHUX y BHIJISII 3aJIEKHOCTI TeMIeparypu OIYHOI MOBEPXHI XKepCTsHOI Tpyou,
TOOTO ITOBEPXHI CBEPIOBHHH, BiJ] PO3TAIlyBaHHS TOYKH BUMIPIOBaHHS TEMIIEPAaTypH B3JIOBXK JKEPCTAHOI TpyOH Ta yacy
HarpiBaHHsI JKEPCTSHOI TPyOU TeruioHOcieM. BusiBIIEHO 3aiexHOCTI 3MiHM Temmeparypu Oi4HOI MOBEpXHI XKepCTsSHOT
TpyOu Bix yacy i1 HarpiBaHHS; PO3MOIUTY TEMIIEPATYPH MOTOKY IIa3MH 3a JIOBXKHHOIO JKEPCTSIHOI TPyOU B 3aJIeKHOCTI
BiJl liaMeTpy >KepCTSHOI TpyOu Ta JliaMeTpy BHXIIHOrO OTBOPY COIUIA IJIa3MOTPOHA; Jliara3oH KOeili€HTiB TemIoBia-
Jladi Bijl MOTOKY IUTA3MH JIO TIOBEPXHI CBEP/IOBUHH.

HaykoBa HoBu3HA. [IpoBeieHHS (i3UYHOTO IMITAIITHOTO MOJCIIOBAHHS B3a€MOJIIi MOTOKY TEIUIOHOCIS, B SIKOCTI
SIKOTO BUCTYIIa€ HU3bKOTEMIIEpaTypHa IUIa3Ma, 3 MMOBEPXHEI0 CBEPUIOBHHH y BUIIISAII MiZHOTO (JIAaHIIEBOTO MaTpyoOka
Ta JKEpCTAHOI TPyOM B NEBHOMY Aiana3oHi reOMETPHYHMX IapaMeTpiB MIIHOTrO (IIaHLEBOTro MaTpyOKa, KepCTSHOI
TpyOH Ta coIUIa INIa3MOTPOHA, a TAKOXK TEIUIO(QI3NIHUX XapaKTEPUCTUK TEIUIOHOCIS, SKi MPUHHATI Y BiIMOBITHOCTI 10
TEOMETPUYHOI T0100M TEXHOJIOTIYHMM 1 KOHCTPYKTHBHUM IIapaMeTpaM IUIa3MOTpPOHA Ta JiaMeTpa CBEpAJIOBHH Iepen
MIOYaTKOM IIPOLIECY TePMIYHOI'O PO3IIUPEHHS.

IIpakTHYHA 3HAYUMIicTB. PO3p0o0IeHO METOANKY €KCIIePUMEHTAILHOIO JOCIIIPKEHHS B3a€MOJIl CTPYMHUHH TEILIO-
HOCIsI, B SIKOCTi SIKOTO BHCTYIIa€ HU3bKOTEMIIEpaTypHa IIa3Ma, 3 IIOBEPXHEI0 CBEPIUIOBUHHU Y BUIVIAI MigHOTO (praHIe-
BOTO maTpyOKa »epcTsiHol TpyOH, sika imMiTyBaja cBepuioBuHy. OTpUMaHi pe3ysbTaTh BIUIMBY BUCOKOTEMIIEPATYPHHUX
CTPYMHH TEIJIOHOCIS B Mpoliecax KPUXKOTo PyHHYBaHHS TipChKUX MOPIiJ € KOPUCHUMHM NPU BUKOHAHHI nporecy OypiH-
HSl CBEP/JIOBUH.

Knrouosi cnosa: ceeponosuna, pyuHyeants 2ipCoKux nopio, mepmiuHe po3WuperHs, niama, KoeQiyienm menmo-
8idoaui, (nanyesuil nampybox

HCCJIEJOBAHME B3AMMOJIEMCTBHA ITOTOKA IIJIA3MBI C IOBEPXHOCTBIO
CKBAKHWHBI B TPOIIECCE EE TEPMUYECKOI'O PACHIMPEHUSA

A. Bonomun, . Tlotamuyk, A. Xepxbik, B. EMenbaneHko,
B. T'opstukun, H. XKostonora, E. Cemenenko, JI. Tatapko

Hennb. VccnenoBanue B3aMMOICHCTBUS MOTOKA IJIa3Mbl ¢ TOBEPXHOCTHIO CKBAXKHHBI B MPOILIECCE €€ TEPMUUECKOTO
pacumpeHus Jyis ONpeJeSieH!s] HeCTALMOHAPHOIO paCIpeeeHUs] TeMIepaTypbl BAOJIb MOBEPXHOCTH CKBAXKHHBI U
yCcpeaHeHHOro ko3 duireHTa TeriooT[auu OT MOTOKA I1a3Mbl K IIOBEPXHOCTH CKBAYKHHBI.

Metoauka. B pabote BBINOIHEHO AKCIIEPUMEHTAIBHOE UCCIIEOBAaHUE B3aMMOJICHCTBHS CTPYH ILIa3Mbl ¢ (hiaHIie-
BBIM IaTPyOKOM, BHYTPEHH:SI OOKOBasi MOBEPXHOCTh KOTOPOI'O MMHUTHPOBAja IMOBEPXHOCTh FOPHOW MOPOJIBI B CKBa-
xuHe. CyIIHOCTh SKCIIEPUMEHTa 3aKiIioyalachk B M3MEPEHHH TeMIepaTypbl BHEIIHEH OOKOBOI MoBepXHOCTH (iaHIe-
BOTro marpyOKa MpU TEUYEHHUH ITUIA3MEHHON CTPYH BHYTPH maTpyOka. I n3MepeHus TeMreparypsl Ha BHEIIHEH IToBepX-
HOCTH (pJIaHLIEBOTO MaTpyOKa NPUMEHSIIach XpOMeEIlb-aIFoMeNeBasl TepMoIIapa ¢ TEpMOdJIeKTpogamMu quamerpoM 1.2 mm. B
SKCHEPUMEHTAIFHOM HCCIIEOBAaHUN CTPYsI IUIa3Mbl Yepe3 COIUIO BBITEKAET HEIOCPEICTBEHHO BO (MIAHIIEBBIM MaTpyOOK,
BBITTOJTHEHHBIH U3 Me . COOMOAEeHO TeOMETPUIECKOe TIOI00HE TTapaMeTpoB (IIAHIIEBOTO MaTpyOKa U COIUIa IIa3MOTpPOHA.

Pe3yabTarbl. BeinoiHeHa 00paboTKa OMBITHBIX JAHHBIX B BU/IE 3aBUCHUMOCTH TeMIIEpaTypbl OOKOBO# MOBEPXHOCTH
MeIHOro (IIaHIEBOro MarpyOKa, TO €CTh MOBEPXHOCTH CKBRXKHMHBI, OT BPEMEHH HArPeBaHUsI MEAHOIO (IIAHIIEBOIO
narpyOka TeruioHocuTeseM. BeinojHeHa 00paboTKa OMBITHBIX JAHHBIX B BHJE 3aBHCUMOCTH TEMIIEPaTypbl OOKOBOM
MMOBEPXHOCTH JKECTSHOM TPyOBbI, TO €CTh MOBEPXHOCTH CKBXKUHBI, OT PACIIOIOKEHHSI TOUKH U3MEPEHHsI TeMIIepaTypbl
BJI0JIb )KECTSHOW TPYObl M BpEMEHH HArpeBaHMUsl )KECTSIHON TPYObl TEIIIOHOCUTEIIEM.

Hayunasi HoBu3Ha. [IpoBenenne Gpu3n4ecKkoro MIMUTAIOHHOTO MOZEIMPOBAHUS B3aUMOJIEHCTBHS TIOTOKA TEIUIO-
HOCHTEJIS, B KAYECTBE KOTOPOT'O BHICTYIIAET HU3KOTEMIIEPATYPHAas IJ1a3Ma, C IIOBEPXHOCTHIO CKBKHHBI B BHJIE MEIHOTO
(hraHIEeBOrO MAaTPyOKa U JKECTSHOW TPyObl B ONPECICHHOM JHAala30He TeOMETPUYCCKHUX MMapaMeTPOB MEAHOTO (hiiaH-
LIEBOTO MaTpyOKa, )KECTSHON TPYObI U COIlIa TUIA3MOTPOHA, a TAKXKE TEIIOPH3MIECKUX XapaKTEPUCTUK TEINIOHOCUTEIS,
KOTOpBIE NTPUHSATHl B COOTBETCTBUH C T€OMETPHUYECKHUM I10JI00MEM TEXHOJOTMYECKUM U KOHCTPYKTHUBHBIM I1apaMeTpamM
IUTa3MOTPOHA M AMAMETpPa CKBAXXHH II€pe] HaualloM Ipoliecca TEPMHYECKOTO PACIIUPEHHSI.

IpakTuyeckasi 3HAYUMOCTB. Pa3paboTaHa MeTOIUKA OSKCIEPUMEHTAIBHOIO HCCICIOBAHHS B3aUMOACHCTBUS
CTPYH TEIUIOHOCHTEIIS, B KAYECTBE KOTOPOTO BBHICTYMAET HU3KOTEMIIEpaTypHas IJIa3Ma, C MOBEPXHOCTHIO CKBAXKHHBI B
BUjIe MEIHOro (hIaHIEeBOro marpyoka }KecTsiHOW TpyObl, KOTOpas KMUTHPOBAJA CKBaXUHY. [10JydeHHbBIE Pe3yJIbTaThl
BJIMSIHUSI BBICOKOTEMIIEPATYPHBIX CTPYH TEIUIOHOCHTENSI B MPOLIECCaX XPYIKOro pa3pyLIeHUs] TOPHBIX MOPOja OyIyT
OJIE3HBIMH B MpoLiecce OypeHUs] CKBaXKKH.

Kniouesvie cnosa: ckeasicuna, paspyuieHue 20pHblX HOPOO, MepMUHecKoe pacuiupenue, niamd, Kodgduyuenm
menioomoayu, GraHyeswlii nampyoox

34



O. Voloshyn et al. (2018). Mining of Mineral Deposits, 12(3), 28-35

ARTICLE INFO

Received: 10 February 2018
Accepted: 18 July 2018
Available online: 10 August 2018

ABOUT AUTHORS

Oleksii Voloshyn, Doctor of Technical Sciences, Deputy Director of the Institute of Geotechnical Mechanics named
after M.S. Polyakov of the National Academy of Sciences of Ukraine, 2a Simferopolska St, 49005, Dnipro, Ukraine.
E-mail: OIVoloshyn1951(@nas.gov.ua

Iryna Potapchuk, Master of Engineering Sciences, Junior Researcher of the Department of Vibropneumatic Transport
Systems and Complexes, Institute of Geotechnical Mechanics named after M.S. Polyakov of the National Academy
of Sciences of Ukraine, 2a Simferopolska St, 49005, Dnipro, Ukraine. E-mail: I'Y Potapchuk(@nas.gov.ua

Oleksandr Zhevzhyk, Candidate of Technical Sciences, Associate Professor of the Thermal Engineering Department,
Dnipropetrovsk National University of Railway Transport named after academician V. Lazaryan, 2 Academika
Lazaryana St, 49010, Dnipro, Ukraine. E-mail: zvzk@ukr.net

Volodymyr Yemelianenko, Candidate of Technical Sciences, Senior Researcher of the Department of Vibropneumatic
Transport Systems and Complexes, Institute of Geotechnical Mechanics named after M.S. Polyakov of the National
Academy of Sciences of Ukraine, 2a Simferopolska St, 49005, Dnipro, Ukraine. E-mail: VIEmelianenko@nas.gov.ua

Vadym Horiachkin, Candidate of Technical Sciences, Associate Professor of the Thermal Engineering Department,
Dnipropetrovsk National University of Railway Transport named after academician V. Lazaryan, 2 Academika
Lazaryana St, 49010, Dnipro, Ukraine. E-mail: vgora@ukr.net

Mykola Zhovtonoha, Candidate of Economic Sciences, Vice-Rector of the Dnipropetrovsk National University of
Railway Transport named after academician V. Lazaryan, 2 Academika Lazaryana St, 49010, Dnipro, Ukraine.
E-mail: znn.mail@gmail.com

Yevhen Semenenko, Doctor of Technical Sciences, Head of the Department of Mine Energy Complexes, Institute of
Geotechnical Mechanics named after M.S. Polyakov of the National Academy of Sciences of Ukraine,
2a Simferopolska St, 49005, Dnipro, Ukraine. E-mail: evs_post@meta.ua

Larysa Tatarko, Candidate of Technical Sciences, Senior Instructor of the Physics Department, Ukrainian State
University of Chemical Technology, 8 Haharina Ave., 49600, Dnipro, Ukraine. E-mail: larisa.tatarko@gmail.com

35



