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Purpose. To establish the influence of drilling fluid circulation rate onto the contact temperature during the rota-
tion drilling using an impregnated diamond drill bit; to verify the mathematical model of the diamond drill bit heating
process in the course of boreholes drilling.

Methodology. Bench experiments and theoretical analysis using methods of mathematical modeling.

Findings. In the course of the bench experiments the data of influence of the drilling fluid circulation rate on the
contact temperature during drilling of granite rock with a 59-mm diameter drill bit were obtained. A relevant math-
ematical model of the drill bit heating under the variable rate of drilling fluid was represented on the basis of a system
of the heat transfer differential equations. A comparative analysis of experimental and predicted data was carried out,
and its findings positively confirm the reliability of the mathematical modeling of heat transfer processes in the down-
hole during bore-hole drilling.

Originality. The methodology of experimental measuring of the contact temperature during the bench experiment
borehole drilling using resistance sensors was proposed herein. New experimental data was obtained which allowed
establishing a correlation between the contact temperature and the rate of drilling fluid in the downhole area. The
proposed mathematical model of the process is found to be adequate; it allows predicting the temperature mode on
the working face of borehole in the course of drilling. The findings of the research make it possible to substantiate the
effect of the diamond core drilling performance gaining due to transition from the fixed time operation parameters to
the variable ones.

Practical value. The regularities of action of the drilling fluid circulation rate on the contact temperature of the
“tool — working face” system in the course of borehole drilling were established. The performed research confirmed
the possibility of managing the thermal mode of drilling by variation of the drilling fluid circulation rate. The dia-
mond core drilling performance gains, therefore, are possible to achieve by way of increasing the thermal stimulation
of the mining rock. The developed mathematical model allows forecasting the contact temperature in the course of
borehole drilling for various values of the drilling fluid circulation rates. Using of this model makes it possible to de-
fine the permissible diminishing of the drilling fluid circulation rate in order to prevent any abnormal thermophysical
wear of the drill bit.

Keywords: drilling, thermal mode, mathematical model, drill bits heating

Introduction. In recent years, there has been a trend
towards a constant increase in the consumption of fuel
and energy resources [1], and in this connection, there
is a growing interest in studying geotechnological meth-
ods of extracting minerals by drilling wells. Using of the
heat energy of friction generated in the down-hole area
seems to be one of the reserves to enhance the perfor-
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mance of diamond core drilling process. It is well known
that increasing of the mining rock temperature results in
a growing number of micro-fractures [2], decreasing its
tensile and compressions strengths [3], and decreasing
the velocity of the waves in the mining rock, and others.
At that, the mining rock prefracture takes place during
its thermal stimulation, which stipulates for increasing
of the rock decomposition process efficiency in the course
of further mechanical stimulation thereof. The analysis
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of thermodynamic effects in the course of mining rocks
disintegration is carried out in [4].

Using the heating energy for mining rock decomposi-
tion is the basis of the innovative technologies of mining
rocks disintegration such as jet drilling [5] thermal spallation
drilling [6] or plasma drilling [7]. However, the above men-
tioned technologies use specific drilling equipment and
devices.

It is quite possible, however, to effectively use the heat
stimulation of the downhole areas in the course of tradi-
tional rotary drilling technologies. It is stipulated in work
[8] that increasing the contact temperature in the down-
hole area allows creating certain conditions for mining rock
weakening in the course of diamond core drilling. The fric-
tion heat, generated at the working face during the rotary
drilling process, is the source of thermal energy. This ap-
proach makes it possible to enhance the efficiency of min-
ing rock decomposition without a need to significantly
amend the existing diamond bit rotary core drilling tech-
nology. An increase in the contact temperature can be
achieved by switching the borehole flushing process to a
non-typical mode of operation.

On the other hand, high contact temperatures may im-
pose certain negative effect on the efficiency of the drilling
tools. Therefore, nowadays, technologies of strengthening
the surfaces of the drill tool for the effective operation in
high temperatures [9] are increasingly being used, which
slightly increases the permissible temperatures in the con-
tact area of the drilling tools surfaces with the well. But for
a modern drilling tool during the design of the drilling pro-
cess, it is necessary to provide such modes of speed of cir-
culation of the drilling fluid so that the temperature in the
contact area with the well does not exceed the critical level
of 600 °C. To settle this challenge, it is necessary to exam-
ine the thermal condition of the “tool — working face” sys-
tem in the course of the borehole drilling.

Analysis of the recent research and publications. Not-
withstanding the fact that thermophysical processes in
the downhole area during the borehole drilling have been
a subject of numerous research works, until today there
is no “universal” methodology which allows determin-
ing the contact temperature of the working face of bore-
hole during diamond core rotary drilling [10].

Work [11] stipulates that drilling with pulse mode of
drilling fluid circulation rate does not only result in the in-
crease in the contact temperature, but also enhances the
drilling velocity. The thermal factor plays a particular role
during the drilling processes with air or gas flushing or
foams flushing. The relation between the thermal factor
and power consumption rates when drilling frozen rocks
with air flushing was the subject of research in work [12].
Methods of mining rocks decomposition using the friction
heat and gas flushing were considered in work [13]. The
issues of heat exchange between the drilling fluid and tools,
drilling fluid and mining rock in the course of geothermal
bores drilling were discussed in work [14] where the math-
ematical model of the heat transfer in the surrounding
mining rocks around the borehole was proposed.

In the course of the mathematical modeling of heat
transfer processes in the drilling tools and the mining
rock, it is essential to calculate the thermal balance on
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the contact line of drilling tools with the rock, taking into
account the heat generated by the friction. The process-
es of friction heat generation on the contact line of the
two solid bodies, and distribution of the resulting heat
flows, were defined in work [15]. Work [16] dealt with re-
search of the influence of the convection cooling on dis-
tribution of the generated friction heat. The gained results
are the evidence that it is possible to control the thermal
balance in the downhole area by way of changing the rate
of convective cooling of the contacting bodies.

The matter of enhancing the efficiency of diamond
core drilling by using the heat factor calls for researching
of thermophysical processes in the downhole area in or-
der to establish the influence of the drilling fluid circula-
tion rate to the contact temperature of drilling [17]. At the
moment, there are very few research works dedicated to
this issue, while the achieved results represent only par-
ticular instances which, therefore, require an expand of the
existing database of the experimental research findings.

On the other hand, it is necessary to have a calculation
apparatus in place, which would allow forecasting the
thermal mode of the drilling tools in order to prevent their
overheating. Verification of the relevancy of the outcomes
of mathematical modeling of thermophysical processes in
the downhole area also requires related experimental data.

The objective of the article is to establish the influ-
ence of drilling fluid circulation rate on the contact tem-
perature during the rotation drilling using an impreg-
nated diamond drill bit and to verify the mathematical
model of the diamond bit heating process in the course
of boreholes drilling.

Experimental research. Bench experimental research
studies were carried out in order to determine the con-
tact temperatures during the process of diamond core drill-
ing. This work was carried out in Jilin University (Chan-
chun city, China).

The goal of the bench experimental research was to
determine the action of the drilling fluid circulation rate
to the value of the contact temperature of the “drilling
tool — working face” system. The mode of flushing was
fixed for each particular experiment; however, the circu-
lation rate of the drilling fluid was varied during each par-
ticular set of experiment. The outcomes of such research
allowed evaluating the relation between the thermal con-
dition of the downhole area and the rate of the drilling
fluid during the process of drilling.

Resistance sensors of Pt100 type were used to deter-
mine the temperatures on the contact line of the drilling
tools with the mining rock in the course of diamond bit
drilling. The principle of temperature value reading by
the sensors of Pt100 type is based on increase in the elec-
trical resistance of the sensor during increasing of the
temperature. The measuring resistor is powered by the di-
rect current. The temperature gap on the sensor is changed
depending on the temperature.

Pt100 sensors contain 3 cable wires. Heat absorption
element (a diode) is located in the 4x50 mm protective
sleeve. Each sensor has a connection cable with protec-
tion screen. The sensors accuracy is in conformity with
Class B (Table 1). According to their specifications, the
maximal measuring temperature of the sensors is 500 °C.
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Table 1
Accuracy of reading of Pt100 resistance sensors

Range Maximum deviation
°C Class B, DIN Class | 1/5DIN
K A, K Class B, K
At - 200 t1.3 — —
At - 100 +0.8 — —
At-50 — +0.25 —
At0 +0.3 — —
At + 100 +0.8 +0.15 +0.06
At + 200 t1.3 +0.35 +0.16
At + 300 +1.8 +0.55 +0.26
At + 400 2.3 +0.75 +0.36

Resistivity sensors have a number of benefits if com-
pared with other means of reading the temperature:

- stability of time and thermoelectrical specifications.
They ensure accuracy and reliability of measurements,
and they do not need to be calibrated very often;

- reproducibility of their linear thermoelectrical per-
formance provides for the standardization of their cali-
bration curve, which is the condition of interchangeabil -
ity of RTDs;

- stability against external effects.

The sensors used in the course of the bench experi-
ments are illustrated in Figs. 1, a, b. The data from sensors
was transmitted and processed by a digital controller of
temperature (Fig. 1, ¢). The sensors were calibrated be-
fore the experiments commenced.

The contact temperature was measured using the cut-
off sensors method. The resistivity sensors of temperature
were placed in the special holes bored in the mining rock
slabs so that their contact elements faced the path of the
diamond drill bit nose (Fig. 2).

In the course of drilling the drill bit cuts off the ther-
mal sensor, the latter gets out of order. The temperature
measured at the time of the sensor cutoff is considered to
be the contact temperature.

In order to implement this approach, the pilot burn-
in of the tools and devices was carried out (on the pilot
borehole); the position of the sensors mounting was de-
fined with the reference to the pilot borehole. The distance
between sensors was 30 mm. Positioning of the sensors al-
lowed measuring the temperature as the drill bit ap-
proached them; it was similar to measuring the tempera-
ture on various distances to the working nose of the drill
bit. The sensors mounting holes were drilled using the hard
alloy drills; the sensors were secured in the rock with con-
crete mortar.

In Fig. 3 you can see the mining rock slab mounted
on the bench experiment table. In Fig. 3, a you can see
one used borehole (on the left side) and two pilot bore-
holes ready for drilling.

In Fig. 3, b you can see the same mining rock slab af-
ter the experiments (the borehole on the right).

Illustration of the bench experiments stand based on
the XY-1 boring rig which is used for core drilling of bore-
holes at the depth of up to 100 m, is pictured in Fig. 4.

Process water was used as drilling fluid. Mining rock
is medium granular granite. A 59-mm diameter impreg-
nated drill bit 0114 with 6 flushing channels was used
for drilling (Fig. 5).

Fig. 1. Components of the measurement system used in the course of the experiments: sensor in the protection sleeve (a),
illustration of the sensor (b), digital controller of temperatures (c)

—

SN

Fig. 2. Layout of sensors positioning in the mining rock:
1 — mining rock slab; 2 — projected profile of the borehole;
3 — sensors mounting holes
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Fig. 3. Mining rock slab with mounted thermal sensors on
the bench experiments table:
a — before drilling; b — after drilling
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a b

Fig. 5. Diamond drill bit used in the course of the experi-
ments:
a — top view; b — side view

Constant axis load of F = 8 kN and rotation frequen-
cy n = 400 rpm were ensured in the course of the ex-
periments. The said parameters were controlled using the
control panel of the boring rig. Drilling fluid circulation
rate was varying within the range from 9.2 to 39.0 liters per
minute.

Drilling fluid supply mode maintained constant dur-
ing each experiment. Upon passing of each control point
by the drill bit (upon cutoff of the relevant sensor) the drill-
ing process was stopped and adequate idle time was al-
lowed to restore the initial conditions inside the borehole.
After changing of the drilling fluid circulation rate, the
drilling process continued again.

The outcomes of the experimental research in the form
of the characteristic curve between the contact tempera-
ture and drilling fluid circulation rate are represented in
Fig. 6.

As it is seen from the data provided in Fig. 6, the in-
creasing of the contact temperature commences imme-
diately upon decrease in the drilling fluid circulation rate
below 25 liters per minute. At the rate below 10 liters per
minute, the contact temperature rises to 370 °C and above.
Therefore, by controlling the drilling fluid circulation rate,
one can control the contact temperature in the downhole
area. The obtained data can be used for verifying the esti-
mation methods for the contact temperature determining.

Theoretical research. Mathematical modeling meth-
ods were applied to provide the theoretical evaluation of
the action of drilling fluid circulation rate on the contact
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temperature. 1D mathematical model was developed to
describe the process of drill bit heating; the said model is
a system of one-dimensional equations of heat conduc-
tivity for various zones of the drill bit (diamonds, matrix
and steel body of the drill bit). Applying this approach to
the description of heat exchange process of the drill bit
seems to be justified by the results of CFD-modeling de-
fined in [11]. The research revealed that only the chang-
es of the temperature field along the height of the drill bit
are of significant nature. At that, when developing the cal-
culation area along the height dimension of the drill bit,
4 specific zones were defined along which the geometri-
cal characteristics and heat exchange ratios are assumed
to be constant: the diamonds located on the bit nose /;;
the area of the drill bit matrix with end flushing channels
l,; the areas of the matrix with side flushing channels /;
and the steel body of the bit /, (Fig. 7). The x axis is ori-
ented along the drill bit height, while the coordinate ori-
gin is located in the point of contact between the drill bit
and mining rock.

The same physical assumptions as in work [11] were
applied herein, so we can describe the mathematical mode
as follows

500
t,°C
450

4004

350+
300 "

2504 T
200 T y

510 15 20 25 30 35 40
Q, litr/min

Fig. 6. The correlation of contact temperature t and drill-
ing fluid circulation rate Q:
dotted graph — experimental data; curved line — averaged
results based on the least-square deviation method

i X
Drilling fluid ,_ bu
SN T
i
14
§\‘\Core T l Borehole
N\ l wall
N Y
: I
T; I\ RE
IR Y
- N \\_ 12
face

Fig. 7. Layout for developing of mathematical model:
[, — zones of bit; x — coordinate axis
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where indices “1, 2, 3, 4” relate to the four areas alongside
the drill bit height dimension; t is the time; A is the heat
conductivity of materials; p is the density of materials; c is
the specific heat capacity of materials; F'is the cross section
of the relevant area; #,is the temperature of drilling fluid.

Values A;, describe the convection heat exchange be-
tween the drill bit and drilling fluid, and are defined as
follows

A,=0;
P
Azza;z;
2
P,
4 :_0‘;3 :
3
A, :0‘4P4;0‘5P5 ’
4

where a, is the heat transfer coefficient of end flushing
channels; o, is the heat transfer coefficient of side flush-
ing channels; oy, o are the heat transfer coefficients of
internal and external surfaces of drill bit steel body; F; are
cross sections of each of the areas; P, is the aggregate
perimeter of end flushing channels surface; P; is the ag-
gregate perimeter of side flushing channels surface on the
internal and external surfaces of the drill bit matrix; P,,
Ps are the perimeters of internal and external side surfaces
of the drill bit steel body.
Initial conditions for the system equations (1)

tj =0 :t()a .]= 17253547 (2)

where £, is the initial temperature of drill bit.

On the contact surface of bit diamonds and mining
rock we determine the value of the heat flow generated by
friction

o

= =k
dx -

tool
0

N, 3)

where k,,,; is the drill bit heating ratio; N is the power.
Heating ratio depends on thermophysical properties of
both mining rock and drilling tools. In general, the said
ratio depends on the intensity of the convective heat ex-
change, and in simplistic terms it can be determined from
the expression
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rock

where A, a,,. are the coefficients of heat transfer and
temperature conductivity of the mining rock.
Power N is defined by Shamshev’s formula

N=2.104P-n-D,,,

where P is the axial load of the drill bit, in daN; # is the
drill bit rotation frequency, rpm; D,, is the average diam-
eter of drill bit, m.

On the points of contact of the drill bit zones we de-
termine the conditions of the thermal balance

) dt, _ dt, _
bl =l MA &l T szZEx:l ;4
_ dt, B dt, )
1, - =t o kzﬂaxﬂ —k3F3$x:l ;o (5)
) dt, B dt,
By =laleys 2B T i » (6)
On the drill bit end we define the condition
dt
=4 =0, (7)
dx L

where L=1+ 1+ L+,

Action of drilling fluid circulation rate on thermal
condition of the drill bit is defined through the heat ex-
change coefficients. A developed turbulent flow of the
drilling fluid is seen in the areas of the drill bit casing and
side flushing channels, the heat exchange coefficients were
defined by the formula [ 18]

a, =0.021~Rel.°'8~Pr0'43~ , j=23,4,

\b |\>)

J
Vioj
fluid volumetric flow rate; k is the number of flushing
channels; § cross section of flushing channel; D; is the

where Re ;= Reynolds number; Q is the drilling

hydraulic diameter; Pr = Y1 is Prandtl number; A v, a,
a
are the coefficients of heat éxchange, cinematic viscosity
and thermal conductivity of drilling fluid, respectively.
Model (1) was designed for single-layer diamond drill
bits. This model can be easily modified for impregnated
drill bits by way of determining /, = 0, and exclusions the
first equation from system (1). Boundary condition (3)
is not considered herein, while condition (4) is defined as

dt,
dx -

=—k, N

tool >
0

My
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where A, is the heat exchange coefficient of the compos-
ite material of the drill bit and impregnated drilling dia-
monds. The said coefficient is also used to determine the
drill bit heating index.

According to computer modeling data [10], the flow
of drilling fluid turns around in the end flushing chan-
nels, and some dead water zones are formed in the close
vicinity to the drill bit surface, which results in decreas-
ing of the heat conductivity rate. It is reasonable, there-
fore, to assume that a laminar boundary layer and devel-
oped heat exchange processes occur in the near-wall re-
gions of the end flushing channels. At that, the heat ex-
change coeflicient is defined by ratio [ 18]

A
o, :3.653f,
)

where D, is the hydraulic diameter of end flushing
channels.

The numerical solution of task (1—7) for the condi-
tions of the above mentioned experiment was performed
hereunder. Table 2 contains the comparative analysis of
both experimental and calculated data. The temperature
values T,,, are found to be in conformity with the results
obtained by experimental research, while 7, are in con-
formity with the outcomes of calculations based on the

proposed model at the same initial conditions as in the
experiment. The difference A was calculated in absolute
values and in percent by formula

_ Texp - Tcalc

100% .

exp

In is evident from Table 2 that the modeling results
are in satisfactory conformity with the experimental data.
The difference between the experimental and calculated
values is ranging within 3—22 %, the average difference
is 10.2 %, which can be considered satisfactory enough.

Summary. The following conclusions can be made
upon the results of the performed work:

- the results of the bench experimental research of
the influence of drilling fluid flow rate on the contact tem-
perature have confirmed the possibility to control the ther-
mal factor in the downhole area and thermal stimulation
of the mining rock by way of changing the drilling fluid
flow rate;

- the outcomes of the comparative analysis of bench
experimental and calculated data have confirmed the pos-
sibility to use the described mathematical model to eval-
uate the influence of drilling fluid flow rate on the con-
tact temperature.

Table 2
Comparative analysis of experimental and calculated data
Drilling fluid flow rate Experimental value of Calculated value of Dlﬁerenf:e between
Item the experimental and
Ne Q, contact temperature Ty, |contact temperature T, lculated val
0 I/min oC oC calculated values, A,
(°C/%)
1 9.2 464 356 108 22
2 9.5 377 356 21 6
3 19.0 241 270 -29 12
4 20.0 307 270 37 12
5 29.0 255 248 7 3
6 39.0 245 239 6 3
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Meta. BcTaHOBUTH BIJIMB BUTPATU MPOMUBAJIBHOI
PIIMHU HA KOHTAKTHY TEMIIEpATypy IijJ yac 00epTOBO-
ro aJIMa3HOTo OYpiHHS iIMITPErHOBAaHOI KOPOHKOIO, Be-
pudiKalis MaTeMaTUIHOI MOAEi IIpoliecy HarpiBaHHS
aJIMa3HOI KOPOHKM Mill Yac OypiHHS CBEpUIOBUH.

Metomuka. CTeHI0BI eKCIEPUMEHTAIbHI JOCTiKEH-
H$1 1 TEOPETUUHUIM aHAaTi3 i3 BUKOPUCTAHHSIM METO/IiB Ma-
TEMATUYHOTO MOJIEIIOBaHHSI.
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PesyabTaTi. Y pe3ysibTaTi CTEHIOBUX €KCIIEPUMEH-
TiB OTpUMaHi aHi 1100 BIJIUBY BUTPATU MPOMUBAJIb-
HOI piIMHY Ha KOHTAKTHY TeMIIepaTypy Ipu OypiHHi iMIT-
PETHOBAHOIO aJIMa3HOIO OYPOBOIO KOPOHKOIO TiaMeTPOM
59 mm. [IpencrasieHa MaTeMaTUIHA MOJIEIIb HATPiBaHHS
OypOBOI KOPOHKM MpU OypiHHI 31 3MIHHOIO BUTPATOIO
MPOMUBAJILHOIL PiAUHU, 110 IPYHTYETHCS HA CUCTEMI TN -
depeHLiabHUX PiBHAHB Teruionepenadi. [TposeneHo no-
PIBHSUIbHUM aHaJi3 eKCIIepUMEHTAIbHUX 1 PO3paxyHKO-
BUX JaHUX, PE3yJIbTaTH SIKOTO MiATBEPIKYIOTh JOCTOBIp-
HiCTb MaTeMaTUYHOTO MOJIETFOBAHHSI ITPOLIECIiB TeIUIONe-
penadvi y cBepaJIOBUHI TIpU OypiHHI.

HaykoBa HoBH3HA. 3aITpOITOHOBaHA METOIMKA CKCIIe-
PUMEHTAJIEHOTO TOCTIKEHHST KOHTAKTHOI TeMIIepaTypu
ITiJ] Yac CTEHIOBOTO eKCIIEPUMEHTY 3 OYPiHHSI CBEpAJIOBU -
HU 3 BUKOPUCTAHHSM JAaTYUKiB onopy. OTpuMaHi HOBi
eKCMepUMEHTaIbHI 1aHi, 1110 TO3BOJIUIN BCTAHOBUTH 3a-
KOHOMIpHICTb 3MiHM KOHTAKTHO1 TeMIIepaTypH Bif 3Mi-
HU [MoJavi IPOMUBAILHOI PiIMHU 10 BUOO10. JloBeneHa
aJeKBaTHICTh 3aIIPOIIOHOBAHOI MaTEMAaTUYHOI MOJEJi,
110 JO3BOJISIE TIPOTHO3YBATH TEMIIEPATyPHMIA peXkKM Ha
BUOOI CBEpIUIOBUHM MIij1 yac OypiHHS. Pe3ynbratt po6o-
TU T03BOJISIIOTh OOIPYHTYBATU €(PEKT MiIBUILLIEHHS PO-
JIYKTUBHOCTI aJIMa3HOTO OYPiHHS MPU NEPEXOi Bi Mo-
CTiIiHUX MapaMeTpiB pOOOTU A0 3MiHHUX Y Yaci.

IIpakTiyna 3HaynMicTb. BcTaHoBIEHI 3aKOHOMIpHOC-
Ti BIUIMBY BUTPATH MTPOMUBAJILHOI PiIMHU Ha KOHTAKTHY
TEMIIEpaTypy CUCTEMU ,,iHCTPYMEHT — BUOIl“ 11i/1 yac Oy-
PiHHS CBepIJIOBUHU. BUKOHAHI JOCTIIKEeHHSI MiITBepau-
JI MOXJIMBICTD YIIPaBIIiHHS TETUIOBUM PEXKUMOM OypiH-
H$1 32 paXyHOK 3MiHU BUTpaTH MPOMMBAJILHOI PiIUHU.
TakuM yrMHOM, MiABUILIEHHS TPOIYKTUBHOCTI aJIMa3HO-
ro OypiHHS MOXJIMBE 3aBIsSIKU 301IbIIEHHIO TEPMIYHO-
TO BIUTMBY Ha ripcbKy nopofay. Po3po6iieHa maremaTny-
Ha MOJIeJb J03BOJISIE IPOrHO3YBAaTU KOHTAKTHY TeMIIe-
patypy min yac OypiHHSI CBEpAJIOBUHM UISl Pi3HUX 3HA-
YeHb BUTPAT IPOMUBAILHOIL pinHU. BUKopuctaHHs L€l
MOJIeJIi Ta€ 3MOTY BUHAYUTH IIPUITYCTAME 3MEHIIICHHST
BUTPATU NPOMUBAJIBHOI PIAMHU U151 3alI00iraHHS aHO-
MaJIbHOMY TeTU10(hi3NYHOMY 3HOLIEHHIO KOPOHKMU.

Kirouosi cioBa: Oypinusa, menaosuil pexcum, mamema-
mu4Ha modenv, HA2PIBaAHHS KOPOHOK

ean. OnpeneneHue BIMSHUS pacxoia IPOMBIBOY-
HOM >KUIKOCTH HAa KOHTAKTHYIO TeMIIepaTypy IpH Bpa-
IIAaTeJIbHOM aJIMa3HOM OYpeHNU UMIIPETHUPOBAHHOM
KOPOHKOI1, BeprUKAIII MaTeMaTHICCKON MOIEIIH TIPO-
1iecca HarpeBa KOpOHKU MpU OypeHUH.

Metomuka. CTeHI0BbIE SKCIIEPUMEHTAIbHBIEC UCCIe-
TIOBaHUSI, TEOPETUIECKUIT aHATIU3 C UCTIOIb30BaHUEM Me-
TOIOB MaTEeMaTUUYECKOTO MOACIMPOBAHUSI.

Pe3yabratbl. B pe3yibrate CTeHAOBBIX UCCIEI0BAHUI
TTOJTYYCHBI AKCIICPUMEHTAIBHBIC TaHHBIC 110 BIUSTHUIO
pacxoma IMPOMBIBOYHOM SKMIKOCTA Ha KOHTAKTHYIO TEM-
TepaTypy IIpu OypeHUH UMITPETHUPOBAHHON KOPOHKOM
nrameTrpoM 59 MM o rpanuty. I[IpeactaBieHa marema-
TUYecKas MOJIeJIb HarpeBa OypoBOil KOPOHKY TIPH W3-
MEHSIIOIIEMCS PacXoie MPOMbBIBOYHOM XXUIAKOCTU, KO-
TOpast OCHOBaHa Ha cucteMe AuddepeHIIMaTbHbIX YpaB-
HEHMUI1 TertonepeHoca. BrInonHeH cpaBHUTEIIbHBIN aHa-
JIA3 3KCIIEPUMEHTATIBHBIX 1 PACUCTHBIX TAHHBIX, PE3YITh-
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PO3POBKA POAOBULL KOPUCHNX KOMAJIUH

TaTbl KOTOPOTO MOATBEPXKIAIOT TOCTOBEPHOCTh MaTeMa-
TUYECKOTO MOJIEIMPOBAHHUS TIpoliecca TEIIO0OMEHA Ha
3a00€e npu OypeHUU CKBaXK1H.

Hayuynasa noBusHa. [IpemioxeHa MeTonuka sKcrie-
PYMEHTAJIBHOIO M3MEPEHUsT KOHTAKTHOM TeMIiepaTyphbl
MPU CTEHIOBOM OYPEHUU CKBaXXUH C MCITOJIb30BaHUEM
JATYUKOB CONPOTUBIEeHUS. [1oTydyeHbl HOBbIE SKCIIepH-
MeHTaJIbHbIe JaHHBIE, TO3BOJIMBIIINE YCTAHOBUTD 3aK0-
HOMEPHOCTh U3MEHEHUSI KOHTAKTHOH TeMITepaTyphl OT
M3MEHEHUS TI0Ia4 TTPOMBIBOYHOM KMAKOCTH Ha 320014,
JokasaHa aeKBaTHOCTB ITPeUIaracMoii MaTeMaTIeCKOM
MOJIEJIN, KOTOpasI II03BOJISICT IIPOTHO3UPOBATH TEMIIepa-
TYPHBI pexkuM Ha 3a00e Mpu OypeHUU CKBaXXMHEI. Pe-
3yJIbTaThI PAOOTHI TTO3BOJISTIOT 000CHOBATH 3(PHEKT 110~
BBIIICHUS TIPOU3BOIUTEILHOCTH aJIMa3HOTO OypeHMUS
TIPU TIEPEX0e OT MOCTOSTHHBIX BO BPEMEHU PEKUMHBIX
napaMeTpoB K EPEMEHHBIM.

IIpakTHYecKas 3HAYMMOCTD. Y CTAaHOBJIEHBI 3aKOHO-
MEPHOCTH BJIMSIHUS pacxoia MPOMbIBOYHOM XXKUIKOCTH
Ha KOHTaKTHYIO TEMIIEpaTypy CUCTEMBI ,, IHCTPYMEHT —
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3a00i1“ mpu OypeHUU CKBaXXMH. BBIIOTHEHHBIE MCCIIE-
JIOBaHUS TTOATBEPANIN BO3MOXHOCTD YIIPABJICHUSI TEM-
repaTypHbIM peXKMMOM OypeHusI 32 CYET UBMEHEHUsI pac-
X0J/1a TPOMBIBOYHOM XMIKOCTU. TakuM 00pa3oM, MMOBHI-
IIEHWE MPOU3BOAUTEILHOCTH aJIMa3HOTO OYpEeHUS BO3-
MOXKHO 3a CYET YBEJIMUEHMUSI TETIOBOTO BO3ACHCTBUSI HA
ropHyto nopoxay. PazpaboraHHas maremaTuyeckasi Mo-
JIeJIb MO3BOJISIET MPOTHO3UPOBATh KOHTAKTHYIO TeMIIe-
patypy npu OypeHUM ISl pa3IMuHbIX 3HAYeHUI pacxoaa
MPOMBIBOYHOM XuaKocTu. Mcronb3oBaHue JaHHO MO-
JIeJIA 1aeT BO3MOXKHOCTb OIPEAEIUTh JOMYCTUMOE CHU-
KEHME pacxoia MPOMbBIBOUYHOM XXUAKOCTH JJISI TPEAOT-
BpallleHNs] aHOMAIBHOTO TEIUIOMU3NISCKOro M3HOca 0y-
POBOII KOPOHKH.

KimoueBsle ciioBa: oyperue, memnepamypHolil pejcum,
Mamemamuueckas mooens, Hazpes 0ypo8biX KOPOHOK

Pexomendosano do nybaikayii dokm. mexH. HAyK
O.M. Jlasudernxom. lama naoxodncenns pykonucy 02.12. 16.
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