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Abstract

Theoretical and experimental studies of forced air-nano-liquid cooling of a single-disk shoe
brake of a drilling winch have made it possible to establish the following. Improvement of wear-
friction properties of friction pairs is achieved due to operation in the temperature range below
the permissible ones for friction lining materials and, as a consequence, braking qualities for the
lifting shaft of a drilling rig. Application of low-melting metal nanopowders of various
modifications diluted with water or acetone for the liquid, which allows to significantly increase
the thermal conductivity coefficient of the nanoliquid and thereby improve the efficiency of
forced cooling of the friction belts of the brake half-disks. The volumes of nanoliquid in the
evaporation zones are much smaller than in the zones of its transport, which intensifies heat
exchange in various aggregate states of the nanoliquid due to increased cycles of its circulation.
The forced air heat exchange of matte and polished surfaces of the disk by convection and
radiation, as well as thermal conductivity, spent on heating the friction belts of the disk, is taken
into account, which allows determining a smaller part of the heat removed from their surfaces
during braking. Accelerators of the motion of nanofluid in any aggregate state between the zones
of evaporation and transport-condensation in their heated state are diffusers, and retarders are the
nanostructure of the condensation and transport zone of the disk, which cause a change in the
gradients of velocity, pressure and temperature in the layers of nanofluid. With a variable
thickness of the friction belt of the disk and the specifics of cooling on the effect of a "heat pipe"
using the method of finite element modeling, estimate the stress-strain state of the disk wall.
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Qazima bucurqadimin bir diskli kiindali aylacinin garginlik-deformasiya

Vaziyyati
9.X. Canshmadov’, D.A. Vol¢enko?®, M.Y. Cavadov®, N.N. Fidrovskaya®, N.A.Volgenko®,
A.V. Voznly4

YAzorbaycan Milli Aviasiya Akademiyas: (Baki, Azarbaycan); *[vano-Frankivsk Milli Texniki Neft vo Qaz Universiteti (Ivano-
Frankivsk, Ukrayna); *Azorbaycan Miihondislik Akademiyasi (Baki, Azarbaycan); * Xarkov Milli Avtomobil va Yol Universiteti
(Xarkov, Ukrayna); °Kuban Déviat Texnologiya Universiteti (Krasnodar, Rusiya)
Xiilasa

Magalods gazima bucurqadmm bir diskli kiindali oylocinin macburi hava-nanomaye ilo soyudulmasinin
todgiginin naticalori togdim olunub. Siirtiinma ciitlarinin yeyilmoa-siirtinma xassalorinin tokmillogdirilmasi friksion
kiindo materiallar1 iigiin buraxila bilon temperaturdan asagi temperatur diapazonunda istismar naticasindo olds
edilmis vo naticads, qazima qurgusunun qaldirict valinin ayloc keyfiyyatlorino nail olunub. Mayelor {igiin su vo ya
aseton ilo hall olunmus miixtolif modifikasiyali asan oriyon metallarin nanotozlarmn istifadesi nanomayenin istilik
kegiricilik omsalini shomiyyatli dorocods artirmaga imkan verir vo bununla da oyloc yarimdisklorinin siirtiinmo
komoarlorinin macburi soyudulmasinin somaraliliyini yaxsilagdirir (artirir). Diskin parlaq vo cilalanmig sathlorinin
konveksiya vo radiasiya ilo mocburi hava istilik miibadilosi, hamg¢inin diskin siirtinmo kamarlorini qizdirmaq ti¢iin
istifado olunan istilik kegiriciliyi nazora alinib ki, bu da ayloc zamani onlarin sothlorindon ¢ixarilan istiliyin daha
kigik bir hissesini toyin etmoys imkan verir. Istonilon agreqasiya voziyyatinde nanomayenin harokaet siiratlondiricilori
buxarlanma va nogliyyat-kondensasiya zonalar1 arasinda onlarin qizdirildigi zaman diffuzorlar, gecikdiricilori iss -
kondensasiya zonasmnimn nanostrukturu va diskin naqli sayilir. Diskin siirtiinmo komorinin doyiskon qalinligi va
"istilik borusu" effektino osaslanan soyutma xiisusiyyatlori ilo sonlu elementlorin modellosdirilmasi metodu ilo disk
divarinin gorginlik-deformasiya voziyyati giymatlondirilib.
Acar sozlar: qazima bucurqgadi, diskli-kiindali oayloc, friksion diiylin, oyloc diski, nanomaye, gorginlik-

deformasiya voziyyati.
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AHHOTAUA

B craTtbe npuBOASTCA PE3YNBTATHl UCCIEA0OBAHUS IPUHYAUTEIHHOTO BO3IyIIHO-HAHOKUIKOCTHOTO
OXJTAKACHUS OMHOAMCKOBOTO KOJIOJIOYHOTO TOpMO3a OypoBOHM JsieOeAku. YIydllIeHHe W3HOCO-
(hPPUKITMOHHBIX CBOWCTB Tap TPEHUS TOCTUTAETCS 3a CUET IKCILTyaTalliil B MHTEpBaje TEMIIEpaTyp HIDKE
JOMYCTUMBIX JJI MaTepHalioB (PPUKIIMOHHBIX HAKIAJOK M, KaK CJICICTBHE, TOPMO3HBIX KAueCTB IS
MOBEMHOTO Basia OypoBOW yCTaHOBKH. lIpuMeHeHHME IS KUJAKOCTH HAHOIOPOIIKOB JIETKOTLIABKUX
METAJJIOB PAa3IMYHBIX MOJU(PUKAIMKM, pa30aBIEHHBIX BOJOW WM alleTOHOM, IMO3BOJISET 3HAYUTEIHHO
YBEIMYUTh KOI(PPHUIMEHT TEIUIONPOBOIHOCTH HAHOKHUIAKOCTH M TEM CaMbIM YIIYYIIUTh 3(PPEKTUBHOCTD
MPUHYJUTEIBLHOTO OXJIaXIEHUS MOACOB TPEHUS MOJIYIUCKOB TOPMO3a. Y UTEH BBIHYKJICHHBIA BO3YIIHBIN
TEII0O00MEH MAaTOBBIX W TOJIMPOBAHHBIX ITOBEPXHOCTEH JUCKAa KOHBEKIMEH M pajuaiueld, a Takxke
TEIUIONPOBOJHOCTHIO, UAYIIEH HA HarpeBaHUE IMOSCOB TPEHUS JUCKA, YTO MO3BOJIAET ONPEIEIUTh MEHb-
IIYI0 YacTh TEIJIOThI, OTBEJIEHHYIO OT UX MOBEPXHOCTEU MPU TOPMOXKEHHUAX. Y CKOPUTENISIMU JIBUKEHUSA
HaHOXKUKOCTH B JIFOOOM arperaTHOM COCTOSHHUM MEXKIY 30HAMU UCHApEHUH U TPaHCIOPTa-KOH ICHCAIIUN
MIPH WX HATPETOM COCTOSIHWU SIBJITIOTCS AU(PPY30pPbI, 8 3aMETUTEISIMA — HAHOCTPYKTYpa 30HBI KOHJ/ICH-
CaIliy W TpaHCIoOpTa AucKa. [Ipu mepeMeHHO# TONIMHE MMosica TPEHUS TUCKA U CTICTM(PUKA OXJITKICHUS
Ha 3QQeKTe «TeIIoBOH TPyObI» C IMOMOIIBI0 METOAa KOHEYHO-3JEMEHTHOTO MOJCIUPOBAHUS OIECHEHO
HaIpsHKEHHO-1e()OPMHUPOBAHHOE COCTOSTHUE CTEHKH JIUCKA.
KiaroueBble cjoBa: OypoBas srebeqKa, TUCKOBO-KOJIOMOYHBIH TOPMO3, (DPUKITMOHHEBIN y3€I, TOPMO3-

HOH THCK, HAHOXHUIKOCTH, HAMIPSKEHHO-TE(hOPMHPOBAHHOE COCTOSHHE.
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Introduction

In the oil and gas industry, disc-shoe
brakes are increasingly used. One of the
reasons for the downtime of well drilling rigs
is associated with the intensity of wear of
friction pairs of the friction units of the brakes
of drilling rigs. This occurs due to insufficient
cooling of the disks. A particularly complex,
urgent and important problem is the study and
research of heat exchange in modern brake
engineering for winches of drilling rigs. At
high speeds of lowering the drill string into the
well, the heat transfer conditions in the friction
zone of the disc-shoe brake change
significantly due to the insufficient efficiency
of forced air cooling, depending on the speed
of rotation of the brake disc washed by air
flows. In this case, the issue of the need for
forced air-nano-liquid (a mixture of the finest
metal powder and liquid), located in the
chamber of a new type of disc, is of significant
importance. Therefore, studies devoted to the
development of a method for reducing the
thermal loads of friction pairs of disc-shoe
brakes, as a result of which their operating
parameters change, are relevant.

In the work [1] a comparison of foreign
models of disc-shoe brakes with hydraulic
drive PS440-9000 and PS40-900 of drilling
rigs ZJ12 and ZJ15 was made. As a result, it
was found that in order to increase the braking
torque by 11 times, the diameter of the brake
disc was increased by 1.7 times. The number
of brake units was increased from 2 to 7,
during sharp braking from 1 to 3, and the
pressure in the hydraulic system increased
from 7.0 to 8.0 MPa [2]. At the same time, the
friction power arising from the frictional
interaction of friction pairs was not
considered, taking into account their heating
and forced air-nano-liquid cooling, which
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makes the study no more complete. This
approach is shown in the work [3], according
to the results of which it was proved that the
thickness of the brake disc has an uneven
effect on the gradients of surface-volume
temperatures and equivalent stresses [4] that
occur during electro thermomechanical
friction, washing microcracks on the friction
belt of a serial disc. However, it was not noted
that the main design parameter of the brake
disc is its thickness, which affects the weight,
and therefore, the target function during
optimal design, and the control parameters are
the thickness of the disc, which complicates
subsequent studies. This could be reflected in
the work [5], where, based on the systems
approach, the possibility of forming equivalent
series of friction pairs of a modular disc-shoe
brake of mine hoisting machines with different
lifting capacities was shown. According to
their power parameters, brake friction pairs
were used in them, which were tested and
studied on vehicles as a dynamic model [6].
But the tests were carried out without taking
into account the complex power factors of
forced cooling and heat transfer, which are
important parameters in the heat exchange of
friction pairs. And in the work [7] the curves
of formation of the total time costs under
different operating modes of friction pairs of
band-shoe brakes of a drilling winch without
inclusion of an additional hydraulic brake are
presented. In this case the energy loading of
friction pairs of brakes during drilling at a
depth of 2900 m was not taken into account.
At such a drilling depth it is necessary to
include a hydraulic brake [8]. But the factor
was not taken into account that during drilling
with disk-shoe brakes there is no need to use a
hydraulic brake, since they have sufficient
energy capacity and efficiency. In the work [9]
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a combination of mathematical models in
tribonics with a physical experiment and
operational experience was used. This made it
possible to combine the calculation and
theoretical studies with the experimental ones
by developing the theory of thermal similarity
and the method of generalizing the variable
dimensionless parameters for friction pairs
[10]. However, nothing was said about the
generalization of the variable dimensional
design and operational parameters of friction
pairs.

All this gives grounds to assert that it is
advisable to conduct research devoted to the
development of new disc-shoe brakes for
drilling winches.

The purpose and objectives of the work

The aim of the work is to develop a new
disc-shoe brake for drilling winches. This will
improve the braking qualities for the lifting
shaft of the drilling rig.

To achieve the set goals, the following
tasks were solved: create a new design of a
disc-shoe brake for a drilling winch; to
evaluate the stress-strain state of a variable
disk wall thickness using a finite element
modeling method.

Design and operation of the developed
single-disc shoe brake for a drilling winch
Let us consider the design features and
operation of a serial disc-shoe brake, forcedly
cooled by air flows. Figure 1 a, b shows a
serial drilling winch with disc-shoe brakes,
cooled by air flows of the medium (a) and
disc-shoe brakes with a hydraulic drive (b).
The serial drilling winch 1 consists of a pair of
disc-shoe brakes 2, having brake discs with
friction belts 3, which cover supports 4 with
friction linings 5 on a metal substrate and ring
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holders 6, installed by spring devices 7 and
hydraulic drives 8. The disc-shoe brake with
forced air cooling operates during lowering
and lifting operations of the drill pipe column
depending on its weight in aperiodic cyclic
and long-term braking modes. Disc-shoe
brakes 2 are installed on both sides of the
drum 1 of the drilling winch.

Figure 1 a, b — Serial drilling winch with disc-
shoe brakes cooled by air flows of the medium (a)
and disc-shoe brakes with hydraulic drive (b): 1 -
drilling winch; 2, 3 - brakes with friction belts; 4,
5, 6 - supports with friction linings on a metal
substrate and ring holders; 7, 8 - spring devices
with hydraulic drives



Azorbaycan Miihandislik Akademiyasinin Xobarlori
2025, cild 17 (3), s. 15-24
9.X. Canahmadov va basq.

Herald of the Azerbaijan Engineering Academy
2025, vol. 17 (3), pp. 15-24
A.Kh. Janahmadov et al.

They have solid metal disks 3, on the
friction belts of which there are supports 4,
having tong holders 5 of double action, which
are friction linings 5 on metal substrates.
Spring devices 7 for switching on and off the
supports 4 are located on top. In this case, the
supports 4 have individual hydraulic drives 8.

When braking, a large amount of heat is
generated in the mating surfaces of the brake
discs, which cannot be further removed into
the environment from the matte and polished
surfaces of the brake discs.

The present system is proposed to
intensify forced air-nano-liquid cooling of
friction pairs of the disc-shoe brake of a
drilling winch. Figure 2 shows fragments of a
single-disc shoe brake with a forced air-nano-
liquid cooling system. The single-disc shoe
brake of the drilling winch has design features
and operates as follows.
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Figure 2 — Schematic representation of a single-
chamber disc-shoe brake of a drilling winch with a
system and method of forced air-nano-liquid
cooling: 1, 2 and 3 brake disc with left and right
halves; 4 - friction belt; 5, 6 - friction lining with a
metal substrate; 7, 8 and 9 - upper and lower
diffusers and their internal surfaces; 1 - modifica-
tions of capillary structures; 12 - common cham-
ber; 13, 14 and 15 - zones: two evaporations,
combined transport and condensation; 16, 17 -
openings-channels; 18, 19 - inlet and outlet valves

19

The brake disk 1 consists of two half-
disks 2 and 3 of variable thickness, the largest
of which corresponds to the maximum radius
of the location of the end of the lining 5 on the
friction belt 4 of the half-disk 3, and the
smallest of the thicknesses - to the minimum
radius, and at the same time, with their
internal shape, the half-disks 2 and 3 with a
variable thickness according to a linear law
form diffusers 7 and 8 in the upper and lower
parts of the disk 1. Such a design solution
allows two diffusers 7 and 8 to be accelerators
of heat removal from the evaporation zones 13
to the combined transport zone 14 and
condensation 15 at any aggregate state of the
nanofluid. This occurs due to: firstly, an
insignificant change in the gradient of the bulk
temperature on the friction belt 4 of the right
half-disk 3 and a decrease in the braking
torque along the diameter of the disk 1;
secondly, a significant difference in the heat
exchange areas of the evaporation zones 13
and transport 14, as well as condensation 15;
thirdly, a difference in the sizes of the
particles of the capillary structure in the
interaction zones. With extremely strong heat
generation on the friction surface of the disc 1
in the brakes, the usual liquid in the chamber
of its volume can almost instantly turn into
steam, which will cause an explosion in it. A
figurative example - as much heat is released
as is needed to evaporate 6 gallons of water
(27.0 1) per minute. Low-melting metals are
used as heat carriers in the chamber 12 of the
disc 1 in the cooling system Na (t, = 97,79°C)
u Li (t, = 180,5°C) in the form of powders
mixed with water, which are called nanofluids.
The latter are used depending on the energy
load of the friction pairs of the disc-shoe
brakes of drilling winches. For disc 1 of the
brake, lithium powder (Li) in nanofluid (50%
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lithium powder and 50% water) is used, which
is capable of removing significant heat flows
(about 15.0 kW/ cm? at a surface-volume
temperature of friction pairs of 800° C). The
cooling system is filled through the opening of
the channel 16 closed by the inlet valve 18
(Fig. 2) by % of the volume of the chamber 12
of the disc 1. The outlet valve 19 serves to
bleed the nanofluid. In addition, the nanofluid
itself is not shown in the cooling system due
to its state of aggregation.

The driving force in the processes of
heating and cooling the friction belts of the
brake disc are the temperature gradients of the
layers of nanofluid, which take place in the
zones of evaporation 13, condensation 15 and
transport 14 (diffusers 7 and 8), located in the
volume of chamber 12. When the disc 1
rotates, the centrifugal force drives the
nanofluid to the inner walls of its chamber 12.
The retarder of the stay of the nanofluid in the
evaporation zone 13 is the modified capillary
structure 11.

The method of forced air-nano-liquid
cooling of friction pairs of a single-disk shoe
brake of a drilling winch consists in the fact
that the surfaces of diffusers 7 and 8 are
covered with small particles of a capillary
structure and are zones of evaporation 13, and
zones of transport 14 and condensation 15 are
large particles, and the external system of
forced forced cooling of matte and polished
surfaces of a rotating disk 1 is subject to
convective and radiation heat exchange,
washed by flows of the medium.

Finite element modeling of a single-disc
shoe brake of a drilling winch

To study mechanical and thermal
stresses, the finite element modeling method
was used using the Ansys Workbench
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program, which considered the friction unit
"disk-linings" with the following initial design
and operational parameters: brake disc
material - SCh 25, specific load on friction
raceways p = 7,0 MPa, friction lining material
FK-24A, permissible temperature of lining
materials 390° C. In the thermal calculation,
the surface-volume temperature was set at
t,=390° C, the ambient temperature was
t;=22° C. The coefficients of convection heat
transfer from the outer surface to the washing
environment were aj, = 27,0 W / (m? -°C).
As for the inner surface of the disk, the heat
transfer coefficients from the inner surface of
the disk and the surface of the diffuser into the
washing nanofluid were ooy = 60,0 W/(m?°C)
and ag=90.0 W/(m?°C), respectively. Figure 3
a, b, ¢ shows the finite element mesh of the
disk model (a), the schemes of its thermal (b)
and mechanical load (c).

In the simulation, a single-disk shoe
brake of a drilling winch with the following
disk thickness b was considered: 100.0 mm;
120.0 mm and 140.0 mm. The results of finite
element simulation of equivalent stresses and
their gradients are presented in Table.

Figure 4 a, b, ¢ shows the results of
modeling the temperature stresses of a single-
disc shoe brake with different disc
thicknesses: a—b=100,0 mm; b—b = 120,0 mm;
c-b =140,0 mm.

When analyzing the data in table 1 and
(Fig. 4 a, b, c) we note the following: the
greatest mechanical stresses were observed in
zone Il above the diffuser. They arise as a
result of the action of pulsed specific loads on
the friction belt of the disk, which lead to
compression of the disk and deformation in
the thinnest place - above the diffuser (see Fig.
4); there is also zone 111 with high mechanical
stresses, also arising from the action of pulsed
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specific loads on the friction belt of the disk
with a small thickness of its wall; with an
increase in the disk thickness from 100,0 mm
to 120,0 mm, with an increase in the thickness
of its wall from 15,0 mm to 25,0 mm, the
mechanical stresses in zone Il decreased from
1154,2 MPa to 1029,6 MPa, i.e. by 10,8%.
But with an increase in the disk thickness from
120,0 mm to 140,0 mm, an increase in
mechanical stresses by 15,3% was observed in
zone 11; with an increase in the disk thickness
by 1,4 times, the mechanical stress gradients
decreased from 46,9 MPa/mm to 35,1 MPa,
i.e. by 25,2%, which has a positive effect on
resistance to crack formation in zone II.

When analyzing the data in table 1 and
(Fig. 5 a, b, c) we indicate the following: the
highest temperature stresses were observed in
zone | at the minimum radius of the disk
friction belt. They arise due to the action
thermal load of the mating surface in places of
the smallest thickness of the disk wall, which
is deformed due to its intense heating and
braking torque; with an increase in the
thickness of the disk by 1,4 times, i.e. its wall
by 2,14 times, the temperature stresses
decreased from 246,2 MPa to 186,2 MPa, i.e.
by 24,4%; with an increase in the disk
thickness by 1.4 times, the temperature stress
gradient decreased from 5,94 MPa/mm to 2,09
MPa/mm, i.e. by 64,8%, which has a positive
effect on the resistance to crack formation in
zone | of the wall.

When analyzing the data in table 1 and
(Fig. 6 a, b, c) the following should be noted:
the pattern of total equivalent stresses has
clearly defined zones | and Il, which are the
result of the action of temperature and
mechanical loads on the friction belt of the
disk.
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B: Static Structural
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Figure 3 a, b, ¢ — Finite element mesh of the disk
model (a), thermal (b) and mechanical load ()
diagrams of a single-disk shoe brake of a drilling
winch
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Table — Results of finite element modeling of equivalent stresses and their gradients in a single-disc shoe
brake of a drilling winch

Maximum equivalent stresses in the disk, | Stress gradients across the disk
MPa thickness, MPa/mm
D, b, Osy | Mg, total | total total
mm | mm | mm kg temperature | mechanical in in temperature | mechanical in
in zone | in zone Il zZone | zone in zone | in zone Il zone
I Il I
100, | 15, | 433, 278, | 1209,
0 0 3 246,2 1154,2 0 7 5,94 46,9 9,26
o
S | 120,125 | 596, | 543 10296 | 242 | 1074 5o 385 | 422
— 0 0 1 7 4
140, | 35, | 758, 221, | 1256,
0 0 9 186,2 1215,4 4 5 2,09 35,1 2,71

EENEEENEEEE |

zone 111 zone I11 zone I11

zone II

zone 11 zone 11

6596,7 Min

0,000 0,800(m)

0800(m) 0,000
] 0,000

0200 0600

0,800 ()
]

0200 2 0,200 0,600

Figure 4 a, b, ¢ — Results of modeling mechanical stresses in a single-disc shoe brake with different disc
thicknesses: a — b=100,0 mm; b — b=120,0 mm; ¢ — b=140,0 mm

Figure 5 a, b, ¢ — Results of modeling the temperature équivalent stresses in a single-disc shoe brake with
different disc thicknesses: a — b = 100,0 mm; b — b=120,0 mm; ¢ — b =140,0 mm
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Figure 6 a, b, c — Results of modeling the total equivalent stresses in a single-disc shoe brake with
different disc thicknesses: @ — b=100,0 mm; 6 — b = 120,0 mm; ¢ — b=140,0 mm

It has been established that with an
increase in the thickness of the disk, the total
equivalent stresses on the surface of its
friction belt decrease, the surface and
thickness gradients also decrease; with an
increase in the disk thickness by 1,4 times and
the thickness of its wall by 2,14 times, the
total stress equivalents in zone | decreased
from 278,0 MPa to 221,4 MPa, i.e. by 25,6%.
In zone Il of the disk, they first decreased
from 1154,2 MPa to 1029,6 MPa, and then
increased to 1215,4 MPa; temperature stress
gradients decreased from 9,26 MPa/mm to
2,71 MPa/mm, i.e. by 241%, which contri-
butes to resistance to cracking.

Thus, the intensification of heat
removal cycles “evaporation zone — transport
zone — condensation zone” of nanofluid in any
aggregate state in the volume of the disk
chamber allows to increase the braking
efficiency of the disk-shoe brakes of the
drilling winch when lowering the drill pipe
column into the well.

Theoretical and experimental studies of
forced air-nano-liquid cooling of a single-disk
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shoe brake of a drilling winch allowed us to
establish the following: an improvement in the
wear and friction properties of friction pairs is
achieved due to operation in a temperature
range below that permissible for friction lining
materials and, as a consequence, the braking
qualities for the lifting shaft of the drilling rig;
an improvement in the wear and friction
properties of friction pairs is achieved due to
operation in a temperature range below that
permissible for friction lining materials and, as
a consequence, the braking qualities for the
lifting shaft of the drilling rig; the use of low-
melting metal nanopowders of various
modifications diluted with water or acetone
for the liquid, which allows for a significant
increase in  the thermal conductivity
coefficient of the nanofluid and thereby
improves the efficiency of forced cooling of
the friction belts of the brake half-discs; the
volumes of nanofluid in the evaporation zones
are much smaller than in the zones of its
transport, which intensifies heat exchange in
different aggregate states of the nanofluid due
to increased cycles of its circulation; forced air



Azorbaycan Miihandislik Akademiyasinin Xobarlori
2025, cild 17 (3), s. 15-24
9.X. Canahmadov va basq.

Herald of the Azerbaijan Engineering Academy
2025, vol. 17 (3), pp. 15-24
A.Kh. Janahmadov et al.

heat exchange of matte and polished surfaces
of the disc by convection and radiation, as
well as thermal conductivity used to heat the
friction belts of the disc, is taken into account,
which makes it possible to determine a smaller
portion of the heat removed from their
surfaces during braking; the accelerators of the
movement of nanofluid in any aggregate state
between the zones of evaporation and
transport-condensation in their heated state are
diffusers, and the retarders are the
nanostructure of the condensation zone and
transport of the disk, which cause a change in
the gradients of velocity, pressure and
temperature in the layers of nanofluid; with a
variable thickness of the disk friction belt and

the specifics of cooling based on the “heat
pipe” effect, using the finite element modeling
method, evaluate the stress-strain state of the
disk wall.

Conclusion

A single-disk shoe brake for drilling
winches has been developed and its stress-
strain state has been studied, which has
improved the braking qualities for the lifting
shaft of a drilling rig.
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