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Abstract
The development of designs and the theoretical studies of tubular type disk-pad brakes of draw-

works with the forced air-nanofluid cooling of their friction pairs allowed to establish the following: im-
proved wear-friction properties of friction pairs were achieved due to operation in a temperature range
below the permissible for the materials of friction linings and, as a result, braking qualities for the lifting
shaft of the drilling rig; nanopowder of fusible metals are applied to the liquid, diluted with water or ace-
tone, which allowed to significantly increase the thermal conductivity coefficient of the nanoliquid and
thus improve the efficiency of forced cooling of the friction belts of the brake discs; it is necessary to ob-
serve the condition that the volumes of nanofluid in the evaporation zones are much larger than in the
zones of its condensation, which intensifies the heat exchange in different aggregate states of the nanofluid
due to increased cycles of its circulation; accelerators of nanofluid movement in any aggregate state be-
tween the evaporation and condensation zones in their heated state are diffusers, and retarders are confu-
sors acting as a transport zone, as well as non-continuous slits in the lower ring of the main disk, which
cause changes in the gradients of speed, pressure and temperature in nanofluid layers; the surface-volume
gradient of the temperature of the friction belts during braking in the main disk of the tubular structure is
insignificant, and the depth gradient is small in magnitude.

Keywords: drawwork, serial disk-pad brake; forced air cooling, forced nanoliquid cooling, disk-
pad brake.
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Diskli-kiindali aylaclarin siirtiinms ciitlorinin hava-nanomaye ila macburi soyudulmasi
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Xiilasa. Siirtiinma ciitlorinin macburi hava-nanomaye ilo soyudulmasi zamani gazima bucurqadinin diskli (boru
tipli)-kiindsli aylaclorin konstruktor islanmasi vo nazari todqiqatlart asagidakilart miioyyan etmays imkan verdi:
strtinmo ciitlorinin tokmillogdirilmis yeyilma-stirtinmo xassalori friksion kiindo materiallar1 {igiin buraxila bilon
temperaturdan asagi temperatur diapazonunda istismar naticosinds oldo edilmis vo naticodo, qazima qurgusunun
qaldirict valinin aylac keyfiyyatlorino nail olunub; mayelor iigiin su vo ya aseton ilo holl olunmus asan ariyan
metallarin nanotozlarindan istifads edilmisdir ki, bu da nanomayenin istilik kegiricilik omsalin1 shomiyyatli doracoda
artirmaga vo oyloc disklorinin siirtiinme Komarlarinin mocburi soyudulmasinin somorsliliyini yaxsilagdirmaga imkan
verib; nanomayelorin horokat siiratlondiricilori buxarlanma vo kondensasiya zonalar1 arasinda istonilon agreqasiya
voziyystindos onlarin qizdirildigi zaman — diffuzorlar, gecikdiricilori iso nogliyyat zonasi rolunu oynayan —
konfuzorlar, hamginin asas diskin asagi halqasinda nanomaye laylarinda siirat, tazyiq vo temperatur qradiyentlorinds
doyisiklikloro sobob olan kosikli yuvalardir; boru konstruksiyasinin asas diskinds oylocloma zamani siirtiinma
komorlarinin sothi-hacmi temperatur qradiyenti agsagi saviyyoadadir, darinlik gradiyenti iss kigikdir.

Acar sozlar: qazima bucurqgadi, seriyali diskli-kiindali ayloc, macburi hava soyudulmasi, moacburi nanomaye

soyudulmasi, diskli-kiindali aylac.
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AHHOTaN M. KoncTpykTopckue pa3paboTKH U TEOPETHYECKHEe UCCIIEIOBAaHMS AUCKOBO-KOJIOAOYHBIX (TpyOdaTo-
IO THUIA) TOPMO30B OYypOBBIX JIeOEIOK NMPH MPUHYAUTEIHHOM BO3IyIIHO-HAHOKUAKOCTHOM OXJIaXIEHHH HMX Tap
TPEHHUS TIO3BOJIMIIA YCTAaHOBUTH CIIEIyIOIIee: JOCTUTHYTO YIIydIIeHHEe H3HOCO-(DPUKIIMOHHBIX CBOWCTB Map TPEHHUS 3a
CYEeT PKCIUTyaTalliy B MHTEpBaJle TEMIEPATyp HIKE JAOIyCTUMBIX JUISI MaTepHAIOB ()PUKIIMOHHBIX HAKIIAJOK M, KaK
CJIE/ICTBHE, TOPMO3HBIX KauecTB JUISi MOABEMHOTO Bajia OypOBOM YCTaHOBKHM; VISl )KUAKOCTU NPUMEHEHBI HAHOIIO-
POIIKH JIETKOIUIABKMX METaJUIOB, pa30aBiIeHHbIE BOJOW WMJIM AIlETOHOM, YTO ITO3BOJMIO 3HAYHUTEIHHO YBEIMYUTH
KO3()(UIMEHT TEIIONPOBOAHOCTH HAHOXKHUAKOCTH W YIYYIIUTh 3(GQEKTUBHOCTD NMPHHYJUTEIBLHOTO OXJIaXKACHHS
TI0SICOB TPEHMSI AUCKOB TOPMO3a; YCKOPUTEISIMH JIBM)KCHHSI HAHOXKHUKOCTH B JTFOOOM arperaTHOM COCTOSTHHM MEXILy
30HaMH UCTIApEHMs] M KOH/AEHCALMH TPH MX HarpeToOM COCTOSHHU SABISIOTCS AU((Y30phL, a 3aMeUINTESIMA — KOH-
(y30pHI, BRICTYIIAIOIINE B POJIM TPAHCIIOPTHOM 30HBI, a TAK)KE HECIUIONTHBIC MPOPE3bl B HIDKHEM KOJIBIIE OCHOBHOTO
JIFICKa, KOTOPbIE BBI3BIBAIOT M3MEHEHHUS TPATUCHTOB CKOPOCTH, JABICHHS W TEMIIEPATYPHl B CIOSIX HAHOXKUAKOCTH,
MTOBEPXHOCTHO-00BEMHBIA TPAJHECHT TEMIIEPATYPHI TIOSCOB TPEHHS NPH TOPMOKEHUH B OCHOBHOM JIHCKE TPyO9aToi
KOHCTPYKIIUH SIBJIICTCS] HE3HAUNTENBHBIM, a TITyOMHHBIHN I'PaJUeHT 110 BEIMYNHE MAICHBKUH.
Knrouessie cnoBa: OypoBasi nebeska, CepUitHbIE ANCKOBO-KOJOIOYHBIE TOPMO3a; BBIHY)KACHHOE BO3IYIIHOE
OXJIaXJIeHUE, IPUHYAUTEIBHOE HAHOXKUIKOCTHOE OXJIAXKJIEHHUE, TUCKOBO-KOJIOJOUHBIE TOP-
Mo3a.
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Introduction

The basis of lowering and lifting opera-
tions (SPO) of the drill pipe column is the ef-
fective and safe operation of the winch
equipped with a pair of belt-pad brakes (main)
and hydrodynamic or electrodynamic brakes
(auxiliary). When braking by friction pairs of
the brake of a moving string of drill pipes to a
depth of 4.0-5.0 km, 4-108 J of energy is gen-
erated, and the surface-volume temperatures
of the surface and subsurface layers of the
friction nodes reach up to 1000°C on their ad-
jacent surfaces, which leads to the deteriora-
tion of wear and friction properties and a de-
crease in the main operational parameters. It
was established that the replacement of fric-
tion linings with metal pads in six calipers of
disc-pad brakes with hydraulic drives takes
only 1.0 hours, and the replacement of 44 lin-
ings with uneven wear of their working sur-
faces on brake bands takes 6.0 hours. It is not
for nothing that disc-pad brakes with hydraulic
drives of drilling winches are technologies of
the present century, which ensure the energy
intensity and efficiency of their friction pairs
with locally adjustable specific loads and
braking moments.

Analysis of literary data and formulation of
the problem. The work [1] is devoted to in-
creasing the energy capacity of wheel brakes
by introducing a reverse friction pair with lig-
uid cooling of discs. The proposed liquid cool-
ing system is cumbersome and suitable only
for laboratory studies. Means of increasing the
efficiency of forced air cooling of disk-pad
brakes of vehicles are considered in work [2].
Different types of air flow turbulizers directed
at the friction belts of the discs were used for
cooling. The efficiency of such cooling aver-
aged 6.0%.

Forced liquid cooling of the belt-pad
brake tribosystem of a drilling winch is pre-
sented in [3]. The system consisted of cameras
located under the rim of the pulley. Water was
used as a heat carrier. The efficiency of such a
system was no more than 12.5%.

The increase in energy consumption of
friction disk-pad brakes of drilling winches for
lowering and lifting operations over a string of
drill pipes into a well is shown in [4]. Designs
of disc-pad brakes with a hydraulic drive for
drilling winches, providing SPO at various
drilling depths, are given.

Similarly, in the materials of the article,
there are no graphic regularities connecting
the dynamic, thermal, and structural parame-
ters of the disc-pad brakes of the drilling com-
plex with the depth of the well and with the
weight of the drill pipe string.

The paper [5] is devoted to thermoelas-
tic contact problems in tribology. The latter
refers to ideal and non-ideal contacts at the
expense of ohmic, neutral and blocking con-
tacts, which differ in terms of the release of
particles from conjugated metal-polymer sur-
faces during electro-thermomechanical fric-
tion.

The work [6] is devoted to the methods
of studying the contact interaction of thermoe-
lastic bodies based on the condition of local
friction, taking into account frictional heating
and wear. It was necessary to introduce forced
and forced air cooling into the research, which
would increase the practical value.

The purpose of the work is to generate
heat on the local areas of the contacts of the
microprotrusions of the friction pairs of the
new disk (tubular) - pad brake of forced air-
liquid cooling for the drilling winch.
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Heat generation during electrothermome-
chanical friction on local areas of contact of
microprotrusions of friction nodes. It is
known that when two metal microprotrusions
rub together, electrical and thermal energy is
generated. Subsequently, electrical energy
turns into thermal energy and thus increases it.
During the frictional interaction of metal mi-
croprotrusions of friction pairs, only local
ohmic contacts with high thermal conductivity
arise.

Modern ideas about heat generation
from the action of constant and variable fric-
tional forces are based on the fact that during
the relative sliding of two bodies in contact,
on the one hand, elastic and plastic defor-
mations of the contacting micro-uniformities
take place, and on the other hand, their molec-
ular interaction is overcome, and all this to-
gether leads to chaotic (thermal) movement of
electrons and ions in thin near-surface layers
of interacting bodies. The electric and thermal
component formed in this way spreads from
the contact spots of the microprotrusions into
the depth of the body. Heat flows between
bodies are distributed depending on their
thermophysical properties, their sizes and
conditions of heat dissipation. Part of the heat
dissipates into the environment by convective
and radiative heat exchange. The intensity of
the heat flow generated at the contacts of the
microprotrusions depends on many factors, in
particular, the impulse friction forces, the
stress-strain state of the bodies at the local ar-
eas of the contacts, the speed of the relative
movement of the bodies, the thermophysical
and geometric parameters of the friction unit.

Therefore, the problem of frictional con-
tact interaction of two bodies, taking into ac-
count heat generation from the action of con-
stant and variable impulse frictional forces,

should be considered as a limiting problem of
thermoelasticity for these bodies under the in-
fluence of distributed heat sources of unknown
intensity on the contact areas.

Since in the future we will consider the
problems of local frictional contact interaction
of microprotrusions of bodies taking into ac-
count heat generation from the action of im-
pulse friction forces, we will present the ther-
mal conditions at the contact spots of micro-
protrusions. The first time they were formulat-
ed by F.F. Lingom in 1969. He assumed that
two conditions are met in each contact point of
microprotrusions: the sum of the intensities of
the heat flows going to the contact micropro-
trusions is equal to the specific work of the
friction forces; surface and bulk temperatures
are equal. That is g, +0, =V,7,, 1 = 2 on A

(contact spot area).

Since q, = ﬂigij, q, =4, (Zt\j the pre-
liminary relations have the form
ﬂiai—}t asz 7, tt=tbonA. (1)
6V 2 8V 001

In conditions (1) Vg is the sliding speed
of microprotrusion spots on the surfaces of
others on separate areas of contact; 7- tan-

gential stresses on given spots of contact of
microprotrusions; tiand Ai (i = 1, 2), respec-
tively, surface-volume temperatures and their
thermal conductivity coefficients; V- normal
to the surface of a separate contact area.

If there is no heat generation on a sepa-
rate section of microprotrusions of the contact,
then the right-hand side in the first ratio of
conditions will be equal to zero and there will
be the usual conditions for an ideal thermal
contact of microprotrusions.

In reality, the surface-volume tempera-
tures of touching microprotrusions at local ar-
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eas of contact spots will be different, which is
due to a number of reasons, in particular, the
characteristics of the roughness of micropro-
trusions, at which their surface-volume tem-
peratures experience jumps at local areas of
contacts, called non-ideal or imperfect.

We present the conditions of non-ideal
thermal contact in the form of a ratio

01 +01=Vo7gr & —0h = h(t, —t)on A, (2)
where: h is the coefficient of thermal conduc-
tivity of local contact microprotrusions,
W/(m? -°C).

The latter depends on many factors: the
materials of the microprotrusions of the fric-
tion pairs and the cleanliness of their surface
treatment, the thermal conductivity coeffi-
cients of the touching spots of the micropro-
trusions, the impulse specific loads between
them, the average surface-volume temperature
in the local area of contact, etc. The coeffi-
cient specified above is determined on the ba-
sis of theoretical and experimental studies. In
the limiting case, when h — oo, from condi-
tions (2), we obtain conditions for ideal ther-
mal contact of microprotrusions (1).

The inverse value of h is called the
thermal resistance of the local area of contact
of microprotrusions.

If we take into account the dependences
between the heat fluxes and the derivatives
along the normal of the local areas of the con-
tacts of the microprotrusions and the corre-
sponding surface and volume temperatures,
which are written before conditions (1), then
relations (2) have the form

at, ot
b S e 3
%m 2 v

=VoTp,

@%+%%+MCQFOWA($

A

If we consider that qlz—ﬂia , and
v

q, =4, ‘Zt\j , then conditions (3) will be written
by the following relations:
ot ot
/11&1_/12 875:_\/070’
21(23+/122Vt2—h(t1—t2)=00nA. 4)

Conditions (3) and (4) are equivalent.
Analytical calculations of temperature fields
of local areas use both one and the other. In
our case, we will use conditions (3).

Ya.S. Pidstrigach [7] established the
thermal contact conditions of metallic micro-
protrusions connected to each other by a third
body through a thin intermediate layer, which
is endowed with its thermophysical properties,
different from those of metallic microprotru-
sions. From the mentioned conditions, under
certain assumptions, it is possible to obtain
dependences (4) on the local section of micro-
protrusion contacts. The performed calcula-
tions showed that the average surface-volume
temperature at the local area of contacts is

equal to t = ; (t, +t,), found using conditions

(4) with a wide range of variation of the pa-
rameter h, slightly different from the surface-
volume temperature of microprotrusions at the
local area of friction, determined under the
condition of ideal thermal contact.

When assessing the energy activity of
local contact interaction of microprotrusions
of friction pairs, contacts are formed under
variable specific loads and surface-volume
temperatures in relation to the work function
of a mixture of electron-ion particles from the
surface working layers of metal friction ele-
ments (Wm) and polymer coating (Whs), accord-
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ingly, with ohmic, neutral, and blocking con-
tacts under the following conditions:

Wn>W, — intensive heat dissipation occurs
from the surfaces of the metal element;
Wmn=W, — quasi-stationary energy loading of
the interface surface is observed; Wn>Wp, — the
working surface of the metal element is
shielded locally, which leads to a noticeable
increase in the heat capacity and coefficient of
thermal conductivity of its material, and as a
result, a new phenomenon arises - supercon-
ductivity [8].

The design and operation of a disc (tubular
type) — pad brake with a hydraulic drive of
a drilling winch. Serial drilling winch 1 con-
sists of a pair of disc-pad brakes 2, which have
brake discs with friction belts 3, which are
covered by calipers 4 with friction linings 5 on
a metal base and ring holders 6, installed by
spring devices 7 and hydraulic drives 8 (Fig. 1
a, b).

The disk-pad brake with forced air cool-
ing works during lowering and lifting opera-
tions of the drill pipe string depending on its
weight in aperiodic cyclic and long-term brak-
ing modes. Disc-pad brakes 2 are installed on
both sides of the drum 1 of the drilling winch.
They have solid metal discs 3, on the friction
belts of which there are calipers 4, which have
pincer holders 5 of two-way action, which are
friction pads 5 on metal substrates. Spring de-
vices 7 for switching on and off the supports 4
are placed on top. At the same time, calipers 4
have individual hydraulic drives 8.During
braking, a large amount of heat is generated in
the couplings of the friction pairs of brakes,
which cannot be additionally diverted to the
environment from the matte and polished sur-
faces of the brake discs. To intensify the
forced air-nanofluid cooling of the friction

pairs of the disk-pad brake of the drilling
winch, the present system is proposed (Fig. 2
a, b). The scheme of arrangement of brake cal-
ipers with pincer holders is presented in Fig. 3.

According to fragments of a new type of
disc-pad brakes with a forced air-nano-liquid
cooling system, we have the following. The
structure is tubular. The main brake disk with
friction belts 1 rests on solid 7 and with non-
solid slots 8 rings. There are overlapping
zones with friction linings 2. The main 1 and
additional 9 discs have chambers, the volumes
of which are connected to each other on semi-
circles by diffusers 4 and baffles 3.

With extremely strong heat generation
on the friction surface of the discs in the
brakes, the ordinary liquid in the chambers of
their volumes can almost instantly turn into
steam, which will cause an explosion in them.
An illustrative example is the amount of water
that is released to evaporate 6 gallons of water
(27.0 L) per minute. As coolants in the cham-
bers of the main and additional disks in the
cooling system, low-melting metals Na
(t=97.79°C) and Li (t, =180.5°C) in the form
of powders mixed with water, which are called
nanofluids, are used. The latter is used de-
pending on the energy load of friction pairs of
disc-pad brakes of drilling winches. Lithium
powder (Li) in nanofluids (50% lithium pow-
der and 50% water) is used for both the main
and additional brake discs, capable of remov-
ing significant heat flows (of the order of 15.0
kW/cm? at the surface-volume temperature of
friction pairs of 800° WITH). Filling the cool-
ing system is done through a hole with a clos-
able plug (not shown in Fig. 2 a, b) on % of
the volume of the disc chambers. In addition,
the nanofluid itself in the cooling system is not
shown due to its aggregate state.
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Figure 1 a, b — Drilling winches with serial air-cooled disc—pad brakes (a) and hydrau-

lically driven dis —pad brakes (b): 1 — winch drum; 2 — disc-pad brakes; 3 —solid disks;

4,5 and 6 calipers with pincer holders and linings with a metal backing; 7 — spring de-
vice; 8 — hydraulic drive

a :
1
' | |
| 1
' H 1
: 4 i
E /5

6

Figure 2 a, b — Combined disc-pad brake friction belt with a forced air-nanofluid cooling system:
1 — friction belt; 2 — overlap zones with friction overlays; 3 — confusors; 4 — diffusers;
5, 6 — zones: evaporation, condensation; 7 - solid slots rings; 8- non-solid slots rings; 9 - additional discs.
a and b — the upper and lower parts of the tubular system, which is not filled with nanofluid.
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Figure 3 — Scheme of arrangement of brake
calipers with clamp holders when drilling a deep
well with a drilling rig model PS440-9000

The driving force in the processes of
heating and cooling of the friction belts of the
brake discs are the temperature gradients of
the nanofluid layers, which take place in the
zones of evaporation 5, condensation 6 and
transport (confusers 3, diffusers 4), located in
the volumes of the chambers and their con-
necting main 1 and additional 9 discs . When
the latter rotate, the centrifugal force drives
the nanofluid to the inner walls of the disk
chambers. Non-continuous slits in the lower
ring of the chamber of the main disc are rec-
ognized as a retarder of the nanofluid's resi-
dence time in the evaporation zone.

The method of forced air-nanofluid
cooling of friction pairs of a disc-pad brake of
a drilling winch consists in the fact that the
evaporation zone 5 of the nanofluid is the vol-
ume of the main brake disc 1, and its conden-
sation zone 6 is the volume of the additional
disc 9, and at the same time, the diffusers 4
and confusors 3 perform functions of the
transport zone between them, as well as accel-
erators and decelerators of internal heat ex-
change processes associated with different ag-
gregate states of the nanofluid, and the exter-
nal system of forced cooling of the matte and
polished surfaces of the rotating disks 1 and 9
is subject to convective and radiative heat ex-

change, washed by the air flows of the envi-
ronment.

Discussion of the results

Design and theoretical studies of disc
(tubular type) - pad brakes of drilling winches
with forced air-nanofluid cooling of their fric-
tion pairs allowed us to establish the follow-
ing:

- improved wear-frictional properties of
friction pairs due to operation in the tempera-
ture range lower than permissible for materials
of friction linings [9], as a result, braking qual-
ities for the lifting shaft of the drilling rig;

- applied to the liquid nanopowder of fu-
sible metals, diluted with water or acetone,
which made it possible to significantly in-
crease the coefficient of thermal conductivity
of the nanoliquid and thereby improve the ef-
ficiency of forced cooling of the friction belts
of the brake discs;

- it is necessary to observe the condition
that the volumes of nanofluid in the evapora-
tion zones are much larger than in the zones of
its condensation, which intensifies the heat
exchange in different aggregate states of the
nanofluid due to increased cycles of its circu-
lation;

- the forced air heat exchange with the
surrouRnding environment of the matte and
polished surfaces of the main and additional
disks by heat conduction, convection and radi-
ation was taken into account, which allowed to
determine a smaller part of the heat removed
from their surfaces during braking;

- the accelerators of nanofluid move-
ment in any aggregate state between the evap-
oration and condensation zones in their heated
state are diffusers, and the retarders are confu-
sors acting as a transport zone, as well as non-
continuous slots in the lower ring of the main
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disk, which cause changes in the gradients of
velocity, pressure and temperatures in
nanofluid layers;

- the surface-volume gradient of the
temperature of the friction belts during brak-
ing in the main disk of the tubular structure is
insignificant, and the depth gradient is small in
magnitude.

Conclusion
Thus, the intensification of heat sink cy-
cles "evaporation zone - transport zone - con-

densation zone" of nanofluid in any state of
aggregation in the volumes of the chambers of
the main and additional disks will allow to in-
crease the efficiency of the braked disk-pad
brakes of the drilling winch when the drill
pipe column is lowered into the well.
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