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In the article, attention is paid to the factors affecting the limiting wetting angle of both polished and
matte side surfaces of solid and self-ventilated discs of vehicles’ brake devices when they are moving on a
wet roadbed. The following factors are considered: the material of the friction elements and its structure,
the energy level of the surface layer, the topography of the friction surfaces and the geometric parameters
of their microasperities, the presence of pores and grooves in them, capillary, centrifugal and inertial forces
and moments, dynamic equilibrium between the energy level of the friction surface and a water film on it.
In examining the microgeometry of the disc friction surface, its area, the ratio of the microasperities height
to their pitch, the intensity of changes in their height and the degree of contamination were taken into ac-
count. It was found that the surface microgeometry affects the heat of desorption of the water film. The re-
search of the above factors has shown that the driving force of the processes and effects in wet brake fric-
tion couples are potential gradients arising as a result of action of transverse and longitudinal electric
double layers. The triboelectric water-effected phenomena were studied. The test results of self-ventilated
disc-shoe brakes of MAN trucks (model TGA 26.420) with dry and wet friction couples tested with 20-fold
cyclic braking are presented (speed drop 30 km/h per 1 min). The registered temperature at the interface
was 320-340 °C. As a result of the road tests carried out on a truck with wet brake friction couples, regu-
larities of the braking time, braking torque and braking distance depending on the dynamic coefficient of
friction were established. The analysis of the obtained data was carried out. The results of studies of the
negative effect of water penetration into disc-shoe interface are given.
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1. INTRODUCTION

It is virtually impossible to imagine any ground ve-
hicle without positive braking system. Most of them
employ the combination of metallic and fibrous or car-
bon-based materials. It is known that steel brake discs
are crystalline bodies consisting of a complex blocks
system, fragments of grains and endings of separate
groups of dislocations that form a thin relief or submi-
crorelief [1]. It may be original, as well as induced by
high temperature and friction forces, especially when it
contains dissimilar phases [2, 3]. At the stage of opera-
tion, the disc has surface energy, which increases under
the action of normal clamping forces due to the defor-
mation component. The total surface energy of the disc
friction belt varies from minimum to maximum during
braking.

The polished and matt brake discs’ surfaces have
different topography. It is constant for matt surfaces of
the discs, and on the other hand, for the friction belt of
the disc — it changes due to frictional interaction. Along
with the submicrorelief, a special microrelief zone is
formed on disc’s friction belt during the operation of the
disc, the height of the microasperity of which is several
orders higher than in submicrorelief.

At a certain point, a movable equilibrium is estab-
lished between the energy levels of the friction belt sur-
face of the disc and the water film on it, the thickness
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of which depends on the operating parameters of the
brake friction couples. The surface energy substantially
depends on the microgeometry and the stress-strain
state of the surface layer, which are changing during
friction. As a result, the state of the water film and the
surface energy of the friction belt change.

2. PROBLEM STATEMENT

Friction couples of vehicle's disc-shoe brakes are not
protected from dirt, moisture and atmospheric fallout
when driving a vehicle over a water barrier or when
operating in wet weather.

The operational integrity (contact strength, specific
loads, energy loading, dynamic coefficient of friction,
braking torque, wear properties) of brakes’ friction cou-
ples depends on the thickness of the water layer over
them. Consequently, the definition of the water layer
thickness and its influence on the operational parame-
ters of the brake mechanism is on the front burner.

Unprotected vehicle’s disc-shoe brakes under speed
conditions are forced to cool down by approaching air-
flows. When driving on a wet road, water and dirt fall
into the friction belts of the discs, creating hydroplaning
effect in the friction bunks, which significantly reduces
the value of the dynamic coefficient of friction [1]. Wet-
ting of the polished and matt surfaces of solid and self-
ventilated brake discs improves their forced cooling,
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however, significantly worsens the performance param-
eters of the brakes’ friction couples and safety of vehi-
cles. This is due to the fact that with the usual normal
force on the brake pedal, a smaller force of pressing the
pads against the disc will be created, the realized dy-
namic coefficient of friction and the friction force, as
well as the developed braking torque will decrease, as a
result of which the braking distance of the vehicle will
increase. A different degree of wetting the discs’ surfac-
es of the vehicle causes an imbalance of its braking forc-
es on the front and back axles or in the brakes of the left
and right sides. This can cause the vehicle to skid or
drift to the side; unpredictable behavior of the vehicle on
a wet road can lead to serious accidents.

During braking, locally contaminated and clean sur-
faces of discs' friction belts have different dynamic coef-
ficient of friction.

Contamination of the friction belts of the vehicles
brake discs leads to a decrease in the braking torque by
at least two times.

There are studies concerning the influence of wet-
ting the various types of surfaces made of heat-
conducting and non-heat-conducting materials [4, 5],
cold and heated friction couples [6-8] on their opera-
tional parameters [9, 10]. Attempts to determine the
amount of water contained in the microdepressions of
friction surfaces [11-13], as well as the results of the
above studies have shown that they do not sufficiently
reflect the actual situation.

2.1 Tasks to be Solved

This publication addresses the following issues in
relation to the problem being solved:

— hydrostatics of two-phase systems of friction cou-
ples irrigated with water;

— processes and effects arising from the frictional
interaction of wet friction couples;

— the influence of wet friction couples on the opera-
tional parameters of the vehicles' disc-shoe brakes.

2.2 Objectives

The work objective is to investigate the irrigation of
friction couples with water, to recognize the companion
processes and effects occurring in the channels between
the micro-protrusions of their working surfaces, and to
evaluate the working efficiency of the wet friction units
of vehicles' disc-shoe brakes.

3. RESULTS OF THE RESEARCH

3.1 Hydrostatics of Two-phase Systems of
Friction Couples Irrigated with Water

It is known that phase boundaries are interpreted as
geometric surfaces. Real interphase boundaries are thin
transition layers of a complex structure. The molecules
making up the transition layer (Fig. 1) interact with the
molecules of both boundary phases, due to what the
properties of the transition layer differ from the proper-
ties of substances in phase space volume. The formation
of a new phase surface is associated with the work spent
on transferring some of the molecules from the phase
space volume to the surface transition layer.
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The friction couple of the disc-shoe brake is made up
of the working surfaces of the friction disc and the fric-
tion belt of the brake disc. During frictional interaction
under pressing force N, the microasperities of the disc
friction belt are penetrating into the working surface of
the friction pad. The microasperities of the friction belt
of the rotating disc furrow the surface layer of the lin-
ing during braking, thus creating channels of variable
profile in it. The formed channels have gaps between
the microasperities of the disc friction belt and during
friction their cross-section increases.

While investigating, the size and location of micro-
asperities on the friction surface are randomly selected,
herewith the resulting relief must satisfy a certain dis-
tribution law and have surface energy. It has been es-
tablished that a layer of water that has fallen into the
areas of the friction belt of a solid disc is subjected to the
action of a normal force from the working surface of the
pad and has surface energy. Mathematically, we have:

7= 1

l s

where [ is the interface thickness in a perpendicular
direction to the force.
At a later stage, the equality is considered:

ydA =yldx,
where ydA is the surface energy increment.

do, =ydA,

T

where dwy is the surface tension that is defined as the

work required to increase the surface area of a water
film per unit area (Fig. 2).

Lriction lining

Surface-tansion

S
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Fig. 1 - Surface lay-
er of thickness [ be-
tween two phases

Fig. 2 — Change of the surface tension
in a two-component system

The water surface tension y at the disc friction belt
is defined as the irreversible work of creating a new
surface by adding other atoms to the surface. This work
contributes to the deformation of the friction belt sur-
face and is the distortion measure of the surface areas
under compression and thermal expansion. The values of
surface tension and compression are equal for the water,
but for a metal disc friction belt, they are different. The
effect of surface tension is most clearly expressed in the
spherical water droplets formation, which is associated
with minimization of the surface area and its energy. The
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formation of a water film comes with an increase in free
energy. For constant p and T

AG =[1ydA=y(A,-4). )

The values of the surface energy for water and
steam vary in very wide ranges from 0.072 J/m?2 for
metals: aluminum oxide (solid) — 0.91 J/m2, titanium
carbide (solid) — 1.19 J/m2. In general, the surface ener-
gy for metals can exceed similar values for water and
steam by 15-22 %.

3.2 Processes and Effects Arising from the Fric-
tional Interaction of Wet Friction Couples

New effects appear with the surfaces curvature of
the wet friction belt microasperities of the slow-rotating
brake disc which interacts with the working surface of
the polymer lining. These effects make it possible to
determine the degree of water bubble expansion and
the surface tension of the water meniscus in the capil-
lary [14].

For an equilibrium configuration of the water layer
located on the disc friction belt, it is natural to expect
such a surface shape that corresponds to the minimum
energy. If the energy of “friction zone — water” interface
(7s) is high, water on the friction zone will form a sphere
(Fig. 3a). If the energy of the “friction belt — moisture”
interface (5) is high, then the water will spread along
the friction belt (Fig. 3c). A transitory case is shown in
Fig. 3b.

Fig. 3 — Types of wetting: non-wetted surface, 6 >90° (a);
wetted surface, 8 < 90° (b); spreading of water over the sur-
face of a solid object, 6 = 90° (c)

The angle between the surface of the friction belt
and the tangent to the water surface drawn from the
intersection point of the drop perimeter with specified
surface is called contact. It can vary from 0° to 180°.
The value of this angle determines the conditions for
the minimum energy according to the equation:

V3€080 =7~ 75, 3)

where 5, %, 15 are the interphase energies. At 6 < 90°,
water rises in the capillary. Spreading of water corre-
sponds to the condition when water completely covers
the surface (Fig. 3c). In order to determine the surface
wetting ability, the spreading coefficient is introduced:

S, =n—(r5+7,)- “4)

When water spreads on the surface of the friction
belt, the value of S is positive. In particular, 3 < 7.

Imagine a friction couple of a disc-shoe brake is a
capacitor. Then the presence of differential capacities
in the form of microchannels filled with water makes it
possible to explain many of the effects arising near the
charged boundary surface. At the boundary surface,
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there may be adsorbed chemical ions, in this case —
anions which have the same sign as the working sur-
face of the metal friction element of the brake device.
These anions are dehydrated and the inner Helmholtz
plane passes through their centers. The Stern layer is
formed mainly by electrostatically adsorbed cations,
through the centers of which the outer Helmholtz plane
passes. In this case, most of the surface is occupied by
water molecules. On a highly charged surface, the con-
centration of adsorbed ions is very low.

The structural features of the electric double layer of a
static friction metal element are shown in Fig. 4. A differ-
ent picture is observed with the electrothermomechanical
frictional interaction of the brake friction couples.

The presence of a dynamic layer of water between
microasperities of the disc friction belt and the thermal
layer of water between the microasperities of the fric-
tion pad at different thermal states brings significant
changes into the scheme mentioned earlier. The re-
polarization of ions and electrons occurs, the position of
the microscopic channels changes with each rotation of
the brake disc by an angle of #/2 and the electrical
properties of ions and electrons change. The surface of
the water layer becomes inhomogeneous, since its
structure is disrupted by adsorbed particles of the fac-
ing material. It should be noted that other components
also make changes to the above processes and effects.

Fig. 4 - Detailed model in “metal-water” couple: 1— metal
surface; 2, 3 — Helmholtz and Gui surfaces; 4 — solvate cations;
5 — specific adsorbed anions; 6 —normal structure of water;
7, 8 — layers of water

It has been established that two double electric lay-
ers are formed in the brake friction couples: the first is
the surface of the microasperities’ tops of the disc fric-
tion belt (negatively charged) — a layer of water be-
tween the microasperities (negatively charged); the
second is the surface of the microasperities’ tops of the
friction pad (positively charged) — a layer of water be-
tween the microasperities (negatively charged) [15-21].
Fig. 5 shows the interaction pattern of electric fields
between unlike (a) and like (b) charges.

q g g

a b
Fig. 5 — Interaction pattern of electric fields between unlike
(a) and like (b) charges
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As a characteristic size, we take the equivalent hy-
draulic diameter, thereby reducing all cases of channels
of a complex profile to some equivalent circular channel
with a diameter d:

d =4Ao/P,

where Ao is the channel cross-section; P is the perime-
ter of the channel’s cross-section wetted with water.
With an increase in the radius R of the microgroove
and a decrease in the depth A, the degree of wettability
and the spreading rate of the water upper layer across
the furrows increase. In this case, double electrical lay-
ers are formed: the first one is "the working surface of
the pad — the upper semi-layer of water", the second —
"the lower half-layer of water — the surface of the disc's
friction belt". When ¢ — @11 > 0, the difference in poten-
tial arises between the half-layers. This contributes to
the fact that the lower half-layer of water seems as if it
sticks to the surface of the furrow. It was found that
the microgeometry of the furrows on the disc friction
belt affects the value of heat desorption of the lower
half-layer, which makes the disc less controllable.

Let us analyze the regularities in changes in the
contact angle of the water meniscus in the microchan-
nel for one revolution of the disc. Imagine that the fric-
tion pad with its working surface covers a quarter of
the disc’s friction belt surface. In the microchannel, the
water will rise to the specified level at a wetting angle
61 (Fig. 6a). In the second quarter, the radius of the
water meniscus curvature will increase (Fig. 6b), since
the contact angle 62 decreases. In the third quarter, the
water meniscus becomes convex and is ready to leave
the microchannel space as a drop (Fig. 6¢) as the con-
tact angle 63 decreases. In the fourth quarter, the water
meniscus in the microchannel had changed its shape
(Fig. 6d), and the contact angle 61 decreased signifi-
cantly. Thus, the greater the contact angle gradient is,
i.e. 61— 602, B2 — 603, O3 — B4, the faster water will spread
over the surface of the friction belt forming films on it.
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Fig. 6 — Forms of the water meniscus in cylindrical channels
formed in friction couples during braking

The imposition of an external electric field (due to
the presence of charges in water) arising from the fric-
tional interaction of friction surfaces’ microasperities,
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causes electroosmotic effect, i.e. movement of water
along the channel. In fact, this is the only accessible and
widely used method of pumping water through various
nano- and micro-hydraulic systems. Electroosmotic
pump ensures the speed of water movement and this
speed depends on the strength E of the applied field, the
dielectric constant of water £ and its dynamic viscosity
n, surface potential ¢ and does not depend on the length
and diameter of the channel.

It was found that when the gaps between the chan-
nels narrow down in the direction of the friction force,
the capillary force, which facilitates the filling of free
spaces in narrowing gaps with water, increases. Other-
wise, water will be removed from the friction zone.

In fact, the process of wetting the solid surfaces is
much more complicated than it follows from equations
(3) and (4), since the composition of the phases changes
during synthesis, and it is necessary to take into ac-
count the initial and final gradients of the contact an-
gles. It has been established that it is the intermediate
contact angle gradients that are important for determin-
ing the conditions for applying any surface coatings.
Thus, the energies of all interphase boundaries change
with a change in the overall composition, and both a
delay and an increase in the spreading rate can occur.
Equation (3) links the values of surface energies of in-
terphase boundaries to the change in measurement
time. There is often a significant difference in contact
angles, at which either the wetted area increases or
water flows out from the initially wetted surface. These
differences arise out from a soiled surface or irreversible
changes during wetting. Typically, the contact angle
should be less for removing water than to propagate it.

3.3 Influence of Wet Friction Couples on the
Operational Parameters of Disc-shoe Brakes
of Vehicles

The stability and reliability of the friction couples of
vehicle’s disc-shoe brakes are largely determined by the
amount of water that irrigates their working surfaces
during precipitation. Solid and self-ventilated brake
discs are especially not protected from moisture.

Self-ventilated disc-shoe brakes of MAN trucks
(model TGA 26.420) with dry and wet friction couples
were tested with 20-fold cyclic braking. The initial ve-
hicle speed was Vi=60km/h, the final speed was
V2 =30 km/h. The time of one braking cycle was
1.0 min. For dry friction couples of a vehicle's disc-shoe
brake the cyclic braking mode met the requirements of
UNECE Regulation No. 13.

The choice of the front brake mechanism is due to
the fact that its friction couples are completely wetted
when it rains, while the friction couples of the rear
brake mechanism — only by 60 %. The testing bench
with rotating mass Gv = 35.8 Nms? simulates the oper-
ation of the front brake, and the testing bench with
rotating mass Gv="70.6 Nms? simulates the operation
of the rear brake. Design of the front disc-shoe brake
(Fig. 7) foresees the use of a composite brake disc 1,
which consists of left 5 and right 6 half-discs, separated
by a heat-insulation layer 7. Such a configuration of a
composite solid disc 1 with different weight characteris-
tics and areas of heat exchange surfaces provides ex-
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perimental data corresponding to real operating condi-
tions. The disc temperature at the beginning of break-
ing did not exceed 25 °C. The air pressure in the pneu-
monic cell of the testing bench was within 1.0-1.5 MPa.

Fig. 7 - General view of a disc-shoe brake (a) and its half-discs
with a thermal insulation gasket (b): 1 —brake disc; 2 — brake
pads; 3 —support; 4 —flange; 5 and 6 — left and right half-
discs; 7 — heat-insulation layer

At 20 cyclic braking on the testing bench of dry fric-
tion couples FK-24 A — steel 356HNL disc-shoe brakes,
their surface temperature reached 320-340 °C, i.e. it
was below the permissible temperature (390-420 °C) for
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the material of friction facing. Then the device for wet-
ting the left half-disc 5 is switched on, continuing the
cyclic braking on the testing bench.

The efficacy (contact strength, operating unit loads,
energy load, dynamic coefficient of friction, braking
torque, durability) of the brake depends on the thick-
ness of the water film. The roughness of the matt and
polished (working) surfaces of the disc is very different.
This affects the intensity of the water film creation in
the microasperity of the indicated surfaces and its
(film) thickness. During rotation of the closed brake,
the water film layer, which is above the microasperity
of the friction belt, is cut off by the front edge of the
friction pad.

Depending on the rotation speed of the disc 1, part
of water from its surfaces is discharged into the envi-
ronment under the centrifugal forces. The water liquid
phase forms a film with chaotic perforation due to the
uneven microasperities’ profile of the polished and matt
surfaces of the left half-disc 5. At a volumetric tempera-
ture ¢1 above 100 °C, the water liquid phase turns into
a vapor phase, and water sprinkling the polished and
matt surfaces of the left half-disc 5 falls on the steam
pad. In this case, a two-phase medium (water + steam)
washes the surfaces of the left half-disc 5. Therefore,
with the two-phase medium formation, the meaning of
the classical concepts of “contact angle” and “heat of
wetting” is lost.

Let us consider the main thermodynamic parame-
ters (temperature, quantity of heat, heat transfer coef-
ficient) of dry and wet friction couples of disc-shoe
brakes (Table 1).

Table 1 — Thermodynamic parameters of dry and wet friction couple FK-24A — steel 35HNL of the left half of the brake

Calculated dependences to determine

Friction Quantity of heat, @i, J
couple Temperature Diverted by washing
FK-24A - values t, °C Generated environments

steel 35HNL

By the heat transfer coefficients , @ W/(m2 °C)

By dry air
Q =me, (t, —1,) () Q,=G,;-cy At (7)
Dry 320-340
o =@ /(A 7 -AL,) (6) @, =@,/ (A-7,-At,) (8)
L By two-phase environment
By humid air (water + steam)
Wet 200-215 Q,=m-cy-At, (9) Q, =G,y cy, - Aty (11)

0:3:Q3/(A-1'3-At4)(10)

o =Q4/(A-r4 -At5) (12)

In dependences (5)-(12) of Table 1, the following
symbols are used: m is the mass of the left half-disc; ¢y,
c3 are the specific heat capacities of the surface layer of
the half-disc; ¢y, ¢, are the specific heat capacities of
washing environments; f, ¢y, are the final heating tem-
perature of the half-disc and the ambient air; At is the
change in surface temperature in the considered ther-
mal processes; A is the area of the heat exchange sur-
face of the left half-disc; 7 is the time of the process; Gy
is the flow rate of the environments that are washing

the left half-disc surfaces.

Table 1 did not include the dependences concerning
the heat exchange processes of a brake pad with a lin-
ing, since their effect on the overall thermal balance of
the brake friction couples is insignificant.

The calculations’ results performed according to de-
pendences 5-12 showed that dry friction couples are
30 % more effective than wet ones. In addition, in wet
friction couples:

— to ensure traffic safety, the downforce and consequent-
ly the specific loads must be increased by 15-20 %;
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—the dynamic coefficient of friction is 15-25 % lower
that leads to a decrease in the braking torque;

— wearing process of the friction surfaces increases by
10-15 % due to intense hydrogen wear.

Fig. 8 shows the regularities of the surface temper-
ature changes fs, which is a function of the cooling wa-
ter flow rate at the averaged values of the disc rotation
speed and the developed braking torque of a self-
ventilated disc-shoe brake of a MAN model TGA26.420
with spikes. The analysis of the graphical dependence
showed that the cooling effect of water increases with
an increase in its consumption.

0,

=4
0 \3\
2 ;
v\ Y —
\ 0
0 o y
! ol o |
Y 7
40 o A
I L_LToo=-
w5 1820 22 §oin

Fig. 8 — Changes in the surface temperature ¢ of the left half-
disc friction belt of the self-ventilated disc with the front brake
spikes of MAN (model TGA 26.420) depending on the cooling
water consumption Gv at w=s-1 1-Mr=145.0 Nm; 2—
Mr=195.0 Nm

Designers and operators include in the design de-
pendences the minimum value of the dynamic coeffi-
cient, making a correction for the presence of moisture.
This does not take into account the different degree of
contamination of polished and matt surfaces of vehicle
brake discs.

Let us analyze the graphical dependences of the
form M = iu(f), x = 1(f), © = p(f) (Fig. 9). According to the
first graphical dependence (Fig. 9a), with an increase
in the dynamic coefficient of friction, the braking
torque increases, but the braking distance and braking
time of the vehicle decrease (Fig. 9b, ¢). It was found
that with an increase in the dynamic coefficient, the
friction between brake friction couples of a tribological
layer, which contributes to the stabilization of the
braking parameters, is formed (M, X and 7 marked by
rectangles in Fig. 9).

4. DISCUSSION OF THE RESULTS

The results of theoretical and experimental studies
of wet friction couples of vehicles’ disc-shoe brakes op-
erated with different degrees of water irrigation allow
us to state the following:

— the area of wetted surface depends on the nature
and structure of the wetting phase, as well as on the
purity and micro-profile of the disc surface. When irri-
gated with water, the area of the wetted surface de-
pends on the number of atoms with high electronega-
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tivity per unit area. When determining the actual area
of frictional interaction, it was assumed that water,
joining the gas products, forms a monomolecular layer
that facilitates filling the space between the surface
microstructures with moisture;

M Fm
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Fig. 9 — Regularities of the change in the braking torque (a),
braking distance (b) and braking time (c) depending on the
dynamic coefficient of friction of the front disc-shoe brake wet
friction units of a truck MAN (model TGA 26.420)

— the driving force in the processes occurring in the
microchannels between the microasperities of the discs
friction belts is the potential difference arising from the
action of transverse and longitudinal double electric
layers when the working surface of the lining moves
along the new trace of the disc friction belt;

— the asymmetric temperature distribution over the
surface of the water film of the disc friction belt is due
to the fact that in the vicinity of the heated spot, a di-
vergent flow arises in the film because of the change in
the surface tension (thermocapillar effect). This leads
to rupture of the film where the temperature is maxi-
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mum. Film rupture can occur along a certain circum-
ference, where the temperature gradient is more signif-
icant. As a result, a disc of water is formed in the cen-
ter, which due to surface tension transforms into a to-
roidal formation and then, after oscillations, into a
drop. Later, the drop gradually evaporates;

— if the gaps between microasperities’ channels nar-
row down in the direction of the friction force, the capil-
lary force grows in the same direction, contributing to
the effect of water absorption into the pores of the nar-
rowing gaps (confuser effect). Otherwise, water will be
removed from the friction zone;

— increasing the humidity of the air which is flowing
around the friction couple, its friction moment and sur-
face temperature decrease by an average of 25-40 %;

—with an increase in the vehicle’s speed, the
amount of water falling on the outer surface of the
brake disc is much greater than on the inner one. The
rear axle brake discs receive up to 60 % less water than
the front axle;

— with an increase in air relative humidity due to a
decrease in braking torque, the braking distance in-
creases, and in order to avoid this it is necessary to
create large specific loads on the friction surface;

— a reduction in the amount of water falling on the
surface of the discs can be achieved using protective
covers, making holes and grooves of various profiles,
configurations and locations; applying superhydropho-
bic coating on the surface of discs using nanotechnolo-

gy, etc.

5. CONCLUSIONS

1. It has been proved that in most cases the move-
ment of water through the channels between microas-
perities of the friction couple "metal-polymer" leads to
the appearance of electric like and unlike charges on
their surfaces, as well as on the boundary layer of wa-
ter, which contributes to the formation of double elec-
tric layers. The thickness of the latter in water is tens
to hundreds of nanometers and can be comparable to
the radius of the microchannel. This circumstance af-
fects both the properties of water itself and the nature
of its movement.
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EnexrporepmomexaHiuyHe TEPTA MOKPHUX JeTajledl AaBTOMOOLJIbBHUX JUCKOBO-KOJIOAKOBUX I'aJIbM

J1.0. Bosbuenko!, M.B. Kiggpauyk?, M.O. Bosnbsuenro3, C.B. Hikimuyk4, M.M. Haciposa?,
H.B. Kmnouro!?, A.O. IOpuyk?2

1 Isano-Dpankiscokuli HAUIOHAILHILL MeXHIYHULL YHIgepcumem Hagpmu i 2a3y, 8ys. Kapnamcvka, 15,
76000 Isaro-@panxiscvk, Yrpaina
2 HauionanwvHuti asiauilinui ynisepcumem, np. Jlbomupa I'yzapa, 1, 02000 Kuis, Yikpaina
3 KybarncbKuil 0epicasHuli mexHiuHull ynigepcumem, 8ys. Mockoscvka, 2, 350042 Kpacrooap, Pocis
4 Hayionanvruil ynisepcumem "JIveiscora nonimexuira”, 8ysn. Cmenana Banodepu, 12, 79000 Jlvsis, YVrpaina
5 Azepbaltioxcarncora asiauiiina akademis, np. Mapoaxarn, 30, Baky, Azepbatioxcar

V crarTi 3BepHEHO yBary Ha aKTOpH, 10 BIUIMBAKTH HA TPAHUYHMI KyT 3MOUYBAHHS SK II0JIPOBAHUX,
Tak 1 MATOBUX OIYHHMX IIOBEPXOHb TBEP/UX TA CAMOBEHTHJILOBAHUX JVCKIB IaJIbMIBHUX IIPUCTPOIB TPAHCIIOP-
THHUX 32C001B, KOJIM BOHHU PYXalOThCs II0 MOKPOMY JIOPOKHBOMY II0JIOTHY. Posrismatorsees Taki dhakropu: mMa-
Tepiajl eJIeMeHTIB IIapy TePTsi Ta iX CTPYKTypa, EHePreTHYHUN PiBeHb IIOBEPXHEBOTIO IIapy, Tororpadis mo-
BEPXOHb TEPTS Ta FeOMETPUYHI HapaMeTpH 1X MIKPOBHUCTYINB 1 MIKPOBIAIMH, HAABHICTh B HUX IIOP 1 I1a3iB,
KaIMJIApHUHI, BIOIEHTPOBUH 1 IHEPI[IMHI CHJIX TA MOMEHTH, IMHAMIYHA PIBHOBATA MiK PiBHEM eHeprii Imoi-
PAINMH BHACIIIOK TEPTSA TA BOOSHOI IUIIBKOI Ha HoBepxHi. [Ipy mocimkeHH] MiKporeoMeTpil MOBEpXHI Tep-
TS IUCKA BPAXOBYBAJIKCH Ii IJIOIIA, BITHOIIEHHSA BUCOTA MIKPOHEPIBHOCTEH 10 iX KPOKY, IHTEHCUBHICTD 3MiH
iX BHCOTH Ta CTYIIHb 3a0pyaHeHHs. Byso BcraHOBIIEHO, II0 MiKpOT€OMeTpisi TOBEPXHI BILIMBAE HA TEILJIOTY
necopObrrii BogHol tWTiBKH. JloCTisKeHHSA BrIle3adHayeHnX (PaKTOPIB MOKA3aJIo0, 110 PYITWHOI CHJIOK IPOIie-
ciB Ta edeKTIB y MOKPUX TaJbMIBHUX CHCTEMAax € I'PaJieHTH IOTEHIasy, 10 BUHUKAIOTH B Pe3yJsbTaTi Jil
TOIIEPEYHNX Ta MO3J0BKHIX €JIEKTPUYHUX HOABINHMX mapis. JlocminskeHo TpuboeIeKTPHUYH] sSBUINA, HA K1
BILIMBAE IPUCYTHICTL Boau. IIpecTasieHi pe3yibTaT BUIIPOOYBAHb CAMOBEHTUIILOBAHUX IUCKOBUX I'aJIbM
IIMCKOBO-KOJIOMKOBoro Tuity aBromMobilist MAN momem TGA 26.420 i3 cyxuMu Ta MOKPUMY TaJIbMaMU, BU-
npolOyBanux 13 20-kpaTHUM rajpMyBaHHAM (mamiaas meuakocti 30 km/rox 3a 1 xB.). 3apeecTpoBaHa TeM-
meparypa Ha moBepxHi TepTa ckiana 320-340 °C. B peaymbraTi DOpOsKHIX BUIIPOOYBAHL HA BAHTAMKIBII 3
MOKPUMH TaJIbMIBHUMU IIPUCTPOSIME OyJIM BCTAHOBJIEHI 3aKOHOMIPHOCTI Yacy raJIbMyBaHHs, FaJIbMIBHOIO
MOMEHTY Ta 3MIHHU TaJIbMIBHOTO ILJIAXY Bi IMHAMIYHOTO KoedimienTa TepTa. IIpoBeseHo aHa3 OTpUMAaHAX
nauux. HaBemeno pesysmbrary J0CIiPReHh HETATUBHOTO e€(PeKTy MPOHWKHEHHS BOJM BCEPEIUHY JIHCKOBO-
KOJIOJIKOBUX T'aJIbM.

Kmiouosi cmosa: JIuckoBo-kosonakosi ranmbpma, Ilapa Teprsa, Mikposucryn, Boma, Ilapa, ITosmomaxmiin i
TOIIEPEYHIH IOABIMHIHI eJIEKTPUYHUI Iap.
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