
JOURNAL OF NANO- AND ELECTRONIC PHYSICS ЖУРНАЛ НАНО- ТА ЕЛЕКТРОННОЇ ФІЗИКИ 

Vol. 13 No 4, 04013(8pp) (2021) Том 13 № 4, 04013(8cc) (2021) 

 

 

2077-6772/2021/13(4)04013(8) 04013-1  2021 Sumy State University 

Nanofluids in Cooling Systems and Their Efficiency 
 

D.A. Volchenko1, M.V. Kindrachuk2, B.V. Dolishniy1, V.S. Skrypnyk1, D.I. Zhuravlov1, l.B. Malyk3, 

A.O. Yurchuk2, А.О. Dukhota2 

 
1 Ivano-Frankivsk National Technical University of Oil and Gas, 15, Karpatska St., 76000 Ivano-Frankivsk, 

Ukraine 
2 National Aviation University, 1, Liubomyra Guzara Ave, 02000 Kyiv, Ukraine 

3 Drohobych Specialized College of Oil and Gas, 57, M. Hrushevskyi St., 82100 Drohobych, Ukraine  

 
(Received 10 March 2021; revised manuscript received 09 August 2021; published online 20 August 2021) 

 
In the materials of the article, it is shown that based on multifactor analysis, the proposed models of 

nanofluids are taken into account in the base fluids; a collision between nanoparticles and molecules; na-

noparticles that occur due to Brownian motion; thermal diffusion of nanoparticles and their interaction 

with molecules; formation of percolation trajectories with low heat capacity in a fluid; influence of inter-

phase and boundary layers in the separation of the solid and fluid phases; the surface shell effect; thin 

nanolayers; particle clustering. The study of nanofluids comes down to determining their thermal conduc-

tivity coefficient. It is established that the obtained values of thermal conductivity coefficients, which are 

10 times higher than usual, do not fit into the classical calculation schemes used to determine the heat 

transfer coefficients. For cavities of nanofluid cooling systems, the thermal resistances of heat transfer and 

thermal conductivity are fictitious in magnitude. This is due to the fact that in the cooling cavities, the 

driving force is the potential jumps between the layers of the nanofluid. We selected the materials for cre-

ating nanoliquids that will be used in the new design of the braking system. It is formed by Al2O3 particles 

enveloped by polymeric material FK-24A. The diameter of nanoparticles was 15, 35 and 80 m. An in-

crease in particle size and concentration results in an increase in the thermal conductivity of the liquid. In 

place of nanoliquid and metal components contact, the electrical potential and intensity of the electric field 

of nanoliquid change, that is also described here. When the temperature of the nanofluid rises above 

100 °C it may become an electrolyte. The use of nanofluids in lubrication of drawworks braking system re-

duces the wear of friction couples by ~ 20 % and increases the braking moment by about 13 %. 
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1. INTRODUCTION 
 

Suspensions based on solid-phase nanoparticles are 

called nanofluids [1]. The thermal conductivity of sus-

pensions with a low concentration of solid-phase parti-

cles can be described by Maxwell’s theory [2]. The theo-

ry is based on a number of assumptions: the concentra-

tion of solid-phase particles is small (the distance be-

tween the particles significantly exceeds their size); par-

ticles are immobile in a fluid; particles are spherical; the 

equations of conductive heat transfer are valid to de-

scribe the process of heat transfer. When using particles 

of nanometer range wrapped in a polymer film which 

are dipoles, when a nanofluid moves in cooling systems, 

a transformation of charges occurs, leading to the for-

mation of electronic and ionic zones. The driving forces 

in nanofluids are jumps of various kinds of potentials. 

Nanofluids in cooling systems for motors, brakes, 

heating, and ventilation can significantly increase the 

heat transfer coefficient. 

It is hard to imagine nanofluid’s successful usage as 

cooling liquids without detailed knowledge of their ther-

mal, physical, and other properties. For this purpose, 

we analyzed papers related to the study of nanofluids. 

In papers [1-3], the thermal conductivity of ultrafine 

oxide suspensions of aluminum, silicon, and titanium 

in water at a volume concentration of the order of sev-

eral percent exceeds the thermal conductivity of a pure 

fluid by tens of percent. 

The experimental results with nanoparticles of var-

ious sizes indicate that the thermal conductivity of a 

fluid based on larger particles may be described using 

Maxwell’s theory [2]. 

First of all, the data obtained correlate with theoret-

ical models constructed to describe coarsely dispersed 

suspensions’ thermal conductivity. The first such model 

was created by Maxwell [2], who determined the rela-

tion between the coefficient of thermal conductivity of 

the suspension  and the base fluid 0. 

Analysis of nanoparticles size effect on the thermal 

conductivity coefficient () of nanofluids shows that the 

nanofluid coefficient  increases with increasing nano-

particle size [4]. 

In [5], the modeling of the nanofluid thermal con-

ductivity coefficient is presented as a function of differ-

ent nanoparticle mass. The authors established that  

of nanofluids at fixed sizes and nanoparticle concentra-

tions increases with an increase in their mass. The 

dependence of the increase in the thermal conductivity 

of nanofluids on the nanoparticles mass means, at the 

same time, the same dependence on the particles densi-

ty at the same size. 

The nanofluid thermal conductivity coefficient also 

depends on the nanoparticles’ shape (spherical, cylin-

drical, prismatic, flat, or elliptical). In [2, 3], thermal 

conductivity of nanofluids with ZnO nanoparticles hav-

ing prismatic and spherical shapes was experimentally 

investigated at various volume concentrations of nano-
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particles in the range from 0.05 to 5.0 %. The  coeffi-

cient of nanofluids with zinc oxide nanoparticles in-

creased by 12 and 18 %, respectively, for spherical and 

prismatic nanoparticles at   5.0 % compared to the  

coefficient of the base fluid – water. 

However, many experimental data obtained by now 

have a wide dispersion and often contradict each other. 

Some of the data indicate an abnormal increase in the 

nanofluids thermal conductivity compared to the theory 

[1]. However, in joint studies carried out by different 

foreign organizations, no abnormal increase in thermal 

conductivity at low nanoparticle concentrations was 

found [6]. 

The classification of nanofluids and the analysis of 

theoretical approaches to modeling the transfer coeffi-

cients were carried out in [7]. In particular, they note 

that a rigorous theory of transfer processes in nanoflu-

ids has not yet been developed. The use of molecular 

dynamics modeling of thermal conductivity still gives 

predictions different from the classical approach. 

The large dispersion of experimental data is associ-

ated with many objective reasons: the method of nano-

particle synthesis, the nanoparticle size distribution 

function, the nanofluid preparation technology, the 

method for measuring thermal conductivity and inter-

preting the results. 

Devices and systems for forced air and fluid cooling 

of braking devices’ friction couples are known [8-11]. 

However, they have an efficiency of no more than 10 %. 

Combined cooling (air-nanofluid) for braking devices 

with a heavy metal friction element is promising. 

Substantially heterogeneous designs of disc brakes 

operating under intense thermal-force loading condi-

tions require the development of mathematical models 

and methods for calculating heat transfer and stress 

state. In [12-15], the authors studied heat conductivity 

and layered structures’ mechanics, including low-

dimensional layers and proposed analytical research 

methods. Analytical, numerical and experimental stud-

ies of energy dissipation due to friction in layered shell 

and bar structures are presented in [16-20]. Tempera-

ture effects during the interaction of elastic bodies 

under conditions of frictional contact and local heating 

are taken into account, in particular, by the authors of 

publications [21-25]. 

High-quality hardening of discs working surfaces 

and the thermal barrier effect are provided by oxide 

coatings formed in the micro-arc oxidation of compacted 

aluminum and titanium alloys [26-30] or the upper 

part of the aluminum layer previously deposited on 

steel [31, 32]. Composite coatings may also increase 

wear resistance [33-39]. Other types of coatings [40, 41] 

are not always practical. 

Problem statement. It is necessary to solve the 

problem of using nanofluids in motors and braking 

devices cooling systems and evaluate the efficiency of 

reducing its energy load. 

The article’s central questions are general in-

formation; interaction of nanoparticles in fluid cooling 

systems; the nanofluid efficiency in cooling the belt-

shoe brake’s compound pulley. 

The work objective is to select nanoparticles for 

nanofluids and check their effectiveness on a developed 

new type of brake pulley. 

2. STATE OF THE ART AND PROBLEM  

STATEMENT 
 

General information. In fluid cooling systems of 

many internal combustion engines, low-freezing fluids 

are mainly used; those fluids are mixtures of ethylene 

glycol with water in proportions related to the solu-

tion’s required freezing point. Aqueous fluids of eth-

ylene glycol meet the requirements of GOST 28084-84 

for the characteristics of coolants for engines and 

brakes fluid cooling systems, which must have: 

– optimal viscosity at which, on the one hand, losses 

through all kinds of seals and connecting assemblies 

are reduced and, on the other hand, significant energy 

consumption for the coolant passage in cooling circuits 

of motors and brakes is not required; 

– a freezing point which will be lower than the am-

bient temperature that will facilitate engine start and 

ensure operation in operating conditions; 

– a boiling point that will be higher than 25...30 °C 

of the maximum allowable temperature of the coolant 

in the engine cooling system, which will prevent the 

appearance of steam-air plugs in it and reduce its loss-

es during evaporation; 

– a high value of heating capacity that will reduce 

the coolant volume, helping to maintain the required 

temperature mode of engines and brake friction cou-

ples. 

According to a linear law, during experimental stud-

ies on the cooling systems of internal combustion en-

gines and braking devices, an increase in nanofluids 

temperature is observed, which contributes to the rise 

of their thermal conductivity coefficient. 

Friction materials based on thermoactive resins that 

act as shells for nanoparticles must contain components 

that promote dipoles formation. Such components guar-

antee an increase in durability: resin particles and 

graphite; thermal conductivity: copper, brass, bronze, 

aluminum (in the form of powder, shavings, or wire); a 

reduction in consumption and scuffing on the surface of 

nanoparticles: lead. In this case, it is necessary to keep 

the dependence of the trapped dipoles mobility on the 

thermal and electric fields. 

Nanofluids should be stable from the performance 

point of view, resistant to solid nanoparticles’ agglom-

eration and precipitation during the lifespan. It is 

worth mentioning that there should be no chemical 

reactions in nanofluids. When using nanofluids as a 

coolant for cooling systems of internal combustion en-

gines and braking devices, they should not cause corro-

sion of the structure. 

As a material for nanoparticles, we selected alumi-

num oxide Al2O3, wrapped in a polymer shell made of 

FK-24A material. 

The presence of a polymer film on nanoparticles leads 

to decreased resistance in the “metal-polymer” system, 

which is more expressed as the polymer film’s thickness 

increases. At a thickness  60 nm calculated coulometri-

cally the resistance no longer depends on the film thick-

ness and nanofluid composition. However, a thinner poly-

mer layer does not entirely prevent nanofluid contact 

with the surface. Measurements show this in solutions 

containing benzenesulfonate, ferri-ferrocyanide ions, qui-

none-hydroquinone, or cations (Sn2+ ions), which can be 



 

NANOFLUIDS IN COOLING SYSTEMS AND THEIR EFFICIENCY J. NANO- ELECTRON. PHYS. 13, 04013 (2021) 

 

 

04013-3 

subjected to changes. The resistances are different in 

the reduced (amine) and oxidized (imine) polymer states. 

Imine groups probably scatter conduction electrons more 

diffusely than amine ones, and therefore the resistance 

is higher in the oxidized state. During the transition 

from one state to another, the resistance changes from 

the value corresponding to the polymer film’s completely 

oxidized state. The effect of polymer degradation occurs 

when the permissible anode potential values are reached, 

expressed in the resistance increase. Degradation leads 

to a distance increase between the scattering centers and 

more diffuse scattering. The change in resistance occurs 

almost linearly with an increase in the oxidation state 

of the polymer. We assume that this is how the specu-

larity parameter changes with a change in the oxidation 

state. These found effects allow us to conclude that the 

surface conductivity method for changing the nanofluid 

properties, which becomes an electrolyte [42, 43], leads 

to an increase in its thermal conductivity coefficient. 

Semiconductors with intrinsic and polymer conduc-

tivity of n- and p-type, for which surface effects play a 

significant role, belong to a special class system. Inves-

tigation of the semiconductor nanoparticle’s surface 

properties is beyond the scope of this article. 

 

3. INTERACTION OF NANOPARTICLES IN 

FLUID COOLING SYSTEMS 
 

Let us turn our attention to a number of physical 

phenomena. If all these phenomena are caused by elec-

tric current then this points to galvanomagnetic effects. 

If those physical phenomena occur due to the heat flux, 

they are called thermomagnetic effects. Further, these 

effects can be divided into transverse effects where the 

primary current and the resulting effect are in the 

same direction. Besides, we can talk about the isother-

mal effect, when the temperature gradient is zero in 

the direction perpendicular to the primary current, and 

the adiabatic effect, when the heat flux perpendicular 

to the primary current is zero. 

Longitudinal and transverse effects in nanofluids 

intensify their movement in cooling systems cavities. 

The driving force for nanofluids is potential jumps due 

to the transformation of charges according to the “flat – 

volumetric” and “volumetric – flat” scheme. 

Let us consider the charge-discharge properties of 

two- and three-layer structures of nanofluids located in 

cooling systems cavities (Fig. 1). 

The processes of internal charge relaxation in nano-

fluids are controlled by the effect of thermal conductivi-

ty. Such characteristics determine it as carriers mobili-

ty, their charges concentration in nanofluids layers etc., 

in substances capable of holding a charge for a long time, 

which have centers to capture the carriers; therefore, the 

mobilities of the latter are suppressed by capture pro-

cesses. Capture has a similar effect on conductivity. In 

addition to intrinsic charge carriers, the nano-fluid may 

also contain impurity carriers injected inside through 

the boundaries of nanofluid layers (Fig. 2). 

The material ability to keep various states – free 

(delocalized) – has a different effect on carrier mobility. 

The electron or ion motion with energy near the lower 

edge of the conduction band is quantum mechanical 

tunneling between delocalized states lying on the ener-

gy scale above the mobility edge. This process does not 

require any thermal activation and the corresponding 

mobility turns out to be relatively high, about 

10 cm2/(Vs). For the movement of electrons captured by 

a superficial level located in energy below the mobility 

edge, a certain thermal energy is required obtained from 

the brake’s friction couple or from a running engine. 

Such electrons’ motion process is thermally activated and 

comes down to the next hops between localized states 

contributing to various kinds of potentials. 
 

  
a b 

 

 
 

 c 
 

Fig. 1 – Schematic section of two- (а) and three-layer (b, c) 

structures of nanofluid layers: 1 – nanofluid; 2, 7 – cavity 

walls; 3, 4, 5, 6 – surface charges, bulk, dipole (or displaced), 

compensation  
 

 

 a 
 

 
 b 

 

Fig. 2 – Regularities of changes in the potential [U(x, τ)] and 

strength [E(x, τ)] of the electric field (a) and energy bands of 

nanofluid layers (b) when interacting with the metal walls of 

the cavities, depending on the parameter x/h: x – coordinate; h 

– thickness of the surface layer of the nanofluid; r0 – media 

capture depth 
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The corresponding mobility is several orders of magni-

tude smaller than in the first case [about 103 cm2/(Vs)]. 

Finally, the carrier capture time at a deep level is very 

long. If the majority of electrons are captured by a deep 

conductivity level, such capture becomes extremely 

small [10 – 10-10 – 17 cm2/(Vs)]. In many nanofluids with-

out their own carriers, they can be created by injection 

from nanoparticle layers. If the inflow of carriers due to 

injection exceeds the particle flux transported through 

the bulk of the nanofluid layers, then the currents are 

limited by the field of the generated space charge. In 

the opposite case, the currents are determined by the 

intensity of injection from the nanofluid. 

The presence of strong fields changes currents 

magnitude in the mode of their limitation by the space 

charge field. In this case, the field gradient lowers the 

trapped carriers’ energy barriers even when the traps 

are neutral in the unoccupied state. 

A discussion of charge relaxation would be incom-

plete without at least a few remarks about the trans-

verse propagation of surface and space charges. Gener-

ally speaking, the field in nanofluids is directed per-

pendicularly to surfaces with very small components 

along with them. Thus, the field does not contribute to 

charge propagation processes in transverse directions. 

Suppose that the temperature dependence of the 

free carriers’ mobility is less (usually T – 1 or T – 2) than 

the mobility of trapped carriers. In this case, it is al-

ready exponential since the motion process of such 

carriers has a thermally activated character. 

The transfer time measurements during time inter-

vals from s to ms give significantly lower values for 

mobility – approximately 10 – 6-10 – 7 cm2/(Vs). One is 

inclined to think that such a decrease is associated 

with the loss of carriers due to their capture by shallow 

levels. Finally, the results of charge relaxation experi-

ments in this material for times from minutes and 

more give “stationary” mobility with values of the order 

of 10 – 14 cm2/(Vs) determined by the time of carrier 

capture by deep levels. 

Nanofluid particles were studied in laboratory set-

tings (Fig. 3). In all cases, the relative coefficient of 

thermal conductivity (1/) was increased. Only in the 

case (Fig. 3c) for particle sizes of 15 and 35 nm (lines 1 

and 2, respectively), no significant difference in coeffi-

cient values was observed. 

In large volumes of nanofluids in composite pulley’s 

cavities, these regularities will be completely different. 

Calculations of the chemical and electrochemical po-

tentials of electrons and ions of nanofluids were carried 

out using dependences (1)-(3). 

An estimate of the chemical potential change of 

electrons  depending on the nanofluid temperature T 

[44] is found from the expression 
 

 2 2 2
0( ) ( ) / (4 )t e FK T T q E    , (1) 

 

here Kδ  1.38·10 – 23 J/K is the Boltzmann constant, Т –

Т0 is the temperature difference, K; qe  1.6·10 – 19 Kl is 

the electron charge; ЕF is the Fermi energy, eV. 

In turn, the electrochemical potential of the k-th type 

ion is: 
 

 0 lnk k k F k k k F az E RT z E          , (2) 

here 0
k , k  – initial and final potential value, zk – ion 

charge; qu  1,6·10 – 19 Kl; ЕF – Fermi energy, eV; R – 

gas constant, R  8.314 J·mol – 1·K – 1, a  – molecular 

weight; number αk – activity. 

The expression determined the character of local heat 

transfer coefficient distribution along the surface of the 

inner polished part of composite pulley rim (Fig. 4): 
 

 0.50
1 1

( )x x
Nu C x




  , 0.5

2( )x C x  , (3) 

 

where С1 and С2 are calculated from the terms of solu-

tions unambiguity. 

Consequently, along the surface of the pulley rim, 

the thickness of the boundary layer δТ(х) ~ х0.5 increases 

[43, 44] 
 

 
0.5 0.33

5

Re Pr

T

x
x





, (4) 

 

Re and Pr are, respectively, the Reynolds number and 

the Prandtl criteria. 
 

  
 

a b 
 

 
 

 c 
 

Fig. 3 – Regularities of changes in the relative coefficient of 

nanofluids thermal conductivity with particles of aluminum 

oxide Al2O3 wrapped in a polymer shell made of FK-24A mate-

rial, depending on (a) – temperature: 1 – φ  1 %; 2 – φ  4 %; 

(b) – concentration of Al2O3 particles at their various sizes: 1 – 

15 nm; 2 – 35 nm; 3 – 80 nm; (c) – masses of nanoparticles at 

different volumetric concentrations: ○ –   0.12 %;  

◊ –   0.24 % (+) –   0.48 %; and m is the mass of nanopar-

ticles and molecules 
 

 
 

Fig. 4 – Dependence of the local heat transfer coefficient () of 

the pulley rim polished surface on the thickness (δ) of the 

nanofluid boundary layer 
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In this case, the local value of the heat transfer coef-

ficient (х) ~ х0.5 decreases proportionally (Fig. 4). 

Let us proceed with assessing the nanofluid cooling 

efficiency of a composite belt-shoe brake pulley. 

 

4. NANOFLUID EFFICIENCY IN COOLING A 

COMPOSITE BELT-SHOE BRAKE PULLEY 
 

To optimize the friction belt-shoe brake’s unit ele-

ments, a nonlinear programming instrument is used, 

which is implemented in the optimization module. The 

meaning of the latter is to find such values of design 

parameters (brake pulley and belt, as well as friction 

lining), at which a certain value called the objective fun-

ction takes an extreme (maximum or minimum) value. 

Simultaneously, several operational and design param-

eters of brake frictional units in this range or in func-

tional dependences must satisfy the constraints in the 

form of equalities/inequalities. The optimization algo-

rithm implemented in Ansys Workbench has versatility 

sufficient for solving typical tasks, but at the same time, 

it contains a number of features that must be consid-

ered. The block diagram of the algorithm is in Fig. 5. 

With an increase in mass, in which heat is distrib-

uted, the brake pulley rim’s heat transfer surface also 

increases due to the heat dissipation surface of its side-

walls. Therefore, the choice of the friction unit design is 

made depending on the requirements for its dimen-

sions, energy load of the surface and near-surface lay-

ers of friction couples, permissible specific load on the 

contact, contact stiffness of the friction couple ele-

ments, developed braking torque and allowable surface 

temperature for the active layers of the polymer lining. 

 

 
 

Fig. 15 – Block diagram of the optimization algorithm for the design parameters of the friction unit 
 

During designing a composite brake pulley, the fol-

lowing restrictions were set: 

– the temperature of the composite brake pulley 

friction surface is 390 °C; 

– the polished area of the pulley rim lower part 

should be 2/3 area of the friction surface upper part; 

– the inner surface (matte) of the annular chambers 

and the holes between them should be 20-25 % of the 

outer brake pulley flat finish. The air-cooling efficiency 

should be the same due to the amount of air entering 

the brake pulley; 

– the thickness of the upper pulley part: 16.0-

18.0 mm; lower part: 8.0-10.0 mm; the volume of the 

chamber with the fluid must ensure the heat removal 

of at least 30 % at a temperature of 390 °C; 

– the temperature gradient for the pulley upper 

part: up to 25.0 °C/mm; in the partition of the cham-

bers: up to 10.0 °C/mm; through the chamber wall: up 

to 50.0 °C/mm. 

Having regard to the above, Fig. 6 shows a drawing of 

the designed brake pulley with a nanofluid chamber. The 

chamber is designed without inlet and outlet valves. 

 
 

 

 

 

 

 

 

Model operations with friction 

unit create a model in Ansys 

Workbench 

Initial analysis of 

fields: - mechanical; 

- dynamic; - electrical; 

- thermal; - chemical; 

- electromagnetic. 

Structural and parametric 
synthesis: 

- technical requirements and 

conditions of work; 
- assessment of operational 

parameters of friction pairs; 
- contact-impulse interaction of 

friction pairs; 
- assessment of the energy lev-

els of surface and near-surface 
layers of friction elements 

Results visualization: energy 
load; deformations; stresses 

The final (optimal) model 

Optimiza-

tion analy-

sis and 

synthesis by 

definition: 

objective 

function; 

design vari-

ables; lim-

ited to mod-

el elements 

Optimization cycle 

Yes No 

Update of geometry and model 
re-meshing 

Compliance with the condi-

tions of analysis and synthesis  

Compliance with basic re-

strictions  

Calculation of the objective 

function associated with con-

straint discrepancies  

Forecasting of design variables 

Optimal model with guaran-
teed convergence  
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Fig. 6 – Designed composition of the drawworks brake pulley with a nanofluid chamber 
 

Table 1 shows the leading design and operational 

parameters of serial and improved friction couples 

(with nanofluid cooling) of belt-shoe brakes. 

The system analysis of the energy load at constant 

specific loads in friction couples of the serial and im-

proved belt-shoe brakes made it possible to state the 

following: 

– the developed design of a composite brake pulley 

with a forced air-nanofluid cooling system is highly 

efficient (the dynamic coefficient of friction and the 

braking torque increased by 13.1 %) due to the opera-

tion of friction-pad materials at surface temperatures 

below permissible, i.e., 390 °C, but at the same time, 

there was an increase in the weight and moment of 

inertia of the composite brake pulley, respectively, by 

24.7 % and 21.7 % compared to the serial brake pulley; 

– at the same operating surface temperature of the 

compared pulleys, the volumetric temperatures in the 

upper and lower parts of the composite pulley are 

21.8 % lower than that of the serial pulley, but in the 

first design, large volumetric temperature gradients 

were observed by 24.5 % than in the serial pulley; 
 

Тable 1 – The main operational parameters of serial and advanced friction couples of belt-shoe brakes 
 

№ Operating factors 
Friction couples of belt-shoe brakes 

original improved 

1. Brake pulley weight, kN: 

without camera 
4.744 4.508 

with the camera without nanofluid – 5.849 

with camera and nanofluid – 6.303 

2. Inertia moment of the brake pulley, kgm2: 

without camera 
233.85 221.89 

with camera without nanofluid – 278.48 

with camera and nanofluid – 298.58 

3. 
Dynamic coefficient of friction, f 0.33 0.38 

stability, st  fav/fmax 0.90 0.926 

fluctuation, f  fmin/fmax 0.79 0.83 

4. Braking: 

efficiency, eff  st/τ2, 1/s2 
0.00625 0.00643 

Reduced efficiency 

Нb. eff.  st/(τ2·∆g), 1/(s2g) 
1.036·10 – 2 1.227·10 – 2 

5. Unit loading, р, MPa 1.2 1.2 

6.  Braking torque, Мbr, kNm 174.3 200.7 
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№ Operating factors 
Friction couples of belt-shoe brakes 

original improved 

7.  
Temperatures and their gradients, 

ºС/(ºС/mm) 
pulley 

compound pulley 

upper lower 

part 

 superficial 390/1.2 390/1.8 390/1.9 

 voluminous 358/2.4 340/4.39 270/6.5 

8. Predicted potentials (eV):  

 temperature 0.47 0.55 

 electrochemical – 0.74 

9.  Temperature stresses/ their gradients,  

MPa (MPa/mm) 
796.85/4.61 406.56/9.24 189.79/3.04 

10. Lining wear, ∆g, g 60.3 50.4 
 

– the gradient of temperature stresses from the side 

of the rim free edge in its upper part is 13.03 MPa/mm, 

while from the side of the pulley rim clamped edge, it 

reaches 10.14 MPa/mm; as for the pulley rim lower 

part here along its length there are temperature stress 

gradients of 2.51 and 6.59 MPa/mm, respectively; in 

the first case, this is due to the insufficient efficiency of 

the matte surfaces forced cooling with an evaporative 

condensation fluid system washing the polished surface 

of the rim lower part; 

The linings’ weight wear is less in improved friction 

couples by 13.2 % than in serial brake friction couples. 

 

5. CONCLUSIONS 
 

A computational-experimental method for deter-

mining losses to the environment by the surfaces of 

composite brake pulleys in industrial conditions with 

natural and forced cooling by air, as well as by nanoflu-

id, is illustrated: 

– the proposed models for nanofluids are taken into 

account in base fluids: the collision between nanoparti-

cles and molecules; nanoparticles which are due to 

Brownian motion; thermal diffusion of nanoparticles; 

thermal interaction of nanoparticles with molecules; 

formation of percolation trajectories with low heat 

capacity in the fluid; influence of the interphase layer 

at the interface between the solid and fluid phases; 

surface shell effect; thin nanolayers; particles cluster-

ing. It is important to note that such models are appli-

cable for specific nanofluids and, in general, do not 

allow one to determine their thermal conductivity coef-

ficient accurately; 

– a nanoparticle in a polymer shell is simultaneous-

ly: a semiconductor element that enhances the electri-

cal conductivity of the nanofluid; a dipole that pro-

motes the appearance of an electric field when nano-

particles are heated in systems cooling cavities; in the 

latter, the driving force is temperature (up to 100 °C) 

and electrochemical potentials; 

– at temperatures above 100 °C it is observed an in-

crease in the electrochemical potential and the for-

mation of electronic and ionic zones in the system cavi-

ty enabling potential jumps; in this case, the nanofluid 

acts as an electrolyte; 

– the use of nanofluid in the cooling system of a com-

posite belt-shoe brake pulley made it possible to reduce 

its energy load by 21.8 %, wear of friction linings by 

19.9 %, and increase the braking torque by 13.2 %. 
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Нанорідини в системах охолодження і їх ефективність 
 

Д.О. Вольченко1, М.В. Кіндрачук2, Б.B. Долішний1, В.С. Скрипник1, Д.І. Журавльов1, І.Б. Малик3, 

A.O. Юрчук2, О.І. Духота2 

 
1 Iвано-Франківський національний технічний університет нафти і газу, вул. Карпатська, 15,  

76000 Iвано-Франківськ, Україна 
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3 Дрогобицький спеціалізований коледж нафти і газу, вул. M. Грушевського, 57, 82100 Дрогобич, Україна 

 
У матеріалах статті показано, що на підставі багатофакторного аналізу запропоновані моделі 

нанорідин враховані в базових рідинах; зіткнення між наночастинками і молекулами; наночастинки, 
які обумовлені броунівським рухом; теплова дифузія наночастинок і їх взаємодія з молекулами; фор-

мування траекторій перколяції з низьким теплоємностним опором в рідини; вплив міжфазного і при-
кордонного шарів при розділі твердої і рідкої фаз; ефект поверхневих оболонок; тонкі наношари; кла-

стеризація частинок. Дослідження нанорідин зводиться до визначення їх коефіцієнта тепло-
провідності. Встановлено, що отримані величини коефіцієнтів теплопровідності більше в 10-ки разів 

звичайних і тому вони не вписуються в класичні розрахункові схеми при визначенні коефіцієнтів 
теплопередачі. Для порожнин систем охолодження нанорідинами виявляється, що термічні опори 
тепловіддачі і теплопровідності за величиною є фіктивними. Це викликано тим, що в порожнинах 

охолодження рушійною силою є скачки потеціалів між шарами нанорідин. Ми вибрали матеріали для 
створення нанорідин, які будуть використовуватися в гальмівній системі нової конструкції. Вона 

утворена частинками Al2O3, покритих полімерним матеріалом ФК-24А. Діаметр наночастинок стано-
вив 15, 35 і 80 мкм. Збільшення розміру частинок і їх концентрації призводить до збільшення тепло-

провідності рідини. Замість контакту нанорідин і металевих компонентів змінюється електричний по-
тенціал і напруженість електричного поля нанорідин, що також описано тут. Коли температура 

нанорідини піднімається вище 100 °C, вона може стати електролітом. Використання нанорідин для 
змащення гальмівної системи лебідки знижує знос фрикційних вузлів на ~ 20 % і збільшує гальмів-

ний момент приблизно на 13 %. 
 

Ключові слова: Двигун внутрішнього згоряння, Пристрій гальмування, Нанорідина, Наночастинки 

в полімерній оболонці, Потенціали: температурний, електричний та хімічний. 
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