Problems of Tribology, V. 25, No 1/95-2020, 63-68

Website: http://tribology.khnu.km.ua/index.php/ProbTrib
E-mail: tribosenator@gmail.com

/P-.I.\ Problems of Tribology

DOI: https://doi.org/10.31891/2079-1372-2020-95-1-63-68

Quantum-mechanical approaches in evaluating the contact interaction of
tribosystems
Yu. Zaspa', A. Dykha'

'Khmelnitskyi National University, Ukraine
*E-mail: tribosenator @ gmail.com

Abstract

The physical mechanisms of the formation and transformation of corpuscular-vortex-wave thermal
complexes in contact tribosystems based on the quantum-mechanical exchange interaction in ensembles of
identical quasiparticles are considered. The presence of contact discontinuity of two thermostats with different
signs of absolute temperature determines the generation of pairs of quasiparticle perturbations stabilized along
the wavelength in cooperation with photons of stimulated thermal radiation, and also in frequency in interaction
with phonons. Internal instability and collapse processes in such a system of perturbations lead to the formation
of defects in the material of the tribocouple and are the cause of emergency friction conditions. Specific
technical examples of thermal complex generation during fretting, sliding and rolling friction, and cutting are
given. A corpuscular-vortex-wave mechanism of selective transfer and hydrogen wear in tribosystems is
proposed.

Key words: contact tribodynamics, corpuscular-eddy-wave thermocomplex, exchange interaction,
collapse.

Introduction

The dynamic contact of deformable solids is a source of a wide range of disturbances leading to
catastrophic consequences. [1-4]. The presence of contact discontinuities in the regimes of dry and boundary
friction, the temporal and spatial discreteness of contacting limit the possibilities of the methods of continuum
mechanics and classical field theory in describing such modes. In this case, it is advisable to use ideas and
methods developed in quantum field theory, as well as in the theory of turbulence [5-7]. Introduction

One of the most effective methods of this type is the description of disturbances in the form of a quantum
ensemble of quasiparticles participating in a specific exchange interaction, which is absent in classical mechanics
[5, 6]. Introduction

This interaction, which occurs against the background of ordinary processes of an electromagnetic nature,
determines the catastrophic modes of contact-induced flutter and buffet. The indicated modes are also
characteristic of hydro and aerodynamic systems under conditions of flow continuity rupture. At the same time, a
useful effect associated with the exchange interaction is the well-known effect of wearlessness (selective
transfer) [8, 9], the theory of which needs to be substantially refined.

Here, the hydrogen depreciation is a controversial mode [8, 9], which has been described up to now
without taking into account the exchange interaction and vortex-wave transfer in tribosystems. The specificity of
contact friction also manifests itself in sharp temperature gradients, which leads to the formation of corpuscular-
vortex-wave thermal complexes [10] participating in the exchange interaction. Cooperative processes in the
system of such thermal complexes are essentially the main source of contact-induced disturbances. The objective
of this work is the formation of a physical model of contact generation of disturbances in tribosystems, taking
into account the exchange interaction and collapse of the particle-vortex-thermal complexes.

Estimated ratios
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Consider contact-induced disturbances in a tribosystem in the form of an ensemble of quasiparticles with
the following characteristics:

E=+pv, p=hk, (1.2)

where E, f),ﬁ,k are the accordingly, the energy, momentum, velocity, and wave vector of perturbations, h -
Planck's constant. Substituting (2) in (1), we obtain:

E=+hkv =ho, o==+kv, (3.4)

where @ is cyclic disturbance frequency. In this case, the group speed of the latter is defined as:

V = ="e =%V (5)

p=mV =hk 6)

As a result, equivalent relations for energy follow from (1-6):

E = ho = +m(5) =i%(l?)2 )

The signs * in all the above expressions correspond to two possible directions of time. Of these two possibilities,
the first (plus sign) is usually selected, which corresponds to the positivity of the absolute temperature 7 and the
non-negative increase in entropy AS [6]:

T)0, AS>0. 8,9)
Here we take into account the second possibility (minus sign in (1-7)):
T)0, AS<0. (10,11)

The possibility of negative absolute temperatures in the system of quasiparticles was allowed earlier [6].
In this case, when two thermostats contact with different signs of absolute temperature, heat was transferred
towards positive temperatures [6]. Here, conditions (10, 11) are not only admissible, but necessary and equal
with (8, 9). It is as a result of the contact of two thermostats with different signs of absolute temperature that the

disturbances are amplified. In this context, we introduce a pair of perturbations with total energy AE (taking
into account the signs in (1)):

E=pv-p"V' (12)

where the dashes denote disturbances that develop in time opposite to the unshaded ones. The module of the total
energy of pairs is limited from below by the basic principle of quantum mechanics - the principle of uncertainty:

|AE| 2 1/|Ad], (13)

where At is the finite time of the action of the disturbances forming the pair. On the other hand, due to the same

principle of uncertainty, energy AE can be considered as the energy of self-perturbation, and relation (12) as a
condition of the energy balance in the triad of perturbations. To it should be added the law of conservation of
momentum in such a triad:

p=p—-p, Nk=k—k'. (14, 15)
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Here we can mention the widespread use of expressions of the form (14-15) in the calculations of
nonlinear energy and momentum transfer by triads of wave disturbances in theories of quasi two-dimensional
turbulence [7]. The most famous result of these calculations is the inverse energy cascade (towards large spatial
scales), opposite the direct cascade of ordinary three-dimensional turbulence [7].

Referring the triples of perturbations of the form (12-15) to bosons, we use the Bose-Einstein statistics
here, taking into account the possibility of exchange interaction in the perturbation ensemble:

<nE>= il ; (16)
gl

where (nf) is the average number of quasiparticles in a quantum state with energy E . k is the Boltzmann

constant.
In view of the variable number of perturbations, the chemical potential in (16) is set equal to zero [S, 6].
The possibility of different signs of absolute temperature (corresponding to signs of energy) in the exponent in

(16) ensures the positiveness of the average fill numbers (n,_) in all cases.

As applied to tribodynamics, we note that the perturbation energies £ lie in the acoustic range, while the
average thermal energy k7" is many orders of magnitude higher. Expanding the exponent in (16) in a row and
discarding the small terms, we obtain a simpler relation for the average fill numbers:

(nﬁ)..!‘EI. (E)=E-{(n,) kT (17, 18)

Here (E ) is the average energy of the entire ensemble of identical quasiparticles in a certain quantum

state. The approximate equality of this energy to the average thermal energy determines the possibility of
efficient energy exchange between the perturbation ensemble and the thermostat, As will be shown below, this
exchange is carried out using photons of stimulated thermal radiation, In view of the above remark, the
conditions are met:

E(KT . (n, )1, (19, 20)

which determines the high efficiency of the exchange interaction in this system of perturbations.

For bosons, as is known [5, 6). it has the character of attraction, which, as will be shown in real examples,
can significantly exceed the repulsive contact forces of electromagnetic ongin.

The potential for exchange interaction can be revealed only under conditions of coherence, which is
ensurced by stabilization along the wavelength of disturbances (in cooperation with photons of stimulated thermal
radiation), and also by frequency in interaction with phonons, Both obey statistics (16) and have basic
relationships similar to (1-2). The functioning of tribosystems in the mode of a coherent generator of acoustic
radiation (phaser) was considered in general terms carlier [11]). Here, significant refinements should be made to
the physical mechanisms of such processes of generation of perturbations. First of all, with respect to the
nonequilibrium medium itself, as well as the structure of the composite resonator.

Statistics (16) describes the equilibrium states of an ensemble of quantum objects, The unusual situation
in this case is that in the presence of two (rather than one) thermostats with different signs of absolute
temperature, forced amplification of pairs of perturbations of the form (12) is possible even with the equilibrium
distribution of quasiparticles in cach subsystem separately, The role of the negative temperature, so familiar in
creating an inverse population in quantum electronics systems [S], is assigned here to the aforementioned
temperature difference between the two thermostats,

Simultancous stabilization in both wavelength and frequency determines the multilevel structure of the
resonator of the contact perturbation generator, The main role here is assigned to the mesoscopic spherical
resonator, which is formed as a part of the corpuscular-eddy-wave thermal complexes. The radius of such a
resonator 1s determined based on the relation [10]:

i 2n h b ch
A=2Nr=—m—=—=—=—_ 21
mV T 4965RT
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Here X,k ,V is the wavelength, wave number and modulus of the velocity of quasiparticles, b is the

Wien constant, is the speed of light in vacuum, /s =2n# is Planck's constant, 4.965 is the root of the
transcendental equation for finding the Wien constant [6].

Relation (21) reflects the stabilization of the wavelength of the thermal complex (and, accordingly, the
radius of the resonator) over the extremum in the spectrum of equilibrium thermal radiation corresponding to the
temperature. Combining the above expressions, we obtain additional relations for the cyclic frequency and
velocity of the particle-vortex-wave thermal complexes:

o — 4 (4965RT)

_ 4,965RT
hmc? '

Vv
—= (22,23)
C mc

These expressions describe the right (high-frequency) part of the triad of perturbations (12). The low-
frequency part of these triads with energy AE competes with two high-frequency components in view of the
sharp increase in the role of stimulated thermal radiation with respect to spontaneous with increasing wavelength
[5, 6]. This causes the formation of low-frequency clusters of contact-induced disturbances in the infrasonic part
of the acoustic spectrum. The macroscopic resonator of the contact perturbation generator is formed by the
whole complex of feedbacks in the tribosystem [11]. Here, both high-frequency stabilization on the natural forms
of vibrations of the elements of the tribosystem is possible, and low-frequency stabilization on the angular forms
of rotating parts and weakened forms of vibration of the drive.

Collapse of the particle-vortex-wave thermal complexes

In addition to the pseudo-equilibrium perturbation generation scheme considered above, another scheme
is also possible - with collapse energy pumping. It is she who underlies emergency and catastrophic regimes.
Propagating in the material of contact and contact layers, the above-mentioned particle-vortex-wave thermal
complexes can attach to themselves a material mass M enclosed in the volume of a spherical resonator and
determined by the ratio:

Mv?[2=kT. (24)

In this case, from the above expressions, there follows a restriction on the density of the attached
substance (for the high-frequency component of perturbations):

p= 59’538 (umkTy . (25)
ch

Owing to contact discontinuity, the effective density of the attached substance can dynamically vary and
automatically adjust to condition (25). From (1-25) it also follows:

Mc? _ 2 mc __ 2 ¢
mc® (4,965 kT~ 4965v

(26)

In the case of the addition of all energy Mcz))E (or a significant part of it eMc? ) in (16), the average

filling numbers are zeroed and the thermocomplex collapses (breaks down). The correlated destruction of many
thermocomplexes leads to colossal, by tribological standards, energy release.
For example, a micron-sized spherical resonator with attached condensed matter of ordinary densities

contains an energy of Mc>)10° J.

At that time, according to the estimates of [1], only ~ 1077 is needed for plastic deformation of a
substance volume with a side of ~ 0.1 mm. Even an insignificant value of the attachment coefficient 8((1 can

provide negative friction effects (at local stages of time) during the most normal functioning of tribosystems,
which has no rational explanation in the framework of generally accepted approaches [11-13].

Conclusion
The physical mechanisms of the formation and transformation of corpuscular-eddy-wave thermal

complexes in contact tribosystems are considered. The presence of contact rupture of two thermostats with
different signs of absolute temperature determines the generation of pairs of quasiparticle disturbances. Internal
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instability and collapse processes in such a system of perturbations lead to defect formation in the material of the
tribocouple and underlie emergency friction conditions.

Refrences

1. Cupunenox A.M., Mpmuxkun H.K., KanmeikoBa T.®., Xomommno O.B. AxycTuueckue u
aNeKTpuueckue MeTo il B TpuboTexHuke / [Tox pen. B.A. Benoro — MHu.: Hayka u TexHuka. - 1987

2. Akay A. Acoustics of friction // J. Acoust. Soc. Am. — 2002 (111), Ned, 1525-1548.

3. Cepruenxo B.IL., Byxapos C.H., Kynpees A.B. BuOpanus 1 myM B TOPMO3HBIX CHCTEMaX MOOMIIBHBIX
MmamuH. Yacts 1. DkcrepuMeHTanbHbBle METOJIBI HccienoBanus (003o0p) // Tpenue u usHoc. — 2008 (29), Ne3,
306-314.

4. Cepruenko B.II., Byxapos C.H. BuOparus u myMm B TOPMO3HBIX CHCTEMax MOOWJIBHBIX MallvH. YacTh
2. TeopeTmueckue MeTob! uccnenoanus // Tpenue u mHoc. — 2009 (30), Ne3, 296-310.

5. @muka mukpomupa. Manenskas surmkionenvs / [ox pen. JI.B. Ilupkosa. — M.: Cos. 3Hi1. — 1980.

6. Jlanmay JI.I., JIudpuruiy E.M. Cratuctrueckas ¢pusuka. — M.: Hayka. — 1975.

7. Hauwmior C.J., 'ypapuii [I. KBazunsymepHas TypOyneHnTHOCTS / YOH. — 2000 (170), Ne9, 922-968.

8. CnpaBounnk no Tpuborexuuke. B 3-x T. T. 1. Teoperuueckue ocHoBel / [Tox pex. M. Xebasr 1 AB.
YraunHaze. — M.: MamunHocTpoenue. — 1989.

9. T'apkynos JI.H. Tpubotexnuka. — M.: Mamunoctpoenue. — 1989.

10. Zaspa Yu.P. Corposcular-vortex-wave thermocomplexes (triones) in heterogenic systems: technical,
cosmic, pseudoelementary, biological // Herald of Khmelnytskyi nat. univ. — 2019 (275), Ne4, 227-241.

11. 3acna }O. I1. KorepentHas Tpubonnnamuka // Tpenue u n3Hoc. — 2012 (33), Neb, 656-674.

12.3acna }O.I1. BHyTpeHHHUI CHHTE3 JBMXKEHUI M JUHAMUUYECKUE XapaKTEPUCTHKU BHEUIHEro TpeHus //
Tpenue nznoc. — 2011 (32), Ne3, 233-247.

13. 3acna 1O.I1. ABTOBOJIHOBOE TPEHHE U HEPABHOBECHAS THHAMHUYECKASI CAMOPETYJIAIHS TPUOOCHUCTEMBI
// Tpenune u n3noc. — 2012 (33), Ne5, 537-549.



68 Problems of Tribology

3acna 0., /Inxa O. KBaHToBO-MeXaHiuHi MiIX0IM B OIHHI KOHTAaKTHOI B3a€MOJIi1 TpubocHucTeM

PosrnsHyTi ¢i3muHi MexaHi3MHM YTBOpEHHs 1 TpaHcdopMalli KOpPIMyCKYJISPHO-BiXPEXBUIbOBHX
TEPMOKOMILICKCIB B KOHTAKTHHUX TPHOOCHCTEMaX, 3aCHOBaHI Ha KBAHTOBO-MEXaHiuHili OOMiHHIN B3aeMoJii B
aHcaMOJIAX TOTOXHMX KBa3idacTouok. HasBHICTH KOHTaKTHOTO PO3PUBY JBOX TEPMOCTATiB 3 Pi3HUMH 3HAKAMU
abCOMIOTHOI TeMIlepaTypy BU3HAYa€ TEHEpaIlilo map KBa3ivacTOYOK 30ypeHs, CTa0i1i30BaHUX MO JTOBXKHUHI XBHII
B Kooreparii 3 (OTOHAMHM BHMYILIEHOIO TEIJIOBOTO BHIIPOMIHIOBAHHS], a TaKOX 3a YacTOTOK y B3a€MOJii 3
¢oHoHamu. BHYTpIilIHA HECTiHKICTh M KOJATCHI MpOllecH B Takiil cucTeMi 30ypeHb BEAYTh JI0 JNedeKTy
YTBOPEHHS B MaTepiai TpUOOTapH i JIexaTh B OCHOBI aBapilHHUX PeKUMiB TepTs. HaBeneHi KOHKpETHI TeXHiuHi
TIPUKJIAN TeHEeparlii KOPICKYJIAPHO-XBWIBOBUX TEPMOKOMIUIEKCIB MPH (pPETHH31, TEpTi KOB3aHHI i KOUEHH,
pi3aHHi. 3anporOHOBaHUI KOPIYCKYJIIPHO-XBWIBOBMM MEXaHi3M BHUOIPKOBOTO TEPEHOCY 1 BOJHEBOTO
3HOLIYBAHHS B TPUOO CHCTEMaX.

KiouoBi cioBa: koHTakTHa TpUOOAMHAMiKA, KOPIYCKYJSIPHO-BUXPEXBWIBOBUH TEPMOJIOMILIEKC,
0OMiHHA B3a€MO/Iisl, KOJIATC.MHHI PEIITKU



