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ABSTRACT

The concept of elastic collisions plays an important role in physics, as
collisions often haveto deal with physical experiment inthefield of atomic
phenomena. The interaction of particles may be a variety of processes.
The process of collision isto change the properties of the particles as a
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result of interaction. In this paper present the kinetics equations for triple
collision of molecules and the results for triple molecular before and after

collisons. © 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Basic state of gases determined by interaction of
mol ecul es each other and with the boundaries of the
solid or liquid bodies. The concept of dastic collisons
playsanimportant rolein physics, as collisions often
haveto deal with physical experiment inthefield of
atomic phenomena. Theinteraction of particlesmay be
avariety of processes. The processof collisionisto
changethe propertiesof theparticlesasaresult of in-
teraction*?. Conservation lawsprovidean easy way
to set theratio between thevarious physica quantities
inthecollision of particles. In thispaper we consider
theinteraction of moleculeswith potentid for pair and
tripledastic collisonsof particles.

KINETIC EQUATIONSFORTRIPLECOLLI-
SIONSOFMOLECULES

Gas propertieswith noticeableinfluence of triple

collisonswill differ fromtheusud propertiesduetothe
collision of the particles each other and with the solid
surfece,

In accordance to Gibbsformalism one considers
not asingle system, but the ensemble of themin 6N
dimensiona, G-space, with system’s distributed ac-
cording to the N-particle distribution function

f (6T, %, Yy ) = fy of whichthesense
isthat of aprobability for asystem to beinthetime

momenttatthepoint I, T,,...,Iy,V}, Vs, ..., Vy invi-
cinity of dr,...,dr,dv,,...,dV, . Wehave
dw = f dr..dr, dv,...dv,

Such an ensemble is described by the famous
Liouvilleequation:®

of, & o, SLF o,
a2y Z;,El‘, mav 0 Fi=VU,.

And beginningwiththat moment theLiouvilleequa
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tionand d|l other kinetic equationsfollowing fromthe
Bogoljubov schain, includingthelast link—Boltzmann
equati on-possessthe probabilistic nature. Andin spite
of thefact that Liouvilleequationissimpler than sys-
tem dynamical systemequation, it takesinto consid-
eration the N-particle collisions of moleculesand also
remainsto be extremely complicated for apractical
andyss.

Thetrangitiontoalessdetailedleve of description
isconnected with thefurther coarsening of system’sde-
scription with the help of s-particledistribution func-

tions f, = j f,dr,,...dr,dv_,,...dv,, whichdeterminethe

probability of thesmultaneousrevel ation of sparticles
independently of the state of theremaining (N-s) par-
ticles. Following theideas of Bogoljubov oneobtains
thechain of interconnected equations:

af : N IJ I]
- L. (N- f_,dr_dv,
ot +;v' ari ;; m av g S J. s+l rs+1 s+l
For pair molecular collison, |tcanwr|te
% : 2 ] 2 _ N 2 0 ”f dr. dv
ot ; ar, Z;‘,Z;‘mav 2—1: )a\/,I 2120l 0V5,y
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Now let’sseekinetic equation with takinginto ac-
count triplecollision of molecules. Thegtatistical inde-
pendenceof particlesbeforecollision, solution of equa
tionig4

fo(t 11,75, T5) = it Tho) fi (b1 T20) fi (o1 Tap) -
wheret =t (t,t, 1, T, T,) — coordinate and im-
pul sevd ueswhl ch partl cI esat themoment t, for thet at
thetimet get into given pointst,, 1, 7, of the phase
Space.

Now, let’smovefromf, tof=Nf , andfind kinetic
equationintheform of

of

E+§Vf S, f+S,f,

ok, 6

i) =[—2 e (S A n)d, i

tegra for parcolllsons

ii{Rizsf (t, Tl) f(t, ‘52) f(t, 73)} dT d’r

&, f (8, rl)——

Integrd fortripl ecol lison

here S, and R ,, — some operators. Let’s consider a
few of collision processestaking into account integral .
First of al, theoperator R ,, iszero, if at |east one of
theparticlesdoesnot interact withtheothers. The pro-
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Figurel: Thebasictrajectoriesof triplecollisionsof moleculeg*®
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cessR . # Oisnot only thetriple collisions, but also
combination of severa pair of molecules. We consider
severd typesof collisions (Figure 1a,b,c).
Let’sseethedistribution function by modeling the
triple collisionsof themolecules. Thetotal number of
particles N = 9x10° in vessal. Figures 2-3 show the
distribution of thevel ocity of themoleculesbeforeand
after collisions. Fromthegraphs, it isclear that the ve-
locity distribution of themoleculesbeforeand after col-
lisonisthesame. Elagtic collisonisdefined ascollison
inwhichthereisno exchangebetween thetrandationa
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Figure?2: Velocity distribution function beforecollisions
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Figure3: Velocity distribution function after collisons
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andinternd energies.

Triplecollisionswill occur, after colliding aspair
molecular collisions. Although the Lennard-Jones po-
tential andisused in smulationsof liquid and solids,
srictly spesking, themolecular interaction at high den-
stiesisnolonger apair collision.

Generally speaking, a molecular level itisneces-
sary to consider interaction potentials, using electron-
nuclear representations. Empirical potential depen-
dencesreflect thefact, that attractiveforcesat large
distanceand repulsiveforcesat short distances. This
featureisreflected most smply with Lennard-Jones
potentiall¥. The sixth power isdecrease of potential
smulateée ectro-gatistica dipole-dipoleand dispersve
attraction. Thetwd fth-power repulsive potentia isde-
creased from reasons of mathematical convenience. At
thesametime, it model srigid enough reputation

oo-+f[#-(2)]

whenr =dthepotential isequal to zero. Thevaluee
characterizesthe depth of apotential hole of the one
electron volt. This feature is most simply reflects
Lennard-Jonespotential. 1t’sshown that thispotential
qualitatively can be described the behavior of aerody-
namicsresearch.

CONCLUSIONS

In condensed mediums, to consider thecollisions
of molecules, theenvironment affectson themolecules.
So, the solid argon contribution to the energy of the
triplecollisonscanreach 10 %9°. However, takinginto
acocount thetriplecollisonsof moleculescomputationdly
too expensiveto smulatein rarefied gas dynamics ap-
proach!™.

Thereported study was partialy supported by the
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