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Abstract. The energy of elementary grain arrangements ingraetular system is analyzed
within the Mean Field Approximation. For an enseenbf vibrating grain it is calculated
how the mean free energy of a grain depends @uitace curvature and porosity.

Introduction

Granular materials have a lot of unusual physicaperties particulary under
the influence of humidity. It is known that many chanical properties of
a granulate change if some liquid is added [1F8}. example, even small amount
of interstitial liquid adds an attractive force ttee system and then, increase its
stability. It is calculated that amount of wettiliguid in granular systems has an
influence on capillary energy. In this article stdetermined the relation between
free energy and the curvature and porosity of gsanface and suppligtieenergy
gain by the system due to vibration process.

To energy of elementary grain arrangements is ardlyn the framework of
so-called Mean-Field Approximation (MFA) which iskand of approximation
frequently applied to many-body systems with intdoas. The main idea of MFA
is to replace all interactions to any one body wéth average or effective
interaction of the system which is interacted eaatticle.

1. Formulation of the problem

Within the MFA approach to energy of granular ensienfluctuations of physi-
cal quantities are neglected with regard to locatib a system node. In case of
non-spherical grains it is examined how surfacepshand its porosity of a grain
affect an energgf capillary adhesion. Results of MFA analysis egy interesting
because they allow ones to search relationshipdetwhe vibration of grains and
capilary adhesion. In detail it is looked into aeaf grains on the square lattice.
According to the discussion in [3, 4] it has beasusned that a grain, which is
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located in a lattice point, is allowed to take wbtpossible orientations. For sim-
plicity it is possible mutual arrangements of gsadme labelled as:

Teeo 1ie ()26

Fig. 1 Three possible energetically different agements of non-spherical grains in
granular system.

Capillary bonds in configurations presented in Fégli correspond to energies:
£,=&+A and g =£,+0, where quantitiesd, A characterize the energy level
spacing. As a level of energy reference it is ditabd the quantity:
E,=2¢,+¢&,+£5 =45,+0+A . Using symmetry operations, from a set of 32 pos-
sible arrangements of 5 grains on the square datitidgs received a set of 9 differ-
ent elementary configurations which transform ititemselves at change of orien-
tations of single grains. These configurations@esented in Table 1 where each
configurations is graphically presented with copesling energy and statistical
weight factors of Gibbs distribution.

There are three triplet energy levels which comespto grain assemblage
which: {E,,E,.E,}, {E,.Es, B4}, {Es.E,.Eo}. Using quantitie:E,, A and J these
energies take the following formulas:

E=E=E=FK-4
E=E=K=FK, (1)
Es=E =K =E+A

The partition function of the system under consitien has the following
form:

Z=> expl-E /T,] =exp[-A&] 1+ 2cosHB3)|[1+ 2cosH AA)] 2)

{E}

whereT, is grain temperature a =1/T,.
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Table 1.
Grain configurations for square lattice, po= exp [-Eo/Tgl, pa=exp [A/T],
Ps = expp/Tyl
arrangement energy statistical weight factor

E,=Fy-A-9 Po Pa Ps

E,=Ey-A Po Pa

Es=Ey-9o Po Ps

E,=Ey-A+0 Po Pa

Es = Ep Po

Es=Ey+A-0 Po Ps
Pa

E;=E+A Po

Eg=Ey+9 Py

Ey=Ey +A+d Po
Pa Ps

=l ] (= = O o
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Considering the previous expression it is obtaitnedrelation between free en-
ergy of the grain system and value of grain termpeeaand energy of all micro-
scopic realizations of capillary bridges. Free ggem the nodeF =-T;InZ is

given by
F =E, =T, (In[l+2coshQ/T,)] +In[1+2cosh@/T,)]) 3

In [3] it is shown that in asperity regime — vemyal amount of the liquid —
capillary energy dependence on minimum ra(R19f local grain curvature in the
area of real contact of two non-spherical graind an an average height rough-

ness h of surfaceis given by \/ﬁ For non-spherical grains difference
£~ =0= 5(\/ﬁ) is very small. However it can cause various pesfees mu-
tual arrangements of contacted grains. Assumirigguation (3) only terms up to
fourth order ir O it is obtained an formula for free energy of omede:

F= FO—T—Q(JIT )2+E(5/T )¢ (4)
3 9 36 9

Free energy4) is presented in Figure 2.

Fig. 2. lllustration relation between free energg guantity which is characterized fluc-
tuations of curvature and porosity of grain surig:and delivered energy to the system
in vibration processTg)

The Equation (4) does not contain a direct conoadbetween local radius of
the curvature of grain and vibration amplitude atsdfrequency, howeveF is
expressed b'd and T,, and these parameters dependent on grain’s suafate
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frequency of vibration. Figure 2 illustrates infhee fluctuations of radius of grain
curvature on free energy of the system. For snalesT,, which correspond to

low frequency and small vibration amplitudes ishis a range of valued whe-
reas fluctuations of grain curvature lower the eystenergy. This effect is not
presented for largT, .

Conclusions

Computation of energy corresponding to differerdigrarrangements is time
and memory consuming even for small systems. Thaoneresources and com-
putational time can be significantly lowered if ti&A is applied. However within
MFA the only qualitative picture of the energy swoé can be constructed
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