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1. Introduction

Inn the classical continuum mechanics, the stress states are described by means
of a symmetric stress tensor. Since the classical continuum model 1s not sufficient
for the description of behavior of certain materials e.g., granular materials, fluid
suspensions, liquid crystals, etc., the continuum model with microstructure has
been introduced [1}].

Eringen and Suhubi [2] introduced micropolar continuum and micropelar fluid
models respectively, characterized by the couple stress and a nonsymmetric stress
tensor. This theory comprises two independent kinematic quantities: the velocity
vector v; and the spin or microrotation vector v;.

Micropolar fluids can, among other applications, be used in describing the
behavior of motion of suspensions as a mixture of two phases {3], {4], [5], [6] and
[7]. The basic phase of the suspension is a fluid, wheras the dispersive phase are
solid particles.

By the application of the basic equation of motion of the micropolar theory to
the case of motion of the suspension between two parallel infinite plates, two effects
of this flow are shown.

2. The balance equation

Let us consider an isotropic mixture consisting of @ = 1,2,... ,n, of chemically
nonreactive constituents. We shall use the following balance equations:

a) The balance of mass of the a-th constituent and the mixture as a
whole
2.1 h(a) v =1
(2.1) 1t TPV Ve =0,
dp
(2:2) E-{—pV-v-—O.
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where pegy, Vo) and v are the mass density and velocity of the a-th constituent
and the mixture as a whole, and where

n n

(23" p= Z Pla): pu = }_J Pla)V(a) -
=l a=1

Lel us introduce the flux of the diffused mass of the a-th constituent:

{2'4) J(rx) = ro(o)(v(a) = 7’) = PlayU(a),

where u(,y 15 the diffusion rate of the a-the constituent. If the concentration of
mass of the a-the constituent is

then, by applying (2.1), it is possible to establish the relationship between the
concentration of niass and the flux of the diffused mass of the a-th constituent

dey .
2.6 pesh) -~V Jn.

b) The balance of momentum of the mixture

dv
9 7 — =V.t4,f.
(2.7) pdf +pf

where ¢ and f are the nonsymmetric stress tensor and the body force.

¢) The balance of moment of momentum

: d
(2.8) pId—t:th—i—V-m,

where v is the microrotation vector, and m is the couple stress tensor, respectively.

d) The balance of the internal energy of the mixture

du , i
(2.9) p =t:Vo—(txDu+m: Vv -V.q+ Y fia) Ja),
i a=]

where u is the specific internal energy, and g is the heat flux vector.

In the case of the mixture, the entropy is a function of the specific internal
energy u, the specific volume V (V = 1/p) and the concentration c, i.e.,

(2.10) n=n(u,Vc).
Now, the phenomenological equation can be derived in the following form [3]:

(2.11) pD(Vep + kpVp) = Jp + arasd, x (v — Q)+

+ (1](13(\7 X U:J -+ 01(14[(v x D‘} X (I/ - SZ)J
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where D is the diffusion coefficient of the disperse phase, k, = a17/(pD) and
1= %V x v, whereas a,, ap, az and a4 are the scalars which characterize the
isotropic features of the medium

3. The motion of the suspension between two parallel plates

In the case of incompressible suspensions, without body forces, couples and
temperature influences, the balance equations can be written in the following forms:

(3.1) Uf.f picd 0,
dv;
2 . S
(3/2) o2 =,
d Jrl/,'
(3-3) P (dl ) = mij; + €ijklkj
dcp B .

where the nonsymmetric stress tensor and the couple stress tensor are:

(3.5) ter = (=7 4+ Ave )0kt + p(vis + vix) + k(vie — €xrve)
(3.6) mey = ave 0k + Bur g + Y0k,

where k, a, 3, and v are the viscosity coeflicients of the micropolar continuum.

Let us consider the case of the stationary motion of the suspension between
two infinite parallel plates at the distance of 2b.

44

Fig. 1

The axis Oz overlaps the middle line. Oy axis is perpendicular to the plates,
while Oz axis is perpendicular to the plates of the flow (Fig. 1). For the given coor-
dinate system (Fig. 1) the components of the velocity, the velocity of microrotation,
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and the flux of the diffused mass of the dispersed phase (particles) are:

iy = o = 1y i = (y),
(3.7) ve = vy =0, v: = v(y),
J;’:Jf:ﬂ, J.f: P(I)

With the assumptions introduced, the balance of mass is identically satisfied,
while the equations (3.2), (3.3), by using (3.5), (3.6) and (2. 11), become:

dp dp dp

(3.8) b—; e = 0, B const.,

(5.9) E =t D+ ru g,

(3.10) %:%%HQU,

(3.11) pD%c; - (—alangL g —ala4-g—:)(u—§2).

Assuming that the fluid adheres to the plates, the boundary conditions for the
velocity and the microrotation velocity are:

(3.12) p=l, w=1 for y= 4b.

and the solutions of the equations (3.9) and (3.10) are:

v 2k 1 ch )+ ch\b*
2 - = 1 — *\2 _ T
d3) YT S oy S T
vh sh Ab*
T ) - - — b! .. B
(3-1<) Y Up sh A
where

1., dp y 2+ k k)2
e T > ==, A=kb k= —

Fig. 2 shows a velocity graph for different values of (k/u) (at A = 1).
demonstrates that the velocity distribution is different from the classical case.

Fig. 3 is a graph of the microrotation velocity v* = vb/v, for different values
of A.
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In order to exannne the concentration during the motion of suspension, we
shall use the relationship (3.11) written in the dimensionless form:

(3.16) j;’: (A Bju.)(u' = %),

where

(3.17) A= éaﬂlz(% %(d—p—) ,
B=ggne 4,01311 j_P) ’
= i;z: == 7 j— k Silh/\i-

and where A and B are the diffusion coefficients.

Fig. 4 represents a graph of the functions v*(y*) and Q*(y*) for A = 5 and
ki =1.

From equation (3.16) it can be seen that the diffusion coefficient influences the
concentration distribution.

1) Let B = 0. Since A is a positive value, and (v* —Q*) < 0 (Fig. 4), it follows
from (3.16) that dc,/dy” < 0 with y* > 0. On the axis of symmetry, v* = Q* = 0,
and dep/dy" = 0. When approaching the plates, the difference v* — Q* increases
in the absolute value, which means that the dispersive phase concentration (the
particles) decreases, on that position.

2) Let A = 0. Since B is a positive value, it gives

dep dv*

= "‘B L - )
dy* dy" (v i
It is obvious that:
d dv*
—C->0 ab D<€y €9 U>0, v=-0"<0],
dy* dy*
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dv”
for y*' =y, —= — =0,
dy*
d("I’ » » dU‘ * -
=< b @l gy <1, L0 =0 <0],
dy* dy®
‘i‘»’ - - | - 3 - w d‘/.
r?yl‘ =0 at y*'=0 (»=Q"=0), or y = 1 (dy‘ = 0) :

In this case, the dispersive phase concentration increases in the vicinity of the
axial plane.

4. Conclusion

In this paper, the micropolar continuum theory has been applied, in which
a nonsyminetric stress tensor has been used for describing the stress states. The
theory has been applied to the case of the motion of suspension between two parallel
plates. The analysis of the results obtained shows that the suspension concentration
distribution of the dispersive phase depends upon the diffusion coefficient. It can be
concluded that the suspension separates into the solid and the liquid phase. Namely,
it has been demonstrated that during the motion of the suspension the following
two effects are present: an accumulation of the dispersive phase (the particles)
around the axial plane, and a decrease of the dispersive phase concentration in the
vicinity of the parallel plates.
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ABUKREHUE CYCIIEH3UH
C HECUMMETPUYHBIM TEH30POM HANPAKEHUA

B pabore npumennerca Teopua MUKPONOJIAPHOTO KOHTHHYYMA, B KOTOpOii
AIA OTIMCANINA HANPaXKCHIIOTO COCTOANMA 0J1b3YeTCA HeCUMMET PUYHBINA TEH30p
HANDAKEHUA, DTa TEOPUA IIPUMEHSICTCA B Cydae ABMKEHUA CyCIEH3UU MEXIy
ABYMA Tapajifie]lbHUMU TUIOCKOCTAMU.  ANanM3 MoNy4deHHLIX pelynbTaToB



. . . . | =
On the motion of suspensions with nonsymmetric stress tensor ol

MOKa3blBaeT, YTO paclpedesiciie KoHlUeHTpalunu TBEPAOH ¢a3bl CyCNEH3UMN 3a-
BUCUT oT Koadpduumenra quddyzmn. Moxaio caenaTs 3akiapdende, 4YTo Ipu
CYCIMEH3UH NPOUCXOJIMT paccioenne Ha TBEpAYIO W kuakyw ¢assl. Ilokasano,
UTO NPU ABMKCHMM CYCIEH3UUHU cylllecTBYIOT aABa addexra: HarpoMexrlenue
TBépaoit da3nl (UacTuibl) BOIAWIU 0CeBOM MJIOCKOCTU M yMEHblIeHUE KOHUEeH-
Tpaumu TBEpJoH da3pl BONU3M H1apanienblblX TNIOCKOCTEN.

O KRETANJU SUSPENZIJA SA NESIMETRICNIM TENZOROM NAPONA

U radu je primenjena teorija mikropolarnog kontinuuma kod koje se za opi-
sivanje naponskog stanja koristi nesimetriéni tenzor napona. Ta teorija je prime-
njena u slu¢aju kretanja suspenzije izmedu dve paralelne ravni. Analiza dobijenih
rezultata pokazuje da raspodela koncentracije disperzne faze suspenzije zavisi od
koeficijenta difuzije. Moze se zakljuéiti da kod suspenzije dolazi do raslojavanja
na &vrstu i teénu fazu. Naime, pokazano je da pri kretanju suspenzije postoje dva
efekta: nagomilavanje disperzne faze u okolini osne ravni i smanjenje koncentracije
disperzne faze u okolim paralelnih ravni.
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