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DISCLINATION BEHAVIOUR IN THE FLOW OF NEMATIC
LIQUID CRYSTAL

KREKHOV A.P. AND CHUVYROV A.N.
Physices Deparitment, Bashkirian Research Center,
The USSR Academy of Sciences, Ufa, USSR

Abstract The problem of disclinations streamlin-
ing by the flow of nematic liquid crystal (NIC)
was invegtigated theoretically. Distributions of
the flow velocity for defects with different to-
pological indices were found numerically.

INTRODUCTION

The hydrodynamic motion of nematics for simple macro-
gcopical flow situations as well as for small deviati-
ons of the director about the completely oriented

1,2 However, the

stete have been studied well enough.
formation of NLC is nearly always accompanied by dig-
clinations (both linear and point) and the problem of
defect behaviour in the nematic flow is of great inte-

rest.

THEORETICAL RESULTS AND DISCUSSION

To gtudy this problem it is necessary to solve nemato-~
dynamics equations for the initial director field dis-
tribution with disclinstions. There are certain diffi-
culties here due to the fact that with defect motion
both the director n and the flow velocity ¥ are time
and coordinate funcgtions, so that the resulting sys-
tem of nonlinear differential equations for il and v
cannot be solved even for a case of one disclination
in the nematic flow, %to say nothing of defect pairs.

[687]/251
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Recently, the gauge fields (or vector potentials) have
been introduced to describe the hydrodynamics of disc-
linations in NLC within the small and large disclina-
tion dengity 1imits.3’4
transformations requires the construction of a new gy-
stem of nematodynamics equations and the relevance of
the latter needs further experimental verification.

Within the frame of Ericksen-lesgslie nematodyna-
mics theory1’2, the following approach is suggested in
this paper: if the velocity of NLC flow consgiderablly
exceeds that of the disc¢lination motion the defects
are meant to be fixed, so that at stationary flow we
have R=n(%Z), U=0(Z) . It is not difficult to calculate
the flow velocity and the director distributions for
different cases of disclination configurations.

The orientation of the director and the flow ve-

locity distribution are obtained generally from the
' 1,2

However, the use of gauge

system of nematodynamics equations
d ;= dit,_,= i -
Jqp(nxgp)=(mxh)—(nxR}, "
dui =S
?dt 8‘,} »
Here and further the comms denotes a partial deriva-
tive over the spacial coordinates (ggjaﬁqyﬁx;);l is
the inertia moment of director;ﬁ'ia the flow velocity:
and h is the molecular field making the director to
take an equalibrium orientation
h =< 3F ) _3F
t anl,j. ¥ 'a'(lt ?
where ¥ is the elastic free energy density of NIC in
the absence of extermal fields;?i is the dissipative

force and 2jj is the "viscous" tensor in NIC.
Consider a stationary plane flow of NLC at the
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velocity U » VU4isc 2long OX axis in the Cartesian coor-
dinates. The disclination line oriented slong 0Z axis
we shall teke as an initial (undisturbed by the flow)
director distribution, then we have n=tn(x\y),T =7 (%y).
Let us linearize the system (1) for a case of one -
constant approximation: fiy =CosU,ny=3nl ,2=1,U =Ug+Up
where U, is the initial director distribution satisfy-
ing to the equilibrium equation v®U,=0,Uy=Sarctq(y/x),
S is the topological index of disclination- ul is the
disturbance caused by the flow; U= U°+U1 s, Where Uo is
the flow velocity at the enough large distance from
disclination;fﬁ(ﬁo,o,o);ﬁ=(mx,ﬁw,o)is the correction to the
velocity associated with inhomogenety of director dis-
tribution. Besides, in real NIC Ju?<K (J~ 10~ "4g/cm,
K~1O"6 din) and the inertia moment of director may be
neglected. With dimensionless variables §=x/z°,1?=y/zo,7=5/n:,
where?2,K/fil;denotes the characteristic distance from
disclination axis where the director field is not yet
digsturbed by the flow, we shall have:

Uges ~Ug + Upy = UogVig + UoyVy

AuVe + A1 Vp =Qllyg +AaUgp + A5ty gg+aislly ey (R)

Qo Vg * azzvq =QosUy e+ azdh,q * azsul,sz"azsui,m?

Here aij are the functions of U, and its partial deri-
vatives over g and n . The system (2) was solved nu-
merically by the gimple iterative method. The symmet-
ry of the problem (Uis]g.050, Unglneo” =0 ) and the conditi-
onV— (1, 0,0) at &, p-—~too have been used. The distribu-
tiong of the flow velocity for streamlined disclina~
tions with different topological indices are shown in
Fig.1 (the maps are plotted according to calculations)
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FIGURE 1 The current line digtribution in
the vicinity of linear disclinations with
different topological indices (parallel view
to the disclination axis o ).
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It can be seen that the NLC flow properties depend
gstrongly on the sign of defect: the linear disclinati-
on with index S =+1 "repels" the flow (Fig.1a) whereas
disclination with S =-1 "attracts" the flow (Pig.1b).

Thus, our approach to the problem of disclination
behaviour in the NLC flow enables to obtain the stre-~
amline patterns of disclinations placed in the flow.
It should be noted that in the isotropic liquids the
fixed solids play the role of obstacles of the flow.
However, in the case anisotropic liquids, the singula-
rities of director field (defect cores) lead to the
absence of the flow within them, i.e., the defects
themgelves play the role of obstacles. Thus, due to
interaction of hydrodynamics flow with the order para-
meter field, a number of interesting phenomena can be
realized in the anisotropic liquids, which are absent
in the isotropic ones.4
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