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EFFECT OF SHEAR FLOWS ON CRITICAL FLUCTUATIONS 1IN
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(Submitted for publication September 28, 15976)

A shear flow distorts the equal time correlation
functions <|mk]2> for a fluid system with order pa-
rameter m, just above a critical point. We analyse
this effect here for the case where m is not a con-
served quantity : physical examples may be found
with the transition smectic C<¢+ smectic A or possi-
bly smectic A<> nematic. We find an important, ani-
sotropic,reduction of fluctuations of wave vector k
where k& ¥ ]| provided that st > 1 (where £ is the
correlation length and 1 the relaxation time of the:
uniform mode).

Critical fluctuations have low relaxation rates. Thus,
in liquid systems it may be possible to achieve velocity
gradients s which are comparable to these rates. Then, as
first suggested by Bergé!, the fluctuations may be signifi-
cantly reduced by shear. For instance near a demixtion
point the fluctuations of wave length 2m/k comparable ta
the correlation length ¢ show relaxation frequencies of
order?

= 3
1/8r kBT/6ﬂng

where T is the temperature, n the viscosity, and k is
Boltzman's constant. For n = 0.! poise and & = 1008 A
%— %-255ec_] at room temperature : shear rates of this ma-
r

gnitude are easily achieved in Couette flow.

We have attempted a simple analysis of these effects
as usual in dynamical critical phenomena3, the essential
feature is the existence (or absence) of a conservation law
for the order parameter m(y,t). For the most usual critical
points in a fluid phase (e.g. demixtion, or liquid gas,
transitions), / m dx is a constant of the motion. But some
more exotic transitions, such as smectic C to smectic A or
smectic A to nematic’, there is no conservation law. It
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turns out that the analysis is considerably simpler for
the latter case : this is the only one to be discussed in
this note.

Consider for instance an A«> C transition with smectic
layers fixed 1n orientation and parallel to the xy plane.
The order parameter has two components Wy and Yy describing
two modes of tilt for the molecules. Above the critical
point we assume that ¥ is ruled by a linear time dependent,
Landau Ginzburg equation. Consider for instance a simple
shear flow parallel to the layers

V. = 5z v =v_ =0
X y z 6
and write the equation motion for wy = m({,t) in the form
m . m 2 _
=t DV'm + p-vm = ¢ (0

Here T is the relaxation time of the uniform mode, and
D = EZ/T. The third term describes convection, and ¢ is a
random source, with correlations fixed by the usual rules’

Q0T t,)> = 2T X/ 8(5),)8(t ) 2)

where X is the susceptibility associated with m; both yx and
T diverge near T.. In our Van Hove approximation® x and t
have the same divergence. More generally, eqs(1,2) may be
retained for small wave vectors (k& < 1), even if the cri-
tical exponents of X and T are non classical. In the fol-
lowing we shall use eq(l) for all wave vectors: this is
essentially equivalent to a neglect of the small exponent

in both static and dynamic propertiesg. Note that eq(2) re-
mains valid in shear flow: because of the factor 6(t1—t2)
all convections of ¢ have no effect.

Introducing Green's function G(rltl r2,t2) for the opera-
tor acting on m %n eq(l) we may write

m(r t) = f_m dt, f dr. G(31)¢(3)

and for the equal time correlation function, after insertion

of eq(2), we get t

<m(r,t) m(r,t)> = 2k T X/ f_ dt fdry G(31)6(32) (3)

where (3) represents ({3’t ) and ty =ty = t. The function
Gxz O lrl 0) represents the spreading of a point source
from point 1. during the time 6, under the effects of dif-
fusion, capture (through the rate 1/T) and convection.
Translational invariance imposes the following structure
for G:

G (g0 rle) = Ke({l—{3-9¥({1))€—e/T =

4
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K.(p) is the spreading function for a particle starting for
tgeNorigin and moving through the distance p, with the spe-
cification that the velocity field vanishes at the origin.
It can be shown that Ke(p) is gaussian, and that it's mo-
ments obey the equations™

d I5 =9 ¢o2> = 2D
&9<F!> ad ?7
a . bl
Ia(fxf!>-s<rz>

d 2 = 2D + 5 0,0, >
d,g(r;) ¥ ffz

Solving for the moments, and going to the Fourier transform

Ke(k) we get )
£, (k) = - ba K (R)= DR + DR,k 6%+ § DR 262 »

Returning now to eq(3) we find (after some manipulation)
that all phase factors due to the terms like ev(r3) in eq
(4) drop out, and we get simply o

Q> = [dra <m(ytymLrat) >
20T R f:%e wp -2 f(RY+ 2]

(6)

n

Consider first a wave vector k normal to the flow lines
(k = 0) : then f, - Dk?6 and we recover the Ornstein-

Zernike form 8
Xk T
2 _ | I
<!mhl > = T:?zkl D)

On the other hand, when ,l\cl is parallel to the flow lines

b
29yl ,3,2.2
CImp 12> =X R,T, fzdu up—l[(a»g‘k‘)u. R’y ; iy
o

When st is small we again recover the Ornstein-Zernike
form. But when

(\+ Eq k-z)B/z
Tk

ST > (9)




Downloaded by [Tomsk State University of Control Systems and Radio] at 06:09 23 February 2013

94  P.G. DE GENNES

the last term in the bracket of eq(8) dominates and the
correlation function is strongly reduced

-2/ -2/
CImglt> - > congT Xk T (RE) ey ™3 (10)

This unusual law could in principle be tested by light
scattering experiments,

We must emphasize again that these results depend on
a '"Van Hove approximation' for the critical dynamics. This
approximation should be not too bad for systems where
m is not conserved and not coupled strongly to other
conserved quantitiesgz this is the situation found in the
C»A transition (where backflow effects do not alter the
general structure of the modes in the ordered phase). On
the other hand for the X point of helium (and probably also
for the A»N transition) the order parameter is strongly
coupled to flow variables and our discussion is useless.
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