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ABSTRACT

The Rayleigh-Benard convection in the microemulsion consisting of water (7.5 %), cy-
clohexan (oil-61.7%) and diethylenglycolmonobutylether (surfactant-30.8%) is studied from the
onset of convection to the phase separation. The five classes of convection patterns are observed
and recorded on the video: localized travelling waves, travelling waves, travelling waves and local-
ized steady rolls, steady rolls and steady polygons. The Fourier transforms and histograms of these
patterns are presented. The origin of any pattern is discussed. The intermittent behaviour close to
the phase separation was observed. Possible applications of the obtained results are suggested.
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The mixtures of water, oil and surfactant under certain conditions

form a microemulsion - isotropic and optically clear liquid solution.

Microemulsions consist of surfactant-coated spherical water (oil)

droplets of 3ize of the order of 100R dispersed in an oil (water)

continuous medium. They are thermodynamically stable with respect

to separation into their components. Microemulsions found

applications in countless areas: pharmaceutical products, pesticide

preparation, the recovery of oil from natural reservoirs, synthesis

of certain polymers, models for research into the functioning of

cell membranes e.t.c. In the group of prof.Lopez-Quintela the method

of production of small particles with very well controlled sizes

using microemulsions was invented (USA patent no.4.983.217-1991).

In order to further develop this method, it is necessary to determine

transport coefficients and to quantitatively describe the phase

separation in microemulsions. Because of wide applications of

microemulsions and because convection experiments may provide

a sensitive method for the experimental determination of some of

the transport coefficients, we present in this paper the Rayleigh-

-Benard convection in the microemulsion composed by water (7.5%),

cyclohexan (oil-61.7%) and diethylenglycolmonobutylether

(surfactant-30.8%). This microemulsion we choose because it was used

for the production of small particles, but conclusions which follow

from this paper are also valid for many other microemulsions. To our

knowledge this is the first complete description of the Rayleigh-

Benard convection with the microemulsion as the working fluid, from

the onset of convection to the phase separation in the microemulsion.

The experiment was performed in a cylindrical container with

the aspect ratio equal to IB. The top and bottom plates are made of

sapphire which is transparent and have very good thermal conductivity

(220 times greater than the oil). The temperature of these plates

is controlled by water circulations. The temperature of the top

plate was 30.0°C and it was constant. The temperature of the bottom

plate we increased from 30.0=C to 50.03C by steps of O.l^C, waiting

for stabilization after each increase. The walls of the container

are made of PVC, which is good heat insulator. The convection

patterns were recorded on the video using a shadowgraph visualization

technique [1], There are two control parameters in our system:

the temperature difference between the top and bottom plates

T



of the cell and the difference between the bottom plate temperature

and the phase separation temperature. Our microemulsion phase

separates at the temperature SO-S^C. Near the phase separation

larger water-rich regions are formed in microemulsions, what is

signalled e.g. by the rapid increase of their electrical conductivity

[2]. The convection patterns can be divided into 5 different

classes. For the convection pattern in each class we calculated both

the histogram and the Fourier transform in a square window selected

in such a way that it includes both the boundary and the interior of

the cell. The histogram corresponds to the probability distribution

of the temperature field in the cell. The histograms are plotted in

fig.2. The Fourier transform shows wavenumbers with the biggest

contribution to the pattern. They are given in fig.3.

1. Localized structurs of travelling waves (LTW3

This structure was observed at the convection onset and it is

stable over many hours. The travelling roll pattern with

a characteristic length of the order of the cell height appears

first in a small region near the wall of the cell. The position of

this region was different when we repeated the experiment, but

always near the wall. The physical origin of TW was explained in

ref.[3] by considering the temperature and concentration gradients

and taking into account that heat diffusivity is much bigger than

the concentration diffusivity. The LTW were first observed at

convection onset in ethanol-water mixtures [4]. The existence of

LTW shows that two different heat transfer mechanisms like conduction

and convection can coexist in the microemulsion. Let us denote by

<A2> the mean square value of the amplitude of LTW, where the average

is over a period of time bigger then the period of LTW and over

a space occupied by LTW. As it was discussed in ref.[5], the link

can be established in synergetics with the catastrophe theory.

Basing on this link we assume that the behaviour of X=-T <R2> can

be described by the following catastrophe:

V(X,a,j') = (l/6)X<3 - ad/HX* + (l/2)r-Xz, where a>0 and yMRc-R).

We denoted by R the Rayleigh number and by He the value of R for

which TW expands in the whole cell. ViX,a,r) for ?->0.25ot2 has only

one minimum at X=0, whereas for r<0.2Sa2 two minima at X=0 and at

coexist, as it is shown schematically in fig.l.
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The catastrophe V(X,a,?-) explains also the hysteretical behaviour

which we observed experimentally for the onset of convection in

the microemulsion.

2. Travelling wanes CTW2.

Increasing the temperature of the bottom plate of the cell,

the region with travelling waves expands to the whole cell. Beacuse

of the boundary conditions at the sidewalls, travelling rolls try

to be perpendicular to them. This forces the presence of many

defects in the convection pattern. The histogram is symmetric around

its mean value. Because our system i3 rotationally invariant,

a band of wavenumbers concentrated around a circle of the radius

| kT( determined by the height of our cell was found.

3. Travelling v/aves and localized steady rolls.

In the localized region near the wall steady convection rolls

start to form. This is caused by reflections of travelling waves

from the sidewalls. Upon changing the temperature gradient

the region of steady convection expands and finally it occupies

the whole cell.

4. The steady convection rolls.

In this region there is a competition between the boundary

effects introduced by sidewalls and the bulk effects in the interior

of the cell. The rolls try to be parallel in the central part of

the cell and perpendicular to the sidewalls in the boundary region.

This is seen in fig.3 where two peaks in perpendicular directions

correspond to rolls in the interior and near the boundary of

the cell. Increasing the temperature gradient bulk effects start to

dominate and the Fourier transform component corresponding to rolls

in the central part of the cell increases. The histogram of

the pattern becomes asynmetric, i.e. the symmetry between cold

and hot regions in our cell was broken. The non-linear

convectiv© mode-coupling forces become the most important and

dominate over sidewalls forcing. The non-linearity selects between

different superpositions of states having wavenumbers of the length

| k7| . In our case this leads to the polygonal convection pattern.

The transition from tho roll pattern to the polygonal pattern was

studied numerically and the results were presented in ref.161.



5. The steady poly^cnai pat tern.

This pattern can be observed directly without using

the shadowgraph technique. It appears close to the phase separation

in the microenrulsion. It results from the change of properties of

the microemulsion. The convection in this region becomes very

complicated, because larger water-rich regions 3tart to form. These

regions fail to follow the motion of an oil and the convection should

be described by very general actuations representing conservation of

mass, momentum and energy. In these equations one should take into

account that properties of the microemulsion become very sensitive

on the temperature changes, and e.g.the Boussinesq approximation

is no more valid. During our experiment we measured how the light

intensity averaged over the 2x2 pixel region changes in time.

In the region of the steady polygonal pattern this signal shows

characteristic intermittent behaviour plotted in fig.4.

The irregular bursts separated by regular laminar periods were easy

to detect. These bursts are caused by larger water-rich regions

passing through the region we observed. The height, width and

frequency of these bursts can be used to describe quantitatively

the separation process in the microemulsion.

We conclude that the convection heat transfer in microemulsions

strongly depends on the distance to the phase separation. Different

modes of motion can coexist and both roll and polygonal patterns are

observed. The changes in observed convection patterns can be

determined by the competition between sidewalls of the cell and

non-linear couplings between states described by different

wavenumbers which depend on properties of the microemulsion.

Further from the phase separation the convection patterns can be used

to determine relations between the concentration, heat and momentum

transport coefficients. The transition from the stable roll pattern

to the stable polygonal pattern determines the point in which

properties of the microemulsion become very sensitive to small

changes of external conditions, e.g.electrical conductivity rapidly

increases [2]. Close to the phase separation the time series of

the light intensity in a small region of the cell can give us

the description of the separation process in the microemulsion.

It would be interested to correlate this data with data obtained by

e.g.neutron scattering and electrical conductivity measurements in

this region.
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Fig.l
The dependence of the extrema Xc of the catastrophe V(X,ct=2 V)
wheretA-IRc-R), on the control parameter R. ' 'on the control parameter R.
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Fig. 2
The hisr.ograms of convection patterns in the microemulsion
in the region of travelling waves (Ha) and in the region
of steady rolls near the transition to the steady polygonal
pattern (He) and far from this transition (Hb).
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Fig. 3
The amplitudes of the Fourier transform coefficients of
convection patterns in the microemulsion in the region of
travelling waves (a) and in the region of steady rolls near
the transition to the steady polygonal pattern (c) and
far from this transition (b).
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