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Abstract. Spatially extended stationary and traveling statesderive a model which is able to describe also stable TWs in
in the strongly nonlinear regime of convection in layers of the strongly nonlinear regime and which goes beyond earlier
binary fluid mixtures heated from below are described byapproximations that are applicable only to the weakly non-

a few—mode—model. It is derived from the proper hydrody-linear regime. We present and explore here the properties
namic balance equations including experimentally relevanbf a minimal Galerkin model that is based on a symmetry

boundary conditions with a non—standard Galerkin approx-decomposition of numerically obtained fields. It reproduces

imation that uses numerically obtained, symmetry decom+the typical bifurcation scenario obtained from simulations

posed modes. Properties of the model are elucidated anand experiments.

compared with full numerical solutions of the field equa-

fions For fluid parameters typically realized in mixtures of

water and about 10 wt.% ethanol, an oscillatory, subcriti-
cal onset of convection is observed. It is connected by an
unstable TW branch with a saddle-node bifurcation giving
rise to stable, strongly nonlinear TW states. At a certain
Rayleigh number, the phase velocity of these waves van-
ishes and the SOC branch of stable stationary states can be
observed. Along the TW bifurcation branch which is shown
in detail in Figs. 1 and 4 the concentration changes its struc-
o o S ture from lateral homogeneity and vertically linear layering
Convection in binary miscible fluids like, e. g., ethanol- jn the basic state over plateau—like distributions in fast TWs
water is a paradigmatic system for studying instabilities,to houndary layer dominated, slowly traveling waves. The
bifurcations, complex spatio-temporal behaviour, and tur-contrast between two adjacent TW rolls is strongly related
bulence. Furthermore, it is sufficiently simple to allow for tg the phase velocity of the TW and it vanishes with this ve-
controlled experiments and the governing field equations argycity. So, SOCs do not show such a concentration contrast.
well known. So recently a lot of research activities [1-13] |n SOCs adjacent rolls are mirror images of each other and
have been directed towards investigating the enormous varihey are separated from another and from the top and bottom
ety Of pattern forming behaViOUr in thIS SyStem. The riChneS%ﬂate 0n|y by th|n boundary |ayers_ The |atter are a typ|Ca|
of spatio-temporal phenomena in binary fluid mixtures stemsyhenomenon for convection of weakly diffusing scalars. To
from a feed-back loop between the fields of velocity, con-capture this behaviour of the concentration field our model
centration, and temperature. Let us start with the velocitycontains more degrees of freedom of the concentration field

field: The convective flow is driven by the buoyancy force than of the velocity and of the temperature field.
field which itself is determined by variations of the tempera-

ture and of the concentration field. The latter are on the one OUr article is organized as follows: Theecondsection
hand generated via the thermodiffusive Soret effect by temPresents the system, the fields needed for its description,
perature gradients and on the other hand they are reduced B€ir governing equations with the explanation of the rele-
concentration diffusion and by mixing through the convec-Vant fluid and control parameters. Thidrd section shows

tive flow. Since these changes influence the buoyancy whici/hich symmetries in TW and SOC convection occur and
drives the flow the feed back loop is closed. how they change at the bifurcations. Furthermore, a discus-

In this article we concentrate on spatially extended con-Sion of the symmetry decomposed balance equations and of

vection states of straight parallel rolls that occur either as gheir numerically found solutions is given. Out of this data
horizontally traveling wave (TW) or in the form of station- We extract in thefourth section a basis for a non-standard
ary “overturning” convection (SOC) rolls. In particular, we Galerkin approximation. Its results are presented in bifurca-
tion diagrams of different order parameters in comparison
Dedicated to Prof. W. 6tze on the occasion of his 60th birthday with the correct solutions of the system. We also discuss

PACS: 47.20.-k; 47.10.+g; 03.40.Gc

I. Introduction



532

predictions of our model concerning the dependence of theositive values of) lead to parallel ones. If the Soret cou-

bifurcation topology on the strength of the Soret coupling. pling ¥ vanishes, as it occurs in ethanol water mixtures of
a concentration of 0 and 28 wt.%, the mixture behaves just
like a pure fluid.

II. System From these remarks, the stability behaviour may be in-
ferred: For negative separation ratios, the unstable layering

The fields needed for the description of straight parallel rollsOf the density is reduced, for positive ones it is increased
in a horizontal fluid layer exposed to a vertical gravita- compared with the situation in a pure fluid. Thus, mixtures

tional acceleratiory are temperaturd’, concentrationC with ¢ <0 (¢ > 0) have Iqrger (smaller) critical Rayleigh
and velocityu = (u, 0, w). Here, u is the velocity field in  Numbers than the pure fluid. Below these threshold values,
the lateralz—direction andw is the velocity in the verti- a motionless | = 0) state with the laterally homogeneous

cal z—direction. Fluid parameters are the Prandtl numberCOndUCtIVe profiles

o = v/k, the Lewis numberl = D/k, and the separa- T, (z) =Ty — z

tion ratio v = —Bkr/(aTp). v is the kinematic viscos- Ceond2) = Co — 02

ity,  the thermal diffusivity, D the diffusion coefficient, " 0

a = —(1/p) (8p/0T) and 8 = —(1/p) (8p/0C) thermal  of temperature and concentration, respectively, is a stable
and solutal expansion coefficienisthe fluid's density k7 solution of (2.1). Above threshold this solution becomes un-
the thermodiffusion ratio, and (Cp) the mean temperature stable to convection. It is convenient to use

(concentration) in the system. We scale lengths by the heigh )

d of the fluid layer, times by the vertical thermal diffusion é =T(z, 1) — Teond2) (2.29)
time d2/x, temperatures by the imposed vertical temperaturec = C(z, z; t) — Ceond(2) (2.2b)
difference AT, and concentrations by\T'«/3. Our con-
trol parameter is the Rayleigh numb&r= agd®AT/(vk).
Mostly we use the reduced Rayleigh number= R/R?
where R? denotes the critical Rayleigh number for the onset
of convection in a pure fluidR? = 1707.762; R® ~ 174728

as convective deviations of temperature and concentration
from their conductive profiles for straight rolls indirection.
In this paper we discuss convective roll solutions of (2.1)
in our model) Which.have a lateral wave number bf= 7 bging close_to
: the critical values around.B16. These solutions are either

non\(/jvi(renesrtgri:)rmltcetrrs]?onhﬁgirr?d)t/r?:r:cl:(;lélseI((jjef(iar?gdagct))g?/elnTr?eStationary or they represent traveling waves. The latter are
9 ' %’tationary in a frame comoving with the phase velocityf

represent balances for momentum, heat, and concentration the traveling wave relative to the laboratory frame. In the
dUu+u-Vu=—Vp+ O’{R[(T —To) +(C — Co)l e+ vzu} comoving frame ¢ = 0 for states being stationary in the
(2.1) laboratory frame), we introduce the streamfunctibfx, z)
) which describes the incompressible twodimensional convec-
HT+u-VT =VT (2.1b)

tive flow
9,C +u-VC = LV?C — LyVT. (2.1c)
U(I7 Z) = (u($7 Z)a 07 ’LU(J?, Z)) = (_627 Oa aab)@(a% Z) (23)

Assuming an incompressible fluid — this is reasonable ad! théz—z plane perpendicular to the roll axes. The velocity
long as the convective velocities in the fluid are small in fi€ld u(z, z) (2.3) guarantees incompressibility; - u = 0,

comparison with the velocity of the sound — the density isPY construction. _ , _
constant and the continuity equation as the balance equatio-ﬁhe traveling and stationary states are solutions of the time

for the total mass leads to independent field equations
V.u=0 T (®,V?®) = 0 [RO, (6 +¢) + V*P] (2.42)
T(@,0) = 0,0+ V0 (2.4b)

In (2.1), the temporal changes of a field are given by convec- 5

tive transport of that field on the left hand side of the equa- 7 (®,¢) = ¥0:@ + LV (¢ — ¢0) (2.4c)

tion. Apart from the advective rate of change the momentum

(2.1a) changes by pressure gradiemtsVip) and dissipa- iy the comoving frame. They can directly be deduced from

tive effects ¢V2u). The gravitational acceleration acts as (2.1). Herein, we used the Jacobian

an external force R [(T — To) + (C — Cp)] e,) on the fluid. ’

At that point, density fluctuations due to temperature and 7 (&, f) := (0,®)9.f — (9.9)0.f = (u- V) f

concentration fluctuations may not be ignored since they . . . :

represent the driving of the system. to describe the convective nonlinearity. _ .
The heat balance (2.1b) takes advective W7) and The boundary conditions at= +1/2 in the comoving

diffusive (V2T) transport into account. In the case of the frame are for alls

concentration balance (2.1c), the cross coupling of the temng slip v = -0, = —v ,

perature to the concentration {4/ V2T) is a relevant effect. w = 8.6 =0

It is called thermodiffusion or Soret effect [1, 2]. For nega- . ¥ ’

tive separation ratio®, it acts in such a way that temper- Perfectly heat conducting 0 =0 ,and

ature gradients induce antiparallel concentration gradientsimpermeable O,(c—y0)= 0 . (2.5
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Numerical simulations [13] and a full scale Galerkin anal- Fsoc  Frw Tose r
ysis with many trigonometric modes for the fields [15] 7
have shown that the contribution from lateral Fourier modes 1 i i i ,
higher than the first one in the velocity field is only in arange __
of 1% of the first one and that these higher velocity modest:
are unnecessary for reproducing the bifurcation topology and £
the peculiar structure of the concentration field, respectively, 2
The analyses [13, 15] have also proved the irrelevance of a &
lateral meanflow in the lateral velocity field. Therefore, we 3
start our approximations with the ansatz 0

@ |
()]

Bz, 2) = k%”f(‘g) sinkz Zi(2) +vz = B(x,2) vz (2.6)

for the streamfunction. HereZ1(z) is the first even Chan-
drasekhar function [16}wmax the maximal flow amplitude,
and v the phase velocity of the traveling state. These two
velocities are the only degrees of freedom of the velocity
field. By the above ansatz for the streamfunction we fix the i
origin x = 0,z = 0 of the cooordinate system to a point of r

maximal upflow velocity. Fig. 1. Bifurcation diagrams of reduced convection flow intensityand

frequencyb in TW (solid lines) and SOC (dashed lines) solutions in a
binary mixture withyy = —0.25, L = 0.01 ando = 10

[ll. Symmetries

In this section we discuss symmetries of the fields in the codécomposition of the balance equation for the concentration
ordinate system defined in the last section and we perforn2-3€) yields the following four equations after inserting the
a symmetry decomposition of the fields and their balancebtreamfunction? (2.4) into (2.3¢)

equations. After this, we analyse the relative weight of con-y(q} ) —vdpe Tt = LV — 0™) + R (3.2a)
tributions from different symmetries in the solutions of the

field equations. F(@, ™) —vdpem = LV (T — ¢0*) (3.2b)
F(D,¢™7) =00t = LV —077) (3.2¢)
T@,c) =00, =LV (e —pf77) . (3.2d)

A. Decomposition

Nonlinear states of stationary convection (SOCs) have defiThe decomposition of the heat balance equation (2.3b) can
nite parity [13] under the operation— —z: positive parity ~ be performed in a completely analogous way. Using the
for the fieldsw, 6, and ¢, and a negative one fop and ansatz (2.4) for the streamfunction the momentum balance
u. Only the linear critical fields at the stationary bifurcation can be split into two parts: one for the symmetry™ and
threshold have in addition definite vertical parity under theone for.” ="

operationz — —z: positive parity for the fieldsv, @, 6, and 0 O.V2F=RoO (04 + c**) (3.32)
¢, and a negative fou. * SV n '
Traveling wave states with non vanishing phase velocity 0=RO, (" +c™")+V'® . (3.3b)

have no definite lateral parity. Only that TW just on the
merging pointr* of the branches of SOCs and TWs has,
of course, the same symmetry as the stationary states.

the Hopf bifurcation out of the basic state, the linear critical o

fields have definite vertical parity, which is destroyed by iormined by algebraic equations which result from project-

tsfggt:ction of the convective nonlinearity in every nonlineari,q (3 3) onto the fixed spatial modes of the streamfunction
' (2.4).

. i 2.4
The temperature and concentration fields are decom-
posed in four parts each, corresponding to the four different
combinations of vertical and lateral parity B. Numerical solution

=07 +0""+0""+0 (3.1a)
c=cT+cTT T v (3.1b)

Il together, eight partial differential equations must be
Ived for the temperature and concentration fields. The two
grees of freedom of the velocity fieldy.x andv, are de-

The above equations have been solved by a multi-mode
Galerkin method [15] that implies a full representation of
the fields. In particular, it resolves the peculiar spatial struc-
Here, the first (second) superscript denotes the parity in latture in the concentration field [12,13] in a sufficient way.
eral (vertical) direction. The symmetries themselves will beFigure 1 shows the resulting bifurcation diagrams of TWs
labelled by.#"** in the same way. A symmetry decompo- (full lines) and of SOCs (dashed lines). The TW solution
sition of the velocity field or of the streamfunction is not branch bifurcates at the Hopf bifurcation threshalg: with
necessary, since their spatial variation is fixed by (2.4). Thehe Hopf frequencywy out of the quiescent heat conducting
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The simplest approach is to consider only one mode per
] symmetry class and to discard tt€~— part in the fields.

e This is the essence of older standard Galerkin approxima-
] tions [14]. They yield linear relations between the square of
] the TW—frequencw, the square of the convection amplitude

. wmax and the reduced Rayleigh number R/R°

portion in c¢(x,z)

w? = alr —rosd + WA (4.1a)
Weax = B —Tosd - (4.1b)

10“‘2...|./.|...|......
0.0 0.2 0.4 0.6 0.8 1.0

*
Wi/ Winas (") Here, wy is the Hopf frequency at the oscillatory stability
Fig. 2. The deviationsc(z, z) of the concentration field from of its con-  thresholdrys: Of the basic state. These linear relations re-
duc_tti"e p;"ﬁ'fhare dec‘z_’“posed into fogr SymmetryTﬁ'assfst_ha"i”Q dh‘iﬁ”i“’produce the onset of oscillatory convection and its weakly
arity unader the operations — —x andz — —=z. e relative wel . . .
gf th)é respective c%mponeneté:i in the complete field:(x, z) are plgt- nonlinear properties in an adequate manner. HO.\Never' they
ted as a function of the maximal flow amplitudenay between the Hopf ~ @' not able to describe a saddle-node bifurcation and sta-
bifurcation (wmax = 0) and the SOC-TW-transitionvfax = wmax(r*)). ble, strongly nonlinear TW convection. In fact, it was shown
Parameters aré = 0.01, o = 10, andy) = —0.25 [18] that all Galerkin approximations using only one mode
for each of the three symmetrie¥™*, . =", and."*~
yield linear relations like (4.1) — independent of the spatial
shape of the modes.
Because of the smallness of the portion.gf~~ in
c(x, z) the simplest extension is to tak&o modes for each
of the three relevant symmetries into account. This works
reasonably well, as we will show below. Thus, such a model
" has to be looked upon as minimal model that is able to de-
scribe linear, weakly nonlinear, and strongly nonlinear states
in binary fluid convection.
In order to provide adequate modes we use numerical
solutions of the system as a basis for our non-standard

=~ (short dashed line) ané*" (solid line). This reflects Galerkin approximation. As one is interested in the descrip-
the fact that the critical eigenfunctions have positive vertlcaltion of an upper stable TW branch and the saddle-node bi-

parity. However, already in weakly nonlinear states the PO | cation we Svmmetry decompose two states of the upper
tion of the symmetry”*~ exceeds that of#** as a result y y P PP

of the strong increase of the zeroth lateral Fouriermode bggmznrr??)"yadgﬁg:qmg?:?])m-li—(\j/\t/ tr)I:Z?r?h dauns(ijntheToggr;\?grr;n?rL_
the action of the convective nonlinearity. Near to the point y B B 0 99 ging

where the TW phase velocity and the maximal convective®s scalar product. . . . .
For fluid parameters that are typically realized in mix-

velocity are equal and which has been identified [17] as th%
e : - ures of ethanol and watel.(= 0.01, o = 10,y = —0.25)
transition from weakly to strongly nonlinear TW convection we use a fast TW near the saddie % 4) and a slow one

the two symmetries”*~ and.” ~* have the same portion " .
in c(g:,z).yTogether, they make up 99.9% of it. Fir?ally, at Near the SOC—TW—tra_nsmora)(: 0.125). Both frequencies
the SOC-TW-transition where the TW transforms into an2'c small gompargd .W'th the Hop_f fre_quency_of apout 11.3.
SOC state there are no more contributions fréfit* and The resulting basis is d|_sp|ayed in Fig. 3. Smce the struc-
e ture of t_he temperature fl_eI<_:i char_lg_es only shg_htly along the
) - ) ] whole bifurcation branch it is sufficient to consider only one
A correct stability analysis of the conductive state needsemperature mode per symmetry. The three most important
test functions of the symmetries” " and."** whereas  contributions tod are, like in the concentration field, the
the determination of the SOC-TW-transition which can besymmetries**, . ~*, and.#*~. Their contributions are
looked upon as a lateral parity breaking bifurcation of SOCsyery well described by the modes of the classical Lorenz

containing”*" and.%"*~ requires” " and.”"~~. There-  model [19] and those of related approximations [14].
fore, in principle all symmetries are necessary to describe the

two transitions in the system in an adequate manner. The yet

unmentioned symmetry” —— (long dashed line in Fig. 2) B. Nonlinear stable TW states

contributes at most 0.06% ofx, z) and is clearly the small-

est portion inc(z, z) all over the bifurcation diagram. That Using the basis shown in Fig. 3 and the balance equations
is the reason why we think that modes of this symmetry —(2.3) one can derive a Galerkin model for convection in

their influence will be discussed in Fi§g — are more or less binary mixtures. This model has six or eight degrees of

irrelevant for the complex bifurcation scenario in convectionfreedom for the description of the concentration field de-

of binary fluid mixtures. pending on whether the contribution of the symme#y —

state and it merges at* with the SOC branch. For these
TWSs we show in Fig. 2 how the different symmetry decom-
posed contributions to the TW concentration fielg, z)
vary as one moves along the TW bifurcation branch from
wmax = 0, I. €. the bifurcation out of the conductive state
to the end of the TW states at. We measure the portion
of a symmetryct*(z, 2) in c(z, 2) by (ct*|c)/(c?) using
global averaging as the scalar product. The(s;, z) con-
tains atrosc (wmax = 0) only contributions of the symmetries
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Fig. 3. Orthonormalized basis for the description of
the concentration field in the——plane. The wave
number isk = 7 so that the lateral periodicity length

is 2. The four different symmetries are denoted by
% at the side of the four blocks containing two
basis elements each. The upper ones of each block
are real states of the system & 0.125) whereas
the lower ones are linear combinations of two states
resulting from the orthonormalization procedure

0.
2(d)

-0.5

x(d)

is contained or not. The temperature field is represented bjor stability against disturbances of baoth—* and.¥ .
three or four modes. As usual, projecting the field equa-f one neglects¥~~ the stability analysis is incomplete
tions, e.g. (3.2), on the spatial modes of the respective fieldgading to different values for the threshold.
yields a system of algebraic equations for the mode ampli- The correct bifurcation of the concentration variadde
tudes. The order parameters of the velocity fielgax and  is due to an adequate description of the concentration field
w = vk, are computed from two algebraic equations for theC(z, z) which is nearly 0 in SOCs all over the convection
velocity field that result after projection from (3.3). Here, we cell except for small boundary layers between two adjacent
only want to discuss the bifurcation diagrams of the TWSs,rolls and at top and bottom plate so that the variance around
since those of the SOCs are well enough reproduced by eaits mean value is very small compared to the large concen-
lier approximations except for quantitative valuesidfand  tration gradients in the basic state.
their stability properties.

Figure 4 shows from top to bottom the TW bifurcation
diagrams of Nusselt number C. Unstable TW solutions

N (I =v1) ez>m|2:71/2 ! <820>I‘Z:71/2 ’ The unstable TW branches resulting from the models dif-
TW frequencyw, and the reduced concentration variance fer from the exact ones [17], however without destroying
the subcritical Hopf bifurcation topology — compare the
_ (c2y _ 2V3 > dashed and dotted lower unstable branches/afip to the
M = 2 B || \/<C ) saddle in Fig. 4a with the full line (fow and M the upper
branch corresponds to the unstable solution and is not shown
These order parameters have been evaluated for extendéd Fig. 4b and 4c). The reason for these differences is that
models including”—— modes (dotted lines) and neglecting the basic state is not tested for stability by the correct crit-
them (dashed lines) in comparison with the “true” solutionical eigenfunctions. Since the oscillatory stability problem
of the system (solid lines). The first thing to notice is thatin binary fluid mixtures cannot be formulated as a varia-
for a very good reproduction of the stable TW branch (thetional priniciple as it is the case for the stationary one in a
upper one inN, the lower ones inV/ andw) the symmetry  pure fluid [16] there is no need that an approximate stability
.=~ may not be neglected. Neverthelesg;~~ is not threshold is higher than the exact one.
necessary for a qualitative correct bifurcation scenario of a As mentioned already the position of the Hopf bifur-
Hopf bifurcation, a saddle-node bifurcation and a SOC-TW-—cation does not depend on the presence of the symmetry
transition on the stable, strongly nonlinear branch. This was¥ ~~ since the basic state needs only to be tested for stabil-
not the case in earlier Galerkin models [14] connecting theity against disturbances of the symmetrigs™ and. —*.
basic state with the unstable SOC-branch by a TW—branchdowever, the initial slope of, e. g., the Nusselt numbér
The positions of the SOC-TW-transitions given by the being a nonlinear property involves modes of the symmetry
model including the””~~ symmetry and neglecting it differ .~ ~ that are driven by the critical modes with the sym-
as can be seen in Fig. 4. This can be explained as followsmetries.#** and."~ via the convective nonlinearity. All
This transition may be interpreted as a stability threshold ofthis can be seen in Fig. 4a where the dotted and dashed lines
SOCs whose lateral positive parity gets broken there. Sinchave a common bifurcation threshold out of the basic state
SOCs contain bottt7** and.#*~ they need to be tested (N = 1) but spread in the nonlinear regim& (> 1). A
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Fig. 5. Phase diagrams of the here presented non-standard Galerkin model
04 N (lines) in comparison with the results of a full representation (symbols).
The basis of the model was fixed @t= —0.25 as indicated by the grey
I T bar. They—dependence of the SOC-TW-transitioh (solid line, filled
2 squares), the TW saddle-node bifurcaticf, (dotted line, filled circles),
0.2 7] and the saddle-node bifurcation of the SOC brarg}). (dashed line, open
| i squares) is shown in a double logarithmical plot. Parameters. aré.01
ando =10
O O | ' | ' |

SOC and TW bifurcation diagrams procured by our non—
r standard model are in good quantitative agreement with the

Fig. 4. Bifurcation diagrams of Nusselt numbéf a, TW frequencyw b results of the full representation. The model only deviates for
and concentration variandd c in the framework of Galerkin models with  weak Soret couplingg > —0.04. This can be explained by
numerical basis including the symmetgy ~— (dotted line) or discarding  the smoother variations of the concentration field for those
i_t (dashed I_ine) in comparison with results of a many mode analysis (solidcoup”ngs (see e.g. [13])_ The same holds for the SOC—
line). _The filled squares show the two states which were used to ConStruoﬁ'W—tranSitionr* which in addition differs for strong Soret
Zk:)afs for the models. Parameters Are 0.01, 0 = 10,1 = —0.25, and couplingsw < _0.3. This is due to the fact that the SOC—

TW-transition can be interpreted as a boundary layer insta-

bility [20] which therefore is very sensitive to the thickness
qualitatively better reproduction of the unstable TW branchof the boundary layers in the concentration field. However,
is obtained by changing the basis of the Galerkin modelthe thickness of the boundary layer is fixed in a model with
namely by using states of the correct unstable TW branchfixed modes. Nevertheless, the model is able to describe the
Then, the approximation quality of the stable states whichy—dependence of both TW— and SOC-bifurcation scenario
are the main topic of this work deteriorates. quite well.

D. Dependence on the separation ratio V. Conclusion

Numerical simulations [13] have shown that the concentradn this article we have presented a model describing travel-
tion distribution depends only slightly on the separation ra-ing wave convection in binary fluid mixtures. Their complex
tio ¢ for the small Lewis numberé, = O(0.01) and large bifurcation scenario is reproduced by a Galerkin method us-
Prandtl numbersr = O(10) that are typically realized in ing two numerically obtained exact solutions of the system
mixtures of ethanol and water. This insensitiveness of theas a basis. These solutions for fixed fluid parameters are
concentration field towards changeswnsuggests that our symmetry decomposed in order to meet the symmetry prop-
above presented models also describe convection in binargrties of the bifurcations and of the states in the system. We
mixtures with values of) different to those where the basis have shown that there exists a minimal number of degrees
is extracted. of freedom for the description of the concentration field. Our
The changes in the bifurcation topology caused by vary-model uses this minimal number and reproduces numerically
ing the strength) of the Soret coupling may be described and experimentally observed states in binary fluid mixtures
by tracing out they—dependences of the SOC and TW very well. In addition, it describes the dependence of the
saddle-node bifurcationsgy. and 3, and of the SOC- bifurcation topology on the strength of the Soret coupling
TW-transitionr*. This is shown in Fig. 5 for the model quite well. Furthermore, it shows that in the temperature
containing all symmetries (lines) in comparison with the full and velocity field the modes of the classical Lorenz model
representation of the fields (symbols). Both saddles of thg19] are sufficient. Finally, the model gives useful hints for



a derivation of an approximation using analytical test func- 9.

tions instead of the here applied numerical ones. 10.
11.
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