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Coupling between stationary Marangoni and Cowley-Rosensgig instabilities in a
deformable ferrofluid layer

M. Hennenberg?! B. Weyssow? S. Slavtche\® B. Scheid*

Abstract: A horizontal thin layer of ferrofluid is bor- Pavlinov (1979); Bashtovoi, Berkovski, and Vislovitch
dered by a solid and open to an inert gas on the otli£888); Salin (1993); Hennenberg, Weyssow, Slavtcheyv,
side. It is submitted to a heat gradient and a weak mamd Legros (2001); Weilepp and Brand (1996)], when
netic field, both being normal to the free deformabtée ferrofluid deformable layer rests on the solid wall,
surface, leading to a coupling between the Marangamihangs down from it [Smith (1966); Takashima (1981);
phenomenon, induced by the variation of surface tévelarde, Nepomnyaschy, and Hennenberg (2000)]. Our
sion along the free deformable surface and the isothanalysis show that when both isothermal situations
mal Cowley-Rosensweig problem, consequence of fiRayleigh-Taylor and Cowley-Rosensweig) are stable,
magnetic field. The study of the steady compatibilithhe Marangoni stability criterion can be modified to give
condition shows a new pattern of stationary instabilits critical value of the Marangoni number less than the
The critical wavenumber i©(1/Bo), the Bond number one of Pearson [Pearson (1958)] for a wavelength of
Bo being smaller than 1, at a minima of the Marangotiie order of the capillary length. Also, we correct
number, that could be much less thus than its classita result derived by Bashtovoi and Pavlinov [Bash-
undeformable counterpart. For large wavelengthes, tbeoi and Pavlinov (1979); Pavlinov (1979); Bashtovoi,
Marangoni number depends on the Galileo numberBerkovski, and Vislovitch (1988)] for the long wave-

contradistinction to earlier results. length approximation which failed to get back the clas-
sical results in the absence of a magnetic field [Smith
1 Introduction (1966); Takashima (1981); Velarde, Nepomnyaschy, and

Hennenberg (2000)]. A complete study is in progress.
A thin layer of ferrofluid is sandwiched between a solid
surface and an inert gas, submitted to the joint action The Problem
of a weak magnetic field and of a gradient of tempera-
ture, both normal to the unperturbed horizontal bordekshorizontal layer of a ferrofluid of widthl and of in-
of infinite extent. Such a shallow pond enables to ni#lite lateral extent, is bordered by a nonmagnetic solid
glect all bulk forces fluctuations, whether buoyancy dsuperscripts), located atz* = 0 and by a free limiting
of magnetic origin. The free surface of the ferrofluigurfaceZ, that is an infinite flat plane @ = d in the
layer couples the Marangoni instability due to surfa¢eference rest state, which is in contact with a gaseous
traction along the interface [Pearson (1958)] to the stafi@gnetically inert phase (superscrit This layer is
isothermal Cowley-Rosensweig instability [Rosenswegglbmitted to a gradient of temperature and to an exte-
(1997)], due to the inbalance between the magnetic tréier weak magnetic field, both normal to the unperturbed
tion, the surface tension and gravity leading to a charliilid-gas and liquid-solid interfaces (see Fig. 1).
of the shape of the free surface.

In this note, we develop the study of the line

marginal non ocillating coupling between both instabilifhe magnetic field derives from a gradient in all three
ties [Rosensweig (1997); Bashtovoi and Pavlinov (197%};1asesH' = 0O¢,l =g,s and H = O in the fer-

T - rofluid layer, where also the Maxwell equatidn -
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z A . hydrostatic pressurd); is the operato; +v -, and
n is the kinematic viscosity. Since we are sSuppos-
,%hangmg) ing that 1, is always directed from the solid bound-
ary atz = 0 toward the deformable surface at z =
- d + &, two cases are summarized by the gravity field
g= —9gl,. If g=|g|, we are considering a ferrofluid
d resting above a solid non magnetic border. When
%resmg) ' g = —|g|, the magnetisable layer is hangibglow the
e solid ceiling. This extends Rayleigh-Taylor instability
y» to a magnetized ferrofluid submitted to a vertical gra-
T(solid) X dient of temperature [Chandrasekhar (1981); Burgess,
Juel, Cornick, Swift, and Swinney (2001); Pacitto, Fil-
Figure 1 : Ferrofluid layer submitted to a normal conament, Bacri, and Widom (2000)]. The boundary con-
stant magnetic fieltH§ = H51; and to a normal temper-ditions on momentum on the solid-liquid interface are
ature gradienAT = T(gas — T(solid). 1;=unitnormal v =0 orU =V =W =0 atz= 0. The deformable
directed from solid into gaslx = horizontal unit vector liquid-gas interface> is defined by the Monge equa-
alongz=0. tion r = x1,+yl, +&(x,y,t) 1, so that the unit normal
linearised expression i$= —0y& 1, — 0y& 1y + 1, [Hen-
nenberg, Weyssow, Slavtchev, and Legros (2001)].
mlt'[IVI'[)'/ X [Bashtpvm and ngllnov (.1979.); PaVI'nO\{_et us call Tilj _Ti]g] ‘ nj = 7, the projection on the
(1979); Bashtovoi, Berkovski, and Vislovitch (1988)hormal n at the interfaces of the difference be-
Weilepp and Brand (1996)], whose change with temp?r-

, en T! the stress tensor in the liquid phase and
ature accross the layer is neglected. Then, the Maxw Fth 'Jt ¢ i the inviscid q f v inert
equations reduce to i} the stress tensor in the inviscid magnetically iner

gaseous phase. Then alolg one has the following

¢ =0 for z>d+& , linerarized Marangoni-Laplace condition [Hennenberg,
Weyssow, Slavtchev, and Legros (2001); Weilepp and
P¢=0 for z<0 , (1) Brand (1996)]:
i)
}; - 217(:0-6& + (1_6iz)_ (3)

02¢p=0 for 0<z<d+¢& ox

| g :
whered + € is the height of the liquid-gas surfage On WhereT;; andT; are respectively
the upper and lower boundaries of the ferrofluid Iayeﬁ B Mo, 2\ 5

one has the continuity of the normal components of — _{er? } '

Ho[H +M] and of the tangential component of the mag- . ovi 0V
netic fieldH [Rosensweig (1997)]. +Ho(1+X)HiHj+n a_xJ T X
Ho
Balance of momentum and Laplace-Marangoni boundTj = — { Pgas+ EHZ} 8ij + HoHiH; (4)

ary condition ,
Y where §;; is the Kronecker delta. The surface mean

As a consequence of Eqg. 1, for an incompressible vissvature is & = 92¢ +a§z, [Hennenberg, Weyssow,
cous ferrofluid, whose constant densityigthus whose Slavtchev, and Legros (2001)]. Since gas and liquid are
specific volume?’ = p~1), the momentum balance lawmmiscible,D;&s = V|5 - 1,.
reads:

Heat balance, state equation and boundary conditions

_ 2 _
pDiv=-Up+nl<v+pg and O-v=0 @) The energy equation reduces to the usual Fourier equa-
wherev = (U,V,W) is the velocity, p = p.(p,T) + tion [Rosensweig (1997)]:

o fo "g"—q;'/|H7T d¥/ is the total pressurep, (p,T) is the pcyp DT =A02T (5)
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wherec, 1 is the specific heat capacity at constant predimensionless form. We use the following scaling units
sure and magnetic field\ is the thermal conductiv-[Bashtovoi and Pavlinov (1979); Pavlinov (1979); Bash-
ity. Along the free deformable liquid-gas surfaEethe tovoi, Berkovski, and Vislovitch (1988); Weilepp and
heat flux will be proportional to the difference betweeBrand (1996)]: any spatial dimension is scaleddofso
the surface temperature and the temperalyge of the that the reference free surfacezis 1), the time byd?/k

gaseous phase: (k = (cpu p)~tis the thermal diffusivity), the temper-
ature bypBd and the magnetic field or the magnetization
—A[n-OT]|; =a[T|; — Tgag (6) by Mo/(1+X) =XHo/(1+X) = XHE/(1+X)?. Each di-

mensionless perturbed quantiy keeps its former sym-

5ol f to identify its physical origin and we develop it in

o 0 T a Fourier expansion in normal modes so that we must

0o [1—V(T —Tlg)] whereT, is the reference liquid gasyeep only one single mode in the foid (z) expli (ke X+

temperature,0g is the value of the surface tension & y) -+ wt] [Bashtovoi and Pavlinov (1979); Weilepp and

Tlg andy= 1o is a positive quantity. Along theBrand (1996); Chandrasekhar (1981)]. The dimension-
OG0T L less wavenumbek = (ky, ky) has real components and

other boundary, the solid is a perfect conductor, so that_ () +10(c), where[ (w) shows whether the sit-

T = T|,q = Constatz=0. The reference temperaturé ;- e stable({] (w) < 0), marginally stablel{ (w) =

at the lower solid-liquid surface will hereafter be denotqﬂ or unstable [0 (w) > 0), while 0(w) being differ-

Tsol ent from zero indicates an oscillating solution. Calling

D, the differential operatob = d/dz and introducing

k= ,/kZ+ k2, we obtain the normal mode dimensionless

formulation of the problem. We restrict our analysis to
T = Too — B2 (7) the non oscillating marginal case(w) = O(w) =0.

where a is the heat transfer coefficient. The surfa
tension varies linearly with temperature, so tlmt

The reference rest state

The steady solution of Eq. 5 is:

The dimensionless Maxwell equation Eq. 1 give us
A conducting liquid-gas interface corresponds to the case
a— =, and an insulating one ty — e . The quantity [D?—k°]3¢=0 for 0<z<1+§
B =a[Tsol— Tgad /(ad+A) depends on which boundary

interface is the heating one, so tiais positivewhen [D? — k%] 8¢ =0 for z>1+§ 9)
heating from thesolid wall (Tsqi > Tgas) and negative
when heating from thgaseous phas@sol < Tgas)- [D? - K] 8¢ =0 for z<O

The ferrofluid is submitted to an exterior constant mag
netic fieldH = 1,H§. Thus, the Maxwell equations Eq. J[
give the unperturbed magnetic fieldh and the unper-
turbed magnetisatioly in the ferrofluid layer as:

he momentum balance Eq. 2 describing the ferrofluid
ayer becomes

(D2—K2)*W =0 (10)

e __ —
Ho = Ho+Mo = (1+X) Ho The energy equation Eg. 5 leads to its dimensionless

The continuity of the normal component of the inductighauivalent
and of the stresses, accross the reference liquid gas, | 5
terface leads to the well known magnetic pressure ju té& — k) 8T +W =0 (11)

[Rosensweig (1997); Weilepp and Brand (1996)] The physical relevance of Eq. 10 and Eq. 11 assumes

o @[ Hol? Ho 12 ®) to study only cases where@ << 1/,/pg/o [Velarde,
Pgas™ Piig = 75 [XHo]” = Mo Nepomnyaschy, and Hennenberg (2000)].

3 The dimensionless linear perturbation of the state Boundary conditions at the deformable surface

To study the linear stability of the reference motionle§®r any scalar quantitg and for any vectorf taken
conductive state Eq. 7 - Eq. 8, we write the problem inasdong the deformed surfacg, their linear perturba-
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tion is defined as the sum of two contributions [BashYe will suppose the solid wall to be a perfect heat con-
tovoi and Pavlinov (1979); Pavlinov (1979); Hennenberductor, so that, we have at= 0,

Weyssow, Slavtchev, and Legros (2001)]
W=DW=0T =0 and
ag
dgs =89, + —¢ and Of, = &f, +n-Of (15)
b0z S 3> =3@ so that D6(p—%:0
Introducing the Biot numbeBi = ad/A, the dimension-

less expression of Eq. 6, along the deformed surfacdrom Eq. 9 and using the boundary conditions Eq. 15

for whichW =0, is at the wall, the magnetic potential reads [Weilepp and
Brand (1996)] along = 1:

DOT = —Bi [8T —¢] (12)
dp(1) =& (1+x) A(K) (16)

The dimensionless lateral component of Eq. 3 is inde-

— 2

pendent upon the presence of a magnetic field and is e/ (K) = (ntanhk+1)/ ([ + 1] tanhk+ 2. The

usual Marangoni tangential shear stress balance: function/(k) is a monotoneous increasing function from
its minimum value 12u atk = 0 up to its maximum

(D24 K2 W+ Mak? [5T — ] =0 (13) 1/(1 +_u) at k = o since the relative permeapility:
1+ x is always larger than one [Rosensweig (1997);
9o Bd? Weilepp and Brand (1996)].

with Ma = — 5 " being the Marangoni number. - grom gq. 12, Eq. 13, Eq. 14, using Eq. 16, we obtain the

face give the following dimensionless result: the Rayleigh-Taylor case:
Ma = Ma® (k) = 8k x
dp—d¢° [ 0] ]
=——— and DOép=K |{———
¢ 1+x 7 ¢ 1+X

[coshk sinhk — k] [k sinhk + Bi coslK| (17)

X
Introducing the following dimensionless numbers - the (sintPk— k2 costk) + 8Crk® coshk
crispation numbe€r = pk /od, the Bond numbeBo = +Bo + k? — kKA(K) A
pgd?/o with v/Bo < 1, the magnetic Bond number o , o _
Bom = o (XHY)2d/o (1+X), the Galileo numbeGa = Where by defmltlom\&n = [1+X]" Bom is directly linked
gd3/vk = Bo/Cr [Velarde, Nepomnyaschy, and Hent© the magnetic Bond number. When the magnetic field is
nenberg (2000); Abou, de Surgy, and Wesfreid (199ApSentAm = 0, we find back from Eq. 17 the Marangoni
- enables us to obtain the final dimensionless expressisablem studied by Smith and Takashima [Smith (1966);

of the Laplace equation derived from Eq. 3 and Eq. 4: Takashima (1981)]. The term multiplyir@r couples the
classical Marangoni case studied from Pearson onwards

1 Bo [Pearson (1958); Smith (1966); Takashima (1981); Ve-
2\t 2 2 M s
KA E+@ [3k*~D7] DW -+ Bo 5=0 (14) larde, Nepomnyaschy, and Hennenberg (2000)] and the
, o isothermal Cowley-Rosensweig instability [Rosensweig
H .
whereA: :+k__kU0(X 0) +1. InA*, the upper- (1997); Hennenberg, Weyssow, Slavichev, and Legros

Bo pgd (2001); Abou, de Surgy, and Wesfreid (1997); Bacri,
scipt 4 (respectively—) means a ferrofluid layer restperzynski, and Salin (1988)].

ing on the underneath rigid wall (ferrofluid layer hanging) Indeed, should we neglect the deformation and thus
down from the upper rigid wall) which corresponds tg '

the + (—) sign in front of 1. The magnetic Bond numEjsecr = 0, we obtainMa = Mao(k) where
ber Bon, is due to the magnetic pressure jump along thﬁ/lao(k) — 8k x

free surface [Rosensweig (1997); Hennenberg, Weyssow,

Slavtchev, and Legros (2001); Abou, de Surgy, and Wes- (k— coshk sinhk) (k sinhk 4 Bi coshk)

freid (1997); Bacri, Perzynski, and Salin (1988)]. X k3 coshk — sinPk

(18)
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This is the classical Marangoni compatibility conditiod.1 The ferrofluid layer resting on a solid surface
[Pearson (1958)], whose critical valueMag(1.992) ~

79,6, at a critical wavenumbeg,; ~ 1.992. Increasing the magnetic field, Eq. 20 shows thatk)

o _ has either no positive real root (Cowley-Rosensweig
b) If the fluid is isothermalMa = 0. But since the nu- gi5pje case), one positive zero (Cowley-Rosensweig
merator of Eq. 17 is always positive, the compatibilitarginal stability) or two positive roots (Cowley-
condition Eq. 17 reduces to zero only if the denominggysensweig unstable case) [Rosensweig (1997); Hen-
tor is infinite, which means to havigj (k) = 0, where we nenherg, Weyssow, Slavtchev, and Legros (2001); Salin
define (1993); Abou, de Surgy, and Wesfreid (1997)].

2
AS(K) = +% - % +1 (19) Al 4 (k) has less than two positive roots

But A5 (k) = O corresponds to the generalisation of th
compatibility condition of the Cowley-Rosensweig insta:

bility for any layer widthd [Rosensweig (1997); Abou, 200 —
de Surgy, and Wesfreid (1997); Bacri, Perzynski, an  Ma . H
Salin (1988); Chandrasekhar (1981)]. If we use=
k/+/Bo and the functior® = Ag,/2(1+ H)v/Bo [Abou, 150 — \
de Surgy, and Wesfreid (1997)], we can rewrite last equi ] k
tion Eq. 19 as

100 —

+ + + ()
AL (K) <Ay <AL(K)+ KD m (20) 4
50 —

whereAE (K) =K2—-2K® +£1,A5 = AL (K) —a®, and
a=(1+p) (uzi;??;]ﬁ%im — 2K. The above in- i
equality defines two extreme cases. A thick layer sug 0 — T T
poses the widthd to be much larger than the capillary 0 1 2 3 k 4

length /o/pg [Rosensweig (1997); Salin (1993); Hen-
nenberg, Weyssow, Slavtchev, and Legros (2001); Abou,
de Surgy, and Wesfreid (1997)]. The isothermal invis-
cid Cowley-Rosensweig instability reduces to the stufijgure 2 : Neutral curvesMa® (k) for k > 1 (Pearson
of A% (K \/g) = 0 whereAZ (K \/g) —K2_2K®d+1. gurve). (@ Cowley-Rosensyvelg marginal case (solld
A very very thin layer exists when the capillary length &n€). (b) Cowley-Rosensweig stable case showing a
much more larger than the width[Abou, de Surgy, and finité minima. atk ~ O_(\/B_o) (dotted line), and (c)
Wesfreid (1997); Bacri, Perzynski, and Salin (1988)] akgse Whgn the magnetic field has a negligible influence
the compatibility condition is the study A€ (K v/Bo) = (dashed line).
0, whereAs (K v/Bo) = AL (K) + Kdpt (1+ p).
WhenA/ (k) is non negative, the RHS of Eq. 21 is the
4 Preliminary results product of the functiorMag(k) by a non negative func-
tion 4 less than one. For very large valuesGd, 4 ~ 1

Using Eq. 18 and Eq. 19 we can rewrite EqQ. 17as  the interface is practically undeformable so that this ex-
plains why the dashed curve in Fig. 2 followed by the
solid line gives back the classical curve of Pearson [Pear-

5 ~son (1958)]. However for lower value @a, where the
wherea = Ay (K)/{A5 (k) + Ga[siﬁéﬁis“iosm] }- Wewill jnterface can deform4 is less than 1 so that it will de-
restrict ourselves to some preliminary results and discassase the value ®fla* (k) with respect tdVlag(k), lead-
the longwavelength approximation of Eq. 21. ing to a new minimum of the curve. One could obtain a

Ma® (k) = Mag(k) 4 (21)
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new critical wavelength giving rise to the same value éfgain, whatever the direction of heating, exists an unsta-
the critical Marangoni number for two different criticable wavenumber interval.

values of the wavenumber (dotted curve in Fig. 2). IQyhen the isothermal case is unstable by itself, there ex-
creasing still the magnetic field up to its marginal valugs thus a critical Galileo number such that larger values
one observes that this new critical wavenumber beconggs$t amounts to uncouple both problems. However, for
the leading one. The Cowley-Rosensweig isotherm@ler values of the Galileo number, the Marangoni prob-
problem is stable but the coupling allows a lower grgsm is always unstable, whatever the heating direction or
dient of temperature to reach the marginal Marangqfe applied temperature gradient. The coupling looses

value at a critical wavelength still @(d/v/Bo). This thys every interest since it considers a surface whose
exists untilZ = 0, where the overall Marangoni probshape has stopped to exist.

lem Ma™ (k) is equal to zero at that finite wavenumber

kerit &~ O(VBo), since the critical wavenumber of they.2 The ferrofluid layer hanging down from the ceil-
isothermal Cowley-Rosensweig instabilityy&Bo, both ing

for infinitely thin Aj (k) = 0 and large layen\] (k) = B L

0 [Rosensweig (1997): Abou, de Surgy, and Wesfreld@€N4q (k) has always one and only one real positive
(1997); Salin (1993); Bacri, Perzynski, and Salin (198gf°t K = ko and is negative fonk = 0 up toko, where
Hennenberg, Weyssow, Slavtchev, and Legros (20(’)};&3 the overall Marangoni numbéfa™ given by the
The RHS of Eq. 21 is positive for all other wavenurd3 1S Of EQ. 21 is equal to zero. For wavenumbers larger
bers. The stable Cowley and Rosensweig magnetic fifld1 %o, £q (K) is positive so that the RHS of Eq. 21 is
induces a new possible Marangoni pattern wheating POsitive. Betweerk = 0 andk = ko, the denominator
from below(Fig. 2). For the non oscillating case, heatingf 2 IS the sum of4; (k), a negative function mono-
from above, is physically meaningless since the RHS!@peously increasing from-1 atk = 0 up to 0, and a

- - . . 8k coshk .
Eqg. 21 is non negative. positive function _ that is equal to
Ga [sinPk — k3 costk]
B] A (k) has two different positive roots zero atk = 0 andk = . Thus this denominator has al-

_ . ways one rook = K, |—» smallerthanky, where the

If A (k) has two rootsk- andk.., the isothermal invis- parangoni number given by the RHS of Eq. 21 becomes
cid Cowley-Rosensweig case is unstableKauch that gingylar. The Marangoni numbéda— is thus positive
k- =< k < ki, leading to change of shape of the free Sy o < k < ki, . since both the numerator and the
face [Rosensweig (1997)]. But for very lar@s, there genominator of4 are negative) and for all wavenumbers
cannot be any coupling between the Marangoni problgmyer thank, since both the numerator and the denomi-
and the Cowley-Rosensweig one, since the gradien;]?‘zg]?or of 4 are positive. The Marangoni numbkefa ™~ is
temperature is applied to a completely rigidified surfag@gative for all wavenumbetssuch that, < k < ko.
where the Marangoni problem gives back the result phe problem is always unstable due to the Rayleigh-
Pearson [Pearson (1958)]. Taylor instability [Chandrasekhar (1981)], but the mag-
[] For highly deformable surface whereGa netic field intervenes to change the critical wavenum-
is much smaller, one will have|Aj(k)| << berk for which A (k) is equal to zero. The isothermal

8k® coshk tor everv k in the interval Rayleigh-Taylor instability makes the Marangoni insta-
Ga [sinl‘?k— k3 cosrk] y bility unstable, whatever the direction of heating.
[k_,Kk], the numerator of2 and its denominator are of
opposite sign, so thafla™ (k) is negative in the interval4.3 The long wavelength approximation

[k_,k;] and strictly positive outside that interval. Thug; o the Galileo number is anyway rather large

whatever the direction of heating and the heat jump, tﬂ%osensweig (1997); Weilepp and Brand (1996)]), the

coupling leads to an unstable Marangoni problem. -5 ction multiplying Mao(K) differs from unity by an er-
[l] In an intermediary range oGa, the denominator of g

32k o ,
A4 might become equal to zero at wavelengkisand for that decreases as Eé* exp Z<)’ with increasingk.
ko, such thatk < k; < ky < k; so that we will have For large wavenumbeitis > 3, thus the magnetic field
two singularities since theria™ (k)| becomes infinite. H® and the deformation have a very minute role. We find
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back the solution given by Pearson [Pearson (19%8)], Belgium is gratefully acknowledged. This paper is an
dependent upon gravity and upon magnetic figlg On extension of a poster delivered at the IMA3 Congress,
the contrary, folong wavelengthesve develop Eq. 17 (Tampa , Florida, November 2006)

up to the term multiplying®. To do that in a meaning-

ful way, we have however to go to higher order terms feferences

the series development of cdssinhk and tantk. Then,

from Eq. 21, we have Abou, R.; de Surgy, G. N.; Wesfreid, J. E.(1997):
Dispersion Relation in a Ferrofluid Layer of any Thick-
. 2 . 4 o 2 ness and Viscosity in a normal magnetic Field: Asymp-
imMa =3 Ga (1+8i) {AO (k) —k [i 15 totic Regimes.J. Phys. Il Francevol. 7, pp. 1150-1171.
Ga Npp—-1 1 _ _ . .
—+ — 22 .C,; g . : -
+120+ Bo 4/2 F 311 B) (22) Bacri, J. C.; Perzynski, R.; Salin, D.(1988): Instabil

ity of a ferrofluid film. C. R. Acad. Sci. Paris,&ie I,

This expression differs from the result of BashtovdP!- 307, pp. 699-704.

and Pavlinov [Bashtovoi and Pavlinov (1979); Pav“”??ashtovoi, V. G.: Berkovski. B. M.: Vislovitch. A. N.

1988): Introduction to Thermomechanics of Magnetic
Fluids. Hemisphere Publ. Corp., Washington D. C.

(1979); Bashtovoi, Berkovski, and Vislovitch (1988
whose asymptotic formula reads

. 2 .

Lm}) Ma = éGa (1+Bi) A5 (k) (23) Bashtovoi, V. G.; Pavlinov, M. I. (1979): Thermocap-
illary instability of a layer of magnetic fluid with a ther-

In our opinion, Bashtovoi and Pavlinov went too far imally insulated boundaryMagnitnaya Gydrodynamika

their long wavelength simplification, neglecting a terwol. 15, pp. 22-26.

Ga AmiP-1 .

O<k2[1—20+,3—0 a2 D that is of the same order agrgess, J. M.; Juel, A.; Comick, W. D. M.; Swift,

the one they keph (k), (see for example [Weilepp and- B Swi.n.ney, H. L. (2001): Suppression of Dripping

Brand (1996)]). Let us note that, in the absence of mdfRm a ceiling. Phys. Rev. Letvol. 86, pp. 1203-1206.

netic field, Eq. 22 gives back the result of Takashintah

and Smith [Smith (1966); Takashima (1981); Velard

Nepomnyaschy, and Hennenberg (2000)] obtained

usual Newtonian fluids, which is out of question Sta”ir]gennenberg,

andrasekhar, S.(1981): Hydrodynamic and Hy-
Sofromagnetic StabilityDover Publ.

M.; Weyssow, B.; Slavtchev, S.; Legros,

with Eq. 23. J. C. (2001): Coupling between Marangoni and
_ Rosensweig Instabilities.Eur. Phys. J. APvol. 16, pp.
5 Conclusion 217—229.

A magnetic field, less than its Cowley-Rosensweigacit,[O G Eilament. C.- Bacri. J. C.- Widom. M

marginal value, can be coupled to a gradient of temper-. = . , - ) .
L - . . Rayleigh-Tayl I h flu-
ature. It will influence the Marangoni instability, for af“éOOO) ayleigh-Taylor instability with magnetic flu

, ) . s: Experiment and theory.Phys. Rev. Evol. 62, pp.
highly deformable surface, and will affect an interval ) Xperl y-Fhy v. B PP
941-7948.
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