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The main objectives of the 10th Conference of the International Marangoni Association (IMA10) are
to provide opportunities for scientists and engineers, working on interfacial fluid dynamics and pro-
cesses, to exchange their knowledge and to discuss recent advances in the field. Previous conferences
were held in Gießen, Germany (2001), Brussels, Belgium (2004), Gainesville, USA (2006), Tokyo,
Japan (2008), Florence, Italy (2010), Haifa, Israel (2012), Vienna, Austria (2014), Bad Honnef, Ger-
many (2016) and the most recent one in Guilin, China (2018). IMA10 will take place in Ias, i, Romania
on June 12-16, 2022.

Iaşi is one of the largest cities and municipalities from the country, known as The Cultural Capital
of Romania. Located in the historical Moldavia region, Iaşi has traditionally been one of the leading
centers of Romanian social, cultural, academic, and artistic life. The city was the capital of the
Principality of Moldavia from 1564 to 1859, then of the Unified Principates from 1859 to 1862, and
capital of Romania from 1916 to 1918.

The 10th Conference of the International Association (IMA10) will take place at the Traian Grand
Hotel, Eminescu Hall (Piaţa Unirii 1, 700056) in Iaşi. Placed in the historical center of the city, the
famous Traian Grand Hotel has been built between 1879 and 1882 in neoclassical style by the French
civil engineer Gustave Eiffel, five years before the famous Eiffel Tower from Paris.

We are happy to welcome you in Iasi,

PD Dr. Rodica Borcia Brandenburg University of Technology Cottbus-Senftenberg, Germany

Assoc. Prof. Dr. Sebastian Popescu Alexandru Ioan Cuza University Iasi, Romania

Dr. Ion Borcia Brandenburg University of Technology Cottbus-Senftenberg, Germany

Conference Chairmen of IMA10

WLAN password at conference place: traian@grandhotel



Committee

Conference Chair

� R. Borcia (Germany)

� S. Popescu (Romania)

� I. Borcia (Germany)

Advisory Committee

� H. Kuhlmann (Austria)

� R. Narayanan (USA)

� A. Oron (Israel)

� D. Schwabe (Germany)

Scientific Committee

� S. Amiroudine (France)

� E. Benilov (Ireland)

� M. Bestehorn (Germany)

� R. Borcia (Germany)

� K. Eckert (Germany)

� H. Kuhlmann (Austria)

� S. Kumar (USA)

� Q.-S. Liu (China)

� M. Medale (France)

� A. Mizev (Russia)

� R. Narayanan (USA)

� A. Nepomnyashchy (Israel)

� K. Nishino (Japan)

� A. Oron (Israel)

� H. Riegler (Germany)

� R. Savino (Italy)

� D. Schwabe (Germany)

� V. Shevtsova (Belgium)

� V. Starov (UK)

� I. Ueno (Japan)

� A. Viviani (Italy)

Organizing Committee

from Alexandru Ioan Cuza University Ias, i (Ro-
mania)

� Catalin Borcia

� Sebastian Popescu

from Brandenburg University of Technology
Cottbus-Senftenberg (Germany)

� Michael Bestehorn

� Rodica Borcia

� Ion Dan Borcia

� Katrin Gregor

� Christian Martens

� Katharina Noatschk

� Sergej Varlamov



Su
n

d
ay

M
o

n
d

ay
Tu

esd
ay

W
ed

n
esd

ay
Th

u
rsd

ay
1

2
-Ju

n
1

3
-Ju

n
1

4
-Ju

n
1

5
-Ju

n
1

6
-Ju

n
7

:3
0

R
egistratio

n

O
p

en
in

g an
d

 In
tro

d
u

ctio
n

R
a-Ta In

stab
ility

9
:0

0
 - 9

:3
0

9
.0

0
 - 1

0
.0

0
Th

erm
o

cap
ilatities an

d
 EH

D
9

:3
0

 - 1
0

:3
0

C
h

air: M
. M

ed
ale

P
h

ase Tran
sitio

n
s I

P
o

ster Sessio
n

C
h

air: R
. P

iriz
1

0
:0

0
 - 1

1
:0

0
Sh

o
rt p

resen
ta

tio
n

s
1

0
:0

0
 - 1

0
:4

5
C

h
air: S. M

ad
ru

ga
C

h
air: S. P

o
p

escu
M

icro
gravity

1
1

:0
0

 - 1
2

:0
0

P
h

ase Tran
sitio

n
s II

C
h

air: S. R
ich

ter
1

1
:3

0
 - 1

2
:3

0
C

h
air: I. B

o
rcia

C
o

-ch
air: Q

. Liu

1
2

:3
0

 - 1
4

:0
0

1
2

:3
0

 - 1
4

:0
0

1
2

:3
0

 - 1
4

:0
0

W
ettab

ility
En

gin
eerin

g A
p

p
licatio

n
s

1
4

:0
0

 - 1
5

:0
0

1
4

:0
0

 - 1
5

:0
0

C
h

air: A
. O

ro
n

C
h

air: S. A
m

iro
u

d
in

e
D

ro
p

s an
d

 Th
in

 Film
s

1
5

:0
0

 - 1
6

:0
0

W
aves

C
h

air: M
. B

esteh
o

rn
1

5
:3

0
 - 1

6
.1

0
C

h
air: R

. B
o

rcia
Excu

rsio
n

 p
resen

tatio
n

M
u

lti-co
m

p
o

n
en

t
1

6
:1

0
 - 1

6
.3

0
1

6
:3

0
 - 1

7
:3

0
7

:3
0

 - 2
4

:0
0

R
egistratio

n
 an

d
C

h
air: P

. B
eltram

e
W

elco
m

e P
arty

P
resen

tatio
n

 o
f IM

A
1

1
1

7
:3

0
-1

7
:5

0

2
0

2
1

9

P
o

ster sessio
n

C
o

ffee b
reak

Excu
rsio

n

8
8

:0
0

 - 9
:0

0

1
0

C
o

ffee b
reak

1
1

an
d

to

C
lo

sin
g

1
3

M
o

n
asteries

fro
m

1
4

1
2

C
o

ffee
Lu

n
ch

Lu
n

ch
Lu

n
ch

B
an

q
u

et
1

8

B
u

ko
vin

a

1
5

C
o

ffee b
reak

1
6

1
9

C
o

ffee b
reak

C
ity To

u
r

Traian
 G

ran
d

 H
o

te
l

1
7

1
7

:0
0

 - ?

R
estau

ran
t G

u
stave in

1



Scientific programm

Sunday, 12/6

17.00 - ? Registration and welcome party

Monday, 13/6

8:00 - 9:00 Registration

9:00 - 9:30 Opening and Introduction

9:30 - 10:30 Thermocapillary Effects and Electrohydrodynamics, Chair: R. Piriz

9:30 Alexander Oron: Marangoni instability in a liquid layer subjected to an oblique
temperature gradient

9:50 Lukáš Bábor: Numerical stability analysis of thermocapillary-buoyant flow in
droplets on heated or cooled substrates

10:10 Seymen İlke Kaykanat: Electrohydrodynamic linear stability of a Newtonian and
a non-Newtonian fluid in a microchannel

10:30 - 11:00 Coffee break

11:00 - 12:00 Microgravity, Chair: S. Richter

11:00 Dan Gligor: Thermocapillary-based control of a free surface in microgravity

11:20 Sakir Amiroudine: Long time transient sink-zones in near critical fluids

11:40 Yury Gaponenko: Dependence oscillatory dynamics on gas flow temperature in
liquid bridgese

12:30 - 14:00 Lunch
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14:00 - 15:00 Wettability Phenomena, Chair: A. Oron

14:00 Nikolai Kubochkin: Soft and Rigid Edge Wetting at Nanoscale

14:20 Marc Medale: Partial wetting in weightlessness: an ideal framework to
understand Young’s equation

14:40 Philippe Beltrame: Transport versus imbibition in a cylindric mesopore

15:00 - 16:00 Drops and Thin Films, Chair: M. Bestehorn

15:00 Olga Lavrenteva: Rotating Toroidal Drop in Linear Flow

15:20 Sebastian Richter: Direct numerical simulation of parametrically excited liquid
films on non-planar substrates

15:40 Atefeh Pour Karimi: Experimental study of dripping thin films on inclined fibers

16:00 - 16:30 Coffee break

16:30 - 17:30 Multi-component Systems, Chair: P. Beltrame

16:30 Wilhelm Schabel: Concentration induced transient Marangoni convection in
drying polymer films measured with 3D micro particle tracking velocimetry

16:50 Rodica Borcia: Phase field modelling in liquid binary mixtures: isothermal and
non–isothermal problems

17:10 Dominika Zabiegaj: Impact of the air pollutants on the Lung Surfactant based on
interaction model of the Carbon Nanotubes and TiO2 Nanoparticle mixtures with
Dipalmitoyl Phosphatidylcholine Monolayers

17:30 - 17.50 Sakir Amiroudine: Presentation of IMA11
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Tuesday, 14/6

9:00 - 10:00 Rayleigh-Taylor Instability, Chair: M. Medale

9:00 Michael Bestehorn: Hopf instability of a Rayleigh-Taylor unstable thin film
heated from the gas side

9:20 Antonio Roberto Piriz: Rayleigh-Taylor instability in elastic-plastic solid slabs

9:40 Franz-Theo Schön: Instabilities and pattern formation in visco-elastic fluids

10:00 - 11:00 Phase Transitions I, Chair: S. Madruga

10:00 Qiu-Sheng Liu, Jun Qin: Evaporation and Marangoni Effects of Large-scale
Droplet Evaporated on Heated Substrate in Space

10:20 Marc Medale: Instabilities developing in evaporating sessile drop on heated substrate

10:40 Senthil Kumar Parimalanathan: ‘Tears of Wine’ in strong alcoholic beverages

11:00 - 11:30 Coffee break

11:30 - 12:30 Phase Transitions II, Chair: I. Borcia, Co-chair: Q. Liu

11:30 Santiago Madruga: Thermocapillary driving in Phase Change Materials: melting
dynamics and application to micro-energy harvesting

11:50 Jun Qin: Thermocapillary Convection Instability in a Thin Liquid Layer with
Evaporation Effect

12:10 Pınar Eribol: Experimental study of dendrites developing with electrodeposition

12:30 - 14:00 Lunch

14:00 - 15:00 Engineering Applications, Chair: S. Amiroudine

14:00 Dominika Zabiegaj: Impact of the surfactants on the energy crisis: Hybrid foamed
concrete as a porous material for domestic passive heating

14:20 Darish Jeswin Dhas S: Shallow gravity-driven particle-laden flows

14:40 Anna Ipatova: Adhesion effect of a trapped air bubble under a micro-particle

15:00 - 15:30 Coffee break

15:30 - 16:10 Waves, Chair: R. Borcia

15.30 Uwe Harlander: Small-scale wave emission from weather systems: a review of laboratory studies

15:50 Ion Borcia: Wave collision in a circular channel - sloshing and resonance

16:10 - 16:30 Excursion presentation

16.30 - 18:00 City tour
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Wednesday, 15/6

7:30 - 24.00 Excursion to Bukovina and Banquet

Thursday, 16/6

10:00 - 10:45 Poster sesion - short presentations, Chair: S. Popescu

Sebastian Popescu: Theoretical Modeling of the Interface between Two Fractal
Fluids – Plasma Double Layer

Wen-Jun Liu: Marangoni Flow Transition of Evaporating Liquid Layer in
Enclosed Cylindrical Cell

Katharina Noatschk: Ge(001) surface reconstruction with Sn impurities

Dan-Gheorghe Dimitriu: Complex Formation and Microheterogeneity in
Water-Alcohol Binary Mixtures Investigated by a Solvatochromic Study

Dan-Gheorghe Dimitriu: Drug Influence on the Stability of the Phospholipid
Membranes

Iustina Hatescu: Surface Properties of Polymers treated by Atmospheric-Pressure
Plasma

Iustina Hatescu: Bulk and Surface Properties of PMMA Modified by Ion Beam
Irradiation

10:45 - 12:30 Poster Session and Coffee

12:30 - 14:00 Lunch
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‘Tears of Wine’ in strong alcoholic beverages

Senthil Kumar Parimalanathan,1 Sam Dehaeck,2 Alexey Rednikov,2 and Pierre Colinet2
1TIPs Laboratory, ULB, Brussels, Belgium,sparimal@ulb.ac.be

2TIPs Laboratory, ULB, Brussels, Belgium, pcolinet@ulb.ac.be

It has been a great fascination for wine lovers to observe those ‘tears of wine’ rolling along the walls
of their wine glasses. For science lovers, this effect has been very intriguing and compelling due to its
rich physics. Though the phenomenon has been observed and studied for several decades [1], several
new insights [2, 3] have broadened the horizon of our understanding of such an old phenomenon. In the
present study, we investigate the possible influence of the alcohol content and the relative humidity (RH)
on this phenomenon.

A simple setup (Fig.1(a)) has been used in the present study. It consists of a control chamber inside
which the RH can be monitored. The RH is varied by allowing a different combination of dry N2 and N2

saturated with water vapour into the chamber. Results have been presented here for two specific cases,
viz., case(a) with ethanol:60%/water:40% mixture by mass (typical to Absinthe or Whisky) and the
second case(b) corresponding to the ethanol:90%/water:10% (typical for the strongest Vodka or Rum).
The RH can be varied from 5% to about 60%. A small perturbation to the system creates a thin film
of the mixture over an oxidized silicon wafer. Concerning the case(a), after the perturbation, the tears
are observed instantaneously and sustained even for a very small RH of 5% as shown in Fig. 1(b).
However, a very dramatic effect is observed for case(b). For high RH of about 52%, the tears of wine are
pronounced, quite continuous and similar to case(a) but when the RH is gradually reduced to about 20%
the film quickly starts retracting into the pool of liquid as though the dryness in the air has stopped the
wine tears (Fig.1(c)). When the RH is decreased further, even after several attempts of perturbation it was
impossible to have a stable film as well as the wine tears. Thus the ethanol concentration and RH seems
to play a major role in this phenomenon. Our team in TIPs are attempting to develop a sophisticated
model in order to explain this criticality related to the concentration and RH in the tearing phenomenon.

 Fig. 1(c) Case (b) at different RH conditions 

 Fig. 1(b) Case (a) at different RH conditions 

Fig. 1(a) Schematic of the present experimental 

RH=52.7% RH=27.9% RH=14.3%

RH=51.9% RH=29.0% RH=14.6%

Acknowledgements: This project has received funding from the European Union’s Horizon 2020
research and innovation programme under the Marie Skłodowska-Curie grant agreement No 801505.
The authors also thank the Funding Bodies ESA, BELSPO, and FRS-FNRS for supporting this work.

[1] J. Thomson, On certain curious motions observable at the surfaces of wine and other alcoholic liquors, The
London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 10(67), 330–333 (1855).

[2] D. C. Venerus,D. N. Simavilla, Tears of wine: New insights on an old phenomenon, Scientific reports, 5,
16162, (2015).

[3] A. Nikolov, D. Wasan, J. Lee, Tears of wine: The dance of the droplets, Advances in colloid and interface
science, 256, 94–100, (2018) .
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Numerical stability analysis of thermocapillary-buoyant flow
in droplets on heated or cooled substrates

Lukas Babor1 and Hendrik C. Kuhlmann1
1Institute of Fluid Mechanics and Heat Transfer, TU Wien,

Vienna, Austria lukas.babor@tuwien.ac.at

The thermocapillary-buoyant flow in droplets in contact with a heated or a cooled substrate is of
interest in numerous industrial fields including additive manufacturing, painting with suspension sprays
or ink-jet printing. Non-uniform evaporation along the droplet surface can produce the well known
coffee-stain effect, which is finding new applications in medical diagnostics and materials science [1].
While fast solidification or drying may be desirable in these fields, cooling or heating of the substrate as
well as evaporation-induced thermal gradients [4] can trigger three-dimensional instabilities of the flow
inside the droplet. This changes the total heat and mass transfer and may even lead to a clustering of
suspended particles [7].

The axisymmetric steady toroidal vortex flow in a one-component fluid is determined by buoyancy
and thermocapillary forces [3]. Three-dimensional symmetry breaking is caused by Bénard-Marangoni
cells in the center of shallow droplets [5] and by hydrothermal waves traveling along the droplet’s pe-
riphery [2, 4, 6]. Furthermore, the competition between evaporation and heat conduction through the
substrate affects the thermal gradients near the contact line [4], modifying the azimuthal wave number.

A systematic investigation of the symmetry breaking phenomena is lacking. Therefore, we carry out a
linear stability analysis of the thermocapillary-buoyant flow, assuming an indeformable spherical liquid–
gas interface (small-capillary-number limit) and a perfectly conducting substrate. Critical Reynolds
numbers, energy budgets and the most dangerous perturbations are computed for a range of Prandtl
numbers, Grashof numbers and contact angles.

The basic flow is solved using a Finite Element library FEniCS, while the eigensolutions of the
linearized problem are computed with the Arnoldi method implemented in ARPACK. The no-penetration
boundary condition on the free surface is enforced with Nitsche’s weak formulation for non-boundary-
fitted coordinates.

[1] R. Guha, F. Mohajerani, A. Mukhopadhyay, M. D. Collins, A. Sen and D. Velegol, Modulation of spatiotem-
poral particle patterning in evaporating droplets: applications to diagnostics and materials science, ACS Appl.
Mater. Interfaces 9, 43352–43362 (2017).

[2] G. Karapetsas, O. K. Matar, P. Valluri and K. Sefiane, Convective Rolls and Hydrothermal Waves in Evapo-
rating Sessile Drops, Langmuir 28, 11433–11439 (2012).

[3] S. Masoudi and H. C. Kuhlmann, Axisymmetric buoyant-thermocapillary flow in sessile and hanging droplets,
J. Fluid Mech. 826, 1066–1095 (2017).

[4] K. Sefiane, A. Steinchen, and R. Moffat, On hydrothermal waves observed during evaporation of sessile
droplets, Colloids and Surfaces A: Physicochem. Eng. Aspects 365, 95–108 (2010).

[5] W.-Y. Shi, K.-Y. Tang, J.-N. Ma, Y.-W. Jia and H.-M. Li, Marangoni convection instability in a sessile droplet
with low volatility on heated substrate, Int. J. Therm. Sci. 117, 274–286 (2017).

[6] T.-S. Wang and W.-Y. Shi, Influence of substrate temperature on Marangoni convection instabilities in a sessile
droplet evaporating at constant contact line mode, Int. J. Heat Mass Transf. 131, 1270–1278 (2019).

[7] T. Watanabe, T. Takakusagi, I. Ueno, H. Kawamura, K. Nishino, M. Ohnishi, M. Sakurai and S. Matsumoto,
Terrestrial and microgravity experiments on onset of oscillatory thermocapillary-driven convection in hanging
droplets, Int. J. Heat Mass Transf. 123, 945–956 (2018).
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Concentration induced transient Marangoni convection in drying polymer films 

measured with 3D micro particle tracking velocimetry 

Max Tönsmann1,2, Philip Scharfer1,2 and Wilhelm Schabel1,2
 

¹ Institute of Thermal Process Engineering (TVT), Thin Film Technology (TFT),  

Karlsruhe Institute of Technology (KIT), 76131 Karlsruhe, Germany max.toensmann@kit.edu 

² Material Research Center for Energy Systems (MZE),  

Karlsruhe Institute of Technology (KIT), 76131 Karlsruhe, Germany 

 

 

Thin films are an essential component of novel organic electronic devices and low-cost sensors. 

Surface tension of multi-component coating solutions depend on both temperature and composition and 

for many material systems, the concentration dependency is much more pronounced because the solvent 

concentration decreases rapidly during drying of thin films. Therefore, inhomogeneous drying 

conditions may result in undesired Marangoni convection and a free-surface deformation. 

Simultaneously, during solvent evaporation the viscosity increases, dampening convection and at the 

same time the film solidifies. Surface deformations remain in the dry coating deteriorating device 

performance. In the scientific literature, most of the investigations on Marangoni convection in thin 

films have been performed using pure non-volatile liquids. Only a few authors have considered 

evaporation or concentration effects in multi-component systems.1 To the best of our knowledge, 

solidification due to viscosity increase has not yet been quantitatively investigated. 

In order to investigate the flow-field within drying thin films, a new measurement technique (µPTV) 

has been developed in preliminary studies. It is based on tracking fluorescent particles in drying polymer 

solutions with an inverse microscope. A technique called “off-focus imaging” allows the tracking along 

the line-of-sight direction, enabling us to measure three-dimensional flow fields while drying. Our 

measurement technique gives unique insights, which will allow us to identify process parameters crucial 

to the surface homogeneity of thin films and printed structures.2 

Results from a drying poly(vinyl acetate)-methanol film at different drying times will be shown. A 

partial cover above the film results in inhomogeneous gas-sided drying conditions and therefore imposes 

a concentration and surface-tension gradient. Figure 1 shows 3D quantitative particle trajectories 

measured with µPTV. Besides an oriented Marangoni flow due to the deliberately imposed 

inhomogeneity, Bénard-Marangoni like convection cells perpendicular to the oriented flow will be 

presented. 

 
FIG. 1. 3D flow field within a partially covered drying poly(vinyl acetate)-methanol film.2 

                                                   
[1] Wang, J.-m.; Liu, G.-h.; Fang, Y.-l. et al. Marangoni effect in nonequilibrium multiphase system of material 

processing. Reviews in Chemical Engineering 2016, 32, 2. 
[2] Tönsmann, M.; Kröhl, F.; Cavadini, P. et al. Calibration Routine for Quantitative Three-Dimensional Flow 

Field Measurements in Drying Polymer Solutions Subject to Marangoni Convection. Colloids and Interfaces 

2019, 3, 39. 
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Thermocapillary driving in Phase Change Materials: melting dynamics and application
to micro-energy harvesting

Santiago Madruga1 and Carolina Mendoza2

1Universidad Politécnica de Madrid, Aerospace Engineering School,
Plaza Cardenal Cisneros 3, Madrid, 28040, Spain santiago.madruga@upm.es

2Universidad Antonio de Nebrija, Escuela Politécnica Superior,
Departamento Escuela de Ingenieros, Santa Cruz de Marcenado, 27, 28015 Madrid, Spain

The Phase Change Materials (PCM) allow to employ the latent heat of the solid/liquid phase change to
store large amounts of thermal energy during melting, the charging phase, and release it to the ambient
during solidification, the discharging phase. In addition to ground applications on energy storage and
thermal management, the usual cycles of operation of devices on-board spacecraft in microgravity suit
well with the heat storage and discharge phases of PCMs [1, 2].

We show the melting dynamics of an organic PCM under thermocapillary driving using rectangu-
lar geometries of different aspect ratios. The interplay between conduction and convection-dominated
regions within the liquid phase determines the heat transfer features. We show that some magnitudes
follow power laws: position of the surface melting front, time to complete melting, energy stored, and
dynamic Marangoni number with respect to the Nusselt number [3]

We show as well how metallic nanoparticles can further enhance the performance of PCM systems
in microgravity [4]. The metallic nanoparticles generate competitive effects on the heat transfer rate: (i)
they support faster heat transfer by raising the effective conductivity of the solid and liquid phases of the
PCM, and simultaneously (ii) they slow the convective heat transfer by raising the viscosity of the melted
phase and reducing the surface shear stress responsible for the Marangoni effect. Metallic nanoparticles
with higher diameters and geometries with long free surfaces enhance the heat transfer performance with
respect to the base PCM.

Finally, we show how it is possible to use the Marangoni effect to boost the conversion of ambient
thermal fluctuations into electric power. We show how coupling PCMs with thermoelectric devices
increases the electric energy output an order of magnitude with respect to conventional designs in micro-
energy harvesters to power sensors in spacecraft [5, 6]. For usual thermal conditions in satellites, we
show how thermocapillarity can enhance the conversion rate of TEG/PCM micro-energy harvester and
produce enough power to feed low-consumption sensors. We show that most of the augmented energy
production with respect to conductive transport occurs during the PCM heating phase when Marangoni
flows are strongest [7].

[1] S. Madruga and C. Mendoza. Heat transfer performance and melting dynamic of a phase change material
subjected to thermocapillary effects. Int. J. Heat Mass Transf., 109:501–510, 2017.

[2] S. Madruga and C. Mendoza. Enhancement of heat transfer rate on phase change materials with thermocapil-
lary flows. Eur. Phys. J. Special Top., 226:1169–1176, 2017.

[3] S. Madruga and C. Mendoza. Scaling laws during melting driven by thermocapillarity. Int. J. Heat Mass
Transf., 163:120462, 2020.

[4] S. Madruga and C. Mendoza. Heat transfer performance and thermal energy storage in nano-enhanced phase
change materials driven by thermocapillarity. Int. Commun. Heat Mass Transf., 129:07351933, 2021.

[5] S. Madruga. Thermoelectric energy harvesting in aircraft with porous phase change materials. IOP Conf. Ser.:
Earth Environ. Sci., 354:012123, 2019.

[6] S. Madruga. Modeling of enhanced micro-energy harvesting of thermal ambient fluctuations with metallic
foams embedded in Phase Change Materials. Renew. Energy, 168:424–437, 2021.

[7] S. Madruga and C. Mendoza. Introducing a new concept for enhanced micro-energy harvesting of thermal
fluctuations through the Marangoni effect. Appl. Energy, 306:117966, 2022.
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Rayleigh-Taylor instability (RTI) in elastic-plastic (EP) solid slabs accelerated by Mbar pressures is
the main tool for determining the mechanical properties of solids under extreme conditions of strain and
strain rate [1]. In addition, it plays a crucial role in the performance of implosion experiments aimed
to laboratory studies of planetary core conditions [2]. A sort of subrogate experiments can also be done
under normal environmental conditions by using soft matter. The latter, however, cannot reproduce the
free surface situation present in the accelerated slabs since the slab must necessarily be in contact with a
rigid surface. However, such experiments allow for a definite characterization of the EP material and are
much easier to diagnose, which make them extremely useful for testing the model approach used in the
strongly accelerated slabs.

In this work, the linear theory for the RTI in EP solid slabs is developed on the basis of the simplest
constitutive model consisting in a linear elastic initial stage followed by a perfectly rigid-plastic phase.
The EP slab is assumed to have a thickness h , and a density ρ2, and that is subject to a constant ac-
celeration g. It overlays a very thick ideal fluid of density ρ1 < ρ2, and is characterized by constants
shear modulus G and yield strength Y . The boundaries of stability ξ∗(λ∗) and plastic flow ξ∗EP (λ

∗)
(ξ∗ = ρ2gξ0/2Y and λ∗ = ρ2gλ/4πG) are obtained by assuming that the instability is dominated by
the average growth of the perturbation amplitude and neglecting the effects of the higher oscillation fre-
quencies during the stable elastic phase. These boundaries exhibit the unique feature of depending on
both, the initial perturbation amplitude ξ0 and the perturbation wavelength λ, what seems to be a direct
consequence of the non-linear character of the constitutive properties of EP media.

The theory yields complete analytical expressions for the stability boundaries for arbitrary Atwood
numbers and dimensionless thickness α = ρ2gh/G of the solid slabs either, for the case of slabs accel-
erated by a high pressure (free upper surface) and for the case in which the upper surface of the EP slab
is in contact with a rigid wall. The latter case allows for providing a quantitative interpretation of recent
experiments [3], thus reinforcing the confidence in the method of analysis for the case of accelerated
slabs, which is much less accessible to experimental verification.

[1] A. R. Piriz, J. J. López Cela, and N. A. Tahir, Linear analysis of incompressible Rayleigh-Taylor instability in
solids, Phys. Rev. E 80, 046305 (2009).

[2] N. A. Tahir, A. Shutov, I.V. Lomonosov, A.R. Piriz, P. Neumayer, V. Bagnoud, and S. A. Piriz, Astrophysical
Journal Supplement Series, 238:27 1-11 (2018).

[3] I. Maimouni, J. Goyon, E. Lac, T. Pringuey, J. Boujlel, X. Chateau, and P. Coussot, Phys. Rev. Lett. 116,
154502 (2016).
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We consider the Marangoni instability in a liquid layer with a deformable interface subjected to the
presence of an oblique temperature gradient (OTG). We carry out the general linear stability analysis
(GLSA) of the system and also both the linear and weakly nonlinear stability analyses in the framework
of the thin-film approximation. We reveal the stabilizing effect of the horizontal component of the im-
posed temperature gradient (HTG) on the instabilities driven by the vertical component of the imposed
temperature gradient (VTG), and demonstrate the existence of a new class of instability modes which are
a consequence of the interaction between the two aforementioned components of the imposed temper-
ature gradients. The predicted stabilization of the long-wave instability imposed by the VTG is due to
an additional VTG induced in the base state by the imposed HTG counteracting the imposed VTG. This
feature leads to the formation of an island of instability in the η - Mac plane, where η denotes the ratio
between the components of the imposed HTG and VTG. For sufficiently high values of η, a new class
of instability modes originate due to the interaction between the imposed VTG and the thermocapillary
flow driven by the imposed HTG. This new class of modes exhibit characteristic scalingMac ∼ 1/η and
kc ∼ const. In the region characterized by the dominance of the HTG, these modes are responsible for
the instability. A decrease in the Bond number (Bo) leads to the widening of the instability island caused
by the long-wave instability in the η - Mac plane but has a negligibly small effect on the new class of
modes. In contrast, a decrease in the Prandtl number Pr leads to a reduction in the critical value Mac
for the new class of modes; the instability island of the long-wave instability is negligibly affected.

To further understand the role of the imposed HTG on the dynamics of the thin film beyond the
linear stability theory, a weakly nonlinear stability analysis is carried out. It reveals the transition of
the bifurcation type from subcritical in the absence of, or in the presence of, a weak imposed HTG to
supercritical in the presence of a stronger HTG. This suggests the possibility of utilizing the HTG in
manipulation of thin films and prevention or mitigating dry spot formation. Numerical solution of a
pertinent nonlinear evolution equation supports the results of the weakly nonlinear stability analysis and
shows the emergence of film rupture, travelling stationary and non-stationary waves.

This research was supported by the Grant 356/18 from the Israel Science Foundation (ISF). R.P. was
partially supported by the Technion Funds Postdoctoral Fellowship. Y.A. was partially supported by the
Millstone/St. Louis Chair in Civil and Environmental Engineering.
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I. INTRODUCTION 

 

The topic of our study is the influence of gas temperature on the dynamics of flow in a liquid bridge 

induced by thermocapillary (Marangoni). The gas flows parallel a liquid/gas interface. The aim of this 

investigation is concerned to the space experiment JEREMI (Japanese European Space Research 

Experiment on Marangoni Instabilities) which is devoted to the study of the threshold of hydrothermal 

instabilities in two-phase systems in cylindrical geometry.  

In the present study two phase flows induced by Marangoni convection on a free surface and 

buoyancy due to Earth’s gravity are analyzed in presence of weak evaporation through the interface. 

N-decane and air have been used as experimental fluids. We consider the system when gas flow is 

directed from the cold side of the liquid bridge (see Fig.1, left). The internal core consists of solid rods 

at the bottom and top, while the central part is a relatively short liquid zone filled with viscous liquid 

and kept in its position by surface tension. Depending on the gas temperature, the gas flow rate and the 

temperature difference between the rods different flow regimes have been identified including 3D 

oscillatory ones. The problem is solved numerically in 3D geometry, which corresponds to a liquid 

bridge axially placed into an outer cylinder with solid walls. The experimental results of this problem 

have been recently published, [ 1  ]. 

 
II. RESULTS 

 

Our previous results [2] have demonstrated the influence of shear-stress impact of a gas flow 

mowing along the interface, but now the emphasis is on the influence of gas temperature on the 

instability in the liquid bridge via heat transfer. Depending on the gas flow temperature and 

temperature difference between rods, we observe a wide variety of flow patterns which correspond to 

different modes of an oscillatory flow. In Fig. 1, (central and right part) the trajectories of dynamic 

system for different modes are shown for the case of the oscillatory flow when the temperature 

difference between the hot and cold rods is the same (ΔT = 10° C) but the temperature of the gas flow 

is different. An intensive numerical study has been performed in a large range of gas flow 

temperatures and temperature differences in order to clarify the experimental results. 
 

               
 

FIG. 1. Left: geometry of the problem; Centre: trajectories of dynamic system for different modes in case of 

Tgas = 22.5° C; Right: trajectories of dynamic system for different modes for Tgas = 31° C. 

                                                  
  [1] V. Yasnou, Yu. Gaponenko, A. Mialdun and V. Shevtsova, Influence of a coaxial gas flow on the evolution of 

oscillatory states in a liquid bridge, Int. J. of Heat and Mass Transfer 123, 747 – 759 (2018). 

 [2] V. Shevtsova, Yu. Gaponenko and A. Nepomnyashchy, Thermocapillary flow regimes and instability caused 

by a gas stream along the interface, J. Fluid Mech. 714, 644 – 670 (2013). 
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ABSTRACT 

Supercritical fluids (SCFs) (fluids which are above their critical point) have received considerable 
attention during the last decades due to their singular thermophysical properties when approaching the 
critical point. A striking phenomenon wherein the temperature of the SCF in the bulk reduces below the 
imposed boundary temperature upon simultaneous quench and vibration in zero-gravity conditions has 
been previously investigated numerically [1]. It has also been observed in experiments which were 
performed under microgravity in low Earth orbit by using SF6 at liquid like density [2]. We call these 
regions as sink-zones, as they act like sink for the heat within the fluid domain. This phenomenon has 
been observed and described numerically and in experiments but no mathematical proof has been 
proposed so far. Moreover, the phenomenon persists for a long time corresponding to the diffusive 
destruction of the cold boundary layer. 

  

(a)                                                            (b) 

FIG. 1. (a) Sketch of the 1D problem, (b) Surface plot of the temperature profile as a function of the non-dimensional piston 
effect time and distance (the sink zone is clearly shown with regards to the temperature of the wall). 

In order to explain this anomalous behavior, we perform matched asymptotic analysis using singular 
perturbation theory, to theoretically compute the response of a one-dimensional container, containing 
highly compressible near-critical SCF, subjected to simultaneous quench and action of a constant 
acceleration field (see FIG. 1a). Different time-scales have been considered in order to “filter-out” the 
heat transfer behavior peculiar to the particular coupling. Interesting oscillations of temperature and 
velocity were observed due to the self-weight on the acoustic time-scale, however they were too weak 
to form any sink-zones. On the piston-effect time scale it was observed that the effect of high 
compressibility along-with the action of self-weight (due to high acceleration) causes the temperature 
to change in the bulk besides the usual action of piston effect.  This subsequently affects the overall 
temperature profile thereby leading to the formation of sink-zones (FIG. 1b). The explanation for 1D 
case can be judiciously extended to explain their appearance in 2D numerical simulations in [1]. The 
exact same investigation is performed on perfect gases and no sink-zone has been observed. Our 
theoretical predictions remain coherent with all the experimental and numerical findings and also 
explains the complete physics of “sink-zone”. 

[1] D. Sharma, A. Erriguible, and S. Amiroudine, Cooling beyond the boundary value in supercritical fluids under 
vibration, Phys. Rev E, 96, 063102 (2017). 
 

[2] D. Beysens, T. Fröhlich, and Y. Garrabos, Heat can cool near-critical fluids, Phys. Rev. E 84, 051201, (2011). 
 

[3] Kulkarni, Y., Khayat, R., & Amiroudine, S. On the long-time transient formation of sink zones in near-critical 
fluids. A theoretical perspective. Journal of Fluid Mechanics, 915, A117 (2021). 
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 In recent years, the interest in non-trivial forms of fluid particles was stimulated by applications of 

non-spherical microparticles to have important potential as building blocks for self-assembled materials 

including clustering of cells, imaging probes for therapy, drug carriers, and more. In particular, toroidal 

forms are advantageous compared with spherical and spheroidal shapes due to their relatively large 

surface-to-volume ratio. One of the advanced methods for producing microparticles of complex shapes 

is the solidification of drops deformed by the flow in microfluidic devices.  

Viscous drops, subject to a linear flow in an immiscible viscous fluid, deform and, under certain 

conditions, attain stationary shapes. When the outer flow is a combination of rotation and axisymmetric 

extensional or bi-extensional flow, 
11 22 33

, , 2 , 0i ij j ijk j k iju G x x G G G G G G 
 = + = = = − = if ,i j      

3
,i i =  the yielded shapes are flat drops, flat drops with dimples, and toroidal drops (see FIG. 1) 

depending on the governing parameters: the ratio of viscosities of the two liquids, the capillary number,  

/ ,Ca aG =  and the rotational Bond number, 
3 2

1 2
( ) / .Bo a   = − Here,   denotes the 

interfacial tension coefficient,   stands for the viscosity of the ambient flow, a  is the radius of the 

equivalent sphere, and 
1

  and 
2

  denote densities of the drop and the outer fluid, respectively. 

  

FIG.1. Schematic of toroidal drop 

FIG 2. Deformation curves. Solid and dashed lines – 

results of [1], corresponding to unstable and stable 

shapes, respectively.  Circles correspond to shapes 

obtained with the use of control theory.  

  

For a certain range of the governing parameters in extensional flow (i.e., when G < 0), two toroidal 

stationary shapes exist at the same flow conditions (see [1]).  The torus with a higher major radius is 

stable with respect to the axisymmetric disturbances, while the second one is unstable. Any perturbation 

of an unstable shape results in either collapse of the torus to a simply connected shape, or unbounded 

torusexpansion. 

We applied classical feedback control methods to stabilize toroidal drops in the linear flow. As a 

control signal, we chose the intensity of the axisymmetric (non-rotational) component of the outer flow, 

Ca. The control was designed using a simplified two-state dynamic model and tested on the full state 

dynamic equations of the drop deformations. We succeeded to stabilize all the toroidal shapes obtained 

previously. Moreover, the dynamic control scheme enabled theconstruction of new shapes - almost 

collapsed, highly unstable tori - that could not be previously obtained. Figure 2 shows the Taylor 

deformation parameter of toroidal drop as a function of the capillary number for various values 

of the Bond number. Circles correspond to the newly computed stabilized stationary shapes obtained 

with the use of feedback control.  

                                                   
[1] S. Malik, O. M. Lavrenteva, and A. Nir, Dynamic and stationary shapes of rotating toroidal 

drops in viscous linear flows J. Fluid Mech. 923, A3 (2021).  16
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We study the electrohydrodynamic stability of the interface between a Newtonian and a non-
Newtonian fluid in a channel subjected to a tangential electric field. In Fig. 1, a non-Newtonian fluid
(unstarred fluid) flows side by side with a Newtonian fluid (starred fluid). The fluids are assumed to be
immiscible, incompressible and leaky dielectric. The surface coupled model is employed, which claims
that electrical terms appear only at the interface. The linear stability analysis is carried out numeri-
cally using the Chebyshev spectral method, and the various types of neutral stability curves obtained are
discussed. The effects of the dimensionless groups, namely the electric number related to the applied
voltage, the thickness ratio related to the individual flow rate ratios of the fluids and the viscosity ratio
are analyzed. These properties can be easily manipulated in an experiment.
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FIG. 1: Physical system.
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Polymer materials offer a large range of surface properties, thus playing essential role in many 
applications. Nonetheless, many polymer properties rest on the surface chemical composition, material 
structure and surface orientation of specific chemical functionalities, all intrinsically related, and 
defining the material interaction with its environment. In this respect, the generation of polymer 
surfaces and interfaces allowing control on the interaction with a specific environment, by means of 
definite surface properties, remains a major challenge in the development of surface processing 
techniques. 

Taking this into account, we investigate the surface modification of polymers treated by an air 
atmospheric-pressure dielectric barrier discharge (DBD), under conditions simulating continuous 
processing, and an assessment on the dynamics and stability of modified surfaces.  

Here, aromatic-structure polymers are selected, as polystyrene (PS), polyethylene-terephthalate 
(PET), polysulfone (PSU) and polyether-ether-ketone (PEEK), known to exhibit enhanced mechanic 
characteristics and chemical stability, related to intrinsic rigidity and chemical inertness of the 
aromatic ring, in order to evaluate the plasma capability for efficient modification by creating complex 
surface structure. Also, a comparison between aromatic and aliphatic polymers, as polyethylene (PE) 
and polymethyl-methacrylate (PMMA), is carried out. The selected polymers are offering variety of 
chemical structure, functional groups, degree of oxidation in terms of intrinsically structurally bonded 
oxygen in their structures, crystallinity and surface polarity. 

The surface of polymers, before and after processing, is analyzed by contact angle, X-ray 
photoelectron spectroscopy (XPS), atomic force microscopy (AFM) and solvent absorption. The 
dynamics of the surface is assessed monitoring the ageing of samples before and after immersion in 
water, to assess the loss of polarity and the mechanisms related to it. 

The tested polymers behave differently, from the point of view of the plasma-modified surface 
properties, also of the ageing behavior, depending on their structure, where both the chemical structure 
and the initial oxygen content play significant roles. The modification of the surface adhesion and 
polarity appears efficient for both aromatic and aliphatic-structure polymers. The limiting level of 
surface modification, in terms of wettability and oxidation and the maximum stress supported by the 
surface appear as the factors controlling the surface processing outcomes. More, the stability of the 
surface properties is depending on the degree of perturbation of the surface, where the highest degree 
of recovery corresponds to the polymers most perturbed by increase of the polarity. 
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Nowadays, polymer materials play a ubiquitous role in modern life, with the most extended range 
of properties compared to other materials. Polymers are used in construction, textile, electronics, 
automobile or spacecraft industries, and also in medicine, as parts of medical equipment or implants. 

When assessing the behavior of a polymer material in a given working environment, one must take 
into account the particular dynamic nature of polymers, compared to other materials, due to their 
complex 3D structure, where both the chemical unit and the macromolecular chain play important 
roles. Thus, polymers present intrinsic internal mobility and any bulk or surface perturbation of the 
material may affect its mechanical and physico-chemical properties. 

Various methods can be used to induce modifications of a polymer material, in order to assess and 
control the evolution of the bulk and surface properties. In this respect, the proton/ion beam irradiation 
represents a useful method, since it may induce changes of the backbone structure, i.e. the 
macromolecular chain itself, not only of the pending functional groups. More radicals can thus be 
created, yielding degradation and/or crosslinking, where the former may not necessarily conduct to 
disintegration, supporting functionalization, while the later reinforces the rigidity and hardness of the 
material. 

The tested polymer was polymethyl-methacrylate (PMMA), which was exposed to proton and 
carbon ion beam irradiation, with variable fluences, in order to analyze the relation between the 
polymer structure, the type of irradiation and the dose rate. Various properties were assessed, before 
and after the irradiation, at different time intervals, using techniques specific to surface and bulk 
analysis. The surface wettability, surface free energy and work of adhesion were estimated by contact 
angle measurement; the chemical properties were monitored combining Fourier-transform infrared 
(FTIR) and X-ray photoelectron spectroscopy (CPS); the modifications in the crystalline/amorphous 
structure were assessed by X-ray diffraction (XRD), the surface morphological changes and the 
roughness were evaluated using atomic force microscopy (AFM); the viscoelastic behavior was 
analyzed using dynamic mechanical analysis (DMA); the dielectric properties were determined by 
impedance spectroscopy; the optical properties were analyzed by ultraviolet-visible 
transmission/absorption (UV-VIS) spectroscopy. 

The results are indicating the modification of the surface and bulk properties of PMMA, most 
probable due to crosslinking. The degree of crosslinking depends on the beam fluence and the new 
structure created by irradiation ensures a good stability of the material. 
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Surface cleaning with the smallest energy is a major challenge that begs technological solutions in 

various domains from microtechnology, automotive to food industries. This has attracted great attention 

from the scientific community who investigated various self-cleaning surface solutions using wetting 

characteristics of the substrates. Nevertheless, the proposed technical solutions are essentially suited for 

particles that do not stick to the substrate at the first place. Indeed, the interaction between dirt/particle 

on the substrate can substantially decrease or, even fully suppress the self-cleaning characteristic that 

was sought.  

Here, we study the detachment force that is required for removing a particle from a substrate. The 

present academic study would appeal industrial applications such as in food industries where the 

cleaning of contaminants (pathogens and spoilage bacteria) from surfaces of food processing lines is a 

major issue. We particularly investigate the force that is required to detach a submerged particle if a gas 

bubble is trapped under it during the cleaning procedures. Indeed, such situation supported by our 

experimental observations, occurs upon the surface-wetting characteristics of the particle and the 

substrate. We propose a numerical model that allows estimating the effect of a bubble on particle 

adhesion as the function of the wettability of particle and substrate and the bubble size. For hydrophobic 

particles on hydrophobic substrates, the results suggest either a reduction or an increase in the adhesion 

force depending on the trapped bubble size. However, the adhesion is reduced for hydrophilic particles 

on hydrophobic substrates. The model also gives an additional information about the configuration of 

particle removal – whether the bubble would stay attached to the substrate, or would detach with the 

particle. The findings are supported by experiments. This suggests the presence and the effect of trapped 

bubbles under a micro-particle. 

 

 
FIG. 1. Particle with the trapped air bubble surrounded by liquid. 

 

    
 
FIG. 2. Numerical solution of an air-liquid interface formed between a hydrophobic particle (𝜃𝑝  =  100∘) and a hydrophobic 

substrate (𝜃𝑠  =  100∘ - blue line) and hydrophilic substrates (𝜃𝑠  =  50∘ - pink line; or 𝜃𝑠  =  10∘ - black line) 

Liquid

Trapped air 
bubble
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I. INTRODUCTION

The equation that governs the equilibrium shape of a drop in contact with a solid substrate remains
a topical scientific question. Indeed, Young’s equation [1] determines the value of the macroscopic
contact angle as a function of the surface tensions at the solid-liquid, solid-gas and gas-liquid interfaces.
However, the assumptions of its derivation have never been clearly stated and several questions therefore
remain open. What is its domain of validity? Do line tension and gravity influence the value of the
macroscopic contact angle?

II. DEVELOPED MODEL AND RESULTS

To answer these questions, we have developed a model that leads to an analytical expression of the
stable equilibrium equation. The latter corresponds to the minimization of the total energy of the solid-
liquid-gas system [2]. Moreover, in weightlessness the curvature of the liquid-gas interface is constant,
so its geometry is modeled by a spherical cap (hydrophilic cases) or a truncated sphere (hydrophobic
cases). By injecting the trigonometric relations associated with this geometrical model into the equation
for minimizing the total energy of the system, we obtain an equation analytical trigonometric equation,
but it is not linear [3]. Two dimensionless numbers govern the behavior of the macroscopic contact angle
in zero gravity: S , the ratio of surface tensions, and r̃ the dimensionless wetting radius of the drop.

Solving this equation using the Mathematica software [4] allowed us to conduct an extended paramet-
ric study, showing that the macroscopic wetting angle depends on the line tension, when the dimension-
less wetting radius is less than r̃ < 103. We found asymptotic behavior in 2/r̃, but with a significantly
different prefactor than Boruvka and Neumann [5]. For wetting radii r̃ > 103, the macroscopic wetting
angle asymptotically tends toward that from Young’s equation. Thus, the range of validity of Young’s
equation is the one that simultaneously satisfies two conditions: i) large wetting radius (when the rela-
tive influence of line tension is negligible compared to that of surface tensions) and ii) small drop size
compared to the capillary length (low Bond number). It follows that in many situations in earth grav-
ity where these two conditions cannot be simultaneously satisfied, the surface tensions deduced from
Young’s equation are not correctly evaluated.

[1] Young, T. An Essay on the Cohesion of Fluids. Philos. Transactions, Roy. Soc. Lond. 95, 65-87 (1805).
[2] Gibbs, J. W. Scientific Papers of Josiah Willard Gibbs, vol. Volume 1 (LONGMANS, GREEN, AND CO.,

New York and Bombay) (1906).
[3] Medale, M., Brutin, D. Sessile drops in weightlessness: an ideal playground for challenging Young?s equation.

npj Microgravity 7, 30, DOI: 10.1038/s41526-021-00153-9 (2021).
[4] Mathematica, Version 13. Wolfram Research, Inc., Champaign, Illinois (2022).
[5] Boruvka, L., Neumann, A. W. Generalization of the classical theory of capillarity. J. Chem. Phys. 66, 5464–

5476 (1977).
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Internal flow pattern and related instabilities that occur in the course of droplets evaporation are not 
fully understood yet. We report results on an ethanol drop evaporating onto a heated substrate under 
microgravity conditions and with pinned contact line. They have been obtained from both experiments 
and 3D unsteady computations in order to determine what kind of instabilities develop. In one-sided 
model, appropriate boundary conditions for heat and mass transfer equations are required at the 
droplet surface. Such boundary conditions are obtained in present work based on a derived semi-
empirical theoretical formula for the total droplet’s evaporation rate, and on a two-parametric non-
isothermal approximation of the local evaporation flux. The main purpose of these boundary 
conditions is to be applied in 3D one-sided numerical models in order to save a lot of computational 
time and resources by solving equations only in the droplet domain. Two parameters, needed for the 
non-isothermal approximation of the local evaporation flux, are obtained by fitting computational 
results of a 2D two-sided numerical model. Such model is validated here against parabolic flight 
experiments and the theoretical value of the total evaporation rate. To the best authors’ knowledge, 
this is the first study, which combines theoretical, experimental and computational approaches in 
convective evaporation of sessile droplets [1 ]. The influence of gravity level on evaporation rate and 
contributions of different mechanisms of vapour transport are shown. The one-sided model 
demonstrates quantitative agreement with experiments and confirms that experimentally observed 
instabilities are driven by thermo-capillary stress and not by the gas convection [2 ]. Post-processed 
infrared images drawn from computations led us to conclude that the experimentally observed thermo-
convective instabilities, which look very similar to hydrothermal waves (HTWs) in the infrared 
spectrum, are actually nothing else than unsteady Benard-Marangoni instabilities, see fig. 1. 

 

 
FIG. 1. Computed instability patterns during evaporation (10 µl ethanol droplet, on a heated substrate ΔT=10°C). 

                                                   
[1] Semenov S., Carle F., Medale M. and Brutin D. Boundary conditions for a one-sided 
numerical model of evaporative instabilities in sessile drops of ethanol on heated substrates. 
Physical Review E 96, 063113 (2017). 
[2] Semenov S., Carle F., Medale M. and Brutin D. 3d unsteady computations of evaporative 
instabilities in a sessile drop of ethanol on a heated substrate. App. Phys. Lett. 111(24), 
241602–241607 (2017). 
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The amphiphilic phospholipids have two hydrophobic fatty acids separated by charged hydrophilic 
head groups. They can form bilayers with interior fatty acids oriented parallel to each other and with 
phospholipid heads facing out in contact with water. These bilayers are used as model membranes 
whose stability is assured by the minimization of the hydrophobic interactions and by maximization of 
the hydrophilic ones. The lamellar symmetric bilayers forming a gel phase characterized by a high 
degree of order can pass by a sudden process in a less ordered state of liquid crystalline type. This 
phenomenon is conditioned by temperature and depends on the phospholipid type, as well as on the 
nature of the impurities. 

Research of the model membranes near the main phase transition can help us to understand the 
mechanism of the biological membrane’s destabilization by the drug action. 

Our studies were made for dipalmitoylphosphatidylcholine (DPPC) and 
dipalmitoylphosphatidylglycerol (DPPG) model membranes in which some drugs as gramicidin S, 
penicillin, and nifedipine were added to establish the drug influence on the main phase transition 
temperature. 

The most influent on the model membranes stability was gramicidin S which decreases the main 
phase temperature, while nifedipine increases the temperature of phase transition of both DPPC and 
DPPG model membranes. 

The penicillin and gramicidin S effect could be explained by the influence of these peptides on the 
curvature of the phospholipid bilayers causing holes appearance in the membranes. The increasing the 
membrane rigidity by nifedipine is explained by its penetration of the hydrophobic interior of the 
model membrane. 
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Fireballs1,2 are the well-known luminous almost spherical structures that appear in front of a 

positively biased electrode immersed into plasma (photo in fig. 1a). Langmuir probes measurements 

revealed that a fireball consists of a positive nucleus (an ion-enriched plasma), surrounded by an 

electrical double layer (see the internal structure of the fireball in fig. 1b). The double layer controls the 

exchange of particles and energy between the inside and outside plasmas, respectively. In certain 

experimental conditions, the fireball passes into a dynamic state, consisting of periodic disruptions and 

re-aggregations of the double layers at its border. 

 

      
                                           (a)                                                                      (b) 

 
FIG. 1. Photo of a fireball in front of a positively biased electrode immersed in plasma (a) and internal structure 

of a fireball (b). 
 

Starting from the hypothesis that, due to the collisions, the motion of the plasma particles takes place 

on continuous but non-differentiable trajectories (fractal curves), a theoretical model was developed in 

frame of the Scale Relativity Theory3,4, by completing the standard laws of classical physics (motion in 

space-time) with new scale laws, the space-time resolutions being used as intrinsic variables, playing 

for the scale transformation the same role as played by velocities for the motion transformation. In this 

model, the double layer appears as a narrow interface generated through the interaction of two fractal 

fluids that correspond to the inside and outside plasmas, respectively. The dynamic state of the double 

layer starts when a constant voltage (higher than a critical value) is applied across this junction. The 

double layer dynamics is described by a set of time-dependent Schrödinger-type equations and the self-

structuring is given by means of the negative differential resistance. The model provides results in good 

agreement with the experimental findings. 

                                                   
[1] M. Sanduloviciu and E. Lozneanu, On the generation mechanism and the instability properties of anode double 

layers, Plasma Phys. Control. Fusion 28, 585 – 595 (1986). 
[2] R. L. Stenzel, C. Ionita and R. Schrittwieser, Dynamics of fireballs, Plasma Sources Sci. Technol. 17, 035006 

(2008). 
[3] L. Nottale, Fractal Space-Time and Microphysics: Towards a Theory of Scale Relativity, World Scientific, 

Singapore (1983). 
[4] L. Nottale, Scale Relativity and Fractal Space-Time: A New Approach to Unifying Relativity and Quantum 

Mechanics, Imperial College Press, London (2011). 
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The water-alcohol binary mixtures have been extensively investigated by experimental and 
theoretical approaches since they are often used in several industrial processes (like chemical 
reactions, solvent extraction, liquid chromatography etc.), being, at the same time, very important in 
life sciences. By varying the ratio between the water and alcohol in the mixture, a binary solvent is 
obtained with variable and controllable electro-optical parameters (dielectric constant, refractive index 
etc.). Many studies involving mass spectrometry, X-ray diffraction, neutron diffraction, spectroscopy, 
as well as molecular dynamic simulations, proved the formation of complexes of the type of water-
water, alcohol-alcohol and water-alcohol molecules, leading to microheterogeneity inside the mixture 
[1 , 2 , 3 ]. 

Solvatochromism involves the use of spectrally active molecules (absorbing in the investigated 
spectral range) as probes introduced in a transparent solvent in small concentrations, so that the 
intermolecular interactions between its molecules can be neglected. The shift of the spectral band of 
solute when dissolved in the solvent is related to the intermolecular interactions between the solute’s 
molecules and the solvent molecules, arranged in concentric shells (solvation shells) around each of 
the solute’s molecules. 

Here we report on the solvatochromic investigation of water-alcohol binary mixtures. In the case of 
binary solvents, the first solvation shell (which have the most important contributions to the total shift 
of the solute’s spectral band) is composed by two types of molecules (water and alcohol, respectively) 
in proportions different from those ones existing in the whole solution. This happens because the 
molecules of the active solvent (the one whose molecules stronger interact with the solute’s molecules) 
will be to a greater extent in the first solvation shell of the solute’s molecule. Three theoretical models 
were comparatively applied to estimate the composition of the first solvation shell of the solute’s 
molecule and thus to assess the solvatochromic data: statistical cell model of ternary solutions [4 , 5 ], 
Suppan model [6 ], and Bosch-Rosés model [7 ]. Information on the water-alcohol complex formation 
(by hydrogen bonds) were obtained, as well as on the microheterogeneity of the binary mixture. The 
obtained data also allow the estimation of the interaction energy between two molecules in pairs solute 
– solvent. 

 

 
 [1] T. Takamuku et al., Structure of clusters in methanol-water binary solutions studied by mass spectrometry 
and X-ray diffraction, Z. Naturforsch. 55 a, 513 – 525 (2000). 

 [2] A. Wakisaka and T. Ohki, Phase-separation of water-alcohol binary mixtures induced by the 
microheterogeneity, Faraday Discuss. 129, 231-245 (2004). 

 [3] T. Pradhan, P. Ghoshal and R. Biswas, Structural transition in alcohol-water binary mixtures: A spectroscopic 
study, J. Chem. Sci. 120, 275 – 287 (2008). 

 [4] Y. T. Mazurenko, Universalnie bzaimodeistvii v treh componentov jidkostiah (in Russian), Opt. Spektrosk. 
XXXIII, 1060 – 1064 (1972). 

 [5] V. Pop, D. O. Dorohoi and M. Delibas, Considerations on the statistic model of the intermolecular 
interactions in the ternary solutions, An. Stiint. Univ. Al. I. Cuza Iasi s.Ib XXXII, 79-84 (1986). 

 [6] P. Suppan, Local polarity of solvent mixtures in the field of electronically excited molecules and exciplexes, 
J. Chem. Soc. Faraday Trans. 1 83, 495 – 509 (1987). 

 [7] M. Rosés et al., Solute-solvent and solvent-solvent interactions in binary solvent mixtures. Part 1. A 
comparison of several preferential solvation models for describing ET (30) polarity of dipolar hydrogen bond 
acceptor-cosolvent mixtures, J. Chem. Soc. Perkin Trans. 2 8, 1607 – 1615 (1995). 
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I. INTRODUCTION

Shallow gravity-driven flows are observed in a wide range of scenarios, of both natural and engineer-
ing importance. A large body of work exists on the realm of gravity driven falling films that are devoid
of any microstructure. However, introduction of particles brings in new physics. In this work, we study
the dynamics of a gravity-driven neutrally buoyant particle-laden shallow flow down an incline.

II. BROWNIAN PARTICLE-LADEN FLOW

We first consider Brownian particles. Therefore, the dynamics of the particles are dominated by
Brownian diffusion while also being advected by the fluid flow. The presence of the particles is felt
by the fluid due to the alteration of viscosity. Since the presence of Brownian particles can only lead
to a uniform increase in viscosity along the gradient direction, a linear stability analysis of the system
revealed the stabilising effect of particles. Further, we developed non-linear models to describe the
evolution of the film height in the non-linear regime using both a Benney-like amplitude expansion [1]
and a Galerkin weighted residual method [2].

III. NON-BROWNIAN PARTICLE-LADEN FLOW

Next, we study particles of a size range such that both Brownian diffusion and hydrodynamic effects
are important (Pep = γ̇a2/D0 ≈ O(1)). Therefore, in addition to being advected and diffused, the par-
ticles can also undergo shear-induced migration. The particles also exert normal stresses on the system.
We use the suspension balance based model by Frank et al. (2003) to described the particle phase. First,
we studied the development of the flow from a pipe flow to a fully developed modified Nusselt flow. We
then performed a linear stability analysis on the fully developed system. Unlike with the case of Brow-
nian particles, we found that the particles have a destabilising role on the system due to the viscosity
gradients created by shear-induced migration.

FIG. 1: Evolution of a Poiseuille flow with an inlet height hi to a fully developed particle-laden Nusselt flow for
a system with bulk particle volume fraction φ0 = 0.3 and Pep = 1. The contour plot shows the particle volume
fraction field.

[1] D. Benney. Long waves on liquid films. Journal of mathematics and physics, 45(1-4):150–155, 1966.
[2] C. Ruyer-Quil and P. Manneville. Improved modeling of flows down inclined planes. The European Physical

Journal B-Condensed Matter and Complex Systems, 15(2):357–369, 2000.
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The understanding of water transfer in heterogeneous porous media such as soils is at the center of
many issues such as water resource management. Water transfer modelling is challenging in unsaturated
soils in the presence of mesoporosity due to potworm (Enchytraeidae) burrows. In addition, the organic
matter in the mesoporosity is hydrophobic and significantly impacts the flow. In this context, the water
flow is an out of equilibrium process that has been poorly understood until now [3].
In this paper, we focus on the modelling and simulating flow in a cylindrical mesopore while taking into
account the physicochemical properties of the matrix and at the interface between the matrix and the
mesopore. A previous study showed, for an impervious microtube surface, a rich range of flow shapes
has been identified: droplets, thin films or rivulets and notably, there is a regime of complete wetting [1].
In the present work, the mesopore surface is porous and fluid transfer may appear through the interface
between the mesopore and the soil matrix.
We aim at studying the competition between imbibition and the transport in the mesopore. We propose a
model taking into account wettability at the surface and also in the porous matrix [2]. Thus, the dynamics,
both in the matrix and in the mesopore, are governed by a gradient type equation [4] where free energy
terms characterise the wettability. Using time integration and path-following of stationary states, we
show a rich behaviour which cannot be explained by the models in the literature (Fig. 1).

FIG. 1: Traveling water distribution in a vertical mesopore in a (a) saturated and (b) 80% saturated matrix. The
water flux is slightly higher for (b) than for (a). Color indicates the water high in the mesopore.

[1] P. Beltrame. Partial and complete wetting in micro-tube. Europhys. Lett., 121:64002, 2018.
[2] P. Beltrame and F. Cajot. Model of hydrophobic porous media applied to stratified media: Water trapping,

intermittent flow and fingering instability. submitted.
[3] Keith Beven and Peter Germann. Macropores and water flow in soils revisited. Water Resources Res., 49:3071–

3092, 2013.
[4] U. Thiele. Recent advances in and future challenges for mesoscopic hydrodynamic modelling of complex

wetting. Colloids and Surfaces A, 553:487–495, 2018.
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Understanding pattern formation has been a subject of immense interest across various scientific 
disciplines for many decades. Of particular focus is the formation of dendrites that arise during 
electrolysis. Here, we experimentally study the patterns that are observed to develop during 
electrodeposition on the cathode. In particular, we investigate the physical characteristics of the 
dendrites with respect to spacing between the electrodes and the orientation of the latter to the gravity.  
 

 
FIG. 1. Effect of electrode spacing on the developed patterns. V=1.5V. Electrode spacing of (a) 100µm, (b) 250µm, (c) 

500µm. 
    

 
FIG. 2. Effect of gravity on the developed patterns. V=1.5V for an electrode spacing of 500µm. 
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Edge-containing geometries (wedges) are ubiquitous in nature and in technical applications. They 

can serve as a representation of elements of rough or structured solid surfaces and of porous solids. This 

makes understanding of edge wetting crucial for numerous industrial processes. Within the classical 

theory of capillarity, a steady state of a rivulet in a wedge is only possible when a liquid-gas interface is 

convex [1]. Otherwise, curvature-induced pressure drives the rivulet entering the wedge indefinitely 

along its spine, both in presence and absence of gravity.  

Since in many cases the pores and cracks in solids are of order smaller than a micrometer, the effect 

of intermolecular interactions (surface forces) can be significant and change the wetting behavior 

drastically [2].  In the present work, we investigate wetting of an open wedge channel. We go beyond 

the classical theory of capillarity and account for the surface forces. The effect of the surface forces is 

described in the framework of the disjoining pressure concept. The model predicts the existence of a 

wetting (adsorbed) film covering the apparently dry portions of the wall with the thickness depending 

on the relative humidity of the gas. We show that even when the liquid-gas interface is concave, the 

steady rivulets can be formed in the wedges. Far from the entrance to the wedge, the steady state solution 

approaches a limiting profile, which is determined by the wetting film thickness and, therefore, on the 

humidity (FIG. 1, a). The length of the rivulets between the entrance and the cross-section where the 

limiting profile is reached depends on the surface forces, humidity and channel geometry. Besides, the 

case when the wedge walls are thin and deformable and, hence, can respond to the traction exerted by 

the liquid, is considered (FIG. 1, b).  

  

 
FIG. 1. Wetting of an open wedge channel. (a): Limiting profiles rivulets reach, 𝜙 is a dimensionless thickness of 

a wetting (adsorbed) film covering walls of the wedge; (b): Rivulet shape in a wedge channel with rigid (in 
green, 𝑆 = 0) and soft (in blue, 𝑆 = 0.031) walls. 𝑆 is a dimensionless parameter defining the softness of the 

wedge. 

                                                  
[1] P. Concus, R. Finn, On the behavior of a capillary surface in a wedge, PNAS 63, 292–299, (1969)  
[2] N. Kubochkin, T. Gambaryan-Roisman, Wetting at nanoscale: Effect of surface forces and droplet size, Phys. 

Rev. Fluids 6, 093603, (2021) 
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Thin-film flows on inclined fibers can be encountered in cooling towers whose fillings consist of a large 

number of aligned fibers to create a large surface area for energy exchange between the liquid and the 

ambient air flow. One of the challenges in such applications is to optimize the residence time of the 

liquid on fibers in order to increase the efficiency of the energy exchange process. The residence time 

depends on the velocity of the waves, or the so-called beads, flowing down the fiber and can be reduced 

significantly by dripping events. The dripping onset of a liquid film under an inclined plane has been 

studied both numerically and experimentally [1, 2, 3]. However, there is not many data available on the 

onset of dripping from inclined thin fibers. Hence, the aim of this study is to provide quantifying results 

on the dripping mass flows in different flow regimes under variation of fiber inclinations. In addition, 

variations in film thickness profile, bead size, bead spacing, and the traveling speed of the beads have 

been investigated and results are discussed. Another focus lies on the influence of the inlet condition on 

the flow regimes and therefore the dripping mass flow rate. Various inlet conditions are studied by using 

fibers of different radius as well as different nozzle geometries. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

FIG. 1. Left: Schematic overview of films on fibers with different inclinations. Right: High speed capture of film 

flow on a fiber with radius R = 0.24 mm and inclinations of α = 20° – 50°. 

 

By providing spatially resolved data for the dripping from inclined fibers over a wide range of 

parameters, we gain insight into the various dripping mechanisms. Our results should be useful in 

predicting wave patterns and dripping events in thin films on fibers that occur in corresponding 

processes. 

                                                   
[1] N. Kofman, W. Rohlfs, F. Gallaire, B. Scheid, C. Ruyer-Quil, Prediction of two-dimensional dripping onset of 

a liquid film under an inclined plane, International Journal of Multiphase Flow 104, 286-293 (2018). 

[2] G. Zhou, A. Prosperetti, Dripping instability of a two-dimensional liquid film under an inclined plate, Journal 

of Fluid Mechanics 932, A49 (2021). 

[3] M. Rietz, B. Scheid, F. Gallaire, N. Kofman, R. Kneer, W. Rohlfs, Dynamics of falling films on the outside of 

vertical rotating cylinder: Waves, rivulets and dripping transitions, Journal of Fluid Dynamics 832, 189-211 

(2017). 
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We propose a strategy based on the thermocapillary effect for controlling the dynamics of a free
surface in microgravity. The approach is analyzed using numerical simulations for an open container
of liquid subjected to steady or oscillatory thermal excitation, and for fluid parameters representative of
common silicone oils; see Fig. 1. First, the response of the free surface to steady thermal excitation is
considered and characterized by the asymmetry of the contact points, which is found to depend linearly
on the applied Marangoni number. This asymmetry is amplified by the vibroequilibria effect if supple-
mental vibrations are included. The response of the free surface to oscillatory thermal excitation is then
studied over a wide range of parameters (contact angle, viscosity, container length and fluid height).
A frequency analysis is performed to obtain Bode-type diagrams characterizing the low-frequency re-
sponse, and these demonstrate a resonance peak corresponding to the principal sloshing mode. Finally,
the strategy is applied to the control of sloshing modes driven by an external volumetric force. A PID
control loop is implemented and optimized, showing the potential of thermocapillary flows to dampen
the low-frequency response of the liquid to inertial forces. The strategy is tested using real microgravity
measurements taken on board the International Space Station during a reboost event.
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FIG. 1: Sketch illustrating the numerical model: an open container holding a volume L ×H of liquid, subjected
to a thermal gradient between its lateral boundaries.

[1] D. Gligor, P. Salgado Sánchez, J. Porter and I. Tinao, Thermocapillary-driven dynamics of a free surface in
microgravity. Part I: response to steady and oscillatory thermal excitation, Submitted to Phys. Fluids, under
review.
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I. ABSTRACT

The differentially heated rotating annulus is a classical laboratory experiment in geophysical fluid
dynamics. Since the 1950s it is used to study baroclinic instability and the development of baroclinic
waves and their nonlinear interaction. These waves play a fundamental role in the dynamics of the mid-
latitude atmosphere. Already Carl-Gustaf Rossby, one of the pioneers of modern weather prediction,
used rotating tank experiments (see figure 1a) to study the dynamics of planetary waves. Today the
waves bear his name and are denoted as Rossby waves.

New developments in measurment technology and data analysis allow to use this experiment to study
not only Rossby waves but also small-scale features that are connected to these waves, in particular
internal gravity waves. In the present talk we will give a review of these new developments [1, 2]. In our
lab at the BTU Cottbus-Senftenberg a new tank has been installed, designed for studying gravity wave
radiation from baroclinic jets (see figure 1b). This system operates with a small aspect ratio defined by
fluid depth over tank width. It will be shown that having a small apect ratio is in fact very important
for atmospheric applications. New results from this system will be presented. Moreover we also report
about a second approach using a thermohaline version of the differentielly heated rotating annulus where
thin layers of baroclinic instability are formed by double diffusive convection. Finally we will discuss
new ideas on the interaction between the small-scale waves and the baroclinic waves.

a) b)

FIG. 1: Carl-Gustaf Rossby in front of his rotating tank for studying planetary waves (a). The baroclinic wave tank
facility at BTU Cottbus-Senftenberg (b).

II. REFERENCES
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The dynamics of a two-dimensional liquid layer subjected to an external time-periodic force is in-
vestigated. The layer is bounded by a solid and completely wetted substrate on the bottom side and by
its free surface on the top side. Based on the direct numerical simulation developed in [1], we present a
finite-difference method on staggered-grids for the full incompressible Navier-Stokes equations, which
allows us to study Faraday wave formation considering a non-planar substrate. To avoid surface tracking
and interpolation, the time dependence as well as the dependence on the lateral direction of the liquid
geometry is eliminated by the non-linear coordinate transformation

z = (h(x, t)− s(x)) · z̃ + s(x)

which maps the layer on a constant rectangular region (Fig. 1). Taking the continuity equation into
account, a sparse linear system for the pressure can be obtained from the discretized Navier-Stokes
equations. Its solution fulfills momentum and mass conservation. Vertical excitations generate classic
Faraday waves and lateral forces lead to the formation of coarsening droplet-like structures. A preferred
direction of motion of the drops and a non-vanishing mean flow rate is observed for lateral excitations
that break the horizontal mirror symmetry x→ −x.

FIG. 1: A nonlinear coordinate transformation maps the substrate (s(x)) and the time dependent free surface
(region A) to a constant rectangle (region B).
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Evaporation of a sessile droplet has widespread applications in industrial applications, such as 

electronic cooling and ink-jet printing. To meet the requirements of better thermal engineering 

management, the prediction of evaporation rate of a sessile droplet has attracted a lot of attention. The 

previous models of droplet evaporation rate were proposed prospectively by Hu et al. [1] for the 

quasi-steady diffusion and by Chen et al. [2 for the coupling of quasi-steady diffusion and Marangoni 

convection. Due to the presence of gravity on ground, the shape of large droplet whose characteristic 

length is larger than capillary length is hard to describe by simple geometry and buoyancy convection 

inside large droplet can’t be ignored. Under these limitations, above two models are established with 

small water droplet. In microgravity environment, a large scale droplet can be easily formed with 

almost a half of spherical shape on heating substrates and non gravity-force -induced buoyancy effect 

present during the evaporation process even with higher heating temperature at substrate.      

Experiments of large-scale ethanol droplets evaporating on heated PTFE substrate carried out on 

board Chinese Satellite SJ10 provide the opportunity to study the theoretical model of drop 

evaporation rate (lifetime) in microgravity condition and compare with previous ground-based 

evaporation models. In our experiments, droplets were injected from the bottom of substrate and the 

drop shape is recorded by a CCD camera from side view. Special technique is used to keep the droplet 

in the mode of constant contact line on substrate. The temperature difference at droplet free surface is 

simulated using a 2D axial symmetric model of CFD COMSOL with input of measurement parameters 

obtained in space experiment. In this work, the instant evaporation rate of large ethanol droplet on 

heated PTFE under different substrate temperatures in microgravity is presented and compared to 

ground-based theoretical models. In the new model, both the contribution of quasi-steady diffusion 

and thermocapillary convection effect to the evaporation rate are taken into account. The results show 

that thermocapillary convection can’t be ignored in microgravity when substrate temperature Ts =40℃. 

For large droplet, generally evaporation rate decreases with time and the relative contribution of 

thermocapillary convection decreases with Ts. 

 

    
FIG. 1. Comparison of different models with experimental instant evaporation rate of ethanol droplet on heated 

PTFE substrate. Environmental temperature Ta =15℃, pressure pa =0.5atm, heating temperature Ts =40℃

 and droplet initial volume V0 =93.8µL. . 
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The thermocapillary-buoyancy convection with surface evaporation are widely attracted recently 

for its extensive application in scientific and industrial fields. Li et al [1] and Qin et al [2] studied the 

effect of phase change on stability of thermocapillary-buoyancy convection in an enclosed cavity from 

the aspects of experiment and numerical simulation respectively. Li and Zhang [3] also experimentally 

investigated the coupling mechanism of evaporation and thermocapillary convection in a a shallow 

annular pool. All these works indicate that phase change plays an important role in thermal 

instabilities. 

This work details an experimental study of thermocapillary-buoyancy convection in an open 

rectangular pool with two kinds of volatile fluids: 0.65cSt oil and HFE7200. And an infrared camera 

and a laser co-focal displacement meter are applied to obtain the interfacial temperature distribution 

and the variation of liquid depth, respectively. Depending on the height and on the thermal gradient, 

the flow can be classified into two flow regimes: oscillating multicellular convection (OMC), 

hydrothermal wave (HTW), as shown in FIG. 1. During the whole evaporation process, the flow 

transition route is OMC→HTW→basic flow. In present work, the variation of the transitional 

Marangoni number with different temperature difference are observed experimentally for three kinds 

of experimental conditions, which refers to different evaporating rate. It is obvious that the critical 

Marangoni number increases with the enhancement of evaporation, which indicates that the 

evaporation suppresses the transition to the HTWs and indirectly promote the generation of the OMC. 

Another point is that there is actually additional Marangoni number to characterize the transition from 

the HTWs to steady flow. Nevertheless the thickness corresponding to the steady flow is so small that 

the fluid cannot be considered in fact as a liquid layer but as a liquid film. 

 

               
 

FIG. 1. Two kinds of observed IR thermal patterns during evaporation process. (a) OMC; (b) HTW.  

 
FIG. 2. Variation of the critical Marangoni number with the temperature difference 
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Motived by recent ground-based and microgravity experiments investigating the interfacial 

dynamics of a volatile liquid (FC-72, Pr=12.34) contained in a heated cylindrical cell and surrounded 

by a passive gas, we numerically study the thermocapillary-driven flow in such an evaporating liquid 

layer. Particular attention is given to the prediction of the transition of the axisymmetric flow to fully 

three-dimensional patterns when the applied temperature increases. The numerical simulations rely on 

an improved one-sided model [1 , 2 ] of evaporation that includes the effect of conductive heat 

transport through the gas phase and the effect of the latent heat associated with a phase change at the 

interface. These effects are described by the heat transfer Biot number (Bi) and the evaporative Biot 

number (Bev), respectively. For a sufficiently small Marangoni number, the flow remains steady and 

axisymmetric (see Fig 1), which is predominantly driven by thermocapillarity and slightly modified by 

buoyancy effects (in 1g). Due to a larger value of Bev relative to Bi, the evaporative cooling effect 

significantly enhances the thermocapillary flow. When the Marangoni number is larger than a certain 

threshold the basic flow undergoes a transition to a fully 3D, steady-state flow. The numerical results 

show that the critical Marangoni number Mac decreases with increasing Biot number Bi, following a 

power-law (i.e., Mac~Bi-2/3) in the absence of evaporation. Including evaporation leads to a saturation 

regime wherein Mac remains almost unchanged, giving thus a lower bound of the critical Marangoni 

number (≈120). Hence, both the conductive heat flux through the gas phase and the evaporative 

cooling play a destabilizing role, while buoyancy in the liquid layer has a stabilizing effect, though its 

effect is insignificant. Evaporation-induced destabilizing is due to the amplified thermal gradient in the 

radial direction (near the sidewall). The numerical results also show that evaporation stabilizes the 

flow by removing heat from the interface, resulting in a lower interfacial temperature in the central 

region of the liquid layer. There is a certain amount of competition between stabilizing and 

destabilizing role played by evaporation. The present work helps to gain a better understanding of the 

role of a phase change in the thermocapillary instability of an evaporating liquid layer. 

  
FIG. 1. Left: Schematic depiction of the experimental setup; Right: Surface temperature field (top), temperature 
and velocity fields (bottom) on the cross-section of axisymmetric flow. 
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Instabilities and pattern formation in viscous fluids have been a major topic of non-linear fluid dynam-
ics for several decades. The study of pattern formation in visco-elastic thin films offers the opportunity
to find new fascinating structures that cannot be observed in viscous fluids. Rayleigh-Taylor and Faraday
instabilities, such as the resulting patterns in thin films of visco-elastic fluids are investigated. We use
the longwave approximation and a Karman-Pohlhausen approach to simplify the mass and momentum
equations. The visco-elastic stress tensor is calculated applying the linear Maxwell model.

Stability condition of Faraday has been found with Floquets theorem. It is shown that visco-elastic
films can exhibit harmonic resonance under external vibration. Moreover, a simulation of the non-linear
problem in 2D and 3D is conducted with finite difference method. Unstable oscillating Rayleigh-Taylor
modes occur in the 2D numerical solution. Furthermore, we find that the wavenumber changes with the
relaxation time of the fluid. Faraday patterns in viscous films emerge as regular structures of the surface,
like squares or hexagons. Numerical simulation of the visco-elastic fluid also show regular structures.
However, they collapse into a chaotic stripe-like pattern after a certain time.

FIG. 1: Faraday instability of a visco-elastic thin film. Dimensionless height of the free surface
h(x, y, t) is shown for several times and periodic boundaries. Solid lines are height at 0.9 (violet), 1.0
(turquoise) and 1.1 (yellow). One can see how the film develop over time from random disturbance at
t = 0 to square patterns at t = 124. The quasi regular squares collapse after some periods (t = 228) and

end up in a chaotic stripe structure at t = 252.
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Environmental pollution and energy crisis are one of the biggest problems the world is facing due to 
industrialisation, rapid population and living standards growth. Just in the UK, heat represents almost 
half of the use of energy, as around 80% of domestic heat is supplied by natural gas. Under current trends 
towards environmental pollution, waste and the Ordinary Portland Cement’s production (in >5 billion 
tons annually, as concrete, due to its inherent strength and durability properties, is the second most used 
substance on Earth after water, thus responsible for more than 7% of the CO2 global emissions), are one 
of the most significant in impacting (negatively) the global climate and human wellbeing.  
 
To reduce the building thermal energy consumption (reducing the space heating and cooling energy) 
and increase energy saving for civil buildings while in service. Thus, the work presented here is focused 
on the design and fabrication of the novel hybrid freestanding concrete (Fig.1.) based on the foam 
scaffolding, to be applied as a light thermal insulation material [1], with unique tailored structural 
properties. The study included the systematic research on the single interface (bubble) by Profile 
Analysis Tensiometer (PAT), the stability measurements of the 3D foam dopped with Portland Cement, 
followed by an appropriately design gel casting protocol [2], in order to achieve a low-costs, high-
porosity, fire- resistance material.  
 

 
Figure 1. Freestanding foamed concrete samples. 
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Nanoparticles (NPs) are widely used in different industries for various applications, however, 

there is always a severe inhalation risk of those mixed and ubiquitous nanoscale particles for human 
beings. Health concerns have been raised because these nanosized pollutants have high chances to be 
permanently deposited in the deeper sections of the lungs, e.g., the alveolar region, where the alveoli 
sacs are covered by a layer of liquid called the lung surfactant. The influences of the inhaled mixture of 
NPS are dependent on their interactions with the lung surfactant -the first the first barrier which they 
face before getting exhaled, or being accumulated in the alveoli, or entering the blood circulation. As 
following inhalation NPs penetrate deep into the lung and from there can readily migrate into the blood 
stream. Increasing incidences of strokes, Alzheimer's, respiratory and cardiovascular diseases and, 
finally, cancer.   
These interactions are affected by the physicochemical properties of the NPs and their concentration. 
For the mixed nanoparticles, the outcomes are influenced not only by the physicochemical properties of 
each type of NPs, but also by the interparticle interactions with other nanoparticles of  different nature, 
so far, this topic has never been thoroughly investigated.  

In this study, the effect of the mixture of Carbon Nanotubes (CNTs) and Titanium Dioxide 
(TiO2) nanoparticles (Anatase and Rutile) on the interfacial behaviour of the monolayers of Dipalmitoyl 
phosphatidylcholine (DPPC), as the main constituents of the lung surfactant, was investigated. Three 
different mixing methods were utilised to simulate possible real-life scenarios of nanoparticle mixtures  
to reach the lung surfactant. To mimic the alveoli sacks the Profile Analysis Tensiometry (PAT) in a 
pendant drop mode at 37℃ was used and the interfacial tension of these mixtures with the same 
concentration of 0.01 wt% were measured. This study shows that just a different mixing procedures 
significantly affect the nature of  particle-particle interactions but also   nanoparticles-surfactant relation 
when in DPPC[1]. Indicating the harmful impact of Nano-materials on the lung monolayer domain and 
consequently a human wellbeing, driven by the size, shape, configuration and exposure. The outcome 
of this study could not only provide a guidance for the usages of nanoparticles in pulmonary drug 
delivery, but also help revise the Health and Safety regulations of the NPs applications. 

 

                                      
 

Figure 1. SEM of a) Anatase+Rutile+CNT premixed with DPPC, b) Anatase+Rutile+CNT mixed with DPPC 
afterwards. Scale bar of 20um.  

 
[1] E. Guzman et al., Journal of Physical Chemistry C 119 [48] (2015) 26937–26947 
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A thin liquid film located on the underside of a horizontal solid substrate can be stabilized by the
Marangoni effect if the liquid is heated from the free surface. Applying long wave approximation
and projecting the velocity and temperature fields onto low-order polynomials, we derive a dimension-
reduced set of three coupled model equations where nonlinearities in both the Navier-Stokes and the heat
equation are considered [1, 2].

We have found that in a certain range of fluid parameters and layer depths the first instability is os-
cillatory and sets in with a finite but small wave number. The oscillatory branch is computed by a linear
stability analysis of the long wave model but also by solving the linearized hydrodynamic original equa-
tions. Finally, numerical solutions in three spatial dimensions of the reduced nonlinear model equations
are presented.

[1] M. Bestehorn, Laterally extended thin liquid films with inertia under external vibrations, Phys. Fluids 25,
114106 (2013).

[2] E. Sterman-Cohen and A. Oron, Dynamics of nonisothermal two-thin-fluid-layer systems subjected to har-
monic tangential forcing under Rayleigh–Taylor instability conditions, Phys. Fluids 32, 082113 (2020).
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Based on the conservative phase field model developed by Lowengrub and Truskinovsky for almost
incompressible liquid binary mixtures, we propose an extended scheme for studying immiscible/miscible
liquids. Below a critical temperature Tc, the liquids are immiscible with separating interfaces. Above Tc,
the interfacial effects vanish and the liquids become perfectly miscible. The free energy density of the
system depends not only on the phase field variable φ (which describes the system composition) but also
on the reduced temperature r = (Tc − T )/Tc which measures the distance to the critical point described
by Tc. The free energy suffers transformations through Tc in a way to permit a two–phase system in
the subcritical (immiscible) regime and a mono phase in the supercritical (miscible) regime. Numerical
simulations in two spatial dimensions have been performed for isothermal problems (with r as control
parameter) as well as for non–isothermal problems with the energy equation describing the temperature
distribution. These simulations reveal the behavior of liquid mixtures and droplet coalescence placed in
temperature gradients with temperatures continuously varying from T < Tc to T > Tc, problems that
could be of large interest in phase transitions in micro– and nanofluidics.

[1] J. Lowengrub and L. Truskinovsky, Quasi–incompressible Cahn–Hilliard fluids and topological transitions.
Proc. R. Soc. Lond A 454, 2617 (1998).
Email address of the presenting’s author: borciar@b-tu.de
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Defects play an important role for surface reconstructions and therefore also influence the substrate
growth.The clean Ge(001) surface with its different reconstructions, e.g. c(4 × 2), p(2 × 2), p(4 × 1),
p(2 × 1)a, where those correspond to different arrangements of the buckled dimerization of surface
atoms which differ in the size of the unit cell [1, 2]. This dimerization process is a two step process
where the dangling bonds, which are obtained by cutting the crystal along the (001)-plane, become sat-
urated. One of these dangling bonds becomes saturated by forming a sigma bond with a neighboring
atom, resulting in the formation of dimers, giving a symmetric (2× 1)-reconstruction in (110) direction.
The other dangling bond is saturated by the buckling of these dimers where one atom buckles out of the
surface plane and one atom inwards. This leaves the up atom with two electrons (full) and the down
atom with zero electrons (empty). However, contrary to the clean Ge(001) surface, only little is known
about the effect of Sn impurities on the surface reconstruction and their temperature dependent stability.
In order to analyze this issue, we compare our theoretical simulations with experimental STM images
of common surface defects which generally can be classified as (a) dimer vacancy defects, (b) defects
due to impurity atoms which are absorbed on the surface and (c) substitutional defects on the surface.
An example for an absorbed defect (b) is the hemihydride where a single hydrogen atom binds to the
dangling bond of a buckled Ge(001) atom. In STM this latter defect type is very similar in appearance to
an incorporated Sn (c). Therefore, in this work we may compare the influence of incorporated Sn on the
surface structure with that of hemihydride or vacancies. To study thermodynamic properties and disorder
in the reconstructions we employ the Ising model which is an effective model for the interacting dimers.
The corresponding interaction constants can be obtained from the ground state energies as calculated by
DFT. The Ising model can be solved by Monte Carlo simulations which yields the global order param-
eters for the various reconstructions. A stable phase is then indicated by a finite global order parameter
for the corresponding reconstruction while a coexistence of two (or more) phases, in particular close to
the phase transition, can be deduced from the corresponding local order parameters. More precisely, it
will turn out that our investigations are closely related to the random field Ising model [3–5] since the
replacement of Ge by Sn leads to disorder in the effective magnetic energies of the model.
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We excite surface waves in a ring channel placed on a rotating table [1, 2]. The tank can rotate with
constant velocity and/or can librate. The waves can be produced by removing barriers between different
liquid heights zones or by librating (harmonic oscillation of the rotation velocity). In the libration case
the experiment works in two parameter regimes: horizontal Faraday instability with high viscosities
liquids (glycerin-water solutions) which can be excited by the mean of the shearing [2], and resonance
for lower viscosity liquids (pure water) needing a barrier placed in the channel for an efficient excitation.
For water, bore collisions are obtained by removing two barriers [1] or near the second or higher order
peaks of the resonance experiment. We compare the experimental and simulation data for those two
cases and with focus on the wave collision regions.

[1] I. D. Borcia, R. Borcia, W. Xu, M. Bestehorn, S. Richter, and U. Harlander, Undular bores in a large circular
channel,” Eur. J. Mech. B Fluids 79, 2020.

[2] I. D. Borcia, R. Borcia, S. Richter, W. Xu, M. Bestehorn, and U. Harlander, Horizontal faraday instability in a
circular channel”, PAMM 19, 2019.
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Université Libre de Bruxelles
1050 Brussels, Belgium
yuri.gaponenko@ulb.be

Dan Gligor
Universidad Politécnica de Madrid
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CNRS, IUSTI UMR 7343

5 rue Enrico Fermi

13453 Marseille Cedex 13, France

marc.medale@univ-amu.fr

Katharina Noatschk

BTU Cottbus - Senftenberg

Department of Theoretical Physics

Erich-Weinert-Straße 1

03046 Cottbus, Germany

Katharina.Noatschk@b-tu.de

Alexander Oron

Technion – Israel Institute of Technology

Department of Mechanical Engineering

32000 Haifa, Israel

meroron@technion.ac.il

Senthil Kumar Parimalanathan

Transfers, Interfaces & Processes (TIPs)

ULB

Avenue F.D. Roosevelt 50, CP165/67

1050 Bruxelles, Belgium

senthil.parimalanathan@ulb.be

Antonio Roberto Piriz
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