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Executive Summary

This document presents the progress made in the implementation of the joint supervision
framework within the LeidenForce project as of February 2026.

Supervision arrangements have been established for all researchers involved, with the
participation of supervisors from different partner organisations providing complementary
expertise.

Regular scientific monitoring meetings, discussions on research progress, and exchanges
regarding professional development have been conducted in accordance with the framework
defined in the project. The activities carried out to date demonstrate the effective implementation
of the joint supervision framework and contribute to the achievement of the project's scientific
and training objectives.
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Co-Supervision of Early-Career Research Projects in

LeidenForce

1. DC1 - Pablo Gil Gonzalez

Starting date
Subject title

Supervisors

What you have already done in
the LeidenForce project

LeidenForce | D25 - Supervision

01 September 2025
Stability and dynamics of the vapor film under a Leidenfrost
drop

- Supervisor: Pierre Colinet

- Co-supervisor : Alexey Rednikov
Research activities
The first six months of the PhD project have been primarily
devoted to an extensive literature review of topics related to
the stability and behavior of the vapor layer beneath a
Leidenfrost drop.

This includes the transition between the Leidenfrost state
and other boiling regimes, the dynamics of Leidenfrost
drops (including stars, the ”breathing” mode, vertical

oscillations and self propulsion) the ways in which the
dynamics in the vapor layer determine its own shape.

Shape of a Leidenfrost drop
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Figure 1: Shape of a Leienfrost drop calculated by the shoothing method
using the model from Sobac et al. 2014 and with the direct method.

As part of this review, several well-known and classical
results have been reproduced to gain a deeper
understanding of the details and subtleties involved.

Notably, the shape of Leidenfrost drops has been
reproduced following the model proposed by Sobac et al.
2014.



Participation to conferences,
schools, meetings

Lectures, training courses

Publication list
Dissemination &
communication related to
Leidenfrost

More recently, efforts have focused on analyzing the internal
flow within the drop and its influence on the external shape.
A different procedure for the calculation of this shape has
been designed and implemented, aimed at incorporating
additional effects, including internal flow, and addressing
limitations encountered with the Sobac et al. 2014 model.

A comparison between the shapes obtained from these two
methods, showing agreement between them, is presented
in figure 1.

Additionally, an experimental setup for observing the shape
of the vapor layer beneath a Leidenfrost drop is currently
under development, in collaboration with Senthil
Parimalanathan.
- LeidenForce Winter School 2026
- Workshop “Two-Phase Flow and Cryogenic
Technologies for Space and Aviation” at the Von
Karman Institute
- PhD thesis defense “Thermo-hydraulics of
cryogenic liquid storage: modeling  and
experiments” by Pedro Marques
- Solvay Colloquium “The challenges and
opportunities of getting to net-zero GHG emissions”
by Prof Steven Chu from Stanford University
- Attendance to French course
- Audit the course “Modeling and design of
multiphase systems and reactors” at ULB
N/A
Like & share LeidenForce publications on social media

2. DC2 -Maxim de Wildt

Starting date
Subject title

Supervisors

What you have already done in
the LeidenForce project
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10 March 2025

Leidenfrost effect for binary droplets and the role of thermal
and solutal Marangoni and buoyancy forces

Prof. Dr. Detlef Lohse

Dr. Christian Diddens

| developed a full axisymmetric Direct Numerical Simulation
(DNS) of the LF system, which includes the option to model
the mixed vapour-air gas phase with an advection-diffusion
equation, as well as thermal Marangoni and buoyancy
effects. The work is developed using numerical simulations
from Pyoomph, which is a Finite Element Method (FEM)
library with Python driver codes, developed by Dr. Christian



Participation to conferences,
schools, meetings

Lectures, training courses

Publication list
Dissemination &
communication related to
Leidenfrost

Diddens (Physics of Fluids, University of Twente), based on
the FEM C++ library oomph-Llib.

To validate this model, | evaluated its differences for water
droplets against a model with a pure vapour phase; a model
assuming a lubrication approximation in the gas phase; as
well as experimental results and theory. Although, there is
good agreement with experimental observations for
droplets with radius smaller than the capillary length,
droplets with radius of this order or larger become distinctly
prolate (deviating significantly from what is observed
experimentally).

What these prolate models all have in common is the fact
that the flow in the gas phase is coupled to the flow inside
the drop. If the flow in the drop is neglected (for example by
artificially increasing the viscosity of the liquid drop), then
the agreement with experiment is recovered. However, this
increase in viscosity not a real effect, indicating there must
be some physics missing from these models.

| explored many different options for missing physics, the
most notable being the assumption of axisymmetry. |
conducted both axisymmetric and azimuthal stability
analysis on the models in the region where there was
reasonable agreement with experiment, this revealed a
switch in dominance of the m=2 to m=1 mode, when
decreasing the radius of the LF droplet. To further explore
the breakdown of axisymmetry, | created a full 2D model to
see whether non-axisymmetric flows and enhancing mixing
through this symmetry breaking could suppress the
formation of this prolate shape. | also showed the addition
of atrace amount of surfactant has the potentialto suppress
this prolate shape.
- Droplets 2025 + LeidenForce Pre-Conference
School
- LeidenForce Winter School 2026
- JMBC PhD Course: Multiphase flow and phase
transitions 2025
- JMBC PhD Course: Fundamental Fluid Dynamics
Challenges in Inkjet Printing 2025
N/A
Bouncing drop numerical simulation (with the help of
Christelle):
https://www.youtube.com/watch?v=weRZxJhZ6K0

3. DC3-Tomas Cerda
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Starting date

Subject title

Supervisors

What you have already done in
the LeidenForce project

LeidenForce | D25 - Supervision

01 June 2026

Charge on Leidenfrost droplets

Scott Waitukaitis

We intend to study the possibility of electrical charging in
droplets during the Leidenfrost effect. For this, we built a
setup based in two different methods that allows us to
conduct charge measurements:

- The first one is based on direct contact with the
droplet using a conductive needle connected to an
electrometer in charge measurement mode (figure
1)

Figure 1: 1st method- Needle contact

- The second method consists in dropping the droplet
into a Faraday cup and measuring the charge
variation of the latter. For this, we set the hot plate at
some minimum height for then to rotate it so the
droplet can fall into the cup (figure 2).
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—

Figure 2: 2nd method- Faraday cup

The objective is to find a charge Q versus time t plot, where
to find each data point we will measure the charge of
different droplets with the same characteristics at each time
of interest.

Preliminar results



Participation to conferences,
schools, meetings
Lectures, training courses

Publication list
Dissemination &
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Leidenfrost

4. DC4 - Gauri Patki

Starting date
Subject title
Supervisors

What you have already done in
the LeidenForce project
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Charge mexsurement of Leidenfrast drop
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Figure 3: Charge measurement of 12 different equivalent droplets after
~22 seconds under Leidenfrost levitation. The jump in charge happens
when the droplet is touched by the needle (blue dashed lines), or when it
is dropped into the Faraday cup (red solid lines). After each
measurement, the droplet becomes unusable and a new droplet is
needed to perform another measurement.

As a first set of data we measured the charge of drops after
20 seconds of levitation as shown in figure 3. 12 droplets
were measured, 6 using the needle method and 6 with the
Faraday cup method.

This shows a tiny glance of the existence of electrical
chargingin Leidenfrost droplets. Further development of the
setup is currently on going for a more precise coordination
and calibration of the measurements.

LeidenForce Winter School 2026

Fluid Dynamics course first semester 2025/2026 Institute of
Science and Technology Austria

N/A

Like & share LeidenForce publications on social media

01 October 2025

Leidenfrost jet: Impact, bouncing and particle influence
Supervisor: Stéphane Dorbolo

Co-supervisor: Alexis Duchesne

Objectives

To study the effect of a continuous stream of liquid (jet) on
the Leidenfrost phenomena and characterize the resulting
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heat transfer through infrared imaging (mapping and
quantitative analysis).

Work achieved

A literature review has been conducted to understand the
status of research on the topic. Two works stand out the
most with the study of vertical jet impact on duralumin
substrate [1] and angled jetimpact on sapphire substrate [2]
using water as the working fluid and jet radius, flow velocity
and substrate temperature as the variable parameters. The
current project aims at developing a comprehensive
understanding of the Leidenfrost phenomena as a result of
jet impact on heated substrate over a complete range of
incident angles for two substrates: aluminium and stainless
steel. For this, the setup involves a stainless-steel plate
placed on a heater, a thermocouple to maintain the
temperature, and a fluid pump. The flow rate of the jet
depends on the speed of the pump as well as the nozzle
diameter. To this end, a calibration has been performed on
the available 10 nozzles (incremental diameters) to obtain
flow rates corresponding to the display speed of the pump.
The stainless-steel plate is circular; hence the temperature
distribution is axisymmetric and uniform on the surface.
However, this surface temperature differs from the set-point
value of the heater due to the thickness of the plate. So
calibration of the surface temperature for the steel plate
against the set-point temperature of the controller has been
completed. A similar calibration will be done for the
aluminium plate. We are currently working on mapping the
thermal images obtained using infrared camera to
temperature values.

The immediate aim is to study the systems for vertically
impacting water jet when the plates are always in contact
with the heater. Subsequently, we will develop a setup to
disconnect the plate from the heater before impacting with
a jet to study the difference in the heat transfer.

To familiarize with the setup, preliminary experiments on the
lifetime of binary droplets (mixture of water and ethanol)
and how their composition affects the rate of energy change
were conducted. Three main observations were made:

1) Droplets oscillate to form Leidenfrost stars which settle
into puddle shape as the evaporation progresses. The
modes of the stars are higher in number with higher
concentration of ethanol and larger initial volumes of
droplets.

2) A concentration of hotspots was observed in the modes
which mixed with the droplet bulk as the modes settled.



3) The rate of energy change for the droplet first decreased,
then remained constant and then increased again, as the
proportion of ethanol increased in the initial volume of the
droplet. Similar observations were made for a binary droplet
of isopropanol and water.

Participation to conferences, - Workshop : Two-Phase Flow and Cryogenic

schools, meetings Technologies for Space and Aviation (03-11-2025,
VON KARMAN INSTITUTE FOR FLUID DYNAMICS,
Brussels)

- LeidenForce winter school (26 to 29 January 2026
in Bad Boekelo, Twente)
- Seminar : Capillary Rise and Thin Films Near Edges
: New Insights from Self-similarity (13-02-2026,
ULiege)
Lectures, training courses - Pars-en-these Transversal training, University of
Liege Oct 2025
- Adobe Illustrator for figure advanced: Creating a
graphical abstract, Nov-Dec 2025, Transversal
training, University of Liege
Publication list N/A
Dissemination & Like & share LeidenForce publications on social media
communication related to
Leidenfrost

5. DC5 - Vahid Taheri

Starting date 18 November 2025
Subject title Control of Leidenfrost temperature with surface cavities
Supervisors Supervisor : Maria Fernandino

Co-supervisor : Carlos Alberto Dorao

What you have already done in The main motivation behind my work is to better understand

the LeidenForce project and potentially delay the onset of the Leidenfrost effect in
high temperature heat transfer applications. While many
studies have concentrated on micropillar structures or
external electric-field approaches, comparatively little
attention has been given to surfaces with cavities. My aim is
to investigate whether cavities can provide a different and
potentially more effective mechanism for influencing
droplet dynamics and vapor film formation.

In the winter school presentation, | first reviewed what is
already known about surface texturing strategies.
Micropillars are generally understood to enhance heat
transfer by increasing effective surface area, improving
solid-liquid conduction pathways, facilitating vapor
escape, and promoting capillary-driven rewetting. Cavities,
however, are expected to behave differently. | discussed

LeidenForce | D25 - Supervision



possible mechanisms such as liquid retention inside the
holes, localized evaporation within the cavities, and vapor
nucleation that remains partially confined instead of
forming a continuous vapor film. These effects may delay
full droplet levitation and modify the Leidenfrost point.

| then presented results from my preliminary experimental
study. The setup includes controlled droplet deposition on
heated substrates with micro-holed patterns. | analyzed
droplet lifetime and examined the droplet behavior,
particularly around the half lifetime stage, using high-speed
visualization. Initial observations show that surface cavities
influence evaporation dynamics and vapor behavior
compared to a flat reference surface, indicating a
measurable impact on the transition to film boiling.

Finally, | outlined the next steps of the project, which include
a more systematic investigation of cavity geometry, infrared
thermography to study substrate temperature gradients,
and experiments with fluids of different thermophysical
properties to better understand the governing mechanisms.

Overall, the work presented in Twente reflects the first stage
of a broader e ort to clarify how cavity-based surface design
can be used to control Leidenfrost behavior and enhance
heat transfer performance.

Participation to conferences, LeidenForce Winter School at Twente

schools, meetings

Lectures, training courses - Advanced Computational Fluid Dynamics at NTNU
- Experimental Training at Thermal Two-phase Flows
Lab at NTNU
Publication list N/A
Dissemination & Not very active, but | tried to repost the contents from our
communication related to lab and LeidenForce activities on Linkedln and Instagram.

Leidenfrost

6. DC6 - Lorena Victoria Garcia

Starting date 05 January 2026
Subject title Reactions in a Leidenfrost film
Supervisors - Anne-Laure Biance (34%) dir. (DR CNRS)

- Anthony Ayari (33%), (DR CNRS)
- Sorin Perisanu (33%), (MCF UCBL, HDR)
What you have already done in  Our current research is investigating Leidenfrost effect in a
the LeidenForce project particular situation, with a cylindrical micrometric wire (50
microns diameter) heated in an ambient temperature
ethanol pool. When the thermal power supplied to the wire

LeidenForce | D25 - Supervision



Participation to conferences,
schools, meetings

Lectures, training courses
Publication list
Dissemination &
communication related to
Leidenfrost

is large enough, the Leidenfrost transition occurs,
manifested by a large increase of the wire temperature.

Experimental setup. The power supply is connected to the wire
submerged in an ethanol pool. A mirror positioned at a 45-degree angle
lets to observe the bottom. A high-speed camera is placed against the
mirror to record the observed phenomenon.

The power supply is connected to the wire submerged in the
ethanol tank. A thermocouple is placed close to the wire to
measure the temperature in the liquid pool. A mirror is
positioned at a 45-degree angle at the bottom of the tank to
record the phenomenon with a high-speed camera placed
against the mirror. Different regimes have been observed, as
shown in the images, depending on the thermal power
supplied to the wire.

Images of a wire (50 pm in diameter, distance:10 mm) in a liquid pool

subjected to heating. Power increases from left to right and different

regimes are observed: small bubbles, “pearl necklace”, and Leidenfrost

regime. The wire appears bright in the Leidenfrost regime because of its

temperature (incandescence). Large bubbles detach from the film

surrounding the wire in this Leidenfrost state.

- LeidenForce Winter School 2026 Organizers:

University of Twente, LeidenForce 26-29 January
2026 - Twente (THE NERTHERLANDS)

N/A

N/A

Like & share LeidenForce publications on social media

7. DC7 - Cheikh Tidiane Dioum

Starting date

LeidenForce | D25 - Supervision

01 September 2025



Subject title
Supervisors

What you have already done in
the LeidenForce project

Participation to conferences,
schools, meetings

Lectures, training courses

Publication list
Dissemination &
communication related to
Leidenfrost

Particle trapping and releasing by Leidenfrost droplets

- Supervisor : Stéphane DORBOLO

- Doctoral committee : Geoffroy LUMAY (ULiege),

Pierre COLINET (ULB), Michel GRADECK (ULorraine)

| began my PhD with an in-depth literature review on the
Leidenfrost phenomenon to gain a comprehensive
understanding of the current state of the art and identify the
key scientific challenges.

At the same time, | conducted preliminary experiments to
investigate droplet dynamics on heated substrates. These
experiments allowed me to develop Python-based post-
processing algorithms to extract quantitative data, such as
the velocity of the droplet and its characteristic size over
time. In parallel, | attended several doctoral training courses
offered by the University of Liege to strengthen both my
scientific and transferable skills.

Duringthe LeidenForce Winter School, | had the opportunity
to present my research project and share the first results |
obtained, which was a valuable experience in terms of
scientific discussion and feedback.

- Seminar : Pars en Thése seminar, (15-16 October,
ULiege)

- Workshop : Two-Phase Flow and Cryogenic
Technologies for Space and Aviation (03-11-2025,
Von Karman Institute for Fluid Dynamics, Brussels)

- School : LeidenForce winter school (26 to 29
January 2026 in Bad Boekelo, Twente)

- Seminar : Capillary Rise and Thin Films Near Edges:
New Insights from Self-similarity (13-02-2026,
ULiege)

- School: Droplets 2025 + LeidenForce Pre-
Conference School

- Créer un résumé graphique avec Inkscape (12-11-
2025 & 02/12/2025)

- Focus sur la base de données Scopus (05-11-2025
ULiege)

- Monthly English lectures (ULiege)

N/A

DC interview by the LeidenForce project manager Christelle
OZANEAUX to prepare a presentation video for the
LeidenForce YouTube channel

8. DC8 - Arghya Mukherjee

Starting date
Subject title

LeidenForce | D25 - Supervision

16 October 2025
Leidenfrost Drops on a Liquid Surface



Supervisors

What you have already done in
the LeidenForce project
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- Benjamin Sobac

- Stéphane Dorbolo
Over the past four months, | have focused on consolidating
the experimental, theoretical, and bibliographic
foundations of my PhD on Leidenfrost droplets levitating
above heated liquid baths, in line with the objectives and
Year 1 work plan of the project description. My work has
combined an extensive literature review, the design and
validation of a versatile experimental platform, and first
quantitative measurements on solid substrates as a
benchmark for forthcoming liquid-bath studies.

First, | completed a comprehensive literature review of
approximately 26 recent publications on Leidenfrost
droplets on liquid surfaces, with emphasis on work
published since 2020 and on the foundational contributions
of our group. This review led me to organize the field into five
main themes: bath convection and self-induced vortices;
vapor-film structure and non-isothermal droplet behavior;
levitation thresholds and lifetimes on various substrates;
coalescence, antibubbles, and final states; and
complementary inverse or cryogenic Leidenfrost
configurations. On this basis, | refined four core research
gaps that structure my PhD: (i) the role of bath depth and
properties in heated deep baths, (ii) the coupling between
bath convection, vapor-film morphology, and internal
droplet circulation, (iii) transition and final states (including
antibubble formation) on deep baths, and (iv) the need for
unified scaling laws that connect existing asymptotic
theories across regimes.

In parallel, with my supervisor, | designed and
commissioned a modular experimental setup intended to
bridge the classical solid Leidenfrost configuration and the
novel liquid-bath regime targeted in the thesis. The current
apparatus is built around a temperature controlled hot plate
supporting interchangeable test beds: a curved aluminum
substrate for validation on solids, silicon wafers, aluminum
baths of controlled depth for viscosity- and depth
dependent studies (with planned ranges from 0.5to 12 mm),
and a glass aquarium for deep-pool configurations. The
setup integrates two synchronized optical diagnostics: a
top-view camera (with ring LED illumination) for tracking
droplet position and lateral motion, and a side-view camera
equipped with a telecentric lens to capture droplet shape
and levitation height with minimal sensitivity to out-of-plane
motion. Backlighting with a high intensity LED provides
sharp silhouettes for image processing, while an embedded
thermocouple and surface thermometer ensure accurate
monitoring of substrate or bath temperature histories. This
platform has been conceived to accommodate additional



Participation to conferences,
schools, meetings
Lectures, training courses

Publication list
Dissemination &
communication related to
Leidenfrost
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diagnostics such as PIV and infrared thermography in later
stages, in accordance with the project methodology.

As an essential first step, | used this setup to perform
controlled experiments on a heated, curved aluminum
substrate, with the aim of reproducing the classical
Leidenfrost behavior reported in the literature and thereby
validating my measurement chain. For substrate
temperatures ranging from 200 to 400°C, | recorded the full
temporal evolution of individual droplet shapes, from
deposition to complete evaporation. From these recordings,
| extracted the effective maximum stable radius as a
function of time, as well as the levitation height when
measurable, and lifetimes. The measurements reveal a
gradual decrease in droplet size while maintaining a stable
vapor film almost until the final collapse, with lifetimes on
the order of several minutes. | then conducted parametric
studies by varying both the substrate temperature and the
initial droplet size to quantify droplet lifetime and radius
evolution. The resulting trends are consistent with
published lifetime-temperature relationships and radius
dynamics reported in benchmark studies (e.g., Biance et al.,
2003), thereby confirming the reliability of my experimental
protocols and data processing methods.

Finally, | have begun the transition from solid to liquid
substrates, in line with the broader objectives of
investigating Leidenfrost droplets on heated liquid pools.
Orders have been placed and partially received for a set of
aluminum baths of different depths and a glass aquarium
thatwill enable systematic variation of bath depth, viscosity,
and superheat. The next phase, scheduled for the coming
months, is to extend the validated solid-substrate workflow
to these liquid baths, to characterize levitation thresholds,
lifetimes, droplet shape transitions, and bath convection
patterns, and to start building regime maps and scaling laws
across the explored parameter space.

LeidenForce Winter School 2026 (remote, partly)

Scheduled for march 2026
- Numerical simulation tools /
programming (python) — 12 hours
- Optical methods for investigating
processes in complex fluids — 12 hours

Initiation to
transport

N/A
Like & share LeidenForce publications on social media



9. DC10 - Mélanie Bulois

Starting date
Subject title
Supervisors

What you have already done in
the LeidenForce project

Participation to conferences,
schools, meetings

Lectures, training courses
Publication list
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01 October 2025

LeidenFrost effect in multiphase microfluidics

Benoit Scheid

Benjamin Sobac

I have implemented a high-speed microscopy setup
coupled with a microfluidic droplet generator in a co-flow
focusing configuration, adapted from the Raydrop device
originally designed for liquid-liquid systems. This setup
enables the stable and reproducible generation of water
droplets within a continuous air flow in a microchannel.

We characterized droplet generation and motion in this air-
phase configuration by measuring droplet diameter,
generation frequency, and velocity. By varying water flow
rates (5-120 pyL/min) and air flow rates (0.01-0.14 L/min),
two distinct regimes were identified: a dripping regime at
low dispersed-phase flow rates and a jetting regime at
higher flow rates. Hysteresis between the dripping—jetting
transition and the reverse transition revealed a bistable
regime.

Results show that increasing the air flow rate significantly
reduces droplet diameter (30 80 um) in both regimes.
Generation frequencies exceeding 6,000 Hz and velocities
above 12 m/s were recorded, highlighting the strong
influence of the continuous air phase on the droplet
dynamics. Dimensionless analysis (Reynolds, Weber,
Laplace, and Mach numbers) confirmed the dominant role
of inertial effects and indicated air compressibility at higher
flow rates. Complex phenomena were also observed,
including transient droplet deformation in the acceleration
zone and non centered oscillatory trajectories, suggesting
new avenues for investigation.

After finalizing this study, the next steps include exploring
droplets of a more volatile liquid with a lower boiling point,
still at ambient temperature, before potentially heating the
Raydrop capillary to impose a positive superheat and
investigate the use of the Leidenfrost effect in multiphase
microfluidics, in an anti Bretherton configuration.

- Winter-school LeidenForce, UTwente - | will be
attending the conference: Microfluidics Horizons
2026
- Droplets 2025 + LeidenForce Pre-Conference
School
N/A
N/A
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Conclusion

The joint supervision framework is fully operational and implemented in accordance with the
objectives defined in the project.

Regular interactions between researchers and their supervisors support the scientific monitoring
of research activities, facilitate the exchange of complementary expertise, and contribute to skills
development.

The activities carried out during the reporting period provide a solid foundation for the
continuation of the project and the achievement of its objectives in the forthcoming phases.

LeidenForce | D25 - Supervision



