
Supplementary Information
A nanoscale view of the origin of boiling and its dynamics

Mirko Gallo†∗, Francesco Magaletti†, Anastasios Georgoulas†,
Marco Marengo†,**, Joel De Coninck†, Carlo Massimo Casciola∗

†School of Architecture, Technology and Engineering,
University of Brighton, Lewes Road, Brighton, UK

∗Sapienza University of Rome, Rome, IT and
∗∗Dept. of Civil Engineering and Architecture, University of Pavia, Pavia, IT

(Dated: June 22, 2023)

SIMULATION SETUP

The set of Eq.3 in the main text is numerically solved
with appropriate boundary conditions. All the simu-
lations are performed in a cubic domain with a side
length L discretized with cubic cells with volume ∆3

(L3 = Nc∆
3), with Nc the total number of cells. For

all the simulations, the adopted grid spacing is ∆ = 6,
and the numerical time step is ∆t = 0.1. The direc-
tion z is perpendicular to the wall, i.e. z = 0 is the
wall location and z = L is the top of the numerical do-
main. In the other two directions parallel to the solid
wall surface, x, y, periodic boundary conditions are im-
posed. Boundary conditions on the solid wall and upper
domain boundary are discussed below. In Fig.1 a two-
dimensional section of the numerical setup is reported.
The fluid initially at saturation conditions, is progres-
sively heated with an imposed heat flux Q at the solid
wall, i.e. −q · n̂ = Q (Q > 0 means heating the fluid),
with n̂ the outwards normal and q the energy flux vector.

In pool boiling, far from the heated wall, the liquid is
kept at saturation, hence pressure and temperature are
prescribed on the top of the numerical domain. On the
wall, an externally imposed heat flux heats up the fluid
q · z = Q. Finally, no-slip and impermeable conditions
are assigned to the velocity at the wall. The normal
derivative of the density field at the wall is related to the
solid/fluid energy density Eq.2 in the main text according
to
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Non-reflecting boundary conditions are enforced on z =
L to avoid unphysical pressure wave reflections at the ar-
tificial boundary [1, 2]. The numerical algorithm used is
described in [3, 4] and consists of a staggered discretiza-
tion with second-order spatial accuracy and explicit in-
tegration in time (second-order Runge-Kutta).

All quantities reported in the text and in the figures
are dimensionless, with the reference value chosen as the
critical ones (reduced units in Van der Waals EoS). For
instance, by considering water, one has Tc = 647K for
temperature, pc = 22MPa for pressure, ρc = 196.8Kg/m3

for density. Consistently, LR = (kBTc/pc)
1/3 = 0.74nm,
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Figure 1. Sketch of a two-dimensional section of the numerical
experiments.

uR = (pc/ρc)
1/2 = 334.8m/s, tR = LR/ur = 2.21ps,

and qR = pcur = 7.56GW/m2. The value of the cap-
illary coefficient is fixed to λ = 5.3 × 10−16m7/s2kg to
reproduce the correct value of the surface tension of wa-
ter (σ = 0.072N/m), providing a liquid/vapor interface
thickness at ambient conditions of ϵ = 1.3nm in ac-
cordance with experimental observation [5]. Clearly at
higher temperatures the surface tension decreases and
the interface thickness increases, for example, ϵ = 5.8nm
and σ = 0.0025N/m when T/Tc = 0.95. Finally, the
transport coefficients, namely viscosities η1, η2(ρ, T ) and
thermal conductivity k(ρ, T ), are taken from the Interna-
tional Association for the Properties of Water and Steam
(IAPWS). [6].

NUMBER OF BUBBLES ON ULTRA-SMOOTH
WALLS

In order to identify the number of supercritical bub-
bles in the field we use clustering algorithms. The first
step consists of a cell-flagging procedure where all volume
cells containing the vapor phase are selected. The vapor
non-dimensional density threshold is selected as ρc = 1,
which is the critical Van der Waals density. The cluster
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t ⇥ 103

<latexit sha1_base64="KPMH8M9I7DHrXGbvB27dCG0ZIbE=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJyrIjXmUEDWUQ5CElVnS+bMIp57N1twZFVj6BFio6RMv3UPAv2MYFJEw1mtnVzo4fSWHQcT6t0tLyyupaeb2ysbm1vVPd3WubMNYcWjyUoe76zIAUClooUEI30sACX0LHn1xlfucBtBGhusNpBF7AxkqMBGeYSrd12xlUa47t5KCLxC1IjRRoDqpf/WHI4wAUcsmM6blOhF7CNAouYVbpxwYixidsDL2UKhaA8ZI86owexYZhSCPQVEiai/B7I2GBMdPATycDhvdm3svE/7xejKMLLxEqihEUzw6hkJAfMlyLtAOgQ6EBkWXJgQpFOdMMEbSgjPNUjNNSKmkf7vz3i6Rdt90z+/TmpNa4LJopkwNySI6JS85Jg1yTJmkRTsbkiTyTF+vRerXerPef0ZJV7OyTP7A+vgH5o5G3</latexit>

2.0

<latexit sha1_base64="PWvkML/PSZNyOjr2zwxZlKdO/Qw=">AAACFHicbVC5TsNAFFyHK4QrQEmzIkKiimzuBimChjJI5JBiE603L8kq60O7z4jIcssn8BW0UNEhWnoK/gXHuICEqUYz7xw3lEKjaX4ahbn5hcWl4nJpZXVtfaO8udXUQaQ4NHggA9V2mQYpfGigQAntUAHzXAktd3Q58Vt3oLQI/Bsch+B4bOCLvuAMU6lbpjbCPWZzYgW9JLbDoaDn9NC8tblQPOmWK2bVzEBniZWTCslR75a/7F7AIw985JJp3bHMEJ2YKRRcQlKyIw0h4yM2gE5KfeaBduLsgoTuRZphQENQVEiaifC7I2ae1mPPTSs9hkM97U3E/7xOhP0zJxZ+GCH4fLIIhYRskeZKpBEB7QkFiGxyOVDhU84UQwQlKOM8FaM0s1KahzX9/SxpHlStk+rx9VGldpEnUyQ7ZJfsE4uckhq5InXSIJw8kCfyTF6MR+PVeDPef0oLRt6zTf7A+PgGq6ievQ==</latexit>

� = 30�
<latexit sha1_base64="05PLxo60GLOdIfKPtZ+8aqoloMQ=">AAACFnicbVC7TgJBFJ31ifhatbSZQEysyK5RtDEh2lhiIo+ERTI7XGDC7Oxm5q6RbOj9BL/CVis7Y2tr4b+4rBQKnurknPs8fiSFQcf5tBYWl5ZXVnNr+fWNza1te2e3bsJYc6jxUIa66TMDUiiooUAJzUgDC3wJDX94OfEbd6CNCNUNjiJoB6yvRE9whqnUsQsewj1mc5K+BlDjxIsGgp7TsnPrcaH5uGMXnZKTgc4Td0qKZIpqx/7yuiGPA1DIJTOm5ToRthOmUXAJ47wXG4gYH7I+tFKqWACmnWQ3jOlBbBiGNAJNhaSZCL87EhYYMwr8tDJgODCz3kT8z2vF2DtrJ0JFMYLik0UoJGSLDNciDQloV2hAZJPLgQpFOdMMEbSgjPNUjNPU8mke7uz386R+VHLLpZPr42LlYppMjuyTAjkkLjklFXJFqqRGOHkgT+SZvFiP1qv1Zr3/lC5Y05498gfWxzdkCZ+q</latexit>

� = 60�
<latexit sha1_base64="EbIDdU3P56QksPsNabOMnkvdQhk=">AAACFXicbVC5TsNAFFxzhnAZKGkWIiSqyEacBVIEDWWQyCHFIVpvXpJV1od2nxGR5ZpP4CtooaJDtNQU/AuOcQEJU41m3jluKIVGy/o0Zmbn5hcWC0vF5ZXVtXVzY7Oug0hxqPFABqrpMg1S+FBDgRKaoQLmuRIa7vBy7DfuQGkR+Dc4CqHtsb4veoIzTKWOueMg3GM2J3ZlBEnshANBz+mZdetwoXjSMUtW2cpAp4mdkxLJUe2YX0434JEHPnLJtG7ZVojtmCkUXEJSdCINIeND1odWSn3mgW7H2QkJ3Ys0w4CGoKiQNBPhd0fMPK1HnptWegwHetIbi/95rQh7p+1Y+GGE4PPxIhQSskWaK5FmBLQrFCCy8eVAhU85UwwRlKCM81SM0tCKaR725PfTpH5Qto/LR9eHpcpFnkyBbJNdsk9sckIq5IpUSY1w8kCeyDN5MR6NV+PNeP8pnTHyni3yB8bHN5H/nzo=</latexit>

� = 90�
<latexit sha1_base64="8s4/MrUKx5dafnHV8EYVWX3MwG8=">AAACF3icbVC7TgJBFJ3FF+ILtbSZSEysyK4RtTEh2lhiIo+ERTI7XGDC7CMzd41ksx/gJ/gVtlrZGVtLC//FYaVQ8FYn55w7587xIik02vanlVtYXFpeya8W1tY3NreK2zsNHcaKQ52HMlQtj2mQIoA6CpTQihQw35PQ9EaXE715B0qLMLjBcQQdnw0C0RecoaG6xZKLcI/ZO4knGR+liRsNBT2njl25dblQPDUuu2xnQ+eBMwUlMp1at/jl9kIe+xAgl0zrtmNH2EmYQsElpAU31hCZLDaAtoEB80F3kuyIlB7EmmFII1BUSJqR8HsjYb7WY98zTp/hUM9qE/I/rR1j/6yTiCCKEQI+CUIhIQvSXAnTEtCeUIDIJpcDFQHlTDFEUIIyzg0Zm9oKpg9n9vfzoHFUdk7KlevjUvVi2kye7JF9ckgcckqq5IrUSJ1w8kCeyDN5sR6tV+vNev+x5qzpzi75M9bHN77bn9A=</latexit>

� = 105�

Figure 2. Number of supercritical bubbles vs time. Different
curves represent the different wettability values.

δ Q = 0.001 Q = 0.005 Q = 0.01

ϕ = 30◦ 1.17 0.63 0.33
ϕ = 60◦ 1.12 0.70 0.37
ϕ = 90◦ 1.17 0.85 0.73
ϕ = 105◦ 1.41 1.08 0.67

Table I. Values of the Tolman length for the different values
of the contact angle ϕ and the heat flux Q

analysis is then applied to all the colored cells. By analyz-
ing neighboring cells of a given vapor cell, the algorithm
is able to identify distinct vapor embryos. Among the

entire list of clusters, we only select the ones that are su-
percritical. The critical size of the bubbles is evaluated in
[4], where the effective critical radius, is associated with
a transition probability of 50%. So, the probability of
becoming a macroscopic bubble for a given radius is 1/2
the iso-committor probability in transition state theory.
The clustering algorithm is invoked at each time instant.
In Fig.2, the number of supercritical bubbles NSC

B (t) is
reported as a function of time. Different curves refer to
different values of the contact angle, as indicated in the
legend.

TOLMAN LENGTH VALUES

The Tolman lengths used for the CNT correction are
provided in the table below (see the methods section in
the main text).
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