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SUMMARY

Droplets impacting smooth substrates can bounce without contact, as a gas film dynamically prevents wet

ting, provided the impact velocity remains below the threshold at which gas-kinetic effects and van der Waals 

interactions trigger contact. For hot droplets, however, condensation within this air film can destabilize the 

non-contact state. Here, we investigate the impact of hot water droplets on lubricant-infused surfaces, 

with the droplets initially hotter than the substrate by ΔT. High-speed imaging and interferometry reveal 

that the maximum bouncing velocity decreases with ΔT due to rapid condensation growth (∼1 ms) on the 

lubricant layer, which generates a liquid roughness that triggers the contact. This phenomenon vanishes 

for low-volatility liquids. Our model, coupling condensation dynamics and thermal transfer, quantitatively 

predicts the critical bouncing velocity and the condensation bridging time. It also shows that the transition 

depends on the substrate and drop thermal properties, providing a predictive framework for hot-drop im

pacts in the non-contact bouncing regime.

ACCESSIBLE OVERVIEW Droplets impacting sufficiently smooth surfaces can bounce without ever touching 

the substrate. In this non-contact bouncing regime, the droplet is supported by a thin air film, which prevents 

wetting throughout rebound. Beyond its fundamental interest, this property does not depend on how well a 

liquid wets the surface, making it relevant to applications where controlling rebound matters. Lubricant- 

coated surfaces provide a robust way of obtaining non-contact bouncing, as the coating forms a smooth 

interface and can bury small defects or dust particles. Although non-contact bouncing is well understood un

der isothermal conditions, its robustness when the drop and surface have different temperatures remains un

clear. Here, we show that hot water drops impacting a cooler lubricated surface lose their ability to bounce as 

the temperature difference increases. The maximum impact speed allowing rebound decreases, and drops 

that would bounce under isothermal conditions instead contact the lubricant and spread. Using high-speed 

imaging and interferometry, we directly observe the air film beneath the drop and identify the origin of this 

transition. The hot drop is surrounded by warm, vapor-rich air, from which water vapor rapidly condenses 

on the colder lubricant surface. These microscopic condensates form a liquid roughness within the air 

film. When this roughness grows large enough to bridge the remaining gap between the drop and the lubri

cant, contact is triggered, and bouncing fails. The effect disappears for low-volatility liquids such as silicone 

oil, showing that the transition is caused by evaporation and condensation rather than by temperature alone. 

We also develop a model coupling impact dynamics, condensation growth, and heat transfer, which predicts 

both the bouncing threshold and the time at which contact occurs. These results reveal that non-contact 

bouncing is controlled not only by impact speed and surface smoothness but also by volatility and thermal 

transport. 
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INTRODUCTION

Droplet impact on a solid surface1 is common in daily life, yet it is 

central to many industrial and technological processes ranging 

from inkjet printing2,3 and additive manufacturing4 to pesticide 

deposition,5 spray cooling,6 drug delivery,7 and icing preven

tion.8 Although droplet impacts may appear simple at first 

glance, advances in imaging techniques have revealed a rich 

physics governed by the interplay between liquid dynamics, 

the subjacent gas layer, and interactions with the substrate.9,10

Depending on the impact conditions, a drop may spread on 

the solid,11 splash into multiple droplets,12–14 form a jet,15,16

trap a gas pocket beneath it,17,18 or bounce from the surface.10

Among these outcomes, bouncing is mainly observed on super

hydrophobic surfaces, which are substrates covered with hydro

phobic textures.19 On such surfaces, the drop only comes into 

contact with the top of the solid textures, which reduces the adhe

sion, allowing the droplet to bounce and leave the substrate dry. 

When a temperature difference exists between the drop and the 

substrate, the picture becomes more complex. For instance, 

when a hot drop impacts a cooler superhydrophobic surface, 

condensation can form within the surface textures, forming liquid 

bridges that increase adhesion and suppress rebound,20,21 while 

texture melting,22 freezing,23,24 or solidification25 during impact 

can have similar effects. In contrast, drop combustion has been re

ported to enhance bouncing, most likely due to thermocapillary ef

fects.26 The sensitivity of bouncing to such thermally driven phase- 

change processes depends strongly on the contact time with the 

substrate,27 which is set by the drop’s inertio-capillary timescale28

but can be reduced by introducing surface macrotextures.29–31

While bouncing is robust and readily obtained on superhydro

phobic surfaces, it is not limited to them. On hydrophilic or 

wetted substrates, droplets usually deposit; yet Kolinski32 and 

de Ruiter33 showed that droplets can rebound without any direct 

contact with the substrate. In this non-contact bouncing regime, 

also sometimes referred to as air-film-mediated bouncing, the 

drop is entirely supported by a sub-micrometric air film, sus

tained by lubrication pressure in the surrounding gas, that pre

vents wetting throughout the impact. This gas layer thickness 

decreases with increasing impact velocity and remains stable 

down to thicknesses of a few tens of nanometers,34 below which 

van der Waals forces trigger contact.35 Achieving this regime is 

challenging and requires substrates of exceptional smoothness. 

This condition is more easily obtained with lubricated surfaces 

than with dry ones, as dust particles tend to sink into the lubri

cant, making the surfaces more robust to contamination and 

thereby enabling the observation and study of non-contact 

bouncing.36–38 While thermal effects and phase-change phe

nomena have been widely investigated for superhydrophobic 

surfaces, the case of hot water drops impacting the non-contact 

bouncing regime remains essentially unexplored and is the ob

ject of the present study.

RESULTS

Hot-drop impact experiments

Water droplets with radius R = 1.3 ± 0.1 mm, density ρ = 

1,000 kg/m3, and surface tension γ = 72 mN/m are dropped on 

a lubricant-infused non-textured surface39 coated with a layer 

of silicone oil (X-22-170BX, ShinEtsu Chemical; viscosity: η = 

39 mPa.s, density: ρL = 970 kg/m3) of thickness ho = 8 ± 1 μm 

(see methods section substrate preparation). The experiments 

are conducted with a relative humidity RH ≈ 60% ± 2%, and 

the surface is initially at room temperature To = 25◦C ± 1◦C, while 

the droplet temperature To + ΔT is set by a droplet dispenser 

(ML6000X, Musashi Engineering) so that the temperature differ

ence between the droplet and the surface ΔT can be varied from 

0◦C to 60◦C (Figure 1A). The impact velocity V, determined using 

side-view high-speed imaging (MEMREMCAM HX-7, NAC), is 

varied by adjusting the release height of the droplet. We first 

observe impacts of water droplets with velocity V = 0.4 m/s 

and temperature difference ΔT = 0◦C and 50◦C, respectively. 

Snapshots of both impacts are shown in Figure 1B, with each 

frame separated by 3 ms. Without temperature difference, 

ΔT = 0◦C, the droplet bounces on the surface with a total 

apparent contact time of around 12 ms, a duration that matches 

the inertio-capillary contact time τ of drops bouncing on super

hydrophobic surfaces τ ≈ 2.5 (ρR3/γ)1/2.28,36 For ΔT = 50◦C 

(Figure 1B, bottom row), the droplet comes into contact with 

the surface after ∼6 ms, which prevents bouncing despite im

pacting the substrate with the same Weber number We = 

ρV2R/γ (We ≈ 3) as the isothermal case. This bouncing temper

ature-induced transition is outside the scope of current non-con

tact droplet-bouncing models, as bouncing failure is typically 

attributed to variations in the Weber, Reynolds, and Stokes 

numbers40 and indicates the presence of an underlying phenom

enon that we further investigate.

We quantify the effect of temperature differences on the 

bouncing transition by systematically varying both ΔT from 0◦C 

to 60◦C and the impact velocity from 0.15 to 0.5 m/s, a velocity 

range for which the bouncing transition is observed. For each 

value of ΔT and V, we perform 10 impact experiments, and we 

count the number of successful rebounds to determine the 

bouncing probability. Figure 1C shows the bouncing probability 

as a function of V color coded from blue to red for ΔT varying 

from 0◦C to 60◦C. This graph reveals two key observations: (1) 

for all temperature differences, the probability varies from 1 to 

0 when the velocity becomes larger than a critical value Vc. (2) 

The critical velocity at which the transition occurs is lower for 

large temperature differences ΔT. To more precisely charac

terize the transition velocity, for each ΔT, we fit the probability 

data with a sigmoid function p = 0.5–0.5 tanh ((V − Vc)/ΔV), where 

Vc is the transition velocity and ΔV the steepness (fits are shown 

with plain lines in Figure 1C). The evolution of Vc with ΔT plotted 

in Figure 1D reveals two regimes: for ΔT < 25◦C ± 5◦C, the 

bouncing velocity first slightly increases before sharply 

decreasing from ∼0.45 to ∼0.35 m/s when ΔT becomes larger 

than ∼25◦C to reach a second regime (ΔT > 25◦C ± 5◦C) where 

the critical velocity then slowly decreases with ΔT to reach 

0.32 m/s for ΔT = 60◦C. We now investigate the origin of this tem

perature-induced bouncing transition.

Reflection interference contrast microscopy

Non-contact bouncing arises from the air film formed between 

the droplet and the substrate, which slows down and reverses 

the momentum of the droplet. To understand the bouncing 
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failure at large temperature differences, we use reflection inter

ference contrast microscopy (RICM) to directly observe the inter

ference pattern formed by light reflected on the oil-air and air- 

water interfaces (Figure 2A). In brief, an inverted microscope 

(IX-73, Olympus) is equipped with a 5× objective lens, the sur

face and droplet are illuminated with a LED monochromatic light 

(M455L4-C5, Thorlabs; wavelength λ = 455 nm, bandwidth 

Δλ ≈ 18 nm), and the interference pattern is captured using a 

high-speed camera (Nova Fastcam S6, Photron) at 10 kHz. 

The intensity varies with cos(4πδ/λ), with δ(r, t) representing the 

local thickness of the air film, so that adjacent black and white 

fringes correspond to a height variation of the air film of λ/4– 

108 nm, which allows for precise measurements of film 

thickness.

The time evolution of the interference patterns of droplets with 

impact velocity V = 0.4 m/s (We ≈ 2.9) with temperature differ

ences ΔT = 0◦C (bouncing), 30◦C, and 50◦C (non-bouncing) is 

shown in Figure 2B. We take the origin of time (t = 0) as the 

moment when the first fringes appear on the interferogram, 

which corresponds to the droplet being at half the coherence 

length L ≈ (2ln2/π)λ2/Δλ from the substrate, which is around L/ 

2 ≈ 3 μm. The time step in Figure 2B is selected to display the 

full bouncing behavior (ΔT = 0◦C) or, for conditions leading to 

coalescence (ΔT = 30◦C and 50◦C), just until the droplet merges 

with the oil.

The snapshots (Videos S1, S2, S3, S4, and S5) reveal very 

distinct interferogram patterns, which correspond to the two crit

ical velocity regimes observed in Figure 1C. In the isothermal 

case, ΔT = 0◦C (Figure 2B, left), we observe the fringe pattern 

commonly reported in the literature32–38: a central dimple ex

pands as time advances before the droplet retracts, leaving 

the substrates after the typical inertio-capillary time τ. However, 

for ΔT = 30◦C and 50◦C (Figure 2B, middle and right), we observe 

a new regime characterized by an unusual interferogram in which 

micrometric circular patterns appear. We believe these marks to 

be condensation droplets nucleating on the lubricant layer, the 

shape of which slightly reduces the distance between the sub

strate and the droplet interface, thereby appearing in the interfer

ence pattern. Qualitatively, near the hot impacting drop, the at

mosphere is saturated with water vapor at a concentration 

csat(To + ΔT) that exceeds the saturated vapor concentration 

csat(To) of the lubricant initially at temperature To. Due to this su

persaturated atmosphere, heterogeneous nucleation occurs on 

the lubricant layer. Denoting Δcsat = csat(To + ΔT) – csat(To) and 

δ as the typical thickness of the air layer, condensation droplets 

then grow due to a diffusive flux DΔcsat/δ, where D ≈ 25 mm2/s 

is the water vapor diffusion coefficient in air. A close look at the 

interference patterns (Figures 2B and 2C) reveals at least three 

features that support the condensation hypothesis: (1) 

increasing ΔT increases the nucleation density (see Figure S1), 

consistent with classical nucleation theory, as it leads to higher 

supersaturation and thus greater nucleation rates. (2) The growth 

rate of the condensation drops can be estimated from the inter

ference pattern. The typical number of fringes of condensation 

droplets increases from 2 to 4 within 1 ms for ΔT = 30◦C and 

0.5 ms for ΔT = 50◦C. This corresponds to a height variation of 

λ/2–200 nm, which gives a condensation growth velocity 

increasing from 0.3 to 0.6 mm/s when increasing ΔT from 30◦C 

to 50◦C. This further supports the condensation hypothesis, as 

larger ΔT increases the diffusive flux. (3) The kink region, where 

the air layer thickness δ is the smallest, corresponds to the loca

tion of the tallest condensation droplets. This agrees well with a 

condensation growth due to a diffusive flux DΔcsat/δ, which is 

inversely proportional to the local thickness.

Most importantly for the impacting droplet’s fate, condensa

tion forms a liquid roughness that initiates the contact between 

A B

C D

Figure 1. Hot-water-drop experiments 

(A) Water droplet with temperature To + ΔT im

pacting a silicone oil-lubricated (ho = 8 μm) glass 

substrate with temperature To. 

(B) Side view of a water droplet (R = 1.3 mm) over 

time (from t = 0 to 15 ms) impacting the substrate 

for two different ΔT = 0◦C (top) and 50◦C (bottom) 

with a velocity V = 0.4 m/s. Snapshots are sepa

rated by 3 ms. Scale bar: 2 mm. 

(C) Bouncing probability of water droplets as a 

function of impact speed V for different ΔT. Each 

point is obtained from 10 bouncing experiments. 

Temperature differences are color coded from 

small to large ΔT from blue to red. The probabili

ties are fitted with a sigmoid function p = 0.5–0.5 

tanh ((V − Vc)/ΔV), which is represented by plain 

lines. Horizontal error bars indicate the estimated 

experimental uncertainty in the impact velocity, 

and the vertical error bars indicate the binomial 

standard error of the bouncing probability, esti

mated from (n = 10) repeated impacts as σp = 
̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
p(1 − p)

√
=n, where p is the measured bounc

ing probability. 

(D) Critical velocity Vc as a function of ΔT; this 

velocity corresponds to a bouncing probability of 

50%. Horizontal error bars indicate the estimated experimental uncertainty on the initial temperature difference. Vertical error bars represent the 95% confidence 

interval of the fitted transition velocity Vc.
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the droplet and the lubricant layer after a time tr. The contact ap

pears in the high-speed interferograms as a darkened area (last 

frames of Figure 2B for ΔT = 30◦C and 50◦C), which allows us to 

measure and plot tr as a function of ΔT in Figure 2D (circles). This 

time decreases from ∼4 to 1 ms as ΔT increases from 30◦C to 

60◦C, a sign that the condensation-induced liquid roughness 

grows faster with larger ΔT. We note that, within the range of 

impact velocities explored here, any occurrence of contact 

consistently prevents bouncing. In the bouncing case, we plot 

the apparent contact time (diamonds, Figure 2B), which we mea

sure from appearance to disappearance of the interference 

pattern.

To verify our hypothesis that the interference pattern and 

rupture mechanism are related to water condensation on the 

lubricant layer and do not arise from purely temperature-related 

effects, we perform the same experiment but with silicone oil 

droplets (X-22-170BX, ShinEtsu Chemical) with R = 0.8 ± 

0.1 mm. Unlike water, this liquid is non-volatile, so we expect 

all evaporation/condensation mechanisms to be suppressed. 

We first observe the interference pattern for impacting velocity 

V = 0.45 m/s, with ΔT = 0◦C and 60◦C (Figure 3A). In contrast 

to the water case, with silicone oil there is no difference between 

the isothermal and hot cases, and the interferogram resembles 

that of the isothermal water case where condensation does not 

occur. It confirms that the pattern observed for hot water drops 

is condensation.

To further validate that condensation is also at the origin of the 

non-bouncing transition, we measure and plot in Figure 3B the 

bouncing probability of silicone oil drops, as a function of their 

impact velocity V and for ΔT ranging from 0◦C to 60◦C. These 

curves reveal that, with silicone oil, the bouncing probability be

comes nearly independent of ΔT, with a transition to non-bounc

ing for Vc ≈ 0.45 ± 0.03 m/s. The difference in behavior between 

volatile (water) and non-volatile (silicone oil) liquids is made more 

obvious in Figure 3C, where we plot the critical transition velocity 

Vc, normalized by its isothermal value Vc,0 = Vc(ΔT = 0◦C), as a 

function of ΔT for both water and silicone oil. For silicone oil, 

Vc/Vc,0 remains close to unity and decreases only slightly with 

ΔT. By contrast, water exhibits a non-monotonic variation, with 

a slight increase of the threshold at low ΔT, followed by a sharp 

decrease beyond ΔT = 20◦C–30◦C, highlighting the marked dif

ference between volatile and non-volatile liquids. The initial in

crease may originate from a Marangoni effect described by 

Geri41 and Liu26: during impact, the center of the hot drop closer 

to the colder substrate cools more rapidly than the sides, 

creating an inward Marangoni flow that thickens the air layer, 

thereby stabilizing the non-contact state and slightly increasing 

the critical velocity. This effect is controlled by the Marangoni 

number that decreases as 1/η, so it should be strongly damped 

for silicone oil, whose viscosity is about 40 times higher than that 

of water.41 In that case, the gradual decrease of the critical ve

locity may be explained by the reduction of the surface tension 

with increasing temperature. Assuming that the non-bouncing 

transition is governed by a critical We,40 Wec = ρVc
2R/γ, and 

denoting Γ = dγ/dT as the thermal coefficient of surface tension 

so that γ(ΔT) = γο + ΓΔT, we expect the velocity ratio to decrease 

with Vc/Vc,0 ≈ (1 + ΓΔT/γο)
1/2. Taking γο ≈ 20 mN/m and 

Γ ≈ –0.043 mN/K (Figure S2), we get Vc/Vc(ΔT = 0◦C) around 

0.93 for ΔT = 60◦C, in good agreement with the experimental 

data (Figure 3C). We now model the sharp decrease in critical 

velocity observed in water at larger ΔT, which cannot be 

accounted for by thermocapillary effects or surface tension 

decreases but rather originates from evaporation-condensation 

processes.

A B

C

D

Figure 2. Reflection interference contrast 

microscopy experiments 

(A) Schematic view of the reflection interference 

contrast microscopy (RICM) setup. A collimated 

beam of monochromatic light is reflected by the 

lubricant-air and air-droplet interfaces. The two 

beams interfere, and the resulting fringe pattern is 

captured using a microscope with a high-speed 

camera recording at 10,000 fps. The interfero

grams depend on the optical path difference 2δ(r,t) 

between the two beams, thus giving a measure

ment of the air layer thickness. 

(B) Time evolution of the interference patterns 

obtained by RICM for water droplets impacting 

velocity V = 0.4 m/s and ΔT = 0, 30◦C and 50◦C. 

Scale bar: 1 mm. 

(C) Detail of RICM images of condensation close 

to the droplet edge for ΔT = 30◦C and 50◦C at 

times 3.0 and 1.5 ms, respectively. 

(D) Evolution of the rupture time tr (circles) and the 

contact time τ (diamonds) with ΔT for droplets 

with velocity V = 0.4 m/s. The blue line shows the 

prediction for the rupture time of Equation 7, and 

the black line corresponds to τ ≈ 2.5 (ρR3/γ)1/2 

with R ≈ 1.2 mm. Marker colors match those in 

Figures 1C and 1D and represent temperature. 

The green- and pink-shaded areas denote the bouncing and sticking regimes, respectively. Horizontal and vertical error bars indicate the estimated experimental 

uncertainty in the initial temperature difference and time measurements, respectively.

Please cite this article in press as: Deschasaux et al., Condensation-induced roughness controls non-contact bouncing of hot drops, Newton (2026), 

https://doi.org/10.1016/j.newton.2026.100587

4 Newton 2, 100587, November 2, 2026 

Article
ll

OPEN ACCESS



Condensation and heat transfer model

To explain our observations, we build a model that incorporates 

the drop impact dynamics and the heat and mass diffusion to 

predict the condensation dynamics and ultimately the bouncing 

or non-bouncing behavior. We assume that the problem is 

axisymmetric about the central vertical axis of the droplet during 

impact, and we denote the radial and vertical coordinates as r 

and z, respectively (Figure 4A). Our model aims to describe 

condensation growth during impact to predict when the drop 

contacts the condensation, which prevents bouncing. Instead 

of describing individual condensation droplets, we consider 

the theoretical envelope formed by their tops and treat them as 

a film of height h(r, t) as sketched in Figure 4A. Due to the differ

ence in scale between the air layer thickness δ ∼ μm and its 

lateral extension R ∼ mm, we consider only the vertical gradients 

(∂/∂z) and neglect the horizontal ones (∂/∂r). The difference be

tween the drop’s surface temperature TW,S and the lubricant’s 

surface temperature TL,S creates a local water vapor concentra

tion difference Δcsat = csat(TW,S) – csat(TL,S) between the drop and 

the condensation distant by H – h, where H is the distance from 

the lubricant to the drop bottom interface. When the droplet ap

proaches the surface, a vapor-rich layer develops next to its bot

tom interface, with a typical thickness ℓ that can be estimated by 

balancing diffusive transport across the layer with advection 

renewal due to the droplet velocity V. This corresponds to a Péc

let number Pe = ℓV/D ∼ 1, which gives ℓ ∼ D/V. With D ∼ 10− 5 

m2/s and V ∼ 1 m/s, we obtain ℓ ∼ 10 μm. The diffusion time 

for the concentration gradient to be established scales as ℓ2/ 

D, that is ∼10 μs for ℓ ∼ 10 μm. This time is much shorter than 

the characteristic timescale over which the air layer thickness 

evolves during bouncing and rupture events, as observed in 

Figure 2D (∼5–10 ms). Therefore, we assume a quasi-steady 

state for the vapor concentration profile in the air layer, so that 

the diffusive flux that controls the condensation growth is written 

as DΔcsat/(H – h), and the mass conservation equation is writ

ten as

∂h

∂t
= a

D

ρ
Δcsat

H − h
; (Equation 1) 

where a is an adjustable parameter of order one that accounts for 

the shape of condensation drops on the lubricant layer, which will 

be discussed later. To solve this equation, we need to consider 

both the drop dynamics and thermal transport, as they control 

the time variations of H and Δcsat, respectively. We estimate H(r, 

t) during the spreading phase, when contact is experimentally 

observed, for different impact velocities by numerically solving 

the complete 2D incompressible Navier-Stokes equations using 

the open-source solver Basilisk42,43 (see Note S3). We also as

sume that condensation droplets are small enough (<500 nm; 

Figure 2B) such that they do not affect the drop dynamics; conse

quently, the isothermal H(r, t) is used for all ΔT.

The vapor concentration difference Δcsat that drives conden

sation strongly depends on the temperature difference between 

the drop and lubricant surfaces. While the initial temperature dif

ference is set to ΔT, heat transfer from the drop to the lubricant 

reduces the dynamic temperature difference ΔTdyn = TW,S – TL,S, 

thereby slowing down condensation growth.

To rationalize these effects, we assume that the condensate 

layer is thin enough that its thermal resistance can be neglected 

A

B C

Figure 3. Non-volatile liquid bouncing ex

periments 

(A) Time evolution of the interference patterns 

obtained by RICM for silicone oil drops (R = 

0.8 mm) with impacting velocity V = 0.45 m/s and 

ΔT = 0◦C and 60◦C. Scale bar: 1 mm. 

(B) Bouncing probability of silicone oil droplets 

impacting the substrate plotted as a function of 

impact speed V for different ΔT. The bouncing 

transition is fitted with a sigmoid p = 0.5–0.5 tanh 

((V − Vc)/ΔV). Horizontal error bars indicate the 

estimated experimental uncertainty in the impact 

velocity, and the vertical error bars indicate the 

binomial standard error of the bouncing proba

bility, estimated from (n = 10) repeated impacts as 

σp = 
̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
p(1 − p)

√
=n, where p is the measured 

bouncing probability. 

(C) Vc, normalized by Vc,0, its value for ΔT = 0◦C, 

plotted as a function of ΔT for water (circles) and 

silicone oil (triangles). Horizontal error bars indi

cate the estimated experimental uncertainty on 

the initial temperature difference. Vertical error 

bars represent the 95% confidence interval of the 

fitted transition velocity Vc.
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relative to those of the air and lubricant layers, so that it remains 

at the lubricant surface temperature TL,S. We then consider the 

heat transfer from the hot drop to the lubricant layer, arising 

from two mechanisms: heat conduction across the air layer 

and latent heat release upon condensation. The thermal diffu

sivity of air αa is of the same order of magnitude as the mass 

diffusion coefficient, and the characteristic thermal diffusion 

time δ2/αa ∼ 5 μs is much shorter than the bouncing and rupture 

times. We therefore assume a quasi-steady state for the heat 

transfer in the air layer. Denoting by λa ≈ 26 mW/(m K) the air 

thermal conductivity and by Lv ≈ 2,200 kJ/kg the latent heat 

of vaporization, the conductive heat flux is given by λa(TW,S – 

TL,S)/(H – h), while the latent heat flux is written as LvDΔcsat/ 

(H – h).

Finally, we assume that heat diffuses into the lubricant layer 

during a time t over a thermal diffusion length δL ≈ (αLt)1/2, 

with αL = λL/ρLcL the lubricant’s thermal diffusivity, λL ≈ 150 

mW/(m K) its thermal conductivity, and cL ≈ 1,600 J/(kg K) its 

specific heat capacity at constant pressure. The corresponding 

heat flux from the surface to the position δL in the lubricant layer 

is then written as λL(TL,S –To)/δL. Similarly, heat diffuses into the 

drop over a thermal diffusion length δW ≈ (αWt)1/2, with αW = 

λW/ρcW, where the water’s thermal diffusivity λW ≈ 600 mW/(m 

K) and its specific heat capacity cW ≈ 4,180 J/(kg K). The related 

heat flux extracted from the drop is written as λW(TW – TW,S)/δW.

Heat flux continuity across the drop/air/lubricant interfaces is 

then written by

λW

TW − TW;S
̅̅̅̅̅̅̅̅̅
αW t

√ = λa

TW;S − TL;S

H − h
+ LvD

csat

(
TW;S

)
− csat

(
TL;S

)

H − h

= λL

TL;S − To
̅̅̅̅̅̅̅̅
αL t

√

:

These coupled equations are solved using a finite difference 

scheme with a time step of Δt = 10 μs, matching the Basilisk sim

ulations, and a spatial resolution of Δr = 2.5 μm. At each time 

step, the coupled evolution of the condensation height h(r, t) 

and the surface temperatures TW,S(r, t) and TL,S(r, t) are solved 

iteratively. The saturated water vapor concentration is estimated 

using the Rankine formula (see methods section saturated vapor 

concentration). The simulation stops in two cases. (1) Non- 

bouncing case: condensation grows fast enough to contact 

the drop so that at a position ro and time tr, H(ro, tr) = h(ro, tr). 

(2) Bouncing case: during the entire bouncing event (∼10 ms), 

A

B

C D

E F

Figure 4. Condensation model and simulation 

(A) Sketch of the system considered in our model. The drop at temperature with bulk and surface temperature TW and TW,S(r, t), respectively, is at a distance H(r, t) 

from the top of the lubricant layer at temperature TL,S(r, t) on which condensation grows with a height h(r, t). Heat transfer is considered in the drop, the air, and the 

lubricant layer. Dashed lines delineate the thermal diffusion lengths in the lubricant δL and in the water δW, and the red arrows indicate vapor flow. Black single- 

and double-headed arrows denote heights and distances, respectively. 

(B) Experimental outcome of the impact as a function of the impact velocity V and the temperature difference ΔT. Bouncing (probability larger than 0.5) is marked 

with green circles, while spreading (probability lower than 0.5) is marked with red squares. The green diamonds and red triangles show bouncing or spreading, 

respectively, predicted by the numerical integration. The green-shaded area indicates the bouncing regime; the blue and pink areas represent the sticking re

gimes governed by hydrodynamic and condensation limits, respectively. The blue line represents the scaling law (Equation 6) of the border between both re

gimes. 

(C and D) Condensation profile h and air layer thickness H as a function of the radial coordinate and plotted at different times, color coded from 0 to 10 ms from 

blue to red. We show the cases for impact velocity V = 0.4 m/s and ΔT = 20◦C (C) or 45◦C (D). Two profiles are separated by 700 μs. The top curves in each plot 

represent the position of the drop interface at different times. 

(E and F) Temporal evolution of the radial temperature difference ΔTdyn(r), using the same time colormap as in (C) and (D). The parameters used here are identical 

to those in (C) and (D), respectively, except that the two profiles are separated by 250 μs.
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the condensation height remains smaller than the air layer thick

ness, h(r, t) < H(r, t).

To test our model, the measured bouncing probability p of 

Figure 1D is displayed on a V-ΔT diagram and marked with green 

circles for bouncing (p > 0.5) and red squares for sticking (p ≤

0.5). On the same diagram, we also plot the outcome predicted 

by our model obtained using the only adjustable parameter of 

Equation 1, a, set to 0.38. Bouncing cases are marked with green 

diamonds, while red triangles represent sticking cases.

We find that for impact velocities below 0.45 m/s, our model is 

in very good agreement with the experimental data, as it repro

duces the loss of bouncing observed for ΔT > 25◦C and the 

decrease of the maximum bouncing velocity, which drops 

around 0.3 m/s for ΔT = 60◦C, both for the experiments and 

the model. Experimentally, for velocities above 0.45 m/s, the 

drop never bounces, even in the isothermal case. This regime, 

denoted as a hydrodynamic limit on the diagram, corresponds 

to sufficiently large impact velocities for which the air layer thins 

to nanometric thicknesses. At this stage, gas-kinetic effects 

become important, and van der Waals interactions trigger air- 

film rupture and suppress rebound.32–38 Our model does not 

aim at predicting this boundary, hence the apparent discrepancy 

here.

The model also predicts the evolution of the condensation 

height h(r, t), which we plot for V = 0.4 m/s in a bouncing (ΔT = 

20◦C, Figure 4C) and a non-bouncing (ΔT = 45◦C, Figure 4D) 

case. The graphs reveal several key observations in agreement 

with the experiments: (1) condensation grows faster and reaches 

a larger height close to the neck where the distance to the droplet 

is minimal. In contrast, condensation height remains small close 

to the central dimple due to the greater distance. (2) In the 

bouncing case, condensation height saturates, as its evolution 

nearly stops. This behavior is also visible in the bouncing case 

at finite ΔT (Video S2). Finally, the model also provides the corre

sponding time evolution of ΔTdyn, in bouncing (Figure 4E) and 

non-bouncing (Figure 4F) cases, which helps clarify what limits 

condensation. Near the neck, the strong heat flux rapidly raises 

the lubricant layer temperature; hence, ΔTdyn vanishes to 0◦C. 

This halts the condensation, limits its total height, and allows 

bouncing to occur. Once the drop reaches its maximum exten

sion, the temperature difference almost completely disappears, 

which explains why, experimentally, rupture of the air layer never 

occurs during the retracting phase.

Minimal scaling model for condensation-driven air-film 

rupture

To get a better understanding of the bouncing failure due to 

condensation, we propose a minimal model. We start by consid

ering the heat flux through the air layer. The ratio of its diffusive 

latent part to its conductive contribution is written as a gas- 

phase evaporative cooling number Ec = LvDΔcsat/λaΔT.44 For 

water with To = 25◦C, Ec is a growing function of ΔT with a value 

at ΔT = 0◦C of 2.7 larger than 1. Hence, we only consider the 

diffusive latent heat flux in the air layer, which neglects the 

condensation height h ≪ H, written as LvDΔcsat/H. We further 

simplify its expression with a first-order Taylor expansion in 

ΔTdyn of Δcsat: LvD(∂Δcsat/∂ΔT)ΔTdyn/H, where we remind 

readers that ΔTdyn = TW,S – TL,S. The heat flux continuity at the 

drop/air/lubricant interface is then written as

λW

TW − TW;S
̅̅̅̅̅̅̅̅̅
αW t

√ ≈ LvD
∂Δcsat

∂ΔT

TW;S − TL;S

H
≈ λL

TL;S − To
̅̅̅̅̅̅̅̅
αL t

√ :

(Equation 2) 

This relation can be interpreted in terms of a thermal-circuit anal

ogy. The latent heat transport across the vapor gap defines an 

effective thermal resistance Rlat = H/LvD(∂Δcsat/∂ΔT), while the 

drop and lubricant are associated with transient thermal resis

tances Rw = t 1/2/eW, RL = t1/2/eL, where eW =
̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
ρcWλW

√
and 

eL =
̅̅̅̅̅̅̅̅̅̅̅̅̅̅
ρLcLλL

√
are the thermal effusivities of the drop and lubri

cant, respectively. Equation 2 therefore describes three thermal 

resistances in series, so that the dynamic temperature drops 

across the vapor gap is written as

ΔTdyn

ΔT
=

1

1+(RW+RL)=Rlat

:

Making the time evolution explicit, we obtain

ΔTdyn

ΔT
≈ 1

1+(t=τth)
1=2 ;

where τth is the thermal coupling time, defined as

τth =

⎛

⎜
⎜
⎝

H

LvD
∂Δcsat

∂ΔT

(
1

eL

+
1

eW

)

⎞

⎟
⎟
⎠

2

:

τth represents the time at which the combined thermal resistance 

of the drop and lubricant overcomes the effective thermal resis

tance associated with latent heat transport across the vapor gap. 

For t ≪ τth, Rw + RL ≪ Rlat, so that most of the temperature drop 

is localized across the vapor gap and ΔTdyn ≈ ΔT. By contrast, 

for t ≫ τth, the liquid-side resistance becomes significant, 

causing the drop-side interface to cool and the lubricant-side 

interface to warm, thereby progressively reducing ΔTdyn. More 

generally, this also shows that the less effusive liquid sets the 

dominant liquid-side thermal resistance. Here, eW/eL ≈ 3, so 

that the water contribution to the thermal resistance is small 

compared to that of the lubricant, but to maintain the generality 

of the model, we retain both contributions.

We now describe the diffusion-limited condensation growth. 

Neglecting again h ≪ H, the condensation height scales as

h ≈ a
D

ρH

∂Δcsat

∂ΔT
ΔTdyn t; (Equation 3) 

where a is an adjustable dimensionless prefactor similar to 

that of Equation 1, accounting for geometrical and morpholog

ical effects not captured by this 1D scaling model, such as the 

shape of condensation drops forming liquid lenses on the lubri

cant layer. Introducing the characteristic condensation time 

τc =
ρH2

D
∂Δcsat

∂ΔT
ΔT

; and using Equation 3 the condensation height 

normalized by the vapor gap thickness H is written as

h

H
≈ a

t=τc

1+(t=τth)
1=2
: (Equation 4) 
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This equation for the condensation dynamics involves two 

characteristic timescales: the condensation time τc, associated 

with gap filling under a fixed driving ΔT, and the thermal coupling 

time τth, associated with the buildup of surface heating in the 

lubricant. Their relative magnitude determines the dominant 

growth regime. At t ∼ τth, Equation 4 gives h/H ∼ τth/τc, so that 

τth/τc directly quantifies how much condensate has formed 

when thermal coupling sets in. If τth ≫ τc, condensation remains 

essentially in the linear regime h/H ∼ t/τc. By contrast, if τth ≪ τc, 

thermal coupling becomes important while h ≪ H, and growth is 

dominated by the thermally limited regime h=H ∼
̅̅̅̅̅̅̅
tτth

√
=τc. 

Although both τth and τc scale with the vapor-gap thickness H, 

their ratio τth/τc is independent of H. In our experiments, τth/τc al

ways remains much smaller than unity, with a maximum value of 

about 0.1 reached at ΔT = 60◦C. Therefore, the initial linear 

regime can be neglected, and Equation 4 then reduces to

h ≈ a

̅̅
t

√

ρLv

(
1

eL

+
1

eW

)ΔT
: (Equation 5) 

We now focus on finding a description of the transition velocity 

Vc(ΔT) from bouncing to no bouncing. The transition occurs when 

the condensation height reaches the minimum thickness of the air 

film hmin, in a time shorter than the bouncing time τ, that is, for 

h(τ) = hmin. Using τ ∼ (ρR3/γ)1/228,36 for the bouncing time and 

the scaling derived by Mandre et al.45 and Mani et al.46 for hmin, 

which writes hmin ≈ 2.54RSt− 8/9We− 2/3, where St = ρVR/ηa is 

the Stokes number and ηa is the air viscosity. Using Equation 5, 

we obtain an explicit equation for the transition velocity Vc:

Vc ≈
(

2:54

a

) 9
20

L
9

20
v

(
1

eL

+
1

eW

) 9
20

ρ− 29
80 R− 47

80γ33
80η

2
5
a

1

ΔT
9
20

:

(Equation 6) 

The model is shown in blue in Figure 4B and adjusted to the 

experimental data by setting its sole free parameter a = 0.309. 

The plot reveals that the bouncing/spreading transition is 

remarkably well described by Equation 6 despite substantial 

simplifications. The model also shows that the critical velocity 

varies with Vc ∼ 1/ΔT9/20. Interestingly, if we ignore the thermal 

effects (τth ≫ τc), the typical condensation height h reached 

after a time τ is written as h ∼ (D(∂Δcsat/∂ΔT)ΔTτ/ρ)1/2, and 

setting the transition to h ∼ hmin ∼ 1/Vc
20/9 gives Vc ∼ 1/ΔT9/40, 

a slight decrease that does not well describe the observed 

transition.

We explored the border of the transition regime by setting t = τ 
and now test our model on the rupture time. The drop should 

start spreading on the surface at a time tr such that h(tr) = hmin; 

using Equation 5, we find

tr ≈
(

1

eL

+
1

eW

)2(ρLvhmin

a

)2
1

ΔT2
;

and with hmin ≈ 2.54RSt− 8/9We–2/3,45,46 we obtain

tr ≈
(

2:54

a

)2

L2
v

(
1

eL

+
1

eW

)2

(ρR)
− 10

9 η
16
9
a γ4

3
1

V
40
9 ΔT2

: (Equation 7) 

Using the value previously obtained for a, we plot Equation 7 in 

blue on the rupture time plot in Figure 2D. We again find excellent 

agreement, which further demonstrates that this simplified 

model robustly and quantitatively predicts the bouncing-to- 

spreading transition. While smaller lubricant thicknesses are 

difficult to achieve reproducibly without introducing surface 

texture, we also test larger lubricant thicknesses, ho = 14 ± 1 

and 20 ± 2 μm, and observe no measurable change in the rupture 

dynamics compared with the reference case ho = 8 ± 1 μm 

(Figure S5). This is expected from the thermal model, as heat 

penetrates the lubricant over a diffusion length δL ∼ (αLt)1/2, 

which is on the order of 10 μm over the millisecond rupture times 

measured here. Therefore, once ho exceeds δL, the rupture dy

namics should become only weakly sensitive to the total lubri

cant thickness, whereas for ho < δL, the underlying substrate is 

expected to contribute through an effective liquid-side effusivity.

DISCUSSION

We demonstrated that air-film-mediated bouncing on lubricated 

surfaces depends on the liquid volatility and the temperature dif

ference with the substrate. For hot volatile liquids such as water, 

condensation forms on the substrate, which generates a liquid 

roughness triggering contact with the drop interface. The con

tact point depends on the minimum thickness of the air layer, 

which decreases with the impact velocity. As a result, the critical 

temperature for bouncing failure depends on impact velocity. 

This differs from superhydrophobic surfaces, where the conden

sation time is governed by the surface structure height,20,21

yielding a critical temperature that is essentially independent of 

impact velocity. Importantly, the condensation dynamics, hence 

the bouncing threshold, is dominated by heat transfer in the least 

effusive material between the drop and the substrate, which of

fers a possibility to tune the bouncing/spreading transition via 

the substrate thermal properties. The experiments also revealed 

interesting condensation patterns on the lubricant layer with 

elongated droplets near the edge of the impact zone. Our model 

shows that there is a large temperature gradient close to the drop 

edge, as the temperature near the center rapidly increases while 

the edge is still at room temperature To. This creates a surface 

tension gradient dγ/dx ∼ ΓΔT/L and Marangoni flow, which elon

gates the condensed drops. Balancing this gradient by the 

viscous stress across the drop thickness h, η(L/t)/h, gives the 

extension of the drops L ∼ (ΓhΔT t/η)1/2. Taking h ∼ 100 nm, 

ΔT = 50◦C, and t = 1 ms for the typical time over which the 

drop elongates, we find L ∼ 500 μm in good qualitative agree

ment with images from Figures 2B and 2C. Finally, we discuss 

the applicability of our model to volatile liquids other than water. 

Our model in Equation 5 is obtained by neglecting the conductive 

part of the heat flux in the air layer (Ec ≫ 1) and by considering 

that the thermal couplings become important before any signifi

cant condensation growth (τth ≪ τc). For common volatile liquids 

such as isopropyl alcohol, ethanol, acetone, or benzene (see 

Note S4), the two approximations remain valid, so our model ap

plies. The only parameter that should depend on the solvent is 

coefficient a in Equation 1, which quantifies how the geometry 

of the condensed droplets modifies the surface deformation. 

For water droplets on a silicone oil layer, a should result from a 

Please cite this article in press as: Deschasaux et al., Condensation-induced roughness controls non-contact bouncing of hot drops, Newton (2026), 

https://doi.org/10.1016/j.newton.2026.100587

8 Newton 2, 100587, November 2, 2026 

Article
ll

OPEN ACCESS



complex dynamic process involving condensation, cloaking, 

and engulfment of water nuclei into the silicone oil.47 This 

dynamical process is consistent with post-condensation 

focused ion beam (FIB) observations by Anand et al.48 and is ex

pected to be affected by the lubricant’s viscosity in a non-trivial 

way. More viscous lubricants may slow down the cloaking dy

namics of the nuclei and their subsequent engulfment, as well 

as water diffusion through the viscous silicone oil.49 These 

coupled condensation dynamics remain an open question, but 

resolving them directly is experimentally challenging because 

of the short temporal and small spatial scales involved. The 

macroscopic dependence of a on viscosity could therefore pro

vide an indirect way to probe these dynamics. For the case of 

solvents that do not engulf in the lubricant and instead form liquid 

lenses at the surface, a should be larger, and viscosity may still 

play a role through cloaking, diffusion, and liquid lens formation. 

Finally, we expect a to be even larger on solids that cannot 

deform. This provides a potential route to tune the surface 

response to hot liquid. In particular, it would be interesting to 

consider lubricants that are perfectly wetted by the impacting 

liquid. In such systems, filmwise condensation may produce a 

sufficiently flat film for bouncing to persist. Beyond their funda

mental interest, our results offer insights for applications where 

drop bouncing plays a critical role. In agriculture, suppressing 

the bounce of pesticides off leaves reduces environmental 

contamination and chemical waste. Similarly, in inkjet printing 

or spray coating applications, preventing rebound helps main

tain print quality and coating uniformity. Our results suggest 

that, for such applications, increasing the temperature of the 

ejected liquid may be an effective way to prevent bouncing.

METHODS

Substrate preparation

Substrates are prepared using the method developed by Tenjim

bayashi et al.,39 in which smooth glass substrates are modified 

with phenyl silane. This surface enables the stabilization of a 

thin layer of silicone oil terminated with a -OH group (X-22- 

170BX, ShinEtsu Chemical), which has a high affinity with the 

silane groups at the surface. The lubricant is deposited on the 

substrate with a micropipette and spin coated using the values 

displayed in Table 1. The mass difference Δm of the substrate 

before and after spin coating is measured with a precision bal

ance (Shinko Denshi, Model XFR-225W, accuracy of 0.01 mg), 

and the lubricant thickness is estimated with ho = Δm/ρLS, where 

S is the surface area of the substrate.

Saturated vapor concentration

The saturated vapor concentration of water csat(T) is derived 

from Dalton’s law: csat(T) = ρair(Mw/Mair)(Psat(T)/Po), where ρair is 

the air density; Mw and Mair are the molar masses of water and 

air, respectively; Psat(T) is the saturated vapor pressure of water 

at temperature T; and Po is the atmospheric pressure. The satu

rated vapor pressure of water is estimated with the Rankine for

mula Psat(T) = Po exp (13.7–5,120/T), so that we obtain csat(T) = 

ρair(Mw/Mair) exp (13.7–5,120/T).
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Table 1. Silicone oil spin-coating parameters

ho (μm) Step 1 Step 2

8 ± 1 10 s, 500 rpm 60 s, 1,000 rpm

14 ± 1 10 s, 300 rpm 45 s, 650 rpm

20 ± 2 10 s, 250 rpm 40 s, 500 rpm
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on superhydrophobic macrotextures. Nat. Commun. 6, 8001. https://doi. 

org/10.1038/ncomms9001.

31. Liu, Y., Moevius, L., Xu, X., Qian, T., Yeomans, J.M., and Wang, Z. (2014). 

Pancake bouncing on superhydrophobic surfaces. Nat. Phys. 10, 

515–519. https://doi.org/10.1038/nphys2980.

32. Kolinski, J.M., Mahadevan, L., and Rubinstein, S.M. (2014). Drops can 

bounce from perfectly hydrophilic surfaces. Europhys. Lett. 108, 24001. 

https://doi.org/10.1209/0295-5075/108/24001.

33. de Ruiter, J., Lagraauw, R., Van Den Ende, D., and Mugele, F. (2015). 

Wettability-independent bouncing on flat surfaces mediated by thin air 

films. Nat. Phys. 11, 48–53. https://doi.org/10.1038/nphys3145.

34. Zhang, L., Soori, T., Rokoni, A., Kaminski, A., and Sun, Y. (2021). Air film 

contact modes of drop impact on lubricated surfaces under reduced pres

sures. Phys. Fluids 33, 092110. https://doi.org/10.1063/5.0065747.

35. Chubynsky, M.V., Belousov, K.I., Lockerby, D.A., and Sprittles, J.E. (2020). 

Bouncing off the walls: the influence of gas-kinetic and van der Waals ef

fects in drop impact. Phys. Rev. Lett. 124, 084501. https://doi.org/10. 

1103/PhysRevLett.124.084501.

36. Hao, C., Li, J., Liu, Y., Zhou, X., Liu, Y., Liu, R., Che, L., Zhou, W., Sun, D., 

Li, L., et al. (2015). Superhydrophobic-like tunable droplet bouncing on 

slippery liquid interfaces. Nat. Commun. 6, 7986. https://doi.org/10. 

1038/ncomms8986.

37. Lo, H.Y., Liu, Y., and Xu, L. (2017). Mechanism of contact between a 

droplet and an atomically smooth substrate. Phys. Rev. X 7, 021036. 

https://doi.org/10.1103/PhysRevX.7.021036.

38. Pack, M., Hu, H., Kim, D., Zheng, Z., Stone, H.A., and Sun, Y. (2017). Fail

ure mechanisms of air entrainment in drop impact on lubricated surfaces. 

Soft Matter 13, 2402–2409. https://doi.org/10.1039/C7SM00117G.

39. Tenjimbayashi, M., Togasawa, R., Manabe, K., Matsubayashi, T., Moriya, 

T., Komine, M., and Shiratori, S. (2016). Liquid-infused smooth coating 

Please cite this article in press as: Deschasaux et al., Condensation-induced roughness controls non-contact bouncing of hot drops, Newton (2026), 

https://doi.org/10.1016/j.newton.2026.100587

10 Newton 2, 100587, November 2, 2026 

Article
ll

OPEN ACCESS

https://doi.org/10.1146/annurev-fluid-122414-034401
https://doi.org/10.1146/annurev-fluid-122414-034401
https://doi.org/10.1146/annurev-fluid-022321-114001
https://doi.org/10.1146/annurev-fluid-022321-114001
https://doi.org/10.1146/annurev-matsci-070909-104502
https://doi.org/10.1146/annurev-matsci-070909-104502
https://doi.org/10.1002/adma.201501058
https://doi.org/10.1002/adma.201501058
https://doi.org/10.1038/ncomms12560
https://doi.org/10.1038/ncomms12560
https://doi.org/10.1007/s00348-018-2514-3
https://doi.org/10.1016/S0140-6736(10)60926-9
https://doi.org/10.1016/S0140-6736(10)60926-9
https://doi.org/10.1021/nn102557p
https://doi.org/10.1146/annurev.fluid.38.050304.092144
https://doi.org/10.1146/annurev.fluid.38.050304.092144
https://doi.org/10.1146/annurev-fluid-121021-021121
https://doi.org/10.1146/annurev-fluid-121021-021121
https://doi.org/10.1615/AtomizSpr.v11.i2.40
https://doi.org/10.1615/AtomizSpr.v11.i2.40
https://doi.org/10.1098/rspa.1981.0002
https://doi.org/10.1098/rspa.1981.0002
https://doi.org/10.1016/0301-9322(94)00069-V
https://doi.org/10.1016/0301-9322(94)00069-V
https://doi.org/10.1017/S002211201000474X
https://doi.org/10.1017/S002211201000474X
https://doi.org/10.1103/PhysRevLett.96.124501
https://doi.org/10.1103/PhysRevLett.96.124501
https://doi.org/10.1017/S0022112003004142
https://doi.org/10.1017/S0022112003004142
https://doi.org/10.1098/rspa.1991.0002
https://doi.org/10.1098/rspa.1991.0002
https://doi.org/10.1063/1.869661
https://doi.org/10.1063/1.869661
https://doi.org/10.1209/epl/i2000-00547-6
https://doi.org/10.1038/s41467-019-09456-8
https://doi.org/10.1002/advs.201900798
https://doi.org/10.1002/advs.201900798
https://doi.org/10.3390/mi9110566
https://doi.org/10.1038/ncomms1630
https://doi.org/10.1038/ncomms1630
https://doi.org/10.1016/j.ijheatmasstransfer.2021.121304
https://doi.org/10.1038/nphys4252
https://doi.org/10.1016/j.newton.2025.100014
https://doi.org/10.1073/pnas.1700197114
https://doi.org/10.1038/417811a
https://doi.org/10.1038/nature12740
https://doi.org/10.1038/nature12740
https://doi.org/10.1038/ncomms9001
https://doi.org/10.1038/ncomms9001
https://doi.org/10.1038/nphys2980
https://doi.org/10.1209/0295-5075/108/24001
https://doi.org/10.1038/nphys3145
https://doi.org/10.1063/5.0065747
https://doi.org/10.1103/PhysRevLett.124.084501
https://doi.org/10.1103/PhysRevLett.124.084501
https://doi.org/10.1038/ncomms8986
https://doi.org/10.1038/ncomms8986
https://doi.org/10.1103/PhysRevX.7.021036
https://doi.org/10.1039/C7SM00117G


with transparency, super-durability, and extraordinary hydrophobicity. 

Adv. Funct. Mater. 26, 6693–6702. https://doi.org/10.1002/adfm. 

201602546.

40. Sharma, P.K., and Dixit, H.N. (2021). Regimes of wettability-dependent 

and wettability-independent bouncing of a drop on a solid surface. 

J. Fluid Mech. 908, A37. https://doi.org/10.1017/jfm.2020.773.

41. Geri, M., Keshavarz, B., McKinley, G.H., and Bush, J.W.M. (2017). Thermal 

delay of drop coalescence. J. Fluid Mech. 833, R3. https://doi.org/10. 

1017/jfm.2017.686.

42. Popinet, S. (2018). Numerical models of surface tension. Annu. Rev. Fluid 

Mech. 50, 49–75. https://doi.org/10.1146/annurev-fluid-122316-045034.

43. Popinet, S. (2019). Basilisk flow solver and PDE library. Available at: http:// 

basilisk.fr

44. Xu, X., and Ma, L. (2015). Analysis of the effects of evaporative cooling on 

the evaporation of liquid droplets using a combined field approach. Sci. 

Rep. 5, 8614. https://doi.org/10.1038/srep08614.

45. Mandre, S., Mani, M., and Brenner, M.P. (2009). Precursors to splashing of 

liquid droplets on a solid surface. Phys. Rev. Lett. 102, 134502. https://doi. 

org/10.1103/PhysRevLett.102.134502.

46. Mani, M., Mandre, S., and Brenner, M.P. (2010). Events before droplet 

splashing on a solid surface. J. Fluid Mech. 647, 163–185. https://doi. 

org/10.1017/S0022112009993594.

47. Cuttle, C., Thompson, A.B., Pihler-Puzovi�c, D., and Juel, A. (2021). The 

engulfment of aqueous droplets on perfectly wetting oil layers. J. Fluid 

Mech. 915, A66. https://doi.org/10.1017/jfm.2021.90.

48. Anand, S., Rykaczewski, K., Subramanyam, S.B., Beysens, D., and Vara

nasi, K.K. (2015). How droplets nucleate and grow on liquids and liquid 

impregnated surfaces. Soft Matter 11, 69–80. https://doi.org/10.1039/ 

c4sm01424c.

49. Ge, Q., Raza, A., Li, H., Sett, S., Miljkovic, N., and Zhang, T. (2020). 

Condensation of satellite droplets on lubricant-cloaked droplets. ACS 

Appl. Mater. Interfaces 12, 22246–22255. https://doi.org/10.1021/ac

sami.9b22417.

Please cite this article in press as: Deschasaux et al., Condensation-induced roughness controls non-contact bouncing of hot drops, Newton (2026), 

https://doi.org/10.1016/j.newton.2026.100587

Newton 2, 100587, November 2, 2026 11 

Article
ll

OPEN ACCESS

https://doi.org/10.1002/adfm.201602546
https://doi.org/10.1002/adfm.201602546
https://doi.org/10.1017/jfm.2020.773
https://doi.org/10.1017/jfm.2017.686
https://doi.org/10.1017/jfm.2017.686
https://doi.org/10.1146/annurev-fluid-122316-045034
http://basilisk.fr
http://basilisk.fr
https://doi.org/10.1038/srep08614
https://doi.org/10.1103/PhysRevLett.102.134502
https://doi.org/10.1103/PhysRevLett.102.134502
https://doi.org/10.1017/S0022112009993594
https://doi.org/10.1017/S0022112009993594
https://doi.org/10.1017/jfm.2021.90
https://doi.org/10.1039/c4sm01424c
https://doi.org/10.1039/c4sm01424c
https://doi.org/10.1021/acsami.9b22417
https://doi.org/10.1021/acsami.9b22417

	NEWTON100587_proof.pdf
	Condensation-induced roughness controls non-contact bouncing of hot drops
	Introduction
	Results
	Hot-drop impact experiments
	Reflection interference contrast microscopy
	Condensation and heat transfer model
	Minimal scaling model for condensation-driven air-film rupture

	Discussion
	Methods
	Substrate preparation
	Saturated vapor concentration

	Resource availability
	Lead contact
	Materials availability
	Data and code availability

	Acknowledgments
	Author contributions
	Declaration of interests
	Declaration of generative AI and AI-assisted technologies in the writing process
	Supplemental information
	References



