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DropSPH: ISPH Simulation of Droplet Interactions with a Solid
Surface

H. Keshtkar†1 and N. Aburumman2

1Department of Mechanical and Aerospace Engineering, Brunel University London, UK
2Department of Computer Sciences, Brunel University London, UK

Figure 1: Droplets impinging upon a flat solid surface, which resulted in a set of deformations. From left to right, spreading, coalescence
and break-up can be captured using our model.

Abstract
We present a physically-based model to simulate droplet behaviours when impacted on a solid surface. Our model creates
the coalescence, spreading, and break-up deformations that occur when a liquid droplet collides with a solid surface. We
model the attraction-repulsion forces within an improved free surface Incompressible Smoothed Particle Hydrodynamics (ISPH)
framework that includes contact force and cohesion force between particles. The results show that our model is effective in
simulating several small-scale liquid phenomena.

CCS Concepts
• Computing methodologies → Physical simulation;

1. Introduction

Simulating fluids using Smoothed Particle Hydrodynamics (SPH)
has been an active research topic in graphics for a decade. However,
prior research on this topic has mainly focused on large-scale liq-
uid simulations [KBST22]. Despite the advent of SPH on different
fronts of liquid simulation, simulating fine-scale, high-detail mo-
tions such as those involving droplets interacting with a solid sur-
face are still hard to capture, and remains largely unexplored. Such
microscopic-scale simulations can be used in a wide range of appli-
cations [JS17], such as special effects in both film and television,
driving simulations, 3D printing, as well as physics, engineering,
and medical simulations (e.g., respiratory droplet simulations).

In this work, we present a physically-based model for simulating
realistic interactions between a droplet and a solid surface within
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the framework of the ISPH. The basic idea behind this work is gen-
erating compelling droplet behaviour upon impact on a solid, which
accurately exhibits the physical phenomena of bouncing, spread-
ing, and breaking up. The novelty of our work lies in the use of
specifically, a free surface ISPH model to achieve a reduction in the
computation time needed for simulating small-scale droplet-solid
interactions. The method we use requires significantly less parti-
cles to achieve accurate simulations (when compared with e.g. the
SPH approach as detailed in [AAT13]). In our method, we employ
the improved free surface ISPH model presented in [RNM∗19] and
the surface tension forces formulated in [AAT13]. The surface ten-
sion forces are used to couple the cohesion force and minimise the
area of the free surface within the ISPH framework. This would
model the inter-particle force as an attraction-repulsion function,
which is responsible for causing short-range repulsion and long-
range attraction. On the triple line surface tension, a contact force
is calculated between the droplet and solid in a way similar in fash-
ion to the one in Breinlinger et al., [BPHK13], and plugged into
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our ISPH model. We demonstrate the efficacy of our model by sim-
ulating a droplet impacts upon a solid surface where spread, stretch
and break up droplet deformations are realistically captured.

2. Surface tension model in ISPH

The macroscopic phenomena of surface tension appear from attrac-
tive forces between particles that experience an unbalanced molec-
ular cohesive force in the boundary regions (which can either be
at a liquid-air, liquid-solid, or solid-air interface). Particles in this
region resist deformation, and actively minimise the area of a free
surface. Therefore, surface tension can be represented in terms of
the pressure difference across the surface, according to Laplace’s
Law,

∆P = γ ·κ (1)

Where ∆P is the pressure difference, γ is the surface tension coef-
ficient, and κ is the surface mean curvature. κ is related to a unit
normal n of the surface as −∇ · n. The surface tension force can
then be formulated as:

Fst
i = γiκini (2)

Hence, the normal can be calculated by applying the SPH approxi-
mation to the gradient of the smoothed colour field as follows:

ni = ∑ j
m j

ρ j
∇W (‖ pi− p j ‖,h), (3)

Where W (·) is a smoothing kernel used by the SPH framework,
and h is the chosen smoothing radius. The m j denotes the mass
and p j denotes the position of particle j and ρ j is the density. The
surface tension force can then be expressed as follows based on the
formulation presented in [AAT13]:

Fst
i = K

(
−γi, jmi ∑

j
m j

(pi− p j)

‖ pi− p j ‖
W (‖ pi− p j ‖,h)

)

+

(
−γi, jmi ∑

j
(ni−n j)

)
, (4)

where K is a constant. This formulation includes both the cohesion
force and a symmetric force that minimises the surface area. The
value of K can be obtained analytically, based on the improved free
surface ISPH formulation presented in [RNM∗19], where the value
of K is found for any interior particle in the initial regular configu-
ration of particles at the free surface. For the choice of W , we use
the spline smoothing kernel.

3. Surface tension at the triple line

The contact angle at a triple line of a solid, liquid, and air is de-
termined through a balance of three surface energies, as seen in
Young’s equation, which means if the contact line at the intersec-
tion of these three interfaces reaches equilibrium with no external
forces, the surface tensions and contact angle satisfies the follow-
ing:

γsa− (γla cosθeq + γls) = 0, (5)

where θeq(0 < θeq < π) is the stable contact angle, and γls, γsa and
γla are tension coefficients for the liquid-solid, solid-air, and liquid-
air interfaces, respectively. When θeq is small (close to zero), the
solid surface is called hydrophilic, and the liquid surface tends to

spread flat. The solid surface is called hydrophobic if θeq is large,
and the liquid tends to bead up on the surface. Young’s equation is
equivalent to setting the contact angle such that the contact force
acting on the triple line region is zero, and it is formulated as:

Fc = γ(cosθeq− cosθdyn), (6)

where θdyn is an arbitrary unbalanced angle, which is balanced
when the equilibrium value, θdyn = θeq is achieved. The contact
angle θdyn can be computed in the simulation using the surface tan-
gent and normal vectors (for more details on this, see Breinlinger
et al., [BPHK13]). The force Fc is applied to the ISPH particles
in the triple line region, where we apply no-slip conditions on the
solid surface. The droplet in our simulations is modelled to have

Figure 2: Our simulation of a droplet impacts upon a solid sur-
face. The sequences from left to right correspond to times t = 30ms,
40ms, 90ms, and 100ms.

density ρ = 1000kg/m3 with the surface tension is γ = 3N/m. Fig-
ure 2 shows a simulation of a free falling 2cm droplet of ≈ 3K
SPH particles using our method, where the sequence illustrates the
droplet dynamics at various stages during the impact, in which the
droplet bounces off before spreading on the surface.

4. Preliminary results and discussion

When a droplet impacts a solid surface, it can undergo different
types of deformation. Our method captures a range of such droplet
deformations, in particular spreading, break up, and coalescence.
These deformations can be observed in Figs (1, 2), where Fig (1) il-
lustrates all three types of deformations. Depending on the droplet’s
parameters and surface conditions, when the droplet impacts upon a
solid surface, deformations such as rebounding and splashing hap-
pen. The emission of tiny droplets in the impact direction is called
impact splashing. In our current work, impact splashing is not cap-
tured by the simulation, and as a future direction, we will explore
further the possibility to simulate and reproduce phenomena such
as impact splashing for varying values of surface roughness.
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