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Abstract

Modelling droplet movement on leaf surfaces is an important component in understanding how water, pesticide or nutrient is
absorbed through the leaf surface. A simple mathematical model is proposed in this paper for generating a realistic, or natural looking
trajectory of a water droplet traversing a virtual leaf surface. The virtual surface is comprised of a triangular mesh structure over
which a hybrid Clough–Tocher seamed element interpolant is constructed from real-life scattered data captured by a laser scanner.
The motion of the droplet is assumed to be affected by gravitational, frictional and surface resistance forces and the innovation of
our approach is the use of thin-film theory to develop a stopping criterion for the droplet as it moves on the surface. The droplet
model is verified and calibrated using experimental measurement; the results are promising and appear to capture reality quite well.
© 2010 Published by Elsevier B.V. on behalf of IMACS.
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1. Introduction

An important research component of agrichemical spray retention by plants is to model and simulate droplet
movement on the surface of a leaf. To this end, we present a simple mathematical model for this process, report on
experimental results generated with a particular type of leaf (Frangipani leaf), and compare the results from each of the
two studies. A crucial aspect of our approach is to construct the surface of the leaf using a recently developed surface
fitting method [30,31] based on a combination of the Clough–Tocher method with radial basis functions.

When a single water droplet impacts on a solid surface, it may bounce off or perhaps spread out along that surface,
depending on the nature and inclination of the surface, the speed and size of the drop, and the properties of the liquid,
including the viscosity and surface tension. However, in reality there are more options for the fate of the droplet, and
indeed Rioboo et al. [35] report that their experiments suggest the outcomes include deposition, prompt splash, corona
splash, receding break-up, partial rebound, and complete rebound. These are also described qualitatively in the review
article by Yarin [40]. Further, spreading drops may be characterized by instabilities leading to viscous fingering, as
studied by Kim et al. [19] and Thoroddsen and Sakakibara [38], for example. An important point is that the detailed fluid
mechanics of each of these outcomes is quite sophisticated, and requires high level mathematical modelling, including
asymptotic and stability analysis and careful computational simulations, as well as an expensive experimental setup.
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