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Context/Motivations 
 
The water entry of a sphere or an. idealized object is a very generic problem with naval engineering (waves slamming 
ships), military (ballistic), biological (diving birds) or geophysical (landslides generating tsunamis) applications [1], and 
even for sports performance [2]. Numerous works have identified the key parameters in the problem [1,3];  mainly the 
characteristics of the two-fluids, water and air here (density, viscosity), the surface tension between them, the properties 
of the penetrating object (wettability, density, size, center of mass), and of its dynamics (velocity, impact angle of the 
trajectory, spinning). The large parameters space leads to a great variety of scenarios, that can be at least classified in two 
categories: cavity and non-cavity-forming cases as shown in Fig. 1.  
 

 

Figure 1.  
(a) The water entry of a hydrophilic 
billiard ball (contact angle θ = 67◦) 
at impact speed of 1.72 m/s. A 
large vertical jet is formed in this 
non-cavity-forming case.  
(b) The water entry of a cavity-
forming hydrophobic billiard ball 
(contact angle θ = 120◦) at the 
same impact speed. The sphere is 
completely encased in a thin layer 
of air, a large cavity is formed 
above the sphere, and the splash 
crown is vertical. From [1] 

 
The dynamics of a collection of spheres penetrating the air-water interface is a much less known problem, and the only 
recent results are dedicated to two successive objects falling in tandem [4]. The goal of this training program is to study 
the fluid dynamics and the forces experienced by a much larger number of spheres, typically an arrangement of solid 
spheres to model a granular/porous medium. An example of application for such cases is the modelling of the dynamics 
of a granular collapse in water (speed reduction, air entrainment) as shown in Fig. 2. 
 
 



 

Figure 2.  
The water entry of a granular avalanche on an inclined plate at 32 degrees. Experience realized at IMFT. 

 
Research program 
 
After a careful review of the current literature on the problem, the student will investigate experimentally the water entry 
of an arrangement of fixed solid spheres, moving at a constant velocity by using a translating stage. The dynamics of the 
particles and of the fluid will be studied using two different measurement techniques. The force (in the direction of 
motion) experienced by the solid spheres will be recorded with a piezo-electric sensor while the deformations of the 
interface will be imaged with a high-speed camera. The parameters to be varied are the arrangement of the spheres, their 
size and surface properties. 
 
Some time at the beginning of the program will be spent in validating the experimental approaches by studying the forces 
experienced by a single sphere entering water [5].  
 
Ultimately, the results will be analyzed in order to provide a simple model (or a parametrization) relating the volume 
displaced and the force experienced as a function of the non-dimensional numbers of importance for this problem (Bond 
and Reynolds number mainly). The work done will be summarized in a written manuscript. 
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