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PhD description 

Fluid flows carrying particles are found in many industrial and environmental applications. 
In this thesis, we focus specifically on sediment transport regimes with the aim of 
characterising and predicting the mechanisms related to scouring1.  

When considering sediment transport, there are two main modes of transport: the bedload 
transport regime, where solid particles move mainly by rolling over each other, and the 
suspension transport regime, where particles are transported by the flow without being 
deposited on the bottom bed. In G. Pierre PhD (2025) [1], which focused on modelling 
scouring at the base of an offshore wind turbine using continuous approaches for both the 
liquid phase and the dispersed sediment phase (known as the Euler-Euler method), it was 
shown that it was possible not only to accurately model sediment transport in a suspension 
regime, but also to capture the transition from a quasi-static state (immobile sediment) to a 
suspension state without having to add a specific model. However, this transition phase 
remains difficult to predict and characterise, and many questions remain open, such as: 
what is the role of particle inertia and contact dissipation? What is the role of turbulence 
and pseudo-turbulence? What is the shape of the vertical profiles of particle velocity and 
solid fraction? How does the suspension/sediment bed interface (erosion) evolve as a 
function of the physical parameters of the system? And to what level of detail does a 
resolved numerical approach allow experimental observations to be captured? 

The proposed PhD project will use both 
experimental and numerical approaches to answer 
these questions. The experiments will consist of 
using a previous device [2] to generate particle-
laden annular Couette flows. The device will be 
adapted, as for example the particle size, in order to 
observe the transition between the different 
regimes. Optical and acoustic metrology will be 
used to measure the concentration and velocity 
fields in the flow. Additional measurements of the 

	
1	Scouring	is	the	phenomenon	of	erosion	observed	at	the	base	of	solid	structures	such	as	bridge	piers	or	offshore	
wind	turbines.	This	erosion	may	lead	to	the	destruction	of	the	structure.	

	
Figure	1	Snapshot	of	Couette	flow	loaded	of	
particles	(a)	and	particle	tracking	(b)	[2]	
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ring Couette torque will enable the shear stress to be 
extracted. The numerical simulations will be carried 
out using direct numerical simulation, also known 
as PR-DNS (Particle-Resolved Direct Numerical 
Simulation). This approach enables the flow around 
each particle to be accurately predicted. The size of 
the experiment was chosen to be "achievable" by the 
PR-DNS approach. Until now, this approach has 
been used to study the entrainment phase (B. Fry, 
PhD, 2019) [3] and the suspension regime (B. 
Scorsim, PhD, 2021 [4]), but not the transition phase. 

 
Several results are expected from the PhD. The range of parameters will enable a systematic 
analysis of their influence on the flow and transition between regimes. The combined use of 
PR-DNS simulations and experiments will provide access to complementary quantities that 
are sometimes difficult to measure, such as turbulence generated by particle wakes. Finally, 
the experimental and numerical results will be used to build a database to validate 
macroscopic models such as Euler-Euler models. Ultimately, the aim of this study is to 
improve our understanding of the transition phase between dense and dilute transport 
regimes. 
 
Applicant expected skills: 
Engineering student, or graduate with a Master's degree, and solid knowledge of fluid 
mechanics, wishing to carry out a thesis project with both experimental and numerical 
components. Knowledge (training) or experience (internship) in the field of particle-laden 
flows would be highly appreciated. 
 
References 

[1] G. Pierre Modélisation et simulation CFD de l'affouillement local au pied d'une éolienne en mer. 
Thèse INP 2025. https://theses.hal.science/tel-05218400v1 

[2] H. Mouilleron, F. Charru, and O. Eiff, “Inside the moving layer of a sheared granular bed,” 
Journal of Fluid Mechanics, vol. 628, pp. 229–239, Jun. 2009, doi: 10.1017/s0022112009006636 

[3] B. Fry Modélisation multi-échelle d'un lit granulaire entraîné par un écoulement cisaillé. Thèse 
INP 2019. https://theses.hal.science/tel-04169836v1  

[4] O. Scorsim Particle-Resolved Simulation of Mono- and Bi-Disperse Fluid-Solid Couette Flows. 
Thèse INP 2021. https://theses.hal.science/tel-04186682v1 

	
Figure	2	Simulation	Numérique	Directe	d'un	
régime	de	Charriage	[3]	et	en	suspension	[4]	
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