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Overview 
 
Shedding light to the dynamics of transport processes 
of solid particles due to the action of geophysical 
flows, occurring in rivers, fluvial, estuarine, aeolian and 
other natural environments, remains one of the 
fundamental problems in Earth-surface research, for 
more than half a century. Incipient motion research 
refers to the study of the flow conditions describing 
the initial stages at which the transport of solids or 
sediment transport begins. It finds application in a 
wide variety of fields ranging from hydraulic 
engineering, when the focus is on bridge scour 
protection and river bed and bank stabilization, to 
environmental and biological systems engineering, 
when dealing with river restoration, protection of fish 
habitat, transport of contaminated sediments and 
estimation of flushing flow conditions downstream of 
a reservoir. 
 
Traditionally, engineering practitioners and hydraulic 
researchers alike have employed spatially and 
temporally averaged criteria, such as Shields’ critical 
shear stress, for the identification of incipient motion 
of coarse bed surface material. Other researchers 
have recognized the role of fluctuations of the near 
bed turbulence and the variability of the particle 
characteristics and micro-particle arrangements, 
proposing a turbulent force approach (Schmeeckle et 
al. 2007) for particle entrainment. Such approaches 

allow the effects of flow hydrodynamics to be 
accounted for, by considering particle scale 
micromechanical models to describe particle 
entrainment.  
 
However, recent research has found that not all 
peaking instantaneous forces are capable of removing 
riverbed surface material. Novel criteria that better 
account for the role of turbulence near the threshold 
of motion of sediment particles considers the 
duration of hydrodynamic forcing. These approaches 
considered the role of the time integral of 
hydrodynamic forces or power above a certain 
threshold applied on a particle. These have been 
formulated into an impulse (Diplas et al. 2008) or 
energy criterion (Valyrakis et al. 2013) for particle-
scale transport. 
 
This project will aim at further improving our 
understanding of energy transfer between solid 
particles and turbulent flow structures, extend the 
application of the recently proposed criteria and 
implement novel approaches for assessing the effect of 
bed surface processes with instrumented particles.  
 
The outputs from this work will help improve our 
predictive, monitoring and modeling capacity for 
sediment transport, effectively improving our societal 
resilience to extreme hydrologic events such as 
flooding, which are intensified under climate change. 
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Methodology 
 
The project has three distinct phases: laboratory 
experiments, numerical simulations and field campaign. 
 
Phase I: laboratory experiments 
- Flume experiments investigating particle-scale 

entrainment under different near and above-
threshold flow conditions will be undertaken in the 
Water Engineering Laboratory, School of 
Engineering, University of Glasgow 
(http://www.gla.ac.uk/schools/engineering/research/d
ivisions/i&e/facilities/#d.en.299765). These 
experiments will investigate the energetics of 
particle entrainment under well-controlled flow and 
particle arrangement conditions.  

- In addition, for a first time, a novel instrumentation 
(build in house at the UoG; Valyrakis and Pavlovskis 
2014), namely “smart-spheres”, will be employed to 
obtain a set of detailed measurements for the 
mechanics of particle entrainment. The experimental 
matrix will be appropriately designed to cover a 
representative range of flow conditions 
(distributions of energetic turbulent flow structures). 

- For these experiments, flow hydrodynamics will be 
assessed using particle image velocimetry (PIV e.g. 
Hardy et al. 2009). Particle movement 
characteristics will be obtained from the “smart-
sphere” device. 

- The synchronously obtained data will be analysed 
using appropriate methods and criteria. 

 
Phase II: Numerical simulations 
- Numerical modelling of the above setup will be 

attempted using recently developed computational 
fluid dynamics algorithms (e.g. Hardy, 2005; Hardy et 
al. 2007). These will focus on the interaction of the 
flow with the solid particles and understanding the 
process of energy exchange between them, utilising 
data from the above experiments as appropriate to 
validate novel subgrid LES models. 

- The effect of local micro-topography will be also 
assessed and the numerical model will be calibrated 
and verified using the experimental flume data.  

 
Phase III: field data campaign 
- This phase will involve a data acquisition campaign at 

a selected river stream (Ferguson et al. 2017), aiming 
to extend the above experimentally obtained and 
numerically modelled results, for practical 
applications.  

- This will involve deploying “smart-sphere” devices 
(Valyrakis et al 2015), for probing the entrainment 
probability at various locations across the chosen 
stream and obtaining representative hydrodynamic 
diagnostics via appropriate field instrumentation 
(micro-ADV).  

 

 
Timeline 
 
Year 1: Phase I - laboratory experiments  
Training in the use of facilities and equipment 
Design and conduct of series of experiments  
Data analysis 
Conference to present laboratory data 
 
Year 2: Phase II - Numerical modelling 
Training in use of existing CFD algorithms  
Design of representative local geometries and 
conducting runs 
Data analysis  
Submission of Journal paper based on laboratory data 
International Conference to present numerical 
modelling results (calibrated by the laboratory data) 
 
Year 3 (and 6 months in year 4): Phase III - Field 
campaign  
Training in field skills and specialised equipment use 
Testing and field deployment of “smart-sphere”  
Data collection and analysis 
International conference to present field data 
Submission of Journal paper based on above findings 
 

 
Training & Skills 
 
The PhD candidate will receive specific training 
throughout the study period via: 
 

- Lab training and operation of flumes  
- Lab and field flow measurement equipment 

training (PIV, Acoustic Doppler Current 
Profiler, micro-ADV) 

- Training on the use of novel in house build 
equipment (e.g. “smart-spheres”) 

- Developing skills and knowledge about CFD 
via e.g. attending appropriate graduate level 
courses. 

- Developing on the use of appropriate 
scientific programming tools such as Matlab, R 
and/or Python for data processing and 
analysis. This will include attendance at the 
NERC Advanced Training Short Course 
‘Statistics for Environmental Evaluation’ run by 
the School of Mathematics and Statistics, 
University of Glasgow. 

- Fieldwork safety training (Swiftwater course 
run at Glenmore Lodge). 
 

Transferable skill development: A full and progressive 
range of transferable skill training is accessible to the 
student through IAPETUS specific provision and the 
University of Glasgow, and includes courses to 
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enhance a range of skills e.g. 3D printing in our 
Innovation platform; entrepreneurship. A review of 
skills needs in the environment sector undertaken by 
Environment Research Funders Forum in 2010 has 
identified 15 skills that are in short supply 
(http://www.nerc.ac.uk/skills/postgrad/policy/skillsrevie 
w/2010/most-wanted-report.pdf). These include hard 
skills, such as multi-disciplinarily, numeracy and data 
management, and soft skills, such as the ability to 
translate research into understandable language. 
Further the student working on this project will 
benefit not only from scientific training, but also by 
undertaking a range of training courses (transferable 
skills training including presentation and 
entrepreneurial skills) run by the Researcher 
Development Office at Glasgow. The combination of 
field, laboratory, and transferable skills will equip the 
PhD student with key skills to enhance your 
employability in research, or elsewhere e.g. 
environmental consultancy and the civil service. 
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Further Information 
 
Contact Dr Manousos Valyrakis 
(manousos.valyrakis@glasgow.ac.uk , +44 (0) 141 
3305209) or Dr Rich Hardy (r.j.hardy@durham.ac.uk, 
+44 (0) 191 3341973).   
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