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 1. Research context 
 
• The fluid-particle interface dynamics is important to 

understand the physical mechanisms involved in 
sediment transport 

• This thin boundary layer is however difficult to 
sample without disturbing the flow  

• The X-ray computed tomography (CT) coupled with 
others non-destructive technologies are then useful 
tools 

Figure 1. Experimental setup : a) Rectangular hydraulic flume 
inserted into a medical X-ray CT scan. B) The PIV system, laser 
(black) and cameras (blue), is fixed to the CT scan which moves on 
rails along the flume. The tube current is 287 mAs and the tube 
voltage is 140 kV. The beam collimation is 1.2 mm. The field of 
view used in the cross-section is 0.30 m x 0.30 m with a pixel size 
of 0.6 mm x 0.6 mm, and 2,0 mm in the longitudinal axis. 

 2. Experimental methods 
 
• A movable sand-bed model was built in a rectangular 

flume (0.30 m x 0.30 m x 7.0 m) (Brunelle et al., 2016) 
•  The flume is inserted into a medical X-ray CT scan 

(Siemens, Somatom Definition AS+ 128) which moves 
on 2.6 meters rails along the flume 

• A steady flow is created using a water pump joining the 
two water tanks placed at each extremity of the flume 

•  The CT scan is coupled with a Particle image 
velocimetry (PIV) system which measures fluid velocity 

  

b. PIV system : 

a. CT scan : 

 3. Preliminary results 
 

Figure 2. Hydraulic flume : Different steady flows 
(0.15 to 0.60 m s-1) were generated over a sand bed 
to create distinguishable sand ripple features. The 
deformation of the sand bed is measured with the 
CT scan.   
 

a. Sand bed topography : Top view  (CT scan) b. Fluid flow properties : Side view (PIV) 

Figure 4. a) CT scan : Sand bed roughness (ks) with 
increasing flow velocity (0.3 to 0.6 m s-1). The mean 
bed elevation is 0 mm. b) PIV (2D plane – 3D 
components) : Flow velocity profile at 0,4 m s-1 
velocity near the bed. The flow deceleration 
towards the bottom is related to the bottom 
roughness. The turbulent kinetic energy is related 
to the bed shear stress (τ0), which determines the 
total sediment transport (Soulsby, 1983).  

Figure3. Dune tracking : The cross-correlation 
algorithm of the particle image velocimetry (PIV) 
technique is used to compute the velocity vector 
fields of ripples displacement using the 4D CT scan 
measurements. 
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Detection of particle motion 
LaVision (Scarano, 2012)  

4. Highlights 
 
• This study characterizes the relation between the sand bed roughness and different flow types 

with a high resolution  
• The experimental setup promising a way to better understand the underlying mechanisms of 

fluid-particle interface dynamics 
• This combined technique is a powerful method to review classical models of sediment transport 
• Further work will focus on porosity estimation using the CT scan data 
• Many applications could benefit from this technique, especially studies of fluid interaction with 

porous material.  

h 

ks = 2 x (standard deviation of bed elevation) 
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