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Agenda 

ÅWhy this research 

ÅWhat is the wave boundary layer 

ÅExperimental techniques 

Å Image processing and particle tracking 

ÅParticle motions in wave boundary layers 
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Why this research 

ÅWe want to study turbulence and its interaction with 
sediment particles 

Å In order to improve models it is important to understand the 
physical processes  

ÅCan be used to validate models since information about the 
actual probability density function is obtained  

Å  Information about particle paths and transition to suspension 
regimes is obtained 

ÅWhat causes the particles to jump 
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Wave boundary layer 
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How to approximate the wave 
boundary layer 
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Cross section 
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Camera: Two options 

Regular camera   State of the art PIV 
Å Cheap     Expensive 
Å Limited fps    Enormous amounts of data 
Å Limited resolution   low resolution -> high fps 
Å Overall performance is quite good  High resolution -> low fps 
Å Good for this approach   not good for this approach 
Å Captures particle   Captures flow and particle 
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Cameras 

 Lid 

Bottom 

30 cm 
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Particle tracking 

ωImage processing 

ςVideo spilt into single frames 

ςGrayscaled the images 

ςCorrect for distortion 

ςBegin particle tracking 

ωSimple Matlab program using intrinsic functions downloaded from 
Mathworks homepage to perform particle tracking. Modified and bugs 
fixed, so it matches the our requirements 

ωParticle tracking performed in two steps:  

ςIndividual particle positions based on: light intensity, size, eccentricity  

ςCombine particle positions in two successive images based on 
maximum allowed displacement of particle  
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Particles 

Å4 different types particles 
ïSpherical Ὠ σ mm, ” ρȢρχ g/cm3, ύ ωȢψ cm/s 

ïCylindrical shape Ὠ σȢυ mm, ” ρȢτ0 g/cm3, 
ύ ρφ cm/s 

ïIrregular (course sand grain) Ὠ σȢσ mm, ” ςȢφυ 
g/cm3, ύ ςτ cm/s 
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Governing parameters for particle 
motion 

ÅSmooth bed 

ïReynolds number 2Å   

ïRouse parameter ‍  

 

ÅRough bed 

ïRelative roughness   

ïRouse parameter ‍  
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Particle paths 
Smooth bed 

Spherical particle 

2Å σȢυẗρπ  

‍ σȢφ  
 

 

 

 

 

 

 

 

 

 

 

 

Rough bed 

Spherical particle 

2Å σȢυẗρπ  

‍ ρȢω  
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Number of samples 

2Å σȢυẗρπ, spherical particle, ‍ χȢς, smooth bed 
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p.d.f. 

Smooth 
‍ σȢφ  
 

Rough 
‍ ρȢω  

Spherical particleȟ2Å σȢυẗρπ 
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An example of horizontal particle 
velocity 

ƀ  όȟ όȟ π  

x  όȟ όȟ π  

     ό 
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An example of vertical particle velocity 

ƀ  όȟ όȟ π  

x  όȟ όȟ π  
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Comparison 
Upward Downward 

ƀ 2Å υȢτẗρπ 
ƀ 2Å ρȢφẗρπ 
ƀ 2Å σȢυẗρπ 
Ž Sumer and Oguz (1978)  
Sumer & Deigaard (1981 )  
æ Particle A 
X Particle B  
+ Particle C  
φ DǊŀǎǎ όмфтпύ 

Ɓ Brodkey et al. (1974)  

  

Reproduced from Sumer and Deigaard (1981) 
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Bursting process 

Å Approximation to steady current for χπЈ ‫ ρρπЈ 

Å Vertical jump ὼ ψπ ρππ maybe even up to σππ 

Å Horizontal jump ὼ ρσππ 

 

 

 

 

 

Å Bursting period υ 

ïFor the present tests the bursting period is between 4.1 and 
5.1 
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Median particle position 

ÅTread the particle positions at a given phase value as 
samples 

 

ÅDetermine median particle movement in the vertical and 
horizontal direction for each time step 

 

ÅTake the median displacement for each time increment 
and reconstruct the median particle position 
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Median particle position (smooth bed) 


