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Wave–sea bed interaction 

• Damping: decrease of wave height  
• Sediment transport 

 

Soil profile from Maulin, Chile  
(http://www.ga.gov.au/ausgeonews/au
sgeonews200609/echoes.jsp) 



Topics in fluid-mud problems 

water interface fluid-mud 

wave attenuation wave-induced motion 

rheology  
(viscous, viscoelastic, vis
coplastic, plastic, elastic,

…) 

velocity field breaking wave-induced flow 

transport of fluid-mud 
 



Boundary layer flow under solitary 
waves 

potential-flow region 

boundary layer 

driven by pressure gradient 



Bottom boundary layer analysis 
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no-slip condition is 
ensured. 



Flow reversal 

Vertical profile of horizontal velocity  
(Liu & Park 2008, COE) 

time 

Time history of bed shear stress 
(Liu, Park & Cowen 2007, JFM) 



Wave-induced flows  
in a muddy seabed 

potential-flow region 

mud layer 

driven by pressure gradient 
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assumptions: 

(1) no shear stress at the 
interface 

(2) negligible interfacial 
displacement 

(3) d/• m ~ 1 



Experimental setup (1) 



Experimental setup (2) 

period, T 

radius, R = d 

Tνδ =boundary-layer thickness, 

justifications: 

(1) driven by pressure 
gradient. 

(2) no-slip condition on 
the wall. 

(3) no-shear-stress 
condition at the 
center. 



PIV analysis 

Difference b/w two images of a pair 
a) b) Image 2 – image 1 Zoomed-in 



d>δ d≤δ
Verification with a Newtonian fluid 

Vertical profile of horizontal velocity  
(Park, Liu & Clark 2008, JFM) 



Material with yield-stress 

red: the Bingham model,   blue: the Papanastasiou model 

Newtonian fluid 

Rate of strain 

Shear 
stress 



Carbopol: a clear, viscoplastic mud 

A steady-shear rheological measurement of aqueous solution of Carbopol 
(0.075 wt%, pH 7.0) and a fitted regularized viscoplastic model. 



An elasto-viscoplastic model 

viscosity 

yield stress 

elasticity 



Numerical simulation 

Bingham model elasto-viscoplastic model 



An important observation 

• A simpler viscoelastic model can also fit 
the experimental data (Park 2009).  

• However, different rheological parameters 
must be used for different cases with the 
same material. 

• The suggested model works with 
constant rheological parameters for 
different cases. 



Toward real mud 

• No simple model (viscous, viscoplastic, 
viscoelastic, and elastic) fully describes 
real mud.  

• Mud is known to change rheological 
properties according to external forcing. 

• That may be because we are not using the 
correct rheology. 

• Plus, natural fluid-mud is stratified. 



U-tube at Dundee 

Thank you!!! 
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