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Large Eddy Simulation for tsunami flows  

 ̧ LES, too large computation? 

    - may be, to simulate the entire tsunami propagation 

    - but not, to obtain local flow around structures 

 

¸Turbulence accurately represented compared with 

more established RANS models?  

    - need examination  

 

 ̧ Which model? 

    - VLES, MILES, VMS, ILES, TDNS 

    - DES, Hybrid, URANS, TRANS, PANS 

  

 ̧ Which code? 

   - commercial, open source, in-house 

   - Kobe University version, KULES 

 



Outline  

 ̧ Brief explanation of KULES 

     

¸Basic performance  

 

 ̧ Application to tsunami flow around bridge deck 

  

 ̧ Application to tsunami past seawalls and scour 

 

 ̧ Further improvements and development 

 



Kobe University Large Eddy Simulation 
Å Staggered grid on rectangular coordinates  

Å HSMAC algorithm for pressure ς free-surface  

Å Single phase flow with smooth free surface defined by depth function 

Å Wall-stress model with Smagorinsky (and other) sub-grid models 

 

 

Various inflow 

condition 

including 

turbulence 

Smooth or rough     

Solid boundary 

marked on grid, 

can be moved 

Radiation/ 

uniform-flow 

outflow  

Smooth moving 

free surface 



KULES 
Some details of numerics   
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1. Time integration 

2. Fluid cell marked , , iterative correction of p, u*,v*,w* HSMAC  

3. Free-surface cell marked , p is set 

      h is computed  
    Kpp a

n s-=

fc convective,  fv diffusion 

4. Fluid cell next to solid, tij in fv  is calculated by  
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Smooth log-law  

Smooth linear law  

Rough log-law  

2
1

2
1

2
11 wvuV ++=

(u1, v1, w1) velocity where tij is defined 

 similar eqns. For v*, w*  

ssurface tension 



No. of grids 64 x 40 x 40, Dzmin=.014H,  

Basic open-channel high Re, smooth/rough surface flows 

Re=13,000  

Mean velocity 

Reynolds shear stress 



Non equilibrium flow: supercritical flow over a drop 

Present LES 

Standard Sm. 

Nezu et al (1987) Exp. 

Bed shear 

stress 



 
(Re Re ) 

Re=110,000,  

Fr=0.17 

Re=1,100,000, 

Fr=0.39 

 

y/H 

z/H z/H 

y/H 

Re=10,000, Fr=0 
Joung & 

Choi(2012) 



Re=13,000 

Re=150,000 

 

 

 

6 H x H x H, H  

 151 x 99 x 84, Dzmin=Dymin=.003H  



 Application to simplified tsunami flow past a 
girder bridge 

Forces and motion of bridge deck 

units : m 

Nodamura bridge deck displaced by tsunami flow configuration for LES 
Ÿsea Ŷ inland 


