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Deltares: Water & Soil        Delft & Utrecht   800 
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Next Generation Geo Software 
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Next Generation Hydro Software 
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Sobek1D-2D 
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Delft-3D 
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Curvilinear  
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Flexibility : Curvilinear + occasional triangle 
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Free surface flows: a niche market   

Mostly based upon hydrostatic pressure assumption   

 

 

Horizontal scale >> Vertical scale  

 

 

Wave propagation speed may be large 
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Flow speed and Wave speed, depth 5 km 

221 m/s => Pressures allways implicit    0-2 m/s  => Advection maybe explicit     
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Advection & pressure rectilinear coordinates  

..
U U U

U V g
t x y x

   

   
   

x

y

16 



Momentum equation orthogonal curvilinear coor.  
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Momentum equation non orthogonal coordinates  
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Staggered approach  

Pressures / concentrations in cell  

centres  

 

Velocities at cell faces 
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Finite volume approach 

Conservation of: 
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Time integration 2D, teta scheme 
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Rewrite as:   1 1 1

2 1

n n n

u uu R F      

Substitue in:  

Solve sparse pressure matrix.    

Acceleration     +    pressure                                  +      bedfriction  =  -advection                   
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Not Orthogonal  

Non orthogonal 
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Orthogonal !        

Orthogonal 
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Orthogonal grid refinement  

Non orthogonal                                           Orthogonal 
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Test teta scheme: Free damped linear wave: teta = 0.55, ndt = 72 
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Test teta scheme: Free damped linear wave: teta = 0.501, ndt = 144 
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Faces to center and centers to face   
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Momentum advection ~ Kramer Stelling  

Advection term gets contributions assembled at Left and Right nodes    
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Momentum advection  

Velocity points involved in first order   
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Momentum advection  

Velocity points involved in limited higher order 
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Higher order slope limiter    
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Dambreak test grids   
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2D 
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3D sigma 



Fixed layers 
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Flooding of 4 km of drybed Waal 

DFM : Flooding like Sobek, eddying like Delft3D 

36 



Spatial convergence cell centre bathymetry  

uA 

Face area ~ maximum level of adjacent centers  

37 



Spatial convergence cell corner bathymetry 

Face area ~ average level of adjacent corners  
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Kam Tin Drainage channel  

 
peak flows ~ 6 m/s 
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Continuous wet area => more gradual drying&flooding    
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3 cells 
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48 cells 

Q=509 m3/s 
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Subgrid: Analytic Conveyance approach  
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Spatial convergence of subgrid approach  

470

475

480

485

490

495

500

505

510

515

0 10 20 30 40 50 60

standard

2D conv

Flooding  

Discharge 

Capacity  

 m3/s 

Nr of  cells in cross-sectional direction. 

3, 6, 12, 24 or 48 cells 

44 



Singapore rainfall runoff: Non-linear volumes 
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Singapore rainfall runoff: Linear volumes 
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Singapore rainfall runoff: Non-linear volumes 
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Subgrid 2: non-linear volumes 
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Thin water layer : Non – linear volume  

Thick water layer : linear volume  
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Mid layer 

 

Delft3D 

Layer integrated 

 

DFM   

 

 

Epsilon b.c. : Neumann       unlike Delft3D  

Ustar : Layer integrated      unlike Delft3D  

 

bU
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Log profile testcase: slope.mdu 

L=610 m 

Dx=Dy=10 m 

i=5e-5 

H=5 m 

C=60 m0.5/s 

 

 

U=C(Hi)0.5=0.94868 m/s 

 

Q=47.434 m3/s  
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K-epsilon sigma  10 layers : 47.466 m3/s              ( 47.434 m3/s)  
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K-epsilon sigma  6 layers : 47.290 m3/s              ( 47.434 m3/s)  
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K-epsilon sigma  2 layers : 47.040 m3/s              ( 47.434 m3/s)  
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K-epsilon  ustar layer integral  mixed layers, noadv  :  Q = 47.287 m3/s   ( 47.434 m3/s)  

55 



Lock exchange  
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DFM 

D3D 
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Issues to tackle:  

Strongly horizontally sheared flows on irregular grids  
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Some issues to tackle:  

Strongly horizontally sheared flows on irregular grids  

 (both advection and viscous terms)  

 

Advection in fixed layers 

 

Parallel performance of linear solver (PETSC) 
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2D vortex merge 
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