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Turbulent	
  open-­‐channel	
  flows	
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Energy	
  equa,on	
  
and	
  momentum	
  equa,on	
  

Mass	
  conserva,on	
  
Newton’s	
  2nd	
  Law	
  
Work-­‐Energy	
  Theorem	
  (Theorem	
  of	
  the	
  kine,c	
  energy)	
  

averaged	
  over	
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  depth	
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No-­‐slip	
  condi,on	
  at	
  the	
  boPom	
   The	
  wall	
  fric,on	
  does	
  not	
  do	
  work	
  !	
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3	
  independent	
  equa,ons	
  :	
  (M),	
  (Q),	
  (E)	
  

Models	
  with	
  three	
  independent	
  variables	
  :	
  ok	
  

Models	
  with	
  two	
  independent	
  variables	
  :	
  (E)	
  and	
  (Q)	
  must	
  be	
  redundant.	
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Mathema,cal	
  structure	
  

Important	
  for	
  the	
  numerical	
  resolu,on	
  of	
  the	
  equa,ons	
  

–  Hyperbolic	
  equa,ons	
  in	
  conserva,ve	
  form	
  
–  Source	
  terms	
  :	
  relaxa,on	
  
–  Mass,	
  momentum,	
  energy	
  
–  Entropy	
  

Structure	
  of	
  the	
  Euler	
  equa,ons	
  of	
  compressible	
  fluids	
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Turbulent	
  open-­‐channel	
  flows	
  

Turbulence	
  Model	
  	
  

Turbulent	
  viscosity	
   Mixing-­‐length	
  model	
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–  shallow-­‐water	
  scaling	
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  layer)	
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Shallow-­‐water	
  scaling	
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Viscous	
  scaling	
  

Magnifica,on	
  :	
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Approxima,on	
  of	
  weakly-­‐sheared	
  flows	
  

Teshukov	
  (2007)	
   ( )βε , 0 β 1u O∗ = < <

Present	
  approach	
   2μ
lnη
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( )3 3μu O∗ =

Asympto,c	
  expansion	
  in	
  both	
  coordinates	
  +	
  Matching	
  procedure	
  in	
  an	
  
overlap	
  layer	
  leads	
  to	
  complete	
  profile	
  at	
  order	
  one	
  (in	
  O(ε) )	
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  over	
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Saint-­‐Venant	
  	
  Equa,ons	
  	
  

Approxima,on	
  of	
  O(1)	
   (Q)	
  And	
  (E)	
  are	
  redundant.	
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8 ff C=Darcy	
  fric,on	
  factor	
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Three-­‐equa,ons	
  model	
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   Three-­‐equa,ons	
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Velocity	
  of	
  the	
  kinema,c	
  waves	
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With	
  a	
  constant	
  fric,on	
  factor	
  

With	
  the	
  law	
  of	
  Gauckler-­‐Manning-­‐Strickler	
  



Total	
  head	
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At	
  	
   ( )0μO ,	
  the	
  fric,on	
  slope	
  and	
  the	
  energy	
  slope	
  are	
  equal	
  and	
  	
   β 1C B= =α (Saint-­‐Venant).	
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Backwater	
  curves	
  

Saint-­‐Venant	
  :	
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Boundary	
  condi,ons	
  

Supercri,cal	
  case	
  :	
  	
   h and	
   φ upstream	
  

Subcri,cal	
  case	
  :	
   h downstream	
  and	
   φ upstream	
   Shoo,ng	
  method	
  



Backwater	
  curves	
  

Approxima,on	
  :	
   ( ) 2 4
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  if	
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  downstream	
  if	
  subcri,cal	
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Numerical	
  resolu,on	
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Godunov	
  finite-­‐volume	
  method	
  with	
  Riemann	
  solver	
  (Rusanov	
  or	
  HLLC).	
  
Second-­‐order	
  scheme	
  :	
  MUSCL	
  +	
  Heun.	
  



Roll	
  waves	
  

Error	
  on	
  wave	
  velocity	
  :	
  1,1%	
  (SV	
  :	
  5,7%	
  or	
  8,3%)	
  
Error	
  on	
  wave	
  amplitude	
  :	
  7,4%	
  (SV	
  :	
  37%	
  or	
  104%)	
  
Error	
  on	
  shock	
  thickness	
  :	
  24%	
  (SV	
  :	
  100%)	
  



Conclusion	
  

–  Model	
  of	
  turbulence	
  
–  Approxima,on	
  of	
  weakly-­‐sheared	
  flows	
  
–  No	
  adjustable	
  parameter	
  designed	
  for	
  par,cular	
  phenomena	
  

Structure	
  of	
  the	
  Euler	
  equa,ons	
  of	
  compressible	
  fluids	
  +	
  source	
  terms	
  

The	
  Saint-­‐Venant	
  equa,ons	
  with	
  a	
  uniform	
  velocity	
  and	
  fric,on	
  are	
  a	
  consistent	
  model.	
  

The	
  energy	
  slope	
  is	
  not	
  equal	
  to	
  the	
  fric,on	
  slope	
  with	
  a	
  non-­‐flat	
  profile.	
  

The	
  fric,on	
  is	
  calculated	
  by	
  a	
  local	
  law.	
  For	
  Saint-­‐Venant	
  :	
  constant	
  fric,on	
  factor.	
  

Next	
  :	
   –  Rough	
  boPom	
  
–  Variable	
  boPom	
  
–  2D	
  model	
  
–  erosion	
  


