Thomas Bonometti 
  
Marius Ungarish 
  
S Balachandar 
  
  
  
  
  
  
  
  
  
A numerical investigation of the release of planar and cylindrical non-Boussinesq gravity currents in non-rotating and rotating systems Workshop on Environmental and extreme multiphase

   * H 1 ( )    0 ( ) Current h 0 H Ambient 0 z r r 0 L  c  a 0 0 /h r   a c   / 0 h H H / *  Initial fractional depth    0  1 • Density ratio • 0 0 /h r   Lock ratio • Dimensionless parameters    * H 1 ( )    0 ( )  0 0 ' " " h h g Re  • Reynolds number
.      C t C u 0    u     u u g u u u             t ρ p t    . . u, p, C

Unknowns

Closures

• incompressible newtonian fluids

• no molecular diffusivity (high Schmidt number)

• constant dynamic viscosity (in the present study)

• filtered variables at the grid size • no mass or energy transfert
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with Slumping time t S Time required by the receding perturbation to reach the back wall, be reflected and then propagate to the nose of the current

Characteristic times

0 0 h g h T ' /                                      2 1 0 2 1 2 1 1 ) , max( / / / h h Fr T t N a c a c c S       0 1 1 x t c    2 / 1 0 ' 1 h g c c  with 2 1 0 2 2 t u t u x t c N N      2 / 1 ' 2 N c N h g u c   with 2 1 t t t S  

Slumping time t S

Time required by the receding perturbation to reach the back wall, be reflected and then propagate to the nose of the current
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Time of formation of the current's head t H

Time required by the current to get a steady head shape 

) 1 ( 4 O    2 1 2 1 0 1 ) , max( / /                    a a c N H h h Fr T t     Benjamin (1968)'s solution cte h  N N h x 4   for N N H u x t /  

Assuming

Time of formation of the current's head t H

Time required by the current to get a steady head shape Bottom axi-symmetric current
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   = 0.5 , 1 , 6.25 , 18.75 Case of top currents -ρ c /ρ a = 10 .5 , 1 , 6.25 , 18.75 Sum-up of the influence of the initial lock ratio Top currents Boussinesq currents Bottom currents Overall picture of the -dependence a c   / no  -influence strong  -influence  : Navier-Stokes simulations Slumping time t S Time required by the receding perturbation to reach the back wall, be reflected and then propagate to the nose of the current Characteristic times Slumping time t S Time required by the receding perturbation to reach the back wall, be reflected and then propagate to the nose of the current

  & Simpson 1980; Marino et al. 2005; Martin & Moyce 1952; Baines et al. 1985; Gröbelbauer et al. 1993 λ and ɣ independently ?

•

  et al. JFM 447 (2011)) Simulations (minimum radial position of ℎ =5×10 -3 to 0.1) Importance of the initial lock ratio on the dynamics of planar and cylindrical non-Boussinesq density currents • Little influence of curvature for ɣ = h 0 /r 0 < 0.1-0.2 approximately • In progress: gravity currents and intrusions in rotating systems ( hydrodynamics processes, turbulent structures? )

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

The numerical approach Comparison with experiments

  

	Comparison with experiments	1/2 2/2
	(planar Boussinesq current) (dam break flow)
	• JADIM code, IMFT Toulouse			
	• Finite-volume method on a staggered curvilinear orthogonal grid
	• Equation for C: modified Flux Corrected Transport scheme (Zalezak 1979)
	• Navier-Stokes equation: Runge-Kutta / Crank-Nicolson
	Present Navier-Stokes simulation • Projection method (Fourier or PETsC library) Symbols: Experiments (Marino et al. JFM 2005)
	• Parallel programming with MPI (domain decomposition)	Martin & Moyce (1952)
		t	' g	0 h	/	2 0 x
	t /	T			
						Stansby al.
	Details and validations: Bonometti & Balachandar Theor. Comput. Fluid Dyn. 22 (2008)
	Bonometti & Balachandar Comput. Fluids 39 (2010) 01 . 1  a ( c   / )

Temporal evolution of the head formation

  

		Prediction
	h N	t H / T  3
	h N	

Prediction t H / T  0.04 Temporal evolution of the head formation Conjecture t

  H << t S  no influence of  t H >> t S  strong influence of 

	Conjecture verification
	c  /		a

no 

-influence strong  -influence

  

	c  /		a

t S /t H =10 t S /t H =1 t S << t H t S >> t H no  -influence strong  -influence  Experiments ? Conjecture verification

  

	c  /		a

t S /t H =10 t S /t H =1 no  -influence strong  -influence

  

Case of top axisymmetric currents -ρ c /ρ a = 10 -2
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