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Resulting model (I1)

Submarine avalanches may be described by a two-layer model of Savage-Hutter type. The
modelling of both, the fluid and the granular, has usually been developed using only one

(X, t) —> (x,t) = (x — (B(X) + Ha(X)) sin 6, t)
J = det(V (x.)(x,t)) = 1 — dx(b + H,) sin 6;

Change of variables for
equations of layer 1 (fluid)

coordinate system (Cartesian or local coordinates), without considering the physical H1(X) = hq(%); U1(X) 1= ui(x).
requirements of the typical flow occurring in each layer.
We present a two-layer model of Savage-Hutter type to simulate submarine granular O(H1T) + 8X(H1(U1 + OiH> sin 9)) = 0;
avalanches using a depth-averaging procedure of the 2D momentum and mass equations. F
Our approach considers two different coordinate systems: the fluid is described in O(H1U1T) + 8X(H1U1(U1 + 0¢H; sin 9)) + gH10x(P1) = —T —;
Cartesian coordinates whereas local coordinates are introduced for the granular. d:H> + cos 89x(H,U,) = 0; o1
8i(HaUs) + cos 00x(H2U2) + g cos 010 (Pa) = — — €
Systems of coordinates involved in the model . 02 P2
3 Pi=b+(b+H2)cosl9+—rH1;
A X = (x,z): Cartesian coordinates; Pi
X — (X, Z): Local coordinates; F:= piA(JUicos8 — Uy) = Model with dissipative energy balance
0 inclnaion ofthe eferece plne (-9
% = (X — Z sin 0, b(X) + Z cos 6). ( TEST 1: Comparison with experimental data )

Goal: to show the influence of @ in the numerical solution (steady state).
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Modelling framework
o = 45° h,,0=0.28m, xg = 0.15m.

: h1(x): thickness of the fluid layer; .
— ; il Ho(X): thickness of the granular — T —— ,
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e Ve m lel to the r.p.);
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sections: x = X — (b + Hj3) sin 6. ;
_ _ _ _ _ ( TEST 2: Influence of the slope in the reference plane )
» Governing equations: 2D incompressible Euler equations.
» Coulomb friction laws are considered at the fixed bottom. Goal: to show the influence of @ in the numerical solution (evolutive state).
» Friction between layers defined to obtain energy balance. a = 45° h,o=1m, xg = 0.6m
0.4 | | | | | | | | |
Resulting model (1) 03 -

dthy + 8¢(h1uy) = 0;
~ F
Oy (h1u1) + 9y (h1u?) + gh18(P1) = ——;

P1
OiH> + cos 09x(H2U>) = 0; 0.1 | | | | | | | | |
F -1.6 -1.4 -1.2 -1 -0.8 -0.6 -04 -0.2 0 0.2
dy(H2U>) + cos 08X(H2U§) + g cos OH20x(P2) = C Steady state
P2 —
pi. densities; r = A1 < 1; |
- F2 P2
Pi = b (b -T- H2) cos 0 rh1; 06 -
Pi
F: friction term between layers; 04f
C =g-sgn(Uz)Hacos (1 — r)tandg (Jdg: Coulomb friction angle). 0l
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» Remarkable influence of the slope @ of the r.p. in the numerical solutions.

Contact information » [ he best choice: to consider the model above with an intermediate value of @ between

0° and the maximum inclination of the bottom.

» Email: jmdelga@us.es




