Introduction Objectives The Model

Shallow water flows with variable horizontal density S The Saint-Venant equations with variable horizontal den-
occur in many hydraulic phenomena e.g., river e a2 sity can be formulated in a conservative form as
discharge in the ocean. We present a class of fi- e T | » "
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nite volume methods for the numerical solution Py | p
of Saint-Venant equations with variable horizon- .

tal density. The model 1s based on coupling the " B T B 9Z \'
Saint-Venant equations for the hydraulic variables where W = (ph, phu, pshe)”, O(W) = O,—gpha,O :

with a suspended sediment transport equation for | s - o F(W) = (phu,phuz—l—%gphz, pshuc)T. To close the sy-

the concentration variable. To apprOXimate the % ‘ stem, the density 1S updated as

numerical solution of the considered models we gt

propose a generalized Rusanov method which is S | | P = pPw+(Ps—Pw)C, (2)

well-balanced, conservative, non-oscillatory and To develop a robust finite volume method for solving | | | .

suitable for Saint-Venant equations for which Rie- Saint-Venant equations with variable horizontal density. where pg 1s the secﬁment density and c 1is .the depth—

mann problems are difficult to solve. To validate developed methods with numerical solutions averaged concentration of the suspended sediment. It is
obtained using other methods. easy to verity that the system (1) 1s hyperbolic.

:Q( )7 (1)

A Generalized Rusanov Method Selection of the parameter o , 7
To formulate our finite volume method, we integrate the equation (1) with respect to It is clear that by setting a = 1 the proposed finite volume method reduces to the
time and space over the domain [t,,,f,41] X |X;_1/2,Xi11/2] to obtain well-established Rusanov method for linear systems of conservation laws, whereas for
Af o, = (Ar/Ax)S], | , one recovers the well-known Lax-Wendroff scheme. Another
n+1 n n n n . . . ~ .
W' =W/ ' — o (F( it /2) —F(W?!, /2)) +ArQ;, (3) choice of the slopes | / leading to a first-order scheme 1s o | = ar | p with

where WY is the time-space average of the solution W in the domain [x;_; /2, X+ /2] at an M (6)
time #, and F(W”,, /2) is the numerical flux at x = x;1;/, and time #,. In general, the i1/2 = S?+1/27
construction of numerical fluxes requires a solution of Riemann problems at the in-
terfaces x;+1/». In order to avoid these ditficulties and reconstruct an approximation of

i1 We integrate the equation (1) over a control domain |z,,2,+ 67, , /2] X X, Xt 1] Sit1/2 = €+ min (min(|7\Z’l- M i !)) . (7)
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containing the point (,,X;+1/2), and we have intermediate state given by

In the current study we incorporate limiters in its reconstruction as

n 1 n n ?—|—1/2 n n n n n ~ 1 n
i+1/2 = 5 (Wi +Wii) Ax (F( it1) _F(Wz’)) t 051280 (D) iy =8yt 07 P (rivi) (3)

In order to complete the implementation of the above finite volume method the para- where o', , / 18 given by (6) and @, 1/, = D (r,-+1 /2) 1S an appropriate limiter which 1s
meters 07, , and Q7 , / have to be selected. Based on the stability analysis for con- defined by using a flux limiter function ® acting on a quantity that measures the ratio

i+1/
servation laws with source terms, the variable 67 | / 1s selected as ri+1/2 of the upwind change to the local change,. In the present study,

k=123

n n N N A)C n n n _ _xn
i+1/2 = Qip1oYir1/2; Big1y2 = y » Di1/p = HaX (maX(P\'k,i ) 7\'k,i+1|)>- () ‘ — ‘ Qit1/2:

i+1/2

500 gridpoints

T T
+— = Rusanov scheme
|| = — — Present scheme | .
Reference

—_
o

- N W s~ O OO N 0o ©

\

500 gridpoints

1.6

1.4

1.2

1

0.8

0.6

0.4

+— = Rusanov scheme
— — — Present scheme
Reference
I

0.2

I
0 10 20

Conclusions Further Work

We have solved of Saint-Venant equations with variable horizontal density,by using To apply the finite volume methods for two layers density variable.
finite volume method which i1s accurate,well-balanced, conservative ,non-oscillatory.




