IAHR A well-balanced non-hydrostatic pressure model for steady and unsteady shallow flows [aE S

europe

sabel ECheverribar 12°, piiar Brufaul, rilar Garcia-Navarrol =
1 University of Zaragoza, Zaragoza, Spain; 2 Hydronia Europe S. L., Madrid, Spain i’ Ingenieria y Arquitectura

YPN *Correspondence YP: Universidad Zaragoza

Abstract A depth-averaged system for free surface flow based in non-hydrostatic pressure (NHP) assumptions is presented and analyzed for the numerical simulation of open channel
flows when simulating both steady and unsteady. The NHP model is solved by means of a one-dimensional explicit-implicit finite volume method. A well-balanced scheme must be
designed for these models to solve some numerical problems. Quasi-analytical and experimental results validate the NHP model.
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Equations and numerical scheme Results

Unsteady wave propagation
The 1D depth-averaged non-hydrostatic system of y wave propagat

equations can be written (Bristeau et al. (2015)): The same model
reproduces properly
experimental waves
measured on an open
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Non-hydrostatic terms Fig. 1. Experimental layout scheme (a) and terﬁ(ri:))oral evolution of water depth at point 5 (b) of the channel comparing experimental data
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Steady guasi-analytical solution
CONTINUITY EQ.

o) | O o A quasi-analytical solution
oy Tt g, (ht2a) = of the system can be

| _ found in Bristeau et al.
The system Is solved in two steps by means of the (2015). The fractional step

Fractional step procedure (Stelling and Zijlema (2003)) procedure presents

h",(hu)",w",p_ " numerical problems of
v spatial discharge
conservation:

h

The hydrostatic part of the system
IS solved my means of a first order

Solve SWE FV numerical scheme (Murillo and
| Garcia-Navarro (2010)), obtaining Fig. 2: Spatial distribution of flow variables in a steady state over irregular topography, z.

h* (hu)*w* h*, (hu)* and w*, assuming p,,=0  Conclusions

' The application of the fractional step procedure to solve a Bibliography

F_Orce continuity eq. | The implicit Pressure Correction NHP model is very effective and robust, and presents Beji S., Battjes J. A. (1993). Experimental investigation of wave propagation over a
with p,, s unknown | Method provides the new p,, accurate results when dealing with unsteady wave bar. Coastal Engineering 19, 151-162.

. : : - - Bristeau M., Mangeney A., Sainte-Marie J., Seguin N. (2015). An energy-consistent
v
distribution. propagatlon, as can be seen in Flg' 1. However, the same depth-averaged euler system: Derivation and properties. Discrete and Continuous

P method applied to a steady case shows the necessity of Dynamical Systems Series B 20(4).

| Finally, this non-hydrostatic an equilibrium analysis of the scheme, since the Murillo J., Garcia-Navarro P. (2010). Weak solutions for partial differential equations

Update variables o . . - with source terms: Application to the shallow water equations. Journal of
with p,.. distribution is used to update the numerical fluxes after the corrector step get unbalanced Computational Physics 220(11). 43274368,

final values of the new state, hn*1 and the steady discharge is not able to remain spatially Stelling G., Zijlema M. (2003). An accurate and efficient finite-difference algorithm for
and (hu)n+1 constant. non-hydrostatic free-surface flow with application to wave propagation. Journal for
' Numerical Methods in Fluids 43(1), 1-23.

0.4 b N

0

¢
hn+1’ (h u)n+1, Wn+1

1st IAHR Young Professionals Congress (17-18 November 2020)



mailto:cecheverribar@unizar.es

