Flow in rivers — the shallow water equations

z

Assumptions: X
© v, h depend only on x, t; a small; p = const.
© Dominant forces in x-direction:
O Gravity fz - & = pgsina
© Hydrostatic pressure f, - & ~ —pg(h— z)(7- &)
© Bottom friction f; - & = —pCrv?
Control volume: R = {(x,y,z) : x € [x0, X% + Ax],y € [0,B],z € [0, h(x, to)]}
Conservation of mass and momentum in x-direction:

d%prdXJrfaRp(Wﬁ)dJ:O,

& Jppvax+ [yrpv (V- M) do = [ofy- & dx+ [(f+ fr) - & do.
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Flow in rivers — the shallow water equations

Compute all integrals, divide by common factor pB:
4 [2F B hdx + [(vh)(x0 + Ax) — (vh)(x0)] = 0,
4 f;;*AX vhdx + [(v2h)(xo + Ax) — (v2h)(x0)]

= [ ghsinadx — §[12(x0 + Ax) — 2(x0)] — [T Crv? di.

Divide by Ax, let Ax — 0:

oh D
& + g(vh) = 0,
%(vh) + %(ﬂh +£1%) = ghsina— Crv2.

This is the shallow water equations or St. Venant system.
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