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Shallow Water system
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Data:
topography z , rain P, infiltration I

Unknowns:
velocities u, v , water height h


∂th + ∂x (hu) + ∂y (hv) = R − I
∂t (hu) + ∂x

(
hu2 + gh2/2

)
+ ∂y (huv) = gh(−∂xz − Sf x) + µSd x

∂t (hv) + ∂x (huv) + ∂y
(
hv 2 + gh2/2

)
= gh(−∂yz − Sf y ) + µSd y

Sf = (Sf x , Sf y ) the friction and µSd = (µSd x , µSd y ) the viscous term



Context

Applications:

I open channel

I overland flow

I rivers

I flooding

I dam breaks

I nearshore

I ...

Problem: no general analytic solution

Solution: necessity to develop numerical schemes
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Validation

I Benchmarks for hydraulic river modelling software:
Defra/EA (2004). Flood & Coastal Defence R&D programme,
Benchmarking Hydraulic River Modelling Software Packages. R&D Study.

Problem: too specific (weirs, pump, culverts, ...) and too few tests for SW

I Goutal, N.& Maurel, F. (1997). Proceedings of the 2nd workshop on
dam-break wave simulation. Technical Report HE-43/97/016/B,
Electricité de France, Direction des études et recherches.

Advantages: some steady state test cases (bump, MacDonald’s)

Problem: too few transitory test cases and wet/dry transitions and not
well known

I Analytic solutions: dam break (Ritter, Stoker, Dressler, Whitham,
Chanson, ...), wet/dry transitions (Thacker, Ball, Sampson, Carrier and
Greenspan, ...), steady state (Houghton, MacDonald, Hervouet, ...),
rollwaves (Dressler) and wet/dry 2D (Thacker)

Advantages: possibility to test several type of flows

Problem: no test for rain, diffusion source term and scattered through
literature
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SWASHES

SWASHES a survey and a library of Shallow Water Analytic Solutions for
Hydraulic and Environmental Studies

Advantages

I code in C++ under CeCILL-V2 (GPL compatible) license and free

I sources available from https://surcesup.cru.fr/projects/:
possibilities to modify the code, add solutions, customize outputs, ...

I documentation in Doxygen: html, latex, ... documentations

I solutions with rain, with diffusion, erosion (Exner: Grass, Meyer-Peter
Muler)

I 1D, 1.5D (section averaged) and 2D tests

I standard or customized benchmarking
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Steady state tests in 1D


∂th + ∂x(hu) = R,

∂t(hu) + ∂x

(
hu2 +

gh2

2

)
= gh(S0x − Sf ) + µ∂x (h∂xu) .

at steady state:
∂th = ∂tu = ∂tq = 0

thus 
q = Rx + q0

∂xz =
1

gh

(
q2

h2
− gh

)
∂xh − Sf (h, q) +

µ

gh
∂x
(
h∂x

q

h

)
− 2qR

gh2

Two techniques:

I direct – choosing a topography and getting the associated water height
(bump, backwater curves)

I inverse – choosing a water height and getting the associated topography
(MacDonald’s like)
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Direct approach

No rain (R = 0), no diffusion (µ = 0), we have{
q = q0

∂xz =
S0 − Sf

1 − Fr 2
∂xh

(1)

I Backwater curves: relative position between hc (critical height), hn
(normal height) and h

I Bump cases, we get Bernoulli’s relation q = q0

q2
0

2gh2
+ h + z = Cst
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Bump: subcritical
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Bump: transcritical
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Bump: transcritical with hydraulic jump
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Inverse approach: Macdonald’s like
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I several friction laws
(Manning, Strickler, Chézy, Darcy-Weisbach, linear, ...)

I diffusion source term

I rain
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First approach
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Second approach
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Transitory

I Dam break (Stoker: wet, Ritter: dry, Dressler: friction)

I Wet/dry transitions (Thacker, Ball, Sampson, ...)
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Ritter
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Thacker 2D
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Conclusion & perspectives

I SWASHES a free and customizable tool for benchmarking

I other tests: rollwaves, erosion, pollutant transport, ...

I infiltration ?
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Thank you


