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Objective and Obstacles

Objective: Want to simulate wave
interactions with barrier in 2D
shallow water equations

Obstacle: Small cell problem (CFL)



2D Barrier
Simula-
tions:

h-Box and
State

Redistribu-
tion

Methods

Judah Ryoo

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

Application
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ShallowWater Equations

ht + (hu)x + (hv)y = 0 (1)

(hu)t + (1/2gh2 + hu2)x + (huv)y = −ghbx (2)

(hv)t + (huv)x + (1/2gh2 + hv2)y = −ghby (3)
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Finite volume method

Cells are boxes that can: take flux in and pump flux out
Update = original + net flux
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Using h-box method

Virtual grid while considering conservation
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Using SRD1method

1Berger and Giuliani, 2020, JCP
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Slanted barrier problem with arbitrary angle α ∈ [0, π/2]

Neighbors are the directly above or below cells and overlap count = 2
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Using hybrid h-box and SRD method

Wave redistribution in normal
direction SRD in transverse direction

Finally conservation calculations

F i
o = −

∑
ps

αi∆Qn+1
ps .
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h-box Results with parallel barrier

t = 0.0: t = 0.6:

∆x = ∆y = 10−2; β = 1.5
Reflection and overtopping at t = 0.6
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h-box Results with diagonal barrier

t = 0.0: t = 0.6:

∆x = ∆y = 10−2; β = 1.5
α = 0.5
Reflection and overtopping at t = 0.6
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h-box Results with diagonal barrier

Gauge comparison:
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SRD Results with≈ 22◦ barrier

Complete block: Overtopping:

∆x = ∆y = 10−2

β1 = 6, β2 = 1.4
αmin ∼ 10−5
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Hybrid h-box Results with 20◦ barrier

t = 0.0: t = 0.6:

∆x = ∆y = 10−2; β = 1.5
αmin ∼ 10−5
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Hybrid h-box Results with parallel barrier

Parallel barrier with rotated initial
condition:

Gauge comparison:
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Need to do

Finish using SRD to solve ”V” shaped barrier problem

Develop cell-merging method (e.g. acute ”V” shaped barrier problem)


