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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)
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Application
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Shallow Water Equations

2D Barrier
Simula-
tions:
h-Box and
State

Redistribu- ht + (hu)x + (hV)y 0 (1)
Methods (hu)e + (1/2gh* + ht?)x + (huv)y = —ghb, @)

(hv)e + (huv)x + (1/2gh* + hV?), = —ghb, (3)
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Figure 4.1: Deriving the shallow water equations from conservation principles. The three
dimensional control volume V and the two dimensional region € that remains after the ver-
tical dimension is integrated out, are shown. The shallow water equations are a hyperbolic
conservation law in the two dimensional z-y plane.



Finite volume method
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S_tatg
Redistribu- Cells are boxes that can: take flux in and pump flux out
Methods Update = original + net flux
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Using h-box method
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(a) Normal fluxes.



Using SRD'method

2D Barrier
Simula-
tions:
h-Box and
State
Redistribu-
tion
Methods

Judah o

large cells are their

'/— own neighborhoods

Qi=U; fori=-3-2023

| solution average at time ¢"*! on a cell in the base g

Q. Q. Qo 0, 0y “all ﬂ.l() weighted neighborhood averages that overlaj
ree neighborhoods we have
T3 2 o0 o1 o2 3 T
U™ = g(Qq + Qo+ Q1)
1
Q. apped by two neighborhoods, we have
‘¥ small cells need large 1~ N 1~ o~
merging neighborhoods Urst = 5(0—1 +Q_9) and Uyt! = 5(Ql + Q).
@ 1 werlapped by only one neighborhood, we have
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T h/2+ah+h/3
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weighted volume

h~ ~ h~
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weighted mass

'Berger and Giuliani, 2020, JCP

Ut = Q, for i = —3,-1,1,3.




Slanted barrier problem with arbitrary angle o € [0, /2]

2D Barrier Neighbors are the directly above or below cells and overlap count = 2
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Using hybrid A-box and SRD method
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Finally conservation calculations
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ox Results with parallel barrier

2D Barrier
Simula-
tions:
h-Box and t=0.0: t=0.6:
State
Redistribu-
tion
Methods L g\later height with barrier at time t =

0.00000000 0.60000000

Water height with barrier at time t =
12

2.368 2.368
2.105 2.105
1.842 1.842
1579 1579
1316 1.316
1.053 1.053
0.789 0.789
0.526 0.526
0.263 0.263
0.000 0.000
—0.2 —0.2
-0.2 0 0.2 0.4 0.6 0.8 10 12 -0.2 0.0 0.2 0.4 0.6 0.8 10 12

Ax=Ay=10"2%8=15
Reflection and overtopping at £ = 0.6



ox Results with diagonal barrier
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t=0.0:

Water height with barrier at time t =  0.00000000
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h-box Results with diagonal barrier
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SRD Results with ~ 22° barrier
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Hybrid h-box Results with 20° barrier
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Hybrid h-box Results with parallel barrier
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Gauge comparison:
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Need to do
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