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Literature: Cut cell methods
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Literature

Application
of cut cell
n‘1etho<:‘s to
SI(Tfus‘nge Storm related simulations
barriers in
1D/20 = Big CFD softwares e.g. ADCIRC, ~ Cut cell methods
Judah Ryoo flow3D, GeoClaw, NYHOPS m Cell merging (Chung 2006)
m Unstructured meshing, fitted m h-box (Berger, Helzel, Leveque
curvilinear grids 2003)
m Calculates many things, e.g. m SRD (Berger, Giuliani 2020)
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Key Idea: Virtual grid while considering conservation
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Comparison: Large Time-Stepping

Key Idea: Track the waves at each edge
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1D h-box Results with sloping beach

t =0.21:

t = 0.42:
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https://youtu.be/CuKl4UNvLr8
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h-box Results with parallel barrier
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https://youtu.be/c7uHC6Of5kU

h-box Results with diagonal barrier
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https://youtu.be/ZsEizIFOpMA
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h-box Results with diagonal barrier

Gauge comparison:

25 —— Rotated equivalent
— Rotated equivalent Rotated
- Rotated
20
Gauge 3
15
El
3
2
10
05 Gauge 4
00
00 01 02 03 04 05 o6
04 05 o6 Time
120
— Rotated equivalent
115 Rotated Gauge 5
110
105
5100
2
095
090 Gauge 6
085
080
0o o1 02 03 04 os 06

Time




Using hybrid ~A-box and SRD method
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Finally conservation calculations

Fo=—> aiAQp.
ps



Application
of cut cell
methods to

simulations
of surge

barriers in
1D/2D

Judah R

Surface height with barrier height 1.5 at timet = 0.00000000
10

0.8
0.6 1 0.1

0.4 4 —01

021

Az = Ay =10"2; 8 = 1.5, amin ~ 1075

Surface height with barrier height 1.5 at timet =  0.60000000
10
0.5
0.4
08 03
+
0.2
0.6 ‘ 0.1
0.0
04 -0l
-0.2
—0.3
02
0.4
-05
00 T T T T
0.0 02 0.4 0.6 0.8 10


https://youtu.be/n9_v32dIfQc
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Hybrid h-box Results with parallel barrier (O

Parallel barrier with rotated initial
condition:
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https://youtu.be/r-NGDdcLlOE
https://youtu.be/r-NGDdcLlOE
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Surface height with barrier height 5.0 at timet = 0.000000!
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https://youtu.be/NGrcVbOKnDg
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Hybrid h-box Results with parallel barrier (RF)

Parallel barrier with rotated initial
condition:

Surface height with barrier height 5.0 at time t =
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https://youtu.be/ONgVfJpOPDs
https://youtu.be/ONgVfJpOPDs

Using SRD*method
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\ small cells need large

merging neighborhoods

Q 11 = m(%ﬁ—zm + %Uo +ahU—1/1)
=U,; fori=-3,-2,0,2,3

U"Jrl = g(Qq + Qo+ Q1)

Unz/z ;(Q—l/l +Q—2/2)

Urtt =Q; fori=-3,-1,1,3

M. Berger and A. Giuliani, A state redistribution algorithm for finite volume schemes on cut
cell meshes, Journal of Computational Physics, (2020)
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Slanted barrier problem with arbitrary angle o € [0, /2]

Neighbors are the directly above or below cells and overlap count = 2




SRD Results with a = 20° (Reflection)
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https://youtu.be/mV-hPytNN2A

SRD Results with a = 20° (Overtopping)

Application t = 0.0: t = 0.6:
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https://youtu.be/25t-L44vRDg

Need to do
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m Develop cell-merging method (e.g. acute "V" shaped barrier problem)
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Potential Timeline

——t—t—
Oyr lyr 2yr

+0.5: In half a year, wrap up SRD.
+1.5: In one and a half year, start and finish cell merging method

Thesis Outline:
h-box
SRD

cell merging

Long term goal of project: Implement with adaptive mesh refinement in
GeoClaw



