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Simulation of Reflective Boundaries Using the Sponge Layer in Boussinesq
Wave Propagation Model
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Abstract : The present study proposed a method for simulating reflective boundary conditions in Boussinesq
wave propagation model by lining lateral boundaries like breakwaters and seawalls with artificial sponge layers.
In order to find out the reflective characteristics of sponge layers, 1D numerical experiments were performed
varying the relative sponge width (sponge width/wave length). The results showed that the reflection coefficient
can be effectively realized from no reflection to full reflection simply by adjusting the relative sponge width. Based
on the results, a multiple regression formula was proposed to delineate the relationship among the reflection
coefficient and other dimensionless variables. Finally, the reflective sponge layer was applied to a semi-infinite
breakwater, demonstrating that it can also be successfully employed in 2D applications.

Keywords : Boussinesq model, sponge layer, reflective boundary, relative sponge width, reflection coefficient,

semi-infinite breakwater
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Table 1. Experimental conditions and the ranges of dimensionless numbers

H_(m) =7] T(s) d (m) H/L diL SIL
0.6 0.009~0.060 0.143~1.036 0.1~1.0
0.05 0.5~2.5 0.8 0.008~0.056 0.125~0.890 0.1~1.0
1.0 0.007~0.052 0.106~0.721 0.1~1.0
Table 2. Range of the number of nodes inside sponge layers
Ax (m) Ax/L SIL I,=Tnt (S/Ax) vttt )
0.02 0.003~0.024  0.1~1.0 5~349 Agst 7o o8t H/LS TS FASL AAL
0.05 0.007~0.060  0.1~1.0 2~140 A Ax=0.029] 3 HALE AFE gL} Sl ko]
0.1 1 0.014~0.120  0.1~1.0 1~70 Z5 A8 8 oo
02 0.029~0240  0.1~1.0 1~35 R
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Table 3. Coefficients in the regressive formula of reflection
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Fig, 2. Variation of reflection coefficients with the change of Ax (H/L = 0.032, d/L =0.379).
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Fig. 3. Comparison of regressive formula and experimental values.
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Table 4. Results of the verification of the regressive formula (w = 1.0)

case wave d(m) T, (s H (m) Ax (m) Target K, S (m) I Realized K,
1 Regular 0.5 12 0.04 0.041 0.9 0.0700 4 0.8647
2 " " " " " 0.7 0.2101 11 0.6804
3 " " " " " 0.5 0.3301 17 0.4579
4 " " " " " 03 0.4684 24 0.2631
5 " " " " " 0.1 0.7391 37 0.1003
6 " 1.2 2.0 0.06 0.149 0.9 0.0620 4 0.8423
7 " " " " " 0.7 0.2048 11 0.6558
8 " " " " " 0.5 0.3247 17 0.4385
9 " " " " " 03 0.4613 24 0.2529
10 " " " " " 0.1 0.7144 36 0.1037
11 Irregular 0.5 1.2 0.04 0.041 03 0.4684 24 0.3032
12 " 12 2.0 0.06 0.149 0.7 0.2048 11 0.6636
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Fig. 4. Time series of wave signals (solid lines : regular wave,

dashed lines : irregular wave).
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Fig. 7. Wave height variations along the line B-B’ (X= 1,600 m).
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