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A Hybrid Boundary Integral Equation Model
Applied for the Calculation of Normal Incident Waves
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Abstract [(1In order to calculate reflection coefficients of surface waves due to underwater obstacles,
the hybrid boundary integral equation method is used. Numerical results based on the linear element
are verified to the exact solutions for a flat bottom. Reflection coefficients and transmission coefficients
for a step are compared to Yeung's results and the results by EFEM (Kirby er al., 1987), in which
reflection coefficients decrease to zero as the periods of incident waves decrease. Reflection coefficients
for a sinusiodal hump located on a constant depth increase due to the interaction between humps.
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Fig. 1. Definition sketch.
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Fig. 2. Grid system for a step (hyh,=6.5).
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Table 1. Relection and Transmission coefficients for a flat
bottom

kh E Kz Kr N NS ND NB NU

3231 1.00000 003231 099948 28 10 4 10 4
099998 001570 199986 48 20 4 20 4
1.00007 0.06773 099774 68 30 4 30 4
099994 001473 099986 88 40 4 40 4

1.037 100001 0.02548 199968 28 10 4 10 4
100001 001189 099993 48 20 4 20 4
1.00000 0.00554 099998 68 30 4 30 4
1.00000 0.00319 1.00000 88 40 4 40 4

0226 1.00003 001651 099988 28 10 4 10 4
099995 000393 099997 48 20 4 20 4
1.00000 0.00166 1.00000 68 30 4 30 4
059992 000076 099996 88 40 4 40 4
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Table 2. Reflection and Transmission coefficients for a step

% -« RE

('l)zh1 Present EFEM YEUNG
g N E Kr Kr E Kz Ky E Kr Kr

0.03395 55 | 100623 041617 0.59929 | 1.00000 041735 0.59668 | 1.00025 04269 0.5799
103 | 1.00461 041842 0.59803
155 | 1.00268 041807 0.59744

0.04365 55 {1.00772 040978 061001 | 1.00000 041169 0.60663 | 1.00016 04242 0.5846
103 | 1.00473 041255 0.60809
155 | 1.00266 041231 0.60741

005813 55 | 1.00967 040005 0.62631 | 1.00000 040310 062182 | 1.00011 04201 0.5918
103 {1.00486 040362 0.62347
155 | 1.00263 040359 0.62265

0.06644 55 | L.O1065 0.39439 0.63580 | 1.00000 0.39810 0.63073 | 1.00002 04134 0.6035
103 | 1.00491 0.39843 063247
155 | 1.00261 0.39852 063158

0.12115 55 [ 1.01501 0.35667 0.70030 | 1.00000 0.36403 0.69225 | 0.99980 04016 0.6244
103 | 1.00501 0.36333 0.69445
155 | 1.00241 0.36413 069318

0.20031 55 [ 1.01721 0.30413 0.79552 | 1.00000 0.31283 0.78575 | 099938 0.3774 0.6679
103 | 1.00481 031156 0.78818
155 | 1.00213 031288 0.78667

0.39260 55 | 1.01930 0.19280 098111 | 1.00000 0.20232 0.96952 | 0.99851 0.3158 0.7803
103 | 1.00523 0.19776 0.97308
155 | 1.00199 0.20091 097081

1.09093 55 1101124 0.06065 1.09853 | 1.00000 0.05388 1.09282 | 0.99760 0.1458 1.0395
103 | 099695 005217 1.09124
155 10.99461 0.05389 1.08986
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Fig. 3. Reflection and transmission coefficients for a step,
Grid point: NU=40, ND=4, NB=56, NU=3.
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Fig. 4. Grid system for sinusoidal humps (hy/h;=1), De-
pth of hump=h, Distance between hump crests
=L; h/h=05, L/h,=4.
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Fig. 5. Reflection and transmission coefficients for sinu-
soidal humps. (a) one hump, NU=40, ND=4,
NB=36, NU=4. (b) two humps, NU=80, ND=4,
NB=72, NU=4.
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