Sl t - Al F T s =
A 21 A A 435, pp. 308~315, 20091 8

sjet-alf AHEatgel o sl s W
Design Wave Transformation in Finite Depth due to Wave-Current Interaction
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Abstract : Wave-current interaction due to strong ambient currents causes to alter wave properties such as wave
height, wave profile and wave spectrum. In this study we first examined the SWAN model’s applicability by
comparing with an analytical solution of Suh et al. (1994) for wave-current interaction in finite water-depth.
Numerical experiments using SWAN model have been conducted for Garolim Bay to estimate the design wave-
heights influenced by strong tidal currents. For the design wave periods of 8~10 sec, the design wave height of
3 m in NNW direction was increased by up to 40% when the incident waves encounter the opposing currents of
1.4 m/s while the wave height was reduced by 26% due to the following currents of 1.1 m at the bay mouth. This
result indicates that the effect of wave-current interaction must be included to determine the design wave height
if there exists a strong current.

Keywords : Wave-current interaction, Garolim Bay, Design wave, Wave spectrum, SWAN
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Table 1. Description of numerical experiment on wave-current

interaction
Experimental domain 450 m
Grid size I m
Water depth 35 m(flat bottom)
Spectrum JONSWAP
Wave height 5m
Wave -
input Wave period 10 sec
Spectrum range 0.05~0.15 Hz
Spectrum division 200

Current input UIC=0.1, UC0.1, UIC=+0.1

50

S(f) (m?Hz)
g
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Y || — - — 1UIC,=-0.1
1 UIC, = 0.0
| m———- 1UIC, = 0.1

-------=--- ; Analytical Solution
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Fig. 1. Comparison of experimental results of SWAN model
and analytical solution.
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Table 2. Comparison of tidal currents (in cm/s)
Observed M2 S2 Kl 01
Location Obs. Cal.  Err. (%) Obs. Cal. Err. (%) Obs. Cal.  Err. (%) Obs. Cal.  Err. (%)
C-1 65.5 87.4 33 349 34.1 2 7.1 83 17 54 6.1 13
C-2 493 584 18 24.2 22.6 6 5.5 5.6 1 5.5 4.1 26
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Table 3. Experimental results of wave height changes at point2(in Fig. 6)

Experiment ~ Wave height ~ Wave period Tidal current  Tidal elevation Maximum ratio(%) of wave height change
Cases (m) (sec) Flood Ebb
Casel x x 0 0
Case2 g O x -13.96 56.15
Case3 x O 0.04 -12.50
Case4 1 O O -16.71 52.62
Case5 x x 0 0
Case6 10 O x -11.54 51.03
Case7 x O 0.20 -10.86
Case8 O O -17.04 46.29
Case9 x x 0 0
Casel0 g O x -12.52 49.46
Casell x O 1.76 -27.27
Casel2 3 O O -22.53 40.50
Casel3 x x 0 0
Casel4 10 O x -11.66 47.54
Casel5 x O 2.06 -28.37
Casel6 O O -25.64 38.94
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Fig. 6. SWAN model domain with 3 reference locations; point
2 is the reference site for the wave- height changes in
Table 3.
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Fig. 7. Wave spectrum changes for the cases of following flood
(upper)- and opposing ebb(lower)- currents.
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