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Abstract

The effect of wave and current interactions on jet-like current flowing against waves was investigated based on numerical
simulations. The numerical simulations are conducted by a combined model system of REF/DIF(a wave model) plus
SHORECIRC(a current model) and a Boussinesq equation model, FUNWAVE. In the simulations, regular and irregular waves
refracted due to the jet-like opposing current were focused along the core region of current, and the jet-like current was earlier
spreaded when the waves had larger wave heights. The numerical results show that the rapid change of wave height distribution
in transverse direction near current inlet plays a significant role to spread the jet-like current. In other words, the gradients of
radiation stress forcing in transverse direction have a more significant effect on the jet-like current than its relatively small
gradients forcing in flowing direction, which tend to accelerate the current, do. In conclusion, it is indispensible to take into
account the interaction effect of wave transformation and current characteristics when waves meet the opposing jet-like current
such as river mouth.
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Fig. 1. Bathymetry and boundary conditions.

o) 580 45488 vela] Jld ARedd sER
-3 2 77 &) (sub-program) 0.2 S}= F=3Z 2 717 (main-program)
S AAste] Rl aEARO 152 (feedback) S A3}

A stgdet sl Wsht sEuste] vjs) =Ejvke 714 sl
z B SEAN § aAREE ske FAS Fseit
WAVEB} é%ﬂﬁéé Slgk TS 0.1mx 0.1m, Al
7&&?4—3— 31313, FUNWAVES] Wiz aket F3A1E
Alelskar it Vﬂ‘ﬁlg ARG AR E AE B B
A B2 A Aed 7 B9 27] ARAE AT

676

Table 1. Input wave conditions.

Peak Significant

Wave input conditions Period | wave v gegree)
(sec) height (cm)

Non Monochromatic | 1.3 4

-breaking| Narrow  direction

Case | -frequency 13 4 20 |10

_ | Monochromatic | 1.3 14 -
Breaking N e
Case arrow direction
frequency 13 10 20 |10
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(A) without wave.

(B) 0.04m-significant wave height.
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(C) 0.1m-significant wave height.
Fig. 2. Wave height, velocity vectors, mean surface elevation
distribution resulted from 800sec-simulation(REF/DIF+SHORECIRC).
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Fig. 3. Radiation stress gradient vectors with wave height
distribution and jet-like current vectors(0.1m-significant wave height).
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(B) Results obtained by using part of
radiation stress gradient term for
0.1m-wave height.

Fig. 4. Comparisons of wave height and jet-like current

velocity distributions (RFF/DIF+SHORECIRC).

(A) Results obtained by using various
wave heights.
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Fig. 5. Instantaneous snapshots of velocity vectors and free
surface elevation distribution(FUNWAVE).
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Fig. 6. Wave height, velocity, mean surface elevation averaged over
results from 600~800sec with 0.14m-wave height(FUNWAVE).
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Fig. 7. Conceptual sketch of jet-like current spreaded due to
radiation stress gradient of focused wave height distribution.

SAAERT} el GRe Frh 45w shue) Pas
FAPIESl S 2 SAIEie] sk i ) Y
et Aot el skl e Sk sy o
uis} 20la Ageelds) Agos Tr*}xﬂE
2 0 4 s e
o= o3t :q_j_y/\]—/*/]
Zolek YA S o
o) AR S e T B A9
B < 5 9ok

F

678

B A AR A AR s IEA (KD A

A% A, IAHE NEMA-06-NH-06)2] S48 Ao

2 Fuglon ol IAtE FYUL

o236

1] A=, 9ed, 49, FFEYd A8 Eoehe g
o] gpkfupiel] o Wy, daafeta|daatslAl, A|197
A63. (2007a), pp. 557-564.

[2] HES 9ed, &9, FFEEE AES EarEeke ok
ool oJgk W FAR9| dhsfetaldEetd] A, A9

7, A6 (2007h), pp. 565-573.

[3] Borgman, L.E., Directional spectrum estimation for the Sxy
gages, Technical Report, Coastal Engineering Reseach Center,
Vicksburg (1984).

[4] Bouws, E., Gunther, H., Rosental, W., Vincent, C.L., Similarity
of the wind wave spectrum in finite depth water, Part I-spectral
form, Journal of Geophysical Research, 90(C1), (1985), pp.
975-986.

[5] Chen, Q., Kirby, J.T., Dalrymple, R.A., Shi, F., Thomton, E.B.,
Boussinesq  modeling of longshore current, Journal  of
Geophysical Research, 108(C11), (2003), pp. 26-1-26-18.

[6] Di Natale, M., Vicinanza, D., Experimental velocity profiles in
wave-jet interaction, ISOPE-2000: Tenth Intl. Offshore and Polar
Eng. Conf., Seattle, WA, USA (2000), pp. 639-646.

[7] Greco, R., Vicinanza, D., Di Natale, M., Wave-jet nonlinear
interacion: Mathematical model development and experimental
results, Intl. J. Offshore and Polar Eng., Vol. 17, No. 2 (2007),
pp. 119-124.

[8] Kennedy, AB., Chen, Q. Kirhy, J.T., Dalrymple, R.A,
Boussinesq modeling of wave transformation, breaking, and
runup. I: 1D., Journal of Waterway, Port, Coastal and Ocean
Engineering, 126, (2000), pp. 39-47.

[9] Kirby, J.T., Ozkan, H.T., Combined refraction/diffraction model
for spectral wave conditions, REF/DIF S, version 1.1, User
Manual, Technical Report CACR-94-04, University of Delaware
(1994).

[10] Kirby, J.T., Wei, G., Chen, Q., Kennedy, A.B., Dalrymple,
R.A., Fully nonlinear Boussinesq wave model, User Manual,
Technical Report CACR-98-06, University of Delaware (1998).

[11] Putrevu, U., Svendsen, I.A., Three- dimensional dispersion of
momentum in wave-induced nearshore currents. European Journal
of Mechanics-B/Fluids (1999), pp. 409-427.

[12] Svendsen, 1A, Hass, K. Zhao, Q. Quasi-3D Nearshore
Circulation  Model SHORECIRC version 2.4, User Manual,
Technical Report, University of Delaware (2002).

[13] Wei, G., Kirby, J.T. Grilli S.T., Subramanya, R., A fully
nonlinear Boussinesq model for surface waves. Part 1. Highly
nonlinear unsteady wave. Journal of Fluid Mechanics, 294
(1995), pp. 71-92.

[14] Yoon, SB., Liu, P.L-F., Effects of opposing waves on
momentum jet, J. Waterway, Port, Coastal and Ocean Eng., Vol.
116, No. 5 (1990), pp. 545-557.





