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Abstract : The results of experimental investigation of coherent structures beneath wind-generated waves in

deep water are presented. Vorticity fields of deepwater wind waves were visualized by analyzing the velocity

fields obtained by PIV measurements under different wind and fetch conditions. In addition, spatio-temporal

evolution of the coherent structures and subsequent changes in vertical profiles of the instantaneous vorticity

were qualitatively examined. It was found that a coherent structure is formed right underneath the wave crest and

traveled in phase with the surface wave. The direction of rotation of the coherent structure was contrary to the

wave orbital motion when wind speed is less than 10 m/s, while was same as the wave orbital motion when wind

speed is approximately 13 m/s and wave breaking occurs at the wave crest. In the near-surface region, complex
vortex-vortex interactions were observed according to the traveling of the coherent structure. In contrast,
coherent structures far below the water surface changed little due to weak influence of orbital motion by the

surface waves.
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Fig. 1. Experimental setup. (a) plan view and (b) side view.
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Table 1. Summary of experimental conditions and analyzed data
Case 1 Case 2 Case 3 Case 4 Case 5 Case 6
Experimental conditions
Fetch length (m) 11.4 232 11.4 232 11.4 232
Wind speed (m/s) 6.74 7.46 10.14 10.82 1343 14.03
Frame transfer rate (fps) 60 60 125 125 250 250
Shutter speed (10'3 s) 4 4 2 2 2 2
Number of runs 8 8 15 15 15 15
Probability of breaking (%) 0.0 1.2 83 13.5 26.2 34.4
Wave parameters
H (cm) 1.75 3.00 3.04 5.22 4.66 7.84
J, (Hz) 3.23 224 2.54 1.82 2.09 1.58
c, (m/s) 0.48 0.70 0.61 0.86 0.75 0.99
A, (m) 0.15 0.31 0.24 0.47 0.36 0.63
Vorticity parameters
| ean (571 0.388 0.408 0.662 0.691 0.991 1.103
[ g 7)) 4564 4139 6.647 6.636 10.588 10.645
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Fig. 2. An example of instantaneous vorticity field (Case 6).
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Fig. 3. Spatio-temporal evolution of vortical structures (Case 2).
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Fig. 4. Spatio-temporal evolution of vortical structures (Case 4).
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Fig. 5. Spatio-temporal evolution of vortical structures (Case 6).
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Fig. 6. Vertical profiles of instantaneous vorticity (Case 2).
10 m/s 2 97 9 A $Eele vhek 2ol A A% 5 AtkUessup et al, 1997). ©le @ SR TEE T
e Fibe] ohE AWFold £3) BEATHEbuchi et FFHOR W|§ A0 st Aol o8 ke
al., 1987). =3t 9} = A 54 (microbreaking) kil e 7] wFo ol B-Eo] £ 2] dXul WEke
AR 7|5 3= 714 e ake] sfale] oM w2 oltt.



Al S3k ofefell A9 S31 Tx 25

n (cmy)
o
>

-5
16 16.2 16.4 16.6 16.8 17
time (s)
-1
o+ - 0+
o ;_22 (a) o . 221 (b)
0.05 0.05
0.00 0.00
€ €
N N
-0.05 -0.05
-0.10, -0.10
2310 2315 2320 2325 2330 2310 2315 2320 2325  23.30
x(m) x(m)
O: 45 s': © - 045 s'l ()
o -5¢ o - :-5s8
0.05] 0.05]
0.00) 0.00
E E
N N
-0.05 -0.05
-0.10 -0.10
2310 2315 2320 2325  23.30 2310 2315 2320 2325 2330
x{m) x(m)
-1
o+ -0+
o - 22 © o - %% ®
0.05 0.05
0.00, 0.00
€ E
N N
-0.05 -0.05
-0.10) -0.10
2310 2315 2320 2325  23.30 2310 2315 2320 2325 2330
x{m) x(m)

Fig. 7. Vertical profiles of instantaneous vorticity (Case 4).
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