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STUDIES ON CNOIDAL WAVES (SEVENTH REPORT)

——Experiments on wave shoaling——

By Yuichi IWAGAKI and Tetsuo SAKAI

Synopsis

The fifth paper gave firstly the equations of total energy and energy transmission of
hyperboli‘c waves of the second approximation and secondly theoretical curves on variations
of wave height, wave crest height and wave velocity due to wave shoaling.
This paper presents the results of experiments on wave shoaling and comparisons with
the theoretical curves based on hyperbolic wave and Stokes wave theories, which result
in good agreement for wave height variation. In addition, an importance of comprehensive
studies for not only wave height variation but also wave profile deformation in process
of wave shoaling is pointed out.
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Table 1 Characteristics of waves used in BofimRE by <, SEBTo—gl
experiment FRCA L, HEEBC X - THEXhS
Run No. Wave Period I Wave Height at Clieied, SOXSHTET, HEETO
Uniform Depth BEORSDOFELYTELRPNELL, BHR
T (sec) H; (cm) .
‘ o HBOREEE It TWBREN L E W
1 2.0 1.61 BIGECRIEE DB L S Uiz, SRR
2 2.0 3.64 7o fo DML, Table 1 1074 L 5> Th
3 2.0 5. 89 %
4 2.0 8.40 c
5 1.5 8.19 FEEihd, A7 v v AR HABERENR
6 1.5 11.59 REBEHE AV, —HKTER & fHE EORE
7 1.2 6.90 SCE 1A, SHEEORES L BB
8 1.0 8.15 4 BEFELIEE Lico BPEOBLOE
9 2.0 14 Bt kWU, RELEMNS 2 0B OHE
10 2.0 3.14 ik, #Eoo bﬁﬁ@fﬁﬁﬁfﬂﬁ Lic, 7of8
11 2.0 5.83 LAKES 10cm X hBEWHFTE, Efo
12 2.0 8.20 MEREEH> fv3c, Fig 2 5T X
13 L5 8.35 > I TR A M3 e, Tibb,
14 1.5 11.44 QKD ATV L AKE, ARBIED DR
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Fig. 2 Wave gauge in very shallow water.
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Table 2 Experimental data of wave height and wave crest height

Run Ly H Gauge h H
No. | (em) | (em) | Ho/Lo l Noo | tem) | (emy | W/Io | H/Ho | By @ w/H
1 624 | 1.64] 0.0026 | 1 43| 3.87| 0.0068| 236 | 291| 0.751
2 6.6 2.84| 00106 173 | 1.93| 0.679
3 9.1| 2.37| 0.0146 | 1.445  1.41| 0.59%
4 14.8| 197 0.0237 | 120 | 112 0.571
5 24.7| 1.82| 00396 | 1.11 | 0.92| 0.506
6 40.5| 1.61| 0.0650 | 0.98 | 0.84| 0.520
2 624 | 3.72| o0.0060 | 1 6.8| 7.25| 0.0100| 1.95 | 5.65| 0.780
2 10.2| 5.8 | 0.0164 | 1.57 | 4.25| 0.728
3 13.9| 4.76| 0.0223 | 1.28 | 3.17]| 0.667
4 20.2| 4.35| 0.0324 | 1.17 | 2.65| 0.609
5 27.7| 3.76| 0.0445 | 1.01 | 1.95| 0.519
6 40.5| 3.64| 00850 | 0.98 | 1.98| 0.543
3 624 | 598 0.0006 | 1 10.4| 10.16| o.0167| 1.70 | 8.05| 0.792
2 13.6 | 8.82| 0.0218 | 1.475 | 6.48| 0.735
3 17.8| 7.47| 0.0285 | 1.25 | 5.00| 0.670
4 23.6| 6.52| 0.0378 | 1.00 | 3.96| 0.607
5 30.7| 6.16| 0.0493 | 1.03 | 3.51| 0.569
6 40.5| 5.8 | 0.0650 | 0.985 | 3.27| 0.556
4 624 | 8.49| o0.0136 | 1 14.5| 1451 | 0.0233 | 171 | 10.80 | 0.744
2 17.8| 11.41| 0.0286 | 1.345 | 8.27| 0.725
3 21.7| 9.93| 0.0348 | 1.17 | 6.64| 0.669
4 27.2| 8.8 | 00436 | 1.04 | 526 0.59%
5 32.7| 857 0.0525 | 1.01 | 4.74| 0.553
6 40.5| 840 0.0650 | 0.99 | —— | —
5 351 | 8.8 oo,1 | 1 13.1] 1.63| 0.0374 | 1.32 | 8.50]| 0.731
2 16.5| 10.09| 0.0470 | 1.145 | 6.86 0.680
3 20.6| 899| 0.0587 | 1.02 | 5.54| 0.616
4 25.9| 872| 0.0738 | 0.99 | 514 0.589
5 32.0| 850| 0.0913 | 0.965 | 4.68 | 0.551
6 45| 819| 0.116 | 0.9 | 4.37| 0.533
6 351 | 12.46 | 0.0355 | 1 17.1] 14.20| 0.0487 | 1.14 | 10.48] 0.738
2 20.2 | 13.08| 0.057%6 | 1.05 | 9.17 | o0.701
3 24.0| 12.46| 0.0685 | 1.00 | 8.02| 0.644
4 28.7 | 11.90| 0.0819 | 0.955 | 7.20| 0.605
5 34.1| 11.65| 0.0972 | 0.935 | 7.01| 0.602
6 40.5| 1159 | 0.116 | 0.93 | 6.33| 0.546
7 224 | 7.50| 0.035 | 1 1.0 863 0.0492| 115 | 6.53| 0.757
2 14.2| 7.73| 0.0634 | 1.03 | 5.36| 0.693
3 18.0| 7.17 | 0.0805 | 0.955 | 4.61| 0.643
4 23.6| 6.98| 0.105 | 0.93 | 3.86| 0.553
5 30.7| 6.90| 0.137 | 0.92 | 3.84| 0.557
6 40.5| 6.90| 0.180 | 0.92 | 3.74| 0.542
8 156 | 8.58| 0.0550 | 1 10.9| 88| oo00| 103 | 633 0.716
2 14.0| 867 0090 | 1.01 | 563 0649
3 19.0| 815| 0.122 | 0.95 | 5.18| 0.635
4 240| 7.81| 0.154 | 091 | 4.48]| 0.574
5 31.3| 7.89| 0.200 | 092 | 4.06| 0.514
6 4.5, 815| 0.260 | 0.95 | 4.08| 0.501
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Table 3 Experimental data of wave velocity T

Non (g}fl) (gl‘ll) (cmc/gec) Ho/Lo (c{'ln) (c&Ssec) h/Lo C/Co
9 624 1.58 312 0. 0025 8.1 88 0.0129 0.282
' o 17.5 130 0.0280 | 0.418

'26.6 157 0.0427 0.502

35.8 184 0.0578 0.589

40.5 191 0. 0650 0.612

10 624 3.21 312 0. 0051 1.5 103 0.0184 0.330
20.0 144 0. 0320 0. 462

28.0 162 0. 0450 0.519

36.3 182 0. 0581 0.582

40.5 191 0. 0650 0.613

1 624 5.93 312 0. 0095 15.0 145 0. 0241 0. 464
21.5 151 0. 0345 0.483

29,0 168 0. 0465 0.539

36.6 175 0. 0588 0.560

40.5 181 0. 0550 0.580

12 624 8.36 312 0.0134 18.2 150 0. 0291 0.482
24.6 157 0. 0395 0.503

30.8 167 0. 0495 0.535

37.2 178 0. 0598 0.570

40.5 188 0. 0650 0.603

13 351 8.99 234 0. 0256 15.5 133 0. 0440 0.569
21.7 152 0. 0617 0.649

20,1 165 0. 0830 0. 704

36.6 176 0.104 0. 754

40.5 179 0.116 0.766 -

14 351 12.30 234 0. 0351 19.9 | - 150 0.0566 | 0.641
25.8 161 0.0735 0. 687
31.6 170 0. 0899 0.727

37.4 174 0.106 .| 0.744

40.5 179 0.116 0.763
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Fig. 3 Coordinate system.
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Fig. 4 Wave height change in shoaling water based on hyperbolic wave and
Stokes wave theories.
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Fig. 7 Change of wave crest height above still water level in shoaling water
based on hyperbolic wave and Stokes wave theories.
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‘Fig. 8 Comparison between experimental data of wave crest height change
above still water level in shoaling water and theoretical curves.
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Fig. 9 Comparison between experimental data of wave velocity change in
shoaling water and theoretical curves.
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Fig. 11 (a)~(d) Comparison of wave profile in shoaling water between exper-
iment and theory of hyperbolic waves.
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Fig. 12.. Change of wave profile asymmetry in shoaling water.
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