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STUDIES ON CNOIDAL WAVES (NINTH REPORT)

—— Applicability of Cnoidal Wave Theory to Near Breaking Waves

By Yuichi IwAGAKT and Tetsuo SAKAI

Synopsis

The previous papers dealt with discussions of applicability of the cnoidal wave theory from
various points of view, and concluded that this theory should be used rather than Stokes wave theory
when the wave period beomes long. However, these papers did not deal with near breaking waves
with large wave height.

This paper firstly presents experimental results of the horizontal water particle velocity under
the wave crest and wave profiles of breakings waves, which were measured by taking photographs
of the wave profile and floating tracers on the water surface with 16mm high speed cine camera
following the breaking wave.

Further the paper deals with the horizontal water particle velocity computed from the cnoidal
wave theory near breaking, then presents the relation between T ,/m and H /h given by the limiting
condition of wave breaking that the water particle velocity at wave crest is equal to the wave celer-
ity, and discusses applicability of this theory to near breaking waves.
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Fig. 1 Experimental apparatus.
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Table 1 Condition of experiments.
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Run No ! (C};Ill) (syt;c) (c];[r;) | (cmc/lsec)
1 19.9 0.89 6.1 | 140
2 19.9 0.94 7.2 ! 153
3 19.9 1.09 7.0 150
4 19.9 1.68 4.8 158
5 19.9 1.76 4.3 162
6 i 19.9 1.87 4.9 ; 177
7 | 19.9 ! 2.32 4.2 ' 167
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Photo. 3 Mesh on a horizontal plane.
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Fig. 6 (a)~(c) Travel-time curves of wave crest and floats.
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Fig. 11 Inner velocity field of Stokes wave in Hamada’s criterion for wave breaking”.

B ORISR T, BOETOKEHFFAKMTFEED, BEOOBLLELD, RERETH O PiRR
ELTHWONTE T, BOETOKFEFAKMTHESEEIELVE V) ZEOZAHELERMICITIT
BErvbhi. Lil, ERZPF 220860 TVg/h XU HIh Ol ARz, Skjelbreia? ¢
Stokes 3 D% 3 KGELUR 3 & 1F Laitone @7 / 4 Fio% 2 BELIMIT L 2K FH AR T EEOBERAED
5b, 774 FROBOETOME, BELDVPEDVREVEENBWI Ettbh ol T T Tit, Stokes
BEHE7 )4 VEERICL ZKTEHKEFEESL, I HLOEBKENGEETOWTHEMIIRIL
THBI LT 5,
¥, BROBTROMERRO 1oL LT, EH” 030,

H 27h
7Tcmh4z__0142 ...................................................................................... (1)

MR T 5 R/L L HILOEDHAGHE %, Skjelbreia ¢ Stokes g% 3 jEBIBIIRA L, 1IEM®
KETFEEDOR7 triRd L, Fig. 11 3z o 14, A/L=0.103, H/L=0.0809 0f&TH Y, KFIC
7, choofit TVglh XU Hk oETRLTHBY. 2T, 2 RBKELELICRELNEIZE -
HETHY, X=x—ct Thb, BT, PHEELIRLTVEVD, OZ ) oRHE —05<X/L0T
7, KHTEED z K5 w OFBENBI A BKETTH 5. RPITIE, BBRCHE c KT LE c/Vg/h
DRI b EIRLTCHDD. COFDHEE, BOETOKMTFEENI PAOKEIE, YIHICHEEN
JIVDOREILIYVRELS RS> TnB I &b bo

D, RfEEZ &% Laitone? @7 ) 4 FIEOE2EPBIZTOVWTRO TH L, BERAE LT, K
MEORBRAD 1oL L, Laitone @3 o,

TR, TVglh ofEE LT 15.0 #RALTH ORI~ R Fig. 12tk 2, IR THLM % &
51z, Fig. 11 ¢ Stokes B4 & [k, WO TOKMTHEEOKE T, BHEOKEZLY IAEL,
H2HIZAELTwDo 37 X/L=01 OfHiETR7 VO ENRBETHEZICE>TRE308H 5,
PUEDLH i, RETHROPHEBRAL ENTE LM TR T, Stokes f L U7 7 4 FIEBRICLT
BAMTFEESETBRHLILEIA, 2ELTLIBOETOKEFMAR FHEE ve BH#E c 1IZHLL RS,
o 20 cRWTRIBEI D KEDboTre 22T, EHLIZ—BPIIZ2ZOOHEBRITE TS u/c 5, 1€
KON OPLOBRBERRETEINTEDL ) A MElL L 2D LH/TH BT LT 5, Fig. 13 2 0#RTH
b, KCHEIE TVg/h, WHZ ue/c ThHh, KB 5250MBos b TR 221, (1) KRTCFLLERD
OWVER R L L 8 Table 2 TR L7 B kY ORERAICEH 1T 2 Skjelbreia® ¢ Stokes D 3 ki HUAR,

— 15 —



342 HAM KM EFERE 14 5B (H. 46. 4)

b cAGR
Ta/h =15.00
05 '/ 0
2/, H/h =0.727 : ylaﬁ' :
o I R s e
I
R e e e
= N l‘ H 1 - - - - - -
. ! L L i J . - ' -~ -i'
r r r | i | 3 I
-1.0 lL L ! J J J J -l
] 01 0.2 0.3 04 X/L 05
Fig. 12 Inner velocity field of cnoidal wave in Laitone’s criterion for wave breaking?’,
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Fig. 13 Water particle velocity at wave crest of Stokes and cnoidal waves in various
criteria for wave breaking,
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Table 2 Shuto’s criterion for wave breaking?.

h/L H/L
0.021 0.017
0. 042 0.033
0. 062 0. 050
0.103 0.079
0.155 0.102
0. 205 0.110
0. 255 0.114
0.305 0.116
0.355 0.117
0. 405 0.118
0. 505 0.119

0 0.119
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Fig. 14 Water particle velocity at wave crest of cnoidal waves. .
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Fig. 15 Relation between Tyg/h and H/h when water particle velocity
at wave crest of cnoidal waves is equal to wave celerity.
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