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STUDIES ON CNOIDAL WAVES (SIXTH REPORT)
—LIMITING CONDITION FOR APPLICATION OF
CNOIDAL WAVE THEORY—

By Yuichi IWAGAKI and Masataka Y AMAGUCHI

Synopsis

In the third report, it was described that Laitone’s cnoidal wave theory of the second
approximation agrees well with the experimental results for the wave profile, wave ve-
locity and wave length in the case of small water depth-wave length ratio. This paper
deals with finding of the limiting condition for application of the cnoidal wave theory
by comparing with both Stokes wave theory of the third order approximation by Skjelbreia
and the experimental results for the wave velocity and wave crest height above still water
level in the case of relatively large water depth-wave length ratio.

In addition, the reason why Skjelbreia’s solution has been adopted as the most pre-

ferable Stokes wave theory here is explained.
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Fig. 1 Comparisons of wave velocities of small amplitude and
Stokes waves.
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Table 1 Wave characteristics and water depth used in experiments.

e Wave period Water depth Wave height
TV g/h T (sec) h(cm) H(cm)

6 0.8 17.42 2.88~2.07
1.0 27.22 8.35~3.02

7 0.9 } 16.20 4.54~2.71
1.1 ! 24.22 8.54~2.88

8 1.0 15.31 4.98~2.49
1.3 25.88 8.49~2.60

9 1.1 14.64 4.36~3.15
1.4 23.71 8.60~2.41

10 1.2 14.11 4.12~2.07
1.4 19.21 6.03~2.67

11 1.4 15.87 4.69~2.85
1.7 23.41 7.52~1.56

19 1.5 15.31 5.13~1.78
1.8 22.05 7.11~1.49

13 1.6 14.84 4.14~2.03
1.9 20.93 8.41~1.33

14 1.7 14.45 4.33~1.43
2.0 20.00 6.89~1.48

15 1.6 11.15 3.20~1.18
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BRARKET, BEEISEOMOED L — L PIEEHT Z ORESEEER TS ALV HOLOTH
Bo EERAELHILAE, TVe/h DENR—TK L5 CAMEAEYEEL, EEvElies
XLt ERA T o fokKE LT DML Table 1 R4, BEOBMEFELFEER U T, Al
B b 16~30m EEhi-frEic, 300.4~303.4cm OMFET 200 BRBHABEH¥REL, ~vEXS
vy v a7 37k DKMORMNE LR SE, ChrbBBEOEDERYHAE D, Fit220H&E:T
ORIAETCET AR RO TEELEH L, D& Xz bhicBFBEE, D, FEKEEORK
DEBHRDI,

(2) RBREREERBESLDOILE

Table 2 (3SR IZ X > T ROICWEHE H, Bl BICFEKENSDO EOER 7 2 RLELOTH
B, WEIX3HT, WEIZAMECRLTH DA, BIBIRA 2% OMA & DBEEN, FBBIRRTO0.5
BREDEZENA->THBEELBRE, 20 OFEHEDEER, WHOFIhD2ERETHA 5,

a) Wik Fig. T1& TV g/h ' 6 ~150KBECH LT, ¢/V gh & h/H L OBRFLEHL, ddo
Stokes Pk 7 / 4 FEOBRMELLE LD THS, KbD 27 2 4 FEOHBOMHOENIL Laitone iZ
IoTHobhi BEBEOBRETHD, TV Eg/h=15 OBED T=1.9sec OEERRHET, FIHPOK
JOZDEDOBMERIC L > TROLNHFHERTHD, ChHLDOENLOEFDI LA 25,
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Table 2 Experimental data of wave velocity and wave crest height above still water level.

TV g/h T (sec) H (cm) ¢ (cm/s) 79 (cm)
4.35 — 2.36
4.26 — 2.40
4.06 — 2.24
3.49 — 1.85
0.8 3.15 — 1.72
) 2.88 107.7 1.47
2.78 107.5 1.50
2.63 — 1.34
6 2.29 106.7 1.22
2.07 106. 6 1.06
8.35 135.6 4.64
8.26 135.6 4.54
7.40 134.2 4.15
Lo 6. 54 134.3 3.45
: 5.58 133.9 3.05
4.68 134.2 2.58
3.75 133.3 1.96
3.02 133.2 1.58
4.54 109.6 2.58
4.12 109.3 2.36
0.9 3.53 109.3 1.94
3.04 109.1 1.89
2.71 108.5 1.47
8.54 136.1 —
8.12 135.9 —
7 7.73 135.5 4.44
7.39 135.2 —
1.1 7.32 135.0 4.20
: 6. 46 133.6 3.73
5.30 133.6 2.88
4.08 133.0 2.10
3.18 133.3 1.62
2.88 132.7 —
4.98 112.6 2.92
4.91 112.3 2.86
4.84 112.0 2.83
1.0 4.61 — 2.72
: 4.16 — 2.43
3.81 109.9 2.17
3.14 110.1 1.17
8 2.49 110.0 1.29
8.49 145.3 5.14
7.87 145.1 4.68
6.42 144.6 3.78
1.3 5.25 144.3 2.98
3.88 143.7 2.14
3.32 142.9 1.80
2. 60 142.7 1.36
4. 36 110.6 2.63
4.14 110.3 2.39
1.1 3.67 110.7 2.19
: 3.15 110.6 1.77
2.7 — 1.50
- 2.17 — 1.16
8. 60 142.5 5.40
9 8. 56 141.8 —
8.17 143.2 —
7.76 142.2 4.88
1.4 6.77 141.3 —
5.82 141.2 3.40
4.57 140.5 2.54
3.36 139.8 —
2.41 139.8 1.30

|
o
o
I
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Table 2 Experimental data of wave velocity and wave crest height above still water level

(continued).
TV g/h T (sec) H (cm) ¢ (cm/s) 79 (cm)
4.33 118.2 3.01
4.13 118.6 2.87
3.58 117.7 2.4
1.7 2.83 116.7 1.82
2.23 115.4 1.39
1.73 : 115.0 1.05
1.43 1158 0.85
6.89 141.2 4.76
6.71 140.9 4.50
14 6. 57 141.8 4.40
6.39 140.6 4.50
6.20 140.6 4.16
5.57 139.6 3.7
2.0 4,87 138.5 3.02
4,08 138.4 2.50
3.48 137.0 2.14
2.75 136.5 1.60
2.65 — 1.59
2.00 133.7 1.23
1.48 134.2 0.84
3.20 105.5 2.29
3.12 105.4 2.15
2.92 105.5 2.01
2.59 104.4 1.85
2.42 104.3 1.70
15 1.6 2,14 103.8 1.43
1.87 103.1 1.24
1.65 103.1 1.05
1.46 102.6 0.89
1.18 101.3 0.70
0. 85 — 0.49
15 I5
| e ] T
10 ' \ OT=QBsec,h=I742cm 10 OT=08sec,h=16.2cm
@- L\
8 g‘\\ ®T=LO0sec.h=2722cm 8 3 OT=l.1sec,h=24.2cm
P
1
6 i .
b iy h 3
H ¢ h L
4 ﬂ)/\‘ H 4 g \
Ir : \R #Q\lb\ Stok B
| OKes waves
: \ “-Stokes waves ' \/
el L\+ EAS SN
1 - cnoidal waves 4 cnoidal waves
— 5 : [ |
E'\small amplitude waves ! Slma" amplitude waves
i L L L L 1 ! |
o8
¢ 9° 10 08 09 ¢ 10
Jah Jah
() (b)
Fig. 7 (1) Comparison between theoretical and experimental values of wave
velocity.
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Fig. 7 (2) Comparison between theoretical and experimental values of wave
velocity.

(1) TV g/k DfEH 6 DEEIE, h/H>3.5 Ok 2 EREIPMRBEIC XAV, B/H 22 3.5%
Bz B L ¢/V gh DETHEMLIARD S,
(2) EREVBNEBRE M E DTN LIED S h/H OfEx, TV g/h OERT DL 4EBE,
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Fig. 7 (3) Comparison between theretical and experimental values of wave
velocity,
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Fig. 8 (1) Comparison between theoretical and experimental values of wave
crest height above still water level.
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Fig. 8 (2) Comparison between theoretical and experimental values of wave
crest height above still water level.
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Fig. 8 (3) Comparison between theoretical and experimental values of wave
crest height above still water level.
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Fig. 8 (4) Comparison between theoretical and experimental values of wave
crest height above still water level.
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DEERTEREOFMCAMIN 5, Stokes WOMHIT T ERME L v XKE B 525,

(4 TV g/h DIER XX B L, 274 VEOER b/H OENSHEU L CEREE—KT5 L)
Tith,

b) FEKEH, SOWDER Fig. 8 13WH LR, TV g/h»6 ~150H 8 DHERECOWT 70/H &
h/H F OB SHL, BRBREIEELLLOTHD, - OFREL, BHEOBRS LIENTEENKE
WD, AR hEELLTVWE, —BEREBmE LTI, 72 4 FEohig s Stokes FofEoOTMHI-b
CAEREXR, EBLhEnwziEs /4 FEOBBOFTHE . LasL, ERMERIAS, 2/H OXE
FHOERMEER L TCHEARAYRITE, bLA TV g/h<15 DFEREFTIL Stokes WA HA
FhBNETHD LBbIB, HiE - MEOEBRY T, TV g/h>20 OHEWTE, Hics /4 FED
HBOHPBHINLZRETHD Z L@ DdbID, '

5. V74 FREROBARS

2 74 Fli X0 Stokes I OBRM &L RREA LB LICRER, 7 /4 FEBERIERMBEHS Lk
5 TVg/h & h/H ORFEL, FEOPE, 1 %BEOHEYHI Table 3 RHEL?, =0

Table 3 Critical values of h/H for each value of TV g/h, over which wave velocity
formula in cnoidal wave theory is applicable.

TV Z/k 6 7 8 9 10

11 I 12 13 14 15

h/H 15 10 t 8 5 4.5 4 3.5 3 3 2

RRBEZLT, 774 FEERCSTAEERSBEHShLHEBTEDD LR THHbI S,

TV gT/TIZ %2 T N (43)
Tiebb, HEXOFARACKENBRLARVZ LIERE-, 2L, FROFBREGREL, EReHsy
2T TV g/h=26 L LTHL DERSAS, e, EOBARRIERCHLTCLERTESL LD
BAHATH B,

SEGKE DD OB DOERBI LTE, BELL TV A2EREDOFH LY ELD &, BEXLFAUERRRYF
DEFI2 /4 FEOEBOROBERABRRETHENTEL LS5 THB, Lal, EREOLRYEETS
Lxix, dido ks,

TV G/RZ220 evveerenemmenneetiintiint i (44)
EFTRETHH S,

6. ¥ £

T DRI TIL, %T Stokes WOMEEGMME LT, MK - Hrhds LU Skjelbreia DRAFEY, & K
L KEGEDOBEEDBEITOWT HlE L, Stokes & LTIt Skjelbreia D& 3 FLMEA F\ 5 DM
HEUTHDH T EERLICHE, Stokes #il 7 /A FERIBKRLT, 7 /4 FIEEOBBBERYBRA L, £0F
HBELTE, TV g/h 76 h515% TOFMAERAYITRV, Bl & PEKE LOBOEE & ¥ RELT,
774 FEOH 2 TR E Stokes H DM 3 YGF LIRS X OBUMRIENE O & il Uiz, Z08E, 1%8
EOEYHT, B, BREFIVEOEECHLT, TV e/H=23 OFERT s / 1 FEBHH EAT
BThDZEdbmb, 1til, EREFUEAXERBL T, TV g/h>6 OBAECEILENS D, F, bL
BEOEGCH LT, RALORMMS, FREC LR ER L THARAY DS L &1, TV g/h>20 &
FRETHLH L A& hic, ToBRRIAE - BB TE, B/L<0.05 75, ZORRT
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Laitone 2MRZR1L7: h/L<0.2 X bhieh BEL . S8IE, HEPHEOEE DL TR, TOMDOKERE
DWW T A LT, Stokes 7 / 4 FHOBROBARRLHARL, TV g/k X0 h/HOEL
G Crok B 0B IEL S RIBETILNELNH S,
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