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STUDIES ON CNOIDAL WAVES (EIGHTH REPORT)

——Experiments on Horizontal Velocity of Water Particles—

By Yuichi IWAGAKI and Tetsuo SAKAIL

Synopsis

Measurement of water particle velocity induced by surface wave motion has been made
little because of difficulty, while it is important for clarification of wave breaking mecha-
nism, wave force on offshore structures, mechanism of sediment suspension and diffusion
by waves, and so on.

In the 3rd and 6th papers, applicability of the cnoidal wave theory was discussed by
comparison of the experimental results of wave velocity, wave length and wave crest
height with the theoretical values.

This paper presents experimental results of horizontal velocity of water particles in
a wave tank by two methods, that is, hydrogen bubble tracer and a hot film anemometer.
And applicability of the cnoidal wave theory is also discussed herein by comparison of the
results with Stokes wave theory of the 3rd order and the cnoidal wave and hyperbolic

wave theories of the 2nd approximation.
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Fig. 2 Schematic figure for calibration method of hot film
anemometer.
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Fig. 3 Relation between direction of probe and record of hot
film anemometer.
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Fig. 4 Calibration curves of hot film anemometer.
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Fig. 5 Schematic figure for velocity measurement of water
particles by hydrogen bubble tracer.
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Fig. 6 Schematic diagram for correction of record of water
particle velocity by hot film anemometer.
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Table 1 Conditions of experiments by hot film anemometer.

h (cm) T (sec) H (em) 2p+h (cm) TYg/h H/h
15.0 - 0.96 4.5 11.25 7.7 0. 302
3.65 0.243
3.2 0.213
2.25 0.150
1.5 0.101
13.0 1.06 3.9 9.75 9.2 0.301
3.3 0.252
2.8 0.215
1.95 0.150
20.0 1.74 5.95 15.0 12.2 0.298
4.85 0.243
4.25 0.213
3.45 0.174
2.55 0.127
16.0 1.89 4.7 12.0 14.8 0.29%
3.9 0.243
3.15 0.197
2.25 0.142
16.0 1.89 4.9 0.8 14.8 0. 306
3.9 0.245
3.05 0.191
2.25 0.139
Table 2 Conditions of experiments by hydrogen bubble tracer.

h (cm) T (sec) H (cm) 4t (msec) | p (msec) TYg/h H/h
30.5 0.93 9.1 40 20 5.25 0.298
20.9 0.96 7.2 20 10 6.55 0. 345
16.0 0.94 5.2 20 10 7.35 0. 326
13.0 0.9 4.0 20 10 8.25 0. 306
16.0 1.10 4.9 20 10 8.60 0.307
13.0 1.10 4.15 20 10 9.55 0.318
29.8 1.74 7.1 50 20 10.0 0.239
21.0 1.74 6. 45 30 15 11.9 0. 308
21.0 1.76 6.45 20 5 12.0 0. 306
21.0 1.89 6.25 20 10 12.9 0.297
16.0 1.73 5.2 20 5 13.6 0.324
16.0 1.74 5.65 40 20 13.6 0. 353
13.0 1.93 3.65 20 7 16.8 0.282
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Fig. 7 (1), (2) Horizontal velocities of water particles at phases of
wave crest and trough in cases T+ g/h=7.7 and
9.2 (chain line: small amplitude waves, full line:
Stokes waves).
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Fig. 9 (1), (2) Variations of horizontal velocity of water particles
and water surface with time (thick full and broken
lines : experiment, thin full line : Stokes waves).
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Fig. 10 (1)~(6) Vertical distribution of horizontal velocity of water

particles at phase of wave crest (chain line : small
amplitude waves, full line: Stokes waves, broken
line : hyperbolic waves).
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Fig. 10 (12), (13) Vertical distribution of horizontal velocity of water
particle at phase of wave crest (chain line : small
amplitude waves, full line: Stokes waves, broken
line : hyperbolic waves).
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@ﬁmwbo%mﬁahaism,%3%@&&%26&60itmii@&bv-v—&bfu%mﬁ?
DAL HEEDRFOKEM L O, BE LK flm ETOXAREDBEEL, S A ARRORET
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HY, chdP3%Laikzhs,

Fig. 7 OFBHERL, 6222k EL, B (1) D TVvg/n=17.7 DRERFEETH 555, ﬂﬁ@40
DHEL, WOHREDES L OB OBER DKEHAKMTEE ue BI0 u 11, BMNREEERC T
5305 0%, BRIREHEEHRTH D Stokes I, 7 / 1 Fifds LU hyperbolic JoBHRIC L5, 0D
BFNGEN S b, 7L, (4),(5)D Tvg/h=14.8 DEED u: OERIEL, BRHBOME Y
DI YPIVLORBH, Zhik Fig. 9 (4), (5) DWHEHERESIhS LI, BOBTIREEM
RELTVWBIERIBLDEEbRA, /¥, (3)~(5) icik, Stokes JDEMIZ, 7/ 4 FIEE IO
K>2 OfifAD hyperbolic #OMAHR L Bl bR LI, (3),(4) T, ARIEEE L LTD3HE
DEmOBAEZRT 2 LIEBETHD. LnL, (5) © Tvg/p=14.8 T, EEMED ue ORRIH
X, BHAz, Stokes WERMTIBLDLD L, 7/ 4 Fiidh b\ i3 hyperbolic JEnE#zRic - 5
DFEFEIC—B LT\ 5,

Fig. 8 i3, RBRMED H/h Oy, HHMHRO FEHie H/h OEDEL DiiE bowv T\ 5o
&y BIVERED Tvg/h OENRT~15 DEEIHESLR TS Ehh, FERGEE T 0I5 Bk
EWTHILXTERVH, FEOBRMBOLEN D, Tvg/h AL 52 E, Stokes FrDFhk
7 /4 Ffi¥ XU hyperbolic DX & DEMIE—FK Lt 725 Z i b, BT, e LTI,
TYg/h 729~20 DRIT, Stokes FHWiR L, 7/ 4 FEEERH B\ i1 hyperbolic JEOBAT 0D &SI
DERND B L5 TH 5D, TVg/h 7320 Lh K& /o5 &, Stokes WD ue 13, 7 /4 FEEH B\
hyperbolic FDER I DM &l b, Hied &b TVg/>20 OBETIE, 7 /4 FEERSD B
hyperbolic HOBBHRL A2 LENH D LAFBL T2, Zhu, WE ¢/vgh BT 5REOH
BOREY L—HT50TH%, ¥, K<3 OFETIE, 7 /1 FEEAOFHIL, hyperbolic 0
HRACIBDDLDL, ue,ur ELO0KELADLOTHD, ks, PLPEHROMHEL, YRD = L
BB, 774 FEEHD B\ hyperbolic 0D ue DED TV g/h~>c0 TOBRETSH S,

Fig. 9 D u OERNZELD H5H1T, Fig. 7 HX0° Fig. 8 O Y51 BT3RO FBL LT ol
<, HEDIFE BT BL0THEA, (5)D Tvg/h=14.8, H/h=0.306, (zp+k)/h—0.05 DBE D%
hid, BEOBOEBEFEY OF T, hyperbolic YOBHRRIC L 5L DIL X < —FK L, Stckes JHH
L2303, EOEDEBERMETHLIAEVC udRLTKD, Zhil, Fig. 7 (5) DL —FK+
%o (B)BIV(4)ID TVg/h=12.2 3 XV TVg/h=14.8, (2p+h)/h=0.75 DEBEDEE LT, TR
AW L % HERORICE S 2T T, Fig. 7(3), (4) DBA LR, MEDHRELRTL LnTEl
Vo 12fZL, (3) D%a, K OfHik 2.35 TH- T, hyperbolic DA CTH 5 = & #Wid> - Tis
<o o, (2) DOFEBRAFUL, Stokes WHHRICI B LD LITF—K LT3, (1) DF T D b
HEEZLTED, TOFEHEIIHHBI,

Fig. 10 ©R LA KRRIIC & 2 AKCEH FKH FHEE DSAE S MO KRIERICIL, 227 h DIEBHoXpidh
b, WCKBERDOMETEOEASEETH D2, Shid, BEGL KEEECEET 50607 % » 5
AV PRI THADE SR T 2RDLEZDID, (6 ) LMEDRICIL, 7 / 1 FIEH B\ T hyperbolic
BOHERIRE BRL T D25 2055 (6)~(9) Tk, (7) D K=2.40 213U LT, K>3 O
hyperbolic ¥ AEEHZIRB L T B, (1)~(5) %, FRMEEEITE <, * DHAROEENL,
BUMRIEEER X D L AELORL Stokes WHRICE &V 2 5, DFE, (6)~(8) T, X/L*0 0
fed, SHROBME L7 /4 FEERC X5 b DIR LT, ERIEDIHOMEEL, K<3 ©h oI
bbby, Stokes PEFROZ R X b § %k hyperbolic FDERIZE v (9)~(13) T, EE{ED
AL, Stokes WHFRDEFN L DAL, 2 /4 FIEHRD 5\ T hyperbolic JDEHZ D Z i,
B, 774 VEERC X Higs, K>3 0BT, 3LAL hyperbolic Jz DR DMK —F L
TWA I ERURTH B,

BEDLS®E, RBEHEROS Y, WOEOEmERD KFHAKMTEE v BT, * DEES A
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(Fig. 10) X b, H/h # 0.24~0.35 OBECHELI D, 3T TVg/h=10 DEETIL, BRIEEE
BEEmE LT, Stokes WHRIVLLA2 /4 VEBHRB IOLOELFER L LTD hyperbolic JEnE®
REBWERELEL bR, —F, Fig. 8 D uc & TVg/p ORAFRERTERMBOLENDL, 0.15<H/
£<0.3 DEHE T2 (2+h)/h=0.75 DT HENED, 9<TVg/p<<20 DEFE 2 >DOEH O H R
ROFETHEEZBRS,

e DPEZACONTUL, TVg/E>10 DL ¥, 7/ 4 FIEd LU hyperbolic BOBHRIL L 5L 0D
Fi53, Stokes WHEERIC LB L DIV ETHD, TOEE, T +h)/E>1.0 OFIRTIL, BHEDEDH
HEBEIDKREL, ThI D TORR TILHCHEEDEDHHKE,

Fig. 7 (3), (4) D ue/Vgh & H/h OBSR, XLV Fig. 9 (3), (4) D u/vVgh ORHMBEL
T, @p+h)/h 250,75 DL ZADETHS hD, EROBHICL > T HBROBECER S FN
, T EnD, KRB L3 THEAOHEREDBRE M T4 TE b > BhI BRI S, —7,
Fig. 7 (5) 3 L Fig. 9 (5) @, Rp+h)/h=0.05 TIX, 7 /1 FEB#H X hyperbolic oI
RADMEDF DS, Stokes WHADTH X Y »ig VEEC/N I LBDT, X UHTHEROERN R
D, Dk, 774 FEERS LU hyperbolic WHROHABRENTH S o L%, HECHEAIcEx
bIThH5,

fe3s, Fig. 7(5) @ hot film FHHEDEF T, 71— 7 HKEEE»D 8§mm w5, EFCT
EVER Db b, BLMBGHEYT 2 L O BEERA > Tl o, AR =y F ShicERk
D3B, bokd Hh ORZVEED,

NR=\/§~H/sinh 22" ........................................................................... (2)

RroTEEIRDLVA /AABEHELTASE, Nep=137 Likh, HlsEmERBENBHHGI
HABBTAHRAV A/ VREP Np=160 L h2hX\, EBIE, COFBAEOEREERBLER L L,
FOEIXY, FOHTOKMTEE?, BRBABRTCOKRTHEDNH 9% i hERMHDORI ETH
i, 2+h=6-v,T/z L LTLvb, ChiitET 5L 4.8mm Ligh, —R7AV—~7XEERREMC
HotctELOID,

4. B

Db, B X 3R TFEER, REFTOREORMS )b, 1TEAFRABL IR Tiehofe’, EE
53, hot film FEHB LVKEREY F v—4—ETHHEXEVT, BT X5 KEHEAKKTHEED
BIEwRAL, —iF ORFMIZ LE S ORBESHERET B Z N TR,

b, COREEY, Stokes W, 7 /4 FIEEMR IOEOELFEE L LTD hyperbolic FOE
BREHE LT, 7 /4 VEBERYKETFEEOCENOBRHL, TOKR, O¥0 X 5ikfEHel. (1D
KEH AR TEEDOREDEOTER DM ue OBRMBOLES, DI, 7 71 Fks XU hyperbolic ¥
DHHRA L, Stokes WERDOHHARFL, 9<TVg/h<20 DERHY, ZOMFEL Y Tvg/h OEH
K&y, 7/ 4 FEFERH D% hyperbolic i OBMRA A A2 LED 5. (2) 1 DHETAIC
B4 B EREEE I, TORRIL 10, X5 ue & H/k OBffl LU o ORI BT 5 R85
Babix, L e 14.8 T2 /2 4 FEERD 5L hyperbolic JEDOBHR L AV-ALENH S, (3)
TVg/h=14.8, (2p+1)/h=0.05 DFEDERT, - L bBEEDOKREMLTHAD, VA /AZE Nz
11137 ¢, ERSEFABEORE,»LEKNOBBOBRL A1 /L A Nr=160 X h /X<, hot film
W OEFOVShICh, SLWRSCHYT2EEIRSh s o1,

BBIC, ORI TRABENARC I ATRO—BTHS L 2METELLLE, ZOWREN
LTHEWRERE B RECFEOBE LR Liz\,
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