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Experiment shows that for certain intervals along wave channel, the surface of motkile bed

acquires periodic irregularities called dune in this paper. This dune that is
with the antidune on the bed of open channel, develops under nonpermanent

similar in shape
wave moilon

known as secondary waves or solitons. In this experimental study following facts were obtained.
(1) There is a considerable correlation between height and lenghth of this dune. Tkis

relation was

formularized from experimental observations.

(2) The length of this dune is identical with the recurrence distance of secondary waves.
(8) The mechanism that this dune develops can be explained in connection with asymme-
trical wave formes of longitudinal velocity on the mobile bed.
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Table 1 Experimental conditions and dimensions of dune under secondary wave motion.

Run No. | T isec) L (m) r H{cm) h(cm) L,(m) H, (cm) I r (%)
1 1.3 2.00 | 10,51 30 23 | 74 | 3 ®
2 0.82 L.e0 | 506 30 — — 2 0
3 . .77 2.92 10.22 30 5.75 15.8 1 @
4 ' 177 2.84 5. 36 30 — — 3.6 @)
5 1.77 2.91 7.17 20 1.10 4.8 3.1 6]
6 1.3 1.73 9.7 20 3.25 9.1 8 @
7 1 1.78 9.3 20 3.30 11.4 6 o
8 1.3 1.70 4.96 20 — — 4.2 ¢
9 1.77 2.48 10.19 20 7.35 10.0 2.9 ®
10 1.75 2.41 5.34 20 0.95 3.0 3.8 (]
11 1.75 2.44 7.62 20 6. 50 11.3 1.4 ®
12 1.77 2.51 11. 66 20 7.10 8.8 4.6 ]
13 0.82 0.95 8.44 20 0.45 %7 5.3 4]
14 0.82 0.94 5.57 20 — — O
15 1.3 2.21 10. 38 40 1.05 3.0 2.9 a
16 1.3 2.20 15.15 40 2.5 5.6 2.4 ®
17 .77 2.91 8.88 30 5.45 9.2 5.3 @
18 ' 1.06 1.49 11.66 20 0.72 - 3.6 ®@
19 1.16 1.72 12.54 30 1.99 3.5 3.4 2)
20 2,17 3.66 11.70 30 10. 90 16.3 6.4 [
21 1.97 3.32 10.14 30 8.05 15.5 6.3 ®
22 1.78 2.92 8.02 30 5. 50 7.3 4.3 ©
23 1.32 2.04 10.94 30 2.55 9.3 — ®
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Photo. 1 Completely develeped dunes on mobile bed.
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Fig. 1 Relationship between height and length of
dune.
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Fig. 2 Length of dune and recurrence distances of
secondary wave crest.
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Table 2 Modification coefficients & for length of dune.

f Hh | 015 020 | oz | o3 | o4 )
A | 4690 7.136 8. 543 8. 940 8. 862 9.098
B ‘ 0.5823 0. 3404 0.1789 0. 0831 0. 0082 —0. 0474

(3) Dune OR&MRR

Fig-3 o— &gz Dune OREBRAYTELI-L0
T, AR—HA” itk 3 EBOBERAR % X 0 McCo-
wan DEFRFREL L —BZRLTH B, “OFEZPL
5L Dune OREFTHRAL LT h/Ly (Lo 1235 E)
DIEZ ER2 D B 2 & hvbond, foif L AEBCILEE
H—BEET THBOTHE L - TEDL S ICBRA
EHDRTRETHBH,  dso=0. 156mm (BT EHmE D

h/Ly=0.2 3\ RO L 5 THD, —RICIXEEOBEIR
REBLOVIERBBAE S RBNKENB b\ &
Dune {3REL 72\ 2 &% b,

Fig—4 M REEDRERRR L L THbh 5 Miche
DK & Dune DRERF LA RLILDT, Duneir—
RPEDREFRL D LILGEIRCRET L 2 &2l
B0 Tiebb lREENERICIT AL\ X 5 el
LFEHHEIC T TS DuneSBR I D & ERLT
Wa,



442 Bullet' n of Nagoya Institute of Technology Vol. 29 (1977)

4 Dune OSt4i%iE
(1) ZRBEEBROBME
ChETRBRTELZENDHALM L 51 Dune
REBBITAEEOREBE L EECHEL TV 5,
) F I TREERFICOVLTEEICLRNTAR S, Fig—5
b sawaragi) | CEER I OCZREEROBYE (x—1) FEETRLA
. L0C, CORMLbLMA L) ICHEERIEG R
o TV B BB B R EloEERIRERT

HAL
-

o, =1.43x10°
oif

0.005r

) N L
000155, 5 67 005 0J L

05 10
M.
Fig. ¢ Developmental criterion of dune in terms of
wavesteepness and shallowness.
0.6
H
h
04r
ozr
X
Sos 01 X 3 02
- : 15 02 h/L 025 Fig. 5 (x-t) dyagrams of a primary crest and seco-
ndary wave crests.
Fig. 4 Developmental criterions of dune and second-
. AN\
ary wave crests. &
\50 3 2K
[\
3
cm
o 2
<
2Tedl
=
g1
<
]
c
©
o
[~}
o
=
o

Fig. 6 Two

dimensional spectrum A (f, k) of wave level under secondary wave motion.
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Fig. 7 Wave forms oftained from experiments and
numerical calculations.

TRELGHETHZREEOEN 4 ECi D E A ORI
PLHED 00D mitBIbL, Au (Ou==r) DELIE DX
&Ll B, A REBEOSBBFERYELTHTHD,
Fontanet wave & {MEINn TV 5, ERT by, o) 133
AP (EERECREIRISLLER) OEREBE
¥Thb, Fig.-5 ORSEHELIEL,

e (5)
ThHbD. Ay, A, A L EORGEXRET HEHIX
Phillips DIEHEIBTHOBERT L » THHEATES Z
LEEFEELIIREL T B, Fig-7 i% Fig.-5 OFTH
B LMy OBMERL RLCSOT, EANE
B ChHD, A KDV HFRESICESCHREHH
LR TH D, Fig—5 LikZ=igsh («fh) 258cic-
T B2, x=0 (station 0) O RFEEDBVRL A
B ABERERIEREMCEWEELTWAZ LA
Mbo FEEMET S L RBEHBOEL DL

Table 3 Amplitudes and phases of component wav-
es calculated from some experimental records.

Amg,’llg;‘ge Height | Pressure Vz‘f(t)tc(;g,
Ao (cm) | 1.082 1.017 11.935
Oa (rad) 0.0 0.0 0.0
An (cm) 0.289 0. 268 3.886
An/An 0. 267 0. 264 0. 326
64 (rad) | —0.637 | —0.732 —0.497
Ay (cm) 0.138 0.112 1.974
Ag/An 0.128 0.110 0. 165
621 (rad) | —2.617 —2.698 —2.907
Agz (cm) 0.309 0.248 2.605
Agz/Ant 0. 286 0.244 0.218
62 (rad) 0.752 0.737 0.497
Ay (cm) 0.518 0. 426 4.790
Ap/An 0. 478 0.419 0.401
61, (rad) | —2.593 | —2.596 —2.426
Age (cm) 0. 156 0.137 2.221
An/An 0. 144 0.135 0. 186
02 (rad) 1. 402 1.395 0. 944
Ao (cm) 0. 181 0.131 1.622
Ag/Ag 0. 144 0.129 0. 136
O3 (rad) | —0.619 | —0.448 —0. 051
A (cm) 0. 169 0.115 1. 696
A/An 0. 156 0.113 0. 142
Oy (rad) | —2.298 | —2.169 —3.793
A (cm) 0.177 0.078 0.513
Az/An 0.108 0.077 0. 043
Oss (rad) 1.808 | —4.296 —1. 145
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Fig. 8 Two dimensional spectrum of horizontal velocity on bed
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Fig. 9 Schematic explanation of transportation mec-
hanism under asymmetric wave forms of horiz-
ontal velocity component.
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Fig. 10 Schematic explanation of developmental me-
chanism of dune.
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