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SPECTRAL EVOLUTION OF SAND WAVES

By Hiroji NAKAGAWA, Tetsuro TsujiMoTO and Kunikiro TOMITA

Synopsis

In this study, the mechanism of sand wave formation is investigated based on inspecting the time
variation of wave number spectra of bed surface. There are three processes in spectral evolution of
sand waves; (1) variance production process based on random repetitions of dislodgement and deposi-
tion of bed particles, (2) amplification of favorable wave number range spectra based on bed instability
mechanism, and (3) variance cascade process based on the phenomenon that individual sand waves are
unified on overtaking each other. Particularly, the latter two subprocesses are significant for forming
the characteristics of sand wave spectra, and they are minutely inspected. Furthermore, some
experiments in a rectangular closed conduit are conducted in addition to those in an open channel
for inspections of the mechanism of spectral evolution of sand waves.
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Fig. 1 Time Variation of Sand Wave Spectra (Case A).
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Fig. 2 Time Variation of Sand Wave Spectra (Case B).
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Table 1 Experimental Conditions (Open C hannel)

Run ]‘ Z d(cm) ‘ #(cm) ‘U(cm/s)

L Rex hld

A-2  0.00200 | 0.042 ! 5. 55| 26.81| 0.364 ' 0.165 | 13.9 ! 132.1
A-3 E 0.00200 | 0.042 8.76 | 32.75 | 0.353, 0.261 | 17.4 208.6
A-5] 0.00333 | 0.042 4,74 | 36.01 | 0.528 ‘ 0.233 | 16.5 112.9
A-6| 0.00333 | 0.042 7.321 39.33| 0.464 ‘ 0.359 | 20.5 174.3
A-7| 0.00333 ' 0.043 9.50 | 43,40 | 0.480  0.467 | 23.3 226.2

B-1
B-2

0. 00200 ‘ 0. 050 4,97 | 35.81 0.513| 0.128 | 14.2 99.4
0.00200 . 0.050 5.88 | 42,05, 0.554 | 0.152 ' 15.4 117.6

B-3 1 0.00200 | 0.050 | 10.50 | 50.29 | 0.496 | 0.271 ‘ 20.6 210.0

C-1| 0.00200 | 0.070

7.0 | 39.6 | 0.478
C-2| 0.00200 | 0.070 | 10.0 | 46.4 @ 0.469
C-6, 0.00125 | 0070 115 | 515 | 0,485
c-7| 0.00125 | 0.070 | 7.0 | 50.1 | 0.605
C-9| 0.00333 | 0.070 | 12.5 | 51.7 | 0.467
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Fig. 6 Grain-Size Distribution Curves.
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Table 2 Experimental Conditions (Closed Conduit).

Run 7 | dlem) liz)u(cm) \U(cm/s)\u*(cm/s) e Rew  Dold
1 |
D-1] 000505 | 0.07 ' 7.5 | 676 474 | 0.203| 33.2 |107.14
I i !
D2 0.00460 | 0.07 | 7.5 | 50.7 456 | 0.188| 3.9  107.14
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Fig. 8 Time Variation of Sand Wave Spectra (Case C).
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Fig. 20 The Relationship between Mean Step Length and Bed Shear Stress.
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T REERRATERIND MalkDo) OERTHES
ha,
M(xDo)=coth kDo —G(r4, & Do/d) .
s (25) Fig. 21 Growth Rate of Sand Wave Spectra
Gty 8, Do/d)y=8D0/24  ceeeereens (26) Due to Instability (Open Channel).
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Fig. 24 The Region of Sand Wave Fig. 25 Growth Rate of Sand Wave
Development in  Closed Spectra Due to Instability
Conduit. (Closed Conduit).
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Fig. 27 Time Variation of Wave Number Spectra in Early Stage of Sand

Wave Development (Case C).
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THY, 1(o): Bessel B, Be=pgho?/T, T : BHEETT GKOEL 4°~20°C T T'=73~75dyne/cm) Th
Y, ¢ BRENE ue FREGFEE LTRO L S IHERBNGEU LIcONERTH 5,
w/us=(y/ho)e e (30)
Fig 26 thOpiiRid 7'="74dyne/cm, £2=10cm (B.=1300&8)), e=1/7 & L7ziD R (29) DREAFGEHEL
725D T, RE8) LVRET/NIVHDDTFERKILRA Froude HAEEZ T3, b L Fig 26 TR
INBESTBRIET VY + VREROBAICIE » THIAZI NS L5 DT HUEL,
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Fig. 28 Time Variation of Normalized Wave Number Spectra in Early Stage
of Sand Wave Development (Case C).
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Fig. 29 Time Variation of Normalized Spectral Density for Each Wave Numbcr
in Early Stage of Sand Wave Development (Case C).
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E)HILRA)ZRA LI b D) Mkh) BT S &, Fig 30 DL 5 ICZDBHMO—BIZRFTH S, 72
L, (1), (13), (14)L Meyer-Peter « Miiller 1€ X 3 i BA® 2T v 252, —H 2 KOWT

(ds,/dt1/s,

I*(xhy)

&m FLET ORI LS, HMAEBERI S & SO THREMOEMIZI I, FEEHEIC
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Fig. 30 Comparison between Theoretically Obtained Growth Rate of Sand Wave
Spectra Due to Tnstability and Experimentally Obtained One.
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Fig. 31 Time Variation of Normalized Wave Number Spectra of Sand Waves
Formed in Closed Conduit (Case D).
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LT & » THBERBEOREENIND BN 5 L4 L, Fig 31 3HBLS N B BREERR <7 b
NOREIWELTH Y, Fig 32 TREK KR > TR BRI T EDR <7 P VEE GEBLLIZS
D) DISFHEILSTRSN TS, T, RO E T B BEBIOERII NIz R =7+ AVEEDRE
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Fig. 32 Time Variation of Normalized Spectral Density for Each Wave Number
in Early Stage of Sand Wave Development in Closed Conduit (Case D).
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Fig. 33 Measured Spectral Growth Rate in Early Stage of Sand Wave Develo-
pment in Closed Conduit (Case D).
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Process of Sand Wave Spectra.
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