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ON THE TURBULENCE CHARACTERISTICS IN FREE
SURFACE SHEAR FLOWS OVER WAVY BEDS

By Hirotake ImamoTo and Teisuo UENO

Synopsis

This paper deals with the turbulence characteristics of free surface flows over some artificial
wavy beds. The turbulence measurements were carried out in a laboratory flume using a hot-film
flowmeter of wedge-shaped type.

Two kinds of artificial wavy beds were used. One was a triangular wavy bed, which had a
similar geometry to dune-type sand waves, and the other a redge type, in which various ratios of
separation to height were used. The experimental investigations were made about the turbulence
characteristics, such as the turbulence intensity, the skewness factor and the spectrum.

1. #& B

BEERN IRV TR, HKERPOHEAROKREL L OKELE LAKDBORERIE L TEEDOH
KEBBEREINLY, ZOFAFERBOERABEIBO TREARKLTHI0, BETTHELZ{ OFE
B, BFNMESENLNTELZR AP PDLT, ERAKRBBONTVELLRECE N, Z0LI %
25T, BEBKKBROBEES 2 VWRKPOMEY %L 5 IKEL TR, FRIBEKE NS sand waves P ED
IO BB TRAE - BET IS, i, TNANEOLS ZBETHOL, ILIT, ZTOoLERENLEKEORH
HBILED L) 2FEBEDLNL L ERENICREAT L Z LBEECEETD 5,

FIRBRBORAERE T 2BITOMED, %% L L THKRRFF2MNEBLORE « FTRED
BEXHKLEDOES L L UVEREO FRRICE ST TRET LB OAEZDLNTETEY, DA YVYORK
BBEFONTETH LY, ~HREPNT, HATOIENEOMED b LITHKRRBORE « REOBEY
BELLY ETHRAIEN Yalin® SRRL-TRINTWE, ZRIZF LT, ERRFEERITL - Tk
Th, FRESZBREICEEINE L TIROBEICEERT 20T, KRhOFEHEEITH LIS
TLEBEETTHRANEEBINIFAERBORE « BEBEANEOBEROAICL > THRT LI LB TEEZNE
O #td (Kennedy?) 323N Tnb, ZDLH I, FAKERORLE « BERBOPTCHAPREETLEHN
BEDLS RN RTOrEHOLLRT LI LR, BE, FEREBELFEL A2-Tnb, £, AR
HRICHT AARAREBRRITL 2 &, HPBWFENEZKERIZE - THE X WO N OB 2 E/LIE
BThsLE ARKOCEILAEREBELTREL LS00, FKBREBHREES L 70D TR 2 KELH:
CEzOBRRBERDONETNE AR LRV, 2O b, FiE - RELOOIIBHR LT 2ENIE
FENIS L TZ ORI ANSBESA L ICINhEEZLEZ VW, LI, ZoL5RLTERINL
sand waves LORNONBHEOFHMBBEOLNITING &, BEHEKKENZHFT2HEES L CRDOMED
BHAKELBET LI EXEDTHDS,

Raudkivi® ZATHICEE LB ET, MhoRE, CAWOE X CEDSEICHEL THMEME LT
hoTh Y, ZORBREBEEERELDE CORNORBEERRILPTHL I Edbh ot 7z, BH .

— 1 —



522 HRPIKBETERE 1658 (15.48. 4)

ZEFLY BBEKENZEFT2ENFI TR, HAKOENOR <7 P BELFEKEDOZN L OMIE
BERERIL, Bk IERELETNLA, sand waves LOBNICE B 2 NEECETIHER 27 &%
oV THBLEEL S,

AL, BREKEOHRNICETNIANEBEIIOWVT, &y P74 V2 KEFHICLBENFIR I -
TEBRAOIBH L3O TH - T, UTRFTIHOERLOBRIN TS, H10ERE, BREKEL
ORNICAENIEANKHEPFUBREOLN L HBRAT LI LICL-T, TNOOHOEREWUL DI
THLLEHBLETZ23OTH - T, BIREBKE L CHERERD dune BIRITHEST 2 HEIRERICETE, dune
FEREREZLEE - BREEATI=ZARROBECHRENBRAIN TS, H20ERE, BIKBREL
TRELRABFOIDOEA W, FHEEKP OHREE~NOBERABIL T 2HNOEANBHEHLLITT ST
LBHTINTV S, BBEOERR TR, BRBRKOBRESLOEANENOBEILEOL ) 2 ER
FRIZTHLEHNRL DR, BEAZEIZAROSRBOE LAV BERBIC LT 25N TEbN
T3,

2. RHAAFEEKUT—20EE

21 EBRER

ERFEFEOEM T Fig. 2-1 TR+, ERKBIIEZ 13m, 1§ 40cm, & X 20cm OBHET 7 Y 54 + g
HOBEHRKETH-> T, BKARRZ O HL1/200BHATHETH %, %7z, BAEBRRFENOEENLD
h, FEBKBIIEROEKEE L MEKEEZAL, GRAENIHAERCEEINTVE, ARl L K
KK L AKRBF DHURXBMUNOERICZB AL AT, THRIEZ W BHEAKITBAT 20X ¢ LRI,
KETHREORAMEKEBIZESEBHMCREBEBRE*REBEL TKOBFSRESELNDI LI RIREIN TV,
FERITAVONLFREBERES 0.8mm 07 ) * HOZABITL > TEKRIN, ZOoREBERERDODune
ERIZETABHAERY 23212 L TiE 20cm, & loem L3, BOR - HEOKEEHREZNENL 19
cm B4 lem, BIEAKBIEER U 40ecm TH 5,

: Tength : 13 m
weir width : 40 cm
depth : 20 cm triangular-wavy bed
= o N v 1
® 7 1
=)

reservoir 130 10
( unit : mm )

Fig. 2-1 Schematic illustration of experimental equipment.
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Table 2-1 Hydraulic couditions of turbulence measurements of free surface shear flows

over flat and wavy beds.

Discharge | Slope | Depth | Mean Reynolds | Froude
Exp. | Case velocity number | number Type of bed
Q(l/sec) 1 H(cm) | U,{cm/sec) Re Fr
i - X104
F 3.6 1/500 4.0 22.4 0.66 0.36 | Flat bed
1
T-1 3.0 | 1/500 4.0* 18.7 0.55 0.30 Triangular-wavy bed
T-2 16.0 1/500 7.7* 51.9 4.0 0.60
2 Triangnlar-wavy bed
T-3 1.0 1/500 2.3% 11.1 0.25 0.24
R-1 0.8 1/500 2.5 8.0 0.18 0.16
3 Redge-type bed
R-2 1.2 1/500 2.5 11.7 0.26 0.24

* mean depth (over wavy beds)
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Fig. 3-1 Mean and turbulent velocity in the flow over a triangular-wavy bed.
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Fig. 3-2 Distributions of local mean velocity. Fig. 3-3 Turbulence velocity in form of

universal function.
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Fig. 3-4 Power spectra of turbulent velocity (over a flat bed
and triangular-wavy bed).
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Fig. 3-5 Various characteristics of turbulence (over a triangular-wavy bed).
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Fig. 36 Power spectra of turbulent velocity (over a triangular-wavy bed).
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Fig. 3-7 Various characteristics of turbulence (over regde-type beds).
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Fig. 3-8 Power spectra of turbulent velocity (over redge-type beds).
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