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EXPERIMENTAL STUDY ON THE TURBULENT FLOW
IN A TRAPEZOIDAL OPEN CHANNEL

By Hirotake Imamoro, Taisuke Isnicak: and Masaru NisHIDA

Synopsis

In this paper it is the objectives to investigate the effect of the channel
boundary on the mean and turbulence structure in a trapezoidal open channel.
Precise velocity measurements were carried out by using a Laser Doppler
Anemometer, and two kinds of flow visualization techniques were used to make the
three-dimensional structure of turbulent flow visible in several trapezoidal open
channels.

Secondary flow and its induced secondary flow cells were directly visualized by
the refined tracer method. Some attractive photographs are shown in this paper.
The results show that secondary flow cells affect on the distributions of the velocity
and the boundary shear stress.
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Fig. 1. Schematic illustration of second-
ary flow cells in a rectangular
and a trapezoidal open channel
(@ 3-D model and (b) secondary
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flow cells in cross sections.
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Table 1. Hydraulic conditions.

Slope Slope Water Discharge Discharge Friction Reynolds Froude
Case of bank of bed depth velocity velocity number number
cos 6 I, H Q/s) U.(em/s) U;(ecm/s) R=U.R/v F.=U./VgR

C1 0.0 1/400  4.00 8.54 54.87 2.82 15000 0.88
C2 0.5 1/400  3.98 7.38 54.25 2.81 14500 0.88
C3 1.0 17400  3.92 8.08 57.85 2.84 15300 0.96
C4 2.0 1/400  3.99 6.91 55.73 2.72 13900 0.95
C5 3.0 1/400  3.98 5.63 52.12 2.64 12300 0.92
Cé 4.0 1/400 3.9 4.52 49.31 2.50 10500 0.92
F1 0.0 1/800  4.07 1.56 9.81 2.03 2900 0.17
F2 0.5 1/800  4.00 1.36 9.97 2.00 2900 0.18
F3 1.0 1/800 4.02 1.40 9.96 2.01 3000 0.18
F4 2.0 1/800  4.01 1.24 -10.00 1.95 2700 0.18
F5 3.0 1/800  3.98 1.07 10.01 1.87 2600 0.19
F6 4.0 1/800  4.04 0.90 9.90 1.78 2300 0.20
L1 0.0 1/400  4.01 2.06 25.62 1.40 7700 0.48
L2 0.5 17400  4.02 3.12 36.95 2.06 9300 0.69
L3 1.0 1/400  4.00 2.85 32.22 1.79 8600 0.60
L4 2.0 1/400  4.01 3.73 38.69 2.18 9600 0.72
L5 3.0 17400 4.00 3.80 36.51 1.93 9300 0.69
L6 4.0 17400  4.00 3.96 42.53 2.21 9200 0.84
S1 0.0 1/400  4.01 8.60 59.12 2.78 22500 1.03
S2 0.5 17400  4.01 8.60 59.12 2.78 22500 1.03
S3 1.0 1/400  3.98 8.04 57.44 2.65 22000 1.01
S4 2.0 1/400  4.00 6.63 57.15 2.50 21600 1.04
S5 3.0 17400 4.00 5.34 49.42 2.23 17500 0.93
S6 4.0 17400  3.99 4.25 48.30 2.33 15400 0.96
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Fig. 2. Instantaneous distribution of longitudinal velocity on the water surface
(left-hand side) and lateral distribution of normalized mean velocity, w/Un,
and normalized turbulence intensity (right-hand side).
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Fig. 3. Frequency distribution of observed number of high speed streaks (upper
figures), and probability density distribution of length, {, (middle figures)
and lateral space, s, of them. (2) : frequency N, (b), (¢) : probability density P.
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Fig. 4 Photograph of experimental set-up for the neutral buoyant tracer method
and supplementary figures.
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(a) (b)

I1g. 5. Photographs of secondary flow cells in trapezoidal open channels, (@), and
pass lines of neutral buoyant tracers in channel cross sections.
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Fig. 6. Processed secondary flow cells in channel cross sections. Solid-line circles
are clockwise cells, and broken-line circles are counter-clockwise cells.

14 50.7% & D — 2 H3 T0% LI E DS Table 2. Characteristics of secondary flow cells
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BB LOERERTRD 51 B 507 |+32| 042 |1.59(0.40] 0.13 |0.51
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NMIHEHT 56D THD, THEND P: ratio of available photos to all of them, N: number of cells,
TN—TIBT 5 LOAE IIEN S +: clockwise, — : counter-clockwise, D: diameter of cell, L: arc-
Mo LT 3, Sl os R % length of cell, V: tangential velocity of cell, A: local water depth,
. ° . i U,: discharge velocity, /"' : normalized circulation.
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Table 3. Characteristics of secondary flow cells by

conditional sampling
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Fig. 7. Probability density distribution of normalized diameter, D/h (upper figures),
normalized tangential velocity, V/U, (middle figures), and normalized
circulation, I’ (lower figures), of secondary flow cells.
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Fig. 9. Distribution of longitudinal mean velocity U and vertical mean velocity V
in a rectangular open channel and trapezoidal open channels.
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Fig. 11. Preston tubes and their calibration results compared with Patel’s curve.
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Fig. 12. Boundary shear stress distributions in trapezoidal open channels.

THHM U 72 Ap & 1y=pgRI TR SN B VEAL & AW OB E RS B ikicik -1, €7, L
FRRTHBREd=03mDE r —H{EHW LD TH B,

Fig. 121, SATOHNMERE 12050& L, S+ 7Y v JTHMM S H, IS T 600 {7 — 2 2 LT
HBonkAR 50 (1) 3043 (2) REMVT 2Kk, o THELLTRLAELDOTH D, 13
B, LA s T - TR Lfid ts—ogAl 2 RSB BHIFEEROCTO S, 20l io
FHEEHI 6% ThH O BRIBLINAUBESI BN TV S, K&, NMORIRMESIEIZED 51,
TR & B AW ISR SR O S ES B EN D, T, TR S ORI Y
EDEIEIMu & O HEE L 7450 & RIF S8R LTE D, Fllo Z45M0kb i s, I8 oo iz
WTHET B SIROREEE N D, B ATB/KBE OBE I IKIAIT 0 THORE A 5 LR NN T/
B DL TO LR BNMTH 201, KIS OB IKETT 0, BRI ITHATE T A2 ¢

— 13_



948 TABIKIIEAE®R $325B-2 F 1.4 (1989

TRE - ENHTARE B > TV B, 4B, BEMKEOBRSCBATER CREATAMNIN0LEENLD
DEVSEEIco VT, ZOETOHAMALETRRETS 27120, SROMFRC K BHNERE
B o, 7, BIETRLEL DI, TREBHARICES EUMNOHMIRIICRET 57100,
BEEH AN & CIRIROSEIERITICIE t OXFEHRIDSKETH 2BNHERSIN S,

4. B YL

ARETIE, BRMENKEICB 2ERREDKNICSVT, ZO=RHEOTERTS 5 IRfH
YOI VRSN RFEL VIcEB L TEB LB OERERERL, ZIKKZ O bOOFHE
ERETT B L & QICEESTB L UREY AN & O E OB >V T ORI EMA 120
ZOBBEABHNT H5LROL S TH Do "

1) # 2o UHEARELA8EKE S 2BREEEOFEAMITRILERORT L b, BliAEIC
IKER i — VAEET BB SEBEORAET 2 2 &4, KEL b TBT 3 R &BFRT 2 SRRSO
R BOFEHRER L o RS W, 7, BBVKBORERTE L bRBFTKE & RIFERE O
WAMRr —VvAEETABEOFEANED S,

2)  JKEE Tl Ic R - ERIE X 0 BIFER O R & ki v E, kT ER VRN OERAL
ECEERRILT BT & EREE 7 o 1,

3) ZREENVIAR TS - CHEIRMIICRET 345, TOREMBRESC, ok, REHEFEEL
FTRENY P VOHBERRROTZORRERET 5L, OO0 VHIES CHBADARETUE L
12 EINBEReLE LTIRATLE S alfbiEdid 5 C L MBS N,

4) BIMEKEORARTREROEEBBENS B3I >N T KR VOERSEE L85, T,
AR ASE R 1R A AN i BN RE L - IR VTR S h, BEREAMHOH RS L
THEOBEALERET 5HRAHGERL 5N 5,

5) ChoOTREENMZ, HIEECRELZBOUIRBICLDFERSN, ZORLHPESITHLD
N AEFEREL TRIBT 5,

6) “IREEVOKEX « ABHE « B AR LR, KED05~06fEokEs2RHs, WEF
HHED 10% ik ONGEE LT T e ABFEHNE O TH D, KELHETIHRED 10% HEHWT
HEELL @RI 05 AR E S %,

7) EEEE B LUENBESONFHICE, TREOFEERTRARESAOE FONHOEL EH5ED
Shah, FhoIIMEESHE cot 6= 2 RIBICRIEMEEL LB, T/, “RKEMCLZEEA, FORE
RIBEORKHEE > ¥ B LUK L D ESbahTRbO B 1o, BFICEBAD SN,

8) THLEER L B OHABEOLB L b, FEEHZEVAIREN7 P VvOFRITRERTO
SR RS R HAIHR B 48, TIRFEE VSO WTRETY B Z &L O VORSREO—ED
BERBIEINDID, HEOROFEWICREBSHETH S LERENS,

PIEDERERTH 3, SHRETEROEBUREOEREX Y, “IRRORLBRENL L 2RH
F3EEbic, BETANMNSELOBRIIDWTHRAEMAZTETH 5,

EEXHR

1) Olsen, O.]. and Q.L. Florey: Sedimentation Studies in Open Channel: boundary shear
and velocity distribution by membrane analogy, analytical and finitedifference
methods reviewed by D.McHenry and R.E. Glover, U.S. Bureau of Reclamation,
Laboratory Report No.Sp-34, Aug. 5, 1952.



2)

3)

4)

5)

6)

7

8)

9)

10)

11)

12)

13)

14)

15)

16)

1))

18)

19)

A - AiE - BB QEMERKRE A O KBRS\ T 949

Chow, V. T.: Open Channel Hydraulics, McGraw-Hill Civil Engineering Series, McGraw
-Hill Book Co., 1959.

Ippen, A.T. and P. A. Drinker: Boundary shear stresses in curved trapezoidal channel,
Jour. Hydr. Div., ASCE, Vol.88, No.HY 5, 1962, pp. 143-179.

Ghosh, S.H. and N. Roy: Boundary shear distribution in open channel flow, Jour.
Hydr. Div.,, ASCE, Vol. 96, HY 4, 1970, pp. 967 - 994.

EKRE « ILIE—1§ « REFKA: BEHEHR/KERO =XoTELFRME P 2 RRIME, +K
FOMEE, ¥ 81T, 0-7, 1987, pp.55-63. '
SAERE - QIERE: LDV IC L 3BKBROUOEE <7 bRV T (1), FEAFEPK
AR, $2858, B-2, 1985 pp.471-486.

SAER - DIERE - BEER: LDV ok 3BKBHRNOEE~ r AGHAIC>VT (2), H
WMARFHKPFEHR, 295 B-2, 1986, pp.627-645.

SARERE - IR - BREEH: LDV o X 25HKERNOFEE~ 2 b vitllicowT (3), R
TARFBS KRGS, %530, B-2, 1987, pp.643-654.

SAREE - AIERE: LDV IC X 2BKEBRIOFEE~2 bVEHllic>0T (4), FEKFERK
W, ¥ 312 B-2, 1988, pp.815-823.

SAER - GIERE. BKBRNICB T 28RO 3RTHEIT->WT, 5 30 BEUKEBHARE,
1986, pp. 565-570.

SANEE - DIERE - BEER: BKBRNOREELFICE T 5 3 KT VLT, E31H
TKEEBIHAROUE, 1987, pp. 431 -436.

Imamoto, H. and T. Ishigaki; Measurement of secondary flow in an open channel,
Proc. of APD IAHR, Vol. -2, 1988, pp.513~520.

Imamoto, H. and T.Ishigaki,: Mean and tubulence structure near the inclined side-
wall in an open channel flow, Proc. 3rd Int. Symp. on Refined flow modelling and
turbulence mesurements, IAHR, Tokyo, Japan, 1988, pp. 545—552.

SXER - QIERE: GTMERKRRND 3 RoukiE B4 5 EBRNAF, 5 33 E/KERES
W, 1989, pp.517-522.

Nezu, I. and W. Rodi: Experimental study on secondafiy cureents in open channel
fiow. 21 st IAHR Congress, Melbourne, 1985, pp. 115-119.

Leutheusser, H.L.: Tubulent flow in rectangular ducts, Jour. Hydr. Eng., ASCE, Vol
86, 1963, pp. 1-19.

Kight, D. W. and H.S. Patel: Boundary shear in smooth rectangular ducts, Jour. Hydr.
Eng., ASCE, Vol. 111, No. 1, Jan. 1985, pp.29-47. )
SAMSR, RERE BUKBRNOSEE AL GBICEIT 5 ZRIRE, SUERAYN KA
4, %268, B-2, 1983, pp.477-487. '

Patel, V.C.: Calibration of the Preston tube and limitations on its use in pressure
gradient, J. Fluid Mech., Vol. 23, 1965, pp. 185— 208.



