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ON THE TURBULENCE CHARACTERISTICS IN
CURVED OPEN CHANNELS

By Yoshio MURAMOTO and Koichi ENDO

Synopsis

This paper describes the turbulence characteristies of curved flows on the basis of
the results of velocity measurements by a small propeller type current-meter. The
measurements were conducted in two kinds of 180° curved open channels with 50cm in
width and different central radii of 50cm and 150cm each other under conditions of
supercritical flows. The turbulence characteristics obtained from the statistical analysis
of longitudinal velocity component are summarized as follows.

The intensity and the length scale of turbulence decrease in the curved and the
downstream straight reaches except the outer part of the inlet region of the curved reach
with the smaller central radius. In the outer part of the region, the turbulence intensity
increase, but the r.m.s. of the velocity fluctuation are no more than that of the upper
straight reach and the turbulence scale also decrease. The decrease of turbulence inte-
nsity and scale is due to the decrease of energy spectral density in the lower frequency

range.
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2 AEOBME

AR ORE A IKEKILIE 50cm, EX 30em ORGFHMETH-C, £, Tt llm OEZKED
RIiciRA180° DRLL PR OB EA ST 5, B OFLHMERYERX 50cm & 150cm o
Thb, KEOESTIFEE» 5 A8, @iliffiiElty = -1 B8oBETH-C, KR 4~241/s OHEHET
Manning OHEFHRE #=0.010~0.011 &/t 5,

PEBE I, TEE 30 cm/sec LU L CHEER 1<0. 04 sec, ERM 1.5 cm DEERAME X ic, B
HIKEE T & OGRS & AV 5B AR DIEEELSRIEIC 7S 5 O T, FEWHES X OFIICHT 50K
B FOEMKE CHET OREAY 0~+50° OFHTEMITTHEF L, TOKR, HAOFELTE
BHECR LTk 0~+10° OFEFT5 ZLHOWEA, Fhicoun T £20° iz 5 LEh OB X 2R
L, HEREDFT b EFCE TS = &b olc, £ 2T, MEMEIREZELDN S KERRIT
R THT7eL, BHEIERICER T F AL RE EOBR A R 2 RE L.

Table 1 Experimental conditions.

Central

Exp. No. radius 7e Bed slope | Discharge Depth Re(109 Frs
7e(cm) B i QU/s) hs(cm) R
I 50 1 0, 0045 18.4 4.80 3.85 1.10
I 150 3 0. 0050 ~18.4 4.20 3.81 1.35

AREERFTIC - 7oK EBS L Table 1 D X 5TH%, Table 1 TKE hs, Froude # Fr s (32RO
Lift 5m OWEICRTHETH S, BHREMITEHHMERES L O EECH LTAF e miE 2 T
SHERRE T 2 72

FEDOPE STENOEREF A ) BICWTHAE () OFHERFTH & &FME LT, Exp.I
TiE, x=-—2m, 0, 45°, 90°, 135°, 180°, 1, 3, 6, 10m, Exp.Il Ti¥, x=-—2m, 0, 30°, 90°,
180°, 0.5, 1.5, 3, 6, 10m DFIMIE TAc»7, 1WEMIC BT 5 BIE AT HEH T KBER» B
1L5cm D1HKREL, BHAXKBFHOIBHASTHEEL LT y=0, +£5, +10, +15, +20, +£22.5cm
DUIPETH 5, Exp Il Tii—# y=F24cm ORELfTe-> T 5,

—HIE R IUT B IEORIERRL 25~30sec, LFEOFA L D BHIIRIIH 0.1sec THB, Eho
Hatimizix, K200 D RIS/ A Ay, —i5003s X O\ 1000BDOFEMEIC>WL TR #1177 » 1t L
L, APEOEETIL, F—2DEHC X T, FHHER LOELh BRI B E cEZnAbhith ot
DT, AL TRTNT200EOREEOFNHERIETERLTH B,

3. AEBREZORE

1 & R

AERC BT BMANE, Exp.I, Exp. Il \Sh $EREET Froude F» 1 ia\ W HMRETH S DT,
B CILRATRICEEVCARDEIK S LR IRE AT, KEOBVBEAL YL, Fig. 1 C&5EHK
DEHERFHTIC BT AN OEKEEIRLUTH D, Exp.l T3, KFik x=—0.2m~55° DK KRR
THLED EotopRE B L T30, FRUATEERREBOBHMIBA I & FEOSKEMBEL L T
%o Exp.II T, x=30°~60° THOBKEZEL, £=45° ORBEALHID L DAk TV 5, B
KERCKT 2BHMOEBIISHOERICKWTL 2=—0.5~0.5m D& TH-T, N () 8L
A (MD BEDFRAKAZEL Exp. I € 4.7cm, Exp. Il € 3.6cm THhHb,

3—2 FHREOFH

Exp.I, Exp.Il OFWEIC KT 5FEHE & 045 Fig. 2 2R TX 5 Th b, AEEHEICOL
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Fig. 3 Distributions of local turbulence intensity.
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T, FHEHCNT 2 EEEOBEY, Exp.I Tt x=0, Exp. Il Tik #=30° » b HEH i HbhTw
B, ¥ 10, AT CRAMESLKEFOME L D BRI DA BERI~BATT SRTE, Exp. I Tik x=135°
~180°, Exp.II Tit x=30°~90° TH 3, 5 LIEEHEDOHMIN THEAC BT 3H%LT TR
ThETELOWETHLMCER TV S, L L, RROMEDIILALIERRETLINICLDT,
BHCREE CREEA LR D X 57> TV T o 5 LicRAREI N D DIREH IR B,

KB RRIRTRATEE A2 SR~ BITT 2EH S 5 W IEER HRORE S S BENANDIECE S

WIEIE R ORERORRCHL L, LTORAMEDORA 0 KR TEbLIh DY,

Uh h‘l/s
T 2. 95:Uyr 2.25emg\ iy
hyn L LTEAFEROZKEX AV, £=0.4 & UOKBRLBRETHETS &, Exp. I iex L€ 6:=171°,
Exp. Il okt L 6:=48° L7n%, AFRTIER, ZRECOWTEHMSIE XTI > Qo WO TIERI
A BiwA, HEEELROBBCHG L TR, Z®IKIEZD 0 BB TRRICK>TWHL Dk
Erbhb,

—F, BHETROBESHMCIT AMESMIL, Exp.I Tt x=10m TEARE IABRPRBCHS
2% HIEESAEOFE - 5 BUTAR L D EREMNRTH - TlhbElHf 0 FEIB-TW 5 X 5 Th5,
Exp. Il Ti3 x=10m THEEDFEITKZVIURTHEG R L LT 5,

-3 EhDBREOZH

Fig. 3 3Elhod (Vyi/a) OXERHAOH Y L EHRE, ZihEle FRERTL o3 TRl
LT, Eo2Xa Exp.l, T2 Exp. Il THbH, 3, Exp.I Tx=-2m LZEHRL LOTHR
BERTCRI AN ORIOGHEX BT H LoD Libh b,

x=0~135° Ti¥, KPR L DR CALA OB EINEEL, AMUTESL LLHEALTV5, x=—2m D
fEL LT3 LA BER  DRKREIR 215, RBE~OR/IMEILN 1/212/c>Tw5b, LaL, ZOEhOM
XD Fig. 2 WRLIC 8 OEEFIT 50T, AOBKERL & ORET L > T3, EhoEE
Vyr LT, 2=—2m T 5.0~5.4cm/sec, 1=0 L45°DHNBEF T 2.5~2.8 cm/sec, JMEEFL T
3.6~5.9cm/sec TH - THETHHAVEETH 5,

£=180°~3m T, EHhOMITEHETIRERRLSHFH TR T HECHIL, £=6~10m T\ 7z
EHEMLT BETAEENADRS, LaL, x=10m T4 LREST I v EhoBIihsl, fih
HE Y 3.3~4.8cm/sec TH - CHMBMOMENR - TV 5,

—7%, Exp. Il TR DIZL D DEELY ST 5 x=90° 2180° DINEER B E\VCTAMIIz kT 28l
DOIBZLM FHAMCHEEL, 2=180° TIHRAROH /2B LT3, x=30° T, L LIRS
BHEENAALNDH Exp. | O X 5 CBHE TR, FBHMC—FR oML LTw5, RIBERKKT
13, z=3m »HRECEEL, r=6~10m TIHEFHAERIOMIC S &5, ELhEE D x=180°~1.5m
THRMEZRL, KBFMHETHHMATED 4.9~5.3 cm/sec iZxf LT 1.8~3.2 cm/sec AP LT 5,

PED X 5 ZhRoBsiAk T, ZiOMAS THLRLOM X 2 REICRY LAMICRAT A EEHE
EBbh3, 25 LABgit Eskinazi-Yeh 2 L » T Aspect ratio AKX \~ ¥ Dz iR AK K TR
EIhTEkY, Fig. 4 RANTHIET S 3WEONEME Exp. 1 OFEREAHKLTHD, HED
FAU 7oKk BgIL Aspect ratio H/B=15.5, SEEOHLIMER—KEMIE 7./B=10.5 TH-T, Exp.l i
U THiERY 1/10, EX LB OLII00f51T/c - T B, LichiaT, W3 5HBEOBE DNk
&<, BHRALS XORBET S DML Exp. I Edis 0 Ris-> T3, L L, BiEHhRTCERT
% &, Eskinazi %0 52° & 172°~236° 21T 30N BIRIZ Exp. I ©45° & 180° D% 1L L AETH
>C, Exp.1 OFEITEN DB I OBEEEN L DEECHELIh TV 5Dhba 5,

Fig. 5 (ZHHEEY OB OBMAR CHEI N Yen kX1 Misiar ORIEHELE AEBDER L
LD TH S, Hhoms (Yyr/dn (X 1BEROVEEETH > TEOHTHAD BNTE

0;
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Fig. 4 Distributions of lacal turbulence intensity in Exp. I and
the two-dimensional curved wind channel.
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Fig. 5 Longitudinal distributions of the mean cross section values of
turbulence intensity in different curved open channels,
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Fig. 6 Distributions of coefficient of auto-correlation at center of each
section in Exp. I and Exp. II.
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Fig. 7 Distribution of coefficient of auto-correlation at each point of
radial direction of two sections in Exp. II.
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hTw5b, 7t¥k, Yen OFEBUKIIGTNIE CEME—KFELIX11.7211.9, Misiar OFITRITRE
T2.5210TH 5,

KEDOHEROKZ - Mésiar OHIEEIL Exp. I & AR BT —EHA L ObEETEHAL D
%, L, Yen OfEETIHECHAT THELLOBHALTWS, Zhix Yen ORIESIETKE
DE2EWMHTHIebh T 50T, F1EMRMOBENEPh TV SIbhLELLRD,

3—4 BCHEARKOR

ACAEBIGRE R(D) DOFHEIRT — 25200, +H LH20& L CRIMHBIGRE Y R 12, 5% HFEKED
R(@) ix (0.111, —0.122) TH 5,

Fig. 6 (X x=—-2~10m OKEKFOHLECKITS RG) OSFfxRLIcbDTHbD, Exp. I, Exp.Il
LA RT 5 R(t) DAFITests LT LRERR TR LD R =0 ~OFT,HEL, THER
Wb FOEEN ST BDORADOLNDE, ¥i, RGE) HH0 ¥R HEOELY Exp. Il © 2=0 &
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Fig. 8 Distributions of Longitudinal semi-scale of turbulence.
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£=180° DEFEICO\VTHEBE L 2okiRas Fig. T WRLTH 5, £=0 OBETIZ, BT (126<r<135
cm, 170<5r<174cm) O R(r) BABHRRBOLH X DPEL, UEOFERALRD, $=180° OPEE
SEWHIA 7=126, 127.5cm ® R() ik =0 TALHMEADEIL L VETNP BN TH-T, h
BHRhDIRL hOBELEL OGRS, ThEADHED R(E) 133X T r=0.1sec TFTC R(®<0 &
TeoTkD, x=0 OHED R(r) HRTENTELIH LY, £=0 & 180° & TIXPEIEORIZ P
Vb, S0 RG) OBLRERDAY — A ORPCEEL T B LD LER bR, '

DX Exp.1, Exp.II &M;QBMLMZQ R(@) DEFTHEBLL, Hh DAY —LOFDIE
EEFECHET 5L =01 sec ITORER T 5 LEND 5, AFEBRICHGLRET R JOEEB T,
t=0.05sec RETH-T, BHEIFICIIT5—EWDO 7~ 2OV THAL D EREL 7=0.05sec ¥ THIK
Licad R@>0 il bish o1,

Fig. 8 1% R(z) %ﬁoﬁﬁﬁ%&bt&bO{Eﬂ.ﬁﬁfg%Ta LTesAr—a Lx Qﬁi‘ﬁ’i’n*bt%ﬁ”cé
%, 1oL, Lx=0.83lars, R(re)=0.3 TH%H, AEMEH T, X< DBASPEEES #BRWT Lx &
AMCHBELTHRD, &< uémoaﬁsoﬁ#ﬁa Rkt Exp. II OBRBEHES L\, TREGBCRT 5

2g™. ¢ . 3 SN Exp I
IEEINN [ NP

X245

3 L b L Lo L L i L Lo 1 TR ) L
J 0
10 |v ] v 1010 v | I‘O-I‘d [ Alsed 10
)
F(n)I ﬁ Ew.1
ec|. L
10 - C
0% v r C
N
X=-2m A
3 I J | L MR | ) PR
10 10107 1 oy 10

10* ! ‘IO 16 n{sec

Fig- 9 Energy spectra of turbulence velocity at the outer.part and the
inner part of each section in Exp. I.
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Lx OBINIAIEEOZEIAEVOTHLA TRV, Exp. I, Exp. Il & ik x=6~10m TLHDME
CEHEL T3 X5 ThHb, Biicili~<7 Eskinagi £OERTIT, LhDOR/MNER IO EEEEMNE bICH
BTRAL, SETHATAREYE T AN, FERTIIE S LEMIEE TR,

35 IRNE—ZARIMALDTH

ANO=zAF— A7  VBEOHEIZIT Bartlet ®FiH 5\ it Turkey OFER BV, HEY
BERALI-DERALLCHERNRE D -0 TH D, —EHOF — 2 FEC OV THEOHETRDIFERIC
BRERENROZ E2WrD TS, Turkey DALV 7o 54, HEAE X 18.5 80% FEBERBIL
(0.06, 1.44) TH5,

Fig. 9 13 Exp.I C x=—2m, 45°, 90° @ 3WIEIZKITHAR2Z r ABESM F(n) 2R LILDTH
2T, KEPOR L D ARORIEME (ERD L WAIOREME (FRD Lok Ih T35, ABES T, #
=—2m~90° ORI CECEEE L EA R BRI, WSHOBE & AR IS ot TERBIR
T F) ZERLTCW205Bdbh b, —7, KEOHOLLYAMTE, K TFHAAOE s BE b
h, x=90° OWEICKITS F(n) OHEEOI 5HIE x=—2m D 1/210/ > T\ B,

DERE, Exp. Il oWCkBROEEENEETL CkiT 5507 F(n) O THAORE(LE =T & Fig.
10 DX51ied, WIShofilf izl T 0.4<n<1.5sec™t DEFFEEKD F(n) 2EEL, 2=180°

o
sl Exp I , y=0O (r= 150cm)
F(n) 4 20
ec x= 0
2l
b
8t
6L
ab
2t
OJO.OI z & ééo'_l 2 % ééi z E R P
n(sec™)
10
Fm °[  ExpI, y-22.5cm
emdr, & (r=172 .5cm)
4
2
l -
aL
s-
4t
2F
Q.1 3 — 3 R z CRECR)
0.0! 0.l U (sec) 10

Fig. 10 Energy spectra of turbulence velocity at the ‘center and near
the outer wall of each section in Exp. II.
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TIZ LA F—H#c7c b white noise [EVWHHEEE L T35, 2<n<5sec™t O HiFHTIX noise 1%
< F(n) DERENTEB ST,

7e¥, Eskinazi 5% 0.04<zn<15sec™* DT x>172° © F(n) FHOPEHEERL T 5B, £
hickzdk, WNBEEL O F(n) i3 n>>0.5sec™ THEED F(n) X hREWERZRL, #<0.5 THEL 7
5 T3, Lnl, AEROBUEHEED LS F(n) O 5 EHIVERBER CARCHEY T EHAII AR
T\,

4 ¢ 3 U

BLE, AL TRAEHARBIZRT 5 ERRL OENICONTRA Lo, FOBELYEHNTIE2EDLS
TH 5D,

JRIE D HIAKRE TiL, BIMEARONUZIRNT, HAROBEI B IVAY — L ZBPL, £ OPEIIE
SAOEE ABREFHRIC RS, ZHlEASOMITE, SHEOHACEHILORXITHAT S MNELLOME
B EMERBEFA CH B MNIIWEEZTRL, oAy =L 3EPT5, BLhOBE LAy — L DR
PR=RAF - A7 P VBEOERAERSOBHEERGE L TE D, Eho=31¥ —4£ROET KRS
Bh0rELLIS,

O LR D=2 ¥ —ERBOE T, BRI 288K (FK) OHREFIADEE = 5 BLOW
DR IOFERHED Strain rate OFA CAEIRSHNOEI) WERELTV5, Lal, EEOZK
BRI 5N OBELH LT 2103, XORIKIESOEEBOHRWER S L OKEHEDELRICD
WTHRHTALERDH 5,
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