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FLOW CHARACTERISTICS AND BED VARIATIONS
IN A MEANDERING CHANNEL WITH FLOOD PLAINS

By Kazuo Asuipa, Shinji EcasHira, Bingyi Liv and Masayuki TAKIGUCHI

Synopsis

The experimental studies are described for the characteristics of flows over a
flat rigid and an equilibrium rigid bed as well as for the bed variations in a
meandering channel with flood plains, which are conducted under the conditions of
three stages; under-bankfull, bankfull and over-bankfull flows. A lot of significant
results are obtained from the investigations. Some of these are summarized as
follows :

Velocity distributions of the over-bankfull meandering flow show that the flow
in overbank tends to meander and, on the contrary, the meandering of the flow in
inbank becomes flatter than that of under-bankfull flow and its phase is shifted
downstream. Three outstanding features are found in the equilibrium bed
configuration of over-bankfull flow. Those are the phase shift downstream of deep
scouring position, the decrease of scouring depth and the expansion of scouring
range. The reasons for these phenomena are also discussed in the present paper.
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Fig. 1. Schematization of hydraulic aspectcs and bed configuration in a
meandering channel with flood plains.
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FERIE, JKERIE 100 cm, JKBEE 10 mOEERKIE (Fig.
2) i, MITEKEREE T AENEKE (Fig. 3) %2H
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sine-generated-curve IZH » TW B,

0= Sin (275 /L) i i
CZIT, 0idxthe DR, O, 130 OBKME, L 38T =
E, ST RB gt - T - -8 TH B, I Fig. 2. Experimental channel.
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TKEE B TH B, case 1, case 2 HHMEETROERTSH > T, ZHhZH under-bankfull flow,
bankfull flow ¥ & ¥ case 3 i3 over-bankfull flow T& 3,
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Table 1. Experimental conditions

. ‘| B 0 e

casE| B Condition | 0 | () | (@) @ |l ablah|am|

(@) | Flat rigid bed 100 | 20 | 220 35° | ~ | 087 0 ~ (0.01 Under-bankfull
1 {(b) | Equilibrium rigid bed 100 | 20 | 220 | 35° | ~ {087 O ~ 10.01 flow

(¢){Movable bed 100} 20 | 220 | 35° | ~ | 0.87(0.97(1.30(0.01

(a) | Flat rigid bed 100 | 20 | 220 | 35° | ~ |215| 0O ~ |0.01

v . Bankfull

2 | (b) | Equilibrium rigid bed 100 | 20 {220 35°{ ~ |215}] 0 ~ 1001 flow

(¢} | Movable bed 100 | 20 | 220§ 35° | ~ [215| 5.7 [1.30/0.01

(a) | Flat rigid bed 100 | 20 | 220 | 35° 3 [715] 0O ~ | 0.01 Over-bankfull
3 | (b} | Equilibrium rigid bed 100 | 20 | 220 | 35° 3 |1715( 0 ~ | 0.01 flow

(c)|Movable bed 100 | 20 | 220 | 35° 3 | 715 6.2 [1.30]0.01
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Fig. 4. Definition sketch of meandering channel with flood plains.
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EERICDWTIE, ITEKBICIE sn BIEREEKE EE SO KEBEEICE x-y BERDO "D
DYRFLHBHAVSNTWS, Fig. 4 (a) KRS LI, EKEBPORCHB-THFAEIIsE 28
LERTBLICnilE L B, sHiGEICERBHITERE 0°, 180°, 360° &9 2AMEKRREAV, n#hid
ERBRPOERRE L, ERAREZIEET S, @ AR x i, GREXDARARICy #, $HE AR
zEhE & B,

FRAXCHEASNTOBEREDOERKI Fig. 4 KRIRLTVEEBD TH 505, HicLITOEIC>
WTHAZMA 5,

{E/KB&HR (in-bank flow) &EZKEHR (over-bank flow): Sk & LIROHI %2 EKEHKE L,
BKEE X IEOHRN BRI & 3 5,

F##E (primary flow velocity) & Z¢ki# (secondary flow velocity): HEEEEEITHN T,
/KR TR & BB ORISR 2128, FRIIELTERBLCIRKOERICS 2HD 4dH 5,
BKBRICBVYTR, s ARIOHSE (u) 2FF#EE L, n HFROFE (w,) 2TRF0EET 2, SK#
RicBVTE, x HARIOFRE ) 2FFEE L, y FRIOFTE (uv,) 2 RivEL T 5,

{EKERFHD S # AW (in-bank helical flow): {EKEEDKEHBIOFEEFLHE~R 7 b L2 BEEE L TR
RN B EKBRD S HARET B,
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3.1 EMOFHLE

(1) skmdk :

Fig. 5 (a), (b), (¢) ci3, #hFhcasel, case2 HBLWPcasedicoW\WT, FHEKRDBEDEK
MRS RENTHE, ThooRhs, ROLXHTBTE
Bbhhs,

(a) HEMEEKBROMEC BT KO LARIE, #H
WEHO DL /h& v, Thid, BKEBEROMED,
E7kBEHE & @ interaction I & > T/NE LK BB M S TH B,

(b) EWEETROKEFICERTSL, 0=30°~
180° OEREEKEE LU 0= 210° ~ 360° DLEEEKE
BOT, KANELREL E-TWE, i3, Ek#to
FROMEIKEEDIEITHRIc L - T, MEMicBWTELT S
hanhoTHbB, Thid, T/, BATELIIC, SKE
HROWATRREMET 25D TH 3,

(2) Hwhoy—v

PFig. 63, casel, case2, case3 DEHFKDIES
EPHRIKDBE D ENENONETETES7 bV TH
%, HlER (Fig. 6 (o), () KBWVWT, ERIEK
S S LUROMER (over-bank), B EI/KEGE & LI
D4 (in-bank) DHDTH 3,

73
$F, BNEIETROTHKRE FHIKIC B 5 poic ke W el
- o - = - (c) Case3
PLTRSL, ﬁ%‘f i3, PR “ﬂbbn%c_’ A Fig. 5. Free surface topographies
bbb, EHEFEEKLOFERICBVWTIE, ¢= 0° DTHREGE (Flat Bed).
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Fig. 6. Velocity vectors of the depth-averaged flow.

P 0= 180° D FTHRER~OHRNOEDNAE SN ZDIHL, EHRICBV TR, hosDfEELLDL
FREoMEAcEhOETLEA SN B, HEDO DL S MEWVL, ERLLEDLATVALIIIC, #
RIZKROMEIC L B 6D TH B, FHRODFEAFEIE, case2 icBLOTCIRAEE» SBENICE I AIAELT
VWBDIHL, casel KBLTIRIOBERDVNE L, THhid, case2 D/KEMcasel L HKEL, %
D=HIcfBRORBHEIAZ VI LILLEbDEEbNS, 4B, FHAKICBWT, <7 b VMR
IhE WSS B h, ChiBMHoERictsbotEBbh b,

HWmER (Fig. 6 (o), (D ) BT 3EKEFoHNERS L, 0=0° 360° DLEEEFES LT 0=
180° ERfHEICHEOBVEEATERShTWS, Thid, ALk dic, EKEOETICLS B
i OPBRIERTSZOTH B, 1o, EARESKBIcB T 3HOOBEERICK > T, BAHEL
DENBIITLTV S EMABICELI TV S, :

Fig. 713, Hhofd « ZHEE 5709, SHEGEK (CROKERD £2RLTW5H, IIT, case
I, case2icBVTIL, 2HEBE2 1055 L TKDHON, case3 DHDIB 20 EFLTRDLNATV S,

MRoL 5, Rhokd « FEIZEERE PEHEARCBOTHEFICRLE TS, 7, casel &
case 2 lcHoWTH B E, EHAFKICBVTIE 0= 30° OERBLU 0= 210° OERFEL OBV EhH
Bohz, Chicstl, SEHHEKICEWLTIE 0= 60° ~120° OAREFD & 0= 240° ~ 300° OLEHICE
FEEEATR SN TV S, ST DBHETIV,

MO case 3 I2>WVWTH B &, HHERE PHEAKICBIT Z2HAOEVE, FEKEBLTRS
ha, THbb, THEEEKCBOTIE, 0=60°~120° DHEREELYV 0= 240° ~ 300° OLEREFICH
HERSTER I TV ADIL, WKV TE, HIokHBERIIR SV,
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(e) Case3 (Flat bed)
Fig. 7. Stream lines of the depth-averaged flow.

case 1, case2, cased {EIF B VMmIKIcEB T BN
EHET B E, case3 DILKERICH LTI, HIWTAD b
DEERNOERLIEHIZECBRbI Y, WhofdiKs
THRENY 7 P LTOBDESM B, F7, case3 B0
T, @KL SIUKBE~DifTuAS B £ UKD, 55
IKBADED EFBIHBTH - T, L bk boikn
BEEITL TV 200905, 2hbild, LEFRbIKEE
EKEIC BT BN interaction I L B D TH 3,

(3) over-bank flow (28 2 LM/ 5

Fig. 8 (2, case 3 OMHINOBIGIcHDWT, 00— 30° &
O=120° DKL (Z-2Z), EKBIKnGE 22t
05(em)) BBLUTZOMHONE Z=(Z+Z)/2) ok
O BEDEM A AR L TV B, HHOMES N 2h
S hTwaEA, hold, HRoMT MUK
HEARKEE IS & F o4 2 UK & k8o BRI U
ZELic i EN TV AR b LR E W B,

0= 120° DK B ik, LB L TH
BONEL B> TOLRO0EMNTH S, Thid, Fig. 5
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okmEf® Fig. T ORBRICbEbOTHY, Khok | o
e 3 ————  Qmi/Q (Qmi:In-bank flow,Main channel)
”c“’%é—d_ % t) 0315 -7, r17k§ﬁk 3L T i) ﬁn@ﬂﬂ - - o = Qro/Q (Qro:In-bank flow,Main chanael)
MR TUBT L BT b0THE, [ T aemie i

(4) BEBOHEBROWMNH

Fig. 9%, case3 ONHEKORKNIcBWVLT, ZhEh
DHBORBHESEL TV EDLERLTVS, i,
Q R2WE 2 BB Y 28, Q. HEKEAOKE, Q. X
REKEE Fom/kBiRE, Q. FARS/KBORKR, Q. Fig.9. D1str1but10ns of flow discharge

EREKBROKRTH S, 9, EKBHNORRIZ-VT in t_each fpiﬁt of thg clffosl?
; S - - b papndn B 3 section o e over bankfu
E‘é & m*m‘ﬁ%ﬁ ﬁfﬁfﬁéh ¢)b b hb‘g—) ﬁg ﬂOW (Flat bed, case 3)'

BEBENCEELTVWE, &g, 0= 150° ~210° DFF
BicBOWTHBOBEELEMSE SN S, —F, SKELicswTR, BKEOLOHKEE (@) FiE&
AEBILLTOWRLOIRMLT, EEZhThoRE (Qp & Q) RIETHE (200 m) it L THM
FHCEIL L, EKBIBSRAL LB EFCBOTRKEE LB BN S,

(5) ZHifE

Fig.10 (a), (b), Fig.11 (a), (b) 12i3, FhFHFHEEK - EEHFAK FORNOFRERGRE O
w3 (RoARHGERTHS),

9, Fig.10 (a), (b) OIHKBMENEITH, casel & case 2 X B 2R ATEIE & REEAE & I
DVWTH B, BAFHEEIR, BAHMBOME 0=0° 180° L THE®D &= 30° £ 210° VT, VWTFh
LRI IC B B, BAFEIRI, T VWIS DAEL D THO 0= 90° OERAlB LU 0=
270° DLEEAICHEEIL, 0= 0° BXU180° itBWVTH, HBMEANCMEL TV S, FEERICBWT
i3, Fig. TiIcdRENd LD, HhoEhAERI DiIc Wb SEARBKRBIERICHEL T4
REELEVDHSTH B,

DWW, case3 DEMHDLDICH>VWTHA B E, BAFEED shicinH /vy — 13, casel,2 DEHE
£ 0B BETHRMA~AY7LTVS, Thiz, SKELIROKNICEK S shear effectick 54D
EBEbh3, &oic, HBMERICRESNABVWRO LS BEENMH 5, T4hD, BAFERIIHNEO
BALD & SIEKBBRIEE KRS A, FEROEEIEFCEC L ->TVS, I, SKE
BB E OO ERCEEROKXICLIbDTHS, THbL, Fig. TBLUFig. 8%2BEiIcTh
¥, O0=60°~150° OEREE, FEONS OEKBOKESEKE~NRATIHERCE-THD, EK
BRI, SKEARET 2HEICE>TV 35 TH S,

Fig. 11 (a), (b) OEMRKICH T 2FHELITO>VWTAH B E, FERROLEICMA T, HEEHEE
OB L ->T, HNOED « BEHF S SICHEEIC N ->TV3, ChiR 2RFPOHATICL BTG
FHOBEDOHBNEALONELSTH B, BUAI, casel2DF—FRH>WTHBE, FHKTIIER
KR 3 HRRhROnE (0= 90°, 270°) fLETROMEFV RS, FHEHRK TR o=
30° DEFEB LU 0=210° OERBEFHICE-TVW3, A5I, RAHERRZ, KL THTTY
%,

SWVT, case3DF—-FIIoVWTHBE, case2 DEDBEREZI L IB I~ VIKE->Tb,
Thid, WHEOBAIKOGRON B LS, {BE/KEHR & E/KEK & @ interaction Itk - T, £, =ik
#, SHARMBEMT IHRTHS, THbL, KREASERGHEAT S 0= 30° ~ 120° DAEfEI
ERBRATER S h, O0=30°~ 120° OERE T, Fig. TICORENB &S IKinsSEd L Ty
Emah, Lrd, TOMEBTREKBE~ORIMNS 1%, EEKOEIERISKBOT~OMITS
NBLHIY — LI > TV,
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Case-1. Case-2. Case-3.
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Fig. 10(b). Velocity contours (Flat bed, casel case 2, case3,
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SEREKIC B B EKE EOTIRE (u,) OAF%E Fig.12 (a), (b) IT7RT, Fig.6, 7 H XU Fig. 10
ORERESBAIKE VT, 9, case l208R2R5 L, ROZSGEELS» B, ©0=330°, 0°, 30° i
BOLTIR, #@LTREMEOKEZ, MEAFOEERSEFHFD. COERKICBV T, MENE»->TH
EKNERBRON S, SOITHD 0=60°, 90° OFFRICE 5 &, REEFOKIIKARE LTHES
ROEERS &R0, EEOKMIE, ChEddihm, $R8bbEREREORDEZ DL, &
DIEFICBVTROBARMPREEL TVE I EHHEEEINS, KIRICITOERAL D TR 0=120°,
150° fFEIC BT u, RAII/PE LD, 0= 150° 25 180° IS iF T, 2KiRIZERBLHEOKIEHIM]
EARANBET 5 & 5 @B 255, BlUKEDE GBEEICL S, &5i, 0= 240°, 270° EET
KBRERN, TBRIAGENED S &5 RREHRET 5,

DWT, EMIERD case 3IcoWTH B E, TIRKAERS, SKEEFEKEEE OKOFEA « Kok
EXEET 3L BT ERF > TLI0MBHTH 5, BERICBEVT, “KESELRET S 0=
60°, 90° B & 1F240°, 270° DEIENC DV TH 2 &, HBEHULE LB 2 ZIRFEDKS I3, BMEO b0
LRULAHMEFICE - TVB, Thid, BilicbdNtckdic, BKEBOWITHRE U TOREABED
BELLLFFDOLNEILSTH B,

SEAGRIER D IR D 53#i % Fig. 13 (@), (b) 1KY, £7, Fig.12 (a), (b) OFERESHICELT,
HEEOLDIL>\WTABE, HWHROLD LY b IRKORKENEETH Y, PHEDOLDD 3 ~4{E
U -TWVBEETADDH B, TN, FRFEIREERE D interaction ok -» T, Fig. TIKRT LS
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Fig. 11(a). Velocity contours (Equilibrium bed, casel, case 2,
case 3, ®=0°~150°).
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Case-1. Case-2.
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Fig. 11 (b). Velocity contours (Equilibrium bed, casel, case 2,
case 3, @ =180°~330°).
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Fig. 12(b). Secondary flow distributions (Flat bed, casel, case?Z,
case 3, ®=270°~330°).
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BRSO HLOBARIROZ /o EXFIET B EMWRTAIENTE S, $/02/0n" & 8z/0n LIREL
B2 f®, COLEAFKRSE 0z/0n bAHILT 3,

(2) oBARK

Fig. 14 (a), (b) & Fig. 15 (a), (b) 13, FhEFNFEIEEKS & OCF4RK_ D E/KEER OB
ROFEMEREL LTALOHARDANTH S, 9, TBAKRLEDOSEAROAHICOVWTEET S
L, ROLHIREBEPRON S,

BMTEEI TR D case 1, case 2 I BV Tid, s#hicit-> T, HEtEY ok (s hks)  &¥BEED
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Fig. 13(a). Secondary flow distributions (Equilibrium bed,
case 1, case 2, case3, ®=0°~150°).
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Fig. 13(b). Secondary flow distributions (Equilibrium bed,
casel, case?2, case3, ®=180°~330°).
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Case-1. Case—2. Case-3.
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Fig. 14 (b). Helical flow distributions (Flat bed, case 1, case 2,
case$, ®=270°~330°).
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Fig. 15(a). Helical flow distributions (Equilibrium bed, case 1,
case 2, case3, ®=0°~240°)
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Table 2. Experimental data for bed variations in meandering channel

B L 6 e Re i q H dm
case  (em) (cm) (cm (1/s*cm)| (cm) (mm)
1 20 220 35° 57.3 0.01 0.043 1.5 1.3
2 20 220 35° 57.3 0.01 0.107 2.6 1.3
3 15 120 20° 54.7 0.01 0.041 1.6 1.3
4 15 120 20° 54.7 0.01 0.050 1.3
5 15 120 20° 54.7 0.01 0.061 1.3
6 15 120 20° 54.7 0.01 0.107 2.7 1.3
case Qs Re/B Re/H H/B H/L D../H @’ T
(g/s*cm) (min)
1 0.048 2.86 38.2 0.07 .007 2.33 20°~35° 25
2 0.285 2.86 22.0 0.13 012 1.35 12°~35° 5
3 0.048 3.65 34.2 0.1 .013 1.87 15°~45° 150
4 0.100 3.65 20° ~60° 40
5 0.186 3.65 30°~55° 15
6 0.283 3.65 20.3 0.18 .023 1.1 38° ~70°

SMEOTHEl (0= 270° DERMHL) cbi3—HORRTEI VIED 5, FHEE & bz, HMick
ZFKOERERMIT LD STARPRELT, 2OV SSKFERNEREL, TONES LR~NBFL
T Z D%, Bl &R & 25E8 L TEN LSRR SER S W b,

(2) E&mFEKFEKICET 258

Table 2 i< i3 BMTEEITKESIC 11 2 BERD © LERKAOBBER, SPFRKIC S 2 E BN
BHELUESHE, —HOFEBERMRINTVS (cased, 4, 5, 6 IBEXEK (9) LL5bD),
IS, R ByNEERERE, H: WEEHEKE o0 BAERDE, D' BAERER ¢ EEho
RARZE, T : SEHEED O EERRANOBEBHMTH 5, IhoDERICkhiE, ROLS1BI LB 5,

(a) HEEOFHEHID DGR, /B BAMHS—ED L %, R, /HWNSVRE, (HAENIIKEV,
CHIMBHGRE R, /H NS OEERUOBRHDRSIRE VD TH S,

(b) 1EHEMR. /HHRIBFRILTH 358, LEMSDEHR /BURELBEELE, HMERE
Dpe /HDINS K 153, CHREEIIMBOFEAELLZE, STEARPEDONEDLLTH S,

(©) TKEBIAR & FEIRMEIASRE UE, BAIBREBOMICK > T, Dpu /HZNELBEILBRS
h3,

(d) BEBELIE, HFROKEZVAMNIZEH,IEV. T/ FARORPELREEL TS BEIC,
R./BBLUR, /HIWNSWRE, THOLLTRABKEVIEZE, HARIOFEMNERTSHBDT,
SEfiiciE T ARGV,

42 BEERETREORAKRE DS

Fig.17 (a), (b), (¢), (@ 33 7 — X DLHRKAKRERL TV 3, (), (b) ¥, £ h under
bankfull flow (casel) #HB&U bankfull flow (case2) TH3, (¢), (d) 4, overbankfull flow
(case3) DHDTHY, TOEBTRIARENERSNTVAILED>IMATHL, FKESTKS
NBRETIE, FAREOBEICEE - T, KOPHEIR SBHNICELT 24, COEHREHETHT
wEKARLE LEEHTH Y, FTEHAKRPRSEENLHEREIERT S LItEb D3IV,

Fig. 17 iR & S i, HEMEETEKER O PERIRIK 305 0 ESHEEEL TV 5, HEmoO
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Fig. 17. Comparision of equilibrium bed contour lines.

(casel, case?2, case?3).
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Fig. TIZRT k5T, EKEKOFENASL B X UEKRE
POEKEADED FiFE WS ESBHEEERICL - T,
in-bank flow OFEREEDOEKFLEG OB, BME
DFE LD THREAY 7 b T3 E &I, RIEORKEHR

—-—— under bank~full flonicasel)
~— == — bank-full flox lcase2)
=== over bzlnk—full flow (case3)
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Fig. 18. Comparision of locus of depth-
averaged high flow.
(Equilibrium Bed).
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LHMADO LD O/PNEL B -2TVE, 52 OERRIFEOPESHICDH 2, THbDL, 32 (2)
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B ORMIC & - TS W AEBEFEO SARICER LA bDEEZ OGNS,
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(2) ®EKEwR (over-bank flow) &DEEMERAODY, “B/KBROWETL” & “{EKBEROER
i BSEEFICEDLN S,

(3) BEWIEEEITRC B 2E/KBR O TRYE R, Be OKEBREICXELSN S, FERIcBWT),
BARPHGROMA EABDOBOMBL D 60° ~90° BEEN TV, i, EKBHOKKRHRO
MR HEMERTROLDOL 0P ROTHEAY 7V LTEY, 20l BIINELE-TL S,

(4) EKRBAVEKESEAROAHICRETHEI_2$5LBbN 3, —o 3 BEKBNOFEIA
HERER URKBANOED LSO FERICEC 2HEN7 VORI KZETH S, bH—2RER
BRAOTHAIHE S BAETEBIC L » THROAOHEL K UREOREANHOEBEZITLIETH 5,

(5) HMEETRICEV TR, H3HMETHOFHSEARMEES h, BT cEVRRodhRIc
MG L el %2 b0 5 HARPEBT 2L 9 TH 5,

(6) HEMMETRICBII 2 5FAHTOEHHIL, —o0d3MHEIC=2DLHAFRIEREN, Ch b
BRTIEOEE - DR, HEVIEIRE - HEERVELTVWE I ETHS, £, COLSHARIE, &
TKEE DLEHEETR & LFHHE L TV B,

FIRZEFNCBIL Tid, IROKHI B EBBEShicEnT,

(7) HMmEEETRERIC B 2RIRESHOMPERE T, HRFRIEOENA 0= 90° OFRMNAD S
0= 270° OERMEICh 1 5 —HOMEETEI vik» 5, BRIE & bic, HMBIcL 3FHKOED & HEH
IKEDSHARBRZELT, ZUMISFEREOEREEL, ZOMES ER~BEHLTIT LVIHIT o+
RABRENTWV B,

(8) HEIMSOFEE R./B) BLUEHEK R, /H) BHEBOE&EFKRIRE KRS 2 EEL/¥
SA—-5TH5B, FHMBDEY (R, /B) BAEL L B1RLE, HUREEWIES KB EP, BHEE
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