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VORTEX FORMATION PROCESSES
IN COMPOUND OPEN CHANNEL FLOWS
BY TWO-LAYERED FLOW MODEL

By Ichiro Kimura, Takashi Hosopa, Yoshio MURAMOTO and Ryo YASUNAGA

Synopsis

In compound open channel flow, it is important to clarify the characteristics of the
large scale horizontal vortices which occur at the interface between the main channel
and the flood plain due to the shear instability. The momentum transport in the trans-
verse direction induced by the vortices affects the resistance to flow in rivers and river
bed configurations during flood. The numerical method based on the plane two-layered
flow model is proposed to reproduce efficiently the vortex formation process in a com-
pound open channel with a rectangular main channel. The horizontal and vertical struc-
ture of the flow is examined in detail through the comparison of numerical results to
the laboratory tests by Ikeda et al. and Fukuoka et al. The increase of the flow resist-
ance induced by horizontal vortices is also estimated numerically by means of the pre-
sented model.
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Table 1 Hydraulic conditions for numerical simulations

Run A-1 Run A-2 Run A-3 Run B-1 Run B-2
Wy 0.011 0.011 0.011 0.028 0.028
Home 0.011 0.011 0.011 0.011 0.011
(24
flood plain 0.3 0.3 0.3 0.1 0.1
main channel 0.1 0.1 0.3 0.1 0.1
v(m?/s) 1.0 X 1078 | 1.0 x 107% | 1.0 x 107 | 1.0 X 107 | 1.0 X 107°
At (sec) 0.0005 0.0005 0.0005 0.0025 0.0025
sin 6 1/1000 1/1000 1/1000 1/1000 1/1000
ﬂ ¢ “ 3 1 3 3 3
Re 12600 12600 | 12600 42200 68100
Fr 0.534 0.534 0.534 0.656 0.688
(ho + hs) /hs 1.28 1.28 .28 | 1.5 2.0

Re : Reynolds number in main channel, Fr : Froude number in main channel
At ©time increment, sin @ . bed slope
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LD RECERSGEHENG L Lz, U, XY EROMINGES L&V b, ZOFERIZBT
BRI A OB E Fig. 5 127", EMERTELIL Table 1 [R$T X912, 20 O5METirbh,
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Fig. 6 Time averaged velocity distributions (Run A)

3FRT1 ;3L Tw5,.) Run A-1 & Run A-2 OFEFATERIZIE, HEMIIEALRON D572,
Run A-3 13, EKBOFGEISEERERL VPR VPAEREZRLTWAS, TRIE, Run A-3 T, K

B RBEREA  Run A-1 LHEL TREVWAD, BERBOELAASKE S

ha,

FHiis /o2 L ATEE & B

Fig. 7%, Run B-1 OFHEHER 0m) OTZRAMOEMELGRESHERLADbDOTH S, (a) 135

— Upper Layer ! — Upper Layss
— LowerLayer : — Lower Layer
: 3
g
%z LH
¢ " :
ma =$0.0 %0 ) %4 e 5. 1880 1 ;.0 -$0.0 -5%.0 -‘i "% .. %0 100.0 %0
y (em) y (cm)
(@) (®)
Fig. 7 Time averaged velocity distributions (Run B)

BEEOETHR LA & 912, STEOMHLMEE L TR TAMOBTEE S BFL LTEREE T2 2L &D
T FEFR CTH b, (b) ITFDHE, ST B00HT) TEEZITV, 240 BEOZEEFLHET M
Tdhb, Fig. T DEMPHIRAESHTIE, () TEARED HEAERIZAS LREIZZHITKE 2B,
) IZDLPIHML TS, ZORVIIAFEREORECHFEIER T2 LBbNs, Fig. 81, M)

50 (cm/s) 4(m) T=240. 0 (sec)

Fig. 8 Velocity vectors (Run B-1)

BIID FBOFERZ PVERLE-LOTH S, O TR/ LR T HROMRIIEL 1 4 &%
o TW5, 77, HENY ML, KEBOETEE (25.0cm/s) CHEUBBBER,PSAIZLDOTHS,

_8._



*H-mm~ﬁ$'iﬁ:$E?Eﬁ%?wu;éﬁ%ﬁﬁhoﬁ§ﬁ%ﬁ

437

A - KB R A REMEATERATERAN RO NS, 208 HATROREIL - T, H#illF

H RO TR DA HBE mwaaambnaopwyku BEAEONREROBEHFTELS &,

(a) &

b) IFE A LR L ZEHNTWAZ 2:75‘%’66%; TED, S5II, ML ATEOBIZOVTHRET

%, (a) 2 5RDOENDFEIL 30821 (em®/s) Td D,

() 2 53RO L NAHIET 29320 (cm¥/s) THI L

2o, KEBOBEIIENETRIPETLTWAZ Ld%hh s, 28, KEEOEEIZOWTIIRICEER

WHRET 5,

(2) KRB L UTELEE

Fig. 912, #HELIC X A2 EREREOK
HiEE), B XU Run A-1 DEEBITER
DKTEIEE), « FIAEERB Ly H
MEEBORRNERL TS, Ihb
&, Wb ERE - EOKBRSERE Eoo—
BB AERVITH D, EEERTIIF
R 3.9 (sec) DIBENE o T 5D,
ERATRE RS BT ARSI 61, R
5.0(sec) DIEBEAR SN B, ERIHEEIAK
BRND & I B2 EEL DR WER
BRICAEL B THREELLAREKTER
12, EMHRENEELRVWTHRTTAS
EFHENRTWD, ZDiz®, BRFIDOE
HIIATERo@EEItE L Tweb e Bb
h, KEFBANERLE (MPOEHD) A3
WEoORGEOmESIETS LEZ LR
%, BHEBTHE R TIE, &IEIZH04
(mm) TERELIZIZ—-HLTWVE,
R ETARELHEE 2o TS,

z HRDFLEEE)O R KRS O3
& LAREIZH5.0(ec) THY, WiFus
e & ZRFIDKERE O & —B L
TWh, MR OEERE T A TADF
BAVNE L o TWB I LN bRrb,

y FEOTELEB D EAIE# 5.0 (sec)
T ) AKEIREIOFIA L F L DS, v
PRANE 2 BRHKREOEN L Y DT
CBRTWA, ZHUE, KFROBLITE
BLRI, AROEARE LD SETKEE
KELEHRENTVAZ EZRLTVA,
F7, HE ) AKFROPLIEET SR
12, FEAMEKEED 5B L ~EE s
TWAHEFL b5, T/, HOBMEL
D, BAREDSEAB~NDTEN BKK
3.8cm/s) (3, {EAED SHABE~OHKN

0.4

0.2

£
8

1

0
|

hs

0.2
i
{

0. 4"1

| B!
/\\l//\{ Al/\ A

Ipgval

Exp. . after lkeda et al.

) 4 16

20

t (sec) x=7.0(m),y=0.0(cm)

E
g

(=]
o

hs

20.0 —0.4

(cm/s)
0

14

Us

(cm/s) .

Vs

Fig.

_'W

AN

Run A-
0 4.0 8.0 12.0 168.0
t @m)

x=7.0(m),y=0.0(cm)

8.0

Run A-1

16.0

B'Eé (' 12.0
sec
) x=7.0(m),y=0.0(cm)

-/\/\/\/\M /\/\

VLY

12.0
t (sec)

9 Temporal variations in depth and velocity (Run
A-1)

(A 3.0cm/s) ICHARTHRWZ 20%hhb, DEOZEES,S, AHERAERIC & - TEAR - EKEEE

_9._



438 TR S ZeRrEdk 55395 B-2 F-8. 4 (1996)

DWESHDATON AT HERTE B,
(3)  ACHROFHE:
Fig. 10 13, Run A-1 OEUERATHERO LB OFHAY MVERLESOTH S, EBISEEMAES &

Fig. 10 Horizontal and vertical flow pattern (Run A-1)
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Fig. 11 Water level distribution (Run A-1)

OB ROREAEA TOAEFI LY S, BABEIZBNTE, FCEOKERE A ONE,
DOIKEHRENIEAKBAGEAVN S VDI RET B O DL BN EA, ZD L) RIEEIDEBROBRICL AL
NBLDNE)PIEIAATH 5,

Fig. 1213, SRS AHIARERE | % T—HRRICIRRIICIA S N E ORBEBREOKF 2 /R L2

20cm
l<—>|

ceoccocoaoN

waumE N

vaummEwn= O

Fig. 12 Flow visualization by coloring soluble matter (Run A-1)
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Fig. 13 Vertical velocity distribution around a center of horizontal vortex (Run A-1)
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Flow

Fig. 14 Schematic illustration of 3D flow pattern induced by a horizontal vortex
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