525

Bk B Bt R o A (D
TR S A

INTERNAL STRUCTURE OF FLOW THROUGH
CURVED OPEN CHANNELS (1II)

by Yoshio MURAMOTO

Synopsis

As described in a previous paperl’, the flow through a simple curved open channel may
be divided into three regions ; a generated region, a developing region and a fully developed
region of secondary flow.

In the first part of the present paper, the existence and the properties of these regions are
reexamined by a series of experiments shown in Table-1. From the longitudinal distributions
of three mean vorticity components observed, it was found that the flow in the curved reach has
the characteristics of the generated region and the developing region, and the fully developed
region will be never reached in many practical cases.

In the second part, the vertical distributions of radial velocity with or without the effects of
bed wall friction are discussed. Considering small perturbations from a flow as a free vortex, the
distributions of radial velocity are derived from longitudinal vorticity equations for a laminar and
a turbulent flow. The experimental results within the generated region support the theoretical

considerations,
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Table-1 Experimental Condition.

No. of Channel characteristicleeflectil; Cb(ﬁxillnel Cedrixtral r \ Bed | Discharge gﬁ;ﬁ: of; R,
Cross section, Material °* gng wi B ra rus r slope Q entrance, Fr;
c < .
Exp. (Manning’s n)  |(degree)| (cm) (cm) (E) i 1 (1/sec) (cfr‘x) (10%)
e f | 1
I - 1| Rectangular, Lucite 90 25 2% |1 | 0. 002 i 852 | 859 278 | 0, 432
(n=0. 00986) ’
I_zi p ” ) 25 75 |3 | 0.002, 852 | 7.27 | 264 0.555
i |
T DI
Il - 1 |Rectangular, Concrete. 180 ’ 50 75 ! 1.5 0.002 i 10.0 5.13 | 1.75 | 0. 550
(n=0,0134) | ' : '
om-2 ” ” 180 ; 50 ! 75 . 1.5 0.005; 250 | 6.02  3.82 108
| | |
m-3 7 V 180 50 150 |3 0. 002 i 10.0 5.45 i 1.75 | 0.502
: . !
T-4 ” YV 180 50 l 150 |3 0. 005 ll 20.0 482 1306121
i |
Tl - 1| Rectangular, Lucite 90 50 | 150 |3 0. 002 } 10.0 4,94 | 2,49 | 0.582
(n=0. 00986) ? :
Rectangular, Sand bed ‘ | K
1l - 2{(d»=0.9mm, 90 50 \ 150 |3 0.002 ‘ 10.0 6.44 | 228 0.391
=0, 0160) 1 ‘ i
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Fig. 1 (a)~(e) Longitudinal distributions of three components of mean vorticity.
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Table. 2 Experimental results of extent of %—6120 and ry=r., and critical

position of generated region 6; calculated from Eq. (28)".

Station : 8  (degree)
. of
No. o Gene'rated Deve_loping rm<r, rM>T. 0. 440
Experiment region reFon =
cltl al¢| 2y du U, ro2in’2
28 >0 £l <0 (5? ,<=9> (5? r>=9¢) i T
I-1 0~175 90 0~ 90 193
I1-2 0 ~ 60 90 0 ~ 60 90 76. 4
I-1 0 ~ 60 90 ~180 0 ~150 180 52.1
-2 0 ~ 60 90 ~180 0 ~150 180 63.8
I-3 0~ 60 90 ~180 0~ 60 90 ~180 26.0
I-4 0~ 60 90 ~180 0~ 30 60 ~180 35.6
m-1 0~ 45 60 ~ 90 0~ 45 60 ~ 90 27.3
m- 2 0~ 45 60 ~ 90 0~ 45 60 ~ 90 | 23.8

ru : radial position of #max.
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Fig. 2 (a) Longitudinal distribution of vorticity components at different
depth and constant radius r=r..
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Fig. 2 (b) Longitudinal distribution of vorticity compenents at different
radius and constant depth z=2, 3cm.
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Fig. 3 Vertical distribution of radial velocity and
longitudinal vorticity observed.
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Fig. 5(a)~(c) Comparison between theoretical distribution of radial velocity and experimental results.
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Fig. 7(a)~(d) Comparison with theoretical distributions of radial velocity and experimental results,
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