International Journal of Hydraulic Engineering 2012, 1(3): 15-20
DOI: 10.5923/.ijhe.20120103.01

Energy and Momentum Coefficients in Straight

Symmetric Compound-Channel Flows

Edward Ching-Ruey LUO

Department of Civil Engineering, National Chi-Nan University, Nanto County, 545, Taiwan

Abstract Generally, the natural rivers or sometimes the artificial channels are composed of a deep main channel with
one or two shallow flood plains. The flow situation must be a 3D condition, while on purpose of hydraulic management, it
is necessary treated as 1D to calculate the corresponding hydraulic characteristics. And the energy and momentum coeffi-
cients to correct the effect of non-uniformity of velocity distribution are needed to adopt. In this paper, the straight symmet-
ric compound-channel flow is researched beginning with dimensional analysis to find the variables affecting these two coef-
ficients. The main factors, such as the reciprocal of Reynold’s number and cross-section shape including water depth and
main channel width, influencing the phenomena of the two coefficients in main channel, flood plain and total section are

analysed and discussed.
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1. Introduction

In general, natural rivers or artificial channels are com-
posed of a deep main channel and one or two shallow flood
plains near the main channel. The compound channel flow is
very complicated, and it is a three-dimensional flow condi-
tion. While engaging in river management, we often treat
nature river flow as one-dimensional flow condition to cal-
culate its hydraulic characteristics. It needs to adopt the
energy coefficient and the momentum coefficient to correct
the effect of the non-uniformity of velocity distribution. The
dimensional analysis method is used to find the variables that
affect energy coefficient and momentum coefficient in
straight compound open channel flow, and the hydraulic
flume test was carried out to investigate the relationship of
the energy coefficient and momentum coefficient in straight
compound channel with the change of relevant variables
from dimensional analysis, such as Reynold’s number,
cross-section shape, or relative water depth for main channel,
flood plain and total section. We also discuss the limitation
of Reynold’s number in this paper.

2. Similarity and Experiment Results

The dimensional analysis of similarity on straight sym-
metric compound-channel flow was shown in many
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papers, such as Knight and Demetriou[1], Knight and
Hamed[2], Wormleaton et.al[3],Wormleaton and Hadji-
panos[4], Prinos et.al[5], Myers [6], and Myers and Bren-
nan[7]. The equations of continuity, momentum and energy
for one-dimension open channel flow of Field et.al[8] were
used. Some powerful experimental data are used to directly
calculate and regress the equations for the energy and mo-
mentum coefficients, and the results and comparisons are
presented here.

The obvious mechanisms and factors for set-up of the
experiment are b/B=0.214, 0.257, 0.314, 0.371, and 0.414;
d/D=0.375, 0.348, 0.286, 0.250, and 0.211; b/h =1, 1.2,
1.467, 1.733, and 1.933; b=0.22m, 0.26m, and 0.29m;
b/D=from 0.917 tol.381; b; /2d =from 2.28 to 4.00;
S,=0.001 and Q,=from 4.95 I/s to 27.6 1/s. Totally 53 sets of
data are generated. The positions for the above mentioned
situations are expressed in figure 1. The definition will be
given in the following section.

2.1. Figures and Tables

Please see the figure 1, for presenting the set-up of ex-
periment figure in the calculation from the experimental
real data. The results of regressions, as follows, are from
Table 1 to Table 3.

2.2. Abbreviations and Acronyms

The Definitions of each abbreviation and acronym are:

B (m), the width of water surface; b (m), the width of main
channel; bg (m), the width of symmetric flood plain=B-b; h
(m), the depth of main channel; D (m), the total depth of the
compound channel; d(m)= D-h; S, the bed slope, and Q, (1I/s),
the experimental discharge.
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2.4. Results of Relationships for o and f:

A. The Relationship of aorfwith 1/R. for different b/B:

(1) In main channel:

200 —
Main Channel
i + +  b/B=0214
9O biB=0257
180 = W bB=0314
® B3
4 A b/B=0414
1.60 — W 4,
©
-
S B
<
°n
1.40 — *o
L]
. [ ®
mAo
k4
A
1.20
+
4 +
1.00
0 4E5 8E5 1.2E4 1.6E4
1/ (Rele
Figure 2. The relationship between o and 1/Re. in main channel

8E4
1/
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Figure 9. The relationship betweenfand d/D in main channel

2.00 —
Totd
B +  bB=021 (2) In flood plain:
+ ¢ b/B=0257 8.00 —
180 — W b/B-0314
¢ ® b/B=0371 A Flood-plain
A b/B=0414 B + bB=0214
i n
. € bB=0257
| B bB=0314
| 6.00
1.60 @ bB=0371
1 . * A bB=0414
3 | — L]
° -
| u ©
1.40 R .t S 400 -
A < -
b O
¢ * A
n + A
120 — 0 . R ° ° .
i + 2.00 — . . . :
+ +
+
10 \ L R E i
0 5E5 1E4 1.5E4 2E4 2.5E4
1/ (Re)T 0.00 I I I I |
Figure 7. The relationship betweenfand 1/Rerof total section 0.20 0.24 028 032 036 0.40
B. The Relationship of aorpwith d/D for different b/B: Figure 10.  The relationship between o and d/D in flood plain
(1) In main channel: 350 —
2.00 — N
7 Flood-plain
1 Main channel +  bB=0214
+ bB=0214 300 ¢  bB=0257
180 7 ¢ bB=0257 B bB=0314
i B bB=0314 ’ ®  bB=0371
@  bB=0371 A bB=0414
A bB=0414 250 —
1.60 — % N Q + R
© i
£ 2 .
< 2.00
1.40 —| b 1 ' m
L]
. i
i . : N
* ° A
4 1.50 — + °
1.20 — : *
+ * "
+
i .
i * +
+
100 \ \ \ \ \ 100 \ \ \ T
0.20 0.24 0.28 0.32 0.36 0.40 0.20 0.24 0.28 0.32 0.36 0.40
dD

Figure 8. The relationship between a and d/Din main channel Figure 11.  The relationship betweenfand d/D in flood plain



18 Edward Ching-Ruey, LUO et al.: Energy and Momentum Coefficients In Straight Symmetric Compound-Channel Flows

(3) In total section:

4.00 —
* Total
+  bB=0214
] - ¢ bB=0257
B bB-0314
] @® bB=0371
3.00 — ° A bB=0414
®
5 i A
<
L]
+
200 — M °
A
. $
+
- * "
*
+
+
1.00 \ \ \ \ \
0.20 0.24 0.28 0.32 0.36 040

Figure 12. The relationship between o and d/D of total section
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Figure 13. The relationship betweenfand d/D

of total section

C. Lateral change of different d/D to a with b=0.15m:
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Figure 14. Lateral change of different d/D to a
D. Lateral change of different b to a with d/D=0.375:
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Figure 15. Lateral change of different b to o

E. Lateral change of different Ut/U* to a or § with given
b/B of total section:
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Figure 16. The variation of o with Ut/U* for total section
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Figure 17. The variation of B with Ut/U* for total section

F. 2-D total section Regression of a or § with Ut/U*:
(1) For a:
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Figure 18. 2-D total section Regression of o with Ut/U*
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Figure 19. 2-D total section Regression ofp with Ut/U*

2.5. Results of regression equations

A. For Main-Channel:
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The values of each parameter are the coefficients of determination

are expressed in Table 1.
B. For Flood-Plain:
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The values of each parameter are the coefficients of deter-
mination are expressed in Table 2.
C. For Total-Section:
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Table 1. Parameters and Regression of Main Channel
CMCqy 6998.979 CMCyy 2701.643
CMCy 0.0703 CMCp, 0.0313
CMCys -5.896 CMCg; -2.582
CMCa4 0.998 CMCgqy 0.426
CMCos -2.234 CMCgs -0.375
Rwvica 0.956 Rivicp 0.963
Table 2. Parameters and Regression of Flood Plain

CFPy 498.368 CFPy, 409.142
CFP,, -1.810 CFPg, -0.691
CFPy; 1.110 CFPy; 0.442
CFPy4 0.158 CFPg, 0.106
Rlpa 0.906 Rlpep 0.947
Table 3. Parameters and Regression of Total Section
CTu 6640.898 CTg 3315.763
CTe. 0.017 CTp -0.004
CTqs -6.676 CTg; -2.872
CTo 0.932 CTp 0.382
CTos -2.549 CTgs -1.01
Rr, 0.964 R 0.964

3. Discussion

19

When we discuss the flows of natural or artificial channel
or pipe, two important factors, Froude’s number and Rey-
nold’s number, are mentioned. For particle initial movement,
pipe flow without free surface, friction factor, f, in moody
diagram, and the drag coefficient, Cd, the Reynold’s num-
ber presents a major function because of small diameter of
particle, relatively small hydraulic radius, R=D/4, with slow
flow velocity. When the flow velocity is relatively large
enough, the particle is suspended without function on
channel bed formation which will change the Manning’s n,
the friction factor, f, in moody diagram is only function of
hydraulically relative thickness, k/D, and the drag coeffi-
cient is function of shape cross-section only. With the above
mentioned, the Reynold’s number becomes minor factor,
meanwhile, the Froude’s number will take over the position,
and Hwang[9] also presented this characteristic, and a is
decreasing from 1.325 to 1.024 with increasing of d/D from
0.188 to 0.721. In open channel flows, the channel is always
wide-shallow (W-S) type and some particular artificial
channel is narrow-deep (N-D), the velocity governs the
situation. A series of equations presented by Luo[10] will
give us some useful information.
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Issam A. Al-khabit[11] also presented the energy coeffi-
cient and momentum coefficient in straight compound
cross-section flumes with d/D=0.933, 0.867, and 0.800;
b=0.20m, 0.30m, and 0.45m; b/h =9, 6, 4.5, 4, 3, 2, and 1.33;
Q; =from 3.194 I/s to 100.706 1/s. B=0.67m; h=0.05m,
0.10m, and 0.15m. The energy coefficient is from 1.029 to
1.063 while the momentum coefficient from 1.005 to 1.034,
that is, the two coefficients are very close to 1.000 which
means the flow situations in the experimental flume can be
treated as the single channel with uniform velocity- distri-
bution flows, and the results from our study show extremely
different phenomena which are compound channel with
varied velocity-distribution 3D flows.

4. Conclusions

(1) The hydraulic flume test was carried out to investigate
the relationship of the energy coefficient and momentum
coefficient in straight compound channel with the change of
Reynold’s number and cross-section shape.

(2) The value of both the energy coefficient and momen-
tum coefficient in main channel, flood plain and total section
decrease with the increase of water depth and Reynold’s
number at the same relative width.

(3) The value of both the energy coefficient and momen-
tum coefficient in main channel, flood plain and total section
increase with the increase of main channel width at the same
relative water depth.

(4) At the same Reynold’s number, the value of both the
energy coefficient and momentum coefficient in main
channel and total section increase with the increase of main
channel width.

(5) While the Reynold’s number on flood plain is larger
than 10%, the value of both the energy coefficient and mo-
mentum coefficient in flood plain is not significant with
cross-section shape.
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