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Discharge Coefficient for Sharp-Crested Side Weir in
Supercritical Flow

K.P.P. Pathirana, M.M. Munas and A.L.A. Jaleel

Abstract: The characteristics of flow over side weirs are completely different from that of weirs normal to
the approach channel. An accurate computation of discharge over a side weir mainly depends on the proper
estimation of the discharge coefficient. The discharge coefficient of a rectangular, sharp-crested side weir
under supercritical flow has been investigated using experimental data. The assumption of constancy of
specific energy across a side weir is valid for supercritical flows generated in this study. The experimental
data was analysed using multiple regression analysis with different non-dimensional parameters relevant
to the problem. Moreover, a numerical solution to the equation of spatially varied flow was also proposed.
The coefficient of discharge has been related to the upstream Froude number, and the ratios of the upstream
water depth to the weir height and the weir length to the main channel width.
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1." Introduction

A side weir, also known as a lateral weir, is an
over flow weir formed in the side of a channel
with the purpose of allowing part of the liquid
to spill over the side when the surface of the
flow in the channel rises above the weir crest.
Side weirs are extensively used in irrigation,
land drainage, flood control and urban drainage
works. Particularly in irrigation canal networks,
these structures are often used as head
regulators of distributaries and escapes.

The flow over a side weir varies gradually with
decreasing discharge. A complete analytical
solution of the equations governing the weir
discharge is not possible as there are many
parameters influencing the flow phenomenon.
Due to the transverse variation of flow profile
and velocity distribution, the hydraulic
behaviour over a side weir is completely
different from that over a weir normal to the
approach channel. In addition, the flow in the
approach channel along a side weir can be
subcritical or supercritical depending on which,
the flow characteristics vary at the side weir
leading to different weir discharges.

Many studies have been carried out in the past
to investigate the discharge over side weirs
under subcritical flows (Subramanaya et al [15};
El Khashab et al [3]; Ranga Raju et al [13]; Hager
[6]; Singh [14]; Swamee et al [16,17); Borghei et
al [2] and many others) and very few studies are
reported on side weir flow with supercritical

flow. The side weir with supercritical approach
flows are also of much interest to civil engineers
as such conditions are encountered in practice,
particularly in relatively steep and smooth
channels. Hager [5] presented an analysis of a
supercritical flow in a prismatic side weir with a
circular-shaped channel section. Hydraulic
features along a prismatic side weir in a circular
chiannel were investigated by Oliveto et al [10]
using a theoretical analysis supported by a
limited number of experimental data. Ghodsian
[4] investigated the supercritical flow in a
rectangular side weir using numerical analysis.
In the present study, the supercritical flow over
a rectangular, sharp-crested side weir is
examined with experimental data, in an attempt
to provide further details on the same
phenomenon as another contribution to the
studies on side weirs with a supercritical flow.

2. Theoretical Aspects

The conservation of energy principle is used for
the analysis of spatially varied flow with
decreasing discharge. Let z be the distance of the
bottom of a channel section above a horizontal
datum, the total energy at the channel section is;
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where, y = depth flow in the main channel, x =
longitudinal direction, S/= friction slope, S, =
longitudinal slope of the channel, A = cross
sectional area, B = channel width, a = kinetic
energy correction coefficient.
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Figure 1- Flow over a side weir
(a) longitudinal section and (b) plan view.
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The computation of discharge over a side weir
becomes more complicated as the velocity

through the side weir is not at a right angle to

the weir as in the case of a weir placed normal
to the approach channel. However, assuming
that specific energy is constant across the weir,
the discharge 4Q through an elementary strip of
length 4x along the weir (see Figure 1) is
computed using a normal weir formula as
follows:

®)

where w = height of the side weir, 4 = discharge
per unit length of side weir and C, =
elementary discharge coefficient of the strip
which is also known as De-Marchi coefficient of

discharge (Chow [1]).

Using Ma.nning's equation, the energy slope, S,
can be written as;

LE%

5= LR 4)

where # = Manning’s coefficient and R =
hydraulic radius. Substituting Eqs. (3) and (4) in
Eq. (2), the following relationship is obtained.
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If the elementary discharge coefficient is known,
this equation can be solved using a fourt/-order
Runge-Kutta method considering this as an initial
value problem. The following initial condition
can be used to start the computations;

o
[ Asz

dy
dx

©)

At =0, y=y, and Q=0 (6)

where y, and Q, are upstream flow depth and
discharge, respectively. The water depth and
discharge at a distance dx along the weir will be
given as a solution to the above equation. The
repeated computations ultimately yield the
water depth (¥,) and discharge (Q,) at the
downstream of the side weir and hence, the
computed discharge over the side weir (@ ) is
given by;

Q\v= Q] - QZ (7)

The discharge coefficient, C  depends on many
parameters related to geometrical configuration
of the main channel and the side weir
arrangement and characteristics of flow in the
main channel. By using dimensional analysis, C,,
can be expressed in non-dimensional quantities
that are more significant as;
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Cn= f(FrlaK’E) (8)

1

where, Fr, = Froude number in the main channel
€v1\Jzn ) V, = mean velocity of flow at section

(1) and Z = length of side weir. The influence of
channel slope on C is reported to be negligible

(Borghei [2]).

3. Experimental Details

The experiments were carried out in a 13.5 m
long, 0.3 m wide, 0.3 m deep rectangular, re-
circulating flume in the Hydraulics Laboratory of
the Faculty of Engineering, University of
Peradeniya. The channel width was reduced to
0.2 m in the last 6 m stretch of the channel in

order to establish a supercritical flow at the side

weir section. A schematic diagram of the
experimental set-up is shown in Figure 2. The
sharp-crested weir was built of aluminium plate,
the top edge being suitably beveled to get a sharp
crest. The side weir was framed to a wall of the
main channel at a height of 0.06 m leading to a
side channel of rectangular cross section and the
weir height was kept constant during all
experimental runs. Water was supplied to the
main channel from an overhead tank at constant

| Side channel discharge,

with an accuracy of 0.1 mm. The flow in the
main channel passing the weir section was
measured using a calibrated V-notch fitted to the
downstream tank. The discharge passing over
the side weir was also accurately estimated by
measuring the time taken to collect a known
weight of water. The experiments were repeated
for six different weir lengths and for each of the
weir lengths; tests were carried out for five
different discharges. The slope of the main
channel was kept horizontal for all experimental
runs. The flow over the side weir can be
considered as unrestricted for all test cases, as
the width of the side channel is relatively wider
than the weir length so that the jet of water
entering the side channel is not constrained by
the walls of the side channel. The range of
hydraulic parameters used in the tests is given
in Table 1. The Manning's coefficient of the main
channel was estimated using accurate discharge
measurements in the channel prior to the
commencement of actual test runs.

Table 1 - Summary of experimental data

Parameter Range
Weir length, L (m) 0.10-0.20
Main channel discharge,

@, (m*/s) 0.0156 - 0.0242

head and the flow was controlled by a gate valve. Q, (m¥/s) 0.00035- 0.00146
Once the length of the side weir was adjusted to Upstream depth of flow,
; L ¥, (m) 0.0795 - 0.1040
a pre-determined value, a certain discharge was !
. . Upstream Froude
allowed into the main channel. Flow depths at
. . . number, Fr, 11-13
upstream, mid point and downstream locations ., AR
. . Manning’s coefficient, 7 0.011
of the side weir were measured along the center .
line of the main channel using a point gauge Energy correction
factor, (o) 1.0
From overhead To overhead
tank Upstream tank Downstream tank
tank
_ " 13.5m R
2
!< . in\\\\\\\= ‘\\‘I\n\\\ﬂ.
LA AN
—>/, =<
Side channel ——y/
Main channel

|
Side weir —-/ v

V-notch Sump

" To sump

Figure 2- Plan view of the experimental set-up (- not to scale -).
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4. Data Analysis

The constant specific energy across the weir has
been one of the assumptions used to derive the
governing equation for discharge over a side
weir and hence, it is important to check the
validity of this assumption before proceeding to
the data analysis in detail. Figure 3 illustrates a
comparison of specific energy at the upstream
and downstream ends of the side weir. It can be
seen that two specific energies are
approximately close to each other though there
is a slight energy loss for certain test cases which
were related to higher discharges and narrow
weir lengths. The average energy reduction is
found to be about 3%. EI-Khashab et al [3] and
Borghei et al [2] have also obtained somewhat
similar results for their experiments carried out
with subcritical flows and the average energy
differences obtained were 5% and 3.7%,
respectively. Therefore, it can be concluded that
the assumption of constant specific energy is
valid even for supercritical flows at least for the
range of Froude numbers used in this study.
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Figure 3 - Comparison of specific energy at upstream
and downstream ends of side weir.

Two independent approaches were used to
analyse the experimental data. At first, the data
was analysed using regression analysis to
establish correlations between the discharge
coefficient and different non-dimensional
quantities outlined in Eq. (8) and the details are
presented in Sec. (4.1). Secondly, a numerical
solution to the governing equation of spatially
varied flow (Eq. 5) is proposed. Details of this
method are given in Sec. (4.2).

4.1 Regression Analysis

The discharge coefficients for all test cases were
computed using Eq.(3) with the measured weir
discharges and the corresponding flow depths
at mid point locations of the side weir. The non-
dimensional parameters defined in Eq.(8) were
plotted against the discharge coefficient in order
to study the influence of different variables of
the problem on the discharge coefficient. The
variation of C with Fr, w/y, and (L/B)? are
shown in Figures 4 to 6, respectively. It appears
that the correlations between C, and these non-
dimensional parameters are poor.

Although data points are somewhat scattered in
Figure 4, the mean value of the discharge
coefficient appears to increase with upstream
Froude numbers and then reaches a constant
value when Fr, is greater that about 1.18. The
number of test runs conducted in this study is
inadequate to reliably confirm the accuracy of
numerical values indicated here. However, a
similar behaviour was also noted from the
functional relationship proposed by Ghodsian
[4] for the discharge coefficient for a side weir
with supercritical flow. According to his
relationship, the effect of Fr, on C, gradually
reduces with increasing £r,. On the contrary, the
behaviour with subcritical flow is reported to be
completely different as the coefficient C,
gradually decreases with Fr, (Borghei et al (2]
and Hager [5]). Swamee et al [17] has given an
excellent comparison of different relationships
reported in the literature to estimate discharge
coefficients using Fr, for subcritical flows.

The following relationship was obtained for C,
versus £, as a line of best fit to the data shown
in Figure 4.

C,= —7.88 Fr'+18.76 Fr, -10.77 (9)
e Cm Vs Fry .o .
040 ’/"):‘1 A e 0

e ” id . [J
0,10

Fry

Figure 4 - Variation of C_ with Fr,.
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Figure 6 - Variation of C_ with (L/B).

The data plotted in Figure 5 shows that the
coefficient C, gradually decreases with (wy/,)
and a similar behaviour was noted for the tests
conducted with subcritical flows (Borghei et al
[2]). The least square method gives the following
quadratic equation for the relationship between

C, and (w/y,).

2
C, =o.58[-“i) -1.54[1)+1.13
N N

A very poor correlation is observed between C

and (L/B)% however, the average value of CZ
gradually decreases with (Z/B)%. The following
linear relationship was obtained as a best line to

fit the data shown in Figure 6.

L 2
C,= —0.104(—5) +0.435

Figure 7 shows a comparison between measured
and computed discharges using discharge
coefficients estimated by Eqgs.(9) to (11). The
scattering of data points in this graph seems to
indicate that the weir discharge cannot be
accurately predicted using the discharge
coefficients that are based on individual non-
dimensional parameters.

(10)

(11)
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Figure 7 - Comparison between measured and computed
discharges. )

Table 2 indicates the average percentage errors
between measured and computed discharges
using different equations. The relationships
given for C which are based on one parameter
of each Fr,, uy/y, and (L/B)? has given the average
percentage errors of 8.0, 8.3 and 7.8, respectively.

In order to incorporate the influence of all non-
dimensional parameters on the discharge
coefficient, multiple regression analysis was
used on the data set and the following linear
equation was obtained.

2
C, =0.137+0.499Fr, —0.74{2}0.104(%) (12)
N

The inclusion of all non-dimensional parameters
in the same relationship to estimate C, has
produced much improved results for the weir
discharge as shown in Figure 8. The computed
weir discharges are slightly higher than the
measured discharges for the test cases with high
discharges. However, the average percentage
error between measured and computed
discharges has now reduced to 5.5 as given in
Table 2, indicating a significant improvement of
the results, as compared with the relationships
that are based on a single non-dimensional
parameter. The percentage error is not very
much improved even if two parameters, Fr,, and
w/y,, are used to compute C, (see Table 2) and
hence, the corresponding relationship is not
given here due to it’s poor correlation.
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Table 2 - Average percentage errors between
measured and computed discharges using
different equations.

Non-dimensional Eqn. |[Average %
parameters error using

used to express C Eq. (13)
(i) Fr, ) 8.0
(ii) wy, (10) 83
(iii) (4/B)? (11) 78
(iv) Fr,, wy, (not 79

shown)
(V) Fr,, wh, (L/B), (12) 55
(Regression analysis)
(vi) Fr,, why, (L/B), (14) 5.7
(Numerical solution)

0,0018

0,0014 - - s
,;g 0,0012 .:- ¥ =
H 4 <]
8 0001 L)
'§ o/
E 0,0008 —
g og|
8 0,0008

—— Porfect agreement fine
0,0002 — t ]

00002 00004 00008 00008 0001 00012 00014 00016
Measured discharge (m’ls)
Figure 8 - Comparison between measured and

computed discharges using Eq. (12) and numerical
method,

4.2 Numerical Solution

The governing equation for discharge through a
channel with side weir (Eq.(5)) was solved
numerically using a fourth-order Runge - Kutta
method treating this as an initial value problem.
The main channel between- sections (1) and (2)
(see Figure 1) was divided into several sections
having a spacing of 0.01 m between each section.
The water depth and discharge at section (1)
were used as the initial condition (Eq. (6)). After
repeated computations, the water depths and
discharges at other sections along the main
channel were determined. Once the discharge at
section (2) was computed, discharge over the
side weir was estimated by taking the difference
of discharges in the main channel between
sections (1) and (2). In order to perform the

above steps, the discharge coefficient should be
known. For an assumed value of the discharge
coefficient, the weir discharge was computed
and then it was compared with the measured
discharge to yield the average percentage error
(E) as;

1000, = O]
E= W1 wmi
2 o

where, Qwc and Qwm are computed and
measured weir discharges, respectively, N =
number of test runs and 7 = /" test case.

(13)
=

By using trial and error procedure, discharge
coefficients for each test case with minimum E
were found. These discharge coefficients were
finally related to non-dimensional parameters,
Fr,, uyy,, and (L/B)* to obtain the following linear
relationship using multiple regression analysis.

r\2
C, =-0.511+0.93Fr, -0.199(i)-o.137(%) (14)
_ B4 :
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Figure 9 - Comparison between measured and
computed discharges using average values of C,.

The weir discharges computed using the
discharge coefficients from Eq. (14) are
compared with measured discharges in Figure 8.
The average percentage error between
measured and computed discharges is 5.7 which
is comparable with the value obtained with the
method used in sec.(4.1). The computed
discharges are slightly lower than the measured
discharges for most of the test cases and this
may be attributed to the validity of assumptions
made in deriving the governing equation. This
was opposite in the previous analysis where
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most of the computed discharges are slightly
higher than the measured. However, both
functional relationships appear to give
approximately similar results and hence, both
are applicable for estimating the weir discharge
in supercritical flows. If average values of C are
used from the Egs. (12) and (14), the prediction
of the weir discharge is further improved as
shown in Figure 9, indicating the average
percentage error of 4.2.

5. Summary and Conclusions

A series of experiments was carried out to
investigate the discharge over a rectangular,
sharp-crested side weir with supercritical flow
in the approach channel. The assumption of
constancy of specific energy in the main channel
along the side weir is valid within the range of
supercritical flows generated in the
experiments. The reduction of specific energy is
about 3%.

Using experimental data, a better correlation
was established between the discharge
coefficient and the non-dimensional parameters,
Fr,, w/fy, and (L/B)%. It was noted that the
discharge coefficient increases with the
upstream Froude number in supercritical flows,
whereas in subcritical flows, this behaviour was
reported to be completely the opposite.
Alternatively, the spatially varied flow equation
in an approach channel with a side weir was
solved numerically and another relationship
was derived between the discharge coefficient
and the same non-dimensional parameters. Both
relationships proposed here are equally good
when predicting discharge over side weirs with
supercritical flows. It is important to note that
the validity of the results presented here is
limited to the range of upstream Froude
numbers used in this study.
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