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Abstract

Weirs have been widely used for the purpose of flow measurement and flow control in open channels. Generally they are
used as normal weirs. For the purpose of flow diversion they can also be used as side weirs or skew weirs. Various weirs of
modified plan form have been suggested in the past to enhance their discharging capacity with minimum head over the weirs
and to restrict the afflux. Presented in this paper are results of experimental study carried out to investigate the discharging
capacity of a sharp-crested curved plan-form weirs under free flow conditions in a rectangular channel with weir height 0.18
m and vertex angles ranging from 45° to 120°. The equations for the discharge coefficient of curved weirs have been
proposed. The results show that there is a gain of about 40% in discharge over a curved weir with vertex angle of 90° as
compared to a normal weir. Finally, equations for discharge coefficient for all tested curved weirs in a free flow situation

have been proposed.
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Introduction

Sharp crested weirs are widely used for the purpose of flow
measurement, flow diversion and water level control in
hydraulics, irrigation, and environmental projects. Rectangular,
triangular, cipolletti, circular and sutro are some of the
important shapes of sharp crested weirs. All these weirs are
generally aligned as normal weirs in which the direction of flow
or sides of the straight channel is perpendicular to the length of
weir (or axis of weir). Based on alignment, weirs can be
classified as a normal weir in which weir axis is perpendicular
to channel axis', a side weir in which weir axis parallel to
channel axis® and a skew weir in which weir axis inclined to
channel axis®. In the last case, since length of the weir is
increased within the limited channel width, more discharge can
be passed over such a weir as compared to a normal weir. A
curved weir in the form of a circular arch embedded between
channel walls also offers more crest length for the passage of
flow.

Flow over a sharp-crested weir (Q) under free flow condition in
a channel is expressed in terms of the following mathematical
expression

3
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Where C,; = coefficient of discharge, L = crest length of the
weir, g = acceleration due to gravity, & = head over the crest.
The C, depends on flow characteristics and geometry of the
channel and the weir".
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The experiments were conducted on skew weirs and an equation
was proposed for the elementary discharge coefficient for sharp
crested skew weirs over a big range of A/w from zero to
infinity’. Using this equation, discharge over labyrinth weir
tested by Hay and Taylor was computed and found satisfactory”.

Tests were performed on various plan shapes in the form of
labyrinth weirs and presented the results in the form of curves
between the ratio of discharge over labyrinth weir to
corresponding normal weir and A/w’. Tullis et al® studied
labyrinth weirs having trapezoidal plan form. They found that
the coefficient of discharge depends on weir height, total head,
weir wall thickness, crest shape, vertex configuration and the
angle of the side legs. The Experiments were conducted on three
submerged labyrinth weirs of different geometries with half-
round crest shapes’. They described the submerged labyrinth
weir head—discharge relationship using the dimensionless
submerged head parameters and found that the relationship is
independent of labyrinth weir sidewall angles.

Aeration performances of different plan forms of labyrinth weirs
have been studied by various investigators™ > '°. They found that
the geometry of labyrinth weirs provides increased sill length
and often results in the overfall jets colliding with each other,
both of which may lead to increased aeration. They found that
the aeration efficiency of the labyrinth weirs is generally better
than the equivalent-length normal weir and it increases as the
weir included angle becomes smaller and also at lower overfall
drop heights and higher discharges. The hydraulics of labyrinth
weir using soft computing techniques was also studied in
detail" %,
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The experimental study was conducted on sharp-crested weirs
of triangular plan form under free flow conditions in a
rectangular channel’. It was found that the discharging
efficiency of the triangular plan form weirs is more compared to
the normal weir. It was also high for low vertex angle and low
head over the crest of the weir. The sensitivity analysis, i.e.,
change of discharge due to unit change in head of the weir was
also carried out and found that the weir is more sensitive at the
low head and low vertex angle.

The following equation for C, was proposed by conducting
experiments over broad crested curved weirs'*:
Cy=(0.5+0.33h/w+h/L)* 2
Presented in this paper are results of the experimental study
carried out to investigate the discharging capacity of a sharp-
crested weir of curved plan form under free flow condition in a
rectangular channel.

Material and Methods

Experimental Work: The experiments were conducted in a
horizontal, rectangular, prismatic channel plastered with cement
having a width of 0.28 m and depth of 0.41 m. The schematic
views of experimental setup are shown in figure- 1.
Geometrically, the curved plan form represents an arc of a
circle. Various curved plan form weirs of varying radii and
vertex angles were fabricated of mild steel plates. The curved
plan form reduces to a normal weir as the vertex angle
approaches to zero and half circular plan form for vertex angle
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180°. The weir was located at 9.30 m downstream from the
head of the channel water was supplied to the channel through
an inlet pipe from an overhead tank provided with an overflow
arrangement to maintain the constant head. Discharge over these
weirs was measured using a normal sharp crested weir fitted at a
distance of 1.95 m from the curved weirs. The downstream bed
was kept 0.30 m below the upstream bed in order to obtain
sufficient range of h/w and to avoid submergence. The discharge
is controlled by a valve. The water from the channel is collected
in an underground well having a diameter of 3.65m. Depths
were measured with a point gauge (0.1 mm accuracy) near the
centre of the channel at 0.40 m upstream of the various weirs to
avoid the curvature effect of water surface. Head over the
measuring weir was recorded in a well provided by the side of
channel at the upstream of measuring weir. Ventilation holes
were provided for the aeration of the nappe. Water was supplied
to the channel through an inflow pipe from laboratory overhead
tank provided with an overflow arrangement to maintain the
constant head.

The experiments were performed for weirs of curved plan form
of vertex angle 8 = 45°, 60°, 75°, 90°, 105° and 120° and for
varying discharges. For each run, the head over the crest of the
weir at about 4-5 times the head over the crest upstream of the
weir was measured using point gauge. Discharge in the channel
flowing over the weir was measured volumetrically in a sump
provided at the tail of the channel. The ranges of the data
collected in the present study are given in table- 1.
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Layout of the experimental set-up
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Table- 1
Range of collected data
0 Number
S.No. 0 (deg.) w(m) h (m) (m3/s) of runs
1 45 0.18 0.0130 - 0.1106 0.0011-0.0199 20
2 60 0.18 0.0104 - 0.1115 0.0008-0.0199 20
3 75 0.18 0.0134 - 0.1104 0.0012-0.0198 21
4 90 0.18 0.0130-0.1132 0.0011-0.0202 20
5 105 0.18 0.0133 - 0.1099 0.0010-0.0195 21
6 120 0.18 0.0143 - 0.1155 0.0013-0.0203 22
Analysis of Data: Data collected in the present study have been
analyzed to obtain the functional relationship for coefficient of 0.9 - o oo 1o
discharge for all tested curved weirs under free flow conditions $ A =105
in the form of Rehbock’s equation, i.e. X @
Ci=a+b(hw) 3) 0.8 1 3
Where w is the weir height and a and b are coefficients to . *
develop a discharge equation for the sharp-crested curved weir. o 07
Variation of discharge with head over the crest for the curved 0.6 1
weirs of different vertex angles is shown in figure- 2. Figure- 2
clearly indicates that for the same value of h, discharge
increases with the increase of vertex angle due to increases of 05 . . : : : . ,
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

the crest length of the weir. For each data set, the C, was
computed using equation 1 for known value of discharge, head
over the crest and the crest length for weirs of different vertex
angles. Variation of C; with h/w is shown in figure-3 for the
weirs of different vertex angles. It can be noted that C,
decreases with an increase of vertex angle due to interference of
the falling jets for high value of #/w. However, for the low value
of h/w, the interference of jets is not so severe, resulting in high
C,. The rate of decrease of C, with h/w decreases with increase
of vertex angle and for the vertex angle 0° i.e., the normal weir,
the C, increases with h/w, which satisfies the Rehbock (1929)
equation for C,,.
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Figure- 2

Variation of Q with h for weirs of different vertex angles
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hiw
Figure- 3
Variation of C,; with h/w for weirs of different vertex angles

Discharge equation for curved plan-form weir: Invoking the
Rehbock equation, the variation of C, with A/w is fitted to linear
equations for weirs of different vertex angles as follows:
C,=0.748 — 0.354 h/w for 0 = 120° R* = 0.957 (4a)

C,=0.752 - 0.316 h/w for 6 = 100°R* = 0.965 (4b)
C,=0.814—0.392 h/w for 6=90° R>=0.964 (4¢)
C,=0.854 - 0.445 h/w for 6=75° R*=0.948 (4d)
C, = 0.858 — 0.406 h/w for 0 =60° R*>=0.976 (4e)
C, = 0.867 — 0.404 h/w for 0 =45° R*=0.968 (4f)

A high correlation between C, and h/w may be noted for all the
weirs. Variations of constants ‘a’ and ‘b’ with vertex angle are
shown in figure- 4. A second order polynomial has been fitted to
the data for ‘a’ and ‘b’ as follows (angles are in radian):
a=(-0.171 6% + 0.403 6- 0.623) R*=0.923 (5a)
b=(0.266 07 - 0.724 6 + 0.055) R* = 0.937 (5b)

Out of 122 data sets for curved plan form weirs, 97 data sets
were used to develop the relationship for coefficient of
discharge. The generalized equation of C, for the curved weir to
be used in equation 1 for the computation of discharge can be
written as:

C,;=(-0.171 67 + 0.403 - 0.623)+(0.266 6 - 0.724 6+0.055) (h/w) (6)

This equation is valid in the range 0< A/w <0.65 and 0 < § < 120°.
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Variation of ‘a’ and ‘b’ with 6

Validation of the proposed discharge equation: The
remaining 25 data sets, not used in the derivation of equation 6,
were used next to validate the proposed relationship for Cy i.e.,
equation- 6. The computed discharge is compared with the
corresponding observed ones in figure- 5, which shows that the
computed discharge is within +5% of the observed ones for the
weirs of all vertex angles studied herein. For a numerical
measure for error between the observed and computed values,
an average percentage error term e is defined as':

100 &
e—NZ

i=1 Qobserved

Qcompured - Qobserved

(N

The average percentage error in the computation of discharge
over the weir using equations 1 and 6 is found in the range 0%—
5% for weirs of different vertex angles.
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Figure- 5
Comparison of computed discharge using Equations
(1) and (6) with the observed ones
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Efficiency of the curved weir: An efficient weir passes more
discharge for constant head and length of weir compared to the
other. To examine the efficiency of the curved weir for different
vertex angles, ratio of discharges over the curved weir and
normal weir, i.e., Q/Q, is plotted with i/w in figure-6.

The efficiency of curved weir is high for high vertex angle and
decreases with increase of h/w due to interference of the jets
downstream. For A/w = 0.1, the weirs of vertex angle 120°,
105°, 90°, 75°,60° and 45° are respectively 1.33, 1.38, 1.40,
1.39, 1.36 and 1.30 times more efficient than the normal weir.
However, for h/w = 0.5, the efficiency of curved weir is low and
even for 6 = 120e, the efficiency is only 1.06 times the normal
weir.

g
Q
hiw
Figure- 6
Variation of Q/Qn with h/w for the weirs of different vertex
angles

Results and Discussion

For the curved weirs an increase in discharge has been observed
as compared with the normal weir operating under identical
condition. It is evident from figure- 6 that for A/w = 0.1, Q/Q,
attains a maxima at 40% more than normal weir for vertex angle
of 90°. Therefore, use of curved weirs with vertex angle 6 > 90°
to obtain discharge more than 40% the discharge over normal
weir is not beneficial.

Conclusion

These weirs can be used easily and precisely as a discharge
metering device. Generalized equation for C, for curved weir
has been obtained, which can be used to find C, for any value of
6 in the corresponding specified range and hence the discharge.
Larger flow area on crest is available for the same head relative
to the conventional normal weir and this reduces afflux on the
upstream of the weir. Since the discharging capacity of these
weirs is more, the requirement of free board in channels gets
reduced and hence sections can be designed more economically.
Also with its simple geometric shape it is easy to design and
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fabricate high discharging weirs, even in existing channels.
Curved weir with vertex angle 6 = 90° is found to be the optimal
plan shape. In light of the above discussion, it is concluded that
by using curved weir, we get significant increase in the
discharge with lesser complications in design and placement.

Notations: B = Channel width, C, = Coefficient of Discharge
for V- shaped Weir, C;,, = discharge coefficient of normal
weir, g = Acceleration due to gravity, & = head over the weir, H
= Total head Upstream of the weir, / = Effective crest length, L
= Channel length, Q = Discharge over curved Weir, Q, =
Observed Discharge, 0. = Computed Discharge, O, =
Discharge over corresponding normal weir, Q, = Discharge over
skew weir, w = weir height above the bed of channel, Y =
Channel depth, Vertex angle, a,b = coefficients.
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