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a b s t r a c t

Side weir is a hydraulic structure placed parallel to channel axis or angled to the channel wall in order to
divert flow from a channel. Classical De Marchi hypothesis has commonly been used in previous studies
to estimate discharge capacity of side weirs. In the present study, the discharge capacity of rectangular
side weir was investigated using the Schmidt approach. Competence of average nape height as con-
sidered by Schmidt was examined via supplementary laboratory tests. 843 experimental runs were used
in the study. In addition, to determine the reliability of the Schmidt approach for calculation of discharge
capacity, obtained results were compared with De Marchi and Domínguez approaches. This study
showed that Schmidt and Domínguez approaches had similar tendencies for coefficient of discharge, but
the scatter data in the De Marchi approach was more significant. It is obvious that Schmidt approach was
quite reliable for calculation of the discharge capacity.

& 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Side weirs are hydraulic structures that are extensively used in
irrigation systems, stormwater collection systems, wastewater
treatment plants, combined sewer systems, and hydroelectric
power plant projects. There are different types (sharp-crested,
broad-crested, labyrinth, and oblique) and shapes (rectangular,
triangular, trapezoidal, and circular) of side weirs. Every side weir
type has different flow characteristics.

Side weirs are commonly placed parallel to the channel axis
(see Fig. 1). In Fig. 1(a), Q1 is the discharge in the upstream located
channel, Q2 is the discharge in the downstream located channel, L
is the length of the side weir, and B is the width of the main
channel. Thus, the flow rate over the side weir is expressed as
Qw¼Q1�Q2. Design of the side weir is implemented according to
the required Qw. In the subcritical flow regime, the variation of
specific energy and water surface profiles are shown in Fig. 1(b).

where E is the specific energy, F1 is the Froude number at up-
stream end of side weir, V1 is the mean velocity at upstream of the
side weir, h1 is the nape depth at the upstream of the side weir, h2
is the nape height at center of side weir, h3 is the nape heights at
downstream end of the side weir, p is the weir crest height, So is
the channel slope, y1 is the flow depth at the upstream end of side
weir, y2 is the flow depth at the downstream end of side weir, θ is

the channel bed angle, and α is the kinetic energy correction
coefficient.

Emiroglu et al. [1] summed up dimensionless parameters as a
result of the dimensional analysis of rectangular side weir dis-
charge coefficient.
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(1) where Cd is the discharge

coefficient, and g is the acceleration due to gravity.

1.1. Literature review

Previous studies on side weir hydraulic design included both
the theoretical analysis and experimental modeling of the phe-
nomenon for different geometries and flow conditions. Most re-
searchers assumed simplified one-dimensional (1D) flow in the
main channel [2–4]. In more complicated cases, two dimensional
(2D) or even three-dimensional models were used [5,6]. In the 1D
approach, the governing equations are derived via two principal
concepts, namely; the constant specific energy and the mo-
mentum approaches [7,8]. The specific energy theory for side
weirs was introduced by De Marchi [2]. The discharge coefficient
could be derived based on that theory [7–10]. Montes [11] verified
the method proposed by De Marchi [2] for side weirs using an
experimental approach. Most of these studies were based on De
Marchi's equation; for instance Subramanya and Awasthy [12],
Ranga Raju et al. [13], Sing et al. [14], Borghei et al. [15], Kabiri-
Samani et al. [16], Borghei and Parvaneh [17], Paris et al. [18] and
Emiroglu et al. [10]. Paris et al. [18] developed a generalization of
the De Marchi hypothesis for the case of side weirs over movable

Contents lists available at ScienceDirect

journal homepage: www.elsevier.com/locate/flowmeasinst

Flow Measurement and Instrumentation

http://dx.doi.org/10.1016/j.flowmeasinst.2016.06.021
0955-5986/& 2016 Elsevier Ltd. All rights reserved.

n Corresponding author.
E-mail addresses: memiroglu@firat.edu.tr (M.E. Emiroglu),

erdincikinciogullari@gmail.com (E. Ikinciogullari).

Flow Measurement and Instrumentation 50 (2016) 158–168

www.sciencedirect.com/science/journal/09555986
www.elsevier.com/locate/flowmeasinst
http://dx.doi.org/10.1016/j.flowmeasinst.2016.06.021
http://dx.doi.org/10.1016/j.flowmeasinst.2016.06.021
http://dx.doi.org/10.1016/j.flowmeasinst.2016.06.021
http://crossmark.crossref.org/dialog/?doi=10.1016/j.flowmeasinst.2016.06.021&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.flowmeasinst.2016.06.021&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.flowmeasinst.2016.06.021&domain=pdf
mailto:memiroglu@firat.edu.tr
mailto:erdincikinciogullari@gmail.com
http://dx.doi.org/10.1016/j.flowmeasinst.2016.06.021


beds. They stated that the functioning of side weirs on a movable
bed could be modeled by using the De Marchi hypothesis. Bagheri
and Heidarpour [19] studied three dimensional velocity profile of
flow over the rectangular side weir, discharge distribution and
angle of spilling jet. Bagheri et al. [20] used Domínguez's method
for determining the discharge capacity over the rectangular side
weir. They stated that Domínguez's method was comparatively
more accurate than De Marchi's approach for determining the
discharge capacity of the rectangular side weir.

Table 1 shows the rectangular side weir equations available in
the literature. Emiroglu et al. [1] demonstrated that there was not
enough coherence among these equations and they stated that
these inconsistencies were due to experimental measurements
and difference in the approaches that were used to calculate the
discharge coefficient.

Side weir hydraulics is an important topic, which attracted the

researchers' attention. De Marchi approach has often been used for
estimation of discharge coefficient in the literature, whereas
Schmidt [26] offered a more significant approach to calculate
discharge coefficient. Literature review indicated that side weir
hydraulics has not been studied with Schmidt approach yet.

1.2. Theoretical background

There are different approaches for estimation of discharge ca-
pacity of side weirs such as De Marchi approach, Schmidt ap-
proach, and Domínguez approach. These approaches are briefly
explained below:

1.3. De Marchi approach

The dynamic equation of spatially varied flow for outflow over

Nomenclature

A cross-section area of flow (L2)
B width of channel (L)
Cd side weir discharge coefficient (–)
E specific energy (L)
F1 Froude number (–)
g acceleration due to gravity (L T�2)
ha average nape height (L)
*ha average nape height calculated for Eq. (14) (L)
h1 nape height at upstream end of side weir (L)
h2 nape height at center of side weir (L)
h3 nape height at downstream end of side weir (L)
i refers to the upstream and downstream ends of the

side weir (–)
SE energy slope (–)
So channel slope (–)
L length of side weir (L)

p height of weir crest (L)
Qw total flow over side weir (L3 T�1)
Q1 total discharge in main channel at upstream end of

side weir (L3 T�1)
Q2 total discharge in main channel at downstream end of

side weir (L3 T�1)
x distance along the side weir measured from upstream

to end of side weir (L)
V1 mean velocity at upstream of side weir (L T�1)
V2 mean velocity at downstream of side weir (L T�1)
y1 flow depth at upstream end of side weir (L)
y2 flow depth at downstream end of side weir (L)
Φ Φ,1 2 varied flow function (–)
∆hs friction loss (L)
α α,1 2 kinetic energy correction coefficients (–)
ξ correction coefficient for Schmidt approach (–)
θ Channel bed angle

Fig. 1. (a) Definition of a classical side weir in plan; (b) Variation of specific energy and water surface profile along a side weir.
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