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Abstract

The hydraulic characteristics of the flow are measured using tools such as flumes, in the design and evaluation of furrow
irrigation systems. Proper use of these tools, such as their immersion while working, is one of the important executive points
in this field; in this study, trapezoidal flumes are used to measure the intensity of input and output flow in furrow irrigation.
The proper method of installing these flumes was investigated in this article. For this purpose, during 60 irrigation operations,
the results showed that in order to create free flow conditions in these flumes, and not to affect the downstream and upstream
current, as well as increasing the accuracy of measurements, in addition to installing flumes in all directions, trapezoidal
flume should be installed at a height of at least about 4 cm above the furrow bed; according to the irrigation operations, the
percentage of immersion in the installation of the flume at a height of 4 cm from the furrow bed was observed as standard
(less than 70% immersion) in order to reduce the percentage of flow measurement error in different depths of water entering
the flume. The results also showed that for ensuring free flow in trapezoidal flumes, the flume should be installed at a height
of 4 cm or more above the furrow bed, provided the input ridges are strengthened and the end flume is measured to measure
the inflow to the furrow. The output current of the furrow should be installed in the floor of the furrow along the bed to
prevent the passage of current, provided that after the outflow flume, the furrow bed should be deeper in terms of free flow.
Observance of the points and results obtained in this study in furrow irrigation systems prevents errors in flow measurement
and consequently increases the accuracy in the design and evaluation of furrow irrigation systems.
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Introduction management tools such as flow intensity flow-meters have
been designed, which are open channels with a special shape
Generalities and narrowed throat section. They can be made of concrete,

metal or fiberglass. There are standard flume designs that

Flow measurement in industries, especially in irrigation
networks, is a basic need; for example, in surface irriga-
tion, inaccuracy in measuring flow intensity causes error in
infiltration calculations (Nafchi et al. 2022; Fattahi Nafchi
et al. 2022; Abdollahi et al. 2021; Nafchi et al. 2021; Taleb-
morad et al. 2021; Salehi-Hafshejani et al. 2019; Vanani
et al. 2017; Ostad-Ali-Askar et al. 2018a; Shayannejad et al.
2022; Talebmorad et al. 2020; Trout and Mackey 1988;
Ostad-Ali-Askari and Shayannejad 2015). In this regard,
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can measure discharge over a wide range of flows. The two
most commonly used types of flumes are partial flume and
trapezoidal flume. Flumes are applied in a smooth, uniform
channel, creating a relatively small drop in water head. Flow-
meters can accurately measure a wide range of flow. The
flume should not be submerged (return water in the throat),
and care should be taken in its installation. If the flow is
free, by measuring a height at the inlet of the flume, the
amount of flow can be measured using the formula govern-
ing that flume (Derakhshannia et al. 2020; Eslamian et al.
2018b; Golian et al. 2020; Aminpour et al. 2020). Prefabri-
cated flumes can easily be used in cold regions with frosty
winters. The cost of on-site flumes is relatively expensive.
The components of a flume are the throat, the convergence
and divergence section, the slope of the wall, the scale for
measuring the depth of flow in the flume, etc., which must
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be accurately constructed and applied to measure the flow
correctly (Eslamian et al. 2018a; Pirnazar et al. 2018; Ostad-
Ali-Askari et al. 2019; Ostad-Ali-Askari et al. 2020a; Li
et al. 2020). The name of the flume is determined by the size
of the flume with its throat width, for example, 6-inch flume
means a flume whose throat width is 6 inches (Larsen 1992).

(Parshall flume)

Today, partial flumes are a common tool in many measure-
ments. This type of standard flume is well known and has
been used for decades (Ribeiro et al. 2021). This type of
flume was designed by Parshall between 1915 and 1922
(Parshall 1926, 1936). The partial flume has three main com-
ponents, including the convergent part (upstream), the throat
part and the divergent part (downstream) (Fig. 1). According
to Fig. 1, the partial flume starts with a convergence at the
bottom of the flume, next a downward slope in the throat and
then an upward slope in the divergent section. The amount
of current can be obtained by measuring the levels of ha and
hb. Measuring the effluent flow, lack of particle deposition
and consequently reducing the measurement error, reducing
the water head drop are among the advantages of using par-
tial flume, which is mostly due to their special shape (Fig. 1)
(Anonymous 1974 and 1981).

Trapezoidal flume
Specifications

A new type of flume was built with high measurement accu-
racy with the advantages of previous flumes. They are easier
to make than partial flume. Throat width in these flumes
is zero and measures low currents; for example, they are
used in furrow irrigation. The similarity of the shape of this
flume with the cross sections of the field has made them
more used in the fields. The shape of the trapezoidal flume
is such that its sides diverge from the floor of the flume to
its surface relative to each other; therefore, it transmits more
current than the partial flume, which is not the case (com-
parison of Figs. 1 and 2). The condition for using flumes is
less than 70% submerged current, i.e., no upstream current
does not affect the measurements. In trapezoidal flume, this
percentage is higher than partial flume and above 80%, and
therefore without using a correction factor (which should be
used for reporting) flow rate can be shown with very little
error (Ostad-Ali-Askari et al. 2021a; Ostad-Ali-Askari et al.
2017b; Ostad-Ali-Askari et al. 2020b; Ostad-Ali-Askari
2022b; Ostad-Ali-Askari et al. 2018b; Walker and Skoger-
boe 1987).
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Fig. 1 Partial flume

Installing trapezoidal flume

The installation method of trapezoidal flumes is similar to
the partial flume and should be level in both longitudinal and
transverse directions. However, if this flume is used on a slop-
ing surface, the maximum allowable slope for installation
should be observed, and the numbers read on the slope should
be corrected according to the correction of the number zero
on the slope; the depth of the flow (A1) is the height of the
inlet cross-section floor to the flow surface. The depth A1 is
measured to measure the flow rate, then placed in a formula
for which the flow has already been calibrated and afterward
the flow rate is measured. This formula is derived from the
equation of energy and the equation of continuity (Dabrowski
and Polak 2012). According to the mentioned cases, installing
a trapezoidal flume depends on the slope of the channel if the
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Fig.2 Overview of trapezoidal flume and its technical specifications

maximum allowable slope is observed (mostly 0.0035 m/m or
critical slope) the floor of the flume with the floor of the chan-
nel can be the same from the bottom of the canal. It is worth
noting that the inlet of the flume is installed in such a way as to
create a free flow, which requires the installation of a flume at
a suitable height above the floor of the canal. If there is no free
flow in the trapezoidal flume and the ratio of water depth at the
outlet of the flume (/4) to water depth at the inlet of the flume
(h1) (Fig. 2) is 80% or more, i.e., the upstream flow affects the
downstream, the correction factor is used to calculate the cur-
rent intensity (Fig. 3).

Considering the importance of the correct method of install-
ing trapezoidal flume and the few scientific resources that exist
in irrigation, especially furrow irrigation, in this article, the
correct method of using trapezoidal flumes in furrow irriga-
tion systems is examined. Providing the correct method for
installing this flume creates free flow conditions. As a result,
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Fig.3 Flow correction factor for different immersion conditions in
trapezoidal flume. Q is the actual discharge and QO is the observa-
tional discharge. h4 =water depth at the outlet of the flume (Fig. 2).
(Robinson 1966, 1968; Larsen 1992)

accurate flow measurement is one of the requirements for accu-
rate infiltration calculation and consequently accurate design
and evaluation of furrow irrigation systems (Fatahi Nafchi
et al. 2021; Ostad-Ali-Askari et al. 2021b; Ostad-Ali-Askari
2022a; Ostad-Ali-Askari et al. 2021c¢).

Methods and materials

In this research, WSC type 2 trapezoidal flume was used
in order to achieve the correct method of using trapezoi-
dal flume and in furrow irrigation systems, and the experi-
ments were repeated during 60 furrow irrigation operations
finally the results were reviewed. The purpose of this article
is to create non-submersible flow conditions with proper
installation of this flume. Furrow irrigation operations were
performed on farms located in Isfahan-Iran University of
Technology. The length, width and depth of these furrows
were 42 m, 60 and 20 cm, respectively, and the slope was
0.1% (with the maximum allowable slope). In these irriga-
tion operations, a flume at the beginning of the furrow to
measure the inflow and a flume at the end of the furrow to
measure the output flow (using the calibrated formula in
Table 1) were installed evenly in all directions. Therefore,
this type of flume was installed 120 times in different ways
and the flow was examined. Also, the soil around pounded
and the flume was installed in this regard in order to prevent
the flow of leakage around the flume. In all operations, in
cases where free flow and submerged current were estab-
lished, all the conditions for installing the flume, including
the installation depth, etc., were recorded.
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Table 1 Calibration coefficients of short-trapezoidal throat flume (H
flow height)

Q=aH’  Flume type

1 2 3 4 5
a 0.00370  0.00374  0.00372  0.02940  0.02320
p 2.646 2.640 2.630 2.102 2.196

selected *

WinFlume software was also used to simulate the test
conditions. The calculations required to calibrate the flume,
determine its size and deploy it can be used by utilizing this
software. The maximum and minimum error rates between
the simulated discharge by this software and the actual meas-
ured discharge are 5% and 25%, respectively, and the average
error is 13%. This model estimates the discharge more than
the reality. The higher the flow rate through the flume, the
lower the error. Also, the higher the sill height, the closer
the flow in the gorge to the critical flow if the upstream and
downstream slopes of the flume floor are equal (Wahl 2001).

Results and discussion

The results of 120 trapezoidal flume installations during
various irrigation operations in this study showed that non-
submersible flow occurs in this flume when the flume is
installed at a height of at least about 4 cm from the bottom
of the furrow. Because the allowable immersion percentage
is less than 80% in this case. The flow will be measured
with good accuracy (Fig. 4). Irrigation operations showed
that the walls of the furrow should be hammered and tight-
ened before installing the inflow (Fig. 4) in order to ensure

the accuracy of measuring the inflow to the furrow in the
primary flume, in addition to the above conditions, and the
height of the walls should be increased as much as possible.
Also, in the end flume to measure the output flow from the
groove, the bottom of the flume should be the same as the
bottom of the groove due to the blockage of the flow to pass,
especially at the beginning of the flow time to the flume,
which causes errors in calculations. Upon reaching it, the
current is easily transferred from the bottom of the furrow
to the bottom of the flume and passes easily through it. This
should be done under the condition that the furrow surface
should be at least 2 m deeper after the installation site to
ensure non-submersible flow in the outlet flume.

The trapezoidal flume used in WinFlume software was
simulated to further investigate and simulate irrigation oper-
ations. The results of modeling the existing flume (WSC
flume type 2) by WinFlume software were as follows:

In this section, the percentage of immersion, which is
the ratio of water height upstream and downstream, can
be obtained. The above steps (Figs. 5, 6, 7 and 8) were for
the height of 3.5 cm of flume floor from the furrow (sill
height=3.5 cm) repeated for different heights such as 3 cm
and 4 cm and the percentage of immersion in the heights.
Different water levels were obtained and compared. Table 2
is prepared for this purpose.

The results show that in sill height=4 cm, the percentage
of immersion is less than other installation heights, which
indicates the accuracy of the results of field operations in this
study. Also the higher the inlet flow rate (higher altitude), the
higher the immersion percentage at a certain height.

The values of error percentage resulting in flow estima-
tion by WinFlume software to the actual flow rate (meas-
ured by flume according to its formula) are shown in Table 3
based on the discharge operating range in the experiments
of this study for flume.

(actual flow rate — sowftwore flow rate) X 100

Percentage error at any flow depth =

actual flow rate

Fig.4 Free and submersible
flow (left and right, respec-
tively) in trapezoidal flume
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Fig.5 Simulation of flume sections according to the width of the sections and the slope of the walls

The results showed that the higher the flow depth, the
higher the software measurement error and the average
measurement error at 3.5 and 4 cm flume floor heights is
similar to the furrow and slightly lower at 4 cm depth; this
shows the correct expression of the test results by WinFlume
software.

Conclusions and recommendations

For this purpose, during 60 irrigation operations, the results
showed that in order to create free flow conditions in these
flumes, and not to affect the downstream and upstream cur-
rent, as well as increasing the accuracy of measurements,
in addition to installing flumes in all directions, trapezoidal
flume should be installed at a height of at least about 4 cm
above the furrow bed; according to the irrigation operations,
the percentage of immersion in the installation of the flume
at a height of four centimeters from the furrow bed was
observed as standard (less than 70% immersion) in order to
reduce the percentage of flow measurement error in different

depths of water entering the flume. The results also showed
that for ensuring free flow in trapezoidal flumes, the flume
should be installed at a height of four centimeters or more
above the furrow bed, provided the input ridges are strength-
ened and the end flume is measured to measure the inflow
to the furrow. The output current of the furrow should be
installed in the floor of the furrow along the bed to prevent
the passage of current; provided that after the outflow flume,
the furrow bed should be deeper in terms of free flow. Obser-
vance of the points and results obtained in this study in fur-
row irrigation systems prevents errors in flow measurement
and consequently increases the accuracy in the design and
evaluation of furrow irrigation systems.

Based on field experiments and simulations performed in
this research, it is recommended that the WSC flume type 2
can be installed at least 4 cm from the bottom of the furrow
to work in free-flow mode in furrow irrigation. It should be
noted that the flow conditions for this result are the inlet flow
to the furrow about one liter per second and the maximum
allowable slope (0.0035 m per meter) and by pounding and
strengthening the wall of the furrow at the inlet. This flume
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Fig.8 Enter the obtained flow according to the flow-Ashle formula for different heights on the Eschlum (Gage)

Table 2 Percentage of
immersion in different depths of
water (Head) at different heights
of flume floor from furrow (sill
height)

Head cm  Percent submer-
gence in specific
Sill Height
3 3.5 4

1 0 0 0

2 0 0 0

3 0 0 0

4 6.8 0 0

5 312 211 111

6 48.5 40.1 317

7 614 542 47

8 714 651 588

9 79.6 738 68.2

should be installed in the bottom of the furrow to create free
flow conditions and also not to prevent it from passing, and
in a few meters after installing this flume, conditions should
be created in the bottom of the furrow so that the flow does
not return to the flume. Obviously, the installation height of
the boats varies according to the flow conditions. It is sug-
gested to increase the accuracy of the studies, the appropri-
ate method of using tools for this purpose before each test
with respect to the importance of field measurements and the
problems of their determination. Also tools are simulated,
designed and calibrated by WinFlume, Flow3D to increase
the accuracy of the experiments.
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Table 3 Error percentage values

s o Actual data
resulting in discharge estimation

Sil height=3 cm

Sil height=3.5 cm Sil height=4 cm

by WinFlume software and h q h q h q h q

actual discharge amount
cm 1/s cm 1/s cm 1/s cm 1/s
1 0.004 1 0.006 1 0.006 1 0.006
2 0.023 2 0.036 2 0.036 2 0.036
3 0.068 3 0.104 3 0.104 3 0.104
4 0.145 4 0.218 4 0.218 4 0.218
5 0.262 5 0.389 5 0.388 5 0.388
6 0.424 6 0.623 6 0.621 6 0.620
7 0.637 7 0.927 7 0.924 7 0.923
8 0.906 8 1.309 8 1.304 8 1.302
9 1.236 9 1.775 9 1.768 9 1.765
AEP 0.000 AEP 50.06 AEP 49.80 AEP 49.80
AEP Average error percent
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