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Abstract

Introduction: The importance of flow measurement in irrigation and drainage networks is
not hidden from anyone. gates are one of the structures that can be adjusted while
controlling the upstream (downstream) flow depth and play an important role in measuring
the flow.

Up to now, very comprehensive studies have been carried out regarding the correction and
development of the relationship between the upstream height and the discharge in free and
submerged conditions. Among the researchers who have investigated this issue in
rectangular channels, we can mention the researches of Henry (1950), Rajaratnam et al.
(1967), Roth et al. (1999), Swamee (1992) pointed out.

In this research, a rotary gate along with a rectangular to semi-circular transition is used as a
flow measurement and water level control structure.

Methodology: The experiments of this research in an inclined channel with a Plexiglas wall
with a rectangular cross-section with length, width and height of 12, 0.6 and 0.5 m
respectively with a longitudinal slope of 0.00088 in the Water Research Laboratory of Water
Engineering Department of Lorestan University done.

The transition length is 0.9 m, which was done by fixing its upper edge to the walls and
bottom of the main channel from upstream and fixing it to a semicircular frame with a
diameter of 0.6 m at the gate construction site. It should be noted that this semi-circular
cross-section has continued up to a distance of 0.3 meters (gate radius) to the end of the
transition hand. Also, a semicircular plate with a diameter of 0.6 m was used as a rotary gate.

The tested discharges were from 20 to 38 lit/sec with 2-liter intervals and angles from 35-85
degrees with 5-degree intervals.

In order to carry out the experiments, firstly the flow with a certain discharge is established
in the channel, and then the gate is fixed at a specific opening and the depth of the flow
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using a depth gauge device at different points of the channel, from a distance of 4 m
upstream to 3 m downstream of the gate with certain distances in the direction Measured
lengthwise. Also, in order to ensure the correctness of the read depth, the water level has
been measured in at least three and at most five points across the channel.

Results and Discussion: The results show that with the increase of the opening angle, the
flow depth will have less fluctuations. In order to provide a general relationship, two
dimensionless parameters of water surface width at each level (Wi) and dimensionless flow
parameter (Qr) which were used by Marashi et al. (2021) is used.

In this research, the flow through the valve has been calculated from three approaches:
1- The method of estimating flow at each opening angle

2- Use of all data

3- Division of flow-opening angle curve (breaking point method)

Comparing the results of flow estimation methods: to check and calculate the error values in
each discharge estimation method, indexes such as: average relative error index (Error), root
mean square error (RMSE), standard error (SE) and normal root mean square error (NRMSE)
were used.

Choose the recommended method: The analysis of the results obtained using the statistical
indicators of the three methods mentioned above shows that all three methods have high
and acceptable accuracy. In the method of using all the data and the breaking point method,
the discharge is calculated by having the depth of flow at upstream, the radius and opening
of the gate. Since relatively short calculations are performed in these two methods, it is
sufficient for initial estimates.

Conclusion: In this research, to measuring and control the flow, using the rotary gates in
rectangular channels has been studied. This research is based on the results of Marashi et al.
and the purpose of the authors is to investigate the efficiency and accuracy of the results
obtained from the estimation of the discharge passing through rotary gates in rectangular
channels. The results showed that the method of using each angle seems more accurate
because the number of calculations in it is more. The error percentage index for the
separation method is 1.30%, in the aggregated data method it is 3.29% and the breaking point
method is 3.98%.

The formation of the lowest flow depth after passing through the gate occurs at a relatively
short distance in the central axis of the canal, which can be considered as a criterion for the
initial depth of the hydraulic jump. Investigating the amount of energy loss due to the
hydraulic jump of the flow after the gate shows that: with the increase of the opening angle,
the cross-sectional area of the flow increases and the difference in velocity before and after
the hydraulic jump decreases. This factor reduces energy loss. The comparison between the
amount of energy consumption in two sliding and rotary gates showed that the flow passing
through the rotary gate produces about 5% more energy loss.

Keywords: Rectangular to semicircular transition, rotary gate, flow measurement, energy
loss.
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Fig. 1 3-D schematic view of the rotary gate in
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Table 1 The domain of measured parameters in free flow

Opening angle Discharge range Depth rang No. of
(deg) (lit/s) (m) Exp.
35 0.02<Q<0.026 0.239<h<0.281 4
40 0.02<Q<0.026 0.220<h<0.257 4

45 0.195<h<0.287
50 0.179<h<0.264
55 0.162<h<0.238
60 0.152<h<0.221
65 0.02<Q<0.038 0.136<h<0.200 10
70 0.129<h<0.185
75 0.125<h<0.178
80 0.120<h<0.170
85 0.118<h<0.166

Fig. 2 The rectangular channel used in this research and the region of gate installation and transition in it
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Table 2 The results of checking the error of discharge calculation methods based on statistical index

Approach Error(%) RMSE(cms) SE(%) NRSME(%)
Individual opening angle 1.30 0.0004 1.60 2.58
Using all Data 3.29 0.0013 4.50 7.25
Breaking point 3.98 0.0015 5.16 8.31
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