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1. Introduction

The use of the cylindrical structures has some advantages such as low cost, simple design, easy construction and
the higher discharge coefficient. Masoudian and Gharahgezlou [1] performed several experiments on free over flow
on a cylindrical weir to determine the discharge coefficient (C,) and found that the C, raises with increasing the non-
dimensional ratios of [H,/R], in which R: cylinder radius, [H,/,,] and non-dimensional numbers of Re and We.
Masoudian et al. [2] performed a laboratory study on geometric and hydraulic parameters effect on the flow through
the cylindrical weir that demonstrates with increasing the dimensionless ratio of [y,,/D] and [y,,/a], C, goes up.
They indicate that for a constant value of [y,,/D] ratio, the C, decreases with the increasing gate opening height as
well as, cylindrical gate discharge coefficient is more than a sliding gate discharge coefficient [2].

Along with the vertical movement of cylindrical weir-gate, three different flows of over flow on weir, combined
flow thought the weir-gate and under flow the gate can be observed. As a result, discharge coefficient of combined
flow and the energy loss will also change. This structure can be used for precise control and measurement of passing
flow in the low and high water levels for instant during the drought or flood conditions, therefore, in present
research, an experimental study on the effect of vertical movement of cylindrical weir-gate on flow hydraulics was
performed.

2. Methodology
2.1. Experimental setap

The experiments were conducted in a rectangular and adjustable flume with the length of 7.5 m, width of 40 cm
and height of 46 cm, in transparent glassy walls with 1 cm thickness to see the flow direction from both sides and
with constant slope 0.0001, in Ostfalia (Ostfalia University of Applied Sciences, Faculty of Civil and Environmental
Engineering, Suderburg, Germany) University hydraulic lab. The PVC pipes were used as cylindrical device. Four
diameters of 50, 75, 110 and 125 mm were examined. The ratio of the studied diameters to the width of flume varied
within a range of 0.1 < (D/B) < 0.4. Various gate opening heights from a= 0 mm to 60 mm in increments of 10 mm
were investigated. Investigated discharge rates covers a range of 12 to 22 lit/s. Runs were carried out on flow
conditions of 0.1< Fr,,< 0.6, 30000<Re,,<62000 and 8<W¥e,,<21. The discharge was measured by a magnetic flow-
meter, with accuracy of £ 0.1 lit/s, and the water surface level was recorded using a liminimeter with +0.1 mm
accuracy. Fig. 1 shows a definition sketch for the studied combined over-under flow, through a cylindrical weir-gate
device.
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Fig. 1. Schematic diagram of combined over-under flows through a cylindrical weir-gate
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2.2. Dimensional analysis

For a cylindrical weir-gate structure, installed into a smooth rectangular open channel, with width B, gate
opening height @ and over-flow head H,, with the following functional relation (Eq. 1) can makes a linkage among
the effective-relevant variables:

fo( X’CdS’Va'VW’Vg’a’B’SO'yup’yd’Hw‘Hup‘Hd’D’p’,u’G’é"g):O (1)

in which f: functional symbol, C,: discharge coefficient, V,: upstream velocity (m/s), V,,: velocity on the weir (m/s),
V. velocity below the gate (m/s), y,,: upstream flow depth (m), y,: downstream flow depth (m), H,: head of water
over the weir (m), D: cylinder diameter (m), a: the gate opening height (m), H,,: upstream energy amount (m), Hy:
downstream energy head (m), g: acceleration of gravity (m/s?), o : surface tension (N/m), & : amount of contraction
(m), x : dynamic viscosity of the fluid (N.s/m?), p : fluid density (Kg/m®) and Sy: bed slope. According to the Phi

theorem, a dimensionless functional relation can be acquired using the p, g, and D as dimensional independent

variables. The effects of & (there is no contraction), Sy (constant) and B (constant) were ignored. Rearranging the
dimensionless deduced groups, results in Eq. (2) for obtaining a dimensionless functional relation for Cy:

Cys = (O, 18°°VE) 3,y I D). (v 1 v ) (H 1 v,) @l y,,). (al AHY), Fr,, ) )

3. Results and discussion
3.1. Variation of Cqs against dimensionless parameters

Fig. 2 illustrates the variations of discharge coefficient (C,) against the dimensionless parameters of y,,/D,
H.,/v,, and a/y,,, respectively. In a constant discharge rate, the C,, decreased as the gate opening height increased.
So that by vertical movement of cylindrical weir- gate, the maximum discharge coefficient amount were observed in
cylindrical weir with range of 1.2 < C,, < 1.41 and the minimum discharge coefficient amount were observed in
cylindrical gate with range of 0.4 < C,, < 0.92. It also has been observed that the combined cylindrical weir- gate
structure discharge coefficient is variable in the range of 0.6 < C,, < 1.2. Furthermore, it is observable that there is a
positive correlations between discharge coefficient and the dimensionless parameters of y,,/D and H,/,, (Fig. 2a
and b). It is also mentionable that there is a negative correlation between discharge coefficient and the dimensionless
parameter of a/y,, (Fig. 2c). Furthermore, in constant discharge and gate opening amount, increasing in amount of
cylinder diameter leads to the discharge coefficient amount decrease.
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Fig. 2. Variation of the discharge coefficient versus (a) y,,/D, (b) H,/y,,. (C) a/y,, for D=110 mm

3.2. Variation of the energy loss against the gate opening height

The figures (3) and (4) exhibit the variation of the energy loss amount (4H;) versus the gate opening height for
different investigated cylinder diameters and discharge rates. According to the results, 4H,; significantly decrease
with increasing the gate opening height for combined free flow. So that, the highest amount of energy loss were
observed in cylindrical weir with range of 0.03 < 4H; < 0.1 meter and the lowest amount of energy loss were
observed in cylindrical gate with range of 0.004 < 4H, < 0.062 meter, also has been observed that the combined
cylindrical weir-gate structure energy loss amount is variable in the range of 0.025 < 4H; < 0.1 meter. Furthermore,
in constant discharge and gate opening amount, increasing in amount of cylinder diameter leads to the energy loss
amount increase.
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Fig. 3. Energy loss versus opening height for Q= 22 lit/sec Fig. 4. Energy loss versus opening height for Q= 14 lit/sec

3.3. Proposed best correlated relations for prediction of Cq

By using the SPSS constructed experimental equation for predicting the amount of discharge coefficient for
cylindrical weir, weir-gate and gate. The following equation (Eq. 3) fits the data with coefficient of determination,
R’=0.941 and standard error of estimate, SEE= 0.013 to estimate the discharge coefficient over the cylindrical weir
to + 2 % within the following limitations: 1.47 < y,,/D < 2.64, 0.32 < H,/y,, < 0.62, 0.12 < Fr,, < 0.37.

Caw =2.218 (,,, ID) ¥ (1 1y, ) ®3)

up

For combined flow, experimental data can be described as the following best correlated equation (Eq. 4). The
following equation fits the data with coefficient of determination, R’= 0.965 and standard error of estimate, SEE=
0.026 to estimate the discharge coefficient through the combined cylindrical weir- gate to + 10 % within the
following limitations: 1.32 <y,,/D < 2.56, 0.14 < H,/D < 1.37, 2.32 < y,,/a < 25, 0.13 < Fr,, < 0.41.

Cyo =0.648 (aly, ) "# (0, 1D)" (4)

For under flow, experimental data can be described as the following best correlated equation (Eq. 5). The
following equation fits the data with coefficient of determination, R’= 0.931 And standard error of estimate, SEE=
0.026 to estimate the discharge coefficient through the cylindrical gate to + 10 % within the following limitations:

054 <y,/D<21,016 <a/D<12,108 <y,,/a <7.15,0.18 < Fr,, <0.58.

Cyp =0.464 (v, | D)%% (Y la)?% )

4. Conclusions

From the present research it can be concluded that:
1. The discharge coefficient changes has inverse trend with O./(g*°y,,””), a/y., , Fr., and a/AH,.
2. The discharge coefficient variation shows a direct relation with respect to y,,/D, y.,/ys and H,/y,.
3. A inverse mode was observed between the gate opening height changes and discharge coefficient, as well as the
maximum and minimum discharge coefficient were found in cylindrical weir and cylindrical gate conditions,
respectively.
4. The cylinder diameter exhibits inverse behavior against the discharge coefficient.
5. The gate opening height change has inverse relation with increasing the energy loss, so that the maximum and
minimum energy loss amounts were observed in cylindrical weir and cylindrical gate, respectively.
6. The cylinder diameter reveals a direct relation with energy loss variation.
7. The proposed empirical equations exhibited a good agreement with the experimental data.
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