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Of <0

EFE= s

Here, the contraction coefficient, discharge coefficient, hydraulic jump
length, and relative energy dissipation in which the gate acts as a
supercritical flow generator were investigated at different openings. The
maximum value of the contraction coefficient is related to the gate with the
lowest amount of opening. The amount of gate opening is inversely related
to the discharge coefficient. At a certain discharge, increasing opening leads
to a decrease in relative energy dissipation. Moreover, with increasing
Froude number, relative energy dissipation increases. Here, the amplitude
of the Froude number changed from 2.2 to 14.2, which has a direct effect
on the hydraulic jump length, and with increasing opening, the Froude
number and jump length decreased. The amount of opening is inversely
related to the upstream water depth and the hydrodynamic force applied to
the gate. Regression nonlinear polynomial relationships were presented to
predict relative energy dissipation and discharge coefficient with
appropriate statistical indicators of root mean square error and Kling Gupta.
For the discharge coefficient, mdecreasedore than 78% of the data have an
error of less than £1.5%. In addition, for energy dissipation relative to the
upstream and downstream, more than 88% of the data have a relative error
of less than £5 and +1%, respectively.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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Introduction

engineering and provides great help to engineers

Sluice gates are among the hydraulic structures
that are widely used in irrigation networks due to
their ease of use. These structures are used to
measure flow and regulate the upstream water
level in open channels. Determining the flow rate
and estimating the discharge coefficient is one of
the most important issues in hydraulic
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and users in order to design the structure and be
aware of the flow situation. To prevent water
wastage, the control and distribution of water in
irrigation networks should be done with utmost
care and control structures such as gates should
be selected correctly and in accordance with the
conditions of each area. In addition, the
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performance of hydraulic structures in terms of
energy dissipation can affect the stability and
strength of the structure in the bed of rivers and
channels. As hydraulic jump with oscillating
waves destroys the structure and the floor of the
channel, thus understanding the hydraulic
parameters is a fundamental aid to the design of
the structure. Therefore, in the present study,
with a careful approach to advance the
mentioned cases, the need to study sluice gates in
order to accurately understand the flow behavior,
understanding the effective relationships, and
also its effect on hydraulic capacity in different
sluice gate openings in supercritical flow
conditions was investigated. Also, its effect on
contraction coefficient, discharge coefficient,
relative energy dissipation, hydraulic jump
length, and Froude number in different openings
in a wide range of Froude number from 2.2 to
14.2 was studied.

Material and Methods

Here, an experimental flume with a rectangular
cross-section 5 m long, 0.3 m wide and 0.5 m
high with walls and floors made of transparent
Plexiglas has been used for experiments. The
slope of the channel floor can be changed and set
to zero degrees with the horizon level for
experiments. The inlet flow to the flume was
provided by two pumps, each with a nominal
capacity of 450 liters per minute. To read the
input flow, Rotameters installed on the flume
with a relative error of £2% were used. In the
present study, a point gauge with an accuracy of
+1 mm was used to measure the water depth in
the flume. Depths were measured at 4 points of
cross-section and their average was considered as
the final depth. In order to stabilize the hydraulic
jump inside the flume and the formation of the
free jump, the end sluice gate was used.

The outlet flow from the sluice gates in the case
of free-flow conditions is supercritical. The
contraction coefficient is calculated using Eq.

()

Cc =22 (1)

Where, Cc is the contraction coefficient, ya is the
initial depth, G is the gate opening. The flow rate
through the sluice gate is calculated based on Eq.

(2):
q = CaG\/29Y0 (2)

Where, q is the discharge per unit width, Cq is the
discharge coefficient, g is the gravitational
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acceleration and vy is the fluid depth at upstream
of the gate.

In the present study, the important effective
parameters of energy dissipation are presented in
Eq. 3:

f1(Q.W,G,ya,¥5,En, Ep, Lj, g, p, 1) = 0 ®)

where, Q is the discharge, W is the channel
width, yg is the sequent depth, Ea is the specific
energy in section A, Eg is the specific energy in
section B, L; is the length of hydraulic jump, p is
the water density and p is the dynamic viscosity.
Dimensional analysis of the relative energy
dissipation was summarized and calculated as
Eq. 4:

AEjp AEgp G ys Ly )

e — Fr, T ]
Ey Ep f3< 4 Ya Ya Ya

(4)

In which, Fra is the Froude number in section A.
In the present research, statistical indicators of
percentage Relative Error (RE%), Root Mean
Square Error (RMSE) and Kling Gupta
Efficiency (KGE) were used to evaluate the
relationships.

Results

In Fig. 1 diagram of discharge coefficient and
contraction coefficient is shown. The flow
contraction coefficient is inversely related to the
gate opening. In all openings, contraction
coefficient decreases with increasing water depth
upstream of the gate. The values of the discharge
coefficient decrease with increasing the opening
of the sluice gate. On average, the discharge
coefficient of 1 cm opening is higher compared
to the openings of 2, 4 and 5 cm, 7.75, 16.51, and
18.35% and maximum 16.62, 28.9, and 23.51%,
respectively.

The results showed that with increasing the
Froude number due to decreasing the opening,
the relative energy dissipation increases. The
results indicated that the relative energy
dissipation at the opening of 5 cm had the lowest
value and with decreasing the opening, the
relative energy dissipation increased. The
average energy dissipation relative to the
upstream of the hydraulic jump at 1 cm opening
is 21.01, 58.58, and 63.54% more than 2, 4, and
5 cm openings, respectively. Also, this amount is
55.41, 87.08, and 89.54% for the downstream,
respectively. By reducing the amount of opening,
the sequent depth at the same discharge is greater
than the gate with the larger opening.

Vol. 8, No. 4, 2022

VEo) s F ojlad h ojg0 (S

EWE


bshahmorady@gmail.com
Typewritten text
924


Y0 Investigation of Hydraulic Parameters of Flow in Sluice Gates

0.70 T +G=1cm ®G=2cm (a)
068 + o
0.66 T+
0.64 T
62 1 o ut
©o.60 1
0.58 T
0.56 +
0.54

A G=4cm mG=5cm

000 010 020 030 040 050 0.60
Glyo ()

0s 1 (b)
[ |
| |
0.7 + L] =
K.
aat
<06 f
o
[ ]
05 1 mG=1cm  AG=2cm
® G=4cm B G=5cm
0.4

0 10 20 30 40 50
Yo/G ()

Fig. 1 Diagram of a) Contraction coefficient b) Discharge coefficient

15 B G=1cm AG=2cm - (a)
® G=4cm BG=5cm ]
10 - u
< B
s ’ At
0

0 10 20 30 40 50 60 70 80 90 100
LilYa ()

65 T (b)
6 e
5.5
= 57
2451
T 42 4
35+
3+

25 ' ' ' ' i

0 3 6 9 12 15

Fra()

Fig. 2 Diagram of relative length of hydraulic jump relative to a) initial depth of hydraulic jump b) sequent
depth of hydraulic jump

In Fig. 2(a), a diagram of the hydraulic jump
length measured in terms of the initial jump
depth is drawn for all gate openings in different
Froude numbers. Moreover, in Fig. 2(b), the
jump length curve relative to the sequent depth is
shown. Increasing the Froude number leads to
increasing turbulence and eddy currents at the
start of the jump and increasing the hydraulic
jump length.

Conclusions

The results showed that in different sluice gate
openings, the discharge coefficient is inversely
related to the gate opening. As the pressure
upstream of the gate increases due to the increase
in flow, the contraction coefficient decreases. As
the sluice gate opening increases, the relative
energy dissipation decreases due to the increase
in initial depth and consequently the decrease in

specific energy in section A, as well as the
decrease in sequent depth compared to the gate
with lower opening. At the same flow rate, the
hydrodynamic force on the gate is inversely
related to the amount of gate opening. To
calculate the relative energy dissipation and
discharge coefficient, non-linear regression
polynomial relations were presented in the scope
of the present study using Solver in Excel
software.

Data Availability
The data can be sent on request by the
corresponding author via email.
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Table 1 Geometric and hydraulic characteristics of the
used models in the present study

Hydraulic Characteristics

Variables Range
Gate Upstream 0.053-0.44
Initial of Hydraulic
Depth (m)  Jump 0.0063-0.033
Sequent of Hydraulic 0.032-0.105
Jump
Discharge (I/min) 150-850

Reynolds Number 11111-47222

Geometric Characteristics

Variables Range
Channel Length 5
Dimensions Width 0.3
(m) Height 0.5

Gate Opening (m) 0.01, 0.02, 0.04, 0.05
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Fig. 3 Contraction coefficient variations against the
ratio of opening to the upstream depth

Az 0 dm ahle 0 Ges falS 4 e Ce g il
Copo Hlade pi Sl 20 SO H0 0gd e (YA)

Environment and Water Engineering

35y 2ol Wy, ALEI coyd bz Bee Bl ]
2k bl a4 lgoe 1) gaose cnl cde 008 o
Sendls L po by Ges SRl 5 (SBU Az s CwnsL

23,5 oo 4,0 5l ey Ol S SRl Csl a5

Ol ot 5 S jlanmes

Vol. 8, No. 4, 2022

\f \U )st)LAAAsAO)jd

kﬂ
QS


bshahmorady@gmail.com
Typewritten text
930


avy

Lg‘}‘*‘s dl-““’.f-.‘.)*) ) ub)’ ‘-i—.:-lﬁ)%-‘b LSL“’J;'"‘)l‘... R

S by Bes w4 Ay (Sabil olie ced b Ce

S 00 oo)ﬂ Az 40

4,0 S5l Oliee (58 b Az 4 bgpe AL
Ol b by LBl oo Soolea all o
Olpass 009350 (V) Jgaz ,0 0yl wSe abal, Soisl

@lizee sl Salsl o olasl oo Ol 0dgame =Y Jga

Table 2 Range of contraction coefficient variations at different openings

Gate Openings (m) Di(sI;::W?rr]?e G(/_);o Cec () Cec ()
0.01 200 - 400 0.023 <Glyo<0.074  0.630 ~0.680 0.648
0.02 300 - 600 0.067 < Glyo<0.224  0.608 ~ 0.630 0.614
0.04 400 - 750 0.284 < Glyo <0.556  0.595 ~ 0.633 0.611
0.05 650 - 850 0.384 < Glyo<0.542 0590 ~ 0.610 0.599
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Table 4 Results of the discharge coefficient of the present study with previous studies
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