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ABSTRACT

This research investigates the effectiveness of tertiary boxes in irrigation systems by optimizing structural
functions, combining overflow and orifice mechanisms to achieve more accurate water distribution.
Designs incorporating overflow and orifice can achieve more balanced water allocation under various flow
conditions. The discharge coefficient (C;) is measured due to variations in orifice number and diameter,
and in the sharp-crested weir width. The results show that the discharge coefficient (C;) changes with
variations in the width of the sharp-crested weir, indicating an accumulation or fluctuation along the weir
width, diameter of orifice, and number of orifices. The optimal configuration between the discharge
coefficient and the sharp-crested weir for sharp-crested weir widths of 0.33 m and 0.42 m was found, using
3 orifices, each with a diameter of 4 cm. The discharge coefficient over the sharp-crested weir for the width
of 0.33 m uses the formula, C; = 0.7384 (h;/p)-0.094 for Channel-1 and C,; = 0.3294 x (h;/p)-0.296, for
Channel-2 and 3. The discharge coefficient on orifice uses the formula, C; = 0.482 x (h;/d)-0.0709, for
Channel-1 and C,; = 0.3765 x (h;/d) x 0.1751, for Channel-2 and 3. However, the discharge coefficient over
the sharp-crested weir for the width of 0.42 m uses the formula, C; = 0.8215 x (h;/p)-0.058, for Channel-1
and C,; = 0.3202 x (h;/p)-0.286, for Channel-2 and 3, the discharge coefficient on orifice uses the formula, C,

=0.3469 x (h;/d) x 0.2651, for Channel-1 and C; = 0.177 x (h;/d) x 0.614 for Channel-2 and 3.

Keywords-discharge coefficient; orifice; overflow; physical model; model scenario

I.  INTRODUCTION

The tertiary box plays an important role in irrigation
systems since it manages water distribution to agricultural
areas. A side tertiary box often faces the problem of
unbalanced flow because water, which has a straight flow,
tends to have a bigger discharge [1] than that turned to the side.
An alternative is a type of spear that is more accurate in
dividing water proportionally but requires a bigger area [2].

The orifice overflow (sharp-crested weir) structure [3-4]
has been developed as a contemporary solution. This design
uses the holes in overflow (sharp-crested weir) side [5] to

increase the effectiveness of water distribution [6]. With a
higher discharge coefficient, this structure is more effective in
regulating water flow [7-8]. The combination of overflow and
orifice [9-10] is also introduced as a flexible alternative for
regulating water discharge in various flow conditions, giving
more proportional water distribution [11] without needing
additional space. This solution is expected to help modernize
irrigation, make operation easier, and provide reliable irrigation
service for farmers [12-15].

This study provides water allocation values, a combination
of structures, and discharge coefficients for three flow
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directions using overflow and orifice, as well as the dimensions
and position of the orifice to optimize water allocation. \ 4
.. = Vena
However, more emphasis is placed on the measurement of the - ko

discharge coefficient (Cd) of the tertiary box combined with
overflow and orifice. To obtain the flow value, a simulation is
needed, using the number and diameter of orifices along with
the observed discharge [16], water level, and flow velocity on
the orifice. This study provides a reference for implementing a
laboratory practice. This study is usually carried out to find the
value of the discharge coefficient, which is useful as an initial
step for the design of sharp overflow (sharp-crested weir)
structures combined with overflow and orifice, or other
structures.

II. MATERIALS AND METHODS

A. Rectangular Notch

According to [17], a rectangular notch is formed when
water flows through a rectangular shaped gap, as shown in
Figure 1. The H variable, observed in Figure 1, demonstrates
the water overflow height and b shows the overflow width.

||||-‘
a -2
-4
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2

Rectangular notch as described in [17].

p— T

b —
Fig. 1.

To calculate the total discharge through the whole
overflow, an analysis using integral equation (1) is needed,
from h = 0 at the water level until 4 = H at the overflow peak:

2
chzngd Xb X2 X H3 1

Where, Q, = theoretical flow discharge (m3/h0ur), g =
acceleration due to gravity (m/s®), b = width of rectangular
notch (m), C,; = discharge coefficient, # = height of section
from water level (m).

B. Calculation of Flow Coefficient

Liquid flowing through the orifice (Figure 1) arrives from
all directions. Due to the liquid's viscosity, particles that change
direction experience energy losses [18—19]. After passing
through the jet hole, water undergoes contraction, as shown by
the flow contraction in Figure 2. The maximum contraction
happens in a section that is downstream side. The section with
the maximum contraction is known as Vena Contracta.

N \__c

Fig. 2.
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llustration of Vena Contracta.

In liquid flowing through a hole, energy losses occur that
cause some flow parameters to be less than those of ideal liquid
flow. This can be shown by several coefficients: contraction,
velocity, and discharge coefficients.

The coefficient of contraction (C,) is the ratio between the
section area of the flow in the vena construct (A.) and the hole
area (a), which is the same with the flow section of the ideal
liquid. The coefficient of contraction (C.) can be calculated
using:

C.=% @

The contraction coefficient (C,) depends on the energy
head, shape of the hole, size of hole, and the average is taken as
0.64.

The ratio between real velocity in the vena construct (V,)
and theoretical velocity (V) is known as velocity coefficient
(Cy) and it can be calculated as:

Ve
Cr=" 3)

The value of the velocity coefficient depends on the shape
of the underside of the hole (sharp or rounded) and the energy
head. The average of the velocity coefficient, Cy, is taken as
0.97.

The discharge coefficient is the ratio between the real
discharge and the theoretical discharge and it can be calculated
as:

Cq =Cy XC¢ ) “4)

The value of the discharge coefficient depends on the value
of Ccand Cy, and is taken as 0.62.

C. Small Hole

Figure 3 shows the liquid that flows through the small hole
of a tank. The center of the hole is at a distance /& from the
water level. At first, the flow is assumed to be ideal and the
pressure in the hole is atmospheric pressure.

By using the Bernoulli equation in the liquid surface in poll
and hole, the velocity of the liquid in the point can be
calculated as [20]:

L A B 4
Zl+y+zg Zz+y+2g &)

The velocity in point-1 is zero and the pressure is the same,
so (5) can be written as:
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v
Zy =2, + 29 (6)
V,=29(Z; +Z,) = 2gh @)
Or:

V,=\2gh ®)

The equation shows the theoretical flow velocity of the
ideal liquid. In real liquids, energy losses occur due to
viscosity, resulting in the Vena Contracta phenomenon.
Therefore, the velocity coefficient (Cy) must be calculated as:

Ve=C/ xV,=C,=+2gh 9)
Hence, the discharge can be calculated as:
Q=A.XV.=CcXxaxC,X+2gh (10)
Or:

Q=Cixax2gh (1)

l|| ‘

Fig. 3. Ilustration of tank with a small hole.

III. METHODOLOGY

A. Data Collection

The collected data include the Thompson head (%), the pitot
head (%,) within the orifice, and the water surface head over the
sharp-crested weir. Then, the data are analyzed to obtain the
constant discharge coefficient. The results of this analysis are
used to address the problem formulation by examining how
variations in orifice diameter and number influence the
discharge coefficient (C,) in water allocation within the tertiary
box with three flow directions.

B. Experimental Procedure
The experimental procedure consisted of the following
steps:

o Installing the rectangular notch and activating the water
pump to start the flow through the channel.

e Measuring Thompson gauge reading, Pitot height % in the
orifice, and water level head in sharp-crested weir.

e The discharge measurement process employed two methods
(Thompson and Pitot), which were used to calculate the
total discharge as well as the discharge coefficient (C,) for
the sharp-crested weir.

e The calculation of Qpmpson frOM Agggmpson is performed to
obtain discharge, which is based on the Thompson
measuring tool. Subsequently, V,;, is calculated from h
Pitot in the orifice, which is subsequently used to calculate
the discharge coefficient of a free flow orifice (C,). This is
then followed by the calculation of Q.. After that, the
discharge through the sharp-crested weir is calculated with
the equation, Qsharp-crexted weir = QThom]mm - Qnriﬁce by U'Sing the
calculation of orifice discharge coefficient. After Qarp-crested
weir 18 known, the next step is the discharge coefficient (C,)
calculation through the sharp-crested weir.

C. Location

This research is conducted in the Laboratory of Applied
Hydraulics, Department of Water Resources, Faculty of
Engineering, University of Brawijaya.

D. Study Scope

This research measures the discharge coefficient and design
parameter of tertiary box structure combined with overflow and
orifice that is more efficient in terms of water allocation
accuracy. So, the water allocation service in the irrigation
network can be performed optimally.

E. Physical Model

The physical model tested in this study is a tertiary box
model featuring three flow directions, incorporating both
overflow and orifice mechanisms. The model scale [21] is a
prototype scale of 1:1. The model construction is designed with
a flume/open channel.

IV. RESULTS AND DISCUSSION

In this study, eight variations of discharge, three variations
of orifice diameter, two variations of sharp-crested weir width,
and two variations of orifice number are used. From the
calculation and direct measurements across various orifice
combination scenarios, it was found that the water level height
at the sharp-crested weir sometimes resulted in overflow and
sometimes did not. For example, in the scenario with an orifice
diameter of 8 cm, three orifices, and a sharp-crested weir width
of 0.33 m, there is no overflow at discharges of 25-45 I/s.
However, overflow occurs at discharges of 50-60 1/s.

TABLE 1. CALCULATION OF C, OVER SHARP-CRESTED
WEIR WITHOUT ORIFICE
No. —Q—L"‘Z”’ o h b Ca
m’/dt m m

1 0.009 0.046 0.33 0.959
2 0.011 0.054 0.33 0.926
3 0.014 0.064 0.33 0.899
4 0.016 0.072 0.33 0.870
5 0.018 0.078 0.33 0.855
6 0.020 0.086 0.33 0.815
7 0.023 0.095 0.33 0.795
8 0.025 0.105 0.33 0.762

Mean 0.860
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Cd Curve of Sharp-Crested Weir (0.33 m)
without Orifice

Cd=06102 . (hl/p)®2s
1,000 = R?=09746

G = i ® Channel1
: ° 3 Cd=0.3586 . (h1/p)®-1¢

0,600 R?=0.8927 i Sesmiss

0,000 0,100 0,200 0,300 0,400 0,500 0,600
h1/p

Fig. 8. C, curve of sharp-crested weir (0.33 m) without orifice.

Cd Curve of Sharp-Crested Weir (0.42 m)
without Orifice

1,200
L
1,190 = Cd=05727 . (al/p)®3»
1,000 % o R?=0.9612
.. o
o 0900
o e,
0,800 * o Channell
0,700 ¥4 cd=03298 . (hrpy®s ® Channel2&3
0.600 R*=0.9528
0,500
0,000 0,100 0,200 0,300 0,400 0,500 0,600
hl/p
Fig. 9. C, curve of sharp-crested weir (0.42 m) without orifice.
Fig. 5. Overflow condition in the sharp-crested weir without orifice. Based on the measurements of hThampsan and the water level

over the sharp-crested weir, the discharge coefficient over the
sharp-crested weir is analyzed for the scenario without an
orifice.

1
__ (hThompson 03893
Q - (W) => hThompson =0.132m

1
__ (0.132 03893 _ _ 3
Q= (0.8153) => (0 =0.009 m’/s

The next step is to analyze the discharge coefficient over
the sharp-crested weir:

Q thompson

= 3
%xbeZ X g xhZ
Fig. 6. Non-overflow condition in the sharp-crested weir combined with Or:
orifice. 0.009
C, = - =>Cy=0.959

%x 0.33 X V2 X 9.81 X0.0462

For a sharp-crested weir combined with an orifice, two
discharge coefficients are calculated when overflow occurs.
Based on the measurement of Azjompsons piror i the orifice, and
the water level over the sharp-crested weir, the discharge
coefficient over the sharp-crested weir and the discharge
coefficient in the orifice are analyzed. In the scenario presented
in Tables II and III: the orifice diameter is 8 cm, there are 3
orifices, and the sharp-crested weir width is 0.33 m in Channel-
1. The first step in this analysis is to calculate the discharge of
Thompson by using the calibration formula of Qempson :

1
hthompson\o0.3893
Q = (—) =>hThampsan =0.135m

Fig. 7. Overflow condition in the sharp-crested weir combined with 0.8153

orifice.
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1
0= (0.135 )0.3893

— =>0=0.010m%s
Analysis of discharge coefficient (Cy) in the orifice:
Cy=1.019

Cc=0.64 ==> Cc mean = 0.64

Corifice= Cy X Cc => Cueorifice=0.652

Qorificesz Xa X 2XgxXh

Or:

Q =0.652 x 0.005 x V2 x 9.81 x 0.049
Q orifice = 0.003 m*/s

O towat orifice = 0.003 m’/s

Q it orifice = 0.0010 m*/s

From the total discharge of the orifice, the discharge
coefficient over the sharp-crested weir can be calculated. The
value of the discharge coefficient over the sharp-crested weir is
calculated using the discharge from Qruompson A0 Qrorai orifice -

QThom]mm =0.020 m3/S

Qariﬁce = Qtotal orifice
Qorifice = 0.014 m’/s

Qsharp-crested weir = QThompson - Qtotal orifice

Qxharp-crested weir = 0.020-0.014

Qsharp-crested weir = 0.006 m

h=0.026
b=033m
_ Qweir
Csharp crested weir — 5 3
Exbxw/zxgxhz
0.006

Csharp—crested weir = 2 3
3 X 0.33 X2 X 9.81 X0.0262

Csharp crested weir = 1.52

A summary of the mean C, from various sharp-crested weir

scenarios (0.33 m and 0.42 m) is provided in Tables IV and V.

TABLE II. ANALYSIS OF DISCHARGE COEFFICIENT IN ORIFICE
I’Ill :1 IﬁZ hl/ d VI::;‘;”I Trh:;;esm” CV CC Cd Qevery orifice Qrotal orifice
0.049 0.08 0.005 0.608 0.995 0.977 1.019 0.64 0.652 0.003 0.010
0.067 0.08 0.005 0.833 1.123 1.144 0.982 0.64 0.629 0.004 0.011
0.075 0.08 0.005 0.933 1.190 1.210 0.983 0.64 0.629 0.004 0.011
0.102 0.08 0.005 1.275 1.257 1415 0.888 0.64 0.569 0.004 0.012
0.123 0.08 0.005 1.538 1.347 1.553 0.867 0.64 0.555 0.004 0.013
0.156 0.08 0.005 1.950 1.441 1.749 0.824 0.64 0.527 0.005 0.014
0.166 0.08 0.005 2.075 1.504 1.805 0.833 0.64 0.533 0.005 0.015
0.170 0.08 0.005 2.125 1.554 1.826 0.851 0.64 0.545 0.005 0.015
Mean 0.580 0.004 0.013
TABLE III. ANALYSIS OF DISCHARGE COEFFICIENT OVER THE SHARP-CRESTED WEIR COMBINED WITH ORIFICE
Thompson orifice sharp-crested weir b
No. QmB_/(# Qorifc 0 st s 2 - L hilp Ca
1 0.010 0.010 - 0.33 0.25 - -
2 0.012 0.011 - 0.33 0.25 - -
3 0.013 0.011 - 0.33 0.25 - -
4 0.017 0.012 - 0.33 0.25 - -
5 0.018 0.013 - - 0.33 0.25 - -
6 0.020 0.014 0.006 0.026 0.33 0.25 0.104 1.522
7 0.022 0.015 0.008 0.036 0.33 0.25 0.144 1.172
8 0.025 0.015 0.010 0.040 0.33 0.25 0.160 1.338
Mean 1.344
Cd Curve of Sharp-Crested Weir (0.33 m) Cd of Orifice on 0.33 m Crest Weir
with 0.04 m Diameter (n2) with 0.04 m Diameter (n2)
0.900 U
0,800 0. 00.9.9.0.9.0 .
0.700 Cd=0.7744 ‘hlp"":} 550 o 0
= e R?=0.4957 »®
53 0.6 3 "o a 30 Ph % e Channell
i cw 8.9 e Channel1 A ®.9
> o %o 0 Cd=0258 . (hod - ® Channel 2&3
0 4( Cd 31 ® Channel2&3 10 R e®
R . %
300 ®
( ( 2 04 490
h1/p 0% s O :
h,/d
Fig. 10.  Cqcurve for sharp-crested weir and Cd for orifice (D4 n2) — sharp-crested weir (0.33 m).
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Cd Curve of Sharp-Crested Weir (0.33 m) Cd of Orifice on 0.33 m Crest Weir
- with 0.04 m Diameter (n3) - with 0.04 m Diameter (n3)
) - Cd = 0.482 . (hy/d)P0® °
on e S R g
0.800 L R ) 58 ..
0700 Cd =0.7384 . (h1/p)® oy
=" ° R*=0.858 3 0530 =
0,600 e =z Cd=03765 . (hp /d)P1"s o
. * 3900 0, 9z Cnoel 2 0.520 R* = 0.8069 & ® Channel1
0.500 LA T = ® Channel2&3 o op i ® Channel2&3
Cd=0.3294 . (h1/p)®>* o 0,510 . 3-89 o
0,400 R:=0.7746 . °
0,300 0,500
0,000 0,100 0,200 0,300 0,400 4,500 5,000 5,500 6,000 6,500 7,000
hl/p hy/d
Fig. 11.  C,curve for sharp-crested weir and Cd for orifice (D4 n3) — sharp-crested weir (0.33 m).
Cd Curve of Sharp-Crested Weir (0.33 m) Cd of Orifice on 0.33 m Crest Weir
with 0.06 m Diameter (n2) with 0.06 m Diameter (n2)
1,100 0,600
1090 = 0,590 Cd=0419 . (e /d)P> .
0.900 = 0,580 R*=0.9646 P
= e @i o =
0,800 ° 0,570 =
0,700 Cd =0.7761 . (h1/p)®%* 0,560 -* o
3 R?=0.1802 3 0,550 . of
0,600 o Sl e
0.500 = @ Channel 1 0.:40 Cd=03122 . (he/dP** @ o Channel1
o o ¢S dgre ® Channel2&3 0'220 R*=0.9389 o ® Channel2&3
0300 | C4=03597 (upyeie 0,520 o
g R#=0.3914 0,510 4
0,200 0,500
0,000 0,100 0,200 0,300 0,400 2,000 2,500 3,000 3,500 4,000 4,500
hl/p hy/d
Fig. 12.  Cq4curve for sharp-crested weir and Cd for orifice (D6 n2) — sharp-crested weir (0.33 m).
Cd Curve of Sharp-Crested Weir (0.33 m) Cd of Orifice on 0.33 m Crest Weir
" with 0.06 m Diameter (n3) . with 0.06 m Diameter (n3)
14 s
= Cd =0.7258 . (h1/p)®i78 0,580 L
1,200 R*=0.6628 05% T °*
e W0 4+ e ...
1,000 o g o 0560 1 c4=0.5889 . (hpsd)® * @ .
086 9299 R7=0.1328 P
- ® — 0,540 °
© 0600 © 0,530 =
4 - = ® Channel1 0.520 e o Channel1
L J o &!
0,400 = o vudiet e o Channel2&3 0,510 L o Channel2&3
0,200 Cd=02214 . (h1/p)>3* 0500 A= 04536 _ (/7
R?=0.5957 0.490 R*=0.4249
0,000 0,480
0000 0050 0100 0,150 0200 0250 0,300 1,500 2,000 2,500 3,000 3,500 4,000
hl/p hy/d
Fig. 13.  C,curve for sharp-crested weir and Cd for orifice (D6 n3) — sharp-crested weir (0.33 m).
Cd Curve of Sharp-Crested Weir (0.33 m) Cd of Orifice on 0.33 m Crest Weir
with 0.08 m Diameter (n2) with 0.08 m Diameter (n2)
1,400 0,700
1200 > 0,90 Cd=0.5889 . (hpd/d)o e
R R?=0.3886
1.000 ... gy 0,600 .
0,800 Cd=07264 . (h1/p)® " 93
3 = R?*=0.9745 3 0,500
0,600 ° c
== ° > ® Channel 1 0,450 e Channel 1
0,400 = . ® Channel2&3 0.400 ® Channel2&3
Cd=0.1761 . (h1/p)y®*?
2% Ri=0 '(os:p’ 0,350
0,000 0,300
0000 0050 0100 0150 0200 0250 0300 0,500 1,000 1,500 2,000 2,500 3,000
hl/p hys/d
Fig. 14.  C, curve for sharp-crested weir and Cd for orifice (D8 n2) — sharp-crested weir (0.33 m).
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Cd Curve of Sharp-Crested Weir (0.33 m) Cd of Orifice on 0.33 m Crest Weir
o with 0.08 m Diameter (n3) with 0.08 m Diameter (n3)
/ e
400
1 0 0,?00 Cd=0.6047 . (hyec dyo
1,200 = 0,700 ~ R*=0.9496
1,000 =0.5765 2.418 0,600 =¥
‘ ® Cd-0_~.76. .(hl P i o L R g g
= 0.800 R*=0.5698 0,500 .y ~
SR o 3 0400 LR
0,600 L] e Channel 1 $= 0300 e Channel 1
. : ) Cd=0.4646 . (R /d)* !
0,400 = * Channel283 > = * Channel2&3
Cd=0.1413 . (b1/p)* 5 0200 R?=0.5626
0,200 R*=0.615 0,100
0,000 0,000
0,000 0,050 0,100 0,150 0,200 0,000 0,500 1,000 1,500 2,000 2,500
hl/p hy/d
Fig. 15.  Cycurve for sharp-crested weir and Cd for orifice (D8 n3) — sharp-crested weir (0.33 m).
Cd Curve of Sharp-Crested Weir (0.42 m) Cd of Orifice on 0.42 m Crest Weir
ith 0. i 3 with 0. ia 3
1,000 with 0.04 m Diameter (n2) 0570 ith 0.04 m Diameter (n2)
0,565 | Cd=04815 . (hp/d)* %2 =5
0200 ® oy 0,560 R*=0.6274 "o
0,800 U.OA.“‘.__.‘W.A. 0,555 .
. ) 0,550
- Cd=0.6754 _ (hl/p)®18 v
s i ®e R?=0.9411 D054 ©
~ 0,600 oy S 0,540 R
' ¢ : By ® Channell 0,535 °.- @ Channel1
0,500 $ 0530 |Cd=03242 . (he d)®™ %,
Cd=03062 . (hl/p)yo3¢! i Cnna2 83 0,525 R?=0.8881 % i Choanel 283
0,400 R*=0.8616 0,520 ¢
0,300 0,515
0,000 0,100 0,200 0,300 0,400 4,000 4500 5000 5500 6,000 6,500 7,000
hl/p hy/d
Fig. 16.  Cq4curve for sharp-crested weir and Cd for orifice (D4 n2) — sharp-crested weir (0.42 m).
Cd Curve of Sharp-Crested Weir (0.42 m) Cd of Orifice on 0.42 m Crest Weir
T with 0.04 m Diameter (n3) 0.580 with 0.04 m Diameter (n3)
0:900 $:9..0..0.9..9.0..0 0,570 Cd=0.3469 . (he/d)*24! o @
R*=0.9702 =
g-m Cd=0.8215 . (hl/p)oss 0280 oot
0'600 . " R*=0.9559 0,550 = = (XY
{ = - = =
o .o 0,540 ;
3 0500 ¢0-3.4.8.9, 2 . 7
9490 Cd=0.3202 . (h1/p)®3% @ Channel1 ’_7 Cd=0 l_, 7 . (hp/d)*S! o . S
0,300 R = 07436 0,520 R*=09787  J
0200 : ® Channel2&3 0510 ‘,0 ® Channel2&3
0,100 0,500 o,
0,000 0,490
0,000 0,100 0.200 0300 4,000 4500 5000 5500 6,000 6,500 7,000
hl/p hy/d
Fig. 17.  C,curve for sharp-crested weir and Cd for orifice (D4 n3) — sharp-crested weir (0.42 m).
Cd Curve of Sharp-Crested Weir (0.42 m) Cd of Orifice on 0.42 m Crest Weir
— with 0.06 m Diameter (n2) " with 0.06 m Diameter (n2)
2 0,580
. Cd=0.5141 . (hy/d)° %
1,000 >eg 0,570 R*=06793 o 020g°
i S =
0,800 0,560 =
. Cd=0.7755 . (h1/p)®* B »
= R?=0.9683 - 0550 e
3 0,600 ® 3 Cd=0.3657 . (hp /d)f 3! %
i P RV SR ) o Channel 0.540 R®=0.9483 = o et
4
Cd=0.3498 . (a1/p)®1e § (G283 9230 o o Channel2&3
0,200 Re= 05858 0,520 ot
0,000 0,510
0000 0050 0,100 0,150 0200 0250 0,300 2,000 2,500 3,000 3,500 4,000
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Fig. 18.  C, curve for sharp-crested weir and Cd for orifice (D6 n2) — sharp-crested weir (0.42 m).
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Fig. 19.  Cqcurve for sharp-crested weir and Cd for orifice (D6 n3) — sharp-crested weir (0.42 m).
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Fig. 20.  C, curve for sharp-crested weir and Cd for orifice (D8 n2) — sharp-crested weir (0.42 m).
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Fig.21.  C4curve for sharp-crested weir and Cd for orifice (D4 n2) — sharp-crested weir (0.42 m).
TABLE IV. SUMMARY OF Cd MEAN, SHARP-CRESTED WEIR (0.33 m)
No Scenario Mean of C,; over sharp-crested weir Mean Mean of C, orifice Mean
: Channel-1 Channel-2 Channel-3 Channel-1 Channel-2 Channel-3
| | Sharperested weir0.33 4 g¢, 0.751 0.797 0.803 - - - -
m without orifice
Sharp-crested weir 0.33
2. m combined with 0.810 0.519 0.563 0.631 0.546 0.514 0.515 0.525
orifice D4 n2
Sharp-crested weir 0.33
3. m combined with 0.847 0.508 0.554 0.636 0.549 0.517 0.515 0.527
orifice D4 n3
Sharp-crested weir 0.33
4, m combined with 0.871 0.440 0.486 0.599 0.570 0.537 0.535 0.548
orifice D6 n2
5. | Sharperestedweir0.33 |y )0 0.408 0.482 0.635 0.568 0.524 0.528 0.540
m combined with
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No Scenario Mean of C, over sharp-crested weir Mean Mean of C; orifice Mean
) Channel-1 Channel-2 Channel-3 Channel-1 Channel-2 Channel-3
orifice D6 n3
Sharp-crested weir 0.33
6. m combined with 1.034 0.478 0.595 0.703 0.546 0.493 0.494 0.511
orifice D8 n2
Sharp-crested weir 0.33
7. m combined with 1.344 0.520 0.733 0.865 0.580 0.454 0.461 0.498
orifice D8 n3
TABLE V. SUMMARY OF C, MEAN, SHARP-CRESTED WEIR (0.42 m)
No Scenario Mean of C, over sharp-crested weir Mean Mean of C; orifice Mean
) Channel-1 Channel-2 Channel-3 Channel-1 Channel-2 Channel-3
1. | Sharp-crested weir 042 0.928 0.839 0.889 0.885 - - - -
m without orifice
Sharp-crested weir 0.42
2. m combined with 0.821 0.540 0.576 0.646 0.559 0.534 0.535 0.543
orifice D4 n2
Sharp-crested weir 0.42
3. m combined with 0.905 0.510 0.556 0.657 0.557 0.524 0.524 0.535
orifice D4 n3
Sharp-crested weir 0.42
4. m combined with 0.929 0.466 0.498 0.631 0.567 0.538 0.537 0.547
orifice D6 n2
Sharp-crested weir 0.42
5. m combined with 1.068 0475 0.596 0.713 0.558 0.515 0.519 0.531
orifice D6 n3
Sharp-crested weir 0.42
6. m combined with 1.088 0.542 0.687 0.772 0.548 0.506 0.511 0.521
orifice D8 n2
Sharp-crested weir 0.42
7. m combined with 1.573 0.595 0.777 0.982 0.582 0.479 0.487 0.516
orifice D8 n3

Based on the summery of mean C, from various scenarios
with variations in the sharp-crested weir, orifice diameter, and
number of orifices, the discharge coefficient (C,) for the sharp-
crested weir at 0.42 m is greater than that at 0.33 m. For
scenarios with a sharp-crested weir width of 0.33 m and 0.42
m, a greater orifice diameter in Channel-1 had a higher
discharge coefficient. However, in Channel-2 and 3, the
discharge coefficient fluctuates, which is also influenced by the
number of orifices. For the variation of orifice number, a
greater number of orifices causes a lower water overflow for
the sharp-crested weir. This reduction in overflow increases the
discharge coefficient. The variation of orifice diameter also
influences the discharge coefficient. An increase in the orifice
diameter reduces the overflow over the sharp-crested weir.
During the experiments, it was observed that the water
overflow over the sharp-crested weir increases as the discharge
coefficient decreases.

When compared with previous studies, it is observed that
practical applications, such as the use of stoplogs in off-take
structures, present limitations despite their relatively simple
construction. The installation and removal of stoplogs are
labor-intensive and time-consuming, thereby reducing the
operational efficiency. Prior research indicates that the average
discharge coefficient (C,) for orifice weirs employed in such
systems is approximately 0.894, which is notably higher than
the C,; value of around 0.620 observed in tank-based orifice
flow conditions.

In contrast, the present study reports that the mean C,
values for sharp-crested weirs combined with orifices range

between 0.5 and 0.8, depending on the configuration. These
findings suggest that both structural design and operational
mechanisms significantly affect discharge behavior and
hydraulic performance.

TABLE VL SUMMARY OF COEFFICIENT OF
DETERMINATION (R*) FOR SHARP-CRESTED WEIR
WITHOUT ORIFICE
. . Over sharp-crested weir
Scenario (_)f sharp-_ct:ested weir Channel-1 Channcl-2 and 3
without orifice > >
R R
Sharp-crested weir 0.33 m without 0.9746 0.8927
orifice
Sharp-crested weir 0.42 m without 09612 0.9528
orifice

To determine the extent of the independent variable's
influence on the dependent variable, the determination
coefficient (R?) is used. The coefficient of determination (R?) is
a statistical measure that measures how well a regression model
fits with the observed data. For the regression model of C, over
the sharp-crested weir, the relation between C, and h,/p is
analyzed. Based on statistical analysis results, the most optimal
regression model corresponds to the 0.33 m sharp-crested weir
combined with orifices (3 units of 4 cm diameter each).
However, for the 0.42 m sharp-crested weir combined with
orifices, the configuration uses 3 units of 4 cm diameter
orifices. For the sharp-crested weir without orifices, the most
optimal regression model corresponds to the 0.42 m weir.
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TABLE VIL. SUMMARY OF COEFFICIENT OF DETERMINATION (R?) FOR SHARP-CRESTED WEIR OF 0.33 M
Over sharp-crested weir Orifice
Scenario of sharp-crested weir of 0.33 m Channel-1 Channel-2 and 3 Channel-1 Channel-2 and 3

R’ R’ R’ R’

Sharp-crested weir 0.33 m combined with orifice D4 n2 0.4957 0.7935 0.9765 0.9242

Sharp-crested weir 0.33 m combined with orifice D4 n3 0.8580 0.7746 0.7025 0.8069

Sharp-crested weir 0.33 m combined with orifice D6 n2 0.1802 0.3914 0.9646 0.9389

Sharp-crested weir 0.33 m combined with orifice D6 n3 0.6628 0.5957 0.1328 0.4249

Sharp-crested weir 0.33 m combined with orifice D8 n2 0.9745 0.7652 0.3886 0.1880

Sharp-crested weir 0.33 m combined with orifice D8 n3 0.5698 0.6150 09111 0.3722

TABLE VIII. SUMMARY OF COEFFICIENT OF DETERMINATION (R?) FOR SHARP-CRESTED WEIR OF 0.42 M
Over sharp-crested weir Orifice
Scenario of sharp-crested weir of 0.42 m Channel-1 Channel-2 and 3 Channel-1 Channel-2 and 3
R’ R’ R’ R’
Sharp-crested weir 0.42 m combined with orifice D4 n2 0.9411 0.8616 0.6274 0.8881
Sharp-crested weir 0.42 m combined with orifice D4 n3 0.9559 0.7436 0.9702 0.9787
Sharp-crested weir 0.42 m combined with orifice D6 n2 0.9683 0.5858 0.6793 0.9483
Sharp-crested weir 0.42 m combined with orifice D6 n3 0.9533 0.7981 0.2169 0.0183
Sharp-crested weir 0.42 m combined with orifice D8 n2 0.8609 0.5577 0.2103 0.0678
Sharp-crested weir 0.42 m combined with orifice D8 n3 1.0000 0.7233 0.9321 0.8375

V. CONCLUSION

Based on the results, it can be concluded that in the
Channel-1, which is the straight channel, the discharge
coefficient is more than in the Channel-2 and 3 that are the
turned channels. From the variation of sharp-crested weir
width, the greater sharp-crested weir causes the bigger
discharge coefficient. Regarding the orifice variation, the
greater diameter of orifice causes the higher discharge
coefficient, likewise for orifice number variation, the greater
number of orifices causes a higher discharge coefficient.

Based on the statistical analysis, the regression model that
gives more optimal and the biggest determination coefficient
(Rz) is in the sharp-crested weir of 0.33 m combined with the
orifice of a 4 cm diameter and an orifice number of 2 units.
However, in the sharp-crested weir of 0.42 m combined with
orifice, the regression model that gives more optimal results is
the orifice with a diameter of 4 cm and an orifice number of 3
units. For the sharp-crested weir without orifice, the regression
model that gives more optimal results is the sharp-crested weir
of 0.42 m width.

The novelty of this research lies in the unique overflow—
orifice combination applied to a system with three distinct flow
directions, which is not commonly addressed in previous
studies. Additionally, a discharge coefficient model was
constructed based on comprehensive physical tests and
experimental data, providing a practical and empirically
grounded insights for similar irrigation structures.
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