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of these parameters on the discharge coefficient (C,) is investigated by numerical simulation. The  Accepted: May, 26, 2022
current study presents numerical simulation using the ANSYS FLUENT software. The total number of ~ Available Online: Aug. 23, 2022
simulations is 432 which includes: 4 upstream slopes, 4 downstream slopes, 3 weir heights, 3 upstream
heads (h,) and 3 weir crest lengths. It was found that the downstream face slope has little effect on C,.
For 0.1<H,/w<0.4 by decreasing the upstream slope, C, increases, where H| is the water head on the weir

ABSTRACT: Weirs are structures that are important for measuring flow and controlling water levels.
Research has shown that the discharge coefficient is not constant and depends on the crest length, the
height of the weir, the upstream head, and the upstream and downstream slopes. In this study, the effect
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crest and w is the length of the crest. Also, for the same range, by decreasing the height of the weir (p), . )

. . . Discharge coefficient
the C, increases. For 0.16<H /p<2, as the length of the crest decreases, the C, increases. By comparing
the numerical simulation results to physical measurements, multi-variable regression equations for Upstream face slope

estimating C, are presented. In addition to C,, extraction of other more detailed information such as Flow measurement

water level profiles and velocity profiles at different locations are provided.

1- Introduction

Weirs are hydraulic structures that can be used for flow
measurement and water level control in water channels.
A wide variety of weir designs have been developed for
various applications [1]. Based on the thickness of their
crests, weirs are classified as sharp-crested (thin-crested) and
broad-crested weirs. Sharp-crested weirs have small crest
thicknesses. For the broad-crested weir, however, the weir’s
crest is very broad compared with other dimensions. With
sharp-crested weirs, the water surface is only in contact with
the sharp crest of the weir, while for broad-crested weirs, the
water flows across the whole thickness of the crest. Sharp-
crested weirs are usually classified by their geometric shape
which include: rectangular, triangular, trapezoidal, spherical
and parabolic shapes [2].

Hager and Schwalt (1994) studied broad-crested weirs
with vertical walls [3]. They installed a number of piezometers
to measure pressure. Some were installed on the surface of
the upstream vertical wall and others were installed on the
horizontal part of the weir. One of the significant results
obtained by Hager and Schwalt (1994) was a sudden drop in
the downstream water level at low discharge. While in high
discharge, the flow level upstream decreased gradually and
increased downstream flow level. Fritz and Hager (1998)
obtained discharge coefficients and flow data for broad-
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crested weirs with 2:1 (vertical: horizontal) slopes [4]. They
showed that flow separation decreases in the presence of a
slope. Johnson (2000) showed that the discharge coefficient
for both broad-crested and sharp-crested weirs for H /w<0.2
collapsed to a single curve where H | is the upstream head and
w is the length of the weir crest [5].

Farhoudi and Shah Alami (2005) studied the effects of the
upstream face slope of a broad-crested weir; they reported
that by decreasing the upstream face slope, its discharge
coefficient increased [6]. They recommended a 25°slope of
the upstream face. Gogus et al. (2006) made experiments
on rectangular broad-crested weirs with compound cross-
sections [7]. These weirs have one small rectangular part that
is used to transfer low discharges, and another rectangular
part with a larger width. Compound cross-section (the
combination of two different parts) is used to transfer higher
discharge rates. The study of rectangular broad-crested weirs
with compound cross-sections was also provided by Salmasi
et al. (2013). There, laboratory data were used to measure
the discharge and estimations were found using a genetic
algorithm [8].

The current study presents numerical simulation using
the ANSYS FLUENT software. These numerical simulations
are carried out to find C, for broad crested weirs in irrigation
canals. Broad crested weirs with upstream and downstream
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Fig. 1. Geometrical and hydraulic parameters of the broad-crested weir

face slopes are considered as well as conventional vertical
faces. Validation is based on a comparison of the simulations
with experimental results. In addition, flow details such as
pressure fields and velocity vectors are used for comparing
different geometrical shapes. The novelty of the present study
relates to full consideration of all geometrical parameters of
rectangular broad-crested weir for estimation of C,. These
parameters include: upstream slopes (z,), downstream slopes
(z,), weir heights (p), upstream heads (#,) and weir crest
lengths (w).

2- Material and Methods

The free flow over the broad-crested weir is simulated by
ANSYS FLUENT in 2D. By changing geometrical parameters
(upstream slope, downstream slope, height, crest length and
upstream head) the variation of discharge coefficients and
velocity and pressure profiles can be obtained.

In Figure 1, the longitudinal cross-section of the
rectangular broad-crested weir and hydraulic parameters are
illustrated. In Table 1, the geometrical properties of broad-
crested weirs are listed. The total number of simulations is
432 which includes: 4 upstream slopes, 4 downstream slopes,
3 weir heights, 3 upstream heads (/,) and 3 weir crest lengths.

3- Results and Discussion

In this study, changes in the discharge coefficient for
broad-crested weirs were investigated. The independent
variables included upstream slope, downstream slope, crest
length, crest height and head on the crest. The numerical
simulation method was employed using ANSYS FLUENT
software. An attempt was made to test different multivariate
regression equations for discharge coefficients (dependent
variable) and other variables (independent variables). Then,
the discharge coefficients obtained in the simulated broad-
crested weirs were compared with the laboratory data of
Sargison and Percy (2009); Bijankhan et al. (2013); Zerihun
(2020) [9-11]. Some important results are as follows:

Considering the relative error percentage in comparison
with the laboratory data, it is concluded that FLUENT
software simulates the flow on broad-crested weirs with
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high accuracy. In this study, the highest discharge coefficient
occurs for weir with conditions z=15°, z,=30°, p=0.1 m,
w=0.5 m and H =0.2 m and the lowest discharge coefficient
occurs for weir with conditions z,=90°, z,=15°, p=3 m, w=0.5
m and /,=0.05 m. For values of 0.1<H /w<0.4, the discharge
coefficient increases with decreasing height and with
decreasing upstream slope. Downstream slope has little effect
on the flow discharge coefficient [12]. For values of 0.16<H /
p<2 the discharge coefficient increases with decreasing the
length of the crest and C, increases with decreasing upstream
slope. Numerical simulations showed better agreement with
Bijankhan et al. (2013)’s study than the others. The values
of R?, RMSE and RE% from this comparison are 0.8602,
0.139 and 10%, respectively. Among different tested multiple
regression equations, nonlinear Eq. (22) is preferred for the
prediction of C,. Accuracy criteria R?, RMSE and RE% were
calculated to be 0.94, 0.06 and 0.56%, respectively.
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Table 1. Geometrical properties of broad-crested weirs in this study
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Fig. 2. The computational mesh
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Contours of Volume fraction (water)
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Fig. 4. Water level profiles for broad-crested weirs with upstream and downstream sloped faces and for differ-
ent weir heights.
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Fig. 5. a,b,c. Velocity contours on the broad-crested weir for three different face slope scenarios.
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Fig.7. Discharge coefficients for z1=300, z2=600 and various weir heights.
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Fig.9. Discharge coefficients for z,=15°, p=0.1 m and for different upstream slopes.
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Fig. 11. Discharge coefficients for z,=60°, w=0.85 m and various upstream slopes.
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Fig. 13. Discharge coefficient and upstream face slope for similar hydraulic conditions.
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Fig. 14. Discharge coefficient and downstream face slope for similar hydraulic conditions
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Table 2. Accuracy evaluation indicators in Eq. (18)
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Fig. 15. Comparison of the present numerical simulation results to laboratory results of Sargi-

son and Percy (2009).

2O 305 b 5500 (5400 dw (AU gulS Ao (g1 B> gl )lre ¥ Jgua

Table 3. Accuracy evaluation indicators in this study and comparison with the other studies

g o5 5 Wslee ES jlero R? RMSE RE (%)
o L g
9 O )l Guiid JVYE JYVef Yo
(Y++9)
ob 9 0% O G NS IR \e
(Y+\Y)
(Yo¥) 5l 33 s VY- A 2

£1\Yo



1.6

1.5 1

1.4 1

1.3 1

1.2 1

1.1 - OO0

Bijankhan et al., 2013

0.9 = T T

‘G0
0 00 © 0.6 ©

1{ o 0oL
QOOTIDO

0.9 1 1.1 1.2

1.3 1.4 1.5 1.6 1.7

Present study, FLUENT

(YeI¥) 01y Ked 5 Gl (i (2lejl gl b pols aiod ;5 (633 (g5lw dyd gl Al N7 K5

Fig. 16. Comparing the numerical simulation results in present study and laboratory results of
Bijankhan et al. (2013).

b s2a gl gy 5l 2535 26 g9y ol )b 5 26 €] b Jobo
slass .0 odlitul (cdm 93 g 4 g ANSYS Fluent sl o 55,8
O3 @l Glp 2 YOV ply (o335 0l siloand oo JS
& wl)a.o d]).s ow»uwﬁ)gﬂomu\j)hnb.\wub% ‘C)l“"
(52 el p s 95 )8 09031 3y90 Jiias (sl it g (g yeito)
2Biolosl (claodls b o (gjludund ypodd (slajy gy ool Cowd &
(V¥+) leess 5 (VY) oo g B 03 oV +8) o 5 gl
Bl o 325 b 4 e @l | (B ) )18 dualie 3)90
2Biolosl claodls b dunlio > s (slas do)> olie a4 dngi b
&9y » ok Ansys Fluent )38l osb o Jolbs axs
oRoj ol P S e ilwand YL CB L) prpad o
22:300, ‘212150 ]aJI).w l; Poye & by).a D GupS (b
P cayd yeS s H=02 m,, w=0.5 m, p=0.Im
w=0.5 ,p=3 m ,Zz=150 ’Zl=900 Ja.)‘)w ‘.: R & Joy).o
0.1<H,/w <04 yplie sl & b H=0.05m ,m
e lil 4 nbioe QIR (25 s Hlade Ry gyl el L

28 ol (23 upd 9 iz SE Candpml g b Wi

pobe Gaios b (YoOY) ohlSen 5 80 Geios (alilej] gl
ol 0 1)
sl 1y 5y e 2Bl (el gyl o0lizl b (V-+) plae )

[V¥] J..?))f 4\31)] ub)> JEERBTW-SW

22
C, =04~ 0.215(sin )12 +

30134

0.13(sing) +—1+0-596C .
_H,
=7

u . L )..él> ,,“.. . )'l o_\.cT Cawd & C"L’ ML@ N\ JS.») N
ol 00 031> Sl edls Voo glil & (YoV+) plagy; lowgs a8 S plodl
&Byu umliwl.o)i @Lu dw.sLo.o LS‘)’. &8 L;Lm)l.,,«.o s J9Jq 30 (e

.CM‘ 04w 43])‘ )-Ao'l> }«.QDU.“" 5 L? (Y'Y') OLQ‘)'))

S 5 o5 -4
oy 290 ORedd Ry )d (00 o pd Ol Biss (ol )

Cowd b A o ¢33y o Cand VL dog s Jolid W it .8 )5 1,5

£



1.6
o %0
o /o
1.5 OQ .-
(o] Ao}
< 8?000/’ o°
S 14 §8%in/ 8 o
;:‘:\ 9/’0 0
2 o%raso (o)
= o) o
513 o%%x 00° @
o
' 0§ %0 %% 8
124 O ,% oo
P o o
1-1 --------- : --------- : --------- : --------- : --------- : ---------
1 1.1 1.2 1.3 1.4 1.5 1.6

Present study, FLUENT

(Vo) ol 2Buinle;l muli U pmols o jd (gdas (5w dud gl dus o NV UG

Fig. 17. Comparison of the present numerical simulations results to the laboratory results of Zerihun (2020).

(2009) 115-118.

[4] N.S. Govinda Rao, D. Muralidhar, Discharge
characteristics of weirs of finite-crest width. Houille

Blanche, 18(5), (1963) 537-545.

[5] J. Singer, Square-edged broad-crested weir as a flow

measuring device. Water and Water Eng., 68(820),
(1964) 229-235

[6] W.H. Hager, M. Schwalt, Broad-crested weir. J. Irrig.
Drain. Eng., 120(1), (1994) 13-26.

[7] H.M. Fritz, HW. Hager, Hydraulics of embankment
weirs. J. Hydraul. Eng., 124(9), (1998) 963-971.
[8] M. Johnson, Discharge coefficient analysis for flat-topped
and sharp-crested weirs. Irrig Sci 19, (2000) 133—-137
[9] J. Farhoudi, H. Shah Alami, Slope Effect on Discharge
Efficiency in Rectangular Broad Crested Weir with
Sloped Upstream Face, International Journal of Civil
Engineering, 3(1), (2005) 58-65.

[10] M. Gogus, Z. Defne, V. Ozkandemir, Broad-crested

weirs with rectangular compound cross sections, J. Irrig.

Drain. Eng., 132(3), (2006) 272-280

LYY

6 Gy lae 2l Job (alS'L 0.16 < H |/ p <2 olis il &
e L 0.16<H, /p <2 polie glil 4 b il
Silwand zls oo dwslio b o L]0l 00 Copd Hlde CusaYl
(Rz) O oy g A plodl padioee b u.bliwlaﬂ ol b gdae
il conlio gollas odimd (Lis oS del Cawd 4 /A B /YNy
bylyd 425 o cul S5 4 pY 0g B @l L e
5 ookl Jg s alie 50080 b caliste Gladiss jd oKl
Sdgyian olaol)l s dwslio U dad o 1) el pl wn o olael

23,5 yure alidio

&be

[1] M.G. Bos, Discharge measurement structures.
International Institute for Land Reclamation and
Improvement (ILRI) Publication 20 (1989) 3rd Revised

Edition Wageningen.
[2] M. Henderson, Open-Channel Flow, Macmillan, New
York, (1966).

[3]1J.E. Sargison, A. Percy, Hydraulic of broad-crested weirs
with varying side slopes. J. Irrig. Drain. Eng., 135(1)



[19] M. Moradi, M. Fathi Moghadam, L. Davoudi,
Experimental investigation of submerged flow over
porous embankment weirs with up and downstream

slopes. J. Irrig. Sci. and Eng., 42(2), (2020) 187-199,
(In Persian).

[20] F. Salmasi, N. Sabahi, J. Abraham, Discharge
coefficients for rectangular broad crested gabion weirs:
An experimental study. J. Irrig. Drain. Eng., (2021a)

[21] A. David, K. James, Free flow and discharge
characteristics of trapezoidal-shaped weirs. J. Fluids, 5,

(2020) 238-242.

[22] F. Salmasi, F. Nahrain, J. Abraham, A. Taheri Aghdam,
Prediction of discharge coefficients for broad-crested
weirs using expert systems, ISH Journal of Hydraulic

Engineering, (2021b)

[23] F. Salmasi, J. Abraham, Discharge coefficients for ogee
spillways, Water Supply, ws2022129, (2022)

[24] Y.T. Zerihun, Free flow and discharge characteristics of
trapezoidal-shaped weirs. Fluids, 5(4), (2020) 238

[25] M. Akbari, F. Salmasi, H. Arvanaghi, M. Karbasi,
D. Farsadizadeh, Application of Gaussian Process
Regression Model to Predict Discharge Coefficient of
Gated Piano Key Weir, Water Resources Management,

33 (11), (2019) 39293947
[26] F. Malekzadeh, F. Salmasi, J. Abraham, H. Arvanaghi,

Numerical investigation of the effect of geometric
parameters on discharge coefficients for broad-crested

weirs with sloped upstream and

downstream faces, Applied Water Science, 12, (2022) 110

[11] F. Salmasi, G. Yildirim, A. Masoodi P. Parsamehr,
Predicting discharge coefficient of compound broad-
crested weir by using genetic programming (GP) and
artificial neural network (ANN) techniques. Arabian

Journal of Geosciences. (6), (2013) 2709-2717.
[12] J. Farhoudi, N. Shokri, Flow from broad crested

rectangular weirs with sloped downstream face. 32nd

IAHR Congress, Venice, Italy (2007).

[13]C.A.Gonzalez, H. Chanson, Experimental measurements
of velocity and pressure distributions on a large broad-

crested weir, J. Flow Measurement and Instrumentation.
18 (3), (2007) 107-113.

[14] M. Bijankhan, C. Di Stefano, S. Kouchakzadeh, New
stage-discharge relationship for weirs of finite crest
length, J. Irrig. Drain. Eng., 06013006(8), (2013) 0733-
9437

[15] S.H. Hosseini H. Afshar, Experimental and 3-D

numerical simulation of flow over a rectangular broad-
crested weir. Int J Eng Adv Tech 2(6), (2014) 22498958

[16] M.R. Madadi A. Hosseinzadeh Dalir, D. Farsadizadeh,
Investigation of flow characteristics above trapezoidal
Flow Measurement and

broad-crested  weirs,

Instrumentation 38, (2014)

[17] L. Jiang, M. Diao, H. Snu, Y. Ren, Numerical modeling
of flow over a rectangular broad-crested weir with a

sloped upstream face. Water, 10 (11), (2018) 1663
[18] C.W. Hirt, B.D. Nichols, Volume of fluid (VOF) method

for the dynamics of free boundaries. J.

Comput. Phys. 39, (1981) 201-225.

DOI: 10.22060/ceej.2022.19870.7279

S. Kanaanil, A. R. Mamdoohi, Identification of some sources of heterogeneity in value of
travel time of Tehran LEZ users, Amirkabir J. Civil Eng., 54(11) (2023) 4119-4138.

3 gl )l dlio ol 4 digSer

£YYA



