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Abstract

Introduction: Numerical simulation has increasingly become a very important tool for
solving complex phenomena in fluid mechanics. Today, computational fluid dynamics
(CFD), which uses numerical simulation to solve fluid flow problems, has become a major
tool in many scientific and engineering studies. So far, most simulations have been
performed using network-based Euler methods. The main problem with using such methods
is the presence of sharp and mobile joints as well as free surface cells that require complex
behaviors. In recent years, a new generation of numerical methods called mesh-free particle
methods (Lagrangian) has been developed to solve computational fluid dynamics (CFD)
problems. In these methods, the domain of the fluid is represented by a set of moving
particles in the Lagrangian system. Mesh-free Lagrangian methods, including SPH and
MPS, allow numerical modeling of flow in the face of large deformations or Discontinuity of
boundaries. Due to the importance of the subject, the purpose of this study is to simulate the
hydrodynamics of flow on the overflow of Dahan Ghaleh dam using a mesh-free Lagrangian
method based on weakly compressible moving particle semi-implicit formulation (WC-
MPS).

Methodology: In Lagrangian methods, unlike the Eulerian method, instead of networking
the solution field and discrete the equations on the nodes, the solution field is divided into a
number of particles and the discrete equations are solved on these particles. In fact, the
governing equations are transformed into particle interaction equations using different
operators. In the WC-MPS method, the system is considered as a system with weakly
compressibility and calculates the pressure of each particle using the state equation. The MPS
method uses particle density to track the free surface. Because there are no particles outside
the free surface, the density of the particles on the free surface decreases severely. A particle
is known as a free surface particle whose density is somewhat lower than the standard
particle density. The value of this limit may be selected from 80% to 99% depending on the
problem. Therefore, the pressure of this particle on the free surface will be set to zero in each
time step and there is no need to apply any additional conditions for the free surface. For
solid (impermeable) boundaries, such as walls or beds, In the vicinity of solid boundaries,
the particle density decreases, which can lead to computational disturbances. Therefore, a
number of ghost particles are located outside the boundaries to prevent this density
reduction. In order to model the inlet and outlet flow, the particle recycling method at the
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inlet and outlet boundaries, which was developed by Jafari Nodoushan et al. (2016) was
used.

Results and Discussion: In this study hydraulic parameters of the flow on the broad crested
weirs, chute, and flip bucket of Dahan Ghaleh dam are investigated. At first, the free surface
profile was compared at times t =1, 5, 10, 15, 30 seconds for three flow rates of 461, 600, and
904 m3/s. when the discharge is 600 m3/s, the depth and velocity of the flow at the beginning
of the channel will be 1.1 m and 9.1 m/s, respectively. The value of the depth and velocity of
the flow at the beginning of the channel in WCMPS modeling is 1.191 m and 8.420 m/s,
respectively, which shows the accuracy of the model in predicting the depth and velocity of
the flow. In this research, the pressure is simulated in the form of pressure contour at
different points in terms (pa) for three different flow rates. The highest pressure is near the
bed in the approach channel and no part of the broad crested weirs, chute, and flip bucket is
under negative pressure. Simulation of cavitation index has been done in broad crested
weirs, chute, and flip bucket. the results showed that the cavitation index in the range of
110m to 140m has approached the critical value and the possibility of creating cavitation
phenomenon in this area is more than in other places, but considering the cavitation index
value in this area is greater than 1.8, according to the recommendation Falvey (1990) it does
not need to be protected against cavitation. At the end, the height and length of the jump
from the edge of the bucket for different discharges have been investigated.

Conclusion: In this study, the hydraulic parameters of the flow on the broad crested weirs,
chute, and flip bucket of Dahan Ghaleh dam are investigated. The desired model has
simulated the depth and velocity of the flow at the beginning of the channel after of the
overflow, depth, velocity, and Froude number of the flow in the bucket floor with an error of
less than 10%, and the jump length per discharge 600 (m3/s) with a maximum error of 12%
has simulated. The comparison of the results indicates the accuracy and reliability of the
results of the developed model.

Keywords: Numerical modeling, moving particle semi-implicit method (MPS), Broad crested
weirs, chute, Flip Bucket
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Abstract

Introduction: A compound channel usually consists of a main channel in the middle and one
or two floodplains around it. The flow velocity in the main channel is higher than the
floodplains, due to its greater depth and smaller roughness. This difference causes the
formation of a shear layer at the interface between the main channel and floodplains (as
shown by Sellin, 1964); Shiono and Knight, 1991; Tominaga and Nezu, 1991; Bousmar, 2002;
and Rezaei, 2006). Tominaga and Nezu (1991), Rezaei (2006), and Sum (2007) investigated the
velocity distribution in prismatic compound channels. Their observations showed that the
highest flow velocity is below the free surface. In prismatic compound channels, as the
relative depth increases, the difference between the velocity in the main channel and
floodplains decreases. At high relative depths, the effect of the shear layer formed between
the main channel and floodplains can be almost ignored (Knight et al., 2018). The maximum
interactions between the main channel and floodplains have been observed in relative depths
between 0.1 and 0.3 (Shiono and Knight, 1991; Rezaei, 2006). Investigations reviled that, so
far, the effect of the floodplain's side slope in prismatic compound channels has not been
investigated. The main objective of this research is the experimental study of the flow field in
the prismatic compound channel with inclined floodplains.

Methodology: This research was carried out on the flume located in the hydraulic research
laboratory of Bu-Ali Sina University. The flume is 18 meters long, 1.2 meters wide, and 0.6
meters deep with a bed slope of 1.63x10°. Figure 1 shows an overview of the research
channel used in this research. In this flume, smooth and rigid boundaries were constructed
using PVC material. As seen in Figure 2(b), the flume has a compound cross-section with a
0.4 m main channel wide, 0.05 m deep, and also two 0.4 m wide inclined floodplains (lateral
slope of 0.075). The downstream end of the flume has an adjustable tailgate which is used to
control the water surface profile and make uniform flow along the flume. In all experiments,
the water surface profiles were measured using a pointer gauge with an accuracy of 0.1 mm.
Velocity distributions were measured using an Acoustic Doppler Velocimeter (ADV) every
20 mm laterally and every 10 mm vertically (see Figure 3). The lateral distributions of
boundary shear stress were also measured using a Preston tube (outer diameter 4 mm). The
velocity distributions and boundary shear stress were measured for five discharges of 27, 30,
35, 40, and 45 lit/s.

Results and Discussion: The velocity distributions for different discharges are shown in
Figure 4. From the figure, it is clear that in the vicinity of the junction edge, the isovel lines
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bulge upward, and the velocity is decelerated, probably due to low mass and momentum
exchanges in this region. Near the main channel walls (0.1 m <y < 0.18 m), the isovel lines
bulge downward, and the velocity is accelerated. Also, near the middle of the main channel
(0 <y <0.1 m), the isovel lines bulge upward, and flow is decelerated due to flowing away
from the main channel bed.

As seen in Figure 3, the flume cross-sectional area was divided into subareas. The point
velocity distributions were integrated numerically over the local water depth at each subarea
to get the streamwise depth-averaged velocity. The results of depth-averaged velocity
calculations for different relative depths are shown in Figure 5. In order to investigate the
effect of the floodplain's side slope on the velocity distribution, the depth-averaged velocity
has been normalized (Ud/Um) and compared to Rezaei’s Data (see Figure 7). The normalized
depth-averaged velocities in the main channel, are almost equal to Rezaei’s data (with some
fluctuations). While on the floodplains, those velocities are less than Rezaei’s Data (velocity
in compound channels with flat floodplains).

Boundary shear stress is used in river engineering and in studies related to riverbed
protection and sediment transport. The boundary shear stress distributions for different
discharges are measured and shown in Figure 8. As seen in Figure 8, the bed shear stress
distribution follows the same pattern as the depth-averaged velocity.

The apparent shear forces at the vertical interface between the main channel and floodplains
can be calculated using the momentum equation for a control volume in the main channel
(see Figure 12). The results of the apparent shear force calculation show that by increasing
discharge or relative depth, the apparent shear force increases and reaches its peak value at a
relative depth of 0.363 (see Table 3). The apparent shear forces expressed as a percentage of
the total channel shear force on the vertical interface are shown in Figure 13. From Figure 13,
it can be seen that the percentage of apparent shear forces at the interface between the main
channel and floodplains are always smaller than those values in the compound channel with
flat floodplains.

Conclusion: In this research, the flow field, including the velocity and bed shear stress
distribution, in a prismatic compound channel with inclined floodplains (side slope 0.075)
has been studied, experimentally. The results of experiments have been also compared with
Rezaei’s data. The most important results obtained from this research are as follows:

The depth-averaged velocity and boundary sear stress distributions follow the same pattern.
Both of them show almost uniform flow in the main channel with some fluctuations. While
in the flood plains, they are non-uniform with an extreme decreasing trend. In the main
channel, the normalized depth-averaged velocity and normalized boundary shear stress are
almost similar to Rezaei’s Data. While on floodplains, the normalized velocity and shear
stress are non-uniform and less than Rezaei’ data. The study also shows that the apparent
shear force at the interface between the main channel and floodplains increases with the
increasing relative depth and reaches a peak value at the relative depth of 0.3. The same
observations were made by Shiono and Knight (1991), and Rezaei (2006).

Keywords: Prismatic Compound Channel, Inclined Floodplains, Velocity Distribution,
Boundary Shear Stress Distribution, Apparent Shear Force.
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Abstract

Introduction: Piano key weir (PKW) is a type of long crest weir, with more crest length in the
same width, and the capacity of weir is higher than that of a linear weir. The piano key weirs
are used in the crest of reservoir dams and in irrigation and drainage networks. So far, many
studies have been done on the discharge coefficient of the piano key weir, but no research
has been done on the energy dissipation of the triangular piano key weir. In this paper
results of experiments on energy dissipation of triangular piano key weir are reported. The
experiments were conducted using two models of piano key weirs; one with horizontal crest
and the other one with inclined crest.

Methodology: Experiments were conducted in a rectangular channel (with 10 m length, 0.75
m width and 0.9 m height) in the hydraulic laboratory of Faculty of Civil and Environmental
Engineering, Tarbiat Modares University, Tehran. Experiments were performed using two
triangular piano key weirs. One with horizontal crest (i.e., Tri-Base model) and the other one
with inclined crest (Tri-Base model). The slope of the weir with sloped crest was 10 degrees
in the flow direction. The weir characteristics used in the laboratory are given in Tablel.
Discharge was measured by two flow meters. The upstream flow depth and the downstream
flow depth were measured by using digital point gages with an accuracy of + 0.1 mm. The
upstream and downstream depths of flow were measured at distances of 4P and 10P,
respectively. The experiments were conducted for discharges in the range of 40 L/s < Q <150
L/s and relative upstream head in the range of 0.23 < Ht/P <0.8. Here P and Ht are the weir
height and approach total head, respectively.

Results: The present results on relative energy dissipation for triangle piano key weirs with
horizontal and inclined crests have been plotted and compared with the earlier results. The
variation of the relative energy dissipation of triangular piano key weirs showed a
logarithmic trend. According to results, the highest relative dissipation of energy is for the
Tri-Base model. In other words, at the same flow rate, the highest relative amount of energy
dissipation is occurred in the weir with a horizontal crest. It was also observed that the
highest relative energy loss occurred at the lowest relative heads. As the relative head
increases, the relative dissipation of energy decreases in both the models. The outflow
velocity in the weir with sloped crest is higher than the weir with horizontal crest, and
consequently the relative energy depreciation is reduced. The dissipation of energy in the
weir with sloped crest was about 24% lower than the weir with horizontal crest. The
variations of relative energy dissipation versus specific discharge were also compared for the
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tested weirs. The relative energy E1/E0 increased with the increase of the discharge per unit
width. The higher relative residual energy in both the models were occurred at the higher
flow rates. Also, in both the models, the increasing rate in E1/EO at the low flow rates, is
higher compared to the high flow rates. The reason for this is the local submergence which
occurred upstream of the weir in high discharges.

Conclusion: In the triangular piano key weir, by increasing the slope of the side walls crest
from zero to 10 degrees, in the flow direction, the relative dissipation of energy has
decreased by about 24%. The highest dissipation of energy in the weir with horizontal crest
occurred in the lower relative heads. The dissipation of energy decreased with the increase of
the relative head. The highest amount of energy dissipation for the weir with horizontal crest
and sloped crest was 0.74 and 0.85, respectively. New equations were obtained for estimation
the relative energy loss for triangular piano key weirs with horizontal crest and sloped crest.

Keywords: Energy dissipation, discharge confident, Triangular PKW.

© 2023 Iranian Hydraulic Association, Tehran, Iran.
This is an open access article distributed under the terms and conditions of
BY the Creative Commons Attribution 4.0 International (CC BY 4.0 license)

(http://creativecommons.org/licenses/by/4.0/)

Journal of Hydraulics
18(3), 2023
36


http://www.iha.ir/

Olp! SHg e (ol
S s 4yl » (g Allio

it
g

1PV ol FF-YO Olxio ¥ o lel VA Jlo vanion st Assoclaion https://doi.org/10.30482/jhyd.2023.365692.1622

o (2Pl 3 3w 30 (S5 Pl 5 Mgl

" Obwrd 3 gRuno H 151 013 Ol ygw >

*sohrabzadeh@modares.ac.ir

www jhydihair «Ss s 4, o080y $EE VEAVNYNY : bk VF A VITY sl

=3 598 2Ly g 15T s S8 Coniy ol S 45 bl ga (oS e slag e 3l (ol £95 (29l ddlS ) e oduS
4 pdy Syso 2ol adS slog ) s 6,00] o s (6 2 SliE slae p Sl bl celie (s5Luil slaess (sl L
Sl a5 Sl (Jlo s g (il cnl i Oy o (ilie (a5l a S e 635 Sl 9, 2 Beios Lol ]
2 &5 SVl lie (g0 4 Bzl o ls (JlglE 08 a8 5 6Ll GladSid (Site slaaw b 0 osilads
TU L olasdls )y o5 o pasuie Slidod 4zl ;0 Conl 0ol a3l Jloced glil g (B U b (e (2 5ilaadS 52
3 Gt oy Y (Siln solots (B8 25 L, 8 (5551 Sl lien o555ty 18,15 (5551 SV 8 (5 es 55 S0
Lol ool il Jlocnds 2l g (B ZU L 2y 99 58 (sl (65, SVl (elime sl iy GG o el Hlocad 2B L )

Ry <51U5 ‘6);&.’] oy o stlie (o 8laaldS 5 s (551 Spnl ’063‘9"\12-15

sloojlo pzman 5 (LS el isle azl o v wiile) dodiio —)
Colus qum ST 09 9 ¥ (oS aiile) slailsss, Gl sy oS S o5k Sy sileglS 5
260k (Sdgyoen ool g (o) sl asle ol mals Gl 5 g zU5 (lgieas il oS
Syle glage )y 5o ST Gl b 53l Slesl ) o Py (£ S0 ojle (pl 58,5 e ooliiul
i Oy O aloz jlas el adndy ©p o hesge g Sy i (gl A5 el
Rand ~White (1943) Moore (1943) sla v, (Blanc and Lempériére, 2001) o 3,50 "sS'y it
Chanson Chanson (1994) Gill (1973) (1953) s> 5 6999 sandS eli Lsila S )
&l— Ll e, S o,L_sl Chamani (1995) 4 (1995) o=l 2 ) @letend il o ot mhaw L ol oo
o A Leiagiy il )3 (sl Glag e Sonly g anb oo slael BTl 51 5108 5w g6
& o o5 ol ont il by 5,380 2 S o oLl Esipatl Ly 5 sVl g o 1,
Lempériere and Oumane g oot ploxil slag o 2 sy, (Eslinger and Crookston, 2020)
Ribeiro et al. Erpicum et al. (2011) (2003) solaidl g g o 5, Slae s 4 ggilyalS
Machiels et al. [Erpicum et al. (2013) (2013) oWl g LT g Jlams LS ol yo ol
Crookston et al. Erpicum et al. (2017) (2014) S bbb oy Ylo ds aiile) 39 slods
1 Footprint
4 Lake Peachtree Dam, GA, USA 2 Hydrocoop

5 Dakmi 2 and VVan Phong Barrage, Vietnam 3 Malarce Dam, France



VEeY lwad g (JI5l ool jol poew

o (1Pl adS 315 a0 (65 51 S Mg

Ry S8 S0,led ol )-*-’b Onion slaumgss o
&y (o) 29,90 (65 SVl g (Hie o giloallsS
J)Ler_w‘ SS9y 2 L;.b‘ Lgl.mtsw)).g e el 00U

Lol a8 8y S jgo (B8 2B L o gilaaldS ) (6355
Sohrabzadeh and sla )y mls ;o 45 Ll

Ol zU b osiluadS 5, 55 Ghodsian (2022)
Zb L oplaadS 5 & Cond VL 6,3KT oo

2gder bl G 3l G (2 8laselS 250w 90 00

509, g olgo =¥
slasS5s 5 655! Sl () 2 sl agialej!
3 e @giladS ) cwainl o o
Dy5m0 OISyt Sy olSils Sy e olKile]
Ve X IV X slal 4 cosls 5o b ile] el 4230
Lo ¥l podd (2 e () JSt) ot plosil i /4
LS e L YO e 4 | Seh Spoty i
9 00 Andi (e py OjFe Sl pold il axdly
b ol oot bl coed il iz 5l o1 slae g
o pedd o 0l o) enalin |y b > )13, Olen
Sdiml 58 29 O Sy e S5y 5l e
Faym Dgde )ly (i olar A s g 00D
5 oo g 5 (5 ¥ Al 5 e s ilnls
Dgd oo sadlive yl > (lLasEl (p xeS AT ab oo
ool ol b lide sloced b (@5lyadlS ) o 90
G B G)les gl 03,5 loaed jslaneds al
Sl g5 eVl g e (sloo,lgso £lis| olme
A Gl 5 se o0 0l dloul a0 Ve gl a5 0l
335 32 b a5 o3l )0 oadinal S 5hl SoS
Sl aBbige pelas B S (o0 )5 Loy H9ige
2 N0 B el 00 (95l pglaadS e
o 0 ool wl a gl ;o 2 O laalols b g adl
30 4P al ol yo (hy=P+h) 5, cawdYl o oL >
/A MM 8o L A0P alold 1o (Ry) 5oy Cawd(yly
sa—s oolatul o, o attin o (5 pSojlal &

30 S A oo ploml slaialesl sla jasin 4

Sohrabzadeh and .Crookston et al. (2019) (2018)
Ghodsian and Sohrabzadeh 4 Ghodsian (2022)

Sy o,Lil (2023)
» 2 b Lopez et al. (2011) 4 Lopez et al. (2008)
a8 Lo alio 5 (slaized 6lo, S5 55— 59)
oby> 6ol g s»olse Magalhdes and Lorena (1994)
S LT assls iolisl 1) slagizgd slo S8 5w ,o
Sbon) S8l 5o 1) oaznny Gamdn 55
25 la,—s lagse 500, S svalin slo, S5
49,8 samliie Cwa iyl jo leo Gl olad lass
(gimsd oLy mm) 4o 45 9o ,S o)Ll e xen
aaxg Oy lgn ile Glalaig, g Taanie glages
Akbariyan (2009) .aig— co dislod b6 CxBge
S50 Slgel Lol 5l S a5 cl axisls @l
2 aS Sl 5oy 53 6y kool 0 )18 (b >
b ol iz 550 5 0350 sloml b3 (> el
&l 3o Erpicum and Machiels (2011) .ouS' oo Slgins
o 3l Sgldiie (gawain 95 531, (65, SHei]
S Se 8 g eoged anlie (2l ) STy (253lgolS
Jaite SLSL 55 S an wewd ol 5l oy
So sl an ol e plial by oy p gl Nioges
Slz 53 blae laoglis (0) LSy ogase (20
S €95 SLalgld 4 dns (G o) 0 SVl
o 29l Slag) o )3 eizren b sualive
& AL e L6 Sl o2l 0y
slaws! Jlaz>! Mansouri and Ahadian (2015) .a»s

Lol g9 5 o 051520 b (gilaodS sloja e 50
cel slocusl il 00 SO o (idges pdlel g gy
SRS elS g sVl o ol s a3l
el 6,135 31 Qanavati et al. (2016) .09 oo 32 )y
b bt (@5l dS e (295 )0 e lssl
L aoges wdlel lgl 30,7 (o 2 (6531 Sl 50
Ghal8l (53,51 Sl Glyn Lo 3l 51 Gl

-Aele.@

1 Shockwaves
2 Characteristic depths

Journal of Hydraulics

18(3), 2023

38



VoY swls o oyled A 090

Sy yuad

solal Juelows Y
2 S glaasnl 3 Lais jge sladan 4 oliws &y
ooy 3l ool Ly s 5 00l aseie (65,31 SDlgl
elwlid Fie an o sloaziwl i ol Jdov
P 2PalS e (cwiin sladzulpais S o

loami il i ol sa osls oLis (F) b (V) sla IS

Sl W e Bz ol o g
F(W,B,T..L P, H,,0,0,E,, E;) =0 (1)

(5395 Sl B Wi b5 sl F alal, (00l 5o
5tz 5 Jsb B=Bi + By + By <y JS 22 W
Slored Jobo By cemsn 3l Sy Jobo By 3y 5
255 05 ok Lo oy b Ty ccomsYl
By (JS oo He cows ol 5o 55w W) Py e
P ol SiA Eo 5 e Senih po 0l 655
T cod 4l O izmen 0 ilbige ) pw SVl
el D@ =tan"12) 5,5 il gojly
Lz )5 G gl Qg CewnsVly Slg s (slaolgo
ool Ul e sy sl sl s 5o pm0

1dgs Gl os 5 Sogetr | (1) alal) olal Jlos

L

F(—

B
W,w, 9,0(,—) =0 (2)

H, Ts AE
P'P’ E,

L B Ts
9y, e 3y ‘o slaglpe alal) ol o

5 ol O jlocie jebpaad .l Colb plil sl iale;]
Sl sloaziwld Sos Ly aile az 0V il
3 Sedem Abgi pj alal) JSK& 4 (V) abal) salioly
dalol )3 a5 o) e (Jobo iloe gl )] o 2B L 5o 0

D9 oo P 135 0als oals Las PT L

%fz F(&,g) 3)

Tri-Base aslsl jo .ccwl oo a3l ¥ 5V slo Jsa

U L oy Byae Tr-By 5 (B8 2L b 5y Byme

S| )‘0%';3

Fig. 1 Laboratory flume
Sl pols ) S

ous oolaiwl slo sy o asin ) Jous
Table 1 Specifications of weirs used

Model 6 P, P; B,  B;=B, L
(0) (cm) (cm) (cm) (cm)  (cm)

Tri-

20 20 25 125 301.8
Base

Tri-B; 10 2886 20 25 125  306.42
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Table 2 Characteristics of the tests conducted

Number .
Model of tests Q (L/S) Hi/Pi Wi/Wo
Tri-
23 40-150 0.23-0.78 1/25
Base
Tri-B, 23 40-150 0.49-0.89 1/25
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Abstract

Introduction: In recent years, with the expansion of urban planning and the larger and more
complex water supply networks, the need for energy consumption to carry out the process of
water supply and distribution has increased. On the other hand, the increase in energy costs
nowadays, due to the limited resources and power plants that produce electricity, has made
it necessary to quota available energy for various purposes and activities. Water pumping
requires a lot of energy, which is a significant part of the network's operating cost. In this
research, intelligent operation of these infrastructures using optimization tools and
mathematical models has been considered to be useful by increasing the efficiency of
pumping stations in urban areas and reducing costs. Over the past decade, many studies
have proposed various automated systems for optimal planning of pump operation with the
aim of saving energy and reducing operating and maintenance costs, but a small number of
these studies have investigated the optimization of the rotation speed of the pumps, the
parameter that has been investigated in this research. The main purpose of this study is to
achieve the best energy efficiency in water distribution networks (reducing energy
consumption and its costs) while achieving other operating goals (providing standard limits
of node pressure, etc.). Optimum adjustment of pumps rotation speed is a topic that has not
been investigated in previous researches by considering the historical series of water
consumption data.

Methodology: The hydraulic model of the network, pumping station and its control
equipment are simulated by EPANET hydraulic solver. Hydraulic solver coupling with
differential evolution (DE) algorithm as a random search algorithm is used to adjust the
motor speed of water distribution network pumps optimally. In the DE algorithm, a string of
numbers with the range [0.5-2], which is the network pump's rotation speed coefficient, is
randomly generated. The objective function evaluates these random values to obtain the
optimal answer finally. Constraints monitored in the optimization problem are continuity,
energy conservation, and minimum node pressure constraints. In the static operating policy
developed in this research, the operational variables of the rotational speed of the pumps are
in 15-minute time steps for one day. The DE algorithm optimizes the rotational speed values
for one day in 15-minute time steps, and then the optimal pattern is applied uniformly for all
days. Hassanabad water distribution network in Tehran has been selected for a case study,
and the optimal pumps speed pattern has been extracted as an operation policy.
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Results and Discussion: We received water demands of the entire network for 219 days in
15-minute time steps as the initial research data. The amount of energy consumed by the
pumps for these 219 days in the current state of the network is equal to 491496.97 kWh. In
the current state, the pumps rotate at a constant speed of 1450 rpm. According to the number
of decision variables in this issue (192 variables), the initial population is equal to 400, and
the number of iterations of the optimization algorithm is defined as 100. The completion
condition of the optimization process is completing 100 iterations. After optimizing and
determining the optimal rotation pattern of the pumps, by statically considering this optimal
pattern for these 219 days and simulating the network by EPANET software, the energy
consumption of the pumps for these 219 days was obtained to be 444212.54 kWh. This
optimization-simulation process took about 27 days on a system with "8 core, 2.3 GHz" CPU
and "10 GB" RAM. The obtained model shows a significant saving in energy consumption
compared to the current state of the network while determining this optimal model by the
operator through work experience alone is practically impossible. The obtained energy
savings show the efficiency and proper performance of the proposed approach.

Conclusion: In this research, an optimization-simulation model was presented to determine
how to adjust the speed of variable speed pumps in water distribution networks with the
aim of minimizing energy consumption. The conclusion obtained from the comparison of the
results of the optimal model developed for the water distribution network of Hassanabad
town using the differential evolution algorithm against the current state of the network
indicates that the approach adopted in this study has reduced energy consumption by
47284.42 kilowatt-hours equivalent to 9.6%. Also, in the peak hour of water consumption, the
presented approach has been able to reduce the energy consumption by 19914.4 kilowatt-
hours, equivalent to 74.3%. This is an important advantage over traditional methods and can
be effective in saving energy. The main advantage of this operation approach is simplicity,
comprehensibility for the operator and its operationality. In addition to this advantage,
perhaps the most important limitation of this method is the lack of consideration of special
events and possible accidental conditions in the network and non-compliance with it in the
way of operation.

Keywords: Energy, Optimization, differential evolution (DE) algorithm, Water Distribution
Networks, Pump station.
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fTable 2 Comparison of energy consumption in the current state of the network and the static optimal operation policy

approach during 24 hours a day for 219 days
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Abstract

Introduction: The main objective of this research is to prepare a temporal and spatial
classification of suspended sediment values using Sentinel-2 satellite imagery and physical
methods on the Chah-Nimeh reservoirs in Sistan and Baluchestan province. Specifically, this
study aims to produce an accurate classification of suspended sediment values in space and
time using satellite data and physical methods. Furthermore, by comparing the suspended
sediment values with the input flow rate of the Chah-Nimeh reservoirs, more information
about the suspended sediment values was obtained. Finally, a regression-based model was
presented to estimate the suspended sediment values based on the input flow rate. By
analyzing this information, it is possible to gain a better understanding of the behavior of
suspended sediments and the factors affecting them over time. Overall, this research can
contribute to a better understanding of the behavior of suspended sediments and the factors
affecting them.

Methodology: The aim of this study is to accurately classify suspended sediment values in
space and time using Sentinel-2 satellite imagery and physical methods on Chah-Nimeh
reservoirs in the Sistan and Baluchestan province. To achieve this goal, the researchers
utilized the C2RCC processor for spectral calculations and modeling, which is based on deep
learning approaches and simulated water reflectance outputs for high-altitude correction
algorithms. The processor allows for the calculation of water reflectance in different spectral
bands and the estimation of three main water quality parameters, including the
concentration of total suspended solids, chlorophyll-a, and colored dissolved organic matter,
using various relationships. After retrieving the maps of the concentration classification of
suspended sediment parameters in the reservoirs, the researchers aim to examine the
monthly input flow rates to the Chah-Nimeh reservoirs with the estimated concentration of
suspended sediments. By comparing the input flow rate values with the concentration of
suspended sediments in Chah-Nimeh 1, the researchers can gain more information about the
behavior of suspended sediments and the factors affecting them over time. Finally, a
regression model will be developed using the corresponding input flow rate and suspended
sediment concentration values, with the monthly input flow rate considered as input and the
mean concentration of suspended sediments considered as output. It should be noted that
various regression methods, including linear, exponential, GPR, and SVR, have been used to
model the relationship between input flow rate and suspended sediment. Each of these
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methods have unique features and advantages and has been selected based on the type of
data and the problem at hand. By combining these methods, a comprehensive and accurate
model for predicting the concentration of suspended sediments based on the input flow rate
between Chah-Nimeh reservoirs has been developed, which can contribute to a better
understanding of the behavior of suspended sediments and the factors affecting them.

Results and discussion: As the results indicate, the concentration of suspended sediments is
low during wet years and increases with the increase in input flow rates into the reservoirs.
Eventually, the phenomenon of 120-day winds in early May stabilizes the concentration of
suspended sediments. This is due to the fact that the input flow rate from Chah-Nimeh 1 is
higher than other points, resulting in a higher concentration of suspended sediments in this
Chah-Nimeh reservoirs. This is because the input flow rate directly affects the production
and movement of suspended sediments in the lake. With an increase in the input flow rate,
the two main factors affecting the production of suspended sediments, namely the water
current velocity and the energy of sinusoidal waves, also increase. This increase in water
current velocity and energy of sinusoidal waves improves the conditions for the production
and accumulation of suspended sediments in this point. Therefore, the concentration of
suspended sediments in Chah-Nimeh 1 is generally higher than other points in the lake. This
figure shows that the retrieval values of suspended sediments using the physical method
based on Sentinel-2 satellite imagery are accurate and reliable. This finding indicates that
water turbidity data can be used to validate the retrieval values of suspended sediments
from other methods. To investigate the effect of input flow rate on suspended sediments in
more detail, a time profile of monthly volume input flow rates in millions of cubic meters
versus the average concentration of suspended sediments in Chah-Nimeh 1 in milligrams
per cubic meter has been studied. With these figures, it can be observed that the
concentration of suspended sediments in the lakes is highly influenced by the input flow
rate, and it increases with an increase in input flow rate. Additionally, in other months of the
year, the amount of suspended sediments has been somewhat constant and accompanied by
slight changes. It can be concluded that the amount of suspended sediments in the lakes is
strongly influenced by the input flow rate, and it increases with an increase in input flow
rate. We developed a model for establishing the relationship between input flow rate and the
average concentration of suspended sediments using regression methods and monthly input
flow rate and average concentration of suspended sediments in Chah-Nimeh 1 data. The
GPR model has achieved acceptable results and has been used as the optimal model.

Conclusion: This study used satellite images to analyze suspended sediment parameters in
lakes and reservoirs. The mean concentration of suspended sediments and input flow rate
were highly correlated, with a correlation coefficient of 0.9 for Chah-Nimeh 1. The developed
model had an 85.0% detection coefficient, 4.30 g/m3 root mean square error, and 3.27
absolute mean error. With an increase in input flow rate of about 10.0% of the reservoir
volume, the concentration of suspended sediments in Chah-Nimeh 1 increased by about
74%. Optimizing the input flow rate can reduce the concentration of suspended sediments in
reservoirs and the model can be used for effective water resource management and reducing
surface water pollution.

Keywords: Input flow rate, suspended sediments, Sentinel-2 satellite imagery, Chah-Nimeh
reservoirs.
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Fig. 3 The classification map of suspended sediment parameters in reservoirs during the 2019-2020 hydrological year.
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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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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

O 50 oo g dzm ;0 caad 00game g Guizs (pl 4o solail 050 Ldatue JUIST Y Sl

Journal of Hydraulics

18(3), 2023

85



VY oy 50n g slicd g e lgd sbrazy 3o BT sb 3yl g owyp

—» A 0.9m 0.3m *B

N "\

06m

ater level
measurement axes

N N

Y B

Section A-A Section B-B
Fig. 3 Gate plan and transition in rectangular channel
b JUI 5o bad g asm 0 2 )b ¥ ISCS
0.14
0.12 450 b
0 /
o1 | R0 -
75° -
008 | 70° -
£ 0
:;E, 65 -
0.06 | 55°
50°
0.04
400 —
002 | 350 T
0 = r— N N N
0 0.05 0.1 0.15 0.2 0.25 0.3
y(m)

Fig. 4 Variations of the cross-section of flow through the rotary gate against the depth for different opening angles
Sk Al slaassly sln Bos pln 5o s azmye il 65 Ol ahabe mha sy B JSS

Ot iy cd e 10 CewdVl 0 083 o yLid sl Cawsoay

I0 dga 53 09 e i Yl ol s I a5 Jsb

o )lg0 a0 45 )bz w S )3 9 00 e

Comy g b =Y
o 3bizs sl 30 00 sl sla olej] adS o
9 CA_M.:‘) 9 o= Coms (_gLQo)‘j.i\) ijl.?bo 39 u] C.E..u

2loe (Sl 03,5 28 >tV Co el el oud cils y JUIS (635 0 y9me Cuimad

Journal of Hydraulics
18(3), 2023
86



V¥ HL? Y c)l.o.{;') dA 099

Sy yuad

I W

Mg=6, sinB , cosd

99 dziwl 8 ITs o 113 J.v.;osdg aziwld g S 5 L

S5k 4l sanles Wl oo 45 595 o Jol> (o

W

(5
5 h,
ghy

an O Azl 8 90 5l ¢ gages alul) G &)l jslaie 4

Ot (= il B g (Wh) 51,5 0 50 Ol mlaws (500

4 Marashi et al. (2020) Lwg a5 (@Qn) b, >as

@)

:“59*5“5" oolarewl ! odls ou.:u 2 Sy

w 2R
-2 o0 = 4
W, ™ 2(1-cos0) W 1 (4)
-2
@ ghi ©)

GIpE (10 o slomg, -F

S5l assly B 50 (20 390y g, —V-F

@ lizen gladasgly o oad cblopy e dnargi b
) Wh\ Qn sl 59 L i se i S5
ol lid 53 Do @

0,=aW} (6)
il o il sloa i @B )] 4o oS

alizs loasgly o a,f polbe a5 cuwl S5 a4y 03Y
il B 6 i et ¥ JSd ol glate ( Sosily
Sl 2 s (i (272 lp ) (23 dm g
Ailn 3 o wedse plid |y (Sadil iz slaagly
Al ,2 50 saal Cews @l a4 Sl sove SO
Fradslae o b 9 Glo lie o JS 0l 5o (Sudik
aagly s S Ll (5 iy oS (e g 2l
o=l sl ool L (A JSKS) sl ool o 5 (S5l
26l Olg g curd ezl b 9o polie Gl e 5B
3550 Caws 4y Faiib agl;

Sl asly 4 S B 5 @ azial b 53 (5 0y S

GrSojlosl Ol mla s slag yos 5l Glaiges O JS& 4o
Lg)j).o L 9 w‘) 9 = Commw 6&0)5{'& ) IR
oo Loosls jo cdo L el oald ooy las JUIS
3= Y alold 4y cahie o Lo Ges a5 8l o
Ot Sl ke Olsre @ Ol e 1) Az e cewsL
Oladieo 9 o8 )F lai o a0 CewdVl o S (65,
S adaiie cpl J0 b y> Bes ol a5 Clils (il
B, (6 e CwdVl slaplads 4

FUSs o alize slaaysly sl Jol oo o g
el 00 D)

Gl glages ;0 (20 Gl S pdS (SSx
Sl e (Tl gl Al b oS S o Sy
po—ond Hglaie ay ol aales (06T slaglug o
Ao e lizes mwais slsl g Lyl ol
Silwdn o (65955 3l oolitul b owy e slaasiul 3
el 00l solazwl ﬁWb

F=(Q, h;, L, B, R, p, & 1 6) =0 1)

ol e as
a0y el Rasl p caSe ) 5508 Olr (029 Q
L (=) dzm,0 SVl po Ol mhas 515 M o(5ie) lgo
ch 2 9) helrins JU (200 W () s Jsbo
PLs g (aSe e 2 T5kS) S JB2 o (o]
~ ISl b ) (4l 930y 52e) ey S
Al o (42)9) 50 (Sadil 4l 09 (4l

slo i ploie 49 gh 9 aziwl B 4w (35 L5 s L
aalioe oty 25 an g (slaazeinl B g |55

Q

‘/ghf

HIZ

n 1
I,= G
p.jght @)
LR
. L
4_h1

Journal of Hydraulics

18(3), 2023



VP (), 02 g slicdgo

e ylgS gbrazy o (LT byl g o)y

ols (33l Ll 59, 50 4250 @b S sy et
sleJole 5,3l g adolas ) (g5l ool b ol
ol G Olie xS o3l L Gl (Slgpane
= S =il @ lizee slaagly jo azn o oVl

2,5 dewlo V) Aol b1y Hlgo azw yo 5l (6,50

0,=-0.027W;+0.47W, (10)

0=-0.338(1-cosO ) x 2R-h)h'” +2.94x (11)
(1-cos®)°N2Rh

oo glpaol guds pand g, -Y-F

S5k -0
Lt dg) 50 09dos odaline Vo S5 y0 a5 j5bilen
30 a8 Cowlize Glag o0l 0,10 02 g Sl aladi SO
(2 Sm (o3 Akl B (6 0 S (it I (slala

‘Mrﬁmuoé‘éwdu]c.‘a_‘uua)ccbw
ad S o ool cuSs ahds lae 4 WS o

=450 025

02

0.15

—A—L-bank —e—M-canal R-bank

3 25 -2 15 -1 -05 0 05 1 15 2 25 3 35
x(m)

6=85°

WS o Sem A gV slaakl) sl 5w

P e =0 Ol e P B Y laakal, g35le ool b

o,5 Q)j“)—f q alal, sloolaiwl L) g azy o
S 0SS o Som S5 sladlolas 3l o imie ol g,
9 18 Gl 1+ dsbas e 0, e e

el 00 00lo Wh 51 Slgs il & jg0 43 Qn alolee

a =2.4714cos*0-2.927cos’0+0.9836co0s’ 6+ @)
0.1235c0s6+0.3022

B =-0.18666c0s’0+0.1298cos6+1.1065 (8)

B
Q=3.132axh’’x [2(1-cos6) %-1 ] 9)

Losls dod 3l oolisw! b (25 3551y o9y -V-F
(GBS ol j0 0o plol sla ol ojl aon jo
Tl (20 4 Comd (29 dnr (g il B (20 oS

a_:9)4_:4\_>94l_,(°\ JLN) Sl 00 p.»_w).a A_JT

6=65°

—A—L-bank —o—M-canal R-bank

3 25 2 15 -1 05 0 05 1 15 2 25 3 35 4
x(m)

—&—L-bank —o— M-canal R-bank

05 1 15 2 25 3 35 4
x(m)

Fig. 5 The flow surface elevation at left and right bank and the center line of the canal with 26 lit/s
be).‘.«.]\‘?‘s’bbgjblsé;}objwl)swméubo)|y¢)éu1@amt)maﬁ

Journal of Hydraulics
18(3), 2023



VFeY 3l ¥ o ylods VA 090 Sy

0.045
& 0=35 0 6=40 0=45 06=50 *—0=55 O 06=060
0.04 L +— 0=65 =—0=70 =—0=75 ©—0=80 0—0=85
AO o= = + (o) X
0.035 | nayai P X
' OO e &  # o X
Q(m?/s) OO0 e & F O X
0.03 OO & + O X
OCe= & ¥ o} X
- e 4
0.025 | oo o} X O <o
O = O X O <
OOwes & O X O <
0.02 O =a O X O <
0015 1 1 1 1 1 1 1
0.1 0.125 0.15 0.175 (O.)Z 0.225 0.25 0.275 0.3
m
Fig. 6 Stage-discharge curve in different opening angles
Sl alise slaaygly o Jil -0 (poia £ SIS
15
I o 0=35
L o
135 | o o n 640
12 i 00 ob
Tt __.(;bonnn 0=45
1.05 | ->=* " 6=50
I - O
L + o X 0=55
Q " +#h O 0=60
h 3 + =
0.75 | 41
I + 0=65
06 | - 670
045 | K = 0=75
03 | - o =80
i &" O 0=85
015
0 -. IR S SR [N SN U TN SN [N SO SN TN TR NN TN SO TN SN [N TN TN SN TR NN TN SN TR T AN SO TR SO TR SN T SO T
0 0.5 1 15 w, 2 25 3 35 4

Fig. 7 Variations of the dimensionless parameter of discharge versus the relative width of the water surface for different
opening angles

Sabil iz glaaygly sl o s s (555 il 50 (20 day g0 Al B 6y s ¥ S

Ol Sl pian g 4z yo 7ol a8 slaagsly )0 azm o oS St ladygly ;0 a5 we3 oo LS £9d9e (nl S90S o

3l (Folite las 5,15 2 7 Gl cen Ol (28 Gl a0 P
L1 ogee 20 Oliee VY5 VY ladlslee (55le ool L S eS slagly o i blie o g 990 g0 CawdVL Gae
G Ol GRSl LV0 5 VY (slaalal 5l oolacul o) it Gee (JUB po (0 Gl Sl a0 7
OlF e (Sadil @ slaassly o cawsVl L > Gl &1 50k ammil opl 0SS o o a4 GV

Journal of Hydraulics
18(3), 2023
89



VP (), 02 g slicdgo

e ylgS gbrazy o (LT byl g o)y

0.6 1.14
a« Op
/
055 | [ / 1 113
.. //
el . /
05 r RS /e 1112
. ;
/
4
a il
045 | v 1111
//\\ ﬁ
//
04 | -l 111
035 | b ] 1.00
0.3 1 1 1 1 1 1 1 1.08
0 ol 02 03 04 05 06 07 08 09

(cos0)

Fig. 8 Changes the coefficient and power of the exponential equation with respect to different opening angles
Sk e laaysly 4 Cos (led aloles (I8 5 o o s A S

Gl 00 oolai_l (NRMSE)Jl—AJ) 6L]a.> UL,.:).A
O 65 glaalal )

Q()'QC )
Error= ——=|/N | x100 16
(> (16)
- 2
RMSE = Z(QO QC) (17)
N—-1
RMSE
SE = —— x 100 (18)
Qo
RMSE
NRMSE = X 100 (19)
0-max Qo—min
loalyl, ol o aS

)Lo_..u N 9 00— Ml:;m @o QC “_g‘o\.\.hl.&ao ‘530 QO
odiol o azls oo aulre (e il oo Wools
ul_ma L“U‘:}L'“’ U‘_" JJQLQA Sl 0 43‘)‘ Y Jﬁ‘-’" 5
B b9 4 S gl 50 (ST by 45T Al o0

el 10595 1 6,5V Cdo 3l aosls

SOl 9 ool -0-F
sl axli 5l soliiwl L sosl cows an b Julos

o a5 02 e slad Vb o eal azaT g, 4w @LJ

G2 Sa g Azl B 3 Jloged ol W, 05 Aralore
J._)‘JJ as u_..u‘ olj_.o..b w.u: MLJ \/V )J‘J.J u] C.]a...u
sloagly 4 bgpe Soll ol sl plxil o o)

Dl oo 4z 0 e Golue b 2555

Qn=0.43 Wh, (12)
Q=2.67(1-CosO) h1%,/2R — h;  Wn<1.71 (13)
Qn=0.0.31 Wr+0.222 (14)
Q=1.950.43 Whn(1-Cos8) h1%/2R —h, + (15)

0.69h35  Wh>1.71

§ios ol sl 0wl Cawdds i &5 cul pudgs 4y o3
Marashi et al. (2020) |5 zls b 595 (cod goiilan

S5l

20 2390 3 S bs s gl Anmylio —F-F
P Lol e aulxe g ()2 sl B (2l o
eLs pyzmen ola a3l o0 0y51 s by 0
Sl e o Slae jgdome (EITON) s slas lavgin
o Sie )30 5 (SE)s Juiliul Lias (RMSE)las

Journal of Hydraulics

18(3), 2023

90



VFeY 3l ¥ o ylods VA 090 Sy

16 [

-
-
-
-

12 | )
: o
On, t ~-6Q0%0° o°

06 f P
L ’,,@Cﬁp@

04 F oo
L o@“"@

0:‘....nnnn.|....|....|....|....|....|....
0 05 1 15 MZ 25 3 35 4

Fig. 9 Variations of the dimensionless parameter of discharge versus the relative width of the water surface
VTCJQNW&f@W@QMQPéW‘}&ﬁ%M s

1.8
16 %10 .
14 _ e
Q= 0.310 W, + 0.222 o -
12 t e ot
”o’ ”a" -%10
0/7 1r ”’;‘ ”’,v’
08 1 1’/,—"”’
rd
06 | Pl
s v
2
0a | 355 0, m0uzs7w,
i
0.2 "’,’r,f
0 ’I'I 1 1 1 1 1 1 1 1 1 1
0 05 1 15 2 25 3 35 4 45
W,

Fig. 10 Trendline on changing the dimensionless discharge parameter versus the relative width of the water surface
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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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Fig. 11 Formation of the hydraulic jump of the flow after passing through the rotary gate
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