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Study of the effect of sloping-broad crested weir on the uniformity of flow

into bilateral intakes in a channel bend
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Abstract

Construction of weirs in river bends results in the non-uniformity of water flow across the channel bend and the poor performance of intake
structures on both sides of the river. The main hypothesis for enhancing the uniformity is the change of the weir-crest profile from horizontal
to sloping crest. The aim of the present study was to test the performance of horizontal and sloping broad-crested weirs in a channel bend
under clear flow conditions, using both experimental and numerical models. The FLOW-3D model was calibrated and verified with the use
of the experimental data. The numerical model was then applied for the simulation of different scenarios to test the effects of such parameters
as the location of the weir at the bend; slope of the weir’s crest; geometries of bilateral intakes including alignment, width and sills; and
upstream flow conditions. The results indicate that the sloping crest weir provides an enhance performance by reducing transverse gradients
of water surface at upstream control section, and thereby increasing the flow rates towards the two bilateral intakes. It is concluded that a
weir with sloping crest (in the range of 2° to 5° toward the outer bank of the bend), at the position of 30 to 60 degrees along the bend, with
the intake angle in the range of zero and 60 degrees (respect to the main channel flow), the ratio of intake to main channel width of (1:10),
and with the use of entrance sill satisfies the requirements for a better performance. The intake angle of zero is the best choice. In the case of
normal intakes, the weir is recommended to be placed at 30 degrees downstream of the bend entrance.

Keywords: Broad-crested weir, FLOW-3D model, River bend, River intake, Sloping crest weir.
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Figure 1. Layout of the weir and intakes. (A) Plan, (B) Cross section, (C)Weir, (D) Horizontal-crested weir, (E)
Sloping-crested weir

Table 1. Geo-hydraulic characteristics of weirs and intakes in physical modeling

Weir geometry Intakes geometry Upstream flow
Height of Angle of
.Inner .Outer prest Location at Crest Width. b sill to water intake to Channel Froude
height, P;  height, P, width, L bend. a (° length, W (cmj depth flow flow rate number
(cm) (cm) (cm) va (%) (cm) (Sthn) B() Q (lit/s) Fr
15 15 30 60 715 95 0.0,0.16 0.0 5,200 O
15 19 30 60 715 95 0.0,0.16 0.0 5,00 O
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(A)
Figure 2. FLOW-3D modelling. (A) Computational cells, (B) Boundary condition, (C) Control section
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Table 2. Tests on the prediction errors of water depth in numerical modeling with FLOW-3D

Weir crest type Run No. Section at bend CorreIQation Error index Error index Range of error
©) (RY) (MAS) (RMSE) (%)
0 0.89 0.004 0.004 1.7
1 15 0.93 0.002 0.002 1.0
30 0.92 0.003 0.003 13
Horizontal 45 0.92 0.002 0.002 1.1
0 0.90 0.003 0.003 13
2 15 0.86 0.002 0.003 11
30 0.93 0.002 0.002 1.0
45 0.96 0.003 0.003 1.3
0 0.88 0.001 0.001 2.2
3 15 0.81 0.001 0.001 13
30 0.89 0.001 0.001 25
Sloped 45 0.85 0.001 0.001 2.6
0 0.94 0.001 0.001 25
4 15 0.94 0.001 0.001 1.0
30 0.87 0.001 0.001 0.7
45 0.92 0.001 0.001 11
Table 3. Geo-hydraulic characteristics of weirs and intakes in numerical modeling
R Inner height Outer height Weir location Intake Height of Intake Channel flow  Upstream Froude
u . . . N .
No. of weir of weir at bend angle intake sill width rate number
(P1: cm) (P,: cm) (a°) (B (S: cm) (b: cm) (Q: I/s) (Fr)
1 20 20 60 0 0 15 75 0.17
2 20 20 60 0 0 15 100 0.21
3 20 20 60 0 0 10 75 0.17
4 20 20 60 0 5 10 75 0.17
5 20 20 60 60 5 10 75 0.17
6 20 20 60 90 5 10 75 0.17
7 20 24 60 0 0 15 75 0.17
8 20 24 60 0 0 15 100 0.21
9 20 24 60 0 0 10 75 0.17
10 20 24 60 0 5 10 75 0.17
11 20 24 60 60 5 10 75 0.17
12 20 24 60 90 5 10 75 0.17
13 0 0 60 0 5 10 75 0.17
14 0 0 60 60 5 10 75 0.17
15 0 0 60 90 5 10 75 0.17
16 20 20 30 0 5 10 75 0.17
17 20 20 30 60 5 10 75 0.17
18 20 20 30 90 5 10 75 0.17
19 20 24 30 0 5 10 75 0.17
20 20 24 30 60 5 10 75 0.17
21 20 24 30 90 5 10 75 0.17
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Figure 3. Effect of Froude number (Fr) on transverse water depth at upstream control section of the weir
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Figure 4. Effect of Froude number (Fr) on transverse depth-averaged velocity at upstream control section of the weir
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Figure 5. Effect of Froude number (Fr) on transverse unit discharge (q) at upstream control section of the weir

SAd ol el Sap 2 s ey K0S S s BAS e el Db s 1

Jioge Sl S SR Slaed g e 03 S D ph g 3t 5 8 s e SV e 53 O e
S &5 ($39)5 o 5 Lo o (oo Sl il el ol RO P T G (A R S P e
5 OfQ o 5 o3 S Bl s & S LS Ay ey 5 e Dk Dl Sl B 5 e
Olod 5 B 55,0 53 2 55 el 50 Qo Q alie LB Jbawd 5 Bl sm cadVl 53 Lo e

JJL--F}-—-'I —
ol * e
Y44 }:i‘hl \'AJMI \e 0,95

YYé



Bl S Db s sl KT 4 3555 0k w55 52 oaad o gb Jsb b S s

Ob > 308 4 w07 Gl S5l i §i1
Ol o et R e ST Gl s g
R I R e s
sore > 2l gl pose ot ST e G
Fore 03 s 8 B e 3) el S A B
S olsasd w03 (le JRalS /oY lsend
Al ol 5 s Ol ks Sl RalS s KT il
St O o 0 b Sy a5t S5
0355 b O3 Sl g Hiba (V) SE ol anilns
35 (@) Ob,r Al ol o Sk wkad
s o QLIS Hlbacgd 5 @8l e g3 s YL
S ialS el ST Wl sy Bl 5 2
S ol 5 Slaad 31w 3 2582 Gl Q 5 GindQ
Fot et e 03 Sl ol Jy wle
Fore 03 e /v Sl Bl e sl
sl w3ly s ez e SRalS /N Sl s
S 4 Jy das e als Gl s KT
Sl iy LS oSS gy b g 0 0L
“ SoM Ok sy el B pose 4 S
s SSobe (VKD ke WS
Loobasd som 03 Ol Slosas (e

el bl 3 s s b Sl 34

——te— H-b/B=0.16

- o= H-b/B=0.1
0.1

ol @ am g b LSl 4 355 oy oo 5SS
Co (o8 eSS S e Sl L3 infCout
oy LVl 5 s Al ey 5 e b

Ll Fr=0.17) 505 0L o ol b 5 sl

SEIP0 g BT e 4 ST 2 cud S

ok
CewesYL ulﬁT PN J:_<j Glas 5 e Cnd Dl
Aly ol 5 Sy il Ges o, i, (B/B)
33 3 Ol 5 (B 5 e SV J S shade 5 0L
T T S S AN YT IVALIICS
SV 3 Ol e S0 i wal] (2w LS
o A s e A St s B e 50
Aoy o 5 8 (258 D ks A DS ol
2 Dt G b (V) Kool Sk 250
S I3nd o) s 53 B3 0 QLS 1 O o el 0y
S o (65l asly 53 Ak o SRl GonlQ 5 G/Q
el S s LS LB i 55 8 3 Gillon
Cod 3 os Lagie Loy 5 Goo 5SS 5 M
A 5 et e b ) T e ST S
Cod) (588 L 33 2 93 (2,8 g oy (H5SG

sl sl 3 e W P AN SPRVAR

— @ — S-b/B=0.16
ceeedéess S-h/B=0.1

0.06

0 0.2

0.6 0.8 1

Distance from inner bend (m)

Figure 6. Effect of the ratio of intake to channel width (b/B) on transverse unit discharge (q) at upstream control
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Figure 7. Effect of the ratio of intake sill to weir height (S/P) on transverse unit discharge (q) at upstream control
section of the weir
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Table 4. Flow characteristics at bilateral water intakes in different scenarios

Channel Intake flow rate _Velocity at Depth at intake Outer intake
RuN flow Upstream (I/s) intake (m/s) (m) Inner intake flow flow o channel Inner to outer
N Froude number Inner  Outer to channel flow intake flow
0. rate (1) bend  bend Inner  Outer Inner  Outer (@/Q flow (G
(Q:s) @) (G bend bend bend  bend Aol (Aol Q) Gt
1 75 0.17 28.4 28.4 0.89 0.92 0.21 0.20 0.38 0.38 1.00
2 100 0.21 34.6 34.3 1.00 1.02 0.23 0.22 0.35 0.34 1.00
3 75 0.17 19.7 19.9 0.85 0.89 0.23 0.22 0.26 0.27 0.99
4 75 0.17 19.8 19.5 0.86 0.88 0.23 0.22 0.26 0.26 1.00
5 75 0.17 17.3 17.1 0.86 0.93 0.20 0.18 0.23 0.23 1.01
6 75 0.17 1.7 0.1 0.21 0.01 0.36 0.36 0.10 0.00 0.86
7 75 0.17 30.3 29.9 0.92 0.94 0.22 0.21 0.40 0.40 1.01
8 100 0.21 36.4 36.2 1.01 1.05 0.24 0.23 0.36 0.36 1.0
9 75 0.17 225 225 0.90 0.94 0.24 0.25 0.30 0.30 1.0
10 75 0.17 21.3 21.6 0.88 0.95 0.24 0.23 0.28 0.29 0.99
11 75 0.17 15.5 13.4 0.57 0.55 0.27 0.25 0.21 0.18 1.14
12 75 0.17 5.8 0.1 0.17 0.01 0.34 0.35 0.08 0.00 0.58
13 75 0.17 4.8 6.1 0.47 0.54 0.10 0.10 0.06 0.08 0.79
14 75 0.17 0.9 2.6 0.16 0.27 0.06 0.10 0.01 0.03 0.36
15 75 0.17 0.3 17 0.07 0.34 0.04 0.05 0.00 0.02 0.17
16 75 0.17 22.1 23.0 0.93 0.98 0.24 0.23 0.29 0.03 0.96
17 75 0.17 16.3 17.3 0.54 0.65 0.30 0.27 0.22 0.23 0.94
18 75 0.17 16.7 17.6 0.72 1.00 0.23 0.18 0.22 0.24 0.94
19 75 0.17 20.3 21.4 0.89 0.97 0.23 0.22 0.27 0.29 0.95
20 75 0.17 18.0 18.8 0.56 0.65 0.32 0.29 0.24 0.25 0.96
21 75 0.17 18.4 19.3 0.74 0.99 0.25 0.19 0.24 0.26 0.96
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