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Wave speed in open channel flows
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Froude Number:

. Inertia
' Gravity
Fr=Y

V is the average velocity
c is the gravity wave
speed

e Subcritical flow: Fr P A,

e Critical flow: FV' - L

e Supercritical flow: FV > l




































































































































Propagation of a disturbance in
subcritical, critical and supercritical flows


















































































































































































































































































How about other type of forces in
open channel flows ?

V is the average velocity
Re ~ Inertia R, is the hydraulic radius
Viscous v is kinematic viscosity

e Laminar flow: Re < 500

e Transitional flow: 50°< g" < 'Z's 00

e Turbulent flow: Re > 12‘500 I’\ .C'i\'.\\
Eﬂmﬂ.ﬁ'ﬁ
P

okt <

















































































































































































Geometric elements for different channel cross sections

rectangular

trapezoidal

triangular

circular

parabolic

(b+ mh)h

mh? % (6—sin 8)D? ZBh
wetted perimeter 8 i’
p b+2h b+ 2h1+m? 21+ m? —0D Bes—
P
hydraulic radius bh (b+mh)h mh 1 [1 sin 9} b 2B%h
R, b+2h b+ 25 N1+ m? 21+ m? 4 8 3B% +8i°
_ (sin@/2)D
top width b b+ 2mh 2nih oF = Ah
B 2Jh(D—h)
hydraulic depth i (b+mhh 1 " f—sind | D % P
D, b+ 2mh 2 sin@/2 | 8 3
# Valid for 0<¢&<1 where  £=4h/B
If &>1 then P=(B/2)L/1+§2+(1/§)1n(§+1/1+§2)J










Specific Energy w
K .













































































































































































































































































































Specific Ene‘r’?y
A G

Specific energy diagram
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Critical depth (Cont.) — % ngr.
o e’rermln dE
To d =0 0= 14 '9- ;é_
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Flow Choking

For a rectangular channel:

Az, = Ey — %YC

For a non-rectangular
=

channel;

LYo,

Ye


































































































































































































































































































































Fr-_-'ch.

Example m

Consider a channel where the upstream velocity is 2
5.0 m/s and the upstream flow depth is 0.6 m. The ' - v‘

flow then passes over a bump 15 cm in height. T
(a) Compute the flow depth and velocity on the 9 C
crest of the bump.

(b) Compute the maximum allowable bump height
phait keeps water from backipgmgo upstream.
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Example

Compute the critical depth in a trapezoidal

channel for a flow of 30 m3/s. The channel

bottom width is 10 m, side slopes are 2H:1V.
——















































































































































































































































































































































































































































































































































































Example

Water flows at a depth of 2.15 m and a unit

discharge of 5.5 m?/s in a rectangular channel.
Energy losses can be neglected.

(a) What is the maximum height h of a raised
bottom that will permit the flow to pass over it

without increasing the upstream depth?

(b) Sketch the water surface and energy grade line.
(c) If the channel bottom is raised greater than h,
discuss a type of change that may take upstream of
the transition.

q=5-S v/ s
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Example

A lake discharges into a steep channel. At the
channel entrance the lake level js22.5 m above
the channel bo Neglec’rln s, find the

discharge if ’rh nnel sectio ctangular
with a width b = 4 m.

2:9mM
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Weirs

e Weirs are often used to measure dischorges in open

channel flows.

e By creating an obstruction, critical depth is forced to
b ——— ]

occur and, therefore, the unique relationship between
depth and discharge can be used to measure flow.

e Three types are presented herein: 3

1. Sharp-crested Rectangular Notch Weir
2. Sharp-crested triangular Notch Weir 96
3. Broad-crested Weir Goun



























































































Sharp-Crested Weir

Weir plate




































































































































Sharp-Crested Weir - Geometry

. ., Channel
i L 1 walls
Weir
L plate ™\
1 L.
(a) () (c)
Rectangular Triangular Trapezoidal

e—sese— ] E——












Ideal discharge in a sharp-crested
rectangular weir

Assumptions:

® No head Iosses'/

* Atmospherc RIS
acrosssection.ab

® No vertical contraction

of the nappe.












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Rectangular Weir

Q = 31/28 C4LH?/? / L—

Where C, is the rectangular
weir coefficient given by the (G
well-known Rehbock formula

Cs=0.611+0.08%

The variation of C for rectangular
sharp-crested weirs is valid for H/P <

5.0.












































































































Triangular Weir

Q= Cde% tan(%)\/ﬁ (H + k)2

Where:

C,. = Effective discharge coefficient (see

Figure b)
Y
K, = Head correction in mm (see Figure c).
Need to convert mm to proper units.
(a) Defi Sketch
0.61 5
0.60 4
D.59 \ E 3
Weir s -l S . A
e @ame 008 o
||~ plate ?
ol 0.57 {poce = ol i
P
0.56
0 20 40 60 80 100 120 O 20 40 80 100 120
0, degreeg 0, degrees
(b) Coefficient of Discharge (c) Head Correction

Effective discharge coefficient and Head correction for

triangular weirs. C_ values above are valid when H‘P <
0.4 and P/b < 0.2.
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Broad-Crested Weir in rectangular channels

e Weirs with a finite crest width in the direction of flow

e Wide variety of crest and cross-sectional shapes of
the weir are used in practice.

e Here we present a horizontal broad-crested weir in a
rectangular channel.













Broad-Crested Weir

e This weir has a sharp upstream corner which causes the flow to separate and then
reattach enclosing a separation bubble.

e If the width B  of the weir is sufficiently long, the curvature of the stream lines will
be small and the hydrostatic pressure distribution will prevail over most of its width.

e The weir will act like an inlet with subcritical flow upstream of the weir and
supercritical flow over it.

e A critical-depth control section will occur at the upstream end-probably at a
location where the bubble thickness is maximum. .

weir:
0.08 < - < 0.33
—_p— w P —"

H
s <035










































































































































































































































o Cd fOI" HL—FP S 0-35
Broad-Crested Weir
| yd
//
1.0
Where L = length of the weir measured in a
transverse direction to the flow and B, = width 0.9
of the weir measured in the longitudinal 0.848
d irection. c?;ggd+4:— chehsc':gd
0.8 —— L
0.0 02 04 060T™N0 12 14 16
@an be related to the variable C A* /A, * T @
SEEmE—
1.20 [ T
1.15
Steps to find Q:
.10
L~ Find C, using provided chart with H/B /
o=® With C calculate C A* /A, o N
¢~ ® Find C, using provided chart with C;A*/A, O N S P2
e Plugmolues to compute flow discharge §* - —
) 05 06 07 08

0

0.1



















































































































































- 7
Example Q ‘

Water flows over the rectangular sharp-crested
weir in a 3m-wide channel as shown in the figure

below. Find the flow discharge.

37l2 L:: 3m
d H-

CJ - 0.6“ “‘ 0'08_?,_






























































































































































































































































































































C -
d = Q.G\I.}Q'O%*QLE = 064

@=2 2
2fat xocuxanod”


































































































































































































































































Example

A broad-crested weir has a crest length of B, = 0.75 m,
crest width of L = 1.0 m, and crest height of P = 0.30 m.
The water surface at the approach section is 0.20 m
above the crest — that is, H = 0.20 m. Determine the
discharge.

m
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