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ME 1071: Applied Fluids

Lecture 7 Flow in Open Channels

Spring 2021



Weekly Study Plan
| Weeks | Daes | letwes

1 Mar. 9 Course Introduction, Fluids Review

2 Mar. 16 Chapter 8: Internal Incompressible Viscous Flow
3 Mar. 23 Chapter 8: Internal Incompressible Viscous Flow
4 Mar. 30 Chapter 8/Exam | Review

5 Apr. 6 Exam |

6 Apr. 13 Chapter 9: External Incompressible Viscous Flow
7 Apr. 20 Chapter 9: External Incompressible Viscous Flow
8 Apr. 25 Chapter 11: Flow in Open Channels

9 Apr. 27 Chapter 11: Flow in Open Channels

10 May. 11 Exam Il Review

11 May. 18 Exam Il

12 May. 25 Chapter 12: Introduction to Compressible Flow
13 Jun. 1 Chapter 12: Introduction to Compressible Flow
14 Jun. 8 Chapter 12: Introduction to Compressible Flow
15 Jun. 15 Chapter 5: CFD Related Topics

16 Jun. 22 Final Exam Review
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Outlines

» Flow in Open Channel
» The Hydraulic Jump
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Outlines

» Flow in Open Channel
» The Hydraulic Jump

BT N HED R

LECTURE7 FLOW IN OPEN CHANNELS 4



Energy Equation for Open-Channel Flows

Assumptions 0 Control
1. Steady flow. A / volume
2. Incompressible flow. § e
3. Uniform velocity at a section. : T
4. Gradually varying depth so that pressure distribution .
IS hydrostatic. _ |
5. Small bed slope. i} DR |
6. Ws = Wshear Wother 0. v Zzlf
Energy Equation for Open-Channel Flow Total Head or Energy Head Specific Energy
2 2
%—I—yl—l—zl—g——l—yz—l—zfl—ﬂl H—g—g—l—y—l—z E—g—g—l—y
H,— H,=H, E,—FEy+ 2 —2,=H,
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Energy Equation for Open-Channel Flows

The Specific Energy

o E indicates actual energy (kinetic plus potential/pressure per unit mass flow rate)
being carried by the flow

V2
E Z + vy
Critical Depth (Fr =1)
Al
\ / / Q=5 Ve =V 94
* T &3 Minimum Specific Energy
l Critical flow L . . ..
: g n | A | > the specific energy is at its minimum at
N B 7 BN ey critical conditions, i.e., Fr = 1
4 Tk . T |
E\=E, E=%+." Q2 1/3 3
Fig. 11.7 Specific energy curve for a given flow rate. yc — |:W:| Emin — 5,% (ReCtangUlaT Cha/n/nel)
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Localized Effect of Area Change

Flow over a Bump

V2 V2 V2

Lty === +wm+23=—+y+z=const
28 28 28

Free
surface N\, _.---~~~ 7"
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Localized Effect of Area Change

Flow over a Bump
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Localized Effect of Area Change

Example

A rectangular channel 2 m wide has a flow of 2.4 m3/s at a depth of 1.0 m. Determine whether critical
depth occurs at:

a) A section where a bump of height h = 0.20 m is in the channel bed.
b) A side wall constriction that reduces the channel width to 1.7 m.

c) A combined bump and side wall constrictions.

0? 1/3
Ye = W‘
Q? Q?
E., = = _—
1SN T gaz = T ogh2y?
3
Emin = EYC
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The Hydraulic Jump

Phenomenon :
Hydraulic Jump:

The jump or standing wave formed
when the depth of flow of water changes
from supercritical to subcritical state

BT N HED R

10

LECTURE7 FLOW IN OPEN CHANNELS




The Hydraulic Jump

Subcritical Flow Fr <1
o Disturbances move upstream, smooth adjustment

Supercritical Flow Fr >1
o Disturbances cannot move upstream

o The transition from supercritical to subcritical flow occurs
abruptly through a hydraulic jump.

Outward Flow Speed

= | &=
Speed of waves on water | = "5 o East Queward Fow
“S-2h o \ ; _ Slow Outward Flow
- 4 - \\\ -

e
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The Hydraulic Jump

More Examples of Hydraulic Jump

oo (HyaraohicJdomp)

wa i
Lo o W e R
RECSLE W e
Velocity [m/s]
[ E 1
'V1akeAGI:. Con.] 0.00 0.63 1.25
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The Hydraulic Jump

More Examples of Hydraulic Jump
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The Hydraulic Jump

Specific Energy Curve for Hydraulic Jump

o Unlike the changes due to phenomena such as a bump, the abrupt change in depth
Involves a significant loss of mechanical energy through turbulent mixing.

VA

Specific energy curve Hydraulic jump
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The Hydraulic Jump

Control

———————————————

Governing Equations for Hydraulic Jump  gime — T
|
Continuity Viy, = Vsys | i
- T
2 2 2 2 I I y
Momentum % + y21 = V2t T 3122 Fow— 71 o | L N
14
E =Yy =V i H—pH 12 -
nerqy 1= % Y1 — % Yo 1 — L2 l
10
Depth Increase Across a Hydraulic Jump L
> The ratio of downstream to upstream depths = sf
across a hydraulic jump is only a function of the & ,|
upstream Froude number. L
1
%25[\/1+8F7’12—1],Fﬁ>1 T3 45678 910
1 Upstream Froude number, Fr; BT N P ISR
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The Hydraulic Jump

Head Loss Across a Hydraulic Jump

: . 0.70
o The head loss is only a function of the upstream Froude
number. e 0.60 -
Sy
o Hydraulic jump can occur only in supercritical flow. s 0.50 |-
o Flow downstream from a jump always is subcritical. = 040 L
PERE $ 030
H,= , Yo > o
l by, 2T 5 0.20
S G0k [T~Eq1139  —
3
H _ [V1+8Fri—3] — ol 1 1
E. 1 1 Q.2 2 ’ 1 0 2 4 6 8 10
! 8[ 1+ 8F7T; 1] [Fri+2] Upstream Froude number, Fr,

Energy Dissipation Ratio
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The Hydraulic Jump

Hydraulic Jump Classification

LECTURE7 FLOW IN OPEN CHANNELS

Classification of hydraulic jumps

Source: U.S. Bureau of Reclamation (1955).

Depth Fraction of
Upstream Ratio Energy Surface
Fry Yolyr Dissipation Description Profile
<1 1 0 Impossible jump. Would violate the
second law of thermodynamics.
1-1.7 1-2 <5% Undular jump (or standing wave). } —~ o T
Small rise in surface level. Low energy " 1 -/ _ " > ¥
dissipation. Surface rollers develop —_T L~
near Fr = 1.7.
1.7-2.5 2-3.1 5-15% Weak jump. Surface rising smoothly, A A /_, ~
with small rollers. Low energy —_— T
dissipation.
2.5-4.5 3.1-b.9 15-45% Oscillating jump. Pulsations caused by
entering jets at the bottom generate ) )/‘
large waves that can travel for miles _/‘ ) f/ A
and damage earth banks. Should be —_— — ! o
avoided in the design of stilling basins.
4.5-9 5.9-12 45-70% Steady jump. Stable, well-balanced, )
and insensitive to downstream ) /_/
conditions. Intense eddy motion and )J /
high level of energy dissipation within ~ ./ e 7~
the jump. Recommended range >
for design.
=9 =12 70-85% Strong jump. Rough and intermittent.

Very effective energy dissipation, but
may be uneconomical compared to
other designs.
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The Hydraulic Jump

Hydraulic Jump Variation
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The Hydraulic Jump

The Dangerous Hydraulic Jump
o Strong Jumps may pose a significant public safety hazard.

CRITICAL FLOW VELOCITY
WITH FROUDE NUMBER OF 1.0

CREST
BOIL AREA

ENTRAPMENT ZONE |
"THE HYDRAULIC®

AIR BUBBLES
REDUCE BUQYANCY

REVERSE ‘ /— SUBCRITICAL FLOW VELOCITY

ROLLER
G- 0 Bl Bllg koo

ot N & AR |
SUPER CRITICAL b ' U o o
FLOW VELOCITY ]

OVERFLOW JET WITH
MAXIMUM VELOCITY AND FORCE

GRAVEL AND STONES DEPOSITED
NATURALLY BY STREAM OVER TIME
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The Hydraulic Jump

The Dangerous Hydraulic Jump
o Strong Jumps may pose a significant public safety hazard.

LECTURE7 FLOW IN OPEN CHANNELS

Hydraulic Jumps at Overflow Structures

HYDRAULIC JUMP

Figures Courtesy of Wright Water Engineers Inc.
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The Hydraulic Jump

An Application of Hydraulic Jump
o Strong Jumps can dissipate the energy of the flow.

BT N HED R

LECTURE7 FLOW IN OPEN CHANNELS 21



The Hydraulic Jump

Example

A hydraulic jJump occurs in a rectangular channel 3 m wide. The water depth before the
jump is 0.6 m, and after the jump is 1.6 m. Compute (a) the flow rate in the channel (b)
the critical depth (c) the head loss in the jump?

1
2 | =1++/1+8F
yio 2

V
Fr=——
V&Y
Q2 1/3
= e
3
Hz=[y2 yl]
dy1ya

BT N HED R

22

LECTURE7 FLOW IN OPEN CHANNELS




The Hydraulic Jump

Example
Energy line

Water discharging into a 10-m-wide rectangular horizontal -----=--< -
channel from a sluice gate is observed to have undergone a I“L ______
hydraulic jump. The flow depth and velocity before the jump =]
are 0.8 m and 7 m/s, respectively. Determine (a) the flow Vv, =7ms —;'_.‘\__,, V)
depth and the Froude number after the jump, (b) the head 1 =08m ;,
loss and the dissipation ratio, and (c) the wasted power e
production potential due to the hydraulic jump. (1) 2)
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Homework

Problem 11.24

Flow through a sluice gate is shown. Estimate the water depth and velocity after the gate

(well before the hydraulic jump)

Fry =Vi/\gy1

Vi py V3 Tb
—+E+ 1—@4‘@4‘ 2 —
i ooV
24 Y1 24 Y2
V=q/y,
V12 CIZ
— 4y = +
29 J1 T 2gy2 2

Fr, =V,/\/9Y-
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Homework

Problem 11.30
Estimate the depth of water before and after the jump for the hydraulic jump downstream of

the sluice gate.
Fr > 1 supercritical w

1 vy = 0.2 mis
3 —1+J1+8Fr22 "
Y2 2
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Homework

This assignment is due by 6pm on April 29th,
> Upload your solution to BB.

> You can either type your solution out using a word editor like Microsoft
Word or clearly hand write the information and then copy/scan your
solution to a digital file.

BT N HED R

LECTURE7 FLOW IN OPEN CHANNELS 26




