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OUTLINE
 Chapter 19: Open Channel Flow
 Basics
 Flow types Flow types
 Uniform flow (Manning’s Equation)
 Hydraulic jump

E l bl Example problems
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OPEN CHANNEL
 A fluid passageway 

that allows part of 
the fluid to bethe fluid to be 
exposed to the 
atmosphere.

 E l Examples:
 Natural waterways (rivers, 

streams, etc.)
 C l ( d Canals (man-made 

channels)
 Culverts
 Pipes with gravity flow Pipes with gravity flow 

(e.g., sewers) CHANNELIZED PORTION OF THE TURTLE CREEK
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TYPES OF FLOW
Flow is a function of location and 

time
Two types of flows

1. Uniform Flow: Flow depth does not change 
l th l th f th h lalong the length of the channel

2. Steady Flow: Flow rate (volume per unit time) 
at a given location doe not change with time.g g
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OPEN CHANNEL FLOW PARAMETERS
1. Flow rate Q = A x v   …   19.1

A = flow area
v = mean velocityv = mean velocity

2. Hydraulic radius R = A / P …   19.2
P = wetted perimeter = D/4 for circular pipes

3. Hydraulic depth Dh = A / w …   19.3
w = channel width at fluid surface (top width)

 Table 19.2: A, P, and R formulae for various channel Table 19.2: A, P, and R formulae for various channel 
shapes
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OPEN CHANNEL FLOW PARAMETERS

 Table 19.2
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GOVERNING EQUATIONS FOR UNIFORM FLOW
 Manning Equation
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v = velocity in ft/sec
Q = flow rate in cfs

n

Q
R = hydraulic radius in ft
S = slope of energy gradient line (EGL) (dimensionless; not in %)

= slope of water surface (for uniform flow)p ( )
= slope of channel bottom (for uniform flow)

n = Manning roughness coefficient (Appendix 19.A)
 n varies with depth (Table 19.3, Appendix 19.C)
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MANNING “n” TABLE
 Appendix 19.A
 Test: Find n for a 

concrete channelconcrete channel 
with rough joints
 n = 0.016 – 0.017

 Higher the n value ֜
higher the 
roughness ֜ smallerroughness ֜ smaller 
the flow (׶ n in 
denominator)

 For sewers
 n=0.013 (average 

value used in design)
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value used in design)
 n=0.015 (for old 

sewers)
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VARIATION WITH 
DEPTH n/nf=1.25

d/D=0 50d/D=0.50

Q/Qf=0.41 v/vf=0.80

At half depth, Q=0.41xQfull
v=0.80xvfull
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EXAMPLE 19.2: Manning Equation

2.5 ft3/sec (0.07 m3/s) of water flows in a 20 in (0.5 m) sewer line (n = 
0.015, S = 0.001).  The Manning coefficient, n, varies with depth.  Flow 
is uniform and steady.  What are the velocity and depth?

 Given Data:
Fl id  t

 Calculate (?):
1 Fl  l it

y y p

Fluid = water
Channel shape = circular
Diameter = 20 in
Flow rate = Q = 2 5 ft3/sec

1. Flow velocity
2. Depth of flow

Flow rate = Q = 2.5 ft3/sec
n = 0.015 (hint: use Manning Eq.)
n varies with depth
S = 0 001S  0.001
Flow type = uniform and steady (hint: use 

Manning Eq.)
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EXAMPLE 19.2: SOLUTION
 From Eq. 16.19, R = D / 4 = (20/12) / 4 = 0.417 ft
 From Eq. 19.12(b)

491
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ft/sec1.75)001.0()417.0(
015.0
49.1
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.
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fullv

52
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12
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4
75.1 3


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 fullfull

Q

AvQ

 From Table 19 3 using interpolation for Q/Q =0 65

65.0
83.3
5.2


fullQ
Q

 From Table 19.3 using interpolation, for Q/Qfull=0.65
 d/D = 0.66
 v/vfull=0.92 
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 v = vfull x 0.92 = 1.75 x 0.92 = 1.61 ft/sec
 d = D x 0.66 = 20 x 0.66 = 13.2 in 

ANSWER 1

ANSWER 2
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HOW TO INTERPOLATE: PROGRAM YOUR CALCULATOR

Interpolate between 
(x1,y1) and 
(x2,y2)

x2,y2y2 GIVEN(x2,y2)
to determine (x,y)
• Interpolation equation x1,y1y1 GIVEN

x,y
TO BE INTERPOLATEDy

1
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Can be programmed into 
programmable 
calculators
Great for FE/PE exams

x2,y2y2
x2,y2y2

)()( 1
12

1 xx
xx

yy




)( 1
12

12
1 xx

xx
yyyy 






• In Ex. 19.2: x1=0.56, y1=0.60
x2=0.72, y2=0.70
x=0 66 y=?

x1,y1y1

y2-y1

x2-x1

x1,y1y1

x,y
y

y-y1

x xx 0.66, y ?

x1 x2

x2 x1

x1 x2x

x-x1

66.00.56)(0.66
0.560.72
0.600.700.60y 





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FROUDE NUMBER AND FLOW REGIMES
 Dimensionless Froude number, Fr, is a convenient index 

of flow regime (subcritical or supercritical flow)
vF 7819

A

Lg
Fr







DdepthhydraulicmeanlengthsticcharacteriL

 velocity v

78.19

hDg
vFr

W



 hD depth hydraulicmean length  sticcharacteri  L

 When Fr < 1, flow is subcritical
Depth of flow > critical depth
Velocity < critical velocityVelocity < critical velocity

 When Fr > 1, flow is supercritical
Depth of flow < critical depth
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p p
Velocity > critical velocity

 When Fr =1, flow is critical
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HYDRAULIC JUMP
 Occurs when 

High velocity flow (supercritical) 
meets slow moving (subcritical)meets slow-moving (subcritical) 
flow.

 There is a sudden transition from 
iti l ( ) t b iti lsupercritical (y < yc) to subcritical 

(y > yc) flow.

 Velocity is reduced rapidly over Velocity is reduced rapidly over 
short length of channel

 The abrupt rise in the water p
surface is known as a 
“hydraulic jump.”
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HYDRAULIC JUMP
 The increase in depth is always from below the critical 

depth to above the critical depth 
E l f h thi Examples of where this may occur are :
At the foot of a spillway
Where a channel slope suddenly turns flatWhere a channel slope suddenly turns flat
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HYDRAULIC JUMP EQUATIONS
 The depths d1 and d2 on either side of hydraulic jump are 

known as conjugate depths.
 d1 = Initial depth < dc (supercritical depth).
 d2 = Sequent depth > dc (subcritical depth)

dc

16
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HYDRAULIC JUMP EQUATIONS
 Approximate lengths of hydraulic jumps in Table 19.6

Upstream Froude No. NFr,1 L/d2

3 5.25
4 5.84 5.8
5 6.0
6 6.1
7 6 15

 The energy loss in a hydraulic jump can be found by Eq

7 6.15
8 6.15

 The energy loss in a hydraulic jump can be found by Eq. 
19.94

  9419
3

12 ddE 

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  94.19
4 21

12 
dd

E 
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PRACTICE PROBLEM: HYDRAULIC JUMP

If 12 m3/sec of water per meter of width flows down a spillway onto a 
horizontal floor and the velocity is 20 m/sec, determine (a) the 
downstream depth required to cause a hydraulic jump, (b) the loss in 

 Gi  D t

p q y j p ( )
energy head,  and  (c) the losses in power by the jump per meter of 
width (Example 3.18, Streeter, et al.)

 Given Data:
Flow per unit width = q = 12 m3/sec per meter
v1= 20 m/sec

 Calculate (?):
• d2
• ΔE
• Power loss per unit width
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PRACTICE PROBLEM: SOLUTION

 Q = A x v
 Divide each side by w to obtain flow per unit width “q”

q = d x vq = d x v
d = q / v

 d1 = q / v1 = 12 / 20 = 0.6 m
 From Eq. 19.91, 

md 766.0)6.0)(20(2601 22

 ANSWER 1

 From Eq. 19.94,

md 7.6
4806.9

6.0
22 

)606( 3

ANSWER 1

 From Table 18 6 Power (kW) = 9 81 x head x flow

mE 1.14
)7.6)(6.0(4

)6.07.6( 3




 ANSWER 2

 From Table 18.6, Power (kW) = 9.81 x head x flow
= Power loss (kW) / width = 9.81 x head loss x (flow/width)
= 9.81 x 14.1 x 12 = 1659.85 kW/m ANSWER 3
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HYDRAULIC 
JUMP

 Section from 
course CD-
ROM

 Conjugate 
depths ≠ 
alternate 

SPECIFIC ENERGY DIAGRAM (FIG. 19.13)
DEPTH OF 

FLOW

depths
 At alternate 

depths, Subcritical

specific 
energy is 
constant SPECIFIC ENERGY

(EQ 19 66)

Fr < 1

Supercritical
Fr > 1

 At conjugate 
depths, 
specific 

i t

CONSTANT

(EQ. 19.66)

20

energy is not 
constant

(Now Table 19.6)
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PRACTICE PROBLEM 19-14: HYDRAULIC JUMP
FROM PRACTICE PROBLEMS BOOK

Water flowing in a rectangular channel 5 ft wide experiences a 
hydraulic jump.  The depth of flow up-stream from the jump is 1 ft. 
The depth of flow down-stream from the jump is 2.4 ft.   What quantity p j p q y
is flowing?

A. 39 ft3/sec
B. 45 ft3/sec

 Given Data:

C. 52 ft3/sec
D. 57 ft3/sec

 Given Data:
w = 5 ft
d1= 1.0 ft
d2= 2 4 ftd2  2.4 ft

 Calculate (?):
• Q

21
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PRACTICE PROBLEM 19-14: SOLUTION

 From Eq. 19.93, 

ft/sec11 46)421(4.232)(2 


 ddgdv

 Q = A x v1 = (w x d1) x v1

ft/sec11.46)4.21(
12

)(
2 21

1
1 


 dd

d
v

 Q = A x v1 = (w x d1) x v1
= (5 x 1.0) x 11.46
= 57.30 ft3/sec

ANSWER SELECT DANSWER – SELECT D
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PRACTICE PROBLEM 19-14: WEB CHECK
BACK CALCULATE D2 USING CALCULATED Q

ANSWER

23

GIVEN DATA

http://ponce.sdsu.edu/onlinechannel11.php (Link good as of 11/4/09) 
Prof. Victor Miguel Ponce's Web site, San Diego State University



© Shamsi, 2009

ONLINE HYDROLOGIC AND HYDRAULIC CALCULATOR

24

11/4/09  Link: http://ponce.sdsu.edu/online_calc.php 
Prof. Victor Miguel Ponce's Web site, San Diego State University
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SUGGESTED READING: CHAPTER 19
12. Most efficient cross section
14 to 16. Weirs
37 39 Culverts37-39. Culverts
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