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General Characteristics of

Open Channel Flow

Open channel flow is a flow which has a free surface.
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2. OPEN CHANNEL FLOW
General Characteristics of

Open Channel Flow

Comparison of Open Channel Flow and Pipe Flow

Open Channel Flow Pipe Flow

S,: channel bottom slope
S,,: slope of water surface

S,: slope of energy grade line
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()=~  General Characterisfics

Open Channel Flow

Kinds of Open Channel Flow
An open channel is a conduit in which water flows with a free surface.
1. Canal is usually a long and mild-sloped channel built in the ground.

gl

Kennet and Avon Canal, England
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. 2. OPEN CHANNEL FLOW
()=~  General Characterisfics

Open Channel Flow

Kinds of Open Channel Flow
An open channel is a conduit in which water flows with a free surface.
1. Canal is usually a long and mild-sloped channel built in the ground.

Royal Canal, Ireland Llangollen Canal, Denbighshire, Wales, UK
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Open Channel Flow

Kinds of Open Channel Flow

2. Flume is a channel usually supported on or above the surface of the
ground to carry water across a depression.

Bull Run Hydroelectric White River diversion flume
Project diversion flume in Washington
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Open Channel Flow

Kinds of Open Channel Flow

3. Chute is a channel having steep slope.
4. Drop is similar to chute, but the change in elevation is affected in a
short distance

5. Culvert is a covered channel flowing partly full, which is installed to
drain water through highway and railroad embankments.

6. Open-Flow Tunnel is a comparatively long covered channel used to
carry water through a hill or any obstruction on the ground.
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Open Channel Flow

Channel Geometry

Prismatic Channel: A channel built with unvarying cross-section and
constant bottom slope.

Non-prizmatic Channel: A channel bult with varying cross-section or
bottom slope.

The Channel Section is the cross-section of a channel taken normal to
the direction of the flow.

y /
}
The vertical channel section (A-A)

o

!
d

The channel section (B-B)
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Open Channel Flow

Geometric Elements of Channel Section

A = A(d)

T: the top width

A: the water area

P: the wetted perimeter

R (=A/P) the hydraulic radius
D (=A/T) the hydraulic depth

y: the depth of flow
d: the depth of flow section
h: the stage
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OPEN CHANNEL FLOW
CS O

Open Channel Flow

3.1.1 Classification of Open Channel Flows

According to the change in flow depth with respect to time and space

OPEN CHANNEL FLOW

Steady flow
(oy/ot=0)

(Time is a criterion)

Unsteady flow
(oy/ot+0)

/ \ (Space as the criterion)/ \

Uniform Flow|[ Varied Flow| | Uniform Flow| | Varied Flow
(8y/dx=0) (5v/5x£0) (0y/ox=0) (8y/ox0)
GVF RVF GVF RVF

GVF: Gradually varied flow

RVF: Rapidly varied flow
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()=~  General Characterisfics

Open Channel Flow

3.1.1 Classification of Open Channel Flows

According to the change in flow depth with respect to time and space

Chaonge of depth from
fime to time

Uniform filow ~ Flow in g Unsteady uniform flow — Rare
prismatic channel
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=~  General Characterisfi
Open Channel Flow

OPEN CHANNEL FLOW

CSO

3.1.1 Classification of Open Channel Flows

According to the change in flow depth with respect to time and space

Ri.’%.tf“’. GV.F. RV Fj GVE RVF GV.F. RV.F,
Sluice Hydraulic Flow over
JUmp | / a weir
Contraction \k‘k
balow he /Hydmuiic
sluice Ny g

GVF: Gradually varied flow
RVF: Rapidly varied flow
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Varled flow

/ﬁ//x/ﬁ/ﬁfw,&//%
”
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()=~  General Characterisfics

Open Channel Flow

3.1.1 Classification of Open Channel Flows

According to the change in flow depth with respect to time and space

oL .
- =
> %
s

G.V.F. ~ Flood wave RV.F, — Bore

GVF: Gradually varied flow
RVF: Rapidly varied flow
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()=~  General Characterisfics

Open Channel Flow

3.1.1 Classification of Open Channel Flows

According to the change in discharge with respect to time and space

OPEN CHANNEL FLOW

(Time is a criterion)

Steady flow Unsteady flow
(0Q/ot=0) (0Q/ot0)

/ \ (Space as the criterion) / \
Continuous Spatially- Continuous Spatially-Varied
Flow Varied Flow Flow Flow
(0Q/ox=0) (6Q/ox=0) (6Q/&x=0) (6Q/8xz0)
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. ., OPEN CHANNEL FLOW
General Characterlsflcs 0

! Open Channel Flow

3.1.1 Classification of Open Channel Flows

State of Flow

Effect of Viscosity
According to the Reynolds Number, Re= (VR)/v

g
Re <500 - Laminar Flow

IF < 500 < Re <1000 - Transitional Flow
Re >1000 - Turbulent Flow
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. ., OPEN CHANNEL FLOW
General Characterlsflcs 0

! Open Channel Flow

3.1.1 Classification of Open Channel Flows

State of Flow

Effect of Gravity
According to the Froude Number, Fr=V/(gD)'?

g |
Fr<1 - Subcritical Flow v
>

IF £ Fr=1 - Critical Flow
Fr>1 - Supercritical Flow

V<.,gD V=.gD V>./gD

\.
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()=~  General Characterisfics

Open Channel Flow

3.1.2 Pressure Distribution in Open Channel Flows

____________ Hydrostatic Pressure Distribution

VZ
p= w[1 - —J
gr

Convex Flow

A WV?y
gr

> Fn=0, pAAA -—yd,AAcos0=0

py =yd,cos6, d,=y,cos0 \ = .
2 H I s 2 p=yy1+—
Pr=71Yac0s°0, IfOissmall=p=yy v N o =
W Concave Flow
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OPEN CHANNEL FLOW
General Characterlsflcs 0

! Open Channel Flow

3.1.3 Velocity Distribution in Open Channel Flows

&
@9/

S

'V\‘? co‘-’
S
T apezoidal channel

Trigngulor channel

O ANV N NN NS
VL Ll ity

AT AINNNSN
rrrrr
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. 2. OPEN CHANNEL FLOW
()=~  General Characterisfics

Open Channel Flow

3.1.3 Velocity Distribution in Open Channel Flows

v ISOVELS
SN2
525 % ofd | G \ =
uly) J v = Uy =0.2d)+u(y = 0.8d)
0.6d -/ d B 2
V = u(y = 0.6d)

a: energy correction factor : momentum correction factor
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. 2. OPEN CHANNEL FLOW
()=~  General Characterisfics

Open Channel Flow

3.1.3 Velocity Distribution in Open Channel Flows

Equation of Continuity i) Unsteady Flow
_ o pfidh=—pl jdv = [idA=-Zv,_
[pudA =—-= [pdV cs Ot ey cs ot
cs ot oV (incompressible flow)
~Q+@+ P ax) - ---—(A ax) =R Q9
| OX ot  0Ox
A=A(y)y =Yy(xt)
A oA By dA
dA =Td —=T
ot oy ot by
| ot ot 6t 5X

i) Steady Flow
oy oQ
7 - O =
ot X
Q, =Q, = (UA), =(UA),
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Uniform Flow

3.2.1 Resistance in Open Channel Flow

Momentum Eqgn.
Frt —Fr2 —twPL+Wsin8=p Q (V, - V)

Fr1 =Faz; Vo =V,

W sin6 = 1,,PL

W =vyAL andsin6 = S,

Tw =YRSy| Resistance formula for uniform flow

Tw is the resistance to the flow (shear stress) and
f

assume ¢ - p pV?
» Water depth is constant 8y e
. . V=" JRS
* Discharge is constant fp 0
» Steady flow 8q
_ao — V =C./RS. [where c = |°9
*S,=S,=S, : f

y,: normal (uniform) depth

y,: The depth associated with uniform flow.
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Uniform Flow

3.2.2 Uniform Flow Equations

Chézy Equation . V=C, RS,
Manning Equation : V= 1R 4S5
n

(Risinm, Visin m/s)

C: Chezy coefficient.
n: Manning’s roughness coefficient
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Uniform Flow

3.2.2 Uniform Flow Equations

Resistance Coefficients

For uniform free _I_ Darcy’s friction factor:

surface and pipe Fogtw
flows: 1, =yR S, U pV?2
Chézy Equation: 8¢
V=C.RS, = =7
ﬂ Rfl,/S

y = °°

"N\

Manning Equation: R1/6
1

V=-R¥ _[S e St
- 0 2./29
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Uniform Flow

3.2.2 Uniform Flow Equations
Values of Manning's Roughness Coefficient »

1

2. OPEN CHANNEL FLOW

Glass, plastic, machined metal ..

Dressed timber, joints flush . .. it - s

Sawn timber, joints uneven ve  wa _ wma s

Cement plaster

Concrete, stee] troweled

* &

Concrete, timber forms, unfinished

Untreated gunite

Brickwork or dressed ma&mry .. - .

Rubble set in cement

Earth, smooth, no weeds .. - 8 5 w4 .
Earth, some stones and weeds .. - - %

Natural river channels:
Clean and straight
‘Winding, with pools and shmfs ‘e
Very weedy, winding and overgrown ..

Clean straight alluvial channels

CVE 372 Hydromechanics

. 0.010
0.011
.. 0.014
- 0,011
roy 0.012
.. 0.014
0.015-0.017
0.014
0.017
0.020
0.025

0.025-0.030
0.033-0,040
0.075-0.150
0.0314ue
(_a’mI}JE‘S size in ft.)
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Uniform Flow

3.2.2 Uniform Flow Equations

Factors Affecting Manning’s Roughness Coefficient
= Surface roughness
= Vegetation
= Channel irregularity
= Channel alignment
= Silting and scouring
= Obstructions
= Size and shape of channel
= Suspended material, bed load.
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Uniform Flow

3.2.3 Composite and Compound Sections

Composite Section:

A channel section, which is composed of different roughness along
the wetted perimeter.

— ' I (
neq = : n
-
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Uniform Flow

3.2.3 Composite and Compound Sections

Compound Section:

A channel section, which the cross section is composed of several
distinct subsections.

RN

EEAE

R ///f/Z
P2 8
. . | 213 |
i
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Uniform Flow

3.2.3 Composite and Compound Sections

Example 1: A trapezoidal channel has a base width b =6 m and side
slopes 1H:1V. The channel bottom slope is S_=0.0002 and the
Manning roughness coefficient is n=0.014. compute

a) the depth of uniform flow if Q = 12.1 m3/s
b) the state of flow
c) the average wall-shear stress along the wetted perimeter.

Solved in the class
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Uniform Flow

3.2.3 Composite and Compound Sections

Example 2: For the compound channel given below, determine the
total discharge and the state of the flow, if S,=0.0009, n,=0.014,
n,=0.02, n;=0.025

7
N p— /
1.5 m ny o
vV N4 Ny 20m
N
0.5 n
N n /]
1.0m \3 / 1.0m
N,
\4 \
1.0m 20m 1.0m| 3.0m M1.0m 30m

Solved in the class
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Uniform Flow

3.2.3 Composite and Compound Sections

Exercise 1: Determine the discharge passing through the
cross section of the compound channel shown below. The
Manning roughness coefficients are ny = 0.02, n, = 0.03 and,

n3 = 0.04. The channel bed slope for the whole channel is
So =0.008.

@ p,
Ny

RRRNENSCIRRARTRRD, 0 & T T T T T T T T e T 5 1
15

o R

10m L 4m — 5m Y 10m

CVE 372 Hydromechanics 32/50



NORTHERN CYPRUS
CAMPUS

(DMETU 2. OPEN CHANNEL FLOW

Overview

3.1 General Characteristics of Open Channel Flow
3.1.1 Classification of Open Channel Flows
3.1.2 Pressure Distribution in Open Channel Flows
3.1.3 Velocity Distribution in Open Channel Flows
2.3.4 Friction Loss for Noncircular Conduits

3.2 Uniform Flow
3.2.1 Resistance in Open Channel Flow
3.2.2 Uniform Flow Equations
3.2.3 Composite and Compound Sections

3.3 Specific Energy Concept
3.3.1 Specific Energy and Alternate Depth
3.3.2 Critical Flow
3.3.3 Channel Transition and Choking Problems

CVE 372 Hydromechanics 33/50



(D METU
MNORTHERMN CYPRUS
CAMPUS

2. OPEN CHANNEL FLOW

Specific Energy Concept

3.3.1 Specific Energy and Alternate Depth

2 2
E:y+~_V—:y+ Q'z 7
2g 294

T ————n | dy

s’% dA

i\\x\,\\\}y\\\\m\\\:\\ﬂ\& "4

AT
i
,.i___.{

A i —— Stii— it e

%@
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Supercritical
fiow range

[eater 4y,
it N
ischarge =Q A
A
Less than Q A
E

45° for o chonnel | o :

.0 of zero or smoll siope

Specific Energy Curve

34/50



MET

NORTHERN CYPRUS
CAMPUS

(D 2. OPEN CHANNEL FLOW

Specific Energy Concept

3.3.2 Critical Flow

2 2 ' ol
2g 294

v, \Y

i\\x\,\\\}y\\\\m\\\:\\ﬂ\& "4
;’ P
% dA

A

S __L L i L —-45° for a chonne] | =

o of zero or small siope e

o
-
| :

Supercritical
flow range

S mi.._,__i_:ggs_ thon Q

CVE 372 Hydromechanics SpGlelC Energy Curve 35/50
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Specific Energy Concept

3.3.2 Critical Flow

Arbitrary Cross | Rectangular Cross
Section Section
- Q2 A3 2
° Fr—lég*—”f * F =1 ¢°=gy; yc:i/%
2 2
® V_C:_D_CﬁW)EC:yC+& ° Vi:yiﬁE :éyﬂ
2g 2 2 29 2 27

o ForagivenQ, E=E,, . Foragivenq, E=E,

e [For a given specific e For a given specific
energy, energy
Eo, Q= Quax Eo, 0= Omax

g=Q/T (discharge per unit width)
CVE 372 Hydromechanics 36/50
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Specific Energy Concept

3.3.2 Critical Flow
Foragiven E, Q =[2gA%(E-y)]"?,
Q=Q(y) [ g=q(y) for rectangular channel

yll YA
E
° \F<1 = \ F<
yc‘""""“; Fr=1 yck ———————— - F. =1
| |
| |
/ Fr > 1 /FI’ > 1
| [
| {
; |
+ Q & » g
Q - Qmax q = Qmax
CVE 372 Hydromechanics The plot of Q vs y (q vs y) gives Koch Parabola 37/50
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Specific Energy Concept

3.3.2 Critical Flow
Example 3:

A trapezoidal channel is given with b=4 m, n=0.0143, and z=0.5.

a) What is the depth and state of the flow to carry Q=15m3/s with
S,=0.0009

\ \V4 /

1
0.5
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Specific Energy Concept

3.3.2 Critical Flow
Example 4:
Discharge in an open channel of arbitrary cross-section is
Q=1m3/s. Determine:
a) The critical depth for a triangular channel having side slopes of
1:1
b) The critical depth for a semicircular channel
c) The critical depth for a rectangular channel with b=2 m
d) The alternate depth for part c if y=1 m
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Specific Energy Concept

3.3.3 Channel Transition and Choking Problems
CHANNEL TRANSITIONS
A.) Upward step (constant width)

et B rP e P St

Ei=AzZ+E,
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Specific Energy Concept

3.3.3 Channel Transition and Choking Problems

2} Supercritical Flow

/uf;Tff,xfz_; e
(1) (2)
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Specific Energy Concept

3.3.3 Channel Transition and Choking Problems

B.) Downward Step {(Constant Width)

1) Subecritical Flow

i<

Yoo

42/50

E+AzZ=E,

CVE 372 Hydromechanics



NORTHERN CYPRUS
CAMPUS

(DMETU 2. OPEN CHANNEL FLOW

Specific Energy Concept

3.3.3 Channel Transition and Choking Problems

2) Supercritical Flow

Ei+Az=E,
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Specific Energy Concept

3.3.3 Channel Transition and Choking Problems

C.) Channel Expansion {Constant Bed Elevation}

v _ Critical

eS8

Supercritical
y'c’i —r &

CVE 372 Hydromechanics
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Specific Energy Concept

3.3.3 Channel Transition and Cﬁhoking Problems

D.) Channel Contraction (Constant Bed Elevation)
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Specific Energy Concept

3.3.3 Channel Transition and Choking Problems
CHOKING

1) Upward step

e SN
ﬁz??@m&

(1) {2}

E =0ZpatE; |, AZ >AZpnax

Ei{ =z +E,
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Specific Energy Concept

3.3.3 Channel Transition and Choking Problems

2} Contraction

i
B
K;"’
RN A, -
A\:j . B
Yy
¥i
Al e P A A i
(1}
E; z(Ec_ )2 = 53 if

E, =(E), =E If
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! Specific Energy Concept

Example 5

a) What will be the normal depth corresponding to 11 m3/s
discharge in a trapezoidal channel for b=7.5 m, m=3, S,=0.00001,
and n=0.025.

b) Compute the critical depth and the min. specific energy.

=

Solved in the class
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Specific Energy Concept

Solved in the class

Example 6:

Water is flowing at a velocity of 4 m/s and a depth of 4 min a
channel of rectangular section of 5 m in width. There is then a
smooth upward step of 0.8 m.

a) Determine if there is choking.

b) If there is choking, determine the decrease in discharge
assuming energy at a section 1 remains constant.

c) If the discharge is kept to be the same as in (a), what should be
the increase in specific energy and depth at section 1.

(1) (2)

4 m/s
— 40m

/ v 0.8 m
5.0 m

CVE 372 Hydromechanics '49/50
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Specific Energy Concept

Example 7:

Water is flowing at a velocity of 4 m/s and a depth of 3min a
channel of rectangular cross-section 6 m in width. Find the change
in depth and absolute water level produced simultaneously by a
downward step of 0.4 m and 2 m contraction in width.

Solved in the class
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