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p water
will always Flow through Gravity

'

diff .

←{
→ In channel flow

,
there is atmospheric pressuremain

acting .

→In pipes .
the pressure is never atmospheric pressure .

→

tunnel .

Raced
→ Is this an open channel

or a pipe flow?
0

water
flow Ans- open channel .

→ Even though the Cross - sect" is closed
,
the water

is not completely filling the tunnel .

So the pressure is atmospheric .

Differences : -

Types of open channels :

1) Natural channel → stream or River

2) man made channel

→ : . flume - is the channel made of wood
,
metal

,
cone . or

masonry usually supported on or above to

carry out water across
•

depress:c



→ chute - A chute is a channel
having steep slopes .

→ Drop - similar to chute but short distance .

→ Culvert - Installed to Drain water through wigwags .

i.

you can get
confused in bridges and culverts

.

: .
Man made channels are generally made for

agricultural
uses .

And are trapezoidal in shape Cusualy)

g.
go.net't . 171112£

Types of open channels and

Types of flow in Open channel .
→

type of fluid
flow

or water flow .

a) Prismatic and Now - prismatic channel .
→

A channel in which
the cross-sectional shape ,

size and bottom slope
are constant

.

→ All natural channels have generraly varyingcross-sectional . and are

consequently
called

as Now - prismatic .

i. Man - Made channels Can be Prismatic channels .

i. Natural channels are

usually
Non- prismatic channels .

i. we are going to work with
'

flume '

in lab
.

prismatic → generally have fixed shapes.

channel



2) Mobile boundary channel

→ when the flow of fluid erodes the water

bed like stones and side materials through
the flow

,

it is called Rigid boundary
channel

.

cg→
Flows through himalayan Regions .

The water is flowing throng steep turns and
takes /erodes the boundaries

.

and take mud or
water bed with it .

→ when the boundary of the channel is mobile ,

and flow carries

considerable amounts of sediment through suspension
and is in contact with bed

.

Such channels are

classified as mobile channels
.

* In the Mobile Channel
,
not only depth of flow

,
but

also bed width
, longitudinal slope of Channel

mayundergo changes with space and time
depending

on type of flow .

* The resistance of flow
, quantity of sediment

transported and channel geometry all depends on
interaction of flow with channel boundaries

.

3] Rigid Boundary Channel . → opposite to mobile bounding .

Cwothing Flows through the Flow from boundary )
→ Rigid channels are those in which the

boundary
is not

deformable
,
the shape and Roughness magnitudes are

not functions of Flow parameters .

→ In Rigid channels the flow velocity and shear stress

distribution will be such that no major scouring ,
erosion

or deposition will take place in the channel and the channel

geometry and Roughness are essentially constant
with Respect to time

.



Related?Ie
→

frogger
- - steady

and Unsteady
a

flow - Uniform
.

and won - uniform

Regimes i.
Related to

space.

- Geradully varies Flow and Rapidly varies
flow

.

-

Spading varied flow
.

→ → → → : IF velocity is same
•

y •B
at point A and B .

A
pipe. then it is called as

Uniform flow
.

→ → → →

i. IF you
take velocity of•

A
I •B Both points but with some

pipe.
time gap

and if it is

same
,
it is called

as steady
flow

.

Steady and Un- steady
flow

→ properties such as depth discharge at a section do

Not change with time

→ IF the Depth or discharge change with time the
flow is called as unsteady .

→ flood flows in River Rapidly varying surges in canals

are some examples of unsteady flows
.



Uniform and Non - uniform flow : -

IF the flow properties
, say

the depth of flow ,
in

an open channel remain constant along the length
of Channel , the flow is uniform .

→ A flow which the flow Properties vary along the
drawnI is termed as Non - uniform flow

.

→ A prismatic channel
carrying a

cartoon discharge
with a constant velocity is an example of
uniform flow

.

→ In uniform flow
,
the gravity force on the

flowing liq balances the frictional force

between the flowing fluid and inside surface

of the channel
,
which is in contact with the

fluid
.
In case of Non - uniform flow

,
the

Friction and force Cgranitg) are Not in balance.

gravity and frictional force are equal to
each other and are in opposite directv

in uniform flow
.

: . gravitational and frictional force are not equal in
Non - uniform flow

.

: . The Non - uniform flow can be classified as graduallyvaried flow (UVF) and rapidly
varied Flow CRVF)

→

i. No additional

water allowed as
we

additional water
- is

Removed in this 58
""

Spatially Varies Flow

a

q→
→

as

1-11

→

opening
(discharge

less)

I



Geometric Elements .

→ Top width 'T
'

, of a channel is the width of channel section at

the waters surface .

→ The flow area
,

A
,
is the cross sectional area of flow normal

to The direction of flow .

→ the welted perimeter . Pi is
.

the length of the line of
interface between the fluid and the channel boundary .

Basic Understanding → fromyoutubee
steady flow

→ Properties do not change with time like pressure,
temperature and velocity .

unsteady Row - Properties will change with
time

.

Uniform flow → If there is no change in

Velocity
with

Respect to space coordinates .
in a FEW .

Same alia
.

i. we

only
see at

velocity
in uniform flow . ⇐

NOW - uniform flow - properties Can change with respect to Space

o → large
dial

small
dia



Formulas : -

1) Hydraulic radius (R)
= Alp

2) Hydraulic depth CD) - aft

3) section factors (2) = ATD = AA! (It is used in critical
• flow calculations)

4) Section factor used in uniform flow calculations = z = AR
("3)

24Jan todpenoivs

→
IF
the
flown

same
after

yo

-15min
,

it
is a

steady
flow

}
"" ""←"

flow .

-

observer
' obser

-Y
→ water

level at

time = 2 time 2 .

water keel .

→ water level at
me .

- iq§¥ time .

water bed.



Types /classification of open channel flow .

a. Uniform Flow

Ly y
✗ y constant

water depth .b. Non - Uniform flow
a

'

Iya Depth Changes along
the channel

.

c-steady flow 1, Is
1st 1sttime = t , time-_ §
time__ It time = tz

d- Unsteady flow .

- -
- -
↳
+ .

-

'

-÷
-

-

-

¥
-← - tr

tz

:| I
won

.

uniformMy
"

nÉ\* .Y l -
I

1
-

ya
→

\ ! 1 Tree
surface .

Channel

,

! bottom

RVF - Rapidly varied flowGvf -
Gradually varied flowUF - Unifor flow

.

Open channel flow :

✓ ( time is criterion)\
steady flow unsteady flow.

/ ⇐pace is the criterion) / I\
uniform varied flow Uniform varied

flow flow
flow

1 \
auf Ruf # \

auf Ruf



Problems : -

a) A 5m wide rectangular channel is laid at a longitudinal
slope of 1 in 4000 and Cassie water at a uniform Flow

depth 1.5m
. find the hydraulic radius and the avg bound-

y
shear stress .

U

→ Area (A) perimeter
Cweighted)

Pz btzre
- b ✗ H

= 5 × 1.5

= 7--5 m = 5- 1- 2×1-5

= 8m2

Hydraulic Radius = Ap- = 7¥ = 0.9375

R

wt
- peydroditpodivs
,

slope{ ,s\oPe →water →

-

c- = pgrso = 10-00 × 9-81 ✗ 0.93--75 × (1/4000) = 2.3 w/m2

T
=

"
sp

-

wt gravity
gravity



Resistance Equations chezy's equation .

Resistance offered by the boundary of channel to the

flowing water .

V. =¥0 = ¥
F-→ friction factor .

Whet C!_ is Cheng
's coefficient

It is empirical equation

0=40 to 80 Tm / S

Rangeofc-imaninejseg.in: -

unit .

}
universal

y accepted .
V = 1- RZB so

' /2

Goes back to 17th
÷

century .

Manning
's

Coeficient .

Examples

1) from F-✗ I (Q' of Problem) the

boundary
is made up of concrete

Assume
flow to be

rough the friction factors = 0.0145
.

'

find Cherry 's constant and Manning's

R = 0.9375
⇒ C = !Y÷g = 7-3-56 see

c-

SEF
n=o.az?-z??#--o.ol34n--R'k/cV--

2 .

.

.

v= CJRSO
0

i. In
RZB so

' / 2
or CJRSJ =

73.56 JÉ9375xC1l4o

=
1.1261 m /see
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Pipe flow . Lecture 9
.

I

V2 has .

: cross
.

Sectional area is

greater velocity . inversely proportional to

velocity .

where is the pressure more?
Bernoulli's F-qn .

Pj + V.
2

-2g
+21

=

DI + VÉ_ + 22
.

+ HL

2g

i. 2
,
and z

, gets canceled .

as we know V2 is greater than V.
,
so to satisfy

the equation P
,
has to be

greater than Pz .

Difference between open channel and pipe : -

open channel has atmospheric pressure .

this is an uniform flow

flow to know iritis
a- open

→
There is

a given
in because the depth of

wanna flow? open channel
-

channel stays
constant

←
hydraulic.at

'

throughout .grade

free
water atmospheric

→ surface pressure

#
acting

→ channel
A☒ Bed.

Diy
length

of 9

the
offhand

.

How energy
and

Depth are
connected ?



Head loss :

the head (energy) loss bet" cross - sect
"

l and 2
.

2
,
+ ⇒ + Egg =

22 + Py2_ + ¥- + NL

Pg
= Pg =y

V1 = V2 = V

My = 2
,
- 22

.

Head loss per unit length
The head loss for unit length of channel length is

energy
line

Cngdoaulic ) slope .

Smes = h{- =

Z-}_ = Sina
.

Since in open channel flows the channel slope is generally a

small value

a < 5°- 10°

Since I Tana

Tana =

y = So → ( channel bottom slope)

Smes = So

Uniform flow
conclusion .

Hydraulic grade line coincides with water surface slope in

every kind of open channel flow
.
Since the velocity will remain

constant in every
cross section at uniform flows . EnergyLine Slope , hydraulic grade

Line slope Coates surface
slope) and channel bottom slope are equal to each other

and will be parallel as well.

s = So = Smes

where 5 is the water surface slope.
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Applying Bernoulli egr at
any

locatn
along the channel gives

sum of the vertical distance measured from a horizontal
datum '

z
'

,
the depth of flow '

y
' and the kinetic

energy' Vaud / 2g
'

.

That sum defines the
energy grade line and is

termed the total
energy ,

H
.

H= 2 + y+ V¥g .

- Evey tie
-

-

a- -

-
free surface

water / "antsy → kinetic energy./ velocity .a

→ ☐pm of
flow

channel
✗

Bottom
a

→ distance
bet" channel

Bottom
and datum.

-

Datum
-

-
- -

+

-
- - -

line


