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ÇOpen channel is a conduit in which liquid flows with a free a

free surface under gravity.
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Fig. 2: Schematic representation of Pipe flow and Free surface flow(open channel)
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Pipe flow Open channel flow

No free surface, Pipe always runs full, 
presence of gauge pressure

Presence of free surface , exposed to 
atmospheric pressure

Flow due to Energy gradient, Flows due to potential energy gradient. 
i.e., under gravity

HGL = Piezometric line HGL coincides with water surface

The flow takes place in prefixed sectionAs Flow parameter changes, wetted x 
section area also changes

Fixed Geometry of pipe Geometry may vary, mobile boundary 
channel

Boundary roughness is in reasonable 
order, low mostly of the order of  
ks/‏ πȢςυ

Boundary roughness varyin widerange,  
mostly of the order of  ks/‏ᴂ φ

Flow is governed by Reynolds number as 
the prime force is viscous force

Flow is governed by Froude number as 
the prime force is Gravity force
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Practical application
ÅIt is a means of water transport
ÅFor example Canal is used for Irrigation, drinking water supply
ÅPower canal, Drains, Sewer canal
ÅNavigation channel, Migration and survival of Aquatic lives, 

Channel is used for conveyance of sand , boulder etc.

Channel: Channel is a conduit made by nature it self to transport 
water. i.e., discharge has power to make channel shape and slope in 
order to flow downstream under the influence of gravity.
Canal: All manmade conduits for water transport , Surface exposed 
to  atmosphere, free surface flow
Here we include canal into Channel for their hydraulic studies 
purpose.
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Classification :

Rigid Boundary channel: whose beds and banks are fixed.

For example : Power canal, Water supply canal etc.

Mobile Boundary Channel : The channel whose boundary 

changes.

For example : all natural channels i.e., rivers, streams etc.

Prismatic channel: Whose x-section and slope doesnôt vary

Non-prismatic channel: Whose x-section and slope varies

Natural : Channel

Artificial : Canal
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Some Photographs:

1
2

Fig.2.: (1) Aerial view of Bheririver (Jajarkot) as Mobile boundary channels in gravel bed 
streams. Photographs (2) depicts same river as gravel bed channels whose banks are rocky 
. 

7



Contd: 

Fig.3 & 4:  Photographs 3 and 4 (Kamla river ,Nepal) shows alluvial channel as mobile 
boundary channel

3 4
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Fig.5 & 6:  Photographs 5 is of Pakharkhola(Sindhupalchowkdistrict) , boulder 
stream and  figure 6 shows power canal of Sunkoshi HPP as Prismatic   channel
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Earthen canal(BIP, Bagmati Irrigation Project)
Rigid boundary/lined canal(BIP, Bagmati Irrigation Project)

Eastern main canal(BIP)

Eastern main canal(BIP)
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Fig. 11:  Upper Ganga canal passes 
through Roorkee, India for Irrigation 
and drinking water supply, Irrigates 
agricultural land of UP and supplies 
water to Delhi for drinking

Qd= 250 (irrigation  
for 20 lakh hectares) + 
50 (drinking water) = 
300 m3/s
Total Length= 292 Km

Fig 12: Navigation Channel
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Geometric Properties

Let us consider a Simple 

Section such as trapezoidal

section of a canal

b

T

y 1:Z
hf

So

Sw

Sf

TEL
HGL

Flowing area A= by+zy2

Top width = b+zy+zy = b+2zy

Wetted perimeter P = b+ 2y ρ ᾀ 12
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Hydraulic radius = A/P = (by+zy2)/ (b+ 2y ρ ᾀ)

Hydraulic mean depth = A/T =  (by+zy2)/ (b+2zy)
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Circular channel

Let ɗbe  angle subtended by  water level MN at center of circle. And PL= y be water 
depth in channel 
Area of flowing section , MLN= OMLN-OMN (triangle) =  r2ɗ/2 - 1/2 (2MP * OP)

=  r2ɗ/2 - 1/2 ( 2   OM Sinɗ/2 OM 

cosɗ/2   )

=  r2ɗ/2 - 1/2 ( 2 r Sinɗ/2  cosɗ/2) 

= r2 (ɗ-sinɗ)/2

A = — ίὭὲ—

Similarly wetted perimeter, MLN = rɗ= Dɗ/2

and also cosɗ/2 = OP/r = (OL-PL)/r = (r-y)/r = ((D/2)-y)/ (D/2) = (1-2y/D )

Rough , for 2pi  
radian = pi* r^2
Thus for ɗ = r2ɗ/2

2pi= 2pi r
ɗ= rɗ
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So = Bed slope of channel

Sw = water surface slope

Sf = slope of TEL

At uniform flow, So = Sw = Sf 

Flow Classification

ÅSteady and Unsteady flow

ÅUniform and Nonuniform flow

ÅGradually and Rapidly varied flow

ÅSuper critical , critical and sub critical flow
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Steady                          and               Unsteady flow

t=t1 to t2= 0                                         t=t1 to t2 0

t=t1 to t2 = 0                                        t=t1 to t2 0

t=t1  to t2 = 0                                         t=t1 to t2 0

At t = t1 to t2, all flow 
parameter remains constant 
w.r.t time

Study with 
respect to Time

At t = t1 to t2, all flow 
parameter varies  w.r.t time

t1

t2
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Uniform and               Non-uniform flow

x=x1 to x=x2 = 0                                         x=x1 to x=x2 0

x=x1 to x=x2 = 0                                        x=x1 to x=x2 0

x=x1 to x=x2 = 0                                         x=x1 to x=x2 0

y1

y2

x1 x2
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Gradually varied and Rapidly varied flow

Gradually varied flow : A steady nonuniform flow in a 

prismatic channel where flow depth changes gradually 

along length of channel .

For example: Back water curve behind dam/weir

RV
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Rapidly varied flow :  In rapidly varied flow, change in water 

surface curvature is large within short length of channel.

RV
RV

RV
Fig.11: photographs of Rapidly 
varied flow at weir and in a 
experimental flume
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Subcritical flow : When Froude number of flow is less than one. 
Fr<1, For example flows in most of the rivers are subcritical flow
Supercritical flow : The flow having Froude number greater than 
one. Fr>1.
In order to examine whether the flow is subcritical or supercritical 
let us throw a stone in a flowing stream. If the ripple formed 
propagates in both upstream and downstream then the flow is 
subcritical. If the wave propagates only in downstream then the 
flow is supercritical.

Basic Equation for channel hydraulics
ÅContinuity equation
ÅEnergy equation
ÅMomentum equation
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Continuity equation

The net inflow in the control volume in time Ўὸ,

ὗ
Ў

ὗ
Ў
Ўὸ ЎὼЎὸΧΧΧΧΧΧΦόмύ

Also the increase in volume of the element in time Ўὸ,

ὃЎὼЎὸ éé.(2)
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Equating (1) and (2), and dividing by ЎὼЎὸȟ

+ = 0       ééé..(3)

But Q= AU, then (3)  becomes,

+ = 0      ééé.(4)

Further, A=by for rectangular channel, then eqn.(4) 

becomes,

+ = 0

or, b ( + )= 0  or, + + =0  éé(5) 29



For steady flow, =0 , then equation (4) becomes,

= , thus Q=A1U1=A2U2=A3U3=ééé.(6)

If q be the lateral in flow or outflow from control volume, then

Eqn(4) becomes,

+ = ή

Energy Equation,

Let us consider non-curvilinear flow of channel section, where 

pressure distribution can be assumed as hydrostatic. 

Applying energy equation at section (1) and (2)

+ᾀ = +ᾀ +hf
30



y1+ᾀ = y2+ᾀ +hf , taking datum as 

channel bed, then

y1 = y2 +hf,    ééééééé(2)

Fig.a
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y1 = constant  éééé(3)

Equation (3) is known as specific energy equation

Momentum equation

Considering figure (a), The net force along the x-direction 

must be equal to change in momentum flux

ВὊ= M2-M1    

or, P1-P2-Ff-Fa+Wsin—= ”ὗό ό ΧΧΧόпύ

Energy correction factor

In Ideal fluid , shear stress,†at any section = 0 and thus 

flow velocity  at each section of x-section becomes 

uniform. 32



But for real fluid, it varies at each part of cross section of

channel as shown in fig below . Flow is nonuniform across

section. In order to consider this nonuniformity in the

calculation of kinetic energy and momentum flux , velocity

term has to be multiplied with some factor.

Consider a channel of x-section area

A, in which u is the velocity of

elementary area da, then the total

K.E. =᷿”όὨὃ = ᷿”όͮσὨὃé.(1)
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And KE using average velocity U=  ά = ”Ὗὃ Ὗ )/2 = 

”ὃ éé..(2)

Now ‌be KE  correction factor , Then ‌= ( ᷿”όͮσὨὃ)/

(”ὃ )

‌= ᷿ Ὠὃééééé(4)

But A= by, then the above equation becomes

‌= ᷿ Ὠώéééééééé(5)

1

2
3

For this typical river x-section,

‌= éééé..(6)
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Momentum Correction factor,

Similarly momentum flux of elementary area dA=

”όὨὃό

Now, over area A =᷿”όὨὃéé..(7)

And with uniform velocity, momentum flux over area A

=”Ὗὃȣȣ ψ

If‍ὦὩthe momentum correction factor, then

‍=
᷿

= ᷿ Ὠὃ

A=by ,then

‍= ᷿ Ὠώéé..(8)
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For discrete area (above figure )

‍= éé(9). Thus our energy and momentum

equation becomes

y1 ‌ρ = constant éééé(10)

M2-M1 = ɟ1‍2*u2-‍ρ*u1) é..(11)
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Velocity distribution, Shear stress distribution ,Pressure 
distribution
Velocity distribution

Fig.12: velocity 
distribution in 
different 
channel shape
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Fig. Typical velocity variation in open channel

Vav = Ȣ Ȣalso, Vav = k Vs (k=0.8-0.95)

Fig.13 & 14: Typical velocity 
profile in a channel and 
photographs 14 shows current 
meter used for velocity 
measurement in a stream, 
Panauti, Nepal
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Velocity 
measurement with 
more advanced 
instruments, 
Acoustic Doppler 
Velocimeter at 
Hydraulics lab, IIT 
Roorkee
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