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Introduction
• A flow is said to be uniform if its properties remain constant with respect to  distance

• the term uniform flow in open channels is understood to mean steady  uniform flow.

• The depth of flow remains constant at all sections in a uniform flow (Fig. 3.1).

• Considering two Sections 1 and 2, the depths

Since Q = AV = constant, it follows that in uniform flow V1 = V2 = V.
• in a uniform flow, the depth of flow, area of cross-section and velocity of flow remain
constant along the channel.
• uniform flow is possible only in prismatic channels.
• The trace of the water surface and channel bottom slope are parallel in uniform flow (Fig.

3.1).
• Further, since V = constant, the energy line will be at a constant elevation above the  water 

surface. As such, the slope of the energy line Sf , slope of the water surface Sw and
bottom slope S0 will all be equal to each other.
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Uniform flow
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Uniform flow - CHEZY EQUATION 

By definition there is no acceleration in uniform flow. By applying the momentum equation to
a control volume encompassing Sections 1 and 2, distance L apart, as shown in Fig. 3.1,

where 𝑃1and 𝑃2 are the pressure forces and 𝑀1 and 𝑀2 are the momentum fluxes at
Sections 1 and 2 respectively W = weight to fluid in the control volume and 𝐹𝑓= shear force 

at the boundary.
Since the flow is uniform,

where  𝜏0= average shear stress on the wetted perimeter of length P and γ = unit weight of 
water. Replacing sin θ by 𝑺𝟎 (= bottom slope), Eq. 3.1 can be written as

where R = A/P is defined as the hydraulic radius. R is a length parameter accounting for the
shape of the channel. It plays a very important role in developing flow equations which are
common to all shapes of channels.
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Uniform flow 

Expressing the average shear stress τ0 as τ0 = kρ V 2 , where k = a coefficient which depends
on the nature of the surface and flow parameters, the above Eq. is written as

C = a coefficient which depends on the nature of the surface and the
flow.

Above equation is known as the Chezy formula after the French engineer Antoine
Chezy, who is credited with developing this basic simple relationship in 1769.

The dimensions of C are [L1/2T-1] and it can be made dimensionless by dividing it by g.

The coefficient C is known as the Chezy coefficient.
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Uniform flow - MANNING’S FORMULA



where n = a roughness coefficient known as Manning’s n. Dimensions of n are [L-1/3 T].

This coefficient is essentially a function of the nature of boundary surface.
Owing to its simplicity and acceptable degree of accuracy in a variety of practical applications,
the Manning’s formula is probably the most widely used uniform flow formula in the world.

A resistance formula proposed by Robert Manning, an Irish engineer, for uniform flow in open
channels, is
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Uniform flow 



By comparing

Also
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Uniform flow 
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Uniform flow 

Horton’s Method of Equivalent Roughness Estimation
Consider a channel having its perimeter composed of N types of roughness, 𝑃1, 𝑃2,… , 𝑃𝑖 , … , 𝑃𝑁
are the lengths of these N parts and 𝑛1, 𝑛2,… , 𝑛𝑖 , … , 𝑛𝑁 are the respective roughness

coefficients (Fig. 3.8). Let each part 𝑃𝑖 be associated with a partial area 𝐴𝑖 such that

Fig. 3.8 Multi-roughness type perimeter
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Uniform flow 

Horton’s Method of Equivalent Roughness Estimation:

It is assumed that the mean velocity in each partial area is the
mean velocity V for the entire area of flow, i.e.,

By the Manning’s formula Where n = equivalent roughness
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Uniform Flow – Computations

The Manning’s formula and the continuity equation, Q = AV form the basic equations for
uniform-flow computations. The discharge Q is then given by
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Uniform Flow – Computations

Types of Problems Uniform flow computation problems are relatively simple.

The available relations are

1. Manning’s formula

2. Continuity equation

3. Geometry of the cross section l

• Problems of the types 1, 2 and 3 normally have explicit solutions. calculations.

• Problems of the types 4 and 5 usually do not have explicit solutions

 involve trial-and-error solutions procedures.
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Uniform flow 
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Uniform Flow – LINED CANAL SECTIONS

STANDARD LINED CANAL SECTIONS
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Uniform Flow – HYDRAULICALLY EFFICIENT CHANNEL SECTION

➢The conveyance of a channel section of a given area increases with a decrease in its

perimeter. Hence a channel section having the minimum perimeter for a given area of flow
provides the maximum value of the conveyance.

➢With the slope, roughness coefficient and area of flow fixed, a minimum perimeter section
will represent the hydraulically efficient section as it conveys the maximum discharge. This
channel section is also called the best section.

➢Of all the various possible open channel sections, the semicircular shape has the least amount
of perimeter for a given area.

➢High conveyance = Save money

HYDRAULICALLY EFFICIENT CHANNEL SECTION
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Uniform Flow – HYDRAULICALLY EFFICIENT CHANNEL SECTION

Rectangular Section

(a) Rectangular Section

P lining cost money
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Uniform Flow – HYDRAULICALLY EFFICIENT CHANNEL SECTION

(b) Trapezoidal Section

1 & 2
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Uniform Flow – HYDRAULICALLY EFFICIENT CHANNEL SECTION

(b) Trapezoidal Section

In the above analysis, the side slope m was held
constant.
However, if m is allowed to vary, the optimum value of
m to make Pe most efficient is obtained by putting

Substituting ye from Eq. 3 in the above equation
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Uniform Flow – HYDRAULICALLY EFFICIENT CHANNEL SECTION

(b) Trapezoidal Section

Thus the hydraulically most efficient
trapezoidal section is one-half of a 
regular hexagon.
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Uniform Flow – HYDRAULICALLY EFFICIENT CHANNEL SECTION
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Uniform Flow – Computations

Remember m was given so you 
are not free to do me (most 
efficient
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Uniform Flow – Computations

Remember m was not given so 
you are free to do me (most 
efficient)



Continue…
Thanks for listening….
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