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1 Introduction

Open channel flow is characterised by the existence of a free surface ( the
water surface). In contrast to pipe flow, this constitutes a boundary at
which the pressure is atmospheric , the iongitudinal profile of the free
surface defines the hydraulic gradient and necessitates the introduction of
an external variable, ** the depth of flow™.

Open-channel flow

between pipe flow and apea-channel flow.




[image: image2.jpg]It is more difficult to solve problems of flow in open channel. The reasons
are:

1. The position of the free surface is likely to change with respect to time
and space.

> The depth of flow, the discharge, the slopes of the channel bottom and

of the free surface are interdependent.

3. The cross section of an open channel can be regular or of any shape (

natural streams).

4 The roughness is either uniform (testing flumes) or non uniform ( river

beds).

5 The roughness varies with position

2 Types of flow

The flow in an open channel is classified according to the change in depth
of flow with respect to space and time.

Steady flow: Depth of flow does not vary with time
Unsteady flow: Depth of flow varies with time
Steady Uniform flow: Depth of flow does not vary with distance

Steady Non uniform flow: Depth of flow varies with distance ( usually
called Varied flow)

Steady Rapidly Varied flow: The depth of flow changes rapidly with
distance

Steady gradually varied fiow: The depth of flow changes slowly with
distance
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The state of open-channel flow is govemed basically by the effects of
viscosity and gravity relative to inertial forces of the flow.

Effect of viscosity

Depending on the effect of viscosity relative to inertia, the flow may be
laminar, turbulent, or transitional
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In open channel Re = RV/ν, Re = Renault Number; R = hydraulic radius; V = average velocity; and ν=kinematics viscosity.  For a pipe flowing full R = D/4 
For pipe flow: Re = DV/ ν.  So, Re(channel) = Re(pipe)/4 
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The effect of gravity upon the state of flow is represented by a ratio of
inertial forces to gravity forces. This ratio is given by the Froude number,
defined as:

D: hydraulic depth

V: Velocity

If F=1: The flow is said to in a critical state

If F<1: The flow is subcritical. The flow is tranquil and streaming

If F>1. The flow is supercritical , the inertial forces are dominant. The
flow is rapid, shooting and torrential.

Since the flow in most channels is controlled by the gravity effect, a model
used to simulate a prototype channel for testing purposes must be designed
for this effect, that is the Froude number of the flow in the model channel
must be made equal to that of the flow in the prototype channel.

Regimes of flow

A combined effect of viscosity and gravity may produce any one of four
regimes of flow in an open channel

a) Subcritical-laminar

b) Supercritical laminar

¢) Supereritical turbulent

d) Suberitical turbulent
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INTRODUCTION
Open channels can be classified as either natural or artificial

Natural channels:River, creeks and tidal estuaries. The surface roughness
of these channels change with time and distance. It is difficult to apply
hydraulic theory to this type of channels. Comprehensive understanding of
flow in such channels requires knowledge of several technical fields, i.c
open channels hydraulics, hydrology and sediment transport

Artificial Channels: Trrigation and navigation channels, spillway, sewers
culverts and drainage ditches. These are normally of regular cross
sectional shape and bed slope, and as such are termed prismatic channels.
Their surface roughness is normally well know defined, and the
application of hydraulic theories in artificial channels vield accurate
results.

SECTION ELEMENTS
The commonly used geometric properties are defined as foilows,

Depth (y): The vertical distance from the lowest points of a channel
section to the water surface.

Stage (h): The vertical distance of the free surface from an arbitrary
datum

Area (4). The cross sectional area of flow normal to the direction of flow

Wetted perimeter (P): The wetted perimeter is the length of lined which is
the interface between the fluid and the channel boundary

Hydraulic radius (R): The hydraulic radius is the ratio of flow area to the

wetted perimeter or, R = i
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Section factor for critical-flow computation Z: It is the product of the
water area and the square root of the hydraulic depth, or Z = 4VD.

Section factor for uniform-flow computation AR™: is the product of the
water area and the two thirds power of the hydraulic radius
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FIG 1 GEOMETRIC ELEMENTS OF A CIRCULAR SECTION
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Due to the presence of the free surface and to the friction along the
channel walls, the velocities are not uniformly distributed in the channel
section. The general patterns for velocity distribution in several channel
sections of other shapes are illustrated in fig 2
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Fig 2 Typical curves of equal velocity in various channel sections
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      Wide Open Channel

[image: image9.jpg]Observations in very wide open channels have shown that the velocity
distribution in the central region of the section is essentially the same as it
would be in a rectangular channel of infinite width. The sides of the
channel have practically no influence on the velocity distribution in the
central region. Experiments indicated that this central region exists in
rectangular channels only when the width is greater than 5 to 10 times the
depth of flow. So, a wide open channel is safely defined as a rectangular
channel whose width is greater than 10 times the depth of flow.

Velocity-Distribution Coefficient

As a result of non-uniform distribution over a channel section, the velocity
head of an open-channel flow is generally greater than the value computed
according to the expression V*2g. The true velocity is expressed as
aV?/2g where « is the energy coefficient or corriolis coefficient. o varies
from about 1.03 to 1.36 for fairly straight prismatic channels.

The non-uniform distribution of velocities also affects the computation of
momentum in open channel flow. The momentum of fluid passing through
a channel per unit of time is given by BpQV/g, where B is known as the

momentum coefficient or Boussinesq coefficient. B varies from 1.01 to
112

Pressure distribution in a channe! section

The pressure at any point on the section is directly proportional to the
depth below the free surface and equal to the hydrostatic pressure
corresponding to this depth. This is valid only if the flow filaments have no
acceleration components in the plane cross section. This type of flow is
known as parallel flow

In actual problems uniform flow and eradually varied flow are regarded as
parallel flow.
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