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Classification of Open-Channel Flows

• Open-channel flows are 
characterized by the 
presence of a liquid-gas 
interface called the free 
surface.

• Natural flows: rivers, creeks, 
floods, etc.

• Human-made systems: 
fresh-water aqueducts, 
irrigation, sewers, drainage 
ditches, etc.
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DIFFERENCES BETWEEN PIPEFLOW
AND OPEN CHANNEL FLOW
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Pressure vs. Open-channel flow

pressure flow

(pressure driven)

open-channel flow

(typ. gravity driven)

free-water surface

?
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Section Parameters

• Reach Length =L [L]= arbitrary horizontal distance between two cross-
sections

• Bed slope = So [L/L] = -dz/dx = -(z2-z1)/L = tanq

• Flow depth =y [L] = vertical distance from channel bottom to free 
water surface

• Depth of flow sec =d [L] = flow depth normal to flow, d=ycosq

• Top width = T[L] = Width at free-surface

• Flow area = A[L2] = cross-sectional area normal to flow direction

• Wetted perimeter = P[L] = length of channel boundary in contact with 
water

• Hydraulic radius = R[L] = A/P

• Hydraulic depth = D[L] = A/T

• Section Factor Critical Flow = Zc =AD1/2 [L5/2]

• Section Factor Uniform Flow = Zn = AR2/3 [L8/3]
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Section Parameters
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KINDS OF OPEN CHANNELS 
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KINDS OF OPEN CHANNELS 
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CLASSIFICATION OF OPEN CHANNEL FLOWS

Thus, open-channel flows are classified for purposes of identification and

analysis as follows:
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Classification of Open-Channel Flows

• Obstructions cause the flow depth to vary.

• Rapidly varied flow (RVF) occurs over a short distance near 
the obstacle.

• Gradually varied flow (GVF) occurs over larger distances and 
usually connects UF and RVF.
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Classification of Open-Channel Flows

• PRISMATIC AND NONPRISMATIC CHANNELS: 
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Classification of Open-Channel Flows

• NATURAL AND ARTIFICIAL CHANNELS: 
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Classification of Open-Channel Flows

• RIGID BOUNDARY AND MOBILE BOUNDARY  CHANNELS: 
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Classification of Open-Channel Flows

• TEMPORAL VARIATION- STEADY AND UNSTEADY FLOWS:
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Classification of Open-Channel Flows

• SPATIAL VARIATION- 1-D, 2-D, 3-D FLOWS:
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Classification of Open-Channel Flows

• SPATIAL VARIATION- UNIFORM AND NONUNIFORM FLOWS:
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Classification of Open-Channel Flows

• Flow in open channels is 
also classified as being 
uniform or nonuniform, 
depending upon the depth 
y.

• Uniform flow (UF) 
encountered in long straight 
sections where head loss 
due to friction is balanced 
by elevation drop.

• Depth in UF is called normal 
depth yn
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Classification of Open-Channel Flows

• SPATIAL VARIATION- UNIFORM AND NONUNIFORM FLOWS:
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Classification of Open-Channel Flows

• EFFECT OF VISCOSITY- LAMINAR & TURBULENT FLOWS:

HYDRAULIC RADIUS, R = A/P

FOR CIRCULAR PIPES R = π *r2 / 2* π *r = r/2 = D/4

Re FOR LAMINAR = 2000/4 = 500 FOR OCF
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Classification of Open-Channel Flows

• EFFECT OF GRAVITY- CRITICAL & SUPER CRITICAL FLOWS:

Fr = 1    CRITICAL FLOW

Fr > 1     SUPERCRITICAL FLOW

Fr< 1     SUB CRITICAL FLOW
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VELOCITY DISTRIBUTION

• In an open channel, 
– Velocity is zero on bottom and sides of channel 

due to no-slip condition

– Velocity is maximum at the midplane of the free 
surface

– In most cases, velocity also varies in the 
streamwise direction

– Therefore, the flow is 3D

– Nevertheless, 1D approximation is made with 
good success for many practical problems.
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VELOCITY DISTRIBUTION
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VELOCITY DISTRIBUTION
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VELOCITY DISTRIBUTION

MAJOR COMPONENT IS vx i.e. LONGITUDINAL VELOCITY

OTHER TWO COMPONENTS BEING SMALL ARE IGNORED

v IS ZERO AT SOLID BOUNDARY AND GRADUALLY 

INCREASES AS YOU MOVE AWAY FROM BOUNDARY

MAXIMUM VELOCTY AT A SECTION IS BELOW THE 

FREE SURFACE

IT IS DUE TO SECONDARY CURRENTS WHICH DEPENDS 

UPON ASPECT RATIO (RATIO OF DEPTH TO WIDTH)

REVISION
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VELOCITY DISTRIBUTION

V

vMAX

AREAS ARE 

EQUAL AT 

0.6d
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VELOCITY DISTRIBUTION

V

vMAX

MASS OF BOTH AREA ARE SAME BUT MOMENTUM OF

UPPER AREA IS HIGHER THAN THE LOWER AREA

MOMENTUM = ρQv

M USING AVG. VELOCITY = y0B ρv2

Mactual = β Maverage

β ≥ 1.0β is momentum correction factor
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VELOCITY DISTRIBUTION

V

vMAX

KEactual = α KEaverage

α ≥ β ≥ 1.0

α is Energy Correction Factor

Kinetic Energy
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VELOCITY DISTRIBUTION
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VELOCITY DISTRIBUTION
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PRESSURE DISTRIBUTION

THE INTENSITY OF PRESSURE AT THE FREE SURFACE OF THE LIQUID IS EQUAL
TO ATMOSPHERIC PRESSURE (GAUGE PRESSURE = 0)

EULER’S EQUATION IN ANY ARBITRARY DIRECTION s,

IF s IS DIRECTION ALONG STREAMLINE AND n IS DIRECTION 
ACROSS IT, 

WE ARE INTERESTED IN PRESSURE DISTRIBUTION IN n DIRECTION

NORMAL ACCELERATION IS GIVEN BY 
v IS VELOCITY ALONG STREAM 
LINE AND r IS RADIUS OF 
CURVATURE 

NORMAL ACCELERATION IS = 0 WHEN v IS ZERO OR r  IS              ꝏ
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PRESSURE DISTRIBUTION IN STILL WATER

PRESSURE DISTRIBUTION IN CHANNELS WITH SMALL SLOPE

ϴ IS VERY SMALL ≈ SIN ϴ ≈ 1/1000

STREAM LINES ARE PARALLEL TO CHANNEL 

BOTTOM SO an = 0 

PRESSURE DIASTRIBUTION IN 0-1 

SENTION IS HYDROSTATIC
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PRESSURE DISTRIBUTION IN CHANNELS WITH LARGE SLOPE
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PRESSURE DISTRIBUTION IN CURVILINEAR FLOWS
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PRESSURE DISTRIBUTION IN CURVILINEAR FLOWS
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PRESSURE DISTRIBUTION IN CURVILINEAR FLOWS
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CONTINUITY EQUATION

STEADY FLOW

UNSTEADY FLOW: SVF
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UNSTEADY FLOW

Inflow in time Δt = QΔt 

Net flow : 

Change in storage:

Equation of continuity for unsteady flow
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STEADY FLOW MOMENTUM EQUATION

Momentum is a vector quantity. The momentum equation commonly used in most

of the open-channel flow problems is the linear-momentum equation. This

equation states that the algebraic sum of all external forces, acting in a given

direction on a fluid mass equals the time rate of change of linear-momentum of

the fluid mass in the direction. In a steady flow, the rate of change of momentum

in a given direction will be equal to the net flux of momentum in that direction.
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Figure 1.17 shows a control volume (a volume fixed in space) bounded by

sections 1 and 2, the boundary and a surface lying above the free surface. The

various forces acting on the control volume in the longitudinal direction are as

follows:

(i) Pressure forces acting on the control surfaces, F1 and F2.

(ii) Tangential force on the bed, F3,

(iii) Body force, i.e., the component of the weight of the fluid in the longitudinal

direction, F4.

By the linear-momentum equation in the longitudinal direction for a steady-flow 

discharge of Q,
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THE END


