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5. Secondary Current and Spiral Flow

The curve of constant velocity for rectangular and triangular cross-section obtained by
Nikuradse are shown in Figures 1 and 2. In all cases the velocities at the corners are
comparatively very large with stems from the fact that in all straight pipes of non-circular
cross-section there exist secondary flows. These are such that the fluid flows towards
the corner along the bisectrix of the angle and then outwards in both directions. The
secondary flows continuously transport momentum from the centre to the corners and
generate high velocities there. Schematic diagrams of secondary flows in triangular and
rectangular pipes are shown in Fig. 3. It is seen that the secondary flow in the
rectangular cross-section which proceeds from the wall inwards in the neighborhood of
the ends of the larger sides and of the middle of the shorter sides creates zones of low
velocity. They appear very clearly in the picture of curves of constant velocity in Figl.
Such secondary flows come into play also in open channels, as evidenced by the
pattern of curves of constant velocity in Fig. 4. The maximum velocity does not occur

near the free surface but at about one fifth of the depth down of the free surface.
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Fig. 1. Curves of constant velocity for pipe of rectangular cross-section,
after Nikuradse

Fig. 2. Curves of constant velocity for a pipe of equilateral triangular
cross-section after Nikuradse

Fig. 3. Schematic representation of Secondary flows in pipes
of triangular and rectangular (open channel) cross-section
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Fig. 4. Curves of constant Velocity for a rectangular
open channel after Nikuradse

Secondary circulation is that flow wherein the velocity can be resolved into two
components, one in the longitudinal direction of the channel and the other in transverse
to the direction of the channel. The transverse component of the velocity gives rise to
the secondary circulation. It can occur in both straight and curved channels and for
different reasons. Secondary circulation is affected by temperature gradients, sediment,
turbulence, non-uniformity of boundary shear, and the curvature of streamlines.

Secondary circulation has been associated with turbulent flow in prismatic channels
wherein the shear at the boundary is not constant. In straight circular pipes as shear at

the boundary is constant for both laminar and turbulent flow the secondary circulation
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has not been observed. When secondary circulation does occur, it seems to take place
in an even number of cells as depicted in Figure 5. The non-uniformity of sediment

across a channel has been associated with secondary circulation.
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Fig. 5. Secondary circulation in straight channel

Secondary current is the flow taking place in transverse direction of the main flow. The
secondary currents are of four types viz.

1. The 'weak' secondary currents in straight-non-circular channel sections and in pipes
due to boundary resistance (figure 5).

2. Secondary flow developed due to non-uniform bed configuration as in case of alluvial
channels.

3. The ' strong ' currents caused in bends due to centrifugal force.
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4. Secondary currents due to the unsteadiness of the oscillating boundary layer.
The occurrence of the maximum velocity filament in a straight channel just below the

free surface (see figure below) to the findings of secondary current.
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Isovels
Secondary
currents —

(a) Open channel (b) Equivalent closed conduit

Comparison of Open Channel Flow with Closed-Conduit Flow

The lens shaped figure is drawn such that it is orthogonal to each isovel. It may be noted
that the maximum velocity occurs slightly below the free surface. On the lens shaped line
no velocity gradient exist. The shear on the free surface is negligible and their is no shear
resistance to balance the component of the weight of the prism along the main flow
direction. The equivalent closed conduit is symmetrical about the central line and the
shear stress is distributed along the boundary line.
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Tractive force distribution obtained using membrane analogy
This distribution varies depending on the cross section and material

Gibson, explained the origination of the secondary current. Darcy, Cunningham, Sterns,
Moseley, Francis and Wood (Thandaveswara, 1969) recognized the presence of this
secondary current and superposition of the main flow leads to spiral flow. If there is any
slight disturbance in approach flow conditions instead of double spiral, then single spiral
exists. Kennedy and Fulton established that the secondary current has a definite effect
on the frictional resistance of the channel.

The second type of secondary currents were observed by Schlichting, Jacob, Schultz
Grunov. The projection of spheres from the surface is just similar to the spherical sand
particles fixed uniformly over the surface, then this type of secondary current can be
expected when the sand roughness is used.

The flow pattern which exists behind an obstacle placed in the boundary layer near a

wall differs markedly from that behind an obstacle placed in the free stream. This
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