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00000 O O The gradually varied flow is defined as that on the flow section the angle fl between
twostreamlines is very small or the radius of curvature R of each streamline is infinity as shown inFigure 3.17. All the
flows which do not satisfy the qualifications is called therapidly variedflow [0 00 00 O O The flows at section a-a
and section b-b in Figure 3.3 are thegradually varied flow. The flow at section 1-1 in Figure 3.3 is rapidly varied
flow. The essenceof gradually varied flow is that: 1[0 the streamlines tend to be in the parallel beelines; 2[1
theacceleration is very small in the flow and the inertia force could be neglected; 300 the flowsection can be
considered a plane surface and for this reason the flow section is commonlytaken as the cross section.In the flow
section n-n of gradually varied flow, an element fluid column with area dA andlength dz is selected as the free body
as shown in Figure 3.18. The upper surface of column iscoincident with the streamline ab and the lower surface
with the streamline cd.t8 The elevationof the lower surface of column is the coordinate z. The pressure on the lower
surface is p andthe pressure on the upper surface is p+dp. The velocity of fluid column is u. There are forcesacting
on the column in the n-n direction not only the pressure force, but also the forcesincluding: 10 the weight of
element fluid ,ogdAdz; 200 the centrifugal force of element fluiddJ pgdAdz/g] [0 u2/R0O . According to the
conditions of gradually varied flow, the curvature radius isinfinite, so the centrifugal force is very small, it could be
neglected; 301 the surface forces ofelement fluid including the internal frictional force on the two end surfaces and
pressure forceson the circumferential surface of column is orthogonal with the axis n-n, so there are nocomponents
of them in the n direction.
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