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AIN SHAMS UNIVERSITY 2" Civil Engineering
Faculty of Engineering Hydraulics (CEI-231)
Dept. of Irrigation & Hydraulics 201472015

ASSIGNMENT NO. 7
Rapidly Varied Flow

1. Define alternate and sequent depths as used in connection with open channel flow. Plot the
specific force diagram and specific energy diagram for a 10 m rectangular channel carrying 15
m*/sec. Determine the critical depth, the minimum specific energy and minimum specific force.
Use both diagrams to determine the initial depth corresponding to a sequent depth 1.5 m, the
energy loss in the jump and the height of the jump.

2. A spillway discharge a flood flow at a rate of 7.75 m*/s/m. At the downstream horizontal apron
the depth of flow was found to be 0.50 m. What tailwater depth is needed to form a hydraulic
jump? If a jump is formed, find its

a) Type

b) Length

¢) Headloss '

d) Energy loss as a percentage of the initial energy

3. A hydraulic jump occurs in a rectangular open channel. The water depths before and
after the jump are 0.6 m and 1.5 m, respectively. Calculate the critical depth and the

energy loss.

4. A sluice gate is 3.0 m wide rectangular horizontal channel releases a discharge of 18.0 m’/s.
The gate opening is 0.67 m and coefficient of contraction can be assumed to be 0.60. Examine
the type of hydraulic jump formed when the tailwater depth is 3.60 m, 5.00m, and 4.09 m.

5. Water flows in wide, finished concrete channel with n = 0.014. Such that a hydraulic jump
occurs at the transition of the change in slope of the channel bottom. If the upstream Froude
number and depth are 4.0 and 6.0 cm, respectively, determine the slopes upstream and
downstream of the jump to maintain uniform flows in those regions. Compare these slopes with
the critical slope. The jump can be treated as a jump on horizontal surface.

6. A discharge of 50 m*/s flows in a trapezoidal channel having a bottom width of 4 m and
‘side slope 1:1, if the sequent depth of the jump is 4 m. Determine the following:
a) The initial depth.
b) The initial Froude number.
¢) The height of the jump.
d) The energy before and after the jump.
€) The horsepower lost in the jump.

7. a)Water discharges at the rate of 8000 ft’/sec over a spillway 40 ft wide into a stilling

_ basin of the same width. The lake level behind the spillway is 100 ft above datum. The

bed level downstream is 10 ft above datum. Assuming no energy dissipated in the flow

down the spillway, find the initial depth y; and the sequent depth y; required for a

hydraulic jump to form within the basin. Write down the main characteristics of the
jump. Crest, stilling basin and downstream channel all have the same width.
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b) For a different lake level behind the spillway, for a discharge of 8000 cfs and crest
level of 40 ft, y; is found to be 30 ft.

i. Assume that the end sill is 2 smooth transition without losses and calculate ys.
Calculate the force on the sill. Specify units.

ii. Suppose the sill is not a smooth transition and that laboratory tests indicate that
the force on the sill is given by =100 V.’ h
which f = force in pounds per foot width
V, = velocity in ft/s
h = sill height in feet
Calculate y3 and find the head loss across the sill
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