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1.060/1.995 Fluid Mechanics

Prof. Ole S. Madsen

NOTE

1. There are six problems of equal weight. Be sure to allocate an appropriate amount of time for each.
2. Solutions should be expressed in terms of the problem notation and then the numerical results should

be obtained.
3. Please indicate clearly, using sketches when necessary, the assumptions and definitions you are
introducing in carrying out your analyses. Do not hesitate to make reasonable assumptions, but state

the reason why you make them.
4. Please be as neat as possible and clearly indicate what and where your answer is (only one answer!).

5. Unless noted otherwise, the fluid is water: (o = 1,000 kg/m*,v =10 m/)
6. Cheat sheets #1, 2, and 3 are provided along with the Moody Diagram below.
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Problem No. 1

A gate is built across a trapezoidal channel of cross-section shown in sketch. The gate holds back water
that rises to an elevation of h =3.5m above the 8-m-wide horizontal bottom of the channel.

a) Determine the total pressure force, Py, acting on the upstream, vertical face of the gate.

b) Determine the location of the center of gravity, in particular its elevation, ycg, above the 8-m-wide
horizontal bottom, of the trapezoidal face of the gate corresponding to h =3.5m.

c¢) Determine the center of pressure, i.e. the line of action, for the total pressure force obtained in (a).
[Note: Center of Pressure is not the same as Center of Gravity, since pressure varies linearly with
depth, e.g. CG of a vertical rectangular area of height h is h/2 above bottom, whereas the CP is h/3
above bottom.]



Problem No. 2

The sketch shows a section of pipe in which a nozzle-sleeve is inserted in the pipe. The pipe has a square
cross-section with a sidelength of a, = 10 cm, and the nozzle-sleeve reduces this sidelength to ay = a,/2.
A mercury manometer (p,, = 13.6p) is connected to the pipe as shown and gives a reading of 4, =6.1 cm.

a) Determine the discharge, O, in the pipe. [Default value 9 =0.011 m/s]

b) Determine the headloss associated with the nozzle-sleeve inserted in the pipe when wall-friction is
neglected.

¢) Determine the force exerted by the flow on the nozzle-sleeve (when wall-friction is neglected).
d) Assuming the pipe material to have a roughness £ = 0.05 mm, determine the length of pipe required to

give a frictional headloss equal to the headloss computed in (b), and comment on why this length
Jjustifies the neglect of wall friction in (b) and (c).



Problem No. 3

e
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The sketch (not to scale) shows a pond that is connected to a lake through a horizontal £ = 400 m long
straight circular concrete pipe, ¢ = | mm. The pipe inlet and outlet are located some distance above
bottom, to prevent erosion. The pond receives an inflow of water, Q, = 0.25 m®/s, and it is desired to
maintain the pond at a level, hp of 1.0 m above the lake level, h., by proper choice of the diameter D of
the concrete pipe.

a) Set up a relationship (in general terms, i.e. using D for diameter, f for friction factor, K; for minor loss
coeffictents, etc.) between the velocity V in the pipe and the difference in water levels, hp - h;..

b) Determine the pipe diameter D which would give the required flow, Q, from pond to lake for hp - h; =
I m.

¢) Corresponding to your solution in (b) sketch the Energy and Hydraulic Grade Lines from inlet to exit
of the pipe. Although you are asked for a sketch, try to make it to scale in the vertical.

d) A graduate of Haavad College suggests that a smaller diameter would be required if the pipe was
installed with a slope from the pond towards the lake instead of being horizontal. [s s/he correct?



Problem No. 4
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A pump (at elevation z, = 0) delivers a flow rate of @ = 0.1 m’/s from a reservoir (z, = 5 m) to a water
tank (the "user") through a 25-cm-diameter cast iron pipe (¢ = 0.4 mm). The water level in the tank is at
z, = 100 m with the pipe outlet 5 m above the free surface. The total length of pipe connecting reservoir
and user is 300 m and minor losses may be neglected. The pipe passes over the top of a hill (z,= 110 m)
at a distance of 70 m from the user.

a) Determine the velocity in the pipe.
b) Determine the Darcy-Weisbach friction factor, f.

¢) Determine the power (1 HP = 745 watt) required by the pump motor if the pump's efficiency is
assumed to be = 0.8.

d) Determine the pressure in the pipe at its highest elevation. z, = 110 m.

e) Is the pressure determined in (d) of concern, i.e. is cavitation a potential problem, and what would
happen if the pipe developed a leak at its highest point?



Problem No. 5

Typically rivers are much wider than they are deep. The sketch above shows a typical river crossection,
for which the slope of the river banks, i.e. the lateral slope, is denoted by a and as a consequence of h<<b

we have that a is small, say a < 10°.

a) By balancing gravitational and frictional forces for a uniform steady flow in a prismatic channel of
slope S,, derive the classical hydraulic formula for the boundary shear stress 7, = pgR,S,

b) Show that the hydraulic radius, Ry, and the mean depth, hy, are virtually identical for the typical river
crossection discussed above.

¢) Assuming R, = hy, and adopting the Darcy-Weissbach espression for the uniform steady ("normal")
flow velocity in a channel of slope S,, obtain a simple expression for the Froude Number in terms of
Darcy-Weisbach's f and the slope S, corresponding to normal flow.

d) From the result obtained in (¢), obtain a rough estimate of the bottom slope, S, for which normal flow
in a "typical river"” will be critical.



Problem No. 6

The sketch shows the crossection of a trapezoidal channel with a bottom width, b = 8 m, and sides sloping
lon 1. The channel roughness is estimated to be of the order € = 2 cm, and its normal depth,
corresponding to uniform steady flow, is h, = 3.5 m. The channel is carrying a discharge of Q =200 m’/s
a) What is the value of Manning's "n" for this channel? (Default value is "n" = 0.02 in Sl-units)

b) Estimate the slope of the channel, S,.
¢) Is normal flow super or subcritical? (Justify your answer)
d) Corresponding to normal flow determine the Specific Energy [Head], E..

e) Corresponding to normal flow determine the Momentum and Pressure Thrust, MP. [take advantage of
the similarity between this problem and Problem No. 1]
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