
1.060 Engineering Mechanics II Spring 2006

Recitation 5 - Problems
March 16th and 17th

Figure 1: Horizontal elbow and nozzle
in Problem 1. Figure 2: Diffuser in Problem 2.

Problem 1

Figure 1 shows a horizontal elbow and a nozzle combination. The flow in the elbow of
diameter d1 = 300 mm is Q = 90 l/s. The nozzle has a diameter d2 = 100 mm and
discharges into the atmosphere.

a) Given that the pressure at section 1 is p1 = 70 kPa, find the x-component of the total
force on the flange bolts (Fx).

b) Determine the head loss associated with the flow around the 180o-bend.

(NOTE: 1 l = 1 liter = 1 dm3 = 0.001 m3).

Problem 2

Figure 2 illustrates a classic fluid mechanics experiment. A flow of water, ρ = 1000 kg/m3,
exits vertically from a diffuser –a smooth contraction from diameter D1 = 3 cm to D0 =
1 cm– into the atmosphere a short distance, 5 cm, above a horizontal plate. The horizontal
plate is sufficiently large to completely deflect the flow so that this leaves the plate with a
purely horizontal velocity. The pressure immediately before the diffuser (10 cm above the
exit) is measured by a mercury manometer (ρm = 13.6 ρ).

a) How are the velocities V1, before the diffuser, and V0, at the diffuser exit, related?
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b) Why is it reasonable to apply Bernoulli principle without headloss to relate conditions at
the manometer pressure tap and the jet exit?

c) If the fluid velocities of interest are of the order of 5 m/s or greater, why would it be
reasonable to neglect elevation differences of the order of 10 cm or smaller?

d) For a manometer reading of ∆zm = 10 cm estimate the pressure, p1, at the entrance of
the diffuser.

e) Use Bernoulli, neglecting elevation differences and headlosses, to estimate the jet velocity,
V0, at the exit from the diffuser.

f) Estimate the total vertical force exerted by the jet impacting on the horizontal plate.

g) If gravity (i.e., elevation head differences) and losses are neglected, obtain an expression
for the velocity, U(r), and thickness, h(r), of the fluid on the plate, as a function of the radial
coordinate, r.

(NOTE: This is an old test problem).

Problem 3

The vertical velocity distribution in a wide rectangular duct of height H can be expressed
as

u(z) = U + u′(z)

where −H/2 ≤ z ≤ H/2 is the vertical coordinate, U is the depth-averaged velocity, and
u′(z) is the velocity deviation with respect to the average. |u′(z)/U | is much smaller than 1
for most of the depth, as represented in Figure 3.

Figure 3: Vertical velocity distribution in a rectangular duct (Problem 3).

a) What is the discharge in the duct (per unit width into the paper)?

b) Show that the momentum coefficient is Km = 1 + δ2
m, where

δ2
m =

1

H

∫ H/2

−H/2

(
u′

U

)2

dz ¿ 1.

c) Show that the energy coefficient is Ke = 1 + εe, where εe ' 3δ2
m.
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