MASSACHUSETTS INSTITUTE OF TECHNOLOGY
Department of Civil and Environmental Engineering

1.060/1.995 FLUID MECHANICS
In-class Test No: 2; 15 April, 2005

General Comment

The test consists of three (3) problems. The first two (2) problems consist of questions requiring
you to have solved previous questions. For this reason “default” answers are given so that you
can proceed. The “default” solutions are not the correct solutions (but they may be close) so

continue to use your own solutions unless they differ from the default values by a “lot”. In

answering some of the questions you may find the figure below helpful.
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Problem No. 1 (45%)
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Water, p = 1,000 kg/m’ and v = 10" m%/s, flows through a horizontal circular pipe of diameter D
=10.0 cm. The pipe is equipped with an “orifice meter” (see sketch above). An orifice meter
consists of an orifice plate in which a sharp-edged circular hole (concentric with the pipe) of
diameter d = 5.0 cm creates a local flow constriction. The pressure difference across the orifice
is measured by a mercury manometer, p,, = 13.6p. The flow is assumed uniform at sections “1”
and “3” in the sketch, and flow proceeds from left to right.

a) Visualize the pattern of the flow from “1” to “3” by a rough sketch.

b) For a manometer reading of 4,, = 5.0 cm determine the pressure difference, p; — ps, across
the orifice meter. [Default value: p; — p, = 6,300 Pa]

¢) Determine the flow rate, 0, in the gipe from the pressure difference obtained in (b).
[Default value: Q =4.25 - 10° m’/s]

d) Neglecting wall friction, determine the head loss between “2” and “3”. [Default value:
AH=0.45m]

e) Use the momentum principle (neglecting wall friction) to determine the force on the
orifice plate for the flow condition considered above.




Problem No. 2 (45%)
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A very large container is filled with water (p = 1,000 kg/m®, v=10"® m?/s) to a level of z=h.
The container is connected to a horizontal pipe-system consisting of two circular pipes, both of
length /; = I, = 7.5m and both of roughness & = 0.1mm, one is of diameter D; = 10cm, the other
of diameter D, = 15¢m. All transitions are sharp-edged (see accompanying sketch) and the
discharge is 0 =3.53 - 102 m’/s.

a) Determine the friction factors f; and f; for the two pipes. (Default values: f; = /> = 0.02)

b) Determine the level 4 in the container necessary to generate the specified discharge
(Default value: 2= 3m)

c¢) Determine the pressure of a point “A” a short distance into the pipe connected to the
container (see sketch for location of “A™)

d) If you cut-off the pipes and threw them away, so that the container was discharging into
the air through a 10-cm-diameter sharp-edged orifice what would be the discharge if
h has the same value as determined in (b)?

€) Does your answer in (d) surprise you? Why or why not?

Problem No: 3 (10%)

A pump is speciﬁed by its discharge, O = 2m’/s, the head-increase across it, H, = 25m, and its
efficiency, # = 0.85. The fluid being pumped is water.

Determine the pumping cost per m® of water, if electricity is assumed to cost 10 cents per kWhr.
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