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Mechanical Engineering Fluid Mechanics
MCEN 3021 - Fall 2016
Exam 2
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Important Note: The problem statements given below may contain extra information
that is not needed for problem solution. Correspondingly, some information needed for
problem solution may require values that are not provided in the problem statement, but
are available in the textbook (e.g., density of water). Clearly state all assumptions used
for problem solution. Show all work. Where requested, provide a brief explanation.

1. (12 pts) Consider the free jets of water hitting circular plates shown below.
Draw below on exam for (a), (b).
(a) Draw the CV to determine the anchoring force (x-comp.) for the plate.
(b) Draw the CV to determine the reactive force (x-comp.) on the water jet.
(c) What is the direction of the x-component of the reactive force? [y, «/#¢ 9%
(d) Could gage pressure be used in case (a)? Explain.
(e) Could gage pressure be used in case (b)? Explain.
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2. (8 pts) (a) Is it possible for an incompressible flow to experience both positive local
acceleration and negative convective acceleration in a region of flow? If so, provide an
example and explain.

(b) Is it possible for a steady-state flow to experience both positive local acceleration and
negative convective acceleration in a region of flow? If so, provide an example and
explain.
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3. (20 pts) Water is added to the tank shown below at a rate Q to maintain a constant
water level. The tank is on frictionless wheels. Determine the diameter J#for the tank to
not move. Neglect viscous losses. O'
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4. (25 pts) Seawater (steadily) enters the 3-foot-wide channel shown below at uniform

velocity V. Downstream of the entrance the velocity distribution is u=4y—2 y? ft/s

where y is the ocean height in feet. Note the y-origin is at the ocean floor. (Units might
appear odd when examining outlet.)
(a) Determine the entrance velocity V.
(b) Determine the x-component of the force (with direction) exerted by the water on
the ocean floor (over the region from the entrance to the downstream section) due
to the change in velocity (i.e., neglect the pressures acting on the CV).
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5. (20 pts) Water enters in a (regular) circular pipe of diameter 14 cm with uniform
velocity at steady state. The flow exits through the annular region shown below with an

outer radius r, of 7 cm and inner radius 7; of 3 cm. The pressure drop g—P is — 0.2 Pa/m
z

and is a constant. The oulet velocity in the annular region is given by,

(o) e, o
Vz_cm(az)(r r"+1n(r/r) (/r)}

Determine the inlet velocity. Note the following integrals where k is a constant. You may

2 2
not perform the integral with your calculator. Introduce B = 1[oF and E=—L—2—
ut oz In(r, /1)

JIn(ke)dx = x(In(kx)-1), | x1n(1a)dx=":2(21n(io()-1), j ln(kxz)dx=x(ln(loc2)—2)

6. (15 pts) Hint: consider‘ what you’d do if this question were given in Cartesian
coordinates. Consider a 3-dimensional flow in spherical coordinates (that has a fluid
source at the origin). You are told that the flow is incompressible and the velocity

distribution is given by,

v K( 2)+K( )+V
R? R
[31( re )
V——2$m0 +9V,

Ve=—4K1r2/R2,
where K, K,, V,, and R are constants. Would you agree that this flow appears to be
incompressible? The differential mass balance in spherical coordinates is given below.
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