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L. An isothermal solid sphere is placed in a steady uniform fluid flow with velocity U. We are
trying to investigate the steady heat flux of the system. We expect that the heat flux, g, to be a
function of the following parameters ‘
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(a) Fill out the dimension column for
M for mass.



(d) Using core variables D, U, k, ¢y, form a non-dimensional group containing 1. Show your work
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(e) Ultimately, physical arents and more sophisticated analysis reveals that the dimensior
relationship below governs f.he problem: ,
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2. While designing a chemical plant, you are tasked with determining the force exerted on the
section of piping sketched below (everything is horizontal, so that gravity acts into the page).
Assume an incompressible fluid, turbulent flow, and neglect heat transfer and temperature
effects. The fluid is water, and you are given the information below:

Gauge pressures at 1 and 2: P, = 500 kPa, P, = 350 kPa
V= 1mis, V,=10m/s, D,=1m, D,=01m, D;=03m
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a) Determine V,. Circle your answer.
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) Determine P Cirele your answer,
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¢) Determine the force necessary to hold the piping in place. Use the axes shown in the figure.
Circle your answer.
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d) Without doing any additional calculations, sketch below the direction of the force to hold the
piping in place. Use the coordinate axes indicated on the sketch.
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3. An aluminum ball (g, = 2500 kg/m’) is falling through an infinitely large pool of glycerin (o
= 1260 kg/m’, n = 0.95 Pa-s) towards the center of a long cylinder with diameter D, that is also
filled with glycerin. After falling for a while, the ball falls through the center of the cylinder,
causing a decrease in velocity due to wall effects. Assume the ball instantly reaches a new

terminal velocity upon entering the cylinder.
. ]» D,=0.01m
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a) Calculate the initial terminal velocity of the ball before it reaches the cylinder. Check any
assumptions you make. Circle your answer.
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b) What cylinder diameter D, will result in a 50% reduction in V,? Check any assumptions you

make. Circle your answer.
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4. A packed bed reactor consists of a tube of diameter D, packed with spherical particles of
diameter D, at a void fraction of €. The reactor has a viscous, incompressible, Newtonian fluid
flowing through it. Two bypass pipes are connected in parallel with the reactor as shown in the
figure below. Both pipes are smooth and circular in cross section, the larger pipe has diameter
D, and the smaller pipe has diameter D;. Both the reactor and the pipes are horizontal, and the
lengths of the packed bed reactor and the two bypass pipes are the same and given by L=1.5 m.

On the smallest bypass pipe, the pressure drop is known over a short section as shown in the
figure.

Neglect any pressure drops associated with the flow splits, bends, etc., shown by the thick gray
lines in the figure.

Given:

D, =16m D,=0.1m D, =004 m
D,=6x10"m L,=03m
€=0.5 Ap, = 2000 Pa

Q, =0.0045 m'/s
L = 1.5 m for the reactor and the two pipes.

The fluid has a density of p =10 kg/m".
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a) Given the information above, what is the pressure drop across the total length L of the small
pipe? Circle your answer.
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b) What is the volumetric flow rate Q, in the large pipe? Be sure to indicate, and then check if
possible, any assumptions you make in your calculation. Circle your answer.
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¢) What is the volumetric flow rate Q, in the packed bed reactor? Be sure to indicate, and then
check if possible, any assumptions you make in your calculation. Circle your answer.
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