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/20 e Closed book, closed notes.

Rules:

e Two-page 8.5” by 11” study sheet allowed, double sided; you may use
a calculator; you may not search the internet or receive help from
anyone.

e Please text clarification questions to Dr. Morrison 906-487-9703. 1
will respond if I am able.
e All work submitted for the exam must be your own.

e Do not discuss the contents of the exam with anyone before midnight
Thursday 12 November 2020.

e Please copy the following Honors Pledge onto the first page of your
exam submission and sign and date your agreement to it.

Honor’s Pledge:

On my honor, I agree to abide by the rules stated on the exam sheet.

Signature

Date

Exam Instructions:

1.
ii.
iii.
1v.

V.

Vi.

You may work on the exam for up to two hours (120 minutes).

Please be neat. Only neat answers will be granted partial credit. Please use a dark pencil
or pen so that your work is readable once scanned.

Significant figures always count.

Please box your final answers.

Submit your work as a single PDF file; put your name on every page. (Genius Scan is a

free app that can create a PDF from photos taken by your phone).

Submit your exam study sheet as a separate PDF file; put your name on the first page (at
a minimum)



1. (20 points)
a. Our exam 3 formula sheet gives three data correlations for Fanning friction factor
f versus Reynolds number Re. What are these for? Please limit your answer to at
most 3 sentences.
b. What is the key difference between the flow inside a momentum boundary layer
and the flow outside the boundary layer? Please limit your answer to at most 3
sentences.

2. (20 points) A reaction takes place in a fluidized bed reactor. The catalyst is a powder of
density 1.2 X 103kg/m?3 with mean particle diameter of 0.067 mm. The powder is
fluidized by the upward flow of air, which has a viscosity of 1.0 X 10™* Pa s. Whatis a
reasonable estimate of the minimum fluidization velocity? This is also known as the
velocity of incipient fluidization. Note that if a fluidized bed’s void fraction ¢ is not

3
known, Denn recommends using the approximation (15—) ~ 0.091.

3. (20 points) Steady, turbulent flow of an incompressible, Newtonian liquid (density p and
viscosity u) takes place in a horizontal tube of radius R and length L. The volumetric
flow rate is Q. The upstream pressure is P, and the downstream pressure is P;. Using a
macroscopic momentum balance and indicating your assumptions, calculate the fluid
drag on the inside of the tube.

4. (20 points) What is the drag on a 4.0 mm diameter solid sphere if air (density =
1.3 kg/m3, viscosity = 1.0 X 10™*Pa s) rushes past it in a wind tunnel at 1.9 m/s?
Please give your answer in Newtons.



5. (20 points) An incompressible, Newtonian fluid flows between two long, wide parallel
plates (see figure below). The plates are separated by a gap H. The top plate moves in
the x-direction at a constant velocity V. Using the Navier-Stokes equation, we have
determined that the velocity field is given by:
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The pressure is uniform (constant) and equal to P, everywhere. What is the vector fluid
force on the top plate needed to drive the upper plate? Show how you arrived at your
answer beginning with the velocity and pressure fields given above.
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