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MET 330 Fluid Mechanics
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Fall 2024

Test 2

Take home - Due Wednesday October 30th, 2024, before midnight.

READ FIRST

1.

RELAX!!! DO NOT OVERTHINK THE PROBLEMS!!! There is nothing hidden. The test was designed
for you to pass and get the maximum number of points, while learning at the same time. HINT:
THINK BEFORE TRYING TO USE/FIND EQUATIONS (OR EVEN FIND SIMILAR PROBLEMS)

The total points on this test are one hundred (100). Ten (10) points are from your HW assignments,
and ten (10) other points are based on the basis of technical writing. The other eighty (80) points
will come from the problem solutions. For the technical writing [ will follow the attached rubric.

There are 3 main different parts, each one is worth 80/3 points.

What you turn in should be only your own work. You cannot discuss the exam with anyone, except
me. Call me, text me, email me, come to my office, if you have any question.

[ do not read minds. You should be explicit and organized in your answers. Use drawings/figures. If
you make a mistake, do not erase it. Rather use that opportunity to explain why you think itis a
mistake and show the way to correct the problem.

You have to turn in your test ON TIME and ONLY through CANVAS. You must submit the test
solution in only one file, and it has to be a pdf file. You must also submit the excel spreadsheet. For
the ePortfolio (which is optional) you are supposed to upload this artifact to your Google drive. I will
provide more instructions later.

Do not start at the last minute so you can handle anything that could happen. Late tests will not be
accepted. Test submitted through email will not be accepted either.

Cheating is completely wrong. The ODU Student Honor Pledge reads: "I pledge to support the honor
system of Old Dominion University. [ will refrain from any form of academic dishonesty or
deception, such as cheating or plagiarism." By attending Old Dominion University, you have accepted
the responsibility to abide by this code. This is an institutional policy approved by the Board of
Visitors. It is important to remind you the following part of the Honor Code:

IX. PROHIBITED CONDUCT

A. Academic Integrity violations, including:
1. Cheating: Using unauthorized assistance, materials, study aids, or other information in any academic exercise (Examples of
cheating include, but are not limited to, the following: using unapproved resources or assistance to complete an assignment,
paper, project, quiz or exam, collaborating in violation of a faculty member’s instructions; and submitting the same, or
substantially the same, paper to more than one course for academic credit without first obtaining the approval of faculty).

With that said, you are NOT authorized to use any online source of any type, unless is ODU related.



The company that hired you to start the design of the system in the figure is happy with your work (NOTE:
THE FIGURE IS NOT TO SCALE). The want to hire you again to continue with the design. Let us remember
that the system is to deliver 60 °F water from the lower open channel to the upper open channel at a rate of
3.387 ft3/s. They want you to complete the following tasks:

a. Design the pumped pipeline system, for that:

First select a pipe diameter from table F1 in the appendix of the book. The pipe
diameter is such that the fluid flow velocity in the pipe is close to 3 m/s.

Determine the required pump power (in HP), assuming a pump efficiency of 60%. The
total suction pipe length is 11 ft, while the total discharge pipe length is 2500 ft.
Neglect the losses due to all fittings.

Compute the pressure at the pump inlet and at the pump outlet.

You are required to perform all calculations by hand but must also create an Excel
spreadsheet to automatically run the calculations. Ensure that the Excel results match
your hand calculations.

The company also wonders whether the selected pipe was a good choice. To facilitate
the answer to this equation, use the spreadsheet to run the calculations for different
commercial pipe diameters. Then, make a table with the different commercial pipe
internal diameters, and the corresponding pump powers, and inlet and outlet pump
pressures. Finally, plot pump power vs. pipe diameter and inlet and outlet pump
pressures vs. pipe diameter.

Review your results and provide comments in the "analysis" section of your solution.
Why do the results make sense?

b. Your client also proposes to use a flow nozzle to measure the flow. For a nozzle diameter to pipe
diameter ratio of 0.5:

What is the pressure drop across the nozzle?
With this addition to the system (which is an additional energy loss), by how much (show
it in percentage) would the pump power increase?

Please note that the equation for pressure drop you derived for the 15 question is the total
pressure drop that includes the pressure drop due to the fluid acceleration and the pressure
drop due to energy losses. To get the portion of the energy loss you could use this equation:

Aploss = (1 - CZ)Aptotal
where Ap,,:q: 1S What you calculated for the 15t question.
NOTE: If you derive this equation for Ap,,., I will give you 5 extra points.

You are required to perform all calculations by hand but must also create an Excel
spreadsheet to automatically run the calculations. Ensure that the Excel results match
your hand calculations.

Use the spreadsheet, with it run the calculations for different nozzle diameter to pipe
diameter ratio and make a table with the different nozzle diameter to pipe diameter



C.

ratios and the corresponding pressure drop across the nozzle. Finally, plot pressure
drop across the nozzle vs. nozzle diameter to pipe diameter ratio.

Review your results and provide comments in the "analysis" section of your solution.
Why do the results make sense?

For a good working system, the amount of pumped water should not be too much to dry the
lower open channel. The company wants to know whether the amount of pumped water is
negligible compared to the total flow rate running through the lower open channel. Please note
that this is a natural channel with light brush and its average slope is 0.00015.

Compute the flow rate running through the lower open channel.

Compute the percentage of pumped water flow with respect to the lower open
channel flow.

You are required to perform all calculations by hand but must also create an Excel
spreadsheet to automatically run the calculations. Ensure that the Excel results match
your hand calculations.

Use the spreadsheet, with it run the calculations for different total water elevation in
the lower open channel (go from 4 ft to 8 ft) and make a table with the different total
water elevations and the corresponding percentage of pumped water flow. Finally,
plot percentage of pumped water flow vs. water elevation.

Review your results and provide comments in the "analysis" section of your solution.
Why do the results make sense?
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