Project Description

Topic Proposal (5 points) due Monday March 11
Draft of the first section (Context, Introduction, Specifications/ Limitations, 15 points) 
due Friday April 5 2019
Written Report (90 points) due Friday April 19 in Canvas. 
Critiques (10 points) due Monday April 29
Mechanical Engineering Introduction to Fluid Mechanics

MCEN 3021 – Spring 2019
The project for this course will involve teams of 2 students.  Recall that the project is worth 15% of your final grade. Submit your partner’s name via the assignment in Canvas; both of you need to do this so we can see you both agree. If you didn’t have a partner by Monday Feb 4 we sent you a CATME survey link, and you will have a partner assigned by Weds Feb 13.
The focus of this project is to investigate, using principles of fluid mechanics, a problem of interest to you.  Of course, the level of complexity is not identical for each question that will be asked, so students will be asked to use their judgment in terms of the level of detail to which the question is answered.  You are asked to specify the problem to be addressed, review the pertinent literature (two or three separate sources), perform some additional analysis or evaluate existing solutions and propose additional work.  The form of the report should be that of a technical report; see the rubric for details.
You may choose a topic related to prior work you’ve done, but you may not recycle a previous project or use this work in a different course; this project should be in addition to any other course requirements. Either an analytic or numerical approach may be used. You can propose an accompanying experiment, but check with your instructor before proceeding.
Searching: 
You are expected to find resources appropriate for you as engineering college students, not high school students. Google Scholar can get you started, but you will miss good recent work unless you use a more focused index/database. Google will also tend to direct you to inaccurate sites, designed for younger students.  My favorite high-level database for fluids is Inspec:

https://www-engineeringvillage-com.colorado.idm.oclc.org/search/quick.url?CID=quickSearch&database=49159
You need to access it from on campus, or use VPN to look like you are on campus. This will get you abstracts, with links to full text. The ‘find it at CU’ button sometimes works, or you may need to copy the title into Google to find the full article. Again, if you are on campus our library subscription will kick in automatically, and the pdf should be free. If we don’t have a subscription you can have the library request the article for free: https://colorado.illiad.oclc.org/illiad/COD/logon.html
You may need to make an ILLiad account with your Identikey.
Citing

Here is a brief document on what and when and how to cite: “Citing References in Scientific Research Papers.” Accessed August 3, 2016. http://tim.thorpeallen.net/Courses/Reference/Citations.html.
I recommend Zotero, Mendeley or Endnote to keep your references organized, and handle the details of bibliographies for you.
Project Requirements

· Format:  5 to 8 pages in length (double-spaced, 12 point font, 1” margins), including figures and references.  Be sure to include all textbook, article, and/or web site references.  Specify references within text via reference numbers and give corresponding bibliographic information in listing at end of report.  Web site references must include authors as well as the URL. Minimize use of non-archival references. Be sure to be clear about what work you are citing, and what work is really yours. If you don’t cite a reference for a fact, concept or equation, you are claiming that you came up with it in this paper, and you’ll have to provide proof.
· Figures and Equations:  All figures and equations must be numbered and cited in the text. Figures can be very helpful and save on space.  You are encouraged to use diagrams and other simplified figures to help illustrate points and define your variables.  All figures should be given a caption, including figure number and concise description of figure content.  These figure numbers should be referred to explicitly in text in order to guide the reader as to when looking at the figure will be helpful. 

· Figures copied from a source can only be used if the material is credited to the original authors; just a URL is not sufficient. Equations may also be cut and pasted from a cited source, but must be numbered along with the rest. All variables must be defined; a separate table of nomenclature may be helpful.  
· Content and organization:  Please see the attached rubric for details.  Include section headings, figures, equations, and sample calculations as deemed appropriate.
· Use complete sentences, check spelling, and avoid using first or second person in technical writing.

· Each team member should contribute equivalent amounts to this effort.

Your work must be submitted via Canvas, and will be evaluated for originality using Turnitin software.  We’ll try to make the results visible to you so you can check it in advance.
Evaluation
Critique is a valuable skill. We’ll talk about critique techniques in class, and then you will evaluate somebody else’s report according to our rubric (yes, you’ll get points for doing this). The TAs will review these critiques before assigning a final grade to your report.
Suggested Topics: (see Zotero for more)
1. ‘Majic Fountain’ http://www.thermospokenhere.com/wp/02_tsh/B5700___majic_fountain/majic_fountain.html
2. Vacuum-Launched Rocket http://www.thermospokenhere.com/wp/03_tsh/C7000___vacuum_launch/vacuum_launch.html 
3. Why is sand used in an hourglass instead of a liquid? How can the diameter of the narrowest portion be predicted for a specified sand grain size?
4. Why does a knuckleball appear to “dance”?  What are the effects of some “dirty tricks” in baseball:  (i) lubrication of ball and (ii) roughening/polishing ball surface?
5. On 15 Oct 2009, a 6-year old boy named Falcon Heene (aka “Balloon Boy) was reported missing. Authorities were led to believe that he was in a home-made balloon contraption that was constructed with tarps (which are usually made from High Density Polyethylene) and duct tape and then filled with helium. A day of hot pursuit of the balloon by law enforcement, medical professionals, and the media pursued.  When the balloon landed, the boy was not inside and was later found hiding in an attic.  Should a graduate of this class have been hired to determine if the home-made balloon could support the weight of the boy?  Authorities said the silver balloon, 20-feet long and 5-feet high, at times reached 7,000 feet above the ground while adrift. (http://www.cnn.com/2009/US/10/15/colorado.boy.balloon/index.html) The balloon can be estimated to be an oblate spheroid.
6. Why can a sail boat travel faster than the wind?

7. Why can a water bug walk on water when I can't, and how big could the bug be? Consider the ‘Jesus Lizard’. How fast would a human have to move to avoid sinking when running on water?
8. Prior to 2002, the CO Rockies had troubles recruiting pitchers due to the large number of home runs at Coors field, and thus high ERA’s.  The thought was that at higher elevation, the air is thinner, leading to less drag, and thus balls carried further.  In 2002, they started storing the baseballs in humidors, and the number of homeruns has decreased dramatically.  What is the cause of the large number of homeruns prior to 2002?  What is the cause of the reduction after 2002? 

9. Why is it that I get more snow on my windshield when my car is stopped at a light than when it's moving, but I get more rain on my windshield when it's moving than when it's stopped?
10. How do water rockets work? Consider the design of the Jetlev. These cost $40,000. Could a much less expensive version be developed for children?
11. There are several new air jetpack designs emerging, such as the FlyBoard Air Cavalaire: https://www.youtube.com/watch?v=wObBrd9wB6M. Can the stability and safety of these devices be improved?
12. There is an indoor skydiving facility in Denver. What positions provide the greatest stability and why? 
13. At 16,000 ft. long, runway 16R/34L at Denver International Airport opened in 2003 as the longest commercial runway in the United States. Taxpayers justified the $165 million dollar expense as a necessity for ensuring Denver’s competiveness in attracting cargo and international carriers who fly heavy wide-bodied aircraft larger than those that existed when the airport opened. Why are Denver’s runways longer than those of most other airports and of six runways at DIA why does runway 16R/34L see relatively more use during summer months?  (contribution by previous student Danny Cromer)

14. What basic techniques should a swimmer use to maximize her efficiency?

15. The fastest fishes include black marlin, sailfish, swordfish, yellowfin tuna, and shortfin mako shark. They can swim as fast as 50-100 km/h. They are typically over 2 meters long and a few hundred kg. Why are they all large fish? If their size shrinks by 1000 times, they are then less than 1cm long; does their speed also slow down by 1000 times?  Reynolds number matters!

16. How much difference would you expect in a swimmer’s speed in water vs a gooey substance like mucus or honey?

17. Why do cyclists draft one another?  How much does it help / hurt the leader and the followers?

18. Why is the aerofoil (wing) shape mounted upside down in race cars relative to its mounting in planes?
19. What is the difference between how the airfoil on a race car works and how the spoiler on a passenger car works?
20. Can you spot the flaw in this video about automotive spoilers posted by MIT? https://www.youtube.com/watch?v=TKH1DyV9vNU 
21. On Oct 14, 2012, Felix Baumgartner broke the sound barrier while skydiving:  how was he able to break the sound barrier when the terminal velocity of a typical skydiver is ~120 mph?  Based on calculations, what is his expected falling velocity as a function of height? What is your prediction for his jump duration (actual time: 9min, 3 sec).  At what height do you predict he broke the sound barrier?
22. How can honeybees fly with such big round bodies and small little wings? 
23. Why does a curve ball curve?

24. Does the distance a discus is thrown depend more on drag or lift or both? 

25. How do self-righting and self-bailing boats work?

26. Why does a boomerang return to the thrower?
27. Mountain bike front fork shock absorbers are hydraulic. One company, Fox, publishes fairly detailed designs: http://www.ridefox.com/fox17/help.php?m=bike&id=58 . How do these systems work? What are the forces exerted by the fluid? What do the various disks do?

28. There are several fluids experiments in the ITLL. Most need better documentation. A thorough solution manual for one experiment, complete with documented experimental results will fulfill this project’s requirements. Submit an email pre-proposal for a specific experiment to your instructor by Feb 19.
29. Ninesights (http://ninesights.ninesigma.com) is a clearinghouse for current industrial problems. Browse this site, and find a problem involving fluid mechanics that you can propose a solution to, or perhaps just an analysis of the problem. Submit an email pre-proposal to your instructor by Feb 19.
30. How do waterproof but breathable fabrics work?
31. Feel free to propose any other fluids related question for your project. Submit an email pre-proposal to your instructor by Feb 19.
