ME 3340: Undergraduate Fluid Mechanics
Fall 2023 syllabus for section D
Last updated 12/8/23

“If you want to build a ship, don’t drum up people to gather wood, divide the work, and give orders. Instead, teach them to yearn for the vast and endless sea.”― Antoine de Saint-Exupéry 

Instructor			David L. Hu 
Office: 			Love 124
General questions:	I prefer questions on homework to be sent to a public forum rather than email.  Class groupme. My contact
Please avoid using canvas email since I don’t check it very often.  Use groupme (best) or email directly to me.
Private questions:		hu@me.gatech.edu

Class Schedule:		Section D	08:00 - 9:15 am		MW	Instr Center 109

Recitation:			Young Jae Ryu youngjaeryu@gatech.edu
				M 05:00 -06:15pm Instr Center 111 (starts Aug 28)
				M 06:30 -07:45pm Instr Center 115
W 05:00 -06:15pm Instr Center 111
Hu’s 2023 OneNote (9/11 onward) :	OneNote	 
Hu’s 2020 recorded lectures on YouTube
				
Hu Office hours:	Generally, MW12-2 and Tues 11am in Love 124.  
	For specific weekly times, see signup here 
Online Office Hours:	M 8pm or by appointment at Hu zoom For online office hours, your stylus and computer tablet highly recommended with Miro software.

Online Shell tutoring:	Schedule to be updated by third week of class.  Austin Jones, ajones467@gatech.edu 
Large group tutoring (shell tutoring): Tuesday/Thursday 6-8pm in person MRDC 4th floor.
Small group/individual tutoring (by appointment): through knack tutoring. 

Important Dates 
Notes and calculators are not allowed for quizzes.  However, I suggest you make a one-page summary sheet that you review before the quiz is given to you.  This summary sheet should be turned in with your homework.
 
	Quiz 0 on calculus pre-requisites
	Aug 30

	Quiz 1
	Aug 30

	Course project phase 1 due on gradescope
	Sept 11-13

	Quiz 2
	Sept 13 (only two lectures before this quiz)

	Quiz 3
	Sept 27

	Course project phase 2 due on gradescope. Midterm grades given out
	Oct 4

	Quiz 4
	Oct 11 (only two lectures before this quiz)

	Quiz 5
	Oct 25 

	Withdrawal Deadline
	Oct 28

	Quiz 6
	Nov 8

	Quiz 7
	Nov 27 (right after Thanksgiving break)
Note: Nov 20, class is asynchronous

	Course Project Presentation in class
	Nov 29, Dec 4: schedule 

	Grades submission deadline
	December 18, noon



Course grade

60% 	Eight quizzes
20% 	Homework
20% 	Course project
Final grades are generally not curved.  (90.0-100% is an A, etc).  

Homework
Each homework will be graded out of 10 points. Homework is due on gradescope by 11pm Friday of the quiz, but I encourage you to do it before the quiz. Late homework will be penalized 1% per hour late (or approximately 24% per day).  Since quizzes will generally not require you to include units or numerical answers, homework solutions may also be given in algebraic form.

Homework solutions are on canvas files.  Two solutions are provided.  The first is from Munson’s textbook.  The second is from an undergrad student, Wei Pao, to serve as an aid to the first set of solutions.  Quiz solutions and course project examples are also provided.

To obtain a full score, homework should be correct and indicate personal effort without mindlessly copying the exact diagram, variables, and method from the given solutions.  An additional 2 bonus point may be awarded by the grader if their homework section 2-3 is particularly well-presented, original, insightful, useful, creative, engaging, and fully referenced with any resources used. The bonus points can also be used to reward extraordinary improvement. 
1. Complete three problems of your choice before the upcoming quiz (Quizzes 1-7) (6 points).  
2. Develop and write up an additional 1-2 homework problems and solutions on the given topic (2 points).  Give references if these problems are found from other sources.
3. Write a 1-2 page “cheat sheet” for the quiz.  Include goal of the method, diagrams, important formulas, important concepts, variations in problem type, and tricky parts of the problem to watch out for. We may share the best cheat sheets with class. (2 points)

Quiz 0 on Pre-requisites: Derivatives, Integrals, Vector Calculus, ODEs, Miscellaneous.  See Canvas for “quiz 0 materials” a 22-page pdf.   Office hours for quiz 0:  W2-3pm with David Ancalle on teams. Useful for working out integrals and graphing: https://www.integral-calculator.com

Quiz 1 on Dimensional Analysis: units, dynamic similarity, when dynamic similarity not possible, weirs, pouring, propellers, force, torque, FLT vs MLT
7.3.14
7.3.20
7.8.1
7.8.3
7.9.11

Quiz 2 on Hydrostatics: slanted surface, curved surface, manometers, gate, round cut-out, problem with two densities, buoyancy, Archimedes Law.  Problems will be unit depth into page. You will not be responsible for parallel axis theorem, 3-D problems, pressure prism method.  Instead, you will need to form integrals to calculate force and torque.
2.6.5
2.6.6
2.6.11
2.6.24
2.6.32
2.8.13
2.8.18
2.8.34
(Ref. P 2.8.33)
2.10.2

Quiz 3 on Bernoulli’s Law: pipe branch, pipe contraction, syphon, manometer, multiple tanks, free jet, nozzle
3.6.19
3.6.27
3.6.30
3.6.37
3.6.62
3.6.72
3.6.84
3.6.87
3.6.89

Quiz 4 on Control Volumes, Part I: Mass and Linear momentum: y-duct, filling a container, leaky needle, pipe bend; fluid striking inclined plate, conical deflector, or a dish; impact of two water jets, sluice gate water sprayed radially
5.1.14
5.1.27
5.1.30
5.2.4
5.2.5
5.2.17
5.2.20
5.2.23
5.2.25
5.2.29

Quiz 5 on Control Volumes, Part II: Rotation and Energy: sprinkler, inclined pipe, syphon, pipe elbow and expansion, hydraulic jump
5.2.49
5.3.8
5.3.10
5.3.11
5.3.12
5.3.16
5.3.33
5.3.35
5.3.38

Quiz 6 on Potential Flow: flow rate given velocity potential, flow against infinite plane, wedge, bathtub vortex, hump, pond, hut, cylinder
6.2.12
6.4.11
6.5.4
6.6.1
6.6.5
6.6.7
6.6.10

Quiz 7 on Navier-Stokes Equations: Rectilinear: flow between two parallel discs, Couette flow with stationary walls, moving walls or two fluid viscosities; lubrication flow.  Cylindrical: Poiseuille flow, rotating cylinder—flow inside or outside, flow in an annulus

Rectilinear coordinates:
6.9.6
6.9.8
6.9.10
6.9.11
6.9.14
6.9.15

Cylindrical coordinates:
6.9.21
6.9.26
6.9.27
6.9.29
Demos

First day:  pink flapper

Quiz 1 on Dimensional Analysis: dropping balls in different viscosity

Quiz 2 on Hydrostatics: hinged dam, hydraulic lift, Pascal’s barrel (team needed to fix this)

Quiz 3 on Bernoulli’s Law: ping pong ball in cone, potato gun, water clock, venturi suction, flow rate measurement

Quiz 4 on Control Volumes, Part I: Mass and Linear momentum: none

Quiz 5 on Control Volumes, Part II: Rotation and Energy: sprinkler

Quiz 6 on Potential Flow: magnus effect on a styrofoam cylinder, wind tunnel
Quiz 7 on Navier-Stokes Equations: rectilinear coordinates: none
Course Expectations
	This course involves homework, in-person quizzes, and a team-based course project with deliverable throughout the semester.  The latter involves coordination with classmates, regular discussions with the professor, and either a numerical or a hands-on component to the project.  
Course Objectives
· use dimensional analysis and similitude
· analyze inviscid and viscous flows using control volume and differential analysis
· understand mathematics problems both mathematically and physically
· start and finish fluid mechanics problems and present concise explanations
· check problem answers for correctness and physical plausibility

How to succeed in this class
· come to class on time and prepared
· actively try the warm-up and group problems and ask questions
· come to recitation office hours.  Students who work together in office hours usually get an A or B in this class
· know your calculus pre-requisites, which will be used for quizzes 2-7
· some students benefit from reading the textbook
· review the online lectures and skim through the examples in the book after class
· if your quiz grades are lower than desired, get 1-on-1 help from office hours, Shell Tutoring, or a study group. 
· quizzes 4-7 are the most difficult.  Prepare to spend extra time on them.
· if you fail the first two quizzes, please contact the instructor with a plan for: forming a study group, changing study habits, and improving your performance.  

Text  The only recommended text for the class is:

Fundamentals of Fluid Mechanics (9th edition, 2021) by Munson, Young, Okiishi, Huebsch.  

Note that the 7th and 8th edition will have different problems than the ones covered in class, so we encourage you to get the 9th edition.  There is no need to buy the more expensive Wiley Plus version.

Milton Van Dyke has an inspirational book on flow visualization, out of print but available online. 

Lecture Every lecture, I will teach a few examples and then we will break up into groups of 3-8 people to practice quiz problems together. 

Prerequisites Multivariable calculus, ordinary and partial differential equations , statics (free-body diagrams), Mechanics (Forces and movements; equilibrium; stress and strain),  Dynamics of rigid bodies (Center of mass motion, kinematics and kinetics, energy and momentum), Thermodynamics.  
Course project.  A group of 2-3 people will build a classroom demonstration of a fluid mechanics phenomenon, build a prototype of a real product, perform original research, or perform a numerical simulation on a topic of their choosing.  A brief proposal is due mid-semester that will be graded for completeness and receive a few brief guiding comments. The final video will be graded on originality and ability of the project to engage an audience (10 pts), relation to fluid mechanics (10 pts), communication skills (10 pts), and level of difficulty (10 pts).  Any images/movies used from other sources should have a short citation (author, year) when shown on the video.  If you prefer to work alone due to extenuating circumstances, please obtain permission from instructor.  Working alone is not recommended, but is possible if necessary.
If product design is selected as the project, the goal would be to write a successful I2P proposal by end of the semester with Hu as the faculty mentor.  
Presentations will be pre-recorded YouTube videos with a maximum duration of three minutes.  After the video is shown in class, two additional minutes will be given for demonstrations and answering questions.  To receive credit for this assignment, attendance is required for all presentations.  
Grades for the course project will be taken from the whole spectrum of grades, A-F.  However, because this is a team-based project, the course project cannot increase your grade more than a single letter grade.  The graders, TA, and instructor will all be judges on the project presentation, in which projects will be ranked on the following: an original idea, impressive build, relevant theoretical analysis, and a clear and engaging video.  Remember your audience is smart but skeptical so you will have to convince them. 

Course Project Hall of Fame

	2019
	 Emily Fourney and Gabe Cervantes 
	plant watering
	

	2020
	Danielle Newman, Dustin Coha, Davis Brown
	water clock
	

	2021
	Alex Castrejon, Claire Young, Koji Shimada
	The Venturi Effect
	

	2022
	Denzel Carter, Kwame McCollum, Matthew Mckenna
	Wind Tunnel
	

	2023
	Jacob Riesel, Austin Graves

	Atmosphere-Breathing Electric Propulsion (ABEP) Ion Thruster

	

	2024
	Your name here
	
	




2021 Honorable mentions:
Lauren Duderstadt, Rohan Banerjee, and Marc Maquiling Resisting Torque on a rotating variable angle pipe
Ronan Sullivan, Jamie, Adam	Draining Shapes
Zach Welchel and Lauren Sigut	Dual outlet sprinkler head
Nathan Grund, Patrick McElligott, Luc Livio	Taylor-Couette Flow Centrifuge

2022 Honorable mentions:
Anna Pavleszek, Isabelle Gustafson, Sonali Pradhan Flatulence
David Claffey, Sana Hafeez, Daniel Tikalsky Dams
Adithya Chimalakonda, Charli Kwan, Francisco Solares Fire tornado
Will Bartlett, Brett Baxter, Adriano Bayz Flow rate measurement using humps

2023 Honorable mentions:
Kevin Lee, John Wilson, Nathan Lawrence	Peruvian Whistling Bottle
Maham Mehmood, Devasena Sitaram, Shreya Terala	Betz's Law

	The projects above each chose a single simple fluid mechanics idea and did a great job with the build, the experimental measurement, and theoretical analysis.  Ideas that don’t score as well may be too ambitious, too complicated, or do not have a clear or surprising final result.  

Ideas that are routinely rejected, unless concerns with originality or feasibility are addressed:
1. reversible flow due to spinning cylinder at low Re
2. Heron’s fountain (too much glue needed to make vacuum chamber)
3. hydraulic jack (not visual enough; several versions are in my office)

· PROPOSAL PHASE 1 is a numbered list of at least 2-3 project ideas that the student would want to conduct.  Each idea should have a question to be answered and 1-2 sentences about why this is an interesting and feasible project.  A proposed team of 2-3 individuals should be suggested. Approval of at least 1 idea by the professor is required to proceed to phase 2. (this is ungraded, but late submissions will not be accepted)

· PROPOSAL PHASE 2 will be a 1-2 page (single spaced, 12-point font) plan of the project to be conducted.  The proposal should include background and justification (why would anyone want to do this project and why should anyone want to hear about it), a statement of hypotheses to be tested (these can be in the form of questions or falsifiable statements), how the hypotheses will be tested (i.e., what experiments will be conducted), and how data will be interpreted.  It is also a good idea to include preliminary results, and a statement of further expected results, and how the results relate to the goals of the project.  The proposal can include a few citations, not included in the page limit.  Future tense should be used. (this is ungraded, but late submissions will not be accepted)
· Final presentation advice. Keep on working on your topic till you get a surprising result.  Try to convey the result so the class has intuition for the answer.  Less is more.  Make sure to cite any graphs or facts that you use with last name, journal, year.  A reference list can be given at the end.  Make sure most of the speaking is at a normal pace: avoid speeding up the whole video to make it fit in the time constraint.
· Project idea 1: Construct an in-class portable demonstration of a fluid mechanics phenomenon. It should be aesthetically pleasing and robustly built.  Dimensions should be less than one cubic foot.  Transparent materials should be used if possible.  
· Project idea 2: Do a computer simulation or mathematical model using solidworks or Comsol or Potentialflow.com
· Project idea 3: Problems can be adapted from fluid mechanics literature available online:  examples include the websites and journals:
a. https://fyfluiddynamics.com,
b. http://www.smartereveryday.com
c. https://physicstoday.scitation.org/journal/pto
d. https://www.cambridge.org/core/journals/journal-of-fluid-mechanics
e. https://journals.aps.org/prfluids/
Grading questions  All grading questions must be brought up within ONE WEEK after the grades of homework or quizzes are posted on Canvas. It is your responsibility to visit me to review the solutions if you have questions regarding the results of your homework or quiz.
Technical errors with homework and quiz uploads
All homework will be allowed 2 uploads before the deadline.  Quizzes uploads are due at the end of class.  Homework is due by 11pm of the deadline.  Please be responsible and check your upload.  If you forget to upload the document or upload an incorrect document, the student will receive at most 50% of their new grade once the correct document is submitted.  I recommend using AdobeScan app and logging in with your GT username. 
End of semester
If you would like me to write a recommendation letter, please send me the request and deadline by email.  
If you wish to send me a thank you note, it is appreciated.  Please do so using the forum below: thankateacher.gatech.edu
Missing Classes for Personal Emergencies. Students that miss a lecture should see the class notes, review the YouTube lecture, and catch up with classmates.  Students may need to miss a quiz due to personal emergencies. The Office of the Vice President and Dean of Students can assist students with documented emergencies by contacting professors on behalf of the student. For more information, please call the Office of the Vice President and Dean of Students or complete the Request Assistance Form.
Makeup policy.  If the appropriate documentation is supplied for an excused absence, the students will be given a single opportunity to make up the assignment. Special care in selecting the appointment should be given since multiple appointment changes or cancellations may result in the student receiving a zero for the assignment.  
Quiz makeups are given online on Canvas Honorlock at the convenience of the instructor, which is usually when all students can take the makeup at the same time.  As much as possible, testing conditions should resemble the conditions of an in-class quiz class.  The quiz should be done on hard copy.  No tablet writing is permitted due to security reasons.
COVID  the institute is now following CDC guidelines which does not require isolation/quarantine after exposure to a COVID infected person.  
Institute Approved Activities Students who are absent because of participation in approved Institute activities (e.g. conferences, work-related travel, athletic events) will be permitted to make up the work missed during their absences. Approval of such activities will be granted by the Student Academic and Financial Affairs Committee of the Academic Senate, and statements of the approved absence may be obtained from the Office of the Registrar. 
Honor code  Cheating off of another person’s exam is unethical and unacceptable. Cheating is a violation of the GT Academic Honor Code and will be dealt with accordingly.
Diversity & Inclusion Statement: I strive to create a learning environment that supports and honors the diversity of perspectives, experiences, and thoughts represented among us and beyond the classroom. Please help me do this by: 
· Informing me if your name or pronouns differ from those that appear on your official record. 
· Informing the instructional team if you feel that your personal experiences outside of class are impacting your performance in class. 
· Informing an instructor or TA about anything that was said or done in class that made you feel uncomfortable. 
· Giving us suggestions on how we can improve the lecture and project experience to make all participants feel included and valued. 
Additional online material
David Ancalle videos:
https://www.youtube.com/playlist?list=PLXLUpwDRCVsQzHsd7mCotb4TbLZXrNpdc


Don Webster’s videos
https://webster.ce.gatech.edu/fluid-mechanics-cee3040-lecture-videos/

I also recommend videos from the following sources, which have been compiled from John Biddle (Cal Poly Pomona), Michel van Biezen (Loyola Marymount University), Brian Schendt (Rutgers), CPPMechEngTutorials, Victor Ugaz (Texas A&M).  To see a longer lecture, watch Don Webster’s videos, as he also references problems in the book.


	 Topic
	Online lectures
	Homework

	Calculus Pre-requisites
	1. Derivatives
2. Integrals
3. Vector calculus
4. Ordinary differential equations
5. Miscellaneous
	Quiz 0 on Calculus: 

	Dimensional Analysis
	https://www.youtube.com/watch?v=3gxNrc_EEN8  (dimensional analysis, Kamrin)
1. Properties of Fluids
1. Properties of Fluids – Density
2. Properties of Fluids – Viscosity 
3. Properties of Fluids – Surface Tension
1. Dimensional Analysis & Similitude
1. Dimensional Analysis & Similitude Example 1 – Building
2. Dimensional Analysis & Similitude Example 2 – Venturi Meter
2. Finding Dimensionless Groups
1. Finding Dimensionless Groups Example 1 – Surface Waves
2. Finding Dimensionless Groups Example 2 – Sphere Flow
3. Finding Dimensionless Groups – Pitfalls
	Quiz 1 on Dimensional Analysis 


	Hydrostatics
	1. Hydrostatic Pressure
2. Hydrostatic Pressure Variation

1. Hydrostatic Pressure Variation – Review of Taylor Series Expansion
2. Hydrostatic Pressure Variation Example 1 – Swimming Pool
3. Hydrostatic Pressure Variation Example 2 – Car Lift
3. Simple Manometers Example 1 – U-tube
1. Simple Manometers Example 2 – Multifluid
2. Hydrostatic Forces on a Planar Surface
1. Hydrostatic Forces on a Planar Surface – Line of Action of the Force
2. Hydrostatic Forces on a Planar Surface Example 1 – Rectangular Gate 
3. Hydrostatic Forces on a Planar Surface Example 2 – Inverted Gate
2. Hydrostatic Forces on a Curved Surface
1. Hydrostatic Forces on a Curved Surface Example 1 – Dam
2. Buoyancy
	
Quiz 2 on Hydrostatics

	Bernoulli’s Equation
	1. Bernoulli Equation
1. Bernoulli Equation – Definition of Pressure Terms
2. Bernoulli Equation Example 1 – Converging Nozzle 
3. Bernoulli Equation Example 2 – Pitot Static Tube
4. Bernoulli Equation Example 3 – Duct and Manometer
https://www.youtube.com/watch?v=VA03j6t5F-8&t=2s  (Bernoulli, van Biezen)
5. 
	
Quiz 3 on Bernoulli’s Law

	Control volumes, mass and linear momentum
	1. Conservation of Momentum – Reynolds Transport Theorem
1. Conservation of Momentum Example 1 – Nozzle Flow
2. Conservation of Momentum Example 2 – U elbow
3. Conservation of Momentum Example 3 – Windmill
4. Conservation of Momentum Example 4 – Drag Force on Model
https://www.youtube.com/watch?v=ObKwjK0vU2c&t=12s (Conservation of momentum, CPPMechEngTutorials)
 
	
Quiz 4 on Control Volumes, Part I: Mass and Linear momentum

	Control volumes, angular momentum and energy
	1. Conservation of Angular Momentum
1. Conservation of Angular Momentum Example – Sprinkler
2. Conservation of Energy
1. Conservation of Energy – Engineering Formulation
2. Conservation of Energy Example 1 – Kinetic Energy Correction Factor
3. Conservation of Energy Example 2 – Pool
4. Conservation of Energy Example 3 – Pump/Turbine
5. Conservation of Energy Example 4 – Flow Direction
6. Conservation of Energy Example 5 – Steam Turbine

https://www.youtube.com/watch?v=TTrOdsfELYk (Angular momentum example, Schendt)
 
https://www.youtube.com/watch?v=fK-fgHpqSg8 (Angular momentum example 2, Schendt) 
 

https://www.youtube.com/watch?v=MYF9Wxcb4Ug  (Conservation of Energy, CPPMechEngTutorials)


	
Quiz 5 on Control Volumes, Part II: Rotation and Energy


	Potential Flow
	https://www.youtube.com/watch?v=xf_R7RBE8Og at 6:00  (comprehensive lecture)
https://www.youtube.com/watch?v=9Of8WCmFGpg (from 11:20) and the follow-up lecture – https://www.youtube.com/watch?v=gLPJAjyiUxA Optional short lectures https://www.youtube.com/watch?v=x8_pfo1-MmI , https://www.youtube.com/watch?v=Zmuq5u9gkX4 , https://www.youtube.com/watch?v=Z7v9soqVS70 https://www.youtube.com/watch?v=lzNhSIHBizw , https://www.youtube.com/watch?v=StM6ICd-Yfs , https://www.youtube.com/watch?v=VjyvHjkXCNU
	
Quiz 6 on Potential Flow
 


	
Navier-Stokes
	1. Continuity Equation 
1. Continuity Equation Example 1 – Diverging Flow
2. Continuity Equation Example 2 – Nozzle Flow
2. Navier-Stokes Equations
1. Navier-Stokes Equations Example 1 – Couette Flow
2. Navier-Stokes Equations Example 2 – Poiseuille Flow
 
https://www.youtube.com/watch?v=xLQNqwPUuN4  (Navier Stokes pipe flow, Ugaz)
 
https://www.youtube.com/watch?v=pVLCmT5lkw4  (Navier Stokes pipe flow part 2, Ugaz)
	Quiz 7 on Navier-Stokes Equations: rectilinear coordinates
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2

