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ME 509 – Intermediate Fluid Mechanics 
 

Course Syllabus (Fall 2018) 
 

 
Meeting time and location 
 

Tu/Th, 10:30am – 11:45am in ME 1052 
 
Instructor 
 
 Prof. Ivan C. Christov  

email: christov@purdue.edu URL: http://eng.purdue.edu/jump/ccac69 
 Office: ME 2197 (Gatewood Wing) 

Office phone: (765) 496-3733 
 
Instructor office hours 
 

Tu/Th, 12:00pm – 1:00pm in ME 2197 (unless otherwise instructed), 
or in ME 2197 by appointment (please schedule at least 1 day in advance). 

 
Teaching Assistant (TA) 
 
 None 
 
Textbook 
 
 R. L. Panton, Incompressible Flow, 4th ed., Wiley (2013)   

ISBN-10: 1118013433; ISBN-13: 978-1118013434 
Available online via Purdue Libraries at http://dx.doi.org/10.1002/9781118713075 

 
Course webpages and email communications 
 
To ensure compliance with FERPA and respect everyone’s privacy, grades will be 
available only via Blackboard (https://mycourses.purdue.edu), not via telephone or email. 
All electronic course materials will also be distributed via Blackboard.  
 
We will be using Piazza (https://piazza.com/purdue/fall2018/me509/home) for course 
discussion(s). This online system is catered to getting you help quickly and efficiently from 
classmates, TAs and instructors. Rather than emailing questions to the teaching staff, 
you are highly encouraged to post your questions on Piazza. That said, however, Piazza 
should be used only for ME 509-related general discussion. Posting of assignment 
solution procedures is not allowed, but discussion is encouraged. 
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You will submit your solutions to problem sets online for electronic grading via 
Gradescope (https://www.gradescope.com/courses/22188 with entry code: M8N4DB). 
 
All course communication will occur via your official Purdue email address.  If you prefer 
to use a different email address, make sure that your Purdue email is forwarded to your 
non-Purdue email! 
  
Course description 
 
Topics include (but are not limited to): fluid properties, basic laws for a control volume, 
kinematics of fluid flow, dynamics of frictionless incompressible flow and basic 
hydrodynamics, equations of motion for viscous flow, viscous flow applications, boundary 
layer theory, wall turbulence, lift and drag of immersed bodies. 
 
Learning objectives / course outcomes 
 

1. Unify and strengthen the student’s background in fluid mechanics.  
2. Develop an understanding of the Lagrangian and Eulerian forms of the 

conservation equations.  
3. Master classic solution techniques for basic fluid mechanics problems.  
4. Prepare students to read the current literature and to pursue advanced studies in 

fluid mechanics or aerodynamics. 
 
Prerequisites 
 
 An undergraduate course in fluid mechanics/aerodynamics (ME 309/AAE 334 or 
equivalent); knowledge of advanced calculus, differential equations, linear algebra and 
complex variables; knowledge of basic programming (for example, MATLAB or 
equivalent) will be necessary for some assignments. 
 
Supplementary reference materials  
(on reserve at the Library of Engineering & Science in WALC and/or online through Purdue Libraries) 
 

1. P. Kundu et al., Fluid Mechanics, 6th ed., Academic Press [on reserve]. 
2. D. J. Acheson, Elementary Fluid Dynamics, Oxford Univ. Press [on reserve]. 
3. R. Aris, Vectors, Tensors, and the Basic Equations of Fluid Mechanics, Dover 

[online]. 
4. G. Tietjens, Fundamentals of Hydro- and Aeromechanics, Dover [on reserve]. 
5. M. Van Dyke, An Album of Fluid Motion, Parabolic Press [on reserve]. 
6. Kreyszig’s Advanced Engineering Mathematics, 10th ed., Wiley [also MA 527 

textbook, on reserve, but at the Mathematical Sciences Library]. 
7. National Committee for Fluid Mechanics Films: http://web.mit.edu/hml/ncfmf.html 

  
Readings from the course textbook (and, occasionally, readings or viewings from these 
supplementary references materials) will be assigned periodically. It is expected that 
students read (or watch) the assigned material prior to class. The material covered in the 
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assigned readings (or viewings) reinforces the material already covered during lectures, 
hence it may appear on the exams. 
 
Grading policy 
 
Letter grades, including +/-, will be assigned based on the following binning of scores:  

97 ≤ score          Þ A+     93 ≤ score < 97 Þ A     90 ≤ score < 93 Þ A-  
87 ≤ score < 90  Þ B+     83 ≤ score < 87 Þ B     80 ≤ score < 83 Þ B-  
77 ≤ score < 80  Þ C+     73 ≤ score < 77 Þ C     70 ≤ score < 73 Þ C-  
67 ≤ score < 70  Þ D+     63 ≤ score < 67 Þ D     60 ≤ score < 63 Þ D-  
score < 60          Þ F  

Final grades will be normalized (i.e., divided) as needed by, for example, the largest final 
score in the class and multiplied by 100. The value of the normalization score may be 
smaller than the largest final score, based on the instructor’s discretion and the overall 
course performance. For example, if the largest final score in the class is a 95, all other 
scores will be divided by a value ≤ 95. Depending on class performance, exam or 
assignment scores may also be curved. In all cases, the order of students’ scores will be 
preserved (i.e., students with higher raw scores will have higher curved scores). 
 
All final scores adjustments are at the discretion of the instructor. 

 
Relative weights in final grade: problem sets (lowest one dropped) = 45%, midterm exam 
= 25%, final exam = 25%, and 5% of the final grade will be assigned at the instructor’s 
discretion for attendance and participation. 
 
Problem sets 
 
Problem sets will be assigned on an approximately weekly basis. Problem sets will be 
graded such that the majority of the credit can be obtained by figuring out the right 
approach to a problem, not necessarily obtaining an error-free final answer. Solutions will 
be provided, and students are urged to compare their work against the answer key. 
Discussion of specific problems should primarily occur in office hours or via Piazza.  
 
Collaboration on problem sets is encouraged as an essential part of learning the material, 
but the work submitted by each student must be each student’s own. Unless otherwise 
stated, homework will be posted on Blackboard at 12:01am on Saturdays and will be due 
at 11:59pm on the following Friday. Students must upload your problem set solutions 
as a legible, high-resolution PDF document to Gradescope 
(https://www.gradescope.com/courses/22188 with entry code: M8N4DB).  
 
If you email your solutions to the Instructor (instead of uploading them to Gradescope), 
or the document is illegible, then no credit (a score of zero) will be given for the 
assignment. Absolutely no late submissions will be accepted. 
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Exams 
 
An in-class midterm exam and a final exam (to be scheduled by the registrar) will be 
given. Exams will be closed book/notes/etc., but 1 “crib” sheet of paper (two sided) will 
be allowed on the midterm, while 2 “crib” sheets of paper will be allowed on the final. You 
are free to choose what formulas or other course material to include on these sheets. 
Calculators will not be needed in this course. 
 
General policies and further particulars 
 
Attendance: Enrolled students are expected to be present for every meeting of the class. 
Only the instructor can excuse a student from a course requirement or responsibility. In 
case of expected or unexpected absence, the student should contact the instructor as 
soon as possible by email. Further details on Purdue’s class absence policy are available 
at http://www.purdue.edu/advocacy/students/absences.html 
 
Students with disabilities: Purdue University strives to make learning experiences as 
accessible as possible. If you anticipate or experience physical or academic barriers 
based on disability, please make an appointment to speak with the instructor within the 
first three (3) weeks of the semester to discuss options. Students are also encouraged to 
contact the Disability Resource Center (DRC) at: drc@purdue.edu or by phone at (765) 
494-1247. It is the student’s responsibility to notify the DRC of an impairment/condition 
that may require accommodations and/or classroom modifications. 
 
Electronic devices: No devices with connectivity of any sort may be used or even be 
visible during in-class exams. Please try to limit the use of electronic devices during 
lectures, especially those that can unexpectedly make noise. 
 
The Purdue University Code of Honor is in effect: 

“As a boilermaker pursuing academic excellence, I pledge to be honest    

 and true in all that I do. Accountable together – we are Purdue.” 
https://www.purdue.edu/provost/teachinglearning/honor-pledge.html  
 
Academic integrity: Academic integrity is one of the highest values that Purdue University 
holds. Individuals are encouraged to alert university officials to potential breaches of this 
value by either emailing integrity@purdue.edu or by calling (765) 494-8778.  While 
information may be submitted anonymously, the more information that is submitted 
provides the greatest opportunity for the university to investigate the concern. All students 
are expected to understand and adhere to Purdue’s policy on academic integrity: 
https://www.purdue.edu/odos/osrr/academic-integrity/index.html 

Ø Incidents of academic misconduct in this course will be referred to the Office of the 
Dean of Students (ODOS) for review at the university level, where penalties, 
including expulsion from the university, may result. Any violation of course policies 
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as it relates to academic integrity/misconduct will result, at a minimum, in a zero 
grade for that particular assignment. 

Ø Furthermore, if a student is involved in one (1) or more academic dishonesty 
incident, then 25 percentage points will be deducted from that student’s final 
course score, yielding a maximum final grade of “C” for the course. 

Ø If a student is involved in two (2) or more academic dishonesty incidents, then that 
student will receive a final grade of “F” for the course.  

Specifically, while discussing assignments with classmates is acceptable, all 
submitted work must be your own. In-class exams must be completed independently. 
Violations of “Course materials and commercial web pages” below will be treated as 
incidents of academic dishonesty. 
 

Regrades: Assignment regrade requests must be submitted within one (1) week of 
the date the graded document has been made available to the student. After one week, 
regrades will not be considered. Regrade requests must include a written statement with 
justification for the regrade. Exams and assignments will be regraded from scratch, which 
may result in a lower score than the original one. 
 
Course materials and commercial web pages: In general, class notes (including answer 
keys to old exams or homework) are “considered to be ‘derivative works’ of the instructor's 
presentations and materials, and they are thus subject to the instructor's copyright in such 
presentations and materials.”  As such, they cannot be sold or bartered (for example, 
on commercial web pages) without express written permission; see also item J in 
http://www.purdue.edu/studentregulations/student_conduct/misc.html  
 
Nondiscrimination: Purdue University is committed to maintaining a community that 
recognizes and values the inherent worth and dignity of every person; fosters tolerance, 
sensitivity, understanding, and mutual respect among its members; and encourages each 
individual to strive to reach his or her own potential. In pursuit of its goal of academic 
excellence, the University seeks to develop and nurture diversity. The University believes 
that diversity among its many members strengthens the institution, stimulates creativity, 
promotes the exchange of ideas, and enriches campus life Purdue’s nondiscrimination 
policy can be found at https://www.purdue.edu/purdue/ea_eou_statement.php 
 
Purdue University is committed to advancing the mental health and well-being of its 
students. If you or someone you know is feeling overwhelmed, depressed, and/or in need 
of support, services are available. For help, such individuals should contact Counseling 
and Psychological Services (CAPS) at (765) 494-6995 and http://www.purdue.edu/caps 
(during and after hours, on weekends and holidays), or through counselors physically 
located in PUSH (business hours). 
 
 
 

This syllabus is subject to change with proper notice. 
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EMERGENCY PREPAREDNESS SYLLABUS ATTACHMENT  
 

 
 

EMERGENCY NOTIFICATION PROCEDURES are based on a simple concept – if you hear 
a fire alarm inside, proceed outside.  If you hear a siren outside, proceed inside.  

• Indoor Fire Alarms mean to stop class or research and immediately evacuate the 
building. 

• Proceed to your Emergency Assembly Area away from building doors.  Remain outside 
until police, fire, or other emergency response personnel provide additional guidance or 
tell you it is safe to leave.   

• All Hazards Outdoor Emergency Warning Sirens mean to immediately seek shelter 
(Shelter in Place) in a safe location within the closest building. 

o “Shelter in place” means seeking immediate shelter inside a building or 
University residence.  This course of action may need to be taken during a 
tornado, a civil disturbance including a shooting or release of hazardous 
materials in the outside air.  Once safely inside, find out more details about the 
emergency*.  Remain in place until police, fire, or other emergency response 
personnel provide additional guidance or tell you it is safe to leave.   

*In both cases, you should seek additional clarifying information by all means possible…Purdue 
Emergency Status page, text message, Twitter, Desktop Alert, Albertus Beacon, digital signs, 
email alert, TV, radio, etc. Review the Purdue Emergency Warning Notification System multi-
communication layers at http://www.purdue.edu/ehps/emergency_preparedness/warning-
system.html  
 
EMERGENCY RESPONSE PROCEDURES: 

• Review the Emergency Procedures Guidelines 
https://www.purdue.edu/emergency_preparedness/flipchart/index.html  

• Review the Building Emergency Plan (available on the Emergency Preparedness 
website or from the building deputy) for: 

o evacuation routes, exit points, and emergency assembly area, 
o when and how to evacuate the building, 
o shelter in place procedures and locations, 
o additional building specific procedures and requirements. 

 
EMERGENCY PREPAREDNESS AWARENESS VIDEOS: 

• "Shots Fired on Campus: When Lightning Strikes," is a 20-minute active shooter 
awareness video that illustrates what to look for and how to prepare and react to this 
type of incident.  See:  http://www.purdue.edu/securePurdue/news/2010/emergency-
preparedness-shots-fired-on-campus-video.cfm  (link is also located on the EP 
website). 

 
MORE INFORMATION: 
Reference the Emergency Preparedness web site for additional information: 
https://www.purdue.edu/ehps/emergency_preparedness/ 
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ME 509 – Intermediate Fluid Mechanics 
 

Tentative Course Schedule (Fall 2018) 
 
 
 

(Course week) Class dates Lecture topic Assigned reading (skip Panton * 
sections, unless otherwise directed) 

(1)    8/21 
 
        8/23 

Introduction, “what is a fluid?” 
 
Index notation, vector & tensor calculus 
review 

Panton, Ch. 1 
 
Panton, Ch. 3 
Optional: Aris, Ch. 2 & 3 

(2)    8/28 
 
 
 
        8/30 

Basics, fluid kinematics, Eulerian vs. 
Lagrangian viewpoint 
 
 
Basic laws: conservation of mass, begin 
conservation linear momentum 

Panton, Ch. 4; watch “Deformation of 
Continuous Media” and “Eulerian 
Lagrangian Description” (NCFMF) 
 
Panton, Ch. 5 

(3)    9/4 
 
 
        9/6 

Basic laws: conservation of linear 
momentum (continued) 
 
Basic laws: the energy equation 

Panton, Ch. 5 
 
 
Panton, Ch. 5 [skip 5.9–5.11,5.17,5.18] 

(4)    9/11 
         
 
        9/13 

Basic laws applied: the Navier–Stokes (NS) 
equations 
 
More NS, examples, boundary conditions 

Panton, Ch. 6 
 
 
Panton, Ch. 6 
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(5)    9/18 
        
 
        9/20 

More NS, unidirectional flows (Poiseuille 
and Couette) 
 
Dimensional analysis 

Panton, Ch. 6 & Sect. 7.1–7.4, 11.3 
[optional, 11.1–11.2] 
 
Panton, Ch. 8 

(6)    9/25 
 
 
        9/27 

More dimensional analysis; introduction to 
self-similarity 
 
More self-similarity, NS exact solutions 

Panton, Ch. 8 & Sect. 7.7 
 
 
Panton, Ch. 11.3, 11.4, 11.8, 11.9 

(7)    10/2 
 
 
        10/4 

Streamfunction–vorticity formulation, 
vorticity dynamics 
 
More vorticity dynamics; and/or catch-up & 
review for midterm 

Panton, Sect. 12.1, 12.2 & 12.4;  
Panton, Sect. 13.1–13.4 
 
Panton, Sect. 13.1–13.4; 
watch “Vorticity Parts 1 & 2” (NCFMF) 

(8)    10/9 
 
        10/11 

NO CLASS – OCTOBER BREAK 
 
MIDTERM EXAM 

Take a break and/or study 
 
Covers material up to & including 10/4 

(9)    10/16 
 
        10/18 

Inviscid flows 
 
Inviscid, irrotational, incompressible (ideal) 
flows: governing equations 

Panton, Sect. 16.1–16.3 
 
Panton, Sect. 18.1–18.2 
 

(10)   10/23 
 
         10/25 

Ideal flows: example flows 
 
Viscous boundary layers (BLs): derivation 
of BL equations 

Panton, Ch. 18.3–18.7 
 
Panton, Sect. 16.4; watch 
“Fundamental Boundary Layers” 
(NCFMF) 

(11)   10/30 
 

More viscous BLs: BL thickness, Blasius 
problem  

Panton, Sect. 20.1 
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          11/1 

 
More viscous BLs: more thicknesses, von 
Kármán momentum integral 

 
Panton, Sect. 20.2–20.3 
 

(12)    11/6 
 
 
          11/8 

Separation, Falkner–Skan BLs, wedge flow 
 
Low Reynolds number (Re) flow, and past a 
sphere 

Panton, Sect. 20.11, 20.5, 18.2 
 
Panton, Ch. 21.1–21.3, 21.8; watch 
“Low Reynolds Number Flow” (NCFMF) 

(13)    11/13 
           
 
          11/15 

More low Re flows: planar flows, wedges, 
Taylor scraper, Moffatt vortices 
 
Lubrication theory: Reynolds’ equation  

Panton, Ch. 21.4 
 
 
Panton, Ch. 22.1, 22.3 

(14)    11/20 
 
          11/22 

Class CANCELLED due to APS DFD 
 
NO CLASS – THANKSGIVING 

Get started with Thanksgiving 
 
Enjoy some turkey 

(15)    11/27 
 
          11/29 

Lubrication theory: examples 
 
Introduction to hydrodynamic stability 

Panton, Ch. 22.4, 22.5, 22.7 
 
Panton, Sect. 25.1, 25.2 & 25.4 

(16)    12/4 
 
          12/6 

Kelvin–Helmholtz instability, transition  
 
Introduction to turbulence, Reynolds 
averaging, Kolmogorov’s law; review 

Panton, Sect. 25.1, 25.2 & 25.4;  
watch “Flow Instabilities” (NCFMF) 
 
Panton, Sect. 26.1–26.4;  
watch “Turbulence” (NCFMF) & above 

(17)    Date: 12/13  
          Time: 8am-10am 
          Room: ME 2061 

FINAL EXAM All of the above 
Covers material up to & including 11/29 

 
This schedule is subject to change with proper notice. 
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