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MAAE 3300: Fluid Mechanics II  

WINTER 2017 

COURSE OUTLINE 

 

 
Section B 

 
Dr. Daniel Feszty 

INSTRUCTOR  

Office: CB 3207 

Phone: 613 520-2600 ext. 5783 

Email: daniel.feszty@ carleton.ca 

Office Hours: 

After class on Tuesday and/or by 

appointment (please email me and 

write ‘MAAE3300’ in the subject line). 

Lectures: 
Tue, Thu: 8:35am – 9.55pm 

SA 306 

 

Course Description:  

Fluid Mechanics is one of the most interesting and widely applicable subject areas in all of engineering. 

Familiar examples and applications include diverse topics such as aerodynamics (e.g. flight, lift, and drag); 

weather; biology (circulation, breathing, etc.); transportation (combustion, vehicle design); water transport; 

hydroelectric power, wind-turbines, pollutant dispersion, along with numerous other fascinating and important 

areas. Students have already learned in MAAE2300 (Fluid Mechanics I)  the basic concepts of fluids and 

fluid mechanics, i.e. fluids at rest and in motion and, using the control volume analysis, with particular 

attention to linear momentum and energy equations to study fundamental and practical applications of fluids 

mechanics in engineering problems. However, all theory and applications in Fluid Mechanics I assumed 

incompressible fluid. In this course, we will extend our knowledge to compressible flows as well by learning 

the techniques of Dimensional Analysis and Similitude. Laboratory experiments will provide “hands-on” 

examples and experience to complement the lecture material. 

Prerequisites:  

MATH 2004:  Multivariable Calculus for Engineering or Physics 

MAAE 2300:  Fluid Mechanics I 
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Weekly Breakdown of Lectures 

WINTER 2017 

 

Introduction 

Week 1 Review of Bernoulli, momentum and energy equations, their limitations and applications 

Compressible Flows 

Week 2 Ideal gas relations, speed of sound, Mach number, classification of flows based on Mach 

number  

Week 3 Adiabatic and isentropic flows, Mach number relations, relationship to Bernoulli equation, 

critical values at sonic point. Compressible nozzle flows: isentropic flow with area changes, 

choking, operation of converging and diverging nozzles 

Week 4 Compressible duct flows: compressible duct flows with friction (Fanno flow), compressible 

duct flow with heat transfer (Rayleigh flow)  

Week 5 Normal shock waves, moving normal shock waves, two-dimensional compressible flows: 

oblique shock waves, Mach cone, strong, weak and very weak shocks, examples, 

Week 6 Prandtl-Meyer expansion waves, application to supersonic airfoils, thin airfoil theory  

Dimensional Analysis and Similitude 

Week 7 The principle of dimensional homogeneity: variables and constants, choice of variables and 

scaling parameters, selection of scaling (or repeating) variables  

Week 8 The Pi theorem and examples of application. Geometric, kinematic and dynamic similarity 

Viscous Flow Theory 

Week 9 Introduction to laminar and turbulent flows; analysis of simple laminar flows. 

Week 10 Boundary layers: boundary layer thicknesses, momentum integral equation with zero 

pressure gradient, boundary layers with pressure gradients,  

Week 11 Hydrodynamic lubrication  

Week 12 Flow past immersed bodies: flow separation, drag and lift,  
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Teaching Assistants: 

Adnan Poshtkouhian Badi adnanposhtkouhianbad@cmail.carleton.ca 
Chanon Pretorius  ChanonPretorius@cmail.carleton.ca 
Hali Barber   halibarber@cmail.carleton.ca 

Course Materials:  

Manual:  MAAE 3300 Laboratory Manual (to be downloaded from course website on cuLearn) 

Course Website:  

Additional course material, laboratory group allocations, problems, will be posted using cuLearn. 

Recommended Textbooks:  

There are several good textbooks on undergraduate fluid mechanics. Although we believe it is essential to 

have and to use a textbook when learning fluid mechanics, the choice of preferred book is somewhat 

personal.  We have selected three good and widely-used textbooks for recommendation to you. Any one of 

these - or an earlier edition - will be valuable as you begin to learn about the exciting and widely applicable 

area of fluid mechanics. 

White, Fluid Mechanics, 7th Ed., McGraw-Hill, 2010 (ISBN 978-0077422414). 

Munson, Okiishi, Huebsch, Rothmayer, Fundamentals of Fluid Mechanics, 7
th

 Ed., Wiley, 2013 

(ISBN 978-1-118-11613-5) 

Cengel and Cimbala, Fluid Mechanics - Fundamentals and Applications, 3
rd

 Ed., McGraw-Hill, 

2013 (ISBN 978-0-07-338032-2) 

The three recommended textbooks are also available in the Carleton University library (on reserve: 

http://catalogue.library.carleton.ca/search/r?SEARCH=MAAE+3300). 

Grading: 

The final grade for the course will be derived as follows:  

Midterm Exam:  20%      

Final Exam:  60%  

Lab Experiments: 20%  

Bonus marks:  0 ~ 7% (earnable on the PA Sessions, see next page) 

 

The final examination is for evaluation purposes only and answer booklets will not be returned to the 

students. You must pass the final exam to pass the course.  Please note that successful completion of 

laboratory work is an important requirement of professionally accredited engineering programs. Failure to 

submit any laboratory report or to receive an overall passing grade for the reports will result in a 

grade of FND (failure no deferred) for the course. 

Midterm Exam:  

The midterm is closed book and will cover material from class and tutorials, including lecture notes and 

practice problems. A 1-page hand-written crib sheet (8 ½" x 11", both sides) is allowed. No photocopies.  

 

 

mailto:adnanposhtkouhianbad@cmail.carleton.ca
mailto:ChanonPretorius@cmail.carleton.ca
mailto:halibarber@cmail.carleton.ca
http://catalogue.library.carleton.ca/search/r?SEARCH=MAAE+3300
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Final Exam: 

The final exam is closed book and will cover material from the entire course. A 2-page hand-written crib 

sheet (8 ½" x 11", both sides) is allowed. No photocopies. 

Laboratory Experiments: 

All students will be required to perform four (4) laboratory experiments, as described in the course manual.  

Students will be required to personally submit their individual laboratory reports to the drop box outside of the 

Mechanical and Aerospace Engineering Office (3135 Mackenzie Bldg.) or to the Teaching Assistant (TA) 

responsible for that lab, one week after performing the laboratory exercise, by 5 pm. Late submissions 

will be penalized. Students must include the name of the TA, names of their lab partners, and date the 

experiment was performed on the cover sheet. See the last pages of this document for details on laboratory 

report preparation.  

Requirements for laboratory report preparation as well as report marking is provided on Pages 6-8 of this 

document. 

According to new university regulations, students who have successfully completed the laboratory work 
during a previous registration in the course may not request an exemption from the laboratory work anymore, 
so all students must complete the laboratory experiments. 

The full schedule of laboratory sessions is available on page 6.  

Students should sign up for their registered laboratory groups M1, M2, M3, etc. on the sign-up sheet on the 
door of ME2180. Each group will consist of 5-6 students. Most students should be able to sign up for the 
same timeslots than their PA session. 

Problem Analysis Sessions 

The midterm and final examinations will be problem oriented. Problem solving proficiency will be essential in 

order to succeed in the course. We will focus on developing problem solving skills in the problem sessions 

outlined above. However, the range of possible problems in fluid mechanics is enormous. Possible problems 

cannot be categorized into a few “standard” types. Adaptability is essential and it is therefore extremely 

important to develop a sound understanding of the subject matter. To develop the necessary understanding 

and proficiency at solving problems it is essential to do a substantial number of problems and to do them 

relatively independently. 

Practice problems will be assigned from a textbook during the lectures. During the term, students are 

expected to complete them. To assist you as much as possible, Problem Analysis sessions have been 

arranged to help you as you work through these problems. All students are expected to attend the Problem 

Analysis sessions.  

In the PA Sessions, selected example problems will be solved in detail as well as students will be offered 

advice for solving selected problems independently.   

Beside this, an online multiple choice short test will be completed on each PA Session, consisting 

of: 

 - about 5 theoretical questions from a past MAAE3300 exam, related to that day’s PA Session 

 - 1 numerical problem from a past MAAE3300 exam, related to that day’s PA Session.  

With these short tests, student will be able to collect bonus marks counting towards the course 

grade. On each PA Session, a mark worth 1% of the total course grade can be collected. Since there 

will be 7 PA Sessions, a total of 7% of bonus marks can be collected throughout the term. These 

bonus marks are on top of the marks earnable for the mid-term and final exams, as well as the 

laboratory reports.   
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Students wishing to participate in these short tests are required to bring an electronic device with 

internet access to the PA Sessio (such as a smartphone, a tablet or a laptop). Results will be 

conveyed to the students live, on the PA Session.   

The full schedule of PA sessions is available on Page 6.  

Academic Accommodations  

You may need special arrangements to meet your academic obligations during the term. For an 

accommodation request the processes are as follows: 

Pregnancy obligation: contact your professor with any requests for academic accommodation during the 

first two weeks of class, or as soon as possible after the need for accommodation is known to exist. For 

more details see the Student Guide (http://www2.carleton.ca/equity/accommodation/academic/students/) 

Religious obligation: contact your professor with any requests for academic accommodation during the first 

two weeks of class, or as soon as possible after the need for accommodation is known to exist. For more 

details see the Student Guide. (http://www2.carleton.ca/equity/accommodation/academic/students/) 

Academic Accommodations for Students with Disabilities: The Paul Menton Centre for Students with 

Disabilities (PMC) provides services to students with Learning Disabilities (LD), psychiatric/mental health 

disabilities, Attention Deficit Hyperactivity Disorder (ADHD), Autism Spectrum Disorders (ASD), chronic 

medical conditions, and impairments in mobility, hearing, and vision. If you have a disability requiring 

academic accommodations in this course, please contact PMC at 613-520-6608 or pmc@carleton.ca for a 

formal evaluation. If you are already registered with the PMC, contact your PMC coordinator to send your 

professor your Letter of Accommodation at the beginning of the term, and no later than two weeks before the 

first in-class scheduled test or exam requiring accommodation (if applicable). After requesting 

accommodation from PMC, meet with your professor to ensure accommodation arrangements are made. 

Please consult the PMC website for the deadline to request accommodations for the formally-scheduled 

exam (if applicable). 

http://www2.carleton.ca/equity/accommodation/academic/students/
http://www2.carleton.ca/equity/accommodation/academic/students/
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MAAE 3300: Fluid Mechanics II - Schedule for Winter 2017

Mon Tue Wed

8.30am - 11.30am 11:30am - 2.30pm 11:30am - 2.30pm Measurement 

Week TA: Adnan P. Badi TA: Hali Barber TA: Chanon Pretorius taken in:

1 No PA Sessions

( 9 Jan - 13 Jan)

2 PA Session 1

(16 Jan - 20 Jan) B3 (Tory 217) B2 (Southam 415) B1 (Canal 210)

Topic: Compressible Flows: basics

3 PA Session 2

(23 Jan - 27 Jan) B3 (Tory 217) B2 (Southam 415) B1 (Canal 210)

Topic: Compressible Flows - Mach number relations

4 PA Session 3

(30 Jan - 3 Feb) B3 (Tory 217) B2 (Southam 415) B1 (Canal 210)

Topic: Compressible Flows - nozzle flows 

5 Lab 1: Compressible Flow - Converging Nozzle [location: ME 2230] TA: Chanon Pretorius

(6 Feb - 10 Feb) M1, M2, M3 T1, T2, T3 W1, W2, W3 first 90 minutes

M4, M5, M6 T4, T5, T6 W4, W5, W6 second 90 minutes

6 PA Session 4

(13 Feb - 17 Feb) B3 (Tory 217) B2 (Southam 415) B1 (Canal 210)

Topic: Compressible Flows - duct flows (Rayleigh and Fanno flows) 

Winter Break: no classes

(20 Feb - 24 Feb)

7 Lab 2: Compressible pipe flow with friction (Fanno flow) [location: ME 2180] TA: Adnan P. Badi

(27 Feb - 3 Mar) M1, M2, M3 T1, T2, T3 W1, W2, W3 first 90 minutes

M4, M5, M6 T4, T5, T6 W4, W5, W6 second 90 minutes

8 PA Session 5

(6 Mar - 10 Mar) B3 (Tory 217) B2 (Southam 415) B1 (Canal 210)

Topic: Compressible Flows - shock waves & expansion waves

9 Lab 3: Dimensional Analysis and Similitude  [location: ME 2180] TA: all 3 TA's

(13 Mar - 17 Mar) M1, M2, M3 T1, T2, T3 W1, W2, W3 first 90 minutes

M4, M5, M6 T4, T5, T6 W4, W5, W6 second 90 minutes

10 PA Session 6

(20 Mar - 24 Mar) B3 (Tory 217) B2 (Southam 415) B1 (Canal 210)

Topic: Dimensional Analysis and Similitude

11 Lab 4: Viscous flow - bluff body drag  [location: ME 2180] TA: Hali Barber

(27 Mar - 31 Mar) M1, M2, M3 T1, T2, T3 W1, W2, W3 first 90 minutes

M4, M5, M6 T4, T5, T6 W4, W5, W6 second 90 minutes

12 PA Session 7

(3 Apr - 7 Apr) B3 (Tory 217) B2 (Southam 415) B1 (Canal 210)

Topic: Viscous Flows

Notes:  

Students should sign up to laboratory groups on the sign-up sheet on the door of ME2180

Note that in the Lab Manual: Lab 1 is exp. #3, Lab 2 is exp. #4, Lab 3 is exp. #1, Lab 4 is exp. #2
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MAAE 3300: 
Requirements for the preparation of laboratory reports 

 
 
 
1 INTRODUCTION  
 
Each student will be required to perform four (4) laboratory experiments. A semi-formal report on each 
experiment must be submitted one week after performing the experiments, as described in Section 3.0.  
There are two main goals for the experiments:  
 
i. To develop a familiarity with the basic experimental methods for measuring common fluid-flow quantities, 
such as pressure, velocity and flow rate.  
ii. To examine the validity of a number of the simplifying assumptions commonly used in the engineering 
analysis of fluid flows.  
 
The latter goal will be achieved by comparing the experimental results with a corresponding simplified 
analysis for the experimental flow. Your report should specifically discuss the degree to which the simplifying 
assumptions appear to be supported by the measurements.  
 
The experiments will be performed by groups of about 5-6 students. The data may be recorded by one 
individual. The data sheet(s) must be initialled and dated by the Teaching Assistant before the end of 
the laboratory period. The original or a photocopy of these data sheets must be included as an appendix to 
the report submitted by every student.  
 
The report must be prepared according to the specification given in the next section. All reports must be 
typed although hand calculations are permissible.  
 
 
 
2 REPORT REQUIREMENTS  
 
The report should contain, IN THE ORDER GIVEN BELOW, the following items:  
 
Title page: Correct title, author and date. Also note the group number and names of the partners at the 
bottom of the page. Authors should include their email address.  
 
Summary: A brief statement of the purpose of the experiment and a very concise summary of the main 
results and conclusions. This should not exceed about 200 words in length. The goal is to enable a potential 
reader to see if the report contains material of interest to him/her. See the end of this section for a sample 
Summary.  
 
Nomenclature: (also called List of Symbols): Lists all the symbols, parameters, and variables with their 
appropriate units.  
 
Flow Analysis: Each of the flows that will be measured can also be analyzed with the methods taught in the 
course. This section presents, with brief explanatory notes, the equations and derived results which will be 
compared with the measurements. The outlines of the experiments in this manual indicate specific analyses 
which must be included. Equations should be numbered where appropriate so that reference can be made to 
them in the discussion of the results.  
 
Experimental Setup and Procedure: This section must include a neat, fully-labelled schematic drawing of 
the experimental setup. Apart from this, if the experiment was conducted entirely according to the outline in 
the manual, a single sentence to that effect is sufficient. Otherwise, record any deviations from the outline 
(e.g. due to problems with the apparatus or instrumentation) with a brief explanation.  
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Results and Discussion: This section presents and discusses the data acquired during the experiment. 
Where possible, results should be plotted to facilitate comparisons and assessments. These graphs should 
be placed within the text. Reference can be made to the Appendix in which the detailed results are tabulated, 
but the main body of the report must be readable without reference to this Appendix.  
 
The results should be interpreted and assessed for accuracy and credibility. Any discrepancies should be 
discussed: this includes the major sources of error and plausible magnitudes of these errors, and any 
particularly interesting or unusual features of the results. Finally, there must be a discussion of the apparent 
validity of each of the simplifying assumptions used in the analysis, in the light of the comparison between 
the analysis and the measurements.  
 
Conclusions: This section lists the specific conclusions arrived at on the basis of the work described in the 
report. Conclusions must be significant, pertinent and valid; they must be substantiated by data and 
discussion in this report, and they must be appropriate.  
 
References: (if appropriate): Citations are to be correctly ordered and should include authors, titles, 
periodical title or publisher as appropriate, and date of publication (a reference is incomplete unless a reader 
can actually locate it).  
 
Appendices: These should be properly identified as to their content. The signed original data sheet(s) must 
be attached as an Appendix. A second appendix presents the detailed analysis of the measurements, 
including: sample calculations for all but the most trivial calculations; detailed data tables (e.g. in the form of 
the output from a spreadsheet program, if used); and listings of any computer programs written to analyze 
the data.  
 
Semi-formal reports such as the present one might be prepared for internal use in a company. They can omit 
the detailed discussion of the background, theory and experimental methods which would normally be 
included in a more formal report, such as one prepared for an outside client. The "Summary" must therefore 
provide any introductory comments needed to make the report understandable. As an example, the following 
might be a suitable summary for a semi-formal report which reports a performance test for a centrifugal 
pump:  
 
"Pressure rise versus flow rate measurements were made for a Model 255 centrifugal pump at rotational 
speeds of 600, 1200 and 1800 RPM. The non-dimensional head coefficient versus flow coefficient data were 
found to fall on a single curve. This indicates that the pump performance is not a function of Reynolds 
number for the range of conditions examined. For each speed, the inlet pressure was also reduced, for 
constant pressure rise across the pump, until cavitation occurred. The average value of the Suction Specific 
Speed (a cavitation parameter) was found to be 2.4. This is at the low end of the range typically found for 
centrifugal pumps. Thus, the present pump has somewhat poor resistance to cavitation."  
 
 
3 REPORT SUBMISSION  
 
Each member of every laboratory group must submit an individually-written report on each of the 
experiments. The report on each experiment must be submitted to the appropriate drop box outside the 
Mechanical & Aerospace Engineering Office (Mackenzie Building Room 3135) one week after the 
completion of the experiment, by 5 pm. Marked reports will be returned at the beginning of the PA session 
one week later. Reports will be carefully checked for plagiarism. Please note that plagiarism cases are 
dealt with at the faculty level and may result in an FND grade or being expelled from a course or 
program.   
 
Do not submit reports to your professor; this results in long delays and late submission penalties.  
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The late penalty is 10 marks/day (or fraction thereof) out of a maximum possible of 40 marks. One complete 
report must be submitted for each experiment, even if it is late. Late reports will be marked and annotated as 
normal before the late penalty is deducted. Incomplete reports will be returned for revision and will incur a 
late penalty. In line with engineering accreditation requirements, four complete reports must be submitted 
and an overall passing grade must be obtained for the laboratory portion of the course in order to pass the 
course as a whole.  
 
 
4 MARKING SCHEME FOR REPORTS  
 
The reports will be marked out of 40 with the following breakdown:  
 
i. General Format [10]  

• General organization (according to the format specified in the manual) and readability  
• Appropriate, fully-labelled graphs   

 
ii. Results [10]  

• Complete theoretical analysis, as specified in the manual  
• Correctness and completeness of reduced data  
• Complete sample calculation included as an Appendix  

 
iii. Discussion and Conclusions [20]  

• Discussion of results (agreement with theoretical analysis and possible sources of discrepancy; 
sources of experimental error, inaccuracy and scatter; etc.)  

• Brief, specific conclusions 
  

 

 


