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Faculty of Engineering and Applied Science  

 

 

 

MECH 481 Wind Energy 

Course Outline – Fall 2015 

Instructor Information  

Dr. David E. Rival, PEng 

Room 208A 
McLaughlin Hall 
Dept of Mechanical and Materials Eng. 
Queen’s University 
613-541-6000 x74767 
d.e.rival@queensu.ca 

Office Hours:  
 
By appointment (please send me an email 
and I will respond as quickly as possible) 

 

Teaching Assistant Information 

Benen la Bastide: b.la.bastide@queensu.ca (McLaughlin Hall, Room 405) 

Giuseppe Rosi: 14gar1@queensu.ca (McLaughlin Hall, Room 405) 

Calendar description  

An introductory course on wind-turbine operation and aerodynamics. Topics include: the Betz 
limit; the Blade Element Momentum method; characteristics of the atmospheric boundary layer; 
unsteady aerodynamic theory; gusts and blade aeroelasticity; blade noise and health effects; and 
wind-park siting and planning. Extension of some of these topics to small wind turbines, run-of-
the-river water turbines and off-grid systems will also be presented. 
 

Prerequisites: Students are expected to have sufficient experience with fluid dynamics equivalent 
to MECH341. Those who have not taken such a course will need to prepare through self-study. 

mailto:d.e.rival@queensu.ca
mailto:b.la.bastide@queensu.ca
mailto:14gar1@queensu.ca
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Indicators and Outcomes 

 
Graduate attribute indicators 
 
MECH 481 develops the Canadian Engineering Accreditation Board Graduate Attributes through 
four indicators: 
 
APSC-4-KB-1: Constructs mathematical descriptions or expressions to model a real-world 
problem. 

APSC-4-KB-2: Selects and describes appropriate tools to solve mathematical problems that arise 
from modeling a real-world problem. 

APSC-4-PA-1: Critically evaluates qualitative and quantitative information and draw conclusions 
based on major theories, concepts, and methodologies of the discipline. 

APSC-4-PA-2: Constructs process for solving problem including justified approximations and 
assumptions. 

APSC-4-PA-4: Creates and applies appropriate quantitative model and analysis to solve 
problems. 

APSC-4-CO-3: Demonstrates conciseness, precision, and clarity of language in technical writing. 

APSC-4-CO-4: Demonstrates confidence in formal and informal oral communications. 

APSC-4-CO-5: Explains and interprets results for various audiences and purposes. 

APSC-4-TW-4: Demonstrates capacity for initiative and technical or team leadership while 
respecting others' roles. 

Course Learning Outcomes (CLO) 

By the end of this course, learners should be able to:  

CLO 1: Solve problems involving the aerodynamic and structural performance of wind-
turbine blades 

CLO 2: Determine the technical, economic, environmental and societal compromises 
necessary towards specific wind-turbine designs and their siting  

CLO 3: Conduct blade design optimization using a custom Matlab code and subsequently 
perform validation of these designs with related laboratory experiments   

CLO 4: Identify challenges and potential solutions to both technical and non-technical 
hurdles for wind-turbine integration  

CLO 5: Apply qualitative and quantitative reasoning to convincingly support specific wind-
turbine designs  
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Prerequisite knowledge 

This course is designed for learners with an intermediate fluid mechanics background. Learners 
will also need an introductory level in Matlab coding as well as in measurement science.  

Course length and pace 

This course represents a study period of one semester (12 weeks). Learners can expect to invest 
on average 7-9 hours per week in this course but this can be highly variable from one week to the 
next. Please refer to the sections called Evaluation and also Timetable where the breakdown on 
deliverables and associated dates are listed, respectively. 

Learners who start early in the various deliverables are more likely to succeed in the course! 

Academic integrity 

Engineers have a duty to: 

 Act at all times with devotion to the high ideals of personal honour and professional 
integrity 

 Give proper credit for engineering work 
 

-Professional Engineers Ontario Code of Ethics, Section 77 of the O. Reg. 941 
http://peo.on.ca/index.php?ci_id=1815&la_id=1 

The quote above describes the standard of behaviour expected of professional engineers. As 
engineering students, you have made a decision to join us in the profession of engineering, a 
long-respected profession with high standards of behaviour.  

As future engineers, we expect you to behave with integrity at all times. Our policies do not 
prohibit you from collaborating, even closely, with fellow learners in any class. Indeed, we strongly 
encourage collaboration and teamwork, when conducted responsibly. We have, however, set firm 
guidelines on the quality of submitted work and have taken a strong stand against plagiarism and 
other forms of academic dishonesty.  Briefly stated, we expect that submitted work bears the 
name of all those contributing to it, and that you do not allow others to copy your work.  

Should a student’s submitted work be suspected of containing evidence of academic dishonesty, 
action shall be taken, as required by the Faculty of Applied Science policy on academic integrity: 
http://engineering.queensu.ca/policy/Honesty.html 

Additional information on the University’s policies concerning academic dishonesty can be found 
on the Queen’s website. All learners are expected to familiarize themselves with these 
policies and to conduct themselves accordingly. 

 Senate Academic Integrity Policy Statement  

 Procedures for dealing with departures from academic integrity in the Faculty of 
Engineering and Applied Science 

 Queen's University Code of Conduct 
 

 

http://peo.on.ca/index.php?ci_id=1815&la_id=1
http://engineering.queensu.ca/policy/Honesty.html
http://www.queensu.ca/secretariat/policies/senate/academic-integrity-policy-statement
http://engineering.queensu.ca/policy/Honesty.html
http://engineering.queensu.ca/policy/Honesty.html
http://www.queensu.ca/registrar/resources/policies/university-code-conduct


4 
 

Expectations for interaction 

There will be opportunities to interact with your instructor, TAs and fellow classmates throughout 
this course.  As highlighted above, we expect you to behave with integrity at all times. If you have 
a confidential matter that you would like to discuss with the instructor, his email address and 
telephone number are at the top of this document.  Expect email replies within 48 hours and in 
some cases within 24 hours.  The instructors and TAs will be providing feedback to learners on 
graded activities.  Expect feedback within 7 days of the due date. 

Course-specific policies 

In keeping with the Faculty of Engineering and Applied Science Faculty Regulation 5b, “A student 
who claims illness or compassionate grounds as a reason for missing any required component of 
the course other than the final exam is responsible for making alternative arrangements with the 
instructors concerned.” Note that unacceptable reasons include: malfunctioning computer, travel 
plans to go home for holidays, generally behind on schoolwork, etc. The instructor may request 
some substantiating documentation. If alternate arrangements are not agreed upon, then the 
normal late penalty will apply as described in the assignment. 

Individual needs and support 

Learners with diverse learning styles and needs are welcome at Queen’s. In particular, if you 
have a disability or health consideration that may require accommodations, please feel free to 
approach the instructor and/or Accessibility Services as soon as possible.  The Accessibility 
Services staff is available by appointment to develop individualized accommodation plans, 
provide referrals and assist with advocacy. The sooner you let us know your needs, the better we 
can assist you in achieving your learning goals at Queen’s. For further information, visit the 
Student Wellness Services website.  The class website is powered by the Brightspace by D2L 
Learning Environment that complies with common accessibility standards and every effort has 
been made to provide course materials that are accessible.  If you find any element of this course 
difficult to access, please discuss with your instructor how you can obtain an accommodation. 

Academic and student support 

Queen’s has a robust set of supports available to you including the Library, Student Academic 
Success Services (Learning Strategies and Writing Centre), and Career Services.  Learners are 
encouraged to visit the Faculty of Engineering and Applied Science Current Students web portal 
for information about various other policies such as academic advisors, registration, student 
exchanges, awards and scholarships, etc. 

Technical skills and support 

Some basic computer-related technical skills (Matlab) are required for this course.  If you require 
any technical assistance, please contact Technical Support. 

 

http://engineering.queensu.ca/Calendar/CurrentYear/Faculty_Regulations.html#Reg5
http://queensu.ca/studentwellness/
http://www.desire2learn.com/products/accessibility/standards/
http://library.queensu.ca/
http://sass.queensu.ca/
http://sass.queensu.ca/
https://careers.sso.queensu.ca/home.htm
http://engineering.queensu.ca/Current-Students/
http://engineering.queensu.ca/IT/help.html
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Evaluation 

Activity 

 
Due Date 

(before midnight EST, 
 unless otherwise specified) 

Weight 
Alignment 

with 
CLOs 

Individual 
Assignments 

(5) 
Friday of weeks 2, 4, 6, 8 and 10 

5 @ 2%/each 
= 10% total 

CLO 
1,2,4,5 

In-Class Tests 
(2) 

During lecture time in week 7 
(Oct. 29) and 11 (Nov. 25) 

2 @ 
15%/each = 

30% total 

CLO 
1,2,4,5 

Team Project  
(2 reports) 

Sunday of weeks 8 and 12 
2 @ 

20%/each = 
40% total 

ALL CLOs 

Final 
Presentation 

During week 12 10% ALL CLOs 

Overall Design 
Ranking 

Determined at end of week 12 10% CLO 1,2,3 

Total 100%  

Individual Assignments 

Assignments will be inspired by lecture and tutorial content and need to be submitted individually 
(online). Group work (collaboration) is encouraged but direct copying is strictly not allowed; see 
above section on Academic Integrity. 

In-Class Tests 

The tests are written during class time and they can involve questions that are a mixture of 
analysis, calculation, short answer and even multiple choice. Assignments will help prepare but 
also questions may be derived from discussion in lectures, guest lectures and even tutorials. 

Team Project Reports, Final Presentation and Overall Design Ranking 

More information about the various Team Project components can be found in associated 
documents on the class website. 
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Course materials 

Required textbook  

 There is no required textbook for this course 

Required calculator  

 A Casio 991 OR a comparable calculator.  ONLY this type of non-programmable, non-
communicating calculator will be allowed during tests and exams. 

Other material 

All other course material is accessible via the class website.  Once you have completed reading 
this Course Outline in detail, explore the Content link on the class website to find the module-
specific material.  

Timetable  

Week Learning Outcomes 
(with alignment to CLOs shown in square brackets) 

Deliverable (with 
alignment to CLOs 
shown in square 

brackets) 

1 

Module 1: Review of integral/differential analysis, 
potential-flow theory and boundary-layer theory 

After completing this module, learners will be able to: 

 Identify appropriate tools to analyze wind-turbine 
aerodynamics problems [CLO1] 

 Solve basic blade aerodynamic problems [CLO1] 
 Determine limitations of physical assumptions made in 

solving above problems [CLO1] 

 

2 

Module 2: Betz’ limit and its assumptions 

After completing this module, learners will be able to: 

 Estimate the performance of a generalized wind-turbine 
design [CLO1] 

 Determine features of airfoil performance across a 
broad range of conditions [CLO1] 

Assignment 1    
[CLO 1,2,4,5] 

3 

Module 3: Blade element theory (introduction) 

After completing this module, learners will be able to: 

 Parameterize the design of a blade based on Blade 
Element Momentum theory [CLO3] 

 Iteratively solve the series of blade elements using 
Matlab and an existing profile database [CLO3] 
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Week Learning Outcomes 
(with alignment to CLOs shown in square brackets) 

Deliverable (with 
alignment to CLOs 
shown in square 

brackets) 

4  

Module 3: Blade element theory (design) 

After completing this module, learners will be able to: 

 Discuss the limitations of momentum theory [CLO1] 

 Illustrate the general benefits of typical blade designs 
[CLO3] 

 Estimate the interaction of multiple blades in a design 
[CLO1] 

Assignment 2    
[CLO 1,2,4,5] 

5 

Module 3: Blade element theory (limitations) 

After completing this module, learners will be able to: 

 Discuss the limitations of blade element theory [CLO1] 

 Describe the phenomenon of stall delay [CLO2] 

 Contrast the various approaches to control modern 
wind turbines of all scales [CLO2] 
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Module 4: Atmospheric turbulence and gusts 

After completing this module, learners will be able to: 

 Describe the variability of wind at a given site [CLO2] 

 Estimate the power production of a wind park [CLO1] 

 Discuss the scales of flow unsteadiness on a particular 
wind turbine [CLO4] 

Assignment 3    
[CLO 1,2,4,5] 

7 

Module 5: Structural analysis of blades 

After completing this module, learners will be able to: 

 Determine the loading and expected deflection on a 
blade [CLO1] 

 Discuss the interaction between blade structure and 
unsteady aerodynamics [CLO2] 

Test 1 [CLO 1,2,4,5] 

8 

Module 6: Unsteady effects 

After completing this module, learners will be able to: 

 Estimate the effect of blade performance through yaw 
and shear [CLO4] 

 Discuss the potential loadings and challenges caused 
by unsteady aerodynamic effects [CLO2] 

 

Assignment 4    
[CLO 1,2,4,5] 

Team Project Report 
1 [CLO 1-5] 
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Week Learning Outcomes 
(with alignment to CLOs shown in square brackets) 

Deliverable (with 
alignment to CLOs 
shown in square 

brackets) 

9 

 

Module 7: Wind-park siting and integration 

After completing this module, learners will be able to: 

 Design a basic wind-park layout and estimate challenges 
to its operation [CLO4] 

 Discuss the limitations of wind energy within an existing 
grid [CLO5] 

 Suggest integration strategies for off-grid applications 
[CLO5] 

 

10 

Module 8: Societal and environmental impacts 

After completing this module, learners will be able to: 

 Perform basic estimates of aeroacoustic noise generation 
for a particular site [CLO2] 

 Determine potential relationships between noise and 
health effects [CLO2] 

 Predict impact of a given site/design on the local 
environment [CLO4] 

Assignment 5    
[CLO 1,2,4,5] 

11 

Module 9: Testing of blade designs in lab 

After completing this module, learners will be able to: 

 Perform basic testing in a specialized laboratory [CLO3] 
 Determine the statistical significance of their results 

[CLO3] 
 Identify sources of error in experiments and estimate 

uncertainty in these measurements [CLO3] 

 

Test 2 [CLO 1,2,4,5] 

 

12 

Module 9: Presentation and overall evaluation of blade 
designs  

After completing this module, learners will be able to: 

 Effectively communicate their results, highlighting 
successes and failures [CLO5] 

 Formulate clear questions for other groups to identify and 
contrast rationale [CLO5] 

 Recognize weaknesses in existing designs and identify 
their root cause [CLO5] 

Final Presentations    
[CLO 1-5] 

Team Project Report 
2 [CLO 1-5] 
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General feedback 

Your input is essential for maintaining and improving the quality of this course material for future 
offerings, e.g., course content, typos, assignments, readings, course design. Email your 
comments to the instructor. Your input will also be solicited in course evaluation surveys.  

Important information 

Your instructor is your first point of contact. His contact information can be found at the top of 
this document. If you have questions about this course during the semester, do not hesitate to 
write. Please use email as the primary means of content, and be sure to allow 24 hours for a 
response.  


