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On successful completion of this module, students should be able to: 
 
LO1. Describe various approaches to visualize fluid motion, and formulate 
relationships between derived variables (e.g., vorticity) and primitive 
variables (e.g., velocity and pressure) characterising fluid flow 
LO2. Understand the physical significance of velocity potential and stream 
functions, and the difference between irrotational and rotational flows  
LO3. Understand the limitations of various methods to analyse flow 
around aerofoils 
LO4. Analyse aerofoils with arbitrary camber, and evaluate the effect of 
high lift devices on aerofoil performance 
LO5. Calculate the effect of wing aspect ratio on drag and hence evaluate 
the impact on aircraft performance 
LO6. Critically assess the appropriateness of a mesh for computational 
fluid dynamics and whether numerical and analytical predictions of 
aerofoil performance are physically reasonable 
 
Graduate Attributes: levels of attainment 
To act responsibly - Enhanced 
To think independently - Enhanced 
To develop continuously - Enhanced 
To communicate effectively - Enhanced 

Module Content  The module deals with aerodynamics of inviscid flow, which is applied to 
2D and 3D wings. The module content is quite mathematical, however real 
world examples, e.g., from the aerospace and power generation 
industries, are used to illustrate the technical content. This helps the 
student to contextualize the details of the module in an engineering light. 

The module introduces the student to important concepts in flow analysis 
such as vorticity and circulation. Attached flow around wings and wing 
sections (i.e., aerofoils) is used to demonstrate the significance of the 
inviscid flow assumption and vorticity. The performance of aerofoils and 
wings is analysed using various methods. The need for and effect of high-
lift devices on aircraft is also dealt with. By the end of this section, the 
student should realize that without viscosity and hence vorticity, flight 
would not be possible, but that it also causes problems such as drag and 
separation. 

• Classical hydrodynamics 
o Governing equations for inviscid fluid flow - Laplace and Poisson 

equations; 
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o Development of concepts and equations for stream function, 
velocity potential, vorticity and circulation; 

o Definition of basic inviscid flows: uniform flow, source/sink flow, 
point vortex, rigid body rotation, corner flow, doublet flow; 

o Potential flow around a circular cylinder and comparison with 
real viscous flow; 

o Potential flow around a rotating cylinder and comparison with 
real viscous flow. 

• Analysis of flow around aerofoils 
o Terminology associated with definition of aerofoil geometry and 

performance; 
o Kutta-Joukowski condition; 
o Joukowski aerofoil analysis; 
o Thin aerofoil theory. 

• Analysis of flow around finite wings 
o Helmholtz’ vortex theorems; 
o Prandtl’s lifting line theory - wing tip vortices and starting vortex; 
o Effect of aspect ratio on wing performance.  

Teaching and Learning Methods 
 

Lectures: The teaching strategy follows chapters from selected well-
established textbooks. Lecture notes and additional supporting material 
are provided on Blackboard. 
 
Tutorials: Tutorials follow a series of question sheets, with problems 
similar to exam questions. The solutions for these are available online and 
are released gradually as the module progresses. The tutorials are given to 
class groupings and are informal. No assessment of tutorial performance 
is noted. 

  



Assessment Details 
Please include the 
following: 

• Assessment 
Component 

• Assessment 
description 

• Learning 
Outcome(s) 
addressed  

• % of total  
• Assessment due 

date 
  

Assessment 
Component Assessment Description LO 

Addressed % of total Week due 

Written exam 
(may be 
administered 
online) 

End of semester examination 1-5 60 Exam period 

Assignment 1 
CFD assignments on lift and 
drag performance of aerofoils 
– Part 1 

3-4,6 5 Approximately 
week 5 

Assignment 2 
CFD assignments on lift and 
drag performance of aerofoils 
– Part 2  

3-4,6 20 Approximately 
week 12 

 

Class tests Series of 3 class tests 1-5 15 2-12 

Reassessment 
Requirements  
 

Written examination (may be online) 

Contact Hours and 
Indicative Student 
WorkloadError! 
Bookmark not defined.  
 
 
  

Contact hours: 29 (22 lectures, 7 tutorials) 
 
Independent Study (preparation for course and review of 
materials): 60 
 
Independent Study (preparation for assessment, incl. completion 
of assessment): 30 
 

 

Recommended Reading 
List    

Kuethe & Chow, Foundations of Aerodynamics 
G.D. McBain, Theory of Lift: Introductory Computational Aerodynamics in 
MATLAB/OCTAVE  
Anderson, Fundamentals of Aerodynamics 
Versteeg & Malalasekera, An Introduction to Computational Fluid 
Dynamics: The Finite Volume Method 

Module Pre-requisite 3B2 Fluid Mechanics (or equivalent) 

Module Co-requisite Not applicable 

Module Website See Blackboard  
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