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1. Introduction
Aircraft performance is an exciting and challenging field that is continuously
evolving. For example, by the year 2050, civil aircraft should have 75% less
emissions than present day aircraft. This course dives into the physics and
phenomena that determine aircraft performance to give you practical insights
for real-world aircraft operations and development of future aircraft designs.
1.1. Course overview
The course has a modular set up where you can choose your own path based on
your background, knowledge and personal preferences. Either choose an
analytical approach of all important flight phases from take-off to landing or
choose an advanced treatment of specific flight phases including detailed
numerical simulations.
Each module has a workload of approximately 6 hours, except for the simulation
module, which requires an effort of about 12 hours. For successful completion of
the course and receipt of the certificate of completion you should pass either:


at least 4 regular modules or;



2 regular modules and the simulation module.
If you complete assignments in more than the minimum number of modules, the
modules with the best scores will count towards your certificate.

Choose any combination of modules equal to at least 4 credits to earn a certificate

1.2. Learning objectives
By the end of this course you will be able to:


Understand the physical principles that determine aircraft performance.



Calculate performance of an aircraft for various flight phases (take-off and
landing, climb and descent, cruise and turning flight) in realistic conditions,
satisfying real world constraints.



Determine the flying strategies that result in optimal aircraft performance.



Quantify the impact of sub-system technology improvements, (for example a
more powerful and more efficient propulsion system, improved aerodynamics, a
better structural design) on system level aircraft performance.



How to develop computer simulations that allow you to calculate detailed aircraft
performance characteristics.

1.3. What we expect from you
As an online student we expect you to be an active participant in this course,
contributing to a positive atmosphere by questioning, sharing and helping out
others, engaging in meaningful discussions where knowledge construction is

revealed.
Regarding deadlines, we expect you to keep on track in order to benefit from
learning within a community. This course is meant to be a place where you learn
with and from others. In this sense, we'd like you to experience collaboration and
peer-feedback, so please make sure you follow with other participants in order
to enrich the overall learning experience.
Please follow forum and collaboration guidelines, as published on the 'Course
Info' page. Respect the course policies and academic integrity codes.

1.4. What you can expect from us/the course team
The e-Moderator will guide you throughout the course, launching the weekly
content, promoting and engaging in discussions, and providing feedback
regarding your performance after each week. Guidance and support will happen
on a regular basis, typically once every day, except for Saturdays and Sundays.
Once a week, an online hour will be scheduled in which you can directly interact
with the course team. The exact time and day of these live sessions will be
announced well in advance. Note that the time and day will be different every
week.

2. Course structure
The course is organized in 7 sections. A brief summary of each section is
presented below. Detailed instructions and resources will be provided during the
course.
0. Getting started
In the getting started section you’ll get to know the course structure, get
familiarized with the virtual learning environment, complete your profile, meet
your fellow students and the e-moderator. These introductory tasks should be
completed in the beginning of the course, after your first login.
I. Basics (opens in week 1)
This section serves as an introduction. You will learn the fundamentals of
aerodynamics and propulsion and the characteristics atmosphere. Using this
knowledge you will make the first steps into aircraft performance analysis. At the
end you will be able to compute the performance limits of an aircraft as a

function of flight altitude if provided with basic aircraft data such as the weight,
aerodynamic characteristics and data representing the propulsion system.
II. Climb and descent (opens in week 2)
In this section, you will first learn which performance parameters are used to
describe climb and descent performance. Next, a set of equations describing the
climb and descent phases will be formulated based on the laws of physics. The
common flying strategies used in operational practice will be explained to you
based on an interview with a flight test pilot. Based on the equations and the
knowledge of the operational practice you will calculate climb and descent
performance (rate of climb, climb angle, time to climb, ...) of an aircraft for a
specified flying strategy. At the end of the section you will be able to explain the
physical principles that govern climb and descent performance. Furthermore,
you will be able to devise flying strategies that result in optimal climb and
descent performance for a given aircraft, if provided with basic aircraft data.
III. Take-off and landing (opens in week 2)
This section focuses on the most dynamic flight phases; take-off and landing.
How these maneuvers are executed in practice will be explained to you by a
flight test pilot. The rules and regulations stipulated by the airworthiness
authorities play a large role in this context. You will then learn step by step how
to calculate the distance required to complete a take-off or landing. The
equations needed for these calculations will be derived from scratch and they
provide great insight in the various factors that influence take-off and landing
performance. It turns out that factors related to the aircraft design, operational
factors and external factors such as the weather are of importance. At the end of
this section you will be able to describe in detail which factors play a role and you
will be able to quantify the effect using detailed performance calculations.
IV. Cruise (opens in week 3)
From an aircraft performance perspective, cruise flight is arguably most
important since an aircraft spends most time in that flight condition. Cruise
performance is mainly about the time and distance that can be flown for a given
amount of fuel on-board an aircraft. You will first learn to calculate the optimum
cruise flight condition for a given aircraft in terms of altitude and airspeed. How
this flight condition gradually changes due to the reduction in aircraft weight by
burning fuel is treated next. Based on this you will learn to devise the optimum
flying strategy from a theoretical point of view. It will be interesting to compare
this to the operational practice which will be uncovered by our flight test pilot.
The derivation of the optimum flying strategy is not easy. You will therefore be
guided through this process in a step-wise approach. Starting with highly

simplified aircraft and ending with a realistic representation of a commercial
aircraft powered by turbofan engines, operating in transonic conditions. Finally,
you will be able to relate the cruise performance to the economics of an airline.
V. Turning flight (opens in week 3)
The preceding sections cover aircraft performance problems that are by nature 2
dimensional if the effect of crosswind is excluded. Turning flight is clearly a 3
dimensional motion. This makes the performance analysis more complex. You
will first learn to derive the equations of motion for this situation based on a
combination of the fundamental laws of physics and information about the
operational practice (piloting technique) provided to you by a flight test pilot. You
will then start to conduct performance calculations. First, standard turns used
near commercial airfields are investigated. Next you will conduct optimum
turning performance calculations, such as high g-turns. Ultimately you will be
able to calculate the turning performance of an aircraft (if provided with basic
data) at all possible airspeed and altitude combinations.
VI. Simulation (opens in week 4)
In the preceding sections, performance calculations are done using an analytical
approach. This can only be done in case assumptions and simplifications are
made. In the end it gives great insight into the physics governing aircraft
performance. However, in some situations it is essential to make highly accurate
calculations. For this, computer simulations are typically used. In section VI, you
will first learn step by step to set up a computer simulation that describes the
motion of a vehicle. A boat is taken as example since it is much simpler to
simulate than an aircraft. Once you are able to develop basic computer
simulations, you can start working on the development of a simulation of an
aircraft. You are free to choose which flight phase (take-off, landing, cruise, turns,
climb, descent) you would like to investigate.

3. Assessment
Each module consists of video's in which theory is covered, followed by
assignments. These can vary from straightforward multiple choice questions to
more detailed calculations. The simulation module has a somewhat different setup since you are required to complete a relatively large assignment. This
assignment will be the development of a computer simulation of a flight phase
(take-off, climb, cruise, etc.) for a specific aircraft.

Each module has a workload of approximately 6 hours, except for the simulation
module, which requires an effort of about 12 hours.
In order to successfully complete the course you will need to score 60 % for at
least 4 regular modules or 2 regular modules and the simulation module. If
you complete assignments in more than the minimum number of modules, the
modules with the best scores will count towards your certificate.
Final deadline for all assignment will be given during the course.
Note: due to the limitations in the platform, the final decision about receiving a
certificate is up to the lecturer.

4. Resources & Tools
All educational resources will be available in the course. They consist of short
videos and readings to support you in the completion of the weekly learning
activities.
You will also receive the E-book by G. J. J. Ruijgrok, Elements of Airplane
Performance, VSSD, Second Edition, 2009. If you want to dive deeper into this
topic we recommended the following books:


E. Torenbeek, H. Wittenberg, Flight Physics – Essentials of Aeronautical
Disciplines and Technology, with Historical Notes, Springer, 2009.



S. K. Ohja, Flight Performance of Aircraft, AIAA Education series, 1995.



P. J. Swatton, Aircraft Performance – Theory and practice for pilots, Wiley
Aerospace Series, Second edition - Covers some topics that are discussed with
relation to the pilot's perspective of aircraft performance.



E. Torenbeek, Advanced Aircraft Design – Conceptual Design, Analysis and
Optimization of Subsonic Civil Airplanes, Wiley Aerospace Series, 2013 - covers
cruise flight performance in transonic conditions.



J. D. Mattingly, Heiser, W. H., Pratt, D. T., Aircraft engine design, AIAA Education
series, Second edition - covers Propulsion system basics.
Basic text books on numerical mathematics can be consulted for those
interested in numerical flight path simulations. A useful reference is the
following:



R.L Burden and J.D. Faires, Numerical Analysis, 9th edition (paperback)
Brooks/Cole Cengage (2011)

No special tools will be needed to complete this course. However, In this course
you will need to make use of programming software in case you select the
Simulation module. Examples of suitable programming environments are Matlab
and Python. Other general purpose programming languages you may be
proficient with can also be used. Matlab is a commercial tool which has excellent
built-in tutorials. Python on the other hand can be downloaded for free. A
python training reference for students with no programming experience is
provided below:
Codecademy (www.codecadamy.com) is a good place to start learning programming
if you have no or very little experience in programming. It is advised to study the
following units and lessons of the Python training in order to obtain a basic level in
Python programming. Note that not all lessons in a unit are necessary.

1. PYTHON SYNTAX - lessons: Python Syntax, Tip Calculator
2. STRINGS & CONSOLE OUTPUT - lessons: Strings & Console Output
3. CONDITIONALS AND CONTROL FLOW - lessons: Conditionals & Control Flow
4. FUNCTIONS - lessons: Functions, Taking a Vacation
5. LISTS & DICTIONARIES - lessons: Python lists and Dictionaries, A day at the
supermarket
6. LISTS AND FUNCTIONS - lessons: Lists and Functions, Battleship!
7. LOOPS - lessons: Loops, Practice Makes Perfect

5. Contacts
The main contacts are:
Dr.ir. Mark Voskuijl, Assistant Professor in Flight Performance and Propulsion
at Delft University of Technology. Read his bio on online-learning.tudelft.nl
Barend-Jan van Bruchem, Teaching Assistant and e-moderator for this course.
***

Online Learning Support: onlinelearningsupport@tudelft.nl
Office Hours: every day from 08:00 to 24:00 (Amsterdam time) for questions
about registration, accounts and other questions not related to content of the
course.

