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DEGREE COMPETENCES TO WHICH THE SUBJECT CONTRIBUTES

Specific:

CE18. MUEA/MASE: The ability to design, execute and analyse propulsion systems tests and carry out the systems' entire certification
process.

CE12. MUEA/MASE: Sufficient knowledge of advanced fluid mechanics, particularly experimental and numerical techniques used in
fluid mechanics.

CE13. MUEA/MASE: Understanding and mastery of combustion and heat and mass transfer phenomena.

Basic:

CB06. Manage original concepts in research projects.

CBO08. Generate decision from incomplete information assuming its social and ethical responsibilities.
CB10. Improve self-learning capacity

TEACHING METHODOLOGY

The teaching of the subject is organized in three methodological blocks:

e Face-to-face sessions in the classroom with theory classes (lectures) and application (examples and problems).

In the face-to-face sessions in the classroom, the teaching staff in charge will present the contents of the course, introducing the
theoretical bases of the subject, concepts, methods and resolution procedures and results, illustrating them through convenient
examples, visual material and proposing to the students, when considered, exercises and problems to solve.

Additionally, teachers will regularly propose activities to understand and consolidate the concepts worked on in the classroom.

e Practical face-to-face sessions, which may include specific lessons on the use of computer software for combustion, chemical
equilibrium and performance of rocket engines, conferences and talks, seminars, laboratory and/or workshop practices, presentation
of works/projects and visits to companies.

In the practical sessions with computer software, the teaching staff in charge will guide the student in the analysis and resolution of
combustion processes in thermal chemical rockets and their operational performance using specific software. These sessions are
scheduled to take place in the school's computer rooms. The methodology and calculation tools will have to be used by the student in
solving combustion and rocket problems proposed by the teaching staff.

Conferences, talks, seminars, laboratory/workshop practices, presentation of work and visits to companies will be conveniently
announced through ATENEA.

e Independent study and group work through carrying out different activities.

In group work, students will have to collaborate together in small groups on a common goal. During the activity, students create
knowledge from the interaction between classmates, instead of the classic teacher-student transfer, students are responsible for both
their classmates' learning and their own, and the role of the teacher is that of a facilitator, that is That is, it develops the structure,
facilitates the context and provides the learning space. Students are expected to interact, discuss, contrast points of view and solve
the problem together.
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LEARNING OBJECTIVES OF THE SUBJECT

The basic objectives of this subject are the following:

Knowledge, by the students, of the theoretical foundations and calculation methodology of the combustion processes in chemical
thermal rockets, as well as the operating principles and internal ballistics of the different types of chemical thermal rocket motor.
Knowledge, by students, of the theoretical foundations and limitations of chemical thermal rocket propulsion.

Knowledge, by students, of the characteristic elements and systems that make up rocket propellants: combustion chamber, nozzle,
storage and feeding system (injectors, pumps, tanks, ...), chemical, thermal and mechanical compatibility of the materials.
Knowledge, by students, of the standard nozzle design procedures.

Knowledge, by the students, of the foundations that allow analyzing, selecting and judging the propulsion system and the elements
that compose it, according to the requirements of the mission.

Development, by students, of the basic knowledge and skills necessary to make preliminary designs for thermal chemical rockets with
solid, liquid and hybrid propellants.

Knowledge, by students, of experimental testing techniques for propulsion systems.

STUDY LOAD
Type Hours Percentage
Hours large group 30,0 24.00
Hours small group 15,0 12.00
Self study 80,0 64.00

Total learning time: 125 h

CONTENTS

Module 1: Specificity and applications of different types of rocket propellants

Description:
Performance parameters, type of missions, types of rocket motor and evaluation of rocket motors.

Full-or-part-time: 4h 10m
Theory classes: 1h
Laboratory classes: O0h 30m
Self study : 2h 40m

Module 2: Applied combustion to rockets

Description:
Basic concepts of combustion, type of propellants, physical model of the ideal chemical thermal rocket engine, stoichiometry,
thermochemistry, calculation examples.

Full-or-part-time: 33h 20m
Theory classes: 8h
Laboratory classes: 4h

Self study : 21h 20m
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Module 3: Solid rockets

Description:
Elements and arrangement of solid fuel rockets, ignition system, fuel load (grain composition and formulation, grain design and
geometry, internal ballistics, combustion and thrust law), instabilities in combustion and operation, design of rocket engines.

Full-or-part-time: 25h
Theory classes: 6h
Laboratory classes: 3h
Self study : 16h

Module 4: Liquid rockets

Description:
Analyse the rocket propellants used in different missions throughout the history of rockets.

Full-or-part-time: 25h
Theory classes: 6h
Laboratory classes: 3h
Self study : 16h

Module 5: Technical performance qualities of rockets

Description:
Ejection velocity of gases in rockets, thrust and expansion ratio, characteristic speed, thrust coefficient, quality of performance of
the rocket propellant, total impulse, specific impulse, effective ejection speed, efficiency of the rocket motor, thrust control.

Full-or-part-time: 12h 30m
Theory classes: 3h
Laboratory classes: 1h 30m
Self study : 8h

Module 6: Nozzle design

Description:
Type of nozzles, calculation methods for the design of nozzles, liquid fuel engine nozzles

Full-or-part-time: 25h
Theory classes: 6h
Laboratory classes: 3h
Self study : 16h
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GRADING SYSTEM

The grading system for the subject is structured in four blocks:

1) First part exam (P1): topics 1, 2 and 3, studied along the first part of the course. Weight 35%.

2) Second part exam (P2): topics 4, 5 and 6, studied along the second part of the course. Weight 35%.
3) Team work (T). Weight 20%.

4) Conceptualization and resolution of challenges (R). Weight 10%

For students who do not pass the first partial exam (activity 5), a renewal exam is planned to be taken on the day of the second
partial exam (activity 6).

Renewal exam guidelines:

e Only those students that have failed the first partial exam (P1 < 5.0) can do the exam.

e The maximum grade is limited to 6.0 of 10.0.

e The final grade corresponding to the first partial exam (P1) will be the highest that the student has obtained among both exams
(ordinary exam and renewal exam).
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RESOURCES

Other resources:
Material prepared and/or compiled by the teacher available on the ATENEA virtual campus.
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