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EDUCATIONAL GOALS AND EXPECTED LEARNING OUTCOMES
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The course aims at providing knowledge on the equations that govern the one-dimensional, steady and unsteady,
and quasi-one-dimensional steady flow of a compressible fluid. Such knowledge is aimed at providing the skills
required to appropriately analyze the thermo-dynamical behaviour of those devices and fluid machines that operate
with a compressible fluid. These include: combustion chambers, nozzles, shock tubes, reciprocating engines and
pipelines.

The main knowledge provided will be:

in-depth knowledge of the one-dimensional Euler equations, both steady and unsteady;

in-depth knowledge of the techniques needed to solve the Euler equations, including the treatment of
shock waves and contact discontinuities;

in-depth knowledge of Fanno, Rayleigh and pipeline flows;

elements of acoustic theory;

in-depth knowledge of conventional and novel propulsion systems;

technical solutions for performance optimization and reduction of emissions.

The main skills (i.e. the ability to apply their knowledge) will be:

to identify the most appropriate mathematical model that is capable to describe the flow through a given
fluid device or machinery;
solve the aforementioned equations to determine the kinematic and thermodynamic properties of the fluid
at all sections;
apply the theoretical models to the study of those devices and fluid machines that operate with a
compressible fluid;
the use of theoretical knowledge to design propulsion systems;
the ability to propose novel solutions for optimized propulsion systems.
PRE-REQUIREMENTS
Students must have acquired and assimilated the following knowledge typically provided by the courses of “Analisi
11", “Fisica Matematica”, “Meccanica dei Fluidi” and “Fisica Tecnica”:

1. Knowledge of differential calculus in two independent variable; directional derivative, gradient; transport
equation; wave equation; the divergence theorem.
2. Knowledge of kinematics and dynamics of a material point;
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Knowledge of basic concepts of thermodynamics, in particular those relating to the 1st and 2nd law of
thermodynamics, entropy, ideal gases: equation of state, internal energy and enthalpy, specific heat,
entropy, polytropic transformations;

Knowledge of basic concepts of fluid dynamics, in particular those relating to: fluid system and control
volume; the principle of conservation of mass and momentum from both a Lagrangean and an Eulerian
view-point; the transport theorem; Bernoulli's theorem.

SYLLABUS
Numbers in square brackets refer to the references in section TEXTBOOKS AND ON-LINE EDUCATIONAL MATERIAL

Compressible, quasi-one-dimensional flows (Q1D) [1, §1.2]; [7 classroom hours]
Compressibility and the speed of sound [1, §1.3]; [1 classroom hour ]
Quasi-one-dimensional steady flows: [8 classroom hours + 4 hours of tutorials]
a) Isentropic flow [1, §2.1];
Total and critical quantities [1, §2.2];
The area rule [1, §2.3];
Mass flow [1, §2.4];
Normal shocks [1, §2.5],[2];
Converging nozzles [1, §2.6];
Converging-diverging (De Laval) nozzles [1, §2.7];
h) Applications of Converging-diverging (De Laval) nozzles [1, §2.8]; [3] the companion movie [4]).
One-dimensional, non-isentropic, steady flows: [5 classroom hours + 5 hours of tutorials]
a) Fanno Flow [1, §3.1];
b) Constant temperature pipeline flow [1, §3.2];
c) Rayleigh Flow [1, §3.3].
One-dimensional unsteady flows [12 classroom hours + 10 hours of tutorials]
a) Introduction [1, §8.1];
b) Moving normal shocks [1, §8.2];
c) Reflected shock waves [1, §8.3];
Linear convection equation [5, §1.1-1.3];
Characteristic formulation of the Euler equations [6, §3.1-3.4] and [7];
Simple waves [6, §3.5] and [7];
Expansion waves [1, §8.6];
Shock tube relations [1, §8.7];
Finite compression waves [1, §8.8].
j)  Elements of acoustic theory: [1, §8.4] and [8, §11.1-11.5].
Introduction to propulsion systems;
Propeller engines and jet engines;
Thermo-fluid dynamics of internal combustion engines;
Conventional and novel combustion strategies and fuels.
TEACHING METHODS
The course consists in 81 hours of teaching, split between classroom lectures and numerical tutorials; the latter cover

roughly 30% of the 81 hours of teaching. The course might be supplemented by seminars held by external (e.g.
industrial) experts.

EVALUATION METHODS

The aim of the examination is to test the level of achievement of the previously mentioned educational goals.

The exam sessions consist in a written test that covers the first 6 ECTS and an oral test that covers the remaining 3
ECTS. The reservation for the tests is mandatory and must be made through the Web Services Teachers / Students
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(ESSE3) software accessible from the home page of the University.

The written test consists of 3 exercises, regarding the practical / applied aspects covered in the course; each of these
exercises is worth 10 points. The candidate will pass the exam if she/he receives a mark of at least 18/30.

During the oral examination the knowledge and skills acquired by the student, as well as his ability to solve problems,
will be verified.

The overall grade will take into account both written and oral tests.

TEXTBOOKS AND ON-LINE EDUCATIONAL MATERIAL
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Part of the bibliography and other learning material is accessible on the institutional instructors’ websites:
docenti.unibas.it/site/home.html

INTERACTION WITH STUDENTS

At the beginning of the course, after describing the objectives, program and methods of verification, the instructor
provides students educational materials (shared folders, website, etc). Meanwhile, the instructor collects the list of
students who wish to attend the course, along with their name, serial number and email.

EXAMINATION SESSIONS (FORECAST)*

16/01/2020, 11/03/2020, 06/05/2020, 27/07/2020, 18/09/2020, 13/11/2020
SEMINARS BY EXTERNAL EXPERTS YESO NOO

FURTHER INFORMATION

1Subject to possible changes: check the web site of the Teacher or the Department/School for updates.
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