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Course name
Turbojet engines [S2AiR2-SIiB>ST]

Course

Field of study Year/Semester
Automatic Control and Robotics 1/1

Area of study (specialization) Profile of study
Intelligent and Unmanned Systems general academic
Level of study Course offered in
second-cycle Polish

Form of study Requirements
full-time compulsory
Number of hours

Lecture Laboratory classes Other (e.g. online)
30 15 0
Tutorials Projects/seminars

15 0

Number of credit points

4,00

Coordinators Lecturers

prof. dr hab. inz. Andrzej Frgckowiak
andrzej.frackowiak@put.poznan.pl

dr inz. tukasz Semkto
lukasz.semklo@put.poznan.pl

Prerequisites

1. Knowledge of mathematics and physics within the scope of the study program. The student is able to
describe basic physical phenomena and perform related calculations. The student is able to determine the
priorities that are important when solving the tasks set before him. The student demonstrates
independence in solving problems, acquiring and improving acquired knowledge and skills. 2. A student
starting this course should have basic knowledge of the basics of thermodynamics and energy flow and
conversion processes in thermal flow machines and devices. He should also have the ability to effectively
self-educate in the field related to the chosen field of study and be ready to cooperate within a team. 3.
Basic knowledge of technical drawing, mechanics, strength of materials.



Course objective

1. Zapoznanie z podstawowymi procesami termodynamicznymi, przemianami termodynamicznymi i
rownaniami zachowania energii. Poznanie metod opisu roznych czynnikéw termodynamicznych i obiegéw
termodynamicznych realizujgcych zatozone procesy konwersji energii cieplnej. Praktyczne opanowanie
umiejetnosci opisu realizacji procesow cieplnych 2. Zapoznanie z wiedzg zwigzang z mechanikg ptynow
(sity wywierane przez ptyn na kanat przeptywowy, klasyfikacja przeptywow, przeptywy izentropowe,
zjawiska lepkie i ich wptyw na pole przeptywowe, warstwa przyscienna, turbulencja itp.) oraz dyamiki
gazow (fala uderzeniowa, linia Fanno, itp.). 3. Zapoznanie studentéw z problematykg dotyczacg wymagan,
konstrukcji i eksploatacji lotniczych zespotéw dla silnikéw turbinowych. Przedstawienie teorii lotniczych
zespotdw napedowych opartych o przeptywowe silniki cieplne (turbinowe silniki odrzutowe jedno i
dwuprzeptywowe, silniki turbosmigtowe, silniki strumieniowe i rakietowe). W szczegolnosci nauczy¢
narzedzi analitycznych potrzebnych do iloSciowej analizy takich silnikow, a takze zaznajomi¢ z
jakosciowymi relacjami pomiedzy parametrami charakterystycznymi. Zapoznanie studenta z podstawowymi
zasadami pracy silnikow lotniczych, ich budowy i wykorzystania.

Course-related learning outcomes

Knowledge:

1. knows and understands selected areas of mathematics to an in-depth level; has broadened and
deepened knowledge necessary to formulate and solve complex tasks in the field of control theory,
optimization, modeling, identification and signal processing; [K2_W1]

2. has structured and in-depth knowledge in the field of modeling and identification of systems;
[K2_WS5]

3. has knowledge of development trends and the most important new achievements in the field of
automation and robotics and related scientific disciplines; [K2_W12]

Skills:

1. is able to determine models of simple systems and processes and use them for the analysis and
design of automation and robotics systems; [K2_U10]

2. is able to select and integrate elements of a specialized measurement and control system, including:
control unit, executive system, measurement system and peripheral and communication modules;
[K2_U13]

Social competences:

1. is aware of the importance and understands non-technical aspects and consequences of engineering
activities, including its impact on the environment and the related responsibility for decisions made; is
ready to develop professional achievements; K2_K2

2. is aware of responsibility for one's own work and is ready to obey the principles of teamwork and be
responsible for jointly performed tasks; is able to lead a team, set goals and define priorities leading to
the implementation of the task; [K2_K3]

Methods for verifying learning outcomes and assessment criteria
Learning outcomes presented above are verified as follows:

Lecture:

- assessment of knowledge and skills demonstrated in the written test during the examination session -
1.5 hour exam

Exercises:

- the knowledge acquired during the exercises is verified by a final test at the last class

Programme content

Basic thermodynamic concepts. Speed of sound. Gas flow classification. One-dimensional flow. Basic
equations. Adiabatic and isentropic flows. Flow through the nozzle. Critical parameters and gas
accumulations. Change of gas parameters in flow through a pipe with variable cross-section, taking into
account friction and heat transfer. Wave phenomena in one-dimensional flow. Normal shock wave.
Two-dimensional flow. Flat supersonic flow. Oblique shock wave. Axisymmetric flow

Basic relationships, model of the thermodynamic factor. First law of thermodynamics. Perfect gases.
Basic dependencies for open systems. 2nd law of thermodynamics. Efficiency of cycles and
transformations. Typical transformations of an ideal gas. Real gases. Basics of describing combustion



processes. Motor circuits. Left-hand circulation. Steam power plant circuits. Basics of heat flow.
Continuous medium model. Some concepts and theorems of fluid kinematics. Power line. Current area.
The path of the fluid element. Acceleration of the fluid element. Substantial, convective and local
derivative. Circulation. Principle of conservation of mass. Forces acting on the fluid. General properties
of motion of non-viscous and non-heat-conducting fluids. Fluid statics. Determination of equipotential
surfaces and pressure distribution. Pressure of fluid on the walls of solid bodies. Swimming and stability
of floating bodies.

Turbine engines as a drive for aircraft engines. Construction and operational requirements for drive
units and automatic control systems of turbine engines. Examples of practical implementation of control
systems for modern turbine engines. Operation of aircraft powered by turbine and piston engines
according to standards specified in aviation regulations. Physical basis of thrust generation by aircraft
drives; The influence of flight parameters (speed, ceiling) and engine parameters (compression, heating,
efficiency of compression and expansion processes, etc.) on individual engine operating parameters
(specific thrust, specific fuel consumption, components and overall efficiency); Double-flow engines
(auxiliary channel circulation, characteristics);

Course topics

Lecture:

topic 1 - engine designs

topic 2 - inlet nozzles

topic 3 - compressor

topic 4 - combustion chamber

topic 5 - turbine

topic 6 - outlet nozzle

topic 7 - aircraft engine accessories

Exercises:

topic 1 - principle of conservation of mass

topic 2 - Bernoulli equation without losses

topic 3 - Bernoulli equation with losses

topic 4 - similarity numbers

topic 5 - sequence calculations

topic 6 - calculations of engine operating parameters
topic 7 - calculations of engine operating parameters

Laboratories:

topic 1 - Flow visualization

topic 2 - determination of pressure losses in the channel
topic 3 - characteristics of a centrifugal fan

topic 4 - turbine characteristics

topic 5 - pump characteristics in series and parallel systems
topic 6 - Determining the characteristics of a jet engine
topic 7 - Determination of mass flow using damming tubes

Teaching methods

1. Lecture: multimedia presentation, illustrated with examples given on the board.
2. Exercises: examples given on the board and carrying out tasks given by the teacher - practical
exercises.
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4. The Jet Engines. Wyd. Rolls Royce 1986 r.

5. Dzierzanowski P., Kordzinski W., Otys$ J., Lyzwinski M., Szczecinski S., WiatrekR.: Napedy Lotnicze.
Turbinowe silniki odrzutowe. WKL, Warszawa 1983.

6. Dzierzanowski P., Kordzinski W., Otys$ J., Szczecinski S., WiatrekR.: Napedy Lotnicze. Turbinowe silniki
Smigtowe i Smigtowcowe. WKL, Warszawa 1985.

7. Lotnicze silniki turbinowe : konstrukcja - eksploatacja - diagnostyka. Cz. 1Wtodzimierz Balicki, Ryszard
Chachurski, Pawet Gtowacki, Jan Godzimski, Krzysztof Kawalec, Adam Kozakiewicz, Zbigniew Pagowski,
Artur Rowinski, Jerzy Szczecinski, Stefan Szczecinski. , Wydawnictwa Naukowe Instytutu Lotnictwa.
Wydawca, Wydawnictwa Naukowe Instytutu Lotnictwa, 2010

8. Lotnicze zespoty napedowe. Cz. 2 / Stefan Szczecinski, Wtodzimierz Balicki, Ryszard Chachurski, Pawet
Gtowacki, Jan Godzimirski, Adam Kozakiewicz, Zbigniew Pggowski, Jerzy Szczecinski.Wydawnictwa
Naukowe Instytutu Lotnictwa. Wydawca, Wydawnictwa Naukowe Instytutu Lotnictwa,

9.Lotnicze zespoty napedowe. Cz. 3 / Stefan Szczecinski, Wtodzimierz Balicki, Ryszard Chachurski, Pawet
Gtowacki, Krzysztof Kawalec, Adam Kozakiewicz, Jerzy Szczecinski. Wydawnictwa Naukowe Instytutu
Lotnictwa. Wydawca, Wydawnictwa Naukowe Instytutu Lotnictwa,

10. Eksploatacja silnikéw turbinowych / Benedykt Bolinski, Zdzistaw Stelmaszczyk.Wydawnictwa
Komunikaciji i Lgcznosci. Wydawca

11. Turbinowe silniki odrzutowe / Pawet Dzierzanowski, Walerian Kordzinski, Mieczystaw tyzwinski,

Jerzy Otys, Stefan Szczecinski, Ryszard Wiaterek,Wydawnictwa Komunikacji i tgcznosci. Wydawca
Wydawnictwa Komunikaciji i tgcznosci, 1983.

Breakdown of average student's workload

Hours ECTS
Total workload 100 4,00
Classes requiring direct contact with the teacher 60 2,00
Student's own work (literature studies, preparation for laboratory classes/ | 40 2,00
tutorials, preparation for tests/exam, project preparation)




