Zalacmik nr 3 do zalacznika do uchwaly nr 436/XLIXS Senamm PW
#dnia 18 prdoia 2009

Opis poszceepdinyeh preedmiotdw (zajec) studidw drugicgo stopnia
o profilu ogdlnsakademickim na Kierunku Energetvka Nowej Generacji
provwalzonyim ma Wydzinle Mechanicenym Energetvki i Lotniciwa

PREEWODNIK PO PRAEDMIOCIE
KARTA PREEDMICTL

Course name: Data Science in Power Engineering

Stopien studiow: |l (magisterski)

Kierunek studiow, specjalnosc: ENG — Energetyka Mowej Generacji

Wydziatowy kod przedmiotu: ...... Semestr studidw: 8 | Liczba punktdw ECTS: 4

Efekty uczenia sig: ENCG_W01 : ENG_ W04 : ENG_U02 ; ENG_UD6; ENG_LID7 ; ENG_KOI

Efekty uczenia sig: |.PTS_WG.o  IHLPTS WG LP7S UW.o ITLP7S UW.ao:
LPTS U0 LP?S UL LPTS KK

Goals:
The main objective of this course is to familiarize students with the theory and practice of Data

Science methods used in industry, in particular in power engineering.

C1. To familiarize students with the programming environments used in Data Science. C2,

To familiarize students with elements of the Python programming language used in Data

Science and machine learning methods.

C3. To familiarize students with the control systems used in the power industry, where the data
are stored.

C4. Presentation of current problems and challenges in the field of modeling in the energy sector.
C5. Presentation of example Case Study solutions based on Data Science being used in the energy
sector,

C6. To familiarize students with the basic methods used in modeling such as linear regression,
ridge regression, and neural networks.

C7. Indication of the possibility of using the above methods to improve the functioning of devices
in the energy sector.

Prerequisites for knowledge, skills and other competences
1. Knowledge of basic energy processes.
2. Basic competences in mathematics at the level of extended Matura exam.
3. Basic knowledge of programming (in the scope of loading and printing variable, arrays,
loops).

Course results: knowlegde

EW1 - Student has knowledge of the types of Data Science methods used in power engineering.
EW?2 - The student knows the properties and limitations of the use of Data Science methods.
EW3 - Student understands algorithms of linear regression, neural network, ridge regression,
EW4 - The student knows the basic syntax of the Python language.

EWS - The student knows the basic syntax of the Julia language.

EWE - The student knows examples of the application of Data Science algorithms in energy.
Skills

EU1 - The student is able to import data from a database or files.

EUZ - Student is able to create a model based on linear regression.

EU3 - student is able to create a model based on ridge regression.

EU4 - Student is able to create a neural network model,

EUS - The student can create an optimizer in Julia.
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Detailed contents;

Form of classes - lectures and workshops at lectures No. of hours .]_
W1 —Introduction to Data Science issues, 3 |
W2 — Introduction to IT tools for data analysis; Python, Jupyter.

W3 - Introduction to IT tools for data analysis: R, Julia.

W4 - Solutions based on Data Science implemented in power
engineering: Case EL'r_l{l;FIif_;.

W | |

W5 - Data mining from various sources (databases, files, other),

W6 — Designing identification experiments.

W7 - Predictive Maintenance task theory.

WE - Predictive Maintenance workshop

W10 - Forecasting in the energy sactor.
W11 - Data Science solutions in the field of forecasting.
W12 - Mathematical modeling of energetic processes - introduction.
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W13 - Mathematical modeling of energetic processes - Data Science
tools,

W14 - Optimization - theoretical issues.

Total 45

Didactic tools

1. Lectures - Presentations in Power Point format
2. Information system (e-learning) shairing all additional materials and links to external
materials
3. Computer software (open-source software),:
a. Interpreter of Python and Julia,
b. Jupyter editing environment.
4, Workshops (work in pairs);
a. Read and write data to the 50L database.
b. Detection of device anomalies.
t. Preparing a heat demand forecast.
d. Creating a machine learning model of one of the systems operation parameter - e.g. flow
or temperature In a heating substation.
e. Creating an optimizer of an industrial process.

Form of assessment: (F— Formative, P — Summary)

P1 - final exam,

F1 - assessment of a group work (W5
F2 = assessment of a group work (W8)
F3 — assessment of a group work (W11)
F4 —assessment of a group wark (W13}
F5 — assessment of a group work [W15)
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Student workload

A form of activity Mo. of hours
Lecture hours with the teacher 45
Preparation for classes 10
Preparation of reports on exercises made in class 10
Preparation for the exam 10

Use of additional and auxiliary materials 15

UM g0

Total number of ECTS points for the subject 4

Bibliography:
« James G. et al. “An Introduction to Statistical Learning with Applications in R®, available

online: http://faculty.marshall.usc.edu/gareth-James/ISL/

« Geron A, "Hands-On Machine Learning with Scikit-Learn and TensorFlow. Concepts,

Tools, and Techniques to Build intelligent Systems”, 2017, O'Reilly Media

Responsible for the course:
Dr Konrad Wojdan
Course result Odniesienie Goal Lecture Didactic toaols Form of
danego efekiu content assessment
do efekidw
tdefiniowanych
dla calego
programu (PEK)
Ew1 EMG WO C3, C4, C5,C7 | W1, W4, W7, | L2, P1
ERG_WiM W9, W12,
Wild
Ew2 ERG_WIH C4 W7, W3, 1,2,3.4 Pl
ENG_Wod W12, W14
Ew3 ENG Wil C4, Ch Wa, w9, 1,234 P1, F3, F4
EMG Wi W1l wi3
EW4 ENG WO c2 W2, w3 1,2,3.4 P1
EMG W4
EW5 EMG_Wi C7 W3, W15 1,234 P1, F5
ERNG W4
EWE ENG Wil 2, C4, €5 W4 1,2 F1
EMG_ Wi
ExG KA1
EUl ERG_U02 2 W5, WE Wa, (1,234 F1,F2, F3, F4
W1l, Wi3,
W15 o
EU2 ERG_LID2 C1,C2,Cb W2, WE, Wil [ 1,234 Fi,F3
EU3 ENG_Li02 C1,C2, Ch W2, WE, 1,234 F&F3, F4
W11, wi3
Eua ExG L2 C1,C2, C6 W2, Wid, 1,234 F3
ENG_LAO6 Wil
ERG LT
ELIS ERG_LA02 C1 W3, Wi5 1.2.3.4 F5
ENG_U0s
ENG_LIO7
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Grading criteria:
On grade 2 On grade 3 On grade 4 On grade 5
EWw1l The student does The stwdent has The student has The stedent has detailed
not have adequate | basic knowledae detailed knowledge knowledge about the D%
knowledge about the 06§ alpout the D5 methods | mathods and hefshe can
meathods LS I POWET compare them
englneering
EW2 The stugent does The stusient has The student has The student has detailed
net have adequate | basic knowledge detailed knowledge knowledge about the DS
knowledge about the DG aboul the DS methods | methoeds and he/she can
rhethods AR IT PR select approgriate one fior
ANEINIring the given fask
EW3 The student does The student has The stwdent has The student has knowledpe
not have adequate | knowledge about knowledge about the abouwt the algorithms and
knowledpe the algorithms algorithms and hefshe can modify them
urrderstands them
EwW4 The student does The student has Tho stwdent has The student has detailad
not have sdequate | basic knowledge detailed knowledge knowledge about the symtax
knowledge about the syntax about the syntax and hefshe axtended it
________________ e beyond the lecthure material
EW5 The student does The student has The studesnt has The student has detallad
nof have sdequate | basic knowledge deiailed knowledpe kmowledge and ha/fshe
knowledge about the syntax about the syniax extended | beyond the
tecture material
EWE The student does The student has Thi student has The student has detailed
not hive adequate | basic knowledge dutaited knowledge knowledge about the syntax
knowledpe and hefshe extended it
e beyond the lecture material
EL1 The student cannot | The student can The student can The student can camplete
complete thetask | complete part of complete the task the task and explain script
thee task action
ELZ The stodent canmal | The student can Thé sludent can basild The student can build a
Bouiled oy rnoded tauilsd @ rmodel in a a model and explain rrodel which will achieve
partially werong way | script action satisfactory accuracy and
axplain script action
| ELZ The stuedent cannot | The student can The student can bulld | The student can build a
build any moded build a model in g a madel and explain rndel which wall achieve
partially wrong way | script actson satlsfactory accuracy and
| explain sorlpt action
| EU4 The stedent cannst | The student can The stucent can build | The student can build &
Builef any model Suild a model i a a maadel and explain model which will achiave
| partially wrong wary | script action satisfactory accuracy and
| explain sript action
ELIS The stwdent cannat | The student can The student can The student can implemeant
EK1 implerment any implerment an implement am an oplimization algarithm,
algorithm aptimizaton optimization afgorithm | explain it and get satsfying
algorithem in Jube and exglan it resulis
without getting
results

Additional remarks:
Miejsce | terminy odbywania sie zajec
Semestr zimowy 2011/2012 - cawartki podz. 10.15-12 sala T204

Konsultacje

Crwartki 9-10 araz 12-14 , pokdj 210 ITC araz na bietaco mailowo: konrad.wojdan@itc. pw.edu.gl
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PRZEWODMNIK PO PRZEDMIOCIE
KARTA PRZEDMIOTU

Course name: Trigeneration, Cooling and Heating Technologies

Stopien studidgw: || {magisterski)

Kierunek studiow, specjalnosc: ENG - Energetyka Nowej Generacji

Wydzialowy kod przedmiotu: ...... Semestr studidw: 8 | Liczba punktow ECTS: 4

Efekty uczenia sie : ENG_ W01 ; ENG_ W02 ; ENG U0 ; ENG_U03 ; ENG_KO03

Efekty wczenia sig : [.P75_ WG HLPTS. WG LPTS_UW o5 HLPTS_U'W.o0 LPTS_KR

Goals and base course description:
Understand and model cooling, heating and trigeneration systems which are key to the effective,
reliable and safe design and operation of them.

1. Heating technologies
a. district heating
b. heat pumps
c. solar panels
2. Cooling technologies
d. wapor compressor technologies;
b. sorption technologies;
c. other technologies;
d. direct and indirect systems;
e, district coolings;
3. Tripeneration technologies
a. decentralized systems
b. centralized systems with decentralized cold generation
c. centralized systems

Prerequisites for knowledge, skills and other competences

Required
RP1 | Thermodynamics
APZ | Heat exchange
RP3 | Fluid mechanics
= Desirable
DP1 | Theory of heat machines
OP2 | Thermal power plants

Course results:

knowledge

EW1 - student has an extended knowledge about cooling, heating and trigeneration systems
EW2 - student understand modern innovative technologies | power systems

Sz



EW3 - students has an advanced knowledge about processes in modern cooling and heating
equipment

skills

EU1 - students can built the thermodynamic maodel of the processes in the cooling and heating
equipment

EU2 - student can design the simple and advanced energy systems using modern cooling and
heating equipment

Detailed contents:

LEC & | Topics

Course introduction

il | Heating technologies

W2 | Solar panels

W3 | Refrigeration basic

W4 | Vapoar type refrigeration

W3 | Sorption refrigeration

W6 | Heat pumps
W7 | AC systems
WE | Quiz 1

Wa | District heating

W10 | District cooling

W1l | Trigeneration basic

W12 | Trigeneration decentralized systems

W13 | Trigeneration centralized systems with decentralized cold gencration

Wl4d 'J"rl'g.n:m.:rulinn centralized svalems
W15 | Quix 2

Didactic tools

5. Lectures - Presentations in Power Point format

6. Information system (e-learning) shairing all additional materials and links ta external
materials

7. Computer software {open-source software),:

Form of assessment: {F = Formative, P = Summary}

P1 —final exam,

F1 - assessment of a group work (\W5)
F2 — assessment of a group work (W8)
F3—assessment of a Eroup wark [W11)
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F4 —azsessment of a group work (W13}
F5 = assessment of a group work (W15}

Student workload
A form of activity MNo. of hours
Lecture hours with the teacher 45
Preparation for classes 10
Preparation of reports on exercises made in class 10
Preparation for the exam 10
_Use of additional and auxiliary materials 15
SUM 50
Total number af ECTS paints for the subject )
Bibliography:
Title
Tl ASHRAE Handbook
T2 F. Porges. Handbhook of Heating, Ventilating and Air Conditioning, ISBN:
7R 483 162690
T3 | Materials provided by lecturers
Responsible for the course:

Prof dr hab inz Artur Rusowicz

| Grading criteria:
Activities Percentages
Quiz | 50%
Quiz 11 50%
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PREZEWODNIK PO PRZEDMIOCIE
KARTA PRZEDMIOTU

Nazwa przedmiotu: Module General Trainning (Modul Przedmiotow Podstawowych)

Stopien studidw: Il (magisterski)

Kierunek studiow, specjalnosé: ENG — Energetyka Nowej Generacji

Wydziatowy kod przedmiotu: ...... | Semestr studiow: 5,9 Liczba punktdw ECTS: 4

Efekty uczenia sig : ENG_WOI ; ENG L0 : ENG U05: ENG KO1-KO3

Efekty uczenia sig : 1LP7S WG.o: HLPTS. WG LPTS UWoo  ILPTS LW
LP7S KE: LPTS KOGLPTS KR

Cele przedmiotu:

Zapoznanie studentdw z zaawansowang wiedza teoretyerng dotyczaca dyscypling 15, G I E

C1. Zaawansowana wied: teoretyczna 2 matematyki, fizyki, chemii

C2. Zaawansowana wiedza teoretyczna 7 zakresu termodynamiki, mechaniki plynow, mechaniki
uwzgledniajgca najnowsze osiggniecia naukowe w tych driedzinach

C3. Zaawansowana wiedza stosowania algorytmaow rozwigrywania modeli matematycznych oraz
wykorzystania programow obliczeniowych

Wymagania wstepne w zakresie wiedzy, umicjotnosci | innych kompetencji

4. Wiedza przedmiotow podstawowych (matematyka, fizyka, chemia) na poziomie studiow
infynierskich

5. Wiedza przedmiotdw podstawowych [termodynamiki, mechaniki phyndw, mechaniki] na
poziomie studiow inzynierskich

B, Zaawansowane umiejetnosci komputerowe {IT) — praca z oprogramowaniem aplikacyjnym i
oprogramowaniem umoiliwiajgoym roswiazywanie zagadnien numeryeenych

Efekty uczenia sig

wiedza

EW1 - Student posiada zaawansowang wiedze 7a zakresu matematyhki i fizyki

EW2 - Student posiada zaawansowang wiedie za zakresu termodynamiki | mechaniki plynow
EW3 - Student podsiada wiedze na temat najnowszych osiggniec naukowych w zakresie nauk
podstawowych

EW4 - Student posiada zaawansowang wiedze za zakresu sposobow opisu zjawisk fizycznych i
rorwiazywania zagadnien numerycznych

umiejetnosci

EU1 - Student potrafi przygotowywad zaawansowane modele 2jawisk fizycznych

EU2 - Student potrafi rozwigzywad zaawansowane zagadnienia numeryczne za pomocy
komercyjnych kodow obliczeniowych

Trescl programowe

Forma zajed — wyktady | symulacje na wykladach ' Liczba godzin
WI1-W6 — Zapadnienia tearetyczne 3
WT-\Wa — aagadnlenla modelowania procesdw 3
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W9 - wykorzystanie kamercyjnych kodow abliczeniowych i

W14 - test koficowy lub egzamin 3
Suma E,m:l:ln 45
Marzedzia dydaktyczne

8. Wyktady - Prezentacje w formacie Power Point | materialy dodatkowe

9. System informatyczny (e-learningowy) gromadzacy wszelkie materialy dodatkowe i linki do
materiatw zewnetrznych

10. Eomercyjne oprogramowanie (kedy obliczeniowe)

11, Przykiady obliczeniowe modelowania zawansowanych zjawisk fizycznych

Sposoby oceny (F - Formujgca, P - Podsumowujgca)

P1 - test kotoowy

F1 = ocena pracy grupowej (W2)

F2 —praca domowa indywidualna 1
F3 - praca domowa indywidualna 2

Obcigienie pracy studenta

Forma akbywnosci Srednia liczba godzin na
zrealizowanie aktywnosci

Godziny kontaktowe  nauczycielem 45

Przygotowanie do zajed B

Prace domowe 12

Praygotowanie do testu [kolokwium) 10

Korzystanie 1 materiatow dodatkowych | pomocniczych 15

SLIMA 20

Sumaryczna liczba punktow ECTS dla przedmiotu i

Literatura podstawowa i uzupeiniajgca :

Prowadzgcy przedmiot

Tredci
programowe

Efekt Odniesienie Cele
ksztalcenia danepo efektu | przedmiotu
do efektdw
zdefi
nigwanych
dla calego
programu
(PEK)

Marzedzia
dydaktyczne

Sposob oceny

Ew1

ENG WO

C1-C2

WI1-\WG

P1,F1-F3

Ew2

ENG Wl

C1-C2

W1-We

P1,F1-F3
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EW3 ENG WOl C1-c2 W1-W6 1,2, P1,F1-F3

EwW4 ENG_Wol C1-C2 WI1-W6 1.2 P1,F1-F3

EU1 ENG_Liol c3 W7 W14 3.4 P1,F1-F3
ENG L03

EUZ ENG_LI0] 3 W7-W14 3-4 P1,F1-F3
ENG_LI0S
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PRZEWODNIK PO PRZEDMIOCIE
KARTA PRZEDMIOTU

Mazwa przedmiotu: Maodule Professional Trainning (Modut Przedmiotow Zawodowych)

Stopien studidw: || {magisterski)

Kierunek studidw, specjalnosé: ENG — Energetyka Nowe| Generacji

Wydziatowy kod przedmiotu: ...... | Semestr studidow: §,9,10 | Liczba punktow ECTS: 4

Efekty uczenia sie: ENG WOZ-W04 ; ENG U0I-UOT ; ENG_LI03 ; ENG_KDI-KD3

Efekty uczenia sie : LP7S WG.o: ILPTS.WG: LPTS UW.o: IILPTS UW.a: LPTS UG LP7S UL
LPTS KK; LPTS K0 ;1P7S KR

Cele przedmiotu:

Zapornanie studenbow I zaawansowang wiedza teoretyczng dotycrgca energetyki | procesow
technicznych zwigzanych z energetyka

Cl. Zaawansowana wiedz teoretyczna ¢ 2akresu energetyki

C2.Zaawansowana wiedza teoretycina : zakresu nowych i perspektywicznych technologii
energetycznych

C3. Zapoznanie @ mozliwodciami wykorzystania systemow T w energetyoe

Wymagania wstepne w zakresie wiedzy, umiejetnosci i innych kompetencji

7. Wiedza dotyczaca zagadnien technicznych w energetyce na poziomie studiow infynierskich |

stopnia

Wiedza dotyczqca sposobow modelowania podstawowych zjawisk fizycanych w energetyce

9, Podstawowe umigjetnosci komputerowe (IT] — praca z oprogramowaniem aplikacyjnym i
gprogramowaniem umoiliwilajgoym rozwiazywanie podstawowych zagadnien numerycznych
dotyczgoych energetyki

=

Efekty uczenia sig

wiedza

EW1 - Student posiada raawansowana wiedze ra zakresu energetyki

EW2 - Student podsiada wiedze na temat nowych trenddw rozwojowych i najnowszych osiggniec
technologicenyeh w zakresie energetyki

EW3 - Student posiada zaawansowang wiedze za zakresu sposobow opisu zjawisk fizycenych i
rozwiazywania modelowania procesow w energetyce

umiejetnosci

EUL - Student potrafi prayvgotowywad zaawansowane modele zjawisk fizycznyeh w energetyce
EU2 — Student potrafi rozwigzywac raawansowane 2agadnienia bilansowe systemow
energetycanych

EU3 = student patrafi preygotowad witepne projekty nowych rorwigzan technologii
energetycznych

EUd = student potrafi samodzielnie | w zespole prowadzif zaawansowane analizy | projekly 2
dziedziny energetyki , w tym takie uwzgledniajgc umiejetnosci pracy w zespotach
miedzynarodowych

1172 30%



Tredcl programowe

Forma zajec = wyklady i svmula::ju-e na mh’fadar.h Liczba godzin
W1- Wi- Zagadnienia teoretycine 3
W7 -W8 - zagadnienia modelowania procesow 3
WI-W1d— wykorzystanie kamercyjnych systemaw abliczeniowych 3
W15 — final test E]
Suma End zin 45
Marzedzia dydaktyczne

12. Wykiady - Prezentacje w formacie Power Point | materialy dodatkowe

13. System informatyczny (e-learningowy) gromadzacy wszelkie materialy dodatkowe | linki do
materialow zewnetrznych

14, Komercyjne oprogramowanie (kody obliczeniowe)

15. Przyklady obliczeniowe modelowania rawansowanych zjawisk fizycznych

Sposoby oceny (F - Formujgca, P — Podsumowujgca)

P1 - test kofcowy

F1—ocena pracy grupowej (W2}

F2 — praca domowa indywidualna 1
F3 — praca domowa indywidualna 2

Obcigzenie pracy studenta = ==

Forma aktywnosci Srednia liczba godzin na

rrealizowanie aktywnosci

_Godziny kontaktowe z nauczydielem 45

Praygotowanie do zajgl 8

Prace domowe B 12

Przygotowanie do testu (kolokwium) 110

Korzystanie z materiatow dodatkowych | pomaocniczych 15

SUMA 230

Sumarycena liczba punktow ECTS dla przedmiotu 4

Literatura podstawowa i uzupelniajgca :

Prowadzqcy praedmiot
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Efekt Odnissienie Cele Tresci Marzedzia LSposob oceny
ksrtalcenia danego efekiu | preedmiotu programaowe dydaktyczne
do efekiow
2defi
niowanych
dla catego
programu
{PEE]
EW1 EMG_Wal WI1-We 1,2, P1,F1-F3
EWwW2 ENG_ W03 WI1-WE 1,2, P1Fi-F3
EW3 ENG_ WOz Wi-WeE 1.2 P1,F1-F3
Eu1 ENG_L] Wi-wid 3.4 P1,F1-F3
EWCG LH2
EUZ ENG_LN2 WI-W14 3,4 P1F1-F3
EmG L3
EU3 ENG_L04-T W7-W14 3-4 Fi-F3
Informacje dodatkowe:
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PREEWOQDNIK PO PRZEDMIOCIE
KARTA PRZEDMIOTU

Mazwa prredmiotu: Module Extension Subjects [Modut Przedmiotow Dodathkowych)

Stopien studidw: || {magisterski)

Kierunek studidw, specjalnodc: ENG - Energetyka Mowej Generacji

Whydziatowy kod przedmiotu: ... | Semestr studidw: &9, 10 Liczba punktow ECTS: 2

Efekty uczenia sig : ENG W02-4 : ENG UD2-LI07: ENG KO1-E03

Efekty uczenia sig : LPTS WHK: IILPTS.WG: LPTS UW.o: LETS WK, [ILP7S. WE: LPTS UW.o:
HEPTS_UW.0: 1LPTS UK, LP7S UD, LPTS KE: LPTS KO:LP7S KR

Cele przedmiotu:

Zapoznanie studentaw 7 wiedzg dotyczacy szczegotowych zagadnien nowego sektora
energetycznego oraz nabycie umiejetnodci umatliwiajgeych prace zawodowa lub prowadzenie
badan w te] dyscyplinie

Wymagania wstepne w zakresie wiedzy, umiejetnosci i innych kompetencji
Z raleinoici od prredmiotu obieralnego wymagania okreslone preez prowadzacego

Efekty uczenia sie

wiedza

EW1 - zna | rotumie procesy i rjawiska w driedzinie energetyka

umiejetnosci

EU1 - posiada raawansowane umiejetnosci dla pracy | badan w sektorze energetyka

EU2- Organizacja pracy - planowanie i praca zespotowa wspotdzizfac z innymi osobami w ramach
prac zespofowych | podejmowadl wiodaca role w respolach miedzynaraodowych

EU3 - Student potrafi dokonad krytycznej oceny posiadanej wiedzy | odbieranych tresci,
wypetniania zobowigzan spotecznych, przygotowywac sie do patnienia rdl zawodowych

Tresci programowe

Forma zajed — wylklady | symulacje na wykladach Liczba gudzi.n
W1-W6 — Zagadnienia dotyczace przedmiotu obieralnego 2
WT-W14 — zajecia laboratoryjne éwiczenia grupowe 2
W15 — test koricowy lub egzamin E
suma godzin 30
Marzedzia dydaktyczne

16. Wyklady - Prezentacje w formacie Power Point | materiaty dodatkowe

17. System informatyczny (e-learningowy) gromadzacy wezelkie materiaty dodatkawe | linki da
materiatdw 2ewnetrznych

18. Systemy informatyczne dla prowadzenia obliczen

14 .z 20



Sposoby oceny (F - Formujgca, P - Podsumowujgca)

P1 —test kofcowy

F1 - ocena pracy grupowej (W2}
F2 - praca domowa indywiduaina 1
F3 —praca domowa indywidualna 2

Dbcigienie pracy studenta

Forma aktywnosci Srednia liczba godzin na
zrealizowanie aktywnodci

modziny kontaktowe 2 nauczyeielem §ﬂ

Przygolowanie do zajed iu__

Prace domowe [

Przygotowanie do testu (kolokwium) 4

Korzystanie 2 materiatow dodatkowych i pomecniczych 10 )

SUMA Gl

Sumaryczna liczba punktow ECTS dla przedmiotu 2

Literatura podstawowa i uzupetniajgca :

Prowadzacy przedmiot

168 z X5



PRZEWODMIK PO PRZEDMIOCIE
KARTA PREEDMIOTU

Mazwa prredmiotu: Module Extension Subjects HES (Modut Przedmiotaw
Dodatkowych = HES )

Stopien studidw: || {magisterski)

Kierunek studidw, specjalnosé: ENG - Energetyka Mowej Generacji

Whydziatowy kod przedmiotu: ...... | Semestr studidw: 8.9 Liczba punktdw ECTS: 2

Efekty uczenla sig : ENG W05 ;. ENG_UDS-106: ENG KOI-K03

Efekty uczenia sig : LP7S WK LPTS UW.o: LP7S UK. LP7S U0, LP7S KK: LPTS KO:LPTS KR

Cele przedmiotu:

Zapoznanie studentdw 2 wiedzg dotyczgoy porwalajgca na zrozumienie uwaruonkowan | skuthdw
elonomicznych, prawnych, etycznych i inne uwarunkowania roinych rodzajow dziatalnodci
zawodowej

Wymagania wstepne w zakresie wiedzy, umiejetnosci i innych kompetencji
brak

Efekty uczenia sig

wiedza

EW1 - wiedzq dotycigcg pozwalajgca na zrozumienie uwarunkowan i skutkdw ekonomicznych,
prawnych, etycznych | inne uwarunkowania radnych rodzajow dziafalnosc zawodowej
umiejetnosci

EU1 - Organizacja pracy - planowanie | praca zespofowa wspotdziatad z inmymi osobami w ramach
prac respolowych | podejmowad wiodacy role w zespolach miedsynarodowych

EU2 - Student potrafi dokonac krytycznej oceny posiadane] wiedzy | odbieranych tresci,
wypelniania robowigzan spoleczavch, pravegotowywad sie do pelmienia rdl zawodowych

Tresci programowe

Forma zajec - wykiady i symulacje na wykiadach Liczba godzin
W1-WE - Zagadnienia teoretycine 2
W7-W14 - rajecia leoretyczne i cwiczenia grupowe 2
W15 — test kodcowy lub egzamin 2
Suma E,ﬂ-dzin 30
Marzedzia dydaktycene

19. Wyktady - Prezentacje w formacie Power Point i materiaty dodatkowe
20. System informatyezny le-learmingowy) gromadzgoy wizelkie materialy dodatkowe 1 linki do
materialow zewnetrznych
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Sposoby oceny (F — Formujaca, P - Podsumowujaca)

P1 = test koncowy

F1-ocena pracy grupowej (W2}

F2 - praca domowa indywidualna 1
F3 —praca domowa indywidualna 2

T e L

Forma aktywnosci

Srednia liczba godzin na

zrealizowanie aktywnosci

Godziny kontaktowe 2 nauciycielem an
Przypotowanie do zajed 10
Prace domowe 6
| Przygotowanie do testu (kolokwium) i
Korzystanie z materiatow dedatkowych i pomocniczych 10
SLIMA G0
Sumaryczna liczba punktdw ECTS dla przedmiotu 2

Literatura podstawowa i uzupeliniajgca :

Prowadzgcy przedmiot

17 208



PRZEWODNIK PO PRZEDMIOCIE
KARTA PRZEDMIOTU

Narwa prredmiotu: Module Projects (Modul Projektowy)

Stopien studidw: Il (magisterski)

Kierunek studidw, specjalnosc: ENG — Energetyka Nowej Generacji

Whydziatowy kod przedmiotu: ... | Semestr studidw: 8 9 Liczba punktow ECTS: & lub 12

Efekty uczenia sig : ENG_W02-4 ; ENG_LH1-U07; ENG_KOI-K03

Efekty uczenia sie : ERTS UWe L IIEPTE I o L PTSE WE, LTS UK, LP?S LD, | PPS: UL
L.P7S_KK; 1LPTS_KO1L.P7S KR

Cele praedmiotu:
Prowadzenie indywidualnych lub grupowych prac inzynierskich i badawczych z zakresu energetyki
NoOWej generaci.

Wymagania wstepne w zakresie wiedzy, umiejgtnosci | innych kompetenc)i
Wiedza | umiejgtnosci na poziomie studidw | stopnia

Efekty uczenia sig

wiedza

EW1 - wiedza w szczegatowym zakresie projektu energetycznego

umiejetnosci

EU1 - posiada zaawansowane umiejetnosci dla pracy i badan w sektorze energetyka

EU2— Organizacja pracy - planowanie i praca zespobowa wspdddziatad z inmymi osobami w ramach
prac zespolowych | podejmowad wiodaca role w zespotach miedzynarodowych

EU3 - Student potrafi dokonaé krytycznej oceny posiadane] wiedzy i odbieranych tredc,
wypelniania zobowigzan spotecanveh, praveotowywad sie do pelnienia rdl zawodowych

Tredci programowe

Forma zajec - wyktady i symulacje na wyktadach Liczba godzin |
Praca wlasna i pod kontrola prowadzqcego projekt | 4-10
Suma godzin 60- 150 !
Marzedzia dydaktyczne

Kaidorarowo przystosowane do specyfiki projekiu

Sposoby oceny (F — Formujaca, P — Podsumowujaca)

Raport projektowy
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Dbcigienie pracyg studenta

Forma aktywnodci

Srednia liczba godzin na
rrealizowanie aktywnodci

Prace projektowe

60-150

Korzystanie @ materiatow dodatkowych i pomocniczych 60 150
SUMA 120-300
Sumaryczna liczba punktow ECTS dla przedmiotu 6lub12

Literatura podstawowa | uzupelniajgca :
Dostosowana do specyfiki projektu

Prowadzacy przedmiot

19z 2040



Programme of study - Power Engineering

Warsaw University of Technology ECTS Catalog

Programime

Power Engineering

Cgres Typ=

Msc full-tima
Pusrposes

Agadernic yaar
201972020

The abjectives of the study is to gain the skills allowing for the independent and creative analysis of
advanced engineering problems. The graduates are prepared not only for the work in industry but
also for solving the research problems. Each diploma thesis is reviewed by 2 reviewers and is
defendead in the presence of commission consisting of professars and assistant prafessors.

Effects of education

Code of effect:
Description:

Area of study related learning outcomaes

E2_Wo1

has extensive knowiedge on applied
mathematics: knows general and detailed
mathematical description of the course of
physical and chemical processes, knows
advanced mathematical methods needed in
mathematical modelling (differential eguations,
elements of algebra and analytical geometry,
statistical methods, methods of experiment
planning, optimisation theory).

“Code of effect:
Description:

Area of study related learning oulcomes

EZ_W02

knows basic and advanced methods of organic
and inorganic chemistry, such as atomic
structure, spectroscopy, magnetic resonance,
kinetics of chemical processes, catalysis and
surface chemistry, knows the basics of modern
phiysics,

Code of effect:
Description:

Area of study related learning outcomes

E2 W03

knows advanced numerical methods of solving
problems described with mathematical methods,
knows the possibilities of commercial computer
software.

Cade of effect:
Description:

Area of study related learning outcomes

E2_W04

has knowledge on materials engineering, in
particular on properties of materials used in high-
temperature power engineering (gas turbinaes,
supercritical steam turbines, conventional and
fluid steam boilers).

“Code of effect:
Description:

Area of study related learning outcomes

E2_WO5

has advanced knowledge in the area of
phenomenological and mathematical description
of processes of momentum, heat and mass
exchange, in particular basic laws of fluid
mechanics, description of processes of heat flow
via conduction, convectlon and radiation, mass
flow: knows basic mathematical methods of
solving such problems.

Code of effect:
Descriptian:

E2_WO6
has advanced knowledge in the area of technical
and chemical thermodynamics. such as
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Programme of study - Power Engineering
Warsaw University of Technology ECTS Catalog

Effects of education

Area of study related learning outcomes

equiliorium thermodynamics and
thermodynamics of irreversible processes, knows
analytical methods of determining properties of
solutions and creating phase diagrams,
determining parameters of chemical equilibrium,
reaction kinetics (also combustion processes),
elaments of statistical thermodynamics and
stability theory,

Code of effect;
Descriplion:

Area of study related learning outcomes

E2 W07
knows technologies of energy conversion and
transport in detail.

Code af effect:
Description:

Area of study related learning outcomes

E2_WO8
kEnows methods of design of devices (steam
boilers, gas and steam turbines, compressars)
and systems af district heating networks,
coaling, air-conditioning and ventilation devices,
and of CHF economy.

Code of effect:
Dascription:

Area of study related learning outcomes

E2_W09

knows advanced methods of using renewable
{water, solar, geothermal, wind, biomass) energy
SOUrCES,

“Code of effect:
Description:

_Area of study related |learning outcomes

E2_W10
knows the rules of work and use of fuel cells and
hydrogen power engineering,

Code of effect;
Description;

Area of study related learning outcomes

E2_W1l

knows the methods of energy evaluation of
processes - materials, energy and exergy
balancing, determination of indicators of
accumulated consumption of energy and exergy,
thermo-ecological analysis, use of waste energy,
district heating, CHP economy, methods of
energy audits,

"Code of effect;
Description:

E2 W12

has knowledge on resources of natural fuels,
their physical and chemical properties, processes
of coal gasification, clean coal technologles, gas
storage, basic petrochemical processes,

Area of study related learn-ng outcomes
Code of eflect:

Descripkion:

Area of study related learning outcomes

E2_W13
has advanced knowledge in the field of nuclear
power engineerning, such as construction of
nuclear reactors, mechanisms of nuclear
reaction, nuclear power plant failures, calculation
methods of reactor physics.

Code af effect:
Description:

Ez_Wli4
has knowledge on development trends and most
important new achievements in power
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Effects of education

Area of study related learning outcomes

gnginearing.

Code of effect:
Description:

JArea of study related learning gutcomes

EZ_W15

has basic and advanced knowledge on life cycle
of technical devices, objects and systems in
power endgineering. thoroughly knows the rules
of operation and maintenance of machines, as
well as the rules of choice of construction and
maintenance materials for power machines and
devices, and for cooling and air-conditioning
devices.

“Code of effect:
Description:

JArea of study related learning outcomes

EZ W16

knows the rulas of creating and testing numearical
algarithms, knows the possibilities and
limitations of typical calculation and design
commercial software, can use it on his/her own
when solving power engineering problems.

Code of effect:
Description:

E2 W17

knows optimisation methods, such as linear and
non-linear programming, multidimensional
aptimisation, dynamic and stochastic
programming, practical applications of
aptimisation in thermodynamics, energy
exchange, industrial power engineering.

Area of study related learning outcomes
Code of effect:

Description:

Area of study related learning outcomes

E2_WI1E
knows the rules of technical and economic
analysis when designing and modernising power
devices,

“Code of effect:
Description:

Area of study related learning oulcomes

EZ W19

has knowledge necessary to understand social,
economic, legal and other non-technical
conditions of power engineering activity and to
take them into account in engineering practice.

Code of effect:
Description;

_Area of study related learming outcomes

E2Z_W20
has basic knowledge on management, such as
quality management and management of
business activiby,

“Code of effect:
Description;

JArea of study related learning outcomes

EZ W21

knows and understands basic terms and rules
connected with industrial property protection and
copyright, as well as the need for intellectual
property management; can use the resources of
patent informatian,

"Code of effect;
Description:

E2 W22

knows general rules of founding and
development of forms of individual
entrepreneurship, using the knowledge in
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Effects of education

Area of study related learning outcomes

scientific fields and disciplines relevant to power
engineering.

Code of effect:
Description:

_Area of study related learning sutcomes

E2_UD1

can gather information from literature, databases
and other chosen sources, also in English or
another foreign language which is a language of
international communication in power
engineering; can integrate the information
obtained, interpret it and evaluate critically, as
well as draw conclusions, and formulate and
justify opinions well.

“Code of effect:
Description:

_Area of study related learning sulcomes

E2_U0D2
can communicate using various techniques in
the professional environment and other
enwvironments, also in English or another foreign
language which is a language of international
communication in power engineering.

“Code of effect:
Description:

E2_U03
can prepare a scientific study in Polish and a
short scientific text in a foreign language
regarded as basic for power engineering, and
present his/her own research results.

Area of study related learning outcomes
Cade of elfect:

Description:

_Area of study related lea rning outcomes

E2_U04
can prepare and give an aral presentation an
detailed issues from the field of power
engineering in Poelish and in a forelgn language.

“Code of effect:
Description;

Area of study related |earning outcomes

E2 UOS
can set the goals of further education and
organise his/her learning procass.

Code of effect:
Description:

Area of study related learning outcomes

E2 UDG

has language skills in scientific fields and
disciplines relevant to the field of study. in
accordance with the requirements for the B2
level of the Common European Framework of
Reference for Languages. knows the terminology
and symbols specific for power engineering.

Cnde aof eHEct
Description:

Area of study related |earning outcomes

E2_U07
can use information and communication
techniques appropriate to realise tasks typical for
power engineering, can prepare an article for
publication presenting his/her own analyses.

Code af effect:
Descrption:

EZ UOB

can plan and conduct experimeants, such as
measurements and computer simulaticns,
interpret the results obtained and draw
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Effects of education

Area of study related learning oulcomes

conclusions, uses laws of physics and
experimental physics methods when analysing
the course of varigus physical and chemical
processes.

Code of eflect:
Description:

Area of study related learning outcomes

E2_U09
can use mathematical methods in numerical and
analytical zolving of mathematical models of
physical and chemical processes in heat power
Engineering,

Code of effect:
Description:

_Area of study related learning outcomes

E2_Ul0
can apply the methods of modern physics to
analysis and experimental research of processes
in heat power engifeering.

“Code of effect:
Description:

_Area of study related learning outcomes

E2 ULl
can apply the rules and methods of equilibrium
and irreversible thermodynamics,

“Code of effect;
Description:

Area of study related |earning outcomes

E2 U12

can implement the methods of chemical
research (kinetics and catalysis) in research on
processes in heat power engineering.

Cade af effect;
Description:

Area of study related learning outcomes

E2_U13
can use T knowledge in analysis of physical and
chemical processes,

Code ol effect:
Description:

Area of study related learming outcomes

E2_U14
can formulate equations of mathematical models
describing the properties of heating or cooling
installations and their parls in steady and
transient states,

Code of effect:
Descnplion:

Area of study related learning outcomes

EZ_Ul5

can evaluate the usefulness and possibility of
application of modern achievements (technigues
and technologies) in power englnesaring.

Code af E_f-fEEt:
Description:

_Area of study related learning outcomes

EZ2 Ule
is prepared to work in the industry and knows
work-related safety standards.

“Code of effect,
Description:

_Area of 's-tud!.-' related learning outcomes

E2 UL7

can conduct a technical and economic analysis of
designed and modernised technological systems
using the methods of accumulated energy and
exergy consumption indicators and economic
analysis.

“Code af effect:
Dascription:

EZ UL7
can conduct a technical and econamic analysis of
designed and modernised technological systems
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Effects of education

using the methods of accumulated energy and
exergy consumption indicators and ecanomic
analysis,

Area of study related |earning outcomes
Code of effect:

Descriplion:

Area of study related |earning outcomes

E2_uils

can use mathematical models of processes of
miomentum, heat and mass exchange and solve
balance tasks, also using commercial softwarz.

Code of effect:
Description:

Area of study related learning outcomes

E2 U19

can analyse and compare the applied technical
solutions, in particular for devices, objects,
systems, processes and services,

Code of effect:
Description;

_Area of study related learning outcomes

E2_Uz0
can suggest improvements of existing technical
solutions,

“Code of effect:
Description:

Fl.I'Er'.'l of stu L11_||' related |EEIr'i‘|1I!1g outcomeas

E2_U21

can use algorithms of identification of
mathematical models.

“Code of effect:
Description:

Area of study related learning outcomes

E2_U22
can use gptimisation methods and solve practical
problems in technical and economic description
in power engineering.

Code of effect:
Description:

JArea of study refated learning outcomes

EZ UZ3

can solve design tasks and work analyses for
power devices and installations taking into
consideration legal restrictions and
environmental impact.

Code of effect:
Description:

Area of study related learning cutcomes

E2 U24
can use commercial calculation software and
create hisfher own small applications For
mathematical modelling and research,

Code of affect:
Description:

JArea of study related learning outcames

E2_U25
can design and select basic power machines
depending on the type of process.

“Code of effect:
Description:

Area of study related learning outcomes

E2_U26
can select the types of fuels for designed power
processes,

Code of effect:
Description:

_Area of study related learning outcomes

E2_KO1

understands the need lor life-long learning; can
inspira and arganise the learning process of
other people.

Code of effect:
Description:

"E2_K02

is aware of the importance of engineering
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Effects of education

Area of study related learning outcomes

activity and understands its non-technical
aspects and consequences, such as its impact on
the environment and the responsibility for
ensUing decisions.

“Code of effect:
Description:

Area of study related |earning outcomes

E2 K03
can cooperate and work in a team, assuming
various roles,

Code of effect:
Description:

Area of study related learning outCcomes

E2_K0D4
can appropriately set priorities for realisation of a
task set by him-/herself or others.

Code of effect:
Deascription:

E2_KO05
correctly identifies and solves dilemmas
connected with hisfher job,

Area of study related Iearnlng autcomes
Code of elfect:

Description:

Area of study related learning outcomes

E2_KO6
can think and act in a creative and
entrepreneurial way.

“Code of effect:
Description:

E2 KO7

is aware of the social role of a technical
university graduate, in particular understands
the need to formulate and deliver, especially via
mass media, information and opinions on
technical achieverments and other aspects of
engineering activity; strives to make the
infermation and opinions widely understandable,
presenting various points of view,

Area of study related learning cutcomes
Courses by semester

Semeaster 1

Block Group Caurse ECTS  Lect. Exrc, Lab.  Praj
Oirectianal Dbligatory Camputational Fluid Dynamics 3 EL|] o 15 i}
Direcliaonal Dbligatary Energy Policy and Law P £l a #] ]
Directional Obligatory Epergy Transport z 15 15 o o
Directional Obligatory Fimite Element Method | 4 i 1] 0 15 o
Dirpctianal Obligatory Mathematical Modeling and Frocess “ 3 15 0 0
Identification
Chrectional Ghligatory Mumerical Methads 1in Heat Transder 3 ELi] [§] 15 I+
Directional Dbligatory Partizl Diferential Equations d 15 L1 K] ]
HES HES HES 21 2 1] o 8] o
Muciear Power Elective Elective coursels) HFEL z D 0 o 0
Enginaaring
Muchrar Power Specialistic Elements of Muckrar Physecs 4 £l 15 £ it
Power Engineering Elective Elective course(s) PE1 2 3 i} o o
Power Enginearing Spaciglisthc Algaorithing and Program far Heat z 15 15 1] 0
Balances
Power Engineering Spacialistic Ernergy Efficiancy i 15 0 15 0
Semester 2
Block Groap Course ECTS  Lect, Eurc, Lab Prajf.
Diredlionel Oblinatony Busineds Law 2 15 15 o 0
Diracticnel Obligatory Meural Melworks 3 30 i} (K] ]
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Black
Directipnal
Diracticnal

Muclear Power
Enginesring
NutClaar Power
Engineering
Wueclear Power
Enpineoring
MNuclear Power
Enginesring
Nulesr Powes
Engineering

Fower Englnearing
Power Enginaoring
Pownr Engingering
Pawver Engimeersig
Pawers Enginesring
Fawer Engineanng

Semester 3

Block
Mrectional
rirectional
Muclear Poveer
Engnesring
Muclear Powsar
Enginearing
Muclear Poywar
Engingering
MuclEar Power
Engimnesring
Muclear Power
Englnaaring
Huclear Povear
Engineering
Muchsar Poveer
Enginasring
Muclzar Powar

Enginsarng

Powear Enginaaring
Powar Enginoering
Power Engineering

Semester 4

Black

Muciear Powar
Enginaaring
Mucigar Povear
Enginaaring
Muchrar Povar
Engineering

Group
Duhpatory
Onhpatory
Eboctive
Spaciaksiic
Speciakstic
Specialstic
Speciakstic
Electiva
Spociakstic
Specialistic
Specialistic
Specialistic
Specialstic

Graup
Ohligatary
Obligatary
Spetialistic
Specialistc
Specialistc
Cpecialistic
Specialistc
Speclalistic
Specialistic
Specialistc
Spiecialistc

Sprcialistic
Cpecialistic

Group
Specialistic

Speclalistic

Specialisiic

Coursa ECTS Leck Exrc,
Pysics 2 3 30 0
Statistical and Nonequilirium 3 15 15
Thermodynamics

Elective coursels) NPEZ ¥ 30 (i}
Contemporany Huclear Reactor Systems 3 A5 o
LYWR, H¥YWR)

Muclear Fuels and Fuel Cycles 2 30 0
Mutlear Beactar Modeling amd Simulatian B 30 15
Muclear Reactor Physics B 30 15
Elective course|s) PEZ ) 30 0
Advanced Hoat Transfor E 15 15
Sdvanced Renewable Energy Sources El 30 15
Enginesring Praject 3 i} 0
Future Power Tecnnalagias 2 30 o
Intermediate Master Project & (1] o
Course ECTS Lect Exrc.
Infarmation Systems in Managemant ) 30 L
Fraject Management 2 30 (1]
Engineering Praject 3 [V 0
GenlV Nuclear Reactor Sysiems 2 3n i}
{HTR,FBR}

Intprmadiate Master Projact L & ]
Muclear Energy and Internatianal 2 I5 (1]
Sacudily

Muclear strumentalon and Conrol 4 3n L1
Muclear Power Plant Choarateon and i 30 L1
Maintenance

Muclear Povwer Plant Safiety 3 i 15
Thermonuclear Synthasis 2 30 i
Elactive Course PE3 i 30 (1]
Master Diplama Sorminar 2 0 a
Master Diplarma Thesis i} 1] 1]
Courgg ECTS Lecl. Exrc.
Internship at a Nuclear Installation a 1} 1]
Master Diploma Seminar 2 L} Q
Master Diplama Thesis Fi k) 4] Q

Lab.

L= =]

RN =~ -

Lab.
o

1]

LU

Proy.
i
0
i

0

Pra.
o

L
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Description of course

Code of course ANKEI4E

Mame of course Computational Fluid Dynamics

Version of course 2013

A. Place of the course in system of studies

Level of education Secand cycle studies

Farm and mode of studies full-time

Profile of studies General academic proflle

Specialisation -

Place of teaching of course Faculty of Power and Aesrgnautical Engineering

Place of realization of course The Faculty of Power and Aeronautical
Engineering.

Coardinator of course Prof. |. Rokicki

B. General characteristic of the course

Block of courses Directional

Group of courses Diligatory

Type of Course Compulsory

Language of course angielski

Mominal semester 1ir.a 201972020)

Time of completion In the academic year winter semester

Preliminary reguirements Fluid Mechanics, Computer Sciance il

Limit of students 90 - lecture, 12 - lab. groups

C. Effects of education and manner of teaching

Purpose of course To familiarize the students with the computational

methods of flow simulations After completing this
course the students will be able to understand
basic algorithms of CFD as well as perform
simulations using comertial CFD code (mesh
generation, setting up boundary and initial
cenditions, monitoring simulations, assessment
nad visualization of resulis).

Effects of education See Table 1,
Form of didactic studies and number of hours per Lecture 30h
samester Exercise type of course  Oh
Laboratory 15h
Project type of course  Oh
Computer lessons Oh
Contents of education Basic models in fluid mechanics. Conservative

VErsus non-conservative formulation, Basic
discretisation methads for model equations
(Doundary and initial conditions, stability, CFL
condition, Godunov barier), General algorithmes for
nonlimear problems {(pseudo-time iterations,
frozen coefficients, quasi-linearisation). Simulation
af incompressible flows (stream-function vorticity
formulation, projection methoed and artificial
compressibility]. Finite volume methoad Tor
compressible flows, Flux-vector splitting
technigue. Madelling of shock-waves, Basic
information on spectral methods.

Methods of evaluation Assesment method: 2 lecture tests (60 points),
lab, continuous assignement {20 points), lab, test
{20 points], resulting mark: {30-49 N, 50-59 3.0,
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Description of course

60-69 3.5, 70-79 4.0, 80-89 4.5, 90-100 5.0), If

necessary Lhe optional final exam may override

the score received during bath lecture tests,

Practical worlk: lab work,

Methods of verification of effects of education See Table 1,
Exam no
Literature Hirsch, Charles, Numerical computation of internal

and external flows, 2007 Yersteeg. Henk Kaarle,
An intreduction to computational fluld dynamics,

Website of the course

D. Student's activity

Numbrer of ECTS credits

Mumber of hours of student's work to achieve
effects of education

2007,
httpoifc-cfd.meil.pw.edu.pliccfdindex. phpfitem=6&

3

1) Mumber of hours that reguire the presence of a
teacher - 55, including; a} presence of the lectures
= 30 hours; b} presence in the labs = 15 hours, c)

presence on consultation - 10 hours. 2) The
number of hours of indegendent work of student -

20 howrs, including: a) L0 hours - preparation for
labs and lectures, b) 10 hours = preparation for

the exam, Total: 75 hours,

Mumier of ECTS credits on the course with direct
participation of academic teacher

2 ECTS cradits - number of hours that require the

presence of a teacher - 55, including: a) presence

of the lectures - 30 hours; b} presence in the labs
- 15 hours; c] presence on consultation - 10
hours.

Mumber of ECTS credits on practical activities on
the course

E. Additional information

MNaotes

Date of last edition

Table 1, Learning outcomes

1 ECTS credits - 23 hours including: a} labs - 15
hours; b) preparation for the labs - B hours.

2019-09-10 08:05:15

General academic profile - knowledge

Code of effect: ANK348_W1
Descripbion: Student knows basic modes] and eguaticns of
fluid mechanics.
Werification: Exam
Field of study related learning cutcomes E2 Wol
Area of study related learning outcomes _
Code of eflect, ANK348_wW1

Description: Student knows basic modesl and eguations of
fluid mechanics.,

YVerification: Exam

Field af study retated learning outcames EZ_WO3

Area of study related learning outcomes

Code of effect; ANE34B W2

Description:

Verification:
Field of study related learning outcomes
Area of study related learning outcomes

Student knows basic techrigues of discretization
af differential equations.

Exam

E2 Wo1
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Table 1. Learning outcomes

Code of effect: ANK348 W2

Description: Student knows basic techniques of discretization
of differential eqguations.

Verification: Exam

Field of study related learning ocutcomes E2_W05

Area of study related learning outcomes

Code of effect: ANK34B W3

Description:

Verification:
Field of study related learning outcomes
Area of study related learning outcomes

Student knows stability limiatations of various
discretization methods,

Exam

E2_W01

“Code af effect;
Description:

Verification:
Field of study related learning outcomes
AArea of study related learning outcames

ANK348 W3
Student knows stability limiatations of various
discrelization methods,

Exam

E2_Wa5

General academic profile - skils
Code of effect:

ANK348 Ul

Description: Student can discretize and solve numerically a
simple boundary value problem.

Verification: Exam, lab meetings

Field of study related learning oulcomeas E2_UD9

Area of study related [earning outcomes _

Code of effect ANK348 Ul

Description:

Verification:
Field of study related leaming outcomes
Area of study related learning outcomes

Student can discretize and solve numerically a
simple boundary value problem.

Exam, lab meetings

E2 UL4

“Code of effect;
Description:

Verification:
Field of study related learming outcomes
Area of study related learning outcomes

AMK348 Ul
Student can discretize and solve numencally a
simple boundary value problem.

Exam. lab meetings

E2_U08

Code of effect:
Description:

Verification:
Field of study related learming outcomes
Area of study related learning outcomes

ANK343_U2

Lising an appropriate engineering computer
package, a student is able to sclve simple
engineering flow problem and critically assess
obtained solution,

Assessment of progressyactivity in lab tutorials
E2_uos

“Code of effect:
Description:

Verification:
Field of study related learming outcomes
Area of study related |earning outcomes

AMK348 U2
Using an approgriate engineering computer
package, a student is able to solve simple
engineering flow problem and critically assess
obtained solution.

Asspcement of progress/activity n lab tutorials
E2_U0D9

Code of effect:

AMNK3I48_U2Z
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Table 1. Learning outcomes
Description:

Wernficatign:
Field of study related leaming outcomes
Area of study related learning outcomes

Using an appropriate engineering computer
package, a student iz able to solve simple
engineering flow problem and critically assess
obtained solution,

Assessment of progress/activity in lab tutorials
E2 U14

General academic profile - social competences

Code of effect:
Description:

Werification:
Field of study related learning outcames

AMK348 K1

Student is able to identify and eliminate threats
Irmiplied by erronecusly performed computer
simulations.

Assessment of progress/activity in lab tutorials
E2_KOB

Area of study related Iearning autenmes
Code of effect:

Description;

Werilication:
Field of study related learning outcomes
Area of study related learning outcomes

ANK348 K1

Student is able to identify and eliminate threals
implied by erroneously performed computer
simulations.

Assessment of progressfactivity in lab tutorials
E2_KO2

Code ol eflect:
Description:

Verification:
Field of study related learning outcomes
Area of study related learning oulcomes

ANK348 K1

Student is able to identify and eliminate threats
implied by erronzously performed computer
simulations,

Assessment of progress/activity in lab tutorials
E2_KOS
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Description of course

Code of course ANKELET

Mame of course Energy Policy and Law

Version of course 2013,

A. Place of the course in system of studies

Level of education Secaond cycle studies

Form and mode of studies full-time

Profile of studies General academic prafile

Specialisation -

Place of teaching of course Faculty of Power and Asronautical Engineering
Place of realization of course Faculty of Power and Aercnautical Enginesning
Coordinator of Course prof. Tadeusz Skoczkowski

B. General characteristic of the course

Block of courses Directional

Group of courses Obligatory

Type of course Compulsory

Language of course angielski

Mominal semester 1ir.a, 2001972020)

Time of completion in the academic year sUmMmer semester

Preliminary reguirements =

Lirut of students 50

C. Effects of education and manner of teaching

Purpose of course To understand world's and EU energy resources,

supply and demands. To understand the ongoing
changes in glcbal energy markets, including EU
internal energy market. Ta gain genaral
knowledge on enargy policy of the EU and Poland.,
Ta understand the transformation to sustainable
energy systems, To learn the modern concept of
energy security. To understand fundamentals of
electricity reform and competition in electricity
markets. To get familiar with main trends in
energy research and promation. To gain in-depth
knowledge on energy law in Poland. To
understand legal regulations concerning
environmental impact ef energy sector. To
understand legal status of distributed generation.

Effects of education See Table 2.
Form of didactic studies and number of hours per Lecture A0h
semester Exercise Lype of course Oh
Laboratory h
Project tvpe of course ©h
Computer lessons oh
Contents of education EMERGY GENERAL. Role of Energy in our Lifa,

World's Energy Resources. Population Growth and
Globkal Energy Demand. Globalisation in Energy
Markets. World's Energy Forecasts. Energy Trends
in the EW. EU Energy Priorities. EU Targets for
2020 and Beyond. EU Internal Energy Market, EU
External Energy Relations. Energy Palicy in
Chosen Countries (USA, China, India, Russia,
Brazil), Giobal Energy Investments, Muclear
Option, Development of RES Energy. Role of
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Description of course

Energy Efficiency. Climate Change Impact.
International Energy Agency. Global strategic
petraleum reserves, Energy Charter Treaty.
International Atomic Energy Agency,
SUSTAINABLE ENERGY POLICY. Sustainable
Development Concept. Definition of Sustainable
Energy Policy, Clean Energy. Sustainable Enargy
avstems Attributes: Energy Efficiency. RES
FPenetration. Climate Impact. Low Carbon
Technology Drive. Costs af Energy Technologies.
Fossil Fuels in Sustainable Systems, SECURITY OF
SUPPLY. Definition of Security of Supply. Energy
Dependence of EU. Securty of Supply in
Efectricity and Gas Markets, Investment Decisions,
Policy Tools: Capacity Mechanizm and Price Cap.
Green Paper on Security OF Supply. Trends in IES
Countries. Callective Energy Securily. Generation:
Investments. Reserves and Fuel Mix in Liberalized
Markets, Role of Prices and Market Structure, Role
of Governments. Transmission: Current
Investments Needs, Transmission Congestion,
Cross-Border Interconnections. Planning.
Development and Ownership. End-Use Efficiency.
Case Studies, ELECTRICITY REFORM AND
COMPETITION IN ELECTRICITY MARKETS.
Background To Electricity Reform. Electricity
Directive2003/54/EC, Stranded Costs. Unbundling.
Electricity Markets: Spot Markets. Power
Exchange. Pool. Capacity Mechanism. Financial
Markets. Metworks: Metwork Regulations.
Managing Congestion, Setting Price Levels.
Fegulation, Institutional Frameworks, Operators in
Investments. Institutions and Policy Framewaork.
Impact of Electricity Market Liberalization on
Generation Costs: Market Liberalization.
Transparency of Publlc Pollcy Objectives and
Costs, Allocation of Risk, Investment Cosls,
Operation and Maintenance Costs, Investmants In
Power Generating Capacity. Investments in the
Pazt, Investments Under Competition. Energy
Investments Needs and Benefits. Canditions for
Investment in the Energy Sector. Latest Proposals
for legislatien relating to EC internal energy
markets. ENERGY RESEARCH AMD PROMOTION,
Energy in Frame Priects. SET-Plan. Intelligent
Energy Europe Program. ENERGY LAW |N POLAMND,
Energy Sector in Poland and its Development.
Energy Policy of Poland. Energy Law. Objectives.
Scape, Built-in Mechanisms, Main Provisions,
Duties of the Energy Sector. End-User Position.
Penaltizs, Role of the President of the Regulatary
Office, Green Certificates. Red Certificates,
Weaknesses. Main Decrees to Energy Law. Tariff
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Description of course

Methods of evaluation

Methads of verification of effects of education
Exam
Literature

Website of the course

D. Student’'s activity

Number of ECTS credits

Murmber of hours of student’s wark to achieve
effects of education

Decree. Connection Decree. Energy Efficiency
Law, Djectives, Main Provisions. White
Certificates. Energy Efficiency Financing, MEEAP.
Development of Nuclear Law. Competition Law,
EMVIROMMENTAL IMPACT QF ENERGY SECTOR,
Energy Related Environmental Directives: IPPC,
LCP. Environmental Accounting GHG Emission
Reduction, EMAS, 1501400, Best Available
Techniques. Environmental Protection Law.
Climate Change. Importance of Climate Change,
Eyolo Prolocol And Post-Kyolo, Kyoto Experience,
UNFCCLC. Climate Change EU Action Flan, Climate
Change and Carbon Trading Mechamsm, Carbon
Trading Mechanisms and Complementary
Measures, Flexible Mechanisms. |oint
Implementation, Clean Development Machanism.
Emission Trading Mechanism, EY Emission Trading
System. EU Demand Side and Energy Efficiency
Measures, Carbon Market Activity. Nuclear Safety.
LEGAL STATUS OF DISTRIBUTED GENERATION.
Definitions of Distributed Generations (DG). DG
Technologies. Res, Small CHP. CHP Directive,
Economics of DG. DG Level Flaying Field. Policy
Issues. Barriers. Regulaticn Electricity Markets
Covering DG, Energy Companies in Dg Markets,
Development of DG, Renewables, RES State. RES
Development. Directives2001/77/EC.
Directive2009/28/EC, Feed-in Tariff. National
Renewable Energy Action Plans (NREAPS). RES
Financing. RES Policy and Legislation in Chosen
Countries,

1. Weskly active participation in discussions -
ability to present, argue and defend own opinions
supported by concrete evidences, e.g. palicy
documents, statistics, research papers, 2.
Preparation and making public presentation
(group work), 3. Writing an essay on a given
subject (3.5 pages, individual work), andfar 4.
Active participation in a semester-long project.
see Table 2.

no

1) Jaccard M.: Sustainable Fossil Fuels, Cambridge
University Press, 2005, 2) Toward sustainable
energy future, OECD/EA, 2001,

http:/iwaww.oecd org/bookshop
http:ifitc.pw.edu.pl/IT/Moodle

2

1) Mumiber of hours that require the presence of a
teacher - 35, including: a) presence of the lectures
30 hours; b) presence on consultation - 5 hours,

2) The number of hours of independent work of
student = 30 hours, including: a) preparation for
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Description of course

lecture, analyse of the literature - 10 hours; b)
prepare at least one subject and its presentation
during classes (group work) - 10 hours; ¢} to
prepare an elaborate on a given subject 3-5 pages
tindividual work) - 10 hours,

Mumber of ECTS credits on the course with direct 1.4 ECTS credits - number of hours that reguire

participation of academic teacher the presence of a teacher - 35, including: a)
presence of the lectures 30 hours; b) presence on
consultation = 5 hours.

Mumber of ECTS credits on practical activities on -

the course

E. Additional infoermation
Motes
Date of last edition

Table 2. Learning outcomes

2019-09-10 08:05:14

General academic profile - knowledge

Code of affect;
Description:

Verification:

Field of study related learning outcomes
Area of study related learning outcomes

ANK4A8T W1

Student understands political and economic
processes ongaing in the world’s and EU energy
markets, including EU internal energy market.
Writing an essay, final assessment; making a
slide presentation {in a group); activity in
discussions

E2_W19

Code of effect:
Description:

Verification:

Field of study related learning outcomes
Area of study related learning cutcomes

ANKAB7 W2

Student understands fundamentals of electricity
reform and competition in electricity markets.
Writing an essay; final assessment; making a
slide presentation {in a group]; activity in
discussions

E2 Wi4

Code af effect:
Description:

Verification:

ANK48T W2
Student understands fundamentals of electricity
reform and competition in electricity markets.
Writing an essay; final assessment; making a
slide presentation {in a group); activity in
discussions

Field of study related learning outcomes E2_W19
Area of study related learning outcomes N
Code of effect: ANE4BT W3

Description:

Verification:

Field of study related learning outcomes
Area of study related learning outcomes

Student has in-depth knowledge on energy law in
Poland and understands legal regulations
cancerning environmental impact of energy
seclor,

Writing an essay,; final assessment; making a
slide presentation {in a group); activity in
discussions

E2_W19
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Table 2. Learning outcomes

General academic profile - skils

Cade of effect:
Descriplion:

Verification:

Fleld of study related leaming oulcomes
JArea of study related learning outcomes

ANKABT U1

Student has ability to understand the EU and
Foland's energy law and envircnmental law
influencing energy processes,

Writing an essay; final assessment; making a
slide presentation (in a group); activity in
discusslons

E2 U23

Code of effect:
Description:

Verification:

Field of study relaied leaming oulcomes
Area of study related learning outcemes

ANKABT U1

Student has ability to understand the EU and
Poland's energy law and environmental law
influencing energy processes.

Writing an essay; final assessment; making a
slide presentation {in a group); activity in
discussions

E2_U01

Code of effect:
Description:

YVeriflication:

Field af study related learning outcomes
Area of study related |earning outcomes

ANKABT UL

Student has ability to understand the EU and
Paoland's energy law and environmental law
influancing energy processes,

Writing an essay; final assessment; making a
slide presentation {in @ group]; activity in
dizcussions

EZ_LOZ

Code of effect:
Description:

Verification:

Field of study related leaming cutcomes
Area of study relaled learning oulcomes

ANKABT U1

Student has ability to understand the EW and
Poland's enargy law and environmental law
influencing energy processes,

Writing an essay; final assessment; making a
slide presantation {in a group); activity in
discussions

E2 LI04

_I'.:'I;Hj-E' of EEEL‘J::
Description:

Verification:

Field of study related learning ocutcomes

Area of study related |earning outcomes

AMNK487_U2
Student has ability to understand business
processes in energy market and market law
regulations.

Writing an essay; final assessment; making a
clide presentation {in a group); activity in
discussions

E2_U01

Code of effect:
Dascription:

Verification:

Field of study related leaming cutcomes

ANK487 U2

Student has ability to understand business
processes in energy market and market law
regulations.

Writing an essay; final assessment; making a
slide presentation {in a group); activity in
discussions

E2_Ug2
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Table 2. Learning outcomes
Area of study related learning outcomes

Code of eflect:
Descripkion:

Verification:

Field of study related learning outcomes
Area of study related learning outcomes

ANK487 U2

Student has ability to understand business
processes in energy market and market law
regulations.

Writing an essay; final assessment; making a
slide presentation (in a group): activity in
discussions

E2_UD4

Code of effectk:
Description:

Yerification:

Field of study related learning outcomes
Area of study related learning outcormes

ANKA4RT U2
Student has atility to understand business
pracesses in energy market and market law
regulations.

Writing an essay; final assessment; making a
slide presentation [in a group); activity in
discussions

E2_UDY

“Code of effect:
Description:

Verification:

Field of study related learning outcomes
Area of study related learning outcomes

ANK487 U2
student has ability to understand business
processes in energy market and market law
regulations,

Writing an essay; final assessment; making a
slide presentation {in a group); activity in
discussions

E2 UZ3

Cade of effect:
Deascription;

Verification:

Field of study related learning cutcomes
Area of study related learning oulcemaes

ANK487 U3

Student can practically use the Paolish energy law
in his job,

Writing an essay: final assessament; making a
slide presentation (in a grouep); activity in
discussions

E2_uo2

“Code of effect:
Description:

Verificatiaon:

ANKA487 U3
student can practically use the Paolish energy law
in his job.

Writing an essay; final assessment; making a
slide presentation {in a group): activity in
discussions

Field of study related learning outcomes EZ UD4

Area of study related learning outcomes ——

Code of effect: AMK4BT U3

Description: Student can practically use the Polish energy law
in his job,

Verification: Writing an essay; final assessment: making a

Field of study related learning cutcomes

Area of study related |earning outcomes

slide presentation {in a group): activity in
discusslons
E2_UD1

General academic profile - social competences

Code of effect:

ANKABT_K1

Fre2ia
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Table 2, Learning outcomes

Description; student understands the role of energy sector
and i= able to communicate the role to the
socialy,

Verification: Writing an essay: making a slide presentation {in
a groupl; activity in discussions

Fleld of study related learning outcomes E2_KD5

JArea of study related learning outcomes e

Code of effect: ANK4BT K1

Description:

Verification:

Student understands the role of energy sector
and is able to communicate the role to the
society.

Writing an essay; making a slide presentation (in
a group]; activity in discussions

Fiald of study related learning outcomes E2_KD7
Area of study related learning outcomes
Code of effect: ANKABT K2

Description: Students can work in a group and accomplish
specific tasks given,

Yerification: Making a slide presentation (in 8 group); activity
In discussions

Field of study related learning ocutcomes E2_KD3

Area of study related learning outcomes

Code of effect: ANKABT_K2

Description:
Verification:

Field of study related learning cutcames
Area of study related |earning outcomes

Students can work in a group and accomplish
specific tasks given.

Making a slide presentation (in a group); activity
In discussions

E2_KO5
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Description of course

Code of course
Mame af course
Wersion of course

AMNEALS
Energy Transport
2013,

A. Place of the course in system of studies

Level of education

Form and mode of studies
Profile of studies
Specialisation

Place of teaching of course
Place of realization of course

Coordinator of course

Second cycle studies

full-time

General academic profile

Faculty of Power and Asronautical Engineering
The Faculty of Power and Aeronautical
Engineering

prof. Jerzy Banaszek

B. General characteristic of the course

Block of courses

Group of courses

Type of course

Language of course

Mominal semester

Time of completion in the academic year
Freliminary requirementis

Limit of students

Directional

Dbligatory

Compulsory

angielski

1 (ra. 201972020}

SUMIMer semester

Fondamentals of thermadynamics, heat transfer
and fluid flow, ANWA16 - Thermodynamics 1.
AMNEALS - Thermodynamics 3, ANE423 - Heat
Transfer 1, ANWI1Z2Z - Fluid Mechanics 1,

30

C. Effects of education and manner of teaching

Purpose of course

Effects of education
Form of didactic studies and number of hours per
semester

Contents of education

Analysis of energy losses, based on the
combination of the First and Second Laws of
Thermodynamics, when applied to various
thermodynamic processes occurming in heat
machines, Fundamental concepts and theory of
mass transfer phenomeana and concurrent heat
and mass transfer processes, their occurrence in
nature and applications in technology.

See Table 3.

Lecture 15h
Exercise type of course  15h
Laboratory oh
Project type of course  0Oh
Computer lessons Oh

Lectures: Fundamental mechanisms of energy
transfer. Application of the First and Second Laws
of Thermedynamics in the quality assessment of
energy transfer phenomena - a review of
irreversible processes. Examples of mass transfer
in nature and technology. Fundamental concepts
and transfer mechanisms of a mixture component,
Molecular diffusion and Its one -dimensional
practical models [plane wall and cylindrical
geometry, transient mass diffusion, equimolar
counter-diffusion, Stefan flow). Convective mass
tramsfer - forced and natural convection, the
boundary layer theory, mass convection empirical

33 z M9
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Description of course

Methods of evaluation

Mathads of verilication of effects of educatian
Exam
Literature

Website of the course

D. Student's activity

Mumber of ECTS cradiis

Number of hours of student’s work to achieve
effects of education

Mumber of ECTS cradits on the course with direct
participation of academic teacher

Mumber of ECTS credits on practical activities on
the course

relations. Analogy of heat, mass and momentum
transfer, Chilton-Colburn analogy and its practical
applications, Simultaneous heat and mass transfer
- examples, Tutorials: Calculations of power losses
In selected Irreversible processes - such as fluid
flow with friction, heat transfer, gas mixing, Joule's
effect and combustion occurring in pipes, valves,
combustion chambers, heat pumps, internal
combustion and turbojet engines. Computation of
diffusive and convective mass transfer, using one-
dimensional analytical models, empirical
refationships and Chilton-Colburn analagy in
various processes, such as the waste utilisation,
steel carbonizing, humidification and drying of air
and other media, NOx propagation in the
atmaosphere and thermal convection around a
body of a complex geometry (calculation of
convective heat transfer coefficient],

Two problem solution tests during the course {mid-
term tests) and a theoretical test at a final exam.
All tests must be passed and a final grade is an
arithmetic mean of all tests evaluations.

See Table 3.

YES

1. ¥.A, Cengel and M.A. Boles,"Thermodynamics,
An Engineering Approach”, Sixth Edition, Mc Graw
Hill, Boston, 2008, 2. ¥.A. Cengal, “Heat and Mass
Transfer: A Practical Approach”, Third Edition, Mc
Graw Hill, Singapore, 2006. 3. F.P. Incropera, and
D.F. DeWitt, "Fundamentals of Heat and Mass
Transfer”, Jahn Wiley & Sons, Inc., 1993, 4, A,
Bejan, "Convection Heat Transfer”, John Wiley &
Sons, Inc,, 1984,

weneL b pwr o edu, pl

2

1} Number of hours that require the presence of a
teacher - 40, including: a) presence of the lectures
- 15 hours; b) presence in the exercises - 15
hours; ¢) presence on consultation - 10 hours, 2}
The number of hours of independent work of
student 20 hours, including: prepare themselves
ko bwo Eests (problem solving) during the
semester and final exam preparation. TOTAL: &0
hours.

1.6 ECTS credits - Number of hours that require
the presence of a teacher - 40, including: a)
presence of the lectures- 15 hours; b) presence in
the exerclses - 15 hours; ©) presence on
consulltation - 10 hours.
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Description of course

E. Additional information
Motes
Date of last edition

Tahble 3. Learning ouicomes

2019-09-10 08:05:14

General academic profile - knowledge

Code of effect: ANE415 W1

Descriplion: A student is familiar with methods of quantitative
astimation of energy losses in heat maachines.

YVerification: Twao tests during the course (mid-term tests) and
a theoretical test at a final exam,

Field of study related learning outcomes E2_W06

Area of study related learning outcomes R

Code of effect: ANK415 W1

Description: & student is familiar with methods of quantitative
asstimation of energy losses in heat maachines.,

Verification: Two tests during the course (mid-term tests) and
a theoretical test at a final exam.

Field aof study related learning outcomes E2_wWll

Area of study related learning outcomes _

Code of effect; ANKE415 W2

Description: A student is familiar with basic physics of
diffusive and canvection mass transfer and their
mathematical modelling.

Verification: Two tests during the course (mid-term tests) and
a theoretical test at a final exam,

Field of study related learning outcomes E2_W05

Area of study related learning cutcomes

Code of effect: ANKA415 W3

Description: A student has a knowledge of procass of
simultaneous heat and mass transfer and their
applications in technology.

Verification: Twao tests during the course (mied-term tests) and

a thearetical test at a final exam,

Field of study related learning oulcomes E2 Wil
JArea of study refated learning ocutcomes _
Code of effect: ANK415_W3

Description:

Yerification:

Field of study related learning outcomes
Area of study related learning outcomes

& student has a knowledge of process of
simultaneous heat and mass transler and their
applications in technology.

Two tests during the course (mid-term tests) and
a theoretical test at a final exam.

E2_W02

Code of effect:
Description:

Verification:

Field of study related learning outcomes

ANK415 W3

A student has a knowledge of process of
simultaneous heat and mass transfer and their
applications in technology.

Two tests during the course (mid-term tests) and
a thearetical test at a final exam.

E2_ W03

Area of study related learning cutcomes
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Table 3. Learning outcomes

General academic profile - skils
Code of effect;

ANKA415 Ul

Descriplion: & student kwnows how to use thermodynamics
laws in energy and exergy balances.

Verification: Two tesis during the course {mid-term tests) and
4 thearetical test at a final exam,

Fiald of study relatad |eaming outcomeas E2 Ull

Area of study related learning outcomes —

Code of effect: AMNK41S5 Ul

Description: & student kwnows how to use thermodynamics
laws in energy and exergy balances.

Verification: Tweo bests during the course {mid-term tests) and
a theoretical test at a final exam.

Field of study related learning outcomes E2_U09

Area of study related learning outcomes _

Code of effect: ANEK41S5 UZ

Description: & student knows how to estimate a quantity of
useful energy resgurces and an-amount of
energy losses,

Verification: Twio tests during the course {mid=term tests) and
a thearetical test at a final exam,

Figld of study related learning cutcomes E2_LD9

Area of study related learning outcomes

Code of effect: ANK415 U2

Description: A student knows how to estimate a quantity of
useful energy respurces and an amount of
energy losses,

Verification: Twio tests during the course (mid-term tests) and
a theoretical test at a final exam,

Field of study related learning cutcomes E2_Ul1l

_Area of study related learning outcomes .

Code of effect: ANE415 U2

Description: & student knows how to estimate a quantity of
useful energy resources and an amount of
energy losses,

Verification: Twio tests during the course {mid-term tests) and
a theoretical test at a final exam.

Field of study related learming outcomes EZ_U15

Area of study related learning outcomes .

Code of effect: ANK415 U3

Description:

Verification:

& student can identily processes of heat and
mass transfer in nature and technology.,

Twin tests during the course {mid-term tests) and
a theoretical test at a final exam.

Field of study related learning outcomes E2_U19
Area of study related |earning outcomes _
Code of effect: AMNK415 U3

Description:

Verification:

A student can identify processes of heat and
mass transfer in nature and technology.

Twio tests during the course {mid-term tests) and
& theoretical test at a final exam.

Figld of study related learning outcomes E2_Ud5
Area of study related |earning outcomes 5
Code of effect ANK415 U3
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Table 3. Learning outcomes
Dascription:

Verification:

Figld of study related learming cutcomes

A student can identily processes of heat and
mass transfer in nature and technology.,

Two tests during the course {mid-term tests) and
a theoretical test at a final exam,.

E2_Ull

Arpa of study related learning outcomes
Code of eflect:

Description:
Verification:

Field of study related learning outcomes

ANKA415 U3

A student can identify processes of heat and
mass transfer in nature and technology.

Twio tests during the course {mid-term tests) and
a thearetical test at a final exam.

E2 _Ul5

Arga of study related learning outcomes
Code of elfect:

Description:

Yerification:

Field of study related learming ocutcomes
Area of study related |earning outcomes

ANK415 U4

A student knows how to use mathematical
maodels and their solutions in the analysis of heat
and mass transfer processes encountered in
instruments and machines of energy power
technology.

Twio tests during the course (mid-term tests) and
a theoretical test at a final exam.

E2 U09

Code of effect:
Descriptian;

Verification:

Field of study related learning cutcomes

ANK415 U4

A student knows how to use mathematical
madels and their solutions in the analysis of heat
and mass transfer processes encountered in
Instruments and machines of energy power
technalogy,

Twio tests during the course {mid-term tests) and
a theoretical test at a final exam.

E2_Ull

Area of study related |earning outcomes
Code of effect:

Description:

Verification:

Field of study related learning outcomes

Area of study related learning outcomes

ANK4L15 U4

A student knows how to use mathematical
models and their solutions in the analysis of heat
and mass transfer processes encountered in
instrurments and machines of energy power
technology.,

Two tests during the course {mid-term tests) and
g theoretical test at a final exam.

E2_UlB
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Description of course

Code of course ANKIA2

Mame of course Finite Element Method |

Version of course 2013,

A, Place of the course in system of studies

Level of education Second cycle studies

Form and mode of studies full-tirme

Profile of studies General academic profile

Specialisation .

Place of teaching of course Faculty of Power and Aeronautical Engineering

Place of realization of course The Faculty of Power and Asronautical
Engineering

Coordinator of course dr hab. inz, Grzegorz Krzesinski, prof. PW,

B. General characteristic of the course

Block of courses Directional

Group of courses Chligatory

Type of course Compulsory

Language of Course angielski

Mominal sermester 1 {r.a. 20192020}

Time of complation in the academic year summer semester

Preliminary requirements L.ANWI1T Mechanics of Structures 1 {MOS1),
ML.ANKAZT Mechanics of Structures 2 {MO52].

Lirrtit of students min, 15

C. Effects of education and manner of teaching

Purpose of course To supply the basic knowledge and skills required

for understanding and simple practical
applications of FEM,

Effects of education See Table 4.
Farm of didactic studies and number of hours per Lecture a0h
semester Exercise type of course  Qh
Laboratory 15h
Project type of course  Oh
Computer lessons Oh
Contepis of education Lecture: Approximate methoeds in mechanics of

structures - Finite Element Methoad, Finite
Diffarence Method. Boundary Element Method.
Approximate solutions of 2D Poisson equation,
FEM versus Ritz method. Baslc relations in
analysis of truss structures. Simple finite elemants
for 20 and 30 stress analysis, Typical algorithms
of FEM in static linear stress analysis, popular
cammercial FE software packages. Accuracy of FE
analysis. Computer lab: Introduction ta practical
problems of FE modeling in ANSYS, 20 and 3D
linear stress analysis. Static analysis of simple
shall structure,

Methods of evaluation Assessment based on tests and results of
computer lab work, Practical worl:
Project/laboratory classes, where students will
built and analyse the results of simple FE models
of structural elements.

Methods of verification of effects of education See Table 4.

Exam o
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Description of course

Literatire

Website of the course

D. Student's activity

Number of ECTS credits

Number of hours of student's work to achieve
effects of education

Number of ECTS credits an Lhe course with direct
participation of academic teacher

Mumber of ECTS credits on practical activities on
the course

E. Additional information
Motes
Date of last edition

Table 4, Learning outcomes

Recommended: Huebner K.H., Dewhirst DvL.,
Smith D.E., Byrom T.G.: The finite elerment
method for engineers, |. Wiley & Sons 2001,
Zienkiewicz O.C., Taylor R.: The Finite Element
Method - different publishers and editions.
hitp:/fmel. pw.edu_ plfzwmik/ZWMiK/Da-
studentow2iFinite-Element-Method-1

4

1) Number of hours that reguire the presence of a
teacher - 50, including: a) presence of the lectures
- 30 hours; b) presence in the labs - 15 hours,; €)
presence on consultation - 5 hours, 2) The
number of hours of independent work of student -
6835, including: a} preparation for tests and the
presence at colloguia: 15 hours, b) preparation for
lecture, analyse of the literature - 15 hours; ©)
preparing for the lab: 15 hours; d) preparation of
reparts from the lab: 20 hours, TOTAL - 115 howrs,
2 ECTS credits = Number of hours that reguire the
presence of a teacher - 50, including: a) presence
of the lectures - 30 hours; b} presence in the labs
- 15 hours; cj presence on consultation - 5 hours,
1 ECTS credits - 30 hours, including: a) presence
at computer labs: 15 hours; b} preparation of
reporis from the lab: 15 hours.,

2019-09-10 08:05:14

General academic profile - knowledge

Code of effect:
Description:

Verification;
Field of study related learning outcomes
Area of study related learning oulcomes

ML.ANK342 W1

The knowledge about the stiffness matrices of
different finite elements (truss, beam, 20, 30),
Based an tests,

E2 WOl

Code of effect:
Description:

Werification:
Field of study related learning outcomes
Area of study related learning oulcomes

ML.ANK342 W1
The knowledge about the stiffness matrices of
different finite elements (truss, beam, 20, 30).
Based on tests.

E2_WQ05

“Code of effect:
Description:

erfication:
Field of study related learning outcomes

ML.ANK342 W1
The knowledge about the stiffness matrices of
different finite elements {truss, beam, 20, 30),
Based on tests,

E2 W16

Area of studg related lea rning outcames
Code effect:

Description:

ML.ANK342 W2
The knowledge about the algorithms leading to
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Table 4. Learning outcomes

Venfication:
Field of study related learning outcomes
_Area of study related learning outcomes

FEM equations for static stress analysis.
Based on tests,
E2_W01

Code of effect:
Description:

Verification:
Field of study related learning outcomes
Area of study related learning oulcames

ML.ANK342 W2

The knowledge about the algorthms leading to
FEM equations for static stress analysis,

Based on tests,

E2_WO05

“Code of effect;
Description:;

Verification:
Field of study related |learning outcomes
_Area of study related learning outcomes

ML.ANK342 W2
The knowledge about the algorithms leading to
FEM equations for static stress analysis,

Based on tests,

E2 Wla

Code of eflect:
Description:

Verification:
Fiald of study related leaming outcomes
Area of study related learning outcomes

ML.ANEK342 W3
Knowledge of standard FEM algorithms and
programs.

Based on tests and practical FEM madeling.
E2_Wo1

Code of effect:
Deascription:

Werification:
Fiald of study related leaming outcomes
_Area of study related learning outcomes

ML.ANK342 W3

knowledge of standard FEM algorithms and
programs.

Based on tests and practical FEM madeling.
E2 W05

Code of effect:
Description:

WVerification:
Field of study related leaming outcomes
Area of study related learning outcomes

ML.ANK3d2 W3

Enowledge of standard FEM algerithms and
programs.

Based on tests and practical FEM maodeling.
E2 W16

General academic profile - skils
Cade of effect:
Description:

Varification:

Field of study related leaming ocutcomes
Area of study related learning outcemes

ML.ANK34Z2 Ul

The ability to build 2D linear finite elament
miodel for stress analysis problem {the cases of
plane stress, plane strain, axisymmetry), o
perform analysis, to present results in the form
of tables, graphs, contour plots and to draw the
adeguate conclusions.

Bazed on tests and the reports created during
computer labs,

E2_ U0

Tode of effect:
Description:

Varfication:

ML.ANK342 U1

The ability to build 20 linear finite element
model for stress analysis problem {the cases of;
plane stress, plane strain, axisymmetry), to
perfarm analysis, to present results in the form
of tables, graphs, contour plots and to draw the
adeguate concluslons.

Based on tests and the reports created during
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Table 4. Learning outcomes

Field of study related learning ocutcames
Area of study related |earning outcomes

computer labs,
E2_U09

Code of effect:
Descriplion;

Verification:

Field of study related learning cutcomes
Area of study related |earning outcomes

ML.ANK342 UL

The ability to build 2D linear finite element
model for stress analysis problem {the cazes of:
plane stress, plane strain, axisymmetry), to
perform analysis, to present resuits in the form
of tables, graphs, contour plots and to draw the
adeguats conclusions,

Based on tests and the reports created during
computer labs,

E2_L24

Code of affect:
Description:

Verilication:

Field of study related learning outcomes
Area of study related |earning outcomes

ML.ANK342_U2

The ability to build linear finite element model for
30 stress problem, to perform analysis |, to
present results in the form of tables, graphs,
contour plots and to draw the adequate
conclusions.

Based on tests and the reports created during
computer labs.

E2_L0A

Code of affect:
Description:

Verification:

Field of study refated learning outcomes

ML.ANK342_U2

The ability to bulld linear finite element model for
30 stress prablem, to parform analysis |, Lo
present results in the form of tables, graphs,
contour plots and to draw the adequate
conclusions.

Based on tests and the reports created during
computer labs,

E2_U09

Area of study related |earning outcomes
Code of alfect;

Description:

Verification:

Field of study related learning cutcomes

ML.ANK342 U2

The ability to build linear finite element model for
30 stress problem, to perform analysis | to
present results in the form of tables, graphs,
contour plots and to draw the adequate
conclusions,

Based on tests and the reports created during
computer labs,

E2_U24

Area of study related |earning outcomes
Code of effect:

Description;

Yerification:

Field of study related learning outcomes
Area of study related Iearning oulcomes

ML.ANK342_U3

The ability to bulld linear fnite element model for
shell structure, to perform analysis |, to present
results in the form of tables. graphs, contour
plots and to draw the adeguate conclusions.
Based on tests and the reports created during
computer [abs,

E2_UO9

Code of effect:

ML.ANK342_U3

47 p 209



Programme of study - Power Engineering
Warsaw University of Technology ECTS Catalog

Table 4, Learning cutcomes
Description:

Verification:

Field of study related learning outcomes
Area of study related |earming outcomes

The ability to build linear finite element model for
shell structure, to perform analysis | to present
results in the farm of tables, graphs, contour
plots and to draw the adeguate conclusions.
Baszed on tests and the reports created durning
computer labs.

E2_Li24

Cade of effect:
Description:

Verification,

Field of study related learning outcomes
Area of study related learning putcomes

ML.ANK342 U3

The ability to build linear finite element model for
shell structure, to perform analysis |, to present
results in the form of tables, graphs, contour
plots and ko draw the adeguate conclusions.,
Based on tests and the reports created during
computer labs.

E2_uo8

"Code of effect;
Description:

Verification;
Field of study related learning outcomes
_Ares of study related learning outcomes

ML.ANK342 U4

The ability to build and to sclve linear finite
aelement models for truss and frame structures
under the applied forces and constraints,
Based on tests.

E2_U09

Code of effect:
Description:

Verification:
Field of study related learning outcomes
Area of study related learning cutcomes

ML.ANK342 US
The ability to iind the eguivalent nodal forces for
simple cases of finite elements and loads,

Based on tests,

E2_Uo9
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Description of course

Code of course ANKLBG

Mame of course Mathematical Modeling and Process Identification
Version of course 2013

A. Place of the course in system of studies

Level of education Second cycle studies

Form and maode of studies full-time

Profile of studies General academic profile

Speciahisation <

Place of teaching of course Faculty of Power and Aercnautical Engineering
Place of realization of course Faculty of Power and Aeronautical Engineering
Coordinator of course dr ing, Rafat Laskowskl, prof, |Janusz Lewandowski
B. General characteristic of the course

Block of courses Directional

Group of courses Obligatory

Twpe of course Compulsory

Language of course anglelzki

Mominal semester 1ira. 2019/2020)

Time of completion in the academic year SUMMEr semester

Preliminary requirements =

Limit of students 130

C. Effects of education and manner of teaching

Furpose of course Ability to formulate and solve simple

mathematical models of electrical equipment and
installations. Knowledge of the application of
mathematical modeling in power,

Effects of education See Table 5,
Form of didactic studies and number of hours per Lecture 30h
semesker Exercize type of course  15h
Labaratary 0h
Project type of course OR
Computer lessons Ok
Contents of education The basic steps are aimed at the identification

process: the development of the
phenomenological model (eguivalent circuit), the
formulation of a mathematical madel, the
identification of the model ang simulation of
processes (solution model). The rules for creating
diagrams substitute replacement patterns bypical
of machines, electrical equipment and
installations. Models developed (analytical] and
approximation. Models for steady state and
transient Basic equations developed mathematical
miodels of major system compoanents of energy.
Methads of identification models. Methods of
solving models Tor steady state and transient. The
use of mathematical modeling in operation:
optimization of load distripution, the simulators,
As part of the exercize is developed mathematical
maodel of the waste heat boiler {one and twao
pressure] steam turbine, steam block a simplified
model structure and emptied the tank of gas.
Methods of evaluation Two written tests during the semester, Final
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Description of course

Methods of verification of effects of education
Exam
Literature

Website of the course

D. Student’'s activity

Number of ECTS credits

Mumber of hours of student's work to achiave
effects of education

Mumber of ECTS credits on the course with direct
participation of academic teacher

Mumber of ECTS credits on practical activities on
the course

E. Additional information

MNotes

Date of last edition

Table 5. Learning ocutcomes

examination in the case ol nagative or
unsatisfactory grades in colloguia.

See Table 5.

yes

1. Materials on the estudia page. 2. Materials
provided by the lecturer,
http:festudia. meil. pyw.edu.pl

4

1} Mumber of hours that require the presence of a
teacher - 55, including: a} presence of the
lectures- 30 hours; b) presence in the exerclses -
15 hours; ¢} presence on consultation -10 hours.
2} The number of hours of independent work of
student: a} preparation for Ewo tests - 15 hours; b)
preparation for lecture, analyse of the literature -
15 hours; ¢} praparing for the exercies: 15 hours,
TOTAL - 100 hours,

2,2 ECTS credits = number of hours that reguire
the presence of a teacher - 55, Including: a)
attendance at the lectures - 30 haurs; b)
attendance at the exercises - 15 hours; )
cansultancy meetings - 10 hours.

2019-09-10 08:05:14

General academic profile - knowledge

Code of effect: AME4BE W1
Description: Has advanced knowledge of the modeling of
processes and equiprment in power.
Wenfication: Final test,
Field of study related learning outcomes E2 WOl
_Area of study related learning sutcomes _
Code of effect: AMNKABE_W1
Description: Has advanced knowledge of the madeling of
processes and equipment in power,
Verfication: Final test,
Field of study related learning outcomes E2_W0a
Area of study related learning outcomes
Caode of effect: ANK486_ W1
Description: Has advanced knowledge of the madeling of
processes and equipment in power,
Verfication: Final test.
Field of study related learning outcomes E2_ W1l
Area of study related learning outcomes
Code of effect: AMNE4BE W1

Description:

Has advanced knowledge of the madeling of
processes and eguipment in power,
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Table 5. Leaming ocutcomes
Verification:

Field of study related learning outcomes
Area of study related learning outcomes

Final test,
E2_ W17

Code of effect:
Description:

verification:
Field of study related leaming outcomes
Area of study refated lea rning outcomes

ANK4BG W2

Has knowledge about the principles of
identification models,

Final test,

E2_W01

“Code of effect;

ANEK4B86_W2

Description: Has knowledge about the principles of
identification models.

Varification: Final test,

Fiel of study related learning outcomes E2_Wog

Area of study related learning outcomes

Code of effect: ANK486_W2

Description; Has knowledge about the principles of
identification models.

Werification: Final test.

Field of study related learning ocutcomes E2_W11l

Area of study related learning outcomes

General academic profile - skils

Code of effect: ANE486 UL

Descriplion: kEnows how to make the process of identifying
and create a mathematical model of the device,

WVerification: Final test.,

Field of study related learming cutcomes E2_Uo9

Area of study related |learning outcomes i

Code of effect; ANE4BG Ul

Description: Enows how to make the process of identifying
and create a mathematical model of the device,

Verification: Final tesk.

Field of study related learning cutcomes E2_U1D

JArea of study related learning outcomes

Code of effect: ANK486_Ul

Description: Knows how to make the process of identifying
and create a mathematical model of the device,

Verilication: Firial test.

Field of study related learning outcomes E2_U13

Area of study related learning outcomes

Code af effect: ANK486 Ul

Description: Enows how to make the process of identifying
and create a mathematical model of the device,

Verification: Firal test.

Fiald of study related learning outcomes E2_Ul4

Area of study related learning outcomes

Code of effect: ANE4BEG UL

Description: Knows how to make the process of identifying
and create a mathematical model of the device,
Verification: Final test,
Field of study related learning outcomes E2_Ul8
_Area of study related learning putcomes
Code of effect: ANE4EG UL

Description:

Enows how to make the process of identifying
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Table 5. Learning outcomes

Wenfication:
Field of study related learning outcomes
Area of study related learning cutcomes

and create a mathematical madel af the device,
Final test,
E2 U21

“Code of effect:
Description:

Verification;
Field of study related learning outcomes
Area of study related learning outcomes

ANK48B6_U2
Can create complex models of power plants for
the purpose of balancing and analysis of
operating parameters.

Final test,

E2 U18

Code of effect;
Description:

Verification:
Field of study related learning outcomes
Area of study related learning outcomes

ANKA486_U2
Can create complex madels of power plants for
the purpose of balancing and analysis of
aperating parametars.

Final test,

E2 U1y

Code of effect:
Description:

Verification:

ANKA486_U3
Student knows how to use the software and
svsiems for modeling and identification devices.
Final test,

Fiald of study related |garning outcomes E2_Ul3
Area of study related learning outcomes
Code af effect: ANKA8G6_U3

Description: Student knows how to use the software and
systems for modeling and identification devices.

Verification: Final test.

Field of study related learning outcomes E2_Ul8

Area of study related learning outcomes

Code of effect: AMNK4BG U3

Description:

Verification:
Field of study related learming outcomes
Area of study related learning outcomes

Student knows how ta use the software and
systems for modeling and identification devices.
Final test,

E2_U24
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Description of course

Code of course AMNE3IAT

MName of course Numerical Methods in Heat Transfer

Yersion of Course 2013.

A. Place of the course in system of studies

Level of education Second cycle studies

Farm and mode of studies full-tirme

Profile of studies General academic profile

Specialisation -

Place of teaching of course Faculty of Power and Aeronautical Engineering

Place of realization of course The Faculty of Power and Asronautical
Engineering.

Coordinator of course prof. dr hab. inz. |erzy Banaszek

B. General characteristic of the course

Block of courses Directional

Group of courses Ohbligatory

Type of course Compulsory

Language of course angielski

Morminal semester 1 {r.a. 2019/2020}

Time of completion in the academic year summer semester

Preliminary reguirements Computer science (C language), Basics of fluid

mechanics, heat transfer and partial differential
equations, Courses: ANKE423 Heat Transfer 1,
ANWILZ22 Fluid Mechanics 1, ANK481 Partial
Differential Equations, ANW114 Computer Science

2.
Limit of students 30
C. Effects of education and manner of teaching
Purpose of course Fundamental knowledge of contemparary

compuber simulation techniques in fluid
mechanics and heat transfer (such as control
volume methad and finite alement method) and
developed skills in their application to engineering
problems {with the use of the commercial code
Ansys Fluent and others),

Effects of education See Table &.
Form of didactic studies and number of hours per Lecture A0h
semester Exercise type of course  Oh
Laboratory 15h
Project tvpe of course Oh
Computer lessons Oh
Contents of education Lecture: 1. From reality to its computer simulation

- successive stages of 2 model development, 2.
Mathematical model of incompressible fAuid flow
and heat transfer - integral and differential
conservation equations. 3, Methods of geometrical
domain discretization. 4. Review of contemparary
numerical methods in heat transfer and fluld flow
- Controf Volumea Finite Difference Method
{CVFDM), Finite Element Method [(FEM). 5. Salving
steady-state and transient diffusion on control
volume and finite element grids. 6. Special
numerical technigues for convective-diffusive
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Description of course

Methods of evaluation

Methods of verfication of effects of education
Exam
Literature

Website of the course
D. Student's activity

transport - upwind schemes in CVFDOM and FEM. 7.
Error analysis of computer simulation -
consistence, stability, convergence, accuracy
estimation on a grid of a moderate density, 8.
Review of effective computational algorithms in
CVFDM and FEM modelling of incompressible fluid
canveclion, 9. Solution methods Tor linear
algebraic equations - a review, 10, Introduction to
turbulence modelling. 11. Credibility of a
computer simulation - verification and validation,
examples of credibility assessment. Computer
Lab: 1. Introduction to the principles of using
AMNSYS GAMBIT - step-by-step division of 2D
geametrically complex domain into contral-
volumes, structural and non-structural grids, types
of domains and boundary conditions, application
of advanced functions in local mesh refinement. 2.
Introduction ta the principles of using ANSYS
Fluent to solve fluid flow and heat transfer
problems - mesh reading In and diagnostics,
boundary and initial conditions, material
properties, solver settings. graphical presentation
of results [post processing), User Defined Files. 3.
Examples of modelling with the code Fluent: 30
natural thermal and solutal convaction, thermal
radiation, convection in porous media, heat
transfer in a turbine blade or others.

The assessment comprises two parts: (1) lecture
assessment by a final test; (2] laboratory
assessment by 2 practical test In the lab. A final
grade comprises 70% of the lecture test grade
and 30% of the laboratory test grade,

See Table 6,

ne

1. 5.V, Patankar, .Mumerical heat transfer and
fhuid Flow™, Mc Graw-Hill, 1980, 2. H.K, Versteeg
and W. Malalasekera, .An introduction to
computational fluid dynamics. The linite volume
method”, second edition, Pearson Prentice House,
London, 2007, 3, R.W, Lewis, P. Nithiarasu, K.N,
Seetharamu, Fundamentals of the Finite Element
Method for Heat and Fluid Flow™, John Wiley &
Sons, 2004, 4, C. Hirsch, .Numerical computation
of internal and external flows™, volume | & valum
I, john Wiley & Sons, Chichester, 1988, or second
edition, 2007, 5. O.C. Zienkiewicz, R.L, Taylor & P,
Mithiarasu, .The Finite element method for fluid
dynamics, sizth edition”, Elsevier, Amsterdam,
2005, 6. Y. Yaluria, K.E. Tarrance , Camputational
Heat Transfer", Hemisphere, 1986, 7. Fluent Web
page. 8. WWW Cfd-online.com.
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Description of course

MNumber of ECTS credits
Bumber aof hours of student’s wark to achieve
effects of education

3

1) Humber of hours that require the presence of a
teacher - 55, inchuding: a) attendance at the
lectures - 30 hours; b) attendance at the labs - 15
hours; c) consultancy meetings - L0 hours. 2) The
number of hours of independent work of student -
20 hours of work dedicated to expanding their

own theoretical knowledge with the use of the

recommended literature and computer exercisas

for learning the operation of commercial
simiulation codes problems of fluld mechanics and

heat transler engineering applications. TOTAL : 75

hours,

Mumber of ECTS credits on the course with direct
participation of academic teacher

2.2 ECTS credits = Mumber of hours that reguire

the presence of a teacher - 55, including: a)

attendance at Lhe lecturas - 30 hours; b}

attendance at the labs - 15 hours, ¢} consultancy

meelings = 10 hours.

Mumber of ECTS credits on practical activities on
the course

1.4 ECTS credits - 35 hours, includes: 1} 15 - hours
of laboratory waork; 2) 10 - consultations with the

computer program; 3) 10 hours of self - work in
the computer laboralory.

E. Additional information
Maotes
Date of last edition

Table &. Learning outcomes

2019-09-10 08:05:14

General academic profile - knowledge

Code of effect:
Description:

Verification:

ANK347 W1

A student comprises fundamental assumptions,
advantages and limitations of computer
simulations of fluid flow and heat transfer
processes,

Knowlegde of the lecture assessment by a final
test

Field of study related learning oulcomes E2_Wo1l
Area of study related learning outcomes _
Code of effect: ANKE34T7 W1

Description: A student comprses fundamental assumptions,
advantages and limitations of computer
simulations of fluid flow and heat transfer
processes,

Verification: Enowlegde of the lecture assessment by a linal
iest

Fieid of study related learning outcomes E2_Wo3

_Area of study related learning outcomes

Code of effect: ANK347_W1

Description: & student comprises fundamental assumptions,
advantages and limitations of computer
simulations of fluid flow and heat transfer
Processes,

Verification: Enowlegde of the lecture assessment by a final
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Table 6. Learning cutcomes

Field of study related leaming outcomes
_Area of study related learning outcomes

test
E2 W0s

Code of effect:
Description:

Yerification:

Field of study related leaming outcomes

ANK347 W2
A student knows basics of contemporary
nurmerical methods of fluid flow and heat transfer
maodelling, in particular the Control Volume
Methad and the Finite Elemeant Mathod.
knowlegde of the lecture assessment by a final
tesl

E2_W0Ol

Areg of study related learning outcomes
Code of effect:

Description:

Verification:

Field of study related leaming outcomes
_Area of study relatad learning outcomes

ANK347 W2

A student knows basics of contemporary
numerical methods of fluid flow and heat transfer
modelling, in particular the Control Yolume
Method and the Finite Elernent Method.
Knowlagde of the lecture assessmeant by a final
test

E2_Wo3

Code of effect:
Description:

Verfication:

Field of study related leaming cutcomes
Area of study related learning outcomaes

ANK347 W2
A student knows basics of contemporary
nurmerical methods of fluid flow and heat transfer
modelling, in particular the Control Volume
Methoad and the Finite Element Method,
kEnowlegde of the lecture assessment by a final
test

E2_W05

-Eude of effect:
Description:
Vernfication,

Field of study related leaming outlcomes
Area of study related learning outcomes

ANK347 W3

A student is familiar with basic methods for error
analysis of numerical salutions for problems
dezcribed by partial differential eguations.
knowlegde of the lecture assessment by a linal
test

E2_WD3

Caode of effect:
Description;
Verfication:

Field of study related learning outcomes
Area of study related learning outcomes

ANK3I4T W3
A student is familiar with basic methods for error
analyzis of numerical =olutions for problems
described by partial differential eqguations.
kEnowlegde of the lecture assessment by a final
best

E2_W05

Cade of effeck:
Description:
Verification:

Field of study related learning outcomes
Area of study related learning outcomes

ANK34T W3
A student is Tamiliar with basic methods for error
analysis of numerical solutions for problems
described by partial differential equations.
Knowlegde of the lecture assessment by a final
best

E2 WOl
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Table &, Learning outcomes
Code of effect:
Description:

Verification:

Field of study related learning outcomes

ANK347_Wa

A student acquires a fundamental theoretical
knowledge concerning possible methods of the
credibility analysis of fluld flow and heat transfer
simulation madels,

Enowlegde of the lecture assessment by a final
test

E2_W01

Ared of study related learming outcomes
Code of eflect:

Description:

Verification:

ANK347_Wa

A student acquires a fundamental theoretical
knowledge concerning possible mathods of the
credibility analysis of fluid flow and heat transfer
simulation models,

¥nowlegde of the lecture assassment by a final
iest

Figld of study related learning outcomes E2_Wo03
Area of study related learning putcomes
Code of effect: ANK347 Wa

Description: & student acquires a fundamental theoretical
knowledge concerning possible methods of the
credibility analysis of fluid flow and heat transfer
simulation madels,

Verification: Enowlegde of the lecture assessment by a final
fest

Field of study related learning outcomes E2_Wo5

Area of study refated learning outcomes

General academic profile - skils

Code af effect: ANK347_Ul

Description: A student is able to construct a numerical model,
to reasonably choose both a proper discretization
method and its solution algorithm.

Verification: Praclical test in the lab.

Field of study related learning outcomes EZ_LI18

_Area of study related learning outcomes
Code af effect: ANK347_Ul

Description: A student s able bo construct a numencal model,
to reasonably choose both a proper discretization
method and its solution algorithim.

Verification: Practical test in the lab.

Field of study related learning outcomes E2_U09

_Area of study related learning outeomes
Code af effect: ANK347_Ul

Description: A student is able to construct a numerical model,
to reasonably choose both a proper discretization
method and its solution algorithm,

Verification: Practical test in the lab.

Field of study related learning outcomes E2 U133

_Area of study related learning outcomes
Code af effect: AHEE#?_HI

Drescription:

A student gets skills in using commercial caodes
[such as GAMEIT and ANSYS FLUENT) in
numerical simulztion of engineering problems,
including skills in C language programiming,
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Table &. Learning outcomes

generation and applying User Defined Functions
and User Defined Memories.

Verification: Practical test in the lab,
Field of study related learning outcomes E2_U13

Area of study related learning outcomes _

Code of effect: ANK347 U2

Description: A student gets skills in using commercial codes
(such as GAMBIT and ANSYS FLUENT) in
numerical simulation of engineering problems,
including skilis in C language programming,
generation and applying User Defined Functions
ard User Defined Memaries,

Verification: Practical test in the lab.

Field of study related learning outcomes EZ_Ul8

_Area of study related learning outcomes .

Code of effect: ANEK347 U2

Description:

Verification:
Field of study related leaming cutcomes
Area of study related learning outcomes

A student gets skills in using commercial codes
(such as GAMEBIT and ANSYS FLUENT) in
numerical simulation of engineering problems,
including skills in C language programming,
generation and applying User Defined Functions
and User Defined Memanies.

Practical test in the lab,

E2_U24

“Code of effect;

ANK347_U3

Description; A student can properly discuss numerical
calculation results from the point of view of both
analysed phenomena physics and an
approximate model accuracy.

Werfication: Practical test In the lab.

Field of study related learning outcomes E2_U09

_Area of study related learning outcomes
Code of effect: ANK347 U3

Description:

Werification:
Field of study related learning outcomes
Area of study related learning outcomes

A student can properly discuss numerical
calculation results from the point of view of both
analysed phenomena physics and an
approximate model accuracy.

Practical test in the lab.

E2 11

Code of affect:
Description;

Verification:
Field of study related learning outcomes
_Area of study related learning outcomes

ANK347 U3
A student can properly discuss numerical
calculation results from the point of view of both
analysed phenomena physics and an
approximate medel accuracy.

Practical test in the lab.

E2_Uul3

Code of effect;
Cescription;

ANK347 U3
& student can properly discuss numerical
calculation results from the point of view of both
analysed phenomena physics and an
approximate model accuracy.

oz 29



Programme of study - Power Engineering
Warsaw University of Technology ECTS Catalog

Table 6. Learning outcames

Yerification: Practical test in the lak,
Field of study related leaming outcomes E2 UlB

Area of study related learning oulcomaes

a g 209
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Description of course

Code of course
Name of courga
Version of course

MEAELA
Partial Differential Equations
2013

A. Place of the course in system of studies

Level of education

Farm and mode of studies
Profile of studies
Specialisation

Place of teaching of course
Place of realization of course
Coardinatar of coursea

Second cycle studies
full-time
General academic profile

Faculty of Power and Aeronautical Engineering
Faculty of Mathematics and Information Science
Prof, Andrzej Fryszkowski

B. General characteristic of the course

Bliock of courses

Group of courses

Type of course

Language of course

Nominal samester

Time of completion in the academic year
Preliminary requirements

Limit of students

Directional

Dhligatory

Compulsory

angielski

1 [r.a. 2019%2020)

SUMMEr semestar

ANWIL0Z - Calculus 1 ANW20 - Calculus 2 ANWID -
Calculus 3

C. Effects of education and manner of teaching

Purpose of course

Effects of education
Form of didactic studies and number of hours per
semester

Cantents of education

Methods of evaluation

To familiarize students with the foundations af the
theory of Partial Differential Equatians, selected
PDE-based models and solution techniques.

See Table 7.

Lecture 15h
Exercise type of course  30h
Laboratory ah
Project type of course O
Computer lessons iy}

1. DEs of the first order - the method of
characteristics for gquasi-linear PDE. The Cauchy
problem, 2, Classification of the 2nd-order PDEs,
Canonical forms of hyperbolic, parabaolic and
elliptic PDEs. 3. Solution of the Cauchy problem
for the string. D'Alembert formula Tar a
nonhomogensous equation, 4, Initial/boundary
value problem for the string of finite length.
Dscillation of rectangular and circular membrane.
5. Salution af the initial/boundary value problem
for the rod by means of the method of separation
of wariables. 6. Fourier integral, Cauchy problem
for heat transfer equation in infinite domain,
maximum principle for a heat transfer problem. 7.
Elliptic equations and properties of harmonic
functions. Dinchlet and neumann type boundary
conditions for the Laplace equation,

Midterm test - 55 p. Final exam - 45 p. Evaluation
of the progressiactivity during tutorial meetings -
5 p. Toktal up to 100 p., at least 51 p. to pass the
course,

&z 208
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Description of course

Methods of verification of effects of education
Exam
Literakture

Website of the course

D. Student’'s activity

Number of ECTS credits

Mumber of hours of student's work to achiave
effects of education

Mumber of ECTS credits on the course with direct
participation of academic teacher

Mumber of ECTS credits on practical ackivities on
the course

E. Additional information

MNotes

Date of last edition

Table 7. Leaming outcomes

Sea Table 7.

YES

1, Salza 5.: Partlal differential equations in action.
From madelling to Theory, Springer, 2009, 2.
Ohver P.: Introduction to Partial Differential
Equations. Springer, 2014, 3. Tyn Myint-LJ,
Debnath L.: Unear Partial Differential Equations
for Sciantists and Engineers, Birkhauser, 2007.

4

1) Mumber of hours that reguire the presence of a
teacher - 50, including: a) presence of the
lectures- 15 hours; b) presence in the exercises -
30 howurs; &) presence on consultation = 5 hours, 2}
The number of hours of independent work of
student - 50 hours, including: = Systematic
preparation for classes - 30 hours. = Preparing for
exams - 20 hours.

? ECTS credits - Number of hours that reguire the
presence of a teacher - 50, including: a) presence
af the lectures- 15 hours; by presence in the
exercises - 30 hours; ¢} presance on consultation
- 5 hours,

2019-09-10 048:05:15

General academic profile - knowledge

Code of effect:

MNK4B1A W1

Description: Student is familiar with the basic theoretical
concepts in the theory of PDEs: linear, nearly-
linear and guasi-inear. Student knows the
method of characteristics for the 1lst-order quasi-
linear POE.

Verification: Test and exam.

Field of study related learning outcomes EZ_Wo1l

_Area of study related learning cutcomes
Code of effect: NK481A_W2

Description:

Werification:
Field of study related learning outcomes

Area of study related learning outcomes

Student knows the classilication of the nearly-
linear PDEs of the second arder,

Test and exam,

E2_wo1

Code of effect:
Dascription:

NK481A W3

Student is familar with the formulation of basic
boundary value problems for 2nd-arder
hyperbolic, parabolic and elliptic POES, Student
knows basic examples of application of such

i1z 208
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Tahle 7. Learning cutcomes

problems in physics and engineering.

Wenfication: Test and exam.
Field of study related leaming outcomes E2_WD1

Area of study related [earning outcomes

Code of effect: MNEK4B1A W4

Description: Student knows the method of separation of
variaboles,

Verification: Test and exam.

Field of study related leaming outcomes E2_WD1

Area of study related learning oultcomes

General academic profile - skils

Caode of effect: NK4B81A U1

Description:

Varification:
Field of study related leaming outcomes

Student can transform a PDE [in 2D case) ta a
cananical farm,

Tesl,

EZ_UD9

Area of study related learning outcomes
Code of effect:

Description:

Werification:
Field of study related learning outcomes
Area of study related |earning outcomes

NK481A Ul

Student can transform a PDE (in 2D case) o a
canonical form,

Test.

E2_U18

Caode of effect:

NK4B1A U2

Description: Student can solve a simple initial/boundary value
problem for a hyperbolic and parabolic PDEs
using the method of separation of variables.

Verification: Test and exam.

Field of study related learning oculcomas EZ Uls

Area of study related |garning outcomes _

Code of effect: HE4B1A U2

Dascriptian:

Verification:
Field of study related learming outcomes
Area of study related learning outcomes

Student can solve a simple initial/boundary value
probiem for a hyperbolic and parabolic PDEs
using the method of separation of variables.

Test and exam.

E2_U09
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Description of course

Code af course
MName of course
Version of course

HESZ1
HES 21
2013,

A. Place of the course in system of studies

Level of education

Farm and mode of studies
Profiie of studies
Specialisation

Place of teaching of course
Place of realization of course
Coordinator of course

Second cycle studies
full-time
General academic profile

Faculty of Power and Asronautical Engineering
Faculty of Administration and Social Sciences.
Academic teachers of the Faculty of
Administration and Soclal Sciences, Detziled data
contains syllabus of specific course.

B. General characteristic of the course

Block of courses

Group of Courses

Type of course

Language of course

Mominal semester

Time of completion in the academic year
Preliminary requirements

Limit of students

HES

HES

Elective

angialski

1ir.a. 20192020}

SUMMer semester

Detailed data contains syllabus of specific course.
Detailed data contains syllabus of specific course.

C. Effects of education and manner of teaching

Purpose of course

Effects of education

Farm of didactic studies and number of hours per
semester

Contents of education

Methods of evaluation

Methads of wverification of effects of education
Exam

Literature

Website of the course

D. Student's activity

Mumber of ECTS credits

Number of hours of student’s wark to achieve
effects of education

Number of ECTS credits on the course with direct
participation of academic teacher

Mumber of ECTS credits on practical activities on
the course

E. Additional information

Motes

Date of last edition

Table 8. Learning outcomes

Detailed data contains syliabus of specific course.
See Table B.

Lecture 30h
Exercise type of course Oh
Laboratory ah
Project type of course  Oh
Computer lessans Oh

Detailed data contains syliabus of specific course.
Detailed data contains syllabus of specific course.
See Table 8.

no

Detailed data contains syllabus of specific course,
Detailed data contains syllabus of specific course.

2

Mumber of hours that require the presence of a
teacher —30 lectures. The number of hours of
independent work of student —30,

1 ECTS credit - number of hours that require the
presence of a teacher -30 lectures,

Detalled data contains syliabus of specific course.

Specific learning outcomes are defined for tha
chosen course,
2019-09-10 (8:05:14
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Description of course

Code of course
Mame of course
Version of course

ANFKT_PE1
Elective course(s) MPE1
2013

A. Place of the course in system of studies

Level of education

Form and mode of studies
Profile of studies
Specialisation

Place of teaching of course
Place of realization of course
Coordinator of course

Second cycle studies

full-time

General academic profile

Muclear Power Engineering

Faculty of Power and Aeronautical Enginearing
Faculty of Power and Asronautical Engineering,
Academic teachers of the Faculty of Power and
Aeronautical Engineerning. Detailled data contains
syllabus of specific course.

B. General characteristic of the course

Block of courses

Group of courses

Tvpe of course

Language of course

MNominal semester

Time of completion in the academic year
Preliminary reguirements

Limit of students

Muclear Power Engineering

Elective

Compulsory

angielski

1(r.a. 20192020)

summer semester

Detailed data contains syllabus of specific course.

C. Effects of education and manner of teaching

Purpose of course

Effects of education

Form of didactic studies and number of hours per
semester

Cantents of education

Methods of evaluation

Methods of verification of effects of education
Exarm

Literature

Website of the course

D. Student’s activity

Number of ECTS credits

Number of hours aof student's work to achieve
effects of education

Mumber of ECTS eradits on the ¢ourse with direct
participation of academic teacher

Mumber of ECTS credits on practical activities on
the course

E. Additional information
Notes

Date of last edition

Detalled data contains syllabus of specific course.
See Table 9,

Lecture 30h
Exercise Lype of course Dh
Laboratory Ok
Project tvpe of course Oh
Computer lessons Oh

Detailed data contains syllabus of specific course.
Detailed data contains syllabus of specific course.
See Table 5,

na

Detailed data contains syllabus of specific course.

2

Mumber of howrs that require the presence of a
teacher 30 {lectures / classes | labs / projects),
The number of hours of independent work of
student —30.

1 ECTS credit - number of hours that require the
presence of a teacher —30 {lectures [ classes /
labs [ projects),

Detailed data contains syllabus of specific course,

Specific learning outcomes are defined for the
chosen course,
2019-09-10 08:05:14
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Table 9. Learning outcomes
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Description of course

Code of course ANSEE

Mame of course Elements of Muclear Physics

Version of course 2013,

A. Place of the course in system of studies

Level of education Second cycle studies

Form and mode of studies full-time

Profile of studies General academic profile

Specialisation Muclear Power Engineering

Place of teaching of course Faculty of Power and Aeronautical Engineering

Place of realization of course The Faculty of Power and Aeronautical
Engineering.

Coordinator of course Prof, dr hab. Plotr Magierskl

B. General characteristic of the course

Block of courses Muclear Power Englneering

Group of courses Specialistic

Type of course Compulsory

Language of course angielski

Mominal semester 1 {r.a. 2019/2020)

Time of completion in the academic vear SUMMEer semester

Preliminary requirements .

Limit of students

C. Effects of education and manner of teaching

Purpose of course Understanding the microscopic structure of matter
and the fundamental rights and principles as are
imposed on the microworld. Understanding the
physical processes used in the production of
enardgy i nuclear reactors and in the stars,

Effects of education See Tabls 10.
Form of didactic studies and number of hours per Lecture 30h
semester Exercise type of course 150
Laboratary 30h
Project type of course  Oh
Computer lessons Oh
Contents of education Lectures: 1. Structure of matter, elementary

particles, Fundamental interactions. Typical length
and energy scales related to atoms and nuclei. 2.
Structure of atomic nucleus. Sizes and masses.
Muclear chart. Range of stability of atomic nuclei.
3. Binding energy of a nucleus. Separation
energies, Valley of stability. Decay channals.
Magic numbers. 4, Excitation modes od atomic
nuclei. Total and differential cross section. 5,
Properties of nuclear interaction. Deuteron
properties. 6. Nuclear models: liguid drep model,
independent particle madel (shell madel],
collective models. 7, Accelerators, detectors,
interaction of particles with medium. 8,
Radigactivity. Law of radivactive decay. Nuclear
transmutation. Decay chains. 9, Decay channels:
alpha, beta, gamma, fission. 10. Nuclear
reactions. Models of nuclear reactions, 11.
Spontaneous and induced fission. Chain reaction,
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Description of course

Methods of evaluation

Methods of verification of effects of education
Exam
Literature

Website of the course

D. Student’s activity

Number of ECTS cradits

Number of hours of student's work to achieve
effects of education

Number of ECTS credits on the course with direct
participation of academic teacher

Mumber of ECTS credits on practical activities on
the course

E. Additional information

Mobes

Date of last aedition

Table 10. Learning outcomes

12, Meutron physics. Interaction of neutrons with
miatter. 13, Thermonuclear synthesis. Synthesis of
light elements in stars, supernova explosion, r-
process, 14, Thermonuclear synthesis on Earth;
methods and problems, 15. Challenges for
contemporary nuclear physics, Recent
experiments.

The final evaluation of the course |= staged based
on the results of tutorials (T) and fabs (L) with the
following weights: 2/3*T+1/3*L The grade T |= the
mean value of grades of two tesls consisting of
bkoth thearetical and computational parts. The
grade L is the mean value of grades obtained for
each of 5 laboratory exercises,

See Table 10.

no

1) |-I. Basdevant, |. Rich, M. Spiro. Fundamentals
in Muclear Physics. From Muclear Structure to
Cosmology 2) W.N, Cottingham, D.A, Greenwood
an introduction to Nuclear Physics, Cambridge
Unlv, Press 3) K. Heyde Basic ldeas and Concepls
in Muclear Physics, Inst, OF Phys. Publ, 4] B. Pavh,
K. Rith, C. 5cholz, F. Zetsche Particles and Nuclei,
an Introduction to the Physical Concepls

4

1) Number of hours that require the presence of a
teacher - BO, including: 1. attendance at the
lectures- 30 hours; 2, attendance at the exercises
-15 hours; 3. attendance at the labs - 30 hours; 4,
consultancy meetings - 5 hours, 2) The number of
hours of Indepandent work of student -
preparation to tutorials and labs: 35 hours.

3,2 ECTS credits - Number of hours that require
the presence of a teacher - 80, including: a)
attendance at the lectures- 30 hours; b)
attendance at the exercises -15 hours; )
attendance at the labs - 30 hours; d) consultancy
mieetings - 5 hours.

2019-09-10 08:05:113

General academic profile - knowledge

Code of effect:

Description:

Verification:

Field of study related learning outcomes

ANSGEES W1

advanced knowledge of nuclear physics,
Written test,

E2_W13
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Table 10. Learning outcomes

Area of study related leaming cutcames
Code of effect:

ANS6E64_W2

Description: Enowledge about material structure and nuclear
COnversions.

Verification: Written test,

Field of study related learning outcomes E2 W13

Area of study related learning outcomes

General academic profile - skils

Code of effect: AMSERS UL

Description: Skills of description of nuclear conversion
processes.

Verification: Written test,

Field of study related learming oulfcomes E2_UOT

Area of study related learning outeomes =

Code of effect: AMNSBE4 Ul

Description: Skills of description of nuclear conversion
processes,

Yerfication: Written test,

Field of study related leaming cutcomes E2_Ul5

Area of study related |earning outcomes —=

Code of effect: ANSEGA_UZ

Descrigtion:
Verification:
Field of study related learming cutcomes
Area of study related learning outcomes

Skills of solving nuclear physics problems.
Written test.
E2 UlD

General academic profile - social competences

Code of effect:
Description;

WVerification:
Field of study related learning outcomes
Area of study related learning outcomes

ANSG664_K1
Sklills of knowledge transfer of physics
fundamentals.

Writlen Lesl.

E2 k01
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Description of course

Code af course
Mame of course
Version of course

ANFKT_PE1

Elective course{s) PE1
2013

A. Place of the course in system of studies

Level of education

Form and mode of studies
Profile of studies
Specialisation

Flace of teaching of course
Place of realization of course
Coordinator of course

Second cycle studles

full-time

General academic profile

Power Engineering

Faculty of Power and Aeronautical Engineering
Faculty of Power and Aeronautical Engineering.
Academic teachers of the Faculty of Power and
Aeronautical Engineering. Detailed data contains
syllabus of specific course.

B. General characteristic of the course

Block of courses

Group of Courses

Type of course

Language of course

Mominal semester

Time of completion in the academic year
Preliminary requirements

Limit of students

Power Engineering

Elective

Compulsory

angialski

1 {r.3, 2019/2020)

SUMMer semester

Detailed data contains syllabus of specilic course.
Detailed data contains syllabus of specific course.

C. Effects of education and manner of teaching

Furpose of course

Effects of education

Form of didactic studies and number of hours per
semester

Contents of education

Methods of evaluation

Methads of verification of effects of educatian
Exam

Literature

Website of the coursa

D. Student’s activity

Number of ECTS credits

Mumber of hours of student’s work to achieve
effects of education

Number of ECTS credits on the course with direct
participation of academic teacher

Mumber of ECTS credits on practical activities on
the course

E. Additional information
Motes

Date of last edition

Detailed data contains syllabus of specific course.
See Table 11.

Lecture 30h
Exercize type of course  Oh
Laboratory ah
Project type of course Oh
Computer lessons Oh

Detailed data contains syllabus of specific course,
Detailed data contains syllabus of specific course.
See Table 11.

na

Detailed data contains syllabus of specific course,
Detailed data contains syllabus of specific course.

2

Number of hours that require the presence of a
teacher —30 (lectures 7 classes { labs / projects).
The number of hours of independent work of
student =30,

1 ECTS credit - number of hours that reguire the
presence of a teacher —30 (lectures J classes f
labs [ projects).

Detailed data contains syllabus of specific course,

specific leaming cutcomes are defined for the
chosen course.
2019-09-10 08:05:13
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Table 11. Learning outcomes

Tz 200



Programme of study - Power Engineering
Warsaw University of Technology ECTS Catalog

Description of course

Code of coursa AMSE3S

Mame of course Algorithms and Program lor Heat Balances
Version of course 2013

A. Place of the course in system of studies

Level of education Second cycle studies

Form and mode of studies full-time

Profile of studies General academic prafile

Specialisation Power Enginesaring

Flace af teaching of course Faculty of Power and Asronautical Engineering
Place of realization of course Faculty of Power and Asronautical Engineering
Coordimator of course dr hab. in, |arcstaw Milewskl

B. General characteristic of the course

Block of courses Power Englnesring

Group of courses Specialistic

Type of course Compulsory

Language of course angielski

Mominal semester 1 [r.a, 2019/2020)

Time of completion in the academic year SUMMEer semester

Preliminary reguirements AMEADS - Theory of Heat Machines

Limit aof students 130

C. Effects of education and manner of teaching

Purpose of course After completing the course, students will acquire

professional skills and advanced tools for
modeling, simulation and optimization of heat
balance energy systems.

Effects of education see Table 12,
Form of didactic studies and number of hours per Lecture 15h
semester Exercise type of course  15h
Laboratory 0h
Project type of course 0Oh
Computer lessons oh
Contents of education Commercial pragrams to balance thermal

systems, Installation of energy as an object
balancing. The balance of mass, energy and
mamentum for steady state and transient,
Formulation of equations of balance, Automating
processes [o formulate equations, matrix
methods, the use of graphs, cbject-orientad
methads. Methods for solving systems of
algebraic and differential eqguations.

Methods of evaluation Project and final test.

Methods of verification of effects of education See Table 12.

Exam o

Literature Manual of Aspen Hysys], Materials provided by
the lecturer

Website of the course httpeflestudia.meil.pw.edu.pl

D. Student’s activity

Murmber of ECTS credits 2

Mumiber of hours of student’s work to-achieve 1) Number of hours that reguire the presence of a

effects of education teacher - 35, Including: a) attendance at the

lectures - 15 godz./hours; b) atkendance at the
exercises - 15 godz./hours; f consultancy

rizalm
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Description of course

MNumber of ECTS credits on the course with direct
participation of academic teacher

Mumber of ECTS credits on practical activities on
the course

E. Additional information
Mates
Date of last adition

Table 12. Learning outcomes

meetings = 5 godz /hours, 2) The number of hours
al independent work of student - 20 hours,
including: = working on the project - 12 hours; =
preparation for final test - 8 hours, TOTAL - 55
hours.

1.5 ECTS cradits - Number of hours that reguira
the presence of a teacher - 35, including: a)
attendance at the lectures = 15 hours; b)
attendance at the exercises - 15 hours; ©)
consultancy meetings - 5 hours.

1,3 ECTS credits - including: a) attendance at the
exercises = 15 hours; b) consultancy meetings - 5
hours; ¢) working on the project - 12 hours.

2019-09-10 08:05:13

General academic profile - knowledge

Caode of effeck:

ANSE35_W1

Description: Enowledge in the fisld of mathematical modeling
of electrical equipment and installations.
Werification: Project, final test,
Field of study related learning outcomes E2_W03
_Area of study related learning outcomes
Code of effect; ANSE3I5 W1

Description: knowladge in the field of mathematical modeling
of electrical equipment and installations,

Verfication: Project, final test.

Field of study related learming outcomes E2 W05

_Area of study related learning outcomes

Cade of effect: ANSB35 W1

Description:

Varification:
Field of study related leaming cutcomes
Area of study related learning outcomes

kEnowledge in the field of mathematical modeling
of electrical equipment and installations.

Project, final test,

E2_W0E

Code of ellech:

ANS5635_W1

Description; Enowledge in the field of mathematical modeling
of electrical equipment and installations.

Verilication: Project, final test

Field of study related learning ocutcomes E2 W11l

Area of study related |earning outcomes

Code of effect: ANS635_ W1

Description: Knowledge in the field of mathematical modeling
of electrical equipment and installations.
Verification: Project, final test.
Field of study related learning outcomes E2 W16
_Area of study related learming outcomes B
Code of effect: ANS5635_W1

Description:

Knowledge in the field of mathematical madeling
of electrical equipment and installations.
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Table 12. Learning outcomes
Verification:

Project, final test.

Field of study related learning outcomes E2 W17
Area of study related learning outcomes _
Code of effect: ANS5635_W2

Description:
Verification:
Field of study related learning outcomes
JArea of study related learning outcomes

Enowledge of balancing enargy installations.,
Project, final test.
E2_Wo5

"Code of effect:

ANSG35_W2

Descripbion: Enowledge of balancing energy instaliztions.
Verification: Project, final test.

Field of study related learning outcomes E2_WoB

Area of study related learning outcomes —

Code of effect: AN5635_W2

Description:
Verification:

Enowledge of balancing enargy installations.
Project, final test.

Field of study related learning outcomes E2 Wi1l

Area of study refated learning sutcomes

“Code of effect: ANS635_W2

Description: Knowledge of balancing energy installations,
Yerification: Project, final test,

Field of study related learning outcomes E2_ W16

Area of study related learning outcomes .

Code of effect: ANS635_W2

Description:
Verification:
Field of study related learning outcomes
_Area of study related learning outcomes

Knowledge of balancing energy installations.
Project, final test,
E2 W17

Tode of elfect:

Description:

Verification:

Field of study related learning outcomes
Area of study related |earning outcomes

ANSE35_W2
Fnowledge of balancing energy installations,
Project, final test,

E2_wWo3

Code of effect:
Description:

Verification:
Field of study related learmning outcomes
_Area of study related learning outcomes

ANS635 W3

kKnowledge of load distribution optimization of
energy systems.

Project, final test,

E2 W17

“Code of effect:
Description:

Vearification:
Field of study related learmming outcomes
_Area of study related learning outcomes

ANSG35 W3
knowledge of load distribution optimization of
energy syslems.

Project, final test,

E2_WI11

“Code of effect:
Description:

Verification:
Field of study related learning outcomes
Area of study related learning outcomes

ANSB3I5_W3
Fnowledge of load distribution optimization of
energy systems.

Project, final test,

E2_ W16

General academic profile - skils
Cade of effect:
Description:

ANSG35 Ul
Skills of modeling devices and power
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Table 12. Learning outcomes

Werification:
Fieid of study related learming outcomes
Area of study related learning outcomeas

installations.,
Project, final test.
E2_ua?

Code of effect:
Description:

Werification:
Fiekd of study related learning cutcomes
Area of study related learning outcomes

AN5635 Ul
Skills of modeling devices and power
installations.

Praject, final test.

E2 U0g

Code of effect:
Description;

Verification;

ANS635_U1
Skills of modeling devices and power
installations.

Praject, final test,

Field of study related learning outcomes E2 Ul13
Area of study related leaming outcomes
Code of effect: ANSG635 Ul

Description:

Verification:
Field of study related learning outcomes
Area of ELEEHI' related learning outcomes

Skills of modeling devices and power
installations,

Project, final test,

E2_U14

“Code of effect:
Description:

Verification:
Field of study related learning outcomes
Area of study related fearning culcomes

ANS635_U1

Skills of medeling devices and pawear
installations,

Project, final test,

E2 U18

Code of effect:
Description:

Verification:
Field of study related learning outcomes
Area of study retated learning outcomes

ANSE3I5_Ul

Skills of modeling devices and power
installations.

Project, final test,

E2 U22

Code of effect:
Description:

Verification:
Field of study related learning outcomes
Area of study related learning outcomes

ANS635_U1

skills of modeling devices and power
installations,

Project, final test,

E2_U24

Code of effect:
Description:

Werification:
Field of study related learning outcomes
Area of study related learning outcomes

AMSB35_U2

Ahility balancing energy systems and
optimization of their parameters.
Project, final test.

E2_uog

Code of effect:
Description:

Varification:
Field of study related fearming cutcomes
Area of study related learming outcomes

ANSE35 U2

Ability balancing energy systems and
optimization of their parameters,
Project, fimal test,

E2 L13

Cade of effect:
Description:

ANSB35 U2
Ability balancing energy systems and
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Tabie 12. Learning outcomes

Werification:
Figld of study related learning outcomes
Area of study related learning outcomes

optimization of their parameters.
Project, final test,
E2 Ul4

Code of effect:

ANS635_U2

Description: Ability balancing energy systems and
optimization of their parameters.

Verification: Project, final test,

Fieid of study related learning outcomes E2_Uld

Area of study related learning outcomes

Caode of effect: ANSG35_U2Z

Description: Ability balancing energy systems and
optimization of their parameters,

Verification: Project, final test.

Field of study related learning ocutcomes E2_U22

Area of study related |earning outcomes .

Code of effect: AMNSE35 U3

Description: Abllity to use commercial software for
computationzl madeling issves, balancing and
optimization of systems

Verification: project, final test

Field of study related learning outcomes EZ_L09

_Area of study related learning outcomes
Code of effect: ANSG635_U3

Description:

Verification:
Field of study related learning outcomes
Area of study related |earning outcomes

Ability to use commercial softwarea for
computational modeling issues, balancing and
optimization of systeims

project, final test

E2_U13

Code of effect:
Description:

Verification:
Field of study related learning outcomes

Area of study related learning outcomes

ANS5635_U3

Ability to use commercial software for
computational modeling issues, balancing and
optimization of systems

project, final test

E2_L24

General academic profile - social competences

Code of effect:

ANSG635_K1

Description: It is capable of advanced computational prablem
by using additional materials.

Verification: Project, final test.

Field of study related learning outcomes E2_KO1

Area of study related learning outcomes o

Code of effect: ANSB35 K1

Description;

Verification,
Field of study related learning outcomes
Area of study related learning cutcomes

It is capable of advanced computational problem
by using additional materials.

Project, final test.

E2 K04
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Description of course

Code of course
Mame of course
Yersion of course

ANSS00
Energy Efficiency
2013,

A. Place of the course in system of studies

Level of education

Form and made of studies
Profile of studies
Speciallzation

Place of teaching of course
Place of realization of course
Coordinator of course

second cycle studies

full-time

General academic prafile

Power Enginesring

Faculty of Power and Aeronautical Engineening
Faculty of Power and Aeranautical Engineering
prof. dr hab. inZ. Tadeusz Skoczkowski; dr inz.
Jacek Szvmcevk

B. General characteristic of the course

Block of courses

Group of courses

Tvpe of course

Language of course

MNarminal semester

Time of completion in the academic year
Preliminary requirements

Limit of students

Power Engineering
Specialistic
Compulsory
angielski

1 (r.a. 20192020}
sUmmer semester

50

C. Effects of education and manner of teaching

Purpose of course

Effects of education
Form of didactic studies and number of hours per
semester

Contents of education

Students who successfully complete the course
should be able to: = Gain general knowledge on
energy efficiency policy in the EU and Paland, «
Get familiar with variety of energy efficiency
measures applied in industry. = Understand
fundamentals of energy management systems
and energy audits methodology. = Learn the
ohjectives and methods of the Demand Side
Management. = Get familiar with the protocol on
energy measurement and verification, including
statistical approach to measured data. -
Understand basic economics of energy efficiency,
See Table 13.

Lecture 15h
Exercise tvpe of course  Oh
Laboratory 15h
Froject type of course  Oh
Computer lessons oh

MERGY EFFICIENCY BASIC. Basic Concepls Related
to Energy Efficiency. Fundamental Definitions,
Energy efficiency measures. Role of Energy
Efficiency in Economy and Environment
Protection, Statistics of energy efficiency. Benefits
of Energy Efficiency., Barriers to Energy Efficiency.
Legal. Institutional. Financial. Technological.
Energy Prices. Diversily of Stakehalders, Poltential
of Energy Eficiency. Technical., Econamic. Market
EMERGY EFFICIENCY POLICY IN EU. Energy
Efficiency in EU Sustainable Energy Policy. Energy
Efficient Scenarios. Strategic EU documents:
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Description of course

Green Paper on Energy Efficiency. Energy
Efficiency Action Plan. Climate Change Prograim.
EU directives on energy efficiency e.g. CHP
Directive, Building Performance Directive, Eco
Design Directive, Emission Trading Directive,
Energy Services Directive, Home Appllances
Directives, Taxation of Energy Products Directive,
Gas Directive, Electricity Directive, Energy
Efficiency in Emission Trading Scheme. BAT on
Energy Efficiency, Exemplary Role af the Public
Secltor. Energy Efficiency and Renewable Energy
Sources, Involvement of the Energy Sector.
Perspective in the EU. ENERGY EFFICIENCY LAW M
POLAND., Energy Law. Energy Efficiency Law.
Secondary legislation. Thermomodernisation Law,
Mational Energy Efficiency Action Flan (NEEAF).
ENERGY EFFICIENCY MEASURES. Obligatory and
voluntary approach. Long Term Agreements. Role
of Companies and Sector Chambers. Energy
Services, White Certificate System. Outsourcing.
International Standardization and Harmaonization.
Minimal Energy Efficiency Regulations. Energy
Management Systems. Standard EN 16001.
Relations Between Different Certificates Schemes,
Green Procurement, Energy Fund. Carbon Fund.
Energy Conduction Codes: Energy Star, Motor
Challenge, Green Buildings, Climate Change
Commitments, Green Light. Public Campaigns.
Benchmarking. Information and Labeling.
Integrated Resource Planming. Definitions,
Projections of the End-Use Energy Demand.
Fundamentals of Electric Power Planning. Least-
Cost Planning Criteria. Electricity Preduction
Costs, Smart metering, Intermittent Renewable
sources. Demand Side Management. Load Curve,
Baseline. Energy Pricing. Electricity Tariffs and
Energy Efficiency Program Costs. DSM Cost
Effectiveness. Case Study. Supply and Demand
Sides Integration. Electricity Production Costs,
Supply System Integration. Supply Resources
Screening. Dispatch Strategies, Supply-Side Loss
Reduction. Intermittent RES. Combining DSM and
Supply Resources Options. Ranking the Besources
Dptions by Marginal Costs. ENERGY AUDITS,
Methodology for energy auditing. Choosing the
Calculation Level, Collecting Data. Unitary Gross
Annual Energy Savings. Total Gross Annual Energy
Savings. Total ESD Annual Energy Savings. Total
ESD Annual Energy Savings for Lifetime. Savings
Measurements and Verification. International
Perfermance of Measurements and Verification
Protocol. Requirements for Energy Audits and
Energy Auditors. Accreditation and Certification
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Description of course

Methods of evaluation

Methods of verification of effects of education
Exam
Literature

Schemes for Energy Auditors. Energy Manager
and Energy Auditor. Energy Auditars Trainings.
Harmaonised Top-Down Caloculation Model,
Harrnonised Bottom-Up Calculation Model.
Savings Lifetimes. Monitoring and Repoarting.
Regular Inspection, Commissioning and
Decommissioning. EMERGY EFFICIENCY
TECHMOLOGIES. Concept of Clean Energy.
Generation, Review of energy efficient
technologies. Transport of Energy. End Wse of
Energy. Energy Efficiency in Electronics and
Information and Communication Technologies.
Energy Siorage, Costs of Technologies, ENERGY
EFFICIEMNCY IN INDUSTRY. Model Energy Efficiency
Industrial Plan. Energy Management System
Implementation. Practical Approach, Electrical
Drives, Lighting, Fans. Pumps. Transport.
Electroheating. Energy-Efficiency Measures of
Industrial Combined Heat And Power (CHF).
District Heating. Waste Heat, Steps to Develop a
Project. Case Studies. UNCERTAINITY OF
MEASUREMENTS. Errors of Modeling, Sampling
and Measurement, Expressing Uncertainty. Basic
Statistical Terms, Confidence and Precision Levels.
Acceptable Uncertainty. Mean {¥). Yariance [52).
Standard Deviation {S). Standard Error [SE),
Frecision, Modeling. Modeling Errors, WUsing Out of
Range Data. Omission of Relevant Variables.
Inclusion of rrelevant Variables, Sampling.
Metanng. Combining Components of Uncartainty.
Example Uncertainty Analysis, FINANCING OF
EMERGY EFFICIENCY INVESTMENTS. Third Party
Financing. Energy Performance Contracting,
ESCO. Banking instruments. Procedures of
Financial Institutions, Grants. Joint Implementaticn
and Energy Efficiency Projects. Revolving Funds.
Risk Management. Barriers to Financing, EU
Programs. Cohesion Fund. Structural Funds.
Energy efficiency in the National Development
Program 2014-2020, FUNDAMENTALS OF
ECOMNOMICS OF ENERGY CONSERVATION,
Discount Hate. Net Present Rate. Life Cycle Cost,
Internal Rate of Return. Simple Payback. Cosls of
Saved Energy. Costs of Saved Capacity.

Weekly active participation in discussions - ability
to present, argue and defend own apinions
supported by concrete evidences, e.q. policy
documents, statistics, research papers. Tests and
quizzes during lectures. Passing all laboratories.
See Table 13.

i

1] swisher LN, Jannuzzi R.M., Redlinger R.Y.
Integrated Resource Planning, UMEP, 1997, 2]
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Description of course

Website of the course

D. Student's activity

Number of ECTS credits

Number of hours of student’s work to achieve
effects of education

Number of ECTS credits on the course with direct
participation of academic teacher

Mumber of ECTS credits on practical activities on
the course

E. Additional information
Motes
Date of last edition

Table 13. Learning outcomes

Third Party Financing, Energy Charter Secretariat,
http/www.encharter.org 3) Financing Energy
Efficiency, Energy Charter Secretaniat,
http:/fwww.encharter.org 4) International
Ferformance Measurement and Verification
Protocol. Concepts and Options for Determining
Energy and Water Savings, Volume 1. Efficiency
Valuation Organization, http://www.evo-world.org
httpe it pw.edu,plfIT/Moodle

2

1} Mumber of hours that requlre the presence of a
teacher - 35, including: a) attendance at the
lectures- 15 hours; b} attendance at the labs - 15
hours; ¢} consultancy meetings = 5 houwrs, 2) The
number of hours of independent work of student:
# 10 h to prepare a presentation and prepare for
group discussions; = 10 h to prepare for the
laboratory and preparing reports of the
laboratory, TOTALY: 55 hours,

1.5 ECTS credits - number of hours that require
the presence of a teacher - 35, including: a)
altendance at the lectures- 15 hours; b)
attendance at the labs - 15 hours; c) consultancy
meelings = 5 hours.

1 ECTS credits, including: ajattendance at the labs
- 15 hours; bl The number of hours of
Independent work of student: 10 h to prepare for
Lhe laboratory and prepanng reports of the
laboratory.

2019-09-10 08:05:13

General academic profile - knowledge

Code of effect:
Description:

Verification:

ANKS500 W1

Student has in-depth knowledge on energy
efficiency of machines, devices and technological
processes in industry.

Active participation in discussions, Making a
public presentation {in & group). Tests and
guizzes during lectures,

Field of study related learning outcomes E2_ W1l

Area of study related learning outcomes

Code of effect: ANESDD_W2

Description; Student understands technical and ecenomic
conditions and constraints of energy efficiency
improvements in industry.

Verification: Active participation in discussions. Making a

public presentation {in a2 group). Tests and
quizzes during lectures,
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Table 13. Learning outlcomes

Field af study related |learning outcomes E2 W19

Area of study related fearning outcomes

General academic profile - skils

Code of effect: ANKS00_U1

Description: student can prepare @ public presentation based
on literature research and own laboratory
measurements in English.

Verification: Active participation in discussions, Making a

public presentation (in a group). Tests and
quizzes during lectures,

Field of study related learming cutcomes E2_U03
Area of study related learning outcomes s
Caode of effect: ANKS0D U2

Description,

Verification:

Field of study related learning outcomes
Area of study refated learning cutcomes

Student can assess energy effliciency of
machines and technological processes and value
sconomic advantages of the energy efficiency
improvement applied.

Active participation in discussions. Tests and
quizzes during lectures, Preparation and defence
of laboratory reports.

E2_u1?

Code of eflect;
Description:

Verification:

Field of study related leaming outcomes
Area of study related learning outcormes

ANK500 U3

Student can In practice assess energy efficiency
of machines and technological processes and
provide guidance on energy efficiency
improvements.

Active participation in discussions. Tests and
guizzes during lectures, Preparation and defence
of laboratory reports.

E2 U20

General academic profile - social competences

Code of effect:
Description:

Verificatian:

ANKS00_K1
student is aware of importance of energy
efficiency in Increasing energy security and
limiting impact of energy process on the
environment

Active participation in discussions. Making a
public prezentation {in a group). Tests and
quizzes during lectures.

Field of study related learning cutcames E2_KO2
Area of study related learning outcomes
Code of effect: ANKS00_K2

Description:

Verification:

Field of study related learning outcomes
Area of study related learning cutcomes

student knaows his/her rele in the struggle to
increase awareness of end users on importance
of rational use of energy.

Active participation in discussions, Making a
pubfic presentation (in a group), Tests and
quizzes during lectures.

E2_ko7
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Description of course

Code of course ML.ANKITL

Mame of course Business Law

WVersion of course 2013.

A. Place of the course in system of studies

Level of education Second cyole studies

Form and mode of studies full-time

Profile of studies General academic profile

Specialisation -

Place of teaching of course Faculty of Power and Aeronautical Engineering
Place of realization of course Faculty of Administration and Social Sciences
Coardinator of course dr Dominik Sypniewski

B. General characteristic of the course

Block of courses Directional

Group of Courses Dbligatory

Type of course Compulsory

Language of course angielski

Mominal semester 2 ira. 201572020)

Time of completion in the academic year SUMIMer semester

Preliminary requirements -

Limit of students 150

C. Effects of education and manner of teaching

FPurpose of course The course gims at introducing students basic

concepts of business law. Firstly students are
familiarized with basic concepts of jurisprudence,
introduction to constitutional law, sources of
Polish and European business law, The course
covers basic concepts of civil and commercial law,
including property law, contracts, intellectual
property law partnerships and companies, The
last part of course concerns administrative
aspects of canducting business activities
including: registration in the National Court
Register or in the Economic Activity Records;
different forms of restrictions! concessions,
regulated activities and permissions and finally
basic concepts of labour law, competition law and

tax law.
Effects of education See Table 14,
Form of didactic studies and number of hours per Lecture 15h
semester Exercise type of course 15h
Laboratory oh
Project type of course  Oh
Computer lessons Oh
Contents of education 1. Intreduction to jurisprudence, Basic concepts.

2. Constitutional Law. 3. Sources of Polish and
European business law. 4. Civil Law (1) - general
provisions. 5. Ciwil Law (2) - property law, 6. Civil
Law (3] - contracts, 7. Civil Law {4} - intellectusl
property law. 8. Partnerships. 9. Companies. 10.
The Mational Court Register & the Economic
Activity Records. 11, Concessions, Regulated
Activities and Permissions. 12, Labour Law, 13,
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Description of course

Methods of evaluation

Methods of verification of effects of education
Exam

Literature

Website of the course

D. Student's activity

Nurmber of ECTS credits

Mumber of hours of student’'s work to achieve
effects of education

Number of ECTS credits on the course with direct
participation of academic teacher

Mumber of ECTS credits on practical activities on
the course

E. Additional information

Notes

Date of last edition

Tahble 14. Learning outcomes

Compelition Law. 14, Introduction to tax law.
mutiple choice test

See Table 14.

o

1. M. Mozdzen-Marcinkowski, Introduction to
Polish Administrative Law, C.H. Beck, Warszaw
2009, 2. |. |Jablofzska-Btonca, Introduction to Law,
LexisMexis, Warsaw 2008, 3. R, Lewandowski,
Polish Commercial Law: An Introduction, C.H. Beck
2007, 4, Documents and slideshows dellvered by
the lecturer,

2

1) Mumber of hours that reguire the presence of a
teacher - 32, including: a) attendance at the
lectures- 15 hours; b) attendance at the exercises
- 15 hours; ¢} consultancy meetings - & hours. 2}
The number of hours of Independent work of
student: » Systematic preparation for classes - 15
hours; = Preparing for final test - 6 hours; =
Homework - 5 hiours, TOTAL: 53 hours,

1,3 ECTS credits - number of of hours that reguire
the presence of a teacher - 32, including: a)
attendance at the lectures- 15 hours; b)
attendance at the exercises = 15 hours; c}
consultancy meetings - 2 hours,

2019-09-10 08:05:15

General academic profile - knowledge

Code of effect:
Description:

Varification:
Field of study related learning outcomes
Area of study related learning outcames

ML.ANK3I71 WOl

Student has a basic knowledge of the legal
aspects of doing business.

Multiple choice test,

E2 W19

Code of efect:
Description:

Verification:
Field of study related learning outcomes
Area of study related learning outcomes

ML.ANK371_W01

Student has a kasic knowledge of the legal
aspecks of doing business,

Multiple choice test.

E2_W20

Code of effect:
Description:

Verification:

ML.ANK371 W02
Student has-a basic knowledge of various forms
of conducting business activity and contracts in
business,

Multiple choice test.
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Table 14, Learning outcomes
Field of study related fearning cutcomes
_Area of study related learning outcomes

E2 W20

l:,'_ul:le af E_ﬁe::t
Description:

Verification:
Field of study related learning outcomes
_Area of study related learning outcomes

ML.ANK371_W02

Student has a basic knowledge of vanous forms
of conducting business activity and contracts in
business,

Multiple choice test,

E2 W22

“Code of effect:

ML.ANK371_W03

Description: Student knows and understands the basic
concepls and principles of the protection aof
industrial property and copyright law.

Verification: Multiple choice test,

Field of study related learning outcomes E2 W19

_Area of study relaled learning oulcomes _ _

“Code of effect: ML.ANK3T71 WD3

Description:

Werification:
Field of study related learning outcomes
Area of study related learning outcomes

Student knows and understands the basic
cancepts and principles of the protection of
industrial property and copyright law.,
Multiple choice test.

E2 W21

General academic profile - skils
Code of effect:
Description:

Verification:
Field of study related learning cutcomes
_Area of study related learning outcomes

ML.AMK3I71_U0O1

Student can obtain information on the requlation
in the field of business activity and determinants
of business activiby.

Multiple choice test.

E2 U223

“Code of effect:
Description:

enfication:
Field of study related leaming cutcomes
Area ol study related learning oulcomes

ML.ANK371_U01

Student can obtain information on the regulation
ire the field of business activily and determinants
of business activity,

Multiple choice test.

E2_U0l

General academic profile - social competences

Code ol alfecl:
Description;

Verification:
Field of study related learning outcomes
Area of study related |earning outcomas

ML.ANK371 K01

student is aware of the legal envirenment of
business and rules of liability in business.
Multiple choice test.

E2_KD2

Code of effect:
Description;

Verification:
Field of study related learning cutcomes
Area of study related |earning outcomes

ML.ANK371 KO1

atudent is aware of the legal environment of
business and rules of liability in business,
Multiple choice test.

E2_KO7

Code of effect:
Descrption:

ML.ANK371 K02
Student is aware of the diversity of legal lorms of
business and can choose the form appropriate
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Table 14, Learning outcomes

for a specific type of business,
Verification: Multiple choice test.
Field of study related learning outcomes E2_KDb

Area of study related learning cutcomes

Bz 2R





























































































































































































































































































































































































