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	FACULTY OF MECHANICAL AND POWER ENGINEERING

	SUBJECT CARD

	Name in Polish 
	Wprowadzenie do numerycznej analizy zjawisk                                          przepływowych

	Name in English 
	Introduction to numerical flow phenomena analysis

	Main field of study
	Mechanical Engineering and Machine Building

	Specialization 
	Refrigeration and Cryogenics

	Level and form of studies 
	2nd level, full-time

	Kind of subject 
	optional/specialization

	Subject code 
	MSN0245

	Group of courses
	No


	
	Lecture
	Classes
	Laboratory
	Project
	Seminar

	Number of hours of organized classes in university (ZZU)
	
	
	15
	
	

	Number of hours of total student workload (CNPS)
	
	
	30
	
	

	Form of crediting
	
	
	crediting with grade
	
	

	For group of courses mark (X) final course
	
	
	
	
	

	Number of ECTS points
	
	
	1
	
	

	including number of ECTS points for practical (P) classes 
	
	
	1
	
	

	including number of ECTS points for direct teacher-student contact (BK) classes
	
	
	0,75
	
	


	PREREQUISITES RELATING TO KNOWLEDGE, SKILLS AND OTHER COMPETENCES 

Knowledge of fundamentals of fluid mechanics and thermodynamics, mathematical analysis and linear algebra.


	SUBJECT OBJECTIVES
C1. Acquisition of solving skills of ordinary and partial differential equations first and second order using the tools and techniques of numerical methods. 

C2. Presentation of the ways to solve engineering problems in the field of thermal-flow phenomena based on the FlowLab software.

 


	SUBJECT EDUCATIONAL EFFECTS 

relating to skills:

PEK_U01 – plans of numerical experiments in the range of thermal-flow phenomenon

PEK_U02 – analyzes the results of numerical calculations




	PROGRAMME CONTENT 

	Form of classes - laboratory
	Number

 of hours



	Lab1
	Introduction to numerical modeling techniques. The construction and scheme of numerical solution of thermal-flow problem: preprocessing (generation of computing area and numerical grid, choice of differential equations and initial-boundary problem, methods of discretization of differential equations: the central difference method, FEM, MOS), solving (iterative procedure, the condition of solution convergence), postprocessing (computational data visualization).
	2

	Lab2
	The use of methods for solving ordinary differential equations of first order for simple engineering problems. Methods: Euler, updated Euler, Runge-Kutta method of second and fourth order.
	2

	Lab3
	The use of  central difference method of second order applied for solving linear ordinary differential equations of the second order. Forced linear oscillator. The boundary conditions of Dirichlet and Neumann type.
	2

	Lab4
	The use of  Crank-Nicolson method for solving linear partial differential equations of second order. The initial-boundary problem. The equation of a vibrating string.
	2

	Lab5
	Numerical modeling of the issue: "Analysis of the heat transfer and the formation of a temperature profile for an incompressible, viscous laminar flow in a closed conduit." Observation of the formation of the temperature profile for the boundary conditions: constant temperature and heat flux on the wall. Experimental determination of the heat transfer coefficient α.
	2

	Lab6
	Numerical modeling of the issue: "Flow around a cylinder. Coefficient of drag force". Determination of drag force coefficients for different Reynolds numbers. Visualization of flow around a cylinder and recirculation zones.
	2

	Lab7
	Numerical modeling of the issue: "Flow around ClarkY airfoil." Determination of pressure distribution, velocity profile, and the coefficient of drag force depending on the angle of attack α around the profile for the stationary flow around the Mach number ~ 0.3. Flow visualization.
	2

	Lab8
	Crediting
	1

	
	Total hours
	15


	TEACHING TOOLS USED 

	N1. presentations with multimedia tools.

N2. preparation of reports.

N3. consultations


EVALUATION OF SUBJECT EDUCATIONAL EFFECTS ACHIEVEMENT- laboratory
	Evaluation 

(F– forming (during semester), C– concluding (at semester end)
	Educational effect number
	Way of evaluating educational effect achievement

	F1
	PEK_U01
	written tests

	F2
	PEK_U02
	Reports from laboratories

	C= 1/2*F1 +1/2*F2


	PRIMARY AND SECONDARY LITERATURE 

	PRIMARY LITERATURE :

[1]  T. J. Chung, Computational Fluid Dynamics, Cambridge University Press, 2010

[2]  Wendt J.F. (ed.), Computational Fluid Dynamics. An Introduction (3ed.), Springer, 2008
[3]  D. V. von Rosenberg, Methods for the numerical solution of partial differential equations, Elsevier Publishing Company, Amsterdam The Netherlands, 1969
SECONDARY LITERATURE:

[1]  J. H. Mathews, K. D. Fink, Numerical Methods using Matlab, Prentice Hall, 1999


	SUBJECT SUPERVISOR (NAME AND SURNAME, E-MAIL ADDRESS) 

	Paweł Regucki, PhD, pawel.regucki@pwr.wroc.pl


MATRIX OF CORRELATION BETWEEN EDUCATIONAL EFFECTS FOR SUBJECT
Introduction to numerical flow phenomena analysis 
AND EDUCATIONAL EFFECTS FOR MAIN FIELD OF STUDY

 Mechanical Engineering and Machine Building
AND SPECIALIZATION Refrigeration and Cryogenics
	Subject educational effect
	Correlation between subject educational effect and educational effects defined for 

main field of study/ specialization 
	Subject objectives
	Programme content
	Teaching tool number

	PEK_U01
	S2RAC_U11
	C1
	La1-La4
	N1, N3

	PEK_U02
	
	C2
	La5-La7
	N2, N3
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