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Computational Fluid Dynamics _
points

English

Computer Modelling and Simulation (CMS), IntelligeBnergy (IE), Biotechnology for
Environmental Protection (BI), Bussiness and Tetdgo(BT)*

BSc studies*

Institute of Thermal Machinery

Andrzej Bogustawski, Asso®rof., Dariusz Asendrych, Ph.D., Artur Tyliszczak , Ph.D

Semester Lec. Tut. Lab. Proj. Sem. Cred|t
points
Vil 30E 30 3

™ The outcome of the course is the ability of thedsnt to understand the basics of
numerical approach to fluid dynamics problems,tstgrwith simple examples of the

flow governed by ordinary differential equationgelifree falling body in a viscous

medium or motion of elastically fixed wing. Thennflamentals of potential flows are

discussed and numerical approach including conformethod and panel methods.
Finally an introduction to finite differences is egented using one-dimensional
convection-diffusion equation as an example. Thecrdtization in space is shown
leading to the set of linear algebraic equatiortse Simplest numerical approaches to
linear systems are discussed. The application nifefidifference method is shown on
two-dimensional problem of potential flow in complgeometry cavity and compressible
one-dimensional flow in converging-diverging nozzle

Basic knowledge of differential and integrationatélis, basic knowledge on ordinary
and partial differential equations, concept of ggework and heat,

LECTURE:

Numerical methods for ordinary differential equations: existence and uniqueness of
solution, classification of solution methods — $#ngnd multi-step methods, explicit and
implicit methods, numerical errors, Taylor seriegpansion approach, Runge-Kutta
methods, multi-step methods — Adams-Bashforth aménms Moulton, stability and
convergence

Numerical methods for potential flows: concept of potential flows, basic types of
potential flows, complex potential, superpositiorrinpiple, conformal mapping,
Joukowsky transformation, Christoffel-Schwarz methsource panel method, vortex



Form of assessment

Basic reference materials

Other reference
materials

panel method

Finiet difference method in Computer Fluid Dynamics Classification of second order
partial differential equations, finite differencesymerical solution of linear systems —
direct and iterative methods, solution of one-disienal convection-diffusion equation —
upwind corrected schemes, Lax-Wendroff and Mac@akmmethods

TUTORIALS:Not applicable

LABORATORY:

Application of numerical methods for ODE —development of C- code solving ODE
with single - and multistep methods

Examples of applications of ODE in fluid dynamicsSolution of the set of equations of
motion for free falling body and elastically fixedng

Numerical methods for potential flows:development of the C-code for Joukowsky
transformation leading to pressure distribution Bfhdorce for Joukowsky aerofail,
Development of the C-code for source panel methazhlculation of the flow field
around a set of circular cylinders, developmerthefC-code for the vortex panel method
applied to symmetric aerofoil

Finiet difference method in Computer Fluid Dynamics development of the C-code
solving with finite differences the potential flawa complex geometry cavity,
application of the Lax-Wendroff and/or MacCormackame to one-dimensional flow
through the converging-diverging nozzle

PROJECT: Not applicable
SEMINAR: Not applicable

Exam

*k*k

1. Wesseling P., Principles of Computational FIDichamics, Springer, 2001

2. Ferziger,J.H., Peric, M., Computational Methtats-luid Dynamics,
Spinger, 2002

3. Chow : Introduction to Computational Fluid Meofes,

4. Wendt F.W.: Computational Fluid Dynamics, Spenyerlag, 1992

5. Stroustrup B.: The C++ Programming Language,

6. Bogustawski A., Tyliszczak A., Introduction toFD, Politechnika

Czestochowska, skrypt, 2009
For Polish-speaking students:

e-mail of the course coordinatabogus@imc.pcz.czest.plarek@imc.pcz.czest;@tyl@imc.pcz.czest.pl

and academic teachers

Average student

(teaching hours + individ. )

worklogd! teaching hours +3 hours of individual work peeke
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