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1. Ilesb U MUIaHUpYeMBbIe Pe3yJIbTATHI OCBOCHHMSA THCIUTIIHHBI

[{epr0 OCBOCHUS TUCIIATLINHBI SBISCTCS POPMUPOBAHUE CIICTYIOIINX KOMITCTCHITHH:

OIIK-1 CnocobeHn ¢opMynupoBaTh W peliaTh aKTyaldbHbIE M 3HAUYMMBIE MPOOIEMBI
MaTE€MaTHKH.

I[IK-1 CrnocobeH caMOCTOSATENhHO pelaTh HCCIeAOBAaTEIbCKUE 3a7aud B paMKax
peaM3aiyy HayIHOTO (HaAYyYHO-TEXHUIECKOT0, MHHOBAIIMOHHOTO) TTPOCKTA.

PesynpTaramMu 0cBOEHUS IUCHUIUTHHBI SBISIOTCS CIEIYIONINEe UHANKATOPHI TOCTHKECHUS
KOMIIETECHIINH:

HNOIIK 1.1 ®opmynupyeT MOCTaBICHHYIO 3aJady, IMOJIB3YETCS SI3BIKOM MpPeaMETHOU
obyacTi, 000CHOBAHHO BHIOMPAET METO/I PEIICHUS 3a/1auH.

UIIK 1.1 TIIpoBoauT wuccleqoBaHMs, HAMNpaBICHHbIE Ha pEIICHHE OTJCIbHBIX
HCCIIEIOBATENBCKUX 3aa4

2.3aaa4m 0CBOCHUSA TUCHHUIINHBI

— MoJiy4eHHe 3HAHWH O COBPEMEHHBIX METOAAaX MOJEIMPOBAHUS IPOLECCOB
TEIJIOMAcCONEPEHOCa; O METOJE PELIETOYHBIX ypaBHEHUH bonbliMaHa M MeTOAEe KOHEUHBIX
pa3HOCTEH.

— npuodpeTeHHe YMEHMI CaMOCTOSTENIBHO ONPENEsATh LEIM MaTeMaTH4eCKOro
MOJIETTUPOBAHUS U MPABUIBHO CTaBUTh 3aJJa4H.

— BbIPa00TKa HABBIKOB pabOTHI C OTKPBITON HHTErpupyemoit miatdopmoit OpenFOAM
u ¢ CAD — cucteMaMu NpH BBIMOJIHEHUH MAaTEMaTUYECKOTO0 MOJEIUPOBAHMS 3a]ja4 MEXaHUKU
XKHUJIKOCTH U ra3a; IPUMEHEHUs 3TUX 3HaHUH JUIsl JanbHeimeil HayyHol paboThl.

3. MecTO AUCHHUILIMHBI B CTPYKTYpe 00pa30BaTeIbHON NIPOrpaMMbl

Hucuunnuna otHocutes K broky 1 «lucuumimnna (Mogynm)y».
JlucruniamHa OTHOCHTCS K dYacTH 00pa3oBaTelIbHON MporpamMMmbl, (GOpMHpPYyEeMOit
ydacTHUKaMU 00pa30BaTeNbHBIX OTHOIICHUH, TIPe/IaracTcsl 00y4YaroniuMcs Ha BEIOOD.

4. Cemectp(b1) ocBOeHUs M opMa(bl) NPOMEKYTOUHON ATTECTANUM 10 TUCUMUIIJIMHE

[TepBrIil cemecTp, IK3aMeH

5. BxoaHble TpeOOBaHUS 1JIS OCBOEHUS] AMCUUNIMHBI

JlJis ycTenrHoro OCBOCHUS TUCIUILTMHBI TPEOYIOTCS KOMIIETEHIIMH, cPOPMUPOBAHHBIC B
X0J1e OCBOCHUSI 00pa30BaTEIBHBIX MPOTPAMM MPEIIECTBYIONIETO YPOBHSI 00pa30BaHMUs.

6. SI3pIk peanu3zanuu

Pycckuit

7. O0beM TUCHUILTHHBI

OO6m1ast TpyA0€MKOCTh TUCIMIUIUHBI COCTABIISIET 4 3.€., 144 4acoB, U3 KOTOPBIX:
-JIeKIAu: 32 4.

O0BeM caMOCTOSTEIBLHOM pa6OTBI CTyACHTA OIIPCACIICH yLI€6HLIM IJIAaHOM.



8. Course content

Chapter 1. Introduction to modern methods of heat and mass transfer.

1.1 Introduction to heat and mass transfer. Convection. Conduction. Radiation.

1.2 Governing equations describing heat transfer processes.

1.3 Classes of numerical methods for solving differential equations. Finite difference method,
finite element method.

1.4 Classes of numerical methods for solving differential equations. Finite volume method, Lattice
Boltzmann methods.

1.5 General overview of OpenFOAM based on finite volume method .

1.6 Unsteady heat conduction problems. Examples.

1.7 Natural convection problems. Examples.

1.8 Natural convection combine with radiation problems. Examples.

Chapter 2 The use of FDM and LBM for solving problems of heat and mass transfer

2.1 FDM: approximation, stability, difference schemes

2.2 Initial and boundary conditions

2.3 Application of FDM in diffusion and convection problems

2.4 Mathematical foundations of LBM

2.5 Dimensions of the problem. Lattice structures. Forces. Source terms

2.6 Setting initial and boundary conditions. Convergence and accuracy of the solution. Selection
of parameters for numerical solution

2.7 Solving problems of diffusion by LBM

2.8 Solving problems of convection by LBM

9. Students’ progress active monitoring

During the implementation of the course, classical educational technologies are used —
lectures, practical classes, and independent study of materials by students, testing knowledge
through tests, colloquia and exams. To conduct ongoing monitoring of the SSW, the teacher can
conduct small tests at the beginning of each lesson.

The questions of the colloquia and the exam are a generalization of the questions of the
current control tests and allow assessing the level of competence formation and understanding of
the formation of the physical picture within these sections.

10. Course guideline for students and exam policy

For the successful mastering of the material, students need to use the sources, information
systems and databases that are presented in the list of references. Independent work of students
consists in the study of lecture material, material from practical classes and independent study of
additional issues, a deeper analysis of lectures with the help of additional literature. Students
should be attentive to the preparation for colloquia and exams, take a responsible approach to
independent work and confidently answer the questions of current control tests.

Final assessment will be carried out by holding two colloquia (for each section of the
discipline); the results of the colloquium will affect the assessment in the exam.

The exam can be scored a maximum of 5 points for each question. The final grade is
summed up from the grades for each question and the grades for additional questions at the request
of the teacher. Below is the formula for calculating the final grade:

S:S];Sz+0.2*2di/n,
i=1

where S is the final grade for the test, S| and S, points for answers to the first and second
questions, n is the number of additional questions, di is the points for the i-th additional question.
The final grade is rounded in favor of the student if the fraction value exceeds 0.5. When answering
a question, the completeness and accuracy of the answer, the logic and reasoning of the
presentation of the material, the ability to use factual material in the answer are evaluated.



When answering the questions of colloquia and tests, the completeness and accuracy of the
answer, the logic and reasoning of the presentation of the material, the ability to use factual
material in the answer are evaluated. To set the current progress when monitoring the SSW, it is
recommended to use the following table.

Evaluation of the Criteria
results of control of the
SSW
(Great) The correct and detailed answer to the question is given. The
student clearly and logically stated his answer to the question posed
(Good) in the test.
The correct answer to the question is given, but not everything is
(Satisfactory) presented in detail and logically structured.
In general, the correct answer to the question is given, but it is
stated superficially and in violation of the logic of presentation.
(Unsatisfactory) The answer is presented very superficially and in violation of the

logic of presentation. The student has a very poor command of the
basic models and concepts. Significant terminological and factual
errors were made.

An incorrect answer was given, a clear misunderstanding of the
question in the test.

A

N

10.
11.

12.

13.

14.

15.

16.

17.
18.

Sample list of questions for exam. Chapter 1.

Define thermal conductivity.

Define the convection heat-transfer coefficient.

Discuss the mechanism of thermal conduction in gases and solids.

Discuss the mechanism of heat convection.

What is the order of magnitude for the convection heat-transfer coefficient in free
convection? Forced convection?

When may one expect radiation heat transfer to be important?

What is the order of magnitude of thermal conductivity for (a) metals, (b) solid
insulating materials, (¢) liquids, (d) gases?

Explain the scope of study of heat transfer.

How is the subject of heat transfer different from that of thermodynamics?

What are the three modes of heat transfer? Explain their differences.

What does conduction refer to? State Fourier’s law of heat conduction. Why is the
negative sign used?

How do the temperature distributions in a solid vary if its thermal conductivity varies
linearly with temperature?

How does conduction occur in a composite wall with different materials put in (a) series
and (b) parallel?

What do you understand by thermal contact resistance? On what parameters does this
resistance depend?

Explain the effect of contact pressure on thermal contact resistance. What is thermal
grease?

Define thermal conductivity. How can it be determined experimentally? What is the
difference between thermal conductivity and thermal conductance?

Explain the mechanisms of heat conduction in gases, liquids and solids.

Why are metals good thermal conductors, while non-metals are poor conductors of
heat?
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21.

22.

23.

24.

25.
26.

27.
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11.

Show that the radial heat conduction through a hollow cylinder depends on the
logarithmic mean area of the inside and outside surfaces.

How does the temperature in a cylindrical wall vary?

What is convection? Why is it regarded as a mode of heat transfer? What are the
differences between natural and forced convection?

Define a boundary layer. How are hydrodynamic and thermal boundary layer
thicknesses different? Explain the velocity and temperature profiles for natural and
forced convection heat transfer.

State the Newton’s law of cooling. Define heat transfer coefficient. On what factors
does it depend? Define overall heat transfer coefficient.

What is the mode of heat transfer in vacuum? Define absorptivity, reflectivity and
transmissivity.

How can the absorptivity of an opaque body be improved?

What is a black body? Define emissivity and a gray body. State Stefan-Boltzmann law.
On what factors does the radiant heat exchange between two gray bodies depend?
How is radiation heat transfer coefficient defined? What is combined convection and
radiation coefficient?

Sample list of questions for exam. Chapter 2.

Elleptic, parabolic and hyperbolic equations.
Finite difference schemes
The Lax Equivalence Theorem
The von Neumann condition
Initial conditions in FDM
Boundary conditions for temperature
Boundary conditions for velocity

Solving the problem of thermal conductivity by FDM
Solving the problem of natural convection by FDM
The Distribution Function
The Equilibrium Distribution Function
The Boltzmann Equation
The Collision Operator

Time Step Algorithm in LBM
Discretisation in Velocity Space
Non-dimensionalisation
Discretisation of the PDF and EDF
Velocity Sets

Stability analysis in LBM
Lattice Boltzmann Accuracy

Initial conditions in LBM

Boundary conditions in LBM

Forces and source terms

Choice of Simulation Parameters

Solving problems of diffusion by LBM

Solving problems of natural convection by LBM

Education technologies and methodical support for course realization

a) Online course on TSU LMS platform «IDo» -
https://Ims.tsu.ru/course/view.php?id=6387




0) Tests and exam materials for this course (https://www.tsu.ru/sveden/education/eduop/)

12. Course literature and resourses

a) Primary course literature.
1. Kruger T., Kusumaatmaja H., Kuzmin A., Shardt O., Silva G. Viggen E.M. The Lattice
Boltzmann Method Springer Interna‘uonal Pubhshmg SW1tzerland 2017.
2. Mohamad A. A. Lattice Boltzmann Method: Springer-Verlag London Ltd., part of Springer
Nature 2019.

3. Smith G. D. Numerical Solution of Partial Differential Equations: Finite Difference
Methods. Clarendon Press. Oxford, 1985.
4. Lynch D.R. Numerical Partial Differential Equations for Environmental Scientists and

Engineers: A First Practical Course: Springer-Verlag US., p.338.
5. Levenspiel O. Engineering Flow and Heat Exchange: Springer Science, 2014, P. 398.

b) Additional course literature.

6. Wolf-Gladrow D.A. Lattice-Gas Cellular Automata and Lattice Boltzmann Models.
Springer-Verlag Berlin Heidelberg, 2000.
7. Succi S. The Lattice Boltzmann Equation for Fluid Dynamics and Beyond. Clarendon

Press. Oxford, 2001.

8. Sukop M.C. Thorne Jr. D.T. Lattice Boltzmann Modeling. Springer-Verlag Berlin
Heidelberg, 2007.

9. Shang D. Free Convection Film Flows and Heat Transfer: Springer-Verlag Berlin
Heidelberg, 2006, p. 408.

10. Eslami M. R. Finite Elements Methods in Mechanics: Springer International Publishing
Switzerland, 2014, p. 370.

¢) Databases and information and reference systems

° http://e-science.sources.ru/
o http://www.coursera.org/
° https://ocw.mit.edu/index.htm

13. Software list and internet resourses

Microsoft Windows 7, Microsoft Windows 10

Microsoft Office 2010

Microsoft Visual Studio 2015, Intel Fortran/C/C++ Compiler 15
Mathcad 15, Maple 15, Matlab R2015;

Resourses:
— TSU library E-catalog — http://chamo.lib.tsu.ru/search/query?locale=ru&theme=system
— TSU E-library — http://vital.lib.tsu.ru/vital/access/manager/Index
— http://e.Janbook.com/
— http://www.studentlibrary.ru/
— https://urait.ru/
— https://znanium.com/
— http://www.iprbookshop.ru/



http://e-science.sources.ru/
http://www.coursera.org/
https://ocw.mit.edu/index.htm
http://chamo.lib.tsu.ru/search/query?locale=ru&theme=system
http://vital.lib.tsu.ru/vital/access/manager/Index
http://e.lanbook.com/
http://www.studentlibrary.ru/
https://urait.ru/
https://znanium.com/
http://www.iprbookshop.ru/

14. Education and technical equipment

Classical audiences with a whiteboard, a projector and a computer with a pre-installed
Microsoft Office 2010 office suite will use for lectures. Classrooms 314, 316, 319 will use for
practical classes and independent work of students.

NeNe314, 316

PC (13 pcs)

. LCD monitor BENQ 21.5”

. CPU Intel core 15-2400, 3.40 GHz
. RAM: 4 GB

. HDD 500 GB

. Nvidia GTS 450

Ne 319

PC: (13 pcs)

. Monitor LG 24"

. CPU Intel Core 17-4790 3.60GHz
. RAM 16 GB

. HDD 1 TB

15. Teaching staff
Associate professor, PhD, Igor Miroshnichenko
Associate professor, PhD, Nikita Gibanov
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