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HOACHUTEJIBHASA 3AIIMCKA

Henu u 3a0aum y4eOHOH AUCHUNIIMHBI

Henbro y4eOHON IMCUMINVIMHBI SBISETCA IOJYYEHHUE MAaruCTPAHTAMH HOBBIX
3HAHMM 10 CHEHHATBHBIM pa3/ieflaM MEXAHMKM JKUJIKOCTH M raza — TEOpHH
TUAPOAMHAMUYECKON  YCTOMYMBOCTM W TYpOYJIEHTHOCTH C IPUOOpPETEHHEM
COBPEMEHHBIX HAaBBIKOB MAaTE€MAaTHYECKOIO M MEXaHWYECKOIO MOJCIMPOBAHUS
pa3HOOOpa3HbIX (PU3MUECKUX SIBJICHUI, aHAIUTUYECKOIO M YHUCIECHHOIO PEUICHMS
3a1ay.

3agaun yuyeonoii nucnumannabl «Hydrodynamic instability and turbulencey:

- O3HaKOMHUTBHCS C OCHOBHBIMH  3aJadyaMd  TEOPHUH  THIPOJAUHAMHYCCKOM
YCTOMYHUBOCTH ¥ TCOPHH TYypOYIEHTHOCTH;

- Hay4YUThCS MOJAEIMPOBATH 3a7aud YCTOMIMBOCTH U TYPOYICHTHBIX TCUCHHIA;

- Oo0yudThCS  METOJaM  aHAJIWTHYECKOTO W YHCIACHHOTO  HCCIICIOBAHMS
IIOCTaBJICHHBIX 3a/1a1.

MecTto y4eOHOM JAUCHUIVIMHBI B CHCTEME IIOJAIOTOBKM CIEHHAIUCTA C
yIITyOJIEHHBIM BBICIIMM O00pa3oBaHUEM (MarucTpa).

VYyeOnas JUCLUIIIMHA «I'mpponrHamMuyeckas HEYCTOMYUBOCTH 51
TypOYJEHTHOCTE» OTHOCUTCSI K MOJYJIO «AKTyaJbHbIE BOMNPOCH COBPEMEHHOU
MEXaHUKM» TOCYJapCTBEHHOTO KOMIIOHEHTA.

CBsi3M c ApyrUMU YYEOHBIMHU JUCUUIUIMHAMH, BKJIHOYAsl y4eOHbIE JAMCLUILIMHBI
KOMIIOHEHTA YUpeXKI€HUs BbICIIEr0 00pa30BaHus, AMCLUILINHBI CTIEHUATU3ALUHT U Jp.

JlaHHasE QUCLMIUIMHA ONMPAECTCA U HUCIIOJIb3YET U3YYCHHBIE paHEe CBEICHHUS U3
muciuiind «Partial differential equations» i «Continuum mechanicsy.

TpeGoBanus K KOMIIETEHIUSAM

OcBoenue yudeOHON nucuMIUIMHBL «I MapoauHaMUYecKas HEYCTOMYHMBOCTh U
TypOYyJIEHTHOCTb» JOJDKHO 00ecneduTh (POPMUPOBAHUE CIIEIYIONIEH yIriTyOJaeHHON
npo¢eCCUOHAIBHOM KOMIETEHIINH:

VIIK. Haxoautb, QopMynupoBaTh U pellaTh aKTyaJdbHbIE MPOOJIEMBI
TUAPOa’POAUHAMUKH.

B pe3ynbraTe uzydeHus AMCHUILUIMHBI «I UapoIuHaMuyecKas HEyCTOMYMBOCTh U
TypOyJIEHTHOCTb» MaruCTPaHT JOJIKEH
3HATh:
- 0O0IIyI0 MOCTaHOBKY 3aJa4d TEOPUH TUAPOAMHAMUYECKON yCTOMYMBOCTH U
TypOYJIEHTHOCTH;
- METOABbl pPEHICHWs JIMHEWHBIX M  HEJIWHEWHBIX  337Ja4  TEOPHUH
TUAPOJANHAMUYECKON YCTOMYUBOCTH;
- METOABl PEIICHMsS 3aJa4 TEOPUH THAPOJMHAMUYECKONW YCTOWYUBOCTH C
HEU3BECTHOM 00JIACTHIO TCUCHHUS;
- MOJEJH U METO/Ibl UCCIIEIOBAHUS TYPOYICHTHBIX TEUCHUN.
yMeThb:
- INPUMEHATH IIOJIYYEHHbIE 3HAaHUA Ul HCCIENOBAHMUS YCTOMYMBOCTH
peanbHBIX THIPOJAUHAMUYECKUX TEUEHUN;



- pellaTh KJIaCCUYECKHUE U HOBBIE 33/]a4l YCTOMUYUBOCTU U TypOyJIE€HTHOCTH.
HMETh HABBIK:
- B HCCIEJOBAaHHUSIX YCTOMYMBOCTH THAPOJMHAMHAYECKHX TEUYCHUH B
JIMHECHHOM U HEJTMHEMHOMN MOCTaHOBKE;
- B METOJax pelIeHus 3a7a4 TypOyJIeHTHBIX TCUCHUM.

CtpykTypa yueOHOH IUCHUIIAHBI

HucrurminHa wu3y4daeTcs BO 2 cemecTpe. Bcero Ha wusydenwe ydeOHOMH
JTUCHUTUINHBL «[ UIpoIMHaMUYecKasi HEYCTOMYMBOCTh U TYPOYJIEHTHOCTB» OTBEACHO:

— JUIs1 OYHOM (DOPMBI TOJIyYeHHUs YIITyOJE€HHOTO BhICIIEro oOpazoBanus — 216
4acoB, B TOM 4HCle 88 ayJuTOpPHBIX YacoB, W3 HUX: JEKIMU*— 36 dYacos,
nabopatopHble 3aHATHSA*— 52 gaca.

TpynoeMKoCTh yueOHON JUCHUIUIMHBI COCTABIACT 6 3aUETHBIX €UHUII.

®opMa MPOMEKYTOUHOMN aTTECTALMH 110 Y4€OHOM TUCUUIIIIMHE — SK3AMEH.

*Jlekuuu © J1a0OpaTOpHBIE 3aHATUS MOTYT MPOXOJUTh C HPUMEHEHUEM
JUCTaHIMOHHBIX 00Opa3oBaTenbHbIX TexHosorui (J1OT).



EXPLANATORY NOTE

Aim and tasks of the discipline

The purpose of the discipline is to obtain new knowledge on special sections of
fluid and gas mechanics - the theory of hydrodynamic stability and turbulence with the
acquisition of modern skills of mathematical and mechanical modelling of various
physical phenomena, analytical and numerical solution of problems.

Objectives of the academic discipline «Hydrodynamic instability and
turbulence»:

- to familiarise with the basic tasks of the theory of hydrodynamic stability and
turbulence theory;

- to learn how to model problems of stability and turbulent flows;

- to learn the methods of analytical and numerical investigation of the set
problems.

Place of the academic discipline in the system of training a specialist with
advanced higher education (Master).

The academic discipline belongs to the module «Actual issues of modern
mechanics» of the state component.

Connections with other academic disciplines, including academic disciplines
disciplines of the component of the higher education institution, disciplines of
specialisation, etc.

This discipline is based on and uses the previously learnt information from the
following disciplines «Partial differential equations» and «Continuum mechanics»
disciplines.

Requirements for competences

Mastering the academic discipline «Hydrodynamic instability and turbulence»
should ensure the formation of the following advanced professional competence:

DPS. Find, formulate und solve actual problems of hydroaerodynamics.

As a result of studying the discipline «Hydrodynamic instability and turbulence»
the master student must

know:

- general statement of the problem of the theory of hydrodynamic stability and

turbulence;

- methods of solution of linear and nonlinear problems of the theory of

hydrodynamic stability;

- methods of solving problems of the theory of hydrodynamic stability with

unknown flow area;

- models and methods of research of turbulent flows.

be able to:

- apply the acquired knowledge to study the stability of real hydrodynamic flows;

- solve classical and new problems of stability and turbulence.

have skills in:

- methods of investigation of stability of hydrodynamic flows in the

linear and nonlinear formulation;

- models and methods for solving problems of turbulent flows.



Structure of the academic discipline

The discipline is studied in the 2nd semester. The total time for studying the
academic discipline «Hydrodynamic instability and turbulence» is:

- for full-time higher education - 216 hours, including 88 classroom hours,
including: lectures* - 36 hours, laboratory classes* - 52 hours.

The labour intensity of the discipline is 6 credit units.

The form of intermediate certification on the discipline is an exam.

*Lectures and laboratory classes can be conducted with the use of distance
learning technologies (DLT).



CONTENT OF THE STUDY MATERIAL
Section 1. Problem statement of the hydrodynamic stability theory

Main current. Method of small oscillations. Orr-Sommerfeld equation. The
problem on eigenvalues. Squire's theorem.

Section 2. Methods of solving the linear stability problem
Direct method. Finite difference method. Asymptotic method.
Section 3. Non-viscous instability

Instability of open currents. Rayleigh equation. Examples of investigation of
instability in the mixing layer and jet flow based on the Rayleigh method.

Section 4. Instability in flows with an interface
Boundary conditions at the interface of viscous and ideal fluids. Stability of two
ideal unbounded fluids. Currents in a bounded region. Helmholtz and Taylor-Laplace
instabilities.

Section 5. Flow with velocity gradient

Investigations of steady flow under the action of a tangential force. Stability of
flow under the action of tangential force.

Section 6. A fluid layer on an inclined surface

Study of stability in the nonlinear approximation of the layer under the action of
gravity and surface forces. Direct method. Kapitsa-Shkadov equations.

Section 7. Stability of flow between rotating cylinders
Basic flow. Stability in linear formulation. Formation of Taylor vortices.
Section 8. Instability and collapse of capillary jets

Basic flow. Investigation of stability in the case of potential flow in the jet taking
into account external influence in the linear approximation. Stability of a free jet.
Rayleigh solution. Connection of spatially and temporally growing perturbations.
Study of stability in the linear approximation in the boundary layer type approximation.
Nonlinear development of perturbations in the jet. Development of perturbations taking
into account variable external pressure.



Section 9. Stability and decay of a viscous fluid layer on the outer and inner
surface of a rotating cylinder

Experimental and theoretical studies of layer decay on inner and outer surfaces
of arotating cylinder. Equilibrium forms of axisymmetric and planar layers on the inner
and outer surfaces. First integrals. Bifurcations of equilibrium layers on the outer and
inner surfaces of a rotating cylinder. Investigation of the stability of plane and
axisymmetric layers in the linear approximation. Motion of a layer on the inner and
outer surfaces of a cylinder. Kapitsa-Shkadov method for hydrodynamic flows in the
field of centrifugal forces. Evolutionary equations and their numerical solution.
Nonisothermal problem.

Section 10. Equilibrium forms, stability and decay of a viscous fluid layer on a
rotating disk

Equilibrium forms of axisymmetric and non-axisymmetric layers on the surface
of a rotating disk. Investigation of the steady-state motion of the layer. Experimental
and theoretical studies of the motion of a layer on the surface of a rotating disk. Motion
of a layer and a viscous liquid drop on a rotating disk. Derivation of the surface
evolution equation, its numerical and analytical solutions.

Section 11. The concept of turbulent flows

Molecular and turbulent transport. Laminar flow. Instability of laminar flow.
Quialitative scenarios of transition to turbulent form of motion. Signs of turbulent flows.
Navier-Stokes equations. Hydromechanical similarity laws, similarity criteria,
Reynolds number. Critical Reynolds number.

Section 12. Probabilistic description of turbulent transport

Methods of averaging of random fields. Probability distribution density
functions, averaged and pulsation characteristics of random hydrodynamic quantities.
Reynolds equations. Turbulent stress tensor. Ergodicity theorem.

Section 13 Theory of homogeneous and isotropic turbulence

Homogeneous, isotropic turbulence. Determination of the spectrum of turbulent
pulsations. Estimation of turbulence scales. Intervals of turbulence scales.
Kolmogorov's hypotheses of similarity and their consequences. The Law of Five
Thirds. Richardson's cascade process of energy transfer.

Section 14. The turbulence closure problem

The problem of closure of the Reynolds equations. Closure strategy of higher
statistical moments of random hydrodynamic quantities. The turbulent boundary layer
and its equations. Semiempirical theories of turbulence. Boussinesq approximation.
Prandtl and Karman models. Flow near a wall. Logarithmic velocity profile.
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Section 15. Kinetic energy of turbulence. Turbulent scalar transfer

Definition of the kinetic energy of turbulence. Turbulent energy balance
equation. Rate of dissipation of turbulent energy. Turbulent viscosity and thermal
conductivity
coefficients. Kolmogorov-Prandtl formula. Relationship between heat (mass) and
momentum transfer. Model of turbulent scalar transport.

Section 16. Methods of mathematical modeling of turbulent flows

Methods of modeling turbulent flows. Direct numerical modeling. Method of
large vortices. Method of statistical moments. Method of probability distribution
density function of random variables.

Section 17. Differential closure models of the Reynolds equations

First order (algebraic) turbulence models. Second order models. Closure of the
equations of kinetic energy of turbulent pulsations and its isotropic dissipation. k-g,
k- models, SST model of shear stresses.

Section 18. Modeling of large eddies

Filtered Navier-Stokes equations and subgrid stresses. Smagorinsky model.
Hermano dynamic model.

Section 19. Numerical methods for calculating turbulent flows

Numerical methods for modeling turbulent mass, momentum and energy transfer:
spectral method, finite volume method, large particle method. Finite volume method
for solving hydrodynamic problems. SIMPLE algorithm. Finite volume method for
solving problems of convective heat and mass transfer in turbulent flows.
Approximation of boundary conditions.



TEACHING AND METHODOLOGICAL MAP OF THE DISCIPLINE

Full-time form of higher education with the use of distance learning technologies (DLT)

Title of section,
topic

Title of section, topic

In-class hours

Lectures
Practical
classes

Seminar
classes

Laboratory
classes
Other

Form of control

-

2

w
N

o | Independent work

»

Problem statement of the
hydrodynamic stability theory
Main current. Method of small
oscillations. Orr-Sommerfeld
equation. The problem on
eigenvalues. Squire's theorem.

Methods of solving the linear
stability problem

Direct method. Finite difference
method. Asymptotic method.

problem solving

Non-viscous instability
Instability of open currents.
Rayleigh equation. Examples of
investigation of instability in the
mixing layer and jet flow based
on the Rayleigh method.

problem solving

Instability in flows with an
interface

Boundary conditions at the
interface of viscous and ideal

written report on
laboratory work
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fluids. Stability of two ideal
unbounded fluids. Currents in a
bounded region. Helmholtz and
Taylor-Laplace instabilities.

Flow with velocity gradient
Investigations of steady flow
under the action of a tangential
force. Stability of flow under the
action of tangential force.

problem solving

A fluid layer on an inclined
surface

Study of stability in the nonlinear
approximation of the layer under
the action of gravity and surface
forces. Direct method. Kapitsa-
Shkadov equations.

abstract

Stability of flow between
rotating cylinders

Basic flow. Stability in linear
formulation. Formation of Taylor
vortices.

problem solving

Instability and collapse of
capillary jets

Basic flow. Investigation of
stability in the case of potential
flow in the jet taking into account
external influence in the linear
approximation. Stability of a free
jet. Rayleigh solution.
Connection of spatially and
temporally growing

written report on
laboratory work
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perturbations. Study of stability
in the linear approximation in the
boundary layer type
approximation. Nonlinear
development of perturbations in
the jet.  Development of
perturbations taking into account
variable external pressure.

Stability and decay of a viscous
fluid layer on the outer and
inner surface of a rotating
cylinder

Experimental and theoretical
studies of layer decay on inner
and outer surfaces of a rotating
cylinder. Equilibrium forms of
axisymmetric and planar layers
on the inner and outer surfaces.
First integrals. Bifurcations of
equilibrium layers on the outer
and inner surfaces of a rotating
cylinder. Investigation of the
stability of plane and
axisymmetric layers in the linear
approximation. Motion of a layer
on the inner and outer surfaces of
a cylinder. Kapitsa-Shkadov
method for hydrodynamic flows
in the field of centrifugal forces.
Evolutionary equations and their

problem solving
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numerical solution.
Nonisothermal problem.

10

Equilibrium forms, stability
and decay of a viscous fluid
layer on a rotating disk
Equilibrium forms of
axisymmetric and non-
axisymmetric layers on the
surface of a rotating disk.
Investigation of the steady-state
motion of the layer. Experimental
and theoretical studies of the
motion of a layer on the surface of
a rotating disk. Motion of a layer
and a viscous liquid drop on a
rotating disk. Derivation of the
surface evolution equation, its
numerical and analytical
solutions.

abstract

11

The concept of turbulent flows
Molecular and turbulent
transport. Laminar flow.
Instability of laminar flow.
Quialitative scenarios of transition
to turbulent form of motion. Signs
of turbulent flows. Navier-Stokes
equations. Hydromechanical
similarity laws, similarity criteria,
Reynolds  number.  Critical
Reynolds number.

problem solving
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12

Probabilistic description of
turbulent transport

Methods of averaging of random
fields. Probability distribution
density functions, averaged and
pulsation  characteristics  of
random hydrodynamic quantities.
Reynolds equations.  Turbulent
stress tensor. Ergodicity theorem.

written report on
laboratory work

13

Theory of homogeneous and
isotropic turbulence
Homogeneous, isotropic
turbulence. Determination of the
spectrum of turbulent pulsations.
Estimation of turbulence scales.
Intervals of turbulence scales.
Kolmogorov's  hypotheses of
similarity and their
consequences. The Law of Five
Thirds. Richardson's cascade
process of energy transfer.

problem solving

14

The turbulence closure
problem

The problem of closure of the
Reynolds equations. Closure
strategy of higher statistical
moments of random
hydrodynamic quantities. The
turbulent boundary layer and its
equations. Semiempirical

report

14




theories of turbulence.
Boussinesq approximation.
Prandtl and Karman models.
Flow near a wall. Logarithmic
velocity profile.

15

Kinetic energy of turbulence.
Turbulent scalar transfer
Definition of the Kinetic energy of
turbulence. Turbulent energy
balance equation. Rate of
dissipation of turbulent energy.
Turbulent viscosity and thermal
conductivity coefficients.
Kolmogorov-Prandtl ~ formula.
Relationship between heat (mass)
and momentum transfer. Model
of turbulent scalar transport.

problem solving

16

Methods of mathematical
modeling of turbulent flows
Methods of modeling turbulent
flows. Direct numerical
modeling. Method of large
vortices. Method of statistical
moments. Method of probability
distribution density function of
random variables.

problem solving

17

Differential closure models of
the Reynolds

equations

First order (algebraic) turbulence
models. Second order models.

written report on
laboratory work
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Closure of the equations of
kinetic energy of turbulent
pulsations and its isotropic
dissipation. k-g, k- models, SST
model of shear stresses.

18

Modeling of large eddies
Filtered Navier-Stokes equations
and subgrid stresses.
Smagorinsky model. Hermano
dynamic model.

problem solving

19

Numerical methods for
calculating turbulent flows
Numerical methods for modeling
turbulent mass, momentum and
energy transfer: spectral method,
finite volume method, large
particle method. Finite volume
method for solving
hydrodynamic problems.
SIMPLE  algorithm.  Finite
volume method for solving
problems of convective heat and
mass transfer in
turbulent flows. Approximation
of boundary conditions.

abstract

TOTAL HOURS

36

52
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INFORMATION AND METHODOLOGICAL PART
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List of recommended diagnostic tools and methodology for final mark formation

The object of diagnostics of Master's students' competences is knowledge, skills
acquired by them as a result of studying the academic discipline. Master's students'
learning achievements are revealed by means of current control and interim certification.

The following means of current control can be used for diagnostics of competences:
written report on laboratory work, abstract, problem solving.

The form of intermediate certification for the discipline «Hydrodynamic instability
and turbulence» is an exam.

Control activities are carried out in accordance with educational-methodical map of
the discipline.

For Master's students who missed the control events or received an unsatisfactory
mark, the decision on the repeated carrying out of the control event is made in accordance
with the Regulations on the rating system of evaluation of students' knowledge rating
system of assessment of students' knowledge of the academic discipline in the Belarusian
State University.

The final mark formation in the course of control measures for current certification
(approximate weighting coefficients determining the contribution of current certification
to the mark for passing interim certification) includes:

- problem solving - 30%;

- abstract - 30 %;

- written report on laboratory work - 40 %.

The final mark for the discipline is calculated on the basis of marking current
attestation and examination mark, taking into account their weights coefficients. The
weighted mark of the current assessment is 40%, the exam mark is 60%.

Approximate topics of laboratory classes

Laboratory work No. 1. Investigation of jet profile stability by the Rayleigh
method.

Laboratory work No. 2. Investigation of the stability of the profile of the mixing
layer of two streams by the Rayleigh method.

Laboratory work No. 3. Instability of flow with the interface of two non-viscous
unbounded liquids.

Laboratory work No. 4. Instability of flow with the interface of two non-viscous
confined liquids.

Laboratory work No. 5. Instability of a circular jet of a non-viscous liquid at
potential flow in linear approximation.

Laboratory work No. 6. Investigation of free surface forms of a layer stationary
relative to a rotating cylinder for the plane and axisymmetric case by means of the first
integral.
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Laboratory work No. 7. Investigation of linear instability of a flat liquid layer on
the outer surface of a rotating cylinder in a non-viscous formulation.

Laboratory work No. 8. Investigation of the universal velocity profile in a
viscous sublayer, turbulent boundary layer and trace layer.

Laboratory work No. 9. Study of velocity profile in turbulent motion of medium in
pipes.

Laboratory work No. 10. Study of velocity profile in turbulent motion of
medium in jet streams.

Description of innovative approaches and methods
for teaching the discipline

When organising the educational process the following approach is used practice-

oriented approach, which implies:

- mastering the content of education through solving practical problems;

- cquisition of skills for effective fulfilment of different types of professional activities;

- orientation to the generation of ideas, implementation of group student projects,
development of entrepreneurial culture;

- use of procedures, methods of evaluation, fixing the formation of professional
competences.

Methodological recommendations for the organization of independent work

When studying the discipline the following forms of independent work are
assumed:

- search of literature and electronic sources on the individually posed problem of the
discipline;

- study of the material assigned for independent work;

- preparation for lectures and laboratory classes;

- work related to the preparation of laboratory reports with oral defence.

Thus, it implies a gradual transformation of learning into independent work, when
a master's student should obtain knowledge mainly in the process of creative independent
work, independently finding the necessary information and creatively working through it
in order to make the necessary inferences and obtain knowledge.

In this case, while performing academic tasks, master's students independently
acquire new knowledge, skills and abilities, in particular, the ability to analyse and make
decisions in non-standard situations, which is very important for effective future
independent professional activity.
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Topics of abstracts

. Investigations of instability of flows in traces and jets by the Rayleigh method.

. Investigations of instability in flows with interface.

. A fluid layer on an inclined surface and its stability.

. Instability and decay of capillary jets.

. Investigation of equilibrium forms of a liquid layer on the outer surface of a rotating
cylinder.

6. Bifurcation of quasi-stationary solutions of the motion of a liquid layer on the outer
surface of a rotating cylinder.

. Investigation of the stability of a flat layer on the outer surface of a swirling cylinder in
the non-viscous approximation.

. Experimental and theoretical investigations of the decay of a layer on the outer surface
of a rotating cylinder.

. Theory of homogeneous and isotropic turbulence. A.N. Kolmogorov's hypotheses of
similarity and their consequences.

10. The problem of turbulence closure. Turbulent Boundary Layer and Its Equations.

11. Methods of mathematical modelling of turbulent flows.

12. Closure models of the Reynolds equations.

13. Modelling of large eddies.

14. Numerical methods for modelling turbulent mass, momentum and energy transport:

spectral method, finite volume method, large particle method.

b owpN k-
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Approximate list of questions for the exam

[HEN

. Basic equations and formulation of the problem on stability of stationary flows. The
method of small oscillations.

. The Orr-Sommerfeld equation. The problem on eigenvalues. Squire's theorem.

. Investigations of stability of jet flow with profile U=(ch y)?

Instability of flows in traces and jets. Non-viscous instability. The Rayleigh

equation.

. Rayleigh's method of investigation of non-viscous instability. Examples.

Instability in flows with an interface. The Taylor-Laplace instability. Helmholtz

instability.

7. Flow under the action of tangential stress, its stability.

8. Layer of fluid on an inclined surface and its stability.

. Instability and collapse of capillary jets. Stationary solution.

Stability study in linear approximation under potential flow.

10. Instability and collapse of capillary jets. Stability study in the linear approximation at

constant pressure in the cross-section.
11. Nonlinear Instability. Nonlinear development of perturbations in an ideal liquid jet.
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12.

13.
14.
15.
16.
17.
18.
19.
20.
21,
22,
23.
24,

25.
26.

Motion of a liquid layer on the outer surface of a rotating cylinder.Problem statement.
Investigation of the forms of relative equilibrium. First integrals in axisymmetric and
plane cases. A study of equilibrium forms in natural coordinates.

Fluid layer on the outer surface of a rotating cylinder. Branching of quasi-stationary
solutions in the linear approximation.

Motion of a fluid layer on the outer surface of a rotating cylinder. Bifurcation of quasi-
stationary solutions in a nonlinear problem.

Investigation of the stability of a flat layer on the outer surface of a twisted cylinder in
the non-viscous approximation.

Experimental and theoretical studies of the decay of a layer on the outer surface of a
rotating cylinder. Derivation of the surface evolution equation.

Theoretical investigations of the layer decay on the external surface of a rotating
cylinder. Numerical solution of the evolution equations and results.

The concept of turbulent flows. Qualitative scenarios of transition to turbulent form of
motion. Signs of turbulent flows.

Probabilistic description of turbulent transport. Reynolds equations. Turbulent stress
tensor. Ergodicity theorem.

Theory of homogeneous and isotropic turbulence. Kolmogorov's hypotheses of
similarity and their consequences.

The problem of turbulence closure. Turbulent boundary layer and its equations. Semi-
empirical theories of turbulence. Boussinesq Approximation. Prandtl and
Karman models.

Kinetic energy of turbulence. Turbulent scalar transport.

Methods of mathematical modeling of turbulent flows.

Differential models of closure of Reynolds equations.

Modeling of large eddies.

Numerical methods for modeling turbulent mass, momentum and energy transport:
spectral method, finite volume method, large particle method.
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ITPOTOKOJI COTJIACOBAHMSI YYEBHOM ITIPOT'PAMMBI YO
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