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The program of the discipline
1. Description of the discipline, its purpose, subject of study and learning outcomes
The program of the discipline "Mechanics of liquid and gas" is compiled in accordance with the educational and professional training program of the bachelor in the field of knowledge 13 "Mechanical Engineering" in the specialty 131 "Applied Mechanics".  
The mechanics of liquid and gas is a branch of physics, the general content of which is the study of the laws of equilibrium and motion of continuous media — liquids and gases in the fields of mass forces, taking into account hydromechanical, thermodynamic and electromagnetic effects.  In  the "Mechanics of Liquid and Gas" (CBA),  the theoretical and experimental study of the movement of real media and physical phenomena in most cases is based on the model of the material continuum. Small moving individual or substance (that is, which consist of the same substance) volumes (particles) of the medium are considered as mechanical and thermodynamic systems, the state of which is characterized by a finite number of determining parameters. Mastery  The main provisions of CBA are a necessary prerequisite for the professional activity of specialists in the field of applied mechanics.
The purpose of teaching the discipline " Mechanics of liquid and gas"  is to form students' ability to: set, analyze and solve problems of determining the space-time fields of parameters of liquids and gases in equilibrium or motion states under specified initial and boundary conditions; to carry out analytical, numerical or experimental study of these parameters in the calculation and design of rational constructions of objects of new technology. This makes it possible to carry out calculations and  analyze the rational designs of pipelines, components of robotic complexes based on hydraulic and pneumatic actuators, hydro- and pneumatic automatics, hydro- and pneumogas systems for automatic control of rudders, ailerons and other devices of aircraft, aircraft and rocket engines, controls of boundary layers on the wings of aircraft, flow paths of blade apparatuses of compressor machines and turbines and other objects of new technology.
Subject of the discipline: physical models and properties of liquids and gases; kinematics of liquids and gases; fluid stress state and fundamental laws of hydroaeromechanics; hydrogasstatics; dynamics of ideal fluid; elements of dynamics of one-dimensional flows of viscous incompressible fluid; dynamics of viscous fluid (spatial currents); theories of similarity and modeling of hydroaerodynamic processes;  dynamics of laminar and turbulent currents; elements of the theory of  hydraulic shock in pipes; the concept of the boundary layer and tear-off currents, elements of the theory of wing profiles; elements of gas dynamics: thermodynamic and gasodynamic aspects of gas flow with pre- and supersonic velocities, aerodynamic heating of streamlined bodies; methods for obtaining supersonic gas velocities; thermal and gas-dynamic closure of the nozzle; seal jumps, shock adiabata.
As a result of studying the discipline, the student will acquire the following competencies:
General competencies
ZK2. Knowledge and understanding of the subject area and understanding of professional activity.
Professional competencies
FC 1. Ability to analyze materials, structures and processes based on laws, theories and methods of mathematics, natural sciences and applied mechanics.
FC 10. Ability to describe and classify a wide range of technical objects and processes, based on a deep knowledge and understanding of basic mechanical theories and practices, as well as basic knowledge of related sciences.
The training should be completed with the following program results:
PH 2. Use knowledge of the theoretical foundations of the mechanics of liquids and gases, heat engineering and electrical engineering to solve professional problems
PH 9. Know and understand related fields (mechanics of liquids and gases, heat engineering, electrical engineering, electronics) and be able to identify interdisciplinary connections of applied mechanics at the level necessary to fulfill other requirements of the educational program.
Knowledge.  Know the fundamental laws of equilibrium, as well as the pre-, near- and supersonic movement of liquids and gases, their interaction with streamlined surfaces and bodies that are at rest or movement.
Skills.  Be able to independently formulate, analyze and solve the problems of mechanics of liquids and gases in the design of streamlined elements of technological devices, as well as energy, and transport machines and devices.
 Experience.  Apply techniques and methods of hydroaeromechanics to analyze the work, optimization and reliability of structures in their interaction with liquid or gas under conditions characteristic of mechanical engineering, aviation, rocket science, shipbuilding, energy, etc.

  2. Prerequisites and post-requisites of disciplines 
The discipline of CBA involves the preliminary assimilation of the material of the disciplines "Higher Mathematics", "Linear Algebra and Analytical Geometry", "General Physics".  The CBA course provides theoretical and practical training for the study of the disciplines "Machine parts and the basics of design", "Machine parts and the basics of design. Course project", "Diploma design", as well as a number of disciplines of the cycle of professional training in accordance with educational programs.


3. Contents of the discipline

Section 1. Introduction to the course "Mechanics of liquid and gas". Physical models and properties of liquids and gases.
Topic 1. 1.  Subject, methods and hypotheses of CBA.  Cor and stresses acting in the liquid.
Topic 1. 2.  Basic physical properties, thermodynamic and hydromechanical models of liquids and gases.

Section 2. Kinematics of continuous media.
Topic 2. 1.  Methods of studying motion, kinematic concepts and characteristics of the movement of liquid particles and flows.
Topic 2.2.  Model of motion of a liquid particle.
Topic 2.3.  Kinematics of vortex currents.

Section 3. Stress state of liquids and gases and fundamental laws "Mechanics of liquid and gas".
Topic 3.1. The relationship between the stresses at the point (Cauchy formula).  Tension tensor and its property. 
Topic 3.2. Laws of conservation of momentum, momentum and energy.
Section 4. Hydrogasstatics.
Topic 4.1.  Hydrostatics.
Topic 4.2.  Basics of gas statics.

Section 5.  The dynamics of the ideal liquid.
Topic 5.1.  Equations of motion of an ideal fluid, initial and boundary conditions, basic integrals.
Topic 5.2.  Dynamics of vortices in an ideal liquid.

Section 6.  Dinamika one-dimensional flow of viscous incompressible liquid.
Topic 6.1.  Energy balance of one-dimensional currents. Hydraulic supports, pressure and pressure losses.
Topic 6.2.  Leakage of incompressible fluid through holes and nozzles.
Topic 6.3.  Elements of the theory of hydraulic shock.

Section 7. Dynamics of viscous fluid (spatial currents).
Topic 7. 1. Generalized Newton's hypothesis. Differential equations of Navier-Stokes motion. Elements of the theory of hydromechanical similarity and modeling of incompressible and compressible currents.
Topic 7. 2. Laminar flow and its characteristics. Turbulence, its structure and characteristics.
Topic 7. 3.  Tenzor turbulent  stresses Reynolds. Semi-empirical theories of turbulent transfer for simple flow types. Laws of distribution of speed and resistance for pipes.
Topic 7. 4.  Basic concepts of modern computer modeling of viscous currents.

Section 8. The concept of the boundary layer and tear-off currents.
Topic 8. 1.  Hydrodynamic boundary layer, its main characteristics and types.
Topic 8. 2. Prandtl's equation of the laminar boundary layer. Blasius problem.
Topic 8. 3. Turbulent boundary layer. Separation of the boundary layer. Detachable cavitation currents.

Section 9. Gas movement at supersonic speeds.
Topic 9. 1. Initial equations and gasdynamic ratios.
Topic 9. 2. Isoentropy gas leakage from the tank. Methods for obtaining supersonic velocities.
Topic 9. 3.  Propagation of small and finite perturbations in a homogeneous gas flow.  Straight and oblique seal jumps. Percussion adiabat Rankin-Hugonio.




4. Learning Materials and Resources
Basicliterature (textbooks, manuals) 
1. Hydrogasodynamics. Course of lectures [Electronic resource]: a textbook for applicants for a bachelor's degree in the specialties 142 Energy Engineering, 143 Nuclear Energy, 144 Thermal Power Engineering / V.M. Turyk; KPI them. Igor Sikorsky. – Electronic text data (1 file: 2.91 MB). - Kyiv :KPI them. Igor Sikorsky, 2021. – 145 p. https://ela. kpi. ua/handle/123456789/41225
2. Turyk V.M. Hydrogasodynamics. Workshop [Electronic resource]: textbook. posib. for stud. specialties 142 Power Engineering, 143 Nuclear Energy, 144 Heat Power Engineering / KPI them. Igor Sikorsky. Electronic text data (1 file: 2.0 MB). Kyiv: KPI them. Igor Sikorsky, 2021. 38 p. https://ela.kpi.ua/handle/123456789/41226
3. Turyk V.M. Fundamentals of gas dynamics [Electronic resource]: a textbook for applicants for a bachelor's degree in the educational program "Automated and robotic mechanical systems" specialty 131 Applied Mechanics / KPI them. Igor Sikorsky. Electronic text data (1 file: 1.82 MB). Kyiv: KPI them. Igor Sikorsky, 2022. 139 pp. https://ela. kpi. ua/handle/123456789/48479
4. Koval, O. D. Applied issues of fluid and gas mechanics [Electronic resource] : textbook / O. D. Koval, O. M. Yakhno; NTUU "KPI". – Electronic text data (1 file: 1.50 MB). – Kyiv : NTUU "KPI", 2011.  https://ela.kpi.ua/handle/123456789/1503

Further reading

5. Skochelas B. A., Turyk V. M. Applied hydromechanics (Hydrostatics): Methodical instructions for the implementation of laboratory work for students of the specialty "Hydraulic and pneumatic machines" of all forms of education. Kyiv.: Nats. techn. University of Ukraine "KPI", 2009. 25 p. (Stamped "Recommended by the Methodical Council of NTUU "KPI" of December 24, 2009, prot. № 4. Certificate of granting the stamp to the electronic means of educational purpose of NMU No E9/10-106).
6. Skochelas B. A., Turyk V. M. Applied hydromechanics (Hydrodynamics):  Methodical instructions for the implementation of laboratory work for students of the specialty "Hydraulic and pneumatic machines" of all forms of education. Kyiv.: Nats. techn. University of Ukraine "KPI", 2010. 26 p. (The stamp "Recommended by the Methodical Council of NTUU "KPI" dated April 15, 2010, prot. № 8. Certificate of granting the stamp to the electronic means of educational purpose of NMU No E9/10-266).
7. Skochelas B. A., Turyk V. M., Yashchuk P. P. Applied hydromechanics. Hydroaeromechanics: Elements of kinematics and fluid dynamics: Methodical instructions for laboratory work for students of specialties "Hydraulic and pneumatic machines", "Dynamics and strength of machines" of all forms of education. Kyiv.: Nats. techn. un-t of Ukraine. "KPI", 2011. 34 p. (The stamp "Recommended by the Methodical Council of NTUU "KPI" dated June 16, 2011, prot. № 10. Certificate of granting the stamp to the electronic means of educational purpose of NMU No E 10/11-530). 
8. Putyata V.Y., Sidlyar M.M. Hydroaeromechanics: textbook. Kyiv: Kyiv University Publishing House, 1963. 480 p.
9. Povkh I.L. Technical hydromechanics. L.: Machine Building, 1976. 504 pp.
10. Emtsev B.T. Technical hydromechanics. M: Machine Building, 1987. 440 pp.
11. Loitsyansky L.G. Mechanics of liquidity and gaza. M.: Nauka, 1987.  840 p.
12. Shlychting G. Theory of borderline layer. M.: Nauka, 1974. 712 p.
13. Abramovich G.N. Applied gas dynamics. M.: Nauka, 1976. 888 p.
14. Aerodidromechanics / A.M. Mkhitaryan, V.V. Ushakov, A.G. Baskakova, V.D. Trubenok; Pod common. Ed. A.M. Mkhitaryana. M.: Engineering, 1984. 352 p.
15. Methodical indication of laboratory work on hydromechanics and gas dynamics for students of machine-building, energy and instrumental specialties / Sost. O. M. Yakhno, V. N. Turyk, V. Z. Averin and others. Kyiv: KPI, 1989. 32 p.
16. Liepman H. W., Roshko A.  Elements of gasdynamics. Mineola, New York: Dover Publications, inc., 2002. 464 p.
17. Zucker R.D., Biblarz O. Fundamentals of gas dynamics, 2nd ed. Monterey, California: John Wiley@Sons, inc., 2002. 493 p.
18. Powers J.M. Lecture notes on gas dynamics. Notre Dame, Indiana, USA: University of Notre Dame. 2019. 166 p.
19. Prykhodko A. A.  Computer technologies in aerohydrodynamics and heat and mass exchange. Kyiv: Naukova Dumka, 2003. 380 p.

Recommendations and clarifications
· All basic literary sources are in the KPI library and in the methodical office of the department, additional sources are aimed at in-depth familiarization with individual sections;
· No source, like all the listed literary sources together, is sufficient to master the discipline without a lecture notes, which is built according to a certain method that takes into account the specifics and volume of lectures in accordance with the educational program.
·  Basic sources contain theoretical materials and examples on the topics of the discipline, which can be used together with the materials of lectures, but only during the lectures their integral connection with modern problems of CBA is proposed, with examples and methods of practical implementation, which cannot be obtained from any literary source.

Educational content
5. Methods of mastering the discipline (educational component)
The method of mastering each topic consists of the following components: theoretical information on the topic, methods of their application in practical classes, examples of the use of techniques, independent implementation of modular test work (MKR) and calculation work (PP).

LECTURES
	No s/n
	Title of the lecture topic and list of main issues (list of didactic support, links to literature and tasks on the SRS)

	1
	Subject, methods and hypotheses "Mechanics of liquid and gas". Forces and stresses acting in a liquid.
Subject, history of development and place of CBA discipline in the training  of specialists in applied mechanics, mechanical engineering, andatomizedand robotic mechanical systems, etc.   The structure of the course and features of its study. Hypotheses of continuity and fluidity of a liquid medium, their application. Forces and stresses acting in a liquid.

	2
	Basic physical properties, thermodynamic and hydromechanical models of liquids and gases. Viscosity; Cuetta flow; Newton's friction law. Newtonian and non-Newtonian liquids; Dodge liquid classification.  Compressibility of liquids and gases (volumetric compression coefficient; modulus of volumetric elasticity of a liquid; speed of sound in the medium and its isothermal and isoentropy models; Mach-Maievsky number). Thermodynamic and hydromechanical models of gases and liquids. Van der Waals isotherms. Surface tension. Saturation parameters. Cavitation.

	Tasks on the SRS:
	Pay attention to the clarification of the phenomenon of  cavitation and issues  of rheology of non-jutonliquids.

	3
	Methods of studying motion, kinematic concepts and characteristics of the movement of liquid particles and flows. Reference systems. Lagrange and Euler approaches, their relationship. Fluid flow and velocity field. Stationary and non-stationary movements. Flow line and trajectory, their differential equations. Hydraulic elements of the flow. Consumption, its types. Average fluid velocity. The equation of continuity in hydraulic form. Fluid flow modes; Experiments of O. Reynolds. Local instantaneous ("relevant"),  local time-averaged and pulsational velocities. Acceleration of a liquid particle.  Substantional, local, and convective derivatives. Integral and differential forms of continuity equations according to Euler's approach.

	Tasks on the SRS:
	Is it possible to accelerate the gas flow in a constant cross-section channel? Justify the concept of "thermal closure" of the channel.

	4
	Liquid particle motion model: Cauchy–Helmholtz theorem; tensor of deformation velocities and its invariants. Speed potential. Classification of fluid movements: translational, deformation, potential, vortex movements. The concept of kinematics of potential currents. 

	Tasks on the SRS:
	Pay special attention to  the content on the consequences  of the Cauchy–Helmholtz theorem; explain the  meaning of  tensora velocity of deformations.  Velocity potential, flow function, complex potential (characteristic flow function). The main property of harmonic functions.

	5
	Kinematics of vortex currents. The main elements and characteristics  of vortex motion: vortex line and its differential equations; vortex tube, cord, vortex thread, their tension and intensity; flow of vortices. Speed circulation. Multi-valued potential. Coherence of the area. Stokes' theorem on single- and multi-connected domains. Polysemy of potential in the presence of vortices. Integral and differential forms of the inseparability equation for the field of the vortex vector. Helmholtz's second kinematic theorem on  Whirlwinds and its consequences. The concept of "free whirlwinds", tornadoes, whirlpools and vortex rings. The velocity field caused by vortices.

	Tasks on the SRS:
	Find out the content and consequences of the Bio-Savar formula.

	6
	The relationship between the stresses at the point (Cauchy formula). Tension tensor and its property. Laws of conservation of momentum, momentum and energy.  Integral form of the law of quantity of motion; Cauchy's formula; tension tensor; basic properties of stresses; theorem on normal stresses at a point; deviator of normal stresses. The basic equation of the dynamics of a continuous medium "in stresses".  The law of conservation of momentum momentum. Proving withimeterand tensor stresses.  The equation of energy and heat transfer.

	Tasks on the SRS:
	Content and analytical expression of the law of conservation of the moment of momentum of a liquid.

	7
	Hydrostatics.  Basics of gas statics.  Stress at the equilibrium of the liquid. Hydrostatic pressure. L. Euler's differential equilibrium equations and conditions for their integration. The potential of mass forces. Level surfaces and their differential equation. The basic equation of hydrostatics. Galileo's hydrostatic paradox. The stability of the equilibrium of an incompressible fluid. Absolute and relative equilibrium of the liquid. Gas equilibrium. Integration of the L. Euler equilibrium equation for gas. Formulas of Halley and Bjerknes. The structure of the earth's atmosphere. Conditions of mechanical and thermal  stability of gas equilibrium.

	Tasks on the SRS:
	Independently study the section "Hydrostatic pressure forces on tank elements". 

	8
	Equations of motion of an ideal fluid, initial and boundary conditions, basic integrals.  Dynamics of vortices in an ideal liquid.  Ideal fluid model. Differential equations of motion of an ideal fluid by L. Euler; initial and boundary conditions. Barotropic fluid movement. Equations of motion in the form of Thunder-Lemb. Cauchy-Lagrange and Euler integrals for potential movement. Bernoulli and Thunderbolt integrals for vortex movement. 

	9
	Bernoulli and Euler-Bernoulli equations: physical content, geometric interpretation, examples of application in hydrodynamic research and technology. The dynamics of vortices in an ideal liquid. Liquid circuit. Thomson (Lord Kelvin) theorem and its consequences; Lagrange's theorem. Helmholtz's first and second dynamic theorems on vortices.

	Tasks on the SRS:
	Independently work out the question of the power action of flows on the shaped parts of pipelines, obstacles, elements of turbomachines, the "turbine" equation of L. Euler.

	10
	Dynamics of one-dimensional currents of viscous incompressible liquids. D. Bernoulli's equation for an elementary jet and for the flow of viscous incompressible fluid. Coriolis kinetic energy coefficient. Hydraulic supports, their nature.  The coefficient of the amount of motion (pulse flow) of Bussinesq. Loss of friction pressure along the length of the channel; Nikuradze's schedule; local pressure losses. Bord-Carnot theorem and its applications. Areas of hydrodynamic stabilization ("initial sections") of laminar and turbulent flows in pipes. The principle of superposition of pressure losses. The concept of interference of local resistances.

	Tasks on the SRS:
	Independently study the following topics for use in practical classes: Inthe flow of incompressible fluid through holes and nozzles;  Elements of the theory of hydraulic shock.

	11



	Dynamics of viscous fluid (spatial currents). Newton's generalized hypothesis. The Navier-Stokes motion equation for compressible and incompressible fluid; ambiguity conditions. Elements of the theory of hydromechanical similarity and modeling of incompressible and compressible currents. The main criteria for hydrodynamic similarity. Simulation paradoxes and the principle of partial similarity.  Dimension method.  Consideration of ponderomotor force.

	Tasks on the SRS:
	Independently study the method of dimensions, the  P-theorem, the question of the practical application of the theory of similarity and the technique of hydromechanical.

	12
	Laminar current and its characteristics. Turbulence and its structure.  Stabilized laminar flow in a round pipe: Pauseil parabola; coefficient of hydraulic friction during laminar movement of fluid in a round pipe; Hagen-Poiseil formula. Turbulence, mechanisms of its occurrence, internal structure, cascading scheme of energy transfer. 

	Tasks on the SRS:
	Particular attention should be paid to certain issues of the statistical theory of turbulence, vortex currents under conditions of viscous centrifugal instability near curvilinear surfaces.

	13
	Xaracteristics of turbulence.  Tenzor turbulent  Reynolds stresses. Semi-empirical theories of turbulent transfer for simple flow types. Methods of averaging the parameters of turbulent flow. Ergodic hypothesis. Statistical characteristics of turbulence: degree of turbulence,  correlation moments of communication, correlation coefficients, scale of turbulence. The concept of coherent vortex structures. O. Reynolds differential equations for turbulent current; turbulent stress tensor. The problem of "closing" the system of turbulent transfer equations. The simplest models of turbulent stresses. Laws of distribution of speed and resistance for  pipes in turbulent mode. Basic concepts of computer modeling of viscous currents.

	Tasks on the SRS:
	To analyze the areas of predominance of molecular and turbulent stresses in the flow, the disadvantages and advantages of classical simple models of turbulent stresses.  To characterize the basic methods  of modern modeling of turbulent currents.

	14
	The concept of the boundary layer and tear-off currents.  The main characteristics  of the hydrodynamic  boundary layer (thickness, thickness of displacement, thickness of pulse loss, thickness of energy loss), its types and structure; transition zone. Mathematical models: L. Prandtl's equations for the laminar boundary layer (LPSH), estimates of the order of its members and the ratios reflecting the basic properties of LPSH.  P connection of the Blasius problem of the laminar boundary layer.

	Tasks on the SRS:
	Pay special attention to the practical determination of the characteristics of the boundary layer and resistance forces when liquid flows over solid surfaces. Independently get acquainted with the integral ratios of the boundary layer, with the methods for calculating laminar and turbulent boundary layers.

	15
	Turbulent boundary layer. Separation of the boundary layer. Detachable cavitation currents.  Theturbulent boundary layer.  Conditions for the separation of the boundary layer.  Onthe abduction  of the gap and methods of managing it.  The concept of diride cavitation currents: the  number of cavitation, the schemes of Kirchhoff, Ryabushinsky, Zhukovsky-Roshko, Tulin.

	Tasks on the SRS:
	Analyze the conditions for the emergence of separation of the boundary layer and characterize the methods of separation control.

	16
	Gas movement at supersonic speeds.  Initial equations of gas dynamics.
The general integral of Euler's equations for one-dimensional  barotropic motion of gas and  partial cases:  isochoric, and zothermal and adiabatic currents of an ideal gas. The Bernoulli integral for the vortex adiabatic motion of an ideal gas. Braking parameters. Gas enthalpy equation. Aerodynamic heating of bodies. The Bernoulli–Saint-Venan equation. Maximum theoretical and critical velocities; reduced speed.  Gas dynamic ratios.

	Tasks on the SRS:
	Get acquainted with the gas dynamicwe function of thepit.  Princip construction of the Laval nozzle.

	17
	Isoentropy gas leakage from the tank. Methods for obtaining supersonic velocities.  Formulas of Saint-Venan and Vantzel, sub- and supercritical modes of gas leakage.  Gas-dynamic and thermal "closure" of the nozzle. Hugonio's formula as a justification for the general shape of the geometric nozzle (Laval nozzle). Thermal, consumable, mechanical nozzles.  Withacon inverseof action.

	Tasks on the SRS:
	Build the curve of Saint-Venan and Vantzel and give an explanation of the possible ways to carry out the flow process.

	18
	Pextension of small and finite perturbations in a homogeneous gas flow.  The flow of a point source of perturbation. Cone of weak Mach.  Characteristics and zones of "silence".
The concept of nonlinear waves and compaction jumps.  The mechanism of formation of a direct shock wave and the speed of propagation of its front.  Shock waves in supersonic and near-sonic flows. Wave crisis and wave resistance. Features of the flow of smoothly blunt bodies. Direct compaction jump, shock adiabata, Rankin-Hugonio and L. Prandtl formulas. Entropy growth on a direct jump. The concept of oblique compaction jumps.

	Tasks on the SRS:
	To assess the compressibility of the gas by pressure and density. What is a supersonic diffuser and what is the purpose of its application? Features of measuring the local speed of supersonic flow by the Pito-Prandtl tube.





PRACTICAL CLASSES
	No s/n
	The title of the topic of the lesson and a list of the main issues (list of didactic support, links to literature and tasks on the SRS)

	1
	Topics 1.1–2. 3.  Models and properties of continuous media. Methods of studying motion, kinematic concepts and characteristics of the motion of liquid particles and flows.  Basic physical properties of liquids and gases as continuous media. Consumption, its types. Average fluid velocity. The equation of continuity in hydraulic and differential forms.  Fluid flow modes. Velocity diagrams in laminar and turbulent flows. Acceleration of a liquid particle, a substance derivative and its components.

	Tasks on the SRS:
	Liquid circuit. Thomson (Lord Kelvin) theorem and its consequences; Lagrange's theorem. The first and second dynamic theorems of Helmholtz on vortices. Pay special attention to the content of the Bio-Savar formula, the application of the Stokes theorem for a multi-connected field and the content of the polysemy of potential in vortex currents.

	2
	Topicsand 4.1, 4.2.  Elements of hydrogasostatics. Hydrostatic pressure. Level surfaces with relative equilibrium. The basic equation of hydrostatics. Pascal's law. Galileo's hydrostatic paradox. Determination of fluid pressure forces on flat and curvilinear walls.

	Tasks on the SRS:
	Practical determination of liquid pressure forces on solid surfaces.

	3, 4
	Topic 6.1–7.3.  Energy balance of viscous one-dimensional currents. Hydraulic pressure and pressure losses. Laminar flow and its characteristics. Laws of distribution of speed and resistance for pipes in turbulent mode.  Internal problem of technical hydromechanics of viscous fluid. D. Bernoulli equation for the flow of viscous incompressible fluid. Coriolis kinetic energy coefficient. Hydraulic supports, their nature. Graph I. Nikuradze. Calculation of hydraulic pressure and friction pressure losses by channel length and local supports. Bord-Carnot theorem and its applications. Taking into account the areas of hydrodynamic stabilization ("initial sections") of laminar and turbulent flows in pipes. The principle of superposition of losses  head. The concept of interference of local resistances. 

	Tasks on the SRS:
	Independently work out the issue of fluid leakage through the holes and nozzles, as well as direct hydraulic shock. 

	5, 6
	Topic 7.3, 7.4.  Basic concepts of modern computer modeling of viscous currents.  Basic methods and models of modeling turbulent currents: models RANS, Kolmogorov–Prandtl, Spalart-Allmaras, (k-ε)-model and its modifications, two-layer model Mentor, etc. 

	Tasks on the SRS:
	Practical application of simpler classical models of turbulence in the calculation of currents; Additional literature. Possibilities for the practical application of existing methods for modeling turbulent currents.

	Modular control work on the materials of the developed topics 1.1 — 5.3.

	7
	Topics 8.1–8.3.  Basic characteristics and equations of the boundary layer.  The main characteristics of the boundary layer (thickness, thickness of displacement, thickness of pulse loss, thickness of energy loss, calculation of the Reynolds number). L. Prandtl's equation for the laminar boundary layer. Ratios reflecting the basic properties of LPV; application of the ratios of the Blasius problem. Integral Karman ratio. Practical determination of resistance forces when liquid flows around solid surfaces.

	Tasks on the SRS:
	Independently get acquainted with the integral ratios of the boundary layer, with the methods for calculating laminar and turbulent boundary layers.

	8
	Topics 9.1–9.  3. Output equations and gas-dynamic ratios. Methods for obtaining supersonic velocities. Gas dynamics equation. Isothermal and adiabatic currents of an ideal gas.  Bernoulli integral for vortex adiabatic motion of an ideal gas. Braking parameters. Application of the gas enthalpy equation. Maximum and critical speeds; reduced speed. Isoentropy gas leakage from the tank.  Gas-dynamic and thermal "closure" of the nozzle. Hugonio's formula as a justification for the general shape of the geometric nozzle (Laval). Methods for obtaining supersonic velocities. 

	Tasks on the SRS:
	Get acquainted with the tables of gasdynamic functions and the method of constructing the Laval nozzle

	9
	Credit lesson



LABORATORNO OCCUPATION
The main tasks of the cycle of laboratory classes: consolidation of knowledge acquired at lectures, practical classes, as well as in the independent development of the course material. Laboratory work, accompanied by appropriate calculations, contributes to a visual study by students of the processes and phenomena in the mechanics of liquid and gas. 
The list of laboratory works is provided in accordance with the sections and topics of the lecture course.
	No s/n
	Name of laboratory work 
	Number of rooms. Hours

	1
	"Physical Models and Properties of Liquids and Gases" (Section 1, Topic 1.2),  "Hydrogasstatics" (Section 4, Topic 4.1). Option 1: Hydrostatic pressure and its measurement. 
Option 2: Devices for measuring pressure. Checking the working pressure gauge.
	2

	2
	"Hydrogasstatics" (section 4, topic 4.1): The study of the relative rest of a liquid.
	2

	3
	"Fluid Kinematics" (section 2, topic 2.1, 2.2): The study of fluid modes.
	2

	4
	"Dynamics of an ideal liquid" (chapter 5, topic 5.1),  "Elements of hydraulics of a viscous incompressible liquid" (chapter 6, topic 1): Experimental study of the Bernoulli equation.
	2

	5
	"Fluid Kinematics" (Section 2, Topic 2.1), "The Dynamics of an Ideal Fluid" (Section 5, Topic 5.1),  "Elements of Hydraulics of a Viscous Incompressible Liquid" (Section 6, Topic 6.1), : Instruments for measuring fluid flow. Calibration of a variable pressure drop flow meter.
	2

	6
	"Elements of hydraulics of viscous incompressible liquid" (section 6, topic 6.1), "Dynamics of viscous fluid" (section 7, topic 7.3): Friction pressure losses along the length of the pipe. Determination of hydraulic friction coefficients.
"Elements of hydraulics of viscous incompressible liquid" (section 6, topic 6.1): Local pressure losses. Determination of local resistance coefficients
	2

	7
	"Elements of hydraulics of viscous incompressible fluid" (section 6, topic 6.2): Leakage of incompressible fluid through holes and nozzles.
	2

	8
	"Gas movement at do- and oversound speeds" (section 9, topics9.1, 9.2): Isoentropy gas leakage from the tank.
	2

	9
	Protection of laboratory works
	2


6. Independent work of a student/postgraduate student
The purpose of independent work is the assimilation of theoretical materials provided at lectures. Independent work of students consists of preparation for classroom classes, solving problems that reflect individual fragments of lecture material on its in-depth study, preparation for laboratory work, preparation for modular test work and performance of calculation work. Each student performs the RR according to individual data.

 Politics and control
7. Policy of the discipline (educational component)
The system of requirements that the teacher sets for the student:
· attendance of laboratory and practical classes, as well as the readiness of answers during the survey;
· it is necessary to fulfill the following requirements: activity, preparation of short reports or texts, disconnection of telephones; in accordance with the task of the teacher, the use of communication tools to search for information on the teacher's Google disk or on the Internet;
· incentive points are provided in accordance with the "system of evaluation of results", penalty points;
· the policy of deadlines and reshuffles is to perform current modular work before the start of the session;
· the policy on academic integrity corresponds to the general provisions adopted in the "KPI them. Sikorsky" (more details:  https://kpi.ua/code);
· The policy of the discipline is aimed at the development of individual abilities in the direction of acquiring competencies for the creation and modernization of modern energy systems, unique experimental equipment in the field of applied physics and expanding the scope of application of the acquired knowledge, skills and experience.
· At therequest of students, it is allowed to study the material with the help of English-language online courses on topics that correspond to the subject of specific classes. 

8. Types of control and rating system for evaluating learning outcomes (RSO)
Current control: frontal express survey, survey 	 in practical classes, defense of laboratory work, ICR, calculation work.
Calendar control: is carried out twice a semester as a monitoring of the current state of fulfillment of the requirements of the syllabus and takes into account the sum of the current scores of each student.		
Semester control: credit.	

The rating of a student in the discipline " Mechanics of Liquid and Gas" consists of points that he receives for:
1) answers during express surveys at lectures, the maximum score is 10 points;
2) answers in practical classes, a maximum score of 10 points;
3) performance of a modular test (MKR), a maximum score of 20 points;
4) performance of settlement work (PP), the maximum score of 20 points;
5) performance and protection of laboratory work, maximum score of 40 points.

Rating (weight) points system and evaluation criteria
8.1. Frontal blitz survey at lectures
In the semester, 2 frontal blitz surveys are conducted. The weight score of one is 5 points. The maximum number of points is equal to
r 1=2 5 = 10 points.
Evaluation criteria for one blitz survey: 
5 points	: complete correct answer; 
4–3 points	: incomplete answer; 
2-0 points	 – wrong or missing answer.


8.2.  Aboutquestioning in practical classes
The weight score is 5. The maximum number of student points in all practical classes is equal to
r2=10 points.
Evaluation criteria: 
10 points  – complete correct answer;
8-9 points – the correct answer, there are some disadvantages
6-7 points  – incomplete answer; 
0-5 points – wrong or missing answer.

8.3. Modular control work (MKR) 
The working curriculum provides for one MKR in the  amount of 2 hours. MKR occurs in the form of two control robes of 1 hour each. Assignments are updated every semester. The weight score of one test is 10 points. 
The maximum number of points for the MKR: r3  = 2  10 = 20 points.
Rating points for one test
	Points
	Evaluation criterion

	10
	There are no comments on the result, there are clear answers to all questions

	8-9
	There are no comments on the course of the solution, but there are certain inaccuracies in the calculations

	6-7
	The task is not completed completely

	0
	The task is completely unfulfilled


	
8.4. Settlement work (PP).
The maximum number of points for a correctly executed PP:   r4 =  20 points.
Rating points for calculatedwork 
	Points
	Evaluation criterion

	19-20
	RR has been completed, there are no comments, there are answers to all questions.

	17-18
	RR is made with insignificant remarks, inaccuracies occur in the answers.

	15-16
	RR is made with comments, there are answers to most questions.

	13-14
	PP is made with errors, there are answers to only part of the questions.

	12
	RR is made with significant errors, there are answers only to certain questions.

	0-11
	PP is not executed, the report is not submitted.



8.5. Laboratory works
The weight score of one laboratory work is 5 points.
The maximum number of points for 8 laboratory works: r 5 =  5 8 = 40 points. 
Rating points for one laboratory work
	Points
	Criteriaand  evaluation

	5,0
	The work has been completed completely, there are no comments, there are answers to all questions.

	4,5
	The work was done with insignificant comments, inaccuracies occur in the answers.

	4,0
	The work is done with comments, there are answers to most questions .

	3,5
	The work is done with errors, there are answers to only part of the questions.

	3,0
	The work was done with significant errors, there are answers only to certain questions.

	0,0
	Work not done, report not submitted.



Penalty and incentive points
The overall rating in the discipline includes penalty and incentive points, which are added to the sum of the weight points of all control measures.
The accrual of penalty points is not provided. 
Incentive points can be awarded for original solutions and activity at lectures and practical classes.  The total amount of incentive points may not exceed 10% of the rating scale, that is, 100 0.1 = 10 points.

8.6. Criteria for evaluating the test
The rating system of evaluation consists of points received by the applicant based on the results of current control measures, incentive and penalty points. The rating assessment is communicated to applicants at the previous lesson in the discipline in the semester. 
[bookmark: _Hlk123016738]A necessary condition for admission to the test is the performance and protection of all laboratory  work  and calculation work. 
Applicants who have fulfilled all the conditions of admission to the test and have a rating score of 60 or more points, receive a rating in accordance with the scored rating without additional tests.
With applicants who have fulfilled all the conditions for admission to the test and have a rating score of less than 60 points, as well as with those applicants who want to increase their rating rating, at the last lesson in the discipline in the semester, the teacher conducts semester control in the form of a test test.
In this case, the points received for the defense of laboratory work and calculation work remain, and the  points received for  answers during an express survey at lectures, answers in practical classes and  modular in the  testin the workare canceled. 
The testpaper consists of two questions: theoretical (20 points) and practical task (20 points).  The maximum number of points received for the test is  r6  = 20 + 20 = 40 points.

8.7. Calculation of the rating scale in the discipline (Rd):
The sum of the weight points of control measures during the semester is:

R =  , and =1÷ 5, 
where areand – rating or weight points for each type of work in the discipline; 
According to the results of current control measures for the discipline, incentive points:
without credit test:
R = r 1  + r 2  + r 3  + r 4 +  r5  = 10 + 10 + 20 + 20 +40 = 100 points     
with test paper:
R = r 4  + r 5  + r 6 =  20 +40 + 40 = 100 points 
Table of correspondence of rating points to assessments on a university scale:
	Number of points, RD
	Score

	100–95
	Perfectly

	94–85
	Very good

	84–75
	Well

	74–65
	Satisfactory

	64–60
	Enough

	Less than 60
	Disappointing

	Admission conditions not met
	Not allowed







Procedure for appealing the results of control measures
Students have the opportunity to raise any issue that relates to the control procedures and expect it to be addressed in accordance with predetermined procedures.
Students have the right to challenge the results of control measures, but be sure to reason, explaining with which criterion they do not agree in accordance with the assessment letter and / or comments.
The norms of ethical behavior of students and employees are defined in Chapter 2 of the Code of Honor of the National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute" (More: https://kpi.ua/code).

9. Additional information on the discipline (educational component)

Examples of control tasks for modular control and calculation work
	
9.1. Theoretical questions
Option 1. To give a description of Newtonian and non-Newtonian liquids, the classification of liquids according to Dodge. 
Option 2. Deduce the inseparability equations in the Lagrange and Euler variables in integral and differential forms.
Option 3. Prove kinematic or dynamic theorems about vortices in a liquid.
Option 4. One of the tasks for determining the forces and moments acting on solid surfaces (hatches, lids, bottoms, tank walls, elements of hydraulic system reinforcement) in a fixed liquid (selectively).
Option 5. Deduce differential equations of motion of a non-viscous fluid; cite the initial and boundary conditions. Explain the possibilities of application in the mathematical modeling of the flow of liquids and gases. 
Option 6. Obtain and analyze one of the 4 integrals of the equations of motion of a non-viscous fluid.
Option 7. Solving the problem of determining the force action of a one-dimensional flow of non-viscous incompressible fluid on the shaped parts of pipelines, barriers, elements of turbines.
Option 8. Get the "turbine equation" of L.Euler dynamic turbomachines. Give a complete analysis of it, the limits of practical application.
Option 9. Describe the methods of experimental determination of hydraulic pressure losses in pipelines (for friction along the length or local (selectively).
Option 10. Give a calculated determination of hydraulic pressure losses in simple pipelines (selectively).
Option 11. Solving problems for stationary leakage of incompressible fluid through holes or nozzles — with the characteristic of non-breaking and tear-off modes (selectively).
Option 12. Solving problems on non-stationary leakage of incompressible fluid from containers of various shapes.
Option 13. Solving problems on the stationary flow of compressible gas under isothermal and adiabatic conditions.
9.2. Complex task for certain subgroups
1) Calculation of the hydraulic system of the power plant. Includes: a) determination of forces and moments acting on flat and curvilinear surfaces of covers, hatches, internal walls of tanks under the influence of overpressure; b) determination of the total pressure and pressure losses in the flow path of the hydraulic system, including various types of reinforcement and other elements of local resistances, taking into account the non-isothermal flow in certain parts of the pipeline; c) analysis of the danger of hydraulic shock in the system.
2) At the entrance to the Laval nozzle, the air has a temperature of T 1, a pressure of p 1 and a speed of v 1. The pressure of the external environment rzovn. The mass air flow through the nozzle is Q m.
 Tasks:
a) find the parameters and air velocities in the minimum and output sections of the nozzle, as well as the diameters of the minimum, output and input sections of the nozzle;
b) make a drawing of the Laval nozzle at scale, find the dependence of the flow velocity and local speed of sound on the coordinate x, and give curves v=f(x) and a=f1(x) under the nozzle.
See the required data. in Table. 1.
  Table 1.
	   Problem number
	   Parameter name
	Task option numbers

	
	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	16
	T1, K
p1, MPa
v1, m/s
rzovn, MPa
Qm, kg/s
	1000
1
300
0,04
100
	1200
2
330
0,045
110
	1400
3
360
0,05
120
	1600
4
400
0,055
130
	1800
5
420
0,06
140
	2000
6
450
0,065
150
	2200
7
470
0,07
160
	2400
8
500
0,075
170
	2600
9
530
0,08
180
	2800
10
560
0,085
190

	17
	d1, cm
dmin, cm
d2, cm
Qm, kg/s
T1, K
	5
3
4,2
10
1600
	6
3,5
5
12
1700
	7
4
5,6
15
1800
	8
4,5
6,3
18
1900
	9
5
7
20
2000
	10
5,5
7,7
22
2100
	11
6
8,4
24
2200
	12
6,5
9,1
26
2300
	13
7
9,8
28
2400
	14
7,5
10,5
30
2500



9.3. Rapid test examples

1. 
Determine the tangent stress at the point belonging to the turbine oil layer, the kinematic viscosity of which is 0.3 St, the density ρ=900kg/m3, the transverse gradient of the longitudinal velocity dv/dy = 2 c-1.  
2. Find a relative change in the volume of water (modulo) with an increase in pressure by 1 bar. The volumetric modulus of elasticity of water take E = 2060 MPa.
3. Determine the speed of sound in air according to the Laplace-Poisson isoentropy model at a temperature of t = 25 C, taking the gas constant R=287J/kg· K, adiabatic index k=1.4.
4. At what speeds of air movement with an accuracy of 2% can one neglect the change in its density? The speed of sound in the air is taken a=340m/s.
5. Determine the additional pressure due to the surface tension forces on the spherical surface of the water ball of radius r = 5 mm.  The coefficient of surface tension of water at the separation boundary with air is taken σ=0.073N/m.
6. Find the average rate of superheated steam in a cylindrical pipeline with an internal diameter of d= 0.2 m with volumetric steam flow rate Q=1696m3/h. 
7. 
Air at t =  20 C moves at an average speed vc = 10 m  / s in a rectangular pipe of cross section (dimensions of the sides of the rectangle a = 0.15 m;  b = 0.2 m). Kinematic viscosity of air Art. Determine the Reynolds number Re by the value of the hydraulic (equivalent) diameter. 
8. Find the maximum local velocity value at the point of any cross-section of a cylindrical pipeline with an internal diameter d = 25 mm with stabilized stationary movement of diesel fuel. Mass fuel consumption Qm= 0.8 kg/s , density ρ=846 kg/m 3 , kinematic viscosity v=0.28·  10-4 m 2/s .
9.  Determine the range of possible values of the average cross-sectional speed of water in a cylindrical pipe, if, with a stabilized stationary movement of water, the time-averaged speed on the axis of the pipe is 2 m / s.
10. How many percent will the average air velocity in a constant cross-sectional pipe increase if, as a result of the heat supply, the air density decreases by 20% compared to the initial value ρ1=1.25 kg/m3 .
11. Determine the force of overpressure of oil on the hatch with a diameter of d = 1 m, which is  located on a flat vertical wall of the tank. The tank is in atmospheric air. The geometric center of the hatch is submerged to a depth of h =  6m under the free surface of the oil, the manometric pressure above which is pm = 49 Pa.  Oil density ρ=890 kg/m3 .
12. 
 Determine the maximum height of the drip fluid elevation relative to the lowest point of the free surface in a round-cylindrical vessel rotating around its vertical axis together with a liquid with a constant frequency n=160 rpm.  The diameter of the vessel is equal to 
13. Determine the increase in water pressure in the subsonic diffuser with an increase in diameter by 2 times, if the average speed at the inlet v1 = 2.8 m / s. Density of  water ρ= 1000 kg / m3 . Energy losses during the movement of water are neglected. 
14. What lifting force relative to the unit height of a single compressor blade must be overcome during the operation of the axial compressor, if the air density is ρ=1.8 kg/m 3, the speed of the potential flow running on the blade  v∞=20 m/s, the circulation around the blade G = 1,111m2 / s. Limited flow of the scapula and disruptions of the flow is neglected. 
15. The local flow rate in the pipeline of the cooling system of technological equipment is 2 m / s, the temperature gradient along the movement of the liquid is 5 C / m. Total temperature change in time is 11 C / s. What will be the local change in the temperature of the liquid over time?
16. Determine approximate flow pressure losses during a sudden expansion of the pipeline, when the average speeds are equal to: at the entrance to the section v 1 = 2 m / s, at the outlet v2 = 0.5 m / s. 
17. 

 During an emergency stop of a nuclear reactor, the local fluid flow rates in the entrance zone of the overpressure depression basin are 2 m/s in the longitudinal direction and 1 m/s in the transverse direction, the fluid temperature gradients in the above-mentioned directions of motion are 5 C/m and 3 0 C/m, respectively.
18. Euler's criterion for water flow in a hydraulic heat exchanger system at an average water velocity uc =  1.5 m/s is Eu = 402 at a water density of ρ=995 kg/m3 . What pressure drop on the heat exchanger does this correspond to?
19. Determine the speed of sound in the air according to isothermal and adiabatic models at a temperature of t =  25 C, taking the gas constant R = 287 J/(kg K).

9.4.  An example of a ticket to the testpaper
1. Obtain and analyze the equation of motion of a non-viscous fluid in the form of Gromeka–Lemb.
2. In what ratio should be the kinematic coefficients of viscosity of the flows of liquids of the model and the full-scale object in the case when for both streams the numbers Re and Fr are respectively the same, but the model is made on the scale of length  m l? The data  of ml for solving the problem — in accordance with one of the variants of the problem from the table below:
	Variant
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	mℓ
	1:2
	1:3
	1:4
	1:5
	1:6
	1:7
	1:8
	1:9
	1:10
	1:12



[bookmark: _Hlk122979459]The working program of the discipline " Mechanics of liquid and gas" (syllabus) was: 
Associate Professor of the Department of PGM, Cand. technical sciences TURYK Volodymyr Mykolaiovych
Associate Professor of the Department of PGM, Cand. technical sciences KOVAL Alexey Dmitrievich

Approved by the Department of Applied Hydroaeromechanics and Mechanotronics (protocol No1 of 29.08.2022) 
Approved by the Methodical Commission of NN MMI (protocol No11 dated 29.08.2022)
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