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Academic course information


	Discipline’s code
	Discipline’s title
	Type
	No. of hours per week
	Number of credits
	ECTS

	
	
	
	Lect.
	Pract.
	Lab.
	IWS
	
	

	STAM3503
	Software for theoretical and applied mechanics


	
	1
	-
	2
	2
	3
	



	Lecturer   
	SHAYAKHMETOV Nurlan
	Office hours


	Monday - Saturday

	e-mail
	shayakhmetovn@gmail.com
	
	

	Telephone number
	+7 (707) 808 8161
	Auditory

	108




	Academic presentation of the course
	Type of university:

Aim of course: The purpose of the course is to familiarize the master students with the capabilities of the Comsol Multiphysics software. In particular, to teach how to work with CFD module where all the necessary equations for solving the hydrodynamics problems exist. Define the geometry of the computational domain, to perform analysis and optimization of the parameters of the system. Also master students will be acquainted with the fundamental axioms, hypotheses and modern approaches in the modeling of hydrodynamics problems; will learn to derive differential schemes for the discretization of differential equations. 

	Prerequisites
	· Fundamentals of Differential equations 
· Equations of Mathematical Physics 
· Continuum Mechanics 
· Numerical Methods 
· Fluid Mechanics

	Post requisites
	-

	Information resources 
	literature:
1. Roger Peyret, Thomas D. Taylor, Computational methods for fluid flow, Springer-Verlag, New York, 1985.
2. A. Андерсон, Дж. Таннехилл, Р. Плетчер, Вычислительная гидромеханика и теплообмен, Москва «Мир» 1990.
3. П. Роуч, Вычислительная гидродинамика.
4. J.Bear, A. Verruijt. Modeling Groundwater Flow and Pollution. Holland.: Reidel Publishing Company, 1990 – 414 pp.
5. Zoltan E. Heinemann. Textbook series; Volume1: Fluid flow in porous media. Leoben, 2005 – 204 pp.
6. S1 Drainage and Seepage Tank. Instruction manual. –Armfield, 2013
7. J. Bear, Dynamics of Fluids in Porous Media, Dover, 1972.
8. R. Probstein, Physico-Chemical Hydrodynamics, Wiley, 1994.
Internet-resources: 
1. www.comsol.com
2. Comsol Multiphysics. Reference manual. – 2015
3. Introduction to Comsol Multiphysics. – 1998 -2015

	Academic policy of the course in the context of university moral and ethical values
	Academic Behavior Rules: 
All the assignments must be completed until due date. Students, who could not earn 50% out of 100% during first or second midterm and final, will be able to work off during an additional term. Late assignment is not accepted except for extenuating circumstances (e.g. field trip, hospitalization). Student, who failed to meet all kinds of work, is not allowed for passing an exam. In addition, the assessment takes into account the activity and attendance of students during class.
Be tolerant and respect other people's opinions. The objections should be formulated in a correct manner. Plagiarism and other forms of cheating are not allowed. Cheating is not accepted during  independent work of student (IWS), midterm and final exam, copying solved problems from others, passing the exam to another student are not allowed also. Student convicted of falsifying any information about the course, any unauthorized upload to the “Intranet” using cheat sheets, will be graded with a final grade «F». For advice on the implementation of IWS, submitting and defending, as well as additional information on the studied material and all the other issues that arose upon studying the course, contact the instructor during his office hours.

Academic values:


	Evaluation and attestation policy
	Criteria-based evaluation: 

Final evaluation of the discipline 
Here PK1, PK2 – assessment boundary control (total current control),
MТ – estimates for Midterm Exam;
ИК – evaluation of the final control (examination during the session).
Total score is calculated on the discipline and rounded in the “Univer” automatically.

Summative evaluation: 







Calendar (schedule) the implementation of the course content:

	Week / date
	Topic title (lectures, practical classes, Independent work of students)
	Number of hours
	Maximum score

	1
	2
	3
	5

	1
	Lecture 1. Introduction. Familiarization with the evaluation system. Practice on the main definitions: derivative, integral etc.
	1
	

	
	Laboratory work 1. Classification of software for  theoretical and applied mechanics
	4
	7 

	2
	Lecture 2. Familiarization with interface of Comsol Multiphysics. Classification of differential equations. Parabolic, hyperbolic and elliptic equations. Heat equation.
	1
	

	
	Laboratory work 2. Solving of heat equation and comparison with analytical and numerical solutions.
	4
	7

	3
	Lecture 3. Poiseuille flow, initial and boundary conditions,  velocity profile on the cross section of the tube, volumetric and mass flow rates.
	2
	

	
	Laboratory work 3. Simulation of Poiseuille flow and comparison of obtained results with analytical solution
	1
	7

	
	IWS 1. Simulation of laminar flow with different cross sections and comparison with the results obtained by experiments. Analysis of results. Report.
	1
	20

	4
	Lecture 4. Mass conservation equation. Euler equation, non-viscous single phase flow. Study of the dependency of velocity profile during Couette flow on fluid viscosity. Consider 5 different cases of fluids.

	2
	

	
	Laboratory work 4. Couette flow with moving upper boundary, initial and boundary conditions. Calculation of volumetric and mass flow rates.
	1
	7

	5
	Lecture 5. Tasks for application of Single phase Darcy law submodule. Simulation of water flooding of the core sample. Derivation of filtration velocity. Comparison of water production and injection rates.
	2
	

	
	Laboratory work 5. Problem solving
	1
	6

	
	IWS 2. Define dependency between mesh size and results. Comparison with the analytical solution. Analysis of results. Report.

	1
	20

	6
	Lecture 6. Concentration equation. Law of mass action. Modeling of chemical reactions.

	2
	

	
	Laboratory work 6. Simulation of mixing of two species. Definition of kinetic velocity and kinetic constant.
	1
	6

	7
	Lecture 7. Tasks for application of Two-phase Darcy law submodule. Simulation of oil displacement by water flooding. Derivation of oil and water production curves dependency on time.
	2
	

	
	Laboratory work 7. Problem solving. Control work
	1
	20

	
	1st control work
	
	100%

	8
	Midterm Exam
	
	100%

	9
	Lecture 9. Examples of problems for using Two Phase Level Set module.
	2
	

	
	Laboratory work 9. Problem solving
	1
	7

	
	IWS 3. Problem of falling droplet onto the inclined solid surface with different wettability. Initial and boundary conditions. Analysis of results. Report
	1
	20

	10
	Lecture 10. Contaminant hydrogeology, diffusive transport, mass conservation of species. Dispersion. Definition. Parameters of Dispersion. Molecular diffusion. Coefficient of diffusion.
	2
	

	
	Laboratory work 10. Simulation of convective solute propagation in porous media   
	1
	7

	11
	Lecture 11. Heat and mass transport equation, heat removal from the body. 
	2
	

	
	Laboratory work 11. Heat removal from CPU problem, using different metals and liquids.
	1
	7

	12
	Lecture 12. Phase change problem, modeling of phase change from liquid to gas. Boiling. 
	2
	

	
	Laboratory work 12. Problem solving
	1
	7

	
	IWS 4. Simulation of boiling pot.
	1
	20

	13
	Lecture 13. Multiphysics problems for application of two or more different physics simultaneously: Heat transfer, Structural Mechanics and CFD modules
	2
	

	
	Laboratory work 13. Simulation of convective solute propagation in porous media   
	1
	6

	14
	Lecture 14. Solution of problems with the moving mesh.
	2
	

	
	Laboratory work 14. Simulation of blood flow in veins
	1
	6

	15
	Lecture 15. Modeling of developed models with the mathematics module.
	2
	

	
	Laboratory work 15. Problem solving
	1
	20

	
	2nd control work
	
	100%

	
	Exam
	
	100%

	Note: Independent work of a student with a teacher is planned at 7 hours per semester. The syllabus is entered on the weeks specified by the teacher as assignments and / or consultations)




Lecturer       ________________

Head of the Department     __________________

Chairman of the Faculty Methodical Bureau      ____________________
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