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SYLLABUS
MZG 5303 –Simulation of Hydrodynamics Problems
1st course, fall term, specialty “6M060300 – Mechanics”, 3 credits
 
Lecturer: Berdenova Bakytnur Amanbayevna 
Office phone: +7 (727) 377-31-93
e-mail:  bakytnur.berdenova@gmail.com
Office:108
The aim of the 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. 
Learning Outcomes: 
· Simulation of hydrodynamics problems using Comsol Multiphysics software
· Visualization of scalar and vector fields 
· Derivation of streamlines and vorticity
· Conduction of analysis of obtained results
· Optimization of the parameters of the system and parametric sweep 

Pre-requisites: 
· Fundamentals of Differential equations 
· Equations of Mathematical Physics 
· Continuum Mechanics 
· Numerical Methods 
· Fluid Mechanics
COURSE STRUCTURE

	Week
	Lessons
	Title of the theme
	Academic Hour
	Grade

	1
	Lecture №1 
	Poiseuille flow, initial and boundary conditions,  velocity profile on the cross section of the tube, volumetric and mass flow rates. 
	2
	

	
	Laboratory work1
	Problem solving
	1 
	8

	
	IWS 1
	Simulation of Poiseuille flow and comparison of obtained results with analytical solution 
	1 
	6

	2
	Lecture №2 
	Couette flow with moving upper boundary, initial and boundary conditions. Calculation of volumetric and mass flow rates.
	2 
	

	
	Laboratorywork2
	Problem solving
	1
	8

	
	IWS 2
	Study of the dependency of velocity profile during Couette flow on fluid viscosity. Consider 5 different cases of fluids.
	1 
	6

	3
	Lecture №3
	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 
	

	
	Laboratorywork3
	Problem solving
	1
	8

	
	IWS 3
	Reverse problem for sample permeability evaluation using optimization module.
	1
	6

	4
	Lecture №4
	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 
	

	
	Laboratorywork4
	Problem solving
	1 
	8

	
	IWS 4
	Methods for specification of relative permeability curves. How the change in the viscosity of the water affects on oil production rate?  
	1 
	6

	5
	Lecture №5
	Problem of falling droplet onto the inclined solid surface with different wettability. Initial and boundary conditions. Examples of problems for using Two Phase Level Set module. 
	2 
	

	
	Laboratorywork5
	Problem solving
	1 
	8

	
	IWS 5
	Find the mass loss at the last time step for different mesh sizes changing from finer to coarse. 
	1 
	6

	6
	Lecture №6
	Contaminant hydrogeology, convective transport, mass conservation of species.
	2 
	

	
	Laboratorywork6
	Problem solving
	1
	8

	
	IWS 6
	Simulation of convective solute propagation in porous media   
	1 
	6

	7
	Lecture №7
	Contaminant hydrogeology, diffusive transport, mass conservation of species. Dispersion. Definition. Parameters of Dispersion. Molecular diffusion. Coefficient of diffusion.
	2 
	

	
	Laboratorywork7
	Problem solving
	1
	9

	
	IWS 7
	Simulation of diffusive solute propagation in porous media.
	1 
	7

	
	1st control work
	
	
	100%

	8
	ME
	Midterm Exam
	
	100%

	9
	Lecture №9
	One dimensional Burgers equation. Numerical realization. Conservation and transportability properties
	2 
	

	
	Laboratorywork9
	Problem solving
	1
	8

	
	IWS 9
	Discrete forms of Burgers equation
	1 
	6

	10
	Lecture №10
	Lax Method (derivation), Lax-Wendroff Scheme, MacCormack Method for 1D shock wave propagation
	2 
	

	
	Laboratorywork10
	Problem solving
	1
	8

	
	IWS 10
	Numerical implementation of shock wave propagation problem
	1 
	6

	11
	Lecture №11
	Two dimensional Navier-Stokes equations in  variables. Numerical implementation. Specification of Boundary conditions for  variables.
	2 
	

	
	Laboratorywork11
	Problem solving
	1
	8

	
	IWS 11
	Lid driven cavity flow problem
	1 
	6

	12
	Lecture №12
	Two dimensional Navier-Stokes equations in  variables. Vorticity and streamlines. 
	2 
	

	
	Laboratorywork12
	Problem solving
	1
	8

	
	IWS 12
	Lid driven cavity flow problem
	1 
	6

	13
	Lecture №13
	Multiphysics problems for application of two or more different physics simultaneously: Heat transfer, Structural Mechanics and CFD modules
	2 
	

	
	Laboratorywork13
	Problem solving
	1
	8

	
	IWS 13
	Tasks for simultaneous use of different physics
	1 
	6

	14
	Lecture №14
	ALE method for computational system not fixed in space.
	2 
	

	
	Laboratorywork14
	Problem solving
	1
	8

	
	IWS 14
	Tasks for application of moving mesh (ALE)
	1 
	6

	15
	Lecture №15
	[bookmark: _GoBack]ALE method for computational system not fixed in space or with deformed geometry.
	2 
	

	
	Laboratorywork15
	Problem solving
	1 
	9

	
	IWS 15
	Tasks for application of moving mesh (ALE)
	1 
	7

	
	2ndcontrol work
	
	
	100 %

	
	Exam
	
	
	100 %




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.

LIST OF LITERATURE

Main:  
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.


Additional:
1. www.comsol.com

GUIDLINES

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.

	
Letter grade
	Numerical equivalency
	% (percentage)
	Grading in a traditional way

	А
	4,0
	95-100
	Excellent

	А-
	3,67
	90-94
	

	В+
	3,33
	85-89
	Good

	В
	3,0
	80-84
	

	В-
	2,67
	75-79
	

	С+
	2,33
	70-74
	Satisfactory

	С
	2,0
	65-69
	

	С-
	1,67
	60-64
	

	D+
	1,33
	55-59
	

	D-
	1,0
	50-54
	

	F
	0
	0-49
	Unsatisfactory

	I
(Incomplete)
	-
	-
	«The course is incomplete»
(this isn’t taken into account when calculating the GPA)

	P
(Pass)
	-
	-
	«Passed»
(this isn’t taken into account when calculating the GPA)

	NP
(No Рass)
	-
	-
	«Not passed»
(this isn’t taken into account when calculating the GPA)

	W
(Withdrawal)
	-
	-
	«the course is withdrawn»
(this isn’t taken into account when calculating the GPA)

	AW
(Academic Withdrawal)
	
	
	Withdrawn because of academic issues
(this isn’t taken into account when calculating the GPA)

	AU
(Audit)
	-
	-
	«Audit»
(this isn’t taken into account when calculating the GPA)

	Att.
	
	30-60
50-100
	Attested

	Not att.
	
	0-29
0-49
	Not attested

	R (Retake)
	-
	-
	Retaking the course



Considered in department meeting
Protocol № __ from «__» ___________

Head of the department of Mechanics	____________________	Rakisheva Z.B.

Lecturer				           ____________________	 Berdenova B.A.
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