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Final Control Program for the course
[bookmark: _Hlk213851872]“Methods of Heat and Mass Transfer problems modelling”
Academic Year: 2025-2026

Faculty of Mechanics and Mathematics
Department of Mechanics
Course: Scientific Research Methods   
Specialty: "8D05403 - Mechanics"  
Year: 1st year PhD candidate
Number of students: 1
Instructor: Yerzhan Belyayev
Exam platform: ИС Univer
Exam format: Standard, Oral (offline). 

There are 3 questions in the exam paper. Each question is enclosed in parentheses with the corresponding maximum value expressed as a percentage.

CHECK PROCEDURE

· The student must arrive 20 minutes before the time indicated in the exam schedule.
· Latecomers to the exam are not allowed.
· Bring your passport, pen and pencil.
· to have a mask to comply with sanitary standards.
· The use of smartphones, calculators, dictionaries, cheat sheets, additional materials and communication with other students is prohibited. In case of violation of these warnings, an act is drawn up and the student is expelled from the exam. And in the subject examination sheet, the mark “F” (unsatisfactory or unsatisfactory) is put.

Student behavior during the exam

· 15 minutes before the start of the exam, the teachers on duty seat the students indicated on the arrival list, students sign the arrival list confirming that they are familiar with the place
· After answering the questions of the exam ticket (within 2 hours) the student passes his work to the teacher on duty. After 2 hours the work will not be accepted.

Examination tickets consist of 3 questions. For correctly completed tasks the maximum is 100 points, of which the first question is 33 points, the second question is 33 points, and the third question is 34 points.

List of topics for the final exam in the discipline

L1. Introduction to Heat and Mass Transfer and Modeling Methods — Fundamental transport laws, physical nature of processes, and overview of governing equations.
L2. Fundamental Concepts of Heat Transfer — Heat transfer mechanisms, similarity criteria, and the energy equation.
L3. Fundamental Equations of Heat Conduction — Fourier’s equation, steady-state and transient problems.
L4. Analytical Methods for Solving Heat Conduction Equations — Separation of variables, one- and two-dimensional problems.
L5. Numerical Methods for Solving Heat Conduction Problems — Finite-difference methods, computational grids, and numerical approximations.
L6. Fundamentals of Convection: Boundary Layers and Similarity Laws — Navier–Stokes equations and dimensionless numbers (Re, Pr, Nu).
L7. External Flow and Forced Convection — Heat transfer around plates, cylinders, and spheres.
L8. Internal Flows and Heat Transfer in Ducts — Hydrodynamic and thermal development under laminar and turbulent regimes.
L9. Free (Natural) Convection — Buoyancy-driven heat transfer, Grashof number criterion.
L10. Boiling and Condensation — Mechanisms of phase transitions, boiling regimes, and Nusselt’s laws.
L11. Heat Transfer in Heat Exchangers — Types of heat exchangers, effectiveness, and ε–NTU method.
L12. Fundamentals of Thermal Radiation — Spectral characteristics, Planck’s law, and Stefan–Boltzmann law.
L13. Radiation of Surfaces and in Semi-Transparent Media — Configuration factors, radiative exchange, and gas participation.
L14. Integration of Conduction, Convection, and Radiation — Combined heat transfer in engineering systems.
L15. Mass Transfer and Its Analogy with Heat Transfer — Fick’s diffusion law, Reynolds analogy, and practical applications.

Recommended Literature
Main literature:
1. Incropera, F. P., DeWitt, D. P., Bergman, T. L., & Lavine, A. S. Fundamentals of Heat and Mass Transfer. 7th ed. Wiley, 2011.
2. Cengel, Y. A., & Ghajar, A. J. Heat and Mass Transfer: Fundamentals and Applications. 6th ed. McGraw-Hill, 2020.
3. Лыков, А. В. Тепломассообмен. Москва: Энергия, 1972.
4. Михеев, М. А., & Михеева, И. М. Основы теплопередачи. Москва: Энергия, 1973.
5. Кутателадзе, С. С. Основы теории теплообмена. Москва: Атомиздат, 1979.  
Additional temperature:
1. Bejan, A. Heat Transfer. Wiley, 1993.
2. Mills, A. F. Heat and Mass Transfer. 2nd ed. Prentice Hall, 1999.
3. Holman, J. P. Heat Transfer. 10th ed. McGraw-Hill, 2010.
4. Розенштейн, Л. И. Конвективный теплообмен. Москва: Энергия, 1977.
5. Дрогичинский, В. В., & Кудинов, В. И. Тепло- и массообмен. Москва: Высшая школа, 1986.
6. Мартыненко, О. Г., & Кругляк, А. Г. Свободная конвекция: справочник. Минск: Наука и техника, 1985.
7. Зверев, В. Н. Массоперенос в процессах тепломассообмена. Москва: Энергия, 1975. 
Research infrastructure:
1. Франко-Казахский центр Гео-Энергетика, механико-математический факультет КазНУ
2. Лаборатория Термодинамики и теплопереноса, 103 кабинет, кафедра Механики КазНУ
3. Центр физико-химических методов исследования и анализа (ЦФХМА)
4. Лаборатория электрохимического преобразования и хранения энергии
5. Институт проблем горения при КазНУ
Professional database: 
1. SpringerMaterials - обширная база данных материалов и физических/химических свойств (теплопроводность, теплоёмкость, фазовые таблицы и др.)
2. NASA Thermodynamic / Polynomial Databases - базы коэффициентов для термодинамических свойств газов и смесей, включая широко используемые 7-коэффициентные полиномы.
3. Molten Salts Database for Energy Applications - база данных по термофизическим свойствам расплавов (теплопроводность, вязкость и др.).
4. International Journal of Heat and Mass Transfer — ведущий журнал по тепло- и массообмену, индексируемый в Scopus, Web of Science и др.
5. Frontiers in Heat and Mass Transfer — журнал с открытым доступом, индексируемый в Scopus и Ei Compendex.
6. Journal of Enhanced Heat Transfer — профильный журнал, посвящённый усовершенствованным методам теплообмена.
7. Three Rivers Engineering Heat Transfer Online Database — тематическая онлайн-библиотека по теплообмену (через библиотечную подписку).
Web resources:
1. MIT OpenCourseWare — Intermediate Heat and Mass Transfer — материалы курса, лекции, задачи и данные по тепло- и массообмену.
2. LearnChemE — Heat Transfer Screencasts & Interactive Modules — визуализации, анимации, пошаговые разборы тем по теплопереносу.
3. CACHE — Teaching Resources for Heat Transfer — сборники планов лекций, заметок, симуляций и материалов по теплообмену.
4. Purdue Online — Heat, Mass Transfer and Fluid Flow in Manufacturing (курс) — тематический курс с теорией и практикой тепло- и массообмена в производственных процессах.
5. International Journal of Heat and Mass Transfer (Elsevier) — ведущий научный журнал, публикации и обзоры по теме тепло- и массообмена.
Software:
1. ANSYS Fluent / ANSYS CFX
2. COMSOL Multiphysics
3. OpenFOAM
4. MATLAB (с пакетами PDE Toolbox и Simulink)
5. TRNSYS (Transient System Simulation Tool)

ASSESSMENT CRITERIA
	Grade
	GPA Equivalent
	Percentage
	Traditional Grade
	Criteria

	А
	4,0
	95-100
	Excellent 
	Complete understanding and justification of the problem's relevance. Full command and comprehension of the physical and mathematical problem statements, research methodology, accuracy of research, comprehensive analysis of results, justified conclusions, and report formatting meeting all requirements.

	А-
	3,67
	90-94
	
	

	В+
	3,33
	85-89
	Good 
	Significant understanding and justification of the problem's relevance. Strong command of the physical and mathematical problem statements, methodology, and research, with a limited analysis of results and conclusions. Report formatting meets requirements. 

	В
	3,0
	80-84
	
	

	В-
	2,67
	75-79
	
	

	С+
	2,33
	70-74
	Satisfactory 
	Limited understanding and justification of the problem's relevance. Weak comprehension of the physical and mathematical problem statements, incorrect research methodology, incomplete analysis, unsubstantiated conclusions, and lack of logical flow. Report formatting does not meet requirements. 

	С
	2,0
	65-69
	
	

	С-
	1,67
	60-64
	
	

	D+
	1,33
	55-59
	
	

	D-
	1,0
	50-54
	
	

	FX
	0,5
	25-49
	Unsatisfactory
	Complete lack of problem understanding and research accuracy. Report formatting does not meet requirements. 

	F
	0
	0-24
	Unsatisfactory
	Violation of final control regulations. 

	
	
	
	
	




Lecturer                                                          Yerzhan Belyayev
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   Subject: Methods of Heat and Mass Transfer problems modelling. Form: oral. Platform: IS UNIVER
	
	
Assessment Criteria and Points
		         Descriptors	                                                                               

	
	
	Excellent
	Good
	Satisfactory
	Unsatisfactory


	#
	
	90–100% (30-34 points)
	70–89% (21-29 points)
	50–69% (15-20 points)
	25–49% (9-14 points)
Incorrect treatment of the question, flawed reasoning, factual and stylistic errors, and an incorrect conclusion.







	0–24% (0-8 points)

	1st question

34 points
	Knowledge and understanding of the theory and underlying approach of the course. Accuracy and thoroughness of the response.
	The grade “Excellent” is awarded for a response that provides a comprehensive treatment of the question, includes detailed and developed justification for each conclusion and assertion, is organized logically and coherently, and is supported by examples drawn from topics covered in practical classes. The response must demonstrate accuracy and thoroughness.













	The grade “Good” is awarded for a response that provides a complete but not comprehensive treatment of the question, offers only a brief justification of the main points, and may show minor lapses in logic or coherence. Minor stylistic errors and occasional inaccurate use of terminology are permissible in oral responses.
	The grade “Satisfactory” is awarded for a response that provides an incomplete treatment of the question, offers only a superficial justification of the main points, shows structural imbalances and inconsistencies in logic or sequence of ideas, and is not supported by examples drawn from topics covered in practical classes.
	
	Lack of knowledge of key concepts, theories, etc.; violation of examination rules.
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Assessment Criteria and Points
	Descriptors

	
	
	Excellent
	Good
	Satisfactory
	Unsatisfactory


	#
	
	90–100% (29-33 points)
	70–89% (21-28 points)
	50–69% (15-20 points)
	 25–49% (9-14 points)
	0–24% (0-8 points)

	2nd question

33 points
	Evaluation and analysis of the applicability of the selected methodology to the given practical task, justification of the obtained result. Clarity and organization of the response.
	Coherent, logical, and accurate justification of scientific principles and the applied methodology and techniques; observance of academic language norms. One or two minor inaccuracies in content are permissible, provided they do not affect the overall accuracy of the response. The student should present their oral response clearly and in an organized manner, using clear and logical language.
	Three or four inaccuracies in the use of conceptual material and minor errors in generalizations or conclusions are permissible, provided they do not affect the overall good quality of the response.
	The conclusions regarding the applicability of the substantiated scientific principles are vague and unconvincing. The response contains stylistic and grammatical errors, as well as inaccuracies in processing the results of the practical task.
	The task has been completed with major errors; the answers to the questions are incomplete, and the use of conceptual material and reasoning is weak. No answers are provided to the additional oral questions.
	The task is not completed; no answers are provided to the assigned questions, and materials or analytical tools are not used. Violation of examination rules.

	3rd question
33 points
	Application of the selected methodology and technology to specific practical tasks. Analysis and interpretation of the results.
	Complete fulfillment of the assigned task; a well-developed and well-argued response to the given question, followed by the solution of the practical tasks of the course. The student’s ability to analyze the obtained results and interpret them in the context of the task is assessed.
	Partial fulfillment of the assigned task; an incomplete response, with reasoning presented only in parts, accompanied by an incomplete solution of the course’s practical tasks; inaccurate use of scientific language conventions in the course.
	The material is presented in a fragmented manner, with violations of logical sequence. Factual and conceptual inaccuracies are present, and theoretical knowledge of the course is applied superficially.
	An inefficient or poorly reasoned method of problem-solving, or an inadequately developed response plan; an inability to solve problems or complete tasks in general form; a number of errors and inaccuracies exceeding the acceptable norm.
	An inability to apply knowledge and problem-solving algorithms; an inability to draw conclusions and make generalizations. Violation of examination rules.




The examination papers consist of three questions. The maximum score for correctly completed tasks is 100 points, of which 34 points are allocated to the first question, 33 to the second, and 33 to the third.
