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Nuclear technics and nuclear Energy



SYLLABUS
	
	
	
	


Course: 	

ADVANCED REACTOR CORE THERMAL-HYDRAULICS AND FUEL MODELING

Lecturer: Prof. Kostadin Ivanov and Prof. Maria Avramova
Assistant: N/A

	Academic work
	Type
	Number of classes

	In-class work
	Lectures
	30

	
	Seminars
	

	
	Practical classes 
	

	Total in-class work
	30

	Out-of-class work
	Self-preparation for tutorials, seminars, practical classes/project.
	60

	
	Preparation of reports from the practical classes.
	

	
	Consultations, discussions, and assessment of reports from the practical classes.
	

	
	Preparation of homework assignments
	30

	
	Self-preparation for exams
	60

	
	Self-guided library/database work
	

	
	
	

	
	
	

	
	
	

	Total out-of-class work
	150

	Total of academic work
	180

	ECTS  credits in-class work
	2.0

	ECTS  credits out-of-class work
	4.0

	Total ECTS  credits
	6.0





	№
	Grading
	% of the grade

	1. 
	Homeworks
	30

	2. 
	Quizzes
	20

	3. 
	Exam
	20

	4. 
	Project
	30

	Outline of the course

	The course focuses on advanced thermal-hydraulic design calculations for nuclear reactors. The course will derive and discuss the governing equations that form the basis of three-dimensional thermal-hydraulic analysis methods commonly used in the nuclear industry, and present the specific closure models used.




	Preliminary requirements

	Basic knowledge of fluid dynamics and heat transfer.




	Expected outcomes

	1. After completion of the course, students should be able to understand the concepts and principles of thermal-hydraulic and heat-transfer analysis of nuclear reactor cores.
2. Provide students with sufficient knowledge of the application of conservation equations and closure relationships for single- and two-phase flow.
3. After completion of the course, students should be able to apply modeling of the reactor cores using three-dimensional and sub-channel analysis methods.



Syllabus

Lectures and Seminars
	№
	Topic
	Number of classes

	1
	Introduction: 
Nuclear Power Reactors – Background
Heat Generation, Transfer and Removal in Reactor Cores – Review
	2

	2
	Single-Phase Flow in Rod Bundles:
Approach to Simplified Flow Analysis
Single-Phase Pressure Drop 
Single-Phase Heat Transfer  
	3

	3
	Two-Phase Flow in Rod Bundles:
Two-Phase Flow Models
Two-Phase Pressure Drop
Boiling Heat Transfer
	3

	4.
	Thermal Analysis of Fuel Elements:
Heat Conduction in Fuel Elements
Thermal Resistance between the Fuel and Coolant
	2

	5.
	Thermal Design Principles and Application:
Thermal Design Limits
Thermal Design Margins
Generalized Formulation of the Reactor Thermal-Hydraulic Design Problem
	2

	6.
	Modeling of Interacting Channels:
Porous Media Approach for Interacting Channels
Sub-channel Approach for Interacting Channels
	2

	7.
	Sub-channel Thermal-Hydraulic Codes:
Problem Formulation
Input / Output Description
	2

	8.
	Computational Models for Singe- and Two-Phase Flow: 
Conservation of Mass, Momentum, and Energy	
Flow Regime Maps 
Momentum, Heat, and Mass Transfer Modeling 
Cross-Flow in Rod Bundles
Interfacial Heat and Mass Transfer Modeling 
Wall Heat Transfer Modeling
Spacer Grid Effects in Rod Bundles 
	6

	9.
	Models for Heated and Unheated Structures: 
Heat Generation and Conduction
Fuel Rod Modeling: Gap Conductance; Pellet-Cladding Contact Conductance; Fuel Rod Deformation; etc.
	4

	10.
	Additional Topics of Interest:
Numerical Solution Methods in Thermal-Hydraulic Codes
Accuracy and Uncertainty Analysis in Modeling
Boron Tracking Models in Thermal-Hydraulic Codes
Thermal-Hydraulics to Core Neutron Kinetics Coupling and Treatment of the Feedback Effects
________________________________________
	4




	№
	Topics 

	1.
	Single-Phase Flow in Rod Bundles

	2.
	Two-Phase Flow in Rod Bundles

	3.
	Thermal Analysis of Fuel Elements

	4.
	Thermal Design Principles and Application

	5.
	Modeling of Interacting Channels

	6.
	Sub-channel Thermal-Hydraulic Codes

	7.
	Computational Models for Singe- and Two-Phase Flow 

	8.
	Models for Heated and Unheated Structures 

	9.
	Thermal-Hydraulics to Core Neutron Kinetics Coupling and Treatment of the Feedback Effects


Bibliography
Basic: 
No required textbook. Class notes and reading material will be provided free of charge.
Additional: 
1. N. Todreas and M. Kazimi, Nuclear Systems I: Thermal Hydraulic Fundamentals (Selected Sections), Published in 1990 by Taylor & Francis Group.
2. N. Todreas and M. Kazimi, Nuclear Systems II: Elements of Thermal Hydraulic Design (Selected Sections), Published in 2001 by Taylor & Francis Group.
3. C. Takasugi, et al., “Development of an efficient and improved core thermal-hydraulics predictive capability for fast reactors: Summary of research and development activities at the North Carolina State University”, Nuclear Engineering and Design, Volume 412, October 2023, 112474 https://doi.org/10.1016/j.nucengdes.2023.112474
4. R. Salko, M. Avramova, et al., "CTF: A modernized, production-level, thermal-hydraulic solver for the solution of industry-relevant challenge problems in pressurized water reactors" Nuclear Engineering and Design, October 2022, Volume 397, https://doi.org/10.1016/j.nucengdes.2022.111927 (2022)
5. N. Porter, et al., “CTF-R: A Novel Residual-Based Thermal- Hydraulic Solver”, Nuclear Engineering and Design, April 2019, Volume 348, Pages 37-45, https://doi.org/10.1016/j.nucengdes.2019.04.006 (2019)
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