
1 

 

COURSE NUMBER & COURSE TITLE:: ME 500 Thermal Radiation Heat Transfer 

Advisor:  Wang Pingyang Credits:  3 Language of instruction: Chinese / English 

REQUIRED COURSE OR ELECTIVE 
COURSE: 
Required 

TERMS OFFERED: 
Autumn/Spring  semester 

COURSE STRUCTURE/SCHEDULE: 
1. Lecture 
2. Project 
3. Quiz 

PRE-REQUISITES: 
ME 200 Thermodynamics I 
ME 300 Thermodynamics II 
ME 300 Heat Transfer 

ASSESSMENT TOOLS: 
1. Homework, Quizzes—20% 
2. Project Presentation—20% 
3. Project Report—20% 
4. Peer Evaluation—25% 
5. Attendance—15% 

PROFESSIONAL COMPONENT: 
1. Engineering Topics:  

Engineering Science-3credits 
 

TEXTBOOK/READING LIST 
Yu Qizheng. Principles of Radiation Heat Transfer. 2000, Harbin Institute of Technology Press 
COURSE DESCRIPTION: Thermal radiation, heat transfer, translucent medium, numerical simulation, 
Monte-Carlo, infrared characteristics, electromagnetic theory, scattering, gas, particle system, aerospace, 
metallurgy. 
COURSE OUTCOMES [Related ME Program Outcomes in brackets] 

（1） to understand the basic laws and concepts of heat radiation and its transport, related radiative 
transfer equation and the radiated energy conservation equation, as well as apply to the 
analysis of actual thermal radiation heat transfer problems.（A1、A2） 

（2） to grasp the foundation, characteristics and the solution process of the approximate 
calculation method for radiation heat transfer process, lay solid foundation for the practical 
application.（A1、A2、A6） 

（3） to grasp the transfer rule of internal radiation heat transfer of  medium that absorbs, emits 
and scatters as well as the characteristics and application of nanoscale heat transfer.（A1、
A2、B5） 

（4） to grasp Monte Carlo method and its application to surface radiation and medium radiation, 
to cultivate cooperative and practical abilities through the teaching of  program compiling.
（A4、A5、A6、B1、B2） 

（5） to grasp the initial ability of the comprehensive analysis of actual heat transfer problems, 
transform practical problems into theoretical ones and deal with practical problems  based on 
theoretical analysis.（A2、C2、C3） 

（6） to strengthen the cognition that theory comes from practice and practice is the sole criterion 
for testing theories.（B5） 

RELATED ME PROGRAM OUTCOMES: 
A1. Engineering Fundamentals; A2. Engineering fundamentals; A4. Modern Engineering Tools; A5. 
Design Skills; A6. Impact of Engineering Solutions; B1. Communication Skills; B2. Teamwork Skills; 
B5. Life-long Learning; C3. Innovation; C2. Global Engineering Skills 
 

PREPARED BY:  Wang Pingyang                                                 REVISION DATE: Dec. 5, 2012 
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《Thermal Radiation Heat Transfer》 
Course Syllabus 

COURSE TITLE：Thermal radiation heat transfer 

COURSE NUMBER ：PO6014 

CREDITS/HOURS：3/48 

TERMS OFFERED:  Autumn / Spring  semester 

APPLICATABLE TO：Heat and Power Engineering, Engineering Thermo-physics, 
Cryogenics and Refrigeration Engineering, Nuclear Engineering, c Building 
Environment and Equipment Engineering, Aerospace Engineering, Environmental 
Engineering and related fields  

PRE-REQUISITES:：Heat Transfer、Thermodynamics、College Physics 

FOLLOWING COURSES：Numerical radiological 

OFFERED BY：School of Mechanical Engineering 

 

1. the nature and goals of the course (need to make clear the goals of 
teaching process is to cultivate talents, the knowledge, ability and 
quality of talents cultivation objectives can be seen in the sheet attached) 

The nature of the course: Thermal radiation heat transfer is an important basic course in 
Thermal Engineering, Power Machinery and Engineering, Fluid Machinery and 
Engineering, Refrigeration and Cryogenic Engineering, Nuclear Science and Engineering, 
Aerospace and other professional. 
Teaching goals: Thermal radiation heat transfer is to study energy transfer process in the 
form of electromagnetic waves/photon emission. Through teaching, we can let students 
have a good understanding of the nature of thermal radiation and micro scale radiation 
characteristics,  develop students' ability to understand, analyze and solve the internal 
radiation transport of surface and translucent scattering medium, and to learn typical 
applications of thermal radiation in the industry and life, especially in field of aerospace. 
At the same time, to provide important theoretical basis to people engaged in professional 
and technical work, scientific research and management. （A1，A2，A4，A5、A6，
B1，B2，B5，C2、C3） 

The course consists of the nature and research methods of thermal radiation, basic 
concepts and representation of thermal radiation energy, radiation principle of scattering, 
surface radiation heat transfer, the calculation of radiation physical properties based on 
the classic electromagnetic wave theory, radiation principles and radiation energy transfer 
equation of scattering, absorbing and emitting medium, approximate solutions of 
radiation transfer equation, numerical solutions of radiation transfer equation, 
introduction of micro-foundation of the gas physical properties and particle scattering, 
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Monte-Carlo method for solving the radiation transfer problem and the like. The course 
will not only lead students to set up right concept concerning the characteristics and laws 
of thermal radiation and thermal radiation heat transfer process, comprehensive analysis 
of the actual industrial applications of thermal radiation heat transfer process and so on. 
More importantly, it helps to develop their ability of scientific abstraction and logical 
thinking, further strengthen the cognition that practice is the sole criterion for testing 
theories. Specifically: 

（1） To understand the basic laws and concepts of heat radiation and its transport, 
related radiative transfer equation and the radiated energy conservation 
equation, as well as apply to the analysis of actual thermal radiation heat 
transfer problems.（A1、A2） 

（2） To grasp the foundation, characteristics and the solution process of the 
approximate calculation method for radiation heat transfer process, lay solid 
foundation for the practical application.（A1、A2、A6） 

（3） To grasp the transfer rule of internal radiation heat transfer of  medium that 
absorbs, emits and scatters as well as the characteristics and application of 
nanoscale heat transfer.（A1、A2、B5） 

（4） To grasp Monte Carlo method and its application to surface radiation and 
medium radiation, to cultivate cooperative and practical abilities through the 
teaching of  program compiling.（A4、A5、A6、B1、B2） 

（5） To grasp the initial ability of the comprehensive analysis of actual heat 
transfer problems, transform practical problems into theoretical ones and deal 
with practical problems  based on theoretical analysis.（A2、C2、C3） 

（6） To strengthen the cognition that theory comes from practice and practice is 
the sole criterion for testing theories.（B5） 

 

2. Course teaching content and distribution of the class hour 
(including content and requirements of practice, self-study, 
assignments and discuss) 
 

1. Introduction (2 class hours/ classroom teaching) (A1, A2) 
The importance and complexity of the thermal radiation, introduction of the wave 
model and quantum model of radiation, examples of electromagnetic spectrum and 
thermal radiation, definition of blackbody and its history of development, concept of 
micro radiation. 
Key points: essence of the thermal radiation 
Difficult points: understanding of the wave model and quantum model of radiation 
Assignments: exercises after the chapter 

2. Radiation of the blackbody and non-blackbody in medium(4 class hours/ 
classroom teaching) (A1, A2) 
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Character of blackbody, emissive character of blackbody, definition of the non-black 
surface radiation properties, representative form of energy, derivation of the 
corresponding form of the three principles for the blackbody radiation in medium, 
the corresponding concept of thermal radiation transmission in medium, emission 
and transmission of non-blackbody radiation in medium. 
Key points: principles of blackbody radiation, law and corresponding formula of 
non-blackbody radiation in medium. 
Difficult points: representative form of thermal radiation energy and derivation of 
the formula. 
Assignments: exercises after the chapter 

3. Calculation of radiation heat transmission between surfaces(4 class hours/ 
classroom teaching) (A1, A2, A5) 
Simple recall and deep understanding of the concept of angle coefficient and suitable 
conditions studied in university, setting principle and function of calculation 
auxiliary plane for angle coefficient, ray trace method and J.H. method to calculate 
the radiation between surfaces, calculation of thermal radiation process on surfaces 
whose temperature is not uniform, and the proximity of using the method above. 
Class test: hand in the content and requirements of Project. 
Key points: restrictions of applying angle coefficient, ray trace method, thermal 
radiation on surfaces whose temperature is not uniform 
Difficult points: ray trace method and J.H. method 
Assignments: Project1 

4. Calculation of thermal radiation by classic electromagnetic wave theory(4 class 
hours/ classroom teaching) (A1, A2) 
Basic equation of electromagnetic wave, transmission of radiate wave in medium, 
law of reflection and refraction, calculation of thermal radiation by applying 
relational expression of electromagnetic wave. 
Key points: calculation of thermal radiation by applying relational expression of 
electromagnetic wave 
Difficult points: Basic equation of electromagnetic wave and derivation of the 
corresponding formula 
Assignments: exercises after the chapter 

5. Radiation principle in absorptive, emissive and scattering medium(4 class hours/ 
classroom teaching) (A1, A2, B5) 
Physical mechanism of absorption, emission and scatter, some basic properties of 
radiation intensity, energy attenuation caused by absorption and scattering, emission 
of energy, concept of local thermodynamic equilibrium. 
Key points: radiation principle in participatory medium. 
Difficult points: understanding of thermal radiation physical phenomenon happened 
in medium, concept of local thermodynamic equilibrium. 
Assignments: exercises after the chapter 

http://dict.youdao.com/w/similarity/�
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6. Transmission formula of radiation energy in absorptive, emissive and scattering 
medium (4 class hours/ classroom teaching) (A1, A2, B5) 
Derivation of transmission formula of thermal radiation in medium, derivation of 
energy conservation relationship, grey body which is isotropic scattering, grey body 
which is in radiation balance, energy relationship founded by photon model. 
Key points: foundation of the energy transmission formula in participative medium. 
Difficult points: understanding of the content in the transmission formula. 
Assignments: Project2 

7. Approximate solution in radiative transmission formula(4 class hours/ 
classroom teaching) (A1, A2, A6) 
Neglect the approximate solution of some content in the transmission formula, 
optical thin limit of radiative transmission between parallel planes, approximate 
method by using average absorb coefficient, approximate solution by using index 
function. 
Key points: radiative transmission formula under the assumption of optical thin and 
thick limit. 
Difficult points: understanding and actual apply of the assumptions 
Assignments: Quiz 

8. The numerical solution for radiative transfer equation(4 class hours/ classroom 
teaching) (A1、A2) 
Introduce the numerical difference between the solution for radiation transfer 
equation and heat conduction & convection, the methods and characteristics of 
numerical solution for radiative transfer equation, as well as present domestic and 
foreign development trend of the numerical solution for thermal radiation problems. 
Key points: the numerical methods for radiative transfer equation and characteristics 
of different methods. 
Difficult points: to understand the essence of different solution methods and the 
construction of the solving process. 
Assignments: exercises after the chapter 

9. Introduction of micro-foundation of the gas physical properties and particle 
scattering(4 class hours/ classroom teaching) (A1、A2) 
The basis of the quantum theory, the induced emission and Planck distribution, 
transfer equation, and the absorption characteristics of gas, the different types of 
particle scattering. 
Key points:  the causes of scattering of thermal radiation that happens within the 
particle system and related processing method and formulas. 
Difficult points:  The basis of quantum theory 
Assignments: exercises after the chapter 

10. Monte-Carlo method for solving the radiative transfer problem(4 class hours/ 
classroom teaching) (A4、A5、A6、B1、B2) 
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Introduction of the basic idea of Monte-Carlo method, a detailed description of the 
methods, including the generation and testing of random number, probability model 
derivation of the launch point and direction number of emission, emission model 
derivation of the medium, geometric surface establish and intersection solution, 
coordinate transformation, results statistics etc.; application examples, to examine 
students' project progress and problem-solving ability; 
Key point: to grasp Monte-Carlo method and its basic process 
Difficult point: to establish and understand the corresponding probability density 
Assignments：Quiz 

11. Radiation and conduction/convectional composite energy exchange(4 class 
hours/ classroom teaching) (A2、C2、C3) 
Combined Heat Transfer of radiation and heat conduction, combined Heat Transfer 
of radiation and convection, convection + conduction + radiation composite energy 
exchange, introduction of transient radiation problems; students’ work on project 
using PPT presentation, calculation process and results show, mutual evaluation and 
scoring among students; 
Key points: Combined Heat Transfer processing 
Difficult points: to understand the coupled heat transfer process 

 

3. Teaching Methods 
Classroom teaching is based on lecturing, comprehensive discussions, assignments, Quiz, 
Project and so on.  

The core guarantee to achieve the goal is the teaching textbook. The textbook we adopt is 
Principles of Radiation Heat Transfer, which is written by Yu Qizheng, a well-known 
professor of Harbin Institute of Technology. Its contents go from the easy to the difficult, 
start from the basic concepts, principles and equations to progressively deepening. It not 
only helps students to analyze basic engineering problems, obtain some radiation analysis 
results, and gain experience by reference from projects, but also leads them to think with 
the progress of their knowledge. Besides, the textbook places great importance on the 
exercises to develop students’ thoughts. They are not just to consolidate the existing 
knowledge, but also to enhance students’ understanding. School curriculum center site 
offers some video lectures, query software for physical properties, Q & A column, news 
columns and the like, to enriched the teaching methods, and provide supporting teaching 
resources for beginners, engineering and technical personnel for independent study. 

The difficulty content can be referred in front of the classroom teaching, and later to 
strengthen them repeatedly, which guides students to take full advantage of their 
ingenuity to think and discuss without any limitations. In particular, it aims to strengthen 
the analysis of composite heat transfer problems, to enable students to master the basic 
ability to solve practical heat transfer, not just to grasp the concepts of heat transfer, more 
importantly, to avoid forget after examination. 
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DESIGN DIAGRAM FOR CLASSROOM TEACHING 
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4. Assessment and Grading Method 
Assignments and Quiz: 20 

Project Statement: 20 

Project Report: 20 

Mutual Assessment on Project: 25 

Attendance: 15 

 

5. Textbook and Reference 
Textbook: 

Yu Qizheng. 《Thermal Radiation Heat Transfer》Harbin Institute of Technology Press, 2000 

Reference: 

1. Robert Siegel, J.R. John  R. Howell.《Thermal Radiation Heat Transfer》; Translated by Cao 
Yuzhang; Science Press, 1992 

2. Tan Heping，Xia Xinlin，Liu Linhua and Ruan Liming.《Numerical Calculation of The 
Characteristics And Transmission of Infrared Radiation——Numerical Radiology》. Harbin 
Institute of Technology Press, 2006 


