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Abstract The Fundamentals of Combustion course is an important compulsory course for Energy and Power Engineering Majors under the

background of carbon peaking. According to the characteristics of teaching and scientific research at present, combined with the characteristics

of complexity, interdisciplinary and rapid technology update of this course, this paper discusses the teaching content and teaching design of this

course to meet the needs of talents of production, teaching and research under the background of new engineering course. It proposes more

applicable teaching methods and practical means to broaden students’ horizons, stimulate students’ autonomous learning momentum, master

the professional knowledge application ability, and cultivate innovative and competitive engineering professionals to adapt to the new energy

strategy.
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1 Introduction

China’s energy structure has long been dominated by tradi-
tional fossil energy. China is the largest carbon emitter in the
world, and the need for clean and low-carbon energy transforma-
tion is urgent. At the general debate of the 75" session of the
United Nations General Assembly, general secretary Xi Jiping
made a solemn commitment to the international community on
"carbon peaking and carbon neutrality" , and China will strive to
achieve the peak of carbon dioxide emissions by 2030 and carbon
neutrality by 2060. Energy combustion is the main source of car-
bon dioxide emissions in China, accounting for about 90% of all
carbon dioxide emissions. Therefore, more and more attention has
been paid to the technical problems related to energy, and it is ur-
gent to train energy and power engineering professionals to adapt to
the new situation. In the process of personnel cultivation, there
are many problems in the traditional Energy and Power Engineer-
ing Majors in colleges and universities, such as the disconnection
between theory and practice, the single teaching mode, the boring
teaching, the failure to combine with the latest technological de-
velopment in this field, and the slow updating of the original

knowledge system''’. As the core course of energy and power ma-
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jors, Fundamentals of Combustion plays an important role in un-
dergraduate education and teaching. Letting students master the
fuel conversion process and combustion products control technolo-
gy, understand the basic principles of combustion and advanced
technology will help students to achieve the relevant planning ob-
jectives in the current curriculum standards, provide high-quality
talents for the field of energy utilization, and realize the efficient
training of key talents in the process of carbon emission reduction.

Based on the characteristics of the current curriculum and
teaching of Fundamentals of Combustion in colleges and universi-
ties, combined with our teaching summary for many years, we
came up with some new ideas for the optimization and reform of
Fundamentals of Combustion teaching based on the " double car-
bon goal" , in order to meet the urgent needs of colleges and uni-
versities in China to cultivate compound and dynamic professionals

who are more suitable for the national strategy and development.

2 Three-dimensional construction of teaching mode
Due to the limitation of the current undergraduate teaching
hours, it is difficult to explain the content of Fundamentals of
Combustion textbooks completely and deeply only using the class-
room teaching time. Based on this, we proposed the " three-in-
one" comprehensive teaching mode. The teaching content is deep-
ened from the foundation to the application layer by layer: the first
is the theoretical basis, mainly the combustion aerodynamics and
chemical reaction kinetics with the transfer of momentum, heat
and mass as the core. The second is the basic principles and
rules, fuel ignition theory, combustion process and characteristics
of different fuels. The third is to inspire students to explore the hot
scientific and technological propositions of combustion independ-
ently with the goal of achieving carbon peak, and to transform the

theory into the application. A multi-dimensional evaluation system
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based on active learning ( traditional closed-book examination,
video learning and answer, scientific research practice and report)
is constructed with three corresponding teaching modes ( diversi-
fied classroom teaching, self-exploration and interactive answer
based on MOOC and micro-video, and innovative training based
on teachers’ scientific research projects) , so as to mobilize the en-
thusiasm of students, to form an organic whole of teaching con-
tent, learning methods and comprehensive evaluation to meet the
needs of the times, encourage students to actively participate in
teaching, combine teachers’ key teaching with scientific research
and innovation training to meet the requirements of carbon peak,
promote each other and improve learning effect.

2.1 Course design (i) The course of Fundamentals of Com-
bustion has rich content, so it is necessary to distribute the teach-
ing content reasonably. On the one hand, it ensures that the
course content can be taught completely; on the other hand, it can
also realize the combination of teachers’ teaching, students’ explo-
ration and scientific research innovation, and achieve good teach-
ing results. (ii) It is necessary to encourage students to learn and
share in combination with MOOC and micro-video, implement
group teaching mode, divide the work and cooperate in groups,
find learning materials, actively discuss, and effectively guide
teachers to evaluate and supervise the process of independent ex-
ploration. (iii) It is necessary to promote learning and training
through scientific research and innovation. By participating in
teachers’ related topics, literature reading and scientific research
practice, students are encouraged to actively find problems and
solve them effectively, so as to improve their understanding of
combustion-related fields.

2.2 Course implementation According to the teaching con-
tent, it is feasible to design the contents of lesson preparation,
teaching and after-class practice. It can focus on the teaching of
definitions , mechanisms, technical principles and other knowledge
that are difficult to understand and important in textbooks. For ex-
ample, when explaining combustion calculation, it is mainly
through the recall of chemical equations to master the calculation
methods of combustion air volume, flue gas volume, oxygen con-
sumption and other calculation formulas, not just the mechanical
memory of the formulas. In the basic part of fuel theory, it is not
necessary to memorize the derivation process of combustion law,
but to master the combustion law and combustion theory. For vari-
ous theoretical models, it also focuses on understanding and expla-
nation, and weakens derivation process. Besides, according to the
advanced technology of Fundamentals of Combustion under the
carbon peak, the use of video and other modes are introduced,
and students are also taught to explore self-learning through the In-
ternet. In addition, according to the characteristics of undergradu-
ates, hot topics are selected to explore the frontier of scientific re-
search and innovation. Through literature review and practical
training, students can understand the latest combustion technolo-
gies (such as microgravity combustion, oxygen-enriched combus-

tion), energy storage and clean combustion technologies, and

guide students to explain and optimize new technologies from the

perspective of combustion principles.

3 Diversified practice of teaching methods

3.1 Strengthening basic concepts and highlighting key and
difficult points Combustion process is a complex process of cou-
pling of chemical thermodynamics and thermal science, which pro-
duces many basic knowledge of the integration of phase change re-
action and chemical reaction, such as nonlinear dynamic charac-
teristics of combustion, flame structure, flame propagation speed,
flame stability and fluctuation, ignition, extinction, explosion,
etc. The following difficulties may occur in the teaching process.

(1) Difficulties in understanding abstract chemical processes
and physical nature such as chemical reaction kinetics, transport
phenomena, and Arrhenius law.

(ii) Students lack intuitive understanding of laminar
premixed flame, jet flame, diffusion flame, droplet flame, turbu-
lent flame and so on, and it is difficult for students to understand
and visualize in the process of classroom teaching.

(ii1) The theory of ignition and extinction, flame propagation
and stability, including the variation of combustion of different fu-
els, flame propagation, ignition forms and conditions, etc.

In view of the above difficulties, in the course of teaching,
we should help students to supplement the relevant basic concepts
in time, through the association method and analogy method, we
can compare and repeat the combustion law with the relevant laws
of heat transfer and engineering thermodynamics, so as to help
students gain new insight through restudying of old material, and
increase their understanding and memory.

3.2 Carrying out heuristic teaching in connection with prac-
tical cases In the teaching process of Fundamentals of Combus-
tion course, we should closely combine with other professional
basic courses such as fluid mechanics, thermodynamics, heat
transfer and so on, combine the teaching content organically, ex-
plain the profound in simple terms, and combine the basic princi-
ple with practical application. The demand for high efficiency,
energy saving and emission reduction of traditional power devices
further promotes the innovation and development of basic combus-
tion elements such as fuel, combustion theory and combustion de-
vices. Combined with the background of carbon peak and carbon
neutralization, domestic and foreign fuel technologies, new com-
bustion devices and technologies can be taken as the key updated
contents of course teaching and practice. The practical application
of various burners, such as jet burner, swirl burner, tangential
combustion boiler, eic. , is analyzed to help students understand
the different physical and chemical processes of gas, liquid and
solid combustion, understand the key factors and control methods
of combustion process, and combine with the strategic require-
ments of carbon peak and energy saving and emission reduction,
so as to understand the characteristics of the combustion process,
the formation mechanism of combustion products and control meth-

ods. For another example, solid waste disposal-waste incineration
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also plays its role in the goal of double carbon, becoming a new
star of environmental carbon sequestration. It is also a new trend
of current research to use industrial practical cases, such as the
popular Al industrial brain, to precisely control the waste inciner-
ation process and flue gas treatment. Thus, compared with Funda-
mentals of Combustion traditional teaching cases, under the new
policy background, providing students with more research results
and cases in emerging fields can not only integrate knowledge, but
also inspire students to master more new methods and technologies
in learning, and broaden their horizons of exploration, enhance
students’ sense of mission and responsibility to study hard, inno-
vate constantly and break through difficult problems.

3.3 Attaching importance to practice teaching and cultiva-
ting engineering concept In practice teaching, especially in the
background of carbon neutralization and carbon peak, the tradi-
tional experimental content can not enable students to obtain the
latest research results in an innovative manner, resulting in low
professional understanding of practical problems when undergradu-
ates graduate, and they can not use systematic professional theo-
retical knowledge to solve practical engineering problems. At pres-
ent, most of the teachers are responsible for scientific research and
teaching. Therefore, in the process of teaching, teachers should
integrate innovative scientific research achievements into teaching,
guide students to establish innovative thinking, and improve the
ability of effective transformation of knowledge. For example, tra-
ditional fuels are divided into gaseous fuels, liquid fuels and solid
fuels, and direct combustion of a large number of solid fuels is the
main cause of air pollution in China. Under the background of car-
bon peak, the proportion of hydropower, nuclear power and new
energy will increase, but in China, the traditional energy structure
dominated by coal is still the mainstream. Therefore, the choice of
fuel and the related practical teaching of new combustion technolo-
gy are particularly important in the teaching design. Among the
gaseous fuels, natural gas is the focus of current research.
Through the study of the textbook, students can master the basic
principles of natural gas combustion, and at the same time, they
can apply the traditional Bunsen burner experiment to help
students master the ignition, combustion, and gas laminar com-
bustion characteristics. For the contents related to natural gas
combustion, such as the basic working principle of gas turbine
combustion, conversion characteristics, and the combined applica-
tion of gas turbine-steam turbine, it is necessary to give a thorough
explanation. At this time, the traditional experiment can not meet
the demand, through the extracurricular practice teaching, the es-
tablishment of school-enterprise joint training mode can provide
students with extracurricular field learning opportunities, will be
more helpful for students to master the combustion and application
of gaseous fuels. In liquid fuel, it is feasible to build an experi-
mental platform, self-made atomization burner, use a series of ex-
periments such as the preparation and combustion of biomass liq-
uid fuel to expand the content of the textbook, and better help

students understand the current hot issues of Fundamentals of

Combustion such as liquid atomization and droplet combustion.
Compared with traditional experiments, these new experimental
and practical teaching processes are more helpful for students to
cultivate engineering concepts in the process of double carbon
goals, energy saving and emission reduction, and new energy uti-
lization. Based on the theoretical knowledge of specialized courses
and combined with the new progress of Fundamentals of Combus-
tion research, the design of comprehensive and innovative experi-
mental projects suitable for undergraduate knowledge system is the
key to the integration of theory and experiment and the improve-

ment of students’ application ability and innovation ability.

4 Proper selection of teaching means

The Fundamentals of Combustion course involves chemical
thermodynamics, chemical kinetics and other basic contents.
There are many basic concepts, complex mathematical formulas and
abstract calculation content. The traditional teaching mode is mainly
based on teachers’ dictation and blackboard writing, which makes it
difficult to attract students’ attention and achieve the desired teach-
ing effect. In recent years, with the vigorous development of net-
work technology, multimedia teaching based on rain classroom and
MOOC has become an increasingly important teaching method in the
teaching process, which can actively mobilize students’ interest in
learning. For example, liquid fuels such as biomass fuel oil, as an
alternative to fossil fuels with zero carbon emissions, are also impor-
tant research objects in the double carbon goal. In traditional teach-
ing, the combustion process of liquid fuel is mainly introduced. In
this context, the use of new biomass liquid fuels for teaching can
help students more easily form awareness of alternative energy use.
Teachers can use animation to simulate the atomization and combus-
tion process of liquid fuel spray combustion in internal combustion
engines, high-pressure atomizing nozzles, burners and other equip-
ment to help students master the atomization, evaporation, mixing,
ignition and combustion stages of liquid fuel. For the basic and im-
portant teaching contents, especially the basic concepts and formu-
las, such as the derivation of the calculation equation of air quantity
and combustion product quantity, the traditional blackboard writing
method is still used, which can not only improve the students’ atten-
tion to the knowledge points, but also enable the students to clearly
understand the association and logical relationship between the
knowledge points™* . In addition, it also advocates the use of com-
puter-aided teaching to solve the problem that the investment of
Fundamentals of Combustion experimental equipment is high and it
can not meet the needs of purchasing experimental equipment in
large quantities. CFD experimental resources can be used to set up
numerical simulation computer-aided teaching experimental courses,
through classroom demonstration, students are encouraged to under-
stand complex combustion problems in depth through classroom and
after-class self-study, deepen their understanding of efficient com-
bustion and emission control in the combustion process, and culti-

vate innovative thinking.
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5 Organic integration of ideological and political
elements

In classroom teaching, ideological and political elements can
also be integrated to further strengthen students’ feelings of home
and country and sense of mission. For example, after years of ex-
ploration and development, China’s manned space industry has
made considerable progress. In this process, the development of
various technologies related to combustion can not be separated
from the hard work of generations of scientists. The developers of
the "two bombs and one satellite" relied on their own efforts and
worked arduously. In an extremely difficult environment, they
used limited means of scientific research and testing, fought tena-
ciously, broke through one technical difficulty after another,
linked their personal ideals with the destiny of the motherland and
the rejuvenation of the nation, and finally achieved breakthroughs
in cutting-edge technologies such as the atomic bomb, the hydro-
gen bomb, and the artificial satellite. There are also break-
throughs and innovations in the key technologies of liquid fuel
combustion in large aircraft independently developed by China,
which are also the result of the outstanding efforts of scientists. All
kinds of fuels currently used, as a substitute for future energy,
also have very important practical significance. In the study of the
course, teachers should infiltrate the education of professional ac-
complishment and ideological morality, cultivate students’ meticu-
lous and serious work style, cultivate students’ professional ethics,
and improve students’ safety awareness. Combining with the actual
situation of the course, the ideological and political teaching re-
form is carried out in the aspects of content design, teaching meth-
ods, management and implementation, and course evaluation and
assessment. When formulating teaching plans, curriculum stand-
ards and teaching plans, teachers should integrate ideological and
political education elements such as professional ideals, craftsman
spirit, moral education, values education and legal meaning edu-
cation, and combine professional characteristics, teaching con-
tent, students’ characteristics, social and enterprise requirements
to carry out teaching research, specific design and reasonable
evaluation, so as to achieve the effect of " moistening things silent-
ly". Tt is necessary to establish and improve the evaluation system
of ideological and political courses, effectively enhance the atten-
tion of professional teachers to ideological and political courses,
optimize and reform the content of lesson preparation, and also al-
low teachers of ideological and political courses to participate in
the teaching of professional courses, think about the teaching of
"ideological and political courses" of professional courses, and
put forward relevant opinions. Through the establishment of a
mechanism, the integration of ideological and political teachers
and professional teachers, it is expected to explore the construc-

" collaborative education" team of teachers.

tion of a
6 Optimized design of assessment mechanism
In the process of course assessment, combined with the three-

in-one teaching mode, the comprehensive performance of students

in the classroom performance, practical skills, independent explo-
ration and other learning processes in and out of class is exam-
ined, the traditional way of taking the final examination results as
the main way is changed, and the cumulative scoring method is
adopted to avoid students merely paying attention to the final writ-
ten examination and memorizing the knowledge points by rote. In
the process of teaching, make full use of the teaching mode of

®1 students can be grouped into dormitories.

flipped classroom
After the teaching of each course module, students can consult rel-
evant information in groups, discuss the latest scientific issues in-
volved in the module in class, and teachers can score the group
performance into the final grade. Efforts should be made to culti-
vate students’ interest and ability in scientific research, to take
students’ active learning and participation in scientific research
practice projects as the content of investigation, and to encourage
students to cultivate their professional qualities by improving their
ability to consult literature and practical skills, so as to better

meet the needs of employment and further education in the future.

7 Conclusions

As an important professional basic course of Energy and Pow-
er Engineering Majors, Fundamentals of Combustion is the com-
prehensive application and intersection of engineering thermody-
namics, heat transfer, fluid mechanics and other knowledge. In
view of the demand orientation of active professionals under the
background of carbon peak in China, corresponding measures
should be taken to improve the teaching effect of Fundamentals of
Combustion teaching process. By using the "three-in-one" teach-
ing mode, we should attach importance to the practice teaching of
advanced combustion technology and equipment while paying at-
tention to the teaching of basic principles and basic theories, con-
stantly update the teaching content, optimize the teaching mode,
strengthen the students’ practical ability and independent explora-
tion ability, and cultivate innovative and competitive engineering

professionals to adapt to the new energy strategy.
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