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  Abstract 
Centered on cultivating students’ critical thinking, this paper explores the imple-
mentation of ideological and political education in the course of Engineering Ther-
modynamics. From the perspectives of responding to the demands of the times and 
solving prevailing learning difficulties among students, a four-dimensional inte-
grated model anchored in critical thinking is constructed, covering four dimen-
sions: patriotism, personal development, scientific thinking, and integration of the-
ory with practice. In teaching practice, falsification experiments, dialectical anal-
ysis of engineering cases, and virtual simulation projects are adopted to systemat-
ically develop students’ capabilities of questioning, modeling, and comprehensive 
trade-off analysis, which embeds value guidance into the whole process of 
knowledge application and engineering decision-making imperceptibly. Teaching 
practices verify that the proposed model can effectively inspire students’ internal 
learning motivation and shift them from passive recipients to active inquirers. 
While acquiring specialized knowledge, students cultivate rigorous, pragmatic, 
and innovative engineering literacy. 

Keywords 
Engineering Thermodynamics; curriculum-based ideological and political educa-
tion; critical thinking; value guidance 

1. Introduction 

To fully implement the fundamental task of fostering virtue through education and develop an all-round education 
framework featuring full-staff, whole-process and all-round involvement (Three-Whole Education), China has 
rolled out a raft of programmatic policy documents since 2019. Guidelines on Deepening the Reform and Innovation 
of Ideological and Political Theory Courses in Schools for the New Era sets forth the reform direction of curriculum-
based ideological and political education. Subsequently, the Ministry of Education released the Guiding Outline for 
the Construction of Curriculum Ideological and Political Education in Institutions of Higher Education to deliver 
comprehensive deployment (Ministry of Education, 2020). It specifically stipulates that the curriculum for science 
and engineering majors shall prioritize training in scientific thinking and engineering ethics education. For engi-
neering courses in particular, targeted efforts should be made to strengthen students’ engineering ethics literacy, 
cultivate their dedication to excellence embodied in the craftsmanship spirit of great nation artisans, and inspire 
their patriotism and mission to serve the nation through science and technology. 
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Against such a policy backdrop, Engineering Thermodynamics, a core foundational course for numerous engi-
neering disciplines, including energy and power engineering, mechanical engineering, and chemical engineering, 
has attracted extensive attention regarding its curriculum ideology and politics construction. Scholars have carried 
out fruitful explorations on the effective integration of ideological-political elements into this curriculum. From five 
dimensions covering scientific philosophy, science history, and distinguished scientists, practical engineering cases, 
craftsmanship spirit, and current political affairs, value education is systematically integrated with disciplinary 
knowledge via group discussions and case-based teaching (Wang et al., 2024). Taking the Second Law of Thermo-
dynamics as a typical example, a three-in-one teaching framework has been constructed to integrate knowledge 
acquisition, competency development, and value cultivation, verifying the positive effects of value-oriented teach-
ing on students’ comprehensive quality (Wang et al., 2024). Centered on emerging engineering education, a curric-
ulum-rooted and student-oriented philosophy is proposed to embed national energy strategies and scientific research 
ethics hierarchically into full-cycle teaching via modular instructional design (Liu et al., 2023). Focusing on the 
characteristics of new energy majors, patriotism and a sense of mission are integrated into curriculum delivery to 
boost students’ learning motivation (Wang & Wu, 2023). At the conceptual level, curriculum ideological elements 
are classified into four categories: scientific reasoning, rational cognition, scientific spirit, and global developmental 
vision, highlighting the unification of knowledge delivery and value shaping through disciplinary history narration 
and practical engineering cases (He et al., 2023). 

A review of existing research reveals a prominent common feature in current curriculum ideology and politics 
construction of Engineering Thermodynamics: the excavation and application of ideological elements mostly center 
on value dimensions such as patriotism, social mission, and professional ethics (craftsmanship spirit). While this 
orientation responds well to the macro requirement of dedicating technological expertise to national rejuvenation, 
it results in high homogeneity with the curriculum ideology design of many other engineering courses and lacks 
distinctive disciplinary features. Multiple educational research and teaching practices demonstrate that undergrad-
uates hold strong enthusiasm and aspiration for scientific research and innovation practices, expecting to develop 
and demonstrate their competencies at the fundamental learning stage (Wang et al., 2021; Liu et al., 2023). 

As a discipline investigating the laws and limits of energy conversion, the theoretical framework of Engineering 
Thermodynamics abounds with dialectical logic and critical thinking resources. As a discipline that studies the laws 
and limits of energy conversion, the theoretical system of engineering thermodynamics itself contains rich dialecti-
cal logic and critical thinking elements. In the professional basic course stage, consciously cultivate students’ dia-
lectical thinking ability—such as understanding the unity of energy “quantity” and “quality”, mastering the differ-
ences between “idealization” and “engineering reality”, and identifying the “possibility” and “feasibility” of tech-
nical routes—not only helps students deeply grasp the essence of this course, but also will form The high-order 
thinking ability that can be transferred can lay a solid foundation for the study of its follow-up professional courses 
and even to meet the complex engineering challenges in the future. 

2. Analysis of Students’ Learning Status 

Through the questionnaire survey and the student symposium, the academic situation of the students majoring in 
building environment and energy application of our school was analyzed: sophomores have high enthusiasm for 
learning and are eager to go deep into the professional field, but their learning methods have significant “path de-
pendence”, showing the typical characteristics of “three and three light” - heavy memory, Light thinking; heavy 
brushing questions, light thinking; heavy theory, light practice. This test-to-test learning mode, which originates 
from the middle school stage, seems to be powerless when facing the course of “Engineering Thermodynamics”. 
Students are used to reciting laws and applying formulas to solve problems, but neglect to ask about the physical 
picture and logical vein behind the laws; they can perform complex mathematical operations, but it is difficult to 
link the calculation results with real engineering phenomena; the deeper problem is that students’ overall structure 
and future prospects of environmental construction majors Cognition is vague, which makes them unable to estab-
lish a meaningful connection between highly abstract core concepts such as “enthalpy and entropy” with specific 
professional scenarios such as summer refrigeration and energy saving. This kind of confusion of “learning is use-
less” greatly consumes students’ initial enthusiasm for learning, making it difficult for them to maintain lasting and 
in-depth learning motivation. 

At the same time, the course of Engineering Thermodynamics itself has the distinctive characteristics of rigorous 
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theoretical system and abstract basic concepts, but at the same time, it is extremely closely related to engineering 
practice. It is not only the cornerstone of follow-up professional courses such as “Heating Engineering”, “Air Con-
ditioning” and “Cold and Heat Source Engineering”, but also the ideas of “energy conservation” and “reduction” it 
contains. It is also the core scientific weapon for environmental construction majors to achieve the national “dual 
carbon” strategic goal and promote energy conservation and emission reduction in the construction field. Therefore, 
the core contradiction in teaching practice is that there is an urgent gap between students’ existing, relatively passive 
and rigid learning mode and the active and systematic engineering thinking and analytical ability required by the 
curriculum. 

3. Core Entry Points for Curriculum Ideological and Political Construction 

The learning difficulties outlined in Section 2 share a common root: students treat thermodynamic knowledge as 
something to be memorized and reproduced, not as something to reason with. Curriculum-based ideological and 
political education, if it is to be more than decoration, needs to work against this habit. Four entry points have been 
identified for this purpose, each described below. 

3.1 Patriotism and Engineering Ethics 

Professor Hou Jialu spent years developing China’s first domestically compiled steam tables. Before his work, 
power plant design in China relied on foreign thermodynamic property data. In the course, students read excerpts 
from Hou’s original publications and compare the data format with the international steam tables they use weekly 
in homework. The comparison is technical, not sentimental: Hou’s contribution becomes visible precisely because 
students already know how steam tables work and what it takes to generate reliable property data. 

The Shanghai Waigaoqiao No. 3 Power Plant serves a different function. Students receive its operating parame-
ters and calculate thermal efficiency using course methods. The number is high enough to prompt questions. A 
follow-up task asks them to trace which specific thermodynamic design choices produced that number. The JF-12 
hypersonic shock tunnel and the West-to-East Gas Transmission pipeline appear as shorter supplementary cases, 
mainly to show that thermodynamic constraints shape engineering decisions at very different scales. 

What connects these cases is not a shared moral. It is that each one turns a patriotic reference into a problem the 
student has to work through with disciplinary tools. 

3.2 Personal Development 

Energy is conserved. Why, then, do we talk about “wasting” it? This question opens a five-minute classroom ex-
change that usually leads students, on their own, to the distinction between energy quantity and energy quality. The 
instructor has not yet introduced exergy at this point. The analogy between the First Law and sustained personal 
effort is mentioned briefly, but the real teaching value lies in the conceptual puzzle, not in the analogy. 

Joule’s 400-plus experiments to determine the mechanical equivalent of heat come up later, when students are 
learning about measurement uncertainty. The question posed is not “what can we learn from Joule’s perseverance” 
but “why did he need so many trials.” Students examine how Joule’s apparatus evolved, what error sources he was 
trying to isolate, and why early results differed from later ones. A few students each semester note in their reflections 
that this was the first time they thought about historical experiments as methodological problems rather than inspi-
rational stories. 

Analogies between thermodynamics and life philosophy are kept brief and low-key. When they are belabored, 
students receive them politely and move on. When they are left understated, some students pick them up on their 
own, which is more durable. 

3.3 Scientific Thinking 

Caloric theory held that heat was a conserved fluid. Rumford’s cannon-boring experiments suggested otherwise. 
The kinetic theory eventually replaced both. Students read short excerpts from these primary sources and identify, 
for each transition, what evidence forced the previous model out. The exercise counters a tendency visible in student 
writing: finished scientific concepts get treated as facts that were always known, as if no one ever believed anything 
different. 
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Carnot’s theorem is taught through proof by contradiction. Most students have seen this technique in mathematics 
but never applied it to a physical claim. Assuming a heat engine more efficient than a Carnot engine and showing 
that this violates the Second Law gives the theorem a sense of necessity that a direct statement does not. In post-
class reflections, several students said this was the first time they understood why Carnot efficiency is a ceiling, not 
just a number. 

The “ecological air conditioner” exercise has a different texture entirely. A product sold online claims to cool 
rooms using only water evaporation, no compressor, no energy input beyond a small fan. Students design a meas-
urement protocol, collect temperature and humidity data in the classroom, and check whether the results match the 
manufacturer’s claims. In Hunan’s climate, the device raises humidity to uncomfortable levels and barely lowers 
the temperature. Every cohort so far has reached this conclusion. The exercise works not because the answer is 
difficult but because the students start out believing the product might work. Disproving something you initially 
found plausible is a different experience from confirming something you were told is true. 

3.4 Linking Theory to Practice 

An open-ended experiment asks each group to verify the relationship between boiling point and pressure. The ap-
paratus is simple: a sealed flask, a vacuum pump, a thermometer, and a pressure gauge. What is not simple is 
deciding how many data points to collect, at what intervals, and how to handle the gap between measured values 
and the Clausius-Clapeyron prediction. Groups that skip error analysis find their reports unable to explain why their 
curve deviates from theory. The instructor does not intervene during the experiment itself. The gap shows up during 
peer review, where other groups ask the questions the report cannot answer. 

A second task gives students a published paper comparing electric resistance heating, heat pump heating, and 
combined heat and power from the standpoint of entropy generation. They are told explicitly that the task is not to 
summarize the paper but to evaluate its methodology. Are the system boundaries drawn consistently? Is the com-
parison fair given different fuel inputs? Do the conclusions follow from the data? Most groups need scaffolding to 
get through this. Even so, the shift from reading a paper as authoritative to reading it as a set of claims that might 
or might not hold up is visible in the quality of the questions students ask afterward. 

The two tasks move in the same direction but start from different places. The boiling-point experiment begins 
with the student’s own data and asks whether the theory predicts it. The heating-method paper begins with someone 
else’s analysis and asks whether the reasoning is sound. 

4. Teaching Implementation 

“The course adopts the BOPPPS teaching model featuring student-centered and problem-driven instruction. Sup-
ported by two online platforms—Tencent Classroom and Super Star Learning APP, teaching integrates in-class 
tutoring with after-class assignments (dominated by offline teaching supplemented by online resources) and com-
bines theoretical lectures with practical training, enabling seamless embedding of ideological and political elements 
into pre-class, in-class, and post-class teaching links. Detailed implementation is specified as follows. 

The section Thermodynamic Processes of Moist Air from Chapter 8 Moist Air is taken as an example to elaborate 
on the implementation procedures. Core teaching objectives of this chapter are to equip students with fundamental 
physical properties of moist air and analytical methods for its thermodynamic processes, as well as an in-depth 
understanding of its critical role in built environment regulation. Upon completion of this chapter, students are 
capable of applying abstract moist air theories to practical air-conditioning problems, laying a solid theoretical 
foundation for follow-up specialized courses such as Air Conditioning Engineering and Heating Engineering, while 
developing preliminary awareness of green, energy-efficient and healthy built environment design.” 

Before class, the learning task was released on the Super Star Learning APP. Students were asked to study the 
paper on the application of direct evaporation cooling technology in a cement factory in Shaanxi, conduct energy-
saving analysis through the data grouping in the paper, and submit the relevant calculation results on the learning 
pass. When introducing the course, the server cooling system of Tencent Qixing Data Center is introduced: direct 
fresh air + sprinkler (direct evaporation cooling), introducing ideological and political point one: serving the national 
“dual carbon” goal. Arouse students’ interest in learning, and then talk about the main knowledge points of changes 
in relevant parameters in the process of wet air heat. After the explanation of the knowledge point, the calculation 
results of each group of the pre-class task were announced, the energy-saving effect of the direct evaporative cooling 
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technology was analyzed, and then the scenario mode was set. Xiaoshan, an engineer who found that the technology 
had good energy-saving properties, introduced the technology to Xiaoxin (Xinjiang) and Xiaohu (Hunan), engineers 
of the cement factory. Soon after, he received completely different feedback from the two engineers, and asked the 
students to discuss the reasons in groups according to the local climate characteristics combined with the enthalpy 
wet map, and tried to summarize the applicability of direct evaporative cooling air conditioning. After guiding 
students to analyze and discuss, introduce ideological and political point 2: look at energy-saving technology dia-
lectically and create a healthy environment scientifically. At the end of the course, finally leave a group discussion 
topic for you (about the air treatment process of the multi-function hall in the first prize work of the 2024 National 
CAR-SHRAE Competition). Please submit the answer in the study and pass the national virtual simulation platform 
“Fan coil plus fresh air system virtual simulation experiment” to verify your own analysis results, and extend the 
ideological and political after class: the application of the knowledge points learned in the course in practical engi-
neering, and clarify the application scenarios. 

4.1 Pre-class Preparation: Task-driven Learning 

Each group receives a paper on direct evaporative cooling deployed in a cement plant in Shaanxi Province, posted 
on the Super Star Learning APP before class. Their task is straightforward: extract the measured data from the paper, 
calculate the energy savings, and submit the results online. This paper is selected because its dataset is complete 
and the operating conditions are clearly defined, which provides a low entry barrier for students to attempt literature-
based engineering calculations for the first time. Whether each group’s numbers are correct becomes the starting 
point for the in-class discussion that follows. 

4.2 Classroom Lead-in: From Real-world Case to Core Concept 

Tencent’s Gui’an Qixing Data Center runs its cooling system on fresh air intake plus water spray: essentially, the 
constant-enthalpy humidification process that students are about to study. Its annual PUE stays below 1.2. This real-
world number catches students’ attention more effectively than a textbook definition, because data center energy 
consumption is something they encounter in daily life. Several students looked up PUE data from other facilities 
after class, which was not part of the assignment. 

4.3 Core Knowledge Lecturing 

The lecture portion covers humidity ratio, relative humidity, enthalpy, and dew-point temperature, with emphasis 
on reading these parameters from a psychrometric chart. Direct evaporative cooling is explained as an approximate 
constant-enthalpy humidification process, connecting the theory directly to the Gui’an case from the lead-in. 

Once the lecture ends, each group’s pre-class calculation is displayed. The numbers generally confirm that DEC 
saves energy in the Shaanxi case. At this point, students tend to assume the technology works everywhere. That 
assumption is exactly what the next activity is designed to challenge. 

A scenario is introduced: an engineer named Xiao Shan, having verified DEC’s performance in Shaanxi, recom-
mends it to two colleagues—Xiao Xin in Xinjiang and Xiao Hu in Hunan. Their feedback is contradictory. Xiao 
Xin reports excellent results; Xiao Hu reports almost no cooling effect. Groups are asked to open the psychrometric 
chart, compare the wet-bulb depression across the three regions, and explain the discrepancy. 

Most groups reach the right conclusion: arid climates favor DEC because the gap between dry-bulb and wet-bulb 
temperatures is larger. However, when asked to explain why wet-bulb temperature matters, many groups struggle 
to articulate the mechanism clearly. This gap between getting the right answer and understanding the underlying 
reason is addressed through a follow-up guided discussion, where the instructor walks through the heat and mass 
transfer process on the chart step by step. 

4.4 Post-class Extension: Verification through Virtual Simulation 

The assignment given at the end of class is more demanding than the pre-class task. Groups are asked to analyze 
the air handling scheme for a multi-purpose hall, taken from the first-prize project of the 2024 National CAR-
ASHRAE Student Design Competition, and submit their analysis on Xuexitong. They then use the national virtual 
simulation platform, specifically, the Fan Coil Unit with Fresh Air System experiment to test whether their 
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conclusions hold. 
The competition project is deliberately chosen over a textbook exercise. Its design involves multiple air handling 

stages and conflicting constraints, which forces students to make judgments rather than simply apply formulas. The 
simulation platform serves a different function: it does not teach new content, but provides immediate feedback that 
tells students whether their reasoning is right or wrong. 

Submission data from the most recent semester shows that roughly two-thirds of the groups correctly identify the 
overall air handling process. Errors cluster around parameter calculation; particularly in determining the mixing 
point of fresh air and return air on the psychrometric chart. This suggests that while students grasp the qualitative 
logic of the process, quantitative application remains a weak point that requires further targeted practice. 

5. Conclusion 

Ideological and political education in Engineering Thermodynamics works poorly when it stays at the level of an-
ecdote. A patriotic story told before class, then forgotten, leaves little trace. The approach explored in this paper ties 
value education to specific thinking exercises, so that the ideological content is practiced rather than merely heard. 
Proving Carnot’s theorem by contradiction, for instance, is simultaneously a lesson in rigorous reasoning. The eco-
logical air conditioner falsification experiment lets students discover, through their own measurements, that a mar-
keted claim does not hold. This experience makes evidence-based skepticism concrete rather than abstract. 

Two semesters of implementation suggest that this direction is worth pursuing. Student performance on open-
ended analytical questions has improved compared to previous cohorts, and a number of groups have independently 
added control experiments beyond what was assigned. These are encouraging signs, but they remain qualitative 
observations. A systematic has not yet been conducted; this would include pre- and post-course assessments, struc-
tured student interviews, and comparison with parallel sections. It is planned as the next step. 
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