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Abstract

The implementation of intelligent digitalization in experimental design has become an important
trend in modern education. This approach not only significantly enhances the efficiency and effec-
tiveness of experimental teaching but also provides support for the application and innovation of
emerging technologies. The measurement of residence time distribution (RTD) plays a vital role
across multiple disciplines, particularly in chemical reaction engineering education. This work fo-
cuses on the RTD determination in gas-solid systems and proposes an intelligent digital redesign
framework to address limitations in traditional experimental pedagogy. By reconstructing the ex-
perimental system, we optimized the intelligent digital design for tracer-based RTD measurement.
Using the advantages of digitization, a software system for RTD experimental determination and
statistical eigenvalue calculation was developed, which improved both the accuracy of data pro-
cessing and computational efficiency. Furthermore, the integration of video animations, numerical
simulations, virtual experiments, and Al tools transformed the basic experimental framework into
a multifunctional intelligent digital resource platform, reducing costs while enhancing pedagogical
features such as personalization, interactivity, and advanced cognitive engagement. A comprehen-
sive evaluation methodology emphasizing process assessment and feedback mechanisms is helpful
to improve the teaching effect.
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Figure 1. Application of Al in various stages of the experiment
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Figure 2. Screenshot interface of the digital intelligence demonstration system for the experiment teaching
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Figure 3. Screenshot interface of the computational software
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Figure 4. Residence time of toluene in the gas-solid system and simulation results
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