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Fig. 1 Dimensions of HTP before and after insertion into the
heating device
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(a) Raw binary

(b) Processed image

(Red: Noise; Green: Holes)

(c) Difference map
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Fig. 2 Comparison of CT image processing results
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Fig.3 Box plots of Dice coefficient and IoU distribution after
image simplification
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Fig. 4 Schematic illustration of the calculation domains for volumetric and cross-sectional porosity
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Fig. 5 Schematic illustration of the calculation domain for annular cylindrical porosity
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# 1 HTP 2L R

Table I HTP tobacco segment volumetric porosity

Sample By B; Evi Ri/%
Y1 308701722 123669770 0.60 8.98
Y2 468759060 20362508 0.57 2.84
Y3 465297096 199729413 0.57 3.77
Y4 459821230 208630023 0.54 -1.67
Y5 421626862 194117647 0.54 —-1.89
Y6 384624935 185714075 0.52 -5.97
Y7 379985558 180627690 0.52 —4.61
Y8 569538656 251580749 0.56 1.50

0751 Mean+SD
0.70 | - - - Mean
s
0.65F
0.60 [ .
< 0.55
0.50
045
0.40

0 2 4 6 8 10 12 14 16
Distance/mm
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Fig. 6 Comparison of the cross-sectional porosity distribution of
sample Y8 with the population statistics
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Table 2 Cross-sectional porosity of tobacco of HTP before and after insertion into the heating device
Condition Coman Eymin SD Ri/% D/%
Before insertion 0.64 0.47 0.03 —13.30—16.45 34.17
After insertion 0.53 0.40 0.03 —14.25—12.25 31.02

SD—Standard deviation

o— Porosity before heater ipsertion
o— Porosity after heater insgrtion
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Fig. 7 Comparison of cross-sectional porosity of HTP before and after insertion into the heating device
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Table 3  Annular cylindrical porosity of tobacco of HTP before and after insertion into the heating device

Condition Ehmax Epumin SD Ri/% D/%
Before insertion 0.59 0.52 0.56 0.02 —7.14~5.35 13.46
After insertion 0.48 0.42 0.45 0.02 —6.67~6.67 14.28
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Fig. 8 Comparison of annular cylinder porosity of HTP before
and after insertion into the heating device
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Fig. 9 Schematic diagram of HTP inserted into the heating pin
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Fig. 10 Multi-directional sectional views of the tobacco section of HTP before and after insertion into the heating device
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Fig. 11 Comparative simulation of flow velocity and draw resistance variation versus porosity of HTP before and after insertion into the

heating device
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Table 4 Draw resistance variation of HTP before and after insertion into the heatering device

Ap/Pa
Condicition R/% D/%
Max Min Mean SD
Before insertion 346.40 299.50 321.50 11.10 —6.84~7.74 15.66
After insertion 475.90 382.60 426.70 27.97 —10.34~11.53 24.39
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Table 5 HTP simulation experiment and pumping experiment data

Condicition Experiment type &y Ap/Pa
Simulation 0.55 304.21

Before insertion
Suction 0.56 321.50
Simulation 0.47 408.55

After insertion
Suction 0.47 426.70
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Visualization and Analysis of Pore Structure Characteristics in
HTP Using Computed Tomography

LI Wenfeng', ZENG Junjie?, ZOU Dapeng', CHAO Chaoyue?, LI Feng?, LIU Yibo?,
HU Jing?, CAO Jiarui', LIU Jingyi'
(1. Guangdong Provincial Key Laboratory of Computer Integrated Manufacturing, Guangdong University of
Technology, Guangzhou 510006, China; 2. Technology Center, China Tobacco Guangdong Industrial Co. Ltd,
Guangzhou 510385, China)

Abstract: The distribution and variability of pore space within the tobacco segment of heated tobacco products
(HTP) are important factors affecting user experience and the design of heated tobacco devices. In this study,
computerized tomography (CT) combined with 3D reconstruction technology was utilized to examine the pore
distribution and structural changes in the tobacco segments of HTP. The research specifically analyzed volumetric
porosity, cross-sectional porosity, and annular cylindrical porosity.The results revealed that the porosity distribution
was significantly inhomogeneous across different HTP samples and within individual samples along various directions,
both before and after device probe insertion. The mechanical insertion of the heated tobacco device induces a
redistribution and compression of the pore structure, reducing the overall volumetric porosity to 0.47. In the radial
direction, the outermost annular porosity is most significantly affected by the inner wall of the heated tobacco device,
showing a reduction of 28.81%. In the axial direction, the structure forms three distinct regions: a composite extruded
layer, an intermediate extruded layer, and an upper extruded layer. The degree of pore extrusion increases progressively
within each of these layers. Furthermore, simulations and experiments confirm that the internal airflow characteristics
of HTP follow an inverse relationship with the axial cross-sectional porosity distribution.The study indicates that draw
resistance characteristics are influenced not only by volumetric porosity but also by the insertion mode of the heated
tobacco device. These insights provide a theoretical basis and technical support for the optimal design of both HTP and
the heated tobacco device.

Key words: CT scan; heated tobacco products; porosity; porous media; visualization
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