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ARTICLE INFO ABSTRACT
Article history: In this study, we evaluated the effects of simplifying the geometry of simulated
Received 15 October 2025 pins inside a baking chamber in a numerical analysis of heat transfer dynamics.

Revised 5 November 2025

Accepted 6 November 2025 Under identical boundary conditions and pin layouts, the average temperature on

the top surface of a glass panel was 402.3426 K with a truncated cone-shaped pin
and 402.3113 K with a cylinder-shaped pin, with a difference of 0.0313 K. The

Keywords: peak-to-valley temperature difference (AT) was 7.8501 K and 8.0164 K
Geometry' Slmphﬁca'non respectively, which differed by 0.1663 K (~2.12 %). In contrast, the computational
Computational ejfﬁc1ency efficiency of the simulation improved considerably, with the number of cells
Natural convection reduced by 60.8 % and the time required to obtain a solution shortened by 66.7 %.
Heat transfer These results indicate that using simplified models (e.g., cylindrical pins) can
Computational fluid dynamics (CFD) reduce computational costs substantially without sacrificing accuracy for global
measures such as the overall distribution and uniformity of temperature in a given
space .
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Fig. 2 Proximity pin geometries: (a) baseline detailed pin; (b)
simplified I (truncated cone); (c) simplified II (cylinder)
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Table 1 Mesh set-up parameters

1

Truncated cone pin applied geometry Cylinder pin applied geometry
Label M1 M2 M3 M1 M2 M3 M4
Glass
. 2.8 2.4 2.0 2.8 2.3 2.0 1.7
(bodysize, mm)
Glass side Min 0.14 Min 0.115 |(Min 0.10 Max| Min 0.09 Min 0.14 Min 0.115 Min 0.10 Min 0.09
(proximity, mm) | Max 0.28 Max 0.23 0.20 Max 0.18 Max 0.28 Max 0.23 Max 0.20 Max 0.18
Pin top 0.35 0.29 0.25 0.225 0.14 0.12 0.10 0.08
(facesize, mm)
Pin bottom 0.85 0.69 0.60 0.54 0.85 0.69 0.60 0.54
(facesize, mm)
Cell count 4,091,737 5,913,137 8,142,735 10,410,497 4,077,529 6,064,953 8,162,740 10,389,722
o ‘— w T P
jmu,m,vs’(cm-) \( M2 (5,892.937 Cells) Ms\umall[s) M4 (10,410,497 Cells) ]jﬂ_o}- E]- Zﬂ' ]- ° é J]—E]—D]Ei Table 10ﬂ L]-E]-M'Q'D:]’ Zf Pin
AHA
[e]

PR B S

(a) Truncated cone

M3 (8,162,740 Cells)

I M4 (m,sas/hmq

\ M2 (6,064,9# Cells)

(b) Cylinder
Fig. 3 Mesh resolution levels (M1-M4) for simplified proximity
pin models
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Table 2 Material properties
. . Borosilicate
Properties Air Vespel Al (elass panel)
Density
(keg/m) Ideal gas 1430 2719 2230
Specific heat
(ke'K) 1005 1000 871 830
Thermal
conductivity 0.026 0.35 202.4 1.2
(W/m'K)
Internal - 0.9 0.9 0.88
emissivity
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Fig. 4 Comparison of pin heat flux across mesh resolution levels
(M1-M4) with the theoretical value

Table 3 Computational efficiency of each pin model

Efficiency
Truncated . . .
Category . Cylinder pin (relative to
cone pin
truncated cone)
o,
Cell count 10,410,497 4,077,529 608 .A)
reduction
0,
. 13000. ~ 120 min | ~ 40 min 66.7 .A)
1teration time reduction
3 0,
Mesh generatlon ~ 40 min ~ 10 min 87.5 .A>
time reduction
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Fig. 5 Glass Surface temperature profile (Line 1, 2)
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