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Abstract - In this study, a non-load heating experiment was performed to determine the effect of air layer application and
surface emissivity within the air layer on the heat transfer of steel plates, the temperature change trend for each specimen was
also analyzed through heat transfer analysis. Furthermore, the temperature of the non-heating surface was predicted by per-
forming variable analysis according to the air layer ratio of the total thickness and the change in surface emissivity within the
air layer. About the predicted temperature, the heat transfer of the steel plates with and without an air layer was quantified
using an equivalent temperature coefficient, and an optimal air layer structure that minimizes heat transfer was proposed. In
the proposed optimal air layer structure, the heat transfer of the double-layer steel plates were established through the equi-
valent temperature coefficient function according to the change in surface emissivity within the air layer.

Keywords - Steel plate, Air layer, Heat transfer, Emissivity, Equivalent temperature coefficient
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Fig. 1. Decision of air layer thickness according to
Rayleigh number
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Fig. 3. Heating curves of non-load heating experiment
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Table 1. Results of non-load heating experiments

Shecimen T1 gmax ) | T2 (omax.) f,'T
) 4®) (O

BS A0 280.5 260 20.5
BS A2 367 160.4 206.6
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GS A2 LE 349 72.3 276.7
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Table 2. Comparison of accuracy between heat transfer analysis and non-load heating experiment
T1 T2 Accuracy
Specimen ) ) (%)
Test ANSYS Test ANSYS T1 T2
BS A0 280.5 279.6 260 273.7 99.6 94.9
BS A2 367 348.5 160.4 172.3 95.0 93.1
GS A2 322 314.9 90.1 93.2 97.8 96.7
GS A2 LE 349 3414 72.3 80.0 97.8 90.4
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Fig. 9. Trend analysis between non-load heating experiment specimens
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Fig. 10. Air layer ratio-temperature coefficient(k) curves of variable analysis models
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Fig. 12. Comparison of accuracy for equivalent temperature
coefficient(k) between estimation and variable analysis
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