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Temperature Prediction of Al6061 Tube in Cryogenic Heat Treatment by CFD Analysis
and Experimental Verification
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The purpose of this study is to establish the analysis method for prediction of temperature during
cryogenic heat treatment. Experimental cryogenic heat treatment is conducted to observe the
phenomena such as boiling of fluid, ice layer on the material surface and to measure the
temperature distribution of AI6061 tube. The CFD analysis considering the observed phenomena
in the experiment is performed to predict the temperature distribution and convection heat
transfer coefficient at each stage of cryogenic heat treatment, in which the boiling of fluid is
considered as the multi-phase condition of vapour and liquid. The formation of ice layer on the
tube surface is also modeled between material and fluid. The predicted results are in good
agreement with the experimental ones. From the results, it is shown that the analysis method can
predict the temperature distribution and convection heat transfer coefficient during cryogenic heat
treatment.
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Fig. 4 Formation of ice layer at tube surface during up-
hill quenching and thickness of ice layer after 5 s
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Fig. 5 FE-model and boundary condition for CFD

analysis

Table 1 Thermal properties of material and fluid
. Thermal | Spec. heat
Density .
Value (kg/?) cond. capacity
Type (W/m-K)| (J/kg-K)
Al6061 2,713 180 963
0°C
917 2.093 2,057
(Ice)
25°C
L 997 0.607 4,182
(Liquid)
Water
100°C
Lo 958.4 0.679 4,215
(Liquid)
100°C
0.59 0.025 2,080
(Vapour)
LN
. 2 ] 806.08 | 0.145 | 2,041
Nitro- | (Liquid)
en N
£ : 125 | 0.026 | 1,040
(gas)
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Fig. 6 Effect of temperature between single and
multiphase analysis for water quenching
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Fig. 9 Comparison between results of experiment and FE-simulation for temperature and heat transfer coefficient
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