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Thermal Characteristics of Heating Devices under Rotating Condition
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ABSTRACT: The work aims to investigate the impact of self-rotational effects on the internal flow and heat transfer character-
istics of a heating device under global and local heating conditions, so as to guide the engineering design of heating devices for
environmental testing. Through numerical simulations, the distribution characteristics of the velocity and temperature fields
within a self-rotating heating device under actual global and local heating conditions were examined, along with the average
heat transfer performance of the heating wall. The impact of rotational effects on key technical indicators of the heating device,
such as the temperature rise rate, target equilibrium temperature, and temperature non-uniformity, was analyzed. The flow ve-
locity within the device initially weakened and then strengthened with the increasing rotational effects. At a rotation speed of 1
000 r/min, the internal air flow was suppressed by the rotational effect, while at the speed exceeding 1 000 r/min, the rotational
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effect promoted the internal air flow. Under globa heating conditions, the temperature rise rate of the heating device ranged

from 20.92 K/s to 34.43 K/s for the rotation speed ranging from O r/min to 10 000 r/min. The internal equilibrium temperature
initially increased and then slightly decreased with the increasing rotation speed. Under local heating conditions, the temperature
rise rate ranged from 3.47 K/s to 4.49 K/s, with the highest internal equilibrium temperature observed at 1 000 r/min. The tem-

perature non-uniformity within the device became more complex due to uneven heating of the sidewalls. The design of heating

devices must fully consider the impact of rotation speed on the temperature rise rate and equilibrium temperature. Additionally,

larger heating areas lead to greater temperature non-uniformity within the device, which should also be addressed in the design

process.
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Fig.1 Physical model: a) global heating conditions; b) local heating conditions
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Fig.4 Velocity fields corresponding to different rotation speeds under global heating conditions and local heating conditions:
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Fig.6 Temperature rise curves under global heating conditions and local heating conditions: a) global heating conditions;
b) local heating conditions
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Fig.7 Temperature field non-uniformity under global heating conditions and local heating conditions:
a) global heating conditions; b) local heating conditions
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