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CHANNELS AND STRESS ANALYSIS OF VARIOUS CONFIGURATIONS

SONG Hongwei ** JI Kexing ** HUANG Chenguang ** LUO Shukun *?
(1 Hypersonic Research Center CAS, No.15 Beisihuanxi Road, Beijing 100190, China)

(2 Key Laboratory of Hydrodynamic and Ocean Engineering, Institute of Mechanics, CAS, No.15 Beisihuanxi Road, Beijing 100190, China)

Abstract 3D numerical models of active cooling channel structures were built based on MFX method to solve
the coupled fluid-structural interaction and conjugate heat transfer problem. In the model, the interface of fluid
and solid was specified to transfer the temperature and the heat flux data in each load step, and the thermal
properties of kerosene coolant and thermal-mechanical properties of Ni-based alloy are set to be varied with
temperature. Stress field was further calculated based on the results of transient temperature field. Notice the
significant stress concentration at cooling channel corners, three configurations of active cooling channels, i.e.,
square cross section channel, chamfered square cross section channel and semi-circular cross section channel,
were compared with their heat transfer characteristics and thermal stress distribution. Significant stress
concentration is found in the inner surface of cooling channel, and the high tensile stress is harmful to the
welding strength. The semi-circular cross section channel shows the worst cooling behaviors, and the stress
concentration is also the most prominent. When the coolant flow rate decreases from 5m/s to 2m/s at the inlet,

the cooling effects are weakened.
Keywords active cooling, thermo-fluid-solid coupling, transient heat transfer, turbulent, thermal stress
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