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Coupled Radiation and Convection Heat Transfer
in High Temperature Heated/Cooled Tubes
with Inside ParticipatingM edium Flowing
X A Xin-lin*?, HUANG Yong®, L U-Shun-long", TAN He-ping’

{1 Pow er Engineering D epartment, Harbin Engineering U niversity,Harbin 150001, Ching; J
2 School of Energy Science and Engineering, Harbin Institute of T echnology, Harbin 150001, Chin

Abstract: The coupled radiation and-convection heat transfer in high tenperature heated,/cooled
tubesw ith inside participating'medium flow-ing is-investigated by numerical smulation The laminar
flow is developed with~a Paiseuille\velocity--distribution but themal status is developing By the
discrete ordinate method, the ‘nonlinear integrodifferential radiative transfer equation in cylindrical
coordinate systam is 0lved)to obtain-the radiative source tem in the energy equation A nd the energy
equation for the coupled-heat-transfer is discretized by the finite difference approximation The local
N usselt number andw all heat flux for convection and the total w all heat flux for coupled heat transfer
are used to evaluate the influence of radiation on convection The effects of the medium themal
conductivity, scattering albedo and phase function asw ell as thew all enissivity are discussed based on
the calculated results The analysis show s that the effect of radiation weakens convection heat
transfer, but compared with the smplex convection, the coupled heat transfer accelerates the
development of temperature field and significantly shortens the tube length with obvious heated/
oooled effect D ifference appears betw een the two casesof coupled heat transfer in heated/cooled tubes
even though themedium property parameters keep constant Thew all emissivity, themedium themal
conductivity and scattering albedo have great influences on the coupled heat transfer,w hile the effect
of themedium scattering phase function is snall

Key words ooupled radiation and convection heat transfer; heated/cooled tube;
participating medium; numerical simuation



