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Research on convective heat transfer of supercritical-pressure n-decane

in regenerative cooling channels based on combustion coupling

WANG Yanhong. ZHAI Shibo, DOU Hongyu, CAI Shuoqiang, BAI Haoran
(School of Power and Energy, Northeast Electric Power University, Jilin 132012, China)

Abstract: Aiming at the thermal protection problem of scramjet engines, numerical study was
conducted on heat transfer characteristics of supercritical n-decane in regenerative cooling channels with
coupled combustion. Based on the SST k- turbulence model and the eddy dissipation combustion model,
the effects of equivalence ratio (0.2~0.8) on the combustion characteristics of combustor and the heat
transfer performance of regenerative cooling channels were investigated. The distributions of temperature
and velocity fields in the combustor were analyzed, and the distribution characteristics of combustion
species were illustrated. The heat flux and temperature distributions in the regenerative cooling channels
were explored. By analyzing the axial evolutions of Reynolds number and Prandtl number, an empirical
correlation for Nusselt number was established. The results indicate that with the increase of equivalence
ratio, the high-temperature gas flows on both sides of combustor converge at the central region and
propagate upstream to the vicinity of fuel injectors. The enhanced combustion leads to a continuous rise
in combustor temperature, and the high-velocity gas zone expands radially from the center to both sides
until it fills the entire expansion section of combustor. The heat flux and wall temperature on the heated
inner surface of regenerative cooling channels exhibit non-uniform distributions along the axial and transverse
directions. This phenomenon is attributed to the gradual attenuation of combustion along the axial direction,
and the difference in transverse heat flux distribution caused by the thermal conduction of solid wall.

Keywords: combustor; regenerative cooling; n-decane; combustion; heat transfer; equivalence ratio
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