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Numerical Study on Heat Transfer Deterioration of Supercritical
Aviation Kerosene in Vertical Upward Circular Tubes
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Abstract: Numerical study on supereritical convective heat transfer of RP-3 aviation kerosene in vertical
upward circular tubes has been carried out, based on the RNG k—¢& turbulence model with enhanced wall treat-
ment, and a 10—-species kerosene surrogate model. The heat transfer deterioration mechanisms of aviation kero-
sene under supercritical conditions were analyzed in detail. Moreover, the numerical results have been compared
with several conventional empirical heat transfer formulae to investigate the applicability of these expressions. Re-
sults indicate that under relatively high heat fluxes, the abrupt thermophysical properties variations significantly
modify the radial flow fields, leading further to complex heat transfer deterioration phenomena. The heat transfer
deterioration in the low bulk enthalpy region is caused by thermal acceleration, whereas the heat transfer deterio-
ration in the high bulk enthalpy region is due to the radial velocity oscillation. The Bae—Kim formula can be better
used for supercritical heat transfer predictions of aviation kerosene in vertical upward circular tubes. The relative
errors between the predicted values and numerical results are generally within 20%, while the empirical expres-
sion proposed by Bishop et al. is no longer applicable.
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Fig. 1 Sketch map of the physical model and the applied

boundary conditions
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Fig. 2 Meshes of the cross section
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Fig. 3 Models and numerical methods validations
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Fig. 4 Variations of the heat transfer coefficient with bulk

enthalpy at different heat fluxes
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Fig.5 Comparisons of calculated Nusselt number with

empirical formulae at different heat fluxes
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Fig. 6 Relative errors between calculated Nusselt number

and empirical formulae at different heat fluxes
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wall corresponding to the heat transfer deterioration and
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Fig. 11 Mass flux radial distribution corresponding to the

heat transfer deterioration and heat transfer recovered in

the high bulk enthalpy region
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