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Influence of Non-uniform Heat Flux on Convective Heat Transfer of
Supercritical Carbon Dioxide under Different Inclination Angles

SHEN Nan-nan, GAO Ming, WANG Zhi-yun,ZHONG Shao-geng
(School of Energy and Power Engineering, University of Shanghai for Science and Technology, Shanghai, China,Post Code:200093)

Abstract; In order to investigate the influence factors of convective heat transfer of supercritical carbon
dioxide (SCO, ) ,the heat transfer of SCO, under different heat flux densities, pipe placement angles, mass
flow rates and pressure values in the upper and lower half cycles was studied, considering the uneven heat
flux density caused by the pipe angles and the thickness of the steel pipe wall. The simulated metal pipe
has outer diameter of 16 mm,inner diameter of 12 mm and length of 1 500 mm. The heat flux density on
the outer wall is 425.6 kW/m’. The outlet pressure parameters in the pipe are 7.6 MPa,8.5 MPa and
9.5 MPa respectively; the mass flow rates are 101.788 kg/s,76.341 kg/s and 50.894 kg/s respective-
ly; the pipe inclination angles are 0° (horizontal) ,30°,45°,60° and 90° (vertical ) respectively. The re-
sults show that under the uniform heating condition, the heat flux density in the upper half cycle of the

steel pipe inner wall is lower than that in the lower half cycle due to the heat conduction of the steel pipe;
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with the increase of inclination angle , the secondary flow kinetic energy decreases,the heat flux density in

the upper half cycle gradually approaches that in the lower half cycle, at the same time the heat transfer

coefficient in the lower half cycle decreases and that in the upper half cycle increases. Under the non-u-

niform heating condition , along the flow direction, the heat transfer coefficient in the upper half cycle is

higher than that in the lower half cycle at the beginning,and as the fluid temperature increases, this phe-

nomenon will reverse. When the mass flow and the pressure increase ,the heat transfer coefficients both in-

crease in the upper and lower half cycles of the pipe,and the peak temperature of the pipe inner wall can

be reduced. The temperature difference between the upper and lower half cycles is related to the seconda-

ry flow kinetic energy under different heating methods.

Key words: supercritical carbon dioxide ,non-uniform heat flux, inclination angle,heat transfer perform-
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Fig. 12 Influence of pressure on temperature and heat

transfer coefficient in upper and lower half cycles
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