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Experimental and Numerical Investigation on Heat Transfer Characteristics

of Ultra-Supercritical Water in Smooth Tube with Low Mass Flux

QU Mofeng, LIANG Ziyu, ZHAO Yunjie. WAN Li, YANG Dong

(State Key Laboratory of Multiphase Flow in Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: To study the flow and heat transfer behaviors of the water in the water-cooled wall of
an ultra-supercritical circulating fluidized bed boiler and the core channel of supercritical water-
cooled reactor, the heat transfer characteristics of ultra-supercritical water in a @30 mm X 5. 5 mm
vertical upward smooth tube were investigated by both dimensionless parameter analysis and
numerical simulation at the pressure from 21 to 32 MPa, mass flow rate from 410 to 760 kg « m ™’
+ s ', and heat flux from 150 to 430 kW ¢« m™%. According to the experimental results, the
effects of specific heat ratio, buoyancy and thermal induced acceleration on the supercritical water
are discussed. The results show that there is no unique and strong relationship between the
dimensionless parameters and the heat transfer coefficient, and when the dimensionless
parameters are used to predict the heat transfer of supercritical fluids, other parameters need to
be supplemented. The SST kw model was used in the numerical simulation, and the simulation
results are in good agreement with the experimental data, which proves the applicability of the

model. The physical mechanisms of heat transfer enhancement and deterioration in supercritical
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fluids were analysed. It is proved that the main reasons for the heat transfer enhancement and

deterioration are the portion of fluid with large specific heat in the boundary layer and the

buoyancy effect, respectively.

Keywords: ultra-supercritical water; heat transfer; buoyancy effect; thermal acceleration effect
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