
Accepted Manuscript

Title: Numerical investigation of supercritical water turbulent
flow and heat transfer characteristics in vertical helical tubes

Author: Houjian Zhao Xiaowei Li Xinxin Wu

PII: S0896-8446(16)30532-0
DOI: http://dx.doi.org/doi:10.1016/j.supflu.2017.03.016
Reference: SUPFLU 3885

To appear in: J. of Supercritical Fluids

Received date: 9-12-2016
Revised date: 13-3-2017
Accepted date: 17-3-2017

Please cite this article as: H. Zhao, X. Li, X. Wu, Numerical investigation of supercritical
water turbulent flow and heat transfer characteristics in vertical helical tubes, The
Journal of Supercritical Fluids (2017), http://dx.doi.org/10.1016/j.supflu.2017.03.016

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

http://dx.doi.org/doi:10.1016/j.supflu.2017.03.016
http://dx.doi.org/10.1016/j.supflu.2017.03.016


Page 1 of 40

Acc
ep

te
d 

M
an

us
cr

ip
t

1 

 

Numerical investigation of supercritical water turbulent flow 

and heat transfer characteristics in vertical helical tubes 

Houjian Zhao, Xiaowei Li*, Xinxin Wu 

Key Laboratory of Advanced Reactor Engineering and Safety of Ministry of Education, 

Collaborative Innovation Center of Advanced Nuclear Energy Technology, Institute of 

Nuclear and New Energy Technology, Tsinghua University, Beijing 100084, China 

*Corresponding author. Tel.: +86-10-62784825, fax: +86-10-62797136 

E-mail address: lixiaowei@tsinghua.edu.cn 

Abstract: 

Heat transfer of supercritical water turbulent flow in helical and straight tubes is simulated using 

the SST 𝑘 − 𝜔  model to investigate the effects of property variations, buoyancy forces and 

centrifugal forces. Compared with constant property water flow, centrifugal forces near the wall 

are decreased due to lower densities while centrifugal forces in the center are increased due to 

higher densities, which result in stronger secondary flow intensity for supercritical water flow. 

Due to large buoyancy forces, the secondary flow is stretched. The maximum secondary flow 

velocity near the bottom wall region is 17.6% higher than that near the top wall region. For 

heating conditions, the axial velocities are accelerated in the flow direction and result in 

increased secondary flow intensities. However, when the bulk temperature reaching the pseudo-

critical temperature, the temperature distributions are flattened and the non-uniformities of wall 

temperature distributions are decreased due to the higher effective thermal conductivities. 
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