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Compressibility Factor Effect on the Turbulence Heat Transfer of
Super-critical Carbon Dioxide by an Elliptic-blending
Second Moment Closure

Han Seong Ho, Choi young Don, Seo jeong Sik and Shin Jung Kun
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Abstract

The present contribution describes the application of elliptic-blending second moment closure to
predict the gas cooling process of turbulent super-critical carbon dioxide flow in a square
cross-sectioned duct. The gas cooling process under super-critical state experiences a drastic change in
thermodynamic and transport properties. Redistributive terms in the Reynolds stress and turbulent heat
flux equations are modeled by an elliptic-blending second moment closure in order to represent strongly
non-homogeneous effects produced by the presence of walls. The main feature of Durbin's elliptic
relaxation second moment closure that accounts for the nonlocal character of pressure-velocity gradient
correlation and the near-wall inhomogeneity guaranteed by the elliptic blending second moment closure.
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Fig. 1 Heat flux boundary condition for a square
duct. (a) constant heat rejection from upper
and lower walls (b) constant heat rejection

from all around the wall



Fig. 2 Schematic diagram showing a straight duct

with a square cross-section
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Fig. 3 Developing secondary flow patterns for

constant heat flux boundary condition
(EBM-Thielen et al.) (a) all around the
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Fig. 4 Developing secondary flow patterns for
constant heat flux boundary condition
(RSM-Cubic Model) (a) all around the
wall. (b) adiabatic condition of side wall

Fig. 5 Developing secondary flow patterns for
constant heat flux boundary condition
(RSM-Liner Model) (a) all around the
wall. (b) adiabatic condition of side wall
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constant heat flux condition of upper
and lower walls and all around the wall
for Re;, = 100,000,P;, = 7.353MPa
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