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Direct Numerical Simulation of Turbulent Heat Transfer to Fluids at
Superecritical Pressure Flowing in Vertical Tubes

Joong Hun Bae, Jung Yul Yoo and Haecheon Choi
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Abstract

Turbulent heat transfer to CO, at supercritical pressure flowing in vertical tubes is investigated using
direct numerical simulation (DNS). A conservative space-time discretization scheme for variable-density
flows at low Mach numbers is adopted in the present study to treat steep variations of fluid properties at
supercritical pressure just above the thermodynamic critical point. The fluid properties at these conditions are
obtained using PROPATH and used in the form of tables in the simulations. The buoyancy influence induced
by strong variation of density across the pseudo-critical temperature proved to play a major role in turbulent
heat transfer at supercritical state. Depending on the degree of buoyancy influence, turbulent heat transfer
may be enhanced or significantly deteriorated, resulting in local hot spots along the heated surface. Based on
the results of the present DNS combined with theoretical considerations, the physical mechanism of this local
heat transfer deterioration is elucidated.
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Fig. 1 Schematic diagram of the flow region and
boundary conditions for the present DNS
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Table 1 Comparison of data for CO, in vertical pipes'®

Reference D Qw R® G* quD | Pres.
cm Wiem? W/em bars
Shiralkarand | 0.635 | 15.8 1.00 1.00 10.0 75.3
Griffith
Jackson and 1905 | 5.67 1.24 27.0 10.8 75.8
Evan-Lutterodt
Boukeetal. | 2285 [ 5.10 0.82 46.5 11.6 74.5

® R = Reynolds number/Reynolds number of Shiralkar
and Griffith; G = Grashof number/Grashof number of
Shiralkar and Griffith
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Fig. 4 Comparison of (a) wall and bulk temperatures
and (b) local Nusselt number for varying degrees
of buoyancy at low heating condition, P, = 8
MPa, Re, = 5400, Q" = 0.25, T, = 22 °C: (solid
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Table 2 Grq / Re” variation at inlet for range I

Diameter [D, mm] Remarks
1 2 3
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