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Numerical Simulation on the Forced Convective Heat Transfer of
Water at Supercritical Pressure Flowing in a Heated Vertical Tube
Using Low Reynolds Turbulence Models
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Abstract

Numerical simulation was made referring to the Yamagata's experiment for heat transfer of
supercritical water flowing in a vertical tube. Numerical simulation was performed for the
conditions of tube diameter of 7.5mm, heated tube length of 2m, operation pressure at 245 bar,
bulk temperatures from 300 to 4207C, heat fluxes from 465 to 930 kW/m® and mass velocity
1,260 kg/mzsec, by FLUENT code and compared to the Yamagata's experiments. At the heat
flux, 465 kw/m’ a satisfactory results was obtained within the error range lower than 20%
comparing calculations with Yamagata‘'s experiment, and the difference between turbulence
models was not so big. But at the heat flux, 930 kw/mZ, the difference between the
calculations and Yamagata‘'s experiment increased to about 25%, and the difference between
turbulence models increased significantly. The case using RNG k—e and enhanced wall

treatment option of the turbulence models predicted the Yamagata's experiment most well.
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Table 2. Dependent variable and coefficient of the turbulence models
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Table 3. Constant of the turbulence models

Turbulence Models C. C. C. o(or o) | o.(or )
Standard k — ¢"” 0.09 1.44 1.92 1.0 13
RNG k — ¢ 0.0845 1.42 1.68 1.393 1.393
Realizable k — ¢! flk e U 1.44 - 1.0 1.2
Abid™ 0.09 1.45 1.83 1.0 1.4
Lam-Bremhorst™ 0.09 1.44 1.92 10 13
Launder-Sharma'®” 0.09 1.44 1.92 1.0 1.3
Yang-Shih®' 0.09 1.44 1.92 10 13
Abe-Kondoh-Nagano™ 0.09 1.50 1.90 1.4 1.4
Chang-Hsieh-Chen'” 0.09 1.44 1.92 1.0 1.3
Standard k —w'™ - - - 2.0 2.0
SST k— '8 - - - 1.176/1.0 1.0/2.0
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Table 4. Damping Function and Wall B.C of Low Reynolds Number Models

Turbulence Models Ju fi b D E Wall B.C.
5 2
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Table 5. Case summary

Heat Flux Inlet Condition

Turbulence Model (el /] [C] Wall Treatment
465 573, 630, 650, 658
Standard 698 573, 640 Enhanced Wall Treatment

930 573, 610, 650

465 573, 630, 650, 658
RNG 698 573, 640 Enhanced Wall Treatment
930 573, 610, 650

465 573, 630, 650, 658
Realizable 698 573, 640 Enhanced Wall Treatment
930 573, 610, 650

465 573, 630, 650, 658
Abid 698 573, 640 Low-Reynolds Model
930 573, 610, 650

465 573, 630, 650, 658
k — & |Lam-Bremhorst 698 573, 640 Low-Reynolds Model
930 573, 610, 650

465 573, 630, 650, 658
Launder-Sharma 698 573, 640 Low-Reynolds Model
930 573, 610, 650

465 573, 630, 650, 658
Yang-Shih 698 573, 640 Low-Reynolds Model
930 573, 610, 650

465 573, 630, 650, 658
Abe-Kondoh-Nagano 698 573, 640 Low-Reynolds Model
930 573, 610, 650

465 573, 630, 650, 658
Chang-Hsieh-Chen 698 573, 640 Low-Reynolds Model
930 573, 610, 650

465 573, 630, 650, 658
Standard 698 573, 640 Low-Reynolds Model
930 573, 610, 650

465 573, 630, 650, 658
SST 698 573, 640 Low-Reynolds Model
930 573, 610, 650
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Figure 6. Radial distribution of the turbulent kinetic energy at A, B, C, B
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