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ARTICLE INFO ABSTRACT

Short twisted tapes are used to enhance mixing and heat transfer in tubes. The turbulent flow
in these tubes exhibits particular complexities due to the generation of secondary flows and
helical vortices, and its numerical simulation using the Reynolds-averaged Navier-Stokes
(RANS) equations with two-equation models such as the SST k-w model often involves errors
because the coefficients of these models are not universal.
It is for the first time in this study, that effects of modeling the parameter 5, and turbulent
Prandtl number Pr; on SST k-w simulations of turbulent heat transfer in a tube fitted with a
short-length twisted tape are investigated and compared with experimental data. The goal is
to improve numerical predictions of two key quantities: the friction factor and the Nusselt
number by chosing sitable turbulence model parameters. Reducing S5, from its default value
of 0.09 to 0.06 decreased the simulation error in the friction factor from 12.5% to 0.9%
relative to the reference experimental data. With the turbulent Prandtl number held
constant, lowering 35, also increased the Nusselt number. The influence of 35, on pressure
drop, helical vortex structures, and enstrophy flux were also examined.
To improve heat-transfer predictions, the turbulent Prandtl number was raised from the
default 0.85 to 1.5, which reduced the turbulent heat flux and lowered the simulation error
for the Nusselt number from 13.7% to 2%. The effects of these modifications on wall
g::it”egfsé‘c’gber 05, 2025 temperature were analyzed, and the relationship between the periodic rise in wall
Revised: November 04, 2025 temperature and the rotating vortices formed in the flow was discussed.
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Table 1) Model coefficient values used in the SST k — w turbulence
model

Number Constant Value  Constant Value
1 a 0.556 Ok1 1.176
2 Bia 0.075 Ok 1
3 B, 0.0828 1
] ! o - -
vz @ Fi/0p1 + (1= F1)/ 0y,
1
4 a 0.31 ) _—
* K Fi/0uy+ (1= F)/04,
5 01 2.0 Ou2 1.168
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x-y perpendicular plane (c).
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Fig. 1 A schematic of the short twisted-tape geometry inside the tube

and the numerical simulation domain. Heat addition is performed
in the test section. The geometrical sizes are expressed in terms of
the tube diamater, which is equal to 23.75 mm.
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Fig. 3 Contour plots of the non-dimensioanlized tangential velocity (V,/Uy) (first row) and non-dimensioanl temperature (6) (second row) at
of the twisted tape for the current numerical simulations. The origin x = 0 is at the end of the twisted tape. downstream positions x/D = [0 2 4 6]
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Table 2) Comparison of the e and e, for different meshes.
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