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Numerical Analysis of Three-Dimensional Turbulent Heat Transfer
in a 180°-Bent Tube by Two-Equation Heat Transfer Models

Hitoshi SUGIYAMA, Mitsunobu AKIYAMA and Toshihisa SHIMIZU

A numerical analysis of convective heat transfer has been performed for a three-dimensional
turbulent flow developing in a 180°-bent tube with straight inlet and outlet sections using several two-
equation heat transfer models. The calculated results for three types of turbulent model for tempera-
ture field are compared with the available experimental data. Althouth the calculated results using
the three models predict well the experimental data of time -averaged temperature, one of these
models shows a tendency to overpredict the experimental result. Near the bend inlet the decrease of
local Nusselt number, which is caused by laminarization, is observed experimentally at the inner
wall. By comparing this decrease of local Nusselt number with the calculated results, we find some
discrepancies among the heat transfer models. As regards the difference among the models, the eddy
diffusivity for heat is examined quantitatively. As a result of this examination, it is clarified that a
reasonable prediction is dependent on the model of the eddy diffusivity for heat and that the mixed
time scale, which is a parameter of the eddy diffusivity for heat, plays an important role in predicting
the temperature distributions. Therefore, it is necessary to propose on elaborated mixed time scale
in order to predict precisely the convective heat transfer in both the near- wall region and a region
remote from the wall.

Key Words: Numerical Analysis, Turbulent Flow, Heat Transfer, Forced Convection, Pipe Flow,
Two-Equation Heat Transfer Model
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Table 1 Constants in the two equation model for
scalar turbulence

model Cs Cri Cea Co Cos T n (20 C.:
NK 0.11 1.80 0.72 | 2.2 0.8 1.0 1.0 1.9
NTT 0.10 1.70 | 0.64 | 2.0 0.9 1.0 1.0 1.9
ANK 0.10 1.90 | 0.60 | 2.0 0.9 1.6 1.6 1.9
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Fig.8 Normalized temparature profiles of zero -equa-
tion and two equation heat transfer models
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