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Numerical Simulation of Temperature Fluctuation Downstream from a T-Junction
-Evaluation of Computational Grid Influence Using LES Dynamic Model-
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Thermal fatigue crack may initiate at mixing tee where high and low temperature fluids flow in and mix. In
order to prevent piping failure caused by thermal fatigue, an evaluation procedure of fluid temperature
fluctuation at mixing tee using numerical simulation has been developed. This paper compared results of three
computational grids of different resolution and discussed the effect of the grids resolution on predictions. The
same simulation conditions were set same as WATLON experiments performed at Japan Atomic Energy
Agency: wall jet condition that the jet from the branch pipe flowed along the main pipe wall. Time-averaged
temperature distributions with different grids almost agreed well with the experimental results. Each grid
overestimated fluctuation temperature than the experimental result, that is, all of the grids can be used to
evaluate conservative result. Hence, the coarsest grid of them seems to be enough for practical use. Predicted
results seem to be affected by not only overall but local grid resolution and it is preferable to optimize the grid

resolution according to the target flow fields.
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Table 1 Simulation conditions

Software FLUENT 12.1.2

Fuid Water, Fluid properties at 40.5 °C

Turbulence model LES Dynamic (Smagorinsky-Lilly)

1.46 nv/s (1/9 power law), 48°C
Main
Inlet Fluctuation (Vortex method)
Boundary -
Branch 1.0 nv/s (1/8 power law), 33°C
condition
Outlet Outflow
Wall Wall function, Adiabatic
Coupling SIMPLE
Solution
Convection | Momentum Bounded central differencing
method
term Energy Bounded central differencing
Method, Time step 2nd order backward Euler, 0.002 s
Initial Coarse Result of DES
Time condition | Fine, Bench Result of coarse grid
Sampling Corse 5~10s
period Fine, Bench 3~8s
Adiabatic wall
@ P T T,=33°C
U, =146 m/s
T,=48°C

Fig. 1 Computational domain and boundary conditions

Outlet

Fig. 2 Size of computational domain
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(a)Benchmark mesh (Cross section 3650 cells)

Fig. 3 Computational grids ( cross-sectional view)
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(b) Coarse mesh (Cross section 3328 cells)

A=25mm ~_ Firstlayer thickness = 0.5 mm
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(c)Fine mesh (Cross section 5280cells)
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(c) Fine mesh

Fig. 3 Computational grids ( cross-sectional view)

Fig. 4 Computational grids ( lateral view)
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(c) Fine mesh (a) Benchmark mesh
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Fig. 6 Profile of time-averaged temperature at z= 0.5 D, (c) Fine mesh

Fig. 7 Distributions of temperature fluctuation intensity
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Fig. 8 Profiles of temperature fluctuation intensity
(z=0.5 Dy, and 1.0 Dy, radial direction)
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Fig. 9 Profiles of fluctuation temperature intensity

(z= 0.5 Dy, and 1.0 Dy, circumferential direction)
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