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An analysis of scalar dissipation structures through DNS of
turbulent heat transfer in a channel flow
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ABSTRACT
The structures of the scalar dissipation field are studied by performing direct numerical simulations of a turbulent channel flow with passive
scalar transport. The Reynolds number is set to be 180, 395 and 640 based on the friction velocity and the channel half-width. The
molecular Prandt] number is 0.71. Near the wall, the scalar dissipation field is associated primarily with anisotropic structures, which reflect
the presence of quasi-streamwise vortices, whereas away from the wall, it is mainly sheet-like in form.
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Fig. 1 Mean-square values of the vorticity components and
temperature derivatives at Pr=0.71 normalized by wall units:
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Fig. 2 Correlation coefficients of the vorticity components and
temperature derivatives at Pr=0.71.

Tablel Domain size, grid points and spatial resolution.
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Fig. 3 Contours of the instantaneous enstrophy and scalar
palinstrophy in the x-y plane for Pr=0.71 and Re.=640: (a)
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Re, 180 395 640
LyxLyxL, 12.85 % 26 x 6.48 12.85 % 28 % 6.48 12.85 x 26 x 6.48
L, xL,xL," 2304 x 360 x 1152 5056 x 790 x 2528 8192 x 1280 x 4096
Ny X Nyx N, 512x 128 x 256 1024 x 192 512 2048 x 256 x 1024
AX", Ay, Az* 4.50, 0.20~5.90, 4.50 4.94,0.15~6.52,4.94 4.00,0.15~8.02, 4.00
Ax., Ay, Az, 1.23,1.61,1.23 1.12,1.48, 1.12 0.81, 1.62, 0.81
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