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Table 1 Basic parameters of the mimerical simulations

Case Case A Case B Case C Case 1D
Aliasing errors removed yes yes o na
Grid 128 128 256° 256%
Velocity damp forcing damp forcing
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Rej, Approximate equation
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THE EFFECT OF TRANSPORTATION OF PASSIVE SCALAR IN
THE HOMOGENEOUS TURBULENCE WITH DIFFERENT
MOLECULAR PRANDTL NUMBERS "

Zhou Haibing  Cui Guixiang  Zhang Zhaoshun
(Department of Fngineering Mechanics, Tsinghua University, Begfing 100084, China)

L. Shao
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Abstract  This paper studies the transportation of passive scalar in statistically stationary
isotropic turbulence with different molecular Prandtl numbers by direct mumerical simulation
(DNS). The mean gradient of scalar is constant. Two cases of grid resolution are computed,
ie. 128 and 256° with several Taylorscale Reynolds numbers respectively in order to see the
Reynolds number effect. The molecular Prantdl mumbers are given at 0.1, 0.5, 0.8, 1.0, 1.2 and 3.0.
The results of DNS are in good agreement with available experimental data, including the decay
of the longitudinal variance and cross-stream variance, the ratio of velocity to scalar timescale,
etc. This paper provides sound evidence that the turbulence Prandt]l number depends on molec-
ular Prandtl number. The turbulence Prandt]l mumber Pro varies linearly with the reciprocal of
molecular Prandt] number in Reynolds average. So the study on the turbulent Prandtl number
is particularly important for lower molecular Prandtl number. We applied dynamic procedure to
obtain subgrid Prandtl number in large eddy simulation. The relationship between subgrid-scale
turbulence Prandtl number Pr;, and molecular Prandtl mumber is more complicated, the mini-
mum Pry occurs around Pr = 1.0. The paper investigates the reason for the minimum of subgrid
Prandtl number. The statistical quantities dominated by small scale turbulence are weakly depen-
dent on the molecular Prandtl mumber, but it is of stronger dependence on the molecular Prandtl
number for the quantities dominant by great scale turbulence. Based on the analysis of transfer
spectrum of scalar flux the appearance of minimum subgrid Prandtl number around Pr = 1 can
be well understood. The production of subgrid scalar flux clearly shows a maximum of around
Pr = 1.0. This is the further explanation of why the subgrid Prandtl mumber takes a minimum
around Pr=1.0.
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