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Fig. 3 Streamwise distributions of the ()Pr, vy, and o (b) dU/dy, dC/dy,and (dU/dy)/(dC/dy),and (c) w'v', —v'c’,

and w'v'/v'c’ atthe center (y=0).
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Fig. 4 Joint probability density functions of (a-c) u'and v'and (d-f) v'and c¢'. (a, d) ¥/L=0.78 (x/éU =160),
(b, e) x/L=1.38 (x/5U =283), (c, f) x/L=1.95 (x/5U =400) at the center (y=0)
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It is of great importance to investigate momentum and scalar transfer in turbulent shear flows because they appear
in a wide variety of situations in atmosphere and ocean, and many engineering applications. \We have run a direct
numerical simulation of a spatially developing shear mixing layer. The aim of this study is to clarify the effects of
the large-scale structure on the turbulent Prandtl number Pry. It is revealed that Pr; takes a small value (Pry ~ 0.5)
in the upstream region, where the large-scale structure clearly exists. In the downstream region, on the other hand,
Pr; takes nearly a constant value of 0.78. The existence of fluid mass of C=0 and 1.0 significantly influences the

change of Pry in the streamwise direction.
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1. Introduction

It is of great importance to investigate momentum and scalar
transfer in turbulent shear flows because they appear in a wide
variety of situations in atmosphere and ocean, and many
engineering applications. Similarity between momentum and
scalar transfer in turbulent shear flows is often represented by
the turbulence Prandtl number Pry, which is defined by the
ratio of the eddy diffusivity coefficient vy and turbulent scalar
diffusivity coefficient or. In this paper, we investigate the
effects of the large-scale structure on Pry, in a turbulent shear
mixing layer.

2. Direct Numerical Simulation

The present study used the data set obtained in Takamure et
al.[1] Figure 1 shows the schematic of the computational
domain. It has a size of L, x Ly x L, = 21L x L x 0.8L
resolved by N, x Ny x N, = 2,210 x 1,350 x 780. As the inlet
condition, the upper stream and lower stream are given as U,
=20and U, = 1.0 (4U = Uy - U, = 1.0), respectively. The
Reynolds number based on the average velocity (=(U;+U,)/2)
and L is Re =10000. The initial scalar values for the upper and
lower streams are set to C; = 1.0 and C, = 0, respectively. The
molecular Prandtl number was set to Pr = 1.0.

The governing equations were solved by fractional step
method. The 3rd-order Runge-Kutta method and
Crank-Nicolson method were employed for time marching. A
2nd-order central difference scheme was used for
discretization in the x and z directions, while 4th-order central
difference scheme was used in the y direction. For more
details, please refer Takamure et al. [1]

L,=10L
(N,=1,350)
L,=08L
(N,=780)
|
L=21L
(N, = 2,210)

Fig. 1 Schematic of computational domain.

3. Results and discussion
Figure 2 (a) shows the streamwise distributions of Pr+, o, and
vr. Pry changes in the region of x/L<1.4. In the further
downstream region, Pry takes a constant value of Pry =0.78. It
is known from past studies that, Pr takes a value from 0.5 to
1.0 in various turbulence fields for fully-developed turbulence.
To investigate in more detail, we show dU/dy, dC/dy, and
(dU/dy)/(dC/dy) in Fig. 2 (b) and -u'v', —v'c’, and
u'v' /v'c’ in Fig. 2 (c), respectively, because they consist of
ar and vr. Here Uand Care the mean velocity and
concentration, respectively. Also u’, v’, and ¢’ are respectively
the streamwise and vertical velocity fluctuations and scalar
fluctuation.  These figures indicate that the variation of Pry is
mainly caused by the difference in the distributions of
u'v' and —v'c’ . Therefore, the joint probability density
functions (JPDFs) for these terms were calculated.

Figures 3 shows the JPDFs for u’ and v’ and for ¢’ and v’.
Here, u’, v’, and ¢’ are normalized by the root mean square
values of themselves. The JPDFs of u” and v’ take a negative
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correlation and a similar distribution at each downstream
location (x/L=0.78, 1.38, and 1.95). The JPDFs of ¢’ and v’
show generally similar distributions but, in the upstream
region (x/L=0.78), there exists regions of C=0 and 1.0 in the
scalar field. Although detailed explanation cannot be made
here due to limitation of the pages, further analysis showed
that large-scale structures contribute to this phenomenon.

4. Conclusion

The present study reveals that the existence of fluid mass of
C=0 and 1.0 significantly influences on the change of Pry in
the streamwise direction. This phenomenon appears in the
region where the large-scale structure clearly exists.
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Fig. 2 Streamwise distributions of the (a)Prr, vr, and ., (b) dU/dy, dC/dy, and (dU/dy)/(dC/dy),and (c) u'v', —v'c,

and u'v'/v'c’ at the center (y=0).
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Fig. 3 Joint probability density functions of (a-c) u’and v'and (d-f) v'and ¢’. (a, d) x/L=0.78 (x5, = 160), (b, €)
x/L.=1.38 (x/(SU =283), (¢, f) ¥/L=1.95 (x/(SU =400) at the center (y=0)
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