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Table 1 Grid parameters and computational domain

Run 1 2
N 6
t 0.1875 M
o 0.34
Rey 5000 9000
Ly XLy XL, 32M X 6M X 6M
Ny XN, XN, 3200 X 450 X 4800 X 600 X
450 600

[
Uniform

condition
Up=1.

Fig.1 Schematic of computational domain
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Fig.3 Averaged scale-by-scale energy transfer budget
normalised by the averaged energy dissipation &%
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It is known that non-equilibrium turbulence, in which production and dissipation of turbulent energy do not balance,

appears in grid turbulence. In this study, inter-scale transfer of energy and scalar were investigated by using the

structure functions. Direct numerical simulations were performed for grid turbulence with Rem=5000 and 9000,

where Rewm is the Reynolds number based on the grid mesh size and uniform velocity. It is revealed that the

advection term is dominant at around r = A, where A is the Taylor’s micro scale, in turbulent energy transfer,

while the production term is dominant in scalar transfer. Also contribution by the non-linear term increases with the

Reynolds number.

Keywords : Grid turbulence, Inter-scale transfer, Turbulence energy, Scalar transfer, Non-equilibrium

1. Introduction

Grid-generated turbulence is one of the canonical flows in
turbulence study. Past studies have revealed that the grid
turbulence often includes non-equilibrium region, where
production and dissipation do not balance (V. In this regard,
two-point analysis using the structure function is a
powerful tool to clarify the inter-scale transfer, and
researchers have investigated the flow characteristics ().
On the other hand, although the corresponding equation
for scalar transfer was suggested®, it has rarely applied
to those flows. In this study, therefore, we performed
direction numerical simulations for grid turbulence and
analyzed the inter-scale transfer of turbulent energy and
scalar.

2. Direct numerical simulation

Figure 1 shows the computational domain. The origin of
the cordinates us tge center of the turbulence-generating
grid, and X, Y, z indicate the streamwise, vertical, and
spanwise directions, respectively. The Reynolds number
based on the uniform velocity and grid size were set to
Rey; = 5000 and 9000. The passive scalar concentration
of the upper stream (y = 0) and lower stream (y < 0)
were setto C; = 1.0 and C, = 0, respectively.

The governing equations are the continuity equation,
Navier-Stokes equation for velocity and convection-
diffusion equation for scalar. Fractional step method ©
with third-order Runge-Kutta method was mainly
employed to solve the equations®. For spatial
discretization, forth-order central difference scheme was
mainly employed.

=10

Uniform
condition
Up=1.0

C,=0.0

Fig.1 Schematic of computational domain

3. Results and discussion

Due to page limitation, we cannot present the evidence
here but it is confirmed that from the centerline
distribution of C, that, C, increases in the entire region in the
case of Rey = 5000 while it becomes constant from
around X/ M =20.

To clarify the inter-scale transfer of turbulence energy
and scalar, scale-by-scale budget equations for energy
(SBS equation) and scalar (SBSS equation) were solved.
Figures 3 and 4 show the results at X / M = 20. These
figures indicate that the advection term A in the SBS
equation (energy) and production term P, in the SBSS
equation (scalar) are not negligible at around r = A. It is
also confirmed that the non-linear transfer terms,
IT and [I, take the maximum values here, meaning that
active turbulent transport is active at around r = A.

4. Conclusion
Direct numerical simulations were performed for grid
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turbulence with Reynodlds numbers of 5000 and 9000.
The equilibrium state and inter-scale transfer of turbulent
energy and scalar were investigated by SBS/SBSS
equations. It is clarified that the advection term in the SBS
equation (energy) and production term in the SBSS
equation (scalar) are not negligible at around r = A. It is
also confirmed that the non-linear transfer terms take the
maximum values here, meaning that active turbulent
transport is active at around r = A.
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Fig.4 Averaged scale-by-scale scalar transfer budget
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