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We have examined effects of variation of turbulent flow at large scales on the transport of particles with size below the

Kolmogorov scale by using large scale numerical simulation. It is found that the probability density function of the longitudinal

velocity gradient is insensitive to the variation while the collision rate of particles in turbulence excited by mean shear becomes

smaller than the case for the random excitation at large scales alone as the Stokes number increases. Also found is that the local

particle clustering within a small domain tracked along its Lagrangian trajectory can be weaker than that computed in the global

domain, which suggests that the collisional growth of particles in some local domain is slower than would for the overall mean

growth and leads to a wider spectrum in particle radius.
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1. Effects of turbulence driving at large scales on

the collision kernel of inertial particles

It has long been considered that when Reynolds number
is high the fluid motion and scalar transfer at small scales in
turbulence are independent or insensitive to dynamics at large
scales [1]. In actual turbulence the small scales are excited at all
scales from large to Kolmogorov scales by the uniform mean
velocity (or scalar) gradient, for example, turbulence within
a parcel ascending inside a maritime cumulus cloud [2]. In
order to see to what extent the small scales of motion and the
collisions of particles with size smaller than the Kolmogorov
length are affected when the excitation scheme of turbulence
is changed, we have conducted direct numerical simulations
(DNS) of homogeneous turbulence with small particles with two
types of forcing; Type A: a force linear in the velocity Fourier
mode with time dependent amplitudes which is determined by
a prescribed rate of power input and applied to all wavenumber
band, Type B: the same force but applied only at low

wavenumber band, as
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Type A forcing mimics the excitation of turbulence under the
uniform mean shear. It is found that the PDFs are insensitive to

the variation of the forcing scheme (figure not shown). Figure
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1 shows the variation of the collision number (collision kernel)
against the Stokes number (St) for two methods. The collision
number for type A forcing becomes smaller than that for Type B
when the Stokes number increases, suggesting that the collision

frequency is affected by the large scale properties.

2. Clustering of particles in locally nonequilibrium

domain in homogenous turbulence

Turbulent flow enhances inter-particle collisions in clouds,
spray or coal combustors. There have been numerous researches
on the turbulent-collision process. Due to the rapid progress
in computational performance, many new findings have been
obtained by numerical simulations [3]. The findings are,
however, basically for turbulent flows in equilibrium states
and few findings in non-equilibrium flows. This study aims
to investigate the turbulent-collision mechanism in a non-
equilibrium state by means of a direct numerical simulation.
We use the Lagrangian Cloud Simulator (LCS: [4][5]) that
solves the continuity and Navier-Stokes equations with a finite-
difference method and tracks the particle motion. The collision

kernel is formulated by

K (r,mp) = ZﬂR%2(|Wr(X = Ri2)1)g12(x = Ry3),

where R,,=r+7, is the collision radius, <|w, (x=R;,)]> the radial
relative velocity at contact separation and g,, (x=R,,) the radial
distribution function (RDF) at contact separation. We used 2,048
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grids for flow and tracked 10 particles with the Stokes number
of 0.4 to obtain global and local collision statistics. Statistically
steady state in homogeneous isotropic turbulence was achieved
by forcing at large scales. The flow is in equilibrium state in the
global (whole) domain, but not necessarily in a local domain.
Here we tracked a small domain moving with a marker particle
to obtain local statistics. Figure 2 shows the time variation of the
RDFs quantifying the clustering effects of particles. The RDFs
for the global and local domains are shown in black and red,
respectively. If time average is taken over the displayed time
period (comparable with integral time), their values are 15.4
and 11.9, respectively. This significant difference may cause
errors in collision growth prediction if it is based on the global

statistics alone.
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St
Time averaged collision kernel against Stokes number for two
types of forcing: red: Type A, green: Type B, blue: Saffman
Turner’s theory.
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Fig.2 Time variation of radial distribution functions for global and

local domains. black: global g,,% and red: local g,,"".

181

References

[1] T. Gotoh, and T. Watanabe, “Power and nonpower laws of
passive scalar moments convected by isotropic turbulence”,
Phys. Rev. Lett. 115, 114502, (2015).

T. Gotoh, T.Suehiro, and I. Saito, “Continuous growth of
cloud droplets in cumulus cloud”, New J. Phys. 18 (2016)
043042 (19 pages).

R. Onishi, and J.C. Vassilicos, “Collision Statistics of
Inertial Particles in Two-Dimensional Homogeneous
Isotropic Turbulence with an Inverse Cascade”, J. Fluid
Mech. Vol.745, 279-299 (2014).

[4] R. Onishi, K. Takahashi and J.C. Vassilicos, “An Efficient
Parallel Simulation of Interacting Inertial Particles in
Homogeneous Isotropic Turbulence”, J. Comp. Phys., Vol.
242, 809-827 (2013).

R. Onishi, K. Matsuda and K. Takahashi, “Lagrangian
Tracking Simulation of Droplet Growth in Turbulence
- Turbulence Enhancement of Autoconversion Rate”,
J.Atmos.Sci., Vol.72, 2591-2607 (2015).






