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We have performed direct numerical simulations (DNS) for inertial particles in homogeneous isotropic turbulence in order

to clarify a part of the complex turbulent processes in Earth science. The DNS data has been used for the investigation of (i) the

influence of turbulent clustering of cloud droplets on radar reflectivity and (ii) the influence of turbulent collisions on droplet growth

in turbulent clouds. As for (i), it has been clarified that the settling of droplets would suppress the enhancement of radar reflectivity

factor by turbulent clustering. The DNS for (ii) has provided turbulent collision statistics that can be the reference for collision model

intercomparisons.
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1. Influence of gravitational settling of cloud droplets
on turbulent clustering and radar reflectivity factor
Cloud turbulence forms an inhomogeneous distribution

of water droplets, often referred to as turbulent clustering or

preferential concentration. The inhomogeneous distribution
may affect radiations [1]. A direct numerical simulation (DNS)

of particle-laden turbulence have been performed to observe

Fig. 1 Droplet distribution in x-y cross section for St=1 at Re,=204

(droplets in the range of 0<z<4/,, where /, is the Kolmogorov
scale); (a) S,=0, (b) S,=2.68, (c) S,=6.79, and (d) S,,=19.3.

the nonuniform distribution of inertial particles in turbulence
(turbulent clustering) under the presence of gravity [2]. Figure
1 shows the droplet distributions of St=1 particles, where St is
the Stokes number, obtained from the DNS. It is observed that
the turbulent clusters become extended in vertical direction as
the nondimensional terminal velocity S, (the ratio of terminal
velocity to the Kolmogorov velocity) increases. This study has
estimated the influence of gravitational settling of cloud droplets
on the radar reflectivity factor. Figure 2 shows the enhancement

of radar reflectivity factor due to turbulent clustering for
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Fig. 2 Enhancement of radar reflectivity factor due to turbulent
clustering, estimated under the condition where volume fraction
is 10°°.
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St=1, where St is the Stokes number. For the large S, cases,
the enhancement of radar reflectivity factor is significantly
suppressed by the settling of droplets. This finding can

contribute to the improvement of radar observation technique.

2. Reynolds-number dependence of turbulence

enhancement on collision growth

This study investigates the Reynolds-number dependence
of turbulence enhancement on the collision growth of cloud
droplets. The turbulent coagulation kernel proposed in Onishi
et al. (2015)[3] (Onishi kernel) is updated by using the direct
numerical simulation (DNS) results for large Taylor-microscale-
based Reynolds numbers (Re,). Table 1 shows the computational
settings for the DNS. The DNS results for particles with a
small Stokes number (St) show a consistent Reynolds-number
dependence of the so-called clustering effect with the locality
theory proposed by Onishi and Vassilicos (2014) [4] (See Fig.
3). Stochastic collision-coalescence equation (SCE) simulations
are conducted to investigate the turbulence enhancement on
particle size evolutions. The SCE with the Ayala-Wang kernel
(SCE-Ayala) and that with the present Onishi kernel (SCE-
Onishi) are compared with results from the Lagrangian Cloud
Simulator (LCS [3]), which tracks individual particle motions
and size evolutions in homogeneous isotropic turbulence. Figure
4 shows the turbulence enhancement factors for particle size
evolutions as a function of Re,. The SCE-Ayala and SCE-Onishi
show consistent results with the LCS results for small ReA.
The two SCE simulations, however, show different Reynolds-
number dependences, indicating possible large differences in
atmospheric turbulent clouds with large Re,[5]. This clearly
suggests a strong demand for collision growth data with larger

Re, to construct a more robust turbulent kernel.

Table 1 Computational settings and supercomputer platforms on which

the simulation was performed.

number |number of|supercomputer
of grids | particles platform reference

512° | 1.7x10’ ES2 Onishi et al. (2013) [6]
1,000° | 1.3x10" ES2 Onishi et al. (2013)
2,000° | 1.0x10° ES2 Onishi et al. (2013)
4,000° | 1.6x10° K Onishi & Seifert (2016) [5]
6,000° | 5.4x10° K Onishi & Seifert (2016)
8,192° | 8.2x10° | Present ES
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Fig. 3 Radial distribution function at the contact of monodisperse
particles with St=0.1, 0.4, and 0.6 against Re,. The plotted
symbols are the DNS results and the lines from the locality
theory proposed by Onishi and Vassilicos (2014) [4].
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Fig. 4 Turbulence enhancement factors for particle size evolutions as a
function of the Taylor-microscale-based Reynolds number Re;.
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