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Fundamental study on interactions between small solid particles and turbulence
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Particle transport by turbulence is a universal physical phenomenon that has
been observed in a wide range of natural and engineering flows. In this study, turbulence
modulation caused by the ensemble of solid particles is analyzed by conducting direct numerical
simulation (DNS). The physical validity and computational accuracy of the turbulence modulation
induced by solid particles approximated by point-particles are numerically verified. The validity of
the approximation is verified by comparing the results obtained by performing a large-scale
calculation of the interaction between finite-sized particles and turbulence with results obtained
by DNS using point-particles. Furthermore, problems and improvements of calculation method related
to the point-particle approximation are clarified.



2way

Computational Methods for Multiphase flow (Cambridge Univ.
Press), 9

2way

,Volume Penalization (P.Angot et al.
Numer. Math. 81,497(1999))
Darcy

(
B.Kadoch et al. J Comp. Phys. 231, 4685(2012)). Navier-Stokes

MPI1 Open
MP

20

Volume Penalization .



2way

Horwitz & Mani, J. Compt. Phys. 318 (2016) 85 Yoshida
et al., Chem. Phys. Lett. 737 (2019) 136809 DNS

21
10243

20°

6144 B

Volume Penalization 102

Fyp = —x(0) (w(x,t) = v,(0) /n 10

n(-0)



0.020

force,
0.015 force , EEGR{E\ ——

0.010
0.005

0.000

F(t)

-0.005

-0.010

-0.015

-0.020

100 t

(2m)?,
5123, 0.125,
0.5,VP n=1075,
103

1.6
14
1.2

1
0.8
0.6
0.4
0.2

0

\VAVS

S

Horwitz & Mani, J. Compt. Phys. 318 (2016)
85 DNS

0 20 40 60 80 100 120 140
tt,

( ) Horwitz and Mani (2016)

Yoshida et al., Chem. Phys. Lett. 737 (2019) 136809

x
6rual®
ut = U°°[<1 - EE) e, — ?wﬂx]
4r)* 43
Yoo [uV =V —ul(x,)? u® Fpi =
61tua(UOO — Vl-(t))(?(x -r;) .
X 9 = (9.00)

m
4m 128° 0.1



18 15 2

Saito lzumi Watanabe Takeshi Gotoh Toshiyuki 931

Modulation of fluid temperature fluctuations by particles in turbulence 2021

Journal of Fluid Mechanics A6
DOI

10.1017/jfm.2021.939

Gotoh Toshiyuki Saito lzumi Watanabe Takeshi 6

Spectra of supersaturation and liquid water content in cloud turbulence 2021

Physical Review Fluids 110512
DOI

10.1103/PhysRevFluids.6.110512

Saito lzumi Watanabe Takeshi Gotoh Toshiyuki 21

Statistical properties of a stochastic model of eddy hopping 2021

Atmospheric Chemistry and Physics

13119 13130

DOl
10.5194/acp-21-13119-2021

Watanabe Takeshi Saito lzumi  Gotoh Toshiyuki 2215
Turbulence modulation by small particles in isotropic turbulence 2022
RIMS Kokyuroku 20~31

DOl




Vincenzi Dario Watanabe Takeshi Ray Samriddhi Sankar Picardo Jason R. 912

Polymer scission in turbulent flows 2021

Journal of Fluid Mechanics -

DOl
10.1017/jfm.2020.1092

Yasuda Tatsuya Gotoh Toshiyuki Watanabe Takeshi Saito lzumi 898

Peclet-number dependence of small-scale anisotropy of passive scalar fluctuations under a 2020
uniform mean gradient in isotropic turbulence

Journal of Fluid Mechanics -

DOl
10.1017/j¥m.2020.419

Izumi Saito, Takeshi Watanabe, Toshiyuki Gotoh 880

A new time scale for turbulence modulation by particles 2019

Journal of Fluid Mechanics R6
DOI

10.1017/j¥m.2019.775

Jingyuan Yang, Toshiyuki Gotoh, Hideaki Miura, Takeshi Watanabe 4

Intermittency of an incompressible passive vector convected by isotropic turbulence 2019

Physical Review Fluids 114602
DOI

10.1103/PhysRevFluids.4.114602




Jingyuan Yang, Toshiyuki Gotoh, Hideaki Miura, Takeshi Watanabe 4

Statistical properties of an incompressible passive vector convected by isotropic turbulence 2019
Physical Review Fluids 64601
DOl

10.1103/PhysRevFluids.4.064601

Izumi Saito, Toshiyuki Gotoh, Takeshi Watanabe 26

Cloud Turbulence and Droplets 2019

Gorokhovski M., Godeferd F. (eds) Turbulent Cascades Il. ERCOFTAC Series 179-187
DOI

10.1007/978-3-030-12547-9_19

37
(3 )--| 2018
( in CFD31)
123-128
DOI
Takeshi Watanabe, Toshiyuki Gotoh 1035
2? the smoothing of point force in the two-way coupling simulation of polymer-laden turbulent 2018
ow
Journal of Physics: Conference Series 12010
DOI

10.1088/1742-6596/1035/1/012010




Izumi Saito, Toshiyuki Gotoh, Takeshi Watanabe 97

Size distribution spectrum of noninertial particles in turbulence 2018

Physical Review E 53108
DOl

10.1103/PhysRevE.97.053108

Kozawa Tomoki Sugitani Kenichiro Oehler Dorothy Z. House Christopher H. Saito lzumi 17

Watanabe Takeshi Gotoh Toshiyuki

Early Archean planktonic mode of life: Implications from fluid dynamics of lenticular 2018

microfossils

Geobiology 113 126
DOl

10.1111/gbi.12319
s 2097

2018
40-49

DOl

Gotoh Toshiyuki Watanabe Takeshi Saito lzumi 130

Kinematic Effects on Probability Density Functions of Energy Dissipation Rate and Enstrophy in 2023

Turbulence

Physical Review Letters 254001

DOl
10.1103/PhysRevLett.130.254001




Saito lzumi Watanabe Takeshi Gotoh Toshiyuki 9

Spectrum of passive scalar carried by particles in isotropic turbulence 2024

Physical Review Fluids 54601
DOI

10.1103/PhysRevFluids.9.054601

Takeshi Watanabe, Hikaru Suzuki, lzumi Saito, Toshiyuki Gotoh -

Numerical simulations of microbubble dispersion in isotropic turbulence 2024

Springer Proceedings in Physics, 34th IUPAP Conference on Computational Physics

DOl

26 2 11

2022

2022

RIMS

2022




T. Watanabe, 1. Saito, T. Gotoh

Turbulence modulation by small particles in isotropic turbulence

RIMS Workshop on "Mathematical Analysis in Fluid and Gas Dynamics"

2021

H. Hamazaki, T. Watanabe, I. Saito and T. Gotoh

On the Behavior of microbubbles in isotropic turbulence

4th International Workshop on Cloud Turbulence

2022

2021

2021

2021

2021




Izumi Saito, Takeshi Watanabe, Toshiyuki Gotoh, Tatsuya Yasuda

Modulation of fluid temperature fluctuations by particles in turbulence

73rd Annual Meeting of the APS Division of Fluid Dynamics

2020

Toshiyuki Gotoh, lzumi Saito, Takeshi Watanabe, Tatsuya Yasuda

Numerical simulation of cloud droplets and turbulence

73rd Annual Meeting of the APS Division of Fluid Dynamics

2020

Tatsuya Yasuda, Toshiyuki Gotoh, Takeshi Watanabe, lzumi Saito

Schmidt-number dependence of scalar fluxes and spectra in isotropic turbulence with a mean scalar gradient

73rd Annual Meeting of the APS Division of Fluid Dynamics

2020

34

2020




NS MHD

2020

2020

I. Saito, T. Watanabe, T. Gotoh

A new timescale for turbulence modulation by particles

72nd Annual Meeting of the APS Division of Fluid Dynamics

2019

2019

2019

RIMS

2019




Takeshi Watanabe, lzumi Saito, Toshiyuki Gotoh

New insights into turbulence modulation by small particles obtained using point-particle and particle-resolved DNSs

3rd International Workshop on Cloud Turbulence

2020

2018

2018

2018

2018

2018




Izumi Saito, Toshiyuki Gotoh, Takeshi Watanabe

On the modification of scalarvariance spectra due to cloud droplets in cloud microphysics simulator

12th European Fluid Mechanics Conference

2018

Izumi Saito, Toshiyuki Gotoh, Takeshi Watanabe

Turbulence-cloud droplet interaction in cloud micro-physics simulator

15th Conference on Cloud Physics

2018
2023

2023

RIMS ( )

2023




37

2023

37

2023

T. Watanabe, H. Suzuki, 1. Saito, T. Gotoh

Numerical simulations of microbubbles dispersion in isotropic turbulence

34th IUPAP Conference on Computational Physics (CCP2023)

2023

I.Saito, T.Watanabe, T. Gotoh

Turbulent mixing of scalar field of particle properties

34th IUPAP Conference on Computational Physics (CCP2023)

2023







