Proceedings of
The Fourth National Congress on Fluids Engineering

August 23-25, 20086, Kyungju, Korea

8 EeA FAse FAE d4AY As

FMY - odgel” - o) g

On behavior of settling heavy particles in isotropic turbulence
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Abstract

Particle suspension is frequently observed in many natural flows such as in the atmosphere and the ocean as well as in
various engineering flows. Recently, airbome micro or nano-scale particles in atmosphere attract much attention from
environmental society since small particle cause serious environmental problems in the industrialized areas. Also, the
characteristics of such heavy particles' behavior is quite different from its fluid particles because the inertia force and buoyance
force acting on the heavy particles are different than those acting on fluid particles. Therefore, our studies is to investigate the
characteristics of the behavior of heavy particles considering the inertia effect with or without gravity effect, but do not consider
modification of turbulence by the particles, that is one-way interaction. We carried out direct numerical simulation of isotropic
turbulence with particles under the Stokes drag assumption for a spherical particle. These results can be used in the
development of a stochastic model for predicting particle's behavior.
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Fig. 1 (a) Sample particle trajectories obtained by
Hermite and Lagrangian interpolations on x-y plane
and (b) time histories of u,
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Fig. 2 Time history of mean-square relative velocities
for Re, =47.
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Fig. 3 Effect of settling velocity on the particle
Lagrangian velocity autocorrelation for a fixed 7, =1,
at Re, =47. (a) Settling component, (b) Normal

component.
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Fig. 4 Mean-square dispersion of settling particles at

7, = T,, He, =47. (a) Settling component, (b) Normal

component.

- 439 -



W7 g% e $AE 2 9 Bl vlslel o fA"E
S & 4 it} o]i= Csanady$} Yudineo] #|A|gh 27} o] B
of SE A3 AL dAEL X‘?F—a}— E% 2 39
E .
P )

NeR
)

i M’—‘ioﬁin

5

A2 et §EF el TR e ol(eddy) &
3 Ay sy wiolti(Crossing trajectory effect). Fig 4.9
A T Sl dist F8o] 93g BdFa Yok F
‘?U 237 F7Hte] mEA QAo Fe FolEn Y= A
S 3 & = Qi) o) FigldlA MHd viohe gu) BYE
»}(Inema effec) 2 Qst Ao A7 &£vr) Agskx] G Wik
WA FHUATO) IFaRs Bato] Bsh) wolch

O

4.8 &

Wit 4 i S04 URA 0 Gk g
A o)AE 9FE Gohr] NN AYEABAPE S
o SaRAL Aol T2 Fol7) Sioh Adme AN

o] A dpoint Hermite WAPES AHESHRT, B84 E3h ¥)
i Az H 4350 Ry YA TAHE A9
B2 87 A FA 2, - de/35)0] A DA
RERES wo}m 7, =017, A9 Qoid 33} 2
& A% Yol 9% IF 220h SANE PP 294 gL
Bl o 2B PRUAG 44 QAo SERe A
%, ABANSES Waskch £9 429 6 QAsh 3
Pis) £5¢ T 20 YAsh 24 YA SE9 vHe
qelskish s % o 9UE $AS AN gk 2]

o Rey% 7, wg nEstel 2R B A5l Hea
o FHUAS] AAEEE WY Weiol g
An2s

[1] Balachandar, S., Maxey, M. R., 1989, " Methods for evaluating
fluid velocities in spectral simulation of turbulence," J. Fluid
Mech., Vol. 83, pp.96.

{21 Choi, J. -, Lee, C, 2003, "Lagrangian statistics in
turbulent channel flow." Phys. Fluids, Vol. 26, pp. 883.

[3] Crowe, C., Sommerfeld, M. & Tsuji. Y., 1998, Multiphase flows
with droplets and particls, CRC Press.

[4] Elgobashi, S. & Truesdell, G. C., 1993, "On the two-way
interaction between homogeneous turbulence and dispersed sofid
particles. I: Turbulence modification,” Phys. Fluids A, Vol. 5.
No. 7, pp. 1790.

[5] Eswaran, V. & Pope, S. B., 1988, "An exam ination of forcing
in direct numerical simulation of turbulence," Comp. Fluids,
Vol. 16, pp. 257.

[6] Lundbladh, A. et al, 1999, An efficient spectral method for
simulation of incompresible flow over a flat plate, Royal
Institute of Technology.

[7} Lee, C, Kim, B, & Kim, N,, 2000, "A sim ple Lagrangian
pdf model for wall-bounded turbulent flows" KSME Im. J,
Vol. 14, No. 8, pp. 900.

[8] Maxey, M. R. & Riley, J. ], 1983, "Equation of motion for a
small rigid sphere in a nonuniform flow," Phys. Fluids, Vol.
26, No. 4, pp. 883.

[9] Pope, S. B, 2000, Turbulence Flows, Cambri dge University.
Press.

[10] Soltani, M. & Ahmadi, G., 1995, "Direct numerical simulation
of particle entrainment in turbulent channel flow," Phys. Fluids,
Vol. 7, No. 3, pp. 647.

{1} Squires, K. D. & Eaton, J. K., 1990, "Particle response and
turbulence modification in. isotropic turbulence,” Phys. Fluids A,
Vol. 2, No. 7, pp. 1191

[12] Squires, K. D. & Eaton, J. K., 1991, "Measurements of
particles dispersion obtained from direct numerical simulations of
isotropic turbulence,” J. Fluid Mech., Vol. 226, pp 1.

- 440 -



