AL D&

5% 33 MBUERE AR VR T A
A06-5

MR TF DER - FBRRERD 72D DBUERRT

Numerical analysis for understanding collision and sticking phenomena of inertial particles in turbulence
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Colliding motions of inertial particles in turbulence are studied by tracing the motion of the particles in condi-
tionally averaged velocity fields obtained using the frame of eigenvectors of the rate-of-strain tensor in a turbulent
velocity field. The analysis shows that the inertial particles in the velocity field averaged over high vorticity
regions are likely to collide in a thin region with a three-dimensional spiral shape around the center of the high

vorticity region.

1.

s
HDFOHARRRIZISIHREPEE L EEH2R/-TH0D
éﬁ(%’&fﬁb, Bl 21X, AH’P?JEEL*CP“CO)FﬁﬁﬁJZ:%

)2 EﬁA:&E%Fﬁ%EL?ﬁWWDW%’?%%E%@E G 7y
75)35) 5. ZDE S BIGIAIERIHMTH B T L HE]
SNTH Y, ZDOHOMRL T OEB)OEE L MfET 52 &

SRR OBRLEMRET S ETEELR->TL 5. 22T
POk 7 13 MEME 2 A3 BT (MR ) & U T, 15
R FAE A =2 A8 St = 7, /1) &0 S FEIGLE TR D
BREVEE KT 7, (TR T OREMIRE, 7, XL OB/
DR 7 —)LTdh 5. L DR 1 051 B

T, 2NETIT, St ~ 1 DR D B/NEDORE % 1
TG TRME A OB A N LA VRBIC R E 5 2 LA
HIZBERIZESIZINTWS. OO UnL,
LIS DRI 7 G i & MR T D BN DWW T D
BEFRIZAHTH 5.

IR, Elsinga & Marusic(2010) 12 & - C, GLIEB D&
BT ECBI2A ML VT UV ILDEERY L%
T, FLADRES % EYaL L 7= i s b 2.®) =
DFEHR, FLIE - D K 22 IR E DFAEANH S 2T 732 -
7z. 7z, Sakurai & Ishihara(2018) (%, *.L%LE)T%ﬁé’J
tﬁ%ﬁ@%%am@ﬂzicf?6Mtﬂm BT

e RS R D @‘E'Ii*i?@ﬁﬁ%nﬁ’\ W
RT/V%@%*T ST TR 5B C
&, EIRERISE D T StITRAE U 7o ki1 OARES B Al A
ﬂ%ﬁfaéé’bé T ERUEZ.O) R TIE, SLTE T O i
IR E A b LA VI & ORI 2R pEi A v )
Y7L, Xk (8) DHET L TH S 1B RN DR
MG DIEEIZ B W CHEMER 7 2885 U, Z O H) 0 1E2E
ZDOWTHHE L.

2. BESES S UBTAE

2.1 {FARALEIRS

AR THWEILFESE LT, AhodbdF 71T - 2
=2 2R % DNS Z HHW T HoRERESE-E
DEAWEZ. UTIRYESBEATH 5.

V-u=0 (1)

E-l—(u-V)u:—Vp—&-yAu—kf (2)
ZIT, u,p,v, f ZENTNGE, FES, BRMEGREL, S
Nezd. BRI vy, 2 A3 2n BB Sk %

kU, Km0 256°, 2L 7 —Y T - ARZ hL
R RMERB IR AR AN T 2y RiERHW. £z,
LA VAR 940 FEETH 5.

2.2 Elsinga & Marusic (2010) OFEHERSZ ®)

Z 2T, MBI U 72 ELiIR% T H 5 Elsinga &
Marusic @Iﬁﬂ(ﬁbﬁ NS 521 fiTHSNZELR
BORERT >V IV (gg) {Yﬁﬁ 03 & SRR 43T 43

1, SRRBS T B AN LA YT UYL (S = § (G +

Suy) ERB. TLT, SHTTBIBA ML Y
T/y}bo).ﬁ{L 01,092,083 & T IHIET AEANRS
MV (A1, A2, A3) KD B, FEEMMILTES TIX, o1 +
o9 +03 =0 ﬁ‘mﬁb, (71 > 09 > 03 95 &, SEYAY
0:01:02:0 =3:1:-4&R3ZPHonTWV
% .00 = 73, q:i’JEL(}mbﬁ 1AL A ARNCHEL, A3
T3 ll%ﬁ@“é LR, ZLUT, BT R EOWENR
7 MV (w=V xu) 2K, \p F1 & DNFEAE % 5
EDIZU, BERY MVBREFRERD I DIZHRET 5.

LT, BEART VY VDE AER Q= Qi Q5 —
SijSZ-j (QZJ ISRET VIV WBEM10% e 5 &S5
TR B 1T 5 TSRS Difr D 3 IRt Hi L %
1R T. ok o B Ik —100n < A1, Ao, A3 < 1007
(pixaredu7E) TH5. FERIE Az B L THE
BRABAEPOS|ALTCELZSDTHFIFLTH Y, KA
HIEPEDEDER, EOHDEFRTERRLEZ. ZOD
E%FF'/E\O)?W%E%}%I D THARDHE A G > TWVWBERT D

2.3 |EMRTF
MR F DL GFERIE, ATFTOE D% HW:.

dX

=Y )
av 1
a sV @

X V w X NENEMER T OAE, ﬁ?“zibJ:ZMu.jrh

BIBHKOEETH S, u 2 RDB7ZDIZ, 3IRA
7"—74 VA AW, H%Faﬂ%@ﬂiélﬁ%él‘(}’(}b‘/’f?v&
HE Wz,

Copyright (© 2019 by JSFM



Fig.1 : Streamlines in the velocity field obtained by taking an average
over the top 10% regions of high @Q values (high vorticity regions) using
the frame of eigenvectors of the rate-of-strain tensor of velocity field.
The A1, A2 and A3 axes are parallel to the eigenvectors, and the Az
axis is in the direction of vorticity. The streamlines from Az > 0 are
shown in red and from Az < 0 are in green.
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F'ig.2 : Density distribution (in the A2 = 0 plane) of the inertial
particles with St = 1 which flow in from both positive and negative
A3 regions of the averaged velocity field shown in F'ig.1.

Atmospheric Clouds”, Annu, Rev. Fluid Mech 35,
183 (2003)

(3) L. Pan, P. Padoan, J. Scalo, A. G. Kritsuk, and M.
L. Norman, ”Turbulent clustering of protoplane-
tary dust and planetesimal formation”, Astrophys.
J. 740, 6 (2011)

(4) A. Johansen, J. Blum, H. Tanaka, C. Ormel, M.
Bizzarro, and H. Rickman, in Protostars and Plan-
ets VI, ed. H. Beuther, R. S. Klessen, C. P. Dulle-
mond, and T. Henning (Univ. Arizona Press, Tuc-
son, 2014) p. 547.

(5) M. R. Maxey, "The motion of small spherical par-
ticles in a cellular flow field”, Phys. Fluid. 30, 1915
(1987)

(6) K. D. Squires and J. K. Eaton, ”Preferential con-
centration of particles by turbulence”, Phys. Fluids
A 3, 1169 (1991)

(7) J. K. Eaton and J. R. Fessler, ”Preferential concen-
tration of particles by turbulence” , Int. J. Multiph.
Flow 20 [Suppl], 169 (1994)

(8) G. E. Elsinga and I. Marusic, ”Universal aspects of
small-scale motions in turbulence”, J. Fluid Mech.
662, 514 (2010)

(9) Y. Sakurai and T. Ishihara, ”Relationships be-
tween Small-scale Fluid Motions and Inertial Parti-
cle Clustering in Turbulence” Journal of the Phys-
ical Society of Japan 87, 093401(2018)

(10) W. T. Ashurst, A. R. Kerstein, R. M. Kerr, and C.
H. Gibson, ” Alignment of vorticity and scalar gra-
dient with strain rate in simulated Navier-Stokes
turbulence”, Phys. Fluids 30, 65 (2343)

(11) J. Jimenez, A. A. Wray, P. G. Saffman, and
R. S. Rogallo, ”The structure of intense vorticity
in isotropic turbulence”, J. Fluid Mech. 255, 65
(1993)

Copyright (© 2019 by JSFM



