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Lagrangian Investigation of Turbulent Channel Flow (II)

- Analysis of Lagrangian Statistics -
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Abstract

The Lagrangian dispersion of fluid particles in inhomogeneous turbulence is investigated by a direct
numerical simulation of turbulent channel flow. Four points Hermite interpolation in the homogeneous
direction and Chebyshev polynomials in the inhomogeneous direction is adopted to simulate the fluid
particle dispersion. An inhomogeneity of Lagrangian statistics in turbulent boundary layer is
investigated by releasing many particles at several different wall-normal locations and tracking those
particles. The fluid particle dispersions and Lagrangian structure functions of velocity are scaled by the
Kolmogorov similarity. The auto-correlations of velocity and acceleration are shown at the different
releasing locations. Effect of initial particle location on the dispersion is analyzed by the probability
density function at the several downstreams and time instants.
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Fig. 2 Velocity auto-correlations of fluid particles
released at the different wall-normal direction.
(a) streamwise; (b) wall-normal; (c) spanwise
velocity
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Fig. 3 Velocity auto-correlations of fluid particles
released at the different wall-normal direction.
@ y"=15.8; (b) y*=54.4; (c) y*' =112
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Fig. 4 Lagrangian integral time scale ( T) and
Kolmogorov time scale (r,) along the
wall-normal direction

FEWFoR w0 Hefze YA B0
Atk 271947 HHoezRE Yol wg
Bl5RAEL A3 ZoE, Fig 300 ALF

A% Lagrangian AN HEE o Zo] A
ofstgich.

Tp= j:TDpii( Hdt )
A7 Ty € 42ETE AsTE=2 A
€ 9, b5 A& @5de Aol
pi Tg:/2)=exp(~1/2) 3)
A4 Lagrangian A EA R TS T3l7] A
T T ARTEESL Bugss HEsok 8
ARk ole @dAoz Bt gad g
b 271& 20 dig A AR B HE
€ Y%7 A3 FAAE FREANIEE (T
g 2AR AEFLE 48

Zb} % Lagrangian 2417 HZ 9} Kolmogorov
AR =g e Fig 49 2o 9 2719
A7 o RE JolFFE HEADN ¥x o
Kolmogorov Al k= ZF71%ch 8, Kolmo-

1

=
Yud, 271947 dnozRy YoldsrE 7
A% WEo Psel g BRTEE w2
AE o, 7] YxExe FaHL A F4d
A HEd dAgzd ulE e g8 2=
FERY A%lE o AsuT Ay 5

20

@)

———— oy M(U; +u) 1)

——— O, /u,1)

T

> S A7)

o

LU +u)) £)

/A

®)

n

.%

/

S MU +u) £)

o4
=3

~
3

©

2 1.5

o

®

o = i

X

%05
o \‘%}{:’
4
0907 10" 1 10' 10°
t/1

Fig. 5 Fluid particle dispersion in small-scale
range; (a) »'=15.8; (b) y*=54.4; (c)
y'=12
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Fig. 6 Fluid particle dispersion in inertial range;
(@ »"=15.8; (b) y*=54.4; (c) »y* =112
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Fig. 8 Kolmogorov universal constant ( g;) along
the wall-normal direction
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Fig. 11 Acceleration auto-correlations of fluid particles
released at the different wall-normal direction.
(a) streamwise; (b) wall-normal; (c) spanwise
acceleration
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