BELRICE ITORBREMBEEL
AiGaLiiRER DBUERI R

REKRFEIFZMRHE WAERE
LEHERFEIZMER T B2

2O EXRFEHRER LI — AHRE
HEKKBEIRME o 2— IERFIA




BELR(RAE. Frr/)L. HE)

— T T T 77 77 77

: BN+l S & U =U,

_

x

FIROBRERE GLRRD

T - B BEoEciz:U=0




Magnified images of the edge of the probe . The left image is top view
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In Taylor (1938), Taylor’s approximation of frozen flow states
that “if the velocity of the air stream which carries the eddy 1s
very much greater than the turbulent velocity, one may assume
that the sequence of changes in U at the fixed point are simply
due to the passage of an unchanged pattern of turbulent
motion over the point ”

Uxt)=Ux-U_r,t+7)

This can be formed above for not too large value of 7 (the
time delay), and where U is the assumed convection velocity.
This approximation 1s thought to be substantially accurate for
boundary layer flow provided that u . /U, is small.




Large scale motion 1n turbulent boundary layer

There 1s no clear definition on the structures

cf. hairpin vortex, stream-wise vortex, typical eddy, low speed streaks, = = -

Experiments by 24-ch probes measurement.

U, =13.5[m/s] R, =3300

I 0.2313 -- 0.3000
[ 0.1625 -- 0.2313
0.0937 -- 0.1625
[ 0.02500 -- 0.0937
[ -0.0438 -- 0.02500
[ -0.1125 - -0.0438
I 0.1813 - -0.1125
I -0.2500 - -0.1813




High-Reynolds number experiment 1

On the tower 35m high from the ground.

R, =0(10%)
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The flow is very close to H.I.T.
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The spatial Fourier coefficients of u can be written as

uck,,k,,y,t)=

K v D expliv, (KoK, Y, )]

where  1s the phase of the complex (i . We define the
average phase velocity of each mode as

(a8, > m(d'0,0)

k, aa < >
which 1s exact for a monochromic frozen wave
proportional to exp[ik(x — Ct)] .
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FIGURE 10. One-dimensional pre-multiplied energy spectra, k, E,,(k;). O, Perry & Abell (1975),

Re, =2325. Lines are case (Hoyas & Jiménez 2006): ———, true wavelengths; .
uncorrected Taylor wavelengths. (a) y* =100, (b) y™ = 200.

E(w) = [ E[k,(@,k,).k, ]dk, /deidk, E, (k) ok,
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BRIl OMBEE

Robinson’s summary of structures found in DNS

(a) (c)

Theodorson’s(1952) description of Horseshoe
vortex

(b)

Sketch of “Horseshoe” attributed to Weske

1980,19904F X
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FIGURE 1. (a) Example rake signal at y/§ =0.15, for Re, = 14380, and (b) PIV
snapshot, from Hutchins & Marusic (2007a). Note their y is our z.

Log-region , large scale motion



HEeR 10.4 m
o ErE AR 650mm X 50mm
= KRE 20.0 m/s

Fig. I 7E A ER £ 4A X



Outline of DNS database

@del Alamo et al. (2004) w

- Velocity-Vorticity form \

- 3rd-order semi-implicit Runge-Kutta Bottormn wall

X, z: Fourier spectral method, /
i L, Uru

y: Chebychev-tau method

or Compact scheme =Aliasing error: Padding(3/2-rule)
@®Present

- Fractional step method

=3rd-order Runge-Kutta (Convection), Crank-Nicolson (Viscosity), Euler
implicit (Pressure)

-X, z. Fourier spectral method, y: 2nd-order FDM
- Aliasing error: Padding(3/2-rule)

Re Lx Ly Lz NX Ny Nz | Ax* Ay* Az*

T

del Alamo | 934 &rth 2h 3rh 3072 | 385 |2304| 8.9 7-7.6 4.5
et al.

Present 1000 | 51.2h | 2h | 8.0h | 2916 | 1032 | 1024 | 17.6 | 0.3- 7.8
2.0
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Analysis domain L.=51.2h
Present DNS -4.0(black)< u* < 4.0(white), y'=150, U™=17.39
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delAlamo & Jimenez

Re Domain Grid number Resolution
L, X LV XL, N, X Ny XN, AXT, Ay, A"

Present | 1000 | 51.2h X2hX8.0h | 2916X1032X1024 | 17.6,0.5-2.0,7.8

delAlamo | 934 8nth X2hX3rmh | 3072 X385X2304 7.6,7-7,3.8




Comparison of the spatial and Taylor fields No filter
Spatial field |5 amemas e S T

L=18h
Contour plots of Streamwise turbulent velocity, Re.=1000, y*=150-4(black)<u*<4(black)



Spatial feld

Flow

Spectral filter ) L =18h
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L=18h
Contour plots of Streamwise turbulent velocity, Re_.=1000, y*=150, -4(black)<u*<4(white)



Comparison of the spatial and Taylor fields Filter:A=2h
'Spatial field “

Flow

Us="1

Gaussian filter L .=18h
iaylor field e ——
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Contour plots of Streamwise turbulent velocity, Re_.=1000, y*=150, -2(black)<u*<0(whaite)
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_4.0(black)< u* < 4.0(white), y*=150, U*=17.5
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Pre-multiplied spectra
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Delalamo and Jimenez (2009)
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FIGURE 10. One-dimensional pre-multiplied energy spectra, ky E,,(ky ). O, Perry & Abell (1975),

Re, =2325. Lines are case (Hovas & Jiménez 2006): ———. true wavelengths:
uncorrected Taylor wavelengths. (a) y™ = 100. (b) y* = 200.
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Correlation of the spatial and Taylor fields
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uu — [ — A=0.2h (spectral filter)
U, yU; — A=0.5h (gaussian filter)

A=2.0h (gaussian filter)
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