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Tomographic PIV experimental investigation of topological modes of

l

modulated Reynolds stress and velocity strain rate for coherent structure

JIA Yong—xia', JIANG Nan'?"*
(1. Dept. of Mechanics, School of Mechanical Engineering, Tianjin University, Tianjin
300072, China; 2. Tianjin Key Laboratory of Modern Engineering Mechanics, Tianjin 300072,
China; 3. State Key Laboratory of Nonlinear Mechanics, Institute of Mechanics, Chinese Acade-
my of Science, Beijing 100080, China)

Abstract: The 3D-3C velocity fields of the wall-bounded turbulence in water tunnel were
measured by time-resolved tomographic PIV. The concept of multi-scale spatial locally averaged
velocity structure function was introduced to perform the multi-scale decompositions of longitudi-
nal velocity component. The ejection and sweep events of coherent structure burst were deduced
by the index of zero-crossing of multi-scale spatial locally averaged streamwise velocity structure
function. The spatial phase-averaged topological modes of velocity, vorticity, modulated Reyn-
olds stress and velocity strain rate for ejection and sweep events of coherent structure burst are
obtained by spatial phase-averaged technique. In order to introduce eddy viscosity model to simu-
late the modulated Reynolds stress, spatial distribution modes of modulated Reynolds stress and veloc-
ity strain rate are compared and the spatial phase difference between them are found to be dis-
tinct. Due to the nonsynchronization of the temp-spatial phase, it is necessary to consider the re-
laxation effects of the momentum transferring caused by the large-scale coherent vortex structures.
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Therefore, the classical linear equilibrium under the Boussinesq eddy viscosity hypothesis can not

describe the physical mechanism of non-equilibrium momentum transfer for coherent structures in

wall-bounded turbulence. In order to simulate the modulated Reynolds stress in coherent struc-

tures dynamics properly, the complex eddy viscosity tensor model with temp-spatial phase infor-

mation should be employed. Because of the temp-spatial nonsynchronization between the modula-

ted Reynolds stress and velocity strain rate, the numerical simulation of non-equilibrium non-local
turbulence is becoming a challenging problem. The present proposed complex eddy viscosity ten-
sor model with temp-spatial phase information should be employed to reveal the physical evolution

mechanism of the modulated Reynolds stress. It may become a promising model to enclose Reyn-

olds stress and forecast the widespread industrial non-equilibrium turbulence more accurately.
Key words: tomographic PIV; coherent structure; modulated Reynolds stress; complex eddy

viscosity coefficient;nonequilibrium turbulence
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Fig. S Spatial phase averaging distribution of the flow around the ejection and sweep event for CS in the span-wall-normal plane
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Fig. 6 Spatial phase average of CS rate-of-strain components and modulated Reynolds stress components for CS during the
ejection process in streamwise-wall-normal plan

Sweep z 4

l] X R“ 00025 00035 0045 00055 00065 l:\—X

S, 0008 0004 0 0004 0008 0012
EsH + s
0 10 20 30 0 10 20 30 ’
Ximm Xfmm
Z b4
S, 0017 0014 0011 008 D005 l:l—x R, 00025 000215 000195 000175 lilf X

o I ]

o7

30
Z
S, 008 0005 002 0001 0004 0007 ]E—X R, 00006 0003 0 00003 00006 DE—X

L e e,

Zmm
(%]

© 1994-2012 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



5 33 PR AT BE i U VR ) 7R O ) A ARL 6 R I R s () S B R A PTV SR A 5T 13

Sweep 4
e . | L
S, 00015 00005 00005 00015 00025 X R, 00004

Zmm
W
s v 1 T i1

=
=
8

SB <0002 0001 0 0001 0002

0 10 20 30

0 10 20
A/mm

D005 0003 0001 0001 0003 0005

Zimm
w

°
=
sl
(]

(a) N85 () A 7 v R T 43
P 7 X-Z Y100 P9 40U 254 4 4 aed At o o7 A8 38 3 5 0 o) 7 9 O 3 43 4 2 ) RS Y 149 4 A S5 E i
Fig.7 Phase averaging distributions of CS rate-of-strain components and modulated Reynolds stress components for CS
during the sweep process in the streamwise-wall-normal plan
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Fig. 8 Spatial phase averaging distributions of CS rate-of-strain components and modulated Reynolds stress components
for CS during the ejection process in the span-wall-normal plan
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Fig. 9 Spatial phase averaging distributions of CS rate-of-strain components and modulated Reynolds stress components
for CS during the sweep process in the span-wall-normal plan
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