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Visualization of Shear Stress in Turbulent Boundary Layer
with MEMS Shear Stress Imaging Chip and Discrete Wavelets

Motoaki KIMURA, Masahiro Takei, Chih-Ming HO, Hui L1, Yoshifuru SaITo and Kiyoshi HORII

ABSTRACT

Stripe structure in turbulent boundary layer has been clearly visualized by a combination of a shear stress imaging chip us-
ing MEMS (Micro-Electro-Mechanical-Systems) and discrete wavelets transform. In details, the structure in lower Reynolds
number is shown clearly on the lower frequency wavelets level, the structure in high Reynolds number is done clearly on the
higher frequency wavelets level. The MEMSS shear stress sensor is designed and fabricated by surface micromachining technol-
ogy, contributing to obtaining the time-space two dimensional shear stress data. The discrete wavelets transform is a software
technique to decompose the frequency level with the time and space information of the wave. The experiments for shear stress

distribution were carried out on Re = 6960, 12180 and 17400.

Keywords: Turbulent boundary layer, MEMS, Shear stress sensor, Discrete wavelet transform
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Flow direction
Time [X0.1ms]

i _ R & o
51015205 5101520 5 5101520 25 51015 2026

5101520 %
X-direction [ X300um]
0000000000 (@ Level 000 (b) Level 1000 (c) Level 20 0 (d) Level 300 (e) Level 4 0 0 () Level 5

-2 ! 2.5

Fig. 110 Wavelets multiresolution in Re=17400.

0 el



MEMSOOOOOODOOOOODOoOooOobooooooboboooooobobooooo

goooooboboboboooooboboboobooonbn boboobdg

O000OFrg8OOOOOOO0OOOODODOOOODOOOO
gobooobooooooobooobooboooooooon
gooboooooooooboobobooooooobooo
0000000000 DaubechiesD OO OOOOOOODO
00000000000DODO0ODOFRg.900Fig.1100D0
oo00oo0o0oO0OO0OO00000ooooOrig80O00ODO
goboooboooooooobono
goboOoooOoooOooDbooboboOoooooDoo
goboooboooooooboobbooooooobooon
gobooobooooooobooobooboooooooon
gooboooooooooboobobooooooobooo
oobmooooboob200oboooooooooon
O0OFig30Fig4d0ODODOOODODOODDOOODOOOOD

psD.OO0O0OO0OOODOOOOOOOODOOOOODOODO

TablelDODDODOOOODOOOOOTablelD OOODO
gooooooOoooooDbDoobboOooooooboooo
oobooooboogoooono

FigoO 011000000000 0ooooooooo
gooboooboooooooboobooooooobooo
goecol D0 0MMOOOOoooDD174000000MM DO
gooooilmmoooooobooobooboooooboooon

gbooooobobobobooboobobobooboooo

gbomoo3xcoooooooobobooooooobono
gboooooboboboboooobobobobon
g4aboosoboobobobooooobobobobob
oooo
gomoooboooooboboboobooo

gboboobooooooobooobboobooooDbono
gmooooooboobooboooomoooooboooon
0o000oooooooooooOoooooooookOO

Vo =027 7

oooowoooooooooooooolL,ooooooo
coboooooobobooboboovwhoboobooo
gooooovoo0000L0000000000000
h2doAD10000O0300000O0Ooooooon
OO0o0o00OmIOOO0O0DkODO

_ 2nfe
=

ki

(28)

Oo0O0000ooofOrgd40O0OOOOODOOOOOO
cbooboopsbDOObOOOOOCOOOODOOOOCOO
ooooooobooobboooboboooboboooboobo
Table20 0O OO0000O0OOCOOO0WIOOOOOOOO
O00000000kOOODDOOCO0006000 0 O Kex
oobooooobobobooooobboooooboooo
cobooooooooboboooboooooooboooobooo
ooooooboooboooooobooon
oooooooooboboobooooboobbooobooo

512 25

Tai = Y, 2\ (@) 29)

j=1i=1

oooooobooooboobooboooobooboboobooo
coooooOooboioooobooooooojoboo
0000000000000 00D000OFRg.120000
OO0000000DTable20 0000000 O0OO0OOO
O000000kOoO0oO0oOOOO0OOOODOO0O0ooboOooo
OrPOO0O0D00OOmadp mbOODOOODOOOOOO

k= (%) i (26) Table 20 Relation between wavelets level and representative
v wavenumber. 000 O0O00O0OO0O
00000000v 0000000 000000000 viem/s | vl 14m/s | v 20m/s
Rel16960 | Rel] 12180 | Rel] 17400
Representative 7.9 45 31
Table 10 Relation between wavelets level and representative wavenumber on Level 0] x 10”‘[ecm™"] | x 107 [em”"] | x 107 [cm™]
frequency. 00O OOODOOOOO Wavenumber in energy 8.0 8.0 8.0
Time frequency | Space frequency containregionk, | x 10" fcm™ | x 10" {cm™] | x 107 [cm™]
Representative ~ o1 Representative 55 31 21
frequency on Level 0 20< 107Hz] | 1.04x 10" {mm"] wavenumber on Level 1| x 10°[ecm™Y] | x 10°[em”] | x 10°[cm™"]
Representative o o Representative 9.0 5.3 3.7
frequency on Level 1 L4< 107Hz] | 7.00x 10" {mm™] wavenumber on Level 2| x 10°[cm™ Y] | x 10°[em”] | x 10°[cm™"]
Representative 23 107H2] Representative 18 1.0 7.1
frequency on Level 2 ) wavenumber on Level 3 x 10'[cm”] | x 10em”] | x 107cm”Y
Representative 45x 10HZ] Representative 35 20 14
frequency on Level 3 ) wavenumber on Level 4| x 10'[cm”] | x 10[cm”] | x 10[cm”Y
Representative o 0t Representative 6.7 39 27
frequency on Level 4 8.8« 101H7] 1.2 10 mm ] wavenumber on Level 5| x 10" [cm”*] | x 10 [cm”Y] | x 107Tcm"]
Representative 1.7% 10°HZ] Representative 19 1.0 7.4
frequency on Level 5 ) wavenumber on Level 6 x 107[cm”’] | x 107cm”?] | x 10'[cm”}]
Representative 4.7% 107HZ] Maximum wavenumber 1.96 112 0.79
frequency on Level 6 ) on Level 6 K x 107ecm”] | x 107ecm”] | x 107cm™}
Maximum frequency o o Kolmogolv 1.749 2.66 348
on Level 6 fu 4.7 107HZ] 16x 10Tmm ] wavenumber ke | x 107[cm™] | x 10°[cm”] | x 10°[cm™]
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