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Fig.3 Response analysis of artificial disturbance
(a) is basic flow field, (b) is flow field added 20 Hz disturbance,
(c) and (d) are the power spectrum of (a) and (b)
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Fig.4 Power spectrum of different disturbance frequency (from left to right is 10 Hz, 15 Hz, 20 Hz)

g AR X RARERER, TOILTE R i IR7G B9~ RE 4 BRGS0 T PR AR i 1)
FERGRE, FrLAA LIS (5) A~ BEf7 44, AEINRE WS, RAIHE X B4 BEERH 750
S A R BE S [R] Ak 4 5] R e e e R B w oo DR u i w. B AR PSR B Ty
FWR (2 LE 7an BOMRMR R D RRLLE, xS NE 5 FarCLg s, ZE Ak 10 Hz B FRE
BEAF A=A R A LU T WA B K (D) o rag T, A oI SR I miA K.

—_——T —_——i11
4,010~ ~razl 4.0x10" 40107 e
20101 2.0 1074 201074
g 0.0-.¢ 0.0Fd ! 0.0+
—2.0%10~ 4 —2.0x10™1 —2.0x104
0.0 0.1 0.2 0.0 0.1 0.2 0.0 0.1 0.2
tis tfs tfs
B 5 ERERRESAS B AR AETA, 100 = 0.17,0.41,0.75, 6, HIFE4 L)
Fig.5 Comparsion of three component at different 3 /4,
(from left to right /8, = 0.17,0.41,0.75, §,is nominal thickness)
W= (5) ffkA i o
N in i 1,. -
i =12 5 + 5] + 30 £ ) ®
g O 1da
MR REMFELERE — = ——-—, FfS
O w ot
2. 1.
ry= —5"'11 - 5""22 (9)
Gl i
. 2 0u

(10)

™= =% 55
7 a'm ot



324 | & & e 5 i 2002 & M E

KB, T X R DT R 2 o B FEM T RS 728 (10) o rf A1 0 ALK

.
B SE XTI S R S 50 5 A W75 ) B S BEUE T Th Rl T, WREE WS T TSI AR A
%f’ikﬁ'lﬁ%ﬂ]ﬂ‘lﬁ%ﬁ, L2 A2 o B e 20 (9) B9 8RO BEAS S BT AR 12, b TR

ﬁf{"?ﬂ L6 RUWE I 10H AR, ERTRIES 0.25 50 R R REN A — M

#m*ﬁi_mm;ﬁ TR i B S SRR, RAIXE O UG 0

i AR B 4 A B B g AL, J.il.ﬁT?Eﬁﬂﬁt&' FIRE, BB E] v, SN RUBE S 7=
BINE 3SR, FrLLEIN Fu RN R B R i, SRR 1R A A O LR A
W 6 7 (a),(b) Bras. X 0E¥E S i ¥ T8 53 5 LA W (E B4 5 152 1 6(c),(d) PP, AP HmT

LU, SRR o} A O ARG, FRIARGL @ R cos(wt — ) BB, W

%ﬁ¢n%ﬁuWﬁL¢A¢ﬁ%W w¢ﬂﬁﬁﬁﬁﬂmwxﬂﬁ£%$aumme

RFFER T EE P 7, B 8 2r5i4s T 20 S AE N4k 15 Hz §1 20 Hz Eﬁi’ﬁﬁlﬁf"% i 'ﬁl

MK R, TRRSH N 15Hz 1 20Hz J§ r} nfﬁﬁ{_:&f}rl%ltt LM 1750 F1225° EH
AT 5, z<nmﬁ@ﬁ@ﬁsﬁ&%Hmﬂmxﬁﬁ-ﬁﬁrmw%xﬂmwmmg iX
AU — 43 B _EF B T 0 T I SR S KK R BEA T 244 i i b e et BRI, i B
PP IR R RO B S BPE. SCIe A R BIW] —R TR AN ] SR RO ST B R 22
e — 5 BAr il RE, 8 T MEWR A 0w B, 40300 SR e ) — 3000 2 1] — 4 238 T 75 11 g Sk
RIAROI 2, R HOT B ME A % S R A R TR MG E. R M7, SCRF ST T AR W)
BRI O 22 B 0 A AR, B RWEE 9 TR, A TSR Res = 4800 F, W AIHIfLZE

s — drr.j'r]f | . n"]'
— 9 to 11 Hz band pass filter on du/di —— 9 to 11 Hz band pass filter on ;l'l'
= = |
20 1.5%10 . J,,
; 1.0x10~%4 t .a
109 fl . J
= 5.0x10%] o Yip:
ST 0 i 0.0 b
= —50%x107"
10
It —1.0x107
—20 —1.5x107* -
0.0 0.1 0.2 * 0.0 0.1 0.2
{a) (b)
1.0 1.04
_ Pt P SN Y
= 05 \ N _ 051N f’ N, /
LT N /
= 0o kY \ / N (XIE B \‘
-~ A r \ \
= —05 \\_/f \\// = _os N / N, ,.-’f
~1.0 ~1.0 e g
0.0 0.1 0.2 0.0 0.1 0.2
Jlf\ ”15

(<) (d)
6 ik 10 Hz 55 5 o0 RS TR S H] i g

Fig.i Phase comparison of Reynolds stress and large scale strain rate on 10 Hz disturbance
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Fig.7 Phase comparison of Reynolds stress and large scale strain rate on 15 Hz disturbance
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Fig.9 Change of the phase difference cross normal direction in the modeling of eddy viscosity
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EXPERIMENTAL RESEARCH ON COMPLEX EDDY VISCOSITY
MODELING IN TURBULENT BOUNDARY LAYER"

Wang Xin  Lian Yuan
(Dept. of Mechanics of Tiangin University, Tiangin 300072, China)

Abstract  There are different forms of eddy viscosity modeling adopted in the modeling of
coherent structures in outer field of turbulent boundary layer, which are explained by the theory of
hydrodynamic instability. Likewise, a question whether it should be real or complex mimber also
occurs in general modeling theories used to periodical flow in many engineering, such as the flow
in turbine. The objective of this experiment is to clarify this question. A self-designed mechanical
vibration device is used to generate periodical disturbance in outer field of turbulent boundary layer
in a water channel. At the same time, an X style hot film probe and anemometer are employed to
measure in the downstream area. According to the eddy viscosity modeling on coherent structure,
a phase-average method is applied to the disturbed fluctuating velocity signal in term of a fiducial
frequency, which is the frequency of the periodical large-scale structure in fluctuating velocity
captured by power spectrum analysis. Then we have examined the form of eddy viscosity of the
periodic large-scale structure in turbulent boundary layer by comparing the phase value of the
large scale strain rate and Reynolds stress according to the periodic disturbance. It is found that,
in flow direction component, a phase shift exists between the large-scale strain rate and Reynolds
stress according to the periodic disturbance, which is an unconsidered important factor in the maost
of turbulence modeling finally induced to eddy viscosity. We have also found that this phase shift
may decrease with increasing distance to the wall along normal direction.

Key words turbulent boundary layer, eddy viscosity, Reynolds stress, phase variety, artificial
disturbance
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