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Abstract: The time sequence signals of instantaneous longitudinal, normal and span-
wise velocity components at different vertical locations on the turbulent boundary layer over
a flat plate were finely measured by constant temperature anemometry and double-sensor hot-
wire probe in a wind tunnel. By the criteria of the module-maximum of locally averaged lon-
gitudinal velocity structure function, the conditional phase-averaged waveforms of different

velocity components and Reynolds stress were detected during the burst. After disturbance,
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it is found that the friction coefficients and the Reynolds stress are reduced; the phase-differ-

ences between the phase-averaged waveforms of longitudinal vertical velocity and the span-

wise velocity components are changed. When their phase differences are about odd times of

/2, the Reynolds stress is depressed to about zero. The mechanisms of production, diffu-

sion and transportation of Reynolds stress are changed in wall-bounded turbulent flow and

the Reynolds stresses are restrained to a certain degree.
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Fig.1 Test section and local disturbance apparatus
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Table 1 Non-dimensional surface friction coefficient
(Ci/Cw) along longitudinal direction

x/mm

IG5 4
R 725 5 10 15 20 30

0.0094 0.857 0.871 0.842 0.894 0.935 0.976
0.0188 0.872 0.877 0.852 0.874 0.917 0.994
0.0376 0.843 0.861 0.838 0.868 0.903 0.978
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Fig. 2 Contours of Reynolds stress — u'w’ along longitudinal and normal directions

before and after disturbance



1812 fit =

o 28 4

oof T T A
i =3
50 i 0.
b 0.0017
. d0jiEy ; -poor7 -0.0017
30
-0,0017
20
P A E——
10 15 20 25 30
.\'-l'l]]'I]]'I
(a) f*=0
60FEiiii
30 2x10+ ‘,
Lo Y —9.6x10
_ 40¢s ; 1% (L
) L -0.6x107 {
30 b )_IxI()':_f'
20 3\?:0?]'-; 5
50 5 10 15 20 25 30
a/mm
(¢) f+=0.0188

60

50

40 —0.0011

-6.7x10% } 1 7

L _6x10~
30¢

20 HLY

10 15 20 25 30

.\'l'rIII[II
(h) f+=0.0094
60 Hitd .1:‘
i 2 {
s0fi | ; |
i1 -7.0x10 / _“_}'-\ o
sollii 70x10+ 0%
L h:ﬂi}lh ; j
!
307iild.5x 10+ } {
20 i 13x107 4
{00104 7}
A b i S T L i i - i
=5 0 5 10 15 /20 25 30
.\'.I’I"[II]'I
{lhf‘:ﬂ,(l:‘?ﬁ

P03 A [ 550 3 e 3 U AT A8 7 ), — o ¥ TR 16 A ] 43 19 25 1 4

Fig. 3 Contours of Reynolds_stress — u'w’ along-longittdinal and normal directions

before and-after distturbance

AR SR U5 43 B R i T R A R R R
S5 K U At o 400 235 4 0 2R T LY B T R e
4Ca) ~ B ACEH 43 50 25 T SRt in 48 Bl B, 2T )
fIE x=—7.5mm(% ) EMAE v =20,
VL I] 3% ) R ] ok 2l R S 14 43 RURE LT 25 4
W% 555 145 5 14 2% 1 AR ST 35 % . B G0 kA A
ANE - 27 R A il Sy HsF ) A ASE P 359 38 T 1 AR 4
iR N DI U e 3 W Ol 1 I == | 2 O O
Bl 4 Ca) , TS & Az B, 3L 1] 3 2 43 o A B[R] D
rh R A 2 e e B X TR 4 (b, HE & A
B 3 ) 338 43k A9 4% 44 A 7 T8 T O — 4> 2 )
LR 3 — 2 B A R R A AR R 2 X107

T3 T A L B R BE B 9 A2 X T I 0 4
Fi R A Ak R W AR 0 2 3ok
B FEAH T 250 i 4 e AR v, T O M AR T
U UINE ™= A T RE 1 EE A RH T . A LR X2
it YL 23 77 A K RE TA] RE 452 BHL T A AR AR D IR T
E 4 (o FE ACe) , BES & A B, 25 o] 3B 43 £
IC B BE T CIE D (14 J7 [ (e S 8 o) 5 B2 1) 1 7 1] Y
T, 25 B AR S I A [ RE T ) A1 XIS S 0 Y

b Y ) R A AT I AV 3 3 A A S v 1) A 0 o
BN 3 18] i A I R 1) 1E 5 1) S A 0 67 05
[ S 22D s %8 T 4 (D AT 4CD 400 A= 10 3%
Tia) 3 B ) % 30 BE AT A9 CHR0) 9 7 1) 38400, 0t Hof R 1)
HEE S 1) £ 77 1] 0 3, % BH R A A0 DX R i
DA 5l 0 52 o YA 1) S A ) O AR O A
FE R ) b ) Z2 0 i . X 5 Subramanian il Ra-
jagopalan 2557 F 2% 1 SR B i G 0 ) 45 R e —
Hny.

Bl S St ik sh wi e . ek m y" =20 Wi
RELZWZ, Hi A o=10mm {0 & I, W5 fad 72
Hh O N B KRB i RUBE 9 3 1] L 1) R ] ik 3
J& 53 B 25 A AR AL S 2305 . X0z 1 5 () FTIET 5
(b AT L& Bt 41 3l LIS o A0 AP X 3008 19 -
OIS GBIV 45 4 A 3 S e ] [ i A2 1 08 R
R A ARG A 125 1) Jok 2y 3 32 4 1149 4% 1 AR oz -
B Ie 0 g 5 (o) FEL 5 (dD 5 AT LA & 3R in 4
B LS o v 0] Jok 3 3B 43 08 2% 0 A AL 1 35 8
55 R e s AR L A 58 42 B ). DA 1] fok B
J& 53 0 25 A AR AL P B8 K B % LR 5 Ce) Al
5 CD i 4k 2l LA BB ARGL JL-F- A8 Sz . %



5 8 3 X A - WAL S B o AR R AR TR R D Y S 1813

0.10
0.08 |
0.06 F
0.04 F
0.02
of
—0.02}
-0.04 }
~0.06} -.
008} “
1511 | A S R S (R S (T
20001 0001 0003 0005 0007
tls

(a) ﬁlﬁ'ﬁ'f. i:ii[. [;i]

(ular))

010 —a=1
N H:z
— a=3
[ e a=4 r.r"
0.04F a=5 f

{(olat))

-0.0005 0.0005 0.0015 0.0025 0.0035

ts
() WEE, 3 (0]

0.10 B
0.08 F A
0.06 F AT
0.04
002}

0F

—002}

—0.04}

~0.06}

— l‘]’:l

Y g =2
------- a=3

- a=4
a=5

Lwlat))

a=6

-0.08 :
-0.001 0.001 0.003 0.005 0.007

s
() PESFF, B i)

0.10
0.08
0.06
0.04 F
0.02
OF
-0.02+
-0.04 F
-0.06 |
-0.08
-0.10
-0.12 . A % A o L . !
—0.001 0.001 0.003 0.005 0.007
tls

(b) 145, N

—a=1

......... a=2

(ula.t))

¢ =%
— |
...... a=35
a=6H

0.10¢
0.08 ¢ sttt (L2
0.06}
0.04}
0.02}
of
-0.02} X ,
~0.04} KA XV
£0.06} " ’

{v{m, 1))

_0_“8 ' '

£0.0005 0.0005 0.0015 0.0025 0.0035
.h":-'

() F1448, B0

1 I L 1 I |

010

005

0F

Cwladt))

=0.05F

W |ll f 2
-0.10} \ / g

_( ). 1 5 L L L 1 1 1 L ]
-0.001 0.001 0.003 0.005 0.007

tls
(0) §452, e i

P4 TCHCS G B0 U 3 1 R 1k 3l 8 R A A5 AL 3 38 BE R Y A2 1

Fig. 4 Conditional phase-averaged waveforms of longitudinal,normal and transverse fluctuating velocity

varying with scales without disturbance
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Fig.5 Conditional phase-averaged waveforms of longitudinal,normal and transverse fluctuating velocity at

2=10mm and y" =20 before and after disturbance
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