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Space-Time Characteristics of ‘e Wall Shear-Stress Fluctuations in
a Low-Reynolds Number Axial Turbulent Boundary Layer
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Mechanical System Design Engineering Department, Hongik University, Seoul 121-791, Korea

(Received August 11, 2003, revision received September 15, 2003)

ABSTRACT: Direct numerical simulation database of an axial turbulent boundary layer is
used to compute frequency and wave number spectra of the wall shear-stress fluctuations in
a low-Reynolds number axial turbulent boundary layer. One-dimensional and two-dimensional
power spectra of flow variables are calculated and compared. At low wave numbers and fre-
quencies, the power of streamwise shear stress is larger than that of spanwise shear stress,
while the powers of both stresses are almost the same at high wave numbers and frequen-
cies. The frequency/streamwise wave number spectra of the wall flow variables show that
large-scale fluctuations to the rms value is largest for the streamwise shear stress, while that
of small-scale fluctuations to the rms value is largest for pressure. In the two-point auto-
correlations, negative correlation occurs in streamwise separations for pressure and spanwise
shear stress, and in spanwise correlation for both shear stresses.

Key words: Turbulent boundary layer(‘d 7 #l%), Direct numerical simulation(2} 4 5=x13l%),
Convex curvature(#% & I &)

JlsAHy a=la 22X

a :EgAYU WA S ¢ 1 AAT A
C;: BHRAS R R
L o 0 5y 2y
Re : Reynolds & AR

A
u,  HRASE ad

+ 19 a9

¥ Corresponding author of & &}

Tel.: +82-2-320-1477; fax: +82-2-324-8911
E-rmail address: dsshin@hongik.ac.kr w ¥

895



896 AEA

1.8 & du;

2

JAHE2A FUA BAY W
g5, olo] wal HelA g

o = (D)
A3 o] FAWFo T FEL A= A9 du;  Ouu 9p 1 3%
FFoz s2E GRFES AE UM @ ot o T T ow T Re omox O
Bo] &ugko g {50 EAse A% 2ol
dHow We $4 Bopl EAlsh, TE9 2 AT LT 5L AFUTQEY) 2
ol 7] Yl 423  FES JHAk zuraauleh o 2 #sitn RSP, w9
7;2}1—%@1 fél%iﬁgj%i} Ml ”‘“zﬂ*i} R HRE 2he relgat1]d #
B4 0 Rs R SET U ge z0os wdsan 714 ok F8 43
= S [}
a:j el iASAE 3 9 IS gy s v, 439 AAE A
_ N

m}hi&ﬂHoﬁ—hrﬂi_&:100ﬂzio_>i}m9,l;<z&ow_&){y'
1o ol ot 2 ot rlr
v
i)

a7t EA A b
o e WS e m}m Sag eI AESAT §5L okd Pl
AA e gRRe AFE W GEAAS oste FAHY, EAdes FH FFY A4
augEREe 4a°%) gzazen, 3 F 21Fde2 Aesgy
G2 AA =g Huind HEqo] g A AAZALZ Adde FWQl r=qolME A
= oo 357 ARegn? Tgo) g #zxA& AHgstaAth
ol HugHEEel By §4 dzwe) B
4 v b B d7e 5% dRAAS Ulye =0 3)
14 s ARE ol gkl HuYH P4y
S$EF % Fawel @A HEAH % oo FYgoRE F3E Loldl L HEstd F
BB AT 2AETE ATE IR zRE AgaRon, AFIGeRE 772
2 Agelgth BANRe WwRE FoMY 7
- &

2 % 5l A
2. FAsH AZAL uy—uwdl L, ty, uy—0010h A4bo]

kel &L HAE 3A4Y dEAAZ o = AdGde FAJA r=a+ 1A $=
3 A A A7) 95t AH FABAE A ed e 28E AHEE He 2d% 22
gs9n A FARAPEE 349 BRgEyg SO UIASE AN 5 TR ATw
o Aatel HgsH, $549 T EHL 3§ ol &xo o3 HTgHo] glow, wFLF
8% 4 Qb ¥ ZEE Choi and Moin®e) o  SF FE7H 0] ST
& ALE Implicit B8 E Ab&3te] wAS At
S Sysiy, Ugd 2 AP 23 Axe A Ul y—0e1 =0
%5 7}A% Crank-Nicolsong Ahg3ste] 74t j_(ﬂl) ~0 @
%]-C}. a7 r=a+1—

mde 7 2 4Ud AR el & 3 [ u
592 sgstgeh ARG WP Rl s} 79?(7) ot
A= YNHEAE ALS, g derels

12

AaHEAE AESGT FYGozE R8I 2 AR gloln AF YYD FPPoRE 7
g L=B

AAdE 9ol F718 210& UEHZE 313, YARE AR en, WGz E 99
ulwgio 2= WS Fhe mEstdd. AA AZ AHgstgn wrAEEke) AxE FAE7] 9
z27e AFuEs 2w ddd F2AS ste dRFE FXE Z Addvn gA
AR ony, wARggd dstdE /M 2l hyperbolic tangent &% AM&3Hsth

AAZAL Fgagdd Tl AurA e v QoA AFT uiep o] B fF] TAH A
&4 FAY A% 2 EFHFUA Y AAee =23y filde dAY AFHEE



bR et &Y, o]& YA E oFgt &ubdkel <ty
TFul —dp/dey® TFStdoF Bt ol e &
o] orepujo] W JFL malsed AW F

AN FHF}AT Z‘%j FA AN E B
Adg FYo F5o TEC] PAE 4TS
H1uy) $ste] AAZTY —rvﬂﬂ Ady wAE
oA wiel A$-E mstach AdL &
Sapgo] otz AEE FAEFHo YA Rt A
Hq FAHATE-E ALt Ade] ALEd 7—%
e 64x95x192019, AL EW whEA S
Ci7t ol A= sHE3d AR ﬁéﬁmﬁﬂ
Jd £2% w7x FYPsAct dFAAFLE

B & dolsxse HAZ Aol JVIELE
3,4000] ¢},

RURR

12 Choi and Moin®el 4 st e

FaHc & AFolMs oH
o AAE SAYY Eweg GFEFFOL A8

4t =1.705%10"28/u, 2 3t
4,992A) 7+ 7F A (time steps) THE A4S E T A4
of 29 AEY A|7+7+A(sampling resolution)
At=3.41x107%8/u(4tT =0657)0l 2, & ME
MG N=2496, & 287+ Ty=8.518/u.°lth
AA AEBEL 50%Y FAA 12708 dxE

107

10':—;

EEEE L

Fig. 1 Spectra of the wall-shear stress fluctuations.
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Fig. 2 Frequency spectra of the wall shear-stress fluctuations of r3: —, Re,=193(present study);

---, Re,=180 (Jeon and Choi”); v, Re,=289 (Sreenivasan and Antonia™); *, Re, =5
(Sreenivasan and Antonia™); +, Re,=806 (Wietrzak and Lueptow®); x, Re,=1850 (Yang®);
s, Re,=3060 (Madavan et al."®); ®, Re,=2669 (Keith and Bennett’"); o, Re,=3966 (Keith

and Bennett™").
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Fig. 3 Contours of @(k;,w) for p,. Contour
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Fig. 5 Two-point auto-correlation as functions of separation distance in the streamwise and

circumferential directions.
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