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ABSTRACT

It is essential to analyze structural vibrations due to turbulent wall pressure fluctuations
over a body surface which moves through a fluid, because the vibrations can be a
severe source of noise affecting to passengers in airplanes and SONAR performance.
Generally, this kind of problems have been solved for very simplified models, eg.
plates, which can be applied to the wavenumber domain analysis. In this paper, a finite
element modeling of the wall pressure fluctuations over arbitrary smooth surfaces is
investigated. It is found that the modeled wall pressure fluctuation at nodes becomes
uncorrelated at higher frequencies and at lower flow speeds, and the response is
over-estimated due to the aliased power. Finally, the frequency range available for

uncorrelated loading model and two power correction schemes are presented.
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Table 1. Properties of the Beam

E P v A I L J
7.1E10| 2650 [0.336.158E-4(3.0E~8|3.0E-8{6.0E-8
E : Young's modulus I, 1, - area moment

of ineria

. density (
J  tortional constant

)
v : Poisson ratio
A : cross-sectional area

Fig 1914 2 Hel digle Zojst Imeolx
Table 19 84X & 2t F$d dadd dFfss
200m/s¥ o Hd 4kHz 71X &€& ol&s ¢
T 22UE o] &3d §HE AdsiA Fo
A4, 2 HME T 2L nRHAFFS RER
BH ke =012 23 5 Ut RFE$29
Hd FAFASFE U8 HYFE k=407
E de & At @A o 3F =AM &
g 2dag A8 A7 o3 Fig. 3904 29
upe} 2ol k. =10rBEE AY £ Yoz 4
(1702 %€ 84 37 e 001mE ¥ + Aok
Fig. 4= A #4dF ool d$ 42a4& oY
g dg2A Fol Bt ¢AH3 HFFR AL
€ ¢ 4 4. Fig. 58 10 g3 7§ o]
39} MSC/NASTRANS ol 83 78 F4H
He e 2"9Ed Y F5E Holn oy
5 Ase 2 YAz o z2Ed A5 g9
A AFHdggdez 4 EF £ xojg EHojn
ALk ol GelM AFFH YA FRE BdFH

a0 i ] —Trr
kmm— ‘,.'; ,\
8 =} L
& / N
§ 30 b o
‘.; | L l
M K
e -
o
50 b
.0 " A i s N A i
200 150 100 80 ° ) 100 150 200
Wavenumber(k/x)

Fig 3 Wavenumber Spectrum at the maximum

frequency of interest and the Position of

modeling-related wavenumbers

2 i . . Il R A

ok C o L] ——dKnzReal |
. 4KHzimag |

Cross-Correlation at 4 KHz

i A, i A A L. i i
o0 01 oz 03 04 05 oe o7 oa 0.9 10
Relative Distance(m)

Fig. 4 User-input Cross-Correlation Function

% - -~ - U, =200 nvs
E L~ FEM
|- : ; e TheOTY
eI\
? . ,g‘ P B

A

\_//
o . . . \\'\...
e T e o~
Frequency(Hz)

Fig. 5 Displacement Power Spectral Density
Function at x=0.5

¥x] @o} Fig. 4o014 B9 400Hzel AuaA s
Zo] A} Imolyd He Fu@A/ nds
A 9tz wWEo)th

3-3 283 gy

QM AFH FF W FTREY $dHo] ¢4
Y Hy 2718 183l 2d¥ d0A HHE
A2 & Ry AMd 2y A A8 74X B4
FL #EAU HUNZAL HY JHFIS
o dF Fr (ko) T2 HA FCE e )
7t 288 YA Fud F2E S 2E =4 4
(17a)s} @84 A7) 33 E¥ =dd) 9
;&2 AV Z2AHD FY FAL 5L E,
fEo] HL5E 24 AVE BAH o} A}, 8
4 Rdygod 822 zAVE FAY FA mdy
g & g Az, Bk opdE Al 2
uie} o] s1Fe FPUAE IHFFARCl HA

- 821 -



¥ EE AP digtq 2EY ol ¥ =T
AFg e gl dE F=E Eolyl A3

JA F2EL ZUPsER 94 BA4o] Aok

o] RE A 2ug nIvtE AMHAY HY 7L
B3 EAe A9 gl
2109 oledE AHRYE R=9 o o
SG=7F g gl dE dgold lod o
g9 A E ol d%E A A £
A T 84 RN 3F ZES HY
BETgE I 99 Axde Foge 9nid
ugty F2EL 8 ¥E 28 HU7aT
Hgste RdYsidr R @z Y
(17Th)E A L3 &FgozM HFAHE EAHE
A Fojof grd.  Fig. 62 F 57 20
m/sgl Ao st A AR A o HS A
(17a)= =Y HAThE WFIRA g 84
Arzjz 2439 et Fig 694 £ F 3
700Hzol 8toll  olMi=  o]&s9l  FEM
(correlated loading)®] 317t & 9 &Y Fa
7} #7}¥+E FEM(un-correlated loading)®! 3l
2 2383 LS ¢ & Ut °olE Fig. 744
B A@#A nF dges #4F 24y
g dFoz g4A3] HAHA ¥r] #HECY AF
AaaAe AREeE AR A ¥ A# F
Az "ok o] FHL o]iE} ol E(sampling
theory)el 71'gd& ol Hd3& F vk o4tz
Z (sampling rate) 4x9] 2u] el &3t Y@
A F FEIt kg (=rade] ] FEBAE A
8 BEE7] oJg¥1 aliasing@ ol Loyt 7}
ke ©18Q1 499 iR FHHETT A€
FaaAz Qdid 248 2 FE H(17E HE
o mdad g4 A7) e AADAC T
s &4o] v yigd Aol

o wtgdd w4 &4E aliasingdlAd 719EH=
2 )9 339 BYE o33y Fdd REE
FAsd gHs}P | Aol o] Anti-aliasing
Filter& 37l Y FLT sideltt. 28
U HFHo g ok el EAIF dojue
Faadge] g9 v 4@ sFdue g9
TYsA H=2 Fig. 33 22 4@ 9F AF
A gF AFHEHANM ke < k< ku FY
el 59(Fig. 8, correction #1)%& 17138l §-

to L o O Ju Ju

%ol

g€ Fahd Fig 90 7k d4dez deyn o
g3 THI}L UAFE ¢+ Utk

313 2da A ojxel correction #1914 3§
HHE #ZEF 3 H Fog didoA v A
dFoz RYE¥ystd F@o] Figidlx Hiez
EAE A3 2ol #rl. Fig. 994 BE unlg}
o] km<2/UEE FHE FYelMe o] #rt
ojgafot ¢ AS Ho o I AL ¢
Ak wEtd #FAFGs gde] b, <20/US
W& g9 Jud FL v AR dF e
2dldg 5 JdA Hol EAe ¥ 4A HF=e
& At}

tg& gA MyFt Anti-Aliasing Filter7l'd &
=% 79 A d(correction #1)3 G F=Z
g 4dFdA g4 e T d& H9
A4t (correction #2)7% A4t A3 E 4 Fc

o 3z RdHYE 3F B g4Ad] HEE
AL BT UHse 84 A7IZ HEd 4
o] 84 A7lH KAL HAE ¢stddd 410)
< 2(19)8} o] FHEY,

Su,u,= agl g‘) gHaisaﬂHai (lg)
47154 N# H, & 249 2HF R dgHP5o)
I H,, 002 F7M8 AP Ho] g jAA A
ole] Aggsolrt. ol F7E EHol 99
gl vld v ke W glemg Frhd
Adee e dedsre EF ¥dx Y F
it meM H19E A0 Zo] EHET.
Sun= Bl 2 20 S o (20

2202 A0 snol HHEd 42D #@kE
e gHI 9o

go gs“‘“'

uebd, 25 2D dFo] dHe 2E A
vl A# stFes mdddE A4 2ol XU
o S..E F7tY EAHe=z= EASR
Sa,a,zwaa,'(Ax/K)zoqu )b)'ﬂ]ﬂaﬂ Q’_‘l‘a Q"%

(21)

..822-



#E 7HAEE FdAC @ A2 ZAW 4
(22)8} Zo] "o

3 00 (kds]K) - (2] K)? (22)

KE& %3 @o] sdttn Azdstn 48 ot
Al BESH A (23)7 Zo] EAHI HEHHEZE
AR A (23)7 gol "  HE Fe
—dxsesapolojof Y molF= AR BAVL
A 7MASPO DR —w<t<od FH)

o1 Ax
dx lim 42 0 ., (Rdx/ K) <5 (23)

[ 0,08 w)de (24)

2240 (D& 13HY FE5 dldtd TAH(g=0)
st Aea 2 dae] JFRog FHiw
2(26)9} o] ¥ 3 2zt Fpgro] disle] T3 A3
7} Fig. 8o Moz HAHo i}

(25)

W@ TD <~

21(25)9 #E v A7 dFoz wdYsd {
% 20 m/sel diged T FHol Fig. 9l
——o——2 ¥EAHY ¢tk Fig. 9914 RE nu}
o} gol AN A#s olEs oi$ B dAEHa
dom AaBAZ EA%E FTHF AG (k>
UM E F AX 3 olye &
o] 200m/sql A€ A Fo5 digelA dtF e
2BB[AN F ZEHERZ ol AdiA 4
A EASA & FHAF R (k< 22/U.)
o] ¢l A$=2A correction #1°] 7143 Fa5
dde} itk aWd  Fig. 102 f%0] 200m/s9)
A9 $98 EAF Ao o] o correction
#2804 er ¢ 9ol & ¢ A X
2 YSE ¢ F U

Al A9 3 correction #1° 9% Ee A
@Azt EAste Fas dYoiAe b 4@ 3§
Fo2 249y 34 & F$ $98 AT & ¢l
2, o] 7 9(correction #2)H Al 40142l A

By
oot

E
U= 20 mis
R - FEM, cOfretated loading
G . —— FEM, uncorrelated lcading
2 . ’
g
g -
N
o
i 180
-
@
0 200 b
220 4 . . . ‘
0 500 1000 1500 2000 2500 3000 3500 4000
Frequency(Hz)

Fig. 6. Response power spectral density function
subjected to uncorrected loadings

! U, =20 m/s
1YY S i h ) ———3 KHZ,Real
g 1 KHz,Real
- 300Hz,Real

0 s . i A " i i " L
00 0.1 02 03 [ 23 05 o8 a7 -] 09 1.0

Relative Distance(m)

Fig. 7 Cross~correlation function at U.=20 m/s

Corrected Input PSD. (dB)
5 3
T

20 - Ko < K <k (Corraction #1)
——— Power Sum of Correlation(Correction #2)
= ~—— Original Auto PSD
30 1 1 1 T ) :
o 500 1000 1500 2000 2500 3000 3500 4000

Frequency(Hz)

Fig. 8 Corrected input power spectral density
function

AN FBBANL EAHE IR N (k>
A UINHE §o] ol&a9} o8 mojol §
AT BT pEe s G4 Be o
% 29 Ao

- 823 -



0
100 U,=20 m's
o~ e FEM cOfriated,Corraction #1
"E 420 [ oo e FEM uncormelated, Comection #1
- -0 FEM uncometated,Comection #2
@ ol Y% = Theory
@ L
2 :
o -1t e £
a :
o - P
i 180k o, o
g :
@ -
o 200
20 A ;

n "
1506 2000 2500 3000 3800 4000
Frequency(Hz)

A N
L 500 1000

Fig. 9 Comparisons of response power spectral
density functions from different 3 methods

80
-100 U =200 mis
. " FEM correlalad
‘fE 1420 © ::MWM,M!Z
E ——— Theory
2 ol
g
y -180 b
§-|NP
0 20}
A e e i
Frequency(Hz)
Fig. 10 Applicability of uncorrelated load
modelling to a correlated load model using
correction #2 method
o] #4& (239 HE FUo Lde

—dr<g<saxolt molFole FuBAV Yo
HEINE -—wséswo AT FEH TR
7tRsd Yol 718 ZtRel AEHA ¥v
Az e Aol v Fgo] oM HT
sgged ol AFH ddez ZFE AEHT
7t e E9st sour] dEels 4R ¢4 3
Fol FAAM FUstel FaBATE FdAA el
7k g &8y] dEU Ao wddn.

4. BE

E dFdHe dRFAS U 98 9F dFHA
o ¢7 AL Al 7= ¢ #F F¥ 24
2y geke AAsgon AN 5 BEE o

BHE 7Y F U ¢ed EAd AEsA g
348 AZ3G.  correction #1o] g
anti-aliasing—filtered power® Y] 4@ dFo=
2d3dsie d& $EL  kn<2/U.& BFIE
a4 oA AHY 4 UL correction #2
yy oz 7§ powerd H 4# dFoz 7H &
ge o ge Fas gidels S AT
AN

utebA CorcosZ ol A4 7Med ¥9 ¥
TzEY 4F HE WE d¥HA % SHE £
Aol AAE HPe HEsq FE 24 EY
g A g b AF dFoR FIA #HNY
4 Adrt .

31F
(1) AFF, T4, 199, ¢F FFo 4¢ B
o AF AHHAD, FEHAFATF2, JERIA

NWSD-513-990395

(2) W. A Strawderman & R. S. Brand, 1969,
Turbulent-Flow-Excited Vibration of a Simply

Surpported Rectangular Flat Plate, JASA,
Vol.45(1)
(3) M. L. 1992, Rumerman, Frequency-Flow

Speed Dependence of Structural Response to
Turbulent Boundary Layer Pressure Excitation,
JASA, Vol92(6)

(4) G. M. Corcos, 1964, The Structure of the
Turbulent Pressure Field in
Flows, JFM, Vol.18, pp.335-378

Boundary-Layer

(5) D. M. Chase, 1980, Modeling the
Wavevector-Frequency Spectrum of Turbulent
Boundary Layer Wall Pressure, JSV, Vol.70(1),
pp. 29-67

6) ERAS, AFF, 1997, BE& AWIAY BEE
29 FR-FA4 A& & A Y, #FAER
E383x, A78 A4E, pp. 571-587



