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Experimental Investigation of aero acoustic noise generation process from a wall
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ARTICLE INFORMATION ABSTRACT
Original Research Paper In the present research aeroacoustic characteristics of flow over a finite height wall mounted square
Received 11 June 2017 cylinder at different angles of attack is investigated. The aspect ratio of the model and the boundary
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Available Online 08 September 2017 layer thickness were 7 and§/D = 4.27, respectively. The experiments were done in an acoustically

improved aerodynamic wind tunnel. The purpose of this study is to identify correlation between the

fluid and the acoustic fields. The flow-induced noise was measured using single microphone. The

Keywords: . . L . . .

sql{;vre cylinder measured noise is related to aerodynamic characteristics of the flow using a single hot wire. The flow-
Aeroacoustic Noise induced noise of the cylinder is characterized in terms of frequency and magnitude. A sharp peak was
Microphone observed in the far-field pressure at the vortex shedding frequency which was measured with hot wire

Strouhal number

h anemometer. So, it could be concluded that vortex shedding is a source of aerodynamic noise
Vortex shedding

generation. The Strouhal number obtained from two devices was almost equal to 0.11 which is in
agreement with previous studies. Also, maximum vortex shedding frequency was measured for a =
15°. It is observed that sound pressure level is increased with increasing upstream velocity. The overall
sound pressure level ranged between 84.2 and 110.95 (dB) for upstream velocities in the range of 5-15
(m/s). The angle of attack has no important effect on overall sound pressure level.
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Flow

(b)
Fig. 1 Schematic drawing of wall mounted square cylinder placed in
the test section: (a) coordinate system; (b) definition of angle of attack
(top view) [8]
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Fig.4 Flow structure around wall-mounted finite-length square
cylinder: (a) different vortex structures[8]; (b) Sketch of the mean flow
pattern [15]
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Fig. 6 centerline streamwise velocity measured at midspan of the
cylinder: (a) Mean value; (b) rms value; (c) rms valur for 2D square
cylinder [19]
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Fig. 7 variation of mean velocity in transverse direction for different
angle of attacks measured at X/D=5; Y/D=3.5 for U,,=12m/s

alo> sblgy ol p dlis axl oy 10 ey Jasgie oo Ol s 7 JSC0
U,=12m/s 51, Y/D=3.5 4 X/D=5 s calie
Sy plexl ol 5l oo 5 e sl Lol s a5 Cal T 55 el ol
2 093] GUT 5oyl jpa> 118 A" cwly] I als S gline
S 03a3l GO 50 patkens 6518 3 sy sl aalllns Sl i3 cnl o
Glopg ool johite 4 lad JuSew weul hgals figg a5 > e b
12 ooVl oy olm] jolain 4y g calol jo 0005 0,58 ae
0035 g ok I ygey] GBI o Led JLKw Toamme g 0wus,F oy, MIS
o 3 oo (L als 5 8,5 )13 geil GUT J31s Jae s 20,5
3 o2 5 (ZID=T 4 YID=3.5 X/D=-3) Juo cewsVl 10 (595,500 a5
@ZID=3 4 Y/D=3.5 X/D=5) Jas Cews sl ;8 o589, 50 o5 >
BB jaibew (5,03 Bl o5 4 "8 UK s S IS5 )l I3
0905) G155 Joe (5565518 L a5 09 g0 alimdle o o (Lt |y (53]
4 35800 BLIN iy aejm g JuSemw 4 il oL 5 55 A8 S
ol jaidow jleads jadie e 3l LBU

B alS) Joe eVl 45 (y989,5n oS > g0 o (gl ald 0yl
A5 ol Dgptin 3yl 1B T s ol 5 ((Seoliuogpl Jld 4l )
S0 )18 Jaw cewdVl (o 1989 ,Sew a5 b jo oS ol pl az g >
sl jLad Sl ) wilgi oo o Lawgs oo > lid Slilugs el
9 5 O9,5ue hawg oad ool jlad JuSew il allss 4l e end
b Jy )l e g JuSKew b Glaiz Dol cals S (S5, (5 2
@ 0l S S8 U (o9 So5 g Cewd Omly 50 99,5 5385 18
Sllog 685 55 el ol Juds 39500 YU g5 LS o allis asb
6o b oS el 8y ,See JUSew (59, » Alis axb o ol las
oS Gy boye Al 5 JiSew cnl )0 5 05ds o O by
5 oael Caws 4 ilS 8 ks b canlllae aslsl o Canl Sgpeine SalS
S e ool 5l esel s 4 alo )T Gy ISR L 0gdy S
G o] s 4 a5 008 Wl aleS ik, L ead saalive als L)
@ Olgise i onl Sl et lazmes plgie 4y ol anlgs o Lal aelsl ) 5
69y SiwsST Slodol a5 Sealing T ol Jigs a5 5,5 o Lil iS5
Bls 1 (SetwsSTo T Slalllas S plol Colild ol 435 & g0 )]
Bab Slgss e GBI azmad Sz 3l eolitul 4y L3 aSGT g0y sl

9 ojleubs 17 0551396 23T (e SHlle (e


file:///C:/Users/Desert%20Rose/dropbox/MME/Shahrivar%2096/1730/Enew%20171730P.docx%23_ENREF_10
https://dorl.net/dor/20.1001.1.10275940.1396.17.9.19.5
https://mme.modares.ac.ir/article-15-3609-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-05-31 ]

[ DOR: 20.1001.1.10275940.1396.17.9.19.5]

VLo 9 53390 Ld pule

alizto adoa (Sblg) s 0)lgsd &y Judie (2 p0 p ki S I SSaiawgSTo 1aT 393 Sulgs SdaTyd o sx5 (w) s

5,5 iy S8 bgrpe ald (g )50 LS (olod 55 oaal ad
abais 0 ool Caws 4 JiKw 4 byje Ll axSS Jg 09,5 sualive
sanlie ald g0 JL¥ew ol jo awl allis amb jeme p adly Z/D=0
e WL el (6,50 plp g0 Lc..so N ooz, yuilS B as 5eh o
ALss Aol 5 3 (s S (B o 2B (ol sy ol it i
5 o> |y jailes oo 90 50 5l ool lam slaals T j5e 0,5 o I8
So ol oad s laails I adass cpl Sl 2y a5 by aiS e S
3 03b S g8 Olie Lot ledign 0,058 5 o 1y ke Cae
Szl i B ane) o 29l eein 990 LB (ol
o b alie o Ll g a8 )18 il allds amb 5o (585,500
lador S 1 VL a5 o woed S 3k B o3l 36T a8

Cawd g0 Jlad cads eVl e pus ]33l 1 cadlllas ol dalol o
2 ead gpSojlul (SawsST jled el "1l S s 8 )y
5- etV sloce 50 (amptes (rrpe jaikew (6lp ) jaikew cuoYl,
a8 sVl Sy igl3l L a5 555 oo oanlie ams s Lt 15 /s
GRIB S Sile 4 0gd oo Jie SVL (W R 4 b )0 392
S @ | S Snl Glpme 4 bgipe dll cosVl cs sy
ks 2l b 4 el ol el l s S e Jite VL (sl uilS 5
L oad oS5 sloals S ol psitaps Ciuldl amt o 5 SVl
@ ald)S Ay bgye A I g Wb oo e jarkew 5l 5V (W53
g anndVl Sy GIEIL Gtz ee 398 o0 Jiie 5L slauilS 2
ol sl gillae (gim g, 00 VL 55 589 S0 Jagi oad C g
el dedo amo oo ialidl 1) jadew 5 onds e glawe cawoVl ey
sy sve Gl b (Sl nl g mlie (od S8l e g
o5 5z gshr (53, L8 Shlags & e olie oal o J) o
sonlie Al cousVl ey il b Lads ogad oylil ol > Sxad]
odims lid gadse ol ojls (63555 aels 5 oals i msly ccans ;o oud
lad b o ald sl b las e a5 cnl als S A oy (3B S8
sl s yg0

e ik (sl 5 (220 (V50 5 5lyge anlllne ol S5 4y p3Y
s S > 4B S 5 55 BT 51 S (s bite S b (st

120

o —_— ZID=0
5 - - - - Zp=1
ok Ll ZID=3
3 . — - — ZD=4
00— —— —— Wind Tunnel (U,=12m/s)
I = - ) Background noise ( U.=0)
0F . PR
BTN
g 80 | .
S F S,
g F N
3 e
60~ e
- ~ ’ '\'r.f | \
- ~ Yy
50 | ~ A “af,
F S~ \V’q})\ M"\.\
o J A,
ok LY
F N
o Nor
30F ""‘hl.\m.,w
L ol ] . NN
10' 107 10° 10*
fiHz)

Fig. 10 Spanwise location dependency of pressure spectrum in the
wake region (X/D=5;Y/H=0.5;U,=12m/s)

Alis b o Loy o5 4 jlas cinl  Saly 10 JSi
(X/ID=5;Y/H=0.5;U,,=12m/s)

9 opleits 17 0931396 05T ()30 SHle (wiiie

-10

St=0.103

-15

-20

-25

u)

-30

-35

-40

-45

(@ (N
90

St=0.110

80

70

PSD (dB)

60

50

Ll w1I01 Ll ‘1})2
f(Hz)
) (@)

Fig. 9 a sample spectra for square cylinder: (a) Fluctuations of
streamwise velocity component; (b) Fluctuations of far-field pressure

iy e Js Ol ln a8 S Spo il Jlod ) laises 9 5B
w590 ,Lid Sllug () 10l Sz )0 oy adlge Ollugs (AN

5 &S o il > 5l el s 4 sla JiSws o ald g485 WilS 31 Jous

43 yho dle> dygly 55 (199,50
Table 1 Observed peak frequencies in the signal of Hotwire and
microphone measurements (a = 0°)

by b s S ol

59955 b (5565 o3l 0
oy 2 oy (M/S) CwsdYb e o
st o0 P st o0 B
Hz) Hz)
0.107 35.4 0.108 36 5
0.103 68.4 0.103 68.4 10
0.110 87.9 0.108 86 12
0.107 107.4 0.102 102 15

ol s S e i gy 008 b Loy gy 990 sVl Sty
Ot ol e 1 Gl Gl BB )8 ooe Sl 58 g0
iley ol Loy gyl oo g allis 4l sligy o5 o0 el g9.090
JESs 2 989,500 55518 e 1Bl ) ol 5o 550 e Jlses

alidee b 50 (5999,50e Jlgms (l @ ks sl g O Lo 0ol 2
5 YID=3.5 XID=5 L g5, blis cpl ) 13 ik dlos b o
S| ZID=4 b (Wi b j5me g5,) ZID=0 s Gilis polie gl
ol o L..:)_c; Lol 00 sols Lz 10 S o IS ol A o

334


file:///C:/Users/Desert%20Rose/dropbox/MME/Shahrivar%2096/1730/Enew%20171730P.docx%23_ENREF_22
https://dorl.net/dor/20.1001.1.10275940.1396.17.9.19.5
https://mme.modares.ac.ir/article-15-3609-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-05-31 ]

[ DOR: 20.1001.1.10275940.1396.17.9.19.5]

VLo 9 53390 Ld pule

alizto adea (Sblg) s 0)lgsd &y Judie (2 p0 pdikaw S Sl SSaiawgSTg 1T 398 Sulgs 3iaTyd (o x5 () )

14 S e s S Sainy (el B Dl g, (o Slly sl
Ol alom agly b ows amy oo S0 4 als 5 Ay (58 Sl
5 0989, 5w 3l eael Cuvs a4 mll 4 gl e alamdle sload osls
@S Osl cle (g s e OlSy (995 0 B EL s gl 2
505 b ales 55 99 0 Jg el 0)L81 3550 545 90 Dglie s o
"4 S 5l aS wisS lea aslools s a1y SlaSs s S 7Y, )
oz aysl G2l sVl oo sloces o aled gy el asie
ey e o o 4y ld )5 Sy S8 a0 15 4 4z s sio
bals)S oy l8 2 cales agly yiion (Rl b G S (o0 Joo
o8 Gl ey 0 420 She gl 4 by g lade I S (6 )lade
695 Olyr Sl 4y bgypo caloz aysly L (Jlog il 092) ails 5 (55,
4l Gligg 2al5 el godge (nl ailos ks (LS 0929 5l (S
Sebien oS Ay a8 Sl e )0 g Soy

Sedisn Gare eSS e (] (b oS cel ganl B 605 ol
Sy5e 50 ol Nangh BT pac oiiis o es Lot b o Sojll s
B9 o 0duel (6T oslail Comlad pas (g S0l Glas cwdle g ol
Sunbad poe 50 b olyen oS Cel JolS Gloj Lot s peS oIl Sy Az
88,5 &l

Sy fiSe Jolge oy (glabiod g s Copalad pas Sl st 4
Jlid ded &l 5l b cabad poe 5l ayle Wl 5l (S aS 8l
Gk R3S dang) mieglyy Suxld pas ugh; 5 Lo
SPT JuSs i @ bgtye Coalad pas sl el 5 (o5 (3553
b 5 S0 658 Candae 4 bgy e Coalad pas Lz &

b il 050,8 o,Lil LT a3 W 4 a5 b Copnlad pie Guios (1l
Conbad pae U oad cuS 5 ,S00Ss b d2524] axlie p0 o £yl &g,
557 5g05 10 lagio S Comlad pac aiiioy ke .yl cans 4 LIS
Calad pac dwlze [0 Byb 5l ael Caws 4 97 sgam 0 g ey
Sla Sz 5 gy Ses Jlad by ik (J&s S placees
)Xo Coalad soe 5l 36 bowe laagshd pas opl o)ls 1) 09> ol
Sl pas [26] gz pe 0 o)t 0y50 Laly) @ 4z Lo eo )l
ol G 43 87 90 b plyy Lt Slilogs i JE> o)be] o) San

S &0 § (55 4o 4
e ke S s Ol (SeesSTynl Slasis (ol adlhs
b Jig o o agilejl oS (g dgaoe gl b ST 4 Jate
B ol Lt I8 b i S alowl SersST onts ool Sealiysg s
3l celis (SegSTopl cllllhs (S Gl Wlpee 5553 ol
e Jom gl sl Sasyes Jlad Al 0w atie (izes
S5 o3l als T oy T B L Rl (S8 50 A Sy oy 390
Jole o5 Cusline ol nl 0595 00 w4 (B0 o il b o
ol 8 el 4l T 5, ey olbe awaie el o JLal (o e

alisee CawdVU glacie jus 51y (OSPL) IS Sgo jlid mlaw Jlade 2 Jgao
Table 2 OSPL value for different upstream flow velocities

OSPL (dB) Uoo(M/S)
84.20 5
99.93 10
104.64 12
110.95 15

335

ools 7, 011 0,85 Jlag il sae ;0 55530 ald 0g ouds Cod Cawd 90
ot il 11 USE" o anlie sl o anlllae ol gl 3l slaiged o
B.7 oogame ;0 gaye yaikew (5 late Cos Gal331 b [22] 2 5o o
D 0 s Cansdy90 Lid JLKw ;0 a8 90 136 6

' Sye i () gl (SewsST Sllllas 5 e sl el 5l S
:QJLSA Cewd & iz (AB) rsd o '615 oo s mhu ool
0SPL=20 Ioglo(%) @

Lo ol Hlad Sllowg Olupe awgie jedome Pipg 1) aal, 5o
Yl plo 6lp 92X 1075 Pa b ply lgn gl g 039r g o jLid Pref
Syo )Lid mhae gl Jlaie 2 Jour [23] Sy ge 48,5 L ,3 10
Gl bl ol ams e bt dilizs sVl o gl |, IS
5 gladais o Ll el gl (g9, o ol odl s 4 olo LS
Seelbosg !l Jwd asb 51zl s el clsdL
Sl b as col atie 0 48,8 )15 (Z/ID=T7 4 Y/D=3.5 X/D=-3)
Ol 5 ol Sl ead pinie g Gliee (Joe @ @530 Olr Sy
IV Fp

G gy yiibes dlos aly ST sl nl @l 5 5o
Glp 008 )y Cawdyge b il g o] 5l e S (B, GulS S
Dsis e b o8 3 81 e il b b 45,5 i, S8
ala>do ol 0o ools las 12 K" o I8 ol a5 S o3l
Cawdyee Hlad il s ald G ps ale> (GLlgy den sl a5 0ed so
aogly it b Bl ol )5 ) ooy b o 395 e oalie
15 alh olsgy LulS )5 1 5 ool ¢ Sglite il 53 b als,F g, alo
Lol b5 19 a5 (o) 9590 dwdid 3590 )3 29d(on P98 s lackib
a3l e 45 S g g0 ol 8,5 18 sy 9550 dy 5031 U
S5 ] o e Sealisgal s IS s iz b ale
5 sl SlolS 3 55 Sypn (S5 Sglis S| IS5 o IS s
@ by ali Llols 4 oad oo Gl b iS55 mdly Sslis
o> (sblgy sln ol e laliSew Glpizme 5 Sl als S S,
S s o 1 el ey Loy Lo el 3 51 (glo 2 03 45 iio
S o s Ao rgly b LS o 3l o e sloo S el

L oood ambre Jlogywl soe glp osal Cavs 4 ls walsl o
5 ALl (D) oy pgas slay 5 (D) joikews ahaito s ligy 5 ool
dmlms (sl e0)lse (50 Sgdioe sl [B] gz je 10 35790 s L
oud pgas sl 3l Jgsiel sae g Ly 5 T colps o placeas
oolitul 353 o o3ls D' = D(cos(a) + sin(a)) alal, L o5 o
Slalllas b Sialon j0 mls a5 058 o0 svalie "13 JSa" 5l 050 o
Cowd a4z, 15 agly po gyl sas gl ancin Jhie S (LS
Qilgs so v g by il @ aas Slhew gl G8s jlade aldl wlesls
&l 565 Syl soe aneS e Sl a8 iy az 0 15l (508
b s o)l 1) allos sl o yidon 45 ael Casd a5 a0 45 ales agl;
agly 51 (Stpr) odwl Caws & Jlogtwl soe ol pguas sligy 5l ooliiwl
oS ol 53 a4y p5Y IS e oo cull ke Sy & 4300 45 b 4z 0 15
Jg il soe (ghls (gamy ans jaikew (gom 99 (orpe joikew b anglio jo
(A3c,d slo JSi jo B o5 @oDe) Sl ao Llg; aad 10 (5508

+ Sound pressure level
2 Overal Sound Pressure Level

9 ojleubs 17 0551396 23T (e SHlle (e


file:///C:/Users/Desert%20Rose/dropbox/MME/Shahrivar%2096/1730/Enew%20171730P.docx%23_ENREF_22
file:///C:/Users/Desert%20Rose/dropbox/MME/Shahrivar%2096/1730/Enew%20171730P.docx%23_ENREF_23
file:///C:/Users/Desert%20Rose/dropbox/MME/Shahrivar%2096/1730/Enew%20171730P.docx%23_ENREF_8
file:///C:/Users/Desert%20Rose/dropbox/MME/Shahrivar%2096/1730/Enew%20171730P.docx%23_ENREF_24
file:///C:/Users/Desert%20Rose/dropbox/MME/Shahrivar%2096/1730/Enew%20171730P.docx%23_ENREF_25
file:///C:/Users/Desert%20Rose/dropbox/MME/Shahrivar%2096/1730/Enew%20171730P.docx%23_ENREF_26
https://dorl.net/dor/20.1001.1.10275940.1396.17.9.19.5
https://mme.modares.ac.ir/article-15-3609-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-05-31 ]

[ DOR: 20.1001.1.10275940.1396.17.9.19.5]

Obad 9 53290 LS sl alizes Aloa Sblg) s 0)lga &y Jusio a3 00 ) Sidaws Ko S SKuiwgSTo 2aT jag5 Aalgs ST pd 125 w2
r T - — — . -
100 = A 801 — 35m/s
Y G snenss 30 M/S
r NG
o=\ O 70} —— 25ms |
F 2 -NM ¥
80 2 60t
o | >
=) - =
%V 70 - @ 500
Q 2
60 :— E 40+
F 5
I ——— 5(mk) 0]
0 I - = = = 75(mk) (B- 30
o — - — 10(m/s)
40 = === 12(mis)
F 15 (m/s) 201
30
L ol M | M | 10
107 107 10° 10° 0.2
f(Hz) Frequency, kHz
(@) @ (b) ()
7 140 ; .
w0} — 35mis
% ,,‘/ :\' N s 30 M/S 1
0 F \\ "J’\V % 130 —— 25m/s
f _ v A o
sof B 2120
s | 2
=
% ok S
& g E 110
60 |- 8
[ o
s 100
sof U=s(ms) o
[ - — - - U=15mk) o
o —  —U=10(mis) 3 g0
4F - ——=U=125(mis) w
I U =15(m/s)
30k 80
bl Ll Ll
10" 10° 10
St
() @ (@ )
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