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Table 1: The instantaneous velocity measurement uncertainty parameters using hot-wire anemometer [15]
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Figure 2: (a) Picture of the triangular model in the wind tunnel test section along with the rotating mechanismy/(b) the
equipment used in this research
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Figure 3: (a) Oscillogram of the instantaneous velocity inthe timesdomain, (b) the u-fluctuation spectrum for Re = 6700 and
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Figure 6: The Strouhal number variations with flow angle for different Reynolds numbers and at the distance
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Figure 7: The frequency spectrum of the vortex u-fluctuation and the normal Gauss distribution'at different times and for 0°
flow angle and Re = 6700
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Figure 9: Variations of the Strouhal number with the dimensionless distance (—) at Y =2 for 0°and 60° flow angles and
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Re = 6700

odls o3l e walS Jloy cowise l eolaiwl BraST(L > cqz j0) Jeb ookl jo baagle 5 Sy ondlS 3 s Ve IS
Hlade (398 JSi Billae loads vy o basls I 5 WilS8 g eolainl LY e USG sla sorie (8] jgme ans oo LS T el

X
Doy ol ,8 by Jow jlalold yiolidl L asl oo /e 0 B D90 g oS (g=\) Joe (oo jo bals 5 b5, Wil )8 asls

Wb o bals I 55 ) awdl g Cogd ol e 00ilS aogi(alS g iall cplial oo malS e g iali8l ol Laayls )5

0.05 0.05 &
0.045 0045 L=
0.04 004 &£ &
0.035 0.035 45 &
— 003 —~ 03 F S
= 0.025 = 0.025 /|
0.02 2 0.0 F £
0.015 0.015 g £
0.01 0.01 o I
U-OUZ ______‘,_,__,,_._,_..4.4..._\."."-‘l.'lII-lll'l'l-l_,......._,._ ______________ 0-003 __________ .t |.|Jli|.| Illl1-l.|...,._,._....“_,.,_,
AmmANZIsyEIE8eaBIRRBES 2238235288888 IREECTH
SEsnddsnEgagecsagsLEes8g SRS sEagecsa8s8858¢8
2323 SSsSs8ss8:3¢8 SIS S SSsS33S 38
%(f/fv) 9%(/fv)
x/a=1 m— Amplitude  -eee-. Gauss x/a=2 m—Amplitude | eeeeees Gauss
0.05 0.05 s £ <

0.045 ~ )

0.035

— 003 A1t —~ 003 £
= 0025 4 . = 0025 v _  \
® o p 2 oo s - ) Y
0.015 " 0.015 B ’ 4
0.01 H I 0.01 e
0.005 I I 0.005 e I | r e o
0 waalankllLl l-I Hasarrsetannn o la .l el | II TP lode
o0 < o o ~
=S 9 @ > > 0 23 aa
™~ () - (] (=3
a o o o
2 2

eaatann L | fra lll--llll e L Ll
MmO % OV N~ o o v N0 F O W oS +T O~ T O T O N o m o wmo v do v
S MMM NN S S aq 0 OR KRS QN Mo NN N= SO S aa ol argl~ g
L= T ) I« B ) B o) B e) o) | o o o o o o o o o o =) e R« B B ) B« T I e ) o o o o o0 O O O
- = R 1 EEE RN | I
%(F/fv) %(F/fv)
x/a=4 m— Amplitude  <eeeeee Gauss x/a=6 m Amplitude  <eeeee. Gauss

AR



0.05 0.05

0.045 0.045
004 004
0.035 0.035
— 003 — 003
=,0:025 So0.025
= 007 2 om
0.015 M 0,015
0.01 | "I 0.01 - | | ..........
0.005 T 0.005 e, o1 s
> ke Lnirrsssnild > Lassseberilll] [odsviirHass s
O OTERO O M B O W A NN 0T O W AN m O O O Ot O W A NMNMOO T O O AN
S ma@NNDD9030an®®8NKNNG QN S mMmmMNN D903 0a0®®8~NNNGQ N
O o o Ot N W 0 DO O = oM n W ™~ 0 O o N N g N OO QO O = o M w O~ 0
2888888828223 g88g8g888s8s8s238
%(F/fv) %(F/fv)
x/a=8 —Amplitude  eeeeee. Gauss x/a=10 m— Amplitude  eeeeee. Gauss

° y < L € sai il s de d .
Re = FVer 9" agly sl ==V 0 Job olaiol ;3 gl Jloy @395 9 Larlo 5 iy (Flwgd Cas o (ounilS 8 o Ve S50
a

Figure 10: The frequency spectrum of the vortex shedding u-fluctuation and the normal Gauss distribution in the

longitudinal direction at J_ 2 and for 0° flow angle and Re = 6700
a

S Yo ke V) USS 05 se oy (0) Lol jlors 5 Blil i daaslo S (B35 (i80S sy palite 4y

o alols LlE L O UK ik amegdh ol g ey Jon iyl o |y aile T80 el o G yne
2 Bls 5 hin, olS 5 el NS s sl b e s sl e a1 TO e Joe el
2:\‘ ALols 1 5 LYIBD 3gum LAD limebsl a5, 5 s 5 b s ,Fojlal sllas g0l Sl 3,5 1,3 2:\ RE
bl e 555 5 5 Ul 5 ol a0 o A% gl 5 e e 5 lfin imon gy sl TVITY sgim
s 2alS oliie 4 ) S5 4 4558 b ol e ¥ ogus 2: Ve s s VB 2 =) s o pFoyl slhs Sl 407,

S35 58 Joe & Seop Job slealals 10wl Sl s ol

8
PRy e Q’=O .....,, a=60
7 P a
Y S ol
Lk
’ o
T
Q4 T N f ,
''''' T ‘....
3 k™ .
......... o p
&
....... P
A P I TTIIEEE bt PR re
[ TETEELLEN gttt o L ]
1
0
1 2 3 4 5 6 7 3 5 "
x/a

Re = $Veoo g #+° 5+° 5Llg; y0 Jab dladol jo Juho Cawd il Yo ,lado: V) JSCi

Figure 11: Value of 20~ downstream of the model in the longitudinal direction for 0°and 60° flow angles and Re = 6700

'Y



258 Slaol 50 s 5 o 5 (S 8 nb (o) 2 -T-F

Dl s)ls 325 Tol5T b,z 5l 5L e g Tol5T b O pislas slaasl (i Jow alex 51 pead plus] Cavs ol
(o2,¢ ool jo y gl sae Ol s VY S o)l J..\.:L ol &8 w83 b a5 S 0 2le ol
a

X
vJae ‘—'/\“b<z<~/\“& o9 o3b 0 (S pl Gillae s o Gl ) ==Y alols o (b, o p o 0ges) Jow
a a

ol dilaie (pl 0 (698 wld S Sg2g pus oaiiS Lo aS o)l Sglay Ko bl Jlag il sae b g atily g0l Ol sy Jlag il
Al eo Gislas 4zl @l ol S ole w

y/a

X y .
Re =$Ves 95+°9+° sllgy slp — =T 30 (—) ool o abold cons 1 Jlog yiwl due Ol ot 1 VY JSCi
a a

X
Figure 12: Variations of the Strouhal number with the dimensionlgss distance (l) at — = 2 for 0°and 60° flow angles
a a

and Re = 6700

slosleiwl b 5 S ol oo co lid |y (Lo 0 dges Sz j0) (oo, Slatdl )0 gl 3 55y cilS 3 e AY S
Loy aibioe yoim lss Ssoy axl jo baal )5 o5, owilS 3 atels (358 JS0[ Gillae .Cunldills (o5l w8 Jbo g sove
Dgb oo SodgiGho 4y 4Bl als ()] 5l pad 540

1 Wake
2 Free Stream
3 Over Flow

\Y



1.8 1.8
1.6 1.6
14 1.4 .
c\1.2 —_12 a1
1 S i
o % o3 HE
0 . 0.6 H 2
0.4 I ‘e, 0.4 i A
“ Al e “-Z T
0 u.-.-,.-ll.l.l.l.-.l.ll'll IIll'l'l.l.u...AAA‘-.'.-.-.I_I 0 Seatasbiieoalall Bhetalas s nns
BB N~ ) N N T OV NN ® O NN e N R R R T B O = I B =B B B A - s B
mo@NN=S 494090000 ®®XONNOOY Mo mMmAaAN=S=S908000®8®XONNOOY
O o NN F W YN 0O O 0 = oM [Fa TN e } O = o g W BN 0O QO O = oM [Fa TN e }
3 oA A A A A A A A o 3 oA A A A A A A A o
%(f/fv) %(f/fv)
Yla=0-25 — Amplitude  eeeeee. Gauss V/a=0 375 I Amplitude  eeeeee. Gauss
2 5 = < 2
1.8 ) ' 4 ) 1.8
1.6 hg = | 1.6
1.4 & £ o 1.4
—-_12 — ) —-_12
S 1 > N S 1
o8 o8
0.6 | 0.6 X
0.4 0.4
02 . "-l 02 II T
0 ..-.-.-xll.l.l-l-l'l I . PO —— 0 =mmemmEes e S I I I‘.'l-l_....,“-_n.-.- ..........
W m 00 mn OO OO < O 1N OO W W = ™ o ™~ ™~ W m 00 o OO OO O N O N O W = W = ™~ o8 ™~ ™~
ST MmN o= 90 30N ®RNNG QNN ST MmMANNS=9900060®®YNNGY NN
S dam g 6~ W e O N om woY >~ ®q O " Mg WO IN WO QO = N om woY o~ ®q
BRI N RV G R R I T T
%(f/fv) %(f/fv)
y/a=0.75 m Amplitude  <eeeee. Gass y/a=1 m— Amplitude  <eeeeee Gauss
2 — 2
1.8 I 1.8
1.6 < 1.6
1.4 & | 1.4
Cl.l " 4 Cl.l
= 1 & 5 = 1
® 08 & F o8
0.6 F g 06
0.4 &= 0.4
0.2 - I 0.2
PO < 3 || | F VS | 0 e e a8 8 b s e e e e am e
@m0 MmO T O F O WMOWNO WY NN A B8 m O W NGO MmO NT B! om O N o
ST MmMANNS=9900060®®YKNNGQ NN N NN ESS 40000000 ®®0®®ONNN
oﬁmmwmwhwmooﬂmmgmwr\mm | oﬁmmwmwhwmooﬂmmgmwr\mm
o O OOy Oy h O O O O O o o o o o ot O O Oy O Oy Oy O O ©O O O O o o o o o
3 oA A A A A A A A o 3 oA A A A A A A A o
%(f/fv) %(f/fv)
y/a=1_5 m— Amplitude  eeeeee. Gauss Y/a=2 m— Amplitude  eeeeee. Gauss

X
Re = $Ver 5% argly slp — = ¥ 15 o0 olaial 13 (wgl8 Jlo i 398 3 BAIST o305 Blovgd ot yow (ouadlS 3 i 1 WY S5
a

Figure 13: The spectrum of the vortex shedding frequency and the normal Gauss distribution.inithe lateral direction at

X
— =2 for 0° flow angle and Re = 6700
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Experimental Investigation of the Frequency Spectra
of Vortex Shedding from a Triangular Bluff Body at
Different Flow Angles
Ehsan Ardekani, Foad Farhani, Mohammad Ali Ardekani'

Department of‘Mechanical Engineering, Iranian Research Organization for Science and Technology
(IROST), Tehran-lIran

ABSTRACT

The base of the vortex flowmeter is‘the linear relationship Q = kf (k isaconstantand f is vortex shedding

frequency). Therefore, the accuracy of the flow meter is only a function of the vortex shedding frequency
measurement accuracy. To determine the frequency measurement accuracy, it is necessary to investigate its
frequency spectrum. In this research;'vortex shedding and its frequency spectrum downstream of an equilateral
triangular model of 10 mm side have been investigated experimentally in a closed-type wind tunnel using a hot-
wire anemometer. The vortex shedding frequency spectra were fitted using the normal Gauss distribution, and
based on the expected confidence level, the accuracy of the frequency measurement was evaluated and its
changes were quantified using the standard deviation of the_normal distribution. Results show for Re >1200, the
Strouhal number variation is independent of the Re number, and it is only a function of the flow angle. Also, for
a 95% confidence level, the maximum frequency measurement error for the triangular model is 1.53% for
a=60°, and 2.46% for o =0°. The standard deviation of the frequency spectra has an increasing trend
streamwise, however, it is constant spanwise outside the wake region. When the flow angle is in the range of
18° < ¢ < 23°, the measurement error increases to about 9%.

KEYWORDS

Hot-wire anemometer, Strouhal number, Triangular model, Vortex flowmeter, Vortex shedding frequency

spectrum
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