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Abstract

Karman vortex street occurs in the wake of a cylinder starting as a periodic vortex wake, identified by
measured periodic signals, in laminar flow at Reynolds number 40. This vortex wake transforms to
non-periodic signals in transition to turbulence flow at Reynolds number approximately 185. This
research presents experimental observation of air flow passing a stationary cylinder with Reynolds
number of 185 and also creates a analog repetitive controller influencing the transition to turbulence
flow to be periodic signal as appearing in laminar flow. PI control is also applies to the same
transition to turbulence flow comparing with repetitive control. A hot-wire sensor was located at
x/d=2 behind a circular cylinder. The air free-stream velocity was maintained uniformly at Uy,=90
cm/s. Experiments have been performed in wind tunnel using acoustic sound speaker as an actuator.
The results show that using the constructed control laws, at Reynolds number 185, can change the
transition to turbulence flows to be laminar flows. Furthermore, it has been found that the real time

repetitive control produces a better shape ,similar to a command signal, than PI controller.

Keywords : Repetitive Control / vortex wake / transition to turbulence
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2.2.5 Strouhal number (S,) [5]
3 @ ] { o 1 { 1 { 1
S, Wudwls1¥mineMiludadiunsi sznin anudvesmsiase Vortex |
< a <3|
sazanusi lums luadasz U, Weuaums Ity
f =SU,/d (2.12)
Tag  d= circular cylinder diameter
9 9 v A9 =1 ] I~ a = 9 =1 ] [~ A9
U, tazd azdesasanaainunon U, InihetluwasAund deslvistlumasniom
] I Qy a ] [~ ay Y
U, Hidheiduiin 13uii d szdesdliniaeiuia Strouhal Number ¥093ag31nsanszusnnan
vo Aq Ay 3 a0 P A a
pgnui lugams lnandnianus ey \uilsnsuvesaums Re= U d /v fiudm

U
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-
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w g 1w i g 108 w
REYNOLDS NUMBER (UDJ ¥

3 1/ 2.11 Strouhal number-Reynolds number relationship for circular cylinders [3]
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U [ d
2.2.6 ftavsaluan [3]
[ o 4 dgl (Y I~ [ ] a
Favusd IuadaziudnuAUSING 1Ma0d13 1Maog199 a5 (Free Stream

U

[l 4 3
Velocity), U, uaziduriugudnarsvesnsanszuen, d @eouaums iaiu
Re=U_pd/u (2.13)
Tagh
U, = Free-Stream Velocity = 0.9 m/s
p = Mass Density of Air =1.18 kg/m’
4 = Coefficient of viscosity = 1.835x10" s/m’
d = circular cylinder diameter = 0.321x 10° m
[ 1A Y dy A . A A o o du W
Wumnlylumsneasil 31N 2.12 uaaoynINVed Oscillogram NYAFDIYAFITURUTAUNY
% { 1 < <] 1 a {
TangUnsenszueniogluglusday 31 12 (a) uaz (b) sgmUNMaAAFUNNNIZIAWYUIUT
' o = A <3| J . . A J v o Jdou w1
Fugadunavzimanszivouiuloysosd (Sinusoidal) ANudved lsyaoss szduiusAuALAT
vos SU,, /d
[ = = 1A d”' A 1 o s A = =
lugi 2.12 WlumsufFeuiisuiniaes lsduieawausd Tuadiiy msfSouiioy
o 1 1 o S 1w A ~ 1] 1 1 v A 1A
AUIENINAMAVTE TUAAIINUN Re = 85 1N 2.12 (a) N1 (b) HALANANAUN x/d BLWUIY
ANUAIUAUDVDINITNTLNOUA N Re = 185 AN NTUDVDINMINTLNONE JiAAaN 12T
U 4 ] v Ed
souneveams nanvuiluilu Juangl 212 (©) uaz (d)  1ieA1 Re MnAUDA 280 31 2.12
(etaz(d amnaanmziluilin uazi 2.12 (9)0U(h) Re A1 680 winaan1EMInIWoun

annziluihuunniuay
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Re=85; x/d=8 (a)

f J:"._J.r" :‘.j’. .j’- ‘_,.": ..:“" .j_."".‘j:" U!_, ::' . .,_' X :'_."'__ f_ r‘ :.':_‘ Ii!\‘._ ‘r'..'-__ _'_-"' . ‘_."-__ -_'. F.--.\. /

T ENLY A T T ST T T Y Y

Re=85; x/d=23 (b)
VAR Ao AR
VAV Y L i

(<)

F;:}H\ i

YYER¥Y H-’ 2

Re = 280, x{d— 8 {e}

o i
i |1‘|I Kailntst fi fest M FRLE
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i i
otk brtegil i n‘,
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Re =640; x/d =23
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M ahp
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4' . A v A o 4
sUn 2.12 Oscillogram le?Nﬂ'lﬁﬂiZL‘Wﬂi]sluﬂigllﬁ]’lﬂa‘ﬁﬁ\1ﬁﬂqzﬂﬂiﬂﬂiz‘ﬂﬂﬂﬂﬂ“iﬂiuﬁﬂ

Y
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UNN 3 MINAABY

3.1 M309NUULINDINIUANUAZNIIVAUAIYNNIINAAD

3.1.1 PM309NKULINDVNEANNAANAIANAZAINIVYNTHAN |0

A 1 I

M300ALLULIRTVENEANUAANIAI lAdenNIIA Tl UITVeIEA Y
UANAY (Difference amplifier) Na31991AITVANFIAUTUNNT (Operational amplifier) HIDI5 8N
QSJ} 1 J o { Y () {
duaqesv-uenil (Op-Amp) Tawsazidenlylodiues TL0s4 Naeludidaliesy-tenilsmiud
o = vadaA A o o £ v o
a1 uazlinuaviananelinszudooian (Offset Current) waznszud lUOad1 Fannuduwus

@ [~ X o 1

Verror = Ri /R, (\/SIO —va) 15190IMItaTveIeveNITunilaiufe R = R, =R, 1ddim

Ny 10K Q agldsesaaneaalugdi 3.1

R1
10k

OPAMP

ok 2[~-.TL084

Vpv
S * —0
Vsp 2ok 3 Verrar = Vap-Vpy

R2 U1
IDk|- R1 =

[ v

317 3.1 2sveeanuRaNaIANlBns WA 1

a A qgj 9 Y] U =\ Y @ A
MIvONUDVNITAILANIHAT Toriudesensnlsumvesii le Tz iussunag
] J { 1 [
amuan  maaeneel-uenilld lediues oPo7 NiFena1 Precision Amplifier Td19vsaaaasly

510 3.2

U

17



F

€5 0.1uF
b FOT
C4 1uF
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€3 10uF
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€2 100uF
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el c1 00tuf
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3.2 MFVAUATYINNIINAADY
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[ @ <
N3INTZUBNIAY Hot-Wire) @1113015udn51m3 lvavesaudiemssuanusrlumsvyuves
d Y ad 9 [ A Yo 4
NOMDTABITMNI 1% Inverter USuANUD N UVOIAOS
@ o <3 v
2. J9931n39n52UON (Circular Cylinder) H19nmManliduruguinaIs d=3.21mm
3. wasiariaalniou (Hot-wire probe) DANTEC 55 P14 aeridaynnmed 4 was
4
AAAIH 19N TN UNTINTZUBN x/d 1IN 2
4. 199TVEIANVAANAA (error amplifier) 19 IC 1103 TL 084 Hdas1MIVes 1911
aquaaaluigesgln 3.1
5. é’hmuﬂmmuﬁ"la (Proportional Plus Integral Controller, PI-Controller) 1% 1C 1wes Op-
07 (Precision Operational Amplifier) §317 adSuaves Puaz 114
A = v J
6. IATDAVHIBLTIL YUIA 200 I
o Ay ~ o w o v J 9 ] 4 o [
7. 1 1W9810 TsinumMaavugaga 130 308 VINATUAIUGUINAIET WY 13cm 1)
8. DANTEC CTA System
Y
9. @IAIVANUUUTIG (Repetitive Controller) USU%190a1%1 2914 2.56 89 51.21ms
tﬂ' o a tﬂl 4
10. n3oeRudandU o]
d‘ A o a
11. 1A503UDIAQUNYN

12. Avnoavodada lad Inil
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3.2.2 Yoyaitug il lumsnanes
QUMY INB AN 25 DIr AT
-ﬂ’JHJL?’JﬂiZLLﬁaﬁig(Free-Stream Velocity), Uy, (110U 90 cm/s
_nsfadaasSariinadndou ﬁﬂgqﬁé'mwé’wmmaﬂizmﬂﬂammq@quéﬂaw
F2YLHINNIND
x/d = 2 (near wake) uazagimﬁaﬂmwmmqﬂizuaﬂ
dausdluag Re=U, pd/u
U, = Free-Stream Velocity = 0.9 m/s
£ = Mass Density of Air =1.18 kg/m2
4 = Coefficient of Viscosity = 1.835x10” s/m’
d = Circular Cylinder Diameter = 0.321x10” m
unuanzld  Re=(0.9)(1.18)( 0.321x107)/( 1.835x10°) = 185.77
f¢ =SU,/d
S = Strouhal Number = 0.2

unuaay 1 f.=(0.2)(0.9)/(0.321x107) = 56.07 13301
S
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3.3 WanInaaoy
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