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In this study, experimental and analytical unsteady flow around a cylinder model with rotational degrees
of freedom is discussed. Experimental studies at different speeds and angles of attack for two cylinder
models with different length ratios have been done. Meanwhile the analyses of numerical technique
known as vortex panel method have been used. Analytical and experimental results show that the
rotational and vibrational motion and a combination of these behaviors occur. These types of behaviors
depend on ratio of length plates to cylinder radius, primary object angle of attack and free stream
velocity. At different speeds and at all angles of attack for a length of less than 1, the model has
vibrational motion around a specific angle. This angle for cylinder with two plates is 90 degrees.
Generally, the model tends toward vibrational motion at low angles of attack with increasing length
ratio and free stream velocity occurring and by increasing the primary angle of attack the desire for
vibration motion around a specific angle occurs. Also, in free stream velocity 10(:%) and higher, for
length ratio 4, the model had a steady rotational motion. In addition, angular velocity models and
Strouhal number on rotational motion are calculated. The results show that by increasing the Reynolds
Number, Strouhal number becomes fixed.
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Fig. 1 Von Karman vortex street [1].
M1 5o )8 s slals 5 bl 1 Sl

! Wake
2 Von Karman Vortex Street
® Vortex Induced Vibration

122


https://dorl.net/dor/20.1001.1.10275940.1395.16.7.19.4
https://mme.modares.ac.ir/article-15-4717-en.html

[ Downloaded from mme.modares.ac.ir on 2025-04-03 ]

[ DOR: 20.1001.1.10275940.1395.16.7.19.4 ]

Obe 9 Jigamuc cpua

OT 22 dgac wulxiuo b dslgiasl i 3o Hld) 3 ddea dxgl) 9 Jeb s )il (§33 9 )X w1

b S5 02 IS8 0 1) P+S 5 2P 52S slave .09l by coul S
ols (Las 1976 Jlo )5 0y )5 [10] W oo odalive owilS 3 Slojen
J11] wil oo e Ll )l 5 lilgs 0aisS” JuSP+S § 2P glave oS
sadaisloy lo by Cod id e golil Az, b ol 5 oges dmin
5 0o Jb o Glrao b wlgiul g lse )b 2 o blae ST Jdo 4.l
)5 929 dlise o S (oralie JloS ) 4SOl bLU
5 o908 Sy wuyd dmlne Sy aenS alS i, 5l calple
Cizmed Cewl 0030,5 solitwl | Saluogpl slags 5l Jol> jgliss
dlgiwl g9, 2 Sliolejl .l a8 5 & g0 o1 lyg0 > o g5l Joe
oads plmil ob Jigh b,z 0 i, ol a0 b amis 40 ol a4
Open (2o ally Sk 4 az g b 5950 Jae (Seelis JB8) 5 ol
)90 cilizre adyl ale> sblys g o1 by e (L/R) Job s

Ll 08,5 )E

o > w9y § Uluo o 445 -2
33 olyen 4 alyinl) e 5, 2 ol by Sl cde & alas ol o
St ol 555 2 S5 S 3 iz Sl 15 (o] & Joste amis
Ol rizen 9,08 092g o] U slp milie Selos by, aisSoen
Slasss, 5l osliiul b sldls > J> 5 009 LLL Soe [l 3,50
4 dlgul g5, by Jo @lp W asl e i jlaw el jalen,
wlo ) Glmio by, 5l iz @oli] Az b CSS ambo 0 ol
Ol sy 9590 Jowo 5l oled 3 IS o el 0030 )T colawl A
Ll 00l 00l

O Beb gyl ool ool Ly pspale anal ulul by,
L oS e oS gole @lyd boojlgen Jlowsl lym j0 als,5 auad
sloce s o]yl Jols a5 e Gloe @l 5 x5e8 el Cansy
S 1o )5 gy 50 10wl dalgE Canay il e laals F aled )
@ o laaly I 5 oad Nl S Y S by e gl
Sl WS (550 Ll 55 (O 5 0o 59) ST loals S g
s 4........15 l.ej S8 g 00,5 OS> e b oot LSL“‘U.L); gl o
Dbl JyuS bl o 3585 pas Lyl 51 il &jad e 5 conl ylej
Syad 5 00,8 Sy b,z olen a oliT laals I an T e Casy il

Fig. 3 Schematic studied object and its geometric parameters
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Fig. 6 Variation of object angle with time for length ratio 3 and
free stream velocity 12 m/sec
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Fig. 5 Model and equipment used for testing in the wind tunnel
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2 and primary angle of attack 8 degree and free flow velocity 10m/sec
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Fig. 11 Abandoned vortices distribution for length ratio 4 and
primary angle of attack 8 degree and free flow velocity 6m/sec
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Fig. 15 Variation of object angle with time for cylinder with length 16
centimeter, length ratio 3 and free stream velocity 30 m/sec
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centimeter, length ratio 4 and free stream velocity 15 m/sec
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Fig. 13 Variation of object angle with time for cylinder with length
16 centimeter, length ratio 1 and free stream velocity 10 m/sec
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16 centimeter, length ratio 2 and free stream velocity 25 m/sec
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cylinder with length 24 centimeter and two plate
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Fig. 17 Variation of object angle with time for cylinder with length 24
Centimeter, length ratio 3 and free stream velocity 13 m/sec
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Fig. 21 Comparison between experimental and numerical data for
variation of object angle with time for length ratio3 and primary
angle of attack 32 degree and free stream velocity 8 m/sec
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Fig. 22 Comparison between experimental and numerical data for
variation of object angle with time for length ratio3 and primary
angle of attack 8 degree and free stream velocity 15 m/sec
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Fig. 20 Comparison between experimental and numerical data for
variation of object angle with time for length ratio2 and primary
angle of attack 16 degree and free stream velocity 10 m/sec
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