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Experimental and numerical investigation of the length ratio and angle of attack
effects on dynamic behavior of two plates perpendicular to the cylinder
Hassan Isvand, Ali Salmaninejad, Ahmad Sharafi”

Department of Aerospace Engineering, Shahid Sattari Aeronautical University of Technology, Tehran, Iran.
*P.0.B. 1384673411, Tehran, Iran, sharafi@ssau.ac.ir

ARTICLE INFORMATION ABSTRACT

Original Research Paper In this study, experimental and analytical unsteady flow around a cylinder model with rotational degrees
Received 08 March 2016 of freedom is discussed. Experimental studies at different speeds and angles of attack for two cylinder
Accepted 31 May 2016 models with different length ratios have been done. Meanwhile the analyses of numerical technique

Available Online 20 July 2016 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

E?Q{Vezgsﬁow depeqd on rat!o of length plates to cylinder radius, primary object angle of attack and free stream
Vortex Panel Method velocity. At different speeds and at all angles of attack for a length of less than 1, the model has
Rotational and Vibrational motion vibrational motion around a specific angle. This angle for cylinder with two plates is 90 degrees.
Forced Vibration Generally, the model tends toward vibrational motion at low angles of attack with increasing length

Wind Tunnel Tests 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].
AT ope)l8 oy slals 5 bl 1 sl

! Wake
% \Von Karman Vortex Street
® Vortex Induced Vibration

122



ol 9 SIGAAE (P

OT »2 dgac wulxiuo b dslgiasl GiS o Hlid) 3 ddeaa dy9l) 9 SJeb s )il (G338 9 H1)ZS w1

Al S6o55 ;02 IS8 0 1) P+S 5 2P 525 slave .09l by conl S
oly (Las 1976 Lo )5 0y )5 [10] Ko oo odolive wilS 3 lojan
T11] aiil o e Slales] 5 Slilugs 0aiS JiSPHS 5 2P (slaoss oS
90 b gl 3l JSiie coms LS, g00e g 020 o)y 4 @lie cpl o
odlails y lgp b Cow cid,x golil Ao b o] dges amio
5 0bsd Jo 0 Slrao b algiul g lga )b > oo blite 31 o 4.l
)5 929 s o S (oralie Julod ) 4iS e 0l bLU
5 S S mrd dlne Cqx w4l g, 5l cnlpbe
Cizmad ol 0330,5 solatwl | (Seluogpl slags 5l Jols jliss
dlgiwl g9, 2 Sliolejl .l a8 5 &j50 o1 lyg0 cdl> o (g5l Joe
oads plmil ol Jigh b,z 0 i ,x ol a0 b amis 50 ol a4
s 2yl Sl 4 4 b jsShe Joo (Seelus L8, 5 cul
Syp0 B oyl o (sblsy 5 ST Glyz S (L/R) Jsbo s

Lol 48,5515 () 2

S > w9y § Uluo o pi5 -2
99 olyon 4 allginl) ez 59, 2 ol Gl Sl cde a4 allis ol o
Mas olyz 595 2 S5 > Jlo 50 pur i 51 s (o] & Jate o
Ol rizen 0,08 92g o] U sly rmilie elos by, aisSoren
slosss, 5l oslitul b sldls o> Jo 5 oog LLL See [l 3,50
238 g Sl T el O¥ole gl A5 Jgeme goue (g3le e
4 dlgul g, by Jo @lp W asl o i jla el jalen,
wlo F Glmao by, 5l iz @oli] Az b CS ambo 0 olpen
Ol sy Oy90 Jowo 5l oled 3 IS o el 0030 )T colaul A
Gl 0l 03lo

O Geb p ol ool ool Ly pspele andl ulul by,
L oS e oS gole &3 boojlgen Jlowsl olym j0 als,5 aosd
slce s o]yl Jols a5 e o @l F x5s8 el Candy
WS by 5 gy 50 0] daled Candy il e laals F ales L)
4 03y L;La:d..\l.))f PR u.a)fqb 4.3‘0).5’ WY S by e C.!a..u
Sl &S (50 Ll 5 5 (0 5 ooy 53) ST sloalo S 5 e
4 ally Ll 0j08 5 008 08 > g b oz slaals S Nigd e
Dbl JpuS bla 0 345 pas Ll 5l Ll @08 e g el oo
Dy38 ca)f “‘S)"’ ub).> c‘).c.m 4 olj u;hbdglo)f "\"’TLS" Cawdy 0

Fig. 3 Schematic studied object and its geometric parameters
i slo el )l g andllas 3,50 e Soileds 3 S

123

e b 8 0 Sk abig o0)S Joe sonly (5,8 e
[6] wsdon S b ans

S5 0dd = lae geel lawgi aS pluxl oads W 89> Slilug S
Obe Wl [7] ol 48,5 131068 JLo 10 pouiiy; 9 oYl 4255 5 50
5 b 0by2) s 53 1) (BLE (6550 45 815 3925 olog s 45 250,S
Sle Saps 3 (Kb jeb 4 ol (e 45 Wil e 2529 4 (emx
g sl 51 JEl i alee el Sz (0 50 g e it
plsl 1) (e B (ol 95 e @limn b s SG sl 9 005
e $9) [ s ) (2lme 950 st aliee 3590 3 5 R0
3 LB g ugign [7] wlise (655 JURl siojls o5 aa0 o0 ploxl
iy o 85 ladlsinl 4 Jlow b,z 5 48l Dl g5,11968 Lo
8] w5351 s |, 413,515 o0 ] g5 il | 5

@l anlie ave) o 1) Sl 1982 Jlo ;o gzlubsl 5 (e
Ly ol 50 oad Coli Sl o oxipo adaio b wlgial (gl ool Caaty
Slosi sl cayo a5 axdl o sl 9] wisysl cowsy gLl Glilug
S ke o5 Sleren anl )5 (ompe ghatle b allgiul sl
5 ogdle & aBbioe alejl Ll plea b (59 lo el b 1552 il
lyial llogi Cely Conl (Ko als,F ol mly ool slacee o
Sllog (Glojan b ool Ji8 4>l 51 J3 9 9 o 5l 5 4025 e
JalsS ol 5l il Sblog g ead oy o] 5 dilgiad 5 Lx!
@1 o 5l (AU e SULugi 1984 Jlu )3 (e (mizre 1393 (o
9] 555 55k 1) o oo 51 il )5

9 Cedye Guend lp 1) (oonnilSo 1988 JLo ;05509 5 (ygaslihiy
2 JSo 0 8 jsbplen o jgl wal 2 by p0 eud la) ladle 5 JSo
iy bdlas axlb o bl S Sl 5l lols 665 0uS o k>l
J10] 00,5 o sloul )T &8 > 31 0 algiul

do g (552 SSems y2 50 Sjite 4o 59) 28 s ol LagSUl
5 Sllog 1l sl o (52 JSom 2 0 alo)S iz 0) 2P
cod als )F slay 5l 6,50 we 30,5 sbnl e bl olils )
(S JSm S0 s T i S g e 0l S5) PHS e plgie

8.0} (P+S) 4
< 3
0.8 Coalescence of A
vortices in
/ near wake
0-6F R ey -
282 @ @D

o] | 2 3 4 5 6 7 8 9 10
U
fexD
L L 1 1 - 1 1 1 1 1 ]
[¢] 0-2 0-4 0-6 0-8 1-0 1-2 1-4 1-6 1-8 2-0
vV, S,

Fig. 2 Map of vortex patterns [10].
.[10] R%) Lm) ‘_ngA..\lo; Lﬁﬁﬁ‘ 2 J&:&

7 o )lois16 095 1395 i (purde Suilke waise



ol 9 SIGAAE (P

OT »2 dgac wnlxiuo b dslgiasl i o Hlid ) 3 ddeaa dygl) 9 Seb s )il (G338 9 )X w1

1
J.= f 1pr(n)nz dr, (9)
il oo (10) abayly IS5 4y g 039y oz Sms o S Py
_ pwh(r.)
pe(n) = oL (10)

Bz P 5 ez oims S5 osle JB Py e (oo Zulsh
Y. =y/L 9 X, = x/L &yp0 4 500 dm o sl il )b el o1 oL >
35 (oo iy a3
Sloj pad y3 0uld ba) 5 osmnr laals )5 8508 ggamme (uad sl
Sygar Gie byd ol a5 el 00y )3 eoliiwl 3985 pas bbb (gl
il oo (11) alal,
(V- ) =Inlg 11)
sl (gl 0l o a0 0 )50 dlaki 5 o p 3g0e oy Gl 40 &5
- 0 oolaul ailo )T I oy dens g, 5l o] laanls 5 Mgl &l 3
dhal ) &g Col e 5l oml 4 ails )3 i a8 ulal ol 0s S
g o0 Ao (12)
8:(8) = 8y {1 - e[“(‘%’:oi)]} (12)
S o ol LK T g Gloy s als,S el a8 8y o] o oS
el s )3 pli Wei leite; g9 00gr wle S SVl e el
[12] wily o 40 ol 1k dige e
il oo (13) dlaly &g e adgl Lyl
V(x,y),t=0 >v=0,u=0 (13)
L sl 5l g el (58 e Glxio g Al Culrs Griges
w50 g 0nd 6yl Lz E=0 ploy 10035 oo e (cmgiosls
rel (14) alasly &g S s alolao
Vo =0 U = Un(t) (14)
Dy 2985 0y amio 4y SLSU b Sol ly T Glhge 2l o
(15) Ugerd olil pr ol o a5 T Jlaiie oo jSho b o 5l dm o gy
1005 oo oy
Ui (1) =1 - (1 —1t)? (15)
Slzgly ey 5 (3 US8) oo oaal @ 0T oz L (el azio 4ygl;
ol a8 5 L5 0 ho ] Jlade a5 wib e @ ambo 4yl
gt 485 5 o LLL xS e b o ()% Bl by
CndF L laals 5 S &0 gemme b yd ol 4 Ly iail oo cpslS Lo
sl by l iy el i il o)lgen ol Jlade g onile (Bl 2ol oo
il e (16) abaly & jg0 4 34 Lol Wil Sloj 5 42 y0 a5
n
S
i=1

slasi 8 lo M (s @ otz slaals 5 olaws Folun (16) alaly o

5=0 (16)

R

I
=

L

8 5 pr @ odnz loals S 08 Sl wad o1 slawls §
Wb e bz 50 0ad Slil glaals 508 Sl

o il slaals )5 5l Sy 52 5 onnz sloals,F 08 s 6l

(11 alal) JyuS bl o d9i5 poe bys 5l Sl pad ,a 50 laad |

5 otz sloalF Sl alold o JouS bla 00,8 oo oolatsl

oBiws S Sloj pad o o amas jo a8 F 18 ead (o s

Slaws )fQL,HnC) dolwonc+np xne+1 Jols a5 5> SYoles

7 o )lois16 095 1395 e (uide Suilfo wiise

ol 5 (Hseele 6595 3eb) 0500 28 ol (Jlon] by 5o Ll
o b o535 p0 bals S 008 ol (Sen goges I 0 )
Oz 5o o e 352 pae O jgo )0 a5 Cewl S @ ¥l GlalS
Sl b bals S 5508 gaaze s, S SHlpiul 052y 5l b0 )
5 Sl Bl zi) b,z e als I She b ol sile e
sloaigs 5l plas o 5l Slej pad 2 10 .0l ez g s F a8 als
S ol iy 0sd oo oy T b )S S, (0l 2z Jwy) ez 3
S e g aile gl b Gl Olo e 4 Ol3T slaals S
(o8 pl el el 0050 )5 colaul lglwsn yeild 5l cals 351 Lol
G by 055 e e Sl o 4 AT 550 Al
a5 0500 0929 35 50 50 (1SS Al Wb oo GelS e S e 5l alold
lizme adlaie By, 5l e ol U sl o008 o Caliign (55 L
Elad 4y gladlaie «@ls 5 35 10 gl 45 Ojgo el oud ool
50 50) o 3 e o B 50 oS (1320 adlaie) oas 4t 5 L5 ot
aibaie cpl 5l @) )0 S oo i (00l 50 55)) O STa> b (ol
Sl ol o g e ooliual Hlsluger 9B 5l (50 55 (Siwsml (9)
2l bl o ST (s 5 08 (o0 oo (SKigny dloles )3 Sae s Gloe
Jolo il ey 0 salys o laals S 08 > sl (o265 Al

2l g0 ey (1) a5l olgsds dlais G o als,5 ars, S

r r
—r<n.,kL=0 (1)

r
V. —r>r, Vg =—
o <70 T onrr2

:21'rr
Tgals, S &8 T ol Copn glagly 5 olad saddia Vg o oS
ﬁl)(x‘y) Slaites olfiws (il oo als )T 55 6 U Hhai 550 alais alold

b ol sl o X a5 GlaigS @ (3 JSE) 00,5 i dilgil 55 10
(3) 5 (2 Ly, Sypo a5 ool Giuled ™ il b amg (sl

gl g0 oy ya

£, =—t =z =7 =2 5=2 2

A e T 2
D r_l" V_V

=Sz T oL T @

ol by ceyw U= Uy mbo Jsb L wls)S o038 ol 0 a8

Wgd oo ol (4) alal; &0 @ 5 dm g o Khee

) . 9 Vv_azu*+62v*
T oxt ay* T e oy “)
el (5) abaly &g im0 2l 53 by 6030 o515 by
|leV*| =0 (5)

2 IS 4 (035 o Jleel s il o515 ol 8 > alolas

a5l o (6) by ojgm
dv,
dt,
ABb e Job bl 5o g 009 (e am o labe I 0S8

logr walys (7) alaly &g 03T o) yg0 Woles ol ol

1 -
=-V.(p) + AV 6
() + = ©)

1
J.p =My = f rAp,(r,)dr, )
-1

SolesS My ol a3l dxas v g a\ﬂ Ol ey o s diely @

sl (8) alaly & jgums 4y g 0090 Amio (59, p (Jlosl g (Saslizsg ]
_ oM,
My, = ZpU? (8)

- (9) by S g 00 Jsbo axly 43 e dnigr syl Slas Lo

124



ol 9 SIGAAE (P

OT »2 dgac wulxiuo b dslgiasl GiS o Hlid) 3 ddeaa dy9l) 9 SJeb s )il (G338 9 H1)ZS w1

2 1y ammio aygly oael Cawdy da o slargly Sl 5l eolitul b uioeen 5
098 s et (22) alal, 5l ooliinl b (sams Sloj pud

Q1 = Pn + Pplt (22)
o Gloj pad Splasn+ 1 il g (Jad (Sloj pud Seblasn ]
& Sygo pd Ml e Soid (3T )0 Cueal Sl iS5
laals 5 oS > 5 ((22) 5 (20) alaly 3ub) amio olowl> plSin o 51
4 Wed o3 wlgiul 5 amao 4 als,S ) ol ((19) 4k, 3.b)
I laals S ol adly 2aS Sy bl o b 5l T alols o5 glassS
Sl Jee ol aigdioe 550 S5k (59 5l eolinul b ailgiul g axao
als S (o5 mé Bd> Baa b g amio bl 5 s Glae ool
[13] Sg so ploxl o

o lo3T pleil 89y 9 &l jngend ¢ Jlwg -3
iz g0l az 0 b ambs 95 ol jea @ dilgiul goae (g3l Joe 5l
2l D)3 (8 Sliglejl alols @l (mi ) S Sl
ol 4z Cod plyz 0 485 13 e (025 Slislejl el sl
5 Slis 5 ol by ol Big a5l w8 e &5 4Silen a5 >
e I T R e
oo ok By« pBaulejl Jao ol Salesl sl 5ls 9,90 i
48 20,8 plid Sl b adladl o (g Sl s aysl; ol 5 g0
5 003 CliSy ol o pm ol Sllug gly ead bl Sliyles]
035 2 )R e 0090 198 Ly ) e (Sesls 1S,

(sdigee 0a8Cily Soliyog pl oRiglesl ol bigi o daiulesl plas
ol il o bl (gl g olsn 3 5 pele oliils (glidlen
2550 4 o Gy 1510 5 00y Ay jlae g Sigo (gole Sb bigs
50 b8 (gl)ls 5 00g JSi (slopls ol g5 cnl (yge;l adafie .ousy g0 4l
Sl bl ge yie L gas ol Bigr ailas g0 o alold ail o e sl
dlige 2250 0.1 51 oS g 0392 522l Sl Jigi cnl LA

-5l 24 516 slaJgb 4 ailgiul 90 i 5550 oKile;] slaJoe
s bl o 5 baallsnul 6y (55 2 aidloe o il 10 55 5 e
ool sl il 4y wlio Jlail jshaie @y yio hoo 2 Cuals b gl )Lt
2 Culses g e ke 24 516 sloJsb b poriagd] iz 5l Olorao el
§y 0,8 5 Al sl o 51 55 45 SisS 4 adly e e i
20 515 10 5 Gl slopye sl)b Olxio (aigd co g o2 4 S5l

sle 5 segils 16 Job L Slxio 5l glad aiilee s lo
- alginl 4 ol e dxas 90y drgly 09 o0 000 4 S jo Calixe
Joe 5ol el canlioo o Sig xSl i aygly ows

ob By b, yoly i ol a0 b (Slxio ol jen AJI}ZMI)

Fig. 4 A view of the plates used in tests
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Fig. 6 Variation of object angle with time for length ratio 3 and
free stream velocity 12 m/sec

Sy ;95 3 Job o sl loj 4 G ez aygly Olns 6 JSB
Al p e 12 0051 oL >

7 o )lois16 095 1395 e (yuide Suille wiiie

by ¢ S (rdu Sel oo I JSAS (Sl g (S i8Il (A 99
Caomd g aiils 1) o s, Jsl g is e goll azjo b Jow il
@ SHle Al Jae olulr 5 k8, had akdy (Sg sl
3,90 alily jo Wosls cules jo .ols ally 4 1) Wesls Jlasl § (S xSl
T dggly olfiws b ,e50e Jaw 5l oled 5SS 05 o L8 JLT
o s oy 555 9m3] o 31, (S S
atlo 19506 Joe g 08,5 coas algiul g, p Slxio a5 1 51
ol 595 2 955 13 0k B lyz (oyre ;0 &5 Gl @ Joe il
ol &5 08 plas bl il aldl osdee ceal (Sig Sl w4l
ol Jes Q] lasgs L')|336,a aS odg (ePyaTL )j]olp Jelis oo
S ekate 4y cldlodSs culi bz 0 g 0ol L8 laiae adgl ala> (gLl
by ol 00,5 o onlizl Loy iy 5l el o LT 5T 5 Laools
"o Ol o sy (235 L oS allee (SIS pms asli 0L o5
bl b el ooy aged o g ouiles Jbyw S 5l ) baosls g
oy o ol gz JUSw a0 iy I 15 50 jeShe el
by 5 Jde e 5 005 ool:..»).é )J);_:Ss)i,.a py ,aﬂ oS5k e
o odds aid,s Lk o &l‘} AlE 00,8 o Zud ol ools )l)s 4ol
Ol B )0 cuy a Sl 4l 0.1 Ll olagle]
8 0) calisee algl alax> sl sl e (30 25 20 15 10) calises
443200 ply(L/R) clie Jsb slocans g 45,5 (32 424 16

).)dS‘SsLe ‘Alfcbby

80,8 o0l Ll Ol poss

S Jo -4
axao 90 ol or 4y ailgiiwl Jo> LLU b > (o5le Jaw gl cgoae og, 5o
ol 4 Jate
504l 020 oLl ) Sley a8 caoliyy ol jo il ool aiigs 55,8
Al o el oo bl agli 50 B 0 5l glej o3k g a8 S L
gl gled & Slrio Job Cond Jold it byl )ly closle
&0 amio gl dlo> agl; 5 (4 52.33 15 1 0.667 ,olis) (L/R)

obs @ Glael p coads axaF ainnS b g, 4 azei b

b oo (45,590 b 0 639050 ;0 asxiw g8 <> ) o5 ol 4 S
5 (L/R) Slmio (cund Jsb @ az g5 b 45 30,5 Laseive Slalne azs
5l Selae 5,3, 5ol ol)"| ol bz e ain adgl alos aygly
@ bz 50 e S5 w2y S Heb @ ol eaalin lz o e
o> Obr 0 e & Sl Gl sl g5 098 o0 meediS £55 510z

-

Fig. 5 Model and equipment used for testing in the wind tunnel
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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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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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Fig. 19 Variation of strouhal number with Reynolds number for
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. 18 Variation of moment coefficient with object angle for cylinder
with length 16 centimeter, length ratio 2 and free stream velocity 30
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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