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Table 1. Geometrical and mechanical properties of the beam
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Fig. 3. Maximum amplitude of vibration of a simply supported
beam in terms of external fluid velocity
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Fig. 9. Frequency response function for different parameter values of A3

5 T T T T
X —— 14=0.0034
\ = )4=0.034
25H\C ——= }4=0.068 .
S
<
o0k (] ‘¥
vy
=
=
25F .
.5 1 1 1 1
0 2 4 6 8 10

el Sy S 53058 e 3 55 (5B IS s 51 (58,5 18 35 b Sy 6o 3 o151 Ll 58 3 Ay yiably s e JSL

Fig. 10. Effect of the parameter Zson the free vibration behavior of viscoelastic beams considering the effect of large
deformations and Standard Linear Solid model

@il 4 digad plsie a4 b po SRl Sllug (uilS 3 T il
PSR R PUCTUINCIRT JCRIIY 0 WYL & JVPRS o SNRVIPWS
saslie gl ol el T co Cews @y 35,8 VIYE 5 VYV VO
el PN a oo YF e 5l Ag el e ialil L a5 sed e
Vo dga j0 sy p Cod SVl s 8 Sblug il 3
el ol b oS 2505 Gl Blgon nlple Wb e 2Rl oy
Slawlxe 4o g 009 alaxde b Sllug uils )8 rals e o
Sl 53 4 oY wndlogd b5 L e Jalse ol b sl
Glil a8 wloas a8 3 L5 (o (ggm0 4y o 2l )by ol polas oS
2 5035 0y 5l yieS oS > dolee a8 EDex ol o Ll

shls alfais Sy slo elie (o, 5l ol Casd 4y Fewly azes

CARRY

Vo JSS e cwnlends jalls Yol jo 155 slaplass eyl
G55 S e b S¥IgSang slo s ofT sl Ay )*‘L’
Sl 4 mls ol cwl oo sols las S5 b S s
LeFN g /X ] XF ply Ap am o el )l alie jlade 4w
Sl cpl a5 aes co lis gl 4 Az g b ol oals cols lis
s oo iy 295 e s Gl 53y 2 450 5L
s Jolee (@lyee )0 s Sl gl Dbl (W3 0
5 43l ol i Jolao alen el cal il 5 00
odle S so o yro Coow A (5 S b Sllug aisls
Fabl cnl jladie a5 090 oo onalive V) SO 4 g5 bl
g ol StalsSs (sl Sllogi ulS 3 2 msSne 530



OVYY B OY+0 dxbo NFe o Jl.u) AR b)lo..u.' QY 0)93 ‘)Mf).m‘ L_gu_rlSw L;“’*\-‘-@(" 4:)..“.3

06 T T T |
——— }4=0.0034
045+ —-— 24=0.034 1
g 24=0.068
=
= 03F . —
g |
< )
0.15 | ! .
<!
r-—- .
0 L -
0 1 2 3 4 5
Frequency (Hz)

Aoyl Giliseo ol (6131 1 owailS 18 grwly @b )Y JSCis
Fig. 11. Frequency response function for different parameter values of Ay

25 90 G S p Sl Gl et g S5 pud ool 5L Y Jgon
Table 2. The effect of nonlinear parameters and fluid flow velocity on non-dimensional frequencies

e

\ <IYO I AN
VYO VIFY VG- YIAY AvAR ofe e
\IYY \IYS \/FY Y Y YIYA of) RN
+/A¥ \/-§ AR \/vA YNY AN
AR V0¥ Vi YNY Yi£o ofe e
\IYY V/EA \/oF \ids \VARE of) QN
VIV Y VYO V/FY Y/-A YIXY RN

b bz sea> 5l (AU 02938l 02 Dl 5l 992 alaslg 4 5 Jlow
o858 Gl (e g b oo AR 5 (riibe (S B L (25
oolie glil s 0)ls s s L8, e 4 g0l (Sl
Aol bz s S GRIFIL A =1V A =4/00
ogdle b oo Rl 2o, FY 3505 3 Sl (ol (S 2 oSy
B 305 55 5 3y sla St et ) A S et Sl )
I3 el A, il 5 45805 el (slaalS ) 5 slabidl
S dlbioe ol O 5 Ac el Sl ead b (WilS

Dghion Jgl (orle (S B GralS el Ap ol

S5 azs -
Jew obyz 5 wbb Sl clsls,l s, ols alie e

S e ool L we g Sl slass o (2

Sl sloaials b SLALS )| gy ©)90 50 cnlpl il el
2z oy salys 588l 5 0 Lot )l ool 5155
SIS g (5l 5 ke ) aire; o o el Slalllas (ST
Jloel (VA) dolas pgus o & yp0 4 daid glojls olime Yoono
S8 > alolae o SlgSns S8, 5l (AU slap 5 ple g ol
e 3B 45 aas e Gl ko nl @l Jg o) 052
ab>de B 155 slaglase 39 (b e 5 (B0 ez
JE3, oS S e Vsl gl jo sl OlT pl g 00
oy 455,585 ,5 io gb & SIS slooslr ALtk
Ohz e g oSt slagtally b adllhs jelaie 4

Seriz 55 polia ¥ par 3 8 et slalS 5 1 Sl
Ae g A syl Gl polie Sl b Seia¥lsSass 25 Jsl

Sy 38l L S ses o plis bl sl sal oolo Lis U

oA



OVYY U DY+ dxbo NFe o JL‘“ N D)Lo.w HY 0,93 ‘).....g)ml ;i.yls‘o u»o.\...e(c d..;).a.w

s Sllgi (uilS 3 /00 Yoo 4y [+ FO lade | A S

Wb o stz BB e a5 Wl oo 158l de o YO sgu> o

pidis 15 Ol ) dials 45T g0 j0 a5 wo oo Ll bl oyl

P SpeladSs poss 5l AU Ol Sl i ek 4 (Sl il

shyls sanl caws @ s Shge ol e 30 wsed Jlegl DY olas

gy dples jLoel W8 ol co yien gl g 00 (6 iy gl
sl s Slols )l a0 cad plxil Gldlas 25T 0 -
odds s Jat e ez o ol S SV,
Doz e 5 & 30 Gl o ol gl g e
Gl g ooy ab>Me LB (55 slaglae (og b pé 5l 2L
Sl s » oSl oS > OVolee zlmaul o sl ol
5 4588 85 5 i o & Sty (slaol

&l

[1] M. Minaei, M. Rezaee, V. Arab Maleki, Vibration Analysis
of Viscoelastic Carbon Nanotube under Electromagnetic
Fields based on the Nonlocal Timoshenko Beam Theory,
Iranian Journal of Mechanical Engineering, 22(3) (2020)
54-76.

[2] E. Carrera, M. Filippi, P. Mahato, A. Pagani, Free-vibration
tailoring of single-and multi-bay laminated box structures
by refined beam theories, Thin-Walled Structures, 109
(2016) 40-49.

[3] H. Asadi, M. Aghdam, Large amplitude vibration and
post-buckling analysis of variable cross-section composite
beams on nonlinear elastic foundation, International
Journal of Mechanical Sciences, 79 (2014) 47-55.

[4] S.H. Mirafzal, A.M. Khorasani, A.H. Ghasemi, Optimizing
time delay feedback for active vibration control of a
cantilever beam using a genetic algorithm, Journal of
Vibration and Control, 22(19) (2016) 4047-4061.

[5] E. Ozkaya, M. Pakdemirli, Non-linear vibrations of a
beam-mass system with both ends clamped, Journal of
Sound and Vibration, 221(3) (1999) 491-503.

[6] M. Salehi, F Ansari, Viscoelastic buckling of Euler-
Bernoulli and Timoshenko beams under time variant
general loading conditions, Iranian Polymer Journal,

15(3) (2006) 183-193.

EARRY

haal 5o slaie (pay 2855 )18 (o p 990 SEYIsSans L3,
Joor ol sy 5 Sma¥lsSnsy sloyes oo Yoo
S B gy 3l eolaul b c¥olee ol s 5 Zlp3enl 5
ol o (Llod (rizren (g0 &jg0 4y g 00D (gl
o Bojle (nl (LBl LS, 5 il gle il )y J""L‘ Colys
Ol ) e @l 5l slaods ol G b el
ged Ol R Sype @

b 51 (56 039380 52 STl (Jlow ol slacie )3 -
g oo g3 wreb LlS 2 alS Cacl ol ol a5 anslis b

Ol b Slilug aels « Sei¥lgSny culyo o5 polie sl -
osts | San aseive o 4 5 4l 2alS s 5 Lialidl loc
SVl L e Ul ablign sl S50 4 s gl
Aes o slid 05 5l glase (5,8, SV IgSn s

Jbw Oz sga> 5l (G2 00933l @2 Dl 5l 352 g alavly 4, -
s Ml ol B Sl ol slace i 8 (25
doals I LSas cde ay VL slacs ju )3 G 5 Wl o0 RS
b oo Rl Slblag 5 2

oSS U =2/ 0 aS aad co i Sdjee Szge o -
3O GBI WAl 0smg o 4 g 00 5,00 /A Gllhg e
Gk 5o SR LS s g9 9 sl £ e
foly 1 oS 3 ol A oy a8 1 45 g o ol
Sy 38 L 0gd g0 odalive ¢ blie ;o Xl oo BI> piow
5l aw e el Sllog e LilS 3 U =Y Gl a g Sl
Al e 3,0 VAT sg0

Slabaodle BB b ol S g Seta¥lsSny i3, -
5 Slleg anls Sl (pizes 5 (Sani 4l p
iy ey bl s iSTas s St VIsSans
w8l e BT U =) Sy dgaome 3 5 o £ S YIsSns
&lp (Sob a8 aml pimen aiboo cNYY plp o] jlade oS
gu =/ A Sy o390 ;3 Jgl g8 S¥lgSeng al o b s
U=/ PV e 00905 50 pgd £ SiwVleSung culpo sl
Dy e S

o slagis,s (85 ke sl o8l (e e Sea -



OVYY B OY+0 dxbo NFe o Jl.u) AR b)lo..u.' QY 0)93 ‘)Mf).m‘ L_gu_rlSw L;“’*\-‘-@(" 4:)..“.3

Phasing mechanisms between the in-line and cross-flow
vortex-induced vibrations of a long tensioned beam in
shear flow, Computers & Structures, 122 (2013) 155-163.

[20] X. Wu, E Ge, Y. Hong, A review of recent studies on
vortex-induced vibrations of long slender cylinders,
Journal of Fluids and Structures, 28 (2012) 292-308.

[21] A.M. Marra, C. Mannini, G. Bartoli, Measurements
and improved model of vortex-induced vibration for
an elongated rectangular cylinder, Journal of Wind
Engineering and Industrial Aerodynamics, 147 (2015)
358-367.

[22] X. Han, W. Lin, Y. Tang, C. Zhao, K. Sammut, Effects of
natural frequency ratio on vortex-induced vibration of a
cylindrical structure, Computers & Fluids, 110 (2015) 62-
76.

[23] S.J. Daniels, L.P. Castro, Z.-T. Xie, Numerical analysis
of freestream turbulence effects on the vortex-induced
vibrations of a rectangular cylinder, Journal of Wind
Engineering and Industrial Aerodynamics, 153 (2016) 13-
25.

[24] X. Jiang, Y. Andreopoulos, T. Lee, Z. Wang, Numerical
investigations on the vortex-induced vibration of moving
square cylinder by using incompressible lattice Boltzmann
method, Computers & Fluids, 124 (2016) 270-277.

[25] W. Wang, B. Song, Z. Mao, W. Tian, T. Zhang, P. Han,
Numerical investigation on vortex-induced vibration of
bluff bodies with different rear edges, Ocean Engineering,
197 (2020) 23-45.

[26] PK. Sahoo, S. Chatterjee, Nonlinear dynamics of vortex-
induced vibration of a nonlinear beam under high-
frequency excitation, International Journal of Non-Linear
Mechanics, 129 (2021) 123-143.

[27] R.S. Lakes, Viscoelastic materials, Cambridge University
Press, 2009.

[28] N. Heymans, J.-C. Bauwens, Fractal rheological models
and fractional differential equations for viscoelastic
behavior, Rheologica Acta, 33(3) (1994) 210-219.

[29] M.L. Facchinetti, E. De Langre, E Biolley, Coupling
of structure and wake oscillators in vortex-induced

vibrations, Journal of Fluids and structures, 19(2) (2004)

[7]1 M.H. Ghayesh, F. Alijani, M.A. Darabi, An analytical
solution for nonlinear dynamics of a viscoelastic beam-
heavy mass system, Journal of Mechanical Science and
Technology, 25(8) (2011) 1915-1923.

[8] L.-Y. Xiong, G.-C. Zhang, H. Ding, L.-Q. Chen, Nonlinear
forced vibration of a viscoelastic buckled beam with
2: 1 internal resonance, Mathematical Problems in
Engineering, 2014 (2014).

[9] E. Naudascher, D. Rockwell, Flow-induced vibrations: an
engineering guide, Courier Corporation, 2012.

[10] M. Rezaee, V. Arab maleki, Passive Vibration Control
of Fluid Conveying Pipes using Dynamic Vibration
Absorber, Amirkabir Journal of Mechanical Engineering,
51(3) (2019) 111-120.

[11] M. Rezaee, V. Arab Maleki, A new analytical method to
investigate the vibrational behavior of fluid embedded
pipe, Iranian Journal of Mechanical Engineering 15(1)
(2013) 6-20.

[12] T. Sarpkaya, A critical review of the intrinsic nature
of vortex-induced vibrations, Journal of Fluids and
Structures, 19(4) (2004) 389-447.

[13] J.-s. Wang, D. Fan, K. Lin, A review on flow-induced
vibration of offshore circular cylinders, Journal of
Hydrodynamics, 32(3) (2020) 415-440.

[14] K.-S. Hong, U.H. Shah, Vortex-induced vibrations and
control of marine risers: A review, Ocean Engineering,
152 (2018) 300-315.

[15] A. Khan, Numerical simulation of vortex induced
vibration and related parameters in cross flow shell and
tubes heat exchanger: a review, Tech ] Univ Eng Technol
Taxila, 34 (2014) 45-67.

[16] C. Williamson, R. Govardhan, Vortex-induced vibrations,
Annu. Rev. Fluid Mech., 36 (2004) 413-455.

[17] M. Horowitz, C. Williamson, Vortex-induced vibration
of arising and falling cylinder, Journal of Fluid Mechanics,
662 (2010) 35-46.

[18] P. Bearman, Circular cylinder wakes and vortex-induced
vibrations, Journal of Fluids and Structures, 27(5) (2011)
648-658.

[19] R. Bourguet, G.E. Karniadakis, M.S. Triantafyllou,

o0yVY-



OVYY U DY+ dxbo NFe o JL‘“ N D)lAM HY 0,93 ‘).....g)ml ;i.a;ls‘o Uw.\...e(c d..;)mu

Issues and Aspects, Springer, 2015. 123-140.

[32] H. Dai, L. Wang, Q. Qian, Q. Ni, Vortex-induced [30] M. Keber, M. Wiercigroch, Dynamics of a vertical riser
vibrations of pipes conveying fluid in the subcritical and with weak structural nonlinearity excited by wakes,
supercritical regimes, Journal of Fluids and Structures, 39 Journal of Sound and Vibration, 315(3) (2008) 685-699.
(2013) 322-334. [31] E. Ciappi, S. De Rosa, E Franco, J.-L. Guyader, S.A.

Hambric, Flinovia-Flow Induced Noise and Vibration

wedd gl )l dlio (nf @ 4598
GH. Zarepour, I. Javanshir, Semi-Analytical Study of Fluid-Induced Nonlinear
Vibrations In Viscoelastic Beams with Standard Linear Solid Model Using Multiple
Time Scales Method, Amirkabir J. Mech Eng., 53(10) (2022) 5105-5122.

DOI: 10.22060/mej.2021.19801.7117

CARA






	Blank Page - FA.pdf
	_GoBack




