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ARTICLE INFORMATION ABSTRACT

Original Research Paper The fluid induced vibration in fluid conveying pipes can cause fatigue and failure in the system.
Received 05 April 2017 Therefore, controlling these unwanted vibrations and suppressing the vibrations of the fluid conveying
Accepted 04 June 2017 pipe is important. In this paper by considering the passive vibration absorber for the fluid conveying

Available Online 07 July 2017 pipe, the influence of the vibration absorber parameters on the dynamic behavior of the system is

investigated. The governing equations of motion are obtained via the Newton’s second law, and

K ds: A . . N .

Fﬁ}?g(gorsweymg Pipe analytical solutions for the characteristic equation and mode shapes of the system are obtained through
Vibration Absorber the power series method. After verifying the obtained results, the effect of the vibration absorber
Viscoelastic Behavior parameters and the fluid flow velocity on the vibration behavior of the fluid conveying pipe have been
Natural Frequencies investigated. Results show that by increasing the absorber mass, the effect of absorber on decreasing the

Critical Velocity oscillations amplitude is diminished. At different fluid velocities, the oscillation amplitude of the system

can be reduced considerably by specifying proper values of the absorber parameters. At velocities near
the critical velocity, where the oscillation amplitude reaches a maximum value, using a suitable
vibration absorber may reduce the maximum oscillations amplitude of the system by 98%. The method
presented in current study can be easily generalized to design passive vibration absorber for fluid
conveying pipes with different boundary conditions.
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Fig. 1. (a) Simply supported fluid conveying pipe with a vibration
absorber, and (b) the free-body diagram of an element of the pipe
W3l il o Ll 9o 40 ool slaolFasSs b Jlew Jal> alg) (i) 1 s

Jl Jel g 51 Glall (0 5 o505

7 ooledds 17 0993 1396 jue (o0 SuilSo wdiee


https://dorl.net/dor/20.1001.1.10275940.1396.17.7.21.3
https://mme.modares.ac.ir/article-15-2204-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-20 ]

[ DOR: 20.1001.1.10275940.1396.17.7.21.3 ]

o e Sy 9 SLS) wge

ol SIB 4 juze Juw Jobs slaalgl (Hbles )l sl duasine

1, asbee wlyz obul ol 2 dodise solital il sa &l o] Slize
S sl sloep Joil iy S¥olae Jo bs, 5l eolisl b lg5 e

W8S 0 ) Djge &

N

n(€)=2an{"+R 15)
n=0

Jsgme i alps@pn=0,1,.., Ny sxladb R o] ,o a5

Sl 4 4z b ablioe Cawd 4 (5550 Lt Jloel 51 a5 s aril oo
SMoz olasi Gl b nlply sl Coliio G5 s 2 Ko glads
SVoles gy 585 5 8 b oged aalyE e sho & eslal (55
Jolo Ay Gl i3y oSl dolae Dlgr 3l alaly 08 4 oS >
1l g Casd @ 5 g0 4 Sl
n(&) = agn™® (&) + a;n@ (&) + a;n® (&) + azn® (&)  16)
dsbee s Jiw slaclsz D (§), 0 = 1,234 5 aal,
Jlesl 5 a5 wies ol culps @pn=10,1,23 5 axile oS>
G ay wilonss )] (A1) abal, ;0 45 piers 5 oSl 550 Lalyd
Slals,)l gly 398 ddos Slgz ols 1B s s b aslsl jo an] o
gl gy oS olS)8 dolae (Jlw Lol sloalg) (oo pe

s g3 > il S A3lxo -3
2 oSl Wolee ol (A1) alasly 4 4z g5 b o ondlS 3 dslae g5l sl

505 oot 25 S92 4 Olsisn |y S5 3l b e oLl
m(©) = amn (@) + aln“’(s) +anP(©

+asn®© an
12(8) = agnSP () + asn$?(©) + agn$¥ (©)
+amP©) a8

ily peles (7-13) alayl, 5l oolatul b yiman
_ e+ c0)ms (Eans)
uQ? +cQ+k

2 S O b 53 (13) Al 4 axg b Gees
Dl Cawd ) 5 O ygo  dm o Sl el )l

k
Qaps = \/l; @0

O 9 oy ks Jleel 5 (11) S¥olee ;o (19) dlal, 5,135 L

(€))

e Gz ol cite 4 (18) 5 (A7) Laily, 4 3> Joe y0 (5550
el Oypoh e & pawyes AN = 0,08 S ulye
2,5 ol 25
[Al{ay} =0 @
ol )l il layial )by 4 [A] colyo wsle polic sl alal) o
ORI (sl ol (St Ayl (550 Ll 5 (Silo qain Slasis
Sl 5l 0gd Sho plp colpe Guyle pleys Wb (e Sl
Rloe S @ (Ll B Aol wlpe i ple plie s (olo 8 jhe
)38 o i 3 1) s oresbs sl ulS 5 calolas ol sloadsy, a5
bl oo 4 & b Gl p e L
Blite b5l slasge S Bls5 e Al s oo & 0 = Qpe + iy
S o il yins e E3laz cglyd 4 ol & drgi b dga s |
Oypets 8 S glasge S aly cplple wies Ll polie

7 o)l 17 095 1396 e (o0 Suilfo wise

62W2(L, t)
Wz(L, t) = 0,76.’{2 =

Wi (Xaps) t) = Wo(Xaps, t),
awl (xabs, t) _ aWZ (xabs, t)

36x axz ’
0°w; (Xaps, t 0wy (X aps, t
1 T e T
03w, (Xaps, t 02w, (Xaps, t
=B ;}Ez;"ts )y Za(x;bs )
B [64W1(xab5rt) 64w2(xabs, t)]

dx3dt  9x30t

(@H11)

+EI a3W1(xabs' t) _ a3W2(xabs' t) _
dx3 ox3

dq (t) _ aWZ (xabs' t)]

dt («-11)
Lol 1y S5 SVl ) Ojgo & amo slayell e b

10,5 (s g3l o JSCB

K[w,; (xgps,t) —q(®)] + C [

wy wWa Xab
=7 ZT'f fabs == S'
m m 1 El
P _fm,f=_2 _E
my +m, El L= |mg +m,
N I e B
A= Em, T BT Y | 1*EIm,
1
ca I EE_* _ Mabs
E(mf+mp) L2’ my +my
me +m,
Q=owl? |12
@ El a2)

Saig b G5 eaies LS S i Q 3l Ly, o a8
Jbw ol ) o2 Q3> o2 S Djg0 4 &5 gayr o
S5 50 g oad el a0 e pstie 5l eolaiul b asiis w0l o iy e
Jenilins oVolee q(0) = Qe sw(x, ) = W(x)e¥® b5
‘°)5obf)‘~\~g:r=)5~“55g5n ) B i p oS>

(1+eaﬂ) dsﬂ d€2 Li2u [g +02n1
— 0 (W-13)
2z 2
(1+£aQ)d§4 u? d€2+2 [Q +Q
=0 (‘7"13)
1Q?Q + (k + c®)Q — n2(Sabs)] = 0 @1

o lad )l D3l S 50 (5550 e 5 e lulpd rizmen
g dwleS 55 Ojge @ dme sla sl

1:1(0) =0, dz"dlig(f'” =0
12(0) =0, dzndz—;)'t) =0 (-14)
) = o), L) D)
(1 + £a0) [dz”;gabs) _ dzn;gabs)] o
(1 + eaQ) [d3”(11§abs) _ d3n2§iabs)] _
(k + c)[n2(§abs — Q)] (14

Sl J o) 5l ol s sl o > all)] jslaie o
[25] oty L3 5 0 a5 Jlw Jub> slodly) slp ond )|

34


file:///C:/Users/Desert%20Rose/dropbox/MME/Tir%2096/1297/Enew%20171297M.docx%23_ENREF_24
https://dorl.net/dor/20.1001.1.10275940.1396.17.7.21.3
https://mme.modares.ac.ir/article-15-2204-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-20 ]

[ DOR: 20.1001.1.10275940.1396.17.7.21.3 ]

o g 9 SLd) w9l

ol SIB 4 juze Juw Jobs slaalgl (Hbles )l sl duasine

04 T T | T

7(0.5,7

7(0.5,7)

— =101

7(0.5,7
=
h
|
1

@
Fig. 2. Mid-point dynamic response of the simply supported fluid
conveying pipe for (@) u = 0, (b) u = 0.5mand (c) u = 1.01m
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;:aessflrt]; Ref. [20] Error (%) s k
9.87 9.87 0 0.2
9.97 9.97 0 2 1
9.97 9.97 0 3
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18.03 18.04 0.55 2 100
17.71 17.71 0 3
53.70 53.09 1.14 0.2
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Fig. 3. The effect of the viscoelastic parameters on dynamic response
of the simply supported fluid conveying pipe for u = 3
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Fig. 5. First mode shape of the fluid conveying pipe for different values
of the vibration absorber stiffness, (a) pipe in absence of the fluid flow
(u=0)and (b)u =2
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Table 2 Effect of the vibration absorber parameters on the natural frequencies of the fluid conveying pipe for e« = 5 x 1073 and &, = 0.5

u=20.2 u=2 u=3 k
u
Ql QZ n max Ql QZ 77max Ql QZ nmax
- 9.86 0.038 - 7.45 0.036 - 2.73 0.045 - -
1.88 9.81 0.027 1.89 7.37 0.024 2.13 2.45 0.008 0.2
0.69 9.93 0.027 0.68 7.53 0.025 0.63 3.00 0.022 2 1
0.49 9.93 0.027 0.48 7.54 0.025 0.45 3.01 0.023 4
6.16 11.17 0.021 5.42 9.56 0.016 2.34 8.18 0.024 0.2
2.03 10.83 0.027 191 8.67 0.025 1.15 5.36 0.026 2 10
1.43 10.82 0.028 1.33 8.64 0.026 0.84 5.19 0.027 4
8.16 26.56 0.026 6.25 26.02 0.027 2.38 25.45 0.032 0.2
3.81 18.02 0.032 3.09 16.69 0.032 1.28 15.05 0.034 2 100
2.77 17.53 0.032 2.27 16.09 0.032 0.95 14.26 0.038 4
8.31 39.22 0.012 6.32 37.24 0.014 4.09 34.25 0.012 0.2
4.32 42.36 0.018 3.34 36.45 0.016 1.29 33.13 0.019 2 1000
321 40.83 0.019 2.28 34.86 0.019 0.97 32.72 0.022 4
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Fig. 6. Second mode shape of the fluid conveying pipe for different

values of the vibration absorber stiffness and u = 2
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