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Fig. 1 Schematic diagram of a fluid — conveying pipe
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Fig. 6 Deflection of cantilever pipes

0.005
0.004 4 L~
0.003 - —
he]
] v=0m/s
\g v =40 m/s
0.002 V=80 m/s
v=120 m/s
0.001 - v =160 m/s
0 T T T 1
0 2 4 6 8
x/m

K7 BEEENA
Fig.7 Slop of cantilever pipes

SRR (21) 135088 R G 4 W AR S TR S

Mk[ 11 ] 56T Buler L8 R FH H# M 1A 15 20 FT =
By A 4515 1) AT i A
Elﬁz-f4 - [pfAfv2 —oym(rs =17)] 27

2
o
PbILT + (pA + pfAf>

(22)



Wi % €45 i TS AR 30 AT BROG AT 87

%4 1
4 2
ENOT (oAt - oym(7 - 1) 1T
w, = L L
2 = 411'2
PIJILT + (pA + pA;)
(23)
4 2
EISIZT - [p_/-Afv2 —oom(rs —r17)] 9T§
w; = L L
3 972
Pb[LT + (pA + P/A/>
(24)

Fo 1A TR S TR A 8 2 I Y = [
AR ANSYS P45 2RI X H, IR 2E7E 4% LI
P UEIAS SOOI M 5 1A R Tl 8 4t T A i ) 52
T TE ARG = P A SR S R A O A H P
USRI AR, SETRRAE R GRS E M. AR E
220 m/'s I 55— i [ A 0 S O R X —
JEERTAR Myl P J5E | BER SISO 4 43 72 4R R GE R
f, X —REIE R Tah &R AR, N RGE — B
PRI IR (B 3) , H R Bk i i
G LI, 31 R A B0 T R ) A8 T T AR
ARSCAG H A BROCAS R 5 SCRR [ 11 ] 45 R A S
BIGanpSE I CIETNEIN KL S0 ¥ NS LI RCE RS
MU, HRAS R —80 2 2 4 1 a7 =B [E 4
AR E TN 7 A AU, T ARG 4 3B U )
A3, I = B o] A 430 5 02 2 B A 3 B 4, A
AE A PN 7 A~ 100 MPa £ 100 MPa £ 3 K i
REFR, A = i [ A5 450 5 10 38 i 2 23 %91 O 29,
46% 5. 17% F12.22% .

3 gy TR A A U D A N I = ]
A WAL ANSYS FrAHE5 AN L, IR ZEMTE 4% LI
. T 9 25 TR TE AR LT = B A RS
AR, AT DL I A 59 DR U 4% B At 3 , ik
— R A i ]SSPSR ], AN TR 7 T B S A A
T 25 B T A AR T P ] SO0 (B A — Y
T, A SCAE S o A R D AR S 0 A i
TEPR BB 7338 %5 18 T 5E B0 I AR T, IR
R P13 R R AL A T A T AR 2l R 8
AR, 121 8 19 i ] S PR 20 S8 2 PR A TR B 97
LR T FIA 8, P 9 i = 9 [ A 490 3% ) S 30
N KRNI RGEAIRTEE . HRTIX— R, DL
SR — BRSBTS« i e A Ol 1 A o
PRSI, B0 AR ST J5 A R B EE

Ak THRBI L 5 — B [ A AR & TR X

SR T AN AR AR — B RS PRl Y R A

1 S — B A RO T BRAS AT O S R AR
®1 EXEEEFMEILL(v=0 m/s)

Table 1 ~ Comparisons of natural frequencies of simply
supported pipes (v =0 m/s)
Model 1/ Model 2/ Model 3/
(rad - s71) (rad - s7") (rad - s71)
Current results 66.0 260.0 574.7
ANSYS results 65.3 255.2 554.2
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Fig. 8 Natural frequency versus liquid velocity for simply
supported pipes (o, =6 MPa)
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Table 2 Natural frequency versus pre-stress for simply

supported pipes (v =100 m/s)

Protross/MPa Model 1/ Model 2/ Model 3/
(rad - s~") (rad - s™") (rad-s~")
- 100 48.5 242.8 §57.3
-50 52.5 246.0 560.4
0 56. 1 249. 1 563.5
50 59.6 252.2 566.6
100 62.8 255.3 569.7
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Table 3 Comparisons of natural frequencies
of cantilever pipes (v =0 m/s)

Model 1/ Model 2/ Model 3/
(rad +s71) (rad - s71) (rad - s71)
Current results 23.4 145.3 400.7
ANSYS results 23.4 143.2 387.8
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Fig.9 Natural frequency versus liquid velocity
for cantilever pipes
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THE FINITE ELEMENT ANALYSIS ON BENDING AND
VIBRATION OF THE FLUID-CONVEYING PIPES

Sui Suihan'  Li Cheng®’
(1. School of Mechanical Engineering, Shangqiu Institute of Technology, Shangqiu 476000, China)
(2. School of Automotive Engineering ,Changzhou Institute of Technology ,Changzhou 213032, China)
(3. MOE Key Lab of Disaster Forecast and Control in Engineering, Jinan University, Guangzhou 510632, China)

Abstract Based on the Timoshenko beam theory, the finite element equation for bending and vibration of fluid-
conveying pipes is derived using the principle of virtual work. The transverse acceleration of fluid is derived using
the theorem of acceleration composition. The deflection and slope of the pipe subjected to the combined actions of
gravity and fluid under two boundary conditions are obtained, and the influence of fluid velocity on the deflection
and slope is analyzed. Under simply supported boundary constraint at both ends the pre-stress effect is trans-
formed to integrate into the strain energy of the pipe, and the relationship between axial pre-stress and bending
deflection is studied. The relationships between the first three natural frequencies and the flow velocity of the pipe
under the simply supported and cantilever boundary conditions are obtained, and the influence of the axial pre-
stress on the natural frequency under the simply supported condition is presented. The results show that under the
condition of simply supported boundary, the deflection and slop increase with the increase of fluid velocity, and
the deflection and slop decrease with the increase of pre-stress. With the increase of velocity, the first three natu-
ral frequencies decrease, while an increase in pre-stress results in higher natural frequencies. For the cantilever
boundary condition, the deflection and slope decrease with the increase of fluid velocity, and the first three natu-

ral frequencies decrease with increasing flow velocity.

Key words fluid-conveying pipe, finite element method, bending, free vibration,  pre-stress
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