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Spectral Element Analysis of the Pipeline Conveying Internal Flow
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ABSTRACT

This paper considers a pipeline conveying one-dimensional unsteady flow inside. The dynamics of the fluid-pipe system is
1epresented by two coupled equations of motion for the transverse and axial displacements, which are linearized from a set of partial
differential equations which consists of the axial and transverse equations of motion of the pipeline and the equations of momentum
«nd continuity of the internal flow. Because of the complex nature of fluid-pipe interactive mechanism, a very accurate solution .
method is required to get sufficiently accurate dynamic characteristics of the pipeline. In the literatures, the finite element models
have been popularly used for the problems. However, it has been well recognized that finite element method (FEM) may provide
poor solutions especially at high frequency. Thus, in this paper, a spectral element model is developed for the pipeline and its

:couracy is evaluated by comparing with the solutions by FEM.

1. M &

2 498 Ze AAE 152 AFed
AHFEE BRlZAE R FA 540 -JEH <

e Al SEREC] wAste] TolZu AX %
o mEsa SAY S Ho 48 & A,
o BA TAT & 9k A2A A4 4

A AF ALY Fo|ZAY FAFLAEF,

7189 R fFH 49 gy AH5FF 29
o] LA ol

a8y, ol g solxAe] A AlgHolL
NN EL Destd Aot ABFHeE T
2EFG FAY A35AEE FA TolZg fA
9 EF54E4E EAY, fF4aEdg0] AMEEH
o] gk FFQAM(FEM) ol 93 d= 53] 1
o JooA] FEET) A gon @2 x7lo]
2QHE Aoz g dA Qich B ATl
i= o]d FEM 9 dHE HY & 5 Qe AHE
YA (SEM) & ol&3to] ol 2dE &Y
Q=3

oz o] {FAFEAFAN BES W A+
1= Ashley$} HavilandPol &8 Trans—
Arabian Fe|Z 2kl AFS FHE7] Y48 A
o2 st olFo, HousnerPE U™
A g ZEe g 9T T T A
i Ag ARsdy f459 #4 g 29

« delggm 7 A F e
E-mail : kano95@hanmail.net
Tel : (032) 860-8780, Fax : (032) 866-1434

es QB 71 A F 8

H #2o] dold & U&e WHT Long®e
W g2 fFAE et Qe ABE FHY
solZE APy, HPFHOF deAAE Tﬂr"]
=9l wtd 2 olgy e de]=y od
AME YERF g8 4y Holdde 7;13
Ak F4 d#L 7b% WA Heinrish®el ¢
3 T899, Gregory$} Paidoissis® & %R
Hee  molzyt HZ (D EYE  FYH
(flutter) 7} EA48E $33h Chen® & Hgo
2 BARFHEAA g3 deAARY AP E
A7gch.  Skalak™, Williams®, Walker
Phillips 283 Wiggert5¥ & &5} mtojz= 9
W Alol9] dAE Poissond IS mHsAH
WiggertS 7 LesmezS 02 olde] s
S5 AYFg AFe g JFE F7H8t
At olzigt &3] JAAD FA-TZ FEAL
AUES S TS S5 HHA0]l LeeF 2o
A8 FEEAY. Semler51P & sojz 9 n|AY
HAAL AAZAYN gt §FE3% 2w, Zhang
51 z71Z80] Yt FEAA Y FHo|ZE A
5‘5}01 ZNe  feindn  vlwEcl
GormanS 9 & A o]Ed] 7jute Fo| HHAE
1% o] g3t {9 EFHF A sHYsTh
E =59 A& (1) Newtonian & o) %
3t AL E‘%‘ﬁh_ e EFERYE F=23
I, SEM & o} &3 dwaE 73z, (2) SEM 9
AP gy A& SEM 3 FEM 22 3%
E54 L vnPdESnA ot

-207-



- i dx R R A 2

(b)
Fig. 2 Free body diagrams for (a) the pipe element and
(b) the deformable moving control volume
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Table 1. Comparison of the natural frequencies of an empty pipe obtained by experiments, SEM and FEM

To=4.95 (N) To=7.63(N)
[0 1] 3 W5 M0 [0 1] O3 s W10
Experimental™” 87.713 310.138 580.378 - 117.181 373.096 670.667 -
SEM (2 elements) 85.592 268.498 484207 | 1256.640 | 106.048 327.677 576.594 | 1403.980
50 elements |  85.592 268.498 484208 | 1256712 | 106.048 327.677 576.594 | 1404.044
FEM 20 85.592 268.499 484237 | 1259433 106.048 327.678 576619 | 1406.530
10 85.592 268.514 484710 | 1336793 106.048 327.692 577.043 1477.907

Table 2. Comparison of the natural frequencies obtained by experiments, SEM and FEM for the pipe conveying

internal flow under initial tension 7,=7.63 (N)

Co = 1.54 (m/s) Co =3.07 (m/s) Co = 6.43 (m/s)
04 3 s 03 s 04 o3 s

Experimental"” 89.598 | 278.659 | 509.064 | 88.781 | 276397 | 507.179 | 81179 | 263.768 | 488.455
SEM (2 elements) 84704 | 261904 | 461292 | 83205 | 257.814 | 455412 | 76.171 | 238785 | 428.305
50 elements | 84704 | 261904 | 461293 | 83205 | 257.814 | 455412 | 76.171 | 238785 | 428306

FEM | 20 elements | 84.704 | 261905 | 461314 | 83.205 | 257.815 | 455438 | 76.171 | 238788 | 428352
10elements | 84.704 | 261917 | 461.673 | 83205 | 257.832 | 455852 | 76.171 | 238.828 | 429.043
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