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Abstract

In order to establish the calculation method for the ultimate length of free spanning pipeline, the
vortex-induced vibration modal analysis of free spanning pipeline was carried out by numerical
simulation method. This article analyzes the first-order and second-order modal natural frequen-
cies of vortex induced vibration of suspended span pipelines under different end constraint con-
ditions, different span lengths, different internal pressure loads, and different axial force condi-
tions. Based on the principle of avoiding vortex induced resonance in suspended span pipelines
and considering a certain strength margin, a calculation method for the maximum span length of
vortex induced resonance of suspended span pipelines is established. The reliability of this calcu-
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lation method has been verified using existing literature data, indicating that it can meet the needs
of engineering calculations.
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Table 1. The effect on modal analysis of free spanning pipeline lateral vibration with different restraints

# 1. FRIRMBARBEEBRERNES I

LR GEAE A PRI —kr )y

fai sz 0.6262 1.727

[t 32 0.6263 1.727

LR ML 10,000,000 N/m 0.6259 1.725
L PESEZ I 5,000,000 N/m 0.626 1.726
L PEE L 1,000,000 N/m 0.6243 1.712
LR PEHFEZIH 100,000 N/m 0.6087 1.588
L PEHSEZIH 10,000 N/m 0.4852 0.9328
LML 1,000 N/m 0.2101 0.6261
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Table 2. The effect on modal analysis of free spanning pipeline lateral vibration

* 2. BEEEHERIES ST

YA NSETISEDTES —kr —kr
5m 36.76 99.96
10m 9.655 26.52
20m 2.468 6.796
30m 1.105 3.043
40m 0.6262 1727
50 m 0.3998 1.102
60 m 0.278 0.7663
70m 0.2045 0.5636
80 m 0.1566 0.4318
100m 0.1004 0.2766

2.3. FERETHEEE BRI

B A TONE N AT A 40 m B S E TERS) — 2= ISR, WK 3 ATLLE B AT E
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Table 3. The effect on modal analysis of free spanning pipeline lateral vibration with different internal pressure loading
= 3. FRINEEBKEEEERIRIIRTS 7

W AT B B RS — P “Fr
100 kPa 1.127 2.523

300 kPa 1.131 2.529

500 kPa 1.135 2.537

700 kPa 1.14 2.545
1,000 kPa 1.15 2.562
1,500 kPa 1.169 2.595
3,000 kPa 1.195 2.642
4,500 kPa 2.487 5.393

24. FEHIEEHBEE BRSO

1) BhAHLST
A G T AF R RS BRSBTS, IR 4 ATUUE e Rl D0 i TE

DOI: 10.12677/iae.2023.113029 217 s 51


https://doi.org/10.12677/iae.2023.113029

TRk

H IR RN ARH WIS BESE Rl A RN, B B TE RS S IR IZ BT K

Table 4. The effect on modal analysis of free spanning pipeline lateral vibration with different axial tension

I 4. FREHEN D EBEEERERNIES O

LHIEWANIS R ES —Br )

0 kPa 0.3972 1.249
1 kPa 0.4874 1.371
2.5 kPa 0.8037 1.874
10 kPa 0.6567 1.63

25 kPa 0.973 2.174
50 kPa 1.321 2.817
100 kPa 1.849 3.827
200 kPa 2.615 5.336
300 kPa 3.196 6.487
500 kPa 4.016 8.045
700 kPa 4.588 9.078
800 kPa 4.861 9.583
900 kPa 5.636 11.52
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Table 5. The effect on modal analysis of free spanning pipeline lateral vibration with different axial pressure

5. FREHEENBEE R ERMNIES I

CHCIEPATISETS T RS —Fr —Br
0.001 kPa 0.397 1.248

0.05 kPa 0.3927 1.243

0.15 kPa 0.3842 1.232

0.45 kPa 0.3608 1.204

1 kPa 0.3233 1.16

2.5 kPa 0.2922 1.127

3kPa 0.2687 1.104

4 kPa 0.2042 1.047

5 kPa 0.1686 1.021
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5 R B WL T — A M BRI R B, MR 1 2 1 R A T IR bR M fs

DOI: 10.12677/iae.2023.113029 218 INE SR E S


https://doi.org/10.12677/iae.2023.113029

(RIS

Hh, [RLIMG, AR SCMGIRE G b A 1 A A OISR N A B2 LR S e SR B G, S — DRI IR R B
RS A AR IR LR IO FE S, BB S B IR 10 A B T SR TE AR PR S K

31 BEEERAILRBRESKE

HRHESCHR[B], 4RI BEBUIR £ 58 71— B BIRIUER f, P55 ML s — S, EEs Rl AR
PSRBT T SR A T AR o AL R R PR e e B TEOM R £ 55 1 1N LRI £, P 2 [
(K156 R 1G22 B TE IR BRI IR B K

e RE IR £ R7m 9

f=22 @

AR B AL S, (K HUE 22 SCHR[9] -
BEEEEAMRS S EEKE. BBEERSAR AN, BB EEMmIER ). BEEENE
T BN A 5R[10], AH H TR HE O MR 78 SCHR[1L], RS A 15 B s i 1 [ A 4R (155 R AR
o, FLRM T A% RZHMkmE FIRERN . Rk, 22 5CER[12] AR RTSCREAS TS B
TE IR R 250 A 5
f :C_(In(k+x1)+x2).(ln(F+x3)+x4) El @
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El

\/0.5'D~C.(In(k+xl)+x2)~(ln(F+x3)+x4)~ R
= ” (4)

2w-St-U

H ESORFZ6AE T Bl il — BB A A AN _EXF5F: C = 1.11.x, = —0.0001. x; = 64.4.%; = 102,
X4 =—4.3,
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Table 6. The physical parameters of verify pipeline
6. WiDEREBYESH

Bk 15 g V2 A BR B A5 B2 e R
g@i? Ewlféjﬁgsﬁg Eyﬁf&ﬁiﬁfg W SikPa LI

2.1et 0.324 0.292 8200 908.2 1025 0 b

FRPERIR/Pa  EIESME/M  EIENR/M

DOI: 10.12677/iae.2023.113029 219 INE SR E S


https://doi.org/10.12677/iae.2023.113029

P 1 R B RS KU FORCR S SO LG, WA 1 TTLAR SR & R, PR
SO AR I T ST R RS B TR 0

70
60
50
40
30

B BRAK L /m

20 -
10
0

0.3 0.5 0.7 0.9 1.1 1.3 1.5
AR E /s

Figure 1. The comparison between chapter calculation data and literature
values
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