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Abstract

In order to clarify the influence factors of natural frequency of free vibration of free spanning
pipeline, vortex-induced vibration modal analysis of free spanning pipeline was carried out by
numerical simulation method, the effects of end restraint condition, span length, internal pressure
load and axial force condition on vortex-induced vibration modes are studied. The results show
that the numerical simulation results of the natural frequencies of each mode are reliable through
the mesh-independent verification and the simulation experiment, and the influence of the length
of the span on the modal is presented as a power function, the influence of the axial force and the
end restraint conditions on the pipeline modes is presented as a logarithmic function; the influ-
ence of the internal pressure load on the natural frequencies of the pipeline has a critical value,
and the natural frequencies increase rapidly beyond the critical value; the natural frequency of
free vibration of free spanning pipeline presents a linear function change trend with the axial ten-
sion, the critical axial tension value of the linear function change decreases with the increase of
the modal order, and the critical axial tension value of the linear function change exceeds the li-
near function change, the change trend of free vibration frequency of free spanning pipeline is li-
near function with the axial tension.
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Table 1. The physical parameters of spanning pipeline
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Figure 1. The impact on modal analysis of spanning pipeline mesh density

1. Mg EEN BB EERS D ITHR N

3.2. iR HRENEIE AT SEIR B UE

2, B3 DHFORAFEEET B EE T R ML R RBEW, WK 2, RIFUED, &
LTS B A TSR B G, R BT 3~4 GITHRE RO, R RA N AT TS
RBEG LT ESR

Table 2. The effects on C; of Reynolds number
= 2. BIEBXIFAHNZRHIR

Re 200 180 160 140 120 100 80
Argh R 0.71 0.625 0.55 0.53 0.48 0.35 0.2
JEEBR[12] 0.6831 0.6246 0.56 0.4896 0.414 0.3343 0.2468

Herfjord [13] 0.7 / / / / 0.34 /
Rengel & Sphaier [14] 0.67 / / / / 0.32 /
Norberg [15] 0.53 / / / / 0.32 /
Wanderley [16] 0.51 / / / / 0.25 /
JIBRE[17] 0.75 / / / / / /
Braza [18] 0.77 / / / / / /
Lecointe & Piquet [19] / / / / / / /
Mendes & Branco [20] 0.726 / / / / / /
BAIE21] 0.7328 / / / / / /
Farrant T. [22] 0.714 / / / / / /
Meneghini J.R. [23] 0.707 / / / / / /
Lam K. [24] 0.653 / / / / / /
TRI[25] 0.632 / / / / / /

Table 3. The effects on Cp of Reynolds number
= 3. BB RAOZHHFE

Re 200 180 160 140 120 100 80
ENE 1.313 1.328 1.315 1.322 1.323 1.346 1.372
JHEBR[12] 1.314 1.312 13114 1.3135 1.3198 1.3327 1.3557
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Continued
Herfjord [13] 1.35 / / / / 1.36 /
Henderson 1.3412 / / / / 1.35 1.3727
Rengel & Sphaier [14] 1.35 / / / / / /
He et al. 1.356 / / / / 1.3528 1.3489
Wanderley [16] 1.27 / / / / 1.3 /
JIER[17] 1.47 / / / / / /
Braza [18] 1.38 / / / / / /
Lecointe & Piquet [19] 1.46 / / / / / /
Mendes & Branco [20] 1.399 / / / / / /
BIE21] 1.3803 / / / / / /
Farrant T. [22] 1.36 / / / / / /
Meneghini J.R. [23] 1.3 / / / / / /
Lam K. [24] 1.32 / / / / / /
TRI[25] 1.321 / / / / / /
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Figure 2. The impact on modal analysis of spanning pipeline with different restraint
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Figure 3. The impact on modal analysis of spanning pipeline with different spanning length
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Figure 4. The impact on modal analysis of spanning pipeline with different internal pressure

E 4. TRAERHEBEKEEERESTTE

4.4. FREHHRZNWBEEEESS T

4.4.1. #ER S

K] 5 R 7RIS EE S M E IR B E R B AR, L S PTLAE Y, R A TE IR ) A A
A BRCEAAEZES, —B . =B BRI —3%. WEFTTEUEH, SHmb A KR, &
V5 T H R Bl )y ) I BB AR S, A BSOS, 2l eR R AL 1 s B 1)
FLEAR Ny R G B I Sk R E,  mh AR AR s R e B TE H AR
BRI AR WL s B b e R SN, S A A [ AR [ R S 9B R K, EX e 5 i o A
AU =T 551

DOI: 10.12677/iae.2021.93012 79 INE SR &S


https://doi.org/10.12677/iae.2021.93012

RSP, XIS

35 e B W —a BB e B
30 —e— A -— B —a— A - =B —e— - ALY

H PRI /Hz

200 400 600 800 1000
A 71/kPa

Figure 5. The impact on modal analysis of spanning pipeline with different axial tension
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Figure 6. The impact on modal analysis of spanning pipeline with different axial pressure
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