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Table 1 Main parameters of tension leg platform

T % Sy R K I3 /kN SN KRB /m FL AR (x, y, 2)/m TFOARR (1, v, 2)/m A /m
x=0.43 x=0 28.00
26019.00 8142.80 22.00 y=—0.26 y=0 28.00
z=13.50 z=—13.30 11.00
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Fig. 3 Amplitude—frequency curves of first—order wave load of tension leg platform
Il 254



Fl 542 2016,34(18)

2,

1.0
~ 08}
\E )
5 g
806 g
S =
0.4 3
< 3
02}t
0 L
0 0.5 1.0 15 2.0
B/ (rad-s™)
(a) H3Hi= BN AL
1.8
L6}
14}
T 12}
£ 10}
S 08}
< 06}
04t
02f
0 L - w
0 0.5 1.0 1.5 2.0
A/ (rads ™)
(c) TSI
5 -
41
—\E 3L ‘.E
= 3
S
5 <
1 L
0

BiF /(rad-s™)

(e) PFEZ BN

SCIENCE & TECHNOLOGY REVIEW

OO
10
08t
0.6
04+
02t
0 |
0 05 T0 T3 2.0
B (rads )
(b) 35 E B
5 G
4 1
T sl
<
S 21
N
l b
O L
0 0.5 0 15 20
B rads )
(d) HEZiEEhm RN
0.5,
04}
03l
02l
o1l
0 |

1.0 2.0

HREE (rad-s ™)

1.5

(f) AEIRIEEhIm R

B4 SKARRFEE—FHriEzhim R -55 5 4k
Fig.4 Amplitude—frequency curves of first—order motion response of tension leg platform

255



#4%5 2016,34(18)

—e—15°
—A— 3(°
—v— 45°
—#—60°
—4—75°
—— 90°

F2/10° N-m 2)
o
W

ot
-0.5F
-1.0F
0 0.5 1.0 1.5 2.0
$HA(rad-s )
(a) ZMixAHEA
——()°
3 *+—15°
——3(0°
v—45°
= —4—=75°
z | ——9(°
g
<0
-1
_2 1 1 1 1 |
0 0.5 1.0 1.5 2.0
HiAE/(rad's™")
(c) ZHrzAmEA
3 .
2 I
oot
=)
E o
<
S -1p
ot
g
3L
4L
-5

WA (rad-s ™)

(e) ZFryAmAN4%E

F2/(10° Nem™2)

B /(rad-s )
(b) =Bry A

0.5 %

m /(10" N-m'm2)

PR/ (rad-s™")

(d) ZHr xAEH%E

0 0.5 1.0 1.5 2.0
P /(rad-s ™)

(f) ZMrzFE A%

E5 SKARRFE M ESUR IR ERE -5 fh 4
Fig.5 Amplitude—frequency curves of second—order wave drift of tension leg platform

3 4ig

X KR 1500 m BIE 58K 1B & 1K 3 1 38047 T35
SYHIT L 4 T AN TR 1) £ A BT 20 AN D TR % ) — o i TR 2R
TiF \— B 12 SR SR — B 2R AR A B S R — B
TRARAT 7R, T TLP BRSO FRESH , TLP 32 B f  J5 i) 30

B 256

y 77 1) T B A AR AL ka3, ELARZE 90°HIARN f1 o —Biriz
RN/, TLP 3 5702 S 7 R, 7E R e il B Hodse K
DL AN TAEKIRI 5% , T 7K V-1 P 328 3 D) 2 S
PERR R B 22BN 2 R, TLP A2 2 — B 223 R
AT LE AR DX S A, T TLP 1 3 35 145 JEL 298 3 s, K



Fl 542 2016,34(18)

2,

1T P A2 3h A TR ZI R 75 s, RES AT R0 3k T U5 (i D YR AR
AT RIR IR

£330k (References)

[1] Natvig B J, Teigen P. Review of hydrodynamic challenges in TLP design
[J]. International Journal of Offshore and Polar Engineering, 1993, 3(4):
241-249.

[2] Natvig B J, Vogel H. TLP design philosophy—past, present, future[C]/
International conference on Offshore and Polar Engineering. California,
USA: International Society of Offshore and Polar Engineers, 1995: 64—
70.

[3] Ahmad S K, Ahmad S. Active control of non-linearly coupled TLP re-
sponse under wind and wave environments[J]. Computers & Structures,
1999, 72(6): 735-747.

[4] B 7 . K T BRT- 15 R LA R IR A AIE S P D], K K
K, 2003.

Yang Guansheng. TLP research of nonlinear wave force and response
[D]. Tianjin: Tianjin University, 2003.

[5] Fonseca N, Pessoa J, Mavrakos S, et al. Experimental and numerical in-
vestigation of the slowly varying wave exciting drift forces on a re-
strained body in bi-chromatic waves[J]. Ocean Engineering, 2013, 38
(17): 2000-2014.

[6] Breit S R, Sclavounos P D, Newman J N. New generation of panel pro-
grams for radiation—diffraction problems[R]. Cambridge USA: Massachu-
setts Institute of Technology, 1985.

[7] Korsmeyer F T, Lee C H, Newman J N, et al. The analysis of wave ef-
fects on tension leg platforms[C)//7th International Conference on Off-
shore Mechanics and Arctic Engineering. Houston, USA: American Soci-
ety of Mechanical Engineering, 1988: 1-14.

[8] Taylor R E, Huang J B. Second-order wave-diffraction by an axisym-
metric body in monochromatic waves[J]. Mathematical Physical and En-
gineering Sciences, 1997, 453(1962): 1515-1541.

[9] Huang J B, Taylor R E. Second-order interaction of irregular waves
with a truncated column[J]. Acta Mechanica Sinica, 1997, 13(2): 130-
142.

SCIENCE & TECHNOLOGY REVIEW

[10] Teng B, Taylor R E. New higher—order boundary element methods for
wave diffraction/radiation[J]. Applied Ocean Research, 1995, 17(95):
71 -171.

[L1] ARA, 3t . B BUAE BB VR 7 A e (0. 1o FH AR g 2,
1994(9): 807-819.

Zhou Zhili, Dai Yishan. An anayntical solution of the second-order
wave force on a vertical circular cylinder[]J]. Applied Mathematics and
Mechanics, 1994(9): 807-819.

[12] Adrezin R, Benaroya H. Response of a tension leg platform. to stochas-
tic wave forces[J]. Probabilistic Engineering Mechanics, 1999, 14(1):
3-17.

[13] Chandrasekaran S, Jain A K. Triangular configuration tension leg plat-
form behaviour under random sea wave loads[J]. Ocean Engineering,
2002, 29(15): 1895-1928.

[14] Chandrasekaran S, Jain A K, Chandak N R. Influence of hydrodynam-
ic coefficients in the response behavior of triangular TLPs in regular
waves|J]. Ocean Engineering, 2004, 31(17): 2319-2342.

[15] Garrett D L. Dynamic analysis of slender rods[J]. Journal of Energy
Resources Technology, 1982, 104(4): 302-306.

[16] XU AR, 5304, HIATE . 30 TR A B e IR s 0r ok 1 B8 SF- 5 i 1oz )
ST, NG, 2008, 23(6): 21-25.

Liu Yubiao, Yuan Wenquan, Shen Zhonghan. Influence of wave ap-
proach angle and wave period on TLP’ s response[J]. China Offshore
Platform, 2008, 23(6): 21-25.

[17] RN, K2 W), ZEARIE, 55 . BOKIK IR 5 3ot i i iai ik sl g 2
[RLRAL)). -4, 2000, 15(2): 12-15.

Wu Yingxiang, Zheng Zhichu, Li Donghui, et al. The hydrodynamic
problems in the design of TLP[J]. China Offshore Platform, 2000, 15
(2): 12-15.

[18] BN, LMY, IRAHIAE . 5Kk I MR- 5 097K 3l g Je 540 )27 Al st
[J]. HE TS, 2003, 44(3): 429-433.

Zeng Xiaohui, Xu Xiaopeng, Xu Benhe, et al. Hydrodynamic forces
and structural mechanics of tension leg platform[]J]. Shipbuilding of

China, 2003, 44(3): 429-433.

Hydrodynamic performance research of offshore oil and gas

exploitation TLP
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2. China Mingyang Wind Power Group Limited, Zhongshan 528400, China

Abstract

The offshore oil and gas exploitation TLP’ s hydrodynamic performance is computed, and analyzed by using 3-D potential

theory, API of wind and JONSWAP of wave in terms of hydrodynamic coefficients, 1st—order wave load, 1st—order motion response and 2nd-
order difference frequency wave load. The results indicate that the Ist—order wave load on TLP of the out—of-plane presents a rapid
decreasing trend with the increase of wave frequency. Heave/roll/pitch reach their peaks at the wave frequency 0.4 rad/s, the heave
displacement is no more than 5% of water depth and the roll angle less than 5°. It is shown that TLP can effectively avoid wave/wind
frequency concentrated areas, and safely work in variety of sea conditions. The 2nd-order difference frequency wave load in the y direction
is about 4 times as large as the force in the x direction. Compared with the 1st—order wave loads, the 2nd-order difference frequency wave
load is relatively small, but the damage for TLP can not be ignored.

Keywords

offshore oil and gas exploitation tension leg platform (TLP); 1st—order wave load; 1st—order motion response; 2nd-order

(e #HEZ9)

difference frequency wave load
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