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(e B 1) B 3F T, PRI B 1 A R A A T UL SLWR N #1625 BORIARE 25 BE 1M BEABUR) A
i R AR AR, Z X LA 7 AT AR — T 1 Jy IR, AN RE 5 e BAUlX Al A7 18
FER ) 2R I ST A ST SRR 2 AT AR 0L KB B2 R AR TE A5, R L SLWR. A7 LA
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Fig.1 Schematic presentation of the SLWR model
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1.1 KRERRER

SLWR Jig¥i O ki (Bl TDP ) &b, M BB/ N K- (R BB E AL BURHA BOR, 3 2
L, BB AE A RS BOAL SR A2 (AR R R Bl A I BORIG T BEAL | 7 8 (U A Ay 5
AR R N A 3 P T B B A B el /NI R B A REAT AU BN BE S A, T AR £k
PRSI 2 RS A BE SR A M AL AL G A A8 JE A R R4 AR A AR Y rp i A AU AT
A R BATT R SR AR LM A R e SR R AR AR R (60,5) (0 Y
AV x [ BTRHA s N O SGITIR I TEIIS ) 7k 1 A AT £ I35 R A0 R B .

BN 00
Elg—Tg+wcost9—fn=O, (1)
oT 9°60 90
—+FEl— — —wsinf +f, =0 2
o PEEPRLLL fi=0, (2)

Horp, 1okt 5k ) E1 BRI w Sy A R K P TR E &, f, AR H
AR ) g (B 25 F ) SO 1 Z AN ) A R i i A A8 T8 B IR 48 L)) |, f, B2
Y1) 1 (BR 25 1 b i I Z SNV ) A it AR A T L A D) 1036 B ) ) LR e
W IR T U) ) A1 ) 2 | Al LA A BE I 3 0 S A A B R
1.2 SLWR TR#LRERIER
SLWR Y N EHEL BUM L Bk 2 B s i s 8 I8, B AR TR T~ R, i ) BeSr 48 2
TEHAW BT T AMIN L7187, 1A A5 53 AN BOAN [) | A 73 53 BUA 45 B AR G ASE A,
TREEBALE (0 <5 <SS, & FPEELAEINR) frzikm Jy £, MYlm Ay f, ditei
Ho X A R TV A KO o 7 1) AR Morison J5 R , W U XS 8 AV F D076 1 )R] 1] B S AS
P ¢
f.=0.50,D Cp, sgn( - Vsinf)(—Vsin@)?, (3)
f,=0.5p,D wCysen(V,cos ) (V,cos ), (4)
A, v, RIS 1 « 7 AR IEAE, IYE — x I NS p, HIEKERE, D, NI BE 1E
MISME, C,, LI BT R B, C,, U4 ) R R
ISR SLWR N EFEL B HI TR
EI (93*? - T% +w,cos @ — 0.5p,D,C, sgn( — V,sin0) V> sin’ =0, (5)
ds ds
o + EI, 627129 % _ w,sin @ + 0.5mp D, Cpsgn(V,cos 0) V2 cos’ =0, (6)
ds ds” 0s
A, EL 9 N ERELBLRY A BeS i NI w, o SO 1 RE A A8 AR K TR Y DT A w, =
(P A, ~pA)g, p RWBVE MR A SRS IR, A, = (1/4) wD;, & 15
52 4 e .
TERRMPRFR (x,y) 1 SLWR WY N EBEL BE YK ALRS o) (AL v, , T LB A
(S M, ATy F, AlsE sk s A A )

X =J'0050ds, (7)
Y =J'sin0ds, (8)
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M, =EI — 9
L rd’ <)
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d’6
F, =EIl, FER (10)
1.3 SLWR ZRIER#&ERIER
SLWR 93 ) B 1B 70 HO A o A8 08 A 22 38 1 1, et 5 B BB BoRn T Bk 4
BOAR BT SIS SN T 18T, AR 25 BE /N TR /K P 4R AR A 27 0 R TR 1Y)
SR ) AE SLWR FERTE AT K USR8 1 77 11 B AR AU 2 48, LA S0
EI 51y b AR TI E fE w, (MEAE BRI R T(E) SRR AR TE e T TR AT B (S, < s
< S, +8,,S, MEFEEBOLE ) MR T .

G
El, e Taf +w,cos @ — 0.5p,D, Cp sen( — V,sin @) V2 sin’6 =0, (11)
S S
aT 9’6 06
N + EI, PRI w,sin @ + 0.5mp D, Cpsen(V,cos 0) V2 cos’0 =0, (12)
S S S

b, B D0 () BORYE RNTE R 925200 W EE , —BEIs B0 &, nT DL 4N 25 #h WL E1, A
FEEISHNNIEE E1, ZF0 KL, = EI, + EI, D, AT B SMEaw, B E 13 ] B e K P i
FHITRE R w, = (p,A, +pA, —p,A,)g.p, ZIFFEMEHERE A, R H PRI A, =
(1/4) Dy, e 18 PR A1 P T AR b 19 R RS A /N TR (R AR TR 0w, A TA(EL

TEERMARAR (x,y) T SLWR FF I BIACHOIAS «, EE A y, , W S8 S0 A (19 25 4
M, F5T 3 Fy AES IR AR

x, = [cos 0ds, (13)
y, = [sin 0ds, (14)
M, =Elpj—f, (15)
F, =Elcdz—f. (16)

S
1.4 SLWR L B#L&EETIE R
SLWR b EHELB (S, +S, <s <8, +5, +8,,8, & BB B AT ) 45 18 iy B
i 5 AL B AR AT .

GNC, a0
El P Ta— +w,.cos 0 — 0.5p,D,,Cp,sgn( — V,sin0) V> sin’0 = 0, (17)
S” S
oT 3’6 00
Y El s w.sin @ + 0.5mp D, Cpsen(V,cos 0) V2 cos’d = 0. (18)
S S S

TERJRBARR (x,y) T SLWR FEFELBIRKFALRE «, S EHAH v, , T E L TR
B M, MYy F, ol s AR

x, =jcos 0ds, (19)

Y, =fsir1 0ds, (20)
dé

M, =EI —, (21)

ds
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d’e
F,=EIl — . (22)
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1.5 SLWR 1R &H

XFFARIAI A SLWR Kl , % 12 W VR R ST A B2 b vk, 8 57 B R T E %
J5 3, UUSOF  Be Wi A, C SR SR B ) 5K 1 S i 2Pk SLWR i A4
fFaF

MO
6,(0)=0,
M (0)=0, (23)
Ti(0) = Typp;

0,.(S,)=6,05,),
M, (S,)=M/(S,),

(24)
F (S) = Fb(SL) ,
T.(S,)=T,S.);
mC
ab(ST. + Sb) = 0u<SL + Sb) ’
M(S, +8,)=M(S. +S,), (25)
F (S, +8,)=F(S +S5,),
Tb(SL * S];) = TU(SL + Sh);
MLI(SL +Sh +Su)=0° (26)

PLEAR (R Ty, 4 TDP AR R 5K 7, 2 B A8 4 A 1 % R Ve A SLWR (45 il 7
FRLL L AR 3 B2 Ak AR T RR L R 22 j i (B0 TR) R, LA v B AR £k | AR MEAS 2] ft M7 i
K MATLAB 18 5 M H B m 5 R 7, (8 FHAA BR 2207k R B A5 3] T e B 4 A BUEL A, LA
SR SLWR I F0 1 2245k,
2 AR LS

T WRFEAS R SLWR TEAS T 2205 B 52 00 SR fif W [l Ah 7 B AE 5 FhOR [RIVEE AR
T 2B E ST S At AR TO SR T AR A 7 45 45 A B TR 48 A e =
B, AEAA R K AR A R AT Fe Ao HT.

R1METIUT SLWR LB
Table 1  Physical properties of the SLWR in the baseline case

item p,/ (kg/m?) p, /(kg/m*) E /Pa D, /m t/m S;, /m
value 1024 7 860 2.06x10" 0.203 2 0.019 1 390
item S, /m S, /m Trpp /N Con Cp,

value 520 1 690 160 000 1.0 0.03

1 TR N O BFEME T 00T A4S E S I PR 0 B R | G045 1K 7
p, AL E L p, MR E SLESME D, JREE o FEBELREBOLE I S, FEBOLE IR
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K S, FRAELB K S, TDP Abhmsk S T,  ARAER 1 RS C,), R C,, .

HREAR I SCHR[ 9] LA S TR SC IR, V7 1 B N A8 e BV 1], 77 A W T 0 LA A R B 7
H BRI E mPUE A T e B DO E &, Jr ) 5 e P B A B, B L m)
b TEX BN T SEBRAG I SRS | w, = — w,, PRI B A KR S B BT = EIL I
BtAMED,, =D..

DIVEUREERE V. S 0, T 2HE2 BE K 390 m, TDP 4b7K 77 160 000 N {1 T Jy 5l T8, 2531
BAFR S B (BRI A 1 568.3 m, e A A A 78.88°, ML T A A J)
SRR 2~5 HIEIEIR V, = 0 m/s BIMZ B B 2~5 FEZETE A48 &4 Hsi TDP 4k
MR SEL, b = A AR R T BBk BNV 1 B A s A Kb C SR, T = s AR 12T 1
B S L EHERBIAC S, C AL S EL L 3 HmT LU B, Bl i) 5K 77 45 L HE B0 77 B B o9 ity o,
A J5.C S VLR AT B A T TR A v i B (A TR Sk T £ B VR ) R — S L A A T i 1
TR E 7 B KA ) gk 7 BUAE R A E AL B AT AN S R T AR S LR
Bl 4 HmT AR B, 73S AR AR ARt BRAE 3 by, AR3IE TDP AR HE A, HEES 0 B a2 45,
D 3T TDP &b 55 J1 AR AR, PR S 4 HE AR L AR HEES 5 B R 25 5 D A, Mt A8 (k3R
oL R IA BN, 250 i 22 A B I S Fal DL Y SEAE I B S M H BRAE 3 N
FHHE TDP VR BMIs, A s M C 5B BT s W Al IR |, 32 B0 R 4 19 2 7. T 7E
T 7 B i i 2 A R A TE IO ) J el AN [ B 7 DRt o AR (L A I6T 3 ~ 5 AR 7R, B35 AN
ek ) S EUE RN B 55 1 LKk T3 /NS B G, R R TS AR XN
IWAE— e T T h 2 26 57 7.

DL T 000 1) s B R A Ry S N8 AS R i B o T B R B K S,
FTDP Ab5K Ty Ty VAR SIAH IR 57 48 B SR BRI, DAL SR A0 BT AN R 0 X 57 A TR 2
SRR TR R O I BL R IR e 5 1 At 4 AP, BB H-1.5m/s, —0.75 m/s, 0.75
m/s, 1.5 m/s( a [ R IE ) SR _E SCHE S AR KA B 18 B i A5 B AR X 5 FhoAS [R) IR 34
NSRS REATN I 2= R T T X AT

SLWR 7£ 5 PR FEREEFAEH T B SRS TR ST AR R IFER] 2, )R 4R R O 5
AR TETEIEAR T 0 0 B TDP, e T LA TDP DLF B 4 K B 22 R P 78 42 Jmy Ak
b 28 WA B 2 R E)NE R AR TRIVEERVE FE R TDP ABIUTAL B RS AT A4S, B 22T o5 B
RAAFEPER TSR TDP SLWR 7EAS RV AR T #88 sh BN R R 47 &, TDP v E R 2 7
B, R BT KR 2 AR, BET TDP Ab (9 JiS B 28 Bl ke A Bl A TR K Y
TR BN B N R B R NG IR B IR BE L S E TS R AR AR
fEARTR T80 A9 SLWR AN A Sl 5K 1 S AR BT S 7e & 3 ~5 Hoxd e o | 32 1 ) 2 48
AL 2.

F2 R T O EESH

Table 2 Main parameters of the SLWR under different ocean currents

V,/(m/s) S /m X /m Y, /M Y, /m Typp /N 7,./N M, /(Nm) F, /N
-15 364.90  1517.1 400.97 296.65 106 550 811 600 45 689 5009.6
-0.75 383.25 1601.3 374.69 306.26 146 550 826 350 34 126 42813

0 390.00 16250 368.22 309.10 160 000 831 190 31 963 4098.9
0.75 397.00  1647.0 362.69 311.78 173 500 835 980 30 343 39374

1.5 419.30 1706.3 350.69 319.05 214 450 850 080 26 318 3543.4
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Fig.2 The configurations of the SLWR under different ocean currents
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Fig.3 The axial tensions of the SLWR under different ocean currents
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Fig.4 The bending moments of the SLWR under different ocean currents
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Fig.5 The shear forces of the SLWR under different ocean currents
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Research on the Configuration of the Deepwater
Steel Lazy-Wave Riser Under Effects
of Ocean Currents

WANG Jin-long', DUAN Meng-lan''*, TIAN Kai’
(1. Department of Mechanics and Engineering Science, Fudan University,
Shanghai 200433, P.R.China;
2. Offshore Oil & Gas Research Center, China University of Petroleum,
Beiging 102200, P.R.China;
3. Engineering Design Institute, CPOE, CNPC, Beijing 100028, P.R.China,)

Abstract: As a kind of improved SCR, the steel lazy-wave riser (SLWR) gained more and more
application in the development of deepwater oil and gas field. The configuration of the SLWR is
of great significance in its design process. Under ocean current, the configuration and mechani-
cal parameters of the SLWR vary a lot. A model of multipoint boundary-value differential equa-
tions based on the nonlinear large deformation beam theory was proposed to simulate the re-
sponses of the SLWR under ocean current. Numerical program was built to get the approximate
solution to the theoretical model and parametric analysis was conducted to study the influences
of different ocean currents on the configuration of the SLWR. Results show that the axial ten-
sion force at the touchdown point of the SLWR increases distinctly with the rise of the ocean
current velocity, which deserves full consideration in the configuration design of the SLWR. The
proposed model makes an important reference for the performance analysis of the deepwater
SLWR.

Key words: steel lazy-wave riser (SLWR) ; configuration; nonlinear large deformation beam
theory; ocean current
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