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Influence of deep sea platform motion on vortex
induced vibration of riser and application of machine
learning

ABSTRACT

The mechanism behind the VIV of riser is difficult to understand, the
research on VIV of deep-water flexible riser has become a hot topic in
recent years.

The numerical simulation analysis of this paper is based on
viv-FOAM-SJTU. In this paper, firstly, based on the slice theory, RANS
equation and SST model are used to simulate the viscous flow field. Then,
the riser is regarded as a small deformation Euler Bernoulli beam, and the
structural dynamic response of the riser is solved by finite element method.
Finally, the fluid structure coupling problem is analyzed through the fluid
structure coupling interpolation module.

In this paper, the displacement, vibration mode, frequency domain and
other aspects of the problem are comprehensively analyzed. The simulation
results show that the riser is the first-order mode master control in both cases.
When the excitation direction of the top platform is orthogonal to the inflow
direction, there are only two main control frequencies, the first and the
second order. It is also found that the higher reduced velocity leads to the
higher frequency response in the transverse direction of the top platform.

Based on the BP neural network theory, the instantaneous motion and
time average motion prediction models are established. The instantaneous
motion prediction model takes the top tension, velocity and node position as
inputs to predict the displacement in the cross flow direction and inline
direction. After training, the accuracy and correlation coefficient of the
model are above 0.99. The time average motion prediction model also takes
the top tension, velocity and node position as inputs to predict the mean
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displacement, standard deviation of displacement, mean curvature and
standard deviation of curvature, as well as the cross flow frequency. It is
found that the accuracy and correlation coefficient of the model prediction
are above 0.98, and the vibration mode characteristics of vortex induced
vibration of riser can be reproduced.

KEY WORDS: VIV, viv-FOAM-SJTU, Machine learning
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Fig.1-5 Comparison of numerical simulation and experimental results of vortex induced lift
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Fig.1-7 Sketch of the Franzini experiment setup
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Fig.1-8 Schematic view of risers in tandem arrangement
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Fig.1-11 Navier-Stokes informed neural networks
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Fig. 3-6 XOR problems
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Fig. 3-7 Solving XOR problem with double layer perceptual addition
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L1 = Output
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3-8 BUIRMREENLELED
Fig. 3-8 Feedforward neural network structure
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A2 =wi @y + wil s + wiyws + 0"
a? = f (wi 1 + wid 7, + wiy zs + b{")

27 = wii v + i v, + wi w5+ b5

(3-6)
af? = f (w1 + wid > + wi w5 + b5")
27 = wii @1 + wi v, + wiws + b
as” = f(wil 2 + i T + wi 3 + b§")
i E b FCHER T LS 240 S Ay,
s (X) = f(wa? + wBaf? + wFaf? + b?) (3-7)

MFn MHEAR, BBEn M, XAREMEHT LS.
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3.5 REMRHEEE

3B n AN E R, EINGET R 0 DNESHE, K Z 82
ERR (loss), #KRKREH:

1
J(W7b7X7y) - §”h’W,b(X> _y”2 (378)

RLAU A BP A1 X 28 v 20 HY B R0 i, 38 2 51 2R bR 5 o L U TR

n n;—1 s Sit1 2
1 - A |
J(W,b)={zZJ(W,b;X(”,y(’)) +52.0. > W) (3-9)
=1 =1

=1 i=1 j=1

MM ZUNZRNERE RN TR RO B i ME, BRI T BRI — Fixt 2
Hor r BRI E A TB, SR

(D AR EN BN S w, ;

() THEAEEE ¢ PARARR BOBE RE A S 3 dz«:—%f(@bl

(3) EEPKa (B>
(4) E%ﬁwijq:wi‘l‘a’di
(5)  HEEFEDEINABNERREE R

BRI T FEEA N BRI 3-9 Fos, XS EIRRgan 230 3-10 A1 3-11
I

0 1<~ 0 N ,
wa’ Wb = {52 oW J(W,b;X@,y(’))} + AW (3-10)
K i=1 %
_3 15~ 0 D ,,G
8b(Z)J(W’b) - zz 8b(Z)J(W7b7X()7y()) (3711)
v i=1 i
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J(x)

3-9 BE MEEX
Fig. 3-9 Gradient descent algorithm
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s+ (I+1)
50 = (Z& -W§-?) f'(z0) (3-12)
ji=1 3
—8 JW,b: X, y) =aP6¢™Y (3-13)
8W~<D ( Uy 7y) =a;70; 3-13
ij
0 . — SU+1
W](W,b,X,y) —(5i (3—14)

M A3k S P AT OSSR 21, SR 2 MO R 8 SR 2 o B R 80K i 4
M Logistic PRAUAT Tanh bR 2 78 A BN B /N 1R I A O 3 AR HRAE 0 1
MRNEE, T IE S EOVE S0, XU R, I A2 ReLu XAF B
TR RAS FEETH SR 1R T L, AR R0 PR3 2 P SEL At 7 i R D Bl = (K, IR0
A€/t WS R R LS ZPNTITE i/ NSRBI/ € /P U PN BURA NS

3.6 MILE X

FERRIE T RESNE T, 5251 o IR0 B 2 R M Y i Ae Sk 52 DA K gt i B N R
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Fig. 3-10 Learning rate is lower
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Fig. 3-11 Learning rate is higher
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4-1 viv-FOAM-SITU SRfRSE4EH
Fig.4-1 Structure of viv-FOAM-SJTU solver

4.2 viv-FOAM-SJTU K222 &R G N

Bl 4-2 fEoR TSRS IR SRR . FEMNBI SIS, AR v SR
s, WEVIAEEIFRI U, S8 58 i [ i (AR AN 254 T A A5 2
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Fig.4-2 Calculation process of the solver

4.3 viv-FOAM-SJTU K fiZ 28 R I8 E

KH ChapintH i A5 56 1) 55 — 2 S0 BURAE WA IR, SEE R IR AE K K
FEN 5.9m, X BEWSISRAIEE N 0. 16m/s, SAETETTK /I8 405N, RS
W3 4-1 iR,

= 41 INEESH

Table 4-1 Parameters of the experiment

ZH (il BiE LigDA
A =2 N3 L 13. 12 m
SE R p 1. 847 kg/m
EBERA D 0. 028 m
sk /s T 405 N
Kamtt L/D 469 —

It is v 0.16 m/s

FE ARG PR S LA B A A 20 MR, BANTIR RN 1K, A
BN -10D <z <50D, ®il E-15D<y<15D, W& 2377600, FI#%KH
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a)Strip distribution of the riser b)Grids distribution
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Fig.4-3 Strips and grids distribution of the riser
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Fig.4-4 Results of model test and other 11 numerical simulation tests
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Fig.4-5 Inline displacement profile and standard deviation
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Fig.4-6 Crossflow displacement profile and standard deviation
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N T TR R G R NI %) 5L IR AR s, 3B P A,
SNERNE SR 1. NTETHBIECE, 763758 T o 5l in I 528050 ,
ARAIE AR AR T (RS0 & 0 8 0, T s il it it RIRIE A 0. 32 K IFE(RHEAS
Ar, MR AT 5-1 AT KC 3k 84.

= 51 UEERSH
Table 5-1 Main Parameter of the riser

SR BT Bl
H#7 m 0.024
KJE m 12
FiElt - 1.53
PR R kg/m 1.768
5 il K N/m? 10.5
sk 73 N 500
— B[ A AR Hz 1.08
B [ AR Hz 2.16
27A,,
KC= 3 (5-1)
A(f) = A, sin (2—”> (5-2)
T
V(t) =V, cos (%) (5-3)

L T ——TF 12 30 1
Vo —— BN R R LI TR L 5
A, — i1 & 1 ORI -
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a) Surge condition
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Fig. 5-1 Schematic diagram of surge and sway conditions flowing evenly
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Fig. 5-2 Calculation domain diagram
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b) Single slice computing domain and meshing

5-3 #EHHINZ FRIYI R WIS

Fig.5-3 Slice grid under sway and surge conditions
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Fig.5-4 Standard deviation of cross flow displacement of riser under platform surge and sway
conditions in uniform flow
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Fig.5-5 Standard deviation of downstream flow displacement of riser under platform surge and sway
conditions under uniform flow
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Fig.5-6 Modal weight of cross flow relative displacement of riser under platform surge and sway

conditions
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Fig.5-7 Cross flow modal weight power spectral density of riser under surge and sway conditions
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Fig.5-8 Cross flow outline of riser under surge and sway condition
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Fig.5-9 Inline flow outline of riser under surge and sway condition
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Fig.5-10 Main control frequency of cross flow under surge and sway conditions
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Fig.5-11 Main control frequency of inline flow under surge and sway conditions
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Fig.5-12 Cross flow reduced velocity under platform surge
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Fig.5-13 Time frequency wavelet analysis cloud image of cross flow under platform surge motion
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% 6-1 Chaplin 2ELH{IGYIESE]
Table 6-1 Main Parameter of the riser in Chapin model experiment

(i B LiEDA
ST L 13.12 m
ST EAR D 0.028 m
25 i ]I EI 29.88 Nm?
JiE m” 3.0 -
KA L/D 469 -
B U 0.16 m/s
Tk /s T 405 N

& 6-2 HEEIUIRSH

Table 6-2 Numerical simulation condition parameters

I Tk (ND Lk (m/s )
T 1 405 0.21
T 2 405 0.31
T3 405 0.40
T 4 405 0.54
T 5 407 0.21
T 6 407 0.54
TH 7 457 0.31
T8 457 0.54
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Fig.6-1 Model training process
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1-MSE(§) =1—E(6—0)" (6-2)

Xf 0 —FREA S
6 ——F LA

fRE T ZMRIE M 23 6-3, H R M EAR R+ Bl 5 sl AR RE /7 5
RAIT 1 2R AR AR - Hicdfa S 5 50 Y0 AR RE bt

Var(y — g})

Var(y) (6-3)

explained variance =1 —

X Var—it55 %
y ——HSH
y ——TRIME

FRERBRB AN AN 6-4 Fron, HEFN TRAEEEGE SRR,
BT 1.0, AURBAL L& ORI

2 @—9)”
Z(yz‘_y)Q

R? (6-4)

X g, ——FE
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fit%, WOASRBUR AR BE R 79 AL 3L 869 MEA S, ISR AR N
27, X T HHE R AT AU RIS BRI 7= AL K50, SR 5 R R AR A a2t 4T Kodle
prEfl, HASHUR LR LK 6-3.

% 6-3 BEiTizeNuRZELS S
Table 6-3 Parameters of instantaneous motion prediction model

ZH HiE

s R A Tanh BRI %L

PRASK fifE 2 L-BFGS #.i3:

L? A R % 0.001

AR FE /)N 30
SHAIIENTE [0, 1] NI BEALZL
AR EL 10000

With 2] % 0. 005

se AT ELI o

FHFFIE Python BRELUZE scikit-learn AT AL I 2k, 45 R0 6-4 Fis.

* 6-4 REN)IGER
Table 6-4 Model training result

T H gh )
HERfI R 0. 998577
R? 0. 996621
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Fig.6-2 Prediction displacement results of downstream training set
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Fig.6-3 Prediction displacement results of inline training set
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Fig.6-4 When the pretension is 405N and the flow velocity is 0.21 and 0.31 m/s, the predicted
values of inline and crossflow displacement are compared with the real values
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Fig.6-5 When the pretension is 405N and the flow velocity is 0.4 and 0.54 m/s, the predicted values
of inline and crossflow displacement are compared with the real values
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Fig.6-6 When the pretension is 407N and the flow velocity is 0.21 and 0.54 m/s, the predicted
values of inline and crossflow displacement are compared with the real values
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Fig.6-7 When the pretension is 457N and the flow velocity is 0.31 and 0.54 m/s, the predicted
values of inline and crossflow displacement are compared with the real values
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Table 6-5 Parameters of time averaged motion prediction model
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Table 6-6 Model training result
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Fig.6-8 Comparison of predicted values and true values on validation set of mean and standard
deviation of crossflow and downstream curvatures

- 60 -



AT R A A S

Bl 6-9 JEIR T R BSLERR IR [m) RO A0 62 88 DA R ST R 350 7 AR B I T 285 51, A
g ARG, BARAEIS RS E AR 2 S OCRE B RCRARGF,  AH BT it 2R
FENREZE T R, AT LA AR T 07 2 HHs 100 & R TE I — 1%, 22 3] R
JITE .

2R 6-8 MK 6-9, FRATTRINAESS 10 AN ) ih R bn v 22 AR 8 b v 22
R Ze B T HAMI A, I ] 6-9 MEE AURT AN, EE 10 AN R A B A
VT 0 fE, 1B ICHRAE R SN, AT 3 B R T- T 0 fE 1) B Rl ae
DI R, TN T AR T EE mA SO 1 T RE

= — 00006 + === predict
E po3 n — true
5 = 00005 o
Loz 2
E 0.01 5 00004 A
?:i 0.00 é:‘ 00003
g 0.01 o 5
z 5 00002
= -0.02 o @
8 -0.03 o 3 00001 o

T T T T T T T T

0 i} 1 20 2 s} 10 1 20 2

Forecast Sample Farecast Sample
a) BARENBIIE b) HEREEIREE
a) Crossflow displacement mean value b) Standard deviation of crossflow displacement

——- predict 0.5 o
— true
0.4 -

0.3 o

0.2 o

Inline displacement mean {m}

Inline displacement std(m )

4] 10 1 20 ? 0 10 1 20 2
Forecast Sample Farecast Sample
c) lwmmizE d) IwREABIREE
¢) Inline displacement mean value d) Standard deviation of inline displacement

6-9 HREFIRRBBIHEF SR EEIE S FFIE S ESHENIEL
Fig.6-9 Comparison of predicted values and true values on validation set of mean and standard
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Fig.6-11 When the pretension is 405N and the flow velocity is 0.21, 0.31 and 0.4 m/s, the predicted
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