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Dynamic Analysis of Risers for Upwelling Deep Ocean Water
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Abstract

A time-domain numerical method to predict in-line dynamics of flexible risers for
upwelling deep ocean water has been developed. The analysis method is based on a swing-
by-swing technique with symmetrical vortices model. The symmetrical vortices model may
accurately estimate instantaneous hydrodynamic forces for the Kc number lower than eight.

The effects of internal flow are considered by adding the momentum change of the internal
flow, the frictional force on the inner wall of the pipe, the reduction of the internal pressure,
and the reaction force of the intake flow.

To validate the present dynamic analysis method, motion measurements in steady current
conditions and forced oscillation conditions in still water are performed. The results in
steady current conditions show that the horizontal displacement of the pipe with internal
flow is larger than that without internal flow due to the reaction force of the intake flow.
The results in forced oscillation conditions demonstrate that the amplitude of the motion in-
creases when the internal flow exists. The results in conditions with two different oscilla-
tion components showed that the present method have great potential for analyzing
dynamic responses of CWP in irregularly load conditions.

Key Words: Viscous hydroelasticity, dynamic analysis, cold water pipe, swing-by-swing analysis,
symmetrical vortices model
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Table—1 Geometrical and structural dimensions of
the CWP used in the experiments and simulations

Large Small

model model
Pipe length, L (m) 0.7 0.7
Outer diameter, D, (m) 0.069 0.034
Inner diameter, D; (m) 0.059 0.026
Bending stiffness, EI (Nm?) 6.0 0.69
Total mass of pipe, M (kg) 1.0 0.38
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Table—2 Conditions of experiments and simulations

Steady current condition

Case Ugy(m/s) V (m/s) Re Pipe

Al 0.17 0.0 6370 Small
A2 0.17 1.09 6370 Small
A3 0.25 0.0 9954 Small
A4 0.25 1.09 9954 Small

Forced oscillation condition

Case Yp(m) Tr(sec) Ym(m) Trosec) Kc B Pipe
Bl 0.014 1.3 258 498 Small
B2 0.014 1.3 258 498 Small
B3 0.025 1.3 461 498 Small
B4 0.025 13 461 498 Small
Cl 0.084 6.0 0.0336 1.0 Large

o measured (¥ =0.0m/s )
o measured (¥ =1.09 m/s )

: simulated (¥ =0.0 m/s)
simulated (¥ =1.09 m/s)

simulated (¥ = 1.09 m/s)
without reaction force

depth Z (m)

0.4

0.6

0.00 0.05 0.10
horizontal displacement y (m)

Fig.— 10 Measured and simulated pipe profiles in
steady current condition for U, = 0.17 m/s (Case
Al and A2)

2,34 7 OKPLEAELDOIERDHEZETE 3. F1c,
—HREDHEMNIC L 5/ 7OEADERS R on
%. Fig.—10, 11 &bz, —HHRIE, BERED
FEBOS BAUKOIR BT 2RNEBRVIETERERT
H5, IO—HREREEAREOLBUCL D, ERR
DOFEE LTI, BkOws 3 RADEHXEH
ThHbHIEDBDNS.

RADEII T RA 7 ) — L ERB/KEUKERH DI
ThHh, BRKBKEDOEBZHEE T 2ICIER
MOMEBL L TIDRAEEET L LWERETH S
LEZoN3,

o measured (¥ =0.0 m/s )
: simulated (V¥ = 0.0 m/s)
[u] : measured (¥ =1.09 m/s )

: simulated (V' =1.09 m/s )
: simulated (V' = 1.09 m/s)
without reaction force

E
N
S
5 04
=]
KRR,
0.6
0.00 0.05 0.10
horizontal displacement y (m)
Fig.— 11 Measured and simulated pipe profiles in

steady current condition for U, = 0.25 m/s (Case
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Fig.—13 Measured and simulated pipe profiles with
internal flow in forced oscillation condition for
Yr=0.014 m and Tr = 1.3 sec (Case B2)

Fig.—14 Measured and simulated pipe profiles with
internal flow in forced oscillation condition for
Yr=0.025 m and Tr = 1.3 sec (Case B3)
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Fig.—15 Measured and simulated pipe profiles with-
out internal flow in forced oscillation condition
for Y= 0.025 m and Tr = 1.3 sec (Case B4)
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Fig.— 16 Measured and simulated horizontal dis-
placements of pipe lower end in forced oscillation
condition for Yz =0.014 m and Tr= 1.3 sec (Case
B1 and B2)
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