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Abstract — The concept design of a riser for Ocean Thermal Energy Conversion in 10 MW is proposed and its
dynamic behaviour characteristics is analyzed with numerical method. A riser pipe with a hollow along its thick-
ness in the cross-section to increase the effective modulus of its cross-section is designed considering the manufac-
ture. The riser pipe without hollows along its thickness needs a lumped weight at the bottom end of a riser in order
to keep its vertical hanging configuration from large buoyancy and the strong current. The riser is designed to con-
trol its density by inserting materials in high or low density into a hollow. The dynamic behaviour characteristics of
the two designed risers is evaluated with the developed numerical analysis tool. The combined stress of the riser
with a lumped weight is showed to be dominated by weight of a lumped mass. The riser with no hollow shows
large combined stress near sea surface by strong current. Local structural analysis for the cross-section of a hollow
riser is needed in detail.

Keywords: OTEC(3H<& = A4), Large diameter riser(th-7d 2+0] 4]), Conceptual design(7l'd2 7)),
Numerical study(G=2314] ¢17%), Hollow pipe(Z-3-32H] )
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(b) Concept B : Freely hanging riser with self weight or lumped buffer
Fig. 1. Concept design of large diameter riser for 10 MW OTEC.
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Fig. 2. Cross-section of riser pipe.
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Table 1. Basic properties of riser pipe

355 - NET AT

Name Symbol Unit Size
Inner Diameter D, m 4.0
Thickness of 1st layer t m 0.015
Thickness of 2nd layer t m 0.10
Thickness of 3rd layer t; m 0.015
Length of void L, m 0.100
Length between void L, m 0.01
Density of 1st material e N/m? 1800
Density of 2nd material o3 N/m’? 2000
Density of 3rd material o2 N/m’? 1800
Density of vent material P, N/m’? 100
E of 1st material E, N/m? 2.1E10
E of 2nd material E, N/m? 2.1E11
E of 3rd material E, N/m? 2.1E10
E of void material E, N/m? 1.0E6
Riser length L m 1000
Table 2. Calculated equivalent properties of riser pipe
Axis Stiffness EA N 3.274E+10
Bending Stiffness EI EI N-m? 6.987E+10
Equivalent Eeq. E, N/m* 6.464E+10
Unit weight in air Wia N/m 1.031E+04
Unit weight in water Wy N/m -6.540E+03
Total weight in air Wi, N 1.031E+07
Total weight in water Wi, N -6.540E+06
Second moment of area 1, m* 1.081E+00
Outer Diameter of Equ. D,-eq m 4.083E+00
28E 915 2 A7 F718 5 olrhe Aol gtk
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Table 3. Ocean environmental condition

|

[¢

Wave period, s 15
Wave height, m 10
Current, m/s 1.0
Lateral period in top excitation, sec 15
Lateral amplitude in top excitation, m 5

Table 4. Natural frequencies in surge (second)

Lumped weight 1000 2000 3000
Mode number (ton) (ton) (ton)
1 2233 141.8 117.1
2 61.1 43.6 36.6
3 323 24.4 20.6
4 20.0 15.9 13.6
5 134 11.1 9.7
6 9.4 8.2 7.3
7 7.0 6.2 5.6
8 5.3 4.8 4.4
9 4.2 3.8 3.6
10 33 3.1 3




10 MW St S: 915t 2ol A 7id4d7] 33

(m)

e t
,,,,,,,,,, 00— 200 %]
——1st X -1t / —+—1st
--2nd G -nd > -2nd
=t=3rd e ) ==3rd ] =4=3rd
"""" “ T —ath it —eith
bos” ==5th A”" ==sth —*=sth
> / o
2 B, Lk
05 0 0s 05 0 05 05 0 0s
(a) 1000 ton (b) 2000 ton (c) 3000 ton

Fig. 3. Mode shapes of a riser with hollow along thickness.
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Fig. 5. Combined stress distribution along riser length under wave
and top excitation with current velocity (lumped mass=0.).
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Fig. 6. Stress distribution along riser length with lumped weight (current
velocity=2.0).
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