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Experimental Investigation of VIM Characteristics on Spar Type Floater in Higher Reynolds Number
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Summary

FOWTs, i.e. Floating Offshore Wind Turbines, are recently planned to be set in the offshore, where bottom-mounted type’s one
is not feasible, to generate natural resource electricity. One of the ways for FOWTSs’ application is that a wind turbine facility is
mounted on a slender column type floater to keep buoyancy and stability in the sea, that is called as Spar type. In this case, the
characteristic of VIM, i.e. Vortex Induced Motion, on the column type floater is concerned about to keep mooring safety of the
FOWT. Then VIM characteristic on the column type floater was investigated using a huge experimental model in supper critical
Reynolds number at the large towing tank in the National Maritime Research Institute, Japan. The results of the experiment were
compared with ones of small similar figure models under lower Reynolds number, and the VIM amplitudes against reduced velocity
parameter were clearly understood. Using these results the amplitude distribution relating to duration time for the huge experimental
model is investigated having the effect on fatigue damage of mooring lines. These unique and precious results on the column type
floater have important role for safety assessment on FOWT mooring lines.
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Table 1 Experimental models.

Item unit | Large Spar Small Spar Small Spar
(L-model) (S-model) (S-model, Long)
Diameter (D) m 1.50 0.30 0.39 (Ave.)
Length (L) m 5.00 1.00 2.20
Draft (d) m 4.50 0.90 2.10
Displacement (W) kg 7952 64 233
Sway natural period (Tn)| s 30, 58 135 24.9
Towing velocity (V) m/s 0.10~0.45 0.08~0.23 0.07~0.20
Reduced velocity
(VI=VTn/D) 3.9~17.7 3.4~9.7 4.3~11.7
Reynolds number 5 " 4
(Re=VDN) 1.5~7.0x10 2.4~6.9x10 2.8~8.0x10

Fig. 2 Large Spar model (L-model).

Fig. 3

Small Spar model (S-model(Left) and Long type
S-model(Right)).
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L-model.

Fig. 5 Experimental situation at the 400m towing tank used
for the L-model.
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Fig. 6 Experimental mooring condition and position sensing
of the L-model.

WA REOFLICHRE SNFRNL, 4 KOU A FIZkD
RSN TS, TA VIZ L DR OMFNLE I, BKDIE
ETRATHD. FNEND U A YT DZEN % & D1
FEFFR LM SAEIR N & B 5 723, B89 oD B 5112
ENAREHRBEBLTCND, £, WEHICIEENREZREL,
P ARIAE 9 D Wi S 2 5H U 7. B oOfr & 1, AT
FEBIZHY AHT 72 LED # BRI E LT, Bl EHE EEICERDY
T B2 CCD F A T2 X 2 BB E FHHIEC X 0 JlE L
Too Fi, RIS T A RN v A m B RE L,
DOIEB) S FHHI L7z, FERINCAE 2R, BiRUEEH S
nixmoiz.

NI Ao 72 WUTRRER 1T, 8 L BT 2 S 32 o FEiE
WEBAN (& 80mxiF 40mxiE S 45m) K OHAKE (&
X 150mxiE 7.5mxiE S 3.5m) THENE L7z, ZEARME L
TRVE, RBRIEEIX R D08, RO FE T, FHITE

12m for L-mode, 6m for S-model

Towing direction
L

12m or 6m

In-line & Transverse motion.
1

._-(;f._. ___\@___
Fig. 7 Top view on experimental mooring condition of the
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Fig. 8 Example of transverse free damping tests of the L-model
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Fig. 9 Drag coefficient of the L-model comparing with those of
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Fig. 11 Mean amplitude of transverse motion of the models in
two different Reynolds number regions.
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Fig. 12 Maximum amplitude of transverse motion of the
models in two different Reynolds number regions.
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Fig. 13  Trajectories of the models in V, =9.2 (upward:

L-model, downward: S-model).

B O A HRNE . Apean ! D % Fig. 1112, [RIERICH KIR
R FEIAHE Amax / D % Fig. 12 1R 3. 2R 2 O F OR
BTH TRV, T 5 (7233, B0 & A e W R 0 HRIE Al
Transverse J5 WEIR & 5 25) .

RBUEI &/ NREERL & I & 2B A R e o TV B
VIM D3AV 13/ N 5~6 |Z%F LC, KA C R
Ik TR AT > AT L W K& 72 6~8 LULIZEN L,
F72 VIM RIEEIZOWT /NS < 2o T D, KA D

TUC-Re] RHECIEHRIE OB R 28— 3/ NEEENZ ST <, fth
J51% TSC-Re) DFEREHMIT D Loz 2 O RS
iz FHARE S D7 <, B R A D A DICE ST
TR, BRSO FRAVC R L E IR DD LB Z HiLd.
WK SOWCHA L7z TLong) O& BRI E LTt
PR & B2 ) N O D D b D R TR U HIEIZ &
2/ N OFME S 1EE T2 Z ERH LN o7,

ZEFETICHE U X D ICRKEA (D=1.75m, d=2.95m,
W =abt.7ton) Z M L, @R 3T (B Kk TRe=1.7x10
TR 21T > 725 & ik 8) D 2% DTMB with strake | &
L C Fig. 12 {Z7” 7. VIM 232K E < 25V 3 5 15T
HDZ LR CHAITH D, R REIZ OV TIE, AREEHSH
MRORKE N, A L —FOFM, HEBREOE N L 5%
ThdLEZLND. £, Lk 8) TIHER, Tkl L i R,

@ L-model, SC-Re
0.18 A L-model, UC-Re

0.16 ® W S-model, UC-Re
N []
' .
0.14 T
o® L0
0.12 ®
So10 4,-'
i . mm g
0.08 —’—.—OW_—.*‘—
/ ° prtaad ]
0.06 i’ o
-7 |
0.04 o .=
Fd P |
0.02 T
‘ 3 L
0.00 -7 L L L L L L L

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
Amean/D
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models in different analyses.
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Table 2 Calculated condition of fatigue damage of mooring
lines for the Spar floater.
Item Unit Value
Diameter (D) m 20
Draft (d) m 90
Spar floater Displacement (W) ton 29200
Mooring point depth m -30
Line number - 4
Line diameter mm 152
Mooring I__eng_th - m 806
(Catenary chain) Welght inair kg/m 509
Weight in sea water kg/m 442
Stiffness (Axis) kN 2040000
MBL (Minimum Breaking Load) | kN 20200
Anchor point radius m 700
Anchor Anchor depth m -225

Water line is Om height.

aQ

Mooring point/ 700m
_Mooring line
700m | Floater 700
_
) c=0deg

/ %
—>
45deg
700m c_,;: -225m
S 777

Fig. 20 Mooring lines’ plan and current direction for the Spar
floater in constant current.
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Fig. 21 Analysis procedure for long term fatigue damage of
mooring lines on a floating structure.

Table 3 Formulated maximum transverse VIM amplitude for
the fatigue life assessment.

v, <5 7 9.5<
A /D 0 0.2 1.0

VRIZ 225m TAARDIRE T A > & RIEMEEICERE L T\ 5.
IR OMENFIT R & Uiz, RO AR WHEZ /T A —
2 ELTHEETITY. Z0rE, VIM OFEBZIAfKICT S
HE9 B, JAITEE Lav. 1SOK Y APl BRI 9 TR E
T\ Fig. 21 OFNEAEAMR LT, BL RIS 5%
R

1) 1 OOWMEMt: BlE LTiER) 28R, jis &
M OFAEMERITIESE, b7V O ORH i
Mt ZRD 5.

2)3)4) REZROEEFAMT, 25 L, £ OfRICE S &
RPEEV,, VIMIERE A/ D, $i7163Cp L OHEF D
AEIEIRERD D, 20L&, TNEFNOREITIR
HWHE L VHRET 2.

Vi & Transverse 51 VIM RigELE Ay /1 D DBAFRIZ,
Fig. 12 ® L-model OfE5 %2 5 Z &1 LT Table 3™
LHCRE L. Z2MOBE & L CRERFER ALY
P & D ITEZIRD TN D.

PUMRER T 150 A I R SN TV A B Gk
2T DX(AB)) , EHITISO HAIETIIHEN TN D
BRE N2 HD & Fig. 19 OFER N SR THE L7z,

Cp=0.19Ar / D+0.41 @



46 H AAAIE: T2 0m SCE 5 20 &

10000 -@-yc=0deg
—A-  15deg
30deg
&
1000 - 45deg
’: \
8
2 100
£
©
>
2 10
©
[V
1
0.1 ' ' '
0.0 0.5 1.0 15 2.0

V. (m/s)

Fig. 22 Predicted fatigue life of one of mooring lines on the
Spar floater in the constant current.
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Fig. 23 Predicted fatigue life of one of mooring lines on the
Spar floater in the current using constant and Weible
distributed VIM amplitude.
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