5539 B S M Erl fiE 5l Wi T i Vol.39,No. 5
2024 £|3 5 H JOURNAL OF ENGINEERING FOR THERMAL ENERGY AND POWER May. ,2024

CEEHS 1001 —2060(2024)05 - 0160 — 08

IKEEAAL B X Spar X - 5 7 %t 31 77 Win) Bz 1Y =2 i

e o m' L E KR I
(1. FWASF BB, HT TH 315211; 2. EEE T A¥ §F 535 THE ¥, £ 200093 ;
3HHAER A RAREREE LR E(EIdEH AF), b 100096)

B E. AR ARBIEFALE 3 Spar RN - R ZAN R A543 A F 4R e9Fa K T IR 24 OpenFAST =
R #M AQWA LT Spar KR - R EZANRAKRAS) - K3 - Ak - 4405 AR EAtEHTEL A
AEABHER LA HE T RENLETKF@BAT -70, =80, -90, — 100 = - 110 m & 49-F &5 A%
WP R ZARA FEE KR 6y A RAT T AT, BREAY . S RBEMEETAKEE 110 m By, 5
TAKEHET AR YL T & YIE T ALK T 11.57% , & Gt o 3 10. 15% , BLY Spar XK — R LA R 6 2424
R R BT E T AR IR A B R E M

X 8 X - WEARG ; Spar G KL K AL

HhE 4> E S TKS3 XERFRIZAS A DOI;10. 16146/]. cnki. mdlge. 2024.05. 018

[BIAAER M, % 1,2 4,5 KEHLERT Spar UK - R L 8h IR A9SEmI[ )], $AA830 0 T2 ,2024,39(5)

160 —167. FU Jianbin, YANG Yang, LI Chun,et al. Dynamic response of a Spar wind-current energy system influenced by hydroturbine in-
stallation position [ J]. Journal of Engineering for Thermal Energy and Power,2024,39(5) ;160 —167.

Dynamic Response of a Spar Wind-current Energy System Influenced
by Hydroturbine Installation Position

FU Jianbin', YANG Yang', LI Chun®, FANG Fang’
(1. Faculty of Maritime and Transportation, Ningbo University, Ningbo, China, Post Code; 315211}
2. School of Energy and Power Engineering, University of Shanghai for Science and Technology, Shanghai, China,
Post Code: 200093 ; 3. State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources
(North China Electric Power University) , Beijing, China, Post Code: 100096 )

Abstract; In order to investigate the influence of hydroturbine installation position on the dynamics char-
acteristics of the Spar integrated wind-current energy system, this paper established a fully coupling aero-
dynamic-hydraulic-servo-elastic simulation model of Spar integrated wind-current energy system based on
the open-source software OpenFAST and the commercial software AQWA. Using blade element momen-
tum theory, modal analysis and diffraction-radiation theory, the platform motion, system output power
and mooring tensions were calculated for the cases in which the hydroturbines were installed at 70 m,
80 m, 90 m, 100 m and 110 m below the mean sea level, respectively. The simulation results were ana-

lyzed and compared with the calculation results without hydroturbine. The results show that when the
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hydroturbines are installed at 110 m below the mean sea level, the mean value of the platform pitch is re-

duced by 11.57% compared with the results in the case without hydroturbines. The output power of the

system increases by 10. 15% , indicating that the Spar integrated wind-current energy system is not only

capable of improving the power output, but also of enhancing the operational stability of the system.

Key words: wind-current energy system, Spar platform, wind turbine, hydroturbine
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Fig. 1 Spar integrated wind-current energy system model
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Tab. 1 Spar platform and main mooring parameters

Z HOH Z OfH
T/ kg 1.21 x107 SHALIRE/m 70
FHEL/m -91.6 B SR /m 320
B MK EREE/m 120 RIKE/m 902.2
-5 B SG Sh IR kg - m? 1.273 x 10" RIAEAA/m 0.09
B YIRS IR kg - m? 1.273 x 10" BN R R/ MN 384.2
-5 MG B IR i kg - m? 6.056 x10'° BRI kg m 233.12
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Tab. 2 Main design parameters of wind turbine
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Tab. 3 Main design parameters of tidal turbine
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Tab. 4 Comparison of pitch motions of different

system ( °)
BRETRIE BRME H/ME FH{E FRifE2
ToKFEAHL 11.78 3.17 8.30 1.60
-70 m 12.70 3.28 8.29 1.61
-80m 12.50 3.02 8.06 1.61
-90 m 12.25 2.74 7.82 1.61
-100 m 12.00 2.49 7.58 1.62
-110 m 11.91 2.19 7.34 1.62
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Fig. 3 Comparison of mooring tensions
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Tab. 5 Mooring tension statistics( MN)

GHANLE/m

R GLitsts JokEL
-70 =90 -100 -110
1 BKME 3.40 2.98 3.06 3.06 3.04
T 2,12 1.86 1.87 1.87  1.87
brifE2E 0.33 0.30 0.31 0.31 0.31
2 BRE 437 4.54  4.56 4.57  4.57
FHME S 3.25 3.5 3.60 3.60  3.60
brifE2E 0.31 0.41 0.42 0.42 0.43
3 BARM  4.20  4.48  4.50 4.51  4.51
FHE - 3.25 3.5 3.59  3.59  3.59
FrifE2E  0.31 0.42 0.42 0.42 0.43
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Tab. 6 Comparison of wind turbine output power
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Fig.4 Comparison of system output power
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