%3945 41
2020 4F 2 H

R R
JOURNAL OF OCEAN TECHNOLOGY

Vol. 39, No.1
Feb,2020

d0i:10.3969/}.issn.1003-2029.2020.01.010

BRI i BE K EEALE BE MK R2 MM AY SEIGF 3%

3 AR AR LN SN ELER I &
(1. EZRMGHER AL, KA 300112; 2. TR T EARAR LT SR 111211)

W OEAEMARTAAAER AR FEMR IR BT ESHER, K, AR
FE AWK P AR AR G AR A B RO R R A AT AR MR AR EAE
Rt X ey ey X G AE R A WAL R X I 6 7 ik A A A AR A B R B AR A #1477 9K
AR, BESMIEAER TREREGEE HR AL AR LKA R CEERSERNAR,
AR B BGRF e LT vHab e 33 E M AR T AR RALN B Eh AR T R 4
4B AEik BOR W R GBRaA R E IR MRS R A RN EAE A xR R AKX Y B

FH Y RAREL 10%, FFRERAASEHREL S KT RN XAFEGF Ef T ERET 55

Fo R,

KEER . FIF MK B AR AR R R WA A AR

FE DS . P743.1 XHAARERD . A

TAFSR, TH SR L A AL RE T A TR )
MR, — S R E O AR B, FRIE
R AE T IR R R, BA A BT A A E .
TRETF KM AR 2 2R K, C H B,
FEAEAE AR AR SR BT T FAR SR . i
TR | B RIS Bl T B A R W] A5 B AT o B
R AE K FE ML E RELEHEA T ZRVE N HIBBE . X 26I5
F AN St , bs 75 26 B I R BETT A A IR E
2 I B Bt AR 7R R B

T RE T S M) T B A 19 2 J o AR DG I 3K T vk
FEARMAR T R =K . HAT, G B 5
— AR ICAR o, P T A — SRR s W & 05 AL AT
J& , i MR kb SR M B s AR . h
TN A 20 T ARZ ()AL, A9 3 ) St
ZORM UM T AR, i 1 BAE I LT — B
I 1) )5 A R B T S | T4 1 | A A B )
A R — ELA R L, AT AR IO RR 7
—EARKAIBEA, BAEAR 22100 H AR b A2 BER WA

¥ Fs B HEA:2019-09-11

X E4H S :1003-2029(2020)01-0064—-06

SR, SO A B DA S PRI, FEohe B A 0
BT AT RLIEAL AR IR AR A B
Prre T.Z5 51 2 (IEC)7E 2013 4R &A1 181 9i
REZK AR AL A FLE RE O PPA PR AEEY, B T H RT3 EDT
VAT 0 it B B AR , PRt SRl 3
BB WSO T TAE o b e B
2 R IR BB R S, FERRIE (B 3 2
MR K 5T 502 R R T RUE T ) 20% 11
A, N 78437 S8 B P IR XA &5 R AR . (H 2
P b I B A BB An o] BLASE J& s ffi 45 7E SE PRt
DRI TCEHRAE S AT o A SCH AUV X AR B
Y IO BE K R ML A FRLPE R I S e T JEE B 5, 3
b Py PRABE AL 0 7 VR, A3 BT i AH B A X
B S, N EE R e T IART , %
T 2% JETRE e I YR A, SRy SRR T AR 1Y F
JEHR T ELARSRAE A 7, I T AR W] S 3R R
i 20 T I S o 1) ) A B B A s o 1) 5 35 R (L AR

E SR : EAHE GBI E T 5 AR AL SR DISE idiz 477 (2016 YFC1401200) 5
TR R 7R I 5 L 1 00 S0 88 s RUAS: IMF- 15 B S PP D7 VA W5 " (BHSF2017-26)
BB 50(1982-), B, 1t , TR, A2 0, 32 2 SR A AR i A SR BE A L B A A

E-mail: lukuan0322@163.com



1M

B UL, A IR R RE K AL BEII G R B S B 5T 65

1 A AR IR I 5

IR R R T AR NI TR U ) BT 2,
DA i 5 RS A K iz Sl 7EAR 22 T TG Vg P 45 4
PIAARKIGEL , AR AT 2 B as S A% Ak,
AR RUBE 05 Y =22 (B A7 A A ELAE T, k)
PP P MVEIAE 2 (o904 TR A8 P, v T S A9 308 370 2 e e IR A
BE. AR SR B AR SAREAE T, 7= AR 3
IRASIE | MR BRI, R P2k 5 Rk Z M &P
JCHT UL, A B R BRIEE IR M | i 237 A — el
TR T 0 7 AR 2l , B R i o AR % G
Lep AR AR IR AR AT RE 25 DRI FR A4S 1 1)
HUEEINTIY. 225 .1 g8

AR ELAR X P 235 4 ) 3 1 Ay 2 Y R
AT 220 R AR T A A IR By, AR
BB T LIS TR E AT S B, £
Xt B 7K AR MILAE IR U 15 2 A A 7 A %
JEIE AN . BB PI )T T8 - — 57T, B B R4
BT Tr i, M R RS R R Gt
BeR 2 B 25 B W 2 18] BIRE 5 AH AR A2
X EHSE I R 7KL A SR EE N . 5
—J7 I AR LPERE (PTO )BT, i 5850 %
JEW AIARZEMEAE IO T Y , X AR f2 i 7K
AL AT RENE, A5 SEPR A0 A A AR R T B
X ZE [ A B S M K E 4 I /K e LR B B2
WrBeA 3N R EOAREL

X RE A FR B I TAR T &, 2 T
YRR T MR AAE FEIZ AR B K, 725 B A
T BEV T8 737 R R ] REIE 2 1945 Fh AL, Of-4
s, XA A TR R RS kA A
JE& , DAL AHE IS U PR e 7 8 A 5 i [R] 28 A DA )
— ANHEIRTIME E.

2 s S AR

PR 5L YA A 2 R i K S PR 25
ey e 5 EIERE . 42l i BUE R A T
T, 5 T TARA AR Z B0l ASEBE, i i
Sef N A AR —FPOr % RIS, Bt e e
B R AR A B KLE I 5 , W2 %
A I 57 A SR T ISP R, i 7 9 BE T
FIRIE 3§ X R R T 38, IR 4 e 2

S TAEZ — o TBIR AT A FAPERERISE
FOREEA ST, H TR IR SR S5 1Y) 2 (A1 AH
HAEH R 5 T B A B b BB
L Py PRAE RS A B O 4 Fp oy ik, Hrp B
ST AR LU AT B A Ia) I, % T LA 5 2 R
Gl R AR TCREN J) o I RNUATH R R
R B BUEA L 7 ik © 2 o ol EZ R T
B2 0 AT G — BT DR . B0
%) JEAS TR ISP LU, S BRI 0 U i A P, 3t IR
B7F i | =B S NS 0 A o VTS 1 A N
FZER YRS 5 7 o
2.1 RIEIEHE

UG TE H SR BEIRER [ 5 HE R e 3l 1 36
o E (B Dk T, FEaFHE T IRIRR R &

W
(1) Z3fe/Ki . K 130 m, 5 18 m, W 6 m,
IR IKIR 4.5 m,

(2) BG4 m/s, FREREE 04%,
M R B A BT . B LR BRI
SEAT, P o 9 22 R YA | 2B AT P VK b
R B R G 47 8

(3) T : 10 FTTIR A ALK 2 X HE AR 1 i1
B, B KPR 0.6 m, JIHTEFN 0.5~5 s, B EAZAL
BRAFIEA TS ], P ASARL = A JI 35 FAS KLU 38

(4) ZHO7 BUEG G BAL XA . F AR a2 500
Nem, 53 4 000 r/min, 550 1 440, 55
G2 0.3 G, W] T H B R A R R MR

(5) H'E HIOKI 3390 T3 ¥« e K HE R i
1500 V, HRERE 20 A, IHEEHEHN 6.000 0~
2.250 0 MW, I &4 % : £0.05 %

(6) XEEMER BG-11/1000MM i 5 1% & o% -
T 0~1 m, 5 0.2 %,

B1 BEHNREIEE



66 [ 5 A NI 74

539 %

22 iRIEHEE

TRIARY (& 2) 2R FHIL T el e s S B A
RRZS S AT 4 o] F& 4 b B 3l 550 AE K A L
AT | BT TR P A 4 g R R AL, W £ 3k i Bl AR

B2 {eRa
R 1 EREEKBUERSH

5 HFR il
1 R EK/m 0.6
2 R 5% K /m 0.3
3 M H AR /m 1.04
4 PRI B /m 2.3
5 M T kg 386
6 R HALEUE D AW 0.5
7 B HUAUBE % 5 /v min™ 100
8 ISR R o L 1:10
9 T INFRNAW 1
10 R FHE/Q 50

3 I BB

TR0 A 5 K 0 i D R 2 U
i B0 53 A I 5 396 gl P A A 50 o L B, 5% 1)
¥ Ty 1) — 35, BRI R 0] 5 3 R B 0% ) 5
J7 Tl AH R, BRIl 1] o A9 0 YR XA [ 3 3 T 30
i RE B R HLPERE A SE A
3.1 KEHB

AR R ANl 3 i, 1 Se i BT e e A2 )
B AN AR AT I, 32 S Ui (o7 5 B i DR 1
B5h 90 m, 7ERE B E AR 20 m 4045 11, LM IE A
KisfTiE e 5k, @B 8T G 2 RE
TS, P DU B i i YR . AR BT 4
WA R, EA 5 H R AR 1) T 00 95 9%,
V4 P SR TR A R I A5 1) e TR AR A T P-4 A B
It Bty T SRR 22 R AR W8 5 4 TR =2 ) 1 =

b AT AT R A P A AR S R, B TR
FPARXS T REEAH PRI RN . DR OIS
TEis 3165 b, 1 1 20 322 BH A i P g , I3 d
LRI

it = "

a0 prel THiH
B ]

= ! -

® MRS @ Btk O Rge A
fi# = BERELRES e BHARA

3 RBHEE

32 iREEEEE

RIS, B e S AT T AR A AR
TR HH RO D T 4 A KRB 23 B AR 288, DAk
SRt A, K GRAE A i A8, I 0k 25 A% e A 7
LRPNA IS BE AR A K C (H AR5 BT i LA 7
P, B RLINIE T A 00 T 0 R A 3 D
55, R AR BRI 5 B AR E AT LU, AR AE
BRZE, TN IR A 3 oI, AT DX v A 1
FR . FERE AU AE B9 [RIA, 90 B ) & L 61 3
fifihe B AL LE T A R HUIRES

EKIRIE R, SEAHE N 0.5~1.8 m/s, [E]FE
0.1 m/s, 3 14 2T B, FH T ER 3K, &G
HLI I, 5 0.1 m, R 2.45 s, °F- 54 B BE
588 4 0.5~1.8 m/s, [ B 0.1 m/s, 43N0 F 3% 9% 2
FiE S, Ht 28 20 T0L, [RIAE 20 TR 31K,

T o 2 O A R I S AR TR P B R
SRR IS R AG H r TR 1] 4 ik
MGE R .

B4 RIGIMFH



514 B 98, 55 BRI T R A AL R IR i SR 5T 67
3.3 MWERSW ot AR
ATCHE LA 1.8 m/s JiH ), FEATHIAR e i S o
BRI T AERK I S OO I o [
i 3 AR IR R 5 B, T LU ZEfK R ik ﬂ
IS, 2 FEAHHE A A 4R Fh A AL, 7 50~ 22" G s
120 N-m Z[H], SIGRR AR, M ol o ‘,
£ 1l /
PCABARMEL, =l AL 52 IR B AR i A 4 iy s ;‘
LR P A AN PRI, fe R A A 3 1 & o 5
140 Nem, FIHMERIE N T2 15 %, o ) T
ol KA 2 :Z : \ ' |
3 KRR ;i
VWA \ AR )
o JMM’ UL & of 5 :
:; ' VEHLSE 125 e
o 120 | (‘\ j‘\ \ ’/\ t }W f 6 3 WKE'E&TH‘JE&E%EH%
= o0} A 4 Lof hoo| / i I
= of b, ! LN e T e [ YA 200 AT
2 WJWM\MWVJLMNwWwMN %
| s AN A AR AR
oF Wi aof “‘HW““\MH‘ ‘ (\H“M\ HJH\
wor ‘w 1J\ fN\ 1 V‘“‘\ ih ° N \JH L“u‘( \/ H‘J \J‘{ Y \\‘ \a/“ vy \ r‘ v ‘\
o \MJ/\ ﬂ “\l\ \‘\\ J‘ l\‘ V‘w ﬁ‘“\ /H'Vl I"“ { (\\ M 23; ) NGk o e ol 2 ‘\L"
N R AT A ATATRAVIV A AAY w”\ ) ‘\
. -W,J /V‘ \ ooV A ¥ :i \L | . H r‘w
" " E ol bl | \ N \“ | LA j \ f‘W AN
tslls 5 %r J v U L ‘L (‘ vy .‘J\ \wf \/J v \ L\ “ Y \\\‘
B 3 HARR TS B0 w0
160 |- ‘ - . |
IS AORIRTS T AERHIERE S 5% o (I P
‘ / — ~ N il | R |
PR LB (T T R AR ,\1( R
BRI TR B G SEBURAE SIREER S 0
b, BERLIEHAATE 23 3 i 32 Bl sz B KL A I e w :
N [fl/s

R A B AL AT 2, X 2 R R 7R B AL
RSN fin A%

SR L SHAEZE L, E 6 R #fKiT,
A AR 8~15 v/min Z B A8k, X FpARATH A
e FERR BAR G E R, TR AR
MR, HFE B ) R AE AW AR AR, DR i i T
SRR AR Ak o R AR50 358 %) A, 7 D0 YR A
HT, sRE#EEER 20 r/min, LA
W] SR SN T 29 10 %,

S B SR ANIE 7 FR , DIRAE 30~120 W
Z AR, SR8 R I 66 W o A, B KBk
KHIIFR 1933 W, PRI YIER 77 W, ik, i
KBS & IR 1852 W, EH R BTN 79 W,

TR 45 SR B, PR X e R R, AR

HEXRF R E MG, XS 1 28 2

B 7 3FAREER TR LI & Mk

m R YA 5T 8 TR R a2 & B0, I YR %
BRI 2 BT ARG WA RS, A A
@‘Z{Ef’ﬁﬁﬁﬁtmﬂﬂ%ﬁ%%T 17 % , e RKFG ol it 5
T 33 %, Mgk R IR R T 58 %.
HoAb 3 s B AP 8 i, B ok S 344
R ETBEHME, BN RENENS 1.8 m/s IRIER
TEOLIEARL, #RAE B R, BRI A5 R A i
0.8 m/s BfFFURJ5 3, TAF IR A B, i3 3 &
Jr s B AR, FEETE 0.6 m/s FIRHERLE 247
FERT DR T X AT DA SRR I A AR A T Bk
AR HAPERER—Fh R B, WTLIAE AR T, B
TR 4 H TR AR AN [RIRE B 14 5 Wi, S35 5 e e 3
16 10 %/e ki



68 [ A NI % 39 &

90— T it D2 h 2%

0. : 4 4518
0] / B T2 B 43 1 TS62600-200 4742 5] T
2 7 WA I 1% 1A LA F RO R W, 4
5 ] L X RE KA DL Iy T — DR T A
] e XA SRR G EHA L, i F A
] - SR AR, BRI SR K,
o] 4 o (RS BRI K A A R R
o TR, (R TACTRK R LRBE  ER
H H R T RESE 4571 ) SEE A R S B2 49 %5

B8 3 AR AR IS S
PR TR — T TR S 7 2 B &k f MR BRI, AR SCEECAE HEA T RE /K R LI s

=

O KR S R G E A Fi Ty Z S IR S B R A L R I 2 (1) BR T

WARH T E R IR A e e Ry IR ASEIRIGIRIOAC R S B Y

%lf‘j]n[/y\%%, m‘{@ﬁ?ﬁ%%%ﬁlﬁﬁgﬂg_ﬁ%&o *ﬁﬂKﬁ&mﬁﬁ?iﬁ?}ﬁ&zaj*@%*ﬁ%?m“iitiit%i\o (2)

S S 1 e ey DLV T AR T AR A A

AT R R A gy B SRIBARAE RSO0 PRI KR T

S — ALK 10 9t U653 180 HER
VORI R 2 OB

SE Wk

(1] ZEfua. WEPERBIRTT A2 [M. JE 5T W H A, 2008.

(2] K. BTRE TR ] P RB TR A SC B AR 5 A AL B (T). HLIREAR I T, 2007, 10(2) : 60-64.

(3] JE. WK ST IHE ). W HHAERETR , 2010,28(4) : 130-133.

[4] TS62600-200: Marine energy—wave, tidal and other water current converters Part 200: Power performance assessment of electricity

producing tidal energy converters[S]. IEC, 2013.

[5] EquiMar. D3.3—Assessment of current practice for tank testing of small marine energy devices[R]. EU,2010.

(6] Th55, th Y, okt , 2. ERF I U A A i e IR ol 5 e TR 3R B I 501, 9k 8 45 b, 2013, 32(2) : 14-17.

(7] £ 2B A WA AR BTG )], 17k ,1999,29(3) :331-343.

(8] ARRA. K K HLR M. bt Bhoz ik, 2005.

(9] ERICHE. IR e Ny HAE TAR A M. bt S 580 i, 1986.

[10] Liu Zhen, Teng Bin, Ning Dezhi, et al. Wave—current interactions with three—dimensional floating bodies[J]. Journal of Hydronamics,
2010,22(2):229-240.

[11] RN, Zrak, EIREDAE. PR - K AR EAE IR KR4, 2002,33(4) : 13-17.

[12] Zhang H, Madsen O S, Sannasiraj S A, et al. Hydrodynamic model with wave—current interaction in coastal regions [J]. Coastal and
Shelf Science, 2004, 61:317-324.

[13] Yang S Q, Tan S K, Lim S Y, et al. Velocity distribution in combined wave—current flows[J]. Advances in Water Resources, 2006, 29:
1196-1208.

[14] Jian Y J, Zhang J M, Zhu Q Y. Short crested wave—current forces around a large vertical circular cylinder [J]. European Journal of
Mechanics B/Fluids, 2008, 27:346-360.

[15] Sen D. Time—domain computation of large amplitude 3D ship motions with forward speed [J]. Ocean Engineering, 2002, 29 (8):
973-1002.



AR ] B UL, A IR R RE K AL BEII G R B S B 5T 69

[16] ShiJZ, Wang Y. The vertical structure of combined wave—current flow[J]. Ocean Engineering, 2008, 35:174—181.

[17] Kim D J, Kim M H. Wave—current interaction by a large 3D body by THOBEM]J]. Journal of Ship Research, 1997, 41(4):273-285.

(18] ZE I, Bt DIR AT L ST A 1 M. Lt A R, 2002.

[19] Khan M J, Bhuyan G, Igbal M T, et al. Hydrokinetic energy conversion systems and assessment of horizontal and vertical axis turbines
for river and tidal application: A technology status review[J]. Applied Energy, 2009, 86(10):1823-1835.

[20] Luznik L, Flack K A, Lust E E, et al. The effect of surface waves on the performance characteristics of a model tidal turbine[J].
Renewable Energy, 2013, 58:108-114.

[21] HE%E RER , F e, 55, B G sd iR St ooy S =K A AL RE A 2 mA . A0l TRE2#4E, 2019, 35(2):48-54.

[22] EHiEg, kR, BEERT, A FRIE A PR & R E R I S I A (] AR AR AR, 2018,39(7)
226-235.

Performance Test Research of Tidal Current Energy Convertors Subjected to

Wave—Current Interaction

LU Kuan', WANG Hua-mei', HAN Lin—sheng', XU Wen-he?, JIN Zhi-gang®, SU Hui?
1. National Ocean Technology Center, Tianjin 300112, China;
2. Liaoning Yanbei Ocean Electric Power Development Co. Ltd ,Shenyang 111211, Liaoning Province, China

Abstract: With the development and utilization of tidal current energy technology becoming increasingly mature,
higher requirements have been put forward for its testing work. However, the influence of wave —current
interaction is often neglected in the performance test of tidal energy convertors (TECs), leading to inaccurate test
results. In order to study the way and extent of influence of wave —current interaction, a physical model
experiment is carried out on the vertical-axis TEC. Through a series of static water towing tests and wave—making
towing tests, the effects of waves on the power generation performance of TECs at different flow rates are studied.
Through the analysis of the torque, rotational speed and output power of device under the wave —current
interaction, it is found that the wave—current and device coupling effect each other significantly, compared with
no wave effect, and the rotation of the impeller and shaft torque is irregular, startup velocity decreases. At the
same time, torque, rotational speed and output power of instantaneous value increase significantly. The test results
show that the wave—current interaction has a significant impact on the performance test of the device, with an
average impact of about 10% . The research results provide a reference and basis for the formulation and
improvement of the performance test standards for TECs in the future.

Key words:laboratories; testing; tidal current energy conversion; power generation performance; wave —current

interaction





