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Fig. 1 Test flume and turbine
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Fig. 2 Measurement arrangement
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Fig.3 Measuring principle of ADV

2 HERE

HEh B T U N HAEKBERT T, X A S
Je—YERY, I FLABR S i e BL T A e JEE R ) AR A A
B AWTFE T E Sl S R A 7 1) _EAnA
—ERE RSy, B RS K A LT 32 BRI HE IR . B
SEERE 2 B B4 S W (1) o 7R R KR LI 8,
i EEh BTN IR A HLAY B IR A 5
T Sl By T R b 7R 0 HAl DR, 473 oh b e

TR R R AR FR h(2)
IKEEHLII SR T HAE Ty R A €, HE S (3)
BiER G R BRI (4) o S REAG ) &
R A I ().

T = %KUM] U A, (1)
S, = égUMJUM (2)
€= 1/2pTUjAd (3)
"= 1 5 (4)
c,=—K (5)

" (1+0.25KYy
o, T ——KEEHLZ BT s K — B SRR
B REG Uy — 8 B B K A, ——3
SRR Ay —— R U, —R s E;
6 BiER,

B A X IR AN E 4 B R, A AR5y i
AL EEEE R 0.49 m/s, R E S O, 3R
BETRT, AN S R B AR B R . TR IR
54 28 mx1.6 mx 1.2 m, ¥R F S5 46 £k A%, 48 1A 19 4%
By 556140, Jif i A AR ) SST k-5 AL, SR HIE H
TR T

Fl4 HHRXEURER

Fig. 4 Calculation area of numerical model
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Fig. 5 Velocity of wake
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Fig. 6 Deficit curve of wake
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Fig. 7 Radial deficit curve

9037, Fix/N A 0.03, F1 2% 0.34., 8D kb K R K
4 0.26, 5/ A 0.08, 424 0.18,

sl e TKE (turbulent kinetic energy)%$1ﬁﬁﬁ%?}ﬁ
P B T L DK Bh Bl B L 2 A T U TR B A 0 B 2 A8 R
HRBA W (6), BN shfE = K& 8 iR,

TKEz%(F+F+u7) (6)

2, w0 w —— kB

10
XID

K8 Jmshftz &l
Fig. 8 Contour of TKE (turbulent kinetic engery)

15

& 8 %I 4 T b 1] B B 0~20D 3 B 9 14 i B g 45
o WEN TR R R XN 0 5 4% R gL i
SR EAR K, FEI A X Ik |, i 2l BB AE O 2R B i
B, P/ B9 Shhim SR Bl sl reth 4. A
& 9a AT A W, m shRETE 1D 2 J5 5 /a3 K5 W/ N Y
BB AL it Bh BEAEAE 3D FfFT Bk e {H , B 5 T
TR/ IEAE T Bl 0.001~0.0012, 78 6D 2 )5 T 3l fig
0.013

— . -0z

0.011 -

« 0.009}

S

0.007

TKE/m?

0.005 -

0.003 -

0.001
0

20

1.0
0.8+
0.6
0.4r
02r
0.0
02r
,04 L
,06 L
-0.8F

ZID

0010 0015 0020 0025

TKE/m*s!
b. 12w
K9 il /A i shAE M ZE
Fig. 9 Axial or radial TKE

-1.0 ,
0.000  0.005



7 R M RE KL SRR S 83

#m—3. MK b AIF Y, 2D &b, i sh B f KAE R
0.02, &4 1E ZID=0.54 4b , 0> 26 4b 19 T 3h BE (A
0.013, 4D Al S BE K AE A 0.011, i BLAE Z/D =0.48
b, PR AR TR SRR K 0.01, 6D & 8D ki shhE it
KAE B BRAE 2L, 43511 0.008 £ 0.006,

4 4 it
AR BE K e WL R AT A R LA £
R .

1) 5 it o 8 B0 0, P 0 42 i 2R O s N
I T—2, 8D ZJa AN RIL B AL A T2 I8 R B A
0.07, CARH AT o 72 TR — Bl 1) o B Ak , 5 v 2R B
FIE , T ek 2R B N BT TR AL, EIR BOR

2)FETEEN S EIEH S A K AL A BB, AT
SEHN R B RLALL , B il e B RS AR O HAS
AR D ZR KT IR 45 R 22 BBOR B/ N AT N TRk A AL
Mes A BT

3)KIRAEFE P BT G A A Ui R4
R m s BETE 1D 2 Jm ¥ 5 et K m i/ Ny 3
{its 311 E e A HH BUAE 3D i . M4 25 D7 i 4 IX
SR AL i O S REARLABER , AS [ o7 B Ak i B BE(ELAE 6D 2
T2,

AR SR T S 0 5 NORE ) Wy B 6 S R R T A
BT FELEIE , IR T i A7 R KR BE 2 2000 26 1)
R, A ] T LSS IR A T ARSI IT L S I N AE
IeERL 1 TRATF RIK LR T S K 5 A B AT 5T
DT BE FL I OV B A TARRAE AR SCHE

[ £ 30k ]

[1] BAHAJ A S. Marine current energy conversion: the
dawn of a new era in electricity production [J].
Philosophical 2013, 371 (1985)
20120500.

(2] IRFR, 2R 0] W RETE A AR K& e e 3 K T i 1)
TR . 32248, 2016, 48(5) : 1019-1032.
ZHANG L, LI Z C. Development status, trend and the

transactions,

problems of mechanics of tidal current energy[J].

(3]

(5]

(6]

[7]

(8]

[10]

[11]

Chinese journal of theoretical and applied mechanics,
2016, 48(5): 1019-1032.

BAHAJ A S, MYERS L E. Shaping array design of
marine current energy converters through scaled
experimental analysis [J]. Energy, 2013, 59(59) . 83-
94.

HARRISON M E, BATTEN WM J, MYERS L E, et al.
Comparison between CFD simulations and experiments
for predicting the far wake of horizontal axis tidal
turbines [ J]. Tet renewable power generation, 2010, 4
(6): 613-627.

LIU J, LIN H, PURIMITLA S R. Wake field studies of
tidal current turbines with different numerical methods
[J]. Ocean engineering, 2016, 117: 383-397.

OLCZAK A, STALLARD T, FENG T, et al
Comparison of a RANS blade element model for tidal
turbine arrays with laboratory scale measurements of
wake velocity and rotor thrust [J]. Journal of fluids &
structures, 2016, 64: 87-106.

EDMUNDS M, MALKI R, WILLIAMS A J, et al
Aspects of tidal stream turbine modelling in the natural
environment using a coupled BEM-CFD model [J ].
International journal of marine energy, 2014, 7: 20-42.

BAI G, LI W, CHANG H, et al. The effect of tidal
current  directions on the optimal design and
hydrodynamic performance of a three-turbine system[] ].
Renewable energy, 2016, 94: 48-54.

LAM W H, LONG C, HASHIM R. Analytical wake
model of tidal current turbine[J]. Energy, 2015, 79
(C): 512-521.

BRUTTO O A L, NGUYEN V T, GUILLOU S S, et al.
Tidal farm analysis using an analytical model for the flow
velocity prediction in the wake of a tidal turbine with
small diameter to depth ratio [J]. Renewable energy,
2016, 99: 347-359.

BRUTTO O A L, THIEBOT J, GUILLOU S S, et al. A
semi- analytic method to optimize tidal farm layouts-
application to the Alderney Race (Raz Blanchard) ,

France[J]. Applied energy, 2016, 183: 1168-1180.



84 X M Eird 4145

o>
i

STUDY ON HYDRODYNAMIC CHARACTERISTICS OF DOWNSTREAM
WAKE FIELD OF TIDAL POWER TURBINE

Hou Erhu, Du Min, Wu He, Wu Guowei
(National Ocean Technology Center, Tianjin 300112, China)

Abstract: The wake of the horizontal axis turbine was studied in this paper, and the test work was carried out in the
circulating water flume, the flow velocity characteristics were measured by ADV. The numerical model research was
carried out by using technology of computational fluid dynamics, the actuator disc theory was used to simplify the turbine.
The experimental results were compared with numerical results, the feasibility of this method was verified. The
characteristics of velocity and turbulent kinetic energy of wake was studied. The deficit coefficient tends to be same after
8D and the maximum value of turbulent kinetic energy appears around 3D was found.

Keywords: tidal power; experiments; computational fluid dynamics; turbines; wakes



